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PREFACE

This manual contains Condensed Logic Flow charts to be used for recall
or instructional purposes.

The EC Level of the CAS Logic Diagrams (CLD) for the basic machine
is128062. The Level for the 1400 Compatibility section is 128122,

The charts in this manual were drawn to show the general logic and
flow ot the microprogram used by the 2030. The charts contain the CAS

logic diagram page numbers where the exact process can be located and
followed.

Fifth Edition (June 1967)

This edition, Y24-3466-2, is a major revision of and obsoletes the previous edition,
Y24-3466-1, and the Supplement Y24-3490. Principal changes include the addition
of the diagnostic techniques charts and information pertaining to ROAR stop.

This manual has been prepared by the IBM Systems Development Division, Product
Publications, Dept. 171, P. O. Box 6, Endicott, N. Y. 13760. Send comments
concerning the manual to this address.

This manual has been prepared by the IBM Systems Development Division,
Product Publications, Dept. 171, PO 6, Endicott, New York 13760
Address comments concerning the manual to this address.
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Readout 2nd Byte of
the Instruction

QA011

—L

IC Restore
Multiple Entriest

Instruction Entered
from an Execute

QAQ01

-
1 | Cycles
! Multiple Enrvies)

QAO11, QA021

Readout 2nd, 3rd and 4th

QA021

Set the Displacement into
Registers, Add the Base to

the Displacement

RX or RS, SI,SS

Format

QA021

SS

.Sl .
Branch Logical
00 )

RS, SI,SS

Op Coe
Bit 2, Bit 1

QA071

$S

Invalid  pecimal

Set a Register for
interrupt Code,
Program Interrupt

QAB879

Chart 007

Setup the Instruction
Address to be Stored,

Store the Storage Wrap
Condition if One Exists

|-Cycles

No

QA081

Store the Instruction
Address, Set and Store
the PSW Bit, Store the
Instruction Length Code

QA081

Reset the Wrap Latch,
Readout the 5th and éth
Bytes of the Instruction,
Check for Zero Base
Address

Bytes of the Instruction.
RR RX . . Check for Zero Index and
Fixed Fixed Op Code /R Floating ~ RX Floating es . Base Addresses
m ] Bit 2, Bit 1 AIO n Interrupt Exist Interrupt Exist
Qa0 T caoz
_ 53 e 1 1 aqaom
it 4, Bit
00 01 ' ! 10 n Restore Instruction
* Address in Correct
Registers (RX) ¥ (RS, SI,S9)
000 Invalid 000 Load Positive 000 Set Key 000 Load
001 invalid 001 Load Negative 001 Insert Key 001 Compare QAD21
010 Involid 010 Load and Test 010 Supervisor Call 010 Add
011 Invalid 011 Load Complement 011 Invalid 011 Subtract Chart 007 Set the Displacement
100 Set Program Mask 100 AND 100 Invalid Valid 100 Multiply H . into Registers Qr021
101 Branch and Link 101 Compare Logical 10V Invalid | folid o 101 Divide 1 Reset PSW Bit - —
110 Branch on Count 110 OR 10 nvalid | (10 %52, 110 Add Logical Set the Displacement
111 Branch/Condition 111 Exclusive OR 11 Invalid ) o 111 Subtract Logical into Reglvers
Add Index
Restore Instruction | QAD031
Length Code I Chart 007 QAD01 Add Index to the
Displacement, Check
for Address Over 65K
I-Cycles Branch :'Chor's 004, 6, 7
I H QA941 QAO31
Restore Instruction
Length Count Add Index to Result of
Chart 006 Compatibilit Base and Displacement,
i Chart 007 parioHtly Check for Address
1-Cycles Execute ! Mode Over 65K
QA001 |
No Yo L7
1 Interrupt Exist = ® ot
111 QA0 1 I qaon \ \ RX
Readout the Op Code, Test Interrupt. Set RX Half RX Ful . Op c,"de Floating
Set the Op Code in a X6 ond X7 to: Bir 2, Bit 3
Register for Op Decode, 0 0 Timer/External I-Cycles | 1-Cycles
Check for Valid Address 10 Channel 1 Char* 002 Chart 002
0 1 Channel 2
1 1 Moltiplexor 2nd Operad
65K
o QRE Address Over
U . ‘ali ress QAB79
g llds;zng . Yes 2nd Operand
‘alid Registers Address on Boundary
: Chart 007 1 [ owe
Set a Register for Program Set a Register for
tnterrupt Code, Interrupt Interrupt Code,
Program Interrupt Chart 007 Program Interrupt
QAB79 10p Code Bit 3 is Branched QA879
:On Last; To Determine
asze | 1Single or Double Precision 1
Chart 007 Bit 4 Chart 007
B|O'p4 C:(i!'eS i QB371 QB271
00 01 ’ 10 n | i
H RR ond RX Formats : RS, Sl and SS Formats —I 000 Store 000 Load
QBa71 QB361 Qe QBZ71; [ 001 Invalid 001 Compare
010 Invalid 010 Add Normalized
00 Load Positive 00 Halve 00 Load 00 Mulriply 011 Invalid 011 Subtract Normalized
01 Load Negative 01 invalid 01 Compare 01 Divide 100 Invalid 100 Multiply
10 Lood and Test 10 Invalid 10 Add Normalized 10 Add Unnormalized 101 Invalid 101 Divide
11 Load Complement 1 Invalid 11 Subtract Normalized 11 Subtract Unnormalized : RS, S! Branch 110 Invalid 110 Add Unnormalized
QAO71 i 111 Invalid 111 Subtract Unnormolized
Op Code P
2 H — 4
00 01 Bit 4, Bit 3 10 n
-|Op Code Bit 3 i h
g“}’;} g:‘g: Qaa Qader Onatthe End rollgesfr:rl::ineed
Al Qcoo - Single or Double Precision
000 Set System Mask 000 Store Multiple 000 Shift Right SL 000 Load Muttiple 1
001 tnvalid 001 Test Under Mask i 001 Invalid }
w 001 Shift Lefr SL
010 L?ud PS 010 Move 010 Shift Right S 010 Invalid [}
on Diagnose 011 lovalid 011 Shift Left S 011 Invalid L}
100 Write Direct 100 AND . 100 Shift Right DL 100 Start 1,0 ]
101 Read Direct 101 Compare Logical 101 Shift Left DL 101 Test 1, O . .
110 Branch/High 110 OR 110 Shift Right D 10 Halt 1,0 1 001 is Valid for 1400
111 Branch/Low-Equal 111 Exclusive OR 111 Shift Left D 111 Test Channel I Decode of a 99 Op.
! See Chart 156

from Execute Op

Chart 002

Main Storage
Address Over 65K

Entered

QA081

Yes QA081

Set a Register for
interrupt Code,
Program Interrupt

QA879

Chart 007



200 412

Z +93YS 59194

I -Cycles OP | Name Chart Op | Name Chart Op Name Chart Op Name Chart
Chart 001 !
04 | Set Program Mask 007 3C | Multiply 030 78 Subtract N 028 F2 Pack Q19
05 | Branch and Link 006 3D | Divide 032 7C Multiply 030 F3 Unpack 019
06 | Branch on Count 004 3E | AddU 028 7D Divide 032 F8 Zero and Add 020
07 | Branch on Condition 004 3F | Subtract U 028 7E Add U 028 F9 Compare 020
QA081 08 | Set Key 003 40 | Store 003 7F Subtract U 028 FA Add 020
09 | Insert Key 003 41 | Load Address 003 80 Set System Mask 007 FB__ |Subtract 020
_ .Op C?de 0A | Superviser Call 007 42 | Store Character 003 82 Load PSW 007 FC Multiply 022
00 QAO8I 01 Bit 2, Bit 3 10 QAO8I 1 0_| Load Positive 003 43 | Insert Character 003 3 | No Chart — FD | Divide 024
Invalid Ops Tnvalid Ops 1 Load Negative 003 44 Execute _ 006 4 No Chart ——=
Program Interrupt 2_| Load and Test 003 45 | Branch and Link Q06 5 No Chart --- Notes: Codes Not Shown Are
ogral rrup 13_| Load Comp lement 027 46 | Branch on Count 004 6 Branch/High 006 Invalid and Cause a
QA879 QA879 QA08] 14_| AND 004 47 | Branch on Condition 004 7 Branch/Low Equal 006 Program Interrupt .
15_| Compare Logical 004 48 | Load 003 8 Shift Right SL 013
Ob Cod 16_| OR 004 49 | Compore 005 9 Shift Left SL 013
p Lode 17 | Exclusive OR 004 4A | Add 005 A Shift Right S 013
Chart 007 QAGEH Chart 007 00 ‘ 0l Bit 4, Bit 5 10 n 18| Load 003 4B_| Subiract 05 88 | Shift Left S 013
QA791 QB001 19 | Compare 005 4C | Multiply 008 C_ | Shift Right DL 013
Op Code - A | Add 005 4t | Convert - D~ecimo| 012 D Shift Left DL 013
Bit 4, Bit 5 " 00 Involid . 00 Zero and Add B Sub?r.uct 005 4F | Convert - Binary o1t E Shift Right D 013
00 o1 10 01 Move with Offset 01 Compare C_ | Multiply 008 50 | Store 003 £ hift Left D 013
- 10 Pack 10 Add 1D_| Divide 009 54 | AND - 004 0 tore Multiple 014
QA771 QAT QBI51 11 Unpack 11 Subtract 1E | Add Logical _ 005 55 | Compare Logica! 004 est Under Mask 014
1F_| Subfract Logical 005 56 OR 004 Move 014
00 Invalid 00 AND 00 Invalid 00 Translate 20 | Load Positi\(e 003 57 | Execlusive OR 004 Test and Set 014
01 Move Numeric 01 Compare Logical 01 Invalid 01 Translate and Test Q8061 1| Load Negative 003 6 1 Load 003 94 | AND . 004
10 Move 10 OR 10 Invalid 10 Edit 00 Invalid 00 Multin} 2 IL.oog gnd T'es' - gg; g: i:rdnpore ggg 9;2 g:npare Logical gg:
2 . . witl .0Q ompiemen
11 Move Zone 11 Exclusive OR 11 Invalid 11 Edit and Mark 01 Invalid o1 o;v;d: 4 4| Halve 026 5B | Subtract 005 97 | Exclusive OR 004
10 Invalid 10 Invalid 28 | Load 027 5C | Mulriply 008 8 Load Multiple 014
11 Invalid 11 Invalid 29 | Compare 02 5D { Divide 009 C Start 1/O 034
2A | Add N 02 5E | Add Logical 005 D Test 1/O 034
2B_| Subtract N 02 5F | Subtract Logical 005 9E Halt I/O 034
2C | Multiply 030 60 | Store 026 SF Test Channel 034
2D | Divide 032 68 Load 027 D1 Move Numeric 015
2E | Add U 028 69 | Compare 028 D2 Move 015
2F | Subtract U 028 6A | Add N 028 D3 Move Zone Q15
30 { Load Positive 003 6B | Subtract N 028 D4 AND 015
31 Load Negative 003 6C | Multiply 030 D5 Compare Logical 015
32 Load and Test 003 6D | Divide 032 D6 OR 015
33 Load Complement 027 6E | Add U 028 D7 Exclusive OR 015
34 Halve 026 6F Subtract U 028 DC Translate 016
38 | Load 027 70 | Store 026 DD Translate and Test Q016
39 | Compare 028 78 | Load 027 DE Edit 017
3A | AddN 028 79 | Compare 028 DF Edit ond Mark 017
3B | Subtract N 028 7A | Add N 028 F Move with Offset 019
1-Cycles
Chart 001
QA051
Second
Operand Address
|Cyel Over 65K
-Cycles
Chart 001
Second Yes
Second QA0 Operand Address
Operand Address Qa0s) on Boundary
Over 65K
Address On u QAO051
Boundary Chart 007 Store Address Over
QA6 65K in Local Storage Op Code Bit 5
Chart 007
QAT QAO051 00 Load 00 Multiply
QA6 01 Compare 01 Invalid ol
Op Code Bit 5 QA0S 10 Add 10 Convert - IB)'eCIma
QA8 11 Subtract 11 Convert - Binary
Op Code Chart 007 QA7
Bit 4, Bit 5 10 1 00 Store 00 Execute
® o QAsTI 01 Load Address 01 Branch and Link
QAMI QA431 QA QA4 10 Store Character 10 Branch on Count
00 Store 00 AND 00 Load 01 Multiply 11 Insert Character 11 Branch/Condition
01 Invalid 01 Compare Logical 01 Compare 01 Divide
10 Invalid 10 OR 10 Add 10 Add Logical
11 {nvalid 11 Exclusive OR 11 Subtract 11 Subtract Logical
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Chart 002
Load
and Test

Chart 002

(Load +)

Minus

Sign

Readout Second Op~
erand, Test Sign

Load Load
Positive

Negative

QA441

Op Code Bit 7

Sign

Plus or Minus

QA44]

Load
Complement

Readout First Op-
erand, Set Comple-
ment, Complement the
Second Operand

Plus or Minus

QA441

QA441

Readout the Second
Operand, Set Complement

QA441

Readout the Second
Operand

L

Readout F

st Opera @

Chart 002
Set Key Insert Key
Op Format Byte 1 { Byte 2 Byte 3 | Byte 4

RR Load 18 R1[R2

RX Halfword Load 48 R1[X2[B2|D2 | D2

RX Load 58 R2|X2{82|D2 | D2

RX Store 50 R1|X2[B2|D2 | D2

Objective:

Loads ~ Place the second operand into R1.
Store - R is moved to main storage at the effective
address of the second operand.

Plus

QA442

Readout First Operand,
Set Complement, Com-
plement the Second

11|

Replace First Operand
with Results, Readout
Second Operand

(Halfword) 0

Readout First Operand,
Check Sign, Replace
First Operand with the
Second Operand

Plus

Sign

Minus
Plus or Minus |

QA441

Readout First Operand,
Replace the First Op-
erand Byte with Zeros

QA44l I

QA44)

Operand
T Chart 002
RR Load RX Load
v :58:
QAO041

Readout the Second
Operand

Cp Code

) (Full)
Bit 3 (Halfword) 1

QA441

QA441

True/Complement

Complement

QA44)

Readout First Operand,
Replace First Operand
with the Second Op-
erand, Check to See
if Second Operand =
00

Readout Fiist Operand,
Complement the Second
Operand, Replace First

QA05!

Chart 002
RX Load
Halfword

QA061

QA041
QAO051
QA061

Chart 002
RX Store

Readout the First

Operand

I QA441

Operand with Results,
Check for Zeio Results

Readout the Second
Operand, Replace with
l the First Operand

[

Readout First Operand
Replace the First Op-
erand Byte with Ones

]

Op Codes 18, 48, 58, 50

Last Byte

Op Format

RR Load Positive

RR Load Negative

RR Load Complement
RR Load and Test

Byte 1 Byte 2
T

10 R1IR2

[ RT [R2

12 RI [RZ

13 R TR2

Objectives:

Load Positive - The true value of R2 is placed inR1.

Load Negative - The two's complement of the true
value of R2 is placed in R1.
Load Complement ~ The two's complement of R2 is
placed in R1.
Load and Test - R2 is set into R] and tested for sign
and magnitude to set the condition

code.

QA441

RR, RX
Load or Store

Return to I-Cycles

Chart 001

Chart 007

Last Byte

Check Sign

QA441

Op Code 50

(RX Store)

Program
Mask Overflow
Bit on

r
| Op Codes 10, 11, 12, 13|

No

Test Result for Zero, An-
swer and Sign Condition,
Sel Condition Code

——]

QA421

Store Program Mask and
Condition Code, Return
to I-Cycles

QA001

Chort 001

Problem State

Readout Byte 3 of Second
Operand, Check for Ad-
dress Over 65K

Address Over 65K

No QA211

Zeros

Readout Byte 2 of Sec-
ond Operand, Check Low
Four Bits of Byte 3 for

To Program Interrupt

Chart 007

Bits Equal Zero

Four Low

Chart 002 Chart 002
Chart 002 Store Insert
Store Character Character
QA051 QA051 QA051
Readout Byte 3 of the Readout Byte 3 of the Readout Second Op-
First Operand First Operand erand Byte

]

Address Over 65K

Chart 007

QAZN

Readout Storage Key
From Register Addressed
by First Operand and Set
into a Register

]

[ eazin

Readout a Byte from Main
Storage and the Storage
Key for that Block from
the Protect Stack

Set Key in the General
Register Addressed by the
First Operand

|

Insert Key Op

QA211

Set New Storage Key
in Protect Stack

Return to |-Cycles

QA21}

QA001

Chart 001

Address Over 65K
QA051

Load
Address

QAO051

Readout Byte 3 of the
First Operand, Replace
it with the Low Order
Eight Bits of the Second
Operand Address

l QA051

Readout Byte 3 of the
First Operand, Replace
it with the Byte from the
Second Operand

Readout Byte 2 of the
First Operand, Replace
it with the High Order
Eight Bits of the Second
Operand Address

Store Character

QA051

Readout Low Order Byte
of Second Operand,
Replace it with the

Byte from the First
Operand

Readout Low Order Byte
of Second Operand, Re-
place it with the Byte
from the First Operand

QAO051

Readout Byte 2 of the
First Operand

QAO051

Readout Next Byte of
the Second Operand,
Replace it with the
Byte from the First
Operand

I QAO051

Readout Byte T of the
First Operand, Replace
it with the Second
Operand Byte Over 65K

[ asos

Readout Byte O of the First)
Operand, Replace with alll
Zeros

[aaosi

Return to I-Cycles

Chart 001
Op Format Byte 1| Byte 2 |Byte 3 |Byte 4
RR Set Key 08 | Rl R2
RR Insert Key 09 R1 R2
RX Store Half. 40 | RI_X2| B2]D2| D2
RX Load Address 41 | Rl X2|B2/D2| D2
RX Store Char. 42 | R1 Xx2|B2D2] D2
RX Insert Char. 43 | R1_x2[B2!D2
Objective:

Set Key - Set the Storage Protect Key for main storage
block addressed by R2 into the stack.
Insert Key - Read the Storage Protect Key for main storage
block addressed by R2 and set into RI .
Store Halfword - To move the 16 low order bits of Rl
to main storage addressed by the
second operand.
Load Address - Set the effective address of the second
operand into the low 24 bits of R1.
Store Character - Move byte 3 of R1 to main storage
addressed by second operand .
Insert Character - The byte in main storage addressed by
the second operand is set into byte 3
of R1.
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RX Bronch Chart 002
Count
RR Branch e Exclusive Exclusive Exc|us?ve\
On Cordition u Cror o2 AND Compare OR OR And Compare Or OR And Compare Or OR
OP Format Byte 1 Byte 2 Byte 3 Byte 4
7 QAalsl Readout Condition
RX Bronch 46 Ml X2 | B2 1 D2 D2 Readout Byre 1 of the Code, Check Mask
On Condition . Branch Address to Condition Code QAs31 Qa3
;
RX Branch 47 Rl x2 | 82! D2 D2 QAlel QAl6l Readout First Operand Set First and Second
On Count ! Set Low-Order Address Operand Addresses for
Yes Mask and No Yes Mask and of Second Operand to 00 High-Order Byte, Read
RR Branch 06 M1 R2 Condition Code Condition Code Out Second Operand
On Condition Match QAl161 Match
RR Branch 07 R1  R2 Bianch Branch Yes No Invalid Invalid I N
On Count Addiess in General Addiess in Geneial Bionch Addicss Branch Address I QAd3)
Register O Register 0 QAT61 ?)ef Sou‘rice (Second)
. i Register
Objective: Set a Register to 00 perand in o 9 ‘
Branch On Condition: If Condition Code and Mask for Even Address and P\e.adcu' Destination
Match, Branch to Developed Address. Check Bionch Addiess 01 for Odd Address (Fivst) Operand
Branch, On Count: Branch to Developed Address For Over 65K, Read )
Each Time Until Sum In R1 Is Equal to Zero. Each Out Byte 3 et 1o 1-Cyeles l
Time Through Subtract | from Amount in R1, etuin to yele: N QA43]
Tiansfer - h Addicss Used Later in Invalid | (Compare) (AND) Op Code (OR) (Exclusive OR)
to Anothe: 1 egister Addiess Routine ' 00 Bit 6, Bit 7 10 1
QA431 QA431
Chart 001 Compare First and AND First and Second OR First and Second Exclusive OR First and
™ Yes Entered No Second Operands by Operands, Test for Operands, Test for Second Operands, Test
Store Address Over 63 from Execute Op Complement Addition, Zero Results Zeto Results for Zero Results
in Local Storage Chart 002 Test for Zero Results —
RR Branch
QA161 On Count
I OP Format Byte 1 Byte 2 Byte 3 Byte 4
Set Low-Order Address QA6 [__oss
in a Register, Cl—\ecli for ) Replace the First RR AND 14 R1 R2
Boundary, Readout gyte ! .
with the Results, Reset RR OR
the Carry Latch 15 R1 R2
i RR Compare 16 RI R2
Yes Entered Bianch
from Execute Op Address in General RR Exclusive OR 17 R1 R2
QAl61 Register 0 RX, AND 4 RI X2 |
Set the High-Order T QA171 End of Field . 5 B2 ! — D2 —
. et the High- ‘
Addre.ss (Byte 2) in Addvejs (éile 2)' i:l Readout Byte 2 and 3 Chaort 002 RX OR 55 R1 X2 B2 : _ D2 —
a Register e of Branch Address RX Branch :
On Count RX Compare 56 R1 X2 B2 | — D2 —
QAl6]
v RX Exclusive OR 57 R1 X2 B2 [ D2 —
Read and Reset the Qa1 Address ;
PSW Bit, Restore ' sver 65K SIAND 94 12 B, — DIl —
Instruction Length Count Test for Nom-Zero Was Compare i
Condition, Set Carry Equal 51 OR 95 12 Bl — bl—
Latch if an ALU QA431 |
aalel Cany Occurs, Reset Read P . S1 Compare 9% 12 Bl | D1
Transfer the High- the Carry Lafch if not eadout Program Masl . )
Ordesreir\ddfess 'go QA171 and Condition Code Byte, SI Exclusive OR 97 12 Bl | T Dl —
Another Register Readout Byte 3 of Test for Zero Result
l QAI7] Count and High , Low, or Equal Obiecti
jectives:
Yes Count No QA4l
Qalél Byte Zero I AND - To AND the Bytes of the First Operand with the
Return to |-Cycle Subtract 1 from the . Bytes of the Second Operand. The Results of the
Branch Count, Set the Carry Set Condition Code and AND Replace the First Operand.
Yo Lorch if @ ALU Carry Store Progrom Mask and
S Occurs CO"d'“f’" Code Byte in OR - To OR the Bytes of the First Operand with the
Branch Address is not : Qa7 Local Storage Bytes of the Second Operand. The Results of the
in Correct Registers ) v OR Replace the First Operand.
Chart 001 = Count No QA42]
e Byte Zero Compare - Compare the First Operand to the Second
Return to I-Cycles Operand. Comparison is Left to Right, Ends
on an Unequal.
Result Yes QA001
Count of Subtract Exclusive OR = The First Operand is Exclusively ORED with
QA171 the Second Operand. The Results of the
N QAl71 QAT171 Exclusive OR Replace the First Operand.
il No Readout Next Count Readout Next Count Byt Chart 001
R yte, hart
Invalid Address Byte, Check for Byte 0

Retuin to I-Cycles

Branch
Addsess in General
Register 0

Branch
Address in General
Register 0

No  Chart 001

Check for Byte 0

a Carry Out from

Was There

the Subtract

[ oeam

le<t for Non-Zero Condi-
tion, Set Cany Latch if an
ALU Carry Occurs, Reset

the Carry Lotch if not

®

Note: In the SI Format, 12 is the Second Operand and is
One Byte Long. The Address of the First Operand
is for the Leftmost Byte in the Field.
The Condition of the Result for AND, OR, Compare,
and Exclusive OR is Stored in the Condition Code
Register in Local Storage .
Example: (Only Two Bytes Shown)
AND OR
First 0001 1100 1010 0001 0001 1100 1010 0001
Second 0001 Q011 1001 1110 0001 0011 1001 1110
Result 0001 0000 1000 0000 0007 1111 1011 1117
Compare Exclusive OR
First 0001 1100 1010 0001 0001 1100 1010 0001
Second 0001 0011 1001 1110 0001 0011 1001 1110

0000 1111 0011
Fivst 2001 1100 1010 0001

Complement Second _1110 1100°

Unequal

0000 1000
Ends

IRED!




Op Format Byte 1|Byte 2 [Byte 3 |Byte 4
RR Compare 19 RIERZ \ /
RR Add 1A RIERZ \

RR Subtract 1B RIiRZ X

RR Add Logical e |RilR2 / \
RR Subtract Log. 1F  |R1|R2 / \
RX Half Compare | 49 RI!X2 BZED2 D2
RX Half Add 4A RI;XZ BZEDZ D2
RX Holf Subtract | 48 |R1X2 82i02 | D2
RX Compare 59 RTEXZ BZ;DZ D2
RX Add 5A mixz szioz D2
RX Subtract 58 RIEXZ B2éDZ D2
RX Add Logical 5E ngxz Bzioz D2
RX Sybtract Log. 5F ngxz 32502 D2

Objective:

Add

Add Logical

Subtract

Subtract Log.

Compare

The second operand is added to the first operand ,
and the sum is placed in the first operand location.

Same aos Add. The difference is in the setting of
the condition code.

The second operand is subtracted from the first
operand, and the difference is placed in the
first operand location.

Same as Subtract. The difference is in the
setting of the condition code.

The first operand is compared with the second

operand, and the result determines the setting
of the condition code .

Chart 002

TYJHIUITIITH YT

Logical
Add, Sub.

Set Second Operand
in a Register, Turn

Carry Latch Off

QA4

Subtract

Add, Subtract,
Compare

QA411

Set Second Operand
in a Register, Turn
Carry Latch on, Set
up for Complement
Add

QA411 Compare

Set Second Operand
in a Register, Turn
Carry Latch on

Add, Subtract

| I QA411

Readout First
Operand

QA4
Add, Subtract,

Compare

Compare

QA411

Add (True or Com-
plement), Check
for Zero Results

Subtract the Second
Operand from the First
Operand, Check for

| QA4

Zero Results

with Result of Add

Replace First Operand

QA411

Add, Subtract
or Logical Add,
Subtract

Add, Sub.

QA411

Test for a Zero Answer

and a Carry Out

Last Byte Yes

—

| ca4n

QA411

Test Sign of Result

Readout Second
Operand and Set into
a Register, Test for
Last Byte

QA42]

QA411

Readout Program Mask

QA421

Readout Program Mask
and Condition Code

QA421

Yes Op Code Bit 3 No and Condition Code
! QA411 (Half Arithmetic)
Test Sign of Second
Byte, Readout First
Operand
Compare
QA411
Program Mask
Add, Sub Add, Subtract, Compare Bt Oon or OFf ’

Compare

QA41N

Add

Invert Sign —l

QA411 On QA421

(True or Com- Subtract the

Second Program Interrupt

plement), Check for
Zero Results, Replace
First Operand Byte with

Operand from the First
Operand, Check for
Zero Results

QA879

l QA421

Test Result for Zero
Answer and Sign Status

| qaa

Resu

Its

Plus

QA411

L

Last Byte

Sign
Plus or Minus

QA411

Readout First Operand,
Set Second Operand
Register to all Zeros

Readout First Operand,
Set Second Operand
Register to all Ones

CLF 005 RR

-RX Fixed Point, Multiple Codes 3

Chart 007

Set Condition Code
To Correct Code

1 QA421

Store Program Mask
and Condition Code

I QA421

_

Return to I-Cycles

QA001

Chart 001
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Chart 007
(Page 10)

Execute

Chart 002

QA0

Readout Byte to be ORED
with Bits 8-15 of the Next

[nstruction

QA091

Entered
from Execute

Using General
Purpose Register 0

Change Byte to 00
to Prevent Bits 8-15

Modification

—

QA091

Store Address of Next In-
struction After Execute
Instruction

| QA091

Set Up Address of Instruc-
tion to be Executed

[ cam

Set Condition to Indicate
an Execute Op Has Been
Done

| QA9

Store Instruction Length
Count in Local Storage .
Set PSW Bit to Show In-
struction Address is
Stored.

QA091
Return to I-Cycles
(Execute)

Chart 001

RR Branch
and Link
Chart 002
RX Branch Chert 002
and Link

Entered
from Execute Op

If 2nd Operand Uses Reg-1
ister 0, do not Branch

Restore Instruction
Address from Local
Storage to Registers

[ onoo

Restore Instruction
Length Code and
Reset PSW Bit

Entered
from Execute Op

Address Over 64K

Store Address Over
65K in Local Storage

If 2nd Operand Uses Reg~ |
ister 0, do not Branch f
SR —

| if 2nd Operand Uses Reg-
{ ister 0, do not Branch

l [onss

Store Instruction
Address in Register
Addressed by First
Operand

[ s

Store the Instruction
Length Code, Condition
Code, and Program
Mask in Byte O of the
Register Addressed by
First Operand

Set Branch Address
into Registers, Test
for Boundary

QA%01
Op F Byte 1| Byte 2 |Byte 3 |Byte 4 Return to I-Cycles
p Format yte yte yte yte A N
RR - Branch and Link | 05 | RI1}RZ (Branch)
RX - Branch and Link | 45 |R11X2[B2,D2[ D2

RX - Execute

44 |R11X2[B2:D2} D2

RS - Branch High

86 |RI1'R3jR2;D2| D2

RS = Branch Low/Eq. | 87

R1|R3|R2'D2] D2

Objective:

Branch and Link -

Execute ~

Branch High -

Branch Low/Equal

Chart 001,

Store the Updoted Rightmost 32
Bits of the Current PSW and Set
the Branch Address into the In-
struction Counter.

Bits 8- 15 of the Instruction at the
Branch Address, Second Operand
Effective Address, is Modified by
ORING Byte 3 of R1 with Bits
8-15. The Instruction as Modified
Will Now be Processed.

Add the Contents of R3 to R1 ond is
Compared to the Contents of R3 or
R3+1. If the Compare is High, a
Branch is Taken to the Effective
Address of the Second Operand.

~ Same os Branch High only Branch
on Equal or Low Compare.

Yes

QA16]

Reset PSW Bit and
Restore Instruction
Length Count

from Execute Op

Set Branch Address
into Correct Registers
Return to 1-Cycles
(Branch)

Entered

No

QA161

QAI61

Chart 001

Bronch Branch
Index High tndex Low, Equal
Chart 002 v Chort 002
QA9

Store Low Byte of
Branch Address in
Local Storage

Store Address Over
65K in Locol Storage

Branch Address
Over 65K

Ist Operand | Increment | Comparand

Start 00000204 00000060 | 000002 12
Finish 00 00 02 64 |00 00 00 60 | 00 00 02 12
Low Order I 1 I
Byte Address 2 43 53

Readout Low-Order Bytes, Add A to C, Subtract Sum of A+C from B.
Replace st Operand Byte with Sum of A+ C.

[ Increment (Index) is Third

Set Condition to
Indicate Invalid

Address
]

Determine if the Branch is to be Taken. If a Carry from Bit | had Occurred
then the Branch is Determined by Op Bit 0 and Op Bit 7 after the Add.

1st Operand Increment  Comparand Register Register Register 1st Operand
I'Operond, Comparend is Address Address Address A B C
i the Index or is Stored One
I__-‘ Register Above 2 3 4 3 53 - - - 00 00 02 04
L
l ( QA9 Readout
Readout Increment and 4 3 6 0
Comparand Bytes. Store
Comparand Byte ina Readout
Register 53 12
1 QAI91 Readout No Carry
2 3 AE 0 4 00 00 02 64
Readout First Operand
and Add to Increment. 2 2 4 2 5 2
Replace First Operand
it|
with Sum Readout Next Byte, Repeat Routine
Readout
4 2 00
Last Byte
Added Readout
QA191 5z 02
Compare Sum to Compare Sum to the Readout No Carry
the Comparand Comparand 2 2 F F 0 2 00 00 02 64
—————————— 2 1 41 5 1
This is Done by
Subtracting the Sum .
from the Comparand Readout Next Byte, Repeat Routine
Readout
4 1 00
Readout
51 00
Readout No Carry
! 21 F F 00 00 00 02 64
i
1 2 0 4 0 50
]
| Readout Next (Last) Byte, Repeat Routine
QA191 :
| o
QA0D} | Readout
| 50 00
Op Adder |Op |Op
Chary 001 | Code | 1BC [Carry | 0 | 7 [Branch Readout No Corry
6 [No | No | =] 0] No 20 FF 00 00 00 02 64
QA9 36 | No| Yes | -| O] Yes
Set Low Byte of 36 | Yes| - 0} 0 No Theck for a Carry from Bit 1 (in Example, Bit 1 Carry did not Occur)
Branch Address 86 | Yes = 1] 0f Yes Now Add High 4 Bits of the Last Compare, B~(A+(C), to Op Code.
in o Register 87 | No| No = Yes Branch High
87 No| Yes - Neo ranch Higl Branch Low/Equal
87 [ Yes] - [0 Yes 86 = 10000110 &= 1000 0111
87 | Yes| - ] No 11110110 No Carry ry 1111 0000 No Carry
‘Branch Address Adder\ Adder\
Invalid Carry 01110110 Carry 01110111
QAl6] Branches are Now Taken on Result of this Add, Adder Corry and Op Bit 7, to



Clasool, e )

1 Muliiple Entries

-Commor. Routine

T I

Forced Address

e

Chart 037
Yes Selector Selector Channel
Channel Machine Return to MC
Check
Se:r Channe! No
Control Cleck
QA961
Chart 044
MPX MC MPX Ves
Retyim Chonnel Mochine
Chart 037 Check
QC45]

No

To MPX Channel

Staited by Pressing
the Start Key i

Chart 602 Couts 002, 106 :
Chart 002 Set Supervisor Piogram | External i O
Charve Load PSW System Mask Coll Interiupt | Interrupt Interrupt
| QA9 Qa9
! Readout Byte 0 of K Readout Byte O of J I QA33] A
| PSW (System Mask! l PSW/ (System Mask i Setup Address of Old
¢ l QA9?2] PSW Interiupt Code
1 QA921 Set System Mask into
{ From Charts 034, 035, Set System Mask info Hardware Latches QA881
, 036, 037, 038 and 041 Hardware Latches
L - — v —— Store interrupt Code
|
| qasai A
r
. + For . O Interiupt
iZL:IYsS’;’”eMQSk e : Store Channel Address
9 ]1 in High Byte
QAB8I1
Store Protect Key and
Set AMWP Bits in Old PSW
System Mask
Store System Mask
Return to |-Cycles N
’ Mo QA921  cigir 002 in Old Psw
QA00T Readout PSW Byte 1 Set
(Protect Key and AMWP), Program Mask
Store in Local Storage )
Chart 001 Set Machine Check Mask 17O Interrupt
Chart 001 Instruction |
Address Stored
keadout PSW Byte 4
(Instruction Length Code,
Condition Code and QAB881 A831
Program Mask), Set ILC Reset PSW Bit, Restore Instruction
ond Program Mask into Restore ILC Address to Registers
a Register - l
, [ omm ] [ [ors
. . Store Instruction
Decode Condition Code Set Condition Code X
O it and Program Mask Address in Old PSW
| into Local Storage Forces Invalid Address
Next Time PSW s Used
L - -
Yes Set No
Program Mask OAgol
QA921
Return to 1-Cycle Store 01 for High Byte Store 00 for High Byte
ere 4 Re?dou! PSW Byte 5 of Instruction Address of Instruction Address
(High Byte of Address)
QCo01 |
QA931 1 YT
Store Instiuction Length,
Chart 001 Byte 5= 00 Condition Register, and
QA931 Program Mask in Old PSW
Machine Store Byte 5 in Local
Check Mask Bit Storage
On
No
1/Q Interrupt
QA931 / P
Recdout PSW Bytes 6 and 7
A Set into Registers, Check A901
Yes . Any.fhlng [for Boundary Q
in Machine Check 1
Register l
Q4931 Qcool
To Machine Check QA931
Routine
Yes Entered
from Execute Chart 034
Op QA001
Chc\t 001 Reset PSW Bit
Yes
Wait Bit On /\
QA931
Yes No
Return to |-Cycles Wait Bit On
( Reset PSW Bit)
I QA941
QA00! i QA931 To Restart, Press :“
Wait Loop, Wait Light On|__ _ the Start Key b
' Retuin to I-Cycles 'l
: (Bianch)
Chart 001 ' |
QAO001 St
top
Any interrupt Wil ' | c
Reset the Wait Latch \
Chart 001

CLF 007 RR Superv

isor Call, Interrupts and System Reset

First Erron

System Reset

Disable
Mode

Chart 044

QA951

Reset Machine
Check Register

Diagnostic
Test
Finished

Reset Machine
Check Register

-

f Reset Diagnostic
Latch

Reset All UCW's Active
Bit and Protect Key
to Zeros

Reset Certain Locations
in Local Storage

Reset PSW Bit

Reset Certain MPX
Channel Latches

Trap Waiting

Do Diagnostic Test




Chart 002 Chiart 002

Chart 002 RR RX Fullword
RX Halfword Multiply Multiply
Multiply

Entered
from Execute Op

Entered
from Execute Op

No No

QASTH

Store Instruction
Counter, Instruction
Length Code and
Set PSW Bit to 1

800 410

Aldiy|nw Aiouig X y-yy

SR — First .
Store Result in Even | Second First
Second Cycl
Odd Registers Selected | or econd tyele
by Instruction | QAS591
1 ining 16 ;
QA591 Store the Reamining ioly E les: RR Multipl
! Bits of the Partial Product Moltiply Bxamples AR The Multiplier is Found in R2 or af the Effective Address in
Readout and Add Second in the Even Register Tl Main Storage
i Multiply Table RX Fullword Multiply ge.
Partial Product to [5¢ TR xz 82 D02 DZ ]
irst Partial Product | | ;
First Partiol Produc QA% Store Multiplier 16 Bits in Moltiplicand  Multiplier The General Register Addressed by R1 must be an Even Number
P P P i I he Odd ter Aft
Qa1 Setup Next 16 Bits Local Storage Work Area Multiplier Plus Digit Value Multiplier is 32 Bits Long. Register. The Multiplicand is Found in the Rig-s erl ‘ fr
of the Multiplier in and a Hardware Register Sign Plus or 0 10 Multiplicand is 32 Bits Long. R1, Example: R1 Addresses General Register 6, the Multipli-
?Ie(;ui;n o I-)CyCIes Hardware Registers Minus QA%2] 1 +1X Product is 64 Bits Long, Using Both R1 and R1+1. cand is in General Register 7.
1
estore Setup Multiplier in Setup Multiplier in 2 12X ; i The Product Replaces the Multiplicand
Complement Form in Local Storage and 3 +2X +1X R1  Even Register R1+1  Odd Register e Product Replaces the Multip .
T H X
Multiplier Local Storage and a Hardware Registers 4 +2X +2 - - -
Equals Zero Hardware Register 5 rgx +§>< %;X 32 Bits (Not Usem S 31 Bits ' ‘ S| 31 Bits
b +2X 42X +2X
QA521 [ 7 12X +2X 42X +1X ’ \ Muhipliccnd—“ l—Mulriplier—*
8 -2X =2X -2X -2X b Product
QAS551 Set the Product to Store the Multiplier | I QAS521 9 2% —2X —2X ~1X
Shift Product Right Zero Times 2 in Local Store Copy of the A 9% _2% —2X To do a Full Word Multiply, Two Partial Products are Developed, then Added together to Form the Product.
4 Bits Storage Work Area and Multiplicand in B 2% 2% ~1X Example of Full Word Multiply. Multiplier = 00100024 Multiplicand = 00300904
a Hardware Register | Storage -2X =2X
Local Storag ¢ 1. Readout Multiplier, Complement if Minus. Put the High-Order 16 Bits into the 16 High~Order Bits of
D -2X ~1X P P 9 9
Halfword QA521 £ _2X General Register Addressed by R1. Put Low-Order 16 Bits into Hardware Registers. Set a Copy of the
Has High No alfword Op Readoor Moltip eard ; X Muttiplicand into Local Storage .
Digit of Byte Been Byte Hardware
Used 4 This Same Table is Used for Add or Rl RI+ 1 Registers Local Storage
| Subtract. If the Last Cycle was a [oo 10 XX xx]  [00 3009 04] 00 30 09 04
! | One to the Multipli- —_ — e : !
] Return to |-Cycles QA531 Subtract, Add One p —_———
B e — (IC Restore) cand Digif . High 16 Bifs of Multiplicand Low 16 Bits of Copy of Muliiplicand
ore Fartia Multiplier Multiplier
Digit QAD01 Pl Multiplier Mi i
us INUs
Chart | Sign Plus or ‘ RX Holfword Multiply 2. Setup in Local Storage and Hardware Register 1 Times and 2 Times the Low 16 Bits of the Multiplier
QAS31 ines 1X = 0024

QAS531 4C R1 X2 —[ 82 [ D2 j 2X = 0048

Set Multiplicand B, Complement the
into a Hardware Register Multiplicand Byte and Multiplier is 16 Bits 3. Develop the First Partial Product by Reading Out the Multiplicand, Decoding each Digit and*Adding or
Multiplicand is 32 Bits

Set into @ Hardware Subtracting the 1X or 2X of the Low Multiplier. The Product Digits Replace the Multiplicand and the
Register Product is 32 Bits Low-Order 16 Bits of the Even Register. Put High 16 Bits of the Multiplier in the Hardward Registers.

End of Register QA541

Store Partial Product
Digit (Digit Shifted Out)

No  QAS541

Operation is the Same as Fullword Except

R1 R1+1 Hardware Registers
Mttplicond e el Only One Partial Product is Formed . The 0676 00 66] CxarTs) i
Setup Multiplicand Low 32 Bits of This Product are Set into o ing \——"‘\/\[”“ | ———
Digit for Decoding Registeras the Product . High Ié‘ Bujs First Partia nghAhs. Bits of
Multiplicand R1 can be on Even or Odd Numbered of Multiplier Product Multiplier
L Byte = Zero Register.
Multiplicand 4. Setup in Local Storage and Hardware Registers 1 Times and 2 Times the Hihg 16 Bits of the Multipl:c
Byte Equals Zero QAS3] QA53I 1X = 0010
Decode Digit to be Store Zero Product Digit 2X - 0020
Multiplied in General Register

5. Develop the Second Partial Product by Reading Out the Copy of the Multiplicand, Decoding Each Digit
and Adding or Subtracting the 1X or 2X of the High Multiplier. The Second Product Digits Replaces the
Multiplicand Copy and the High 16 Bits are Stored in Hardware Registers.

! Digit was 0 through 7
1 QAS531

|

Add or Subtract

. Hardware Register Local Storage
B Routine 03 00 90 40
ompute Produc - — .

(See Example) High 16 Bits of Second Partial Product. Low 32 Bits of Second Partial Product.

6. Add the Second Partial Product to the First Partial Product. The Second Partial Product is Shifted the

te P + i
Compute Produc Correct Amount. Result is Set into the Even and Odd Registers Selected by R1.

(See Example)

00 00 06 C1 44 96 First Partial Product
+00 00 03 00 90 40 Second Partial Product

@ Digit was 8 through F
1

R1 RI+1
[00 00 03 00][97 01 44 96




QA511

Store Instruction Counter,
Instruction Length Code
and Set the PSW Bit to
One

—

Chart 002
RR Divide

Entered

from Execute Op

RX Divide

QA511

QA401

Readout High-Order
Divisor Byte

QAs01

Invalid Op
Program Interrupt

QA879

Chart 7

Minus

Load Divisor into Lo-
cal Storage and Hard-
ware Registers in True
Form

CLF 009

Op Code 4D

Divisor

Minus

Sign Plus or

Plus

Quotient Bit = 0

1

Carry Out

Quotient Bit =1

Do Case 2
Dividend is Overdrawn
and is in True Form.
Shift Dividend Left One
Bit, Shifting in New Bit
from Low 32 Bits in Com~—
plement Form, Compute
Quotient Bit

QAb21, 631

Queotient Bit = 1

QA601

Load Divisor into Local
Storage and Hardware
Registers in True Form

1

QA401

End of Minor

Carry Out

Quetient Bit =0

-
t
I
L
|
I

No

Loop

Do Case 1

Dividend Not Overdrawn
and is in True Form. Shift
Dividend Left One Bit,
Shifting in New Bit from
Low 32 Bits in True Form.
Compute Quotient Bit.

Store Low Quotient
Address in Local
Storage

QA601

Readout Dividend
High-Order Byte

Plus

QA01

Divisor
Sign Plus or Minus

Minus

Plus

Dividend

Sign Plus or Minus

Plus

Minus

Quotient Bit = 0

Minus

Divisor
Sign Plus or Minus

Loop

[ eacon

.Set Sign of Quotient

Divisor Dividend Quotien
Plus Plus Plus
Minus  Plus Minus
iMinus  Minus Minus
Plus Minus Minus

[ anm

Load Low~Order 32 Bits
of Dividend into Local
Sterage and a Hardware
Register in True Form

QA611

Odd Register has Low
32 Bits

Load High-Order 32
Bits of Dividend into
Local Storage and
Hardware Registers

QA611

Store High Quotient
Address in a Hardware
Register

[

QA611

Loop

Set Count into a Hard~
ware Register for Minor

QA611

Shift the High Byte of
the Low 32 Bits of the
Dividend Left One Bit

QAN

Setup so First Divide
Cycle is a Subtract

[ qaez1, 631

Shift High 32 Bits
Left One Bit and Com-
pute First Quotient Bit

Even Register has High
38 Bits

End of Minor

Quotient Bit =1

End of Minor
Loop

_End of Minor

Loop

NoI

Do Case 4
in Complel

Bit, Shifti

Dividend is Overdrawn

Shift Dividend Left One

from Low 32 Bits in True
Form. Col
Bit.

ment Form.
ng in New Bit

mpute Quotient

Quotient Bit = 0 T

T

End of Minor
Loop

- —r
E Quotient Bit = 1
Yo
>~ End of Minor
Loop
@ No
Do Case 3

Dividend Not Overdrawn
But is in 1's Complement
Form; Shift

Left One Bit, Shifting in
New Bit from Low 32 Bits
in Complement Form.
Compute Quotient Bit,

Dividend

Quotient Bit =0

Quotient Bit = |

1
|
Indicates Eight :
Quotient Bits Have i
Been Stored in a :
Hardware Register. !
Transfer This Byte to I
Local Storage and I
Reload Hardware |
Register with more :
Dividend Bits. !
)

Do Divide Loop
Start as in Case 1

Minus

QAb641

No End of Minor Yes Yes End of Minor
Loop Loop
QA621
Store Quotient Byte
in Local Storage.
=1 Replacing a Byte of the
End of Minor Loop Low Dividend

Test on Address
Quotient Byte

of Low

End of Major

QA621

QA641

Quotient Sign Plys

Plus or Minus

Complement the
Quotient

Has an
Overflow Occurred

—
Depends on What Last
Case was and Ending.

Readout Next Byte
of Low Dividend and
Set into a Hardware
Register, Setup New
Count for Minor Loop

QA641

Correct

[ Qe

Divide Check
Program Interrupt

Op Format Byte 1 |Byte 2|Byte 3 |Byte 4
RR Divide 1D_[RTR2

RX Divide 5D [R1:X2[B21D2| D2
Objective: To divide the dividend (first operand) by

the divisor (second operand) and replace
the dividend with the quotient and re-

mainder.

RR-RX Binary Divide

QA879

Chart 7

Sefup to Correct and
Store Remainder

|
1
|

Quotient Sign

Comp|emen; Quotient if
Sign is Minus

| Qa1

Setup Address of
Selected Odd General
Register to Store
Quotient

I QAb641

Store the Quotient

| QA4l

Setup Address of
Selected Even General
Register Low Byte

Divide
Ended Using Case
1,2,30r 4

1,2,3, or 4

Do Case
1,2,30r4

O O

[1]2]3]4

QA651

Case 1 ~ Store as is
Case 2 ~ Subtract
Dividend from Divisor
Case 3 ~ 1's Complement
Case 4 - Add Dividend

to Divisor

[ qrest

—
Store Remainder in
Selected Even Register

| QAs51

Return to [-Cycles
(IC Restore)

QA001

Chart 1



Note: For this example, assume a divisor of 16 bits and a dividend of 32 bits.
This is done to shorten the example but still show how the auotient is
developed.

1. Divisor : The divisor is readout of its General Register or

Main Storage location and copied into Local

Storage and a hardware register .

Check sign of divisor and dividend and set quotient sing.,
In example, both signs are plus, so the quotient sign is plus.

3. Dividend —‘

——— e —

Even Odd

2. Signs.

The dividend is located in two General
Registers. The high dividend in the
even-numbered register and the low
dividend in the odd-numbered register .
The dividend is readout and the two parts, high and low,

are copied into Local Storage and hardware registers.

4. Quotient. The quotient is developed 1 bit at a time and set into a
hardware register until the end of a minor loop. Then it
is placed in local storage.

Note:  Shifting of the dividend uses the copy in local storage work area.

The 4 low bits of a hardware register are set to F to be used in the

minor loop count. When the 4 low bits equal 7, the minor loop is ended.

Divisor Copy Dividend Copy Count
Note: Setup to start as in case 1. High Low.
[i0]52] F8 [0A]

5. Set high byte of low dividend into a hardware register. FB
6. Shift byte left 1 bit. ©{7s

mp——
E@ +F1 94

@ 07T €6

7. Add carry in high dividend, shift left 1bit and do 1's complement

8. Add complemented high dividend to divisor te compute quotient
bit and new high dividend.
Case 1, Carry out = Quotient bit 0 and do case 2.

9. Shift byte left 1 bit and set quotient bit in low~order position,

subtract 1 from count . ©
1
10 52
11, Sublract dividend from divisor. 10 [52] FFC 3
@ 03 85
O3]
o
10 52
[52) + E6 FA
NC T 4
©
10 %2
EI + EE 8C

NC FE DE
Case 3, No carry = Quotient bit 1 and do cese 3. e

18.  Shift byte left 1 bit and set quotient bit in. Subtract 1 frem count.
— ol
10 52

10.  Add carry in high dividend, shift left 1 bit.

Case 2, Carry out = Quotient bit 1 and do case 1.
12. Shift byte left 1 bit and set quotient bit in. Subtract 1 from count.

13. Add carry in high dividend, shift left 1 bit.

..

14, Subtract dividend from divisor.

Case 1, No Carry = Quotient bit 1 and do case 3.
15.  Shift byte left 1 bit and set quotient bit in.. Subtract 1 from count.

16. Add carry in high dividend, Shift left 1bit.

B

17. Add dividend to divisor.

19.  Add carry in high dividend, Shift left 1 bit.

20, Add dividend to divisor. [10]52] +FD_BC
D O

Case 3, Carry out = Quotient bit 0 and do cose 2.

NG
’—‘]*’
10 52

21, Shift byte left 1 bit and set quotient bit in. Subtract 1 from count,

22. Shift high dividend left 1bit.

23, Sublract dividend from divisor. EE +E3 B2
NC A3

Case 2, No Carry = Quotient bit 0 and do case 4.,
24, Shift byte left 1 bit and set quotient bit in. Subtract 1 from count.

©
25, Add carry in high dividend, Shift left 1 bit. m
10 52
2. Add dividend to divisor. EE +E8 69

NC F8 BB

%

Case 4, No Carry = Quotient bit 0 and do case 4,
7. Shift byte left 1 bit and set quotient bit in. Subtract 1 from count,

~

28, Add carry in high dividend, Shift left 1bit.

Ft 77

© v
Ne{71]

31, Count has gone to 7, End of minor loop. A quotient byte Low
is in the hardware register, The quotient byte is set into local Dividend
storage replacing the high byte cf the low dividend copy. The low
byte of the low dividend is placed in the hardware register for
shifting and the count is set to F for the next minor foop.

29. Add dividend to divisor.

[3]

Case 4, Carry out = Quotient bit 1 and do case 1.
30. Shift byte left 1 bit and set quotient bit in, Subtract 1 from count,

32. Shift-high dividend left 1 bit. m
10 5

33. Subtract dividend from divisor . [o]z] + FC_6D
0C &

N
10 52

Case 1, Carry out = Quotient bit 0 and do case 2
34. Shift byte left 1 bit and set quotient bit in. Subtract 1 from count.

35. Shift high dividend left 1 bit.

3. Subtract dividend from divisor. [1_—0__5?) + E6 80
NC Fé D2
Case 2, No Carry = Guotient bit 0 and do case 4. NC

37. Shift byte left 1 bit and set quotient bit in. Subtract 1 from count.

38. Shift high dividend left 1 bit.

B

Case 4, No Carry = Quotient bit 0 and do case 4.

Dividend Copy

Divisor Copy High Low Count
Do cose 4. e
Shifted Byte
(28)
NC
40.  Shift byte left 1 bit. Set quotient bit in and
subtract 1 from count.
41,  Shift high dividend left 1 bit. F8 EC
0 52
42, Add dividend to divisor. @@ + FB EC
©—0 3
Case 4, Carry out = Quotient bit 1 ond do case 1.
NG
43, Shift byte left 1 bit, Set quotient bit in and
subtract 1 from count.
44, Shift highdivided left 1bit,
1 10 52
45, Subtract dividend from divisor. (10 ]s2) C e
NC<—F7 D4
Case 1, No Carry = Quotient bit 1 and do case 3. e
46, Shift byte lefr 1 bit. Set quotient bit in and
subtract 1 from count.
47, Shift high dividend left 1 bit, EF_A9
4 10 52
48, Add dividend to divisor. R +EF A9
NC<+—FF FB
Case 3, No Carry = Quotient bit 1 and do case 3,
49, Shift byte left 1 bit. Set quotient bit in and Ne+—Tg7)
subtract 1 from count.
50.  Shift high dividend left 1 bit FF Fé
———————]0 52
51, Add dividend to diviser, [io]52) « FF_Fé6:
10 48
. Case3, Carry out = Quotient bit 0 and do case 2.
53, Shift byte left 1 bit, Set quotient bit in and NC~—0E ]
subtract 1 from count,
53.  Shift high dividend left 1 bit.
¢—*I0 52
54, Subtract dividend from divisor [10]5] + DF_6E
NCe+—EF CO
Case 2, No Carry = Quotient bit 0 and do cose 4.
55.  Shift byte left 1 bit, Set quotient bit in and NC
subtract 1 from count,
56. Count has gone to 7. End of minor loop. Set
quotient byte into low byte of low dividend.
57. Address of low quotient byte has been reached General Registers
indicating end of major loop. Check signs
and set the quotient into the odd numbered
general register,
o
Even Odd
58. The remainder is developed ond set into the
even numbered general register. The correct
sign is set for the reaminder. In the example,
we ended in case 4. Case 4 causes the high
dividend that has been developed to be added Divisor 10 52
to the divisor, The result is the remainder. High Dividend + EF CO

Remainder (C)+—00 12

:Lven Odd
The even/odd general registers have been set (60712} [(ALOC]

with the remoinder and quotient with Remainder Quotient

proper sign ond divide is ended.
The divisor and dividend in actual form would be:

[oo]oof10] 2]

Dividend  [00]00[00]oo ] o7]3s] re] 0a]

Note:

Divisor

The Quotient would be:

Even Odd

|
[o0]ooJoo] 12 00 Joo]71] ¢

Quotient

CLF 010  RR-RX Binary Divide Example
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This is Used to Re-~
member where the
First Non-Zero Byte
is in Local Storage

Chart 002

QA261

Set the Address of the
High-Order Byte of Work
Area in a Register

QA271

Readout First Operand
Byte, Replace with

First
Non-Zero
Byte

Update the Register
Being Used to Retain
The Address of the

First Non-Zero Byte

1
The Work Area is 8 Bytes |
Long; High Address |
=0 Indicates End of Arec}

QA261

Valid

QA261

Test to See if Last
Digit is Valid, Reset
Carry

End of

Work Area

Decimal Digits

QA261

Set Register to 07 for
Program Interrupt

Chart 7

QA261

Test to See if Last
Digit is Valid, Set
Carry, Set Complement

QA261

Set a Register to 07 for
Program Interrupt

QA879

Chart 7

Sign Byte Found

7

Valid

Last Decimat

Digit

QA261

Yes 4 ! Operand is Now Read
i out From Local Storage

Binary Byte (Complement
Form for Minus Signt)

Byte 0
of First Operand

Readout High-Order
Non-Zero Byte

Decimal
Digit Too Laige

No

Yes

Chart 1

End of
Work Area

Readout Next 2nd
Operand Byte

Zero Quotient
Digits

Update Address of
First Non-Zero Byte

QA2

Readout Next Byte,
Multiply the Remainder
by Binary 10

QA261

Readout High-Order
Non-Zero Byte

QA271

Add Next Decimal Digit
to the Product

Set op For
Conversion

Last Byte

Read Has Valid
Decimal Digit

QA271

Store 4 Bits of the
Binary Conversion by Bi
in a Register

Binary

Byte Ready to

Store

QA271

Multiply the Remainder

nary 10

Add the Next Digit
to the Product

Div
16

o
ide the Result by : This is Done by Moving
+ the Quotient Digit

E Right 1 Digit

Dig

Store the Quotient

its

Set a Register to 09 for
Program Interrupt

QA879

Chart 7

Instiuction
T T T
Format |Byte 0 Byte 1 Byte 2 |Byte 3
IR
RX 4F iRIXZlBQ:D 2
1
First Operand
Start | XX \ XX | xx | oxx
Fnin | 00 [ 00 | 11 | el

Second Operand - Main Storage

[ I
Byte |Byte O|Byte 1 |Byte 2 iByre 3 |Byte 4 |Byte 5|Byte 6 i Byte 7

Digits | 00 00 00 00 00 04 44 ‘ 9C

Vork Area - Local Storage

Load | 00 00 00 00 00 04 44 9C

Finish | 00 00 00 00 00 00 00 0C

The convert to binoiy routine works something like a manual conver-
sion of decimal to binary (hexadecimal). Example:

0278 017 o)

0
16)0278 16017 16)01

00 00 00 020
44 27 17 !
2 I K __—
124 118 1
2 m‘/

129 b

(Hex) 1161 0001 0001 0110 0001 (Binary)
By successively dividing the decimal number by 16 and using the
lemainder the hexadecimal number 1161 is developed.

The 2030 converts a decimal number to @ binary number by multiplying
each digit by binary 10 and then adding the next digit to the product.
Then this result is divided by 16. The Quotient is stored and the Re=
maindet is multiplied by 10. This continues until the numbe: has been
converted.

In the example to the right, the register numbers are for example only.

The work areo has been loaded and R4 has the location of the first
high-order non-zero byte.

To multiply a digit by binary 10, shift the number lefr 3 times (by
adding). Then add the result of the first shift to the third shift----
Examples:

04 0000 0100
0440000 0100
08 0000 1000
08 0000 1000
16 0001 0000
16 0002 0000
32 0010 0000
_8 0000 1000
40 0010 1000

To divide a digit by 16, the digit is shifted 1 digit to the right.
Example:

2 64483216 8421
16)33 00 1 0 0001 -- Remoinder

2

T 0010 -- Quotient
In Example R1, 2, and 3 are used to convert the number. R4 retains

the work area byte with the first significant digit. R5 hold the low
four bits of each convert byte for storing complete byte.

Comments

Set R1 to Q0 and set byte 5in R2. Note:
The R1 high digit is called Quotient (Q1} and the
R1 low digit is called the Remainder.

Quotient

The R2 1st digit is added to the Remainder. QI
2nd R2 next digit are sef into R3. A test fou
sign digit is made. Multiply by 10 if the byte
does not contain a sign digit.

Add next digit to the product.

Divide by 16. This is done by shifting the high
digit right 1 digit. Store QI and the Quotient
{Q21 of this divide in the work area. If bytes
stored equal zero, change R4.

Readout next byte. Multiply the Remainder by
10.

The Product and st digit ore added. Q1 and
next digit are set into R3. Test for sign.

Multiply remainder by 10.
Add next digit.

Divide by 16, store Q1 ond Q2, test for Zero.
Readout next byte.
Multiply Remainder by 10.

Add 1st digit.

Set the Quotient and next digit in R3, test for sign.
Sign is found, set remainder in RS and set R3 info low
byte of work area.

Set R1 to 00 ond set byte 6 in R2

Add 1st digit to Remainder.

Set Q1 ond next digit in R3, test for sign.
Multiply Remainder by 10.

Add next digit.
Divide by 16, store Q1 and Q2, test for zero quotients.

Readout next byte.
Multiply Remainder by 10.
Add st digit.

Set the Quotient and next digit in R3, test for sign.
Sign is found. Store the remainder and low digit in

R5 in the First Operand byte 3, store R3 in the low byte
of the work area.

Set R1 to 00 and set byte 6 in R2.

Add 15t digit .

Set Q1 and next digit in R3, test for sign.
multiply Remainder by 10,

Divide by 16, store Q1 and Q2, test for zero quotient.
Zeros found. Change R4.

Readout next byte.

Multiple Remainder by 10.

Add st digit.

Set the Quotient and next digit in R3, test for sign.
Sign is found. Set the Remainder in R5 and set R3 in
low byte of the work area.

Set R1 to 00 and set byte 7in R2.
Set Q1 and next digit in R3, test for sign.
Sign is found. Store remainder and low digit in R5 in the

First Operand byte 2, store R3 in low byte of the work area.

The number has been converted, but the loop continues
until the first operand remaining bytes have been set to 00.

Rl

i
Remcinder—-T
00

-0
00
xA
00
-4
04
0
1

R2

|si—?4

Next

R3

04

Byte 5 Byte & Byte 7

04

04
xA
28
+4
7c
oC
xA
78
+4
<

7
oC
xA
78
+9
81

44

24

|

00
+2
02
xA
T
+7
N
OB
xA
67
x8

27

8C

07

7C

00

00

00

00

Work Area

44

44

27

27

27

]

9C

9C

8C

8C

8C

First Operond
R4 RS Bytel Byte2 Byte3

5 00 00 00

00 00 61

00
+

or

o1

7C

0t

oC

00

00

00

01

00

00

7C

7C

00 1A 61

00

00

oC



v Chart 002

QA281
Set 8 Bytes in Main
Storage to 0
| QAZ81

Readout Ist Operand
Byte 0, Test Sign

L

QA28

Readout Next Byte of
1st Operand

Yes

QA281
Was N No

Byte Readout

Byte 3 QA281

+ Was

Sign t or =

QA291 QA291 QA281 QA281
Setup Sign Digit for Setup Sign Digit for Set st Operand Set lst Operand into a Reg-
ASCII (1010+  1011-) EBCDIC (1100 + 1101-) into o Register 1-isfer (Complement Form)
L ] |

[ crzn |

Readout 2nd Operand
Byte and Set it into a

QA281

Significant

Register. (Add One to
the Number if the Num-
ber is Minus).

[ oa

Shift the Digit One
| Digit to the Left.

First Time the Sign is

Set in Low Order Dig

]
'
LT

it
—

End of
Shift Loop

———

Byte Has Been
Found
I QA291
Readout 2nd Operand
Byte
I QAZ91

- Binary Add. This Step
Sets the Value of the
Binary Bit Being Converted
into the Carry Latch

Double the Ist Operand,
Add Carry from 2nd
Operand to the Ist
Operand Result

| oA _

This Loop Starts at the : Double the 2nd Operand, Decimal Add
Low Order Byte and : Add Carry from lst
Continues Until All : Operand to the 2nd
Significont Digits Are 1 Operand Result
Shifted. ' Ic
0 -Cycles QA291
QA001 e —
Chart 1 End of A Loop is 8 Times
Add (Double) Through the Preceding
L Two Steps
oop
Yes QA291
Store Result of
Decimal Add in Storage
QA291
End of
2nd Operand
Loop
QA291
No Result of
Last Binary Double
0
Op Format Byte 1| Byte 2 | Byte 3| Byte 4
Convert to Decimal 4E |R1 X2 | B2 D2 D2
First Operand
Byte O | Byte 1| Byte 2 | Byte 3
00 00 11 61
Second Operand
Byte O | Byte 1|Byte 2 | Byte 3{Byte 4 | Byte 5 | Byte 6 |Byte 7
Zeroed 00 00 00 00 00 00 00 00
Added 00 00 00 00 00 00 44 49
Shifted 00 00 00 00 00 04 44 9C Set Sign in RX, RY 1o RZ;

To Manually Convert the Hexadecimal Number 1161 to Decimal, multiply
each Digit by 16, then Add the Next Digit to the Product. The Sum is
Multiplied by 16 and the Next Digit Added, etc.

Example:

01 1 6 1
x 16
06
10
16
+1
17
x16
102
17
272
+ 6
278
x16
1668
278
4448
+ 1

4449

The Operation in the 2030 is Similar to the Manual Operation. Each Byte
is Doubled Eight Times. Whenever a Carry Occurs from the ALU During
the Binary Add, it is Set into a Register and is Decimally Added to Itself.
Any Carry during a Decimal Add is Added to the Result of the Next Binary
Add. This Continues until the Binary Number is Converted to a Decimal
Number. The Decimal Number is then Shifted Left One Digit so the
Correct Sign can be Stored in the Low Order Digit of the Low Order Byte.

In the Example at the Right, the Register Numbers are for this Example
Only. The 2nd Operand has been Set to all Zeros and the lst Significant
Byte of the st Operand is in R1. Note: RX is shown in Binary Form while
RY and the 2nd Operand are shown in Decimal .

RX Low to RY Low; RZ Low to RY High;
RZ High to RX Low;

RY to RZ, etc. until the Shift of the
Decimal Number is Completed.

Binary Add Decimal Add Storage - 8 Bytes
Carry | Register X Carry | Register Y 2nd Operand
0001 0001 00 0000000000000000
0001 0001
0010 0010 00
00
0010 0010
0100 0100 0 0
00
0100_0100
1000 1000 6 o
00
1000 1000
10001 0000 00
1
0001 0000 01
N010 0000 0 1
0010 0000 0 2
0100 0000 0 2
0100 0000 0 4
1000 0000 0 4
10000000 0 8
10000 0000 0 8
1
17
0000000000000017
0000 0000
0000 0000

End of Add Loop, End of 2nd Operand Loop, and Result of Binary Add - 0
Readout Byte 3

0110 0001 17
0110 0001
1100 0010 1 7
3 4
1100 0010
1000 0100 3 4
1
1000 0100 z9
0000 1000 6 9
1
0000 1000 1 39
1
0001 0001 3 9
7 8
0001 0001
0010 0010 7 8
0010 0010 1 5 6
—

0100 0101 5 6
0100 0101 1 12
—

1000 1011 1.2
1000 1011 2 4
0001 0110 2 4

1
49 0000000000000049
0001 0110
0010 1100
End of Add Loop, Not the End of 2nd Operand Loop
0010 1100 00
0010 1100
0101 1000 00
00
0101 1000
1011 0020 0 0
0 0
1011 9000
0110 0800 0 0
1
0110 0000 0 1
1100 0000 o 1
1100 0000 0 2
1000 0000 0 2
1
1000 0000 Q0 5
0000 0000 0 5
I
0000 0000 [
0000 0000 11
0000 0000 2 2
0000 0000 2 2
4 4 0000200000004449
0000 0000
0000 0000

End of Add Loop, End of 2nd Operand Loop, and Result of Binary Add O
Lost Byte Read Out was Byte 3
Sign was Plus, not in ASCII Mode ~ Set Sign in R1

Note: Contents in the Register for the Rest of the Excmple aie in Hexadecimal.

Register X l Register Y l Register Z ' l’Stowoge
F C 4 9 4 9 0000000000004449
9 C 000000000000449C
0 4
4 4 4 4
0 4 4 4 000000000000449C
00 0 0
0 0 0 4 000000000004449C
End of Shift Loop
.
CLF 012 RX Convert To Decimal
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Chart 002

CEEEAEAK,

Single and 0 to 63 for
Double !
—

S —
Double Word Must Address

1
N [}
an Even Register 1
i

Even Numbered
Register

To Program Interrupt
(Invalid Specification)

Chart 7

Number is Readout of |
Register and Set into |
the Work Area. The :
Number is Shifted with-
in 3 Bits of the Complete |
Shift in the Work Area. |
It is Then Set Back into |
the Register Shifted the |
Correct Amount. |

1

No

————
Shift Value of 0 to 31 for |

Setup the Amount of the
Shift and the Address of
the High-Order Byte to
be Shifted

QA3

Readout High-Order Byte
to be Shifted

QA3I1

Setup and Address for Lo-
cal Storage Work Area
(Address Depends on
Single or Double Word)

| QA311

Check to See if Shift Is
to the Left or Right. Set
Condition to Indicate on
Algebraic Shift with a
Minus Sign.

Left or Right
Shift

Less than 8 Bits

Word

End of Even

Double or Single

Start with High Order :
Byte ' e

!

QA3

Less than 8 Bits

Read Byte from Register,
Set Work Area Byte to
Zeros for Logical or
Algebraic Plus, Set to
Ones for Algebraic
Minus

8 Bit Shifts
Finished

Shift Amount Exceeds
Work Area

Set Condition to
Prevent any Left Shift
When Work Area is
Set into the Register

Shifts of 1 to

QA3II

Single

QA311

Register

End of Register

Shift Amount Exceeds
Work Area

Shift
Less than 5 Bits
but not Zero

Entere Work Area Skewed

5 Bits

QA3I11
Shifts of 0 or 5t0 8

Enter Work Area Direct

5 ! Last Four Bits May Be
! ina Hardware Register

QA3

than 4 Bits. Check

Byte 3

Check for Shift Less

See if Last Byte was

to

QA3 End of Register

Shift is Greater Than 31
Bits. Set Overflow Con-
dition if Sign Minus

QA321

Read Next Byte of the
Number Being Shifted

4 Bits

Shift Less than

No

Shift Less Than
4 Bits

QA3

Set Condition to Transfer

Readout

1

QA351

Readout Byte from
Number Being Shifted
ond Set into Local
Storage Either Skewed
or Direct as Required

S
Up to this Time Bytes 1

or Half Bytes have been | Ves
Shifted. Now the Numberlmm mm wm ——

will be Left Shifted 0,1,2
or 3 Bits and Set into the
General Register it was’

End of Number <
QA351

N
End of Work Area °

QA351

Store Zeros in Rest
l of Work Area

| QA351 |

Start Bit Shifting

L___

Times.

Set Up for Shift of
0,1,2 or 3 Bits
[aasn
Shift is Done by Adding Shift a Byte the
Correct Number of Bits

the Number to Itself
the Desired Number of
Remember Corries

and Set into the Correct
General Register

|- —
1
1
t
1

Return to 1-Cycles

Complete
Number Shifted

Logical
or Algebraic
Operation

Logical

QA36)

QAO001

Overflow Condition

Is the Number of Bits 1
Left to be Shifted Less :
than 8 Bits |

End of 8 Bit
Shifting

These Bytes Do Not
! Enter the Work Area

QA321

—
Use for Algebraic Shifts.
{It is Disregarded in Logi-
(cal Shifts. If the Sign will
1Change, Set Overflow
:Condition.

-

Byte Directly to Work Area

QA3I1I1

ither Singl —
Either Singl® ictor Set Condition to Transfer
or End of Even Register
Byte Skewed to Work Area
for Double ©

Skew 1 Byte

Chart 1 Exists

QA421 QA36)
Set Condition Register I ‘ Set Sign Bit l
v___]._W*QAAZI QA421

Check Program Mask

Return to I-Cycl 9 .

eturn fo Imhycles Store Condition Code 1
QAO001
Overflow Mask
Bit Off
Chart 1

Retuin to 1-Cycle

Chart 1

Go to Program
Interrupt

QA421

Chart 7

Note: All Examples Show o Single Word Shift.

Shift Left 3 Logica! Single
General Register Start
Work Area

General Register Finished
Shift Left 10 Algebraic +
General Register Start
Work Area

General Register Finished
Shift Left 12 Algebraic -
General Register Start
Work Area

General Register Finished

Shift Right 3 Logical Single
General Register Start

Work Area

General Register Finished

Shift Right 12 Algebraic -
General Register Start
Work Area

General Register Finished
Shift Right 5 Logical Single
General Register Start
Work Area

General Register Finished

$0000 0000 0000 0000
0000 0000 0000 0000

0000 0000 0000 0010

0000 0000 0000 0001
&;Ygoo 0001 0110 1000
00 0101 1010 000

i ani o nn

0101 0110 0001 0010
0101 0110 0001 001

1011 0000 1001 0000

0110 1000 0111 000}
0111 0007 0000 000Q

1100 0100 0000 0

1001 0010 1101 l()l)l

WH 1001 001C 1101
1111 1001 0010 1101

0000 0000 0000 0000

0000 0000 0000 0000

000 0000 0000 0000

11 e nan

i

101170000 0000 0000

1011 0000 0000 0000 ¥

0101 0110 0001 0010

0000 0101 0110 000)

S~

0000 1010 1100 0010

IOO]I 0010 1101 1011

(RN AREERRAN] *III

M o nn

0000 0000 0000 1001

0000 0000 8000 0000

000 0000 0000 0000

1111 111 1111 1001

111 1111 1111 1001

1110 0001 1010 1001
0000 1001 1110 0001

0100 1111 0000 1101

Op Format Byte 1| Byte 2 | Byte 3 | Byte 4
Right Single Log., 8 8 (R 321D2 | D2
Left Single Log. 89 R 8202 [ D2

[Right Single Alg- | 8 A |1 82,02 | D2
Left Single Alg. 85 [RI 521D2 | D2
Right Dowble log. 8 C |RI 82,02 | D2
Left Double Log 8 D [RI 621D2 D2
Right Dodble Alg | 8 € IRI 52102 | D2
Teft Double Al 3F [RI 521Dz | D2

Objective:

Shifts - To Obtain a Binary Volue of the Second

Operand Effective Address Low Order Six
Bits. Exomple -

001011 = V1. Then shift the First Operand
Either Left or Right that Amount. If the Shift
is Algebraic, the Condition Code is Set.

Transfer to Work Area Direct.

Shift of 3 is Accomplished by

Adding the Byte to Itself.

Three Times and Remembering Carries.

Transfer to Work Area Direct but
Shift 8 Bits.

Add on 1 Byte of Zeros.
Transfer Back to General
Register, Shifted 2 Bifs.

Transfer to Work Area Skewed Shifted
12 Bits.

Add Low-Order Zeros.

Register Direct.

These Four Bits are held in a Hardware
Register after First Shift.

Transfer to Work Area Skewed.

Low 4 Bits Shifted Out.

Add High-Order Zeros.

Transfer Back to General Register,
Shifted 1 Bit.

These Four Bits are held in o Hardware
Register.

Transfer to Work Area Skiewed.

Shift 12 Bits.

Add High-Order Ones.

This Byte held in a Hardware Register.
Transfer to Work Area Direct but Shifted
8 Bits, Add High-Order Zeros.

Transfer Back to General Register. Shift
Left 3 Bits. Three Low-Order Bits are
Determined by Byte in Hardware Register.
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Chart 002

Move
Character

QA451

Store Byte 2 of the In-
struction at the First

Operand Address

Chart 002
Test
Under Mask

QA451

Compare Selected Byte
to Mask Byte

QA451

Set to

Readout Con

dition Code,
Code 0 and Store

QA451

No

All Ones

QAA451

Set to Code 3

Readout Condition Code,

Readout Condition Code,
Set to Code 1

L

|

j QA45)

Return to [-Cycles

Chart 002
Test and Set

QA451

Readout Byte at Effective
Address

] QA45]

Test High Byte for
al,
Byte to Ones

then Set Entire

QA421

Readout Condition
Set to Code O

Code,

QA001

Chart 1

Op Format Byte 1 | Byte 2 |Byte 3 [Byte 4
SI Test and Set 91 2 BIEDI D1
S| Test Under Mask | 92 12 (B ED! DI
S| Move Character | 93 12 BIEDI D1

QA421 Objective:

Readout Condition Code,

Test and Set -

Test the high-order bit of the byte at the

Chart 002
Load
Multiple

| QA461

Readout First Byte
from Storage

Qa46l
No On 32 Bit Yes

Chart 002
Store
Multiple

Cn 32 Bit
Boundary

QA461

Invalid Specification

QA461

Program Interrupt

Readout Byte from
General Register

Boundary
QA461
Invalid Specification
Progarm Interrupt
QAB879
Lood

Chart 7

End of
This Register

End of
Last Register to be
Used

QA461

Load or Store

1

Op Format Byte 1 | Byte 2{Byte 3 [Byte 4
Store Multiple 9 RIERS 52302 D2
Load Multiple 98 RIER3 52502 D2
Objective:

Store Multiple

QA879 Load Multiple
Chart 7
Store
QA461
No End of
This Register
QA461 | QA461

Store Byte Read
from Main Storage into

Write Byte Back into
General Register

The information in the general register starting
with the register specified by Rl and ending with
the register specified by R3 is stored at the
locations designated by the effective second
operand address.

The information at the effective second operand
address is loaded into general register starting with
the one specified by Rl and ending with the one
specified by R3.

QA461

Store Byte Read from
Main Storage into
General Register

I QA461 Replace Main Storage

Write Information Back
into Main Storage

Byte with the Byte

from General Register

l B}

QA461 General Register l QA461 QA46)
Setup Address of I QA462 Readout Main Storage Setup Address of
Next Register Readout Main Storage Byte Next Register
Byte 1 ons ]

QA461

Readout Main Storage,
Replace Byte with the
Byte from the General
Register

I

Set to Code 1

Test Under Mask -

|| onm

Return to 1-Cycles

QA001

Chart 1

Move Character -

effective address and set condition code .

The byte of immediate data, 12, is used as

a eight-bit mask. The bits of the mask are made
to correspond one for one with the bits of the
byte in storage specified by the first operand
effective address.

The second operand, one eight-bit byte, is

placed at the effective address of the first operand.

QA461

Return to I1-Cycles

QA001

Chart 1



Op Format Byte 1 | Byte 2 |Byte 3 |Byte 4|Byte 5Byte 6
SS AND D4 L BIED] D1 BZ;DZ D2
SS Compare D5 L |[sijp1| D1 52:02 D2
SSOR Dé L B]iDl DI BQEDZ D2
SS Exclusive OR D7 L B1 ED] D1 BZED2 D2
Objective:

And - The logical answer (AND) of the bits of the

first and second operand is placed in the first
operand location.

Compare Logical

-The first operand is compared with the second

operand, and the result is indicated in the
condition code.

OR

- The logical sum (OR) of the bits of the first and

second operand is placed in the first operand

location .

Exclusive OR

-The modulo - two sum (exclusive OR) of the bits

of the first and second operand is placed in the

first operand location.

Chart 002
AN
e Compare A\
AND Logical OR Exclusive OR
D6

V D5

QA761
Readout Source Byte
QA771

Readout Destination

11

[0 qarn

AND Source Byte with
Destination Byte

Byte
QA771
Op Code
' o7 Bit &, Bit 7

Tm QA771

OR Source Byte with
Destination Byte

] QA771

Compare Source Byte with
Destination Byte by Com-
plement Addition and Test-
ing for Zero answer

] QA771

Exclusive OR Source Byte
with Destination Byte

l

[ Qarz7i

Replace the Destination
Byte with the Results

Readout Condition Code

QA421

Setup Correct Condition
Code and Store

|

Qa42}

Return to |-Cycles

End of Field

Equal
Compare on Byte

End of Field

QA771

Readout Source Byte

QA001
Chart 1
Chart 002
A
—
Move Numeric Move Move Zone
D2

QA761 !

Readout Source Byte, Store
into a Hardware Register

with Zone Bits

Numeric Bits Combined

1
t
'
J

CLF 015

Combine Low 4 Bits of the
Source Byte with the High
4 Bits of the Destination
Byte and Store in the Desti-
nation Area

QA771

Readout Destination Byte

Move
Move Numeric,
Move Zone

QA771

Zone

QA771

QA771

Readout Condition Code

I QA42]

Setup Correct Condition
Code and Store

| Qa421

Return to 1-Cycles

Combine High 4 Bits of
Source Byte with the Low 4

Transfer Complete

Source Byte to Destina-

tion Area

Bits of the Destination Byte
and Store in the Destination

Area
il

QA771

QA771

End of Field

Return to [-Cycles
IC Restore

QA771

QAQ01

Chart 1

SS Multiple Codes

Readout to Source Byte,
Store in a Hardware
Register

QA001
Chart 1
{ Zone Bits Combined with
I Numeric Bits
[
Op Format Byte 1 |Byte 2 |Byte 3 |Byte 4|Byte 5 [Byte 6
T I
SS Move Numeric D1 L BIIDI1 D1 B2iD2 | D2
! +
$S Move o2 | L |sijo1 | o 82102 | D2
SS Move Zones D3 L B1)D1 | DI BQ:DZ D2

Objectives:

Move Numeric -

Move -

Move Zones -

The low-order four bits of each byte in the
second operand field are placed in the low-
order bit positions of the corresponding bytes
in the first operand field. Movement is
storage to storage, left to right.

The second operand is placed in the first
operand location. Movement is storage to
storage, left to right.

The high-order four bits of each byte in the
second opeand field are placed in the high-
order four bit postions of the corresponding

bytes in the first operand field. Movement
is storage to storage, left to right,
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Set Condition Code
to Code 0 and Store

QA781

Readout Condition Code

End of Field

Ne  qazs

| R

Return fo I-Cycles
(IC Restore)

QAO001

Chart 1

Write Condition Code
Back into Local Storage

| QA781

Readout Next
Destination Byte

Translate

Translate and Test
Chart 002

Valid

Translate Table Base Address = 1000
EBCDIC for J = DI
Add Base and J = 10D1
Byte at 10D1 =7
Replace J with J°

Translate Table
Address
QA761 QA781
Invalid Address, Readout Destination
Program Interrupt Byte
QA879
QA781
Add Destination Byte
to Translate Table
Chart 7 Base Address
| QA78I
Readout Function Byte
and Test for Valid
Translate Address

Function
Byte = Zero

Valid Address

QA781
Translate

and Test

Translate
or Translate and
Test

No No
| | oam

Invalid Address,
Program Interrupt

Setup Address for
Low=-Order Byte of
General Register 2

Setup Address for
Low-Order Byte of
General Register |

Register 2

Store Function Byte
as Byte 3 of General

Store Main Storage
Address of the
Destination Byte whose
Table Character is
Non-zero in General
Register 1

QA781

End of Field

QA879
QA781
i
Chart 7
QA781
QA781
QA781
QA781

Readout Condition Code,
Set to Code 2 and Store

Readout Condition Code

Set to Code 1 and Store

Setup Function Byte

Address (Translate Table)

Translate

QA781

Valid Address

Yes

| QA781

Readout Some
Destination Byte

QA781

End of Field

QA781

Translate

Assume a stream of 20 characters comes into location 2100 in EBCDIC.

Assume:

Reg 12
Reg 15

Loc 2100 ~ 2113 (before)

The instruction is:

Op Code L

00 00 20 00
00 00 10 00
JOHN JONES 257 W. 95

Translate to ASCIl.

[ ® ]

By
L < |

Loc 2100 - 2113 (after)
where the overbar means the same graphic in ASCHI
Condition code: unchanged

Translate Table

100X
101X
102X
103X
104X
105X
106X
107X
108X

109X

o 1 2 3

JOHN JONES 257 W. 95

Translate and Test

bl

Assume that an guage stat t, located at 3000 - 3016, is to be scanned
for varfous punctuation marks. A translate and test table is constructed with zeros in all
positions except where punctuation marks are assigned.

~ 1~

BEE

~|

’ %

It

I

@

= Ie |

|

Byte with the Function
Byte from the Table

Replace the Destination

Replace the Destination
Byte with the Function
Byte from the Table

| QA78]

Readout Next
Destination Byte

| qas

Return to |-Cycles
(IC Restore)

Chart 1

QAO00!

10AX

108X

10CX

10DX

10EX

TOFX

=1

SERIE

< |

AIERIE

x||o [|e|
~lie ||=1
-

> |
@ |
ol

m |

@1

|
=1
|

zl|o]|

z|

v
=1

c|

<]

x|
N

o
N
w

Al

[

oilz|lol]=]

V.
ol [<I|ol|x|
= |

ol

Op Format

Byte 1

By!

te 2 | Byte 3|Byte 4|Byte 5 |Byte 6

SS Translate

DC

T
L BI!D1| D1 |B2,D2| D2

t
1

SS Translate ond Test

DD

T
I

L |B1jpY| D1 |B2iD2| D2

Objective:

Translate = The eight-bit bytes of the first operand are used as argu-
ments to reference the list designated by the second op-
erand address. Each eight-bit function byte selected
from the list replaces the corresponding argument in the
first operand.

Translate ond Test - The eight-bit bytes of the first operand are used
as arguments to reference the list designated by the

second operand address. Each eight-bit function byte

thus selected from the list is used to determine the con~

tinuation of the operation. When the function byte is
a zero, the operation proceeds by fetching and trans-

lating the next argument byte. When the function byte

is nonzero, the operation is completed by inserting the
related argument address in general register 1, and by
inserting the function byte in general register 2. The

first operand is not changed.

Assume:

Reg 1 (before) 00 00 00 00

Reg 2 (before) 00 00 00 00 EBCDIC for ( is 4D.
Reg 12 00 00 30 00

Reg 15 00 00 20 00

Loc 3000-3016

The instruction is:

UNPK PROUT (9), WORD(5)

Op Code L B, D B, Dy
B § AT R 1 T I

Reg 1 (aften + 00 00 30 0B
Reg 2 (after) 00 00 00 20
Condition code = 1; scan not completed.
Translate and Test Table

0 1 2 3 4 5 6 7 8 9 B C D E
200X [0 |O O OO} O 0{01}{0 ojofo]o
201X [0 |0 |O [O]| O] O 0]0;0 ojofo}o
202X 0|0 0 0 0 0 0 0o 0 0|0 |0
203X 0|0 |00 ]O|O 01010 0 j0]0]0
204X |0 ] O[O |O]|O]|O 0j0]o0 10| 15|20 |25
205 (0|0 | O} O| O[O |O 0|00 30 |35 [40 |45
206X 010 0|0 010 o0 O 50 |55{01}0
207X |0 |0 0|0 | 0O|O 0ol0]o0 60|65 |70 75
208X | 0|0 {0 0|0 |O 0|0 |0 0o|0|0]0
29X | 0) 0000 O ojo0|o0 010 j0]o0
200X | O[O0 O |00 0|00 0100 ]0
208X 0 00 0 0 0 0|0 0 0 00 |0
20CX 0|0 |[O|O|O]O 0100 00|00
20X 0|0 (0 {0 |0]|O 0{01{o0 0 {0 |0 ]oO
20EX {0 |0 |O ;O {0 |O 0fo0]o 0j0|0]O
20X [0 |0 |O (O [0 |O 010 |0 0|0 0|0

Note:

If all possible combinations of eight bits (i.e., 256 combinations) cannot appec- in the
statement being scanned, then a table less than 256 bytes can be used.




Op Format Byte 1|Byte | Byte 3 |Byte 4| Byte 5 |Byte 6

S5 Edit DE | L |e1ipl| DI |B2iD2| D2
! |

S5 Edit and Mark OF | L [B1,D1] D1 [B2ID2] D2

Objective:

Edit -~ The format of the source (second operand) is changed from
packed to zoned and is edited under control of the pattern
(First operand). The edited result replaces the pattern.

Edit and Mark - Same as edit, also the address of the first signi-
ficant result digit is recorded in general register 1.

CLF 017

Not a Control
Character

L]

QB151

Significance
Status On

QB151

No QBI51

Leave Pattern Byte

High 4 Bits
Equel to 2

as is. Increment

Pattern Address Store Fill Character

Significance Start

QBIST

Shall Low
Source Digit
Be Used

Chart 002 v v Chart 002

Readout Pattern

Character

QA761 ~
]
]
i

QBI151

Insert ASC11 Zone
in a Register

Character
[—

First Pattern Character
Will Be Used as a Fill

QBI5I1

Insert

in a Register

EBCDIC Zone

No

|

Are the

QBI151

Significance
Status On

QBIS51
Field

Separator or
Significance

Field

Separator

Start

Control
Character

No

QBI51

Store Fill Character
Reset Significance Status

QBI151
Low 4

Bits Equal Yes

Digit Selector

to 0

QBI51

Readout Pattern Character

Significance
Status On

Shall We

Digit

Use Low Source

QB151

Readout Source Byte

Increment Source Address

Valid Address

QB151
QBI151
Go to Program Intertupt
Address Last Pattern Byte *
QA879
Source Digit Yes Chart 7
0
QBl161 QBI41
Significance Significance
Status On Status On
QBI61 QBl61
‘S:ore Source Digit Store Fill Chatacter
us Proper Zone at  Pattern Add
Pattern Address at Pattern ress
Edit Test for Zero
Edit and Mark or QBl61
Edit and Mark Store O Digit with Signficiant
QB161 QBI161 Proper Zone at Start Character
Store Source Digit Store Source Digit Pattern Address
Plus Proper Zone at ::IUS Proper Zone at Yes QBI61
Pattern Address attern Address Test
for Zero Turn on Significance
1 asie [ s Status
Set Significance Set Singificance
Status On Status On
| asie
Store Address of Pat-
tern Byte Just Used in
General Register
Number One 'y s
” QBls]
Are the No
Low Four Bits
a Sign
QBls1 QB161 GBI61 QB15)
Increment Pattern X»dcdremenf:qnern Increment Pattern Leave Pattern
Address, Reset A fr:ss. s repare Address Character as [s
Significance Status or INew Source
Readout
[ Qslel
Prepare for New
Source Readout
L L

Readout Pattern
Character

SS Edit, Edit and Mark

Has Pattern
Field Ended

QBO3!

Set Condition Code
to 1-Cycles

QA001

2

Chart 1

0 - Result Field Zero

1 - Result Field Less Than Zero

Result Field Greater than Zero



Edit, and Edit and Mark

The format of the source (second operand) is changed from packed to zoned and is edited under control of the
pattern (first operand). The edited result replaces the pattern.
The Edit and Mark also performs the operation of storing the byte address of the first significant digit.
The address is not inserted when significance is forced by the significance start character of the pattern.

pattern field b d d .

d

d | (

. d

d

b C

R

source field 025714 216 +

Read out pattern character. Retain as fill
character and store back into pattern field.

b

Read out next pattern character. Decoded as
digit select. Read out source byte. High
digit O significance status is still off, store
fill character in pattern field.

b b

Read out next pattern character. Decoded as
digit select. Low source digit significant,
insert proper zone and store at pattern digit
location.

Turn on significance status.

b b Zone 2

Read out next pattern character. Decoded as
non control character, leave as is because
significance status on.

b b Zone 2

Read out next pattern character. Decoded as
digit select. Read out source byte, store high
source digit with proper zone af pattern digit

location.

Pattern Character b

Pattern Character d
Source Byte 0 2

Pattern Character d

Edit and Mark operation would store the address of this significant

digit into General register number one.

Pattern character,

Pattern character d
Source Byte 5 7

b b Zone 2

Zone 5

Read out next pattern character. Decoded as
digit select. Use low source digit of last
source byte, insert proper zone and store

at pattern digit location.

Pattern Character d

b d Zone 2

Zone 5

Zone 7

Read out next pattern character. Decoded as
significance start. Significance start status
is on already, this character performs like the
digit select. Read out next source byte.
Store high source digit with proper zone, at
pattern digit location.

Pattern Character (
Source Byte 4 2

b b Zone 2

7

Zone 5

Zone 7

Zone 4

Read out next pattern character. Decode as non

control type. Leave as is. Read out next

pattern character, digit select, store low source

digit with zone at pattern digit location.

b b Zone 2,

14

Zone 5

Zone 7

Zone 4

Zone 2

Read out next pattern character, digit select. Read out source byte. This byte contains plus sign, turn off significance status.

If sign had been minus, significance status would have been left on. Store high source digit with proper zone at pattern

Editedfieldreplacing| b b

pattern field

Set condition register

0 = Result field is source
1 = Result field is less than zero
2 = Result field is greater than zero

digit location. Store fill characters for remainder of field. source byte ) +
Zone 2 , Zone 5 Zone 7 Zone 4| . Zone 2 Zone 6 b b b
CLF 018 SS Edit Example
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Pack, Unpack, and Move with Offset.
None of These Instructions Check for
Valid Digits or Signs.

Chart 002

Move with Offset

Op Format Byte 1| Byte 2 | Byte 3 | Byte 4 | Byte 5 | Byte 6
[ T ]
SS Move with Offset Fi L1,L2{B1IDI D1 |B2!D2| D2
. : QA791 Urpack gaze1
H | i
SS Pack F2 L :LZ 81,D1 D1 B2 ID2 b2 Readout Source Byte, Readout Source Byte.
H ]r 4 Cross Digits Readout . Cross the Digits Readout.
SS Unpack F3 L : L2 (8 |Dl D1 |82 :D2 D2 Store at Destination. Store at Destination.
Objective:

Move with Offset ~ To place the second operand to the left of and
adjacent to the low-order four bits of the first

operand ,

Pack - The format of the second operand is changed from
zoned to packed, and the result is placed in the
first operand location.

Unpack -

The format of the second operand is changed from

packed to zoned, and the result is placed in the
first operand location.

Store the High Four
Bits of the Source
Byte as the Low
Four Bits of the Next
Destination Byte. Fill
Remainder with Zeros.

[

Move with Offset

Unpack or Move with

No  qa791

] QA791

Readout Source Byte.
Move Low Four Bits of
Source Byte to High
Four Bits of the Low-
Order Destination
Field Byte. The Low
Four Bits of the Low-
Order Destination Field

Pack Instruction

Remain Unchanged.

QA791

Insert EBCDIC Zone into a
Register for Later Use

Insert ASC11 Zone into
A Register for Later Use

Source

QA791

What Field

Pack
Offset

QA7

Fill Remaining
Destination Field
with Zero

Unpack

QA791

Fill Remaining Destina-
tion Bytes with Low-Order
Zero Digits and Proper
Zones in the High-Order
Four Bits

QAB01

Ended

Ne ither QA801

Destination or Both

Readout Source Byte

Go to IC Restore

QA801
Pack Pack

QAO00!

Chart 1

Move with Offset

Source Field

Ended

Store the Low Four
Bits of the Source
Byte Just Read Out,
af the Destination
Address. Set High
Four Bits to Zero

Readout Next Source
Byte

[ QA801

Combine the Low-
Order Four Bits of
Last Two Source Bytes
and Store New Byte
at Destination Address

Unpack or Move with
Offset

Destination
Field
Ended

Combine Low-Order
Digit of Source Byte
with Proper Zone and
Store at Destination

Chart i

Address. J

| QA801

Cross High-Order Digit
to Low=-Order Digit of
a Register Add Proper
Zone and Store at Next
Destinaticn Address

Source Field

Zone 7

Zone 8

Zone 2| Zone 6 |Sign 3

Destination Field

@ Readout Low Source Byte. Sign 3
Cross Digits. Store at P
Destination Low Address. 3'Sign

@ Readout Next Two Source Bytes. Zone 2 Zone 6
Combine Low Order Digits. ‘
Store at Next Higher Destination 2 6
Address .

@ Readout Next Two Source Bytes. Zone 7 Zone
Combine Low Order Digits. Store \
at Next Higher Destination Address.

N
Q0 = 0

@ Source Field Has Ended. Supply
Zero's for Destination Field Until

0 o0

00010 0|00

[7 8]2 6 [3sign]

[7 8]2 6 [35sign]

QAB01

Load the Low-Order
Four Bits of the
Source Byte info the
High-Order Four Bits
of a Register. Load
the High Four Bits of
the Previous Source

Bits of this Register.
Store this Byte at the
Destination Address.

Byte into the Low Four

it Ends.
Unpack Instruction
Source Field 6 419 2 |5Sign
{
Destination Field | 0 o[o 0 lo 0 J]oojoojoo
@ Readout Low-Order Source Byte. 5Sign
Cross and Store at Low Order
Destination Address. Sihn's [0 ofo oJo o] o oJo osiens]|

@ Readout Next Source Byte. Combine 9. 2
Low-Order Digit with Proper Zone. Zm\?
Store at Destination. Cross High-Order

Digit into Low Order of a Register. Zone 9
Read Register Out. Insert Proper Zone
Store at Destination .

@ Repeat Step 2. 6 4

@ Source Ended, Supply Zero Digits with
Proper Zones until Destination Ends. Zone 0

[0 0Jo oJo o

o

0 lZone 2 ] Sign 5 ]

[0 0|o o|oo

IZone 9IZone 2 ]Sign 5 l

I 0 0 I (U] Iche4lZone 9[Zone 2 [Sign 5]

[O 0 | Zone b IZone4|Zone 9]Zone2 'ngn 5 |

[Zone 0 [ Zone b I Zone 4]Zone 9 IZoneZ I Signﬂ

Move with Offset

The Source Field is Moved to the Destination
Field to the Left of the Low-Order Four Bits

of the Destination. [f the Destination Field

Ends Before the Source Field, the Remaining
Source Digits are Ignored.

Source Field

Destination Field

Destination Field




Chort 7

Chart 7
Add, Subtract

Q8011
Decimal add the two
digits, store result at
destination address

Chart 002
.

OAVAVAN,

QBOO1

Read out low source
field byte

No

Valid Sign

Read out low-order
destination byte

T
|
i

For Zero and Add Force
the Destination Byte to
Appear as Zero.

r
Yes
Q8o 1 : Signs are Also Tested for
! | ASCI| or EBCDIC Mode
Signs are tested for ! | and Status Bits Set to
plus or minus and status | Indicate This.
bits are set fo be used in
the compute loops Op Format Byte 1] Byte 2| Byte 3|Byte 4 |Byte 5| Byte 6
T T T
SS Zero and Add F8 |L1)L2 Bl{DT D1 82{D2| D2
I I
QBOO1 t 4
$S Compare Decimal F9 |L1:L2 [B1{D1| D1 (82/!D2| D2
the 2 low-order : i L
digits valid S5 Add Decimal FA lLliLz[s1iD1) DI |s2(D2| D2
inte t T +
Goto pragram interrup Ves QEOO] $5 Subtract Decimal FB [L1iL2 [B1iD1| D1 f82{02 D2
QA879 Decimal add the 2 low
order digits Objective:
Zero and Add - The second operand is placed in the first operand
I QRO °  placec in o
location, The operation is equivalent o addition
F .
Chart 7 Store result of decimal © =ere
add. Insert proper s.ign . Compare - The first operand is compared with the second and the
Do not store res}:Hs if condition code indicates the comparison result. Com-
compare operation. parison is right to left.
Add - The second operand is added to the first operand, and
the sum is ploced in the first operand location.
Subtract - The second operand is subtracted from the first operand,
QBoT1 and the difference is placed in the first operand location.
What fields
Neither Source have ended Destination Both
QB0 QBO11 QB021
Read out source digits é‘;g;lsy Zeros os Source Read out source digits
Are they valid QA7 Are they valid
ves [qron
Read out destination Chart 7 QB021
digits True or Troe
complement add
QB021
Complement Did
. en
Are they valid P Last Add Produce
Did QB021 a Carry
the last add
produce a carry
QBOH Q8021 QBO21
What op code 'ndic.c"e overflow °°.”'.i”U9 Continue reading out
QBO21 reading out source digits source digits and
and check validity . check validity
Zero add  QBO11 QBoll Read out source digits

Store source digits
at destination address,

Complement odd the
digits. Set status bit
if answer not zero.

until field ends.
digits must be zero or
overflow is indicated

Source

]

i QBo21

=
Read out source digits, : Because we must

Source field ended

Q8031

Set overflow code in
condition register.

QB021

perform complement
add of source digits 0;
check for results of 99.

| recomplement the result,
| the high-order source

No

Hos source ended

Recomplement result,
change sign,store in low

4 bits

L

Set condition code
indicating zero,< zero
or>zero

Q8031

| asom

Start IC restore.

QA001]

Chart 1

CLF 020

Set Condition Code
Zero, £ Zero, or

QAB79

Chart 7

digits equal to

Add, subtract,
Ze;(* Odd .

Chart 7

I

GBO31

Set overflow code in
condition register.

| digits must be zero, but > Zero
in comp, form are 9's
QA00! Set condition code
high, low, or equal
QAO001
Chart 1
Chart 1
T QBO31
Troe rue Complement
or Compl nt 1
QBO31
No Carry Canry QBoalYes
From Last From. L‘ust
Addition Addition
Yes
QBO031
QBO31
Set Condition Register QBO31 A
Recomplement Destination Invert Sign Indicator
Set Overflow Condition Field,Set Condition
QA001 Code regisfer.
QBO31
QAQ0?
Chart 1 v Decimal 803! Set Condition Register
= Overflow Mask
Bit On
Chart 1 Qalo!
QBO31 QBO31
Take Decimal Over- Start IC Restore Chart 1
flow Trap
QAB879 QA001
F:
Chart 7 Chort 1

SS Decimal-Add, Subtract, Compare, and Zero Add




DECIMAL ADD, SUBTRACT EXAMPLE

Sign analysis is done first and will indicate if the operands will be true or complement added.

Eight conditions may occur as shown in the following table:

Operation First Operand Sign Second Operand Sign True or Complement
Add Plus Plus True
Add Minus Plus Complement
Add Minus Minus True
Add Plus Minus Complement
Subtract Plus Plus Complement
Subtract Minus Plus True
Subtract Minus Minus Complement
Subtract Plus Minus True

After sign analysis, the operation for both add and subtract are the same.

Decimal Add
Ist Operand = Destination field 0 46+
2nd Operand = Source field 00134 -
1. Read out low source byte. 4 -
2. Read out low destination byte. 6+
6
3. Decimal add the digits. @5 9's complement of 4

Insert carry

Complement add indicated. e
Carry @‘-2 Converts 9's complement to 10's complement

Insert Destination Sign. Intermediate sum = 2 +
1 Carry from previous cycle
4., Read out source digits. 04
Read out destination digits. @86 9's complement of destination byte.
Complement add. NC o1
5. Destination field ended. Intermediate sum 9 1 2 +

There was no carry from high-order
significant addition, indicating
recomplementing will be necessary.

6. Read out source digits. 00
Complement add to zero. @99
9's must result or overflow 99

will be indicated.

7. Source field ended, recomplement Intermediate sum 9 9 9 1 2 +
answer and change sign. Result stored in destination field 0 8 8 -

Cases when the source field is longer than the destination and a complement addition is being performed.
1. Destination ends and no carry results from last addition; all further adds must produce
9's or an overflow results.

2. Destination ends, with a carry resulting from last addition:
The answer produced so far is zero and all further adds must produce zeros.
The answer produced so far is not zero; examine carry from the addition following the one in
which the destination ended. If there was a carry, the result just produced must be zero;
if there was no carry, the result just produced must be 9's. In either case, all further
cyeles must produce the same result as the first,

When doing a true add, all cycles after the destination field ends must produce zeros.
Overflow when doing a complement add causes a recomplement, then a branch to overflow case when setting condition register.
Overflow when doing a true add forces overflow when setting condition register.

Condition Code

0 = Result is zero

1 = Result less than zero

2 = Result greater than zero

3 = Overflow

CLF 021 SS Decimal-Add, Subtract Example
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[ss Multiply Decimal | FC ] u:u\el:m | DI lBQiDZI D2l
il

The Product of the Multiplier and the
Multiplicand Replaces the Multiplicand (Tst Operand) .
The Multiplier Size is Limited to 15 Digits and Sign.

The Multiplicand Must Have High-Order Zero Bytes.
Equal to or Greater than the Number of Bytes in

the Multiplier Field.

The Maximum Product Size is 31 Digits. At Least
One High-Order Digit of the Product Field is Zero.

Chart 002

Q8001

Readout Low=Order
Byte of Both Operands

Are
Signs

Are

Digits Valid

the
Valid

the

Yes

QBOO1

QB0S1

Readout Length Fields

Go to Program
Interrupt

Specification Check
Program Inrerrupt

QAB79

Is
Less t

Is L1
Greater Than
L2

L2
han 8

QBOSI

QAB879

Chart 7

QBO61

Program Interru

Specification Check

v

:F
Chart 7
QBO61

\J

Chart 7

Store a Copy of the
Multiplier, with Sign
Removed, in Local
Storage. Store a Copy
Skewed Right One Digit
in Local Storage.

QBO71
—

Readout Multiplicand

to Check for High-Order
Bytes of 0's Equal or
Greater than Multiplier
Field Length

Enough
Zero Multiplicand
Bytes

QA879

l Program Interrupt

QBO81

tion.

Bytes

Shift Multiplicand Left
Until Significant Byte
is at High-Order Loca-

)

Chart 7

Provide Zero's

for Vacated Low~Order

| ans7s

[asim

its

Readout Multiplicand
Dig

QBIT1

Restore Multiplicand
Address to Low Order

| QBlil

The First Compute Cycle
will be a Straight Add or
Subtract, the Next may
be a Skewed Add or Sub-
fract

RS

Refer to multiply example
for multiply loop.

CLF 022

The Product Digit, in 1
Alignment with the Mul- |
tiplicand Digit that was |
Tested, is now Tested Il
During the Compute Loop.I
If it becomes O while do-
ing a Straight or Skewed |
True Add, the Compute |
for that Digit is Finished.
The Next Digit is Now |
Tested. The Product |
Digit is Tested for 9 if |
doing a Straight or Skewed1
Complement Add . |

|

S—}

SS Decimal Multiply

R
The Low-Order Digit of

the Multiplicand is Test-
ed; True Add if Under 5

Subract if Over 4

—

QBO91

Readout Multiplier and
Multiplicand Digits,
Decimal Add. Carry
from High Aligned
Digits Lost.

Digit Equal
Oor 9

Yes

Test Next Higher Multi-
plicand Digit. Switch
Cycles from Straight to
Skewed or Skewed to

Straight.
1 as

Continue Reading Out
Digits and Performing
Decimal Addition Until
All Multiplicand Digits
have been Tested and

Operated On,

[ owma

Do Special Skewed
Add Back if Needed

T

QBI3!

Insert Product Sign

| QB13!

End Operation go to
I Cycles

QAQ0]

Chart |

Has Major
Loop Ended

I QB3

Insert Product Sign

9,0 will be Ploced as
the High Order Byte of
the Multiplier and Added
with the Multiplicand
when doing a Straight
Add or Subtract.

0,9 will be Placed as
the High~-Order Byte
when doing a Skewed
Operation.,

] os

End Operation go to
1-Cycles

QA001

Chert 1

Digit Tested Goes to 0

and the Next Digit to be
: Tested is Already O,
| Skip the Next Cycle.

If the Digit Tested Goes
| fo 9 and the Next Digit
| to be Tested is 9, Skip
| the Next Cycle. If the
| Operation ends with 50=1,
| the Skewed Multiplier
I without 0, 9 as the
| High-Order Byte is
I Added to the High Par-
tial Product.

[
|
: Exceptions are; if the
|
|
|

=




Decimal Multiply

The product of the multiplier (second operand) and the multiplicand (first operand) replaces the multiplicand.
The multiplicand must have high-order zero digits for at least a field size equal to the multiplier field.

multiplicand 00007 2 4+
multiplier 34 6+
1. Make 2 copies of the multiplier, with sign stripped out, into local storage. One copy straight and one copy skewed right.

straight copy of multiplier

3 4
skewed copy of multiplier 03

6 0
4 6
2. Test for enought zeros in multiplicand field.

3. Move the most significant byte and following byes of the multiplicand to the high-order byte of the multiplicand.
Supply zeros for vacated bytes, sign is stripped out.

0000724+

72400000

4. Start compute loop. First cycle will be a straight cycle. The first low significant digit of the multiplicand
is tested. If over 4, a straight subtract will be done. If under 5, a straight true add will be done.

—Test digit to determine operation straight add

72400000
The 90 byte supplied by + 203460

microprogram . . 72303460 digit tested for 0, keep

The high 2 digits do not (/ 9 0 3 4 6 0 vadding until O reached

participate this cycle and 72206920
are not affected by corries.s + 203460
‘ 72110380
+ 903460
72013840

N Reached 0, switch cycles.
5. Cycle now will be a skewed cycle, test digit to — Test digit, under 5, operation add.

determine add or subtract 720138 40
0 9 supplied by + 090346
microprogram \7 .048440 digit tested for 0, keep
+0 903 456 adding.
70083040 digit 0, switch cycles.
6. Cycle now will be a straight cycle, test digit to Test digit over 4, subtract cycles to
determine add or subtract 7 008 30 4 0 betaken. Set subtract status.
-903460
NELS T 2D rithis digit for 9
. .
-92903460 sfgtrocltsing;?! °f 7o continue
893921040
-903460
29045040
X digit reached 9, stop operation.
7. Operation stopped with subtract status on; the
skewed multiplier must be added to partial 29045040
product to obtain correct product. 0 3 4
02505040
8. Insert sign and end operation 0 2(5 0|5 0|4 +]sign inserted, final produtt.

Product located in first operand location.

CLF 023  SS Decimal-Multiply Example



Decimal Divide

The dividend (first operand) is divided by the
divisor (second operand) and replaced by the quo-
tient and remainder.

The quotient field is placed in the left portion
of the dividend field. The remainder is the same
size as the divisor and occupies the low=-order bytes
of the dividend field.

The sign of the quotient is determined by the
rules of algebra from the dividend and divisor sign.

Op Format Byte 1| Byte 2 |Byte 3

Byte 4

Byte 5 |Byte 6

SS Divide Decimal FD

L1TL2[B1{D1
i i

D1

D2

B21D2

Yes

Chart 002 v

QBOO1

Readout Low-Order Byte
of Both Operands

Are the
Signs Valid

Are the
Digits Valid

Readout Length Fields

Is L2
Less than 8

l QB061

Specification Check.
Go to Program Interrupt

QA879

Is L1

| QBOS |

Specification Check,

Go to Program Interrupt

Greater than
L2

Chart 7

No QB061

QA879

Chart 7

Refer to Decimal

I
|
The Microprogram will |l
Supply. @ 9, 0 Byte as |
the High Order Byte of :
the Divisor for Straight 1
Cyclesanda 0, 9 Byte !
for the High Order when ll
Doing Skewed Cycles. |

i

1

Divide Example
for Divide Loop

CLF 024 SS Decimal-Divide

Store 2 Copies of the
Divisor into Local Storage.
QOne Copy as is with Sign
Stripped out. One Copy
Skewed Right. One Digit
with Sign Stripped Out.

[ QBO9)

Do a Trial Subtract to
Determine if the Quo-
tient and Remainder can
be Contained in the
Dividend Field

Contained in
Divided Field
g QBO?1
Add Back Divisor to
Restore Dividend

Use the Result of the
Trial Subtract as the
Operand for First Com-
pute. The first Compute
will be a Straight Addi-

tion.
r

The Divisor, with 9, 0
as the High-Order Byte,
is Aligned with the High-
Order Dividend Digits
for the First Compute.

QBI121

Signal Divide Check.
Go to Program Interrupt

QBO91 QAB79

Chart 7

| QBO91
]

Start Straight Addition.
The Low=Order Digit of
the High-Order Byte of
the Intermediate Quo-

tient is Tested.

Yes

QB091

Has the
Test Digit
Gone to 0

No

| sl

Continue Addition
Loop until Test Digit
Becomes 0

Is the
Compute Loop
Done

QBI31

Switch to a Skewed Sub-
tract Cycle, Test Next
Digit for a 9. The Di-
visor is Shifted Right One
Digit for Each Cycle

QB131

Insert Quotient and Re-
mainder Signs. Quotient
and Remainder Now Oc~
cupy Dividend Field

| s

Switch to Straight
Add Cycle. Test
for Next Digit = 0

Switch
| QBI3!
End Operation, Go to
I Cycles
Has Test 1
Digit Gone QADO
to 9
Chart 1
Continue Skewed Sub-
tract of Divisor from
Dividend



Decimal Divide

The dividend (first operand) is divded by the divisor (second operand) and replaced by the quotient and remainder.

Dividend equal 0123568+
Divisor equals 8 52 +
1. Copy divisor into local storage, with sign stripped out,
in straight form and skewed right one digit. 8 5 2 0 straight
0 8 5 2 skewed
2. Setup data for trial subtract using skewed divisor. Dividend 0123568+
A carry out of the high-order position on the trial Skewed divisor - 0852
subtract would indicate a divide check. If divide Operand in storage 92715680
check occurred, the skewed divisor is added back
to restore dividend and a divide check taken.
Operand supplied by 22715680
3. Add straight divisor to operand in working storage Microprogram + @ 8520
until indicated digit goes to zero. Not zero,add again —_ &3 567 680
+ 908520
74419680
+ 908520
6 5271680
+ 908520
56123680
+ 908520
46975680
+ 908520
37827680
+ 908520
28679680
+ 908520
19531680
+ 908520
Stop straight au 3836280
digit now zero
4. Subtract skewed divisor from result until
indicated digit goes to nine. This digit does not
participate . 1) 0383680
This digit supplied——=—»(9 0 8 5 2
by Microprogram to 11 98480
skewed divisor. = 90852
12213280
This digit not 9, - 2 0852
subtract again. 13128080
- 90852
14042880
- 0852
14957680
Stop skewed subtract ?
J

digit = 95
5. Add straight divisor to result will indicated

digit goes to zero. These digits? 57 680
participate. + 908520
This digit not ’/_l_j__@_@ 6200
zero, add again? + 908520
14774720
+ 908520
146 83240
+ 908520
14591760
+ 208520
Stop, thisw 0280
now zero; S S
6. Insert dividend sign into low-order 4 bits. Quotient Remainder
Insert quotient sign into low-order quotient 4 bits,
Quotient and remainder have now replaced dividend. 1 45+(02 8+
Ll-L2-1=1l‘ L2=1
- >
——— | 1=3 ——

CLF 025  SS Decimal-Divide Example
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OP Format Byte 1 | Byte 2 |Byte 3 |Byte 4
T T

RX FP Store Double | 60 | R1X2 |B2{D2 | D2
[ \

RX FP Store Single 70 R1}X2 BZEDZ D2

Floating Point Store RX Format
Single and Double Precision .

Single Precision; the Low Order
Half of the First Operand
Register is Ignored.

Mnemoics
STD
STE

QB371

lnvalid
Operation

Go to Page QA879 Pro-
gram Interrupt. Invalid
Register, Set Old PSW

Bit 31. Invalid Opera-
tion Set Old PSW 29 and

Read Out First Opetand
Characteristic Store in
Second Operand

30

QA879

Chart 7

I QB371

Increment the Second

Operand Address

QB371

Has Field Ended

QB371

Increment the First
Operand Address. Read
Out Fraction Byte from
First Operand

QB371

Store at Second Operand
Address

I |

QB371

Go to Normal | Cycle
Start

QA001

Chait 1

Og Format Byte 1 | Byte 2

RR FP Halve, Double| 24 R1iR2
1

RR FP Halve, Single 34 R1{R2
!

Fioating Point Haive RR Format
Single and Double Precision.
Single Precision, the Low Order
Half of the Result Register
Remcins Unchanged.

The Second Operand is Divided
by 2 and the Quotient is

Placed in the First Operand
Location. Second Operand Sign
and Characteistic is Stored
without Change .

Mnemonics
HDR
HER

Chart 002

Y

QB361

Read Out Second Op-
erand Characteristic.
Increment Second Op~-
erand Address

QB361

Yes

Invalid Operation

No

I QB361

QB361

Store Characteristic
First Time Through.
Store halved fraction
digits thereafter

Set PSW Bit 31. Go to
Program Interrupt QA879

Q8361 QA879
F
Field Ended Chart 7
QB36T
Mo Go to Normal | Cycle
QB36] Start

Read Out Fraction Digits.
Increment First and Sec-
ond Operand Addresses

QB361

QA001

Chart 1

Shift Fraction Digits
Right 4 Bi-ts. Shift
Fraction Digits Left 3
Bits

:Mochine Cannot Shift
|Right One Bit at a Time.

I This Operation Performs
:fhe Shift Right of One Bif,
(Halving the Froction

]




£20 41D

s9po o|di|NW-1ulod Buiipo| 4 X Y-y

Chart 002

Op Format Byte 1| Byte 2{ Byte 3 |Byte 4
RR FP Load, Double| 28 RIERQ

RR FP Load, Single | 38 | RIIR2

RX FP Load, Double| 68 | RIIX2 Bzéoz D2
RX FP Load, Single | 78 82ip2 | D2

R1IX2
1

Load RR and RX Formats
Single or Double Precision

Second Operand is Placed in
First Operand Location.

In Single Precision the

Low Half of the Destination
Operand Remains Unchanged .

QB271

RIPIC,

Read Out Source
Characteristic. Step
Source Address to
High Order Source
Fraction

CB371

Store Source
Characteristic in
Destination Operand
Location

QB371

Has Field Ended

QB371

Load and Test; the Second Operand is
Placed in the First Operand Location.
Condition Codes are Set.

Load Complement; the Second Operand
is Placed in the First Operand Location
with the Sign Changed.

Load Positive; the Second Operand
is Placed in the First Operand Location
with the Sign Forced Positive .

Load Negative; the Second Operand
is Placed in the First Operand Location
with the Sign Forced Minus.

Chart 002

le

Y Y YN

—

QB371

Read Out Source
Characteristic. Set
Source Address to
High Order Fraction
Address

What Operation

Load Complement

CB371

Load and Test

QB371

Place Source Charac-
teristic into a Register,
and Invert Sign

Place Source Charac-
teristic into a Register,
and do not Alter

Go To | Cycle Start

Read Out Source
Digits. Step
Source Address

QB371

Store Source Digits
into Destination
Operand Location
Step Destination
Address

QA001

Chart 1

Op Format Byte 1 | Byte 2
RR FP Load Positive 20 RIERZ
RR FP Load Positive 30 | RIR2
;
RR FP Load Negative 2 RléRZ
RR FP Load Negative 31 RliRQ
RR FP Load ond Test 2 | RIR2
RR FP Load and Test 32 R]iRZ
RR FP Load Complement 23 | RIR2
RR FP Load Complement 33 R]gRQ

r

:

Load Positive

GB371

Load Negative

GB371

Place Source Charac-
teristic into a Register,
Force Sign Bit to 0

Place Source Charac-
teristic into a Register,
Force Sign Bit to |

.

1

@

| aqBan

Store Source Charac~
teristic, as Modified in
Previous Steps, into
Destination Operand

| QB371

Increment Destination
Address

QB371

Read Out Source Digits
Increment Source
Operand Address

Store Source Digits

Has Field Ended

Test S2, S5
S2 1 521
S5 1 S50
QB351 QB351
Set Condition Code 2 Set Condition Code 1 Set Condition Code 0
Signifies Plus or High Signifies Minus or Low Signifies Zero
] [aBas)
End Opeiction Go to
I Cycle Stait
QA001
Chart 1

g

S2=0 = Zero Result
S2-1 = Nonzero Result
S$5-0 = Sign Minus
$5+1 - Sign Plus




Chart 002

elololololololole]

QB271

Readout Characteristics.
Check Signs. Set Status
Register to Indicate if Sign
is Plus or Minus.

T QB271

Subtract Characteristics to
Obtain Difference

Is Difference
too Big

QB281
QB291

Set Shift Register with
Number of Bytes. The
Smatler Operand will be
Shifted.

Setup Registers so
that the Operand
to be Shifted will
be Made Zero

Read Out Digits.,

Add, Subract, Compare

QB30T o,
Q83N

QB301 or QB3I

Subtract

Add Digits. Store Result
at Destination Address

Subtract Digits. Store
Result Destination Address

J-_—l

Floating Point.

Op Format Byte 1| Byte 2 [Byte 3 [Byte 4

RR Compare - Double 29 RN

RR Add N - Double 2A[R1TR2

RR Subtract N - Double| 2B |R1:R2

RR Add U - Double 2E R1:R2

RR Subtract U - Double | 2F [R1 R2

RR Compare - Single 39 [R1TR2

RR Add N - Single 3A TR1\R2 N\

RR Subtract N - Single | 3B |R1,R2

RR Add U - Single 3E R IR2

RR Subtract U -~ Single | 3F |RI!R2

RX Compare - Double 69 |R11X2[B21D2] D2

RX Add N - Double 6A [R1TX2[B2.D2[ D2

RX Subtract N -Double| 66 | R1! X2| 82/ Dz| D2

RX Add U - Double 6E  [R11X2]|B21Dz| D2

RX Subtract U - Double | 4F R1, X2{82:D2| D2

RX Compoare - Single 79 | R1] X2]82]D2| D2

RX Add N - Single 7A [R21'X2[B2:1D2| D2 1

RX Subfract M - Single | 7B | R2! X2| 82/ D2| D2 Perform the !

RX Add U - Single 7E R11 X2|B21D2} D2 Effective Shift of | ————

RX Subtract U - Single | 7F | R1, X2[82,D2| D2 the Smatler Oper- :

L L and. This will Align 1

N : Normalized U Unnormalized Characteristics ‘.

J

Objective:

Compare - The first operand is compared with the
second operand, and the condition code
indicates the result. For single precision,
the low-order halves of the floating point
registers are not used.

Add - The second operand is added to the first c
operand, and the sum is placed in the ompare
first operand location. For single pre-
cision, the low-order halves of the floating
point registers are not used .

Subtract = The second operand is subtracted from the Subtract Fraction
first operand, and the difference is placed Digits do not Store
in the first operand location. For single l
precision, the low-order halves of the
floating point registers are not used .

Yes
QB321
‘Add' Subtract Add, Subtract, Compare
Yes
QB321 Compare QB321
Recomplement Fraction .
Invert Sign Invert Sign
QB351
Readout Condition
4 Register Set Code

Should Trap

Fields Ended

Store
Characteristic
Fraction Overflow

Recomplement
Necessary

Lost Significance
(Zero Fraction)

The Results for any
of the Operations

is Tested for 0 and
a Status Bit is Set to
be Branched on Later
in the Operation

Be Taken

QB35]

Store Characteristic

Set Characteristic with Sign Plus;

to Zero; Go to |-

Shift Fraction Left,
Search for Significant
Digit, Decrement
Characteristic

Go to Program In-

Cycle Start terrupt
Chart 1 Chart 7
QB341
If Low Half of Byte
Contains the Digit
2 Shift Left 1 Digit
QB351

Set Condition Register
to Indicate Result
Equal, Low or High

QB351

End Operation; Go to
| Cycles

QAO001

Chart 1

CLF 028

QB341

Characteristic
Underflow

Significant
Digit Found

RR-RX Floating Point = Add, Subiract and Compare

Yes

Compare

Q832!

Test Sign; Set Proper
Status Bit

1 omst

Characteristic
Overflow

QB321

Code

Set Overflow Condition

1 qma

QB341

Right Shift, Insert 1
as the High Order Digit
for Fraction Overflow

Set Fraction and
Charocteristic to
Zero

[ s

Set Proper Condition
Code

Should Trap
Be Taken

QB321
QB351"

Go to | Cycle Start

Go to Program Interrupt

QAQ01

Chart 1

QAR79

Chart 7

Set Condition Register to
Indicate if the Result was
Equal, Low, or High

| QB351
Encl Operation; Go
to I-Cycles
QA001
Chart 1



QB271

QB281

QB291

QB301
or

QB311

QB341

QB351

Floating Point Normalized Add

The second operand is added to the first operand,
and the normalized sum is placed in the first operand
location.

Addition consists of characteristic comparison
and fraction addition.

Read out characteristics, shift them left one bit
to determine signs. Sign bit is the high-order bit of
the characteristic.

Subtract characteristics to determine charactertic
difference.
The difference represents double the number
of hexadecimal digits that the smaller operand
will effectively be shifted right. Shifting is
actually accomplished by changing the address
of the first fraction byte to be read out. This
aligns the low-order fraction bytes for addition.
Determine the new address of the effective low-
order byte, store the high-order digit of the next
lower byte to be used as a guard digit.

Read out low-order fraction bytes and add.
Store result in | ow-order 1st operand location.
Continue addition until fields end. When
smaller operand field ends, O's are supplied
until larger ends.

Partial result characteristic will be characteristic
of the larger operand.

High-order partial result digit =0, normalization
required. Shift left until high-order digit is
significant, add in guard digit as low-order
result digit.

Condition register is set to indicate:
Code
0 = Result fraction is zero
1 = Result fraction less than zero
2 = Result fraction greater than zero
3 = Result exponent overflows

First Operand

Second Operand

Charac-

teristic Fraction
S | | —

|7A]053862]

78(42E5DC

First Operand 7 A shift left F 4
Second Operand 7 8 shift left F O

Signs Plus

F
F

[@ NN

Characteristic difference 4

[78]42€E5DC|

————

Effective low-

order byte
Guard digit stored
in local storage
First Operand 6 2
Second Operand  E 5
Carry 7

First Operand 38
Second Operand 4 2

First Operand 0
Zeros Supplied 0

First operand partial result

CLF 029

[e=)

B
0

w

7 Alos 784 7| Suard
digit

|7 Alos 78 4 7|

LLLLL

79i87B470D

Characteristic is decremented
1 for every hexadecimal digit
shifted left.

RR-RX Floating Point - Add Example



Chart 002
“ )
Op Format Byte 1 |Byte 2|Byte 3 |Byte 4 6C
RR Double ¢ |RIR2 \:
L
RR Single 3C Rl ;RZ QB271

Read Out Multiplier Char-
acteristic. Add 128 to it.

RX Double sc |Rijx2 B2 D2 | D2

RX Single 7C RliXZ 82 D2 | D2

Minus Plus

Floating Point Multiply RR, RX Formats

Mnemonics GB401 Q8401
MER
ME Add 64 to Multiplier Subtract 64 from Multi-
MDR Characteristic plier Characteristic

The Normalized Product of the

MD
| ]

Multiplier (Second Operand) and

Multiplicand {First Operand) Replaces | QB401

the Multiplicand

Set Up Count Register
for Prenormalization

| QB401

Read Out Fraction
Digits, Decrement Source
Count

Significant Digit
Found

QB401

Was it
High Digit, Low,
or Both

Field Ended
Decrement Char.
by 2

No High or Both

QB401

QB341

Yes QB351 Store as High Order

Low QB401 Byte in Local Storage
- Set Status Register to that is Reserved for
Set Product Register Indicate Left Shift of Prenormalized

to Zero. End Op. One Digit Needed Fractions

Go to Normal | Cycle Decrement Char. by 1

Start I
Q00! | [Geali

Store the Rest of 1 Copy of Multiplier
Fraction Digits into Fraction is Made .
Local Sterage 2 Copies of Multiplicand

1
i
1
|
i
I
i
|
I
|
1
1

Chart 1 for Single Precision
4 Copies of Multiplicand
for Double Precision
Has Multiplier
Field Ended
Has Multiplicand
Field Ended QB451
Compute Product
Q8431 Characteristic, Store
Read Out Mulitplicand into Local Storage
Chaiacteristic Add
128 to it
] QB431
Compute Product Sign Characteristic
QAs2l by Testing Multiplier Underflow
Generate the Multiples and Multiplicand
of the Multiplier Signs

Fraction to be Used

in the Product
Generation Loop. Store
into Locel Storage.

[
QA351
Compute First Partial GA541
Product Using Low 16 | ga551
Bits of the Multiplier CAS561
and All of the Multi-
plicand Store

l ——

Set Preduct Register
to Zero

Go to | Cycle Start

]
Compute Second Partial i In Double Precision Four
Product Using High 16 ! Partial Products are Gen-
Bits of the Multiplier | erated. Stored over the
i
i
]
i

and all of the Multipli- Multiplicands in Local hor

cond. Store Storage . Chart 7 Chart 1
QB461

Add the Partial Products | Q8471

Together into the Product |QB481

Register

Need to Yes
Post Normalize
QB491

Shift Product Fraction
Left One Hexidecimal
digit. Decrement the
Characteristic

Characteristic
Overflow

Characteristic
Underflow

Insert Sigr into Product
Characteristic

Store Characteristic in
Product Register

QB341

Set Entire Product
Register to Zero

QB351

Characteristic
Overflow

Trap on Underflow

QB3s! Q8321 No  QB3s! Q8351
[ g: :o Notmal 1 Cycle LGO to Program Inter l [j Go to | Cycle Start J I Go to Program |nierrup'—’
QA00! QA879 QA001 QAB79
Chart 1 Chart 7 Chart 1 Chart 7

CLF 030  RR-RX Floating Point = Multiply



QB401
QB411

QBA431

QB451

QB451

QA521

Floating Point Multiply, Single Precision

The two 24-bit fractions are multiplied

together and form a 56-bit product. The
product replaces the first operand (multiplicand).

The product characteristic is the sum of the

two characteristics minus 64.

1.

Prenormalized the multiplier fraction into
the work area of storage.

2. Make two prenormalized copies of the

multiplicand into the work area of storage.

3. Compute product sign, store it until

4.

product is computed.

Compute product characteristic, test for
underflow. Store into local storage until
product is computed.

Load 16 bits of the multiplier into hardware
registers. The first time through this
preparation step, only 8 multiplier bits are
loaded. Zeros are loaded into the other
hardware register. Second time through, the
next 16 multiplier bits are loaded into
hardware registers.

Generate multiples of the multiplier to
be used in the compute loop. Store multiples
info working storage and hardware registers.
Two separate multiply loops will be done,
each using 16 bits of the multiplier and
all bits of the multiplicand.
Each multiply loop will produce a 40-
bit partial product, the partial products
are stored over the copies of the multiplicand.

Decode and operate on the multiplicand, one
digit at a time. Decoding the multiplicand
digits sets up branching conditions in the
microprogram, which will cause the correct
combinations of multiples to be added or
subtracted to form a partial product.

After a digit is decoded and operated on,

the low digit in the product accumulator

is stored as a digit in the partial product
location. Each multiplicand digit decoded,
and operated on, produces one partial product
digit.

Multiply loop continues until two partial
products are produced.

Align the two partial products and add

to produce a 56-bit product. Normalize
if needed. Insert characteristic and sign.

R1 (multiplicand)

R2 (multiplier)

Minus binary 64 equals

Characteristic Fraction

— | T
2 4 72 A 9 Bé6

37 241312

2 4 = multiplicand characteristic
+ 3 7 = multiplier characteristic
5B
1 B = product characteristic

Low 8 bits of multiplier into hardware register. 1 2

Zeros loaded into another register. 0
Ist 16 bits of multiplier 120

For 2nd multiply
IX=2 413
2X=48 2 6

0
0

For Ist multiply
IX=1200
2X=2 400

Example: Ist multiplicand digit = 6

6 decodes as 2X, 2X, 2X
this means, the multiplier times 2 is
added 3 times into the product

accumulator,

2X =2

+2x:

+ 2X

Il

4
4
8
4
C

olo oo o
oloojloo

Store low digit at low-digit location of 1Ist
partial product. Shift digits right one digit
in product accumulator and await next

decode

Ist partial product
2nd partial product

product
Insert characteristic 1
[nsart sign +1
CLF 031

product accumulator

06 CO
080FEECCO0O
1028603082
102868407 0CCO00O0
1028684070CCO00O0
1028684070CCO00O0

RR-RX Floating Point = Multiply Example



Chart 002

I N\
Op Format Byte 1| Byte 2 |Byte 3 |Byte 4 7D
RR Divide, Double 2D [R1TR2
RR Divide, Single 3D | R ;R?

RX Divide, Double 6D | RV 1X2[B271D2] D2
RX Divide, Single 7D [R1]X2|B2)D2| D2 QB271
Floating Point Divide RR, RX Formats Read Out Divisor
Single and Double Precision Characteristic. Add
Mnemonics 128 to it if Sign was
DER Plus. Store in Hardware
DE Register
DDR
DD

The First Operand is Divided by the .
Second Operand, the Quotient Repiaces ‘Mmus
the First Operand

Was
Divisor Plus
or Minus

Plus

QB401 QB401

Add 64 to the Charac- Subtract 64 from
teristic Characteristic

I IG B401

Set Up Count Register
in Preparation For Pre-
normalization

| QB401
Read Out Fraction Digits
Look for Significant

Digit

Once a Significant
Divisor Digit is Found
it is Stored into Local
Storage as the High
Order Divisior Digit

.

Is the Divisor Fraction

All Zero's QB441

Go to Program Interrupt
QB431
Divisor Prenormalized. QA879
Store Characteristic Minus
1 inte Local Storage

[ QB431 Chert 7

Read Out Dividend
Characteristic. Add
128 to it. Store ina
Hardware Register .

| QB431

Compute Quotient Sign.
Store into Local Storage

| QB40)

Set Up Count Register.
Start prenormalization
of Dividend. Search
for Significant Digit

Was the Dividend
Fraction Zero

No @421

When Digit is Found,
Store the Whole
Dividend Fraction with
the High Order Digit
Equal to 0

| QB441

Subtract Character-
istics

Characteristic
Underflow

QB341

Set the Quotient
No CA6II Register to Zero

Set Up Dividend into I &B341
Working Area for Divide Read Out Condition Regis-
Loop ter and Program Mask

[cas21,qass

Compute Quotient, Store
into First Operand Loca~-
tion

| QB491

QB351

Test the High Order Byte
of the Quotient Regis~ Go to I Cycle Start Go to Program Interrupt
ter. Only the Low 4 Bits

Could Contain o Digit. QAO001 QA879

Chart 1 Chert 7

N
= Were Low 4 Bits Zero

Q8491 QB491

Shift Quotient Right Decrement Characteris-
4 Bits tic by 1

QB441

Characteristic

Underflow QBe34l

Set the Quotient
Register to Zero

Characteristic
Overfiow

No

QB321 QB351

R N
Store the Quotient ©

Characteristic into the CB351 QB351
Quotient Register. Go
QA879 to | Cycle Start Go to | Cycle Start Go to Program Interrupt

QAO001

Go to Program Interrupt

Qao01 QA879

Chart 7
Chart 1

Chert 1 Chart 7

CLF 032 RR-RX Floating Point - Divide



First Operand is the

Second Operand is the

Floating Point Divide

Characteristic

Dividend 25

Divisor 19

The characteristics are carried in excess 64
notation at all times.

Page No. ‘

- QB271

QB401

QBA431

QB421

QB441

QA621
QA631

Divisor characteristic is read out, a
bit is added to the high-order
position (sign). The characteristic
will now be without sign if it

was minus, or effectively have a
value of 128 higher if it was plus.

Divisor characteristic has 64

added to it or subtracted from it,
depending on the sign position.

If the sign had been plus, 64

will be subtracted from it; if it

was minus, 64 is added. The
characteristic now represents the
numeric value of the exponent +128
instead of +64 as it usually does.

Dividend characteristic is read out
and sign is tested. 128 is added
to characteristic; it now represents
the dividend exponent +192.

Compute quotient sign and store.

If signs are alike, quotient sign will
be plus. If signs are unlike, quotient
sign will be minus.

Do the skewed dividend prenormalize
into local storage and hardware

Local
Divisor fraction is loaded into
hardware, or hardware and local
storage.

Compute the Quotient
characteristic. The divisor
characteristic is complement added
to the dividend characteristic

Storage lO 9 672 E1

Fraction

267 2EA

7 13485

Divisor Characteristic
19
+8 0

99 Sign was plus, characteristic
is now expressed in excess
192. If sign were minus it
would still be expressed
in excess 64.

-

Divisor Characteristic

All numbers shown are in hexadecimal

The divisor in this example is a normalized
number and will not be prenormalized.
The dividend is prenormalized with the
high-order digit equal to zero. In this
example, the dividend will be shifted
right one digit to accomplish this. The
low~order digit will be shifted out

into the hardware register in which the
quotient will be formed. The first time
through the divide loop, only 4 quotient
digits will be computed and stored. The
next divide loops will produce 8 quotient
digits until the operation is completed.

99
+C 0 Subtracting 64 is done by
9 adding C to high order.
59 Subtract 1 from the characteristic leaving it expressed in excess 127.
+F F This is done to compensate for the fact that the dividend is shifted
58 right one digit as it is loaded.

Dividend Characteristic

25
+8 0 Sign was plus; characteristic
A5 is now expressed in excess 192,

Dividend Fraction

967 2E A
SAONNN N

LA g hardware register

A5 dividend characteristice—eexcess 192
A7 divisor characteristic complemented«—excess 127
+ 1 plus one
C~—4 D quotient characteristic The resultis now excess 65; however, when the final

quotient isproduced (shifted left 4bits), it will be excess 64,

If the computation of the quotient characteristic failed to produce a carry, an underflow would be
sensed. The quotient register would be set to zero and the program would return to |-cycles or to
program interrupt, depending on the mask bit.

The divide function is performed on these
2 pages. The guotient is produced one bit

at a time into a hardware register. The first
time through the divide loop, 4 quotient bits are
produced and stored in the high-order address of
the quotient register. In each of the following
loops, 8 quotient bits are produced and stored
until the entire quotient has been computed.

Characteristic Fraction
Final Result 4D 154

The quotient has been produced and is located in all bytes of the quotient register. The
high-order byte must be checked to see if the quotient characteristic may be stored there.
If the high-order byte is zero, the characteristic is stored there decremented by 1 to in-
dicate high-order zero. If the high-order byte contains a low-order digit, (can never
contain high-order digit) the quotient is right shifted one digit, the low quotient digit is
lost, and the characteristic is stored unchanged. The characteristic is always checked,
before storing, for overflow and underflow. If overflow, go to program interrupt. If

program interrupt.

.underflow, set the quotient register to zero, test for trap, and go to normal l-cycles or

CLF 033

RR-RX Floating Point = Divide Example



Initial Program Load

Forced Address from
Load Key

Chart 002

Length, Count, and
PSW Bits

Problem State

Store |nsiruction Address,

7999

Entered from
Execute Op

Chart 007

QC351

Store 0200000000000
in Main Storage Bytes
0000 thru 0006

Chart 007

l Qcas!

H

Mask off All Traps,
Store 18 in Main
Storage Byte 0007

QC351

Store 60 in Main
Storage Byte 0004,
Store Unit Address
from Switches

TIO

Start 1/O,

QCO001

Read Out and Test CAW

Address and CAW
Format OK

Chart 036

Store Status,
Reset Channel

Chart 038,040

Store CSW (Full)

Multiplexor

QCOo1l

Selector or
Multiplexor
Channel

Selector

Qcon

in In*errupt Routine

QD141

Reset PCI

CLF 034

QD131

/

Chart 007

QCO001
Read Out 2nd Byte
of CAW

QCO001

Test 1/O Halt I/O, Test Channel

QCO001

Selector or
Multiplexor
Channel

Multiplexor

Selector
Chart 042

Y

Channel Available

Chart 007 Start 1/O Test 1/O

h
Chart 035 Chart 036

QDO

Halt 1/O or Test
Channel

Halt 1/O
No

Test Channel

Chart 037
QD021

Inte:

Set Condition Code O

QD021

Set Condition Code 2

IPL Error Stop

QD021

Set Condition Code 3

QD021

Store the Condition Code

Return fo 1-Cycles
(IC Restore)

—— i e o o=

Chart 001

I/O Ops Initialization and Test Channel - Selector Channel




Chart 034

QD181

Set Program Check

Channe! Busy

Set Condition Code 2
and Store the Condition
Code.

1
QACO Set Poll Control

IPL Error Stop
Chart 001

YES Poll Contral On

Store Device Address
Reset Channel Except
Poll Control

Set Channel Busy Latch

QD071

Address
or Status In Response

QD41 0 qom NO

Store Next CCW
Address

Read Out CCW Byte 0

Set Condition Code 1
and Store the Condition

Chart 037 Code.
YES Transfer NO QA001 Restore CPU, Restore
L 2 in ROSAR
Channel
QDO51
NO Valid CCW Byte 1= 0 NO Chart 001
Transfer in Channel and Valid
l
ag Byte A Chart 037
YES Qpo4l Address In Address In
or Status In
Fetch CCW Byte 3
Command, SIO

Addresses Match

Valid

CCW Address QDo71

Reset Select Qut

Chart 037

Update CCW Address

Count Equal Chart 037
Chart Zero Send Command Qut
036 QD101
Reset Poll Control
3
Start 1,0 or CC aoior S

Se+ Count Ready Not Zero Store Channel Status CSW

Set 1/O Interrupt Status In Received

Start 1,'O QDI

QD061 Set Address Out and Restore CPU, Restore
Select Out Interrupt
Fetch CCW Address eec Py TP <1/ Op or Interrupt ROSAR
QD061 -
Return to Main Program QD081
Update and Restore CCW QD081 NO
A Address .
ddress o St I Chart 007 [ 5ot Condition Code ! Time Out
QDOs! Response and Store the Condition
Code.
Readout CCW 000 VES
QA00T
K
<
Address In or Status in Chart 001 This Can Be a Hardware Chart 037

1

: Interrupt on o Start 1/0.
| Exomple: SIO to a Tape
| Drive that is Not Ready

Set Program Check

Address In
QDos! Chart 037

Readout CCW 001

QD091 QD091

Reset Select Out

Channel Status
Equals Zero

Transfer In Channel

QD081

Fetch Data Address

Chart 037

Chart 037 cC

1,0 Op
or Chaining

YES  qpOl

Send Service Out
IPL Error Stop

QD021

Chaining

Qpin
Reset Poll Control
QD1

Restore CPU, Restore
ROSAR

NO

QD091 Set Condition Code 0

YES L
Reset Suppress Out Zr;dd:tore the Condition
7L ol Loep
VES Chart 037 I QDO91
Device Status Equals Chart 001

Zero Reset Poll Control

Channel Status Equal immediate C d
mmediate Comman

2nd
Channel Waiting

|

QD091

Set Service Out

QD061

Chart 037 NO QDI

Restore CPU, Restore
ROSAR
Return to Program

Send Service Out
Set Count Ready Not Zero

YES

IPL Wait Loop

Fetch CCW Address

QD91 —l QD01

Update and Restore
CCW Address

CC or Start I/O

.SwitchChannels, Do a
Chain Reset

I_—_‘ NO

Start 1,0

Set Condition Code 0
ond Store the Condition

Channel Waiting

Code QD061
Set Address Out
Restore CPU, Restore
ROSAR
Chart 001

Restore CCW Addresses

Transfer

in Channel

Chart 037

NO QD051

Fetch CCW

CLF 035  Start I/O - Selector Channel



Chart 034

QDO

Channel Busy
QDO

QD03

Set Poll Control

Poll Control On

Interrupt Latch

On QD131

Fetch Device Address

Set Condition Code 2

QD02!
QD021
Store Condition Code
Set Condition Code 2
QA001

QD161 Chort 001
Store Status, QA001
Reset Select Qut Chart 037 Reset Channel
QD16}
Set Interface Control f Chart 001
Check interrupt 1/0 Op
Addresses Match or Interrupt
YES 170 Interrupt
1’0 O
QD071 P aDo21
Chart 007
Chart 037 Reset Select Out NO  Qpo3) Set Condition Code 1 and
P Store Unit Address, Reser Store the Condition Code.
Channel Except Poll Cont |
Set Bus Out Control and Py QA00)
Command Out
Set Address Out and
Select Out Charr 001
Address
Status In Response In or Status In
Address In
or Status In
Chort 037
Did
L Status tn Fall 4
:K
Chart 037
Set the Entire CSW to
Channel Status Equals Zero
Zero
YES Storc Status
Reset Channel
170 Op interrupt
Set Condition Code 0 or Interrupt Forced Address On ROS |
ond Store the Condition Chain Trap ]
Code. —_—
- 170 0 gpo21
QA001 Chart 007
Set Condition Code 1
QD02
Chart 001 QDI

Store Condition Code

Set H5 Latch and Store
the R-Register Conten:s
ir Local Storage

Forced Address On ROS - -7
Interrupt Trap

Chart 001

Set H5 and Store the
R-Register Contents in
Local Storage . Reset

Select Out

QDI
Yes No

QDN QDI

Reset Status Register

Set Status Regiseter for CD Set Service Qut

Address
In or Interrupt
Lateh Up

1 [on

api2! Store Certain Hardware
Registers Contents In Status Modifier Bit On
Local Storage | Jump 1 CCW

)
]
]
.

Set 1/O Interrupt Latch Store Device Address

QD121

Set Command Out

QD121

Restore R-Register

QDI

Channel Busy

QDOs1

Set Up Next CCW Address

Set Service Out

Set Up CCW Address

Restorz ROSAR and
Reset H5 Latch

QD061
Yes No »

Return to Main Program

Data Chain
_ Yes |
Channel Status Zero QD06
QD121 No Yes
QD121 1
N Stop . Error During IPL
° Op In.Up AL l
QD161
Set Bus~Out Control Set Interface Control
Reset Poll Control and Address Out Check
Chart 038 Chart 035 Chart 037

CLF 036 Test 1/O and Traps-Selector Channel



Chart 034

QD031

NO

Channel Busy

Poll Control Set

YES
Poll Control On

Reset Select Out

QD101
Set Halt 1/0
QD031
Store Unit Address. Reset
Channel . Op In Down QD101
QD031 Chart 035, 036
Set Address Out ond Poll Control On
Select Out. Charts 035, 036
QD071
Address NO T s
or Status In R s v
ot I Response QD161 9 Op In Down
YES
QD071
Set 1,0 Interrupt
Status In Address Address In
In or Status In
Q0071 QD071
Chart 035
Reset Select Out YES | Interrupt
Addresses Match v [ Command Chaining Channel Busy In Channel
QD071
Did NO NO [qpisi NO' 5ot YES Qo2
Status In Fall ) Set Condition Code 0
Reset Selecr Out Reset Channel Set Condition Code 2
YES 0 Qpott QD131 aonr

NO

Command Chaining

QD131

YES

QD101

Reset Select Out QD 101

Reset Poll Control

Store Channel Status

csw
Set 1, O Interrupt

QD1

1/0 Op

or Interrupt

Interrupt
P Restore CPU

QD1

Restore ROSAR
Chart 007

Program

Return to Interrupted

QA001

T Return To [-Cycles
Il {IC-Restore)

Chart 001

Charts 007, 035, 036 Set Interface Control
Check.

NO

[ IPL Stop

QD021

Read Out Condition Code,
Set Condition Code 3 and
Store

QA001

IPL Error Stop

Chart 001

QD161

Reset Select Out

Perform Selector Channel
Error Log Out.

Machine Check Trap
QD181

Reset Channel

QA%61

Command Chaining
QD181

Set 1/0 Interrupt Latch

QDI

Restore CPU, Restore
ROSAR

Return to Interrupted
Program

Chart 007

Store Channel Status
CSW tPartial)

interrupt 1/0 Op

or Interrupt

Set Condition Code 1

QDO21}
Store Condition Code

Return To I-Cycles

(IC-Restore) ,

Chart 007

Chart 001

! Return to I1-Cycles
: (IC Restore)

Store Channel Status Reset Select Out

csw

[exe -
or Interrupt

Interrupt

- O Op qpo2)

Set Condition Code 1 Chart 007

Store Condition Code

: Return to |-Cycles
h (IC Restore)

Chart 001

CLF 037  Halt 1/O - Selector Channel



Start |/O

Chart 034 QCl61
Reset FA Register
QCo21 QCO51
N QC161
Reset FA Register,
Read Out CCW Byte 1 Keep Command Start On Reser MPX Channel

Share Request Latch"

Set Channel Status in

Not TIC, Valid Cem- CSW Byte 5

mand or CCW Byte 1
Not 0

S ———

Address In
Up

—————q

Set Unit Status in
CSW Byte 4

Read Out CCW Byte 7

Reset the Suppress
(Low Count)

Control Latch

Set UCW Byte 1to 00,
Reset MPX Channel In-
terrupt Latch

QCO021

Byte 1= 00

Unit Address

Yes QCO21 Match 1/0O Interrupt

or I/O Interrupt
Read Out CCW Byte 6
{High Count), Store Count 1=

Yes QCO51

in Registers, Readout ! Test 1/O Qclel
CCW Byte 4 (Flags) Set Bus Out Control, —
C d Out d Read Qut Condition Code|
Error Routine ommand Sut, an
Command Start, Read Set Code 1 and Store
Chart 007

Out CCW Byte 7 (Low
Count) Set info a Register CCl61
Return to [-Cycles

(IC Restore)

| Qcos!
Read Out CCW Byte 6
(High Count) Set Chart 041
Count into a Register

Read Out Condition Codel l Chart 001
Set *0 0 and Store )
QCo51
Read Out CCW Byte 2
and 3 (Data Address) Chart 041
4 Valid Flags .and Set into a Register
BC = Yes qco3l
Chart 044 I Read Out CCW Byte O
{Command)
Error Routines Unit Status Yes
e -0
Channel End, Device
. . rr— End off
Set a Register to Set-c Register to ) Qcost
Indicate Backwards Indicate Forward H Chart 044
Chart 043 Any Status I No
QCO031 Error Routine Except Bits 4 or 5
irst No
!\:or 3:2 Command Command Chain
oo nem Device End
QCO071
Read Out UCW Byte 7
- Store Next CCW Low
Setup fo Find Address Set Suppres Out
Correct UCW Set Unit Status
Chort 043 into a Register : C QC061
| To Chaining Routine Read Out UCW Byte 1 |
Set Service Out ! Command Chain from Store Op and Flags l
QC041 and Command Start i Command Immediate (Active Bit On) |
Single Unit [ acon
Address Read Out UCW Byte 7
Store Next CCW
Setup Multiple Setup Single Unit opemﬁJnc& In Low Address
Unit Address Address P
QCO71
Read Out UCW Byte 6
Store Next CCW
High Address
I Qco7!
Read Out UCW Byte O
. ' 04 ]
SAchI\::]nbnlee| Chort 044 Reset H6 Latch
c
v f Active Bit

Read Qut Condition Code, No

Set to Code 3 and Store

Subchannel
Active

Set Service Out and
Command Start, Set
Byte O to 00

QCO31

Setup Protect Key
in a Register

Return to [-Cycles

iC Restore) ™ I Set Protect Key in
(€ Restare ';et:'d' OCU?dCO;dIHOﬂ Cod Qcost Correct Position
el o Tode Set Command Start, Reset Suppress Out

Read Out Interrupt
Buffer Status Byte,
Store Unit Address |—————

in Local Storage Chart 039
To Data Loop

Chart 039 fnitial Program Load
Status Check
T

Store Condition Code,
Reset FA Register

Return to |-Cycles
(IC Restore)

Chart 001

QCO31

Console Program

—— - ———— !

QC35]1
Chart 001

Address Match

QCO31 Chart 036

Chart 045 QC351
Interrupt w Set Service Out and
et et Service Out an:
U :rmo us Chart 043 QC351 Command Start

Set Command Out and
No Command Start
[ aqcosr Data Laop )

! Select-Out Raised by
| Hardware

Status Indicates
an Error

Set Op and Flags into

Set Unit Status into a Register, Set Bus Out
Register, Reset FB Register Control, Address Out,

and Command Start

Up

No |'QC351

Reset FA Register

Status In
Up

Program Load
Wait Loop

Up
Reset FA Register

QCI51
_ Reset MPX Channel QCo91 Store Unit Address in
r Share Request | e Main Storage Byte
nitial Program 0003, Reset the FA
1 Chart 044 QcC151 Loadg Regis’tere e
Error Routine Sto.re Channel and
Unit Status, Store ) Stop [ QC351
Condition Code ! )

Store Channel Address
in Main Storage Byte
0002, Reset MPX
Channel Operational
Latch

Reset FA Register

Read Out Condition Code
Set Code 3 and Store

Status In
Up

Return to |~Cycles

(IC Restore) Return to |1-Cycles

Yes  Qco9l (IC Restore) Fo--=
Chart 044 QA001 H Chart 007

Reset FA Register Start Load PSW
art Loa

Chart 001

Chart 001

CLF 038 MPX Start 1/0 1



6€0 41D

doo oypg XdW

Chart 038
Data Loop

00,01 Status In, 10, 1

r

IDirecf Branch

| 11 - Operationa! In Down
|10 - Status In, Op In Up
{01 - Service In, Op In Up
| 00 - Operational In Up and
| Neither or Both Status
| In and Service in Up
| or Command Qut or

| Service Out Up
{

1

00 01 Service In

QCo81

Status In, 01

Service In

] QCo81

Decrement Low Count
By 1, Readout Data

====7
Chart 044 :
| Input or
H Output
Error Routine 1
H QCO81 QCO81 QC081
Set Service Out and Set Bus Out Control, Restore Data, Decrement
Command Start Service Out, and High Count

Command Start

| Qcos!

Decrement High Count
if Low Count Went
from OO-FF

1

] QCo8l

Write New Data into
Storage, Decrement
High Count if Low
Count Went from 00-FF

Command Ouf
Response to Last
Service In

No

QCo81

Set Service Out and
Command Start

QCO081

Increase or Decrease
High Data Address

Chain Data
Address

QCo81
Set Condition to
Indicate the End

Data Cycle

-
: Chart 043
H Chart 044

—

QCO081

Reset Output Indicating
Bit, Set Command Out

I QCO081
Restore Count to
Original Value

I QCo8!

If Count is 0 Set a
Condition to Indicate
Status In Next

Status In,
Service In

Data Chain Routines .
Error Routines

| i

QCo81

Status In,

Service In Force Skip Flag and

Output Flag On

g

Command Chain
Routine

|
'
—

No

Chart 043
1

QClel

Operational In
Up

QCI61

Reset Suppress Control
Latch

Secondary
Status

Set Updated Status
Byte into UCW Byte O,
Reset FA Register

] Qc30!

Set Updated UCW
Bytes 1,2,3,4and 5

QCl161

Reset FA Register

Chart 044

Error Routines

L__J

S

A

Correct Length
Record

Qcim

QClt

Interrupt Buffer Full

Readout UCW Byte 0
and Set into a Register

Readout UCW Byte 0
and Set into a Register

Command Chaining

Unit Status
Ok

[ 1

Chain Data
Address

Suppress Length
Indication

Qcln

Set WLR in UCW

L

[ B |

Channel! Interrupt
Latch On

No

Program
Controlled Interrupt
Flag On

QCO91

Readout Interrupt
Buffer Unit Address
Byte and Replace it
with New Unit
Address, Set MPX
Interrupt Latch On

Command Chaining

l QCIN

QClll

Readout Unit Address

Readout UCW Byte 1
Set Status of Active Bit

Readout UCW Byte 1

From Storage

Attention Bit
On

L

| Qci21

Readout Unit Address

Initial Program
Load

Device End Bit
On

Readout and Set UCW
Byte 1to 00. Set
Unit Status in a Register

Channel End
Bit On

Chart 038

Yes Routine

Qcin

initial Program Load

MPX
Channel Interrupt
Latch On

Set Suppress
Control Latch

[ ecmn

Set Service Out and
Command Start

QCI121

Set False Unit Status

—

QC12)
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T QCI51 e
C 141
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Reset the FA Registe: Unit Status

[ ]

Return to 1-Cycles
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{Op and Flags) l

Return to [-Cycles
(IC Restore)

No Available QA001
cho9] Subchannel
Readout Condition Code
to 3 and St
Set to 3 and Store Chart 001
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|
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MICRO PROGRAMS ATTACHMENT HARDWARE 1050 OPERATION
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MICRD PROGRAMS

Set TAOand 1

ATTACHMENT CIRCUITS
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Allows Rdr-2 Clutch
will start Rdr and
Rdr will start Hm Timer

|

S
l

Hm Timer Activates
Pch-1 Clutch

Pch-1 Clutch |

Is character UC Shift,
LC shift, Pch on, Pch

off, Bypass, Restore,
Idle, Reader Stop,
Prefix or Delete

Set Xlate Reset Xlate
UC Latch UC Latch
Block Read

Share Request

Y Read Clock

7| to MPX Chnl Inlk On
Clock Stops Clock Stops
Wait
Yes Req No

Pch Yes

Share .| Routine

| L

Status

Good

Write Character
in Storage.

Reset Read Sh
Req. Restore to ROBAR

Granted

|

Status Check and Restore

Reset Read

Share Request
Latch. Drop
Reader - 2

Hold Line -
Allow Rdr Clutch

During
this routine the TA-
Register will be Reset and
HM RDR ST and RDR-2 On will
be Reset. This will Drop
Read Mode and the Hold
RDR 2 Line will be Active.
The Attachment Stops and
the Micro Program will Exit
Using ROBAR

CLF 048

[

Reset Read
Clock Inlk
Allow Clock to Run

1 Clutch

Wait

1050 - Read Reader-2 Operation




MICRO PROGRAMS

ATTACHMENT CIRCUITS

1050 OPERATION

Operator wishes to send

Information To CPU
Presses Request Key

I

Sets Attention Latch
Turns On 1050 SH Req.

Wait

Yes Request No
Granted

[

Share Request Program and Status Restore. Set Up 1/0.
Interrupt with Attention Bit On in CSW.
This will Cause a Check of the CSW and Attention will

Cause a Start 1/O.

1

Start /O U Program
Selects 1050 Routine

1050
Status Good
Command

Valid

Set Condition Code

TA-]

o Will Reset Attention
Lch & 1050

Gate 1050 Tags Out

!

i

Return to | Cycles

T ond

1050 RD Share Request

Write Character in Core

!

Reset Rd Sh Request 1
Restore to CPU —

TA-3

No

On, Pch Off, Bypass, Restore,

Y| Turn On Read Clock
Intlk and Read
Share Request

Read Share Request
Drops Proceed
Locks KBD

i

Y}  Send 1050 Req to

MPX Ch.

[

Clock Stops

]

TurnOnRDR - 2 OnLch
TurnOn Proceed Lch
Set Read Inq Mode

(

Proceed

Pch-1 Clutch

Clock Start Latch on Clock
ﬁuns W,X,Y,Z, =34ms

\
Read/Write Reg Set

Is
Character UC
Shift, LC Shift, Pch

ldle, Reader Stop
Prefix or Delete

|

Light Proceed Light
Unlock Keyboard

]
[

Operator Depresses
a Key to Send a
Character

Home Timer Develops
Pch - 1 Clutch.

]

Set X late UC Latch  }=— —

Reset Xlate UC Latch

I

LD

Block Read Sl
Request

[

Y |Read Clock
Inttk On

Clock Stops

Re
Yes 9

Backup ROAR

To Status Restore

Status Restore

During this Routine the TA
Register will be Reset and
the Proceed Lch will be Turned
Off. This will Drop Proceed in

the 1051 and Stop the Attachment.

Return to Micro Program - Use Backup ROAR

]

Reset Read Sh Request
Latch Activate Proceed
to 1051 - Light

Proceed and Unlock KBD.

| -

Wait

L

The Translate UC Latch
is used with the Read

Translator for Proper
EBCDI! Code

Pch
No 1 Yes

L

Reset Read Clock Intlk -
will Allow Clk to Run

Clutch

Wait

CLF 049

1050 ~ Read Inquiry Operation



o

I/E Change
31.05.31

Restore
Main Star
to | Star

A Cycle Film
31.88.11

Gate B Star
to Main Star

Execute Elim
31.05.11

Gate A Star
to Main Star

Execute Phase

Gate A Star
to Main Star

Read | Field
into B Reg

MOD +1 | Star Units
000-030

| Phase

Advance | Ring
31.31.31

Read B Reg

Reg into A Re

9

Trans B
Reg to Stor

NO Move or

Iy Thru Iy

Example for A-Star or B-Star Address Development During !-Phase of 1401 Compatibility Feature on the 2030,

Assume the 2030 has 16,384 Positions of Storage and the 1401 Program
is for @ 12,000 Positions of Storage 1401. The Bias is 1120

Instruction is B Y14 E A
Read Op Code
Readout Hundreds Byte

Setup Address for Table Lookup by Emitting a Digit and Using the Hundreds Digit.
Set Address into Low B=Star.

Readout Tens Byte and Test Hundreds Zone to Determine Thousands Digit. This Example
has Zone of 10 for 1 Thousand (Hex Equivalent is 3E8). Set Tens Digit and Thousands
High Hex Digit into the High B-Star.

Set Remaining Two Hex Digits (Emiited) into o Hardware Register.

Readout Low Bias Plus Hundreds Digit Hex Equivalent Byte from Table in CPU Storage .
Low B-Star has Address of Position in Table. For this Example Table Readout is 04.

A Test is made on the Tens Byte for Zones. If Tens Byte is Zoned, Indexing is
Required. For Example Tens Digit is not Zoned. Add Low Bias Plus Hundreds Digit
Hex Equivalent Byte (Remember this Byte is Crossed in the Storage Table) to Digits in
the Hardware Register. Retain any Carry in the Carry Latch.

Readout the High Bias Plus Hundreds Digit Hex Equivalent Byte from Table in MPX
Storage. Use Same Address as Used for Low Bias. For this Example Table Readout is 14,

Setup Table Address for Tens Digit Hex Equivalent by Setting the Tens Digit from
the High B-Star to the Low B=Star and Emitting a Digit to the Low B-Star,

. Add High Hex Thousands Digit in High B-Star and High Bias Plus Hundreds Digit Hex.
Equivalent Byte and any Carry from Low Bias Addition to Thousand Digit. Set Sum into B-Star.

. Readout Units Byte.

Add Units Digit to Amount in the Hardware Register.

Test Zone Bits of Units Byte to Determine Remaining Thousands Address. For this Example
Units Zone is 11 (No Zone) for 0 Thousands.

Readout the Hex Equivalent Byte of the Tens Digit from the Table in CPU Storage Using
The Address Developed in the Low B-Star. The Digits in the Byte are Crossed
in the Storage Table. For this Example Table Readout is AO,

. Add the Hex Equivalent Byte (Uncrossed) to the Amount in the Hardware Register

and Set the Sum into the Low B=Star. Any Carry is Added to the High B-Star.

The B-Star Now Contains the Required Hex Equivalent Address for the Address
Y14 for the Condition in the Example. The B~Star is Transferred to the A=Star
and I-Phase Continues. If Instruction has a B-Address the B=Star is

Developed in Same Manner.

CLF 101 1400 |-Cycles, Address Example

04 -

40
+E8 -

Carry = 28 -

03 -
14 -

18 -

AO -

0A
2
36 -

Load Op Code

1, Thru I3

Low Bias

Crossed

—O

MOD +1
1 Star Units 000-030

R-Register

B Reg WM

Read Op Code
into B Reg

Read B Reg

into Op Reg

Trans B
Reg to Storage

Set Main
Star to 1 Star

Hardware B-Star
Register High Low

Emitted
Hundreds Digit

]

1111 COOt

!

Tens Digit

Thousands {Emitted 3)

1
£ 8 0C01,0011{0010 1000

Thousand Hex Digits

Sum j

Thousand Hex Digit
High Bias +

Carry

Sum j

0001 0100

e

Emitted

4

2

Units Digit

Sum T

]

1010 000q]
——

Tens Byte
Crossed

Sum ———l

0001 10000011 0110

%




4567 ——»

| 0123 | 0000 | 0001 | 0010 {0011 0100 ;0101|0110 {0111 | 71000 {1001 {1010 | 1011 | 1100 | 1101 1110 [ 1111
|
8
QEOO! QEQO! 0000 : 7N 8
These Enfries Are Used By
Given Op Codes which Restore |-Star Store 1-Star Cpu Ops | 0001 D Y # = E A A S @ % ? ! P C
Have Not Been Flowcharted
| yoops Jooto| u | 1 |2 13| 4 |5 |e |7 || K]|F S/O) i'A/O) vo
Invalid
-—— Misc O 0011 v w
: Return to 1-Cycles ' P Ops
| (Multiple Entry) 0100
QEO001 o
o110
Readout 1401 Op Code
Column
o Binary
1000 | M
Op Code
Character has a 1001 | L
Chart 155 Wordmark
QEOO] QE00T 1010
Setup Stop Cod Setup Address to Readout
the Bit Significant Op 1on H
QEsdl Code from Local Storage 1100
Store Stop Code in | QE00
Local Storage Readout Bit Significant no
Op Code
1110
QE641
1nn Q
What Type of Stop QE00] Bit Significant Chart
High Order YES
00 Halt 10 Error Stop Bit of 1401 ]OP Code
01 Halt and Branch 11 tnvalid Operation isa
QE001
id " With Wordmark No Wordmark With Wordmark No Wordmark
TN Invalid Op Code 4567|0123 ol
Setup Interrupt Code QE001 0000 [000T{00T0[0011{0100 [C101(0110J0T11{1000([1001{1010|1011{1100{1101(1110{1111
Set Status Bits to
QE641 Denote Special Ops 0000 [Blank| & | - Blank| & | - L O A 2 R - B O B )
Set a Status Bit for
0001 / A A 1
Mode Switching / J ! !
QE641 See Bit Significant 0010 B Kls |2 B K|s 2
Op Chart
To Store CPU Routine 0ot C|lL|T |3 clL T 3
L
QEO007 0100 DIM|U |4 D MU |4
Bit
QEe6| T Significant Op 0101 E NV |5 |E N |V [5
00 1ol Bit 0, Bit 1 70 n
Store the I, A, and B Stars | !
in CPU Storage . Store the I QEO11 Qeorn 0110 FlO[W]6 |[FlOW]e
Op Register and 1400 I No Combination = Invalid
A-Register in CPU Storage . ! Branch Op Code M, L, or H Op Code Q | o1t G|P|X}7 G|P X |7
Set B-Star from the [-Star.
| QEolt | QEO]1 1000 HlaQ|Yyl|e |H]QlY |8
QE731 Store B-Star in Local Store A-Star in Local 1001 | Rlizle | Rlz 1o
Storage Storage
] Qeony 1010 4 ¥
Chart 156 Set A-Star into the
: # #
l et on| .o |s |, Cbs |,
100y n [ * 1 %|@| = | *|%|*
| QEON
: Qo ves 10! Cl{3jv|: (C]Tjv
Op Cade L. M, or U 2 . invalid A~Star
’ P My, ! eadout Hundreds Byte ‘ Address ol < ; NS < . N
|
; ERERE IO NS I Aol I IV B
Hundreds Byte Bit 1 QEO11 1400 Defined Characters
a 0 Indicates Wordmark =
Set A-Hundreds Backup
Byte into the B-Star
Backup Byt
ackop Pyte 360 Z Bios
NO 1 Character YES l Y Bias
Op for L, M, or U QEoll 1400 16,384 | 32,768 | 65,536 | 8,192
Test Bit 0 and Bit | : if Bit l'is aQitis 16K 80 01 41 co
Is Hundreds Byte of the Hundreds Byte : Recognized as o
a%, @, *, 1 Wordmark. 12K 20 1 1
' I 1f Bit 1isa 1 and 5 po
| Bit 0 a O the Byte 8K 2
Branch on Bit 2 of | l is a Special Character . co 0 60 B 0
the Hundreds Byte ! ! Character Op
R s 60 30 70 FF 10
Is Hundreds Byte
Y pahiion 2K 30 38 78 F7 18
Set Hundreds Byte into Chart 107 QEON 1.4K 88 3A 7A F9 1A
the B-Star and Readout YES s Hundreds Byte
the Tens Byte a Special Character
QEON1 Y = Bias for Low-Order Byte in Hex,
Is Hundreds Z =Bias for High-Order Byte in Hex.
Byte a / Is Hundreds Set Hundreds Di.git into r—
a Hardware Register and Bits 2 and 3 of Hundred Compatibility Mode
Byte a / { P Y
Read Qut the Tens Byte |Byte Hex Memory Bias
NO QE021 {Bit2 Bit 3 Thousands Digits
Set Status Bit to NO qeon P! (‘) “)000 000
QE021 Indicate Invalid Byte Chart 103 : g X Qggg ;ESO Chart 103
Indicate Invalid Byte
BB8
1/O Op Code U v L0 0 %000
or U |
QEQ21
QE021 Qorl Branch on
M Readout Tens Byte 00 v QEOI1 o1 Hundreds Zone Bits 0 ’ T
Change Op Change Op Code to 2C o QEOTT
N Set Tens Digit and High S
QE021 Thousand Hex Digit into Set Tens Digit and High Set Tens Digit and High
Branch the B-Star | QEOI Thousand Hex Digit Thousand Hex Digit into
Change Op Code to 2D Oorl i - the B-S:
9e & on Hundfeds Zone Set Tens Digit and High into the B-Star e tar
Bits Thousand Hex Digit into
the B-Star
QE021 Test Bit 0 and Bit 1 of
Readout Units Byte and the Tens Byte l
Set Tens Digit into B-Star QE031
C——_—————————
QE08! NEBit Tisa Ot is l QEoT Qeont
NO Character Inetructi | Recognized as a Wordmark | Test Bit 0 and Bit 1 of Test Bit 1 of the
| Low Bias Table is Stored aracter Instruction "1£Bit 0is a O and Bit 1 the Tens Byte Tens Byte o
!in CPU Local Storage lisa 1, the byte May Be ‘ “:
Chart 103 ' Invalid I
! Possible ' |
! Invalid Tens Byt -
nvalid Tens Byte QEO041 If Bit 1isa Oitis \
To Invalid Address . H
Readout Hundreds Low NO 20r5 YES Recognized as a Workmark |
Indexing is Determined : Bias Table YES  oro31 Character Instruction
by Branching on Bits 2 | Setup Second and Third QEo]
and 3 of the TensByte | QEO031 Thousand Hex Digit into YES Possible To Invalid Address
a Hardware Register Chart 104 Invalid Tens Byte
Is Address to QEO41 QE091

be Indexed

Setup Second and Third
Thousand Hex Digit into
a Hordware Register

Set Second and Third
Thousand Hex Digit into
a Hardware Register

Chart 104

Readout Hundreds Low
Bias Table

Invalid
Hundreds and/or
Tens Digit

Chart 106 < NO

High Bias is Stored in
MPX Local Storage

Is Tens Byte a §

QE031 QE041

To Index Routine

QE201

To Invalid Address

Read out High Bias Byte

Chart 104

Chart 106

Chart 103

CLF 102 1400 |-Cycles Start



1
Carry from B=Star is |
also Tested. A Carry |

Indicates Invalid Address

|°0 QE05!

Add Units Digit to Low
Bias + Low Hundreds

Readout Units Byte

Chart 102

QEO031

QEO031
Branch on Bit
Significant Op Code
Bits 2 and 3

10 l” QEO51

Digit

| | aeost

Digit

Add Units Digit to Low
Bias + Low Hundreds

Invalid Address YES

Add Units Digit to Low
Bias + Low Hundreds
Digit

NO

To Invalid Address

Invalid Address

NO

QEO051
Byte in

Store Units
CPU Local Storage

Invalid Address

Op Code is V or W

Set Status to Indicate
Op Code of V or W

Bits 2 and 3 of the 1
Units Byte Hex |

Bit 2 Bit 3 Thousands Digitl

1 | 0000 0000! Chart 104
| 0 4000  FAO!

0 1 8000  1F40;

0 0 12000 2EEO]

Add Thouscnds Hex
Digits to B~Star

)

Branch On Units

QE05!

Zone Bits

o1

Thousands

| | arosi

If Units Byte Bit 1 is

a 0 it is Recognized
as a Wordmark.

Add Thousands Hex Digits
to B-Star and Hardware
Register Containing Sum
of Low Bias + Low
Hundreds Digit + Units
Digit

Carry from the B-Star

Hundreds

{ndicates Invalid
Address

Chart 102

QEO51
3or6

Characrer Instr- Yes

Add and Adijust

to B-Star and Hardware
Register Contairing Sum
of Low Bias + Low

invalid Units
Character

Hex Digits

Digits + Units

YES

uction or Invalid
Address

QEO5}

Readout Tens Hex Digits
from Table

Tens
Character Contains
a Wordmark

QE08] Speciai Character

YES

Set Units Byte into
the B-Star

Units
Character Contains
a Wordmark

QE081

QE081

lavelid 1/O Instruction
to General Stop

QE641

Store Hundreds Byte
in A- Hundreds Backup
Byte in MPX Storage

Chart 106

G

Is Units Character &

Is Units
Character a /

QE06]

Add Tens Hex Digits
to the Sum of the Low
Bias + Low Hundreds
Digits + Units Digit
and Set into the B-Star

Chart 104

Chart 155 Op Code is U

Readout Hundreds Byte
of B Address or the
D Modifier

Store Hundreds Byte
in B-Hundreds Backup
Byte in MPX Storage

QE061

Character Valid

To Inval

To Invalid Address

QEO05]

QEO051

Chart 104

If Bit 3 of the Read from

! the Tens Table is a 1
i the Character Invalid

lid Address

To Invalid Address

| 1f Units Byte Bit Ois a
I 0, Choracter is Invalid

Chart 106

QE06!

Transfer B=Star to
the A-Star

QEO61

T YES Does Address NO Chart 104
Need to be Adjusted
QE061
QE061
NO YES
05T Is Address OK YES Character Read™~_ YES
§ | Chart 106 QEO6] Out Contans a Out Contains a
To Invalid Address QEO71 Wordmark Wordmark
NO Was Address YES
QE09T Just Develo.ped for NO Is Op Code NO
the A-Field Vor W Trigh Bit of
NO __iyndreds Char YES
QE441 undreds Character
QE061 isal
Chart 104 YES - ip gcd;z / NO YESQE“] QEO71 YES  QEO71
s 7, ’ r ’ ’
QEO061 8,V,W, or, QE0s1 Chart 107 v Hundreds Character NO Set B-Star from
is a Blank Local Storage
Last Last Chart 107
YES Character Contains NO \ NO Character Contains YES YES f QE4N
Wordmark Wordmark
: j QE08] e Qe8] QEO71 R
Set D-Modifier info a v Is Op Code @ VES
Hardware Register Chart 107 VoraW Chart 107
I QE0LT
Hardware Register | QE081 Set D-Modifier into a - NO Readout Tens Byte,
o " i Op Code is a 4 Char- Set Hundreds Digit
Represent 1401 A-Register YES Op Code is* Hardware Register and ! acter Unconditional Br. < QE071 i:?o ”:: Brisi r <
| o/ or Readout Next Character °
! QE0S! | NO _ ~nvalid A-Address
]
’ QEO71
i NO qeosi
o Ui G ek V0 Cor
Set info o Hardwore Readout Next Character Byte from Local Storage QEQ71
Register To Stop Entries Branch On
e QE071 00 o1 Hundreds Zone Bits 0 n
vance
Program Feature
Is Op Code V or W YES Character Containg Installed ® &
rdmark
QE08I g Wordmar Chart 155
QFés1 v
Set B-Star from |-Star . Chart 102 Chart 102

Chart 107 Chart 107

CLF 103

Chart 107

1400 [-Cycles A and B Address Setup

Set |-Star from A-Star.

Chart 155

To Interrupt Decode

QE001

QEO0!

To 1-Cycles

Chart 102



Chart 103

QEO061

Store A-Star in CPU
Storage

Store Required Hardware
Registers in CPU Storage

QElN

A Byte is Stored in CPU |
Storage to Indicate 14001
Simulated Memory Size.

Readout 2030 Main
Storage Size. Subtract
One from it.

QE251

Chart 106

Byte is Bit Significant

il

Readout Low Bios

QE671

from CPU Storage

QF8It

This Leaves the Hex
Value of the Decimal
Number for the Invalid
Address in Hardware
Registers
I |

Readout High Bias from
MPX Storage. Subtract
Bias from Invalid

Address

Convert the Hex
Number to the Decimal
Equivalent Number

T o

Readout a Byte from
Main Storage

QF81}
QFg2!

Branch on the 2 High
Bits of the Thousands
00 - No Zone

01 - A{0) Zone

10 -8 (i1) Zone

11 - BA (12) Zone

This Byte is not Used 11
on this Routine. !

Units Zone Is @
['No Zone 11 Zone 12 Zone
Set Decimal Digit with Set Decimal Digit with
4 High Bits of the Byte Should Character 4 High Bits of the Byte
at 1111 in a Hardware bea/ at 1101 in a Hardware
Register Register
QF831 QF831 QF831
Set Decimal Digit with Set Decimal Digit with Set Decimal Digit with
4 High Bits of the Byte 4 High Bits of the Byte 4 High Bits of the Byte
at 0110 in a Hardware at 1110 in o Hardware at 1100 in o Hardware
Register Register Register
I—I [ {aras
" - —
This Byte is not Used Recdout Same Byte from
in this Routine J Main Storage
Charts 102, 103, 106 YES Hundreds NO
Character is Zoned
QEN QF831

QEON

Set Zoned Units Byte
into Low B-Star

Restore Required
Hardware Register
from CPU Storage

T QElH!

Force Status Bit On
for Storage Warp

Set Main Storage
Address to Hundreds
Byet of Invalid Address

Set Tens Decimal
Digit with 4 High
Bits of the Byte ot
1111 into High B-Stor

QE091

Readout Hundreds Byte

1 QF83)
A 8 Readout Same Byt This Byre is not Used
‘ yte s Byte is not Use
A or B Address from Main Storage in this Routine

11 or 12 Zone
Hundreds Zone Is

A or B Address

Set A-Address Hundreds
Byte into MPX Storage l
and a Hardware Register.
Set Status Bit to
Indicate Invalid

I QEON

Set Hundreds Byte into
MPX Storage and a

A-Address Hardware Register. Set
Status to Indicate
Invalid B-Address
NO
isM, L, Q, orH
‘ QEQ91Y

Readout Tens Byte and
Set Low B-Star to
a Blank (40).

Storage Warp
2 or 5 Character t
Instructions :
i
:

QEON

Tens Byte
Contains a
Wordmark

YES

Set Low B-Stor from
High A-Stai

QEi0l

Set the High B-Sta:

QEI0! to a Blank (40).
Set Tens Byte into
High B=Star and o
Hardware Register
A or B Address
QE101

Readout Units Byte

QEI01

Set A-Star from
B-Star

Chart 106 Chart 106 QEI0!

Start Op Decode

QE421

A or B Address

Units Byte
Contains a

Wordmark

Unit Byte
Contains o
Wordmark

QE101
Set Low A=Star to @ Set Units Byte into YES Chart 107
Blank (40) ond Set Low B-Star and o
High B-Star into Hardware Register
High A Stor Py
| 103
To Start Op Decode Chart

Chart 107

CLF 104 Invalid Address Convert



Instruction Cycle
Read A Addr to A Star
32.32.1

Index Tag

B-Star Also Set
Unless Prevented by
Op Code

NO

—

}———( Hold 1-Ring 3

)

Prev I-Ring Advance
31.31.11

Start Store Ring

41.50.1

Generate Addr
Index Register
41.50.81-41.50.91

Read IX-Field to B-Reg
35.18.1

Transfer A-Star
Position to A-Reg
41,50.91

|

RO Adder to A-Star
Position
41.50.51

Store Cycle 4

Advance |-Ring
31.31.31

Prevent |-Star RD

Digit by Digit Store
Ring Control

True Add Cirl

Return to POS; Just
Read Out B-Star Also
Rl if Not Prevented

YES

NO

Advance Store Ring
41,50.21

I

Example for A=Star or B-Star Development with Indexing During [-Phase of 1401 Compatibility Feature on the 2030.
Program is for a 16,000 Positions of Storage 1401 and the 2030 Has 65,536 Positions of Storage.

Instruction is A UAC 456 B. Index Register 3 has U62 Stored.

1.

2.

20.

21.

22.

CLF 105

Recognize Indexing Required (Tens Byte Zoned).

Set Tens Digit from High B=Star to the High 4-Bits of Hardware Register 1.

Readout Hundreds Byte Again. If Special Character, Do Table Lookup of BCD Equivalent. For this Example Invert High £ Bits

and Set Byte into High A-Star

Readout Tens Byte Again. If Special Character, Do Table Lookup of BCD Equivalent. Set Character into Low B-Star
Readout Low Bias from CPU Storage (Address is Emitted). Bias is Crossed in Storage Table. For this Example Readout 08
Test Zone Bits of Tens Character to Determine Index Register. For this Example Zone is 00 (Index Register 3). 1401

Index Register 3 Address is 0097 (Hex Equivalent is 61). Add the Hex Value to Low Bios and Set into Low
B-Star.

Readout High Bias from MPX Storage (Same Address as Low Bias). For this Example Readout CO. Set High
Bias into High B-Star

Address of Index Register Hundreds Byte in B-Star. Readout Hundreds Byte from Index Register.
If Special Character, Do BCD Table Lookup. For this Example Character is U, Invert High 4 Bits and Set into Low A-Star

Read Tens Byte from Index Register. Decimal Add Index Hundreds and Address Hundreds Bytes
and Set Sum into High A-Star

If Tens Byte is Special Character, Do Table Lookup for BCD Equivalent, Decimal Add Index Tens Digit {6) and
Address Tens Digit (1) and Set Sum info High 4 Bifs of Hardware Register 1.

Readout Units Byte from Index Register. If Special Character, Do BCD Table Lookup. For this Example Units
Character is 2. Set Index Register Units Digit in the Low 4 Bits of Hardware Register 1.

Readout Units Byte for Address. If Special Character, Do BCD Table Lookup. Check Index
Units Byte for Zone Bits; For Example Bits are 11 (No Zone) for O Thousands. Decimal Add index
Units Digit and Address Units Digit. Set Sum into Low 4 Bits of Hardware Register 1.

Decimal Add Any Cairy (from Units or Tens Acdition) to Combined Hundreds Digit and Set into High

B-Star. For this Example No Carry. Emitt o 9 to Force o High Carry Should Low Digits Give @ Carry.

Check Units Address Zone Bits. For Example Zone Bits are 00 (12,000). This Adds a C (Hex) to
Accumulated Zones in High A-Star. Accumulated Zones are in High 4 Bits of the High A Star.

Setup Address for Table Lookup of Low Bias + Hundreds Digit Hex Equivalent Digit in Low A-Star.
Set Total Zone Digit into Low 4 Bits of Hardware Register 2. Readout Low Bias + Hundreds
Byte from CPU Storage. For this Example 0A is Readout Because 3yte is Crossed in Storage Table.

Add Low Bias Plus Hundreds Digit Hex Equivalent to Total Units Digit and Set into High
A-Star. Set o Carry into High B-Star, For this Example No Carry.

Test Total Hundreds Zone to Determine Correct Hex Digits to Add to High A-Star and
High B-Star. For this Example Bits are 10 (Hex Digits are 7D0). Add DO to High A-Stor,
Any Carry from A-Star is Added to High B-Star. Add the 7 to High B-Star.

Readout High Bias Plus Hundreds Digit Hex Equivalent from MPX Storage. Setup Total
Tens Digit Hex Equivalent Byte Address. Add High Bias Byte to High B-Star.

Test Total Units Zone to Determine Cotrect Hex Digits to Add to High A-Siar and
High B-Star. For this Example Bits are 11 (Hex Digits are 2EE0). Add EO to High
A-Star, Any Carry from A-Star is Added to High B-Star. Add 2E to High B-Star

Readout Total Tens Hex Equivalent Digit from CPl Storage. For this Example Readout 64.
Remember Byte is Crossed in Storage Table.

Add Tens Hex Byte (Uncrossed) to High A-Star and Set Sum in Low B=Star. Any
Carry is Added to High B-Star.

End of Indexing this Address Continue |-Phase. If Address Being Indexed was the
A=Stor, Transfer A-Star to B-Star. |f Address Being Indexed was B-Star, Restore the
A-Star from Local Storage. For Example Set B=Star into A Star.

1400 Index Example

Carry &~

Read B-Addr to B-Star
32.33.21

Prevent I-Ring
Advance 31.31.11

Hold 1-Ring 6

—C )

Start Store Ring

41.50.11

True Add Ctrl Return
to POS Just Read Out,

4.5

Generate Addr
Index Register

Prevent |-Star
Read Out

0.81-41,50.91

[

35.18

Read IX~Field to B-Reg
L1

35,

Transfer B=Star
Position to A-Reg

Digit by Digit
Store Ring Ctrl

50.91

RO Adder to B-Star
Position 41.50.61

Advance Store Ring
41.50.21

Read d Modifier to A-
Reg 33.11.11-35.14,11

Store Cycle 4

1-7 Word Mark

Advance 1-Ring
33.31.31

!TEChange
31.05.31

A-Star

Hardware Hardware B-Star
R-Register Register 1 Register 2 High Low High Low
[0000 0001 [0 10001 re—— [ s o0ex | o001 0011 o010 0100
==
S

1110 9100

08 - Low Bius:'_

X Crossed
80

61 - Emitted Hex Value

0001 0011 {110C 0001

El - Sum

0001 011

l

1100 0000

—_—

1110 0100

’

T =

¥

ﬁ
28 - Sum
6
L
7 - Sum
2
3
S

08 - Hundreds Digit
+90 - No Carry

_E-——————-Tcral Tens Digit

Total Units Digit

98 - Sum

0010 - Hundreds + Units Index Zone
1100 - Units Address Zones

1110 - Total Zone

Total Zones 1

1110 1000 | 0001 0100

l (1110 1000 0001 0100]

Total Units zone___-.r-L__Toml Hundreds Zone

0000 0000 [xxxx x|

(5000 1000 e woen]

J

0A - Low Bias

X

AO

+05 - Total units | :_

A5 - Sum [lo10 01010010 1000 |

A5 -~ A-Star 00 - B-Star

DO - Emitted 7 - Emitted

Carry 475 1 som 1 - Camy [o111 0101 0010 1000

08 - Sum

c3

08 -_

CB - Sum

75 - A-Star CB - B-Star

EQ - Emitted 2E - Emitted

55 - Sum 1 - Camy [o101 0101] 0010 1000 |
FA - Sum

64 - Tens Hex Digit

(11111010 [oocx xxn

X Crossed
46

+55 - A-Star
98 - Sum

111110101001 1011

[
MIEOORERET

F A 9 B



NO

Chart 155

Use EBCDIC Code of |

Character as Address

Chart 102

QEO031
QE04]

A or B Address
Being Indexed

QE201

QE201 Installed
tnvalid Operation QE201
to General Stop
Readout Hundreds Byte
QE641

-
3 or 6 Character 1
Instruction !

! YES

Address Units

Character

Does
Address Units
Character Contain a
Wordmark

Character a Special

NO

QE23]

to BCD Conversion.

Advance
Programming Fecture

YES

QE201

Is Hundreds
Character a Special
Character

YES

! QE201

NO

Use EBCDIC Code of |

Character as Address

Read a Byte from MPX
Storage Table for EBCDIC
To BCD Conversion and
Set it into a Hardware

Register.
I QE20)

Readout Tens Byte and
Set it into the B-Star

Is Tens
Charocter a Special
Character

YES

A or B Address
Being Indexed

Chart 104

To Invalid Address

QE091

Read a Byte from MPX NO

Storage Table for EBCDIC

to BCD Conversion 9

Is
Tens Character
a Blank

NO

Add 87 (57 Hex) to Low
Bias ond Set into B-Star

QE211

QE211

Readout Low Base Bias

Add 92 (5C Hex) to Low
Bios and Set into B-Star

A or B Star

Being Indexed Register

Readout Byte from MPX
Storage Table for EBCDIC

Check Character and
Set into a Hardware

I QG231

QE211

To Address Error

to Index Units Digit

Decimal Add Units Digit

and Adjust Hundreds

Chart 104 Digit for Any Carries
GE251 from Units or Tens
QE231
Is Address Units
Character Zoned
| N
Zone Bits Hex Digits | Adjust I'liundreds Number
10 40 1 by Required Amount
o1 80 |
® < | QE241
- ]

QE24]

Does
Address Units

YES

g Wordmark
NO

Setup Address of Bias

Table Hundreds Digit

Character Contains

Readout Low Bias
Byte from Table

QE241

QE241

| Add Low Bios (Hex

to Unit Digit

! Equivalent of Hundreds
Digit Plus Base Bias)

| Hundreds Zone for

is Zoned

Use Index
Register 1,2, or 3

Add 97 (61 Hex) to Low
Bias and Set into B-Star

To Address Error

QE25]

Reodout High Base
Bias and Add to B-Star

Units Zone for

Bios Plus Hex Number

| Readout Hundreds
Character from Index
Register

I
Index Zone Plus |
Address Zone !

|
Creates the Address |
of tae Hundreds Byte |
in 1e Index Register |

Hundreds Index
Character a Special
Character

Read o Byte from MPX

to BCD Conversion.

Check Character from
the Table and Set into
the A-Star.

Storage Toble for EBCDIC

Readout Tens Character
from the Index Register

QE221

QE241 !

Hundreds Digit

QE241

Index Zone Plus Address

Add Hex Equivalent
01
Indexed Address

|
of Thousands to :
|
|

n

Readout High Bias
Byte and Add to
Indexed Address

IO]
|10
1

Units Digit is
Zoned

Add Hex Equivalent
of Thousands to
Indexed Address

—]

QE251

Readout Hex Equivalent
from Table for Tens
Digit

QE251

NO

QE221

Decimal Add Hundreds
Character of Index
Register to Hundreds
Character of the Star
Being Indexed.

Chart 104

Read a Byte from MPX
Storage Table for EBCDIC

Is Tens Index
Character a Special
Character

to BCD Conversion.
Check Character from
Table then Decimal Add
the Tens Index Digit

to the Tens Digit of

Decimal Add Tens Digit
of Index Register to
Tens Digit of Star
Being Indexed

A or B Address
Being Indexed

Restore A-Star from
Local Storage

the Star Being Indexed.

I

To Invalid Address

Carry from B-Star

QE251

10

Zone Bits Thousand Hex

1
2
3

—_—m
: Zone Bit Thousand Hex

8
12

3E8
7D0
BB8

FAO
1F40
2EE0

| Indexed Address is

1
!
QE251 |

Address

Add Tens Digit Hex
Equivianet to Indexed

QE25)

Local Storage

A or B Address
Being Indexed

Restore A-Star from

Chart 104

] QE221

Readout Units Character
from the Index Register
and Set Units Digit

into a Hardware Register

YES

QE221

Units Address
Character a Special
Character

Read a Byte from MPX

to BCD Conversion.
Check Character and
Set Units Digit into
a Hardware Register

Storage Table for EBCDIC

—

QE221

Readout Units Character
of the Address from
Main Storage

Zone Bits Hex Digits }

10 40

al 80 } YES
00 o

Is Index
Units Character
Zoned

Adjust Hundreds Zone
Number by Amount
Required

QE25!

To Invalid Address

QEON

Chart 104

Chart 103

Valid Address

A or B Address
Being Indexed

in B=Star

Chart 104

CLF 106

Readout Next Character

QE251

Does Address
Need to be
Adjusted

YES

QE06T

Chart 103

Chart 103

1400 Address Indexing



Charts 103, 104 ]0?‘“;33 Chart 102 Chart 104 Chart 103
QEO07] QEol! QE021 QEI01 QE08]
QE101 QEO08]
— e ] —— --
Op Format | Op Format j : Op Format
o Op AMAEE | OpD  OpAAAD ) | Op AAA BBB D
Op AA i
Onaa  OpAAABES |
- —
—
| Determines Op Code
: Grouping for Decoding.
'——_.__
|
Bit p— |
Significant
00 01 Op Code Bits 10 n
2and 3 l
[ Decode Row 0 l Decode Row ! L Decode Row 2 —l | Decode Row 3 1

L

‘ |

Chart 103

&)

QE071
QE081

[

Test for Invalid A=

Op Code Decode and

Address Test are

on CAS Pages QE4IT,

421, 431, 441, 451,

461, and 471.
I — |

or

B- Addresses

To Stop Entries

Valid Address

QE651

( Do E-Phase ’

! Instruction Branched On
! Here are in Row 0

Chart 155
Row Z;g';nhcom Op Instruction Name ;:31‘ (éLhF Row ;ﬁ:mmm Or Instruction Name ;:S’] CCL: Row :;g';“f'wm Or Instruction Name ;:S‘I E‘EF Row ;-yg'zlflcom Or Instruction Name é:gl EtF
0 0000 0010 Halt - ! 0001 0010 Move Digit 0 2 0010 0000 Control (Note 1) U [108 | 3 0011 0100 Invalid 155
0 0000 0100 Set Wordmark ’ 1 0001 0011 Move Zone Y 2 0010 0001 *Read 1 {108 ] 3 0011 1010 Bronch on WM,/ Zone | V
0 0000 0101 Clear . 1 0001 0100 Address Modify ¢ 2 0010 0010 *Print 2 |108 3 0011 1011 Bit Test w
0 | 0000 0110 No Op N ! 0001 0101 Clear Wordmark " 2 0010 0011 *Read-Print 3 {1081 3 1011 0001 Store A-Star H
0 0000 0110 Easly Read (Note 2) 8 1 0001 0110 Edit E 2 0010 0100 *Punch 4 1108 i 3 1111 0001 Store B-Star Q
0 ; 0000 0110 Early Punch (Note 2) | ¢ 1 0001 OI11 Move Zero Suppress 4 2 0010 0101 *Read-Punch 5 |108
0 0000 0110 Branch 8 1 0001 1000 Add A 2 0010 0110 *Print=Punch 6 |108
0 1000 0000 Move (Note 1) M 1 0001 1001 Subtract S 2 0010 0111 *Read-Punch-Print 7 |8
0 1000 0000 Move, Column Bin. M 1 0001 1010 Multiply 2 0010 0100 *Punch Feed Read 4R 108
0 1000 0000 Move, Sterling M 1 0001 1011 Divide %o 2 0010 1001 Stacker Select K [roe
! 0001 1100 Reset Add ? 2 0010 1010 Form F_ 108
1 0001 1101 Reset Subtract ! 2 0010 1100 Control U [15
I 1 0001 1110 Move Record P 2 0010 1101 Move M |15
1 0001 1111 Compare C 2 0010 1110 Load L |15
! 1001 0000 Load (Note 1) L
*Note 3
Note |. 1f |. O Operotion Change Op Code L to 0010 1110, M to 0010, 1101, and U to 0010 1100
Note 2. These Op Codes are Handled as No Ops.
Note 3. This Op Codes Start with Bit Significant Byte as Shown., As the Op is Performed the Op Code is Changed

to Indicate the First Pass or the Op Code has a D-Modifier, Also to Indicate when o
Comboination Op is Finished.

CLF 107

1400 1-Cycle End

GF8ll
Set lnvalid Address ]

in Decimal Format

Start |-Phase

QEQ0!

Chonge 1400 Op
Code to o Bit
Significant Op Code

QEONI

1 Character Op

NO QEO031

Setup Hex Address
for A-Star

Valid Address
YES

2,3, 0rd
Character Op

YES

N QE031

O
Setup Hex Address
for B-Star

Valid Address
YES

5, 6, 7 Character Op

NO
8 Character Op
NO

Find o Wordmark and
Do a 8 Character
Op Decode

To Stop Entries

I QE4N

! Decode Bit Significant
|
i Op

Was an
Address Invalid

NO

To E Phase




Invalid Stacker Select

Chart 109

Use A=Star
or |-Stor for Next
Address

1-Star

NO  qrésl

A Chart 102
QE009

To Interrupt Decode
Routine

Chart 155

Chart 155

Test Bit O of Program
Mode Switch Byte

Progrom Mode
Switch Bit 0 On

A-Star

tnvalid A-Address

To Stop Entries

QE651

D-Modifier

QG001

YES

To Mode Switch Entry
to CPU Store Routine

1-7,K,F

Stacker Select Op (K)

OK

1
! Entered from |-Cycles

QG001

Op Codes

1-7,K,F, or M,L,U

M, LU

Chart 115

QGOo01

Test Program Mode Switch
Byte to Determine if
Operation is Allowed

QG021

QE721

Set B-Star from 1-

Chart 156

Advance Program
Feature Installed

Test Bit 1 of 1401 f
Control Byte i

QG021

Program Mode
Switch Bits On

1442, 43

Charts 151 and 154

QF661

| This is Not a Decision

1 in the Micro Program.

| It is Shown Here to

{ Indicate a Different

| Micro Program Version is
{ Used for 1402-03 than

| 1442-43.

Charts 110, 111

Program for
1402, 1403 or
1442, 1443

1402

is K,F,

Op Code

03
QGO

or 1-7

QGS!

| Each Time

| Combination Ops are

| Changed to Print, Read,
| or Punch Ops and

| Executed One at a Time
| this Routine is Entered

Chart 135

From Intervention
Required Stop

QG581

NO
From Op Completed

QGS81

_To Start 1/0

QG591

G581

Print Op (2,3,6,7) O

Chart 109

Setup Command, Include
any Skip-Space After
Print Insturction.

QF661

Star

Set B-Star to Zero
and Set Status Bit for
Invalid B-Address

]

QF661

Set I-Stor from A-Star

Setup Command

Print with Space
Suppress

Instruction has
a D-Modifier

Change Command

The D-Modifier
isaRoraC

Change Bit Significant
Op to A4

QG511

Set a Status Bit to
indicate Column Binary

Space After Print
or Immediate

D-Modifier
is a Blank

Readout Print Address
and Set into Low B=Stai

/

Setup Command and
Store in MPX Storage

QG581

Reader -

QG581

F
2540 or
2501/2520 Installed
1,2 Select Pocket

4,801 1,2

2501/
2520

(

Setup Command in
High B-Srar

l ‘Srore Coce for 4, 8 Pock

Select in MPX Storage

e—r;

{ I | QGe0!

Readout Reader Addre:
and Set in Low B-Star

was 2 or 5 Characters

ss\

Test to See if Instruction

To Stort 1/0 Routine

Chart 109

QG401

Set o Status Bit to
Indicate Instruction Length

QG601

Set Service Out and
Command Start

QG031

Read Program Mode

Byte from CPU Storage

Switch |- O Trop Control

Allow 1,/0 Traps

and Selector

Reset Poll Control, FA
Register (Command Start),

Request Latch (H5).

r Channel

tnstr
has a D-|
of

Set Status Bit to
Indicate Print Wordmark

uction
Modifier
n

PFR Requires Two Passes,
First Pass Use Punch Line
Second Use PFR

1
|
|
i
1

QG511

Setup Command in
High B-Star

QG511

Column Binary

YES QG5

Change Command

I Punch

Punch,
Punch Feed Read,
or Neither

Neither

T
:I Print Wordmark

QG511

Read Cp (1,3,5,7)
QG5

Column Bincry

2540 or 2501/ 2501.'2520

2520 Installed

Change Bit Significant
Op to 31

QG511

Restore the A-Star
and Status Register
from MPX Storage

| | [ eosa

Setup Command in High
B-Star. Set Bit 0 of Reader
Address Byte to |

Set Bit O of Punch
Address Byte. (Used in
Branch On Punch Error)

51 Column Pead

Set a Status Bit to

Indicate 51 Column Read

| Qesii

Set Device Address in
Low B-Star

To Start 'O Routine

Chart 109

Op Code information

Sequence of Operation for Combination Ops is Print, Read, and Punch.

Changes to Bit Significant Op Codes During Command Setup and Data Loop. Op Code Low Digit Equal Zero Ends Routine.

the Data Loop Code Stoys 22 and a Stop Occurs.

1400 Op Code

Read (1) Starts as 21, ot end of Read Data Loop Code is Changed to 20. If an Invalid Character was found
and the 1/0O Stop Switch is On the Op Code is Changed to 21.

Print (2) Starts as 22, ot End of Print Data Loop Code is Changed to 20. If Operationol In Drops During

Print, Read (3)

Starts as 23, at End of Print Data Loop Changes to 21 unless Operational In Drops During Loop.
The 21 Causes a Read Routine to Start. End of Read Data Loop Change to 20 Unless Error Exists.

Punch (4)
Punch Col Bin (4C)

Starts as 24, ot End of Punch Data Loop Code Changes to 20 Unless Operational In Dropped
During Data Loop or Last Card Punch had an Error Then Op Code Stays 24.

Read, Punch (5)

Starts as 25, End of Read Data Loop Code Changes to 24. If an Error has Occurred ond 1./O Stop
Switch is On Op Code is Changed to 25 Again and Stops. No Error the 24 Cause a Punch Operation.
If Operational End Drops During Data Loop or Last Card Punched had an Error Code Stays 24,

Otherwise Changes to 20,

Print, Punch (6)

Starts as 26, End of Print Data Loop Unless an Error Occurs the Op Code Changes to 24 and a
Punch Operation is Performed. The 24 Changes to 20 Unless Operational In Drops During the
Data Loop or Last Card Punch was in Error.

Print, Read, Punch
@)

Starts as 27, End of Print Data Loop the Op Code Changes to 25 Unless an Error has Occurred.
The 25 Starts a Read Operation; at the End of the Read Data Loop the Op Code is Changed to 24
Unless an Error has Occurred and the 1/O Stop Switch is On. The 24 Causes a Punch Operation
to Start, at the End of the Punch Data Loop the Op Code Changes to 20 Unless an Error

has Occurred

Punch Feed Read
(4R)

Starts as 24, the d-Modifier Causes the Op Code to Change to A4 then a Normal Punch
Routine is Started., At the End of the Punch Data Loop if an Error Situation has Occurred
the Op Code Stays as A4 and o Stop Occurs. No Error, the A4 Changes to 28 which
Couse o Read Operation to be Performed. If no Errors Occur During Read Operation the
Op Code Changes to 20. If Error Occurred and 1/O Switch On, Stop with Op Code 20.

Read Col Binary
(1C-2540)

Starts as 21. Note: Column Binary Read on a 2540 Requires Two Passes through the Read Data Loop:
At the End of the First Pass (Information Entered into 401-480 and 501-580) the Op Code is Changed
to 71, if an Error Occurred on the First Pass and the I/O Stop Switch is On the Op Code is Chonged
to 61 and then F1. No Error or 1/O Stop Switch Off Op Code Stays 71. The Second Pass is

Made Entering Some Information or Blanks into 0001-0080. Now if the Op Code had Changed to

F1 it will be Changed to 61 and a Stop Occurs, but if the Op Code was 71 Entering the

Second Pass the Op Code Changes to 00.

Read Col Binary
(1C-2501/2520)

Starts as 21 and is Changed to 31 to Indicate 2501/2520 which Only take One Pass to Enter
Information (Only Enters 401-480 and 501 to 580). At End of Read Data Loop for Column Binary
First Pass the Op Code is Changed to 30. If an Error Occurred During the First Pass the

and the 1/O Stop Switch is On the Op Code is Changed to 21 and o Stop Occurs.

CLF 108

1400 Reader, Punch, Printer Ops Decode



If Busy = Status is on the
Fl Bus, Sense Byte not
Checked.

Not Busy = Status is on the
Fl Bus, Sense Byte is in

a Hardware Register.

YES

QG601

Branch

NO qcen On Printer or
Carriage Busy, Printer
Send Service Out and or_Punch
Set Command Start rror

NO

QG801

Branch on
Error or Busy
Instruction

Busy Neither

Device End Up

Error G401 NO

1

QG601

QG601

Check Sense Byte for
Bus-Out Parity or
Equipment Check. Set
a Status Register Bit to
Indicate Condition. (i~
or A-Star Address)

Test to See if Channel

9 or 12 Indicator is Set.
Compare to D-Modifier,
if Condition is Satisfied
Setup to do a Branch.
{Use AAA Address)

]

Start I/O
Chart 108

Set Commond Start
and Selector Channel
Request Latch On.

YES

Operational In Down

QG331

Set Bus-Out Control
Send Address Out and Set
p Command Start

YES

Stacker Select Op

Operational In Up

QG5N

Setup to do Another
Sense Command

YES Qas3

Reset the FA Register
Send Command Start

Send Service Out and
Set Command Stort

Unit Status Byte
Bit 0 On

Reset FB Register

Branch Op

Stacker Select Op

Sense
Byte Test
Indicated an

QG401

Send Service Out and
Set Command Start

QG601

Branch on
Printer or Carriage
Busy Op

YES

NO QG601

Address In Up

if Busy Was Up, Sense

to Bring In Sense Byte

Device Address OK

Set Address in Low
B-Star

Reset FB Register.
Set Coded Error in
a Register

YES QG531

Done . Repeat Start I/O |

—
1Bit O (Attention) is On

| During the & Millesecond

| Provisional Feed Time-Out

! ‘ QG591

Command Has Not Been |

QG601

YES

Op Codes
1-7 or F,4R

Bit 0=1 Stacker Select is
Late, Set Error Code

Bit 0=0 Second Stacker
Select, Act like Stacker
Select was in Time.

Was Stacker
Selection in Time

QG591

aGsyl

Readout Reader Address
Byte from MPX Storage. |
Test Bit O !

QG571

Setup Stop Code

QG571

To General Stop

Set Bit 2 of the

Readout 1401 Control
! Byte from CPU Storage
Test Bit O

Indicate Error Exists.

NO 1/O Check Stop

Set Bus ~ Out Control

QG5N

Chort 108

Charr 155

Print, Form, or Branch |
on Printer or Carriage Ops|

YES

I
1

YES

Command was
Skip or Space

Reset Chonnel 9 ond
12 Bits in Forms Byte

QG621

Channel 12
has Been Sensed

Set Channel 12 Bit
in Forms Byte

QG531

To General Stop

Print or Form Op

Send Commanc Out and
Set Command Start

| First Time Through an
} 1/O Start Routine for
! Each Op is o Sense

I Command

QG531

Action

Action or Sense
Command

Send Service Out and
Set Command Start

VES Bianch on Chonnel 9 or

QG531

Branch Op
QGS53]

Sefup Sense Byte Check to See if Sense
Byte-Bit 7 is On. Set
a Status Register Bit
to Indicate Chonnel 9
has been Recngnized

- J

12, Device Busy, or
Device Error.

QGE31

in a Register

2-Bus Out Parity

3-Equipment Check

Sense Byte Bit
Zor30n

QG531

2-Bus Out Parity |
3-Equipment Check !
4-Data Check '
5-Parity Error on UCB '

—

Test Sense Byte Bits 2, 3,
4, and 5. If Any One of
the Bits is On Set an
Indication Bit,

I
QG531 |

Test Sense Byte Bits 2 and
3. If either One is On Set

on Indication Bit.

] QG531

Set a Status Register

Bit to Indicate an
Action Command. Send
Service Out and Set
Command Start

Switch On

Set Allow Remote Start

Send Service Out and
Set Command Start

Setup Stop Code for
Device Being Used
(Reader, Punch,

or Printer}

To General Stop Routine

Chart 155
YES

QGél

Either Unit
Check or Unit
Execption On

YES

Reader,

Printer or Punch Address
Byte in MPX Storage to

Chart 155

Reader, Punch

Punch or Printer,
Form Ops

Printer, Form

QG611

Skip or Space

Set Forms Byte to
Indicate Channel 9 and
Last Command a Skip

[eler ]

Channel 9
Sensed in Carriage
Tape

YES

QGel11

Set Forms Byte to
indicate Channel 12
and Lost Command
was a Skip

Set Forms Byte to
Indicate Last Command
was a Skip

Set Forms Byte to
Indicate Channel 9

QGéil
Set Chennel 9 Indicator
Bit (Bit 7) of Form

Byte in MPX Storage

QG611

Space Suppress
Command

VES QGCé11

Set Forms Byte to
Ingicate Channel 9
and Last Command
was Skip or Space
Suppress

QG541

Send Service Out and
Set Command Start

L Reset FB Register ]

| acsa

Readout Storoge Bias.

Add 00CD (205 Decimal)

to Bias

Stacker Select (K
or Form (F) Op

I

Print Op (2,3,6,7)

QG541

Bit 0 - Error Indicator

|
|
|
QGs

Reset Bit O of Reader
Address Byte in MPX
Storage

Readou: Printur Address
Byte fiom MPX Storage.
Reset Bit 2 (Error Bit}.

Add 0100 (256 Decimal)

Il Test Bit O of Printer
I Address Byte
|

to Address

100 or 132 Print
Positions

Set a Register 1o AD

QG541

QG541

Read

2540
2540 or 25012520

QG541

| [ qocsa

Change Main Storage
Address to Bias + 201
(Decimal). Subtract 4
from Previous Setting

QG541

To Print Data Loop

Chart 111

CLF 109 1400 1402-1403 Ops

Set a Register to CD

Initialize Stacker Select 2501/2520
Byte in MPX Storage

for Punch Stacker

Add 0100 to Address
if Necessary (Corry Existi

QG54)

Column Binary
Operation

QG541

Set FO ot Location
in Main Storage Addressed
by B-Ster.

QG541

Add 0200 (657 Decimal)
to Address

To Read Data Loop

Chart 110

Change Address to
Bias + 0091 (145 Decimal)

Send Service Out and
Set Command Out

Column Binary
Operation

Op (1,3,5,7)

First Pass of PFR Use |
Punch Line I

QG541 —

Read Op (1,3,5,7)

Change Address to Bios
(1400 Address 0000)

[ aceol

Set o Status Register
Bit to Indicate if
Instruction was Op d
or Op AAAd

L

Punch or
Punch Feed Read

QG54i

Change Address to Bias
+ 0044 (100 Decimal)

Chert 110

To Punch Data Loop

QG521

Chart 111

Change Address to
Bias (1400 Address 0000)

51 Column Read

QG031

Chart 108

Setup Address for
51 Column Read

QG541

To Read Data Loop

Chart 110




0000

Chart 109 Chart 109
Colurn

Binary

QG561
On Column Binary Change
Address to Equal (1400) 401

QG561 51 Column

Note: This Routine Receives the Data from the Readers
Control Unit Buffer, Check it for Valid Information
and Store the Data in Main Storage.

Setup 1400 Position 0000

Add 1 to Address

QG561

Ending Address

Ending Address
Readout

Readout

QG571

Reset FB Register
{Select Out)

QG571

Status In Up
QG561

QG571

Setup Error Code |

Invalid/MLP

Character

Send Service Out and Set
Command Start. Set Ind-
icator Bits to Indicate End-
ing Address Has Been
Read Out

YES qoesel

T
: Characters Entering are
| in EBCDIC Except for

I Column Binary.

Force Bit 1
of Character Being Read-
In On (No Wordmark) and
into a Hardware Register.
{Used for Address on

Table Lookup).

NO

Last Card has
been Read

To General Stop

QG571

Readout Sense Switch
Byte from CPU Storage
and Reset Bit O

r

Readout Sense Switch
Byte from CPU Storage
and Set Bit 0 On

Invalid/MLP

Character

Readout Position of Main
Storage Character will
Enter

Chart 155

—_—
: Used on Second Pass of

) ! Column Binary and Some

QG561 | MLP Characters on

! Normal Read
S
NO Table Lookup
Character is o Valid AL

Read,
2nd PFR

Column Binary

or Read, 2nd PFR
Pass

Ending Address Found

QG571

oLt 415

doo pioQ ppay 70|

If Using a 2540 Column
; 25012520 g e @ o
Using a 2540 or / Change Op Code Reset Ending Indicators. NO | Binary Requires Two QG561 Ch
2501/2520 21 10 20 Finished Send Command Out | Passes. First Pass Set aracter
| Data in Column Binary
QG571 25 to 24 Punch .
Second - 28 1o 20 Finished | Read-In Area in NPL. MLP Character
econ First or Change Op Code | Second Poss Set BCD QG561
Second Pass 31 to 30 Finished | in Codes or Blank in Do Table Lookup or
Normal Read-In Area Create a NPL Ch .
G637 Qcs7] . YES First Pass of —_—N_OJ ) Mo QG561 Puncheda wcl‘j;‘eLr
Change Op Code Change Op Code |Env‘ul|d Characters a Column Binary 151 Column Read; Use Setup a Blank 8,9,1 F1
7]] to 00 21 to 71 Existed QG561 Operation QG561 INormal Read After Column Character 8,9, 2 F2
Flo% Send Service Out and __ 114 Normal 8,93 F3
Set Command Start 51 Column Read Normal _
QG561 or Normal Read -
QG561
El:ror Existed on Unit Check Exists Do a Table Lookup to
First Pass o s QGs7 Change BCD Character Send Service Out and NO Position in
QG571 To EBCDIC Character Set Command Start Main Storage has a
Readout |/O Error Byte I Wordmark
Readout 1/O Error Byte from MPX Storage and QG561
from MPX Storage Set Bit 5 On (Reader Setup to Change Main YES QG561
Change Op Code and Reset Bit 5 Error) Storage Address. for Position 14 Readout Setup Character for NPL
00 to 61 Second Next Column Binary oy ¢
y [ e Character Position. aracter with Wordmerk

71 to 61 First
30 to 21 First

I QG571

Send Service Out and
Set Command Start

NO

Do Second
Column Binary Pass

Send Service Out and
Set Command Start

Chart 108

Readout 1400 Control
Byte from CPU Storage.
Test Bit 0 (I/O Check
Stop Switch).

YES

QG571

To General Stop

Chart 108 QE641

Chart 155

1/O Check Stop

Send Service Out and
Set Command Stort

Chart 108

| QG561

If Character Readout
from Main Storage had a
Wordmark, Add a Word-
mark to the EBCDIC
Character and Enter
Character into Main
Storage

Enter a & (0101 0000)
into Position 14 (Decimal)
and Setup Ending Address
in o Hardware Register

i

QG571 Switch On T acsel [ acse
Change Op Code Ch Main Storage Change Main Storage
61 to F1 Setup Error Code Ad::gses ain storag Address

QG561

Store Character in Normal
Read-In Position and
Update Address to

Next Position

Address Change from
400 Read In Area to
500 Read In Area and
Back Again for Each
Card Column
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Chaort 109
Print

Note:

QG551

This Routine Transfers the Data to the
Printers Control Unit Buffer.

Reset FB Register
(Select Out)

[ ocss

Change Op Code

22 to 20 Finished

23 to 21 Read

26 to 24 Punch

27 to 25 Read, Punch

QG571

Send Service Out and
Set Command Start

QG581

Service In Up

NO

QG551

Setup Error Code

by 1.

QG551

Readout Character to be
Printed. Update Address

To General Stop

QEs41

Chart 155 QG551

Remove Wordmark if
One Exists (Bit 1)

Test 8
Chara

Chart 108

it 0 of the
cter |

YES

Special Character

Print Wordmark
Operation

NO

Character
Has o Wordmark
@it 1 =0)

YES

Do Tabie Lookup, Read
Out a Blank (40)

?

Table Lookup Addresses
are Developed so o
Non-Printable Character

-
f
; |

is Changed to a Blank

Do Table Lookup for
Characters BCD Code

Is Character o
s F, 000

QG551

Send Service Out and
Set Command Start

Last Character to
be Printed Read-

QGS51

Send Commond Out and
Command Start. Restore
Low B~Star to Ending
Address.

QG551

Create a Numeric 1 (F1).

QG521

Add 1 to Address.
Remove Wordmark from
Character if One Exists

| Operational In Dropped

YES

Chart 109
Punch

Readout Character to

be Punched

Column Binary
Operation

Punch Control Unit Buffer.
QG521

QG521
Remove Wordmark from
Character if One Exists.
Do a Table Lookup in MPX|
storage for BCD Code of
the Character. Change
Storage Address

NO QG521

Test Status Byte for
Unit Check or Unit
Exception Being Up

[ acsa

Readout Punch Address
Byte and Reset Bit 2
(Error Bit)

YES

Setup Error Code

Chart 155

Reset FB Register
{Select Out)

QG521 " Change Op Code
24 to 20 Finished
A4 to 28 PFR-Read

QG521

To General Stop

QE641

Status In Up

NO

QG521

Set Bus-Out Control
Sent Service Out and
Set Command Start

QG521

Readout Next Character
to be Punched

QG521

Set A Status Register
Bit to Allow Address
Change in Column Binary

Check or Unit
Exception Up

QG521

| IR

QG521

Reset FB Register

(Select Out)

QG521

Column Binary
Operation

Send Service Out and
Set Command Stort

QG521

QG521
Set B-Star to Ending
Address

QG571

QG581

Chart 108

Note: This Routine Transfers the Data to the



Instruction - Read (1 or 1AAA)

Bit Significant Op is 21 Note: Read Column Binary Operation Using a 2540

Requires Reading Out the Buffer Twice,

Instruction Read
Column Binary

l QG56)

ZlL 410
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Setup Command Byte
(D2 - 1101 0010)
4 | QGs91, 531
Send Device Address, Chec[‘

for Correct Device Selected

QG531

Correct Device
Selected

QG521
QE64!

Set Command Out to
End Read Operation

I QG561, 571

Wait for Status In,

Test Unit Exception Bit.
If On, Set Bit O (Switch
A) of the Sense Switch
Byte On.

YES Qasal To General Stop Holt)

Setup and lssue Sense
Command (04). Bring in
Status ond Test for Busy

Send Service Out, Wait
for Service In
QGS53!

Check for Bus Out Parity
or Equipment Check, if

Either Exist Set a Status

Register Bit

Send Service Out, Wait
for Status In

QG571, 511, 591

Check to See if Any
Errors Occurred During
Read In, {fso do a
General Stop Halt. If
Not Restore the A-Star.

| acos1, arert, qeont

Interrupt Exist, If so
Decode Interrupt.
Otherwise, Readout
Next Instruction

I Test Status Byte Bit O NO QG531 Test Unit Exception Bit The Two BCD Characters b 3
J . . S if C d Pel’ Co'umn are Received Charcc'er s ReCelVed
————— Send Service Out, Wait to See if Last Car . as o NPL Character. |the Status Register Bit
Been Fed for for Service In Has Been Recd: If it This Choracter may be lis Set to Indicate a
Last Read Op QG531 Has T“’",on Bit 0 of Legal, If so it is S);ored | Bad Charocter, but it
Sense Switch Byte in Main Storage in the | is not Tested Later on.
YES T QGs91, 531 S"‘?fk for 2”‘ Out , Normal Read-In Area -_
- CCI:” Yk ‘;; E?‘::P"‘:'{ 0001 - 0080 (1400 Address
Send Device Address, . S 'ec S’t . '; er 'x:s;" if not the MPL Character
gh;ack f:r Correct Device et a Status Register B1 2540 or is Changed to a Blank
electe
2501/2520 (40) MPL and Stored.
l acon QG531 / QG571
5 r . .
a0 For o 2540 - Send Service Out, Wait 2501,/2520 ch Code 21 l QGsé!
Send Out Read Command 6 ms After the Read for Status In o TOP oo When Column 80 is
(D2). Wait for Status In. : gommand 'i|s Issued the QG591 Change Op Code 31 Cohecl.( ffs'O:; E:;; Reached Send Command
eader will Feed the to 30 ; Out to End Read
Check the I/O Stop

Either
Unit Check or Unit
Exception Bit

QG571, QE641

To Intervention Required
Halt

Send Service Out and
Setup Main Storage

Address to Equal 1400
Address 0000

l Next Cord and Fill the
Buffer with New
Information

Store a & (50) ot
0000 (1400 Address)

the & at 0014

} 51 Column Read - Sef
II (1400 Address)

Bring in 1 Chasacter at
a Time from the Control

Unit Buffer and Store

in Main Storage at an
Address Equal to 1400
Address 0001 to 0081.
Leave Wordmarks

in Storage when Found.
Change Invalid Characters
to Blanks (40) ond Set

a Status Register Bit to
Indicate an Error Exist

I'51 Column Read - Same

| Operation Except the

| Characters are Stored at

| 0015 to 0065. When
Column 65 is Reached

| the Read Op is Ended

Do Next Routine

Change MLP Characters ([C o I.A‘AAC|
QGsH to NPL Characters. When Bit Significant G
Column 80 is Reached Op is 2

Setup Command Byte
2540 -E2
2501,2520  -F2

QGsN

2540 or 2501 2520

2501,2520
QGS5HI

l Change Op Code to 31

]

1 [[acs91, 531

Send Device Address, Check
for Correct Device Selected

Correct Device

QG531

Setup and Issue Sense
Command (04). Bring in
Status and Test for Busy .

Has Cord
Been Fed for Last
Read Op

YESE aGs91, 530

Send Device Address,
Check for Correct
Device Selected

| acsn

Set Out Command
€2 or F2. Woit for
Status In

QG531

Either
Unit Check or Unit
Exception Bit

YES

To Intervention Required
Halt

QG6l1, 541

Send Service Out and
Setup Main Storage
Address to Equal

1400 Address 401

So Two Passes are Made thiough the Routine.

QG591, 031
QF661, QEOD1

| QG561

Send Bits from Buffer
(12~3 Rows) and do a
Tobte Lookup to Change
the BCD Code to NPL
Character and Store.
Change Main Storage
Address 1o Equal 1400
Address 501-2-3--80.

l QG561

Send Bits from Buffer
(4-9 Rows) and do a

| acsa

Repeat the Above Two
Steps Until the Control
Unit Sends Unit Status
In. 1f Status - In ond
Service - In Come in
at the Same Time o
General Stop Halt will
Qccur

QG571

QG571

Check if an Unit Check
Exist, If so See if the
1/O Stop Switch is On,
I1f On, go to a General
Stop Halt and Change
Op Code to 21.
Otherwise go to the End
Reod Routine

QG571

YES

Switch. f On, Chonge
Op to Ft and do the
Second Pass. f no
Error or 1/O Switch
Off Do Second Pass

QG381

Unit Check Exist

NO

Restore the A-Star.
Test Mode Switch if
1,0 Traps are Allowed.
1f Instruction was
1AAAC, Setup
Instruction Address

to AAA. Check if an
Interrupt Exists, if

so Decode Interrupt.
Otherwise, Read Out
Next Instruction.

-Do Next Routine

To General Stop Halt

QGS521, QE64l

YES

QG511

Setup Read Command D2

QG591, 531

Send Device Address,
Check for Correct Device
Selected.

l QG531

Send Out Read Command
(D2). Wait for Status In.

T"Start Second Pass. The
| Second Pass Does the
| Operation of a Normal

L_Read.

6 ms After this Command
is Received the Reader
will Feed the Next
Card and Fill the Buffer
with New Information

QG53)

Send Service Out ond
Setup Main Storage
Address to Equal 1400
Address 0000

Store a & (50) at

0000 (1400 Address)

Test Program Mode Selected QGs2! Table Lookup to Change Fither

Switch if 1/O Traps Qeat! BCD Code to NPL Gnit Check or Unit QG571

are Allowed. If Instruct Character and Store . Exception Bit QE641

ion wos 1AAA, Setup TG | Ston Halt Change Main to Equal -~ —
NO QG531 Instruction Address to © (enerol Stop fa 1400 Address 40X

AAA. Check if an Holt

| qosn

Test Unit Exception Bit
to See if Last Card has
been Read. If it has
Turn On Bit 0 of the
Sense Switch Byte

I QG571

Check to if an Error
waos Recognized ot

the End of the First

Pass and the /O Switch
was On. 1f so, Change
Op Code to 61 and

do o General Stop Halt.
If no Error, do the

End Routine, Change
Op Code to 00.

There was an
Error on First Pass

IWhen o Bad NPL
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Instruction - 4, 4AAA , 4R, or
AAAAR. . T T -
Device = 2540

Instruction
is Punch Feed Read

Change Op Code to A4

Bits O and 1 are Setup in
the Stacker Select Byte
During a K Instruction .
Bit 3-Couses Last Card
Punched to be Selected
Bit 4-Allow PFR Brush
to be Hot

Bit 7-Write (Punch)

Set up Command Byte
Punch XX010001
PFR XX011001

QG511

Setup Device Address

OO |

l QGS591, 531

Send Device Address,
Check for Correct
Device Selected

Correct
Device Selected

To General Stop

QG331

No

Setup and fssue Sense
Command (04). Bring
Status and Test for Busy

Send Service Out, Wait
for Service In

Check for Bus Out Parity
or Equipment Check |f

Either Exists Set a Status
Register Bit

QG531

Send Service Out, Wait
for Status In

QG591

Send Service Out. If an
Error had Occurred Check
the 1/0 Stop Switch.

Error

To Error Stop

QG591, 531

Send Device Address,
Check for Correct
Device Selected

Channel End is Up at this
Time and the 2540 Feeds
the Cards and Punchs .

if PFR is Being Done the

Card is Read at this Time

L ——

QG531

Send Out Punch Com-
mand Wait for Status In

QG531

Either
Unit Check or Unit
Exception Bit

QG541

Send Service Out and
Setup Main Storage
Address to Equal 1400
Address 0100

[ QG541

Reset Stacker Select
Byte. Store a O(F0) ot
1400 Address 0100

QG521

Read a Character Out of
Storage, Remove Any
Word Marks Before Send-
ing to the Buffer. Send
the Character to the
Buffer . When the End of
Buffer is Reached Status
In is Received Ending
the Transfer

| QG541

Status is Checked to See
If an Error Occurred on
Transfer of Information .
Reset PFR Error Indicators

Error
Occurred During
Transfer

QG541

Set B-Star to Address of
Last Character Readout .
Change OP Codes 24
(Punch) to 20 and A4
(PFR) to 28

QGS571,581

Send Service Out

I QG511

Check the Op Register
Op Code 20 [ndicates
Operation Completed.
Op Code 28 Starts Setup
of Read Command for the
PFR Instruction to Bring
in the Data

Op
Code 20 or 28

Restore A-Star from MPX
Storage . If Branch Ad-
dress is in Instruction
Set B-Star from | Star.
Then 1-Star from A-Star
and Return to | Cycles

Do Next Routine

To Intervention
Required Halt

To General Stop
Cord is not Fed

28(PFR)

Setup the Read Command
{C2) Byte 11000010.

Set Bit 0 of the Punch
Address Byte On. Setup
Device Address

[ acso, a1

Send Device Address,
Check for Correct
Device Selected

Correct
Device Selected

No

To General Stop

Device will be Busy
Until Punching is

Completed and Card
has been Read into
the Buffer

Setup and Issue Sense
Command (04). Bring
in Status, Test for Busy

QG531

| QG561

Bring in 1 Character ot a
Time from the Control
Unit Buffer and Store in
Main Storage at Addres-
ses Equal to 1400 Ad-
dresses 0001 to 0081.
Leave Word Marks in
Storage when Found.
Change Invalid Char-
actors to Blanks (40) and
Set a Status Register

Bit to Indicate an Error
Exists. Send Command
Out at Column 80 to
Bring Status In

No QG531

Send Service Out
Wait for Service In
QG531

Check Bus Out Parity
or Equipment Check,
If Either Exists Set a

Status Register Bit

QG531

Send Service Out
Wait for Status in

QG591

Send Service Out If an
Error has Occurred, Set
Bit 2 of the Punch Ad-

dress Byte On

QG561, 571

Change Op Code 28 to 20.
Wait for Status in.

If Any Errors Occurred
During Read-In and the
1/0O Stop Switch Is On Do
a General Stop. If Not

Error
Did Exist

Yes QG591

Set Bit 2 of Punch Ad- Restore the A=Star.,
dress Byte On Check
1/0 Switch l QG531

If tnstruction Included a
Branch Address Set B-
Star from |-Star and |-
Star from A-Star Return
to |-Cycles.

-Do Next Routine

1/0
Stop Switch On

QG591, 531

Send Device Address
Check for Correct

Device Selected

__]—< 4

Send out Read Command

(C2), Wait for Status In

Either

Unit Check or Unit

Exception Bit
On

To Intervention
Required Halt

Instruction - 4C_or 4AAAC

Device - 2540

QG511

Bit O and 1~ Stackers
Bit 2 - Column Binary
Bit 3 - Stack Last Card

Setup Command for Punch
Column Binary XX110001

Punched
Bit 7 - Write (Punch)

Setup Device Address

l QG591, 531

Send Device Address
Check for Correct
Device Selected

Correct
Device Selected

No

Setup and lssue Sense
Command {04). Bring
Status and Test for
Busy .

No QG531

Send Service Out, Wait
for Service In
QG531

Check for Bus Out Parity
or Equipment Check If
Either Exists, Set a
Status Register Bit

QG331

Send Service Qut, Wait
for Status In
QG591

Send Service Out. if an
Error had Occurred
Check the 1/0O Stop
Switch.

Error
Occurred and 1/O Stop
Switch On

No
To Error Stop

QG591, 531

Send Device Address
Check for Correct
Device Selected

Either
Unit Check-or Unit
Exception Bit

To Intervention
Required Halt

I QG541

Send Service Out and
Setup Main Storage
Address to Equal 401

QG541

Reset Stacker Select
Byte

QG521

Readout Character from
401, do Table Lookup
and Change to BCD Code
Send BCD Character to
Upper Half of Buffer
Column 1. Readout
Character from 501 do
Table Lookup and
Change to BCD Code .
Send BCD Character to
Lower Half of Buffer
Column 1. Repeat for
402 and 502 to Column
2 Etc, Until 480 and
580 are in the Buffer .

[ aes

Bring in Status and Test
for Errors in Transfer .

I QG521

Errors Cause a General
Stop . No Errors the Op
is Changed to 20.

QG571

Send Service Out

QG511

The Op Code of 20
Indicates End of Op

QG591

Restore A-Star from MPX
Storage . If Instruction
Included a Branch Ad-
dress, Set B-Star from
|-Star and |-Star from
A-Star . Return to
I1-Cycles.

Do Next Routine




Forms [nstruction Fd or FAAAd Print Instruction - 2, 2d, 2AAA, or 2AAAd
Device 1403 Device 1403

yLL 412
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! This Command will be
| Combined with the Next

Print Command
|
|

After

QG581

Check to See if the In-
struction is a Space Skip
{mmediate or a Space
Skip After Print

QG581

Immediate or After

| QG601

Check to See if Instruc-
tion was FAAAd. If so
Set a Status Register Bit

Jacsai, are

If Instruction was FAAAd,
Set B-Star from |-Star and
B-Star from A-Star .
Check if an Interrupt
Exists, If so Decode the
Interrupt . Otherwise
Readout Next Instruction

Do Next Routine

QG531

Send Service Out Wait
for Service In

tf Channel 9 has been
Sensed

|  cos

Check for Bus Qut Parity
or Equipment Check if
Either Exists Set a Status

Register Bit

1

Setup Command (Control)
and Device Address

QGs91, 531 | |

Send Device Address
Check for Correct Device
Selected

Correct
Device Selected

QG531

Setup and Issue Sense
Command (04). Bring in
Status and Test for Busy

No

Yes
To General Stop

Readout Temporary Form
Byte . Check if Last Com-
mand was a Skip. If so
Set Byte Back without

Test for Space or Skip

Command

QG611

QG611

Space or Skip

QG511

Setup Command by
Combining the Temporary
Form Byte with Present
Command . If Instruction
has a d~Modifier of S
(Space Suppress) Com~
mand is 00000001 other-
wise the Command is

If the d-Modifier is a XX
(Print Wordmarks) Set a
Status Register Bit and
Device Address

I QG591, 531

Send Device Address
Check for Correct Device
Selected

Correct
Device Selected

QG531

Setup and Issue Sense
Command (04). Bring
in Status and Test for' Busy

QG531

Device End Up

General Stop

QG531

Set a Status Register Bit
if Channe! 9 Has Been
Sensed

| QG531

Readout Temporary Form
Byte . Check if Last Com-

If a Bus Out Parity, Equip-
ment Check, Data Check,

00001011, otherwise it
is 00001010. If this
Command is Not Space
Suppress Change Byte to
00001001 or 00001000

L

Test for Space or
Skip Command

QG611

Space or Skip

QG611

QG611

Readout and Set Tempo- Check if Command is
XXXXX001 rary Form Byte . If Skip to Channel 9. If so
Setup Command and Store Channel 9 has been 3 Byt
in MPX Stora [mmediat i Saf Temporary Farm 2yie
ge ediate QGS51t Sensed, Byte is Set to to 00001011 I it is Skip

to Channel 12 Set Byte to
to 00001110, For all other
Skip Set Byfe to 00001010

QG541

Address Byte

Setup Address Equal to
1400 Address 201 and
Reset Error Bit in Printer

QG541

the Field

Check If Machine is 100
or 132 Print Position and
Setup Ending Address of

QG551

Character

Send 1 Character at a

Time to the Print Buffer.
if Necessary do a Table
Lookup to Send Correct

QG551

QG531
Send Service Out, Wait If Instruction is Print WM,|
Set a Status Register Bit No for Service In Check each Character

for a wm . If a wm is
Present, Send the Char-
acter 1 (F1) to the Buf-
fer. Otherwise Send a
Blank (40) to the Buffer .

QG551

-
When End of Field is ich ’
Found, Set Command Out {C ange Op Code 22 fo 20

QG531 any Change mand was a Skip. If so or Parity on UCB Feature,
Sond Service Our, Woi QGsi1 Set Byte Back without Set a Stotus Register Bit and Bring Status In. Reset
for Status In any Change . Qcsal Select Ouf
QG591 Readout and Set Tempo- Check if Command is - .
Command was rary Form Byte . If Chan= Skip to Channel 9. If so ?:rngtzfsswf: Ot Wit - QG551
N Error Skip or Space p nel 9 has been Sensed, Set Temporary fQ’_m By_'e
2 has Occurred Suppress Byte is Set to 00001011, to 00001011 If it is Skip Command was Skip ) Command Start
Otherwise it is 00001010. to Channel 12 Set Byte or Space Suppress If Error has Occurred QG591
No QG621 If this Command is not to 00001110 . Check the 1/O Stop
Space Suppress Change For All other Skips Set Switch. If on Go to h .
Check if Channel 12 has Byte to 00001001 or Byte to 00001010 No QG621 Error Stop otherwise ’:estore 'A-Star. Check if
| . ) h 00001000 Continue nstruction was 2AA  or
Set Bit 2 of the Printer been Sensed . Reset the Check if Channel 12 2AAAd. If so Set B-Star
Address Byte On. Check Channel 9 and 12 Indi- 1 has been Sensed . Reset QG531 Trom the I-Star and the |

the 1/0 Stop Switch, If
on Go to Error Stop

cators in the Temporary
Form Byte

I QG591

[ acm

Send out Form Command
XXXXXO011. Wait for
Status In.

QG531

Either
Unit Check or Unit

No

Set Channel 12 Indicator

Exception Bit
On

To Intervention Required

1 [ aocsa

Reset Select Out Set
Service Out and Com-

Check to See if instruc-
tion was FAAAd. If so
Set B-Star from |-Star
and |-Star from A-Star .
Check if en Interrupt
Exists, If sc Decode
Interrupt otherwise
Readout Next Instruction

Do Next Routine

the Channel 9 and 12
Indicators in the
Temporary Form Byte

Send Device Address
Check for Correct
Device Selected

Send Device Address, 12h Ctannesl " b mand Start Send Qut Print Command
Check for Correct 08 been sense I QG601 Channel 00000001 or XXXXX001
Device Selected

12 has been Sensed

| Qcs3l

Wait for Status In

Either

Unit Check or Unit
Exception Bit
On

To Intervention Required

I-Star from A-Star,
Check if an Interrupt
Exists, If so Decode
Interrupt. Otherwise,
Readout Next Instruction

Do Next Routine



Op
Cp
Op

Code L = 2E |
Code M = 2D |
Code U =2C |

Invalid B-
Address Exists

—
~ Set Odd Redundancy

L,MorU
Op Code

Chart 108

QGO

To Stop Entri Is
© Stop Entries | U - Set Even Redundancy Instructi
| G - 1442 Op YES Tens Character a
| Y - 1443 Op BorU
| F-2311 Op
QGO11 | T - Console Op
Chart 155
NO B,U
Ivalid 1O Op |
F T G Y
°
[ [ 1 | Qcol
N . . . Reader, Punch Routine Printer Routine Start Setup of Mode
I’ File Routine i Typewriter Routine j (]442)’ | (1443) —‘ rSe! Command Byte

Program

Chart 125
and 127

Chart 156

The Erase is not Started
Iav this Time. Only if the
| Next Command for this

Unit is a Write will the

| Erase be done.

will Occur before Writing
- ]

Mode Switch

Erase

Set the Erase Bit (Bit 2)
of the |/O Error Byte

Program
Mode Switch

Chart 156

QGOoN

Program
Mode Switch

Chart 156

A - Diagnostic Read
B - Backspace

R - Rewind

E - Erase

M - Write Tape Mark

U - Rewind and Unload

Program
Mode Switch

Chart 156

Set Up Error Code

I

|

|

I

| Chart 155
I

E,M,U

Mode Switch Byte

Tapes Installed

Program

YES

B - Set Odd Redundancy
I'U - set Even Redundancy

on

NO

QG001

Program
Mode Switch Byte
Bit 0 On

JR——

YES

8it 5 On

QGo4!

QGON
To Program Mode Switch
Entry

QG721

Chart 156

Replace Op Code
with d-Modifier,
Read Out /O Error B
from MPX Storage

yte

-
|

QG041

d-Modifier is

QG4

Reset Erase Bit (Bit 2)
in the 1/O Ercar Byte

QGo41

d-Modifier is

E,M, orU

U QeG4

Set Up Command Byte
for Diagnostic Read (37)

QG041

To I-Cycles

Setup Address of Tape
Unit Control Byte

Setup Command for

Reset Erase Bit (Bit 2),
Set Bit 1 and’or Bit 0
of 1/O Error Byte

QG041

A,B,R, or E,M,

d-Modifier is
A,B, or R

R __acos

QG041

d-Modifier
is R (Read) or W
(Write)

READ

QG041

Set Up Command Byte
for Read (02). Reset
Erase Bit (Bit 2) in the
1/0 Ervor Byte

QG041

Set Up Command Byte for
Rewind (07)

Set Up Command Byte for
Bockspace {27)

Reset the Erase Bit (Bit 2)
of the 1/O Error Byte

Write Tapemark (1F)

Set Up Error Code

To General Stop

QG001

QGOl

Chart 155

WRITE

NO

Set Up Command Byte
for Write (O1).

YES
Erase before Writing

for Erase (17)

QG041

Set Last Op Write and
Wr/ WM Bits

Chart 102

Set a Status Register
Bit t5> Allow Branch

Chart 124

CLF 115

Set Last Op Write and
Wr/WTM Bits

Set up Mask for EOF
Block Bit and Backward
Op Branch Bit

T

QE00?

To Interrupt Decode

QE&01

Chart 155

BRANCH-END OF FILE

QGoé1

Read Out Tape Control
Unit Control Byte and
Setup the Address of
the Last Addressed
Tape Unit Control Byte

QGo61

Read Out Tape Unit
Control Byte and Test
for End nf Fite (Bit 3)
Reset Bit 3 if On

End of File Bit
was On

QGo6!

Chart 119
SELECTOR CHANNEL  MULTIPLEXOR

Rewind

Rewind or
Rwd . Unld.

Rwd.Unld.

Continue Set Up of Mode
Set Command Byte

QG041

Reset Bits 2 and 3 of
Tape Control Unit Byte

YES

Set Bit 2 of Tape Unit
Control Byte and Store
Byte in MPX Storage

Set Up Address of Tape
Unit Control Byte

Continue Setup Mode
Set Command Byte. Read
QOut Tape Unit Control
Byte

QGOo4l

This
Operation is a
Backspace

TBits 0 and 1 - Density
| Bit 2 - Last Operation on
this Unit was Backspace
|Bfr 3 - End of File is Out-
| standing for this Unit
Bit 4, 5, 6, and 7 - Add-
ress Assignment of Tape
| Unit to be Used as 1401

Unit

QG041

IBit 2 - Last Operation On |

Reset Bit 2 of Tape
Unit Control Byte and
Store Byte in MPX Storage

Ithis Unit was o Backspace |
_ O

NO

Bit 0 - IPL l
Bits 1,2, and 3 - 1401 |
Address for Last Tape |
Unit Address. |
Bits 4,5,6, and 7 - Address
Assignment of the I

Tape Control Unit

-
|
I
L

| | qcoar

Reset Bit 2 and 3 of the
Tape Unit Control Byte
and Replace the d-Mod-
ifier with the Results

Store the Tape Unit
Control Byte Address
in MPX Storage

[ QGos!

Read Out Tape Control
Unit Byte

Initial Program
Load (Tape)

QGO51

Status Register
Indicate IPL

Reset Bit 0, Seta

NO

Bit to

Set Up Track 7
Command Byte

7 or 9 Track Tape

Comm

| QG051

Last Operation YES

a Backspace

QG041

Results.

Backspace

Reset Bit 3 of Tape Unit
Control Byte and Replace
the d-Modifier with the
Set a Status
Register Bit to Remember
Last Operation was a

A

| Test Bit O of Tape
| Contiol Unit Byte

I
U

Set Up 9 Track

and Byte

Last
Op was a

QG051
Set Up Status Register
Bit to do @ Trgck in
Error Request

[

Store B-Star (Data
Field Address)

Backspace ona ¢
Jrack Uni

Read Operation

QG051

Store Command Byte
in MPX Storage

QG051

VD ———
Mode Set for 7 Track or
| Request Track in Error

QG051

Reset Bits 0 and 1 of
the Command Byte

Do o Mode Set
Command

SELECTOR

QHOO01

1400 Tape Common, Branch on EOF

Chart 121

QG051

To Selector Channel
1400 Tape Routines

QGOs1
Using -
Selector or Multiplexor

Channel

Chart 117

MULTIPLEXOR

| Command (9 Track)

QG051
Reset Bits 0 and 1

of the Command Byte

To Multiplexor Channel
1400 Tape Routines

—————
This is not a Microprogram
|Brcnch, Shown here to
Indicate Different Micro~
Ilprogrum Versions

Test Bit 2 of /O
Error Byte

Set Up ommand Byte
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QGOo01,011
Decode Op Code
L=Load (2E)
M=Move (2D}
U=Control (2C)

QG001,011

QGOo41

Decode D-Modifiers
R=Read
W=Write

Reset Erase Bit
Store Starting Adrdess
in O-Star, Setup

Read or Write

Is Erase Bit On

Decode d -Modifiers
A~Diognostic Read
B-Backspace
E-Erose

M-Write Tapemark
R=Rewind

U=Rewind and Unload

IE QG04l

) Y

Set Erase Bit On and
Store in MPX Storage

Reset Erase Bit. Store
Backspace Last Op Bit.
Setup Command 27

A

QG041
Reset Erase Bit. Set
Forward Space Record
this Time Bit On,

Setup Command 37,

E,B,A,M,R, or U

QG041

M R
QG041

QG041

Track in Error Used
| for 9 Track Drives Only

QG041

Reset Erase Bit. Setup
Rewind Command 07 .
Setup EOF Block Bit

Reset Erase Bit. Setup
Rewind Command 07.
Set WTM Bit.

Reset Erase Bit. Setup
Rewind and Unfoad
Command OF . Setup

L [[coeon

Reset Backspace Last
Op Bit and End of File
Bit

e

QG051

Redundancy Bits. Set

YES

Command 02
QG041 QG041
Setup Erase Command 17 Setup Write Command 01,
Set Write Bit,
- Setup Density and
7 or 9 Track Bit
A Mode Set Command |
) is Given First for all I
7 or 9 Track Drive 7 Track Operations and
for all 9 Track Write |
< Commands. Also @ 9 Track
QG761 Was Last Op a Read Preceeded by a I

Channel

End or Forward
Space Last Record

Unit Exception On

Store End of File Bit

1

Setup Test 1/O to
Last Drive Addressed

QG761

Short Busy
on Last Device
Used

YES

NO | QG761,771

Issue Command of
00 and Test Status

Is this Test 1/O

Backspace

Backspace.

QG051

Set a Status
to Remember this is a
Track in Error Request

Register Bit

1

|
|
|
|
|
QG051 N

Remember Address of
First Data Byte. Store
Command in MPX Storage

QG761

QG761

Issue Mode Set
Command or Track
in Error Request

QG761

Setup to do Mode Set
\ Command if 7 Track

Op or 9 Track Write.
Also for Track in Error

Take Control of Polling
ond Set Device Address

Selected Drive On Lin€

QG761

Short Busy; Status In |
Response to Address Out 1 YES

Issue Commond

YES
(Intervention Required )

QG761

8F Stop

YES

YES

Is Channel End Up

Issue the Action Command

Is Status 00

issve Test 1/O

QG76)

Channel
End or Forward
Space Last Recorg
On

NO

Unit ExceptionBit On

YES QG761
—— PG

Store End of File

\faﬁ ,

Mask . EOF Block Bit Mask .
—_—
QG771 | Status is 00 for a 9 Track
| Read, Sense, or Track
In Error Commands
Busy Bit On in
Status Byte
e o —

Exit for 9 Track
) Control Commands

Is this a Mode
Set Command

QG831

Was
it a Forward
Space Record or
Write Tapemark

e ———
| Busy Bit Should Never NO
f be On ot this Time. If

it is, the Micro Program
| will Probably Stay in the
| Test 1/O Loop

NO } Reset Status Byte in
iQG?él CPU Storage to 00

Busy Bit On in
Status Byte

QG841

Chonnel End in YES

Initial Status |'7 Set Forward Space
‘ Record Last Op Bit
|
|
| Reset Forward Space
, Record this Op Bit
Exit for 7 Track | QGs4l
Control Commands
QG761

YES

Is Erase Bit On

Reset Erase Bit. Return
to 1-Op Position of
Write Instruction

Store in MPX Storage

Find Third Sense Byte and

This is Done to Force a
l Test 1/O Command on a
Branch on Error Op to
! Bring in Outstanding
| Status

'__.____.
|

1

Odd or Even
Redundancy

Unit Exception Bit On

This is
Track in Error or
Sense Cmd

Sense Byte Request

Qe7n |

NO

QG781

Read or Write

Readout Trc;ck in Error
Byte and Send to Control
Unit, Do Read Command

Do Read Loop

or GMWM and

QG791

Do Write Loop

Unit Check Bit On

Setup to do a Track in

Error Sense Command 04

Y Tape Ended QG8I1
Issue Command Out . .
Wait for Status In Un". Exception
in Status
Next Read-In
Area Character is a
GMWM
NO QG811 QG811
Store Tapemark Followed Store Tapemark in
by a GMWM in Read-in Read-In Area
Area
QG8N
NO 9Track Drive an YES

QG831, 841

Check to See if First
Character Read In from
Tape was a Tapemark

| acsa

Set End of File Bit On
for this Unit. Reset EOF
Block Bit.

Set A and B Stors
Invalid Indicators
Return to [-Cycles

Tapemark Record

QG841

YES

Update O-Star, Set
A-Star Invalid Indicator

QG841

Do Next Routine

Return to |-Cycles

Do Next Routine

-«



TAPE
MULTIPLIER CHANNEL

Chart 115

QG821

Setup Block Bit Mask

Read out Block Bit Byte .

QG761
Set Command Start

Set Latch (H35) to
Prevent Selector

Channel Traps Lost
Op Was a
Read Op
° qerer  Crtlis Qcs2!
Set Unit Address Set EOF Block Bit
into MPX Storage
+ l QG821
Block Bit
Set Bus Out Control Was Already
and Command Start On.
Send Address Out
1-Cycles Setup Selected Tape
BRANCH ON ERROR Drive Control Byte
Address .
NO Operational In Up YES l QG821

QG761

QG041,82] Read out Control Byte
Setup Address of Status and Set EOF Bit.
Byte in CPU Storage

QG821

QG821

Readout Status Byte

Reset Select Out

Set Command Start

Reset Address Out Test 1/0O Op

YES

QG771
Status Byte Equals 00 Reset Select Qut (Set Doing
Control Unit Busy Latch) Sense Command
for Track in Address In Up
\ | [ acre lo QG761
Readout Last Tape
Elm Conrro|d8yte. Set Instruction Address In Test I/O
Set Command Start Back 1 and Readout Sequence
Character
" Set Command in Set Command of 00
Chart Ereeption Bit On R-Register in the R-Register
Test | O Finished Choracter has
Set o Bit in the Status o Wordmerk
Register On to indicate Correct
Test /O Routine Being Address Received
Done ‘ c : - for Device
orrect Instructicn
Address and Setup QcG7e!
Error Code Set Bus Out Controls,
Setup to do Test /O Command Out, and
Command Start
To General Stop
J
If Unit was Busy and
Last Operation was a |
Forward Space Record, |
the Channel End Bit is | Reset Test 1/O and Chart 155
On. See QG771 1 Unit Exception Bits
¢ P ! Chart 155 | Status In for a Mode
in the Status Register TEST Test o Srast 1/O Set Command is Not
l stor start / Equal to Zero
—
YES YES
QG771 Status Byte Equals 00 Status Byte Equals 00
NO etup Word Separator
Jp Reset Select Out Character in a Register
Enter A
Test 1/O from _ Readout Command Byte
Branch On Error Qe : Setup for this is On
YES in Test A QG761 when FSR Last QG771
| O Sequence OR in Forward Space L s ORed with Stotus
Last Record with N— Track
. " - Channel End Bit YES in Error OR
et Command Start nter Positi f H
oot St Test 1 O from NO osition of Unit Status QG781 Sense Command.
Channel End Bit On if Branch On Eiror Set Service Out and
Forward Space Last Op Command Start Even or Odd
Bit is On Qcre! Redundancy
- NO
Setug Tape Unit Control Set Service Out and Sense Command
Byte Address Command Start, Modify QG781 Change Word Separator
Status (Test | O Readout Track in to Odd Redundancy
Sequence Clears Status! Error Byte if 9 Track
— QG771
NO Unit QG73 ¢
Exception Bit On 781
Unit Exception .
Bit was On 9 Track Drive
Status In Up
y YES
< NO QG781 NO QG771
l Set Error Code Setup for Even
Redundancy
YES
To Tape Stop Qe771
Set Address for Tape Third Sense Byte Zef Service Out and
Status Byte and QE651 ommand Start
Store Status
Set Bus Out Control,
QG821 Service Our and
Test Status to See if Command Srart Store Sense Byte. Chart 155 READ Reod or Wite
Unit Check Bit is On l Set Command Out
QGo3l and Command Start
QG781 MOVE " WRITE
Channel End Up - ove or Load
Set Service Out and To Write Loop
C, d Stort
Chort 119 omene or To Read (Move)
QG791

QG781 QGeol Chart 119

Chart 118

NO
QGs3l A Reset Track in QG78l

Error Byte, Reset - :]
Select Out. Set Error Code

Readout Command Chart 119 l QG781

Status In Up

Mode Set Command Chart 118

Reset Select Out and
Set Read Status in

and Rc-amove Flags. {Bits 0 Readout Command To Tape Stop the Op Register
and Bit 1) Byte. Set Service Out
and Command Start QG811
P 7T w
YES Chort 155 Chart 118

Operational In Up

CLF 117 1400 Multiplexor Setup, Branch on Error



READ-MOVE

w Chart 117

>

QG801

will Enter

Readout Main Storage
Position Tape Character

: End of Read In Area

YES

QG801
Set Command Out and
Command Start

1
|
L

Set Character from Tape
into Storage without o
Wordmark

Character
Read from Storage is
a GMWM

Status In

QG801

YES
Up
QG801

End of Record on Tape :

QGBo1

o>

YE!
QG801

S
Setup Error Code

[elel:x])

QE651

Test by Checking Bit 1
of Last Character Read !
from Tape :

QG

Set Status in the Op
Register with Bit 6
(Unit Check) On

Reset Select Out

QG811

Character
did have a Wordmark

Set Service Out and
Command Start

Move Operation

QG811

Exception Bit On
(TM: Record)

I QG811

Store Tapemark in Main
Storage and Read Out
Next Position

|
|
1

Reset Select Out

Setup Error Code

To Tape Stop

Chart 117
READ-LOAD

@ | aceo

Setup Op Register to
Recognize Initial Program

Load.

<

YES QG802

Readout Main Storage
Position Tape Character
Will Enter. Check Bus in
for Word Separator.
Increase Main Storage
Address by 1.

QG801

QG831

QG802

I QGBI
Reset Unit Exception Bit
in Status Byte in the Op

Register

QG811

Character
Read from Storage is
a GMWM

YES

Character

YES

has a Wordmark

QG811

Set Device End Bit On in
the Status Byte in the Op
Register

9 Track Drive

Store Status Byte in
MPX Storage

Unit Check Bit On

9 Track Testing Done

Readout Command Byte

QGBI

QOdd or Even Parity

QG831

Address of First

Setup Main Storage

Character Received
from Tape in A-Star

Chart 119

Setup to do a Track in
Error Sense Command

Initial

I

QG761

Chart 117

Program Load

Readout First Character

QG831

Chart 119

Setup Low Portion of
Address in I-Star

Start Setup of I~Star |
to 1400 Address 0001 |

a Wordmark Chart 155
Sef Charcter from Tape QEe3! YES “Tnitial Program Load ~SNO
into Storage with a
Wordmark
Chart 155 NO
J from Storage is a
QG801
Set Service Out and
Command Start YES QGeo2
Store a GMWM in
Bus Main Storage. Set
YES In is @ Word Service Out and
Separator Command Start,
QG801
-~ Last
NO Bus In Character
Correct Redundancy was a WS Last Correct Redundancy
QG811 Bus In Character
was a WS
Set Status in the O
R:gm:rus " fhe P Store Bus in Character NO QG802
with WM in Main Storage NO  ~5802 Setup to Force Unit
Check Bit On
Store Bus In Character
Decrement Main Storage in Main Storage
QG811 Address by 1 QG802
& Last o Decrement Main Storage
aracter Real 1 W
from Storage is a (. by 1 to GMWM
GMWM
[ acsn ]
Set Service Out and
Command Start >
QG81
Unit
YES Exception Bit On
(TM Record) >
4 NO QG801
Status In Up
QG QG801
Store GM with or with= ;e' Status ,",‘1 CB"P . 4
out Wordmark as Required oe:';:eé:;'f it
y [ _acsn
Reset Select Out Send Command Out and
Set Service Out and Command Start (Discon—
Command Start nect Control Unit)
Set Units Exception Bit
On in the Status Byte
in the Op Register
Chart 117

CLF 118

1400 Multiplexor Read




Chart 118 Chart 117
felct:x] QGesl
Unit Store Command in CPU
YES Exception Bit On NO Storage as is
Comman
Chart 118 is Write, Wr.T.M, or

Fi
Character

YES

Character a Tapemark

WRITE
Chart 117

| acmn A

Readout Character to be
Written

Setup Error Code

QG831

To Tape Stop

QE651

Is Character GMWM

Chart 155

YES

Forward Space
Record

NO

Character

Contains a Wordmar| YES

QG831

Set Status Byte in Op
Register to 00

QG791

Setup Character for Even

YES

Character

I | QGs4!

Readout Tape Unit Control
Byte Address (Temporary)

] | aces

Read Out Tape Unit Ctrl
Byte Address (Temporary)

a Tapemark

or Odd Redundancy .
Reset Wordmark Bit,

Setup Character for Even
or Odd Redundancy

Move or Load MOVE

QG791

Set Bus Out Control,
Service Out, and
Command Start

¢

Sent was a Word
Separator

Set Bus Out Control,
Service Out, and
Command Start

QG791

Setup to Send o Word
Separator Character.

Read Out Tape Unit Ctrl
Byte Address (Temporary)

L

Set Main Storage Address
to Character Just

Chart 117

QG841

Unit Check Bit On

YES

Unit
Exception Bit On

QG841

Readout

l QG791
Set Bus Out Control,

Readout Tape Unit Control NO

Byte and Set End of File

(Bit 3) On QGs4l
ReadOut Tape Control Unit
Control Byte and Update

.. Last Tape Unit Address
This is
Backward Op
QG841

Update Byte

Read Out and Reset the
EOF Block Bit for Selected

Indicate Forward Space
Last if this was a Forward
Space this Time.

in Storage to

Drive .

QG841

Set [-Star to Beginning
of Op Code to do Write
Op Again

QH841

Reset the Forward Space
this Time, Forward Space
Last Time, and Erase Flags

CLF 119

Initial Program Lood

Unit Check Bit On

YES

1400 Address

Store Updated Byte

Store Status in CPU
Storage

QG841
Setup I-Star to go to 0001

QG031

Read Out Programs Mode
Switch Byte Test Bit 5

Allow 1/O Trops

Reset Poll Control, FA
Register and Selector

Channel Request Latch(H5)

[

Service Out, and
Command Start

l

QG031

Chart 115

1-StAR

was Erase

NO

Use
A-Star or [-Star for

QG031

Next Address QFé61

Invalid A-Address

Advance

Installed

]

‘ To Stop Entries

Program Feature

[Test 8it 1 of 1400 Control
| Byte

QF661

Setup Error Code

To Tape Stop

QE651

Chart 155

Update and Store O-Star

Set B-Star to Zero.
QE&5! QF661 Set Status fo Indicate
Chart 155 Invalid B-Star
Set B-Star from |-Star
Chart 102 Chart 155 J
Set |-Star from A-Star
!

1400 Tape - Multiplexor Write, Tape Ending



L=Load (2E)
M=Move (2D)
U=Control (2C)

QG001 ,011
Decode Op Code

Decode d-Modif
R=Read
W = Write

iers

| aco4

Decode d-Modifiers
A=Diagnostic Read
B=Backspace

E=Erase

M=Write Tapemark
R=Rewind

U=Rewind and Unload

QG041

QG041

QGO41

E,B,A,M,R, or U m

QGo41

QG041

u
QG041

QG041

Reset Ercse Bit

Store Starting Address
in O-Star. Setup
Command 02

—_—
A Mode Set Command |
is Given for all 7 Track
Tape Operations and l
for all 9 Track Tape |
Write Commands or |
Read Commands Preceeded|
by a Backspace Op. |

Set |-Star to Op Code
Just Read QOut
Go to I=Cycles to
» Clear Interrupts

17

Read or Write

Setup Erase Command

Is Erase Bit On

QG041

Set Erase Bit On and
Store in MPX Storage

QG041

Reset Erase Bit. Store
Backspace Last Op

Reset Erase Bit. Setup

Reset Erase Bit, Set
.Write Tapemark Command

Forward Space Record

Reset Error Bit, Setup
Rewind Command 07.

Reset Erase Bit. Setup
Rewind and Unload
Command OF . Setup EOF

7 or 9 Track Drive

QG051

Was Last Op a
Backspace

QG051

Set a Status Register
Bit to Remember this
is a Track in Error Req

|acos

Remember Address

First Data Byte, Store
Command in MPX Storage

of

QHOO1

Setup to Use Channel
lor2

Channe! Busy

QHO01

QHOO! ' Command

 Ready to issue Action

QHO41

QHOO0!

Set {-Star to 1-Op
Position of this
Instruction

Intervention Required .

Status Byte is
0000XX00

€

s
| Channel End and Device
End are Up for a Mode
Set Command

Track In Error
Command

QHO41

Channel End Up

Track in Error
Sense Command

QHO41

Readout Track in Error
Byte and Send to Control
Unit. Readout Action
Command

QHO51

YES Is this 0 Mode Find Third Sense Byte

Readout Action Command

Set Command and Store in MPX

Storage

QHO61

]

L
r QHOO1

Setup to Prevent
Interrupts and Setup
Device Address

Setup EOF Block Bit
Mask

| [ [ awon

Attempt to Set Poll

> Control
i QHO01
NG Did Poll Control Set
QHO11
Queue Status of Device YES
QHO21

| Test 1/O Command Cleors
Status

‘ NO

Issue Test |/O Command
00

QHO31

Check Status for Unit
Exception Bit On

Channel
End or Forward

QHO31

Record Las

Setup Address of Last
Tape Unit, Used

QHO21

Is Control Unit
Stili Busy

YES

Has Control Unit
Busy Been Set

YES

May be Necessary to
Queve Last Device
Status.

QHO021

NO
QHo21

Is Device on Line

NO

QHO61

Forward
Space Record this
Time Bit
On

YES
Set Forward Space
Record Last Time Bit Cn

Reset Forward Space
Record this Time

“Set |-Star to 1-Op of
this Instruction to
Perform Write

Return to -Cycles

Do Next Routine

Is Channel Status 00

QHO61

Set A=Star Invalid

C

YES

Intervention

Required

Indicator Return to I-Cycle
Reset EOF Block Bit.

D)

YES

Is Control Unit Busy

NO

m—

.
o

Status was Received in
Answer to Address Out

1
Do Next Routine - -
|

i i Record Read was a !
Character Tapemark |

Record

Space

YES

Last Op
a Read Op

NO

Set EOF Block Bit for
Selected Drive

Block B8it
Was Already On

QHO41
Set Status Byte in CPU

Storage to 00

|

this a Write
Tapemark or Forward
Space Record

QHO21

I QHO021

Issue Command

Is this a Sense Op

NO

Store Unit Status

Setup a Control Unit
Busy Condition so Last
Unit can be Selected
and Stotus Cleared

i

| Reason this is Done is to
Force a Test {/O
Command to Bring in Out-

| standing Status for a
Branch on Error Instruction

| Following the Above

| Commends

[

Bit

Setup Selected Drive
Control Byte Set EOF

Test 1/O Op

Setup Addre
Unit Wanted

QHO31

ss of Tape

Setup Status Byte

1 | [own
Store this Tape Unit
Address as Last Unit
Addressed

QHI111

Setup Sense Command 04

9

N E

Tape Stop

o

QH101

Force Unit Check Bit
On in Last Status
from Control Unit

Store Tapemark in Main
Storage Location

9 Track Drive

Do Read Loop

Did

End Read
Or

DEVICE
ENDED

GMWM in
Next Main Stora
Location

QHO8Y

[ |

Device or Channe

Unit Exception Bit On

QHO81

ge

QHO81

QHO81

Store GM With or
Without Wordmark

Location

Next Main Storage

in

Bit. Setup Command 27 this Time Bit On. 1F, Set WTM Bit. Setup EOF Block Bit
Setup Command 37 Mask Block Bit Mask .
] l [ Qcoar__
Reset Backspace Last Reset Bit in Tape Control
Op Bit and End of Byte. Set Indicator Bit
File Bit. to Remember Last Op
was a Backspace.
QG051
Setup Density and
Redundancy Bits. Set
7 or 9 Track Bit

Set A-Star Involid

CHANNEL ENDED

Redund

YES

QH101

Tapemark Record |

L~
Unit Exception Bit On

S Unit Check Bit On
0:

YE
QHO61
Track Drive NO

riv

Return to 1=Cycles

CLF 120

First Character
was a Tapemark

Set B~Star into O-Star

QH101

ile Bit

No Set End of F
f

or Tape Unit Addressed

QHIO1

Redundancy

Even or Odd

QH101

lancy OK

QH101

EVEN

QH!101

Set End of File Bit
far Tape Unit Addressed

QHO71

Indicotor Return to 1-Cycle

1400 Tape - Selector Tape Objectives



Chart 124

Chart 115

Tape Start /0 for : -
Selector Channels |

Initial YES
Program Lood
(Tape)
QHOO01 QHO01
Set Op Register to
00
1

1400 Co

Test Bit 6 of the |

ntrol Byte. !

Use Channel 1 or 2

Test Status Byte Bit 3 |

NO

QHO01 QHOO1
Store Device Address Store Device Address
in MPX Storage. Set in MPX Storage. Set FROM
Channel 1 Latch Channel 2 Latch MODE SET
Chart 124 L ] Chart 124
Test Bit 3 of the : QHO01
GT Bus !
YES
Channel Busy NO
QHOO01
Turn On Selector Channel
I QHOO01 Request Latch, Reset Chart 124
Set I-Star to Address g:anne‘,oan'd gurfn On
of Op Code Just Read D ppress LJut. 2¢
—_ Our evice into a Hardware
Busy-Go to 1-Cycle, Enfry: Register.
to Clear NPL Interrupts. QHO01
Erase-Go to I-Cycle and : QHO01 <
Setup to do a Write 1 Readout Op Code Hoo
Instruction : Attempt to Set Poll
Control
T, QHO01 ontro
1
Chart 123 BUSY/ERASE Channel

Allow

Reset Selector Channei
Request Latch

QEO00!

To Interrupt Decode

Chart 155

Readout Program Mode
Switch Byte, Test Bit 5

INTERVENTION

Busy/Finished Erase;
or Intervention
Required,

QGO3! QHOO1

Send Service Out, Reset
Channel and Poll Control

QG031 QHOO!1
To Tape Stop
1/O Traps
QEES] Is P
Chart 155

QEQO1

To I-Cycles

Send

[e]
Set Poll Control

Address In Up

oll Control On

N QHO11

Command Out

Reset Bit 0 of I/O
Error Byte

Control Unit
was Busy

Error Test Op

Ercor Test Op

Control Unit Busy

QHO31

Test Bit 7 of Status
Byte. Readout Byte 0
of Tape Control Word

Test Bit 0 of the {/O YES

Error Byte

Unit Exception On

Last
Operation was
a Forward
Space

QHO31

Reset Bit 0 of 1/O Error
Byte. Test Bit 4 of the
Status Byte.

Channel End Up

QHO31

Tape Unit

Reset Select Out. Read
Qut Lost Addressed

and Set the End of
File Bit (Bit 3) On

QHO31

Control Byte
Reset Select On

l

Sense Comma

with an Error

l l QHO21
Chert 102
Reset Suppress Out QHOl 1
NO
Status In Up
YES Contral Unis —\
was Busy Es
QHO11

Setup Last Tope Unit
Used Device Address

QHO21
Store Device Address
in MPX Storage

Send

Reset Select Out

Command Out

{Queue Status at Device)

QHO21
Set Bus-Out Control

QHOlI

Operationa

|
——————— 1 YES

Issued Only for
9-Track Read Operation

Test Status Byte Bit 4 |

@

Doing NO Chart 124
Sense Command
QHO41
Readout Last Status Byte
nds are from Tape Control Unit

QHO041

Write

Tapemark or
Forward Space
Command

| oHoal

Reset Select Out

NO

i S—'

Store Status Byte and
Setup Tape Control Unit
Byte Address

I QHO041

Test 1/0

a Branch

Instructio:

Change Last Tape Unit
Addressed Byte to Address
of Present Tape Unit

Status

NO Status Bits Up YES
Except Channel

or Device

This is Done to Force o

will Bring in Outstanding

Operation on
on Error

n. Test I/O

T

QHO41

Channel End Up

Set 8E in a Hardware
Register, Set a Status
Register Bit to Indicate

QHO031

and Send Address Out NO YES
In and Status In | +on Reauired
Down - ntervention Require
Send Service Out |
Set Select Out Chart 124 |
[ Reset Select Out
3
1
QHO21 All Control Commands |
and Mode Set |
Commands Except a |
Select In Up 8:82: Track in Exror |
4
< R
o 5 o2 v oo Gt 5o
Address In Up Rociater BiF 16 Indicat I Due to Unit Check
| '9 m ; Acze Track in Error ! During a Read On a
QHO21 nfervention Require Command | 9 Track Tope Unit
QHO51 !
Check if Correct Device | QHOO1
has been Selected | !
Reset Select Out | YES
Readout Track in
YES QHO21 Error Byte
Reset Select Qut, Set Address Match
a Status Register Bit
to Indicate Control QHO4T QHO3T Chart 124
y EVEN D
Unit was Busy NO Quazi NO Odd or Even oD
Service In Up Redundancy
To Tape Stop QHO51 QHO51
QHO31 . .
QEss! QHo21 YES QHO4L Setup Register to Setup Registers to
o Recognize Even Recognize Odd
| J Oaws 3 Store Command-In Set Bus-Qut Control Redundancy Redundancy and 7 or 9
n and Operationa MPX Storage Send Service Out Track Tape Unit
In Down
Chart 155 l
YES
QHO41 QHO51
Reset Address Out Eror Test Op
QHOO! Stotus In Up Read or Write
Control Unit
Set Suppress Out was Busy
LOAD
QHO21
Reset Select Out, Load or Move
Set Command in GR Set GR to 00 Readout Next Command
{Command will be 00) from MPX Storage Load or Move QHO51
Test |/ .
_______ T l QHO41 To Write = Load
| [ o <nd Service Out
QHO51

I Control Unit Busy

| Sequence Causes Last
I'Unit Selected to be

| Addressed and Status
| Cleared

S

CLF 121

Set Bus=Out, Send
Command Out

Status In Up

1400 Tape - Selector Setup

NO Status In

Down

YES

QHOMT

and Operational In

Reset Channel and
Turn Suppress Out On

To Read - Move

Chart 122
QHOST

To Read - Load

Chart 122

QHOO!

Chart 123

Chart 123



READ-LOAD
Chart 121

QHO051

Readout First Character
from Tape Read In Area

QHO%1

Ch

QHO91

Status In Up-Service In H

Down Indicates Device |

Ending First

Status In Up

QHO091

Remember what Bit 1 of
Last Character Read
from Tape was (0 or 1)

Setup Stop Code

QHO91

To Tape Stop

QHO91

NO

QHO91

—_—
| GMWM Found at this

Add Workmark to the
ust Read In
and Store in Main Storage

J

Set an Indication of
No Word Separator Last

Character
Just Read In was
Word Separator.

Character was a Word

NO

QHO91

Initial Program
Load

has been Found in

Storage QHO91

Store Character Just
Read In in Position
of GMWM

I QHO91

Change Main Storage
Address to Position of
GMWM

I
_ I QHO91

Send Command Out.
Set GMWM Back
into Main Storage

-

NO

QHO91

Set an Indication of
Word Separator Last.
Set Main Storage Address

QE651 Initial Program Time Means Device and
Load | Channel Ended Together
QHO8I ——
S—
Chart 155 A GMWM was YES
Readout of Storage
QHO8! | Tape Record is a
_____ | Tapemark (End of File)
NO Unit Exception YES
Exists
QHO8!
Readout Character
from Main Storage
QHO81
Load or Move LOAD
Operation
QHO081
Set Tape Mark Character Set Tapemark Character
with Wordmark into without Wordmark in
Storage if Character Storage
Readout of Storage had
@ Wordmark. Otherwise
Set a Tapemark without
Y a Wordmark into
Storage QHo8!
Qo8] Setup Stop Code
Readout Next Character QHO8I1
from Storage
To Tape Stop
QE&51
LOAD Load or Move
Operation QHO8! v
Character .Siore a Grox{p Mark Chart 155
NO in Storage with a
Read from Storage N
N Wordmark if the
is a GMWM
QHos! Character Readout had
a Wordmark, Otherwise,

f
Store Group Mark
without Wordmark in
Storage.

Store GMWM in Storage

Store GM

YES

to Last Character
Stored

]

QHO81

NO

Remember what Bit 1
of Last Character from
Tape was (0 or 1)

1 GMWM Indicates
: Channe! Ending First

NO
has been Found in
Storage

Send Command Out

I QHO81

Remember what Bit 1
of Last Character from
Tape was (0 or 1)

Test Bit 0 of Command
Stored in MPX Working
Storage

QHO81

Reading
in Odd or Even
Redundancy

EVEN

was Written in Odd

Test to See if Record

Parity by Testing Bit 1
of Last Character Read

' QHOg!
YES NO
Status In Up
QHO81
NO Character YES
Read from Storage has
QHIO! a Wordmark

was Written in

Test to See if Record

Parity by Testing Bit 1
of Lost Character Read

QHO81

Write Character Read
from Tape into Main
Storage with a

QHO81

Write Character Read
from Tape into Main
Storage without a

Even

Bit On in the
Status Byte

in Status Byte On

Record Written
in Same Parity as

Unit Exception

QH101
Turn Unit Check (Bit 6)

9 Track Drive

Wordmark. Wordmark
| | Hos
NO Send Service Out.
Readout Next Character
from Main Storage
QH101

i Unit Exception Bit On i
I indicates Single 1
|
]

| Character Tapemark Record

YES

“Unit Exception
Bit On in the
Status Byte

YES

QHI01

Store Unit Status Byte
in CPU Storage

QH101

| "QHI0t

Store Unit Status Byte
in CPU Storage

Readout Tape Unit
Control Byte of Unit
Being Used and Set
the End of File Bit

QHI101
Unit Check
Bit On in
Status Byte

YES

MOVE

| [ ona

Set Main Storage
Address to Address

of the First Character
Read from Tape

Fisrt

QH101

Reset Select Out

QH101

Character is a
Tapemark

QH1O

Readout Tape Unit
Control Byte

NO

Readout First
Character of the
Record from Main
Storage

Read In
Even or Odd

ODD

QHI101

Move or Load
Operation

QH101

Insure Character
Read from Storage Does
Not have a Wordmark

L

Redundancy

EVEN QH101

) Set End of File Bit
A (Bit 3) of the Tape
Unit Control Chart

1

l QH101

Store B-Star Contents

into the O=Star in
MPX Storage

QH101

Send Service Out i

QHO61

Chart 124

CLF 122 1400 Tape - Selector Read



WRITE-MOVE
Chart 121

QHO51

Readout First Character
to be Written

QHO51

Character Contains
a Wordmark

Set Character to
Correct Redundancy

Set Character to
Correct Redundancy

Character is GMWM >>DNO

YES QHO71

Set a Status Register Bit
to Remember GMWM

WRITE-LOAD
Chart 121

QHO51

Readout First Character
to be Written

QHO51

Character Contain3

o Wordmark
QHO71

Set Character to

Character is GMWM Correct Parity

QHO71

Set Main Storage
Address to Position

Just Readout and

Setup a Word Separator
Character to be Written

Set a Status Register Bit
to Remember GMWM

QHO71

Set Character io be
Written in GR

1

YES  QHo71

Reset Select Out

Last
Char Read
from Stor was
GMWM

YES

I QHO71

Send Command Out,
Store B-Star in the
O-Star in MPX Storage

[ onon

Set the Last Siatus
Byie in CPU Storage
to 00, Reser Poli Control

Peadout Character from
Main Storage

Load or Move

I Status In Up is an Error
| Because Device is Ending

QHo7I | the Write

Operation

QHO71

Set Bus Qut Control

Cperational In
Send Service Out

Down

Character Contain
a Wordmark

Chart 121

CLF 123 1400 Tape - Selector Write

Chart 155
LOAD
QHO71
Set Bus Out Control —————
Send Service Out | Word Separator Referred
| to here was Created

= for @ Word Mark

Last Char Sent
was a Word
Separator

YES
QHO71

Charocter has
a Wordmark



Chart 121

Test Bit 1 of the

Chart 121 GT Bus

| Third Sense Byte Contain

Setup EOF Block Bit Mask | Track in Error Indicators

Do we have
the Third Sense

Last Op was a
Byfe

Read Op

QHOS1 GHO51

Store Third Sense Byte
in MPX Storage, Send
Command Out,

Send Service Out

Set EOF Block Bit for
Selected Drive

MODE SET AND
CONTROL COMMANDS

Chart 121

Block Bit was

QHO31 Already On

Setup Selected Drive

Control Byte Set EOF Bit QHO61

I Reset Select Out, Set Chort 122
Unit Address in CPU
Storage Reset Select Qut
Error Test Op
Send Service Out
QHO31
QHO31
To Error Test Ops HO61
Send Service Ouf @
Status in
NO and Operational in YES
QHO31 Down QHO61
NO tatus In and NO YES
Qperational In Down Mode Set Command
QHO61 QHO61
YES QHO31 Setup Sense Command Readout Next Command
04).
= B i
QHO61 QHO01 : Mode Set Complete,
QHoOr e~ e e | Start Action Commard
Set Suppress Out NO Unit Check from YES
@ Read Operation QHO61 Chart 121
CHII
Store Unit Status in Last NO Initial Program Load YES Il To Tape Stop for Either
Status from Tape Control 7 ot 9 Track
Unit Byte Chart 121 QHO61 QHoe! |
QHI1I 7
7 or 9 Track Setup Stop Code
Readout 1/O Error Byte QHOé!1
and Reset Bits 0,1,and 2 ? QHO61
. i To Tape Stop
1/O Ereor Byte Bit 2 Readout Unit Address
from MPX St
Channel Status is 00 Lo - o orage QE651
Erase Bit was On HA
t d
Setup Stop Code |-Cycles Chart 155
ANCH ON ! —“_1
OHIIT ?’;PE :E:RRgR Chart 121 | /O Error Byte Bit 1
=L
To Tape Stop Status In Chart 12 Forward Space
3§ O ional Record this Time
QEéS] an perahona was on
In Down QG041,QH111 QHO61
YES  QHIN Set A-Star Value Set Forward Space
Chart 155 into B-Star Record Last Time {Bit
Reset Poll Control 0 of 1/O Error Byte)on
QHIN l |
Setup Last Status from QHO6}
Tape Control Unit Byte
Address and Readout YES
{nitial Program Load
QHOs1
r YES Is Status 00 Set Op Register to 00
QeI and the i-Star to
Readout Last Tape Unit . Equal 1400 Address
Address Byte and Setup I Bit 6 of Status Byte 0001
Unit Address —
QHOO01
QHIl QHIN Reset Poll Control
Chart 121
il Restore A-Star from Restore A-Star
B-Star, Set a Status Bit from B-Stor
to Indicate use A-Star YES NO
—[— Channel Stetus is 00
QHO6!} QHOs1
Reset EOF Block Bit Setup Stop Code
To Tape Stop
Readout Program Mode QE65)
Switch Byte
Zhart 155
Allow 1,/O Traps
Chart 115
Reset Poll Control, FA
Register and Selector
Channel Request Latch
j QG031
Use
L STAR _asstor or 1-Star S A-STAR
for Next
Address,
Inte t Exist Invalid A-Address I Test 1 of 1400
Qeoo! nterrupt Exis ! Control Byte
I
To Int D
YES Advance ~~ _INO
QE601 Program Feature
To Stop Entries Installed QF661
Set B-Star to Zero
QE651 QFss1 Set Status to Indicate
Chart 155 Invalid B-Star
Set B-Star from I-Star
Chart 102 Chart 155
| ares
Set |~Star from A-Star

CLF 124 1400 Tape - Selector Tape Ending, Branch on Error



Operation: M/L%F0 BBB R/W
Full Seek (Not Alternate Track)

Chart 115

QGOI1,QH301

Store I~Star in CPU
Storage .

[ QH30!

Test 4-Low Bits of
Unit Number Character
to See what Operation
to do.

QH371

Setup to Decode the
Cylinder Portion of the
Disk Control Field

| o

Readout the Dy Character| | |Cylinder Number is
RBC Interlock On of the Disk Control Field | |Developed by Doing Table
QH301 | ILookups. The Desired
QHSTT | | Cytinder Number can
Set Up Stop Code Store the 1400 Module | Ibe Determined by
Number in MPX ! 'Dividing Dy, D3, Dy
1 Iby 2.
QH541 ,se,l L:;, Vh‘e o,;ARegme, QH311,321 “Example: Dy D3 Dy
lo Indicate o ove or
Restore |-Star Lo Roodt o Witre Reset Address Out Readaut Dy and Dy | 347
Regi " of the Disk Contro | NPL Module
g)%oz%zge@ e Load Field and Decode the | | Cylinder
oo e ”;eL oc Cylinder Number 73
ead Loa = 2)347
0010 0000 Write Move [ onw [
o 0011 0000 Read Move [
ort 155 Address In Up Setup Address of BCD | 14
Character in MPX Storage b=
to Test for + or - Movement i 6
- f Arms for Direct Seek 5 )
Disk Contiol Field Lo Insure Cylinder High- YES QH341 of Arms for Direct See [ T=—Pasi of Heod
Return to Home Seek : : Order Byte Is 00 Reset Suppress Control QH33t 1
-
/ND; DpD3 D405~ | Latch Read Character from i
Disect Seck P! MPX Storage and Test -
“'ND)D203D4D5- | | QHaN OH341 ; I No Zonavor Plus (BA)
Dsis Signed + or - for | L Zone Birs | Zone Gives + Direction
Direction of Seek i Readout First Character NO Selected I and Minus (B) Zone
Ds is a # Character to ! of the Disk Control Address Matches | Gives - Direction
Indicote o Direct Seek | Field (888 is the QH541 Address Out
Address of the First P—— & or - Direction
Character in the DCF) Srars YES quias)
QH541 Setup Command Byte T 1Fthe D5 Character Sot Up fo .2 Complement
Full Seek 0000 0111 | was Not o 7 and the and Reverse Seeh
_____ First To General Stop Restore 0001 0011 | Unequal Address
First Character is Character has a | Compare Bit was On
Normatly a * or a Numer- B-Zone Bit QE64] [ owe | Doo Restore QH33!
i I Operation N
ic Characrer, but some On w Store Command in MPX P Readout the D Character P —
rogiomers Use an VES Storage.  Set Bus-Out of the Disk Control Field | fshe Dy Choracter is
Alphaberic Character Chor 155 Coniral. Command Ou, | a # Chatacrer, doo

Instead to be Used for | Direct Seek
Other Reascns. There-
fore If the B-Zone Bit is
On,the Character is

Considered fo be o *

Readout Third Character
of the Disk Centiol
Ficld

and Command Stort.

QH331

Direct
or Return to Home

Seek

DIRECT

1
1
1
1
!
1
l
I
I
|
|
t

QH331
Readout the Present
Cylinder Value Byte
for Selected Module

at this Time.
Readout the Present

Cylinder Value Byte
for Selected Module

Decode Chasacter to
Dovelop Addiess 15 do
a Table Lookup to Find
the Moduie Number

in NPL Form and Store
Number in MPX Sto.age

' QH3M1

Setup Operation Code
in the Op Registe:

QH331

Add or Subtrac: the
Decoded Cylinuer Value
to or from the Present
Cylinder Value and

Add 1

Set Service Out and
Command Start

Cylinder 0 is Reserved
for NPL Information on

What is in the Op Is this a

Restore Seek

2311's. So All 1400
Cylinder Numbers are

T
I
I
Register is Combinad withj
i
|
|

the Nureric Portion of X¥{XX 0000. )
she Unit Number Increased by 1 1o Find
Chasacrer [ QH3I Correct Cylinder

Reverse Seek

Change Op Register *»
0000 XXXX Where
XXXX canbe 1, 3, 5,
7, 0009,

Set Seivice Out and
Command Start

QH331

QH311
Was
the Unequal

Address Compare
Bit Off

Address In U
P Set Up Cylinder Value

for Reverse Seek

YES] QH341

Reset Suppress Out and
Address Out

Readnut Module Number
in NPL Forn.

QH331
Readout Sixth Chaiacrer
(C3) of the Disk
Contiol Field

Selected QH331

Operatianal In Up A‘i‘f,’jf;ﬁ“é’j."“ QH351 Store New Cylinder 1 This Value is the
Value in Cylinder Value I R.T.H. Cylinder Value
Eutl Seek 0000 0111 Byte for Selected I and the File Contrel
QH331,311 Module and in the I Unit will Use the Value
- Set Bus-Out Contiof, Restore B and 1-Srar QH3e1 Cylinder Position in (o Determine the Direct
e Atror Mo Adine QH3 Address Cut, and estore en : Store Command in MPX Storage . Seek
cc;:pmm © fedre . Commard Start. MPX Storage —_
Setup to do a Return A [ anm

to Home Seek After u

To General Stop
No Addiess Compare

Setup to Send the

Bin, Cylinder, and Head
Velue t5 the Control
Unit

Operatianal In Up

QH341
Reudour Module Number

H37
Chart 155 ans

Bin Vaiue for 1311,2311
is Zero

in NPL Form

1
’ Set a Counter to 2 }

1
I
I
-
I
|
|
Set H5 to Prevent Interrupts| }
Service In Up i
_ |
T Short Busy: Should |
Never Enter Short {
YES
" Busy Here. - ' Qus ]
. etup Bin Value
Operational In Up Subtract 1 from Counter

Check or Unit
Exception Bits

QH371

Set Bus-Qut Control,
Service Out and
Command Start

QH341

Set Bus-Out Control,
Address Out, and

Command Start NO QH341
QH34l YES
QH361 Chart 136 Device End Bit On Is Counter Zero

:
Operational In Us " This NO Readout Decoded Cylinder |
is a Restore and what Ever Head Value |
Command | Janzer,sa is in MPX Storoge ond

Set Counter to 04 Sent to Control Unit

\| | QH371 N N

Readout Character from
MPX Storage, Subtract
1 from Counter

Set File Branch Byte

-
i Control Unit End
| to 50 (Busy and Any

|

l

|

I

|

|

|

YES

Reset File Branch
Byte.

Disk Condition)

Reset Select Out

and I-

This was a
Restore Seek

Should Never Enter

Restore A,B
Star

I
Short By t thi |
Tiv::e‘ l;?yna;s r}:; I Should Never Go ~h;5T
Restore Command will | Way on a Restore X rs
Not be Done . ! Srous In U Seck. Try Seck |
rovs i P Command Again YES

Stetus In Up

QH341

Reset Address Out

Channel
End or Device End
Up

Set Service Out and
Command Start

Setup to do
a Restore

Early Status. Should
Nexer be Here In Seek

Reset File Branch
Byte

QH541

NO| QH361,541

N Restore B and 1-Stars Is Counter Zero
Set File Branch Byte Unit Check Bit On

1950 (s o S FT———— Qg
Service Out, ard Set Bus-Out Control
QHs41 N To General Stop Command Start Service Out, ot
Restore A,B, and |- Command Start
Stars QEs41

Set Service Out and
Command Start
QH381, 541

Restore A,B, and I-
Stars

|

QH381

| acea

Check Program Mode
Switch Byte for Allow
1/Q Traps. If On

I Setup for Allow Traps

Chart 155 Status In Up

Service in Up

YES
Should Never Take
This Way In Seek Op

QF661 To Interrupt Decode

Routine

To I-Cycles

Chart 102

Chart 155

CLF 125 1400 File - Seek Op




Seek Objectives:

Decode the Disk Control Field for Module and Cylinder Values.
Select the Module, lIssue Seek Command (07), and Develop

the Return to Home Seek Value to Send to the Control Unit.
Send the Return to Home Value to the Control Unit and Check
Unit Status,

Direct Seek;

Decode the Disk Control Field for Module and Cylinder Values.
Select the Module, Issue Seek Command (07}, and Develop the
Return to Home Seek Value to Send to the Control Unit. Send the
Return to Home Value to the Control Unit and Check Unit Status.

Return to Home;

Return to Home
After a Unequal
Address Compare;

Decode the Disk Control Field for Module and Cylinder Values.
Issue a Restore Command (13), when Device End is Found

Issue @ Seek Command, ond Develop the Return to Home

Seek Value to Send to the Control Unit. Send Return to

Home Value to the Control Unit and Check Unit Status.

Note:  The Cylinder Value is Increased by One Because Cylinder 0
is Reserved for IPL on 2311's. The format to Send Cylinder
Value to the Control Unit is: Bin Bin Cylinder Cylinder Head Head

00 00 00 XX 00 OXx

The Cylinder Value is Developed, the Head Value is whatever
is in Head Location in MPX Storage. A Head Seek is Given on ali
Read or Write Operation so the Head Selected at this Time
is not Important.

QH341

Check for Unequal
Address Compare On
Last Operation

QH311

Decode the Module
Number in NPL Form

the Unequal
Address Compare

DIRECT

a Direct
or Return to Home
Seek

QH311

Reset Indicator for
Unequal Address Compare

QH311

Setup to do a Restore
Command

Send Out Module

Number (Address) | Should not be Busy

! at this Time
|
—
YES
QH341 QH351
Reset Select Out and Setup Restore
Address Qut Command (13)

QH361

Send Out Module
Number (Address}

YES

Address Out

Restore Seek
was Setup

NO

Restore A,B, and [
Stars

To I-Cycles

Reset Select Out and

QH341

QH351

Setup Seek Command
(07)

QH361

Send Seek Command

QH361

1s Unit Status 00

QH361

Unit
Check or Unit

Exception
On

YES QH361

(DO Next Routine

D)

(Do a Sense Commcnd>

YEs Device Stars and Come to a
Eﬂd‘OI' C?n”OI Halt. Otherwise,
Unit End On Return to I-Cycles

NO QH541

Restore A,B, and |
Stars

QH341

To I-Cycles

CLF 126

Restore Seek
was Setup

QH371

Setup to do Cylinder
Decode

QH311, 321

Decode Cylinder Value

Develop New Cylinder
Value to Send to the
Control Unit

[ e

Send Bin, Cylinder,
and Head Values to
the Control Unit.

Bin is Always 0000
Cylinder is  00XX
Head is 000X

| QH381

Check Status of Unit.
If Unit Check is On
or Device End/Control
QH361 Unit End is Not Up,
Restore-the B and |

QH361

Do Next Routine

QH541

Restore A,B, and {
Stars

QH541

To I-Cycles

1400 File - Seek Objective



Instruction: M/L % FéBBB R/W
M/L % F@BBB R/W

v Chart 115

QGO11,QH301

Store 1-Star in CPU
Storage. Set the Latch
(H5) to Prevent Interrupt

| aqwsor

Test Unit Number
Character to See if
this Operation is a Seek

the Read Back
Check Interlock

NO

QH301
Set Up the Op Register
to Indicate a Move or
Load Read or Write.

QH541
Op Register-
To General Stop 0000 0000 Write Load
0001 0000 Read Load

0010 0000 Write Move
0011 0000 Read Move

QE641

QH301

Set Cylinder High-Order
Byte to 00

Chart 155

Record Number is

QHast

Set for Sense Command

QGO3t

Chart 136

Retry Command

: First Character is

| Normally a * or a

i Numeric Character, but
! Some Programmers

| Use an Alphabetic

1 Character to Recognize
| Other Conditions,

| Therefore, if the B-Zone
| 8it is On, the Character
: is Considered to be a*,
|
1

2311 Cylinder 0 is
Reserved for IPL
Information. So All
Decoded Cylinder Values
are Increased by 1

-

! Increased by 1 because
12311 Record O is o
! Special Record

A

The Disk Control Field is Located | | [ amn
in Main Storage Location Add~ ==
ressed by the BBB Address of the Readout the First
Instruction., Character of the Disk
Control Field
Disk Control Field
/N Eloz D3 D4 D D6|S] Sy 83 r
Sector Addres: ———
| Sector Conrrols-——l NO First Character
Access Control Have the B-Zone
Bit On
Note: D] is Always 0 in
Compatibility YES QH311
Read Out Third Character
(Dy) of the DCF
I QH311
_——
1400 NPL Decode the Character
*/N D, Module Modulel Reodout to Determine
[ 0 0 : the Module to be
2 2-3 2 Ty Selected
4 45 4 2
6 67 6 3 | QH31
|8 8% & 4 ! Read Out the NPL File
Unit Address Byte for
the Module Selected
and Store the NPL
Module Number in MPX
Working Storage (File
- Unit Address for Initial
The Low 4 Bits of the I H Selection
Operation Code are Set | |
from the Numeric Portion | L QH31
of the Unit Number : Set Up Operation Code
():(i;(c;:c;(crer. | in Op Register
| 0000 XXXX Write Load
0110 Sector Op Address | 0001 XXXX Read Load
1100 Record Op Address .
P 0070 XXXX Write Move
0011 XXXX Read Move
QH311
Read Qut Third Character
(D7) of the Disk Control
7 Field. Decode for
Develop the NPL Disk | | Correct 1400 Module
Control Field (Sector | | | Number and Store in
Address) from the 1400 | | MPX Working Storage
Disk Control Field | | (File Unit Number in
(Sector Address). This is | 1400 Format).
Accomplished by Doing ! |
Table Lookups. The ! 1
Results can be : L QH3N
Determined by Dividing -
2 as Follows. |
Example 1400 DCF | QH311,321 _
o Add 1 to Developed
/NCST976xxx | Cylinder Number and
Divide by 2 : Store in MPX Storage
NPL I‘{\odule I l QH32)
Cylinder
Head Develop the NPL
! Format for Head and
2598 «—Decimal ! Store in MPX Storage
2)5197 :
4 | QH321
n : Develop the NPL
10 | Format for Record and
19 | Add 1 to Value. Store
18 | in MPX Storage.
17 i
1 i
T+—Part of Record
To Determine Record : r Qns4
Wanted, Take Dg and | Read Out the Module
the Remainder; If the ] Number for Initial
Remainder is 0 Add 1 1 Selection
to Dg, if 1 Add B to |
Dg. In this Example | b
the Record would be |
11 (17 Decimal). 1
1400 Used Records 0-19 | Set H5 to Prevent
and NPL Uses 1-14 | Interrupts
{(1-20 Decimal) 1
Operational In Up
Set Bus-Out Control ,
Address Out, and
Command Start
QH34!
YES

Operational In Up

QH341

Reset Select Out

Ad
Out Mat

Status In Up

QH341,361

Reset Address Out, Set
the File Branch Byte to
50 (Busy and Any

Disk Condition)

N

QH541

Restore A,B, and I-
Starts

QHO31

Chart 128

CLF 127

Address In Up !
YES

Reset Suppress Out
and Address Out

In

[e]
re B and [-

Restol
Stars
To General Stop

QH341

QH341

idress

YES
ches Address

QH541

QH541

QE641

Chart 155

1400 File - R/W With Addresses

QH351

Set Up Head Seek
Command 18

QH36 1

Test Bit 1. If On By-
pass the Module
Protect Routine

YES

Module Protect

Store Command in
MPX Storage

Set Bus-Out Control ,
Commond Out, and
Command Start

QH361

Status in Up

Y
QH361

ES
Set Servcie Out and
Command Start

QH361

QH371

Setup to do a Head
Seek Address Transfer

QH371
Set a Counter to 02

QH371

YES

QH371
Set Up Bin Value to 00
Subtract 1 from Counter
QH371
Set Bus Out Control,

Service Out, and
Command Stort

Check or Unit Exception

YES

Control Unit End Up

QH361

Set File Branch Byte
to 50 (Busy and Any

Disk Condition). QH371
Is Counter 00 NO
Restore A,B, and I-Stars
QH371

Set the Counter to 04

Chart 128

| QH371

Read Out Character From - |
MPX Storage, Subtract |
A 1 from the Counter |

Status In Up

YES

NO quan

Bit On

Readout Selected File
Number in NPL Format
and by Table Lookup
Determine its 1400
Number

|

Readout Selected File
1400 Byte from MPX
Storage .

Compare the Two
Numbers.

Numbers are the Same

QH421

Set Suppress Out

Track or Sector Op

Set Up Stop Code

QH541

Set Service Out and
Restore B and |-Stars

QH54

To General Stop

QE641

SECTOR

TRACK

Set a Indicator to
Remember this is o

Track Operation Chert 155
I QHA421
|

Change Op Register to 10p Register

0000 0010 Write Load 1Bt 221 Move

0001 0010 Read Load IBit 3=1 Read

0010 0070 Write Move IBit 6=1 Address Operation
0011 0010 Read Move S —

QH422

Chart 128

Read Out 1 Byte Each
Time through the Loop.
Readout CCHH

QH541

Restore B and I-Stars

Early Status: Should QH541
Not be Here Now
Is Counter 00 To General Stop
QE641
NO
Set Bus Out Control ,
Service Out, and
Command Start Chart 155
J QH371
Set Bus Out Control,
Service Out, and
Command Start
QH381
NO YES
Status tn Up
QH381 QH381
NO . YES
Service In Up Service In Up
YES NO QH381
Should Not be Here
Now YES Device NO
End or Channel
QH381 £nd Up
YES
Unit Check Bit On
QH541
Set Service Out and
NO QH421 Command Start
Store the File Operation

(Op Register) Code in
MPX Storage

WRITE Read or Write

Operation

READ

Set Read Back Check
intertock (Bit 6) On in
File Branch Byte and
Save the Ist NoX Be-
fore Seek (Bit 7).

Set Read Back Check
Interlock (Bit 6) On in
File Branch Byte

QH42!

Read Out the Module
Protect~Disable Byte

Restore B and I-Stars

QH541

To General Stop

QE641

Chart 155



Chart 127

SEARCH ID
ON ALT. TRACK

Chart 134 [T Send CCHHR to do a
| ! Search to Find Record
|

QH371

Set Service Qut and I |
Bit O of the Module Command Start Subtract 1 from the
Protect - Disable Byte. | Counter QH371
This Bit is Normally 0;
It can Only be Set by | Set Data Field Length r——
Manual Operation. | in MPX Storage Service In Up
the Bit is Set to 1, the | Sector Mode . QH34] Early S
First Search (Address 0064 (0100 Decimal) | oor g '°":‘; Add
Search) is bypassed | Track Mode YES | '; earc T’A ress
and Only the Record | OBA4 (2980 Decimal) QH541 (Ixant;: :::ud B:fcl;reess'he
. N
RO Search is Done Restore B and I-Stars Chart 136 | Eiis ok Poim 5 Pasee
| | ed the Second Time,
| Readout Module Protect~ QH54) ' the Control .U"‘“ will
Disable Byte Setup an Unit Check
To General Stop, | and Issue Early Status,
Also, If the Cylinder
QE641 l Is Flagged as a Bad
Cylinder the Control
T YES | Unit will set Unit
| Check On and Issue
Set Record Value to 00 Chart 155 Early Status
for this Search NO QH521 Is Counter 00 I
QH422 Make Sure Bit 7 of the QH371
a{\?‘f.s‘ge Op Register Op Register is 0 Set Bus=Out Control, Set Bus-Out Control,
A Service Out, and Service Out, and
I QH422 Command Stert Command Start
Setup the Address of ——J
the Selected File Unit
Cylinder Location Byte. QH381
This Byte will Contain ]
Chart 135 the Seek Cylinder Value Set Suppress Control Status In Up
SEARCH ID QR4 Latch QH38)
AFTER ALT. TRACK
Set the Seek Cylinder
FP Value into the Cylinder Set Service Out and ves
Byte for this Search Command Start Service In Up
Y
QH341 Device YES
Readout the NPL Module End or Channel
Number for Selected File End Up
QH541
Set Service Out and
Command Start Unit Check Bit On
Set H5 to Prevent
Interrupts - T_‘—_
Set Service Qut and S b Eavel | Test Bit 1 (Status
Restore B ond I-Stars Command Start earch tqua Modifier) of the Status
Byte. Bit 1 isa 1 when
QH541 QH391 | Search was Equal. The
Operational In Up Setup to do a Sense | Search will Continue
To General Stop Command | to Hunt for Equal
Readout Module Protect Address Until the Second
Q34 QE64] QH341 Disable Byte and Test Time the Index Point of
Bit 0 (Compare Disable) | the File Unit is Passed.
Set Bus-Out Control, QH391 -
Address Out, and Chart 155 Chart 136 . -
Command Start o Ze: C])p(geg)ls'er Bit
o n
QH391
QH341 ————
1 Search Completed b
YES If Bit is On, the Search | Search On Address (ID)

| and Search On Record
YES | RO are Both Completed,
S —

Just Performed was for
Record 0. If Bii is Off,
The Search was for
Equal Address (ID). So
a Search for Record 0 is
Required, Record O is
Used as a Time Sync
for the File Unit and
the Control Unit

Operationo! In Up

QH341

Compare Disable On

Reset Address Out QH391

Set Suppress Control
Latch

N
NO °

QH391

Set Service Qut and
Command Start

Read or Write

Status in Up Set Service Qut and

Command Start

YES QH341

Short Busy: Should
Not be Here Now

Address In Up

YES QH341 WRITE

Read Suppress Out

QH341

Address
Out Matches Address

NO

Chart 131 Chart 129

QH541 In
Restore B and {-Star
QHs41 Setup to do a Search. Chart 127
To General Stor Command 31. Set
P a Counter to 05
QE641 QH36)
Store Command in L
MPX Storage I acos] =T
. Test Bit 5 of PMS Byte { Bit 5 of Byte 9F CPU
Chart 155 QH361 in CPU Storage I Allows I/O Traps
L

Set Bus-Out Control,
Command Qut, and
Command Start

Allow 1/O Traps

QH361

Status In Up

YES QH361
Set Service Out and
Command Start
| Should Not be Here Now QH36! QEOCT
To Interrupt Decode To I-Cycles

Chart 102

Unit
Check or Unit

Exception Bit

‘Chart 155

QH361

Set Up to Do a Sense
Command

End or Control
Unit End Up

Chart 136

Set File Branch Byte
to 50 (Busy and Any
Disk Condition)

QH361

Restore A,B, and |-
Stars

CLF 128 1400 File - R/W With Addresses - Sheet 2




Address Field is 6 Digits |
Long. First Digitisa 0. |
Develop the Address to be |
Written on the Disk |
Control Field was ]
Developed and Store i
in the Same Locations

in MPX Storage the |
Disk Control Field was |

Stored

. . .. I=——7
I
|
|
|

Charts 128, 130

QH311

Readout Second Character|
of the Address

QH311
Store Module Number

in 1400 Format File
Unit Number Byte

l QH311,321

Cylinder Number is
Increased by 1
because Cylinder 0 is
Not Used in Compaﬁbility‘

Develop Cylinder
Number in NPL Format
and Add 1 to Number,
Store in MPX Storage

Record Number is
Increased by 1 because
Record RO is a Special
Record of its Own On
a 2311

QH321

Develop the Head
Number in NPL Format
and Store the Number
in MPX Storage

| onsm

Develop the Record
Number in NPL Format
and Add T to Number
Store in MPX Storage

QH341

Y

Readout File Unit
Number (NPL Format)
from MPX Storage

3

Operational In Up

Interrupts

1

Set Bus-Out Control ,
Address Out, and
Command Start

Not be Here

NO

Short Busy: Should

QH34]

YES

Operational In Up

OH341
Set Up HS to Prevent

Setup Counter to
0064 (100 Decimal)

Reset Address Qut

Restore B and 1 Stars

YES

Address In Up

Qut Equals Address

In

QH341

Reset Suppress Out

QH341

QH351

Move or Load

Readout the Sector

Main Storage and
Decimally Subtract

Remove Zones and

Control Digits of the
Disk Control Field in

from the Number. Also
Wordmarks from the

Numbers before Writing
Digits into Main Storage

1

QH441

Readout the Sector
Control Digits of the
Disk Control Field in
Main Storage and
Decimally Subtract 1
from the Number. Also
Remove Zones, but
Leave Any Wordmarks
Found with the Numbers
before Writing Digits
into Main Storage

QH441

Is Sector Count 000

QH441

Set Op Register B
4and 7 to 1

il

Set Op Register Bit

4101
il

MOVE

SECTOR

Sector or Track

Move or Load

LOAD

Sector or Track

QH451

(

Setup Counter to
0BA4 (2980 Deci

mal) l

Setup Counter to
0A7A (2682 Decimal)

)t

SECTOR

QH451

Setup Counter to
005A (

90 Decimal)

Y

QHA471

Readout Data Character
from Main Storage.
Subtract 1 from the
Counter

Is Character
a GMWM

Setup o Blank (40)
Character and Set
Indicator to Signal

Wrong Lengih Record

an

Move or Load

Set the Wordmark Bit
1o 1 (No Wordmark)

To General Stop

Set a Counter to 08

Chort 155

QE641

Setup Command 1
Write with Address

D-

QH36!

Store Command in
MPX Storage

QH361

Set Bus Out Control,
Command Out, and
Command Start

YES
Chart 130

QH371
Set Bus-Out Control,

QH361
NO
Status In Up
YES QH36!
Sce' Se”:z Out and Send to the Control |
ommand tart Unit CCHHRKDD .
QH361 |
NO YES :
QH3e) QH371 I
|
YES Unit Check Subtract 1 from the
or Unit Exception Counter
QH361 On
Set Up for a Sense NO QH371
Command QH361
YES!
\ Device
End or Control Unit
End Up
NO
NO QH361
Chart 136 Set File Branch Byte NO
to 50 (Busy and
Any Disk Condition)
YES

1s Counter 00
NO

QH371

Service Out, and
Command Start

QH441

Set Bus Out Control,
Service Out, and
Command Start

*D) D2 D3 D4 D5 D6 $152 53,
Sector Count :
In Sector Op This Number Will |
Be 001 to 020 (Decimal}. In |
Track Op This Number Will Be |
001. !

CLF 129

Setup to Subtract 1
from Sector Count

Status In Up

Service Out, and
Command Start

Set Bus-Out Control,

QH471

YES

QH541

Restore B and I-Stars

To General Stop

To Sense Command

QH341

Set to do Sense Command
Set Service Out and
Command Start

QH541

Is Counter 0000

QH471

To Sense Command

YES

QH471 Chart 155

Chart 130

(Early Status) |

(ERROR CONDITION)

QE64]

YES

Chart 135
NO

Unit Check Bit On

Set File Branch Byte
Bit 2 (Wrong Length
Record) On

Alternate Track

QH531

Any
Error Bits On
in the File Branch
Byte

Set Bit 3 (Any Disk
Condition) and Reset
Bit 6 (Read Back Check}
of the File Branch Byte

Status Data Transfer} |

|
|
i
|
I
I
|
|

QH341

Chart 136

QH371

b

YES QH54
Restore B and 1 Stars
QH541
To General Stop
QE641

Chart 155

L |

1400 File - Write With Addresses Data Loop

NO

! H

Chart 136

QH541

@

Chart 130




7tol

Chart 129 a

QH471

YES Is Record Wrong NO
QHa71 Leneth QH47T
MOVE MOVE LOAD
Move or Load Move or Load
QH501
Set Op Register Bit LOAD
QH501
QHS0T Readout Next Character o1
Set File Branch Byte Bit from Main Storage YES QHS
2 (Wrong Length Record) QH501 Set Command Out and
Command Start
& Set Op Register Bit
7tol
QH501

NO

NO Is Sector

Count 000

Is Character

a GMWM

Is Sector

Count 000

QH501 QH501
Set Op Register Bit Set File Branch Byte Bit YES
7to 0 2 (Wrong Length Record)
QH381
NO YES
Status In Up
QH381 QH381
NO NO
QH38!
YES Device YES
YES QH38! STeaT End or Channel
Set Command Out and : End Up
Command Start " Restore B-and 1-Stars
NO QH541
QH381 QH541 Set Service Qut and
Command Start
Move Load or M To General Stop
oad or Move Qu3on

Load

)
Wrong Length Record !
for Write Operation |

Chart 135

Chart 129

QE64]

Chart 155

QH391

Send Service Out and
Set Command Start

Using
Alternate Track

Any
Error Bits
On in File Branch
Byte

YES

QHS531

Set Bit 3 (Any Disk
Condition) and Reset

Bit 6 (Read Back Check)
of the File Branch Byte

Record Number 16 or

Track
Track or Sector Mode

QH531

Set Bit 0 (No Address
Compare) and Bit 3
(Any Disk Condition}
of the File Branch
Byte (98 - LS)

NO YES

Unit Check Bit On

QH391

YES Is Sector

Count 000

Setup to a Sense
Command Start

QH391

Set Up 1o a Sense
Command

N

QH391

e}
Set Suppress Control
Latch

QH391

Set Service Out and
Command Start

QH391

Chart 136

Setup to Readout
Next Sector Address
from Main Storage

’ QH311

Chart 129

CLF 130

QH541

Restore A,8, and |

Stars
QG031

Test Bit 5 of PMS
Byte in CPU Storage

|

Bit 5 of Byte 9F CPU
Allows 1/O Trep if On

Allow 1/0O Traps

Reset H5 and Command

Start to Allow 1/O Traps

QG031

To 1-Cycles

To Interrupt Decode

Chart 155

Chart 102

1400 File - Write With Addresses Data Loop - Sheet 2



Chart 128, 132

QH341

Readout File Unit
Number (NPL Format)
from MPX Storage

Set H5 to Prevent
Interrupt

Operational In Up

QH341

Maintain Wordmark if

Remove Zone Bits, but

a Wordmark is in Storage

Load or Move Op

Remove Zone Bits

and Wordmarks

QH341

Set Bus Out Control,
Address Out, and
Command Start.

YES
Short Busy: Should
Not be Here Now

QEb41

Chart 155

Set Up for Sense Command

YES

Chart 136

Operational in Up

QH541

Restore B and I~Stars

QHS541

To General Stop

Check or Unit
Exception Bit

Device
End or Control
Unit End Up

QH341

YES

Reset Address Out

| QH4II

Store the Record Byte into
Main Storage in 1400~
1311 Format.

I QH4II
Read Out the Head Value
Just Read in from the

Control Unit Out of
MPX Storage

Record
Value Over 10

YES NO

Double the Head Value
Plys 1 For Record Value
of 10 (Decimal)

Address In Up

YES

Reset Suppress Out

QOut Matches Address

1

QH411

Read Out Main Storage
Location to Hold Head
Value

Load or Move

Remove

YES
Set a Counter to 08

Maintain Wordmark if a
Wordmark is in Storage

Remove Zone Bits
ond Wordmarks

Zone Bits, but

QH351
Setup Command - 1E
Read with Address
OH3¢1
Store Command in
MPX Storage
QH361

Set Bus-Out Control
Command Out, and
Command Start

QH3é1

Status In Up

QH411

Double the Head Value

QH412

Read Out Main Storage
Location to Hold the
Module Digit.

QH412

MOVE LOAD

Load or Move

QH412

QH412

Remove Zone Bits, but

Remove Zone Bits
Maintain Wordmark if a

and Wordmarks

Wordmark is in Storage

l I QH412

Store Module Value
into Main Storage in
1400-1311 Format

Readout the N
Position of M

t
Storage

MOVE LOAD

Move or Load

QH412 QH412
Insure 6th Byte Is Stored Insure 6th Byte Is Stored
as FO as BO

QH412

Store Digit into Main
Storage

QH412

Set Up Address of

Main Sterage Where the
First Data Character is
to be Stored.

[ oHa

| | oHan

Store the Head Value
into Main Storage in
1400-1311 Format.

| OH411

Double Cylinder Units
Volue, Add 1if Carry
Occurred when Head
Value was Computed.

QH4It

Read Out Main Storage
Location to Hold
Cylinder Units Digit

On

QH371

Status In Up

QH3é1

Set File Branch Byte
to 50 (Busy and Any Disk
Condition).

NO

Service In Up

Chart 132

Change from 2311 to

1311 Format,

Example:

Read In from the Control
Unit 003C00081 Ixxxxxx .
Change this Numbe: to
1400-1311 DCF Format.
To do this Change the
Cylinder Hexadecimal!
Value to Two Decimal
Digit Values (59), Change
the Record Hexadecimal
Number to a decimal
Number by Subtracting

10 from Record Number.
Store Record Number in
Main Storage then Double
the Head and Cylinder
Values and Store in

Main Storage. Readout
and Double the 1400

File Number. The Number
Stored in Main Storage
for this Example is
X31976 where X is

the number that was
already there. Also the
Zone Bits Vary for o
Move or Load Op

CLF 131

Is Counter 00

Set Up to Subtract 1
from Sector Count.

* D1 D2 D3 D4 D5 Dg
S1828

Sector Count

In Sector Op this Number
is 001 to 020 (Decimal).

In Track Op this Number
is 001.

r--
b
1
1
i
I
l
|
I
1
1
1

Chart 132

e — |

To Sense Command |
(Early Status). |
YES (ERROR CONDITION)

QH371

|
!
I
|
|
|
1

YE

S
Restore B and | Stars

QH541

To General Stop

QE64]

Chart 136

Set Service Out and
Command Start

Command Start

Read Out the Cylinder
Value Just Read in from
the Control Unit Out of
MPX Storage

| QH401

Set Service Out and

Chart 155

YES QH361
Set Service Out and Load or Move LOAD
—_——
Command Start Recd in the CCHHRKDD |
from the Control Unit and | QH411 QH441
QH361 Store in MPX Storage !
orag ' Remove Zone Bits, but Remove Zone Bits and
—_: Maintain Wordmark if o Wordmerks
Is Status 00 | Wordmark is in Storage .
QH3IN
-J I
Subtract 1 from
the Counter l QH4l1

Double Cylinder Tens
Value. Add 1 if Carry
Occurred when Cylinder
Units Digit was Computed

| QH411

Readout Main Storage
Location to Hold Cylin-
der Tens Digit.

MOVE

Load or Move
QH411

Remove Zone Bits, but
Maintain Wordmark if a
Wordmark Ts in Storage

LCAD QH411

Remove Zone Bits and
Wordmarks

| _Qnatt

Store Cylinder Tens
Digit into Main Storage
in 1401-1311 Format

I QH411

Read Out the Module
Value (File Unit Number)
in 1400 - 1311 Format
from MPX Storage

Cylinder Value and

Subtract 1 from the 4[
I
|
Store in MPX Storage |
1

-
1 This Value was for 2311

I and Must be Decreased
by 1 for 1311 Format
L

| ana

Convert the Cylinder
Number into Two Decima!
Bytes, Units and Tens,
Check for Cylinder
Overflow and Set an
Indicator Bit if an
Overflow Exist.

QH401

Readout the Record
Value Just Read In from
the Control Unit Out
of MPX Storage

| QH401

Subtract 1 from the
Record Value and Store
in MPX Storage. Set

an Indicator Bit if
Record Value is Over 10
(Decimal).

| OH41

Readout Main Storage
Location to Hold Record
Number.

——

1 This Value was for 2311
: and Must be Decreased
i

by 1 for 1311 Format
-

1400 File - Read With Addresses Data Loop

I QH412

Add 1 to the Module
Value if a Carry Occur-
red when Cylinder Tens
Value was Computed.

Cylinder YES

Overflow Cccurred

QH412

Add 2 to the Module
Value



Chart 131

To Sense Command

(Early Status Data Transfer)|

Move or Load MOVE

QH441 QH441 ’
Read Out the Secotr Ctrl Read Out the Sector Ctrl
Digivs of the Ivjs}ruc.ﬁon Digits of the Instruction NO éetup roddosc Sznse. |
D|s!< Control Field in Disk Control Field in | oommug(.: et e;vnce I
Main Storage and Main Storage and S'uffun omman |
Decimally Subtract 1 from Decimally Subtract 1 from or
the Number. Also Remove the Number. Also Remove [
Zones and Wordmarks Zones, but Leave any P
;mf"' ”‘fN '\":{"‘beD' ‘L Wordmarks Found with Set Character on Bus-In |
efore Writing Digits the Numbers Before into @ Hardware Register
; X . | . .
into Main Storage Writing Digits into Set Service Out and Jo General Stop Unit Check Bit On I

Main Storage. Command Start QEb41
L QH471
h Set File Branch Byte Chart 136
Chart 135 Bit 2 (Wrong Length
Load or Move Record) On
Is Sector Count 000 QH471
)
QH441 Storage QH531
QH441 NO Character has a

Wordmark

Set Op Register Bit 4

QH471

Insure Character to
Enter Storage Does Not
have a Wordmark

Using YES

Alternate Track

to 1

Set Op Register Bit 4
and 7 to 1

QH471

Insure Character to
Enter Storage has a
Wordmark

Chart 135
NO

Error Bits On in

Move or Load

I the File Branch
Byte
SE.CTOR Sector or Track Sector or Track SECTOR aore ghamc'en in QH471 YES QH531
ain Storage
LOAD i i
QH4s! QH451 Load or Move Set Bit 3 (Any Disk
; Condition) and Reset
Set Up Coumet to Set Up Counter to 0054, 8it 6 (Read Back Check)
0064 (100 Decimal) (90 Decimal) 9 of the File Branch Byte
QH451 QH451 Is Counter 0000
Set Up Counter to Set Up Counter to QHS31
0BA4 (2980 Decimal) 0A7A (2682 Decimal) Service in Up Record Number 18
or Greater
| L[ anen
Read Out Cheracter From Send Command Out
Main Storage. Subtract | and Command Start Track or Sector |
Prevent any More Storing from the Counter Mode TRACK
of Read-In Data (WLR)
1 YES Is Character NO
i | a GMWM Chart 131
Set Bit 0 (No Address
QH471 N
L—_‘ - N Last Character in Has T girli‘pg;iii‘i’:i‘:nl;”?}:(f?"y
ETOIG.GM'\:VM mRSor:e Move - No Wordmark | Read in Branch byte (08 o le)e
ocation it was Rea Load - Wordmark -
from. Do Not Change | o0c - Wordmark ) Correct Mode
the B-Star Setting.

Set an Indicotor Bit for Restore A,B, and I-Stars

Validity Error

Is Counter 0000

Test Bit 5 of PMS Byte
in CPU Storage

Set Qp Register Bit 7
to 1.

Service In Up

Allow /O Traps

Reset H5 and Command
Start to Allow 1/O Traps

Character
from Stcrage is a
GMWM

Set Character On Bus-in MOVE
into a Hardware Register.
Set Service Out and
Command Start

]

| Continue In this Loop

Move or Load

NO

Sector Count is 00 Sector Count is 00

QH501
Set Op Register Bit 7
to 0

LOAD QH501

Set Service Out and
Command Start

I QH3501

Set File Branch Byte

| Until Counter is 0000 QHS50! Bit 2 (Wrong Length
Record) On
NO
‘ e Service In Up N To Interrypt Decode
T QHso1

QH501

Set Command Out and
Command Start

YES

Validity. Error v

has Occurred Chart 155

Qii501

Last Set File Branch Byte NO To I-
Character In has Bit 4 (Disk Error) On o I-Cycles
a Wordmark QH501
QH381

LOAD MOVE MOVE

Load or Move Load or Move

Status In Up Chart 102

QH501

QH30l QH 50
Set]OpSRegiis‘;er Bit 7B Ser]Op Register Bit 7 Set Op Register Bit 7
to 1. Set Indicator Bit to } to 1. Set Indicator Bit :
for Validity Error for Validty Erest 4 Service In Up
- l
o VES Device

YES

End or Channel
End Up

Set Command Out and
Command Start

QH541

Restore B and I-Stars

To General Stop

Chart 155

NO QH541

Set Service Out and
Command Start

MOVE

Load or Move
Mode

QH501

Set Op Register Bit 7
to 1

Wrong Length Record |
Trying to Reod a Full |

Track in Sector Mode

QH391

Unit Check Bit On

QH391

Set Service Out and
Command Start

NO

Sector Count is 00

QH391

Setup to do a Sense
Command

Set Suppress Control
Latch

Set Service Qut and
Command Start

Chart 136

Setup to Read In
Next Sector Address
from Control Unit

©

Chart 131

CLF 132 1400 File - Read With Addresses Data Loop - Sheet 2



Chart 136

QH341
Read Out Selected File l QH371 .
Unit Number Byte Subtract 1 from the This Loop Brings in

QH341 Counter

Set H5 to Prevent
Interrupts

Operational In Up

the CCHH Valve from
Record RO, These Values
are Used to Seek to

an Alternate Track

QH371

Readout Position of
CPU Storage

QH371

Status In U
QH341 orus In Ep
Set Bus Out Control,
Address Out, and
Command Start

Restore B and I-Stars

QH34)

QHS41

To General Stop

NO

Early Status: Should
Not be Here Now

YES

Operational In Up

Is the Counter 0O

Reset Address Qut

N Chart 155

YES

Short Busy: Should
Not be Here Now

Set Service Out and
Command Start

Set New Value into
CPU Storage

Address In Up

Set New Value into
CPU Storage

QH381
YES QH341

Reset Suppress Out

QH341

Status In Up

NO
In Matches Address
Out
A
Restore B and I-Stars QH351 Restore B and I-Star
Set Counter to 04 QHS541
H381
To General Stop To General Stop Q
Device
QE641 Setup Command NO
16 (Read RO) QEb4} £nd or Channel End
HB Up
QH361
Chart 155 Store Command in Chart 155 QH541 YES
MPX Storage Set Service Out and
QH361 Command Start
Set Bus-Out Control, QH391
Command Out, and
Command Start NO
Unit Check Bit On
QH361 QH391 QH39}
y Set Up to do a Foul! Set Service Out and
Seek Command Start
Status In Up Chary ]34 QHa4l

Set Service Out and
Command Start

Setup to do a Sense

Command

YES QH361
.
Command Start QHaal
! Vo eumben
Chart 136
QH341

YES

'————_Operational In Up

Check or Unit
Exception Bit

On QH361

Dev'ce End Up

Set Bus-Out Control,
Address Out, and
Command Start

QH361

- Set Op Register Bit
Restore A,8, and 1-Stors t100 QH34"

|

1

k Operation In Up
| Should Not be Here

: Now. Read RO will

|

Not be Done if Here

Reset Address Out

Address In Up

Address
In Matches Address

NO

Restore B and I-Stars

Set a Counter to 02.
Setup Command 07

To Gereral Stop (Full Seek) and the
Address of CPU Storage
Location where CCHH
of Record RO was Stored

QH361

Chart 155
Store Command in
MPX Storage

QH361

Set Bus-Out Control,
Command Out, and
Command Start

QH361

Status In Up

YES QH361

Set Service Out and
Command Start

Chart 134

CLF 133 1400 File - Alternate Track Seek



Chart 133

| Status Should be 00 On

I First Pass

i

J | Device End is Down Until
NO l Seek is Finished

Check or Unit
Exception Bit
On

Send Bin-Bin (0000) to !
the Control Unit !
I

[
LVES

QH37!

YES

Is Status 00

QH361

Set H5 to Prevent
Interrupts

Setup a Byte to 00.
Subtract 1 from Counter

YES

Device End Up

Set Bus Out Control and
Service Out

Chart 136
QH371

Is Counter 00

YES QH371

Chart 133

QH361
Set Op Register Bit : Seek Completed. Setup
1

4100 to do Search

This Loop Sends CCHH
for the Alternate Track
to the Control Unit.

Set Counter to 04 QH341

Readout Selected File

Unit Number

l
|
J S

QH371

Subtract 1 from
Counter

QH341

Operational In Up

Readout Position of the
CPU Storage

QH341

Set Bus-Out Control,
Address Cut, and
Command Start

Status In Up

QH341

Operational In Up

Restore B and | Stars Status In Up

Reset Address Gut

To General Stop

Shert Busy: Should

-
|
|
Chart 136 |
| be H Nao
Is Counter 00 | < il
1 Address In Up
QH371 1
|
Set B.‘-‘S’OU' Control, Set Bus-Out Control, I Chart 155
Service Out, and Service Qut, and b YES
Command Start Command Start ! Early Status: To Sense
I | Command ) Reset Suppress Gut
QH381

YES

Status In Up

Out Maiches Addiess

| ona

Set a Counter to 02,
Setup Search Commanz
{3N.

Restore B and |-Siars
to Genercl Stop

QH381

Store Commend in

End or Channel End MPX Storage

Shauld Not be Here Now

Y 1ss p
Chert 155 Se Eus-O Conre
Commana Cut,

Secking to Alictncie | Comaand Siart

Trock. Device is Busy |

Set Service Out and
Command Start

Restore B and | Stars

QH54] Q381 i

To General Stop YES . NO |
Unit Checl: Bit On I

QE64! QH341 !

QH33!

Set Service Curand
Command Siart

Se* Service Out and
Command Start

hart 155
Chart QH341

Restore B ond I-
Stars

Chart 133

To General Stop YES
T Is Staius 00
To Search ID foi | i QH371
Alternate Track !
Chart 128

Chert 125

Check or Unit
Exception Bit

On

YES

Restore A,B, and I-
Stars

Device End Up

YES OHzE

Set Op Register Bit
4100

Test Bit 3 of PMS Byte
in CPU Storage

YES
Allow 1/O Traps

QG031

Reset H5 and Command
Start to Allow /O Traps

QEOO!

To 1-Cycles

QE00]

To Interrupt Decode

Chart 155 Chart 102

CLF 134 1400 File = Alternate Track Seek = Sheet 2



Charts 129, 130, 132

QH531

p to Seek to the
nal Cylinder

Set U
Ori

QHI71

QH422

Set Up the Address of the
Selected File Unit
Cylinder Location Byte.

Set Bus Out Control,
Service Out, and
Command Start

This Byte Contains the

1

Original Seek Cylinder
Value

| R

Set the Seek Cylinder
Value into the Cylinder
Byte for this Seek

Read Out the NPL Module
Number for Selected File

Should Not be Here

QH341
Set H5 to Prevent
Interrupts

Operational In Up

Set Bus-Qut Control,
Address Out, and
Command Start

\Operotiona| in Up

Reset Address Out

Address In Up

Short Busy: Should

Not be Here Now QH341

Reset Suppress Out

Address Out
Matches
Address In

Restore B~ ond I-Stars

QH541

QH35
Set a Counter to 02,
Setup Full Seek
Command (07)
QEs4) |

Set Up Address for MPX
Storage Readout of
Original CCHH

To General Stop

QH35!

Chart 155

QH36!

Store Commang in
MPX Storage
QH36!}

Set Bus-Out Control,
Command Qut, and
Command Start

Status Should be 00
for First Time through
the Loop

Set Service Out ond
Command Start

Restore B and |-Stars

To General Stop

QH541

QE641

Service Ip Up

Device End or
Channel End Up

Set Service Out ond
Command Start

Set Service Out and
Command Start.

YES

QH541

QH381

Unit Check Bit On

NO

Read Out the NPL Module]
Number for Selected

Operational In Up

QH341

Set Bus-Out Control,
Address Out and
Command Start

Seeking to Original Track
Device is Busy. |

QH381

Chart 155

Setup Bin Value of 00
Subtract 1 from Counter

Service In Up

YES QHA71

QH37}

Set Bus-Qut Control,
Service Qut, and
Command Start

Q
NO

H371

Is Counter 00

YES _QHI7)

Set Counter to 04

QH371

Readout Character from
MPX Storage, Subtract
1 from Counter

QH361

Unit Check
or Unit Exception

Set Up Bin Value (00)
Subtract 1 from Counter

Set Bus-Out Control,
Service Out, and
Command Start

QH371

NO

ts Counter Zero

YES QH371

Set Counter to 04

Bit On

Set Up for Sense
Command

Chart 136

[ qHan
Read Out Character from
MPX Storage, Subtract
1 from Counter

l

Status In Up NO

Service End Up

Early Status: Should
Not be Here

YES| QH541
Restore B and [-Stars

QH541
To General Stop

YES
Is Counter 00
NO

Set Bus-Qut Control,
Service Qut, and
Command Start

Chart 155

CLF 135

I

1400 File - Return to Original Track

l

a

hart 155

Sector Count is 000

Set Op Register
Bit0to 0

‘Any Error Bits
On in the File
Branch Byte

YES
Short Busy: Should
not be Here Now

QH341

Operational in Up

YES

Set a Counter to 02.
Set Head Seek Command
(18)

QH361

Store Command in
MPX Storage

QH361
Set Bus-Out Control
Command Out and
Command Start

Address In Up

Stotus In Up
e QH36!

Set Service Qut and
Command Stort

QH361

Device End Up

Y& QH361

Set Op Register Bit 4
to 0

QH371

YES
Is Counter 00
YES

Set Bus-Out Control ,
Service Out, and
Command Stort

QH371

Set Bus-Out Control ,
Service Out, and
Command Start

[

NO

Set Up to Do a Head
Seek

QH361

QH361,422

Cylinder

Storage

Read Out the DCF Seek
Buffer Position in MPX

Value into the Cylinder
Value for this Seek

Value from the

and Set the

QH531

Set Bit 3 (Any Disk
Condition) and Reset
Bit 6 (RBC Bit) of the
File Branch Byte

QH531

1f Recorder Number Is
Less than 16 and in Sec-
tor Mode, Set Bits O

and 3 of File Branch Byte

Stars

Restore A, B, and [-

QH541

L

YES

QH341

Reset Address Out

YES QH341

Reset Address Out

QH341

Address Out
Matches
Address In

Unit Check or

Unit Exception

Bit On

To General Stop

QH361

Restore B and |-Stars

QH541

QE641

Chart 155

YES

QH361

Set Up for Sense
Commond

Chart 136

Set Op Register Bit 0
to 0

QH381

Set Suppress Control
Latch

QH34)

Test Bit 5 of PMS Byte
in CPU Storage

| Bit 5 - Allow 1/0 Treps

Allow 1/O Traps

NO

Traps

Reset H5 and Command
Start to Allow 1/O

[

(  Should Not be Here

Unit Check Bit On

Set Service Out and
Command Start

Restore B and 1-Stars

Device End or
Channel End Up

NO

QH541

QHS541

QHS541

Chart 155

To I-Cycles

Chart 155

Chart 102



EARLY STATUS

QH341

Set Up to Do Sense
Command
QH341
Set Service Out and
Command Start
QH341

Unit Check Bit On

Wrong Length Record: YES
Should Not be Here
SENSE COMMAND OR QH341
FINAL STATUS
— ——— Set Bit 7 of Op Register

to 1 (Indicates the
Sector Count is 00)

QH341

Readout Module Number
Used for Initial Selection

Multiple Entry J ‘

d

Charts 129, 129, 131, 133

EARLY STATUS
DATA TRANSFER

Charts 129, 132

Set H5 to Prevent
Interrupts

OH341

Operational In Up

Set Bus-Out Control,
Address Out, and
Command Start

Operational In Up

YES
Short Busy: Should
Not be Here

Reset Address Out

Address In-Up

Reset Suppress Out

YES QH341

QH341

Address
Out Matches
Address In

YES

QH541 QH351
Pesfore B- and |-Stars l l Setup Sense Command 04
[ QH341 | QH381
Store Command in
{
\ To General Halt l MPX Storage il
QE641 QH361
Set Bus-Out Control,
Command Qut, and
Chart 155 Command Start
QH381

Status In Up

Set Service Qut and
Command Start

YES

Flagged Track {

Service In Up

: Bit 5 - Not Ready

Was Bit 5 of File
Branch Byte Set

QH521

Set Indicator CS-Register
Bit to Force Correct Exit
(No Compare Sector Op)

QH521

Was Sense Byte
0 Bit 6 On

QH531

YE

S
QH521 Using Alternate Track

Set Op Register Bits
Oand 410 1, Set Op
Register Bit 7 to O

NO

QHS31

Read RO

To Alternate Track 1

Restore B- and |-Stars

QH341

Any Error Bits “on

in File Branch Byte
I

Chart 133

Set Bit 3 (Any Disk
Conditior) and Reset
Bit 6 (Read Back Check)
of the File Branch Byte

NO

QH531

I To Seek for Original
I Track

Chart 135

QHS31

YES Address Operations

6 or )

QHS31

Set Bit 0 and 3 of File
Branch Byte if in Sec~
tor Mode and Record
Number is Less than 16
{Dec)

Address Compared

NO

On Search
QH401

To Restore Address

QH541

Restore A, B, and 1-Stars

Restore A, B, and |-Stars

1 [ acoa
{ Test Bit 5 of PMS Byte

Bit 5 of Byte af 9 CPU |
Allows 1/O Traps if On ! in CPU Storage

Atlow 1/0 Traps

Reset H5 and Command
Start to Allow Traps

QE00! QE00!
LTO Interrupt Decode ' ( To I-Cycles
| Read in Sense Bytes QEQ0! QEO001
| 0,1,2, and 3 One at
| Time and Decode the
{ Conditions
> ( Chart 155 Chart 102
SENSE BYTE 0 SENSE BYTE | Working SENSE BYTE 2 SENSE BYTE 3
on Sense Byte 0,1,
QHSH 2, 03 QH511
Set Service Out and QHS11 Set Service Out and
Command Start Set Service Out and Command Start
Command Start QH511
Store Sense Byte in QHS1 Store Sense Byte 1 §?ore Sense Byte 3
MPX Storage Store Sense Byte | in MPX Storage in MPX Storage
in MPX Storage QH511
. T |
Test Bits 2,4, and 5 | S?nse Byte O QH511 ; . ; - Sense Byte 3 is not |
of Sense Byte 0. If Any | Bit Test Bits 0,2,4, and 6 | Sense Byte 1 Test Bit 2 of Sense | Sense Byfe 2 Tested 1
are Set to 1, Setup to | 0-Command Reject of Sense Byte 1. If Set | Bit Byte 2. [f Set toa | | Bit.
Set File Branch Byte | 1-Intervention Required toa 1, Set Up to Set | 0-Data Check in Count Setup to Set File Branch | 0O-Unsafe
Bit 4 (Validity). Test | 2-Bus~Qut Parity Bit O of the File Branch | 1-Track Overrun-Write Byte Bit 4 (Validity). | 1-Not Tested (Unused)
Bits 0,1, ond 7. If any 1 3-Not Tested (Duplicate) Byte to 1. IF Bit 2 s Set | 2-End of Cylinder Test Bits 0,3,4, and 7 | 2-Change Tag Line Check
are Set to 1, Setup to | 4-Data Check toal, Set Up to Set | 3-Not Tested (Duplicate) (Bit 7 Should Always | 3-Check
Set File Branch Byte Bit | 5-Overrun the File Branch Byte Bits | 4-No Record Found Be 0). If Any are Set | 4-2841 All Check
5 (Not Ready). | 6-Track Condition Check 0 and 2 (No Address | 5-Not Tested (Duplicate) toa 1, Setup to Set | 5-Not Tested (Unused)
| 7-Seek Check Compare and Wrong | 6-Missing Address Marker File Branch Byte Bit | 6-Not Tested (Unused)
Length Record). Test Bit | 7-Not Tested (2030 Mode) 5 (Not Ready) | 7-Tested But Not Used
|
QHS11 1.1f Settoa 1, Set Up _—

Test Bit 6 of Sense
Byte 0, if a 1 (on)
Set o Indicator for
Alternate Track Op

)

to Set File Branch Byte
Bit 5 (Not Ready)

CLF 136

1400 File - Sense Command for Unit Check



LEL 41D

Chart 138
QH371 QH361
Qn3ol Setup Sense Command
RV TIRET | 3 04. Read In the CCHH Values Check for Unit Check or
- Compare Disable On from Record RO and Store Unit Excepti if On
Store |-Star, Setup th ption,
“/ND Dy D3 Dy D5 Dy S15, 53] | o: Regis,e; o R or If Search Jusr Completed QH36! in CPU Storage. lssue Set Up a Sense
| Write, Move or Load. Set Record Value 1o 00 was for Record 0, the Store Command in MPX Command Out to Bring Command..
Example \ 0000 0000 - Write Load and the Cylinder Valve Search is Completed. If A St gl th Status In. If Not Test for Device
* 051976XXX i 0001 0000 — Reod Lood to the Scek Cylinder — it wosn't @ Search On Comand. Mair for End; DE will Not be Up
Change to 2311 Format by Doing || | 0010 0000 — Write Move Value nsure Op Register Bit Record 0 Must be Dore Sratos In . [ ams Until the Seck is
Table Lookup to Select Module 2, {1 0011 0000 - Read M is 0. o 'et the File an ontrol . - Completed. Until
Cylinder 59, Head 8, and Record : ea ove 1 Unit in Time. QH361 ghe?k SEfc:?dus FoCrhEnhe" Device End Comes Up
16. This Can Be Determined by | ] d evice End or Channe Repeat Seek C d
Dividing Dy D Dy D By 20 |-~ Q301,311 | {1 onsa Send Service Out End. If Either One is On, cpect veek -omTan
Use. the Rerainder with D for : 'erc’,'ff'"r the Disk Control : Op Register Readout Selected File one e Check for Unit Check; If
: W )
the Record. Add 1 1o the Cyl- | ]:ﬁ)o_t;gncpunge From a i 0000 XXXX Write Load Number and Send the Record O has QH51 Not go to General Stop.
inder and Record Values for 2311 ormat to a 0001 XXXX Read Load Address io the Control Been Found " if an Unit Check is. Found
Format. End Result ls: 1 231 Format. Change : 0010 XXXX Write Move A Unit. Wait for Address Bring in Sense Bytes do a Sense Command, Hf Unit Check
1400 ©oan i the.Op Register to 0011 XXXX Read Move In, then Compare Address 0,1,2, and 3 One Byte Not Setup to do a Full or Unit Exception
Module 4 2 ! Indicate Sector or I 0110 Sector Mode Ot to Address In as @ Time and Store in Seek to an Alternate -
ey see1 ac i Track Mode . ! 1100 Track Mode : MPX Storage . Test Track Using CCHH from On
o o8 o8 | L Selected Bits of Sense Record 0.
Rean g e+l 11 . Byte 0,1, and 2 for Error
— — | QH34 Address ) Condition and Set the File
Out Matches Address Chart 138 Bianch Byte fo Sense Command

Send Address Out. If
Status is Received, Set
File Branch Byte for
Busy and Any Disk
Condition. Restore the
A,B, and I-Stars and
Return to I-Cycles.

If Status Isn't Received,
Wait for Operational In
and Address in. Check

| auan

Store the Operation Code
(Op Register) in MPX
Storage to Remember what
Operation was Done Last.
{f this Operotion is Write,
Set the Read Back Check
Interlock Bit On (Bit 6 of
File Branch Byte.

Store Command in MPX

In

/

Setup a Search Command

(3n.

—_——
After Eoch Character is

|
Sent, a Test for Status in |
is Done. If Status In |
Comes Up, the Unit Check!
Bit Should be On. The
Unit Check Bit is Set if
the Track is Flagged
(Defective Track) or an
Equal Addiess On a ID

|
!
|
|
|
Search is Nof Found :
1

Indicate the Error
Condition. If Bit 6 of the
Sense Byte O (Flagged
Track) is On Set on

Indicator Bit On.

Was Bit 6 of
Byte 0 On

Device-End or
Channel End Up

Unit Check Bit On

General Stop

NO

Device End Up

Insure Bit 4 of the
Op Register is 0

saA14981qQ sessalppy YiIM M/Y - 314 00Vl

Device End or
Control End Up

NO

To [-Cycles

Storage and lssue the
Command. Wait for Status
In and Test for Zero

General Stop

General Stop

YES

NO

Was an Equal Address
Found on this Search;

If Not Repeat the Secrch
Command

Equal Address Found

YES

YES

Device End Up

General Stop

Address
Out Matches Address

NO

YES G

Status for Device End or
Channe! End, Go to
General Stop if One or
the Cther is Not On,
Check for an Unit Check,
if Bitis Ongotoa
General Stop. Otherwise
Repeat the Seek Command
and Status will be Non~
Zero because Device is
Busy Secking

for Correct Address . Set [ QH4z1 Before the Disc
H5 On (Prevent Interrupts) e Storage and lssue the Passes the File Index Point
eadout Compare and Command. Wait f . f |
Module Protect Disable som °|n S Twice. This Couses Barly Chart 138 Setup to Develop a
tatus In and Test for States and o Sense i o QH341
Byte. Check if Module Zero Status v A | Set Op Register Bit 0 to Full Seek Command to
Protect is to be Done, ) Command s Done ) alandBit 7toa 0 an Alternate Track. Readout Selected File
Address Out 1 it is Check Selected Status Should be Zero : i Unit Number and Send
Matches Address File Number Against a at this Time o | Address to the Control
— Fixed Number. If Numbers 1 ’ l DH3M Unit. Wait for Address In,
General Stop Match Go On, 1f Not go 1 l Readout Selected File then Compare Address
YES QH351 toa Gengral Stop | QH34r Unit Number and Send Out with Address In.
Setup a Head Seek i Readout Selected File Address to the Control
Commond of 18 QH421 Unit Check ™ yes 00— L1 | Unit Number and Send the Unit. Wait for Address In,
. . tr i ! then Compare Address
le Er N Send to the Control Unit Address to the Contro en Comp
QH351 gzdu e Error YES or Unit Exception g ot Wtk For At oss Lo Address o
curred | hen C Add Out Matches Address
Store Command in MPX Chart 138 n, then Compare ress |
Sense Command Out to Address In. "

eneral Stop

Early Status
Status. 4
) Address in
: D End NO
Setup the Op Register T Contol Unit £nd By Out Matches Address )
QH361 . 9 In General Stop Setup a Search Command
to Indicate an Address Up 3
Operation (Bit 6) After Last Character is General Stop Ser Full Seek N
NO 0000 0010 - Write Lood NO Sent, Wait for Status 11 vis|  @Hast Y e QH361
QH361 0001 0010 - Read Load In. Check Status for Set Op Register Bit 7 Setop Command (16) to - -
[ Staros hos am Uit Chock 0010 0010 - Write Move To |-Cycles Device End or Channel to T (Sector Count 00). Read Record 0 Address Store Command in MPX
o Uit e ves QHa7 0011 0010 - Read Move End, Should Receive QH3ar S L PX Storage and lssue the
‘ S g ’ 4 ‘p Set an Indicator Bit One or the Cther. If Not - QH361 Sfore ornr;aln n N Command. Wait for
or a Sense Command. 1 (S-Register) to Remember o t0 o General Stop. Readout Selected File - orage anc lssue the Status in and Test for
UC or UE Bits are Not On, Setup to do a Head Seek i this i K Wi Number and Send the Store Command in MPX Command. Wait for Zero Status.
Check for Device End or Address Transfer. Sent if this is a Track Mode ! "’L‘J DE & CEk b ffh“k Address 10 the Control Storage and Issue the Status In and Test for
Control Unit End. If Either to the Control Unit QH422 e oo Unit. Wait for Address In, Command. Wait for Zero Status. Qhe!
DE BBCCHH from the MPX ield i . I
vheo(;o?nliirﬁ;eoot;;riiz Storage rom the MP gf' Count Folg(l)i 'g MPX a Sense Command Must ge;‘ C°;‘§;re A;ddre“ ;':::sz'c"j:’d Test for
Set the File Branch Byte fo i IR ((Trzafr be Done fo Find Out the ut o Address in. : /l\ QH381 VES
busy anc Any Disk Candit- ' Qn3sl Mode). Cause of the Unit Check. Qraer
ion, then Restore the A, N Hex Decimal NO
B, and I- Stors and After Last Character is 0064 5100 Address Is Status 00
Return to 1-Cycles Jransforred Wit for Stotus 0BA4 2980 Qu! Motches Address s Stotus 00 e { NO °
. atus n s Status ————T
for Device End or Channel | QH422 ~ YES QH371 | Status Should be Zero 1f Unit Check or Unit
End; One or the Other o - End or Channel End NO 7 - I on the First Pass. Exception Bit is On,
Should Be Received if Coren(:l; fo S?e QI‘ "“B‘“:' . Up ‘ Seni Bg' B;" ffuo‘?'oo Set Up for a Sense
Not go to General Sfop. p p”r.e .vsa es| is General S - - = to the Control Uni Command.
NO Unit Check If DE or CE are Up, Check Ser;;ch :; ';Q?:r'd Oewithq— General Stop enerat >tep :Ef Unn:lCh?czordUnlr : Status Should be 00 QH371 Otherwise Repeat Search
or Unit Exception for Unit Check. If UC N . xception is Up do a Command
On Exist go to Genesal Stop our First Searching for Restore A,B, and I-Stars Send CCHH Values, Read
the Record Address. . . YES and Return to I-Cycles. from Record RO into
s [ Unit Check Bit On IfucC urjd UE ere Down, CPU Storage, to the .
2wdD;(v)'ce'||En|: ,s:péhe Control Unit. Uur'mEChECk‘ YES
S d ec! wi ot be Done or Unit Exception
ense Comman e NO Otherwise Repeat Cmnd [ anam On
,CE, or Have a Unit
Wait for Status In. Check

Sense Command
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Chart 137

READ More, Subtract 10, Store

QHA411

If Record Value is 10 or

Read or Write

WRITE Q3N

Readout of Main Storage
the Address to be Written
On the Disc Starting with
the Second Character.
Change the Address to
2311 Format and Store

in MPX Storage

Correct Record Value in
Main Storage. Double
the Head Value Just
Read In. Add 1 if

the Record Value was A
10 or More. Store Correct
Head Value in Main
Storage. Double the
Cylinder Units Value,
Add 1 if a Carry Occurred
on Head Conversion and
Store Results in Main
Storage. Double the

] | QH34l
Readout Selected File
Unit Number and Send
Address to the Control
Unit. Wait for Address In,|
then Compare Address
QOut with Address In.

Address
Qut Matches Address

No

General Stop

Setup Command for
Read with Address (IE)

Read or Write

Cylinder Tens Value, Add
1if o Corry Occurred

on Cylinder Units
Conversion and Store in
Main Storage.

| |

| Read=In C C H H R

| 00 3C 0008 11
! Conversion 60 0817
) Minus 1 n

1 1400 59 08 6
! Stored 19 7 6
[kl A |
WRITE

QH351

Setup Command for
Write with Address (1D)

| [ anse

Store Command in MPX
Storage and Issue the
Command, Wait for
Status In and Test for
Zero Status, (Status
Should be Zero)

Unit Check or Unit
Exception On

Sense Command

YES
or Control Unit End

Up

1-Cycles

QH361

Read or Write

QH411,412

Readout from MPX Storage
the 1400 File Unit Number |
Add 1 to it if a Carry
Occuired On the Cylinder
Tens Conversion, If a
Cylinder Overflow was
Found on the Cylinder
Hexadecimal to Decimal
Conversion Add 2 More

to the Module Value and
Store in Main Storage.
Readout the Next Position
of Main Storage and Write
Back the Digit Portion

of the Byte

l QH412

Setup Main Storage Address|
where the First Data

Character is to be Stored

QH441

Subtract 1 from the
Sector Count

Is Sector Count 00

QH441

Set Op Register Bit 4
to | (Data Transfer)

QH471 QH501

Chart 137

QH501

NO If Read is a Load Operation,
Bring in 91st Character.
Check Lost Character in,
Load and Move, to See if
the Choiacter has o Word-
mark. Set an Indicator Bit
for Validity Error if Read
is a Load Op and Last
Character In Did Not have
a Wordmark or Read is a
Move Op and Last
Character In has a
Wordmark

Wiong Length
Record Indication

QH47N

LOAD

Load or Move

MOVE QH501

Set Op Register Bit 7

to 1 and Wrong Length
Record Bit in the File
Branch Byte.

L

| QH3501
Readout the Next Char
from Main Storage
and Check to See
ifitisa GMWM. Also
Check to See if Sector
Count is Zero. Set Op
Register Bit 7 1o 1
{Sector Count-0001
QHS501

Character is GMWM
QH441

Set Op Register Bit 4 and
Bit 7 to 1 (Data Transfer
and Sector Count is Zero).|

Sector Count is 000

WRITE

QH371

Read In from the Control
Unit and Store in MPX
Storage CCHHRKDD
Valyes. If Status In Comes
Up During this Time Issue
a Sense Command

Send to the Control Unit
from MPX Storage the
CCHHRKDD Values. If
Status In Comes Up
During this Time Issue

a Sense Command A

Subtract 1 from the
Cylinder Value Just Read
In and Convert the
Remainder into Two, Units|
and Tens, Decimal Digits,
Subtract 1 from the
Record Value Just Read In

Chart 137

Unit Check Bit On

Set Wrong Length Record
in File Branch Byte

QH371

NO

NO QH331

] QH451
NO ~iicne
Setup Counter for Data (508
Field Length. Set Op Register Bit 7
Move Op Hex Decimal Back to 0.

Sector Mode 0064 0100
Track Mode 0BA4 2980 L g

If Read is a Load Operation
Bring in 91st Character.
Check Last Character In,
Load or Move, to See if
the Character hos o Word-
mark. Set Op Register Bit
7 to al (Force Sector Count
is Zero Indication On).

Set an Indicator Bit On for
Validity Error if Read is

a Load Op and Last
Character In Did Not have
a Wordmark or Read is a
Move Op and Last
Character In has a
Wordmark.

Using
Alternate Track

QH531

Setup to Seek to the
Original Cylinder.

Check for Any Error Bits
Being On in the File
Branch Byte. If Any are
On, Set the Any Disc
Condition Bit and Reset
the Read Back Check
Interlock Bit.

QH422

Sector Count is 000

Sector Count Should be
000 for 6 and “* Ops.

QH361,422

Setup to Do
a Head Seek

Set Op Register Bit 0
to C (Not Alternate Track)

l | Qa4

I

Set the Original Seek
Cylinder Value into the
Search Cylinder Byte.

If Record Number Is Less
than 16 (Dec) and Op Is
in Sector Mode, Set Bit
O and 3 of File Branch Bye

R

QH541

Sector Count is 000

NO

Restore A, B, and |-Stars

QGO31

Test Program Mode Switch
Byte for Altow 1,0 Traps
and Set Conditions
Accordingly.

[ aHsol

Set Wrong Length Record
Bit in File Branch Byte

To I-Cycles

Readout Selected File Unit
Number and Send Address
to the Control Unit. Wait
for Address In, then
Compare Address Out

with Address In

QH341

Address
Out Matches Address

I QH341

General Stop

NO

General Stop

Setup Command (07) for
Full Seek to Orginal Track

QH361

Store Command in MPX
Storage and Issue the
Command. Wait for Status
in and Test for Zero
Status

)
Status Shoutd be Zero |
on First Pass '

Send to the Control Unit
Bin Bin of 0000

Send to the Control Unit
from MPX Storage CCHH

QH381

After Values are Sent
Wait for Status In. Status
Should Have Channel End
Up or Device End, if Not
Go to General Stop. With
DE or CE Up Test for an
Unit Check, if On Go to
General Stop. If Not
Repeat Seek Command,
but This Time Status is
Non-Zero as the Unit

is Seeking to Orginial
Track

Load Op Hex Decimal
Sector Mode 005A 0090 QH501
Track Mode O0A7A 2682
- Validity Error
Indicator On QH501
READ Set Disk Error Bit in File
Read or Write Branch Byte On
1 [ [ ana \ @ X ] QHag!
Readout Position of Wait for Status In or Ser-
Main Storage where the vice In. If Service In Is
Readout Character from Character is to be Stored. Received, a Wrong Length
Main Storage and Subtract | A | Check Main Storage Record Condition Must
1 from the Counter. Check Cheracter to See if it isa Be Set for Load. If Status
Character t~ Scc if itisa GMWM. I it is, Do Not In Is Received, Either
GMWM, if it is Set an Advance the B-Star and Device End or Channel
Indicator for Wrong Length Continue to Readout the End Must Be Up. If Not,
Record. Change the GM~- Some Position Until the Go to General Stop.
WM to a Blank (40) and Counter is Zerc. Ifa With DE or CE Up, Check
Send it to the Control Unit. GMWM is Not Found, for Unit Check . If UC On,
I Not a GMWM, Send Continue to Bring ina Issue a Sense Command;
Chatacter to the Control Character at a Time Until if Not, Check for Sector
Unit; Wordmerks are the Counter is Zero. If Count of Zero
Controlled by Move or Status In Comes Up and
Load Op. Check to See GMWM has Not Been
if the Counter is Zero. Found Setup for a Sense
If Stotus In Comes Up, Set- Command or Wrong Service In U,
up for a Sense Command Length Record, P
or Wrong Length Record.
YES QH381
A GMWM has Issue Command Out to
Been Read Out End Operation
Counter is 0000 Move
Load or Move Mode
YES Status In Up
Counter is 0000

Counter is 0000

Sector Count is 000

If Unit Check or Unit
Exception Are On, Set
Up for a Sense Command,
Otherwise Check for Dev-
ice End; DE will Not Be
Up Until the Seek Is
Completed

Unit Check or Unit
Exception On

Device End Up

Set Op Register Bit 4
to 0

Device
End or Channel End
Up

QH391

Unit Check Bit On

General Stop

No
DE, CE or have a
Unit Check

YES

Chart 137

NO

Readout Selected File Unit
Number and Send Address
to the Control Unit. Wait
for Address in, then
Compare Address Out with
Address In.

Address
Out Matches Address

in

YES QH351
a

Setup Head Seek
Command 18

QH361

Store Command in MPX
Storage and Issue the
Command, Wait for
Status In and Test for
Zero Status.

Y QH371

ES
Send to the Control Unit
Bin Bin of 0000.

QH371

Send to the Control Unit
from MPX Storage CCHH.

QH381

After Values are Sent,
Wait for Status In. Status
.nould have Channel End
or Device End Up, if not
Go to General Stop.
With DE or CE Up Test
for an Unit Check, if On
Go to General Stop

QH381

No
DE, CE or have
an Unit Check

Set Op Register Bit 0
to 0 (Not Alternate Track)

Chart 137

YES

QH361

Unit Check or Unit Ex-
ception Bits On Set Up
for Sense Command .
Otherwise Repeat the
Head Seek

Check or Unit
Exception Bit

YES

Sense Command

General Stop
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Change to 2311 Format
by Doing Table Lookup
to Select Module 2,
Cylinder 59, Head 8, and
Record 16. This Can be
Determined by Dividing
D D3 Dy D5 by 2 and
Use the Remainder with
D¢ for the Record.

Add 1 to the Cylinder and
Record Values for 2311
Format. End Result is:

-
|
I
|
|
!
I
|
!
I
|
|
I
|

1400 2311
Module 4 2
Cylinder 59 +1 3C
Head 08 08

Record 16+1 11 l

,——_—.—-—_..__J

Start
QH30!
[DCF 1400-1311 Store |=Star, Setup the
*/ND) D, D3 Dy D5 Dy Op Register for a Read or
S15253 Write, Move or Load.
Exomple 0000 0000 - Write Load
*051976 XXX 0001 0000 - Read Load

0010 0000 - Write Move
0011 0000 - Read Move

QH301,311

Readout the Disk Control
Field and Change from a
1400-1311 Format to

a 2311 Format, Change
the Op Register to
Indicate Sector or

Track Mode.

i QH341

! Op Register
| 0000 X XXX Write Load
0001 XXXX Read Load
0010XXXX Write Move
| 0011 XXXX Read Move
I 0001 Sector Mode
0010 Trock Mode
0101 Sector Overla

Send Address Out. If
Status is Received, Set
File Branch Byte for
Busy and Any Disk
Condition. Restore the
A,B, and |-Stars and
Return to |-Cycles.

If Status Isn't Received,

General Stop

NO

Wait for Operational In
and Address in. Check for
Correct Address. Set H5

Address Out
Matches Address

Setup a Head Seek
Command of 1B

[

| QH3s1

If Status Has an Unit
Check or Unit Except—

ion Bit On Do a Sense
Command . Restore the k
A-, B-, and |-Stars, Then
Return to I-Cycles. If

UC or UE Bits Are Not On,
Check for Device End or
Control Unit End. If Either
DE or CUE Are On, Retry
the Command, Otherwise
Set the File Branch Byte

to Busy and Any Disk Cond-|
ition, Then Restore the A-,
B-, and [-Stars and Relurn
to [-Cycles

Device
End or Control End
Up

YES

NO

QH361
Device End or
Controll End
Up

NO

To I-Cycles

To I-Cycles

Store Command in MPX
Storage and Issue the
Command. Wait for
Status In and Test for
Zero Status,

Setup to do a Head Seek
Address Transfer. Sent
to the Control Unit
BBCCHH from the

MPX Storage .

| s

After Last Character is
Transferred Wait for
Status In. Check Status
for Device End or Channel
End; One or the Other
Should be Received. If
Not go to General Stop.
If DE or CE are Up Check
for Unit Check, IfUC
Exist go to General Stop

No
DE, CE, or Have a
Unit Check

YES

General Stop

Y QH421

Store the Operation Code
{Op Register) in MPX
Storage to Remember what
Operation was Done
Last. If this Opeartion is
Write, Set the Read Back
Check Interlock Bit On
(Bit 6 of File Branch Byte)

QH421

Readout Compare and
Module Protect Disable
Byte. Check if Module
Protect is to be Done [f
it is Check Selected File'
Number Against a Fixed
Number. If Numbers
Match Go On, If Not Go
to a General Stop

Module Error
Occurred

QHA421

Setup the Op Register
to Indicate Operation

0000 0000 - Write Load
0001 0000 - Read Load
0010 0000 ~ Write Move
0011 0000 - Read Move
Set an Indicator Bit
{S—Register) to Remember
if this is o Track Mode

General Stop

NO

Chart 140

Sector Overlay Op

Setup the Counter Used
to Address Main Storage
to Allow the Writing or
Reading of Sector Count

[

Y

NO

l QH341

Readout Selected File
Number and Send the
Address to the Control
Unit. Wait for Address
In, then Compare Address
Out to Address In.

Address
Out Matches Address

NO

General Stop
QH351

RS
Use B1 when Head | Setup a Search Command
Switching is Required. : {31) or (B1).

Store Command in MPX
Storage and lssue the
Command. Wait for
Status In and Test for
Zero Status.

After Each Character s
Sent, a Test for Status In

is Done. If Status In I
Comes Up, the Unit Check
Bit should be On. The Unif
Check Bit is Set if the
Track is Flagged |
(Defective Track) or an
Equal Address ona ID |
Search is Not Found. |
Before the Disk Passes the |
Fite Index Point Twice.
This Causes Early Status |
and a Sense Command is |
Dore.

Send to

Unit Check or Unit
Exception On

End or Control
Unit End Bits
Up

QH381

After Last Character is
Sent, Wait for Status

In. Check Status for
Device End or Channel
End, Should Receive
One or the Other. If Not
go to a General Stop.
With DE or CE Up, Check
for Unit Check Bit. If
Unit Check Bit is On,

a Sense Command Must
be Done to Find Out the
Cause of the Unit Check.

NO

To 1-Cycles

Unit CCHHR.

NO

General Stop

End or Channel End

Unit Check Bit On

Was an Equal Address
Found on this Search;
If Not Repeat the Search

Command

NO

Equol Address Found

1
[
|
|
|
P

the Control

Chart 140

Set Op Register Bit 7
to 1 (Sector Count 00).

Readout Selected File
Number and Send the
Address to the Control
Unit. Wait for Address In,
Then Compare Address

y Out to Address In.

QOut Matches Address

NO

General Stop

YES

YES

Chart 140

YES

QH351

Setup Sense Command
04,

QH361

Store Command in MPX
Storage and lssue the
Command. Wait for
Status In.

Send Service Out

Bring in Sense Bytes

0, 1, 2, and 3 One Byte
at a Time and Store in
MPX Storage. Test
Selected Bits of Sense Byte
0,1, and 2 for Error
Condition and Set the File
Branch Byte to Indicate
the Error Condition. If

Bit 6 of the Sense Byte 0
(Flagged Track) is On Set
an Indicator Bit On.

Woas Bit 6 of
Byte 0 On

Set Op Register Bit 0 to
a 1 and Bit 7 to 20

]

Readout Selected File
Unit Number and Send
the Address to the Control
Unit. Wait for Address
In, then Compare Address
Qut to Address In.

QH3FT

Address
Out Matches Address
In

Chart 140

NO

General Stop

Setup Command (16) to
Read Record 0 Address

\ Store Command in MPX
Storage and Issue the
Command. Wait for
Status In ond Test for
Zero Status.

If Unit Check or Unit
Exception Is Up, Do a
Sense Command. If UC
and UE Are Down, but
Device End Is Up, the
Read RO Will Not Be
Done . Otherwise Repeat
Command

|
L
|
| Status Should be 00

Unit Check or Unit
Exception

Device End Up

-Sense Command

1

QH371

Read In the CCHH Values
from Record RO and Store
in CPU Storage. lssue
Command Out to Bring
Status in.

QH381

Check Status for Either
Device End or Channel
End. If Either One is On,
Check for Unit Check; If
Not go to General Stop.

1f an Unit Check is Found
do a Sense Command, If
Not Setup to do a Full
Seek to an Alternate Track
Using CCHH from Record 0.

Device
End or Channel End
Up

Unit Check Bit On

Setup to Develop a
Full Seek Command to
an Alternate Track.

General Stop

NO

| | [ ama

Readout Selected File
Unit Number and Send the
Address to the Control
Unit. Wait for Address
In, then Compare Address
Qut to Address In,

Address
Out Matches Address

NO

General Stop

Setup a Full Seek
Command 07.

Store Command in MPX
Storage and Issue the
Command. Wait for
Status In and Test for
Zero Status.

Is Status 00

Send Bin Bin of 0000
to the Control Unit

Send CCHH Values Read
from Record RO into
CPU Storage to the
Control Unit.

[ auaa

Wait for Status In. Check
Status for Device End or
Channel End, Go to
General Stop if One or
the Other is Not On.
Check for on Unit Check,
if Bit is Ongotoa
General Stop. Otherwise
Repeat the Seek Command
and Status will be Non~
Zero because Device is
Busy Seeking

! Status Should be Zero
! on the First Pass.

No
DE, CE, or Have a
Unit Check

NO

YES

L |

General Stop

1

| QH361

Check for Unit Check or
Unit Exception. If On,
Do a Sense Command . If
Not Test for Device End.
DE Will Not Be Up Until
the Seek Is Completed.
UntilDevice End Comes
Up, Repeat Seek Command|

QH361

Unit Check

or Unit Exception

Device End Up

Insure Bit 4 of the
Op Register is 0

QH341

Readout Selected File
Unit Number and Send
Address to the Control
Unit, Wait for Address
In, then Compare Address

Out with Address In.

General Stop

Setup o Search Command|
31.

Store Command in MPX
Storage and lssue the
Command . Wait for
Status In and Test for
Zero Status.

QH361

NO

If Unit Check or Unit Ex~
ception Bit Is On, Do a
Sense Command. Other-
wise Repeat Search Com-
mand

Unit Check or
Unit Exception On

YES

YES

—Sense Command
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Chart 139

QH441

Subtract 1 from the
Sector Count

Set Op Register Bit 4
to 1 (Data Transfer)

QH441

Set Op Register Bit 4 and
Bit 7 to 1 (Data Transfer
and Sector Count is Zero)

I | [ arsa
Read Out Selected File
Unit Number and Send
Address to the Control Unit
Wait for Address In, Then
Compare Address Out to
Address In,

‘Address Out Matches
Address In

NO

General Stop

Read or Write

QH351 QH351
Set Up Command for Se'A Up Command for
Read (06) Write (05)
l | QH361
Store Command in MPX
Storage and Issue the
Command. Wait for
Status In and Test for
Zero Status. (Status
Should be Zero)
QH451
UnI.t Ch“k. or Set Up Counter for Data
UnitException Field Length
On Move Op Hex Decimal
YES Sector Mode 0064 0100
Track Mode 0BA4 2980
Sense Command Load Op Hex Decimall
nee Som Sector Mode 005A 0090
Track Mode O0A7A 2682

WRITE Read or Write

I QH471

Read Out Character from
Main Storage ond Subtract
1 from the Counter. Check
Character to see if it is a
GMWM, if it is Set an
indicator for Wrong Length
Record, Change the
GMWM to a Blank (40)
and Send it to the Control
Unit, Wordmarks are
Controlled by Move or
Load Op. Check to see if
the Counter is Zero, If
Status In Comes Up, Setup
for a Sense Command or
Wrong Length Record,

I QH471

Read Out Position of Main
Storage where the Charac-
ter is fo be Stored. Check
Nain Storage Character to
see if it is @ GMWM. If it
is, do not Advance the B-
Star and Continue to Read
Out the Same Position Un-
till the Counter is Zero. If
a GMWM is not Found,
Continue to Bring in o
Character at a Time Untill
the Counter is Zero. If
Status [n Comes Up and a
GMWM has not Been Found
Set Up for a Sense Comm-
and or Wrong Length
Record.

1

Wait for Status In
vice In. If Servic

Record Condition
Set. If Status In i

Check is Up, Issu
Command; if not,
Sector Count

Received, a Wrong Length

Either Device End or Chan-
nel End Must be Up. If not,
go to General Stop. If Unit

QH381
or Ser-
e lnis

Must be

s Received,|

e a Sense

Check

Move

Counter is 0000

Wrong Length
Indication On

A GMWM has
Been Read Out

YES

NO

Issue Command Out to
End Operation

Load or Move Mode

QH381

Counter is 0000

NO

Set Wrong Length Record
Bit in File Branch Byte On

Device End or
Channel End Up

Unit Check Bit On

Sector Count is 000

Chart 139

Using Alternate Track

NO QHS531
Check for Any Error Bits
Being On in the File
Branch Byte. If Any are
On, Set the Any Disk
Condition Bit and Reset
the Read Back Check

Chart 139

) Indicator Bit.

QH531

Record Found

Restore A, B, and |-Stars

Test Program Mode Switch
Byte for Allow 1/0O Traps
and Set Comtlitions

General Stop

©
QHS31

QH531
Setup to Seek to the
Original Cylinder

Set the Original Seek
Cylinder Value into the
Search Cylinder Byte

I

QH401

et Up Main Storage Address|
fo Store Convert Numbers

QH401

Subtract 1 from the
Cylinder Value, Convert
the Remainder into Two,
Units and Tens, Decimal
Digits. Subtract 1 from

the Record Value

QH411

Hos the DCF Been
Incremented

Counter is 0000

LOAD

Load or Move

Set Op Register Bit
7 to 1 and Wrong

If Read is a Load Op Bring
in the 91st Character,
Check Last Character In,
Move and Load, to See if
the Character has a Word-
mark Set o Indicator Bit if
the Lost Character has a
Wordmark and Op is Move,
or Op is Load and Last
Character did not Have a
Workmark .

QH501

Read Out Record Value
from MPX Storage and

Test to See if the Value 1400 59 08 ol
is 14 (20 Decimal)

Accordingly
To 1-Cycles
-—
1
1
Read-In C C H H RI
00 3C 00 08 ”'
Conversion 60 08 17

Minus ] nl

Stored 19 7 6!

1f Read is o Load
Operation Bring in 91st
Character. Check Last
Choracter In, Load or
Move, to See if the
Character hos a Word-
mark. Set Op Register

Bit 7 to 1 (Seetor

Count is Zero). Set an
Indicator Bit On for
Validity Error if Read
is a Load Op and Last
Character In did Not

Length Record in the
File Branch Byte

have a Wordmark or
Read is a Move Op and

Lost Character In
l QHs01 has a Wordmark.

Record 20

QH431

Setup for Head Switch On
Search. Set Record Value
to Ol. Set Op Register Bit
4to 0, Readout the Head
Valuve, Check for Head 9.

Add 1 to the Record Value.
Set Op Register Bit 4 to

If Record Value is Ten or
More, Subtract Ten. Store
Correct Record Value in
Main Storage. Double the
Head Value, Add 1 if
Record Value was Ten or
More. Store Correct Head
Value in Main Storage.
Double the Cylinder Units
Value, Add 1 if Carry
Occurred on Head Conver-|
sion and Store Results in
Main Storage. Double the
Cylinder Tens Value , Add
1 if a Carry Occurred on
Cylinder Units Conversion
and Store in Main Storage

0. Set Bit 3 of |/O Error
Byte to Indicate DCF has
Been Incremented.

YES

Read Out the Next Charac-|

Device End
of Control Unit
End Up

NO

|-Cycles

L |

ter from Main Storage and
Check to See if it is a
GMWM. Also Check to
See if Sector Count is
Zero. Set Op Register Bit

7 to 1 (Sector Count).

Sector Count is 000

NO  QH501

Character is a
GMWM

Sector Count is 000

Using Head 9

Change Head Value
to 00 and Add 1 to
the Cylinder Value

QH411,412

Add 1 to Head Value

Set Bit 3 of 1/0 Error
Byte (DCF Incremented)

QH422

Using Alternate

Track

Set Op Register Bit 7 to
0O (Sector Count Not 000)

QH501

Set Disk Error Bit in File
Branch Byte On

QH501

Is Validty Error
Indicator On

Store the Cylinder Value
in'the Cylinder Buffer
Byte

QH431

Read Out from MPX
Storage the 1400 File
Unit Number. Add

1 to it if a Carry
Occurred on the

Cylinder Tens
Conversion. If a
Cylinder Overflow wos
Found on the Cylinder
Hexadecimal to Decimal
Conversion Add 2 More
to the Module Valve and
Store in Main Storage.
Readout the Next Position
of Main Storage and Write
Back the Digit Portion of

the Byte,

Set Bit 3 of /O Error
Byte (DCF Incremented)

QH531

QH531

Op Code Bit 4 On
{Data Transfer)

1] QH341

Read Qut Selected File
Unit Number and Send
Address to the Control
Unit. Wait for Address In
and Compare Addresses.
If Address do not Match
go to General Stop.

Set Up Command (07) for
Full Seek to Original Track

QH361

Store Command in MPX
Storage and Issue the
Command. Wait for Status
In and Test for Zero
Status. Status Should be
Zero on First Pass.

M QH371

ES
Send to the Control Unit
Bin Bin of 0000

QH371

Send to the Control Unit
CCHH from MPX Storage

QH381

After Values are Sent Wait
for Status In. Status
Should Have Channel End
Up or Device End, if not
go to General Stop, With
DE or CE up Test for an
Unit Check, if on Go to
General Stop. If Not
Repeat Seek Command,
But this Time Status is
Non-Zero os the Unit is
Seeking to Original
Cylinder

QH381

No DE,CE or Have
an Unit Check

YES

General Stop

1

Unit Check or Unit Ex-
ception On, Do a Sense
Command . Check for De-
vice End. DE Will Not
Be Up Until the Seek

Is Completed

Unit Check or Unit
Exception On

Device End Up

Sector Count is 000

NO QH422

Set Up to Do @ Head Seek

Read Out SelectedFile Unid
Number and Send Address
to the Control Unit. Wait
for Address In and Compare
Address, If Addresses do not
Match Go to General Stop

QH351

Set Up Head Seek
Command 18

QH361

Store Command in MPX
Storage and Issue the
Command, Wait for
Status In and Test for
Zero Status,

Y QH371

ES
Send to the Control Unit
Bin Bin of 0000

QH371

Send to the Control Unit
CCHH from MPX Storage

QH381

After Values are Sent
Wit for Status In, Status
Should have Channel End
or Device End Up, If Not
Go to General Stop., With
DE or CE Up Test for an
Unit Check, If on Go to
General Stop. Otherwise
Set Op Register Bit 0 to 0

Chart 139

Sense Command

Set Op Register Bit 0 to
0 (Not Alternate Track)

{QH341

QH341

@

Chart 139

Set Wrong Length Record
Bit in File Branch Byte

Restore A,B, ond [-Star

QG031

Test Program Mode Switch
Byte for Allow i/O Traps
and Set Conditions
Accordingly

To [-Cycles

Unit Check or Unit
Exception Bit On. If So
Do a Sense Command .
Otherwise Repeat the
Head Seek .

Unit Check or
Junit Exception
Bit On

YES
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Should be Received. If

Check for Unit Check or
Unit Exception. If On,
I N Clact 142 do a Sense Command .
- If Not, Test for Device
Fw c QH33] l QH371 End: DE will Not be Up
Setup Sense Command Until the Seek is Complet~
QH301 c Dbl O QH39) fi‘: ;:C':rz ig':? dVS‘“'L‘:ZS e, Uniil the Devine End
- mpare Disable On
DCF 1400-1311 'IT —II Store I-Star, Setup the empare Dis ¥ Search Just Complored Qh3e! T CPL Sroroge. lave g:zzgj Repeat Seek
*NDyDyD, D, Dz D Op Register for a Read or was for Record 0, the R Command Qut to Brin °
$5p9 2 2 428 | Wiite, Move or Lood. Set Record Value fo 00 NO QHs21 Search is Completed. If Srore Command in MPX Status In. *
Example | 0000 0000 - Write Load and the Cylinder Value it wasn't,a Search On orage and ‘ssue the
*051976xxx | 0001 0000 - Read Load to the Seek Cylinder Insure Op Register Record O Must be Done Command . Wait for \ | QH381 Unit
Change fo 2311 Format | |00100000 ~ write Move Value 7is 0. to Set the File and Status In. Check or Unit
by Doing Table Lookup | 0011 0000 - Read Move 1 Control Unit in Time Check Status for Either Exception on
to Select Module 2, | ] - Device E':\d or Chm:mei
o Select Modle2 | [ == B o, e
Record 16. This canbe | Readout the Disk Control "Op Register for RBC Readout Selected File Check for Unit Check; If \ .
Determined by | Field and Change from o 10000 0011 Write Load Number and Send the Record 0 has Mot go to General Stop.
Dividing Dy D, D, D5 by 1400-1311 Format to | 0001 0011 Read Load Address to the Control been Found — If an Unit Check is Found Device End Up
2 and Use the Remainder | a 2311 Format. Change 10010 0011 Write Move Unit. Wait for Address Bring in Sense Dytes do a Sense Command, If
with Dg for the Record. | the Op Register to 0011 0011 Read Move n, then Compare Address 1r2, and 3 One Byt Not Setup to do a Fuli
Add 1 fo the Cylinder anc Indicate a Read Back Out 1o Address In. MPX Srovcom. Tow Seck to an Arernare Track
ecord Values for 2311 C| ge- sing rom Record 0,
Format. End Result is: ‘ heck Selected Bits of Sense Insure Bit 4 of the
1400 2311} iéyve oc,l,df"?d 2 fcz . \ Op Register is 0
Module 4 2 NO Address rror Londifion and Sef
Colinder 5941 3C QH341 } QH421 ot Matches Address Chart 142 the File Branch Byte " Device NO
Head 08 08 Send Address Out . If Readout Last Operation, After Each Character is 10 Indicate the Evror End or Channel End QH34
Record 16 +1 11 Status is Received, Set Code and Set Op Register Sent, a Test for Status In | Condition. 1f Bit 6 of the Readout Sel o Fil
File Branch Byte for for Read Sector or Track is Done. If Status In Comes| Sense B.Yfe 0 (Flogged Uec.lro,:f Z ecred 51 ed
Busy and Any Disk Op Register Up, the Unit Check Bit Y Track) is On Set an General Stop v rase o o e Uni
Condition. Restore the 0101 XXXX Read Load Should be On. The Unit | Indjcator Bit On. Address to the Control Unit
Wait for Address In, then
A,B, and |-Stars and 0111 XXXX Read Move Setup a Search Check Bit is Set if the QHS521 c e Add O’ ¢
Return to I-Cycles. 0110 Sector Address Command (31). Track is Flagged | f ) it Aress o
If Status Isn't Received, 1100 Track Address Qh361 (Defective Track) or an Was Bit 6 of NO Unit Check Bit On ' n:
Wait for Operational In Equal Address on o 1D | Byte 0 On
and Address In. Check for Store Command in MPX Search is Not Found before QH34
Correct Addlress Set H5 | QHA421 Storage and lssue the the Disc Passes the File | NO
to Prevent Interrupt. . Index Point Twice. This t Matches Address
Readout Compare and lcxj'\oumr:ndc?:;f\;vc::wziorro Status Causes Early Status and a ! i - Chart 142 Setup to Develop o Ou hes
Module Protect Disable Status Sense Command is Done . l Se}’ OF(; RBe:“gl;f'er B\:)O to 2 FU”A|S,eek (':o?marl\(d to
Byte. Check tf Module : a 1 and B oa on Alternate frack.
NO Protect is to be Done, If Status Should be Zero | General Stop
Qut Matches Address it is,Check Selected File at this Time |
Number Against o Fixed l rQH3M QH351
Number. 1f Numbers | —-——I Readout Selected File
General Stop YES QH351 Match Go On, If Not go Is Status Zero QH341 Unit Number and Send
Setup o Heod Seek to a General Stop | Readout Selected File Adfiress to the Control .
Command of 18 o | L‘:,n“ Number an: Sznd | lr.Lmr.CWan for:\dc:‘dress In, QH361
the Address to the Control en Compare ress "
QH351 YES Check or Unit YES Lsf,::‘ &:fm(fm”o' Unit. Wait for Address Out with Address In. ?rg: i°(;','$°|:i'e",hM:x
_ Module Error Occurred Exception On In, then Compare Address C o d. Wait F
Store Command in MPX Sense Command Chart 142 Out to Address In ommand. Wait for
Storage and lssue the . Status In and Test for
Command. Wait for NG Address NO Zero Status.
Status In and Test for General Stop Early Siatus Out Matches Address
Zero Status. 4 Address NO In QH361
End or Control Qut Matches Address s [ s
Setup the Op Register Unit End Bits QH381 eneral stop YES
to |r\d7<fare an Adidress Ue After Last Character is General Stop Setup a Full Seek
Operation (Bit 6) NO Sent, Wail for Status - n Command 07.
Is Status 00 0101 0010 - Read Load In. Check Status for Set Op Register Bit 7 1o Setup Command (16) to
(S)]t” 0?‘3. _' Re;i Move Device End or Channel ! (Sector Count 00). Read Record 0 Address NO
. et an Indicator Bi *
If Status has .an Unit . YES QH371 (S-Register) to Remember End, Sho}:}ld R:CSI\;\;QN Store Command in MPX If Unit Check or Unit
Check or Unit Exception iF this is o Track Mod One or the Other, ot Readout Selected File Storage and {ssve the Exception Bit is On
Bit On, do a Sense Setup to do a Head Seek go foa General Stop. Number and Send the Store Command in MPX Command. Wait for Restore the A,B, and |
Command. If UC or UE s Trorteon S With DE or CE Up, Check Address to the Control Storage and lssue the Status In and Test for Stars and go to |-Cycles.
Bits are Not On Check for to the Control Unit l QH422 for-Umt Che?k ?"‘ ' Unit. Wait for Address In, Command. Wait for Zero Status. Otherwise Repeat Search
Device End or Control Unit BBCCHH from th T Unit Check Bit is On, then Compare Address Status In and Test for Command
End. If Either DE or CUE MPX St o e Set Count Field in MPX @ Sense Command Must Out to Address In Zero Status.
are On Retry the Command. orege. Storage to 0064 (Sector be Done to Find Out the :
Otherwise Set the File Mode) or 0BA4 (Track Cause of the Unit Check
Branch Byte to Busy and r QHagl Mode). R Is Status 00 NO Unit Check YES
any Disk Condition, then After Last Character is Hex Decimal \ Address YES s Status or Unit Exception
Restore the A, B, and | Transferred Wait for 0064 0100 Qut Matches Address YES o On
Stors and Return to |-Cycles| Status In. Check Status 08A4 2980 In Is Status 00 Status Should be Zero
for Device End or Channel l QH422 Device - ——/ YES QH37! : On the First Pass.,
End; One or the Other End or Channel End NO Send Bin Bin of 0000 Sense Command
Check to See if the Up QH361 ! to the Control Unit

Unit
Check or Unit
Exception On

QH361

Device End
or Control End
Up

Not go to General Stop.
If DE or CE are Up, Check
for Unit Check. If UC
Exist go to General Stop

YES

General Stop

Compare Disable Bit is
On. If it isOn, SetUpa
Search to Record 0
without First Searching
for the Record Address.

General Stop

Unit Check Bit On

If Not Repeat the Search
Command

QH391

NO

Equal Address Found

YES

Generol Stop

If Unit Check or Unit
Exception is Up do a Sense
Command. If UC and UE
are Down but Device End is
Up the Read RO will Not
be Done. Otherwise Repeat
Command

I Status Should be 00

Check or Unit
Exception On

YES
DE, CE_/ or Have a Was an Equal Address Wait for Smru‘s In. Check
Sense Command Unit Check Found on this Search: Status for Device End or
’ Unit Channel End, go to

NO
Sense Command

QH361
NQ Device End Up YES N
NO ©
To I-Cycles DE, CE,or Have @
Unit Check

QH371

Send CCHH Values Read
from Record RO into

CPU Storage to the
Control Unit,

QH38T

General Stop if One or
the Other is Not On.
Check for an Unit Check,
if Bitis Ongotoa
General Stop. Otherwise
Repeat the Seek Command
and Status will be Non-
Zero because Device is
Busy Seeking

Menerol Stop
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Chart 141

I QH341

Read Out Selected File
Unit Nurmber and Send
Address to the Control
Unit. Wait for Address
In. Then Compare Address
Out with Address In

Out Matches Address

Set up Command for
Read with Address (1E)

YES

Device
End or Control Unit
End Up

1-Cycles

( General Stop ’

Uriit Check or Unit
Exception On

YES

Sense Command

I QH361
Store Command in MPX
Storage and Issue the
Command. Wait for Status
In and Test for Zero
Status (Status Should
be Zero)

QH371

Read fn from the Control
Unit and Store in MPX
Storage CCHHRKDD
Values. If Status In

Comes Up During this Time,
lssue a Sense Command

QH371

NO  QH441

Is Sector Count 000

QH44

YES j

Chart 141

QH441

Set Op

Set Op Register Bit 4
to 1 (Data Transfer)

Bit 7 to 1. (Data Transfer
and Sector Count is Zero).

Register Bit 4 and

l I QH451

Setup Counter for Data
Field Length

Move Op Hex Decimal
Sector Mode 0064 0100
Track Mode O0BA4 2980

Load Op Hex Decimal
Sector Mode 005A 0090

Track Mode 0A7A 2682

Set Op Register Bit 7 to 0

QH461

Read Out the Dota
Charccter from Main
Storage and Check to see
if it is a GMWM. If it

is a GMWM a Wrong
Length Record Condition
Exists. Setup the Word-
mark Bit Depending on the
Operation Being a Load or
Move. Compare Storage
Character to the Bus In
Character. |f Characters
Do not Compare, Set an
Indicator Bit to End
Routine or Set Validty
Error Bit in File Branch
Byte. This Continues
Until Counter is Zero or a
GMWM is Found. If
Status In Comes Up During
this Time an Error Condi-
tion exists

Unit Check Bit On

Chart 141
QH531

Set Wrong Length Record
Bit in File Branch Byte

Storage Character is
o GMWM

Counter is 0000

YES  QH501

If Operation is a Load and
a RBC Error, Non Compare
has Occurred Set Op*
Register Bit 7 to 1 (Sector
Count is 000), If Opera-
tion is o Load Bring in the
9st Character, Check
Last Character In, Load or
Move, to See if the
Character has a Workmark |
Set an Indicator Bit for
Validty Error if Read is a
Load Op and Last
Character In did not have
a Wordmark or Read is a
Move Op and Last
Character In Has a Word-
mark

] QH501

Read Out the Next
Character from Main
Storage and Check to
See if it is a GMWM,
Also Check if Sector
Count is Zero. Set Op
Register Bit 7 to 1.

Character is a GMW.

Set Wrong Length Record
Bit in File Branch Byte.

Wait Until Counter is
Zero

QH501

If Readis a Load Operation
Bring in the 21st Character.,
Check Last Character In,
Load or Move, to See if
the Character has a
Wordmark . Set Command
Qut to End Operation . Set
Op Register Bit 7 to 1.Set
an Indicator Bit On for
Validity Error. If Read is
a Load Op and Last Char- A
acter In did not Have a
Wordmark or Read is a
Move Op and Last Char-
acter In has a Wordmark

| |

Sector Count is 00

YES

| QH381

Wait for Status In or
Service In, If Service In
is Received a Wrong
Length Record Condition
Must be Set. If Status [n
is Received, Either
Device End or Channel
End Must be Up. If not
go to General Stop, With
DE or CE Up Check for
an Unit Check, if On
Issue Sense Command.

Issue Command Out to
End Operation

Load or Move Mode

Set Op Register Bit 7
to 1 and Wrong Length
Record Bit in the File
Branch Byte.

— 1

Check for any Error Bits
Being On in the File
Branch Byte. If any are
On, Set any Disk
Condition Bit and Reset
the Read Back Check
indicator Bit,

QH531

If Record Number Is
Less than 16 (Dec) and
in Sector Mode, Set Bit
0 and 3 of File Branch
Byte

QH541

Restore A,B,
and |-Stars

QG031

Test Program Mode Switch
Byte for Allow /O Traps
and Set Conditions

b | Accordingly.

To I-Cycles

QHS501

Is Validity
Error Indication

On

YES  QH501

Set Disc Error Bit in
File Branch Byte

QH381

Device
End or Channel End
Up

General Stop

YES

Unit Check Bit On

NO

QH391
Chart 141

Sector Count is 000

Using Atlernate Track

YES QH531

Set Up to Seek to the
Original Cylinder
QH422

Set the Original Seek
Cylinder Value into the
Search Cylinder Byte

QH36!

NO

Send to the Control Unit
Bin Bin of 0000

QH371

Send to the Control Unit
CCHH from MPX Storage
QH381

After Values are Sent,
Wait for Status In. Status
should have Channel End
Up or Device End, if not
go to General Stop. With
DE or CE Up Test for an
Unit Check, if On go to
General Stop. If Not
Repeat Seek Command,
but this Time Status is
Non-Zero as the Unit is
Seeking to Original
Track.

QH381

No DE, CE or have
an Unit Check

YES

General Stop

QH34

Readout Selected File
Unit Number and Send
Address to the Control
Unit. Wait for Address
In, then Compare
Address Out with

Address In

Address
Out Matches Address

In
General Stop

Setup Command (07) for
Full Seek to Original Track

QH361

NO

Store Command in MPX
Storage and Issue the
Command. Wait for
Status In and Test for
Zero Status.

L

| Status Should be Zero
I On First Pass

If Unit Check or Unit Ex-
ception Are On, Do a
Sense Command, Other-
wise Check for Device End
DE will Not 8e Up Until
the Seek Is Completed

Unit Check or Unit
Exception On

Device End Up

: Sector Count Should be
_ oo

Set Up to Do a Head Seek

QH341

Readout Selected File

Set Op Register Bit 0
to O (Not Alternate Track)

General Stop

Unit Number and Send
Address to the Control
Unit, Wait for Address In,
then Compare Address
Qut with Address in

If Unit Check or Unit
Exception Bit Is On, Do a
Sense Command. Other-

wise Repeat the Head Seek

Setup Head Seek
Command 1B

QH361

Store Command in MPX
Storage ond Issue the
Command, Wait for
Status In and Test for
Zero Status,

YES Qa7

Send to the Control Unit
Bin Bin of 0000

QH371

QH361

Unit Check or Unit
Exception On

Sense Command

General Stop

Send to the Control Unit
CCHH from MPX Storage

QH381

After Values are Sent,
Wait for Status In. Status
Should have Channel End
or Device End Up, if not
go to General Stop. With
DE or CE Up Test for an
Unit Check, if On go to
General Stop.

QH381

No DE, CE, or have
an Unit Check

Set Op Register Bit 0 to
0 (Not Alternate Track)

Chart 141
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QH301

Setup Sense Command 04.

) QH371

Read In the CCHH Volues
from Record RO and Store

1

Check for Unit Check or
Unit Exception. If On Do
a Sense Command. {f Not,
Test for Device End. DE
Will Not Be Up Until the
Seek Is Completed. Until
the Device End Comes Up,
Repeat the Seek Commond

DCF 1400-1311 T [store 1-star, Setup the in CPU Storage . fssue
e T I eyl o Stre Cammond i MPX S 0wt o g
H " . Storage and Issve the ofus in-
Example H 0000 0000 ~ Write Load Chart 144 Command. Wait for
051976 XXX X 0001 0000 - Read Loud gommand: l QH381 - A
Change to 2311 Format | 0010 0000 - Write Move . Unit Check or Unit
by Doing Table Lookup { 0011 0000 - Read Move QH361 Check Status for Either Exception On
to Select Module 2, | Device End or Channel
Cylinder 59, Heod 8, ond| [ I QH301,311 I QH341 End. If Either One is On, Sanse Command
Record 16. This can Read out the Disk Control roadour Selected File Check for Unit Check. If

Op Register

0000 0011 Write Load
0001 0011 Read Load
0010 0011 Write Move
0011 0011 Read Move

Not go to General Stop.
SLELL If an Unit Check is Found
do a Sense Command, If
Not Setup to do a Full
Seek to an Alternate y

be Determined by
Dividing Dy D3 D4 D5 by
2 and Use the Remainder
with D¢ for the Record,

Field and Change from o
1400-1311 Format to

a 2311 Format. Change
the Op Register to

Number and Send the

Address to the Control
Unit. Woit for Address
In, then Compare Ad-

Bring in Sense Bytes Device End Up

0,1,2, and 3 One Byte
at a Time ond Store in

seAl23lqQ sdO g pup ‘Z ‘| 403 DQY - 2|14 001

Add 1 to the Cylinder and

T
1
I
|
)]
i
i
]
¥
|
i
]
i
1
1
1
1]
Record Values for 2311 |
1
|

Indicate a Read Back
Check

If Status Has en Unit Check
o Unit Exception Bit On,
Do a Sense Command. If
UC or UE Bits Are Not On,
Check for Device End or

and Address In. Check
for Correct Address.

QH341

Address
Out Moatches
Address In

Storage ond Issue the
Command. Wait for
Status In and Test for
Zero Stotus

YES quazi

Setup to do a Head Seek
Address Transfer. Sent
to the Control Unit
BBCCHH from the

I QH421

Readout Compare ond
Module Protect Disable
Byte. Check if Module
Protect is to be Done. If
it is Check Selected File
Number Against a Fixed
Number. 1f Numbers

Setup the Op Register

to Indicate Operation
0101 0000 - Read Load
0111 0000 - Read Move
Set an Indicator Bit
(S-Register) to Remember
if this is a Track Mode

Gengral Stop

dress Out to Address In

Status Should be Zero 1
at this Time !

End or Control
Unit End Bits

Store Command in MPX
Storage and Issue the
Command. Wait for
Status In and Test for
Zero Status

Search is not Found

Before the Disc Passes

the File Index Point

Twice. This Couses Early
Stotus and o Sense
Command is Done.. B

To i-Cycles

Is Status Zero

After Lost Character is
Sent, Wait for Status

In. Check Status for
Device End or Channel
End, should Receive

One or the Other. If not
go to a General Stop.
With DE or CE Up, Check
for Unit Check Bit. If
Unit Check Bit is On,

a Sense Command must

QH371

1 (Sector Count 00)

QH34)
Set Op Register Bit 7 to

Readout Selected File
Number and Send the
Address to the Control
Unit. Wait for Address In,
then Compare Address

MPX Storage. Test Select
ed Bits of Sense Byte 0,1,

Chart 144
Set Op Register Bit
Otoa landBit 7106 0

l QH341

to Address In,

QH341

Address

General Stop

YES QH351

Setup Command (16) to
Read Record 0 Address
QH361

Store Command in MPX
Storage and lssue the
Command. Wait for
Status In and Test for
Zero Status.

Track Using CCHHR from

Setup to Develop a
Full Seek Command to
an Alternate Track.

Address
Out Matches Address

Format. End Result is: QH341 Record 0. Insure Bit 4 of the Op
1400 231 and 2 for Error Condition 1 Register is 0
Module 4 2 l NO Address and Set the File Branch
Cylineer 59+1 ac QH341 ] aHan Out Matches Address Byte to Indicate the Error Bevice
Head 08 08 Send Address Out. If Readout Last Operation In After Each Character is | Condition. If 8it 6 of the End or Channel End I QH341
Record  16+] oy Status is Received, Set Code and Set Op Sent, a Test for Status In | Sense Byte O (Flagged Up
| File Branch Byte for Register Read General Stop is Done. If Status In | Track) is On Set an Readout Selected File
1 Busy and Any Disk Op Register Comes Up, the Unit | Indicator Bit On. General Stop Unit Number and Send
S — Condition . Restore the 0101 xxxx Reod Load QH351 Check Bit Should be On. | Adc?ress to the Control Unit,|
A,8B, and |-Stars and 0111 xxxx Read Move Use B1 when Head ' Setup o Search Command The Unit Check Bit is Set | Wait for Address In, then
Return to 1-Cycles. 0001 Sector Switching is Required 1 (31 or B1) if the Track is Flagged I L YES Compare Address Out
1f Status isn't Received 0010 Track i (Defective Track) oron | Was Bit 6 of Unit Check Bit On with Address In
Wait for Operational In 0101 Sector Overlay I QH361 Equal Address on a 1D I Byte 0 On
|
|
I
|
|

] [QH34

Readout Selected File
Unit Number and Send

General Stop YES QH351 Match go on. If not go to s
Setup o Heod Seek o Generol Sicp Readout Selected File Address 10 the Control .
Comfnaod of 1B QH421 _ Unit Number and Send the Unit. Wait for Address In,
Send to the Confrol Unit Address to the Control then Compare Address
Unit Check or Unit CcC"HH; ontrol LUn Unit. Wait for Address In, Out with Address In. Store Command in MPX
- Module Error Occured : than Commare, Address Out Storage and Issue the
Store Command in MPX Chart 144 i Command. Wair for

QH351

Setup a Search Comaand

Status In and Test for
Zero Status.

General Stop

Setup a Full Seek
Commend 07.

Store Command in MPX
Storage and Issue the
Command. Wait for
Status In ond Test for

Zero Status.

If Unit Check or Unit Ex-
ception Bit Is On Do a
Sense Command. Other-
wise Repeat Search
Command

NO

General Stop

ggn;[o(ltlkjg ‘;:«Ee"%nl,‘ ;f;:'ff ' MPX Storoge. Sector Overlay O be Dore to Find Out the Out to Address In. QH36!

the Command. Otherwise g Cause of the Unit Check.

Set the File Branch Byte l QH38 NO Unit Check YES
to Busy and any Disk Con- After Last Choracter is s Status 00 or Unit Exception

dition; Then Restore ‘the Transferred Wait for QH241 s Status 00 YES T

A-,B-, and |- Stars and
Return to [-Cycles

QH361

Unit Check or Unit
Exception On

Device End or
Control End Up

To I-Cycles

Status In. Check Status
for Device End or Channel
End; One or the Other
Should be Received. If
not go to General Stop.
1f DE or CE are up, Check
for Unit Check. If UC
Exist go to General Stop

QH381

DE, CE, or Have a
Unit Check

General Stop

Setup the Counter Used
to Address Main Storage
to Allow the Reading of
the Sector Count

[

General Stop

Device
End or Channe! End
Up

Unit Check Bit On

Was an Equal Address
Found on this Search;

If not Repeat the Search
Command

Equal Address Found

Genera! Stop

Chavr 144

A
i

i

| Status Should be 00

It Unit Check or Unit Ex-
ception Is Up, Do a Sense
Command. If UC and UE
Are Down but Device Eng
Is Up, the Read RO Will
Not Be Done. Otherwise
Repeat Command

Unit Check or Unit
Exception On

Sense Command

Device End Up

Send Bin Bin of 0000
to the Control Ul

QH371

Send CCHH Values Read
from Record RO inio

CPU Storage to the
Control Unit.

QH381

Wait for Status In. Check
Status for Device End or
Channel End, Go to General
Stop if One or the Other is
Not On. Check for an Unit
Check, if Bit is On go toa
General Stop. Otherwise
Repeot the Seek Command
and Status will be Non-
Zero Because Device is
Busy Seeking

L

Status Should be Zero
on the First Pass.

DE, CE, or Have a
Unit Check

General Stop

Sense Command




Chart 143

QH441

Subtract 1 from the Sector
Count

Is Sector Count 000

Set Op Register Bit 4
to 1 (Data Transfer)

QH441

Set Op Register Bit 4 and
Bit 7 to 1 (Data Transfer
and Sector Count is Zero)

| L[ oo

Readout Selected File
Unit Number and Send

l QH461

Readout the Data Char
from Main Storage and
Check to See if it isa
GMWM, Ifitisa
GMWM, o Wrong Length
Record Condition Exists.
Setup the Wordmark Bit
Depending on the Opera-
tion, Load or Move
Compare Storage Character
to the Bus In Character.

If Characters Do Not Com~
pare, Set an Indicator Bit
to End Routine or Set
Validty Error Bit in File
Branch Byte. This Con-
tinues Until the Counter is
Zero or a GMWM is
Found. If Status in Comes
Up During this Time an
Error Condition Exists.

l QH381

Wait for Status in or
Service In. If Service In
is Received a Wrong
Length Record Condition
Must be Set. If Status In
is Received, Either Device
End or Channel End Must
be Up. If not go o
General Stop. If Unit
Check is Up Issue a Sense
Command, if not Check
Sector Count.

Chart 143

Using Alternate Track

NO
QHS531

Check for Any Error Bits
Being On in the File
Branch Byte. If Any Are
On, Set the Any Disk
Condition Bit and Reset the
Read Back Check Indr Bit

" Setup to Seek to the
Original Cylinder

Set the Original Seek
Cylinder Value into the
Search Cylinder Byte

L

©

QH401

| QH341

Readout Selected File Unit|
Number and Send Address

to the Control Unit. Wait
for Address In and Com-

I QH361

If Unit Check or Unit
Exception are on, do o
Sense Command.

Check for Device End.
DE Will not be Up Until
the Seek is Completed

Unit
Check or Unit
Exception
On

vyl 410

Address
Out Matches Address

QH341

Character is a GMW!

—Geneml Stop

QH391

Test Program Mode
Switch Byte for Allow
1/O Traps and Set
Conditions Accordingly

the Remainder into Two,
Units and Tens, Decimal
Digits. Subtract 1 from
the Record Value.

Gdz.!:esswm.:hfe C::;rol \ QH38l pare Addresses. 1f Address
nit. Wait for ress In Device QH401 do not Match go to Set Op Regi i
YES g et Op Register Bit 0 fo
:Zexdgfgti:‘e Address Out End of Channel End Subtract 2 from the General Stop. NO 0 (Not Alternate Track)
Cylinder Value. Convert l QH351 QH361, 422

Setup Command (07) for
Full Seek to Original Trac

Iietup to do a Head Seek

QH361

Z +99yg - seAlyd3lqQ sdO G pup ‘z ‘| 404 DFY - °|!d 00¥L

Store Command in MPX I QH341
QH4tl Storage and lSSl{e the [Readout Selected File Unit
To I-Cycles Has the DCF Been ﬁ:’:"":’;d ’ qug for SS:":“S No. and Send f\ddresf to
General Stop Incremented est for Zero Status. the Control Unit. Wait for
Chart 143 Srutus should be Zero on Address In and Compare
First Pass. Address. |f Address do Not|
Setop C Tt . QH411 Match Go To General St
et up Command for
Read 06 . _._________,[ if Record Value is Ten or
QHael Counter is 0000 Read-in C C H H R More, Subtract Ten. Store Setup Head Seek Command
" 00 3C 00 08 11 : Correct Record Value in 18
e o s e ot QHa71 Readout Record Volue Comversion 60 08 17} |Moin Sorage, Dotble he
i QH501 Wauit Until Counter i from MPX Storage and inus ead Value, i
Command. Wait for Status Z:rlo nitl Counter is Test to See if fhge Valuve 1400 59 08 6: Record Value was Ten or YES QH371
In and Test for Zero Status. If Operation is a Load is 14 (20 Decimal) Stored 19 7 61 More. Store Correct Head Send to the Control Unit Store Command in MPX
(Status Should be Zero) and a RBC Error, Non —_— Value in Main Storage. Bin Bin of 0000 Storage and Issue the
Compare, has Occurred QH501 Double the Cylinder Units Command. Wait for Status 1
Set Op Register Bit 7 to 1 If Read is a Load Op Vaive, Add 1 if Carry QH371 In and Test for Zero Status
(Sector Count is 000). If Bring in the 91st Character. Occ‘urred on Head Con- Send to the Control Unit
Opewﬁor; is;‘ L°S:,; Check Last Character In, Record 20 version ogd Store Rglul;; CCHH from MPX Storage
Bring in the 91st r Load or Move, to See if in Main Storage. uble
Check Last Character In, the Chorccter, hes @ the Cylinder Tens Value, QH381
QH451 Load or Move, to see if Wordmark. Set Command Add 1 if a Carry Occurred
the Character has o Word-| Out to End Operation. QH43) on Cylinder Units Con- After Valuesare Sent,Wait
5:3' Up Counter for Data mark. Set an Indicator Set Op Register Bit 7 to 1. Setup for Head Switch On version and Store in Main for Status In. Status
Check or Unit Field Length : Bit for Validty Error if Set an Indicator Bit on for Search. Set Op Regisrer Add 1 to the Record Value. Storage. Should have Channel End
Exception Move Op = Hex Decimal Read is a Load Op and Validty Error If Read is & Bit 4 to 0. Readout the Set Op Register Bit 4 to Up or Device End, If not
e s cons 9980 Last Character In Did Not Load Op and Last Char Head Value, Check for 0. Set Bit 3 of /O Error Go to General Stop. With Send to the Control Unit
rac e 4 have a Wordmark or Read In Did Not have a Head 9. Byte to Indicate DCF has DE or CE up Test for an Bin B
Load Op  Hex  Decimal is @ Move Op and Last Wordmark or Reod is a Been Incremented. Unit Check. If On Go tc in Bin of 0000
Sector Made 8257':\ 0032 Character tn has a Word- Move'Op and Last General Stop. If not
Sense Command Frack Mode % mark. Character In has a Repeat Seek Command, N
Wordmark. But this time Status is Send to the Control Unit
l QH50 QH411,412 Non-Zero as the Unit is CCHH from MPX Storage
Readout the Next Seeking to Original QH381
Character from Main Using Head 9 Readour fn:.nn MP.X Storage Cylinder. |
the 1400 File Unit No. After Values are Sent
.S‘h?ra-ge ugc[lv‘(\:lz\;ck ml See Add 1 to it if a Carry Wait for Status In. Status \
'Clr\I;ct :0 See if S’ec'l:;o QH431 QH431 Occurred on the Cylinder N ShT)UH'Hm;_e dClL»)cnn]efl :lnd
Devi. . Ch: Head Vat Tens Conversion. If a o or Device End Up, ot
End or Coi::!e Unit Cou.m s Z.ero. Set Op to ;gg:nd e:dd Ia'ge Add 1 to Head Value Cylinder Overflow was DE, CE'or Have Go to General Stop. With
End Up egister Bit 7 1o ! the Cylinder Value Found on the Cylinder an Unit Check DE or CE Up Test for an
(Sector Count}. 4 Hexadecimal to Decimal Unit Check. If On Go to
I Conversion Add 2 More General Stop. Otherwise
to the Module Value and YES Set OP Register Bit 0 to 0.
Character is a Store in Main Storage.
1-Cycles GMWM Readout the Next Position General Stop
of Main Storage and
Write Back the Digit
Portion of the Byte.
Sector Count is 000 Sector Count is 000
Set Bit 3 of 1/O Error Set Bit 3 of 1/O Error Charr 143
QH501 Byte (DCF Incremented) Byte (DCF Incremented)
[
Set Op Register Bit 7 QH422 QH531
to 1. Set Wrong Length Fe' (?P Register Bit 7 Store the Cylinder Vol Op I QH361
R d Bit in File Branch to O (Sector Count Not 000) ore the Cylinder Value .
Breon Set Wrong Length fecard in the Cylinder Buffer FwW Cosebitd on (et Unit Check or Unit
ile Branch Byte Byte ST W Concth Record Rk Exception Bit is On,
L Chart :43 .et. rong ength Recor: QH541 do a Sense Command.
Bit in File Branch Byte :
Otherwisz Repeat the
QHz01 Restore A, B, and |-Stars Head Seek.
Is
Validty Error
indicator On QG031 O
Test Program Mode Switch it Check NO

or Unit Exception
Bit On

—Sense Command

Byte for Allow I/O Traps
and Set Conditions
Accordingly.

—To I-Cycles

Set Disk Error Bit in
File Branch Byte On
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515553 !
Example |
*051976 XXXX |
Changed to 2311 Format |
by Using Table Loock Up |
to Select Module 2, '
Cylinder 59, Head 8, 1
and Record 16. This can !
be Determined by 1
Dividing D, D3 Dy D5 by 1
2 and Using the Remainder |
with D for the Record . \
Add 1 to the Cylinder |
and Record Values for
2311 Format . :
1
[
|
[
|

End Result Is:

1400 2301
Module 4 2
Cylinder 5941 3C
Head 08 08
Record  16+1 11
O — |

— - -
DCF 1400-1311

QH301

Store 1-Star, Setup the
Op Register for Write In
Move or Load Mode .
0000 0000 Load

0010 0000 Move

oz, 31

I Op Register
10000 XX XX Write Load
10010 XXX X Write Move

0111 Low
1000 Equal
1001 High

| | l QH3¢l

Generat Stop

Readout the Disk Control
Field and Change from a
1400-1311 Format to a
2311 Format. Chonge
the Op Register to
Indicate High, Equal,
of Low Scan

Send Address Out. If
Status is Received, Set
the File Branch Byte for
Busy and Any Disk Condi-
tion. Restore the A, B,
and |-Stars and Return to
I-Cycles. If Status isn't
Received, Wait for Oper-
ational In and Address tn,
Check for Correct Address

Address
Out Matches Address

YES  QH3s)

l QH361

If Status Hos a Unit

Bit On, Do a Sense

Command. Otherwise
to Busy and Any Disk

the A, B, and I-Stars

Check or Unit Exception
Command. If UC or UE
Bits are not On, Check
for Device End or Control
Unit End. If Either DE or
CUE are Up, Retry the
Set the File Branch Byte

Condition, then Restore

and Return to |~Cycles

Exception On

QH361

Unit Check or Unit

Sense Command

Setup a Head Seek (18)
Command

Store Command in MPX
Storage and lssue the
Command . Wait for
Status In and Test for

Zero Status.

Yes  QH371

Setup to do o Head Seek
Address Transfer. Sent to
the Control Unit Bin.

Bin of 0000 and CCHH
from MPX Storage .

QH381

After Last Character is
Transferred Wait for S
Status In, Check Status
for Device End or Chan-
nel End. One or the
Other Should be Received
If Not go to a General
Stop. If DE or CE are Up,
Check for a Unit Check .
If UC Exists go fo a
General Stop.

QH381
NO

NG
Device End,
Channel End or Have o
Unit Check

General Stop

I QH421

Store the Operation Code
(Op Register) in MPX

Storage to Remember what
was Done Last. Since this
is a Write Op Set the Read
Back Check Interlock On .

| QH421

Readout Compare and
Module Protect Disable
Byte. Check if Module
Protect is to be Done.
If it is, Check Selected
File Number Against a
Fixed Number. If
Numbers Match Go On,

If not Go to a General

Stop.

Module
Error Occurred

Q421

Setup the Op Register to
Indicate a Scan Operation
(Bit 5} and to do a Read
(Bit 3).

0001 6100 Read Load
0011 0100 Read Move
Set a Byte in Storage to
Remember What Type of
Scan,

Low - 0000 0000
Equal - 0001 0000
High - 0010 0000

| QH421

The Operation has Changed
to a Read so it Resets the
Read Back Check Indicator

QH521

Insure the Op Register
Bit 7 is O

General Stop

Genera! Stop

Status Should be Zero at

This Time !

Unit Check or Unif
Exception On

Device
End or Control Unit
End Bits
Up

No

To I-Cycles

Readout Selected File
Number and Send the
Address to the Control
Unit. Wait for Address
tn, then Compare
Address Out to Address in

Address
Out Matches Address

Store Command in MPX
Storage and lssue the
Command. Wait for
Status In and Test for
Zero Status

After Last Character is
Sent, Wait for Status In.
Check Status for Nevice
End or Channel End,
Should Receive One or
the Other . If Not go to
a Geneial Stop. With
Device End or Channel
End Up Check for Unit
Check, If on c Sense
Command must be Done
to Find Out the Cause of

the Unit Check

Unit Check Bit On

Was an Equal Address
Found on this Search .

If not Repeat the Search
Command .

Equal Address Found

Chart 146

v Chart 146
l QH341

After Each Character is
Sent, a Test for Status In
is Done . If Status In
Comes Up, the Unit Check
Bit Should be On. The
Unit Check Bit is Set if
the Track is Flagged (De-
fective Track or an Equal
Addiess on an ID Seaich is
not Found Before the Disc
Passes the File Index

Point Twice. This Causes
Eaily Status and o Sense
Command is Done .

Set Op Register Bit 7 to
(Sector Count 00)

QH341
Readout Selected File
Number and Send the
Address to the Control
Unit. Wait for Address
In, Then Compare Add-
ress Out to Address In

Q34
Address
QOut Matches
Address

In

No

General Stop

) | QH341

QH351

Setup Sense Command 04

QH361

Store Command in MPX
Storage and Issue the
Command . Wait for
Status In.

QH361

Send Service Out

GH511
Bring in Sense Bytes O, 1,
2, and 3 One Byte at a
Time and Store in MPX
Storage . Test Selected
Bits of Sense Byte 0, 1,
and 2 for Error Condition
and Set the File Branch
Byte to Indicate the Error
Condition. If Bit 6 of the
Sense Byte O (Flagged
Track) is On Set an
Indicotor Bit On.

Set Op Register Bit O to a
1and Bit 7 toa 0

Readout Selected File Unit
Number and Send the Ad-
dress to the Control Unit.
Wait for Address In, then
Compere Address Out to
Address In.

Address
Qut Matches Address
In

Yes

QH35Y

Setup Command (16) to
Read Record 0 Address

Store Command in MPX
Storage and lssue the
Command. Wait for Status
In and Test for Zero Status

{f Unit Check or Unit Ex-
ception Is Up, Do a Sense
Command . If UC and UE
Are Down but Device End
Is Up, the Read RO will
Not Be Done . Other-
wise Repeat Command

Unit Check or Unit
Exception On

Sense Command

General Stop

l QHI7I I QH6!
Read In the CCHH Values Check for Unit Check or
from Record RO and Store Unit Exception. It On Do
A in CPU Storage . Issue a Sense Command. If Not
Command Out to Bring Test for Device End. DE
Status In. Will Not Be Up until the
Seek 1s Completed. Until
] QH38I A the Device End Comes Up
Check Status for Either Repeat Seek Command
Device End or Channel
End. If Either One is On,
Check for Unit Check. If
not Go to General Stop.
If an Unit Check is Found Tnir Check or Unit
do a Sense Command, If Exception On
not Set up to do a Fuil
Seek to an Alternate Track
Using CCHH from Record
0.
Device
End or Channel End
A No Device End Up
Yes ] _
Unit Check Bit On Insure Bit 4 of the
Op Register is 0.
A
No .
l H341
Chont 146 Setup o Develop a Full QH3tl
° Seek Command to an Readout Selected File Unit
Alternate Track. Number and Send Address
to the Control Unit. Wait
for Address In, then Com-
1 | [ Qs pare Address Qut with
Readout Selected File Unit A [Address In.
Number and Send Address
to the Control Unit. Wait
for Address In, then Com~
A |pore Address Out with
Address In..
Address No
Out Matches Address QH351
No Setup o Search Command
General Stop 31
I
General Stop Serop @ Full Seck QH36
Command 07.
Store Command in MPX
Storage and Issue the
Command. Wait for Status
Store Command in MPX In and Test for Zero Status
Storage and lssue the
Command. Wait for Status
In and Test for Zero Status )\ QH361
A
N,
Is Status 00 = No
A (I, If Unit Check or Unit
1 Status should be Zero Exception Bit is On Re-
-4 Yes QHII ! on the First Pas store the A, B, and
I Send Bin Bin of 0000 to |-Stars and go to 1-Cycles.
b the Control Un Othewise Repeat Search
1 Status should be 00 Q) Command.
Send CCHH Values Read
from Record RO into CPU
Storage to the Control Check or Unit Exception
Unit.
A
] QH381
Wait for Status In. Check

Status for Device End or
Channel End, Go to Gen-
eral Stop if One or the
Other is Not on. Check
for an Unit Check, if Bit
is On go to a General
Stop. Otherwise Repeat
the Seek Command and
Status will be Non-Zero
Because Device is Busy

Seeking.

-Geneuﬂ Stop

Sense Command



Chart 145
| QH441
Subtract 1 from the

Sector Count
QH441

Is Sector
Count 000

Set Op Register Bit 4 and 7
QH441 to 1 (Data Transfer and

Set Op Register Bif 4 fo 1 Sector Count is Zero)
{Data Transfer)

1 | QHa4t
Readout Selected File Unit
Number and Send Address
to the Control Unit. Wait
for Address In, then
Compare Address Out with
Address In

Qut Matches Address

General Stop

Yes  QH351

Setup Command for
Read (06)

1 QH481

Readout Character from
Main Storage. Subtract |
from the Counter and
Check if the Storage Char-
acter is a GMWM. Also
if the Counter is Zero

il

QH481

Counter is 0000

Bring in Bus-In Character,
But Do Not Readout of
Main Storage

___._] QH481
Set Bus-In Character into
Hardware Register

QH481

Load
Load or Move

Move

QH481

Compare the Main Storage
Character to a $ or $ with
WM. Check if the Prev-
ious Compares have been
High, Low, or Equal. If
High or Low Do Not Test
This Compare. If Test §
Compare Is Not Equal
Compare~Storage Charac-
ter with Bus-In Character.
Readout Next Position of
Main Storage and Set Bit
Indicator for Compare

QH481 |

Check Last Choracter for
Correct Mode, WM or

Check Last Character for
Correct Mode, WM or

Chart 145

Device
End or Channel End
Up

No

General Stop

Chart 145
Yes

Using Alternate Track

QH531

Setup to Seek the Original
Cylinder

Check for Any Error Bits
Being On in the File
Branch Byte. If Any are on
Set the Any Disk Condition
Bit and Reset the Read Bac!
Check Interlock Bit. L‘

| QH422

Set the Original Seek
Cylinder Value into the
Search Cylinder Byte

Sector Count is 00

QH431

Readout Record Number
from MPX Storage. Check
if Record Number is 14
(20 Decimal)

Record Number is 20
QH431

Setup for a Head Switch.
QH431 Set an Indicator Bit if
using an Alternate Track.
Add 1 10 Re'cord I\.lumber Set the Record Number to
Set Op Register Bit 4 to 0. . .
01 and the Op Register Bit
Set the 1/O Error Byte 410 0. Readout the Head
Bit 3, DCF Incremented, - Readou .

i QHs31

If Record Number is Less
than 16 (Dec) and in Sector
Mode, Set 8it 0 and 3 of
the File Branch Byte.

QH541

Restore A, B, and |-Stars

| QH341

Readout Selected File Unit
Number and Send Address
to the Control Unit. Wait
for Address In, then Comp-
are Address Out with
Address In

Out Matches Address

General Stop

Yes  Quasi

Setup Command (07) for
Full Seek

Test Program Mode Switch
Byte for Allow 1/O Traps
and Set Conditions Accor=

QH361
Store Command in MPX

QH361,422

Setup to do a Head Seek

| aHa

Readout Selected File
Unit Number and Send
Address to the Control
Unit. Wait for Address In.
Then Compare Address
Out to Address In

Address
Qut Matches Address

In

No

General Stop

Yes

Setup Head Seek (1B)
Command

Store Command in MPX
Storage and Issue the
Command, Wait for Status
In and Test for Zero Status

QH341

9%l 410
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i Number and Set to 00. In- . Storage and Issue the Yes  QHa7i Unit Check or Unit Ex-
Store Comv;\alnd " {‘V‘PX No WM. Set Command No WM fol crease the Cylinder Value dingly Command. Wait for Status ception Bits On,do a
Storage and Issue the g | £ Send to the Control Unit her-
Command . Wait for Status Out to Bring in Status by 1. Set the /O Error n.and Test for Zero Status .| sne ! Sense Command. Other
In and Test for Zero Status J Byte Bit 3, DCF Incre— S.'atus should be Zero on Bin Bin of 0000 wise Repect the Head Seek
(Status should be Zero) mented to 1 I-Cycle First Pass. QH371
Send to the Control Unit
I QH381 CCHH from MPX Storage
Correct Mode Wair for Status In or Ser- QH381 g .
vice In. Service In can be Qe Unit Check or Unit Ex=
Received from a Wrong After Values are Sent
QH451 i . QH371 ’
Sef Disk E Bit4) Length Record in Move Using Alternate Track - wait for Status In. Status
: F?I an L“g N ' n Mode Send o the Control Unit If Unit Check or Unit Should have Channel End Yes
S?trp Coun:\er for Data ile Branch Byte FW Bin Bin of 0000 Exception are On, do a or Device End Up. f Not
Unit :,{e d Lgng? H D Yes  QH422 Sense Command. Other— Go to General Stop. With Sense Command
ni ove Op ex Dec. h 45 . ise Check for Devi
Check or Unit Sector Mode 0064 0100 QH481 Chert 145 ?eudzu' cgh‘:der Valve Send to the Contol Unit EV: DEe:«II :;9 be(:chJ; Biiffciip T:szbi\oroi
i k Mode 0BA4 2980 rom Search Byte and Set CCHH from MPX Storage : . 4
Exception On Track Mode OBA. if"d"“'iy':lfr;m f;/\PX in Cylinder Buffer Byte 9 g;::)lﬂ’;ejEEk is to General Stop
orage a naicafes efe
Load Op Hex Dec.
Scan Requested and Check
Sector Mode 005A 0090 to See if this Scan was an I N QH3el
s < j Track Mode O0A7A 2682 Equal Scan, if not Reset Set the Seek Cylinder After Values are Sent i
ense Comman f N Value into the Search € ’ Unit No
the Equal Bit Indicator . -
Move Cylinder Value Wait for Status In. Stotus Check or Unit DE, CE, or Have a
[ aws ] [ Load or Move Mode Should Have Channel End Exception Unit Check
I | Up or Device End . If Not On
Setup a Hardware Register A Go to General Stop. With QH38! General Stop
N to 0101 1011 ($) and An- ICheck to See if Scan Re- A DE or CE Up Test for an Yes No
Device other Hardware Register eck fo see 1t sean Unit Check, if On Go to Set Op Register Bit 0 to 0
to 0001 1011 (§ with WM). jquested wos H‘ghL L°VT'L°' Set Op Register Bit 7 to 1. General Stop. If Not Sense Command (Not Alternate Track)
Set a Counter to the Add- Equal . ‘Reudou' the Hi-Lo- Set Wrong Length Record Repeat Seek Command, but
ress of the Records First Eq Byte rom CPU St'oruge (Bit 2) in File Branch Byte This Time Status is Non-
. land Set High Four Bits to oo .
Data Character in Storage . ‘e . Zero as the Unit is Seeking|
No Indicate Condition of this y I Lo Origingt Track
Scan; i<} rigina racl
I-Cycles L;—..- High 1100 XXXX Chart 145
Low 0110 XXXX
Equal 0001 XXXX
Store the Condition in the Device End Up
Hi-Lo-Eq Byte, Set the Op No
Register Bit 7 to 1 if: [ DE, CE or Have a
Scan Requested Results A Unit Check Yes QH361
High ’ High or
Equal Yes Set Op Register Bit 4 to 0
Low Low or
Equal General Stop QH361
Equal Equal
Check if the Wrong Length
Record Condition was Set, Sector Count is 000 No
Counter was Zero before
a GMWM was Found

Yes  QH422

Set Op Register Bit 0 to 0
(Not Alternate Track)

No
Wrong Length Record

QH501

Set Op Register Bit 7 to 1.
Set Wrong Length Record
(Bit 2) in File Branch Byte

L |
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From Op Decode After 1
1-Cycles !

Chart 148

Chart 115

Reset 1050 Error Bit in the
1/O Error Byte

QGI1!

Set the H6 Latch. Set Tag
Out Lines to 00. Read Out
the 1050 Status Byte from
MPX Storage. If This Op~
eration s in Load Mode,
Set Bit 0 of Status Byte to
1 and Reset the Manual Bit.
(Bit 2). If in Move Mode,
Reset both Bit 0 and Bit 2

| o

Set the Op Register to the
Tags in and Check for
Read or Write Op

Display

Chart 155

T Return of Stop Routine
1 (Intervention Required)
L

ROAR Reset to Address
for Alter or Display

Setup for Alter or
Display

The Attention
Tag Was On

Set the H6 Latch. Set
Load and Manual Bits to
1 in the 1050 Status Byte

No QGI1I Yes

Set the Op Register to
1050 Tags In

QGi21

Reset the 1050 Attention
Tag

QG121

Send Out Tags-RDR2 to
Run and Proceed

Alter or Display Q

Read or Write

Read or Write

Set Home RDR Start and
Reset Command

QGI41

1

Reset Run Mode and Set
Command Start. Turn Off
the H-6 Latch and MPX
Operational Latch

QG141

Setup Error Code
To General Stop

QE641

Send Command Out and
Set Command Start. Send
Suppress Out.

| com

Wait for Status In and/or
Service In, if Service In
Comes in and Error Has

Occurred

After Operational In is
Down Reset C: d

Send Command Out and
Command Start. Wait for
Operational In to Drop.

Yes

Setup Error Code

- Start.

1 QE641

I

To General Stop

Chert 155

A QG121 Chart 155
Reset Command Start
l -~ QH151
A Set the Op Register to
1050 Tags In.
-4
Attention Tag Up
QGl21 QH141
Reset the Inquiry Request Intervention Yes
Yes QG121 Bit (Bit 6) of the Hi-Lo~ Required Up
Eq Byte in CPU Storage
Reset Command Start l
L e & Check if Operation is
QG121 Read, Write, Display,
FAPX Share > or Alter.
Request Bit QG4
(FT Bit 3) On i
rite
. y Write, Display
Display or Read,
Yes QGI21 Alter 1 QGI8l

Set the MPX Operational
Latch

Read,Alter
QGIl41

Set Op Register to the
1050 Tags In and Set an
indicator Bir if 1050
Share Request is Up .

Alter

Read,  Alter Chart 148

QGI21

QGMI, 161

Store a GMWM into
Storage and Increase
B~Address by 1

QG141

Address in Up

Reset the 1050 Status
Byte in MPX Storage. Set

No

QGI2] A Command Start. Reset the
Set Op Register to the 1050 Tags, MPX Opera-
1050 Tags In tional Latch, and the H~6

Latch

QG121

QGH41

Setup Stop Code
To General Stop

QE641

1050 Share
Request Up

Reset Suppress Out Latch

Chart 155

Chart 148

Check for Dath Check Bit
Being On. If On Set 1050
Error Bit in the I/O Error

Byte On

|  acwm

Readout Character from
Main Storage and Check
if it is a GMWM

Character
isa GMWM

Display or

QG181

1

Check to See if Character

Display|

Write Operation
Write QG181

Increase B-Address by 1

Chart 148

Latch

Chart 148

Has a WM. [f it does, 00 o1 10 1
A Check if in Load Mode . 00 {01 [10 |11 00011011 00f{0t{i10|MN 00| 01}j10| 11
If in Load Mode Check if sp —_ 21! 0
Last Character Out was a 0000 _ _
WM, Send this Character / Al 1
Out and Reset Last 0001
Ch(?ruc,er was a Wordmark 0010 BiK|s|2
Indication
oon clLjrys
0100} DimM|ul4
- 010} E{N|V]5
aracter
Has a WM 0110, FlO|wW e
o1 G|P|[X}7
1000 H|Q|Y[s8
y 1 {R|Z1}9
Load or | 1001
Move Mode 1010 5
1001 cls]
o -
1100 L R el
Last Character Yes A 1101 Cl3|~]:
\ was a
Wordmark QGI8I 1110 <N >
A | # v
Ne QGis! Insure Bit 1 of the Charac- mn ia
ter is 1 (No Wordmark) i 0 Bit F ¢
and Check Bit 0 of the Chart 1. 2030 Bit Forma
Setup a Wordmark Chart Character to see if the
(E6-Chart 2) and Set an Character is in Quadrent
Indication of Last Charac— 1 or 3 of Chart 1
ter Out was o Wordmark
00 10 01 11
ooforj10ln o0 forjm0|n oo0forjioimn 10{01110] 11
Quadrant Tor 3 -
0000 SP| & 0
0001 / AlJ !
i Yes
Character is a Blank 0010 BlK ]S 2
0011 clrlr 3
N
2 0100 pim]|u 4
Mo Check 4 Low Bits of the o101[HT [NL EIN]V ClY| )]s
ve
Character (Chart 1), If Flolw bl=]|v
Bits are All Zeros Change 0110 6
Y the Low Bits to 0111 (See o clrplx 2 | 7
Chart 2), If the 4 Low
Bits are Not All Zeros Set 1000 H|lQ|Y 8
Setup Character to C6 8it 1to a 0 So All Cha- v
(b-8lank) . See Chart 2, racter ore in Quadrant 2 1001 TfRz 9
f of Chart 2
A ) QG191 L——_: 1010 %
syl #
Low Four Bits are 1on
1100 Hi*j%|@
101 Cl3~]:
Load .
Low Four are Load or Move Mode = 1110 (VN[>
1101 or 1100
m F|a v
Move QG191 Chart 2. Bit Format form and to 1050
1052 Has No Check to see if Bit 2 is
Y an H-Ball On On, if On Use Character
as is. If Bit 2 is Off, C
% Check if the Character is
e QG201 (ID) or  (5D). See
Chart 1. I itisa
Change Certain Character Change the Bit Format to
to Different Character for 05 for the Tab Function.
H-Ball. If it isa ], Change the
Chort 1 Chart.2 gn F.orma;{ro 15;or ?:1'e
XH-4C to )-C5 arnahge efturn Function.
%-6C  to (-E5 See Chart 2 Is Character on
a-7C to V—D5 Bus Out o
78 to =-D6 WM )
l QG191 QG19i
> l Reset the MPX Operational Increase B-Address by 1 J
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Quadrant 0 or' 1

Chart 147

QG141

Check to See if the Can-
cel or Data Check Bits
are On. If Data Check is
On Set Bus-In Character
into the Op Register. If
Either Bit is on Set Bit 4
(1050 Error) an in the 1/O
Error Byte.

QG141

Check Bits 0 and 1 of Bus~
In Character to determine
what Quadrant the Cha-

racter is In. See Chart 2,

T
If Bus In Character is 1
05 Setup 4D - C !
15 Setup 5D -1 |

Chart 147

() !

Check to see if the Low 4
Bits of the Bus-In are
Other than 0101, also if
Bit 2 of the Character is @
1. If Either Condition
Exists, Set the 1050 Error
Bit (Bit 4) of the 1/O Error
Byte .

QGI41

Cancel Bit On

Blank (40)

Alter or Read

Change Character to a

QG141

Chart 147

A

Set Bit 1 of Character to
1 (Quadrant 3 Chart 1)

Alter or Read

Tags

Set Op Register to 1050

Display Routine

Chart 147

Is the
Attention Tag Up

>
‘-

Set 4 Low Bits of Char~
acter to 0000.
See Chart 1.

Low

*4 Bits of Character
are 0111

]

QG151

Enter

Readout Position of Main
Storage Character is to

Character is a
GMWM

Storage

I QGl61 |Alter

QG161

Alter or Read

Check to See if the Char~
acter in Storage Has a
Word Mark . If in Move
Mode and Character Has
a WM, add a WM to the
Character to be Stored.
1f no WM Insure Bit 1 is
Set to | (No WM). If in
Load Mode and Character
Hos a WM, Check if Last
Character In Was a WM
Indication. If Last Char-
acter fn was a WM Set a
WM into this character .
if not Insure Bit 1isa 1.

Set 1050 Error Bit in 1/O
Error Byte in MPX
Storage .

Chart 147

| QG161

Reset Last-Character-In-
Was-a-WM Indication and
Store the Converted Char~
acter into Main Storage .
Increase B-Address by 1.

QG151

Low
4 Bits of Character
are 0101

Low
4 Bits of Character
are 0110

QG171

QG171

Set 1050 Error Bit (Bit 4)
of the 1/O Error Byte in
MPX Storage .

Chart 147

A

to--

Check Bits 2 and 3 of
Character in, Change
Character to be Stored

Chort 2
b-Cé
=-Dé
If Bits 2 and 3 are 10
(Chart 2, Quadrant 3}
Set an Indication if
Last Character was a
Wordmark .

Chart 1
to 00
to #-78

Bits
2 and 3 are 00,01

QG171

or 10

A

| [ qcie

Restore the 1050 Status
Byte in MPX Storage. Set
Command Start. Send Out
Carrier Return and Line
Feed and Reset 1050.
Reset the MPX Operation-
al Lotch and Set the In~
valid A-Address Indica-
tion.

| acoa

Check Mode Switch Byte
to see if |/O Traps

Are Allowed. Set up H5,
Hé and Command Start

os Required.

L

Readout the 1/0O Error
Byte in MPX Storage and
Test Bit 4 (1050 Error)

Bit 4isal

On

1-Cycles
Branch on Inquiry

d-modifier

is*¥or Q

To Stop

Chart 155

QF701

Set the Op Register to
1050 Tag In and Check
if the Attention Bit is On.

Attention Bit On

QFé51

I

QFé61

Check to See if Advance
Program Feature is Instolled
Set | and B-Star Accord -

ingly
|

Check Bits 2 and 3 of
Character tn. Change
Character to be stored to:
Chart 2 Chart 1
Quadrant 3 Quandrant 2
Bits 2 and 3

00-) to m-4C
01-v to @-7C
10-( to %-éC

Character is a Wordmark
Do Not Increose B-Add-
ress

QE00T

To Interrupt Decode

Chart 155

QE001

To I~Cycle

Chart 102
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Restart

Chart 155

I-Cycles

Chart 115

QGOoN
Set Command Start to Take
Hold of the Channel

QG311

Set H-5 Latch. Set Bits 6
and 7 of Byte 8B in MPX
Storage to O1. This is
Used to Indicate a R/W Op

No

1 QG311

Reset Bits 5 and 6 of the
1/0 Error Byte in MPX
Storage . Decode Device
Wanted and Read Out De-
vice Address. If Device
Number isn't 1 or 2 Setup
Invalid Command and Go
to General Stop. Reset
Select Out.

i QG311

Wait for Operational In

to Fall. Send Service Out,
Set d-Modifier into the
Op Register for Decode .
Set Bus Out and Send
Address Qut

| QG301

Wait for Operational In

to Come Up, Reset Address
Qut and Wait for Address
In. Check Address Out to
Address In .

Setup Error Code

Address
Qut Matches Address
In

QG261

Check the d-Modifier to
Insure it isan R. If Not
Go to General Stop

QG321

Reset Select Out, Send

d-Modifier OK

] QG271

Send Service Out and Set
the Op Register to the
d-Modifier

QG271

Wait for Service In

| ace

Readout the Position In
Main Storage that the
Character from the Reader
will Enter. Check the
Character to See if it is
a GMWM or if it Con=
tains a Wordmark . 1f it
is a GMWM the Read In
of Data is Finished . If
the Character from Stor~
age Does Not Contain a
WM Set an indicator Bit

QG291
Character
is a GMWM

QG301

Service In

QG271

Wait for Status In or Ser=
vice In. Service -In wil
Come Up Until the Lost
Column Has been Read.
After the Card Has been
Read Status In will Come
In with Channe! End and
Device End Both Up

QG291

Increase B-Address by 1.
Set an Indicator Bit for
Channel-Ended-the-Read
and Send Command Out.
Channel End Will Come

Up Before Device End mine if it is

Send Service Out and

Check which Quadrant
the Bus-In Character is
In. Do a Table Lookup
of Character to Deter-

1400 Character

a Valid

Check if Character from
Table has Bit 1 On. If
Bit 11s On, a Further
Test Is Made to Determine
if the Bus In Character

is a MLP Character

QG291

Test if the B
acter is a M

us In Char-
LP Character

Character Has Bit 1
On

Service In or Status In

QG271

Check for Unit Exception
Bit being On..If On,
Set Bit O (Switch A) of
the Sense Switch Byte

for Last Card Condition.

| QG271

Check for a Unit Check,
if On Setup for a Sense
Command

Unit Check Bit On

Unit Check Bit On

QG271

Check for Channel End
and Device End. Device
End is Up and an Indi-
cator Bit for Channel
Ended Is On

| acon
Check the /O Error Byte
for a Reader Error, If On
Check the 1/O Stop Switch
Bit. If Stop Switch is On
and an Error is Indicated
Setup an Error Code,
Otherwise Return to
1-Cycles

Reader
Error and 1/O Stop
Switch On

] QG271

Setup Bits 6 and 7 of

Byte 8B in MPX Storage

to 10 for a Sense Command
Reset Select Qut. Set an
Indicator Bit to Remember
This Is a Read Sense
Command

— |

Decode Device Number
and Read Device Address .
Wait for Operational to
Fall. Send Service Out,
Set Bus Out and Send
Address Out

l QG301

QG311

Wait for Operational In
to Raise. Reset Address
Out and Set Command
Start. Wait for Address
in to Come Up, then
Match Address Out to
Address In.

Yes QG261

Setup Error Code

QG271
No
Setup Error Code
QG281,321
Reset Select Out and Send
Service Out. Go to a
No General Stop
I Qcz7) QE641
Check for Channel End
and Device End being v
Up . Both will be Up for
a 80 Column Read. For Chart 155
a Read Less than 80 Col-
umns Only Channel End
will be Up
Channel Channel End or
Device End
QG271,281

Set an Indicator Bit that
Channel End Status is Done|

Readout the 81st Position
of the Read In Area and

Setup Sense C 1 (04)

| ccam

Set Bus Out, Send Com-
mand Qut. Wait for Status
In. Set Status into the Op
Register and Test for Busy

Reset Select Out and Send
Service Out. Gotoa
General Stop.

Chart 155

Wait for Service In. Set

QG271 Check for a GMWM, If Sense Byte into the Op
N It 1sn't @ GMWM go to a Register. Send Service
S t to Gen~
ere;;nsc'eOPOU Go to Gen QG291 Send Service Out. Set Error Stop. Reset Select Out Out, Wait for Status In.
Change Bus In Character Readout 1/O Error Byte Op Register to the Send Service Out
to a Character with the and Set Bit 5 (Reader d-Modifier . Wait for QG281
Set Up Read Command (12) 9,8 Bits Removed . Error) On Status In with Device End —
and Issue Command . Reset Example: Character . | e Rood Ch“kcsezfi yte for
Chart 155 Last Card Indication (Bit 0 Bus In Store I I rovess is @ GMWM If C.amje Ended i.‘e e ll Error Conditions
of serse Switeh 1), 01100 11110010 A e Tine T O
n 1
l 00111011 11110011 If Bus-In Character wos | Status In Comes Up; Sei No QG281 Q(szslN°
QG271 P Status in the Op Register .
- —— an tnvalid 1400 Character,| 2 QG301
l'- Wait for Status in. Set the b I QG301 Leave the Character that | Do Nof Check for Unit Setup Error Code
| Status Byte into the Op was in Main Storage There | ECXCZPI":? or the Lfﬁ'b Reset Select Out and Send
Intial Status Can Contain Register If Storage Character Had are Indication will be QG321 Service Out
. P Reset. Check for an
Unit Check from Condi - | a Wordmark, Store the Unit Check Reset Select Out and Send
tionNot Recognized in | Bus In or Converted MLP Service Out. Gotoa r QG031
Ending Status of Last Com-: Character with a WM in General Stop QG281
‘mand . Also Device End 1 Main Storage Check PMS Byte to Deter—
Can Be Up if this Is the { QE64l .iz A ;r:psom: er- — If Either Data Check or
First Command After the 1 :lllow d4. Setup Latch Overrun Condition Exists
Device is Made Ready : A ed- | P R Set Reader Errror (Bit 5)
ccordingly. Test Bit O of 1400 Control in 1/O Error Byte.
Increase the B-Address Chart. 155 QFos! Byte (1/O Stop Switch). If
By 1

Reset Select Out. Setup
to Reselect the Device.
This Clears Status

To I-Cycles

To Interrupt Decode

Chart 155 Chart 102

On Go to General Stop.
If Off Go to I-Cycles

QG281

1/0

]

QG281

Stop.

Setup Conditions for
Intervention Required

Stop Switch On

No QG301

Reset Select Out and Send
Service Qut

] I ocm

Reset Select Out and Send
Service Out, Go toa
General Stop.

Chart 155
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Instructions -

M%BGaXXXC Chart 115
M%BGnXXXG
-Cyel
M%GnXXXP I"Cycle
Chart 155
Restart

No

Set Command Start to
Take Hold of the Channel

QG311

Set H5 Latch. Sef Bits
6and 7 of Byte 88 in
MPX Storage to 01. This
is Used to indicate o

R/W Op.

‘ QG261

QG311

Reset Bits 5 and 6 of the
1/O Error Byte in MPX
Storage. Decode Device
Wanted and Read Out
Device Address. If
Device Number Isn't a 1
or 2, Setup Invalid Com-
mand and Go to General
Stop . Reset Select Out.

| QG3N

Wait for Operational In
to Fall. Send Service
Qut, Set d-modifier into
the Op Register for
Decode. Set Bus Out
and Send Address Out .

] QG301

Wait for Operational In
to Come Up. Reset

Address Out, Set Com-
mand Start and Wait for
Address In. Check Ad-
dress Out to Address In

Address
_Out Matches Address
N

\ln/

~

QG261,34]

Setup Error Code

C -

QG321

Check d-Modifier for
Correct Character

G - Punch and Feed
P - Punch No Feed

Punch Skip

General Stop,

Reset Select Out, Send
Seivice Out. Go to

None

QG261,341

d-Modifier

I QG261

d-Modifier  Command
P 01
G 81

Set Bus Out and Send
Command Out .

[ aem

Wait for Status In. Set
the Status Byte into the

Op Register .

Unit Check Bit On

Initial Status Can Con~
tain a Unit Check from
Condition Not Recog-

nized in Ending Status

of Last Command.

No QG271

Set the Op Register to
the d-Modifier. Send
Service Out and Wait

for Service ln to Come
up .

QG291

Determine this is an
Output Op. Readout the
Character from Main
Storage that is to be Sent
to the Punch.

| ocan

Check to See if the
Storage Character is a
GMWM. Ifitisa
GMWM, the Dato Trans-
fer Cycle will be Ended .

Add 1 to the B-Address

insure WM Bit (Bit 1) of
the Character is a 1 (No
WM). Set Bus Out and

Service Out

isCor G, P

QG341
-
Chart 155 Readout the Low Bias
Command of 01 Will '1 Byte and Subtract the

Cause the Card to Move i,
column at a Time Until a 1
GMWM is Found in Main |
Storage. Channel End |
and Device End Come Up |

Together . |

Initial Status Can Contain
o Unit Check from Con-
dition Not Recognized
in Ending Status of Last
Command .

B-Address from the Bias
Number . Set the Answer
into a Hardware Register .
Setup the Punch Command
of 01, Set Bus Out and
Send Command Qut .

j QG271

Wait for Stotus In. Set
the Status Byte into the
Op Register .

Unit Check Bit On

No

Set the Op Register to
07. Send Service Out,
Wait for Service In.

QG271

Wait for Service In

QG291

Determine this is an Qutput|
Op and is a Punch Skip.

| QG341

Add 1 to the Counter and
Check if a Corry Oceurs.
If a Carry Occurs, End the
Skip. A Carry will occur
When the Counter Reaches
00.

No QG301

Setup a Blank Character
(40). Set Bus Out and
Send Service Out.,

Wait for Service In

! Commands 01 and 81 will
Cause the Card to Move

1 Column at a Time Until
la GMWM is Found in Main
IStorage . If a GMWM is
| Not Found Before Column
|8], the End of the Card
(will be Punched Until o
IGMWM is Found. Com-
ymand 81 causes the Card
|to be Stacked After o
IGMWM is Found . Channel
lEnd and Device End Come
up Together for 01, but
channel comes in Before
{Device End Comes in for
81,

QG301

Send Command Qut to End
Routine

QG271

Wait for Status In.  Unit
Exception Should Not be
on for a Punch Status so
Reset Bit O (Switch A) of
the Sense Switch Byte .
Check for a Unit Check,
If One Exists, Do a Sense
Command . No Unit
Check, Test for Channel
End and Device End. If
this was a Punch Skip or
Punch Stop Channel and
Device End will be
Together . If this was a
Punch and Go Device End
will not Come in Until
the Card is Stacked .

Unit Check Bit On

Channel End or Device
~ End

Both |

Readout the {/O Error
Byte and Check for a
Reader Error. This Bit
was Reset at the Begin-
ning of the Punch Opera-
tion so Should not be On .
Go to I-Cycles.

QG301

Reset Select Out and
Send Service Out

I QG271

Setup Bits 6 and 7 of

Byte 8B in MPX Storage
to 10 for a Sense Com-
mand . Reset Select QOut,
Set an indicator to Remem-
ber. This is a Punch

Sense Command .

[ ] I QG 3

Decode Device Number
and Read Device Address.
Wait for Operational In
to Fall. Send Service
Out, Set Bus Out and
Send Address Out.

QG301

Wait for Operational in
to Raise . Reset Address
Out ond Set Command
Start. Wait for Address
In to Come Up, then
Match Address Out to

Address In.

Addresses Match

Yes QG261

Setup Sense Command
(04)

QG321

Set Bus Out, Send Com-
mand Out. Wait for
Status In. Set Status
into the Op Register
and Test for Busy .

Device Busy

Yes QG271

Reset Select Out

A

QG321

Reset Select Out and Send
Service Out. Go toa
General Stop .

QG271

QEé41

On Punch and Feed,
Device is Busy Until
Device End is Up.

QG321

Wait for Service In

Set Sense Byte into the
Op Register, Send Service
Out, Wait for Status In.
Send Service Out.

Check Sense Byte for
Error Condition

Ecuipment Check

Set an Indication That
Channel End Status is Donej

QG271

Send Service Out. Wait
for Status In with Device
Channel
End
QG271

Status In Comes Up, Set
Status into the Op
Register. Check for a
Unit Check

et Punch Error (Bit 6)
the 1,0 Error Byte

Test Bit 0 of 1400 Control
Byte (I/O Stop Switch),
If on Go to General Stop.
If OFf, Go to 1-Cycles.

[

Intervention Required

No
QG281

1/O Stop Switch On

QG331

| [ aocoa

Check PMS Byte to De-
termine if /O Traps are
Allowed. Setup the
Latches Accordingly .

To interrupt Decode

Chart 155

Reset Select Qut ond
Send Service Qut.

Chart 102

QG281

Setup Conditions for
intervention Required
Stop

QG321

Reset Select Out and
Send Service Out. Go
to a General Stop

Chart 155



Instruction Kd, KBBBd

QG381

Setup Stop Code

QG321

Chart 108
1-Cycles

Reset Select Out and
Send Service Out. Go
to a General Stop

Op Code
Bit 4is al

CLF 151

QE641

Chart 155

QG261

Setup Error Code

QG321

Reset Select Out and
Send Service Out. Go
to a General Stop.

QE641

Chart 155

QG381

Set the Numeric Portion
of the d-Modifier into
the Op Register .

:Numeric Portion Must be a
|0 - Reader 2
||‘2 - Reader 1

Chart 155

Intervention
Required Return

| acan

Setup Bits 6 and 7 of Byte
88 in MPX Storage to 11.
Determine if Rd1 or Rd2 is
to be Selected. Readout
Correct Device Address .
Set Service Out and Com-
mand Start, Wait for Op-
erational In to Fall. Set
Bus Out and Send Address
Out. Set the d-Modifier
into the Op Register

1 ccam

Wait for Operational in to
Come Up. Reset Address
Out and Set Command Start
Wait for Address In, Then
Compare Address In to
IAddress Out .

Addresses Match

Yes QG261

Setup Stacker Select
Command (43). Set Bus
Out and Send Command
Qut.

QG271

Wait for Stotus In. Status
In for a Stacker Select is
Clear Unless an Intervention
Required Unit Check Exists.
When Status is Clear, it
will Require One Service
Out-Service In Cycle to
Bring in Ending Stafus.

This is ONLY for a 1442
[Stacker Select Command.

No QG271

Channe! End and Device
End will not be up at This
Time. Busy Wiil Also be
Down.

QG271

Send Service Out, Wait
for Service In,

] QG271

Set Bits 6 and 7 in Byte 8B
from MPX Storage to 10.
Set Low Portion of the
d-Modifier in the Op
Register . Reset Select

Qut.
1 aqcan

Reset Rd 1 or Rd 2, Read
Qut Device Address. Wait
for Operational In to Fall,
Send Service Qut. Set
d-Modifier into the Op
Register . Set Bus Out and

Send Address Out.
I QG301

Woir for Operational In

to Come Up. Reset Ad-
dress Out and Set Command
Start. Wait for Address

in, Then Compare Address
In to Address Out.

Addresses Match

Setup Sense Command

(04)

QG321

Set Bus Out and Send
Command Out. Wait for
Status In and Set Status
In Op Register. Send
Service Out.

Wait for Service In, Set
Sense Byte in the Op

Register . Send Service
QOut and Wait for Status
in. Send Service Qut.

[ acs

Test Sense Byte, Only
Intervention Required
Should be Up Which
Setup o Stop Code and
Go to General Stop

QE641

Y

Chart 155

1442 - Stacker Select Objective

QG291

a Stacker

Recognize Th
Select Operation

Set an Indicator Bit that
Channel Ended the Op .
Send Command Out .

| QG271

Wait for Status In. Status
Will have Channel End,
Device End, and Busy .
Check for a Reader Error
and if the 1/O Stop Switch
ison. If the /O Stop
Switch is off, a Reader
Error s Forgotten.

QG271

Stop
On Error or Go to
I-Cycles

QG301

Set an Indicator Bit to
Toke the Branch if Instruc-
tion was KBBBd . Reset
Select Out and Send
Service Out .,

| QG301

Test PMS Byte to See if
1/O Traps are Allowed.
Set Latches Accordingly .

Stop

QG321

Reset Select Out and

General Stop.

Send Service Qut, Setup
Error Code and Go to a

Chart 155

Program Feature

QFé61

Advance

Installed

QF662

Yes Qe

Set the B-Star to 0000.
Set the A-Star into the

Set the I-Star into the [-Star.
B-Star, Then Set the
A-Star into the [-Star .
Interrupt Exist
To Interrupt Decode To |-Cycles
QEO0O1 QE001
Chart 155 Chart 102
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{nstruction

BXXX9 - Chonnel 9
BXXX@ - Channel 12
BXXX#* - Punch Ercor
BXXX"' - Printer Error
BXXXP - Printer Busy

Instruction=
BXXXA Last Card
BXXX? Reader Error

Printer

I-Cycles
To Program Mode
Switching

Program

Mode Switch On

YES

_____ -
Printer or Punch Printer
QG Chart 156
Branch NO
or Error Op QG33t
Branch YES

On Printer Busy

Set d difier into the
Op Register

Branch
on Channel 9 or 12

Testing
for Print or Punch
Ercor

{-Cycles QG331 QG331 QG331
Check if Printer Error Check if Punch Error Readout Byte 8B from MPX Readout Byte 8B from MPX
QFesl (Bit 7) of 1/O Error Byte (Bit é) of I/O Error Byte. Storage . Check Bit 0 to Storage. Check Bit 2 to
- is on . Set Op Register Set Op Register to See if Channe! 9 Has Been See if Channel 12 Has
Readout Sense Switch 4 to Indicate the Condition .| Indicate Condition. Sensed. Set Op Register to Been Sensed. Set Op Reg-
Byte from CPU Storage Reset Bit 7 of the /O Reset Bit 6 of the /O Indicate Condition. Reset ister to Indicate Condition
QFé81 Error Byte. Error Byte. [ Bit 0 of Byte Jsa. Reset Bit 2 of Byte 8B.
Branch Reader Error
On Last Card or
Reader Error I I QG331
QFé81 Set an Indicator Bit if
Last Card the Branch is to be Taken l
QFesl Readout the 1/0O Error
Test Bit O of Sense Byte from MPX Storage <
Switch Byte, If on Take and Check Bit 5 (Reader I QG031
the Branch Error). If on Take the
Branch Check PMS Byte to See
If 1/O Traps Are Allowed,

Take the Branch

NO

Set Latches Accordingly.

QG031

NO Toke

the Branch

Advance
Program Feature
Installed

YES

Set B-Star to 0000

Send Service Out and
Set Command Start

QG321

QG331

Check to See if the

Busy Bit (Bit 3) of the
Status Byte is On. If
it is Set an Indicator
So the Branch Will Be

Taken
|

I QG311

Set Bits 4,5,6 and 7 of
Byte 8B in MPX Storage
to 0000.

1 aqcan

Readout Printer Address.
Wait Until Operational
In is Down, Send Service
Out. Set the d-Madifier
into the Op Register.
Set Bus Out and Send
Address Out.

| acao

Wait for Operational In
to Come Up. Reset Addr,
Out and Set Command
Start. Wait for Address
In, Then Compare Address
Out to Address In

Addresses Match

QG261

Set up a Test I/O
Command (00).

QG321

Set Bus Out and Send

Bit 6 and 7 at 00 Indicate
a Test 1/O Command

QG261

Setup Error Code

QG321

Reset Select Out and
Send Service Out. Go
to General Stop

Test I/O

QF661

into the B-Star

Set the Contents of |-Star

1 | crest

Set the Contents of A-Star
into the [-Star

To Interrupt Decode

QF661

Interrupt Exists

QEOC1

Chart 155 Chart 1

To I-Cycle

QEO001

02

R

{Unit Check) On

QE641
Command Out. Wait for
Status In. Check if
Unit Check or Unit
Exception Bits are On in Chart 1
Status, Reset Select Out. ort 155
QG321
Unit
Check or Unit
Exception
Bit On QG351
(Unit Exception) On
YES QG3si
Set Channel 12 Indicator
(Bit 2) of Byte 8B in MPX
Storage
Bit 6 NO

YES
QG351

Set Bit 6 and 7 of Byte 8B
in MPX Storage to 10
(Sense Command).

Reset Select Out.

‘ | oaan

Readout Printer Address,
Wait for Operational In

to Fail, Send Service Out |
Set the d-Modifier into
the Op Register. Set Bus
Out and Send Address Out

|  acan

Wait for Operational In to
come up. Reset Address
Out and Set Command
Start, Wait for Address In,
Compare Address Out to
Address In.

Addresses Match

Do
Test 1/O or Sense
Command

Sense G261

Setup the Sense Command
04).

QG321

Set Bus Out and Send
Command Out. Wait for
Status In and Set Status
into the Op Register. Send
Service Out.

|

Wait for Service In, Set
Sense Byte in the Op

Register. Send Service
Out and Wait for Status
In. Send Service Out.

Equipment Check Bit
On

YES QG361

Set Printer Error (Bit 7)
in the 1/O Error Byte

QG331

9 Was Sensed During

Set Bit 0 of Byte 8B
in MPX Storage

| QG331

Set Indicator Bit so the
Branch Will Not Be Taken

A
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Instruction - M%Y 1BBBW
M%Y 18BBS/

Chart 155

Set Command Start ‘o
Take Control of Channe!

Chart 115

QG311

Set the H5 Latch. Read-
out Byte 8B from MPX
Storage and Test Bit 3 to
See if the Printer Has o
NPL Bar Installed. Set
an Indicator Bit to 1 if

it is an NPL Bar. Set
Bits 6 and 7 to 01 to A
Indicate an R/W Operation|

|

Readout the /O Error
Byte and Reset Bit 7
(Printer Error).

|  aesn

Readout Printer Address .

P 1
Device Is Busy Until 1
Device End Comes Up ar |

End of Carriage Motion !
R |

Set Channel 12 Indicator
(Bit 2) of Byte 8B in MPX
Storage .

Wait Until Operational In
is Down, Send Service Out|
Set the d-Modifier into the|

Op Register, Set Bus Out
and Send Address Qut .

| qesn

Wait for Operational In

Setup Error Code

QG321

Reset Select Out and Send
Service Out. Go to
General Stop

QE641

Chart 155

to Come Up. Reset Ad-
dress Out and Set Com-
mand Start. Wait for
Address In, Then Compare
Address Out to Address In .

1

Addresses Match

Yes QG261

Decode the d-Modifier for
o W or S (W-Print and
Space and S-Print and No
Space). If Nota Wor S,
Set an Error Code and Go
to a General Stop. Check
Byte 8B of MPX Storage to
See if a Forms After Com~
mand Has Been Stored . Set:
up the Command.

d~Modifier Command
S 0
w
If Form After Bit was Set,
the Command will be
XXXXX001 Depending on
the Form Movement Requir-
ed . Set Bus Out and Send
Command Out . Check to
See if the Form Portion of
the Command is a Skip (Bit
0 of Command witl be a 1),

Command
Contains a Skip

Yes QG361

Check to See if the Skip
is to Channel I, 9, or 12.
Reset or Set Bits 0 and 2
of Byte 8B in MPX Storage
According to the Skip .

Skip  Reset Set
1 Oand 2 -
9 - 0

12 - 2

L |

Either Bit

Regiser

OG351

6or 7 Gn

Yes

0G351

QG351

Set Statys info the Qp

Either Bit 6 or 7 On

QG351

No
Either Bit 6 or 7 On

Set Remote Start Bit in
PMS Byte (5F - LS)

Set Bit 6 and 7 of Byte
8B in MPX Storage to
10 (Sense Command)

QG351

Reset Select Out

QG311

R eadout Printer Address,
Wait for Operational In to
Fall, Send Service Out.
Set the d-Modifier into
the Op Register. Set Bus
Out and Send Address Out

I QG301

Wait for Operational In
to Come Up. Reset Ad-
dress Out and Set Com-
mand Start. Wait for
Address In, Then Compare
Address Out to Address In

Addresses Match

R/W or Sense

Command

| QG321

Wait for Service In, Set
Sense Byte in the Op

Register . Send Service
Out and Wait for Status
In. Send Service Out.

I QG361

Setup Stop Code

Reset Sefect Out and
Send Service Out. Go
to General Stop.

Setup Error Co

Chart 155

QG261

QG321

Reset Select Out and
Send Service Out. Go
to General Stop.

Setup the Sense Command
(04)

QG321

Set Bus Out and Send
Command Out. Wait
for Status In and Set
Status into the Op Reg-
ister. Send Service Qut
and Test for Busy Con-
dition.

QG321

|QG641

Chart 155

Set Bit O of Byte 8B in
MPX Storage

Equipment
Check Bit On

Yes

QG361

QG361
Set Printer Ervor (Bit 7)

in the 1/O Error Byte

No

Setup Error Code

l QG361

Set Bit 6 and 7 of Byte 8B
in MPX Storage to 01, Re-|
set Select Out.

| acasl,an

Check Bit 3 of Byte 8B fo
see if a NPL Bar is in the
Printer, if it is Set an
Indicator Bit

| e

Readout Printer Address .
Wait for Operational in

to Fall, Send Service Out.
Set the d-Modifier into the
Op Register, Sef Bus Out
land Send Address Out.

| QG301

Wait for Operational In to
Come Up. Reset Address
Out and Set Command
Start. Wait for Address In,
then Compare Address Out
to Address In.

WG321

Addresses Match

Reset Select Out

Device is Busy if Sense
Command Was Entered
from Channel End Status
Until Device End Time

Reset Select Out and
Send Service Out.
to General Stop.

Go

QEb41

Chart 155

l QG261

Decode the d-Modifier
foraWorS. If Nota
Wor S, Setup an Error
Code and Go fo a General
Stop. Check Byte 8B of
MPX Storage to See if a
Forms After Command Has
Been Stored. Setup the
Command .
d-Modifier Command
S 01
w 09

If Form After Bit was Set,
the Command will be
XXXXX001 Depending
On the Form Movement
Required. Set Bus Out
and Send Command Qut.
Check fo see if the Form
Portion of the Command
is a Skip (Bit O of the
Command will be a 1).

Command
Contains a Skip

Check to See if the Skip
is to Channel 1, 9, or 12.
Reset or Set Bits Oand 2
of Byte 8B in MPX Storage
According to the Skip

Skip Reset Set

1 Oond 2 -
9 - 0
12 -- 2

Reset Byte 8B of MPX
Storage Leaving Bits O,
2, ond 3osis. Send
Service Out, Wait for

Service In.

|

To Decode Interrupt

Chart 155

| QG371

Readout Character From
Main Storage and Check
if it is a GMWM

Character
Is a GMWM

Woait for Status In, Status
will Contain Channel End
and Possibly Unit Check.

Modify Character Bit
Format for Table Lookup

Test to See if the Charact-|
er is in Quadrant 1 or 3.
Do a Table Lookup on the

Characters in Quadrant 1,
Also in Row 0 of Quadrant
3. Set Bus Out and Send

Service Qut Y

QG351

Wait for Status In or Ser

vice In. Status will Come
In when the Print Buffer is
Full. Status will Contain

Channel End and Possibly

Unit Check

QG351

Readout PMS Byte From
MPX Storage and Check
if 1/0 Traps are Aliowed.
Set Latches Accordingly

To 1-Cycles




Chart 155

Instruction - Fd

Chart 108 QG301

Read Out Byte 8B of
MPX Storage

QG021
O

QG261

Readout the Temporary
Form Byte. Set Bus Out
and Send Command Out,
Check if This is a Skip
Command (Bit 0 of the
Command isa 1 for a

Control

QG261

Do

Control or Sense

Command

[ 1

QG261

Readout the Temporary
Form Byte. Set Bus Out
and Send Command Out,
Check if this is a Skip

ySl 410
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Reset Select Out ond
Send Service Out.

QG261

Setup Stop Code

QG321

Reset Select Out and Send
Service Out, Go to a
General Stop

Come Down, Send Service
Out. Set Bus Out and
Send Address Qut. Set the
d-Modifier into the Op
Register.

| QG301

Wait for Operational In to
Come Up. Reset Address
Out and Set Command
Start, Wait for Address In,
Then Compare Address Qut
to Address In.

Addresses Match

Set Bit 6 and 7 of Byte 8B
in MPX Storage to 10

(Sense Command).

QOut, Wait for Status In.

[t o

l QG31

QG351

1

Readout Printer Address

Fall, Send Service Out,
Set the d-Modifier into th
Op Register, Set Bus Qut
and Send Address Out,

Wait for Operational In to

QG301

Unit Check Bit On

Reset Select Out, Send
Service Out.

No

e

Check PMS Byte to See if
1/O Traps are Allowed.

Set the Latches According
ly.

Come Up. Reset Address
Out and Set Command

Wait for Operational In to

Start, Wait for Address In,
then Compare Address Out

Bit On
1/0 Stop Switch On

Setup Stop Code

QG321

Reset Select Out and
Send Service Out. Go to
General Stop.

| QE641

Chart 155

Wait for Operational In
to Come Down, Send
Service Out., Set Bus Out
and Send Address Out,
Set the d-Modifier into
the Op Register.

| QG301

Wait for Operational In
to Come Up. Reset Ad-
dress Out and Set Com-
mand Start, Wait for
Address In, then Compare
Address Out to Address In.

Setup Stop Code

QE&41 to Address In. Reset Select Out ond Send
To Interrupt Decode Service Out, Go to
v General Stop.
Chart 155 Chart 102
Chart 155 F
Chart 155

Code Bir 4 is a1 Skip) Sense QG261 g::mon: gse;r ? ?f the
mand is a 1 for a
Set N
QGas! QGasl (0e4;Ap the Sense Command Skip).
Setup Stop Code Set the d-Modifier into the QG321
Op Register, Change the . . Set Bus Out and Send
QGR! d-Modifier to a BCD Char- Command s o Skip Command UO:;: W:?' for Command
Reset Select Out and Send acter q~nd Test Zone Bits. Status In ond Set Status s o Ski
Service Out. Go to a Zone Bits  Form Op into the Op Register, @ 3Kip
General Stop No Zone  Skip Immed. Yes  QG36) Send Service Out and
e :ZZ::: Zt;:z: ;*"f‘::efd‘ Check o See if the Skip Device Should Not be Test for Busy Condition. Yes QG361
BA Zone  Skip After is to Channel 1, 9, or 12, me .
Reset or Set Bits 0 and 2 H QG321 Fheck to See If the Skip
of Byte 8B in MPX Storage otes ;;'O,Ch‘:,"ge' :;"¢96 °’d‘22'
According to the Ski es - set and et Bits 0 an
hart 15 - p. .
Chart 135 QG381 Skip  Reset Set QG321 Device Busy of Byte 8B in MPX Storage
1 Oand2 - According to the Skip.
If d-Modifier is a Blank 9 N 0 Skip Reset Set
(00) Return to 1-Cycles 12 _ 2 Reset Select Out. No QG 1" Oond2 -
9 - [
Wait for Service In, Set 12 - 2
I QG351 Sense Byte in the Op
Yes d-Modifier is a Wait for Status In, This Register. Send Service A
Blank Status Will Be from the QOut and Wait for Status | QG351
Last Printer Command, In. Send Service Out. . .
Check Bits 6 ond 7 to Wait for Status In, Thls
See If Either One is On. Sratus Should Contain
s h Set Status in the Op annel End,. Device End,
etup the Correcf-Forms Register Channel 9 and Busy. Unit Check
'Chomga:d :Ii)egend;n'g: on Was Sensed During Coul‘d be on .for an Inter-
M:ve:,e:: on and Form Last Comand QG361 vention Required.
Operation Command Set Bit O of Byte 8B in
Immediate  XXXXX011 Yes T Ne MPX Storage.
After XXXKXO01 Either Bit 6 or 7 on
Store the Command in the
Temporary Forms Byte in Bit7 QG351
MPX Storage. Ser the H5 (Unit Exception) Check if Device is Busy. Equipment No
Latch to 1. S.er Bits 6 and On Device Is Busy Until Check Bit On
7 of Byte 88 in MPX Stor- Device End Comes Up ot r QG361
age to 11. Reset Bit 1 QG351 End of Corriage Motion. "
QG361 .Sev Bit 6 and 7 of Byte 8B Reset Select Out, Send
Set Channel 12 Indicator Set Printer Error (Bit 7) in MPX Storage to 11. Service Out.
QG381 Bit 2 of Byte 8B in MPX in the 1/O Error Byte. Reset Select Out.
B Storage
Alfter S.klp/ipohce Yes Device Busy l QG361, 311 QG031
| QG381 or After Check Bit 3 of By
) te 8B Check PMS Byte fo See if
Set Bit 1 of Byfe 8B in MPX] , -, Qe Yes Infervention o See if o NPL Bar is in /0 Trops Are Allowed .
Storage to a 1 (Indicate o Immediate . d No equire the Printer, If it is,Set an Set the Latches Accordir'lg-
Forms After Command). Qcan (Unit Check On) Indicator Bit. Iy
Reset Byte 8B of MPX
Readout Printer Address \ Storage Leaving Bits 0, 2, | QG3H
Wait for Operational In to 4 and 3 as is, Send Service Readout Printer Address.

To Interrupt Decode

Chart 155



g6l 410

1dl pup sjesay ‘sidnussyul “sdois Qovl

TAPE ERROR STOP,
OR A/B INVALID

GENERAL STOP

HE QE651
~,
Setup Stop Code
QE641
HALT OP Store Stop Code in
Error Code Byte. Reset
1-Cycles L-Select Out.
QE641
QE651

Store the Status Register
and Readout the 1400
Control Byte. Test for
Program Mode Switch

Store Stop Code in
Error Code Byte

From |-Cycles QE471 |
for Row 3 Invalid Op |
Codes and Chart 156 |

INVALID OP |
1

Store Stop Code (04) in
Error Code Byte

QE641
YES Do
Program Mode
QEs4 Switch
Setup and Store the 1
Interrupt Code NO
| | |aees

Store the |,A, and B~
Stars in CPU Storoge.
Store the Op Register
and 1400 A-Register in
CPU Storage. Set
B-Star from the 1-Star

e
If @ Program Mode Switch
is Attempted on a Machine
without the Feature, the |
Micro-Program Goes to |
a 10FF Halt with 08 !

Displayed

QE661

Do
Program Mode
Switch

To Program Mode
Switch Routine
QE731

Readout Low Bias

Chart 156 QF8l1, 821

Readout High Bios
Subtract Bios from

B-Star (I-Star Conversion)
and Convert 1400
Address to a Decimal
Number.

| qen

Store |-Star Decimal
Number. Check if
A-Star was Valid

A-Star was Valid

Change the tnvalid
Address to Three BCD
Character (16 Bits) for
Display Purpose

QE671

Set A-Star Value
from CPU Storage into

the B-Stor

QE671

Readout Low Bias

QF811,821

Readout High Bias
Subtract Bias from

B-Star (A-Star Conversion)]
and Convert 1400 Address
to a Decimal Number

] QE&71

“Store Converted A=Star in
MPX Storage. Check if
B-Star was Valid

L

Change the Invalid
Address to Three BCD
Characters (16 Bits) for

Display Purpose.

B-Star was Valid

INTERRUPT DECODE

QES01
Test for Type of
Interrupt

Channel Interrupt

T
| From |-Cycles Intersupt
U (Moltiple Entry)

YES
QE601

Timer is Zero YES

QEs01 QE601
{ Update the Timer Test External Interrupt Position 2 of the F Switch |
Register or External Interrupt whichi

Sets F-Register Bits Other |
t

QE601 thon 0 or 1

Sense Switch
Operation

QE671

Set B-Star Value from
CPU Storage into the

Setup Bit to Represent
Sense Switch B,C,D,E,F,

IPL ROAR RESET
CARD OR TAPE

Looded Correctly

Forced ROS Address. |
Auxiliary Storage is :
1

QE521

Setup Address of First
Instruction in the |-Star
Backup Bytes

1

QE631

Reset the Error Bits,
Sense Switch A, Card
Status Bits, Overflow,
and Inquiry Request Bits.
Setup Stop Code of 55.
Reset Various Control
Latches in the 1050
Atatchment.

Reset Zero Indicate .

IPL or Start Reset

QE621

B-Star. or G in the Sense Switch
Byte
QE671
Readout Low Bias Start Reset
_ RESET Set or Reset art tese

Switch Bit

QES671
Readout High Bias.
Subtract Bios from
B-Star (B-Star Conversion)
and Convert 1400 Address
to a Decimol Number.
Go to Display Routine l

Set Bit On for Correct
Switch in the Sense
Switch Byte

Reset Bit for Correct
Switch in Sense Switch
Byte

QE621
Tape Density, Tape

Roar Stop Delay

Normai Stops ore Stop
Key, tnstruction Stop, or

1 QE691

Set the Converted Numbers

Address or Sterling Exit

Allow Interrupts

for the 1,A, and B-Star
into the Respective Stars.

Setup Forms Byte to
(08) 0000 1000

Chart 156

Setup Forms Byte to
(08) 0000 1000 QE63!

[aesai

Set a Latch (HO) to
Prevent Memory Wrap
Detection. Readout Bias

NO

Do Storage
Scan for Invalid
Choracters

QE691

Set Stop to 00

z
o

Sense Switch
Operation

Setup for Display.
all Traps ond Set
Command Stort in

Multiptexor Channel.
I-Address is Displayed

in the 360 Aand B

Registers, Stop Code in
R-Register, and ALU

Qutput is 00

Block

Tape Display

QGO71,QE691

Setup Tape Drive
Information for Disploy.
R-Register Contains:
High 4 Bits - Density
Low 4 Bits - 2400 Unit.
ALU Output is 99

Turn On Wait Latch

Start of a Routine to

Clear 1400 Area of

Invalid 1400 Cheracters
I |

| ]
1 I
! b YES Qesay
I

Setup Highest 1400
Address. Readout Char

and do a Table Lookup

QE641

Legal 1400 Character

Change Character to a YES

| When Unit Is Made

Restart - Go to
Restart Routine

Readout Sense Switch
Byte. Setup for Display.
|1-Address Display in the
360 A and B Registers
Sense Switch Byte in
R-Register and ALU
Output is 99

Stop Code Bit
2, Bit 3

the

00 01

QE711

To I-Cycles

i

L 1050 Return

QE71!

Return to Halt and
Branch

Chort

102

Chart 147

Chart 102

CAS Logic QF661

Blank (40)

QE641

Readout Next Character
from Next Lower
Address

is 1 Less than
1400 Address
0000

Ready, Continue
QE691 ! Operation.
Set Command Start, Reset
Suppress Out .
2501,
2520 Operation
6F Stop
10 0, Bit 1

Stop Code Bit

START RESET

| QE531

Set the Character 8F

into Main Storage One
Position Less than 1400
Address 0000. (Used to
Detect Storage Wraps).

1/O Traps Bit
On

Setup to Allow Traps.
and Reset Commond
Start

Setup to Allow External
Interrupts and Prevent all
1/O Traps

|

QES551

Initial
Program Load

QE551

—
| A Storage Scan Routine )

Setup Address Equal
to 1400 Address 0015
and a Count of 51

|

Set 1400 Address
0001 or 0015 to @
[ Blank with @ Wordmark

t is Done for IPL or
! Start Reset
N —

]

QES51

51 Column Load

Set Next Position t
a Blank (40)

T
° : Clear Read~in Area J
L

End or Read
In Area

1442 Card Reader

QES551

Set 1400 Address 0081
Position to GMWM (OF)

T Column 65 - 51 Col Read
! Column 80 - 80 Col Read

QE701

Restore A-Star from
MPX Storage

QE701

Stop
was an tntervention
Required

Low

4 Bits of the
Stop Code are
1

Card or Printer
Return

A Test 4 High Bits of the
Stop Code. Check what
Routine to Return to

~Star
Address is 0000

QE701

1442 1402
1595 }QGBOI ”03} QGss8l
Chart 149 to 154 Chart 108

L ]

To 1-Cycles

Chart 102

QE701

QE701

Restore or Initially Setup
the 1, A, and B-Stars;
Also the Op Code.

} Enter Interrupt Routine
| after a 10FF Stop or

1 IPL before going to

| 1-Cycles

YES

QE701

Setup Stop Code OC
QE701

—Ta General Stop

Console Interrupf
Key




9¢1 412

dO 46 ‘Butydiimg apow

Chart Chart

115 115

Setup Interrupt Code

QE721

Store Interrupt Code and
Set an {ndicator Bit if
Bits 0 - 3 Equal on 'E’
(1110} and This was an
1/O Op with a Branch

] QE721
Setup the Error Code to
00 or FF. The Error
Code of FF causes o
Branch to be Taken on
Return to Compatibility
Mode

[ areer
Store the |, A, and B -
Stars in CPU Storage .
Store the Op Register
and the 1400 A-Register
in CPU Storage . Set the
B-Star from the I-Star

Reset Command Start

Charts 108, 115, 152

Chart 102, 155

| 00 - General Supervisor
1 01 -~ Machine Check

1 Supervisor

t 10 - 1/O Interrupt

QE731 — 11 - External Interrupt
What 10,11
Type of Mode 0 ‘i“
Switching I QE731 QE731
s 00, 01
i QE731 Reset Stop Code Reset Stop Code

Setup Interrupt Code .

Store Address of Op Code

of This Instruction G

Chart 001 Chart 007

Setup to Store PSW

| oa
N

Chart Q07

From

[Read Out 1400 Local

Sixteen Bytes
N
u< Have Been
Transferred
.
~

QE801

Read Out Main Storage
Byte

QEBOI

Storage 'B' Position and
Store the Byte from Main
Storage

Yes

To or From
Main Storage

I nvalid Op :
]
]
[}

Chart 155

Load or Store Constants |
(CFLC, CFSC) !

Setup for Transfer of
Sixteen Bytes

Use 1400
Local Storage
A and B

QEBO1

QE801

To or From
Main Storage

To| QE801

To

QE801!

Read Out Main Storage
Byte

Read Out 1400 Local
Storage 'B” Byte

i
Read Out 1400 Local
Storage "A' Byte

|

QEBOT

QESO!

and Store the By

Read Out Main Storage

1400 Local Storage ‘B'

te from

1400 Local Storage

Read Out Main Storage
and Store the Byte from

A

/J\ QE801
“Sixteen Bytes No
B

Transferre

Yes

L

Sixteen Bytes
Have Been
Transferred

QESO1

T oeso

Read Out 1400 Local
Storage ‘A’ Position and
Store the Byte from
Main Storage

Sixteen Bytes
Have Been
Jransferred,

Op Register
8it 0 1s On

Start Setup of Local
Storage Address

1-Cycles

QA041

QA041

Op Code 99 Obijectives

Read Out Byte BC (LS) f
and Check Bit 0 | Operation XXXX
I CFiM 000¢
1 CFMS 0001
I CFsv 0011
| CFLV 0010
BitOlsal | CFsC 1001
| CFSC 1101
| CFLC 1000
1 CFLC 1100

Yes  QAO41

S
w2 | w2 99 Jwifwz [ 81 [ D1
B fined Al s
ytes Define: LS'A'| LS'B CFiIM | O] * Main Storage
80 thiough 83 | 0 | 8 CEMS | 17 | Addres
CFSV | 3| *1
84 through 87 1 9 CFLV | 2] *2
88 through 8B 2 A CFSC | 9| *3
8C through 8F 3 B CFSC | D *4
CFLC | 8| *5
0 4
90 through 93 C G| ¢l *s
94 through 97 5 D
98 through 98 6 E
9C through 9F 7 F

Set HO to 1

Set Op Reg fo XXXX 0001
Switch to 1400 Mode

QESN

Op Register

1 Load or Store Variables
! (CFLV, CFSV)

Chart 1

Bit 2 Is On
QE511
No

QESH]

Setup Address of First
Byte 00 of Local Storage

Set 360 LS Byte 8C to 44,
Store Instruction Address

Op Register Bit 3 On

Chart 155

Force Op Register Bit 3
On, Store 256 Bytes in—
to 1400 Storage 'A* from
Main Storage ond 256
Bytes into 1400 Storage
‘B’ from Main Storage

|

Use 1400
Local Storage
AorB

To or From
Main Storage

To

*

If W2 isa 0~ No Initialization Required

1 - Initialize for 1402 Card Load

2 - Initiafize for 1400 Tape Load

9 - Initialize for 1442 Card Load

*11f W2 is O Through F, Store Four Bytes from Main Storage ot
Location Shown in Chart 1
*2 1f W2 Is O Through F, Load Four Bytes from Local Storage

per Chart 1 into Main Storage

*3 1F W2 Is 0 Through F, Store Sixteen Bytes from Main Storage
into Local Storage 'A'. Local Storage Locations are Deter—
mined by W2; if a 0, Location 00 Through OF are Stored etc.

*4 Same as *3 Only Use Local Storoge 'B’

*51f W2 1s O Through F, Load Sixteen Bytes from Local Storage
'A' into Main Storage . Locations (LS) Are Determined the

Same as *3

*6 Same as *5 Only Use Local Storage 'B'

QEB01

From

QES01

Read Out Main Storage
Byte

Read Out 1400 Local
Storage 'A' Byte

QESO!

Read Out Main Storage
and Store the Byte from
1400 Local Storage 'A'

Four Bytes
Have Been
Transferred

QESO1

l QEBO!

Read Out 1400 Local Stor-
jage 'A' Position and Store
the Byte from Main Storage|

Four Bytes Have Been
Transferred

] QEB0)

Setup for ILC of 10,
Clear any 8F (Wrap)
Trops. Setup to Allow
Trops (Reset H-Register)

QA171

Chart 001

From

Read Out Main Storage
Byte

To or From

Main Storage

To [ GEsol ]

| ceso

Read Out 1400 Local Stor-
oge 'B' Position and Store
the Byte from Moin Storage

QE801

Four Bytes Have Been
Transferred

Read Out 1400 Local

Storage 'B' Byte

QE80Y

Read Out Main Storage
and Store the Byte from
1400 Local Storage 'B*

Four Bytes Have
Been Transferred

QEBO1




Basic 2030
I-Cycles

Should Be 1 for 1400 1
Procram Mode Switching !

No

QA041

8yte BC
(LS) Bit 0 Equals

al

Chart 007
Entered
From an Execute

oP

QAS11
QA511
Restore High Address, Store
the Instruction Address, the
ILC , and Set a PSW Bit

Restore High Address

] QE8I1

Setup to Recognize Which
Op Code is Being Done.
Setup the Addresses of the
Source and Destination
Fields

l QE8II

Byte 1 of the Source and
Destingtion Addresses are
Checked for all Zeros

Read Out Source Chorac-
ter

Byte 1
of Addresses
is 00

QE8II

Read Out Count and Store Source

in Hardware Register. Set- 1 Character has a
Chart 155 up @ Word Separator (WS) WM
Character

Character

- is 0 GMWM
0C- CFLT | QEBI1 =y Setup to Sef a Word
0D- CFLF ' CFMT, CFMF Separator in the Destina-
OF - CFMT | tion Field. Setup Source
OF - CFMF 1 Address to Read Out Same
S CFLT, CFLF Source Position Again Store Count

Chart 158 QE841

Read Out Destinction
Field Character

QE841

QEB851

Read Out and Set Condi~
tion Register to 0100

CFLF

Read Out and Set Condi-
tion Register to 1000

Destination
Character Has a
WM

No

QEB41

N e Decrement High CFLT Store Source Character Store Source Character or
Set Source 'C.oruj:'erk " Count Byte QE821 or WS in Destination WS with WM in Store the S Addr
dre’ss to Position Just Rea Rood Out Sovrce Field Destination ore the Source ress
ou Character

CFLT Ended by
0 Count

QEB21

Check if Character Is a
Word Separator (WS)

Store the Destination
Address . If the Source
Address Is 0000, Set Byte
1 of That General Reg-

QE841

CFLF
Ended by Zero
Count

No

QE841

ister to 01
Read Out Source
Character Destination Character No
QEB81 Field Character Is a Contains & WM
Set Source Character Ad- GhwM
. QE821
dress to Lust Position Read-
out Yes QEsn Character No Chart 001

is a Word
Separator

Remove Word Mark (WM)

Separator QE821

gzjge'ses fD:sg::';’Z:ifi‘:rid Read Out Last Destination
Past GM QES21 Position Read Out and
- Store Source Character
Read Out and Write Back Read Out Destination There
Destination Character QE82! Position and Store Source
Choracter There
Read Out and Write Back

Store Count

Destination Character

QES821

Destination
Character is a
GMWM

QES821

Destination
Character is
a GMWM

Decrement the Low Count
Byte

Decrement the Low Count
Byte

Set a WM in the Source
Read Out and Set Con- Read Out and Set Con- QEB6! Character. Read Out
dition Register to 1000 dition Register to 0100 Store GMWM in Position Sume. Pofiﬁon.of the
A . Destination Field that was
of Destination Field Last
2 Read Out Lost Read Out and Store
the Source Character with

a WM. Decrement
Low Count by One.

Store the Destination
Address

Store the Source Address.
If the Destination Add-

ress was 0000, Set Byte 1
of That General Register
to 01

Chart 001

CLF 157 CFMT, CFMF, CFLT, and CFLF Instructions, Sheet T



Chart 157

Low Count Byte Is 00

Read Out Source
Character

N CPNMF ™ CFMF or CFMT
1 QEB31
Set Source Character
Read t
Address to Position CFMT  QE831 Read Out Source Cehc:,mg:,. Souree
Just Read Out Decrement High Count Character
QE831 Byte by One
Decrement High Count QEB31
Byte By One Remove WM if One Exists
Remove WM if One Exists
Count Is Zero Ne
QE831
QE831

CFMF

Ended by Zero ‘Read Out Destination
QE831 Count Character Source Character Is
Read Qut Source Read Out Destination s GMWM
Character Character

Destination
Character |s a
GMWM

Read Out Destination
Character

Destination

High Count
Character s a

Byte Is Zero CMWM Yes  QE861
Read Out Next Position Store a GMWM in the
of Destination Field Yes  QE861 Destination Position Destination

Last Read Out

Update Destination Field Character Has a
Address by One WM QE831
Store Source Character
l I QE831,851 QE831 with WM at Destination
) Position
Store Source Character

Store Count

without WM at Destinat~
ion Position

I

Store a GM in Desti-
nation Field Position
Just Read Out

QE86l [

Store @ GMWM in the A
Destination Field Posit-
ion Just Read Out

I

QE831 Store the Destination

Decrement the Low Count

Byte by One

Read Out and Set Cond-
ition Register to 0100

Read Out and Set Cond-
ition Register to 1000

Address

Read Out Destination
Choracter

Store the Source Address .
If the Destination Add-
ress Is 0000, Set Byte 1
of That General Register

to 01

Chart 001

Set Source Address to
Lost Positive Read Out

QE831, 851

Store Count

QE851

ad Out and Set Cond- Read Out ond Set Cond~
on Register to 1000 ition Register to 0100

QE851

Store Source Address

QES851

Store Destination Add-
ress . If the Source Add-
ress [s 0000, Set Byte 1
of That General Register

to 01

Chart 001

CLF 158 CFMT, CFMF, CFLT, and CFLF Instructions, Sheet 2



Start

CE Call

1 Power On Light Off or
: LP Console Red Light On

YES

Power or LP

Light

e

| Wait Light On and/or
|' Error Message

Power Chart YZ, Sheet 1

ZA

LP Light Chart YZ,
Sheet 2

Diagnostic Techniques Charts.
How fo Use.

1.

Initial entry can be by:

a.  Starting on this chart (chart A) find a symptom
and find which chart shows the required
action needed .

b.  Knowing the symptom and which chart shows
the required action, go directly to that chart.

If a chart is entered directly, be aware that some

information is assumed because a previous chart

was bypassed .

If directed to a diagnostic test and while running

the test an error is detected, the user is expected

to analyze and repair the failure.

If at any time the user has developed an approach

which is faster or better than provided in the

charts, he should leave the charts and link back
only if more information is needed. Also, send

the procedure to the publication department of this

manual for possible inclusion.

Most failures are considered hardware until proven

otherwise .

YES
Wait or Message
‘WA
NO
Wait and/or Error Message Chart
Chart W
.l Examples: // r’/——_‘
t 1. Print Check Program
: 2. Reader Checks \—_—_/ Zﬂ::r:z Check Unexpected
I 3. Tape In Column Machine - Moltiol External
S Check Device ultiplexor Interrupts
YES Error Channel
Obvious 1/O Device
Problems @ @

'NO
™ - Device Chart Program Checks Unexpected External
i Console Red Lights Chart D Chart P Interrupts

PR | PX Chart W, Sheet 3
YES Channel
CPU Checks
Selector
L MA
NO

CPU Checks

| Console Red Lights l
L

YES

Chart C

Multiplexor Channel
Chart  Chart M

Multiplexor Catalog
Number Chart
Chart N

Selctor Channel

Checks

NO | Unsuccessful Initial Pro-
| gram Load

Selector Channel Chart
Chart S

{PL Oriented YES
NO H
IPL Chart
Chart |
1401 Compatibility YES
Oriented
NO

; CPU Results in a Locked
LS'rute

YES

Hang-Ups, Loops

and Stops

NO

Stops

Hang~Ups, Loops, and

1401 Compatibility

Oriented Chart
Chart F

Undetermined Failure
But Output Results Not
Correct

YES

Chart

H

Machine Language
(Macro Program) Loops
Chart L

CF Stops and Special

One Word Loops
Chart J

Wrong Results

NO

Diagnostic System Check
Out Chart B

Chart €

Operators Console
Check Out Procedure

Missing Records or Wrong

Results
Chart R

DT Chart A Action Index



Clock Start and CCROS This is the first port of the
| Power-On Button Readout Check Procedure ROS Scan Test Procedure,

1D 3345 (Vol 41)

Power-On Light
On

Turn Rate Switch to
Single Cycle

Chart Y Sheet 1

Set F,G,H,J Switches l Note:
to One of the Following | There Are Two W and X
Press LAMP-TEST Switch ! This Includes the Ind- WX Addresses and Press | Registers. One (ALDS
and Ensure All Console | icators on Console Low~ START | RWO11 and RXO11)
Indicators Functioning I er Right (System, Man- | Addresses CCROS and
I ual, Wait, Test, and the Other (ALDS RWO021
| Load) | and RX021) is the
| Indicator ROSAR WX
- _| | Registers
Replace Bad Indicators, IBulb-Holder Color Code WX Read Out Check |
Beware of Loose Con- IYellow ~ Logic Signal Address . |
nections on Bulb Holder Iglqck - Gr\juli‘d 1. 0ACO »:\SHQSn;zLP(B::fs but - —Em
- X .
: = rgg o 2. 0ACT CN P, PS and Displaying Each Address
White with \ Indicator AC PC Bits
8iack Trucer}\/olmge 3. 0AC2CN P, PS and
: PC Bits
4. 0AC3 All SAL Bits but
PS and PC
System Reset Checkout

Hold Down the System
Reset Key

I'If Selector Channel Op-
| tion Installed, the Two

| P Bits in the Count Field
Light Up with System
Reset Key Pressed (Lights
Go Out on Release of
Key) Selector Channel
Option Not installed;
Take Yes Path

: Correct Address and |
. i<l
1 Parity Displayed | Hard Core Failure. Any

I | Hardware Failure That
! | Prevents a Successful
| Start of the Basic Test

Address 0000

Selector
Channel Count
egister P-Bit:

| For Possible Card Re-
placement Refer to List-
| ing in Basic Test BFF
(Vol 413 under WX Add-
l ress 0000 Zero Test and

Start on ALD PB191 and

Trace Lines Back . Check | CF Stops
for Loose Cables i
lom

The Muliiplexor Channel :AII Indicators Not Ment— Suspect :

Bus-Out Register P-Bit ioned Should Be OFf: This 1. The Clock or .C|of:k—

and the SALs and Control |\5 Pictured in the FE Main-| Start Circuits
Register Data Remain the Itenance Manual, Y24- 2. The START Key or

Same as Prior to System 13390-2, Under CPU Con- A”START Lal0ches

Reset. The Following sole Panel in Chapter 6 (All on ALD's KCXXX)

Lights Should Be On: I

1. Manuel

2. Test

3. Main-Storage Data Chart H Sheet 1

Register P~Bit

4. ALU Output P-Bit

5. Main-Storage Address
Register Hi P-Bit

6. Main-Storage Address
Register Lo P-Bit

7. Main Storage

8. Selector Channel 1
Data Register P-Bit

9. Selector Channel 2
Data Register P-Bit

10. W-Register P-Bit

. X-Register P~Bit

i
| SALs Readout Correct
1

YES

Good Readout Check

An Indicator ROSAR
Failure, ALD's RWO021
and RX021

Suspect:
1. WX Register Failure
on ALD RWOTT or

RX0T11
2. F,G,H,J Switch
Failure
Correct Console
Display NO
Good Readout Check ~l
Suspect:
1. Wrong WX Address
Repeat Above Routine Being Sent to CCROS
until All Addresses Have (ALD RWO11, RXO01,
Been Checked ED002, and EDOO3)
2. CCROS Decode Fail-
: [
uspect:
1. ’;ower Is Off in the Display WX chdresses. > \i/:rgré:gRgOSCUmen' cord
Control Unit That 0000 and OFFF (IFFF if
Diagnostic Procedure Has the Interface Compatibility Installed)
Dictates Continuing to Cable Terminator To Insu.re All WX Reg-
Run Basic Test BFF (3345). 2, System Reset s Not ister Bits Set or Reset
However, if Loose Cables Dropping Operation-
Are Suspected, You Can Out on Interface to
Scope it Out {Find the Reset Control Unit Chart C Sheet 3
Indicator on it's Part- MPX Channel - —_—
icular ALD (PBXXX) and ALD FA101 Chart E | Not Nornially Necessary,
Trace Back Selector Channel 1- Refer 1o AB. h | But a Good Check, Es-
ALD GAO21 oo P f‘"' | pecially for Suspected
Selector Channel 2- o; asie Lheck o Con~ | Loose Cable Detection
ALD GAQZ1 sole Indicators and | or Through CPU Check
3. Control Unit Reset Switches —_—
Failure I

The Following Micro
Diagnostics Are Listed
Showing Run Procedures
for Quick Reference
Only. For Advanced
Information and SWAC
(Stop Word Analysis
Charts) when Results Are
Not Correct, Refer to
Vol 41 under the Test

Number

Chart B Sheet 2

DT Chart B Diagnostic Check Qut (Sheet 1




Chart B, Sheet 1

Run BFF Basic Resident
Micro Diagnostic Test ROS Scan (0BF1)
3345 (VOL 41) to Test the CCROS

Units Using Test I

(VOL 41) S -
Follow Procedure: etup: . b his Type of Block Is
1. Set F,G,H,J Switches 1. ROS Control Switch | Used on this Chart;
to WX Address OBFF ROS Scan . The Upper Part (Above
2. Set CHECK CON- 2. Check Control Switch | Dash Line) is the
TROL Switch to Stop | Setup. The Lower Part
Diagnostic 3. Others (Below the Dash Line)
3. Set all others to Process . | Is the Expected Results.
Process 4 F,Og:']’-lIJ Switches | If Results are Correct,
4. Press SYSTEM RESET Go On; If Not, a
5. :ress ;éAR RESET 5. Press SYSTEM RESET | Problem Exists
6. Press START Key to g ::::: E'&ARRT RESET
Initiate Test e ]

Scan the 2030 CCROS
Unit with ROS ADR,
ROS SALs and Control-
NO Register Lights Blinking.
"1t Will Stop on Errors
with Address and Data
of Failing Word Dis~

YES
| Console Red Lights played
Pp—— I

WX Address OABC

A-Register and ALU NO "1400 Compatability
Checks Only Option - Set F Switch
to 1

Scans Both CCROS
Units with Lights

YES
Press START Key Blinking

NO
Add 0807 -
WX ress CCROS Repop Micro ! Repop CCROS Locations
Diagnostic Tests in : 29-0, 29-1, 31-2,
JES Priority Order (Repop 1 31-3, 31-4 and 31-5
Means Nonresident)
NO : Plug the Green Tabbed
Version 000 CCROS
Run the Priority Controls | D:::J:;m Cards
Repop Micro Diagnostic _————-!
I- - v YES Test 3347 (VOL 41)
! Setup: | 1 ot any Point the
I Y 1. ROS Control Switch - | Proper Results Are Not
: 1 ROS Scan | Obtained, Go 1o SWAC
2. Rate Switch
IChart [, Sheet 1 : 1s ROS Control Register Instruction Step
IChert H, Sheet 1 | CF Field 100 3. Others
1 Process
4. FGHJ Switches
YES FFFF

CF Stop Word 5. Press LOAD Key

Result:
Failure Type, CF Stop 1. WX Address - 0BC7
2. B-Register CPU Check

YES |
Press Set 1/C

1. WX Address - OBBE
2. A-Register CPU Check

Press START

System Light or Wait
Light On

Failure Type, Loop

No Visval Change

I

Press START

Failure Type,
Machine Check

Failure Type, Zero
Test Stop

1. WX Address - OBCD
I 2. No CPU Checks
Locate the Displayed I
WX Address in the SWAC Press START
(Stopword Apalysis (. x e ——— — - -
Chart) of the Basic Test 1. A High-Speed Loop
D 3345 (VOL 41) Results (System Light
On)

2. A-Register CPU
Check Is Being
Turned On and Off

System Reset-Start I
Basic Test

A
Follow Procedure: ! Plug the Red Tabbed
1. Sef. CHECK CONTROL CCROS Document Cards.
Switch to Stop Version 996 for M2] and
2. Press SYSTEM RESET Run the RAW Storage 998 for M2
Key FLT Repop Micro Diag- - ————
3. Press START Key nostic Test 3348 (VOL 41) I
Setup: =
1. Check Control Switch |
Diagnostic | Storage i
2, ROS Control Switch 8K 2__J1.5 Seconds
NO ROS Scan Fiek _[4 13
WX Address 0328 3. Others Mok T8 Te
Process 4k |8 13
4. Switch F Is Set to the
YES Number of Auxiliary

Storage Units

5. G,H,J Switches
BDD

6. Press SYSTEM RESET
7. Press ROAR RESET
8. Press START
oo < r  [ToTme=-T~ ]
Loop {System Light On)
with Multiplexor Channel
Tags Address~in and
Operation=In Blinking

Loop Basic Test 128 l
Times Via Load

NO

1. SetF,G,H,J " Unit 0000 or Any Other
Switches to 0000 Nonexistent Device on

2. Press LOAD Key to the Multiplexor Channel
Initiate Test

\)

Chart B, Sheet 3

WX Address 0578

NO

Chart I, Sheet 1

DT Chart B Diagnostic Check Out (Sheet 2)



Chart B, Sheet 2

; Plug the Orange Tabbed
Run the Multiplexor t CCROS Documents
Channel Micro Repop - _'l Cards, Version 997
Diagnostic Test 3346
(Vol 41)

| More Commands to
| Enter

Additional C d

Setup:

1. ROS Control Switch
ROS Scan

2. Check Control Switch
Diagnostic

3. Others
Process .

4.A,B,C,D Switches
00 Address of Aux~
iliary Storage)

5. E-Switch
AS (Auxiliary
Storage)

6. F,G,H,J Switches
OBFE

7. Press STORE. This
Stores FE in Aux-
iliary Storage
Address 00

8. Press SYSTEM RESET

9. Press ROAR RESET

0. Press START

NO
Same Device

Execute Setup:

1. H,J Switches - 00
2. Press START Key
This Initiates Execution
of All Entered Commands

Clear Main Storage and
the Storage-Protect
Stack Useing (OBF8)

Result:
WX Address at 0BCD Test 3348 (Vol. 41)

with No Errors

Set Up:
1. Set ROS Control
Switch to ROS Scan
2. Set Check Control
I Switch to Disable
: ?Eg(r)hse;il:nv;;:bbed 3. Set All Others to
{ . Process
: Cards, Version 906 4.SetF. G, H, J
Switches to 0BF8
. 5. Press SYSTEM RESET
Sotions Feature tiong| Feature 6. Press ROAR RESET
un the Storage Protect 7
Micro Repop Micro _—_" -+ Press START
Diagnostic Test 3350 b - — — = = =
(Vol 41) - Main Storage, Auxili-
Setup: ary Storage, and the
1. ROS Control Switch Storage-Protect Stack
ROS Scan X Are Cleared and Errors
2. Check Control Switch Are Bypassed
Diagnostic
3. Others |
Process
4,F,G,H,J Switches Rotate Check Control
OBFE Switch To Stop
5. Press SYSTEM RESET - — - = — —
6. Press ROAR RESET Scan Continues If No
7. Press START Errors, or Halts If Errors
Result:
Stops at WX Address
0BCD with No CPU ﬁug the White Tabbed
Checks | Version 914 CCROS
I Ron the Selector l: REPOP Document Cards
- hannel s
1. Start Key Again "1 ToStop, Tum Rate gel:cr::r g::rfn)el 1-- !
———————— | Control Switch to Test 3447 _____i
Loops the Two Worst- | Single-Cycle Selector Channel 2--
Case Storage-Protect - Test 344A -
Stack Patterns (Vol . 41) Set Up: (Assumption | For Additional Aid,
l Card Read Used) | Refer to 2030 FE Hand-
1. Place DM4 Monitor book Under Diagnostics .
— Followed by FLT(s) | Gperation F °W'A}DM4
| For File-Seek .Oper- 2. Ready Reader | Operation Flow-8
Exercise the Channel | ations, Refer to Test (Reader Start and and Operation Pro-
Interfaces Using the __: Description in Vol 41 End-of-File Keys) cedure for Selector
1/0 Micro Test 3344 - 3. Set All Console | Channel FLT's
(Vol 41) I —_— Control Switches to
Setup: Bl The Initial Command 4 Erocess
1. All Switches | Set Is Loaded into . .et‘F, G, H, J
Process ! Main Core Location Switches to Channel
2.F,G,H,) Switches | 0000 Thru 0003. and Unit
. OF00 : Additional Sets Con- 5. Press Load Key
3. Press SYSTEM RESET | tinue 0004-0007,etc | o == =
4. Press ROAR RESET Results:
5. Press START 1. DM4 Loads In
————————— 2. Prints WTE DM4
Result: (Level) and the
Stops at WX Address Next Available
0F16 UDT Core Location
Press Interrupt Key
Channel and Device | . x |T
Setup: 1. Prints System Con-
1. F,G Switches figuration
Channel Address 2. Reads in the Test
2. H,J Switches Section of the FLT
Device Address 3. Prints S 3447 (Start
3. Press SET I/C R Test)
———————— 4, Prints Warning To
Loads Channel and Ensure REPOP Card
Device Addresses and In, and All Switches
Stops at WX Address In Process
OF2B 5. Executes the FLT
6. Prints No-Errors~
Found and Option-
To-Recycle Test
7. Prints DM Halt
Message with
Command and Count Supervisor Call PSW
Setup: 8. Goes to Wait State
1. F,G Switches
Command I
2. H,J Switches
Count
3. Press START Key | Press Interrupt Key
Completes Loading of .
One Command Set and 1. Reads in and By-
Stops at WX Address passes the FLT. T‘ﬂ?'es
OF28 2. Prints T (Termination)
3. Reads in the Next
Test or Goes To
Wait State If Lost
Test.

|

Chart B Sheet 4

DT Chart B Diagnostic Check Out (Sheet 3)



Chart B Sheet 3

The Selector Channel
FLT's Are the Only
2030 Machine Language
(Macro) Diagnostics
That Cause CPU Red
Light Checks. Thus
the User Can Run the
Remaining Tests in

Stop Mode, if Desired

i

Stop Mode Stops the
Machine for Unexpected
CPU Failures Before
Monitor Logs Them

Out. Press Start if
Logout Is Desired or

Go Directly to Chart C
Sheet 1 At CA

Run All Associated

Machine Language

(Macro) Diagnostics .

This Should Include

1. CPU Standard Set

2. CPU Optional
Features

. Standard 1/0

. Optional 1/0O

. Meter Test

. Compatibility CPU
and 1/0O

o B w

For Test ID Numbers
Refer to The 2030 FE
Handbook Under
System/360 Diagnostics
For An Excellent Listing
and Suggested Running
Order Refer to the
2030 Installation
instructions Part Number
824400 Appendix A
Sections 3 and 4

. System Test

rReview of CEM's, Retain
Vetc. Should Be Checked
| For Similar Problems

| Before Even Considering
|These Hints

The Remainder of This
Chart Is Intended to
Introduce the User to
Methods, Procedures,
and Areas of the System
That Are Not Normally
Checked. This Infor~
mation May Be of Value
on Intermittent Prob-
lems or When All Other
Methods Have Been
Exhausted, But Extreme
Caution |s Recommended
in Most Areas

I

. An Excellent CPU
Checkout Is Listed
Under CCROS
Service Hints in

apter 1 of the
2030 FEMM

. Do The CPU Switch
and Indicator Check
Procedure, Chart E,
Sheet 1 at EA

. Run the CCROS
Voltage Check in
Chapter 4 of the
FE Maintenance
Manua

. Disable the Retry
Circuits and Have
Customer Run His
Jobs in Stop Mode

. Run Main Storage
Worst-Case Pattern
Tests and Check
Memory SCHMO0 |

. Disconnect Blower
Motors on CCROS
and Storage Units
Raise Room Tempér-
ature in Attempt to
Bring Out Intermittents

. Cool Suspected Areas
Using ICE or Dry Ice
and a Blower or Fan
(It May Help to Find
a Broken Land
Pattern.)

. Vibrate Entire Units

. Ensure That All Cards
and Edge Conrnectors
Are Seated; Use a
Pencil with an Eraser
to Reach the Small
Crossover Cables in
the CPU

. Tap Cords and Edge
Connectors

. Use Marginal Voltages
in SMS Control Units
(Such As 2821)

. Varying Voltages in
the CPU Has Not
Seemed to Be of Much
Value, But Can Be
Tried with Extreme
Caution

. Use Anti-Static Spray
and Solutions when
Static Electricity Is
Suspected
Note: Beware of
Furniture with Casters
Being Moved Past The
System

. Run or Prevent Oper~
ation of Communi~
cations and Other
External Electronic
ond Electrical Dev-
ices to Decrease or
Increase Failures

. Beware of Room
Temperatures Above
98° and Humidity
Below 20%.

. Is It Always the Same
Shift or Operator
When Failure' Occurs

. Check the Last Control
Unit on Every Channel
for the Interface
Terminator

. Spot-Check Voltage
Levels on CPU Boards,
CCROS, Storage, and
the 1/2 Board O1F .
For the 1050 Interface
+év--Pin B11
+3v--Pin DO3
Ground=-Pin D08
-3~-Pin B0
Note: For 1/2 Board
Voltages, Refer to
ALD PF571

. Check All Single-
Shot Settings. The
Following Is A List
of the Single-Shots
in the CPU

’

N

w

IS

(=

0 ©

Single-Shots in CPU

ALD
DMO51
FA10!
GA021
GA02!
HA021
HAO021
PF042
PF043
PFO71
PF251

Function

Metering

MPX Channel Operation-Out Reset
Selector Channel 1 Operation-Out Reset
Selector Channel 1 Hold-Out Interlock
Selector Channel 2 Operation-Out Reset
Selector Channel 2 Hold-Out Interlock
1052 Carrier Return Line Feed

1050 Restore (Reset)

1050 Attention (Request)

Audible Alarm (Optional)

DT Chart B Diagnostic Check Out (Sheet 4)



Index

Chart |, Sheet 1
v Chart W, Sheet 1
Chart W, Sheet 2

! Assumption:

! Lamp Check Completed
| S S —

Log Console Indicators
Use Console Image Sheet if

Available

Check for Diagnostic
Error Stop

T "
Place All Switches in | Switches:
Process and Observe the | 1. ROS CTRL
Test Light on Lower Right | 2. RATE
of Console | z égEgKCgthA{
L .
NO

Stopped While Running
a Microdiagnostic Test.
Use Stop Word Analysis
Chart of Associated Test

|

Check the Diagnostic Latch
on ALD DKO041 if You:

1. Just IPL
2. 5YS RST-START

3. Not Running Diag-

Stopped before H1 was Setl

Second Error Has Oce-
urred before Logout of
First Error was Started

Only One
Red Light On

YES

Chances Are Same Type
of Error Occurred Sec-

Into Chart Using Sec~

nostic
NO
In Stop Mode
YES 1400 Comp NO
YES \
1 Should Be Stopped at
1 WX 12F4
YES
Check Light Still On
NO WX Register NO
! 082
Indication Probably Obmi-}
ned Via Logout or From |
Logout Area | YES
]
Second Error Has Occur-
red Before a LOAD PSW
Operation Code was Per-
formed
Run SEREP for Possible
Indication of First Error
NO
i f T Place in Stop Mode
If Failure Is Intermittent | a P
Continue Through Chart | Wait for Another Failure
for Possible Hints |
i 1
}
I
: ond Time. Continue
: ond Error Indication
! |
YES
NC

Basic Test "BFF " Should
Catch This Error (Vol 41}

1

If Basic Test Does Not
Catch Error-When Error Re-|
occurs Scope Inputs to the
Exclusive OR Circuits on
ALD ALO51 (No Two Inputs
Should Be at the Same

Level)

T

{For ALU Control Line Def-
linitions Refer to 2030
IFETOM Chp. 2 Arithmetic
,Logic Unit

L

DT Chart C CPU Checks (Sheet 1)

Storage Data Check

R Reg in Parity

YES[ Definite Main Storage or
R-Register Failure

l
I
Follow the R/W Storage
Diagnostic Procedure Item
4 of Test 3348 Located in
Volume 41
Note: The Priority Control
Repop. Test Can be
Skipped

If Selector Channels Were

In Operation: Run the As—

sociated FLT(s) in Vol 41
SEL CH 1-Test 3447
SEL CH 2-Test 344A

&/

|ldentified By Cards Plugged
In;

'LOIA - C3L2

ROS Retry Installed

Store Address
Check too

Storage
CCROS Failure Occur- Protect Installed
red During a Cycle
Which Could Have Al-
tered Data In Storage NO
~~Do Not Allow Cont-
inuation of Job

I

tf 1401 Compatible, Re~
initialize Compatible
Auxiliary Storage with
CID Deck at Completion
of Call

Chart C, Sheet 2

YES

Display Q-Register
Note: The P-Bit Plus
Q-~Register Bits (4, 5, 6,
and 7) Should Be Odd
(Q Hi Not Significant)

Possible Check Circuit
Error--ALD KRO51--Basic
Test BFF Should Locate

Chart C, Sheet 3

Chart C, Sheet 2

Run Storage Protect Fea-
ture Adjustment (Refer to
Chapter 4 of 2030 FEMM)

Run the Following Micro

Diagnostics

1. Basic Test BFF-3345

2. (REPOP.) Priority
CTRLS -3347

3. (REPOP.) Storage-
Protect --3350

All in Vol 41




B-Regi ster Check

Chart C, Sheet 1

B-Register
in Parity

Locate

False Error ALD KRO31.
Basic Test BFF Should

Spot Check the Allow
Write Light Under CPU

Status

Without Using SYS RST
Redisplay WX Registers

[1.E, G, H, and J SWS
| to Displayed WX Address
| 2. Rate SW to Single
Cycle
3. Press ROAR RESET
14 Press START

Examine True CB Field : Use ROS Control Field
of SALs | Chart QA000 Page 1
I Vol 20
YES

R-Register CB Source

NO

i
| ied Register

Failure

Beware of an Unspecif-

{ in with the Expected
Register, Causing the

Being OR'd

r Not Now, but at Prev-
ious Spot Check or from
1 Original Console Log.

Manually Display L and
D Registers

Either Register Qut
of Parity

Match SAL,s CD Register
Against CB Source

YES

YES

Allow Write On

R-Register
in Parity

Same Register

1.L, D, or K to B-Reg
Transfer Failure

2. An Unspecified Reg-
ister Being OR'd On
the B-Bus

Definite Main Storage
or R-Register Failure

Follow the R/W Storage
Diagnostic Procedure,
Item 4 of Test 3348 Loc-
ated in Volume 41
Note: The Priority Con-
trol Repop. Test Can Be

Skipped
|

If Selector Channels
Were in Operation:

Run the Associated FLT(s)
in Vol . 41

SEL CH 1-~Test 3447

SEL CH 2-~Test 344A

R to (A or B) Register
Transfer Failure

Note: [f Failure Is Solid
Skip 2 Blocks and Run
BFF Prior to This Pro-
cedure .

1. Locate the Micro
Word Using Module
Assign Charts (Q2) in
Back of Vol 24

2. Tracing Back, Locate
Block Where Register
was Last Changed

3. Early ROAR Stop on
This Word . Observe
Failing Register while

Micro Word

Single=Cycling through

Suspect:

1. Faulty Latch or Assoc-
iated Circuitry of Reg-
ister

2. Z-Bus Parity Generator

Chart C, Sheet 3

1 I

BFF Test: Run Basic Micro
Test 3345 (BFF) Vol 41--
If Necessary, Loop Test
Using Step 3.2

Run Priority CTRL Repop
Micro Diagnostic Test
3447

YES

A-Register Check

A-Register
Out of Parity

NO

Failure in Error Check
Circuit ALD KRO31

Spot Check the Allow
Write Light

Redisplay the WX Regs

= T et
1 1.F,G,H, JSWS to

| Displayed WX Address

|

|

2. RATE SW to SINGLE-
CYCLE
3. Press ROAR RESET
v4.Press START |

Examine CA Field in SALs
Display for Source

Use ROS Control Field
Chart QA 000 Page 1,
Vol 20

R-Regi ster
CA Source

A Source YES
FT,TT,or S
Register l
Allow A-Register Check
NO on ALD KR 021 Should
Have Blocked A-Register
Check

A Source
Fl Register

YES

Multiplex Channel or 1/0
Oriented Problem.
Statically Check the Data
on Bus in at the Control
Unit and the CPU. Sus-
pect Bad Interface Driver,
Receiver, or Cable

Display Source Regisrer

Source
Register in Parity

NO

Match Destination (CD)
to CA Source

CA and CD
Same Register

Suspect:
. Source Register to A=
Register Transfer
2. Unspecified Register
Being OR'd into "A"
Along with the Expect-

ed Register
| &
Storage YES
Address Check
NO Displayed NO
MN in Parity
o o
M2 Memeory: 2 Micro
YES : Second Cycle
pom - ———
- G GNP Gnm Cub GRS SED SN SRS !
! 32 or 64K YES
: M2 Memory
1 Scope Special 32K MN
1 NO Register

ALD MAO51 and MA052

—————————
M2 Memory Take No
1

Leg
S —

2nd MN in Parity

NOJ—'_——I

1.F, G, H, JSWS to
Displayed WX Address
2., RATE SW to SINGLE-

Chart C, Sheet 1 CYCLE
. ROAR RST

. START
1

Check SALS CM Field for

Source

Check Circuit Failure
ALD KRO31

~ow

Source
Register in Parity

NO

Suspect:
Source Register to MN
Transfer Failure

Chart C, Sheet 3

DT Chart C CPU Checks (Sheet 2)



Chart C, Sheet 2

ROS
Address Check

Check Parity of W REG
Check Parity of X REG

Either Register

| Important Assumptions
{ 1. Lamp Test OK
'l 2. Console Logged

“YES

Out of y

NO

SALS
Light also

NO

2. RATE SW to S
CYCLE

»w

. Press START

.F,G,H, JSWS to
Displayed WX Address

. Press ROAR RST

1

INGLE -

-
1

|
|
|
!
|
"
1
]
-

Re-display WX Registers

Image Card

Use ROS CTRL Field Chart |
and CLD, Bit List or

SALS Address Parity (AP)
Bit in Error

I

Suspect:

1. CCROS Decode Failure
Caused Read Out of
Some Other Word

2. Multiple Pick or Drop
of Bits in CCROS

Check Every ROS and
CTRL Register Bit Against

CLD

Suspect:

1. Wrong Document Card
in This Location

. CCROS Decode Failure
Caused Readout of An-
other Word

. Even Pick or Drop of
SALs with No ROS
SALs or CTRL Register
Check Indication. If
the Address P Bit Ends
Up in the Wrong State,
a ROS Address Check
Occurs. Normally a
Static Discharge Prob-
lem

N

w

{

'Assumpfions:

1. Lamp Test Checked

]2. Console Display Logged
I

L

DT Chart C CPU Checks (Sheet 3)

1

CPU Hardware Failure
Suspect:

1. WX Parity Bit Generator!
2. W or X Reg ALD RXO11

Error
Readily Reproduced

YES

NO

Early ROAR Stop on Fail-
ing WX Address. Check
the Displayed CN Field
for Proper Next Address .
Check CLD, Bit List, or
Image Card

@

Chart C, Sheet 2

T"If o ROS Address Check
| Is also Present Begin with
l that Sympton First

|
i
|
ROS SALS

or CTRL Reg-
ister Check

Chart C Sheet 1
Chart H Sheet 1

Chart B, Sheet 1

Check SALs Parity
Check CTRL Register

Parity

Good SALs Parity = (CN
| + CN Parity) Odd and
1(SAP+CH+CL+CA+
| CB+CM + CU +All of
{ CK) + (ADOR P) Odd.
| Contro! Register = CR +
lcp+CF+CG+CV +
jCC+Cs

Either Out of Parity

YES

1. RATE SW to SINGLE-
CYCLE

. SYSTEM RESET

. ROAR RESET fo Fail-
ing WX Address

4. START

w N

-

Match SALs and CTRL
Registers With Prev-
iously Logged Console

and Still in Error

NO
|

Retry Installed

NO

NO
Suspect:
Faulty Check Circuit
ROS SAL KRO41
CIRL REG KRO41
YES

e ]
Identified By Cards Plug~
ged in O14-C3L2

Suspect:
Retry Not Functioning

Run ROS Scan Diagnostic
Test Procedure,
Test 3349 (Vol 41)

Run CCROS Driver Volt-
age Check in Chapter 4
of 2030 FEMM

Successful

Voltage Check

NO

Suspect:

1. Intermittent CCROS
Component

2. Static Electricty Dis-
charge

Run CCROS Checkout
Procedure in the 2030
FEMM Chapter 4 Under
CCROS Retry Checks

Run CCROS Driver Volt-
age Check in Chapter 4
of 2030 FEMM

Refer to 2030 FEMM
CCROS Service Hints,
Chapter 1

hile Running ROS Scan
Diagnostic Test Procedure,
Test 3349 (Vol 41) Vary Pot|
Toward Upper Limit Pick
First Failing Word

: For AID:
| Refer to CCROS Retry
L in 2030 FEMM Chapter 1

T Continue This Method
Fixing One at a Time

| Until Upper Limit s

! Clean Then Vary Toward

Lower Limit. Fix One

at a Time Until Successful

| Voltage Check Is Made

]
[}
-

Refer to 2030 FEMM
CCROS Service Hints,
Chapter 1




| Check Log Out Area.

|I Log Outf Area May Not
+ Be Valid Unless the Log
| Out Area was Cleared

! Prior to This Job

'

Ensure That CPU Chan~ |
nel Is Not at Fault

Index

Chart M, Sheet 2 Chart S, Sheet 3
Chart N, Sheet 1 Chart W, Sheet 1
Chart S, Sheet 1 Chart W, Sheet 2

Off Line Service
Considerations

O
: The Error Indication Is

) Definitely Control Unit

| or Device. Oriented

1

CU or Device
Oriented

Particular 1/0O Unit or
Device Has a Red' Light
Indication

YES YES

|

Donlt Be too Sure Unless
You Have Previously
Run the Channel Diag-

nostics

: Any Evident Physical

Discrepencies on the 1/0

Run the CPU Priority
Control Repop Micro

| Device . Example: Tape
| Dumped in Columns

Diagnostic 3347 (Vol 41)

MPX
1/O Visible YES

Maifunction

Channel Type

NO
I Csw Bit 37 Unit Status
: Bit 6 Run]': the Selector Chan- Run the Muitiplexor
i nel Repop FLT. Channel Micro Repop
Channel 1 - 3447 Diagnostic Test 3346
e Channel 2 - 344A (Vol 41)
(Vol 41)
NO

Sense Byte Break Down

i

- - - -
Bit 1 of Sense Byte O Ufmg l‘h? Micro 1/0 | Use the Commands, Flags,
Diagnostic Test 3344 |and Counts from Previously
(Vol 41), lssue the Fail- |Logged Data of Original
) VES ing Commands and the |Failing Job
Intervention Associated Counts |
Required
NO
I .
: Bit 3 of Sense Byte 0 Select All Macro Diag-
} nostic Tests for the Con-
trol Unit and Device,
YES and Run Them in the
Equipment Check Prescribed Order
NO Some Units Provide an
Additional Break Down. -
Eroirional Break Down Set Up to Catch CPU |1. Check Control Switch
xample: Sense Byte 4 hecks, Certain Sel
n Tupes Checks, Certain Sel~ | to S?op
ector Channel Errors, {2+ Address Compare Switch
and ROAR Stop on Pro- Switch to Early ROAR
) gram Checks t Stop
1
B4 of S Byte 0 |3. Compare Address
I it 4 of Sense Byte | Switches (ABCD)
I to WX Address 0147

Data Check

Clear Log Out Area and
Rerun Original Failing
Job . If Same Failure Per-

Some Units Provide an
Additional Break Down.
Example: Sense Byt 3

The Remaining Bits of in Tapes sists, Call for Assistance
Sense Byte 0 Are Not
Usually Producible Off- I
Line:
0 - Command Reject
2 - Bus Out Parity | Aid Examples:
5 - Over Run l 1. CE Off-Line T
6 - Command Sequence 9 ¢ I-Umla Ce;'e'_'
7 - (Unit Dependent) | 2. Control Unit CE Dis-
play and Control

| Panels
3. FE Maintenance Man-
uvals
4. Flow Charts and ILDs
Located in the Main-

——

The Exception May Be
on Tape or File Control

Units tenance Diagram
: Manuals
1 CSW Bit 38 Unit Status 5. Off-Line Dicgnostics
| Bit7 as on 2841
h

Line Drive Testers

Unit Exception

|
i
!
|
|
Le. Tape or File Off-
|
|
[}
]
]

NO

The Normal Procedure
Would Be to Ensure That Condition Off-Line
Mechanical Hardware Using Al Available
and Initial Recognition Alds

Circuits Are Function-
ing Off Line, but On-
Line Check Is Necessary
ta Check Control Unit
to CPU Transfer

L

! Refer to the Control Unit
SRL or to the System/360
General FE Handbook

| for Specific Descriptions

Attempt to Create the

Failure Cannot Be Pro-
duced Off=Line

The Remainder of the
Status Bits and Addition-
al Sense Bytes Are Un-
ique to the Command and
the Control Unit. They
Are Not Usually Produc-
ible Off-Line. A Quick
Attempt Off-Line May
Prove Beneficial

DT Chart D Device Chart



Index

Assumption: System
Reset, the Clock, and
the Read-Only Storage
(ROS) Aret Has Been
Checked in the First
Section of Chart B.
Also, No Pertinent Data
Is in Storage

Power Switches and
Emergency Power-Off

| Note: This Chart Is a
General Check of the
Various Indicators and
Switches of the [BM 2030

| Operator's Console Dis-

t play Panel. 100%

| Checkout Is Not Intended

1

Pull Emergency Power-
Off Key.

Power Drops

Manually Reset the
Emergency Off Key and
Press Power-On Key

1. Press Normal Power-
Off Key
2. Press Power-On Key

Observe Console Indi-
cators. They Should
Appear As Described on
Chart B, Sheet 1,
Except That All Read-
Only-Storage (ROS)
Data Lights Should Be
Off

Check

LP Light Check

I
—

1. Address Compare
Rotary Switch

2. Moatch Light and
Circuits

3. All CPU Check
Indicators

4. Check Reset

5. Load Key and Load
Indicator

6. System Light

1

Disconnect the Air Hose
to the CCROS Unit
The LP Light Should
Come On

1. H, J Rotary Switches

}___

The LP Light Also Is Used
to Indicate When Storage
Temperature s Not High
Enough But the Check
Procedure Is Too Time
Consuming.

Hold Store Key Down
and Rotate H and J
Switches.
Observe the B-Register
for Proper Character and
Parity

|

2. B-Register Display
1

F, G Rotary Switches
2. A-Register Display

}—

Set Up:

1. Set All Switches to
Process

2, Press System Reset

3. F, G Switches-=xx

4. Setl/C

5. Vary F, G Switches

One At a Time and
Branch to Step 2

_— - — — — =4

Observe the Contents
of the A-Register for
Proper Character and
Parity

1. A, B, C, D Rotary

Switches

2. Manual Store and
Display Keys

3. M- and N-Register
Display

4. The Auxiliary
Storage Indicator

1

Set Up:

1. Press System Reset

2. Set E-Switch to
Red Band and AS
{Aux Storage)

3. Set H, J Switches-~
FF.

4, Press Store Key

5. Press System Reset

6. Press Display Key

Results:
1. Aux Storage Indi-
cator On

2. Main Storage Data
Register (R-Reg) =

FF
I

Vary the A, B, C, D
Switches, Pressing Store
On Each Change
Observe the Main
Storage Address Register
(MN) for Correct Char-
acters and Parities

DT Chart E Operators Console Check Out (Sheet 1)

Set Up:

1. Set Address Com~
pare Switch to SAR
Stop Delayed

2. Set Others to
Prodess

3. Set ABCD Switches
to 0000

4, SetF, G, H, J
Switches to 0000

5. Press Load
Results:
1. Load Light

2. Match Lig"\!
3. No CPU Checks

1. Set Address Com~
pare Switch to
SAR Stop

2. Press Load

1. Match Light

2. All CPU Check
Indicators

Check Reset

No CPU Checks

1. Set Address Com-
pare Switch to
ROAR Restart

2. Press Load

1. System Light

2. Match Light

3. Sel Chan Count
Reg P-Bits On

l

1. Set Address Com-
pare Switch to
ROAR Stop
2. SetA,B,C,D
Switches to 0B08
3. Press Load
1. Match Light
2. WX Address 0B08
3. Sel Chan Count
Reg P-Bits Off

1. Set Address Com-
pare Switch to
Early ROAR Stop

2. Press Load

1. Match Light

2. Set WX Address to
0807

1. ROS Control Switch
2. Wait Light
3. Test Light

1. Set ROS Control
Switch to ROS
Scen

2. Set Others to
Process

3. Press System Reset

WX Address [s 0300
Instead of 0000

1. Store Hex 02 in
Main Storage
Location 0001
(Wait Bit of 0000
PSW)

2. Set ROS Control

Switches to Inhibit

CF Step

Press System Reset

4. Press Start

w

1. WX Address Is 00AE
(Wait Word)

2, Wait Light On

3. Test Light On

1. Leave in Wait Loop
2. Turn ROS Control
Switch to Process

Test Light Goes Off

Chart E, Sheet 2




Chart E, Sheet 1
1

Multiplexor Channel

Check Control .
Switch Indicators I

Bad Storage Data f
Detection 1. Set All Switches to | Assumption: No Device
- T Process | on the Multiplexor
Set Up: | For S)fher Core Addresses 2. SetHand J | Channel Has An Address
1. System Reset or Different Characters, Switches to FF of FF
2. Set Rate Switch to Refer to Bad Parity Char= 3. Press LOAD [
Single-Cycle acter under Console Pro- L |\ __ —
3. Set ROS Control cedures in Chapter 2 of 1. WX Address 0578
Switch to ROS Scan The 2030 FEMM 2. Suppress-Out (MPX
4. Set Check Control Tag) Is On
Switch to Stop 3. Multiplexor Bus-
5. Set Address Compare Out Register~FF
Switch to ROAR I
Stop
6. SetA,B,C,D If a Check of Multiplexer
Switches to 0304 Tag Lines [s Desired,
7. SetF, G, H, J Use the IPL ROAR Stop
Switches to 0B9B Address Chart 1 and 2
8. Press ROAR RESET
9. Start Four Times I
Enters An Out-of-Parity
Hex 00 in Main Storage
Location 0000 Selector Channel
l Indicators
1. SetA, B, C,D 2 Selector Channel
Switches to 0BFO
(Normal Memory The Following Routines
Scan) Check One Channel at
2. Press SYSTEM RESET a Time. Complete the
3. Press ROAR RESET Entire Selector Channel
4. Press START Section Then Start Over
————————— Again To Check the
1. Manual Light Other Channel
2. Storage Data Check
3. MN Reg Has Address I
of Bad Data
4. Bod Data Displayed -
in R-Register A | The Setting of Switch F
5. Pressing Start Allows Setop: D i he Set
) S W 1. Set Address Compare | Determines the Set or
Memory Scan Through Switch to ROAR Stop | Reset of the SX2 Sel-
Good Areas and Stops 2. Set All Others to | ection Latch (ALD HJOT1)
at Bad Data Location Process | Thus Determining Which
‘[ 3. SetA, B, C, D | Channel Will Be Checked
Switches to 091F
1. Check Control to 4. Se'.F’ G H,J
Disable e e
an 1 or
2. Press START 5. Press LOAD Key
Continual Scan with 1. tch Ui
Storage Data Check 2. x; ;dbrliﬁs’ 091F
l 3. Selector Channe!
—_ Data Register--All
While Looping Storqge,—‘ : A Machine-Check Trap 4 'B<’ s .
Turn Check Control to | Was Attempted to WX - Key--P Bit
Process I Address 0004 But ROS 3. Command--Blank
Lo e ] ! Scan Mode Forces X3XX 6. g:jgs--CC and
1. Stops with Match 7. Tags--Select-out
Light On and Address-out
2. WX Address--0304

1. Setf, G, H, J
Switches To the
Address of An
Available and Ready

Interrupt Key Device on Same

Channel

2. Press Load

The F-Register (External

Set Up: | N

1. Sper E-Switch to | Interrupt Reg) Displays e
Grey Band and | in the Indicators Those 1. WX Address-0981
Display F | Interrupt Latches that 2. Selector Channel

2. Press SYSTEM RESET |_Are OFf Data Register-02

3. Press DISPLAY Key 3. Key--P Bit

-] 4. Commund - 2
B-Register Displays An 5. Flags--CC and SLI
6. Togs--Op in and

QOut-of=-Parity Hex FF Stat i
ar in

[ —

r Bit 1 Is the [nterrupt- T
1. Press In.lerrupt Key Key Position 1. Set Check Control The Pf'ogmm Chec% Wos
2. Press Display | Switch to Stop | Set First. Processing
_____ 2. Set All Others to | Continued Until interface
B-Register Displays a Process . Control Check Was Set,
Hex BF Which Coused the Stop
Hex BF 3. SetF, G, H, J I P
Switches to 095D | Cecoustle o le et
J (WX Address ALD ontrol Switch Being in
Qbisl). [ stop Mode
4. Press SYSTEM RESET
5. Press ROAR RESET
CPU Status Indicators _—_—] 6. Press START
Setup: 1. WX Address--092A
1. Set All Switches to (ALD QD 161)
Process 2. Selector Channel
2. SetF, G, H, J Program Check (Red
Switches to OBFF Light)
3. Press SYSTEM RESET 3. Selector Channel
4. Press ROAR RESET Interface Control
| 5. Press START | Check (Red Light)
1. Under CPU Status
A.  MPX Chan Light
3. Sel Chan Light_
2. Multiplexor Channel
Bus—-Out Register-77
1. Set Rate Switch to
Single-Cycle
2. Press LOAD Key
3. Press START Key End

1. Allow Write
Indicator On_
2. A-Register Check

[

If 1050 Is Installed and
Power Is On the 1050,
Press the REQUEST Key

Under CPU Status 1050
Req Indicator On

DT Chart E Operators Console Check Out (Sheet 2)



Index

Any Console
Red Lights

NO

CID Appear to Load
Successfully

YES

YES

NO

Selector Channel YES

Check

NO

LP Light

Chart YZ, Sheet 2
NO

Will Any Other 2030 NO

Deck IPL

YES

WX = 682 or &FF
Wait Loop

YES

NO

WX =
OAE Wait State
01E8 Displayed in BA

Lights

YES

NO

Chart C, Sheet 1

Chart S, Sheet 1

Chart 1, Sheet 1

Chart J, Sheet 1

B PR —
]

Card in

Reader/Validity Check
Occurred While Reading
CID. Check the Last

an Error

the Stacker for

This Can Occur Only if
the Customer Has Mod-
ified the CID as per TNL
N24-0397 . Check the
1400 SRL (A24-3255) to
Determine if it Is at This
Level or a Later Level.
Determine if the Change
Has Been Made to the
3-Card Hex Loader

Has Mode
Switch Been Made to
1400 Mode

YES

NO

Place Address Compare
Switch in ROAR Stop .
Set O3FD in Switches
ABCD and Re-1PL

NO

Match with WX = 03FD

Set 030F in Switches
ABCD and Press START

\NO

Match with WX = 030F
QA041

-

ing 2030 I-Cycles
Suspect:

65K Machines

QA041

CFIM, 99 Operation
Code, Not Decoded Dur-

1. Missing Card in CID
No. 37 or 0518 for
Non 65K Machines
No. 38 or 052E for

2. The Diagnose Instruct-
ion Which Allows 1400
Instructions was Not
Executed Properly. See
Note on CAS Page

3. Hex Loader Deck Pro-~
blem. Try New Loader

YES

Re-IPL Stopping on O3FD.
Single Cycle to Find Why
030F was Not Reached

Rate Switch to Single-
Cycle and Press START
One Time

WX = 137 NO

QESN

YES

NO

At 1032 or 10FF Halt

NO

Manually Set |J to Add-
ress of First Program Load
Instruction . This Instruct-
ion was Read in from Either
Card 00A0 or 00BO. Col-
umns 6 - 9 of Card 0390
Specify This Address.
ROAR Reset to ROS Word
1100. Set Switches ABCD
to 1792 and Place Address
Compare Switch in ROAR
Stop Mode . Press START:
Match Should Oceur .
Single~Cycle from Word
1792 (CAS Logic Page
QGO001) and Determine
Why Machine Did Not Go
to 1032 or 10FF . If This
Routine Works and the
1402, 1442, or 1729 Load
Does Not Work, Check
Card Load or Tape Load .
1J in Auxiliary Storage

A - 90 thru 93. These Loc-
ations Should Specify the
Address of the Card or Tape
Load Instruction Read By
CID Card 00AQ and 00BO

YES

Chart W, Sheet 1

R-Register Is
4F, 5F, 6F

YES

The Remote-Restart Bit |s
Set Only when Unit-Check|
Occurs During the Initial
Selection Sequence Ent-
ered While Artempting to
Get to a 1403, 2540,
1443, 2501, or 2520. This
Unit Check Indicates That
the Device Is Not Ready .
After You Read the Device
(Which May Require Load-
ing Cards in a Reader/
Punch, Putting Paper ina
Printer, or Adding a Car~
rage Tape), the Micro Pro-
gram, Which {s Looping

at 1032 Waiting for Add-
ress-In Will Re-attempt to
Execute the Desired Read,
Punch, or Print Operations

Will Device
Become Ready

Did Micro Program
Restart

Invalid

|

Determine Why Wait
Light Is On. Wait State
(In Compat) Should Only
Be On in Word 1032

Invalid

L

The Remote-Restart Bit Is
Not Being Reset After Be-
ing Tested. This Bit Is Bit
1 of Byte 9F in Auxiliary
Storage A . The Reset Oc-
curs (Logic Page QE691)
in ROS Word 173C. If the
Reset Is Occurring Prop-
erly, Check when the Bit
Is Being Turned on By SAR
Stopping on 9F (Auxiliary
Storage A). Check FEMM
Chapter 2 under Console
Procedures for SAR Stop
Procedures

Chart D, Sheet 1

Machine Is Now
Operational

Dial 1033 into Switches
ABCD, Set Address Comp-
are Switch to ROAR Stop .
Go to Device for Which
Intervention was Required
and Make the Device
Not-Ready, then Make

Unsuccessful Module Switch
and/or Bad Branch. Check
SALs Alternate A-Bit Tran-

it Ready

Compatibility Mode Es-
tablished . The Machine
Should Not Switch Back
to the 2030 Mode Unless
Mode Switch s Allowed
to Occur on a Subsequent
Operation. Check Bytes
9C and 9D of Auxiliary
Storage A for PMS Con-
trol Bits. If These Bits
Are Off, the W-Register
3 Bit Should Never Be
Turned Off with Normal
Processing. Single Cycle
and Determine Where and
How W3 Is Being Reset

Bits 4567

sfer to W-Register 3 Bit.
The SALs A-Field Is Also
Gated to W-Register

DT Chart F 1400 Compatibility Oriented (Sheet 1)

Chort F, Sheet 2

Either Device Did Not
Send Address-In or Req-
uest-in After the Device
went from Not-Ready to
Ready or Request-In was
Not Recognized By the
Processor . This Can Be
Checked By Scoping MPX
Request-In Signal (Page
FA041). The Normal Seq-
uence of Events [s: Reqg-
uest-in to Cause Select-
QOut/Hold-Qut to Be Pro-
pogated . When the Device
Recognizes Select-Out/
Hold-Qut, the Device
Should Send Address-In.
The Micro Program Uses
Address-in o Restart the
Previously Attempted

1/O Operations

Place Address Compare
Switch to Process and
Rate Switch Single Cycle .
Step through Desired Op-
eration. ROS Word 1033
Can Be Found on CAS
Logic QE692




Chart F, Sheet 1

Check R-Register Decode
Chart

Hang=Up~Loop
or Stop

Chart H, Sheet 1

3F06 = PMS Test
3F07 - 1402

3F08 - 1402 PFR
3F09 - 1402 Col Bin
3FOC - 1403

3F10 - 1442

3F13 ~ 1443

3F16 - Tapes

3F19 - Files

3F1C - Typewriter

(a) Run the Applicable
1400 Diagnostics

(b) ROS Scan

{c) Check Bump

Missing
Records or Wrong
Results

Suspect Hardware on
DLO31, ie., Gate L-Reg~
ister fo M Bus

Check
1. 1400 ROS Branching

2. 1400 Mode Latch
(DLO3T) v

Chart R, Sheet 1

DT Chart F 1400 Compatibility Oriented (Sheet 2)



On all stops at ROS address 10FF, a coded digit is displayed
in the Main Storage Data Register. In the case of aset IC
operation, the contents of the main storage location to which
the instruction counter has been set are displayed. In the
case of a sense switch operation, the resulting sense switch
byte (98 of Aux. Stor. A) is displayed. In all other cases,
the displayed digit has the significance shown in the R-
Register Decode chart.

In addition to the coded digits which ore detailed below,
the following 1400 addresses are available on a 10FF halt,

(1) The decimal instruction address is displayed in the BA-
registers.

(2) The decimal A-storage-address register is displayed by
the MSDR lights.

(3) The decimal B-storage-address register is contained in
the U-and V~ registers and must be displayed manually .

The hexadecimal equivalents of these storage-address reg-

isters are also available and can be obtained by displaying

the following Aux. Stor. A locations:

(1) The hexadecimal 1400 instruction address in locations
88 and 89.

(2) The hexadecimal 1400 A-storage-address register in
locations 8A and 8B,

(3) The hexadecimal 1400 B-storage-address register in
locations 8C and 8D.

The S-register is stored in byte 8F of Aux. Stor. A. If
either $6 or 7 or both $6 and $7 equal 1, the respective
1400 storage-address register, A or B or both A and B, is
displayed in hexadecimal rather than decimal form. Al
for S6 or S7 denotes an invalid address for addressing
storage .
on an invalid address. For example: M%U1500R; - the
contents of the A-storage-address register (%U1) is con-
sidered an invalid A-address.

Digit Displayed
In MSBR

Reason For Halt

Comments

No hexadecimal-decimal conversion is attempted

Chart H, Sheet 1

R-REGISTER DECODE CHART

Comments

Digit Displayed Reason For Halt
in MSDR

00 Normal stop. Appears when the stop is caused by
pressing the stop key, ending an instruction executed
in instruction-step mode, or a match occurs in SAR
Delayed-Stop mode .

01 The program attempts to use an invalid 1400 B-
address.

02 The program attempted to use an invalid 1400 A-
address .

04 The program attempted to use an invalid 1400 opera-
tion code.

05 An invalid 1/O operation was attempted; either the
unit selection or the unit number was invalid.

06 A storage-wrap condition occurred when an address
outside of the system capacity was used to address
core storage .

07 Storage protection occurred in 1400 mode.

08 An attempt was made to switch to 2030 mode without
the PMS feature. May also be caused by erroneous
interrupts.

09 An invalid source or destination address was specified
on one of the following special 2030 PMS instructions
CFMT - OE R1,R2 - COMPAT FEAT MOVE TO
CFMF - OF R1,R2 - COMPAT FEAT MOVE FROM
CFLT - OCR}1,R2 - COMPAT FEAT LOAD TO
CFLF - OD R1,R2 - COMPAT FEAT LOAD FROM

0A The microprogram attempted to convert to BCD an
address that was less than the bias address. This
occurred during execution of a clear-storage or store~
address-register operation.

08 Storage wrap low; the 2030 storage location 1 less
than 1400 000 was addressed.

U3 The program attempted to index without advanced
programming being defined by CID.

The address displayed in the BA-register lights is the
address of the next instruction character which has

a word mark. Working back from this next instruction,
assemble the failing instruction and attempt to de-
termine why the B-address was invalid. Use a pro-
gram listing if one is available. Was the instruction
read into storage improperly ?

Same comments apply as for character 01 halt.

The decimal oddress displayed in the BA-register
lights is the address of the next character with a
word mark. Working back from this address, de-
termine the failing op-code. From a program listing,
attempt to determine what the op code should be.
Also investigate for a misplaced word mark.

Check the A-field of the previous op-code. The
address of the previous op-code should be 7 less than
the address displayed in the BA-lights. This halt
identifies a problem with the hundreds and/or units
position of the A-field. In the case of M%U1500R,
the difficulty would be with the U or the 1.

Check the op-code to ensure that valid addresses are
being used. |If these addresses are valid, check the
storage size as defined in the CiD. Cards 0320,
0390, 0420, 0500, and the last card of the I1BM
Standard CiD contain references to storage size. If
these addresses are invalid, attempt to determine
what the address should be from a program listing.

Check the Q-register. Bits O through 3 should be
either 0000 or equal to bits 4 thru 7. If these bits
do not compare as indicated above, check the pro-
tection key in the last loaded PSW. This key must
be equal to Q-register bits 4 thru 7. If these two
differ, call for programming assistance. Check that
the conditions specified by the last loaded PSW exist
while the machine is operating in 1400 mode. If the
key in the PSW is 0000 or equal to bits 4 thru 7 of
the Q-register and this halt occurs, a hardware mal-
function has probably occurred. See Chart P-PE
(Storage Protection).

Check the PMS control bytes for proper definition.
Bytes 9C and 9D of Aux. Storage A contain bits that
define the program-mode-switch subfeature. |f the
feature is not installed on the machine, these defi-
nition bits must be zero. The bytes are

9C 9

0 Mode Sw On Inv 1/0O Ops
1 Mode Sw On Console Ops
2. Mode Sw On Printer Ops

3. Mode Sw On Inv Ops Mode Sw On Rdr/Pch Ops
4.

5. Mode Sw On Halts Mode Sw On Tape Ops
6 Mode Sw On File Ops
7. Mode Sw On Error Stops

Also check if an erroneous interrupt is forcing a branch
to word 1102 (CAS logic page QE601). ROAR stop~
ping on this word and displaying the F-register indi-
cates what type of interrupt has occurred. Note: All
bits of the F-reg are normally on. Bit 0 being off
indicates a timer interrupt has occurred. Bit 1 off
indicates a console interrupt. Bits 2-7 indicate that
an external interrupt has occurred.

The third byte of the source and or destination ad-
dress is non-zero. The next Basic 2030 instruction
should be stored in Basic 2030 LS A9 and AA. Work-
ing back from that address, check the specified reg-
isters to determine why the addresses are invalid.

This situation usually appears when the execution of
an operation is attempted where the A- and/or B-
fields are obtained from the backup locations; for’
example, M H aca. When execution of the Move
operation is attempted, the A- and B-addresses are
fetched from LT and UV backup locations. These
addresses are in hexadecimal format. When the
clear-or store-star operation is attempted,” these
addresses are converted to BCD. If the address is
less than the bias, the OA-halt occurs. When the
PMS feature is installed, the programmer can alter
these locations. Therefore, checking the 2030 op-
code which can access these locations may point to
the error. These op-codes are of the S| format:

[ os]wiiwe]griD1

The BA-register may be invalid at this halt, ie., it
may not contain the decimal address of the next
instruction. If this is the case, repeat the job and
ROAR stop on word 1002. When @ match occurs, the
next instruction address may be obtained by display-
ing bytes 83 and 84 of Aux. Storage A. Working back
from this instruction, determine the failing operation.
Suspect misplaced wordmarks .

Check bit 1 of byte 9C in Aux. Storage A. This
bit should equal 1. Card 0390 of the standard CID

contains this definition.

DT Chart F 1400 Compatibility Oriented (Sheet 3)

1

21

22

23

3F

41

42

4

Some device other than the 1050 attempted to take a
multiplexor-channel data-cycle while preparing to
enter the 1050 data foop.

A word mark was missing from the 1400 op-code dur-
ing I-Cycles.

A wrong address was sent back from the channel
during initial selection of a tape operation.

GMWM in first position of tape write field.

A word mark was detected in the A~address of an 1/O
instruction, for example:

M%U1I500R

A 2540 or 2501 reader error, a 2520 PFR error, or an
invalid character has occurred.

An 8F character was detected at an address other
than the bias address while in 1400 mode. For a
65K machine, this may indicate a 1400 high-wrap
condition because 256 8F characters are placed
between the upper limits of 1400 storage and the
highest core address.

Invalid channel status was detected following a
tape~read operation {Selector Channel only).

1442 Reader or Punch intervention required.

While waiting for TREQ to come up, another device
sent its address in an attempt to take a data cycle.
CAS logic page QG121, ROS word 1944 detects
the Address-in signal. This routine is normally used
to stack any outstanding status so that the channe!
is free to operate with the 1050. Check to ensure
that this data-transfer request is not from a device
which was initiated in Basic 2030 mode prior to o
mode switch to 1400 mode. This is defined as an
invalid operation in the PMS portion of the [BM
System/360 Model 30 1401,/1440/1460 Compatibility
Feature Systems Reference Libary. If the operation
was initiated in 1400 mode, a hardware problem
probably exists with the device whose address was
sent in. Also check that the proper signals are re-
ceived by the device which was forced to stack its
status.

Usually occurs when a branch is made to a location
not containing a word mark. The decimal BA-
address points 1 beyond this location. There is no
easy method to determine the branch from address.
Several steps which may be taken in order to further
define the problem include:
(1) SAR stopping on the location to which the branch
has occurred to determine how it is changed dur-
ing program initialization and execution.

B

Determine the operation when the failure occurs
(perhaps through observing an /O operation
prior to the failure) and then operating in in-
struction mode to pinpoint the failing instruction.

Restart the operation. [f tapes are on the multi~
plexor channel, ROAR stop on address 1AAQ (CAS
logic page QG761). The desired unit address can
be found in the D-register. Execute the next micro
word 1AA4; this sends Address-Qut. Check the TCU
to determine that the proper address was received.
Place rate switch to process mode and early ROAR
stop on word 1A93. If entry to 1A93 is via 1A92,
Address-in came up. This address may be deter-
mined by displaying FI. [f this address is different
than the contents of the D-Register, a TCU problem
probably exists. If entry to 1A93 is via 1A41, an
invalid channel condition exists; for example: Op-
in and Select-In up simultaneously. If an address-
mismatch condition does not exist at this time,
single-cycle through the next several words to ensure
that the proper address-compare branch takes place
in word 1A%8 or 1A99.

If tapes are on a selector channel, ROAR stop on
word 1A94 (CAS logic page QH021). The desired
unit address can be found in the MSDR. This ad-
dress is sent out to the TCU with the execution of
ROS word 1A97.  In word 1AAQ the address sent
from the channel is compared to the address sent
out. The address-compare branch takes place in
word TAA2,

A tape write command was issued. The first char-
acter to be written was a GMWM, which terminated
the operation. Check the first data location to de-
termine if there actually was @ GMWM in this po-
sition. The decimal address in UV at this halt points
1 beyond the GMWM location. The B-field of the
previous op-code points ot the first data location.
Determine how this GMWM was inserted in this field.
Suspect tape drive failure or invalid programming. |f
the same situation were to occur on a 1400 system,
the tape drive would have 'run away'. Check that
this is not a delibertate operation by the customer,

SAR stops on the main storage location containing
the erroneous word mark. Determine when and why
it is being set. Remember when SAR-stoppirg in
compatibility mode, the hexadecimal Basic 2030
main storage address must be used rather than the
1400 decimal address. This can be obtained by per-
forming a set |C operation to the decimal address
and reading the hexadecimal address in the MN-
register lights.

Check the read-in area (001-080); any invalid
characters have been replaced by a blank. Check
the last card in the stacker for an error. If no
invalid character has occurred, then unit check has
been sent with the channel-end status from the
reader; this means that an equipment-check condi-
tion, such as o hole-count error, has been detected.

Detecting this character while in 1400 mode forces
a microprogram trap to ROS word 1002. The dis-
plays at WX = 10FF cannot be guaranteed with this
halt. In order to determine the location of the 8F
character, check the BA-address and determine if
it contains a valid address. s there a word mark

in the BA-address location? If BA contains a valid
instruction address, determine what the failing op-
code wos; this may define the storage areas where
the 8F was detected. Also check the A and B stars;
these may point directly at the BF character or 1
position on either side of it. If these methods fail,
ROAR stop on word 1002. When a match occurs,
the failing location is displayed in the MN lights
in hexadecimal form and the previous instruction
address is in bytes 88 and 89 of Aux. Storage A

(in hexadecimal). Once the failing address is known,
SAR stopping on this should point out how the 8F
was generated. [t may occur as a result of o disk-
out~-of-sync condition or it may be read in via a
Basic 2030 prepared tope where 8F is a valid char-
acter.,

ROS word 1A30 gates the GJ-assembler containing
the channel status on to the Z=bus. The following
word branches on Z = 0; if Z is non-zero, this halt
occurs. The bit configuration of GJ at word 1A30
1s:

0 - Program controlled interruption

1 = Incorrect length

2 - Program check

3 - Protection check

4 - Channel data check

5 - Channel control check

6 - Interface control check

7 - Chaining check

I this halt occurs while operating in 1400 mode,
a channel hardware problem probably exists. Check
the selector channel chart. Chart S at SA.

This stop indicates that a Not Ready condition exists
at the 1442. This condition usually results from:

(1) an empty hopper

(2) a full stacker, or

(3) an open cover.
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51

52

55

62

62

7F

80

80

8F

90

The program attempted to perform an /O operation on
a device for which the compatibility feature is not
installed.

A device-end signal was received before a GMWM
was encountered on a tape-write operation. This halt
can occur on both selector and multiplexor channels.

A 1400 start reset function was performed.

For tapes on the selector channel, this stop means
that Status-In and Service-In came up at the same
time during a tape-write operation.

For topes on the multiplexor channel, this stop means
that the TCU disconnected during a tape-write
operation.

The program has issued a stacker-select command to a
2540 more than 6 ms after the previous card-read
instruction was issued.

If this halt is used in conjunction with the 1403/2540
or 2501/2520/1403, it means either that there was no
address compare (Address-In was not the same as

Address-Out) or that a punch-transfer error occurred.

When this halt occurs on a machine that has the 1442/

1443 compatibility subfeature instalied, one of the

following situations has occurred:

(1) A no-compare condition exists between Address-
Out and Address=In.

(2) A data-transfer error has occurred during o printer
operation.

(3) The print field was not terminated by a GMWM.

For tapes on the selector channel, this stop means that
Status-In and Service-In came up simultaneously on a
read-move operation.

Tape-unit infervention is required for tapes on the
multiplexor channel or on the selector channel. At
this halt, 1J has been decremented to the op just
attempted. BA points to this decimal address. Press-
ing START allows the operation to be tried ogain.

The program has attempted to use an invalid d~modifier
on a 1442/1443 operation.

Operationai-In disconnect on 2540 or 2501 reader.

Working back from the BA-address, determine what
the invalid operation is, for example, M%Y1201W
for a machine with 1402/1403 subfeature. If this
occurs while running a diagnostic test, check the
TAD(s) to determine that the proper types of 1/0O
devices are deseribed. If this occurs while loading
CID, the 1J backup locations that point to the first
1400 instruction may be erroneously set. Columns
28 and 29 of card 0380 specify the Basic 2030 main
storage locations from which the first 1400 instruction
is read. This instruction is contained on card 00AQ
or 00BO of the CID and is loaded into the 2030 main
storage .

If the halt occurs while attempting a 1729, 1402,
or 1442 load, the card~load or tape-load |J address
specified in bytes 90 through 93 of Aux. Storage A
may be erroneously set. These locations are used to
set 1J when 1729, 1402, or 1442 load is attempted.
These locations should contain the addresses of a
card-read or tape-read instruction located in Basic
2030 storage. These addresses are loaded from card
0390 and are contained in columns 6, 7, 8, and 9
for card load and 11, 12, 13, aond 14 for tape load.

This is probably a tape-drive or control-unit preblem.
If tapes are on a selector channel, refer to CAS
logic page QHO71. Word 1763 branches on Status-
In and Service-In. [f Status-In occurs before the
group-mark word-mark, which normally terminates
the operation, this error halt occurs.

If tapes are on the multiplexor channel, refer to
CAS logic page QG791. Word 1A40 or 19C4
branches on Status-In and Service-In.

Do not attempt to ROAR stop on a word containing
the Status-In, Service-In branch; these are part of
the data loop and cause overrun conditions, etc.,
when the match occurs.

This is probably o TCU problem. CAS logic page
QHO71 contains the word where the branch is made.

This is probably a hardware problem. ROS word
1A40 or 19C4 (CAS logic page QG791) contains

the branching conditions which detects this failure.
Taking the 1,1 branch does not mean that Status-in
and Service~In came up simultaneously, but rather
that Op~In dropped. Check the applicable hardware
on ALD pages FA092 and FAO41. Also refer

to Chert D ot DA.

Check the program to determine if a lengthy 1/O
op was issued between the Read command and the
stacker sefect. Also check the 2821 to ensure that
the attention bit is sent to the processor during the
6 ms provisional feed time.

Early ROAR stop on word 1892. If the previous
address displayed is 181B, a punch-transfer error
has occurred; that is, an error occurred while filling
the punch buffer. It can either be a Bus-Out check
or an error internal to the punch which would result
in bad parity data being transferred into the buffer.
If the previous address was either 1896 or 1897, a
no-compare condition exists between Address-Out
and Address-in. This is probably a hardware problem
in either the channel or the device. Check that the
proper address was sent out and received by the
device. Address-Out is sent during the execution
of word 1801 (CAS logic page QG531), Also check
the address sent in to verify the comparison and
branch executed by the microprogram. The address
compare is made in ROS word 1898 (CAS logic page
QG531) and the branch is made in the following
word.

Repeat the operation and ROAR stop on ROS address
188A (CAS logic page QG261). If a match occurs,
Address-in does not match Address-Out. The ad-
dress sent out is contained in R-Register in its crossed
form at this point, The address sent in can be dis-
played in Fl. This is probably an /O hardware
problem. Check that Address-Out is properly re=
ceived and decoded by the device; Address-Out is
sent in word 1821 (CAS logic page QG311) and the
address comparison is made in ROS word 1887 (CAS
logic poge QG301).

If o match does not occur, there has been an esror
during data transmission, a unit check has occurred
at channel end. This is probably either a Bus-Out
error or a device error associated with receiving the
data. This stop is set up on CAS logic page QG351
word 1842, Also, check if o GMWM (OF Hex) is
in the print field; the absence of this character can
also result in a unit check at channel end.

This is probably a TCU problem. CAS logic page
QHO81 contains the word where the branch takes
place.

Unit check is in the status response to Command-Out
during initial selection. Check that the TCU is on-
line, that the desired tape drive is ready, that Aux.
Storage properly defines the drives and contro} unit.
(See the description for the 92 halt for proper defi-
nition), that a write operation is not being attempted
on a file-protected drive.

Check the program residing in core storage to de~
termine if the d-modifier is actually valid. If it is
invalid, attempt to determine how it was introduced
into the instruction stream. |If it is valid, check the
microprogram decode. The stop code is set in ROS
words 1816, 188B and 1893 (CAS logic page QG261).

Op~in dropped during a read operation. This is
probably a hardware problem. ROS word 18CD

(CAS logic page QG561) contains the branching
conditions which detects this failure. Taking the

1,1 branch does not mean that Status-In and Service-
In came up simultaneously, but rather that Op-In
dropped. Check the applicable hardware on ALD
pages FA092 and FAQ41. Also refer to Chart D

at DA

Digit Displayed
In MSDR

Reason For Halt

Comments

92

A0

A0

BO

A tape error occurred on a tape initial program load.

An Operational-In disconnect occurred during a 1403
print operation.

There was no GMWM in storage to terminate o 1442
read operation.

Invalid selector-channel status was received on a 1400
branch-if-tape-error instruction.

An Operational-In disconnect occurred during a 2520
or 2540 punch command.

A printer error on a print operation or a 1442 error on
a read or punch operation has been detected.

A unit check is contained in the read ending-status
of a 1729 tape load. This end status can be located
by displaying F! after executing word 1A46 (CAS
logic page QG802) when the tapes are on the multi-
plexor channel, When the tapes are on the selector
channel, this ending status is displayed in GR fol-
lowing the execution of word 19D5 (CAS logic page
QHo81).

When performing a tape IPL (1729 in switches
FGHJ--Press SYSTEM RESET ~ ROAR RESET - START),
the machine is forced to ROS word 1729 (CAS logic
page QE521). This routine loads |J-backup with the
contents of tape-load-1J (bytes 92 and 93 of Aux.
Stor A). The instruction located at the address
specified by tape-load-1J is L%UI00IR _ and is
read into the machine from card 00AQ of the CID.

After performing a start-reset function, the micro-
program |J~backup is loaded into 1J, and {-cycles
are entered. After con}plering the read, 1J is forced
to 1400 storage location 001 and processing of the
data just read begins. Check that this is done cor-
rectly if the 92 halt occurs. Also check that the
proper drive assignments have been made. Byte 81
of Aux. Stor. A must properly define the Basic 2030
drive containing the initial program:

Bits 0 and 1

00 - 7-track @ 200 bpi

01 = 7-track @ 556 bpi

10 - 7-track @ 800 bpi

11 = 9=track
Bits 2 and 3 should be zeros.
Bits 4 - 7 contain the Basic 2030 drive number which
is to be assigned as 1400 drive #1. Bits 4 - 7 of
Byte 80 of Aux. Stor. A contains the TCU address.
In addition, bytes 97 and BB of Aux. Stor. A contain
7= or 9-track status information and must be initial-
ized os follows: Bit O of each byte has 7- or 9-track
status for tape unit 0; bit 1 of both bytes is used for
this status for tape unit 1, etc. [f a bit of the first
byte (position 97) is set fo 1, the associated tape
unit is equipped with 9-track read/write facilities.

- The unit is o 7-track drive if the associated bit in

position 97 is set to 0. If the corresponding bit of
the second byte (position BB) is set to 1, the associ-
ated fape unit is o 9-track phase-encoded drive with
density set at 1600 bpi. If this bit is set to 0, the
associated tape unit hos a density setting of 800 bpi
and is either o 7-track or 9-track unit.

Op-in dropped during the data-transfer portion of

a print operation. This is probably o hardware prob-
lem. ROS word 18BC (CAS logic page QG551) con-
tains the branching conditions which detects this
failure. Taking the 1,1 branch does not mean that
Status-In and Service-In came up simultaneously,

but rather that Op-In dropped. Check the applicable
hardware on ALD pages FA092 and FAQ41. Also
refer to Chart D at DA.

On a 1442 read.operation, a« GMWM (OF hex) is re-
quired to terminate the operation. Manually check
the read-in area for this character; if there is a
GMWM in read-in area, this is probably a hard-
ware problem with the GMWM detection latch (ALD
page MBO31). If this halt occurs after mode
switching from Basic 2030 mode to 1400 mode during
initialization, check CID card 0384, columns 28 and
29 and card 0390, columns 8 and 9, These columns
should each contain AD. Also check card 37. For
non=-65K mach, columns 18 and 19 should be 09.
For 65K machines, check card 38, columns 18 and
19. These should also contain 09. These cards
cause a GMWM to be inserted in storage focation
0082 of 1400 storage when compatibility mode is
initialized via the 99 op code.

Non-zero channel status was sent back from the
channel on a TIO; Word 1A12 gates channel! status
on to the Z-bus (QH111). This is probably a channel
hardware problem. Also check that the proper com~
mand was sent to the channel. Command-Out is
sent during the execution of word 1AA4 (CAS logic
page QHO21).

The command byte sent should be 00. Word 1AA9
(CAS logic page QH021) should reset GR prior to
issuing Command-Qut in word 1AA4. Check the
selector channel chart (Chart S at SA) for addi-
tional assistance.

Op-~-in dropped during the data-transfer portion of @
punch operation. This is probably a hardware prob-
lem. ROS word 1820 (CAS logic page QG521) con-
tains the branching conditions which detects this
failure. Taking the 1,1 branch does not mean that
Status=In and Service-In came up simultaneously,

but rather that Op-In dropped. Check the applicable
hardware on ALD pages FA092 and FAO41. Also
refer to Chart D ot DA.

If on a read command, this signifies either an equip-
ment check or an invalid card code. For the punch
command, this halt identifies an equipment-check
condition. ROAR stopping on word 1877 (CAS logic
page QG281) allows displaying the sense byte in the
G-register. The sense byte makeup is:
0 - Command reject
1 = Nof ready
2 - Bus-Out check
3 - Equip check

(a) reader check

(b) punch check

(c) invalid card code punched

(d) data error at channel end
4 - Data Check - invalid card code on read
5 - Overrun check

if performing a print operation, the sense byte may

be displayed in the G-register by ROAR stopping on

word 1876 (CAS logic page QG361). The sense byte

content is:

0 - Command reject

1 - Intervention required--printer not ready because
forms check, stop key, or carriage~-stop key
pressed , or cover interlock open.

2 ~ Bus-Out parity check

3 - Equipment check

4 and 5 - Typebar selection

6 - Channel 9

7 - Channel 12

If a 1403 is operated with the 1443 microprograms,
the sense byte is:

0 - Command Reject

1 - Intervention Required--Not Ready

2 - Bus-out Parity Check

3 - Equipment Check--Parity Error in CU or device
4 - Data Check

5 - Not Used

6 ~ Channel 9

7 - Channel 12

DT Chart F 1400 Compatibility Oriented (Sheet 4)
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B2

CE

CF

D2

E2

FO

Fl

F2

F3

FF

Status—In and Service-In occurred simultaneously on a
1400 read-load operation, for example:

L%UXBBBR
This halt is valid only when tapes are on the selector
channel.

Operational~In disconnect on a multiplexor channel
tape-read operation.

This halt indicates that a premature data disconnect
occurred on a read operation. Pressing the start key
causes processing at the next sequential instruction
but loses the record just read. To re-read, the oper-
ator must set the instruction counter to the address of
a backspace-re-read routine.

1050 intervention is required.

A microprogram initiated sense operation was pre-
maturely ended. This halt can only occur if tapes
are on the multiplexor channel.

Operational=In disconnected on a microprogram-
initiated mode-set operation with tapes on the multi-
plexor channel. This mode-set command is issued in
order to send the track-in-error byte previously stored
to the TCU.

A 1400 halt instruction has been properly executed.

A 1400 halt instruction with an invalid B-address has
been successfully executed.

A 1400 halt instruction with an invalid A-address has
been successfully executed.

A 1400 halt instruction with an invalid A- and B-
address has been successfully executed.

A 1400 halt~and-branch instruction has been properly
executed.

ROS word 1A63 (CAS logic page QHO%1) has this
branch. Both Status-In and Service~In up at the
same time probably indicates a channel or device
hardware problem. Also check the set and reset of
S4 and S5. These are the status indicators on which
the branch is made. Use the selector channel chart
(Chart S at SA) for checking the channel.

Op-in dropped on a tape-read operation. For a read~
move operation, the branch is found on CAS logic

page QG801; for a read-load operation {page QG802).
This is probably a channel or device hardware prob-
lem. Also check the Status-In and Service=In branches.
Taking the 1,1 branch does not mean that Status-In

and Service-In came up simultaneously, but rather

that Op-in dropped. Check the applicable hard-

ware on ALD pages FA092 and FAO41. Also

refer to Chart D at DA.

The following conditions have occurred when this

halt is reached:

(1) Unit check in read end-status.

(2) 12 or fewer characters have been transferred into
storage.

(3) The noise bit has been set in the TCU and has
been recognized as bit 0 of the 2nd sense byte
sent from the TCU. The noise bit being turned
on implies that after the data-disconnect addi-
tional bits were found before the IRG was de-
tected. Tape movement was continued until an
IRG was recognized. Therefore, the data en-
countered after data transfer was halted has been
skipped over.

This halt generally indicates a problem with the tape
drives. Check the following:

(1) RG

(2) Start/Stop adjustment

(3) Dirty idlers/prolays

(4) Ungrounded or improperly grounded drives.

Check for an out-of-paper, power-off, or off-line
condition. Bit 5 of the 1050 tags indicates this
intervention-required condition. These tags are
gated to the G-register in ROS word 1946 (CAS
logic page @G121). Branch on G5 to check for the
intervention-required condition (CAS logic page
QG141 word 197A).

This is probably a hardware problem. ROS word 1A8D
(CAS logic page QG781) contains the branching
conditions which detects this failure. Taking the

1,1 branch does not mean that Status-In and Service-
in came up simultaneously, but rather that Op-in
dropped. Check the applicabie hardware on ALD
pages FAQ92 and FAQ41. Also refer to Chart D

at DA,

ROS word 1A6C (CAS page QG781) contains the
Status-In and Service-In branches for the track in-
error mode-set command. |f Op-In drops, this

error halt occurs. This is probably a channel or
device hardware problem. Taking the 1,1 branch
does not mean that Status-in and Service-In came
up simultaneously, but rather that Op-In dropped.
Check the applicable hardware on ALD pages FA092
and FAQ41. Also refer to Chart D at DA.

Not an error halt.

Not an error halt.

Not an error halt.

Not an error halt.

Not an error halt.

Digit Displayed
In MSDR

Reason For Halt

Comments
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10

20

30

40

50

60

Read-back check stop. A disk write instruction was
followed by a disk instruction other than a read-back
check.

Channel-end or device-end not received during
ending status.

Wrong address sent back from the channel during
initial selection.

Unit-check status response to seek command, following
address transfer.

Operational interlock

Module overflow detected. The disk module value in
Aux. Storage B BOl1, 2, 3, 4, or 5 is different from
the module value specified by the disk control field
of the disk instruction.

If the 1/O stop was caused by operator intervention,
press SYSTEM RESET to clear the read-back check
interlock, set IC to the beginning of the write oper-
ation, and press START to continue processing. If
the 1/O stop is caused by programming=--a write
disk without a subsequent read-back check--the
program is invalid and should be corrected.

This condition is tested for on QH381, location J3.
At this time, a 2030 disk command should have been
completed, and ending status posted by the file
control unit. Ending status was detected at location
J1 on QH381. The last 2030 disk command issued
can be read from the B Aux. Storage XXBE.

To recreate the 1400 disk operation that led to
this coded stop, find the address of the next se-
quential instruction displayed in the B-star and
A-star registers. The beginning of the disk instruc-
tion is this address minus 8. It is necessary to set
up the disk control field correctly each time before
executing the 1400 disk operation.

To set up the disk control field prior to executing
the operation, a disk control field can be moved into
its working location with a move data or load data
op-code.

Note: If the disk operation is a multi-sector oper-
ation, a microprogram stop at the J3 location (QH381)
causes fime disorientation. It is necessary to reset
and restart at the beginning of the disk operation.

This stop is probably caused by a hardware malfunction
in the multiplexor channel bus cabling or associated
hardware.

A test /O instruction to the 2311 in question can
be used to determine if the problem exists in Basic
2030 mode.

The 2841 file control unit hardware that receives
the Address-Out from the processor. is located on
page GAO71 (2841 ALD Page). The 2841 FCU
initial selection microprogram is on QBO10. During
initial selection, the microprogram moves from
location E2 to A6, where Address~In is raised. It
is possible to single-step both the processor and the
2841 microprograms through the initial selection
sequence.

The disk compatibility initial selection micro-
program is on page QH341 (2030 CLD Page),
locations G5 through L8.

This stop happens if the seek address sent to the file
control unit is outside the range of addresses accept-
able to the FCU.

The address~transfer portion of a full seek is de-
coded to binary and stored in the B-auxiliary storage
in addresses XXAD, E, F, and XXBO. The bytes
stored in these locations for a seek operation are i
the CCHH values. The highest legitimate value
that can be stored, is hex 00 CB 00 09, which
represents cylinder 203, head 9.

If for any reason, a previous read operation placed
non-zero values in addresses XXAD or XXAF, which
were not removed by a built-in microprogram house~
keeping program, the seek check can be removed,

as an interim measure, by manually performing the

following steps:

(1) Note the B-and A-reg display of the 1400
program next address.

(2) Press SYSTEM RESET to clear 2841 microprogram
notation.

(3) Set the processor to 1400 mode.
(4) Set IC to I-next minus 8.
(5) Press START to retry the seek operation.

This type of stop has been eliminated for all known
cases used by customer programs.

This stop occurs when the control unit is disconnected *
from the processor, and the processor microprogram |
is at a microaddress, where it should be only when |
the two boxes are logically connected. The pro- :
cessor disk~compatibility microprogram can exit to

the 50 stop from several places. This exit is taken
whenever the processor microprogram is at a 4-way
branch, waiting for service-in or status-in. If the
control unit is disconnected, the 11 branch is taken

to the 50-coded stop.

During the execution of disk operations, the
file control unit should stay connected until the
operation is completed. The most probable time ot
which this stop can occur is when the disk compat-
ibility feature is updated and a wrong EC level or
incorrect CCROSS card is inserted. A wrong next-
address in @ microprogram block can put the micro-
program into one of the 4-way branch biocks that
leads to a 50-coded stop.

It might be possible to correct this condition rap-
idly by checking the EC level and version of CCROSS
cards installed during change activity. Another
approach is to use EARLY ROAR STOP on the pro-
cessor, and work back to the wrong CCROSS card.

This approach is based on the assumption that 2030
disk diagnostics had run successfully, and that the
file control unit is working correctly. Disk compat-
ibility CCROSS cards are from location 79-0 to 84-7.

(Limited Usage). Change disk packs, if program
depends upon module overflow to indicate pack
replacement. All others: Set BO10 Aux. Storage B
to 40 hex. Set IC to 1400 displayed address =8,
press console START to confinue. In the IBM
System/360, Mod 30 1401 /1440/1460, Compatibility
Feature Manual, Form No. A24-3255, see Appendix
F card 410 - Disk File Functions, to determine
whether this stop can be disabled for customer ap-
plication. See Appendix D, Storage B Byte 10

Bit 1 on Module=Overflow Detection usage. Most
users can disable this stop, and must disable this
stop if they use labels on drives other than drive 0.
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Assumptions:

1. Lamp Test OK

2. RATE and ADDR
Compare Switches
Were in Process When
Condition Occurred

- No Console Red Lights

. Stop Key Not Pressed

W

Check for:
Diagnostic Test
IPL Oriented or
Wait State

Chart F,
Sheet 2

Switches

1. ROS CTRL

2. RATE

3. ADDR Compare
4. Check Control

Place All Switches in
Process and Observe the
Test Light Located on
Lower Right of Console

Test Light On

NO

Load Light On

NO

Wait Light On

NO

Check for CPU Stopped

Manual Light On

YES

Stopped While Running
a Micro Diagnostic Test.
Use Stop Word Analysis
Chart of Associated Test

Diagnostic Latch is On.
Check it if Not IPL,
System Reset-Start, or
Running a Diagnostic

Test

Chart B, Sheet 2

Chart |, Sheet 1

YES

Chart W, Sheet 1

YES : Are SALs Bits in CF
| Field 100

CF Stop

NO

Match Light On

+3 Clock Start Line

Hard Stop
Latch On

YES

NO  Chart I, Sheet 1
Chart B, Sheet 1

Up

Suspect:

A Floating Line from
Address Compare Rotary
Switch. A Clue; the WX
or MN Address Equals the
Content of the A, B, C,
D Address Compares
Switches . ALD KMO51

: "Scope Output of And/Or
On KC031

NO

a

Suspect:

1. Bad Osc. KCO11

2. Bad Clock Circuit

3. Clock Stop Controls

4. Console Switches and
Manual Controls

| Scope Input Line ALD
| KCo31

Suspect:

1. CPU Meter Unplugged

2. Line from Console
Switch Open

3. Diagnostic Latch On

WX Address 10FF

NO

YES

Chart F, Sheet 3

Suspect:

1. Selector Channel
Blocking Clock

2. Basic Data Flow Gat-

ing

System Light On

Check for Macro Program
Loop

Chart H Sheet 1

, Using WX Address Refer
{ to Chart J for CF Stops

Listed on Stop

YES

Chart

|

Locate Micro Word in
CLD Logics

NO IrUse Module Assignment
| Charts (Vol 24) QZ Pages

YES

Use That Chart for Hints
and Direction

Chart J

Sheet 1

Found in CLD

NO

SALs Blank

I Does the Micro Word Dis-
| played Have Only Parity

| Bits Plus o CF 0 Bit?
——

Invalid CF Stop Field

Suspect:

1. Wrong CCROS Doc-
ument Card

2. CCROS Addressing or
Readout Failure

Use ROS Control Field }
Chart (Vol 20) QA000

Invalid Destination

Suspect:

1. Bad CN Field in Prev-
ious Word

2. Double Error on CCROS
Readout or CPU Next
Address Generation
Failure

Set Address Compare
Switch to Early ROAR
Stop . Set ABCD Switch
to WX Address of the

Error

Chart H1

Determine Last Initiated
Instruction and Set IC
Back to That Address and
Press START (or Restart
the Original Job

I

When Match Occurs, Re-
display This WX Address
with RATE Switch in Sing~

le Cycle
[

Suspect:

. You Used Wrong Ver-
sion Chart QZ Pages
(Vol 24)

2. Wrong Document Card

in This Location

Check Entire SALs and
Control Register Fields
Against the CLD

SYS RST and Re-Display
This Word

Chart C, Sheet

ROS Display
Changed

CCROS

Volt Ch | NO

Invalid Condition; One
of These Must Be On:

1. Wait ALD PBO41
2. Manual  ALD PBO91
3. System  ALD PB10}

Rate Switch to Inst. Step

Manual Light On

Chart L Sheet 1

Remove CCROS Document
Card and Inspect

(Cols)  (Description)
1-2 Board

3 Cord Location
4-7 Part Number
8- 10 EC Number

DT Chart H Hang Ups, Loops, and Stops (Sheet 1)



Chart H, Sheet 1

)

l -gram Loop

Single Word Micro Pro- )

DT Chart H Hang Ups, Loops, and Stops (Sheet 2)

Rate Switch to
Single -Cycle

Log in Console - Use
Image Sheet if Available
Press START

New Address in
WX

Locate WX Word in CLD
Logies

! Use Module Assignment
| Charts (Vol 24) QZ Page:

J

i Itself?

Valid Loop

Read All General Com-
ments at Top and Bottom
of CLD, Under the Loop-
ing Word, and Each Pre~
ceding Block

1401 Interface Tag

Suspect:
. Interface (RCVRS and
Terminators)
2. Channel or Control
Unit
3. I/O Cable

| Does CLD Show That
This Word Can Loop On

Chart H1

Determine What Instruct-
ion Code Is Being Per-
formed when Failure Oc-

curred

Suspect:

1. Wrong Document
Card in CCROS,
Check Version

2.CH, CL, or CN
Fields Punched
Wrong or Decoded
Wrong in CPU

:Wai ting for an Interface
{Tag in Compatibility Mode
i

Suspect:

Failure
« Wrong CCROS Docu-
ment Card, Match

N

ister Fields Against

. CPU Status Set or Reset

SALs and Control Reg-

CLD
I

Chart H1

ion Code Is Being Per-

curred

Determine What Instruct-

formed when Failure Oc-

Try Any or All:

1. Statically Scope Inter-
face Line from CPU to
Control Unit

2. Repop Micro 1/O Test
3344 (Vol 41) to 1/O
Unit

3. BFF Basic Test 3345

4. Multiplexor Micro
Diagnostic or Selector
Channel FLT

5. 2030 Macro Diagnos-
tics to 1/0 Unit

Run ine This Order
Resident

Basic Test(BFF) 3345 Vol 41

Repop

Priority Controls 3347 Vol 41

Assumptions:
1. Console Logged
2. Manual Light On

Multiple Word Micro
Program Loop

Locate the Last Logged
WX Address in the CLD

= Use Module Assign Charts
1'QZ Pages
I (vel 24)

Logics
I

Read All General Com-
ments at the Top and Bot-
tom of the CLD as Well as
Under the Micro Word

. Press START

. Log in WX

3. Read and Analyze
Micro Word Comments
and Functions

4. Look for Possible Exits

frem This Loop

Continue the above 4
Steps until a Significant
Portion or the Complete
Loop Is Logged

1

N —

! For Aid in Diagnosis Use
| the CLF Flow Charts in
| the 2030 FEMDM (Vol 32)

Check to See if You Are
Taking a Continual Trap
or interrupt By ROAR
Stopping on Each Trap WX
Address

1/O Oriented
Loop

Suspect:
1. 1401 Compatibility,
Control Unit Contin-
ually Answering Busy
to Initial Selection
2. Suppress Out Not Func-
tioning or Control Unit
Not Stacking Status

. Continual Multiplexor
Selector Channel Trap

4. Wrong ROS Next Add-
ress Due to Bad CN
Decode or Wrong Doc-
ument in CCROS

5. CPU Status Set or Re-
set Failure

I

Chart H1

w

Determine What Instruct-
ion Code Is Being Per-
formed when Failure Oc-

curred

Run:

Resident

Basic Test(BFF) 3345 Vol 41
Repop

Priority Controis3347 Vol 41
Multiplexor ~

Repop or 3346 Vol 41
Selector Chan.
FLT Ch 1 3447 Vol 41

Ch 2 344A Vol 41

l

Try Any or All:

1. Repop Micro Test
to 1/O Unit

2. Macro Program Diag-
nostics to the |/O Unit

3. Hand Program to 1/0O
Unit

| Refer to Traps in Prierity

| Order in the 2030 CE

| Hand Book . If Passing

| Through ROS ‘ADDR 0147

| This Is a Program Int~

| errupt Probably Caused
By IPL to a Non-Ready
Device, to a Device

| Which Does Not Send

| Any Data, or Sends Bad

| Data in First Card

Suspect:
. CPU Status Set or Re-
set Failure
2. Wrong Next ROS
Address Decode
3. Wrong Document in

CCROS
l

Chart H1

Determine What Instruct-
ion Code Is Being Per-

formed when Failure Oc-
curred

Run:

Resident

Basic Test(BFF) 3345 Vol 41

Repop
Priority Ctrls 3347 Vol 41




‘ Start )

Determination of Last
Initiated Instruction
Address
| Running 1400 Compat-
{ ibility Job-Compatib=
| ility Mode Light On
j———-
i
!
N
1400 COmW
YES

|

!'in Some Cases when 1J
|15 Needed for an Add-

| itional Address Counter,
| the Next Absolute Add-
jress Is Stored in the 1J

| Backup Location in Aux-

Is o File Operation
|

iliary Storage (A-CPU
088 and 099). An Example

Most Compatibility Op-
eration Codes Keep the
Next Sequential Instruc~
ruction Address Stored
in the [J-Registers

This Is an Absolute
2030 Address . Not the
Converted Decimal
Address

Display Main Core Use-

ing 1J-Address

| Isa Word Mark Present
) (Absense of Bit 1)

Display the PSW Bit and
Instruction Length Count-
er Byte in Auxiliary Stor-
age Location (L5)08C

Log ILC Bits 4 and 5 for
Future Use . Inspect the
PSW Bit (Bit 1)

YES
WM NO Bit 1 On
Suspect: NO
YES 1. The Next Address s
in | Backup

2. Catastrophic Fail-
ure, Lost Address
Not Certain

Subtracting One from
the Address, Continue
to Display Main Core
until Another Word
Mark Is Detected .

! Remember: This Is an Ab-
solute 2030 Address

Last Instruction Address
Is in Auxiliary Storage
(LS)0A9-Instruction
Counter HI
(LS)0AA-Instruction
Counter LO

; 400-1= 3FF)

The Last Instruction
Address s Located in
the J-Registers

This Will Be the Last Subtract the Decoded ILC | Biss | Action

Initiated Instruction ILC Equivalent from 4 1 5 | Subtract
the Instruction Counter 0 0 )
to Locate the Last Inst~ 0 1 4
ruction Address T 0 4

To Retry the Instruction, 1" Address 1100 Is 1-Cycle 1 1 é

Store This Address in |J.
ROAR Reset to WX-Add-
ress 1100, Press START
or Decode Decimal Add-
ress and Set 1/C to it

|_Start on CLD QEO0O! |

Set IC to the Instruction
Address

Single-Cycle through the
Operation Looking for
Clues

Link Back to Origin Point

DT Chart H1 Last Initiated Address




Index

Chart B, Sheet 2
Chart H, Sheet 1

YES
Load Light

NO

IPL Has Been Completed
and the Loaded Program
Is Waiting for an Exter-
nal Interrupt

Suspect:

1 Program Waiting for
the Interrupt Key to
Be Pressed

Trying to Get to an
Unavailable or Non-
ready |/O Device
Check Print-Ready
Light and 1050 Intv
Req Light on Console
If 1050 intv, Suspect
Paper Not Under
Interlock

4 Improper System Mask
Not Allowing Inter-
rupts

Operating System
Supervisor Halt

Chart W, Sheet 1

[N]

w

[&]

BFF Basic Test Check

Check the Resets of the
Load Req Latch
(KCO041 and KCO051)

Suspect:

Failed to Reset the Load
Req Latch When Passing
through WX Address

6FE (CLD QC351)

Place All Switches in
Process and Observe the
Test Light

YES
Test Light

f
|
|
|
L

Switches:

1 ROS Control

2 Rate

3 Address Compare

4 Check

Control

Not BFF Halt. Replace
Switches to Original
State

Failure Occurred Dur-
ing Basic Test or System
Reset Portion of IPL

YES

YES
WX Address = 000

NO

YES
WX Address = 328

Load Light

Suspect:

The Load Latch or the
Load Request Latch Did
Not Set (ALD KCO41
and KCO51)

Suspect:

1 No ROS Go
2 Clock Failure

Chart H, Sheet 1

Failure Has Occurred in
the Basic Test

&

Chart B, Sheet 1

DT Chart I IPL (Sheet 1)

No [PL Trap Taken

]

Suspect:

The Diagnostic Latch
(ALD DKO11) Did Not
Reset on WX Word OAB8

on QA951

If the Diagnostic Latch

Is Off, Run

Controls Repop Micro
Test 3347 (Vol 41)

the Priority

Any Console
Red Lights

Selector Channel

Chart C Sheet 1
NO

Light

Load Light On

Stop Mode

LP Light

Chart YZ, Sheet 2

Chart S, Sheet 1
YES

Place Check Control
Switch to Process. Press
START Twice or IPL Again

Check for {PL Stop or
1 Word Loop

Check for Program Inter-
rupt Loop

IPL Halt or Loop YES
I
|
|
Double Failure. Bad Sel- |
ector Channel, Channel |
Status and IPL Routine ]
iled tch il-
Failed to Catch the Fail " Is the WX Adress One of
the Following?
| : 578 954
For Aid, Go fo the Stop | 64A  95€
Word Chart (Chart J) and 682 981
Read Comments on WX I 6FF AlS
Address 095E and 0A15 i 8EC  A7A
L.
|
|
I
1
|
[}
PSP |
IPL Halt or Loop YES
Word
Chart J Sheet 1
—— e e
| CPU in Continual Loop
= Passing thru WX Address
14;
L 7

Set A B C D Console
Switches to Address 0147

Address Compare Switch
to ROAR Stop

Initial Selection to IPL
Unit was Successful .
CPU Now in a Contin-
val Program-Interrupt
Loop . Program New PSW
Next Address Probably

Is Pointing to 000, Which
Contains an Invalid*
Operation Code

Suspect:

1 First IPL Card or Re-
cord Bad

2 IPL Device Read or
Transferred Bad Data

3 IPL was Attempted to
an QUTPUT Device

that was Ready

Check for Mechanical
Action of the IPL Device

IPL Mechanical
Device Action

Card Did Any Cords
Reader | Feed?

Did the Tape
Drive Move
Tape Tape Away
From Load
Point

Before Pressing
IPL, Manually
Place the Read-
Write Head
Assembly at
Some Cylinder
Other Than
Zero. After IPL,
Did the Head
Seek Cylinder
Zero

Disk

Chart | Sheet 2

If Improper Disk Seek
Takes Place, Attempt to
Create Same Condition
Off-Line Using an "02"
Command (IPL Read)




Chart |, Sheet 1

Mechanical Action
Takes Place

Load Light

Invalid Condition. The I While Proceeding through

Load Request Latch was | the Remaining Flowchart

Reset After the Basic Test } Observe When IPL Wind-
Initial Selection to Dev~ but Before Normal IPL i up Takes Place and When
ice Either Not Success- Windup ! the Load Light Goes OFf

ful or Incomplete; Should
Have Stopped at a Word
on the J Chart Sheet 1(JA)

|

Load Light

Initial Selection to the
1/0O Device was Success-
ful but IPL Windup Not
Completed

Suspect:

Load Latch or Load Re-
quest Latch were Not Re-
set. Normal Reset WX
Address 6FE (CLD QC351)

To Locate Where IPL
went Wrong, Use a 3-
Card Hex Loader ina
2540 and Follow Step by
Step Procedure on the

IPL Three Card Hex Load-
er Flowchart Located on
ROAR Stop Chart 1

IPL Has Been Completed.
Problem Now Is Located
within the Loaded Pro-

gram

Chart H Sheet 1

DT Chart | IPL (Sheet 2)



fndex

Chart 1, Sheet 1
Chart H, Sheet 1

Note 1: All CPU CF stops are listed except diagnostic test stops and 1620 feature stops.
% For additional aid in locating IPL failures, use a three~card hex loader in a
2540 and follow the step-by~-step ROAR-STOP procedure on the IPL three-card
hex loader flowchart located on ROAR stop Chart 1

WX | Type CLD Normal Cause Hints and Aids
ADDR Page No
00B2 Stop | QA961 | A second machine check occurred with check control | Check control switch to stop; try again or go directly
switch not in stop, before the first machine check to CPU check. Chart C, Sheet 1 at CA
could be logged. '
OOFF Stop | QA941 | Soft stop occurred because STOP key was pressed. Check process stop latch on ALD KC081
Rate switch was in instruction step, or match occurred
using SAR delayed stop mode .
0328 Stop | QA951 | System reset followed by pressing the START key If IPL initiated, suspect the multiplexor channel .
once -- basic test BFF has run successfully 128 times. | Trap was not taken at previous WX O0EA , best
action run priority controls repop micro test 3447
0578 IPL QCO91 | Attempted to IPL to an unavailable or non-existent Suspect: *
Stop device on the multiplexor channel, Select-In re- 1. Desired unit is off line
ceived in response to Select-Out. 2. Desired unit does not recognize its address
3. Wrong address being sent out on channel
Do: ROAR stop on ROS address 05A0 - QCO51
Check Bus=-Qut and control unit stetically
0649 IPL QCO061 | IPL was attempted to a non-ready device on the Suspect: *
Stop multiplexor channel . Control unit answers busy to initial selection
Do:
ROAR stop on address 05AC, rate switch to
single cycle, press START, A-Register now
contains status from device .
0682 IPL QC351 | 1. During IPL on the multiplexor channel, the control | Suspect: *
Loop unit failed to send Request=in or the CPU did not 1. If only one card fed into the stacker, suspect
recognize Request=In, which is necessary to cause that it is not the proper IPL card
a multiplexor channel share request trap 2. Request-In from control unit not getting to CPU.
2. First card read did not have proper [PL data or data Check Request-in on ALD FA082
read in was blank . This is one way of causinga 3. CPU failure to take multiplexor channel trap to
program check that causes this loop WX 0010.
4, Operational-In appeared dropped to CPU
5. Reader clutch failed to energize
Do:
Run priority controls micro repop diagnostic test
3447 and multiplexor channel repop test 3346
(Vol 41)
06FF IPL QC351 | Bad final status received from source unit during IPL Do: *
Stop on the multiplexor or selector channel Go to Chart J, Sheet 2 at JB
08EC | IPL QC511 | IPL attempted using address assigned to the 1052 1. ROAR stop on WX Address 00EA - QA951 and ¥
Stop console KB-Printer IPL again = If no match, place rate switch to
single cycle and IPL again, scope diagnostic
latch on DKO11. This latch is not on while
executing basic test causing a premature IPL
trap to 0002
2. If a match occurred in 1, ROAR stop on 053A -
QCO041 and single-cycle through address forma-
tion for clues
0954 | IPL | QD091 | Selector channel wait loop, waiting for selector Suspect: *
Loop channel chaining trap or share cycles. 1. CPU failed to take selector channel trap
2. Contro! unit failed to bring up Status-In or
Service-In
3. Selector channel poll control problem
Do:
Run priority controls micro repop diagnostic test
3447 and selector FLT 3447 - 344A (Vol 41)
095 {PL QD181 | 1. Initial internal channel status not equal to zero Do: *
Stop on selector channel [PL; or Go to Chart J, Sheet 2 at JC
2. Program check occurred during IPL on selector
channel .
0981 IPL QDO11 | 1. Initial status from source unit during IPL on Do: *
Stop selector channel is non zero, or Go to Chart J, Sheet 2 ot JD
2. IPL attempted to non existent or unavailable
selector channel
0A15 PL QD121 | Non-zero channe! status detected at completion of ROAR stop on WX Address 0AQ1 - QD121, rate *
Stop IPL on the selector channel switch to single-cycle press START. R-Register
now contains ending channel status
OA7A | IPL QC451 | 1. A machine check occurred during IPL while check | Do: *
Loop control switch was in process Go to Chart J, Sheet 2 ot JE
2. A multiplexor channel control check occurred dur=
ing IPL
3. Interface time-out occurred during IPL
10FF Stop | QE691 1401 Compatibility coded stop, R-Register hexadecimal| Do:
character determines cause Go to Chart F, Sheet 3
12F4 Stop | QES561 1. Machine check occurred in Compatibility mode Place in stop mode and catch error when it occurs,
with check control switch in process; or or go to Chart C, Sheet 1 at CA
2. Second machine check occurred in Compatibility
mode using mode switch on machine checks
1E4F Stop | QG532 | An RPQ operation (branch on next card column binary) | Ready reader or ROAR stop on WX Address 1E4E -
was attempted but reader was not ready CLD QG532 and observe Status-In in multiplexor
channel and control unit

DT Chart J CF Stops and Special One Word Loops (Sheet 1)




Chart J, Sheet 1

O6FF

T

Address Compare Switch
to Early ROAR Stop. Set

F G H J Switches to 06FF

QC351
T

IPL Again

WX Address 6FD

WX Address

1

F G H J Switches
to 06FD

iPL Again

WX Address

Al7

Selector Channel Has
Received Some Final
Status Bit Other than CE
or DE. The R-Register
Now Has Unit Status

Multiplexor Channel Has
Received Some Final
Status Bit Other than CE
or DE; The A-Register
Now Has Unit Status

Multiplexor Channel is
Responding with O Status.
A-Register Now Has Unit

Status

Selector Channel Is Res~
ponding with O Status.
R-Register Now Has Unit
Status

J

Suspect:

Unit Check Occurred
During IPL Windup

Chart J, Sheet 1

095E

T

Address Compare Switch
to Early ROAR Stop. Set
F G H J Switches to
095E OD181

IPL Again

WX Address

Early ROAR on 095D to
Determine Type of Pro-
gram Check

Suspect:

1 Data Being Read in
Does Not Have Pro-
per [PL Information

2 Blanks Are Being Read
in

Initial CPU Selector Chan-
nel, Channel Status Bad

Suspect:

1 Channel Hardware

Failure

Select=-Out Did Not

Propagate - Result

Channel Interface Con-|

trol Check Due to Time

Out

Interface Cable Un-

plugged

4 CPU Machine Check
caused Channel Con-
trol Check

N

w

Place in Stop Mode -~
Try Again

L

I

1

Suspect:

CE or DE

Unit Response [s Missing

Chart J, Sheet 1

0981

1

Address Compare Switch
to Early ROAR Stop . Set
F G H J Switches to
0981 ODO1

IPL Again

WX Address

9C8

Select-In Received in
Response to Select-Out
(No Confrol Unit Res-
ponse) . Desired Control
Unit and Device Now

in Selector Data Register

Suspect:

1 Control Unit Off-Line
2 CPU Selected Wrong
or Invalid Channel
3 Channel Trying to

Select a Non-Exist~
ent Device

Chart J, Sheet 1

0AZA

Solid Failure

Control Unit Initial Status
Non Zero. It Is Now Dis~
played in Selector Data

Register

Suspect:
Not-ready Answering
Busy

NO

Address Compare Switch
to Early ROAR Stop.
SetF, G, H, J Switches
to OA7A QC451. Set
Check Control Switch

o Stop

IPL Again

CPU Check
Red Light

Channel Check ~ Press
Start. Go to WX 0A7A

L

Chart C, Sheet 1

In IPL Mode Log Qut
Byte 0082 Is Not Indicat-
ive of Error Conditions
as Specified

Read All Comments on
QC451 Using 2030 CE
Handbook Under CPU
Channel log, Det-
sermine Type of Failure.
R-Register Now Has Cat-
alog Number or Machine
Check Indication

Run Priority Controls
Micro Repop Diagnostic
Test 3447 and Multiplex-
or Channel Repop Test
3346 (Vol 41)

DT Chart J CF Stops and Special One Word Loops (Sheet 2)




Index

LA | Chart H, Sheet 1

- —

Determine the Next Se-
quential instruction Add-

Assumptions:

1. The Rate Switch |s
Now in Instruction

Step

2. The Displayed WX
Address Us 00FF or

10FF

BASIC 2030 MODE

1400 COMPATIBILITY

ress

1

The Address of the Next
Instruction to Be Proces-
sed Is Now Displayed in
Hex in the A and B Reg-
isters

' the Displayed Address
May Not Be the Next

| Sequential Address After

| the One Just Completed .

| Satisfied Branches Reflect

| the New Address

In Most Cases the Condi-
tion Code Register and

the Program Mask Are Now|
Displayed in the R-Reg-
ister . This Is Only True

if the MN-Registers Are
Displaying Auxiliary Stor-
age XO0BB

Il R Register Bits

1'0 - Condition Code 8

1- " o4
12- " w2
13- " |

| 4 - Fixed PT OVFL Mask

{ 5 - Decimal OVFL Mask

| 6 - Exponent UNFL Mask
7 - Significant Mask

|

|
t
|

If Processing Is to Cont-
inve in Sequential Order,
the Next Instruction Add-

‘ress Is Now Displayed in

Decimal in the A and B
Registers

If the Instruction Just
Completed was a Sat-
isfied Branch, the Dis-
played Address Is Not
the Address of the Next
Operation Code to Be
Processed

The Resultant A-Field
Address Is Now Display-
ed in Decimal in the M
and N Registers. To
Display the Resultant
Decimal B-Field Add-
ress, Display the UV
Registers

|

Log the Next Sequential
Address, Then Press
START

i |

Continve This Procedure

until a Substantial Num-
ber of Addresses Are Log-
ged or the Program Loops
Back on itself

Program Listing

NO

Available

|

Dump Core Using a Pro-
gram Dump or a Micro

Dump

{

| If in PMS and Both 1400

| and Basic 2030 Dumps

| Are Desired:

 A. Dump Bosic 2030 First
if Micro Core Dump
Used

I 8. Dump 1400 First if

| Basic 2030 Macro

| Dump Is to Be Used

|

Use Available 1400
Macro Deck to Obtain
an Edited Core Dump of
the 1400 Area of Stor-
age

Locate the Loop in the
Listing or the Dump

Observe All Possible Exits
from the Loop and Attempt
to Determine the Expected
or Normal Exit

i |

Basic 2030 - 1400 Mode

Oriented Problems

Suspect:

1. Failure in Condition
Code Set/Reset

2. Program Mask Not
Functioning Properly

3. System Mask Not
Functioning Properly

4. Error Recovery or

" Other Seldom Used

Routines That May Not
Have Been Completly
Debugged

|
Suspect:

1. 1/0 Device Contin=
vously Busy

2. Some Portion of 1400
Auxiliary Storage was
Changed or Destroyed

. Incorrect Sense Switch
Settings

. 1/O Check Stop
Switch in Auxiliary
Storage in Wrong
State

« Tape and Disk Assign-
ments in Auxiliary
Storage Incorrect

6. Hi, Lo, Equal, Com-
pare Operation Code
Not Functioning Pro-
perly

. The GMWM Latch
Failure or Other
Compatibility Orien-
ted Hardware (ALDs
MBO031 and DLO31)

W

[3]

~N

Chart L, Sheet 2

DT Chart L Machine Language (Macro Program) Loops (Sheet 1)

170 Be a Valid Instruct-

|'ioh Step Stop ‘the R-Reg-
: ister Must Have Hex
| Code 00




Chart L, Sheet 1 '
v ' BASIC 2030 MODE 1400 COMPATIRILITY

Suspect:
1. Program Deck Has Re-
cently Been Altered
or Changed
2. Wrong Branch Taken
in Micro Program Due
te Undetected ROS
Failure or Stat Decode
3. Main Core Failure
4. Basic S-Register Fail-
ure
. Undetected Failure in
1/0 Unit During Data
Input
6. ROS Control Switch Is
in Inhibit CF Stop Pos-

O

ition

7. The Program Encounter-

ed an Unrecoverable

Error and Cannot Cont-

If the Complexity Is Be-
yond Your Experience,
Call for Assistance .-
Continue through This
Chart While Waiting for

Aid L

Micro Diagnostic

Procedure

- Run the CCROS Driver
Voltage Check.

See Chapter 4 of the
2030 FEMM

. Follow the R/W Stor-
age Diagnostic Pro-
cedure ltem 4 of Test
3348 (Vol 41)

. If the Problem Is Chan~
nel-Oriented, Run the
Associated Channel
Diagnostics (Vol 41)
Muitiplexor - 3346
Selector 1 - 3447
Selector 2 - 344A

Run Associated Machine
Language (Macro) Diag-

N

[X)

nostics l ] I
Run the Following CPU Run the 1400 Compati-
l Macro Diagnostics bility Macro Diagnost-
(Vol 42) ics Under Control of Test
~Test 3201 -3F00 (Vol 43)
-Test 3202 3FO1 through 3F05 (and
Standard / -Test 3261 Any Associated 1400
Set 1 ~Test 3262 1/0 Tests 3F08 through
-Test 3263 3F1C or 3F06 if PMS Is
~Test 3264 Used)
| (And Any Associated
2030 1/0O Tests)

Place Check Control
Switch in Stop to Catch
CPU Checks. Place Pro-
gram Interrupt ROS Add~
ress, 0147, in the ABCD
Switches and the Address
Compare Switch to Early
ROAR Stop

Re-run the Failing Job

If Same Original Failure I
Oceurs, Call for Further
Assistance

DT Chart L Machine Language (Macro Program) Loops (Sheet 2)



Index

Chart W, Sheet 1 -

Chart W, Sheet 2

Save All Logged Data
that s Pertinent to
the Existing Failure
and Run Micro Diag-
nostics

Run Priority Controls
Micro Repop . Test
3347 (Vol . 41)
Followed by the Mul-
tiplexor Micro Repop .
Test 3346 (Vol .41)

Continue Using Data
Derived from Failing

Job

Error Conditions—-
More Than One Bit
in The Status Bytes
May Be on. Use
SRL for Reference

|

Reference Material

1. SRL--System/360
Principles of
Operation .

2. System/360 1/0
Interface Channel-
to-Channel Manual

3. Field Engineering
Maintenance
Manual

4. FE Handbook

Check Channel Status
(Byte 45) Byte 5 of
csw

CDC & CC Bit 44 & 47

Program Check Bit 42

This Is an Indication
of A Channel Error.
Bit Combinations Are
Possible .

Use System Reference
Library Manual and
Units Reference Manu-
al with These Flow
Charts for Trouble

Conditions Do Not
Exist on MPX Channel

Error Due To CCW or
CAW in Error

Run Macro Diagnostic
3430

. Set Check Control
Switch to Stop

. Set Address Compare
Switch to Roar Stop

. Set Switches ABCD
to OA8E

PCI Bit 40

Rerun Job—-Match Light

"

on [ndicates Program
Check Has Occurred

Unless Error Occurred
During Command Chain-
ing, Catalog No. will
be in the High Data Field
of the CSW

When Stop Occurs ALU
Qutput will be Display-
ing Catalog # See CAS

Page QC461

Go to Suspect Chart M
Sheet 3
Channel Control
Check Bit 45

Check Control Switch
Was in Process Mode

Inspect Logout Area
Bytes 81, 82, 83

Reference CLDs
QC451 & CE Handbook
Logout Area

Put System in Check
Stop Mode. Run
Channel Macro Test

3430

Refer to Red Lignt
Chart (Chart C) when
Stop Occurs,

DT Chart M Multiplexor Channel (Sheet 1)

Inspect CCWs Previous-
ly Logged

Does One
of The CCWs Have
Bit 36 on

YES

This is not an Error.
Refer to System/360
Principles of Operation
for PCI Function

This Condition Should
Not Exist. To Do A
CSW Store, A CCW
Must Contain A PCI
Bit

Rerun Job and Set Up
to Stop When PCl Is De-
tected

1. Set Address Com-
pare Switch to Roar
Stop .

2. Set Switches A~B-
C-D to 067E., CLD
Page QCO91

Inspect UCW for CCW
That Was Working when
PC| Was Detected

Use CE Handbook to
Inspect UCW .

Subtract 8 from CCW
Address to Find Working
CCW Address . Inspect
This String for A PCI

Bit 36

Chart M Sheet 2

Protect Check Bit 43

Analyze Log Data to
Insure Not Programming
Problem

Protect Keys Have Mis-
matched Somewhere

Run Storage Project
Micro Diagram 3350

Run S.P. Macro
Diagnostic 33C9

|

Do Storage Project
Stack Adjustment Pro~
cedure

I
| Use

I Qutlined in the Field

Engineering Maintenance
| Manual, Chapter 4
[

the Procedure as

Set Up System to Stop
on Error and Rerun Job

aw

. Set Address Compare
Switch to Roar Stop .

. Set Switches A~B-C-
D to Address 0040.
This Address |s Forced
when Error Occurs

. Rerun Job

. Match Light on
Indicates a Protection
Error Occurred

. Main Storage Now
Contains Address of
Protected Area

. Set This Address into
Switches A.B.C.D.
Set Switch E to M.S.
Press Display Key

. Step Six Has Now
Read into Q-Regis-
ter Low, the Key
from The Protect Stack

. Display Q-Register

. Normal Operation
Would Have Q-High
and Q-Low Match .
the Occurrence of
A Mismatch Is
Flagged As A Program
Error

WLR Bit 41

Chart M Sheet 2

Find Last Working CCW
from Log Data. SLi Bit

34 Should not be On

Count [n CCW Is the
Amount Of Bytes To
Be Transferred. Use
This Count And Command
And Run 1/O Micro Test

Run Units Macro Diagnostic

Rerun Job to See if Error
Reoccurs




Chart M Sheet 1

Interface Control
Check Bit 46

Inspect Logout Area
Bytes 81 82 83

| Logout Area

! Refer to CLD Page
y QC451 and CE Handbook

Byte 0082 = 08

This Is the Machine
Check Error. Go To Red
Light Chart (Chart C)

Run 1/0 Micro Test
Using Address of Unit
Found in Location 83

Run Macro 3430

Error in Diagnostic
Test

Go to Suspect Chart N

If All Tests Run, Rerun
Job with System Setup
to Stop on Failure

2. Set Switches A-B-

3. If Error Occurs

4, Set WX Address in

. Set Address Compare
Switch to Early Roar
Stop

C-D to 0A71--CLD
QC451

(Match Light on),

WX Register Indicates
CCROS Word That De-
tected Failure

Switches A-B-C-D
and Rerun Job

Using Addresses Dis-
played in WX and
CLD's Starting on
Page QC451, Deter~
mine Nature of Hard-
ware Failure

Go to Suspect Chart
(Chart N)

The Residual Count Be-
comes Meaningful if the
W.L.R. Bitlsonin
Byte 45, Bit 2. Refer
to SRL for Additional
Count Information

YES

Residual Count =0

MPX Channel Appears
in Order. Continue
Investigation by Check-
ing the Control Unit and

Was SLI Bit 34 on in
Last CCW

Device
I Chart D Sheet 1

YES

With SLI Bit en A Mis-
match in Number of
Bytes Transferred s
Possible . This Is Not
Always An Error

[

Check with Program
to See If Count Bytes
Should Match

Bytes Should Match

Run 1/O Micro Test
3344 Using CMD and

The Count Value in the
CCW Could Be Larger
than the Record That Is
Being Acted Upon.
With SLI Flag on, Look
for Other Error Indi-
cations

Count of Failing CCW
with Unit That Had
Failure

With No SLI Flag the
CCW Count and the
Record That s Acted
Upon Should BeEqual in
Length

1 Use 1/O Micro Test
to Trouble shoot Failure

Unit Is Capable of
Handling This Count.
Check CSW for Other

Error Indication

WLR Bit on
CSW Byte
45 Bit 2

"YES

Chart M Sheet 1

Next CCW Address
Bytes 0041, 0042, 0043

This Address Will In-
dicate 8 Higher than the
CCW That Was Being
Used when the Error Oc-
curred . Use This as a
Starting Point when Try-
ing to Find What CCW
was Working when the
Error Occurred

DT Chart M Multiplexor Channel (Sheet 2)



L-Register

CLD Page

Early ROAR
Stop at

Do WX
Registers
Read at

Hints

01

02

05

06

07

08

09

0A

0B

oD

OE

IF

2F

QCo21

QCo21

QCo21

QCOo21

QX021

QCO11

QCO021

QCO11

QCO061

QC101

QC101

QCo021

QCO31

QCi31

QCI131

0A89

0A89

0AB9

0A89

051E

058A

0A8B

0526

OABF

0A8B

0588

OA8F

OABF

OAS8F

OAS8F

052C

0590

0515

051D

0518

0572

0517

0522

0611/
0613

069C

053C

052D

052A

06BC

. Zero count in CCW Byte 6 and 7

Check CCW display DL-Registers now holding the
count.

. Invalid flags in Byte 4 of CCW.

Display L-Register .
Low-order three bits must be zero.

. Initial operation has a TIC or

. Two TICs inarow.

. Inspect CCW string for this condition .

. Invalid command Byte, check Byte 0 of CCW.

. Byte 1 of CCW is not zero.

Check CCW for this Condition.

. Protection error in CCW.

. CCW address too big for memory size .

. Byte 0049 must be zero for 2030.

. Check CAW format using CE Handbook or

SRL Manual .

. Two successive TICs. |- and J-Registers now have

address of CCW that had the second TIC as its
command . Inspect CCW string for this condition.

. The new CCW address designated by a TIC

command was not located on a doubleword
boundary .

. Memory wrap when CCW was being updated during

a chaining operation

. Zero count detected while data chaining or

invalid flag Byte .

. Check L- and D-Registers for count .

. Check S-Register for 5 bit being on. [f 5 bit is off,

an invalid flag Byte was detected .
Check CCW for these conditions.

Memory wrap on next CCW address while CDA.

. |- and J-Registers now should indicate zero.

. Zero count detected during a command chain.

Check L~ and D-Registers for count.

. Check CCW string for these conditions.

. Invalid flag Byte while command chining.

. L-Register contains flag Byte .

. Check CCW string for this condition

. Memory wrap detected while command chaining.

Next CCW was located outside of memory .
- and J-Registers are 0000.

. Check CCW string for a CCW located in the

last 8 locations in memory . This one is
chaining out of memory.

. Command Byte all zeros detected while command

chaining. U-Register now holds the command .

. |- and J-Registers now contain the failing CCW

address plus 1.

. Check CCW string for this address and the

indicated error condition.

DT Chart M Multiplexor Channel (Sheet 3)




Index

Interface Control Checks
Are Due to Timeout Con~
ditions or Invalid Seq-
vence of Interface Sig-
nals

Determine Catalog
Number

Sheet 2 (MB)

YES
Number 31 or 41

WX Register Is 058C or
05BE QCO051

Display Fl-Register, it
Holds the Unit Address
That Is Trying to Use the
Channel

Fl Should Equal Address
Found By Sheet

IC Not,
Suspect:
Line Receivers and Assoc-
iated Circuits Starting

Page FA082

Operation-In Did Not
Fall . WX Will Be 0678
QC161

Operation-In

I' Refer to Interface Con-
: trol Checks on Chart M
1

Internal Trouble . Suspect
Line Receiver and Assoc-
iated Circuits.
Example:
01A~A3C5
01A-B2D6
01A- A3F2

False Request, No Sel-
ect-In QC211
WX Will Be 0669

Do an IPL Using an Add-~
ress That Is Not Used By
Your System, Do a ROAR
Stop on 05A2

Does WX
Registers Indic-
ate 05A2

Select-Out Circuits Are
Working. Re-run Test.
ROAR Stop on 0669

False Request with No
Select-In. Select-Out
Should be Up on the
Interface at this Time.
Check for No Response
from Unit or Block of the
Select-Out Signal by a
Unit

DT Chart N Multiplexor Catalog Numbers (Sheet 1)

: Check Logic Page FA092

| for Operation~In Signal
Trouble Is At I/O Unit
or in Cable

YES

Check for Terminators
Plugged in Last Unit on

Line
]

Check Which Unit Is
Holding Up the Passing
of Select-Out

Number 80

Number 90

Chart N Sheet 2

Double Request Console
and 1/O Unit. WX Reg-
isters Will Be 0657
Qcz21

Display Fi-Register for
Unit Address

Check This Unit for a
Request-In Signal

YES

This Unit Should Have
Operation-in Up. The
Unit Wanis the Interface

1050 Reguest-In. 1050
Wants the Interface .
Check for Error in 1050
T-Register Circuits. This
Is in Error

PF082 T-Request Should
Not Be Active

NO

Address-In Up

Trouble Shoot Unit. Find
Why Address-In Is Up

Internal Trouble.

Suspect:

Address In Circuits FA092

Example: O1A - A3C5
01A - A3F2
0lA - B2D6

Timeout in Data Loop.
WX-Registers Will Be
0600 QCO81

The Unit with Operation-
In Up Has Failed to Raise
Status-In or Service-in
or Has Raised Both

|

| Check Logic Page FA092

[}

|

: !Only One of These Inter-
:face Signals Should Be Up

Neither Both

Status=In or
Service-In
gt Interface

Internal Trouble . Suspect Chart D, Sheet!

Status-1n or Service-in

Circuits

Logic Page
FA092 01A-A3C5-D5
FAO41  01A-A3E6-D7-E2
ALO61 01A-B2D6

YES

Unit Did Not Respond
when Chaining. WX-Reg-
isters Will Be 0582 QCO091

—— e oo —

Operation=In
—

:Check Logic Page FA092

at Interface

YES Unit Failure . Run Unit
Diagnostic

System Has Failed to
Branch on Operation-in

Internal Trouble. Suspect
Operation~In Circuits.
Logic Page .
FAQ92 01A-A3C5-83
FA091 01A-A3F2
ALOS1 01A-B2D6




Chart N, Sheet 1

Number AO

Number BO

NO

NO

YES

Unit Did Not Respond on
Initiol Selection With
Operation-In and Select-
Out Not Received WX~
Registers Will Be

0545 QCO91

Check Interface for Op-
eration-In or Select-In

Operation=In at [nter=

NO

Internal Trouble/ Suspect
Operation=In Circuits
Logic Page

FA092 01A-A3C5-B3
FA091 01A-A3F2

ALOS1 O1A-B2D6

Select-In at Interface

Unit Failure Did Not
Raise Operation-In or
Select-Out Not Prop-
agated . Run Unit Diag-
nostic

YES

Unit Did Not Stop
WX-Registers Will Be
068E QCO91

&t

Check for Status-In Re-
sponse to Command-Out
when Count Has Gone to

Zero

Internal Trouble . Suspect
Select~In Circuits

Logic Page

FAQ92 01A-A3C5-B5
FAQ91 01A-A3E2
PFO81  01A-C3D7-Bé
PF082 OIA-C3E7

1. Rerun Test. ROAR Stop
at 062F
2. Set Rate Switch to
Single-Cycle
. Press START Key .
Command-Out Will
Be Sent to the Unit,
Service-In Should Fall
4. Keep Pressing the
START Key, Status-in
Should Be Sent, Not
Service-In
5. If Service~In s Sent
This Is an Error (Unit
Failure)

w

YES

This Is a Multi-used Cat-
alog Number . Refer to
CLD QC451 Cat. No. 77

T

Determine Type of Error.
Either Operation-In or
Status-In Failure . WX~
Registers Equal Timeout
Word and Type of Failure

Operation-In Failure

NO

Status=In Failure

NO

This Condition Should
Not Exist

YES

YES

| Check Logic Page FAO21.

| The Command-Out Latch
Should Be On when Step
3 Is Done . Check Unit for

lits Receiving Command-~

| Out

Internal Trouble/ Suspect
Operation=In Circuits

Logic Page

FA092 0lA-A3C5-B5
FAO91 OlA-A3F2
ALO61 01A-B2Dé6

internal Trouble . Suspect
Status=In or Service~In
Circuits

Logic Page

FA092 01A-A3C5-D5
FA041 O1A-A3E6-D7-E2
ALO61  01A-B2Dé

DT Chart N Multiplexor Catalog Numbers (Sheet 2)



Index

Chart W, Sheet 1
Chart W, Sheet 2
Notes:

1. Channel program checks are covered on associated Channel Charts

2. For general descriptions of program checks refer to Program Interrupts
Derive, Log and Analysis in the System/360 SRL Principals of Operation (A24-6821) under Interrupts
of Pertinent Program Data

" Hex Code Description

7 Data

A Decimal Overflow
B Decimal Divide

i

Interrupt 7,

Obtain Storage Printout orre!

Via Dump
l NO
Using Program PSW Det- : Bits 4-7 of Main Core Run Decimal Instruction
ermine Interrupt Code Hex Location 002B Bits Tests 32E1 and 32E2
{ 0-3 Should Be 0's (Vol 42)
: ]
Determine Address of the : Old Program PSW Core
Interrupted Operation } Locations 002E and 002F
Code | Contain the Next Op- | .
: eration Code Address . Hex Code Description
| The Instruction Length C Exponent Overflow
I Counter Is Located in D Exponent Underflow
: Bits 0, 1 and 2 of Core ] E Significance
002C. Interrupted Op- \ F Floating PT Divide
| g
| eration Address = Next L
| Address - ILC f
: Note: If ILC Is 000 the nterrupt C,
| Interrupted Operation D, E oF
{ Address |s Not Certain
L
s NO Run Floating Point Inst~
Program- ruction Tests 3291,
Available 3292, and 3293 (Vol 42)
Examine Printout and -——
Program Listing to Det- Run R/W Storage FLT This Is to Verify Storage
ermine that They Agree Micro Repop Test 334A Addressing
and Are Correct (Vol 41)
Verify that This Is Not
a Program or Data Error
S:Li::r: or Cusfom.er Program The Ramainder of This
Analysis Chart Is intended to Aid
a Hardware Oriented CE
in Analyzing the Situat-
P Dat ion Using the Customer
rogram or Zoe Program While on the
Turn Action Over to System
Program Oriented
Assistance
Program Mask Check i
Run Associated Macro and |r Diagnostic Procedure | Program Maskable Codes
Micro Diagnostics | Dictates Running Diag- J
I nostics but This Area Can f s
| Be Skipped and Returned 2"’"”’“' .
_to Later ¢+ DrorE
I -
|_Hex Code Description Check the Program Mask : Old Program PSW Pro-
o Op-Code incorrect for Mask Allow Bits | gram Mask . Bits 4, 5,
] 02 Privileged Op | 6, and 7 in Core Hex
[ 03 Execute Error | 002C
05 Addressing
06 Specification
08 Fixed PT Overflow r -
| 09 Fixed PT Divide |__Code Mask Bit
I8 4
A 5
L D 6
\1 { E 7

1,2,;5\N0 . < on

interrupt N
p o § Mask BIT S

6,8, and 9

Chart P, Sheet 2 | vES

%

Run CPU Macro Tests for ! Sections:
Standard Instruction Set | 3201, 3202, 3261, 3262,
L3263, 3264 (Vol 42)

The Mask Bit OFf Should
Have Blocked This Pro-
gram Interrupt. A Micro
Program Branch on the
Mask Bit Located in Loc-
al Storage Determines
Interrupt - Continue Flow

Storage Protection

I
L
|
1

NO

Interrupt 04

Chart P, Sheet 2
v YES

Run Micro Repop . Storage
Protect Diagnostic 3350
(Vol 41)

Run Storage Protect
Macro 3369 (Vol 42)

Chart P Sheet 2

DT Chart P Program Checks (Sheet 1)



Chart P, Shee 1

System Reset and Set 1/C
to the Address of the Int-
errupted Operation. Do

| Use Data Address Gather-
ed in First Section of
This Chart to Set in SWS

Early ROAR Stop on the
Common Entry for Pro-
gram Checks WX 0147 -
CDL QAB881. Press START]|

Not Press START lFGHJ

2
i
1 Storage Protect
| . S
YES Match Light YE
Chart F, ! For Aid in Comprehension, -
Sheet 3 | Refer to Chapter 1 of the NO

| 2030 FETOM Under Stor-

| age Protection in the CLD's and Read All QZ-=- Pages in the

Comments on the Page for Back of Vol 24
Clues

Locate the New WX Word : Use the CLD Index
|
|

In 1400 Compatibility
Mode: Use WX Address
1040 (QES561). Restart
Interrupted Instruction

Earty ROAR Stop on Pro=
tect Trap WX Address
040 - QA961 Restart
Interrupted Instruction

System Reset and Set |/C
Back to the Interrupted
Operation Code , with
Rate Switch in Single
Cycle, Step Thru the
Micro Program Looking
for Clues

If Diagnostics Have Not
Been Done, Do So Now

Match Light

No Protect Trap
Set 1/C Back to Operation
Address

Suspect: |
| The Failure Is Inter~
mittent because Fail-

f : Q-Hi Q- Lo ure Did Not Occur
he Q-Regist o
Display the Q-Register ] PSW Key | Storage Key This Time .
Plo123 1567 2 The Wrong Operatior
Code-or Instruction

I 1 Address was Used

P Bit with Q-Lo
Read from Stack

Leaving ABCD Switches
at 0147 and Address

YES Compare Switch in Early
ROAR Stop and Run En-

tire Program again

Q-Hi = Q-Lo

} Q HI 0000

NO

PSW Key O

False Protect Trap. Go
Back to Diagnostic Sect-
ion of This Chart

Chart P Sheet 1

: Address or Storage Wrap !

YES

Interrupt Code 5

Early ROAR Stop on Stor-
age Wrap Trap WX Add-
ress 020 - QA9641

Press START

Check Address in MN
Registers for Exceeding
Machine Core Storage

No Wrap Trap

Set 1/C Back to Operation
Address

False Wrap Trap. Go to
Diagnostic Section of This

Chart

Chart P Sheet |

DT Chart P Program Checks (Sheet 2)



Index

Intermittent Is Defined

as at Least One of the

Following:

1. A Similiar Failure
Cannot Be Forced

2. The Job Has Since

Out~of-the~Ordinary
Conditions May Have
QOccurred During the Run
of the Failing Job. Be-
ware of the Following
Types:

Run Successfully
3. Failure Repetition
Rate Averages Less
than 1 per Shift

1. Error Messages or
Diagnostic Logouts
2. Was Operator Inter-

vention Required for

Any Reason, Such as

a. Excessive Tape
Read Errors Neces-

NO sitated Skipping a
Record

b. End of Forms on
Any Device

c. Any Check Point
Restarts

Intermittent Failure

Definite |/O Device

Failure

d. Unexpected Sys-
tem Halt Neces-
sitating Pressing
START or INTER-

Suspect: Chart R, Sheet 2 RUPT Key
Mechanical Adjustments e. Any Console Red
QOut of Specification. Lights

(A Prime Example Is Tape 3. Excessive Traffic or
Start=Stop Times) Movement Near Sys-

tem

Chart R, Sheet 2

| During Fc;iling Run Did
I Anything Questionable
: Occur

Analyze All Common Fac-
tors of Past Failures

Uncommon Conditions

This Type of Failure YES i
Can Depend upon Cer- | Message or Logout '
tain Common Factors -—— e
| - YES
Log in Pertinent Data for :Suggesrion: Type 1
Future Use and Compare | Record the Data on a
Them with Any Past His- | Card. If an NTF Results,
tory of This Failure Store the Card in the NO Analyze the Data, Com-
I to the SEREP Results
I Tray forvtl'\e Repop CCROS ::;eAﬂem t to Deri .
Cards (Use for Comparison ond e g'h c: 'he:-we a
Examples of Pertinent " Future Calls) V‘%‘oig Resul: "
Data and Common Factors
A. Physical Dependencies i
1. Always the Same | Operator Intervention
System PR |
2. Same [/O Device
or CU o2 YES
" 3. Same Job Number
4. Input Type Source Suspect:
a. Type of Cord NO 1. A System Failure
Stock Occurred and was
b. Where input Bypassed
Wi en-
:::'eed as G 2. After or During Inter-
c. Same Disk Pack vention the Operator
5. Use of Special Caused ?P}e Problem.
Features (Example: 3. EPd-of-Flle or End~
PFR) ol -fo‘rms Device Rec~-
B. Environmental Factors ognition
1. Shift and Date
2. Same Time of Day l____1
3. Same Operator
4. Temperature Above ]
90° | Traffic
5. Humidity Below 20% 1
6. Adjacent Equipment ]
Running Simultaneous-
ly. Examples: Com-
munication, Unit Re-
cord, Elevators,
Electronic Doors etc . Suspect:
1. Electrical Static Dis-
charge . (Humidity Be-
low 20%)
2. Loose Cards or Cables
Failing on Vibration
Obtain an Edited List of SEREP Does Two Things:
the Diagnostic Logout Possible Clues to Any ______.__J
Area. Use SEREP-Test Detected Failures
Clears the Logout

Area So That on the

Next Run You Know
When Logout Occur-
red

Diagnostic Procedure
Dictates That You Should
Continue Through This
Chart and Run the Approp-}
iate Diagnostics, but
Enough Data May Be
Known to Retry the Cust-
omers Job

If the Decision Is Made
to Run the Customer's
Job, Ensure That All
Other-than~Normal Con-
ditions Are Duplicated .
Have Same Operator Run
the Job Tracing His Or-
iginal Steps

!

Iy,

|
3FET (Vol 40) 12.

|

|

|

{

Examples:

1. Vibrate Unit Around
Which the Activity
Occurred

2. Allow the 1/O Device
to Run Out of Forms

Chart R, Sheet 2

DT Chart R Missing Records or Wrong Results (Sheet 1)




Chart R Sheet 1

%

CPU and Channel Check

Out

Run the Priority Controls |

Micro Repop Test 3347

(Vol 41)

Run CCROS Driver i Very_Important

Voltage Check in Chap- 1 Especially if ROS Retry

ter 4 of the 2030 FEMM | Is Installed or System Has
} History of ROS Failures

.

: [mportant
E‘?‘I’I::m':;i ﬁr/ovz eSdtuorr:ge |To Test Storage Addressing
Item 4 of Test 3348
(Vol 41)

mulﬁplexor Channel Used
l on Failing Job
]
1
]
MPLX Channel
NO Run the Multiplexor Re-
pop Micro Diagnostic
Test 3346 (Vol 41)
rSelector Channéls Used
| on Failing Job
]
]
YES
Selector Channels
Run the Selector Channel
NO FLT Repop Tests
3447 - Channel 1
344A- Channel 2
(Vol 41)
+ |
rﬁling Job Was Run in
1 1400 Compatibility Mode
—
!
YES
1400 Compatibility
Reintialize the 1400 Aux-
iliary Storage Using Test
3F00 under Control of
Under Confrol of DMA—4 | |osntn 0
Chart R 2:: &:cipgi:ﬁ:d?f: Macro Diagnostics:
Sheet 1 2201, 2 ond 39 stics 3F01 Through 3F05 (Vol 43
‘
3261, 2, 3, and 4
(Vol 42)

Chart R, Sheet 3 (RD) Support /0O
. 1052 KB-Printer
. 1403 Printer

1
2
3. 2400 Tapes
4
5

Obtain Clues and En-
sure the Reliability of
the 1/O Units Used on

the Failing Job . 2540 Reader-Punch

. 2841/2311 Disk

Chart B, Sheet 4 (BF)

For Additional Hints Re-
fer to Overall System
Check

I

Rerun the Customer's —| [If 1400 Compatibility, Prior

Job o Rerun Reinitialized the
|1400 Aux. Storage Areas
|Using the CID. If Same Job
| Failure Results, Inspect the]
|ICID or Take 1401 Edited
|Storage Dump Using Test
13FD1 (Vol 40)

L

Same Failure

Call for Assistance . Re-
quest a Software-Hard-
ware Trained Person.
Run System Test 3FL1 While Waiting, Run Sys~
(Vol 40) about 20 Minutes, tem Test 3FC1 (Vol 40)
Log All Significant Data,
and Turn System to Cust-

omer

At Minimum, Stand by
until Next Job Has
Been Successfully Start-
ed

DT Chart R Missing Records or Wrong Results (Sheet 2)



Chart R, Sheet 2

&

Unit
Description

Symptom or Cause

Notes and Hints

Suggested Minimum
Quick Check

Unit
Description

Symptom or Cause

Notes and Hints

Suggested Minimum
Quick Check

1052 Key Board

1.

Missing characters caused
by console attachment failing
to read punch-1-clutch

signal

Check interface cables in the 1051,
the half board 01F-A1, and in

the CPU on boards 01 A-C2 and C3
(ALD PF 521)

Extra character in storage

Console request-in line may not be
resetting properly (ALD PF021)

Run the read inquiry macro
diagnostic 902 Vol 43

2540 Reader 1. Two cards feeding piggy=-back Check reader throat adjustment; Run macro diagnostics
through reader if near ,020", this is a possibility 1. F821 routine 1--
2. Interface or 2821 failure causing (punch 27 cards)
data record to be cut short 2821 Vol 8
3. Any error check circuit not Running cards with one set of 2. F811 routine 1--
functioning would fail to catch brushes removed will check one (read same 27 cards)
input errors possibility 2821 Vol 8
4. Multiple pick or drop in reader
buffer
5. Cards way off registration Very remote
2540 Punch 1. Failure to give dummy write to Check program for proper punch

punch at end of job allows one
card to be left in punch. This
card is not checked when
nonprocess runout key is pressed

end procedure

2. Using EOF key on other than
PFR can cause a missing record
when cards are allowed to run
out, new ones placed in
hopper, and job continued

Use EOF on PFR operations only

Punch check circuit failure in
conjunction with valid punch
check

1. Lift punch brushes, check
for errors when punched cards
are fed

2. Check the PCH BRUSH CL
DELAY INT signa

4. See No. 2 on reader

5. Punch buffer pick or drop of
even bits

Same as 2540 Reader

print buffer

3. Wrong data in storage; good data [Check PT & T to EBDIC Translate
on 1052 printer starting at PF 291 through PF 331
4. Wrong data on printer; good data | Definite 1051 or 1052 printer
in storage failure
1052 Printer 1. Missing characters--caused by 1. Check attachment clock timing;
1051 home loop timer running refer to note on ALD PFO11
slower than the console attach- 2. Check 1051 home loop single Run the basic write function
ment clock--or console attach- shots in 1051 manual page macro diagnostic 900 Vol 43
ment clock faster than 1051 timer 131T™
2. Only one character of a message | Posssible that 1050 -Request-in
prints. This may also be the line not being reset (ALD PFO71)
wrong first character
3. 1050 intervention required 1. Is printer paper under interlock
would cause no message to be 2. s CPU switch off
accepted by 1052 printer 3. Check EPO switch inside back
(indicator on lower right of cover of 1051
console under CPU status)
4. Incorrect data 1. Turn the 1052 CPU switch off.
Type A through Z. If incorrect
character prints, 1051 or 1052
is at fault.
2. On-line check the EBCDIC to
PT & T Translate on ALD PF
191 through 222
1403 Printer 1. Wrong chain on 1403 or wrong Check job for proper chain and
UCB image UCB deck Run printer macro diagnostics
2. Hammer check circuit malfunction | Diagnostic F832 will check this 1. F 832 (UCS printers)
not catching extra or missing (2821 Vol 8)
hammer fire, or failure to receive 2. F 836 ripple print (2821
data check on unprintable UCS Vol 8)
character
3. Interface or 2821 failure causing
data record to be cut short
4, Multiple pick or drop of bits in Reinitialize UCB
ucs
5. Multiple pick or drop of bits in

circuits and command codes such
as single tape mark records,

noise bits, EOF, erase, back~
space and forward space commands

1400-compatibility mode: check
the operation of the GMWM latch
on CPU ALD MB 022

Failures with data convert,
translate, and densities, either
hardware or program failure

6. UCB parity-check circuit failure
7. Print buffer parity-check circuit
failure
8. Sync-check error circuit failure To ensure back in sync, open and
close T-casting or initialize the
UCB.
9. End-of-forms indication mal- Test off-Tine
function
10. Failure to recognize data checks | Diagnostic F832 will check this
could be caused by the BLOCK
DATA CHECK LATCH or the
FOLDING LATCH in 2821 (in
UCB only)
11, Missing slug on chain or broken One character or one print position
hammer
12. 1401 compatibility missing last 32 | Missing bit 0 in COMP AUX
positions of print line storage-B of byte 8C. This bit is
reset on 8K machines if operator
presses the foad key with 1402 in
the F, G, H, and J switches; then
does system reset, ROAR reset,
and start
2400 Tapes 1. Drive start-stop time maladjust= | Most probable cause Run the following macro
ment diagnostics to check tape
2. Check to see if the forward stop This is usually a result of malad- start-stop times:
delay noise trigger ever comes justed drive start-stop times 16K systems --F521 and 522
on. Records can be skipped if 8K Systems~~3523 and 3524
it does only
3. Tape being used was generated Check tape source, ond the age
bad at a previous date, possibly and condition of the tape All systems——for Diagnostic
on another system Check F510
4. Detected hard errors not being Run job with error hold plugged on
handled TAU All tests are in MDP Tape/TCU
5. Failures in special recognition (Veol 3)

2841/2311 Files

Intermittently missing data or
receiving no-record-found

Head alignment problems can
cause this. But if adjustment is
made beware of causing new
problems while trying to read
packs written before adjustment

2. Missing records resulting in
no-record-found

Have customer temporarily

add a patch to his program to

do a read-back check after

every file-write command

2. Suggested programming

procedure after no-record=

found

a. Read home address to ensure
correct cylinder

b. If not correct cylinder, a
recalibrate command should
be issued

c. If correct cylinder, retry
the original record at least
10 times

Note: STEP C may have to be

patched in some operating

systems

3. Address marker detection circuit
failure

3. Missing or short-length records
with no indications

1. Run 2841 in check-stop mode
to ensure that all detected
errors are caught and handled

2. Address marker detection
circuit failure and the program
is not checking record
identification

3. 2841 metering=in line is not
forcing CPU metering~out
when the CPU is stopped and
the file command is still being
executed. Check -0 channel
to meter line on ALD KUOT1

4. 1400-compatibility count
fields and data fields located
on the wrong cylinder,

The compare-disable bit 1400 AUX
storage B UCW (XX10) bit 0 was
possibly on when data records were
written. This bit should be on
only during the original 1400
formatting of the disk

1. Run the 2841 nonresident
micro test--read/write
100 address marks.

2. Run the 2841 macro test

602 (MDP Vol A02)

Run the 2841 interchang-

ability macro test 613

(MDP Vol AO1)

w

DT Chart R Missing Records or Wrong Results (Sheet 3)




SELECTOR CHANNEL
* SELECTOR LOG DATA

* ¥ SELECTOR CHANNEL FLT

1. GUV - Data Address Channel 1 - 3447 Vol . 41

2. GCD - Count Channel 2 - 344A Vol . 41
3. GS - Status, Control, Error
Conditions - . I
nterface Contro -——
4.GT - Inbound.Tugs, Control ce Co POTST—
Information

face, or Control Unit
5. Next CCW Address from Local Fui]L;re
Storage . Channel 1 - 8E - 8F

Channel 2 - AE - AF

Selector Log #*

Check ROS Address

ASSUMPTIONS

Sheet 1 J Assumptions:
Chart W, ! 1. Lamp Test OK

Sheet 1 | 2. Console Logged

Chart W, | 3. Channel 1 Failure (If

Sheet 2 Chor.mel 2, Replace 92 Torms o Toterface
_— { G with H) l Control Check Latch

r YES
| WX Address 92A I
| Channel Control Channel Data IL Compare R-Register to
| :):;egrrf:r:ec(ﬁzz':rol Protect Check NO Selector Channel Catalog
| I l I:TX Meaning or Condition
| Set During Share Locate CLD Word 10§ Poll Control Timeout
' Set During Share or Cycles Only S10, TIO, HIO

Micro Cycles 20} Queue Status Timeout
! SIO, TIO, HIO
] l NO 30} No Address-In,

L l GR=» Gl Status-In, or Select-
| Statement In. (CC or Initial
' I 008 Interface Trap P Select S10, TIO,
Run- Selector FLT HIO)

d 40 | Address Mismatch

(510, TIO, HIO, or

Channel Control
Command Chain)

r-
|

3. Bad GB Decode

Interface Control —_——— GR Suspect: 50 { No Status-1 Init=
Channel Data ! Was CPU Check Switch Parity Error 1. Error Check Circuits ial Sel u' snlg rr\:o
in Stop 2. Bad GRGI Decode fal Select (510, TIO,
} HIO, or Command
]

Chaining)

60 |Bad Address or Status
Byte on Initial Sel~
ect (S0, TIO, HIO,
or Command Chaining
70 |Status~in Timeout on
Initial Select (TIO}

80 | Status-in Timeout
on Command Chain~
ing

90 | Select-In on Com-

YES

Check Bus-In with Scope

Stop Mode

IL ‘Instruction Length)
Progrum Check
Protect Check

Interface Control
Check

Bus-In Good

NO

Control Unit Problem or

] Run Seiector FLT l

YES Cable mand Chaining Re-
I selection
Suspect: A0 ] Control Unit Busy
Run Priority Controls 1. GR~Registers on Command Chain~
Micro Diagnostic Repop 2. GR Assembler v ing
Test 3347 (Vol 41) 3. Data Path to GR BO | Address Mismatch
Assembler on TIO or Halt IO
4 .Parity Check Chars D, Sheet 1 COY Stotus-in or Oper-
5. SALs Timing ation-In Cannot Be

6. Skew on Bus-In Reset on CSW Store
E0 | Poll Control Can-
not Be Set on HIO
F0 | Operation-In Can-
not Be Reset on HIO

CPU Check Switch to
Stop, Try Original Pro-
gram Again

Almost Always a
Channel Failure

Generally Main Storage
Failure on Output Op~
eration and Control Unit
or Device on [nput

YES

Channe! Control

Check Is This Your Initial Att-

empt at This Faiture

First Error Call

Channel Data Check

Run- Selector FLT #* %

GR-Register YES

in Parity

I

Try Original
Program Again Suspect: |
1. heck Circui
imepect Displayed Sel- Error Check Circuits
ector Channel Command l
[ Selector Log #* | Register

! Run- Selector FLT %% I

Run Storage Protect Micro
Repop . Diagnostic Test
3350 (Vol 41)

l

l Run- Selector FLT # % J
Suspect:
1. Hardware Failure of
Channel Data Check
NO Latch

YES
I Qutput Operation l Input Operation

Subtract 8 from Logged Suspect: Suspect:

CCW Address to Get 1. Main Storage 1. 1/O Device Bus Lines

Address of Failing CCW 2. Selector Channel 2. Interface and Cables
Data Path 3. Selector Channel Line

Receiver
4. Path from Receivers
to GR-Registers

Generate a Macro Loop
Using the Same CCWs
as Failing Program

Run Selector FLT

Suspect:
1. gelecfor Channel Clock Run Selector FLT ¥ N o ]
Failure Chart D, Sheet

2. Selector Priority

3. Hardware Failure of
Channel Confrol Check
Latch

Suspect:
Hardware Failure of
GR-Registers

Chart S, Sheet 2

DT Chart S Selector Channel (Sheet 1)
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YES Instruction Length
Check

Program Check

Selector Log #*

. YES
CSW Printout l
Inspect CSW  Printout CSW Printout
NO to Determine Failing
CCW Address
VES Subtract 8 From Logged
l CCW to get Address of
Failing CCW
Display Failing CCW, .
Determine if CCW is Inspect Printouts; Check I
Valid, Check: OP, Data as Follows
Addrefs,‘ Count, Flags, Display Failing CCW,
Two Tic’, and CCW Check As Follows
Address Invalid.
First CCW a TIC on S1O J
CAW Invalid
]
H
Set Address Compare Data Chaining A
Switch to Early ROAR
Stop
Set Switches A,B,C,D ziD LU’L'}S o Program
t
to 095D eck Lig "Residual Count YES
I in GCD -and/or l
2 b Device Not Sending or
erun Program NO Accepting Enough Bytes
to Channel
: Hardware Turns on Pro-
I gram Check Light Inspect Displayed Sel-
CPU Stop L ector Channel Command
Register
Memory Wrap During
YES | Data Transfer
I YES
Bit 7 On
Run- Selector FLT #* #%
I NO
Suspect: .
1. Wrap Detection Cir- ]: Input Operation | l Qutput Operation 1
cuits I l
_ ‘ Condition Should Not Device Not Accepting
_—— - Exist Last Byte from Channel
Check WX Address QAeT = 2 —
Wrap in Selector ROS I I
9AA| Request /
YES
QD041 SLI Bit On

One
Of Above
WX Addresses

Invelid TIC, Two TICs
9AA in a Row ’
92F | Invalid Low CCW Address

YES ! H5 =1 Turns on Sglector I o
! CPU Status Light QDosI
CCW Wrap or Chained

YES 9DE| Data Count =0

ILC Should Not Be Set

NO

ccw
Count Match
Record Size

Selector Light On

H5=1 Invalid Flag Byte or

933 | jnvalid Operation
NO 938
Error Occurred During 03,, Count = Zero
Command Chaining 939

Error Occurred During
StO

IL Check Should Be Set.
Must Adjust Count in CCW|

If Qutput Operation and
GSO =1 (GR Full), Then
Residual Count is GCD+1

Residual
Count in GCD and/or
CSW = Zero

YES

Selector Log %

Device Trying to Send Device Not Sending or
Subtract 8 from Logged or Accept Too Many Accepting Enough Bytes
CCW to Get Address of Bytes to Channel to Channel

Failing CCW

Display Failing CCW,
Determine if CCW is
Valid, Check: Op, Data
Address, Count, Flags,
Two Tic's, CCW Address

Run- Selector FLT # %

Suspect:
1. Circuit on GB
I 2. ILC Latch
Suspect:
1. Wrong Branch in Micro
Program
2. Hardware Failure of
S-Register

3. Decode of Program
Check Latch

Chart S, Sheet 3

DT Chart S Selector Channel (Sheet 2)
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YES

Protect Check

Do Manual Storage Dis-
play Using GUV Data
as Address

Display Q-Register Low

1

l Selector Log # w

( Inspect Failing CCW I

NO

Operation Bit 7 On

Input Operation

l Output Operation

Skip Bit On

Protect Check Should
Not Be Set

L Run Selector FLT ‘l

Suspect:
Circuits on KW061, Key
Matching Circvits

Check

GK -~ Registers Good

; Q-Register, P-4567
i Bits = Odd . GK-Register

1= Odd

Run Storage Protect Micro
(3350) and Macro (33C9)
Diagnostic Test

l

and Q-Low forOdd
Parity

GK~Register
P-Bit Failure

Do a Storage Protection
Stack Adjustment as Out-
lined in 2030 FEMM
Chapter 4

GK = Q-Low

YES

NO

Run Storage Protect Micro
(3350) and Macro (33C9)
Diagnostic Test

Protect Stack Failure l

I GK Register Failure

l

[ Run Selector FLT % # J

Do a Storage Protection
Stack Adjustment as Out-
lined in 2030 FEMM
Chapter 4

ICouId Be Program Problem

|

For Additional Aid, Pro-
ceed to the Device Chart

)

Chart D, Sheet 1

Run Storoge Protect Micro
(3350) and Macro (33C9%)
Diagnostic Test

|

Do a Storage Protection
Stack Adjustment as Out-
lined in 2030 FEMM
Chapter 4

DT Chart S Selector Channel (Sheet 3)



Index Chart |, Sheet 1

m Chart H, Sheet 1 :
-

) Assumptions:
That the Console

"Is the 1050 Intervention
{ Light on the Console On

|

| Has No Red indic-

| ators on As An End
Result

1

|

|

1.
YES

I 2. All Peripheral I/O's

i

[

1050 Intervention

Put All 1052 Switches
in Use Appear in On-Line and Ensure
Ready Status with No That Paper Is Correctly
Obvious Red Lights Use Off-Line Tester: Placed under the Paper
or Evident Mal- Especially Check the Contact

Functions 1050 Operational Line

Suspect Loose Cables;
Check for Other 2030 1. On OIF - Half Board

Wait Conditions 2 .
: Wait Light on and WX In the 1052

Address Is 00AE CLD 3.0n0lA-C20rC3

enance Manual,

| I
: Refer to the FE Maint-
: Chapter 1

Board
: QA941 = =TT
i Refer to ALD Pages
i PE5XX
Wait Light
Only Indication Is An -
Error Message Error Code Description | Remember Description for

1= Device E | Future Reference
evice Error
Chart W, Sheet 2 Device ror

Chart W, Sheet 2

: 1400 Compatability

| Intervention Wait Loop

vES Display the Command = -Eore Locations (Hex)
Address in the CAW | 49, 4A and 4B (First CCW

| Address)
Chart F Sheet 1

WX 1032

Display and Log the :!n Core (Hex) 41, 42, and
Unless the Rate Switch CSW Command Address 143 (Failing CCW + 8)

Is in Single Cycle or l

the Match Light Is on,
This Condition Is Invalid Compare the CAW
Command Address to the
CSW Command Address
Chart H, Sheet 1 Minus 8

I System Under Control of
: Basic Operating System

YES

Equal Compare

: SYSLOG Print Out I One CCW J | Chained CCW's —I
-l

YES l

Display and Log All of
the CCW(s)

Obtain: ‘7For Best Resuits Run
1. Sense Information I SEREP 3FE1 (Vol .40)

2. Diagnostic Log Area

NO

FFFF Displayed in A
and B Registers

Display Main Core Hex 3. Additional CSW
Address 0032 for Error Information
Code

- n
Unit Check, Unit

Exception, or Any Ab-
normal Combinations of
the Remaining Unit
Status Bits

| Message Identification
| No. 0701

YES

1D 0701

Code 00 YES
h NO

Program Check Has
Occurred. Storage

Machine Check . Run Printout Should Be . YES
SEREP - 3FEL (Vol. 40) Available Device Error
to Edit the Diagnostic
Scan Out Area Chart D, Sheet 1
Consult BOS SRL v
v Operators Guide, Chart P, Sheet 1
C24-5024, for Aids or
Chart C, Additional Action
Sheet 1

Chart M, Sheet 1

Continue Only for
Additional Aid
Chart W, Sheet 2 Chart S, Sheet 1
YES
Code 3F
Chart W, Chart W, Sheet 1
NO

Device Not Operational Sheet 2

Obtain Channel and
Device Address

| T0s/D0S - Display Core
! 0002 & 0003
I BOS Display Core
l 3A & 38

i Is the Console at Fault

If the Desired Device Is
Ready, Try IPL'ing to |t
and Observe the Initial
Selection Sequence

M To b L.

{ This Technique Works

| With 1/O Devices, too.
Use the Initial Address

! Stop Portion of the IPL

|

|

Flow Chart ROAR Stop
Chart 1

DT Chart WX Wait and/or Error Messages, Unexpected External Interrupt (Sheet 1) -



Chart W, Sheet 1

Il System Under Control of
| Tape or Disk Operating
| Systems

YES
TOS or DOS

Consult TOS (C24-5021)
or DOS (C24-5022)
Operator's Guide for
Aids or Additional Action

Display Main Core
Location 0001 for Mess-
age Code

Code | HEX | Description

|
Fw Tee Wait
| s SEREP

An Unrecoverable Error
on the System Resident
Device Has Occurred.
RE-IPL Job or Check

System Resident Device
Off-Line

Machine Check. Run
SEREP - 3FET (Vol. 40)
to Edit the Diagnostic
Scan Out Area

Chart C, Sheet 1

Device Not Operational

Chart W, Sheet 1

Channel Error

Chart W, Sheet 1

l Diagnostic Monitor
| Controlled

YES

For Wait State Aids

Refer to DMA4/30

Write Up in Section 5.4,1
under iD3020 (Vol . 40)

Additional Aid--Refer to
the DMA Flowchart in
the 2030 CE Handbook
under Operator's Flow=

chart A
1

To Clarify Error Messages,
the DM4 Message Editor
310A (Vol. 40) Should
Follow DM4 When Loaded

Chart W,
Sheet 1

Assemble All Available
Data to Locate Failure
or Categorize Symptom
for Further Action

Consult the Particular ;Under Normal Conditions,
Operator's Guide and tthe Operator's Guide
Make Use of Any Error | Will Supply the Necessary
Messages . lAcﬁon
Examples:

OS--C28-6540

TOE--C26-3564

Condition Code 3
— : Being Set after Start |/O

YES
1/O Not Operational

Chart W, Sheetl

Chart W, Sheet 3

Chart W,
Sheet 1

| The CPU Waiting For An
| Interrupt, But Wait
) Loop Never Exited

Expecting Interrupt

- AUX Storage -
(LS) 0B8

. - 1
NO Display the Active PSW I Bits on Allow Interrupts
System Mask in !

Compare the Stored
Mask with the Outputs

I"Bit 0--MPLX Channel
: 1-=Selector
I
|
i
|

of the Hardware Latches 2—-5:&1';:: ]
on ALD FATI Channel 2
7--External

NO

Suspect:

Incorrect Mask
2. The Interrupt Key Mask Set
Does Not Turn off

1. Program Has Use The Set IC Routine
to Check the Storage to

Bit 1 of the F-Regis-
ter (Display the F-
Register)

3. 1050 Request Key
Does not Turn on the
1050 Request Light
on the Console

4. The interval Timer
Is not Functioning

l WE | Chart W, Sheet 3

IDid the Operating Super-
| visor Automatically Log

1/0 or Channel YES

Oriented

NO | Out Pertinent 1/O Data
]
) NO
Log Supplied
YES Obtain:

1. The Resultant CSW

2. The Failing CCW or
CCW Siring

3. The Sense Byte(s) of
the Failing Unit

|

Using Obtained Data,
Record the Following:
1. Channel and Unit
Address

CSW Channel Status
. CSW Unit Status

. CSW Residual Count
CCW Storage Key

. CCW Flag Bits

. Failing Command

NoosrwN

ception, or Any Abnormal
Combinations of the

| Remaining Unit Status

| Bits

| Unit Check, Unit Ex-

Store E1 in Local
Storage System Mask .
Set Rate Switch to
fnstruction Step, Press
the SYSTEM RESET, Set
IC and Start Keys .
Hardware Mask Latches
Should All Be Set On.
All Should Go off when
IE Is Stored in System
Mask and the Set IC
and START Key Are
Pressed

Normally the Failing

CSW Is Still Located

in Main Core Hex Loc-
ation 0040. Using the
Command Address in the
CSW Minus 8, Locate the
Last CCW. Log All of the
CCWs. The Rest of the
Information Is Best Obtain-

| ed By Running SEREP -
| 3FET (Vol 40)
L

Run In SEREP - 3FE1
(Vol . 40) to Edit
Diagnostic Log Area

Chart C, Sheet 1

Program Check
Chart P, Sheet 1

YES

Chart W, Sheet 3

None of the Above
Categories

Run SEREP--3FE1

(Vol . 40)
1. To See if Any Error
Logs Exist

2. To Reset Error Log
Area for Next Run

Chart D, Sheet 1

Chart M, Sheet |

DT Chart WX Wait and/or Error Messages, Unexpected External Interrupt (Sheet 2)



Chart W, Sheet 2

AN

Diagnostic Check
Procedure

Follow the R/W Storage
Diagnostic Procedure
Outlined in Item 4 of
Test 3348 (Vol. 41)

Run the Multiplexor
Micro Repop Diag-
nostic Test 3346 (Vol .41)

[

This Procedure Includes
Basic Test BFF and the
Priority CTRLS Micro
Repop Diagnostic

If the Selector Channels
Are Being Used, Run the
Associated FLTs

Run the CPU Standard-
Set Macro Diagnostics
ID 3201 through ID 3263
(Vol . 42)

Additional Aids

Place Check Control
Switch to Stop

| To Catch CPU Checks
| and Certain Selector
| Channel Failures

Address Compare Switch
to Early Roar Stop.
Compare Address Switches
(ABCD) to 0147

Address 0147 s An
Indication Of a Program
Check=-~The Preceding
WX Address Indicates
where The Program
Check Came from

With the Above Con-
ditions, Rerun the
Failing Job

Check for the Match
Light or Console Red
Lights

If Failure Reoccurs,
Programming Aid Is
Necessary. If Sympton
Changes, Use Approp-
riate Chart

(Volume 41)

Selector Channel 1
Test 3447

Selector Channel 2
Test 344A

Index

: Unexpected External
IL Interrupts

-
Lcheck the External Old l

PSW Program Mask

1" Main Core Location
| 0018

]

Mask Bit 7

NO

! Bit 7--Allow External

: Interrupt
Hardware Should Have
Blocked This Interrupt

Suspect:
1. The External Inter-
rupt Mask Latch
(FA 111) Was Set
Extraneously
2. The External Inter-
rupt Latch (RF041)
Was Set Extraneously

~

The State of These
Latches Has Probably
Been Changed

Determine From External
Old PSW the Channel
That Interrupted

Code 00

| Use the System/360
! General FE Handbook
1" for the Code. The
: Core Location Is 001B

Suspect: The External
Interrupt Latch (RF041)
Was Set Extraneously

1 Hexcode 40

Suspect:

1. Bad Interrupt Key

2. Bad F-Register 1 or
Console Interrupt
Latch on (RFO11)

No Unit or Feature
Assigned to This Channel

Unused Channel

Suspect:

1. Noise on the External
Cable Setting the
Appropriate F-Regis=
Bit (RF 011 through
RFO31)

2. Power Was Brought
Up on Specific I/O

Unit

Run the Direct Control
Macro Test 34E1 (Vol. 43)
and All Associated Tests
for The 1/O Unit

DT Chart WX Wait and/or Error Messages, Unexpected External Interrupt (Sheet 3)

Suspect: Noise Setting
the Associcted F-Regis-
ter Bit (RFO11 through
RFO31)

| HEX Code 80
|

Suspect:
Timer Switch on or
Faulty

| ’

NO

HEX Codes 01, 02, 04,

10, and 20

Multiple Interrupt Codes,
Interrupt Codes Are Bit
Significant and Byte

Can Be Decoded




I Power On Light
is OFF

Thermal Light On

Inspect for Signs of Over-
heating at Gates, R/W
Mem Units, C-CROS and
Power Tower. On the 50-
Cycle Machine there Are
Two Thermal Switches in
the Midpak Transformers
That Open when Over-
heated

YZ042

YES

Fault Located

1

Thermal Reset

Thermal
Light Out

Ambient
Temperature Return
to Normal

YES

Power Up, Check Air
Flow from All Blowers

Fault Located

Thermal Light Returns

Jumper Terminals On TB9

to Locate Faulty Thermal

Switch or Connection
YZ

YES

Repair or Replace Faulty
Components. Thermal
Reset and Press Power On

DT Chart YZ Power and LP Light (Sheet 1)

QV/0C Trip
Light On

NO

Inspect Failing Supply and
its Pluggable Cards. On

Inv/Conv Machines Check
the Outboard OV Assembly
for Signs of Overheated or
Burned Components. Check
Inv/Conv Fuses 1 and 2

YES

Fault Located

Reset Over Current Cond-
ition and Press Power On

NO

OV/OC Light On

OV/OC Light Again

Intermittent Trouble .
Check All DC Voltages.
Check QV Trip Point of
Failing Supply . Inspect
Entire Power Area for
Loose Wires and Screws .
Check that Machine Is
Wired Correctly for Act-
val Mainline Voltage
(208/230)

Different Supply

Same Supply

Exchange Pluggable Cards
in Failing Supply with
Spares

YES

Fault Located

Mid-Pac
Type of Power Supply

L - -

Should Not Happen
for Mid-Pac

Conv/Inv

l

Remove Amplifier Card
from Failing Supply .
Power On

Short in Load

Disconnected Load from
-Supply at Feed through
Capacitor at the Top of
the Power Tower

Power Transistor Shorted
in Series Regulator

OV/OC Light Again

Disconnect Distribution
Branches Logically to
Locate the Section of the
Machine that Is Shorted .
Logic YZ062 Shows the
Primary Distribution for
Each Supply

If Short Is on Gate, Iso-
late at Laminar Bus to
Locate Board

Remove Cards Progressively
to Locate Shorted Card on
Board

(108 XSTR)
YES
Perform Conv/Inv Check-
out Procedure Outlined in
Chapter 5 of the 2030
FEMM
YES

Fault Located

Check Power Line for
Out-of-SpecVoltage
Fluctuations . Check that
Machine Is Wired Prop-
erly for Line Voltage Con-
ditions (208 or 230)

]

Chart Y, Sheet 2

R

Repair or Replace Faulty
Components . Reset
OV/OC indication and
Press Power On




Chart Y, Sheet 1

All /O Units
Powered

Power On Lamp Failure

Some 1/O Units
Powered

Trouble . Be Sure all Units

YZ051, YZ052

Determine Power On Seq-
uence of Units from EPO
Tailgate Plugging. Check
Last Box Up and First One
Not Up for Sequencing

Have Line Power . Check
Stepper Switch and /0O
Control Relays (RY8 thru
RY15) for the 1/O Position
Indicated . See Logic

For the Following Checks,
Press and Hold the Power-
On Key if Necessary to
Keep the Power-On Seq-
vence initiated

Blowers Operating

Check for 24VDC between
EC4-1A(+) and EC 3-5A(-)

(YZ041)

Check TDR 1, Logic
Y2041

24 VDC Present

Check All DC Voltages
at Feed through Capaci-
tors at Top of Power
Tower

All
Voltages Present

RY3
K2

Check for 28 VAC be-
tween TB2-4 and TB2-7

28 VAC Present

NO

/SOME

Voltages Present

Check: K1, RY3, CR1
CR2, CR3, CR4
See YZ021

NO

Check:

Mainline Power EPO
Switch

CB1

Mainline Switch on 50-
Cycle Only

F2

CB2 (Not on all Mach-
ines}

See YZ021 (60nv)

or YZ121 (50)

Type of
Power Supply

Conv/Inv

Fuses
1, 2 (Conv/Inv)

Blown

Bad or No Output from
Conv/lnv

YES

Check 1/O Unit
Line Power

EPO Cables Properly
Plugged

CPU EPO Dummy Plug
in Next Position after
Last [/O

Check Stepper Switch
Operation - Refer to
Chapter 5 of 2030 FEMM
and YZ051

Check 1/O Control Re-
lays RY8, RY9. YZ052

YES

-30 (M21)
or +40 (M2)
Missing

Check:
RYS3, RY4, K3

Check Individual Module
for Missing Voltage

Mid=-Pac

Check:
CB2 (60rv) Bulk XFMR
Connections

Thermal Switch (2) in
50vBulk XFMR Assembly

YES

Repalce Both Fuses

If Fuses Blow Again

A4

Perform Conv/Inv Check-
out Procedure Outlined
in the FEMM . Refer to
Chapter 5 of 2030 FEMM

Repair or Replace Faulty
Components

]

Index

Chart |, Sheet 1

F_ﬂ

LP Light On

Check Air Pressure Gage
Pump Starts at 3.9 + .3
Pst

Pump Stops at 6.9 + .3
PSI. Refer to Chapter 5
of 2030 FEMM and YZ044

R/W Memory Type

YES

Pressure Sw #1 Failing
or Needs Adjustment .
Relief Vaive Opens at

81+ .5pPs|

Check R/W Mem #1
Array Temperature Refer
to Chapter 4 of 2030
FEMM

NO

Over 91° F

YES

R/W No 2 Installed

Over 91°F

False Low-Pressure
Indication. Check
Pressure Sw #2 Opera-
tion and Adjustment,
See YZ044 and YZ045

NO

Often

Pump Running

Should Open at.
8+ .5 PS|

Air Leak . Check All Pump
Hose and Air Bag Con-
nections. Check Air Pres-
sure Releif Valve. |t

Check Pressure Switch 1
Adjustment . Check for
Clogged Air Filter (Pump).
Pump Motor Has a Thermal
Cutout which May Have
Operated . See YZ044 and
Refer to Chapter 5 of
2030 FEMM

FEMM

Array Temp Too Low
Check Array Heater and
Fan Operation YZ045 and
Refer to Chepter 5 of 2030

f Heater is Off, Check
Conttoller Operation
and Adjustment . Note 1

DT Chart YZ Power and LP Light (Sheet 2)




IPL THREE CARD HEX LOADER - MPX CHANNEL BURST MODE

OVERALL SEQUENCE FOR
Ist CARD

e T N

Set F G H J Switches to
Device Address

l Depress IPL Key |

[BFF Runs 128 Times |

IPLRoutine Forces 1st CCW
in Core 00,Format 020000~
0060000018 Command
Chaining On

Force SIO,Execute 1st CCW

Determine if Using Sel
Chan or Mpx Chan
$2=1=Sel

$2=0=Mpx

rlnif Sel Seq Start ]

[

Efor’{ Data Handling Seq l

Stop Data Handling Seq
When CT=0

CE,Check CE Status for
Error, Issue Serv Out

Do Not Put CE in IB
Feed a Card
I

[ Trap to 010 '
|

DE Status,Check, Service

Out Issued

1st Card Loaded
1. PSW in 00

2. CCWin 08
3. CCW.in 10

OVERALL SEQUENCE
FOR DATA FLOW
2nd CARD

e et ——_

Force Start I/O To
Execute 2nd CCW

I,

Initial Sel Seq

Data Handling Start l

Control Unit Initiates
The CE Sequence

CE Status Checked
for Error, CE Not Put
In IB,Feed Card

DE Causes MPX Channel
Trap to 010

DE Status Checked,OK,
Serv Out Issued

2nd Card Loads Data
Starting at Addr 288

DETAILED SEQUENCE FOR 1st CARD

INFORMATION

e et

ROS ADDRESS LOGIC PAGE

S2=1=Sel
$2=0=Mpx

MPX or SEL Channel FF—- 588 | — —{ aco11 |

|Addr Out-supp Out_ |~ 580 | —acost |
|

Addr Out-Sel Out |—-[ 59D }- — — QC051 ]
Op In
[Op In-Addr In 508 }——{acos |

[StatIn-OpIn  }—580 }——Qcos1 |
|

[Enter Data Loop ~ F—~ 6C1 }—-qc231 ]

[
Op In=Serv In - ——{ 62F |- ——Qcos1 |
Count=0 ]

[
Op In=Stat In -—- 610 }—- qcos1 |
FI=CE 00001000
Feed Card

I
Supp Out=Stat In- | — 638 | —-Qqci21 |

Op In FI=CE Issue
Serv Out
]

| Supp Out F~d A F-—acia |
|
Trap to 010 Caused |- —~{ 010 |- — - QC201 |
by DE Int

[ Check for StatIn | —— 6C1 | —~{qc231 |

Serv Out Issued to
Stat In

-— 1 F—-—{aqci3 |

ccw

I

Start Getting Next ———l 6B9 }— ——-{ QC131 ]

Ready to Execute

Finish with CCW L ——{ 569 ]-——{ qco31 ]

DETAILED SEQUENCE FOR 2nd CARD

INFORMATION

ROS ADDRESS LOGIC PAGE

Addr Out-Supp Out - — = 5A0 - —-{ acos1 |

Op In

Addr Out-Sel Ost |——] 590 }—- acos1 |

Op In-Addr In {58 =< qcost |

of Initial Sel Seq

Stat In=Op In End }=—— 580 }—— QCO051 |

LEnrer Data Loop }"——‘{ 6C1H '——-I QC231]

Data Handling

Cont Unit Ends ———[6A—7‘— —-l QCI

Op In FI=CE Issue
Serv Out

Supp Out=Stat In  f-——{ 638 —-I QcC121 |

[ Supp oqu b —— 67A |-=- QClél |
J

by DE Int

Trap to 010 Caused |- —— 010 —-{ @c201 |

[
{ Check for Stat In  |—— 6C1 }—- QC231 |

LServ Oufllssued J-———I 6B1 J——-‘l QC131 |
1

Start Getting Next |- — -{ 689 }— QC131]
CCW

Finish with CCW = — {569 } —- QcCo31 |
Ready to Execute

IPL Three Card Hex Loader--MPX Channel Burst Mode RS Chart 1 (Sheet 1)



IPL THREE CARD HEX LOADER ~ MPX CHANNEL BURST MODE

OVERALL SEQUENCE FOR DETAILED SEQUENCE FOR 3rd CARD
3rd CARD
INFORMATION ROS ADDRESS LOGIC PAGE
—— e — ——
Force SIO to Execute [ Addr Out-Supp Out I— —--{ 5A0 l——-{ QCO51 I
3rd CCW
Addr Out-Sel Out [~ =590 }-— QC051 ]
Op In
Llniﬁcnl Sel Seq |

Op In-AddrIn | ——] 5A8 }-—— Qcos1 ]

LData Handling Start I

Stat In=Op In,End |- —— 580 F—— QcCo51]
of Initial Sel Seq
Handle CE Which Was i

Initiated by Control Unit Enter Data Loop I———t e l“""! ] |

:

CE Back 19 CPU Chocked Control Unit End | —— 647 -- Qci21]
. Initiates CE Status

Prepare for IPL
Windup

for Error Status,OK,lssue
Serv Out,CE Not Put In
IB,Feed 3rd Card

IPL Windop Rootine [ Reset Load Light | —— 6FE |—- QC351 ]
Reset Load Light

[ Enter LPSW Rtne  }=——{ 0377 —- Qa921]

Go to Load PSW Routine

to Setup 1st PSW from l | Cycle Slm” | —ﬂ09 I__'I QA001 l
Main S 000
s DE Stat Causes —— 010 -4 ac201]
Trap to 010
I
010 Trap Caused by DE Load IB with Dev  f—— —[ 63D i———{ QCI121 l
Int Addr |
1
Check Dev End Status [ Load IB with 00 Statl-——{ 640 |-—- QC121 |
Store Device Addr and 00 ]
Status in the IB Issue Comm Out to |- ——{ 64D |-~ QCi21]
Stat In
Issue Comm Out if Stat [ Restore CPU —— 6D9 -4 Qc3ii]
Goeod :
| Go to I Cycles ] [ Restore WXReg  |-——{ &7F |- qc3it]

IPL Three Card Hex Loader-~MPX Channel Burst Mode RS Chart 1 (Sheet 2)



SELECTOR CHANNEL - TAPE & FILE IPL

OVER~-ALL SEQUENCE DETAILED SEQUENCE
INFORMATION ROS ADDRESS LOGIC PAGE

P e, S NS e i — ———
IPL Key Check for Sel or —-—{ 588 }————-{ QCO11 \
MPX Channel
$2=1=Sel
System Runs BFF S2=0=MPX
128 Times
Check for Sel # 1or2f}—— 919 |——f QDO11
IPL Forces 1st CCW in ggj;ée: ;
MS 000,1st CCW Format —Ume
02000000
60000018

[CCasLl Flogs =919 - --4QDosi |

Addr In-Op In — 93A — QD051
Sel Out

Gate SWS GHJ for
Device Address

Check S2 for Sel Channel rComm Out lssued —}-__-{ 993 I‘__{&D(E_

52=1=Sel
$2=0=MPX
Stat In,Stat in the ————-Lﬁj—- QD081
For File CR Reg
Initial Sel Seq See Note on
___} Sheet 2
Check Channel ——{ 97A I—- -QDOS'I
Enter IPL Wait Loop Stat=To 0
for Data Cycles
Tape Motion Occurs p—— 9C1 —— QD091
After Execution of
Trap o This
to 00B or 008 ‘ '
008 Depending Y

| IPL Wait Word J__-{ 954 J_

on Chaining

00B Trap Caused 00B Trap Ccuseo.l I?Y — —m_'_
DE CE And Chaining
by DE,CE '
and Chainin Op In=Stat In-Supp
’ Out

DE and CE in the "—[LOC_J—
Data Reg

Issue Serv Out I

Bring Up Supp Out Serv Out Issued to ——‘@—

Stat In,Should Not
be Displ on Console

Get 2nd CCW and .
Put it in Sel Channel Supp Out-Up |‘——‘ 98B }———l QD111 |

Registers
Addr Out,Addr of 937 QD061
Device in
Data Reg

Initial Sel Seq |

go to IPL Wait Word Addr Out-Supp Out }___I 972J_ l QDO51 l

Sel Out=Supp Out

Comm Out Issued  |— 993 QD081

Should not be Dis-

played on Console
|

Op In-Sel Out — —| 9F4 l-———-QDOSI

Stat In=Supp Out
|

rO Stat in (IBr Reg F —[ 9BC1—

Serv Out Issued — 9Cl1 QD091
Tape Moves
Supp Out-Up

-
LlPLWait\?lord - —{ 954 }—— QD091]

Selector Channel=~Tape and File IPL RS Chart 2 (Sheet 1)



SELECTOR CHANNEL - TAPE & FILE IPL

OVER-ALL SEQUENCE DETAILED SEQUENCE
INFORMATION ROS ADDRESS LOGIC PAGE

e e ———
— — p— QD121
008 Trap Ending Sequence SO[:l> Ig-ftat In 008
Caused by DE and CE el Ou
No Chain
| Op In-Stat In - — A0l |—— aDi21

Reset Load Light

T Sy Ty
Issue Serv Out -—-[A_OBI—-

Should Not Be
rGo To | Cycle Start Displayed on the

Console

Begin Load PSW

Drop Op In-Stat In {——] A10 }——] QD121

[ Reset Load Light |——] 6FE |- — @c3s1 |

Device Addr — 6F9 QC351

In R Reg

PSW Routine

| Cycle Start J—-—{ 109 J'—-

NOTE:

1. File Control Unit Decodes the 02 as a Read
IPL

2. Control Unit Causes a Seek to Cylinder Zero
3. Selects Head Zero

4. Search Address Mark on Record One

5. Reads Record One Data Field (24 Byte Loader)
6. Present Ending Status

7.  Channel takes an 00B Trap if Chaining is

designated in the Selector Channel GF
Register

Selector Channel-~Tape and File IPL RS Chart 2 (Sheet 2)



1 OBJECTIVE APPROACH TO CHANNELS

A. Enter the following program using the illustrated
variables desired to simulate your failure. Enter
the program by using either manual store or BF6.

NOTE: Clear Memory using BF8 prior to enter-
ing program,

Review of BF6 procedure:

1. System Reset

Set IC to 1st Address to be Altered

Roar Reset to BF6

Start

Set Switches HJ to Desired Character

Start

Repeat Step 5 & 6 until Data Entry is Complete

®w - o ok W N

Set IC to 500; Depress Start

MAIN STORAGE ADDRESS

By insertion of the following instructions in front
of the I/O program, we can simulate customer
operation. This is accomplished by introducing
a time constant prior to execution of the I/0
program.

MAIN STORAGE ADDRESS

Load Reg 04F8 41 10 01 00

Branch on Count 04FC 46 10 04 FC
0500 - Beginning of I/0
Program

In the above example, we load register 1 with a
value of Hex 100 which in turn causes the Branch
on Count instruction to cycle 256 times prior to
entering the I/0 program, It should be noted that
by changing the address in the Load Reg instruc-
tion varies the cycle time on the Branch on Count
instruction.

Test /O 0500 9D 00  OX XX
i Channel And
0504 a4 70 05 00 ;""“ge:?:: AAdzress
Start /O 0508 9C 00  OX XX .
050C 47 70 05 08
0510 47 FO 05 00
CAW 0048 00 00 06 00
ccw 0600 XX 00 07 01 20 00 00 XX
Command c
Code ount
Write 01 30  Less Than Buffer Size
Read 02 50  Buffer Size
Write/Space 09\30 Less Than Buffer Size
50  Buffer Size
30  Less Than Buffer Size
84  Buffer Size
PROGRAM FLOW IN INSTRUCTION STEP FOR SELECTOR/MPX CHANNELS
For MPX Page 4.12
no For SEL  Page 4.17
No cc
0
j Yes
For MPX Page 4.13
S10 For SEL  Page 4.17
No
CcC
0
Yes
Unconditional
Branch
Address of Next [nstruc= MPX = Channel S —
tion Displayed in A & B Address Trace l 500 | 504 | 500 | 504 | 500 | 504 | 508 | 50C | 510
Reg in Instruction Step. Condition Code 1 1 0 0
NOTE: Initial Test I/O Interrupt = Buffer 00 00 00 08
after éycstem Rgset has: CSW - Byte 44 08 04 04 04 | 04 04 04 | 04
B = 00 CSW - Byte 45 00 00 00 00 | 00 00 00 | 00
CSw= 00
Condition Code settings
shown in charts are after
execution of instruction. SEL- Channe! —
Address Trace 500 | 504 | 500 | 504 | 508
Condition Code 1 1 0 0
CSW = Byte 44 0C | 0C 0C | 0C
L CSW - Byte 45 00 | 0o [y [ oo | 00

Objective Approach to Channels RS Chart 3 (Sheet 1)



TEST I/O - MPX = PRINTER - READER - PUNCH

Active
Bit
On

Yes
————{5FC__ |- aco41 |

[QCos1 |-~ 540 }——] Address Out

I
[acost |- 590 |- — select Out

|
| Qcost |- 5a8 |—— Op In-Addr In
l

]

Qcost |- sap | —f Comm Out
|

| Q051 |-~ 582 |——{ Status In

]

| QC071 |-— 569 F=— serv Out-Stat In

Drops

Status

Yes

No

On Status
Modifier
Bit

\
[ Partial CSW Store |

] [UCW Addr=tnter Boff -—{ 5.1 aci41 |

Off

l Complete CSW SforeJ

L Allow Traps

l———57C or F—--{ QCl161

57D

If S2=1

Turn Off Active Bit

Three Passes are Made Thru This Routine,
Flow Determined by Following Decisions:

Pass 1 - Active Bit On

Pass 2 - Active Bit Off and Status Non Zero

Pass 3 - Active Bit Off and Status 00
MPX = SIO INITIAL SELECTION

SEQUENCE

P e, R N

| 0p Out ]

——s51 - qc4or |

3|
LStore Condition Cod:‘.__‘ 5EA J-——( OC151 J

NOTE:

LRe’rurn to | Cycles l

ROS ADDRESS LOGIC PAGE

—

[ Addr Out ———5800 }——acos1 ]

Sel Out = Add Out f— —~—{590 }— —Jqcos1 |

[ Opin-Addrin |———{58 |——] Q051

| Comm Out ———580_}——Qcosi

Pass Thru 5EA 3 Times
Pass 1 and 2, CC=1
Pass 3, CC=0

CC Displayed in MSDR
Address XOBB in MSAR

Not Displayed Due to Very Short
Duration Command is On Bus Out

[ StatIn - OpIn , —'——[ﬂ IQCOS’I l Display FI for Status Byte

[ serv Out - — —{609_}——-{Qco71 |

I Data Loop Entry ]'—— ——{El—l—— —IQC231

Y

Exit to Proper Routine is Dependent
on the Count Fld and Mode Setting

Objective Approach to Channels RS Chart 3 (Sheet 2)



MPX - SIO INPUT/OUTPUT BURST OR BYTE MODE CHART REPRESENTS = TO AND LESS THAN BUFFER SIZE

Less Than Buffer Size ROS ADDR
CE Alone simulates a Run Condi- LOGIC PAGE
tion and can be achieved with
following sequence:
1. Roar Stop at 62F
2. Set Roar Stop to 67A o| SVIUp 671
3. Activate Start Key twice Entry into Data Loop QCO081
rapidly to eliminate stop at
61D and assure stop at 67A %88
before Card is fed Test Ct
Set 52=1 if Ct not Zero 0Co081
Ct = To Buffer Size
CE alone to simulate Run Condi-
tion.
1. SAR Stop 74F
2. Roar Stop at 67A
No
Count =0
Yes
Ct=Zero, 52=0
Set G6, G3 = (11) 069(’)0
Br on SV, SVI Co8!
Sl
svi
[Counf = To Buffer Size —}‘— -l
Ct Zero, Send Cmd Out o2F
Set G6, G3 = (01) -
Ct = 30 - Less than Buffer ocosi
Size
Status In N 672
Branch on G6, G3 QCO%1
Read out UCW Byte 0 o1 1 Read out Status Byte of
A5 | _| (Status), Store WLR ifno | (O1) D _lucw -6, G3=1 6A7
QCI111 r SILI Bit, Gé, G3 = (01), Count = To Buffer Size QCII
Cmd out to SVI
Read out UCW Byte 1 = 6A8
Op & Flags QCI111
Check UCW Active, Test 6AD
Bit 5 of UCW Byte 1, - QcClll
Active Set S2=1
Branch on IPL L 647
Test Ft - Bus QCI121
H
]
i IPL
63A
QC351
650
[Brunch on 1B Full }‘ QCI121
63C _| 1B Full Yes 18 Foll o | IB Empty, Load Unit Addr | 63D
QcC121 Read out Status Byte v into 1B LS 88 QcCi21

&

N

MPX==S10O Input/Output Burst or Byte Mode RS Chart 4 (Sheet 1)




" MPX - SIO INPUT/OUTPUT OR BYTE MODE CHART REPRESENTS = TO AND LESS THAN BUFFER SIZE

‘ 2 I 3 ROS ADDR
LOGIC PAGE

64E 63E
YT —{ Check 1B for CHE ] [ Status In, FI = CE ——Toce
o UCW Active, This is DE First Status from Unit
D — Status, Send Cmd-Out to Store Status in IB — 638
QcCi21 Stack Status, Set $6=1 to Serv-Out To Status-in QCI121]
Indicate DE Status

l

Branch on Op-in 67A
Wait for Op-In to Fall QCl161
Op-=-In down, Exit to VCW 75
Restore Entry, Unit o Clel
dropped off Interface Q
Begin UCW Update R 6CD
Fl = Device Addr QC301
Exit UCW Restore, Enter L 664
CPU Restore QC301
Branch out of CPU Restore| 6D9
if MPX Req In is active QC311
MPX Req, Set Sé to
6E1 ’ Yes Req In No | No Req, UCW Acti 4E3
—1 reflect G5 Branch to Re . ‘ qr chive,
QC311 Entry 9 Active s4, G5=(11) QC31
Turn off MPX Oper Latch | 180
Return to | Cycles QC311
I Cycles next Op Code | _ 109
displayed in MSDR QA001
MPX CHANNEL SHARE REQUEST ENTRY
A70
Branch on, Reg=~In ]‘ oc21
Cmd-Out (Proceed), Turn 6D4
on MPX Operation Latch QC211
Load UCW Op & Flag 6BD
Byte into G Reg for B QcC221
Branching Stat-In, FI=DE
UCW Active S6, Read out | 65F
Data Addr from UCW QC221
Entry Final, Housekeeping| 6C4
Routinge QC231
Entry to Data Loop or L 6C1
Status Branch on ST, SVI QC231

ST SVi

U N

MPX~-=S10 Input/Output Burst or Byte Mode RS Chart 4 (Sheet 2)



SELECTOR CHANNEL

CAS FLOW SEQUENCE

— e it —

ROS LOGIC
ADDRESS PAGE
——

Check for Sel or
MPX Channel
S2=1=Sel
52=0=MPX

Check for Sel #1 or 2

S7-1-5el | -
S7=2=Sel 2

|
[Addr Out - —{935 |- —<{oD051]
[Op In,Add In,Sel Out |~ —{93A - —{GDO51 |
@mmand Out Issued j—
[Op In, Sel Out, Status In = —{9F4 }— —{QDO8I ]
[Stat In, Status in GR Reg = —]98C }— —{oD081 |
Check Channel .
Status=To "O" _|97A l_‘ —{OD08] |
Data Transfer begins after =
execution of the word I ﬂ"_ _Im_l

Op In, Sel Out, Status in
after end of Data Transfer

- {5} (e

Begin to return to |
Cycles

The Channel

A. The Channel Returns Control to the CPU.
B. Control Unit Presents Ending Status.

C. 008 or 00B Trap is Taken Depending on Chaining.

Trap To
00B or 008

Depending on
Chaining

[Trap to 008, no Chaining |~ —{008 }— —{QD121]

Y
[Trap to 00B Chaining  }—= —{ 008 }= ~{ QDIIT]

CE & DE no Chaining
Op In, Stat In, Sel Out,
This branch taken on final

CCwW

R I e

| Op In, Stat In

= A0} {qbpi121]

Issue Serv Out should

not be displayed on - -'rA_OF}'- —" QD121 |
Console
Wrop Op In, Stat In }— —L,Ai]_}— —-| QD121 ]

Reset ROSAR to Add of
dead cycle ROS word

t— —{9oF1 - QD111

[ Return to | Cycles

]

Selector Channel RS Chart 5 (Sheet 1)
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TRAP, CHAINING ON SELECTOR CHANNEL

ROS LOGIC
CAS FLOW SEQUENCE ADDRESS PAGE
M
00B Trap caused by CE,
DE and Chaining . 00B —{apin
Op In, Status In, _I }- Q l
Supp Out

On File Seek Op - If access moves, gets DE
only

"CE" and/or "DE" in the

Data Reg .
|

Serv Out issued to Stat In . :
-+ Store CPU into Local St R

Should not be displayed [ —|_0F—D‘- —‘QDHI—I ore into Local otorage Registers

on Console
[[supp Out-Up f— —988 I —qbDii1]

|- Set up next CCW Address from Local Storage

Addr Op Device in the Address 8E and 8F for Sel Ch 1

Data Re': — —1937 = —{QDoéi | AE and AF for Sel Ch 2

[Add Out, Supp Out +— —972} —{qpos51]
|

Op In, Add In l_—l
Sel Out, Supp Out — 922 IQDO5] l
I« Next CCW is read out of Main Storage and
Comm Out issued should put in Channel Registers
not be displayed on — — 993 - —{qDos1]
Console
|
Op In, Sel Out . _[or4 - —{qpost]

Status In, Supp Out

|
[ 0 Status in GR Reg - —98C }- —{QD081]
|

Serv Out issues Data
Transfer begins — —9C1 }— —{GD0%1 ]
Supp Out

Restore ROSAR

Set H5=0 — 9F1 -{QD111]

Channel will Trap

)

Selector Channel RS Chart 5 (Sheet 2)



SELECTOR CHANNEL TIO AND SIO

SEQUENCE ROS ADDR LOGIC PAGE SEQUENCE ROS ADDR LOGIC PAGE

e

TEST 1/O START 1/0

[ Addr Out ]—-{ 99D J——I Qoo71l LAddr Out H 935J— QDOS]J
[Opln —Adcllr In = Sel Ouf-{ 99C l——[ QDO71 | Op In -Ad[dr In - - 934 |—{ QD051 |

Sel Out

[Op In - Addr In }-{ 986 }-— qDo81 | Op In = Sel Out - 9F4  —{qDo81 ]

Stat In
[ Opln-Statin - 980 }-— qpos1 ]

Serv In - Sel Out ~-{ 98F  —{QD091 |

Op In
l

Op In - Sel Out - Stat |—{ 93 |- Qpo91 |
In-CC=0

[ Retumto 1 Cycles | 109 F— qao01 |

r—{ 98A - QD021 | |
[ Chan End Dev End Trap |-—{ 008 |—{@Di121 |
[

[Set Intr Lt A0 --{aDp121 ]
I
Return to Interrupt }
Micro Program

o This Trap Can Occur Either in Branch or in

—— 98A |—— QD021 | TIO Instruction.

If Roar Stop at 986 is Used, the Program Stops
in the TIO Instruction at the Point Where
CC =1 is Set and the Trap is Already Taken

—4—— QD131 ie. After Restart the Program Goes One More
Time Through the TIO Instruction in Order to
Set CC=0
setcc=1 [T %A |~—{ Qo2 |

L Return to | Cycles J—l ]W}—‘FQAOOI |

Selector Channel TIO and SIO RS Chart & (Sheet 1)



1400 COMPATIBILITY | CYCLE
500 M 555 666

507 B
555"
666 1
OVER-ALL SEQUENCE DETAILED SEQUENCE
INFORMATION ROS ADDRESS LOGIC PAGE
T e — | s e
Readout OP Code Check |- — — —— — — — —{1400 OP Code =94 | ~-{ 11CD}- = —{ QE001 |
OP Code for WM displayed in R-Reg
R-Reg Bit 1=0=WM
1 Op of | Cycles
Set Up Addr To Readout thef- — — — — — — — — MN= Addr of Bit r--[ 11F2 |- —~{ QE001 |
Bit Signfc. OP Code read- Signfc. OP Code R=
out Bit Signfc OP code Bit Signfc, OP Code
should be 80 Check for in= inval. OP Code tested
val. OP Code Check Bits on prior word
0 & 1 of Bit Signfc. OP
Code
Store B Star in Aux A |- — —— — — — — — Save B Star for -4 1ol -~ qeon |
Storage 8A possible Store B-Star
Op Code
Readout Hundr. Byte of [— — — — — — — — — Hundred Digit of A= ——-| 1118 I— - -—| QEO11 |
Afield Addr Field will be in R=
Reg
Readout Tens Byte of A= = = == = — — — — Tens Digit of A=~ —-'I 112F |— - —{ QEO11 ,
Field Addr Field will be in R=
Reg

[ Readout Units Byte of A= [ — — — — —— — — Units Digit of A- -""| 15E4l— ——1 QEO051 l
Field Addr Field will be in R~
Reg
Readout Hundred Byte of [~ — — — — —— — — Hundred Digit of B- - = 1196 —=| QE061 |
B-Field Addr Field will be in R~
Reg
[ Xfer of B=Star to AStar |- — — — — — — — — I.E. A<Field Hex =4 11a5F——] oro71 |
equiv. Addr is now
in LT Reg
Readout Tens Byte of B= = — — — — —— — — — Tens Digit of B=Field --.-[nzF |--_] QEO 11 |
Field Addr will be in R-Reg-
Check for Index

Readout Units Byte of B= = == == — ——m — — — — Units Digit of B~ - — {1584 |- —~ QE051 |
Field Addr Field will be in R-Reg

B-Field Hex Equival.
Addr is now in UV Reg

B Star Complete —_———— — — —— = —{ 1198 |-~ qros1 |
I

Readout Possible Modifier = == — =— — == — e — In this program - — —{ 119C I——-{iQEO(ﬂ‘]
or next OP Code ,Check Example = B
for WM

I

Do E Phase of Move OP J

1400 Compatibility | Cycle RS Chart 7 (Sheet 1)



1401 COMPATIBILITY PUNCH OPERATION = [-CYCLES FOR 4 OP

444 4
445 B 444
49
OVER-ALL SEQUENCE DETAILED SEQUENCE
INFORMATION ROS ADDRESS LOGIC PAGE
e e P T N e — e ——
Readout 1401 Op Code |- = == == —m—m — — 1401 Op Code Dis- | ——11CD —-{QE001 |
Check Op Code for a WM played in R-Reg.
R-Reg Bit 1=0=WM
1 Op of 1401
Set Up Address fo Read |} — — ——— — — — — MN=Address of Bit |}——~ 11F2_|—- QEQOI
Out the Bit Significant Significant of Code.
Op Code, Readout Bit Sig=- R=Bit Significant Op
nificant Op Code. Should Code in Valid Op
be 24,Check for Invalid Code Tested on Prior
Op Code,Check Bits Oand Word
1 of Bit Significant Op
Code
Readout Hondreds Byte |- — — — — — — — — ~{Hundreds Digitof |~ —-1111A_|-—-QE011_|
of B-Field. Test Bit 001 B-Field Will be in
of Bit Significant Op R-Reg. R-Reg =
Code. Check for a One Hex 82, R-Reg Bit =
Character Op 0=WM= 1 Character
Op
Check Bit Significant Op fp — — — — —— — — G-Reg Bit28&3  p-—-{11CB |-—-QE081 |
Code Bits 2 & 3 Are Tested

rDecode Row

N
-
I
!
|
I
I
|
I
I
I
!

I
|
l
|
|
I
=
S
T
5]
o

| Test for PMS —— —— —— ——Jz=0-Notms | —17a0 |-—-aco21 ]

| Do E-Phase ]

1401 COMPATIBILITY PUNCH OPERATION - EXECUTE

444 4
445 B 444
4497
OVER-ALL SEQUENCE DETAILED SEQUENCE
INFORMATION ROS ADDRESS LOGIC PAGE
P S
[1 Cycle Start - —_————— 41401 Op Code is Dis- F—911cD F — {qE001 |
played in the R-Reg
Get Bit Significant Op |~ — — — — — — —— ~{Bit Significant Op - —-{11F2 - —QE001 |
Code From Bump Storage Code Displayed in
R=-Reg
| Start of Op Decoding ?— ———————————————— —{uce -—-qeos1 |
[Test for PMSon ThisOp - —— — — ——— — — — — —— — — — —117A0 |- —-aco21 |
| Do I/O Common Set-Up |~ —— — — ——— — — —— —— — — — —i824 | --qcs581 |
Essue Sense Command j— ——————— -1 —‘{Addr Out J———l]898 J" -{OG531 J
|
Status will be clear |— —1Op In - Sel Out ~ —"11898 J_-‘{QGSSI J
only if no cards have I Addr Out 12nd time
been punched in T
1401 Mode

Sel Out 2nd time

|
= —Op In - Addr In ——189a —-qcs31 |
I
I

L —Op In - Stat In - Sel —-{188C F—-acs31 ]
Out Fl =14 or 00

/nmol
Stat of Sense

Yes Fl=14
______ FI = 00 = Not Busy

Fl = 14 = Busy

A 4

Clear Stat at Device [~ —~{F1 =14 to come this ——{18FA -—-aGs591 |
by Issuing Serv Out to way, DE and Busy
Stat In

FI =00 ¢ his [~ 18A9 ~—=1QG531
{Issue Serv Out to Stat In I- ———————— - way ° come fhis -i J_ .{Q J

[Serv in Comes Up - —— Opln SelOvt- F—-1871 |—-aGs531 |
Serv In FI = 00

1401 Compatibility Punch Operation RS Chart 8 (Sheet 1)



1401 COMPATIBILITY PUNCH OPERATION - EXECUTE

OVER-ALL SEQUENCE

I Check Sense Byte

DETAILED SEQUENCE

INFORMATION

e — . rri—_

ROS ADDRESS LOGIC PAGE

Set S-Reg Bits if
Sense Byte has Bit
7 On

- — 1843 }—- qcsa

[Send Serv Out r—_—_———————————— —— — 18A9 F—— QG531
Wait For Stat In = — — —— —— — —] Opln-Sel Out |—— 1872 F—- qas3i
FI = CE & DE Stat In FI = OC =
CE & DE
llssue Serv Out to Stat In J— ——————— 1~ -‘ Op In = Stat In }- ——l 18FA I——‘{ QG591
|
L {Alltagso - 18r4 F—~ acso
[Initial Sel Seq for 510 }= =—=— — — — — — 1— = Addr Out 11898 |~ acs3t
|
}—— Op In - Sel Ot ——[18%8 }- —{ QG531
' Addr Out ! 2nd time
|
m—lopin-selowt "~ 189A -~ ocs31
| Addr In L?_r_sgi__fi_m_g
|
L {opmn-sel oot F—- 18sc -4 qasar
Stat In FI = 00

|Check Initial Sel Seq Stat [~

ilssue Serv Out

Set Up Converted 1401
Addr - Set FO Into 1401
Addr 100

Go Into Data Handling
Routine

Control Unit Ends Op
by Presenting CE Stat

Errors,Unit Check or
Unit Exception

I Reset Sel Out I'—

Change Bit Significant
Op Code in G Reg from
24 to 20

Update B Addr to 1401
Addr of 180

to Stat In

I

LRefurn to | Cycles

Check Ending Stat for |

Send Serv Out [n Response [—

———————————————— —| 1867 t_-—i QG541

e = — —— ——— a0 |- { qosa

MN = Converted
1401 B-Star Addr
R=FO

-~ 186C |-—— QG541

e — —— {n F-{ o

Op In - Stat In - —- 1822 |-—— QG521 |
Sel Out FI = CE

~ 1818 |- —— QG521 |
Op In - Stat In - —— 1819 }-—- QG521 |
FI = CE

— 1890 -4 QG521 |

11819 == @Gs521 |

— — — — — — — — ]

After Execution of
This Word All Tags
Will be Off

- - 1818 }- -4 QG571 |

—{ 1100 }-=— Q001 |

1407 Compatibility Punch Operation RS Chart 8 (Sheet 2)



1401 COMPATIBILITY READ OPERATION

4441
445 B 444
449 7

OVER-ALL SEQUENCE

I 1 Cycle Start

DETA
INFORMATION

e —— A itt—

ILED SEQUENCE
ROS ADDRESS LOGIC PAGE

1401 Op Code Dis=~
played in R-Reg

———{11cD |-~ QEo01 |

Get Bit Significant Op
Code from Bump Storage

Bit Significant Op
Code Displayed in
R-Reg

L — {1z -~ qEoor |

LStcrt Op Decoding

LTesf for PMS on This Op J——

—ncs -+ qeost |

—{17A0 |- — - QG021 |

[ Do I/O Common Setspp - —— —— — — —— —— —— —— —— —1824 |-—- QG581 |
<
l Issue Sense Command J— —————— - —-{ Addr Out '———|]898 }- —-i QG53ﬂ
I
b~ — Op In -Addr Out P ——1898 }—- QG531
| Sel Out 2nd time
I
Stat Will be Clear Only }— —{ Op In = Addr In ———189A |- —— QG531 |
if no Cards Have Been | Sel Out 12nd fime
Read in 1401 Mode | -
L. —{Opin-Stat In - — {188 }-—-{ QG531 ]
Sel QOut
i
1
— = === — =~ F| =00 = Not Busy
Fl = 14 = Busy
A
A 4
Clear Stat at =1~ = 7 Fl Would Have Been "—'|L8FA l_ - '1 QG591 I
Device by [ssuing Hex 14 to Come This
Serv Out Way Op In - Stat In

l Issue Serv Out to Stat In l—

IServ In Comes Up

F! Would Have Been

00 to Come This Way

- — fisay - —- qes3i |

Op In = Sel QOut
Serv In - FI = 00

- — 41871 +——- QG531 |

lEheck Sense Byte

Set S=Reg Bits if
Sense Byte Has Bit 7

- — 1843 —- QG531 |

[Send Serv Out F——_——_—_— e — — 1849 |- =4 qcs31 |
[
Wait For Stat In = — — —— o — ] Op In - Sel Out - —[1872 F~— QG531 |
FI = CE & DE Stat In - FI = CE DE =
oc
Iﬁue Serv Out to Stat In l— —————— —I——{Op In - Stat In —l——--{ 18FA I———rQGS?I l
|
L— _JAll Togs OFf T —18F4 }—acs91 |
[Initial Sel Seq forsl0 |~ ———— —— T 7 Addr Out =898 |-~ acs31 |
i—— Addr Out -Op In |-—-1898 |- ——{ QG531 ]
] Sel Out  2nd time
I
r"—‘ Op In = Addr In ——‘| 189A }““‘QGS.’N |
| Lsel Out {2nd time
|
L _JfopinFi=00 - —{188C }- -G53t ]
Sel Out - Stat In
|Check Initial Sel Seq Stat |
[1ssue serv Out | —1880 |- —qacs41 |
[set-up Converted 1401 Addr}- — — — — — — = —= = — — — — — — — —1887 | —ocs41 |
[Set 1401 Addr 000 foan & - — — — = — — = — e —_——— —— —{1850 -~ —acs61 |

&

1401 Compatibility Read Operation RS Chart 9 (Sheet 1)




1401 COMPATIBILITY READ OPERATION

OVER-ALL SEQUENCE DETAILED SEQUENCE

INFORMATION ROS ADDRESS LOGIC PAGE

" attlOI— s e ———ri—

Go Into Data Handling —— —————— — — — — — — — — —| 18C0O I——-LQG56] I

Loop,Retain WM if They

Are There

[
Control Unit Ends Op by |= — — — — — — - —10Op In - Stat In - —-18C2 }-—- QG571 |
Presenting CE, DE | Sel Out FI = 0C

|
F—{opm-satin  |——1805 - acs1 |
|

L —{ Card Feeds All Tags |- ——{ 1881 |-—{ QG581 |

Off

Check for Last Card r—————— e ———— —_—_——_—— 1805 -4 QG571 |
Change Bit Silgniﬁcam O —— ——————— e ——— -{18DA } -~ qes71 |
Code in G Reg from21to 20
[Check for Invalid Char | — — — — — — — — $'5=1=Invalid | ——18DA }--{ QG571 |

Char Would Have
Been Set During Prior
Sense Comm

E:heck for a Unit Check fm=— — — — — — — — = —— — — — — —18DC | -{ QG571 |

llssue Serv Out ‘— —_——_——————— If There Was an In= f—— —I 1818 ‘—--{ QG571 I
valid Char,181A
Would [ssue Serv Out

[Return to | Cyeles e —— e —— — 1100 } - QEo0T ]

1401 Compatibility Read Operation RS Chart 9 (Sheet 2)



1401 COMPATIBILITY PRINT OPERATION

4442
445 444
4497

OVER-ALL SEQUENCE

—— e i—

DETAILED SEQUENCE

INFORMATION

e — i

ROS ADDRESS LOGIC PAGE

e — e

| - Cycle Start

]_

1401 Op Code Dis-
played in R-Reg

——|l1co f“—| QE001 I

Get Bit Significant Op

Code From Bump Storage

|

Bit Significant Op
Code Displayed in
R~Reg

——iir2 F—— qroor |

Tice [~ qros1_|

I?fart Op Decoding I
[Test for PMS on This Op | 1740 }—— qco21 |
(55 1/6 Commar 5et U ———— — ——— ———— —fi#2d_}——{ a5 |
[ Tssue Sense Command }-—————————r—i Address Out 898 —— qcs31 |
. |
frifialN\_ Ao Srovyd be Either | b 0p in - Addr Out (1898 - qosar |
Stat of Sense Yes - | Sel Out 2nd time
Comm Has I
BUSYV Opln=-Addrln  |-—1i89A |-~ QG531
Sel Out 2nd time

Op In = Stat In
Sel Out

- —issc |-— acs31 |

Clear Chans 9 and 12

————is2c —{ qce21 |

Indicators

I
Set Chan 12 if On In
Stat Byte

[ Test for Channel 12 }——T18D7 ——] QGé21 |
]

—i8D4 —— QGé21 |

I

Issue Serv Out to

‘! Reset Stat In

Issue Serv Out to
Stat In

lServ In Comes Up

FI = 14 This Way L

Op In = Stat In —i8rA —— QG591 |
FI = 00 This Way

Op In - Stat In —18a9 —— QG531 |
Op In = Sel Out

ServInFI=00  j——fis71 ——] qcs31 |

[ Check Sense Byte T | setsegits1f  [——11843 |——] qas31 |
Sense Byte Has Bit
7 On
[Send Serv Out - JieA9 }—] QG531 ]
Walt For Stat In ——— o — ] Op In-Sel Out ——1872 F—— QG531 |
Fl =0C Stat In = F[ = 0C
| Issue Serv Out to Stat In I.—_—_-—-———I-—{ Op In - Stat In }———-—{l_B_FA_l—— —-‘ QG591 I

L-ﬂ All Tags Off

= —18F4 —=— QG591 |

Llnifial Sel Seq for Start I/Q}“

ACheck Initial Sel Seq Stat
Should Be = 00

Issue Serv Out Reset

-T--—[ Addr Out

——1898 == acsa1 ]

L

Addr Ouf = Op I |——]1898  }——{ QG531 |
| Sel Out 2nd time
|
F—Opin-Addrin  |——f185a |- acsai
I Sel Out 2nd time
L Oplin-Statin [~ —188C = QG531 |
Sel Out = FI = 00

Stat In

Check for Either 100 or

e et e e e —1880 _}—— QG541 |

132 Print Position

—{ RO=1=132

F— —higs0 —— qos41 |

Set=up Converted 1401
Addr (201)

&

1401 Compatibility Print Operation RS Chart 10 (Sheet 1)
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1401 COMPATIBILITY PRINT OPERATION

OVER-ALL SEQUENCE DETAILED SEQUENCE

INFORMATION ROS ADDRESS LOGIC PAGE
P e —— e e e

LEnter Data Loop ]————————————-—I-m'—l QGS551 I

I Print Op Completed l———--————-—————— Op In = Stat In ——DSM—-‘ QG551

FI = 08

Issue Serv Out Reset e —— ———— —— -_ -_— 1818 "{ QG571

Stat In

! Enter Ending Routine J —_— —--————--————-—-l 1838 l—-——l QG591 ‘

LRefurn to | Cycles __]_ —————— _— —ll_](ﬂ——l QEO001

1401 Compatibility Print Operation RS Chart 10 (Sheet 2)



1400 TAPE OPERATION - TAPES ON MPX CHANNEL OR SELECTOR CHANNEL - | CYCLES

444 M % U 1 500w
452 B 444
456~

OVER-ALL SEQUENCE

Op
Code Has
a WM

Go to Error Routine

Set-up Addr to Readout
Bit Significant Op Code

Readout Bit Significant
Op Code ,Check for In-

DETAILED SEQUENCE

INFORMATION

——— P it—_

ROS ADDRESS LOGIC PAGE

— ncof —{ qeoor |

F — 170 -~ qroor |

valid Op
I

Set Status Bit to Denote
Special Op

I

Bit Significant Op
Code Should be in
R=-Reg

Store B Star in Local

- —[11F2 |— —{ QE001 ]

f—— ——— - — ———— ]

Store

UV has B Star Put
it into UV Backup

Readout Hundreds Byte of
A-Field,Check for a M,
L, orU Op

- 10— —{ qEo1r |

e ———— ——— —— —

Hundreds pos of
A-Addr in R-Reg

— —{1118_}——{ QE011_ |

Check if Hundreds Byte=op|— —— —— —— — — — —— —— —— — {1125 - —{ QE021 |

Set Hundreds Byte into a
Hardware Reg and Read-
out Tens Byte

Hundreds Character
will go in D-Reg
Should be Displayed|
in R-Reg

— — 1121 = —{ Q021 ]

Start to Change Op Code
to 2D

Changes Low Order
Bits of G-Reg to D
Tens Pos of A-Addr
in R=Reg

Readout Units Byte and
Set Tens Byte into B Star
Check Tens Char for WM

Set Units Byte into B Star

Check Unit Byte for a WM

— —{11C0 }— —{QE021 |

—180 - —{qeo21 |

Units Position of A-
Addr in R-Reg,After
execution of this
word the V-Reg has
the tens & units addr

_ __ma_ QE081

Store Hundreds Byte into

Storage

A-Hundred Backup in MPX

—[ 128 |- | QE08T |

Complete change of OP
Code to 2D

High Order Bits of
G-Reg set to Hex 2

L [ 11ee |- —{ qEost |

Check if A=Field was
just finished

]

Also reads out
Hundreds pos B=Addr

98| | QEoél |

Transfer B Star to A Star

Transfers V=Reg to T-
Reg,Check for WM in

hundreds pos of B-

Field ,Hundreds pos of

B-Field is in R-Reg

__| 119E|__.[ QE061 |

Check Hundreds Byte of
"B" Address For Bit 0 on

Checking for a
possible invalid addr
Transfers U-Reg to
L-Reg

__[ nA.ﬂ__{ QEO71 ]

Readout Tens Byte of B-
Addr,put Hundreds Byte
into B Star Check Hun=-
dreds Byte for Zone Bits
Bits 2 & 3

Set Tens Digit and High
Thousands Hex Digit into
B Star,Check tens byte
for WM, Check if Tens
Byte invalid

< NAE}—— QEO071 |

Tens position of B~
Field is displayed in
R-Reg

- —{ 112F}— —{ qEon1 |

1400 Tape Operation-Tapes on MPX Channel or Selector Channel--1 Cycles RS Chart 11 (Sheet 1)



1400 TAPE OPERATION - TAPES ON MPX CHANNEL OR SELECTOR CHANNEL - | CYCLES

OVER-ALL SEQUENCE DETAILED SEQUENCE
INFORMATION ROS ADDRESS LOGIC PAGE

e e e l—— e —— A —

%

Set 2nd and Third Thousand = == == — — — —_—— — e — — 1137 |~ QE031 |

Hex digit into a Hardware
Reg,Check for Indexing

Add Low Bias + Hex equiv= | = = = == e e e e e —{ 1143 1~ I QE031 |

alent of Hundreds Digit
Check for invalid Hundreds
and or Tens Digit

Low Bias and Hundreds - —— ——— 15DA —| QEO031 ‘

Digit Look-up

1

R.O. High Bias Byteand [—~——————1T————— —— —— 15DD QEO3t
add it to High thousands r —( l_ —I I

Hex Digit |
I I

Readout Units Byte "B" I |

Address

Add units digit to Low b — —— — — — ——— Units Position of B= |— 15E6 QEO051
Bias & Low Hundreds Addr is displayed in _—l l-_ —‘ ]
Digit,Check units Zone the R-Reg

Bits

Add thousands Hex Digit b o e e e e e | 1577 QEO051
to B-Star l_- —I 4]

Readout Tens Hex Digit f——=— o om o e e e e — 15F6 QEO051
from Table ,Check for WM _I ]_ _r I
in Tens Character

Check Units Char for a e o e e e e s e o e e e e 15E9 QE061

special char,Add Tens Hex -{ |__! J
digit to the sum of the low
Bias + Low Hundreds Digit
and set it into the B=Star,
Check if tens char is valid

[Readout the D-Modifier | —_—— — 1198}~ —{ QE061 |
Check if D=-Modifier has D-Modifier displayed in
e R play — 119c— — qroé1 |

|
Set D-Modifier into a

Hardware Reg and read- D-Modifier is in D-Reg
out the nextgch:rc;fer after executing this block ~1189}— —{ GE081 |

I
[ Check next clhar for a WM | — -_— QEO081
Check Bit Significant Op
Code Bits 2 & 3 - 11c8b— —{ k081 |
I
[[Decode Row l2 ] —_ J1016)— — oF431 ]
[Test for Invalid B-Addr |} —_ {iAa8}— —qcoo1]

Test for T, Y, or U=
Operation, U-Operation

— {i783}— —{oGo11]
5:°Ul: fl:e :;\A]S7BS’ Also This Decision is not made
check for by a Micro Program
Branch. The Correct Rou-
tine is entered depending

Wr Op ROAR Stop Chart 13 on the Feature installed.
Rd Op ROAR Stop Chart 12 | {181}~ —{qHoo1 |

Go to Read Op — 1A00
ROAR Siop Chart 14 1 — —lqc]

Go to MPX Chan Wr Op
ROAR Stop Chart 15 {1A78}— —GG761]

1400 Tape Operation-Tapes on MPX Channel or Selector Channel--1 Cycles RS Chart 11 (Sheet 2)



1400 COMPATIBILITY TAPE READ OPERATION - SELECTOR CHANNEL

444 M % U1 500R
452 B 444
456~
OVER-ALL SEQUENCE DETAILED SEQUENCE

INFORMATION ROS ADDRESS LOGIC PAGE

Set Channel 1 Latch

Turn on Sel Channel Re- | — —— —‘——hA45 }——iQHOOI |

quest Latch,Reset Channel,
Turn on Supp Out,Set De-
vice into a Hardware Reg

Store Device Addr in MPX ——-—-——@——————————-———{msl ——{aHoo1 ]

e
ITftempf to set Poll Ctrl [=————————"—"""1 OpIn-Addrinand —_'|]A85 }_'—lQHOH
Sel Out Could be up
at this time if a CE
and/or a DE is pend-
ing Supp Out is Up.

Check if Stat Inis Up  p——————— ———————_ _1ag7 |——]{qHo1

Poll Ctrl would have been set if the
A device and the control unit were

-~

S ||\<Yes free. Op In & Sel Out up would have
° revented it from settin —
Control E g I ’lﬁ43 }——{QHOI IJ

On T

[ Set Poll Control ——————————————1a85 ——{gHon__|
[ Check if Addr InisUp  f—m—m———— —{ OpIn-Addrin  F——{i1a89 F——laHo1 |

Sel Out = Supp Out
Should be Up

| Send Comm Ovut P — ——— —— —iA86 ——qHo11 |
LWoif for Stat In to come up ]_' ______ — | Op In - Statin _—hASB ]_—_'[QHOH J

Sel Out

[ Reset sel Ou]f ——— - — —asa F——jonon |

[ Send Comm Out Queve Stat f———=—-—-—-——=—— Comm Out Issved  [—=—1A91 F—={qHo11__|
Stack Status

[ Wait for Op In = Stat In fo fail - — —— ——— — — — — — —— — —hagc }——fqHO11 ]
SR ——U—

I
Reset Supp Out ‘l'__ ______ T ________ -L'IA84 |"_—l QHO021 _]

— 1494 -— qHoz1 |

Set Up Last T-dpe'Unif
Used Device Addr
Store Device Addr in F—————— —— —— 1A95 —f QHO21

MPX Storage

| send Addr cl)m ] —————— —{131F_—— QH021 |

| set Sel Out P———————— Op In - Addr In  |——{ 1AAT}——{ QHO21 |

Sel Out Device Addr
in GR

| Wait for Adi!r In —————————— e ——— ~11a90 —— qHoz1 |

[ Check for Corr Addr ]'— _______________ - —[IAAO—I_ "[ QHO021 ]
|

| store Comm in MPX Stor [—=—=—=——==—— — ——{1am F—— qHoz1 |

e — —J1a88 LT QHO21 |

Set GR o 00 for Test —}——] GR = Comm Issued |——] 1AA4 |——f qHo21 ]

1/O Comm Issue Comm
Set Comm in GR,1st Issue || Oyt |

Comm Out, Ist Time though ]
on 9 track Comm is a Readf——————-—

on 7 track drive the 1st Part Part
Comm will be a Mode Set ir 2 ‘3”

1400 Compatibility Tape Read Operation--Selector Channel RS Chart 12 (Sheet 1)



1400 COMPATIBILITY TAPE READ OPERATION - SELECTOR CHANNEL

OVER-ALL SEQUENCE DETAILED SEQUENCE

INFORMATION ROS ADDRESS LOGIC PAGE

e el s e I e it

)

| Wait for Stat | —— —————————iaaF |~ qHo3i

2nd time

Test Bit 7 of Stat Byte | —— ———— — — —— —— —— —— —— ——{1AAE |——] QH031 |

Read Out Byte 0 of Stat

Byte
I Check for Unit Excepﬁon}'—‘—'—_——‘—‘——'——"——'———llABO }‘——l OHOS]J
| Reset Sel Out - —J1488 |—— qHo31 |

[ send Serv Out —_ —1a88 ——{ qHo31 |

Wait for Op In and Stat —————— ———————~—————— ‘{1AAC I——{ QHO31 I
In to Fall
| Reset Addr Out b — ————————{1AAD | —— QHO31 |

Part 1
OVER-ALL SEQUENCE DETAILED SEQUENCE
INFORMATION ROS ADDRESS LOGIC PAGE
e tO— e ra——
| Check Cirl Unit Busy  J=————————1OpIn-Sel Out |——] 1AAE|——] QHO31 |
Stat In
| Check for a Sense Comm l“""———"—__—— Sense Comm's are ——F 17BE J'——I QHO041 l
only issued for 9 -
track read Ops with
an error
Store Stat Byte and Setup [ - R — 176F ]_ —|70H04] !
Tape Ctrl Unit Byte Addr
Change Last Tape Unit e -'—{ 1A98J'—-—LQH041 ]
Addr Byte to Addr of
Present Tape Unit

CE Should be Up if This
is a Mode Set Comm

CE & DE should be —— 1ABD——| QHO41 |
up if this is a Mode
Set Comm,00 Stat =
Read Comm

Reset Sel Out Set Unit [ = ~— = e mm e e e e —— —— —— |A46 [——] QHO61 |

Addr in CPU Storage

|
| send serv oin b — 1ABF ——{ QHos1 |

Wait for Stat In and Op | = = == — = e — — — — — —{ 1A48 | ——{ QHO¢! |
In to Drop
l 1
Check for a Mode Set Comm| — ——————— — —{ a9 | qHoe1 |
I
Read Out Next Comm — e e e e e e e e e e e — AC6——{ QHO61 |
from MPX Storage 6 |Part 1

1400 Compatibility Tape Read Operation--Selector Channel RS Chart 12 (Sheet 2)



1400 COMPATIBILITY TAP

OVER-ALL SEQUENCE

E READ OPERATION - SELECTOR CHANNEL

DETAILED SEQUENCE

INFORMATION

—— A\ ii—

ROS ADDRESS LOGIC PAGE

——ei—

Send Serv Qut

1________ PR

——{1A58_—— QHO41

If Roar Stop is Used

on this word the Addr
Compare Sw must be
Set to Process Pos Be~

I Wait for Stat In to Fall

fore Starting
— — —1A58 |——{ QHo41 |

[ Check Comm

l__._._.______
—{1a59 |—— qHo41 |

Check for Even or Odd
Redundancy

- — iacF }—{ qHos1 ]

Comm Move or Load

Check for a Read or Write

[

Go to Move Read Data
Loop and Start

e — f9p3 =] GH081]

Data Loop Ends

I__.___

Roar Stop can be Used from this

— —190A |—— oHos1 |

Word On without overruns occur-
ing,Op In - Stat In = Sel Out -
Are Up,GR = CE and DE-OC

Check for Odd or Even
Redundancy

-1-———————-—[19597—{ QHo81 |
|

Check if this is a 9 track

drive

Set Main Stor Addr o ————— ——-{ 1728 = QH101
Addr of the 1st Char
Read from Tape
Reset Sel Out f'___—""—__—“—— - "1 175cJ_—l QH101 I
Read Out First Char,of - — T T 71 MN = Addr of 1st ‘——'i 17D7 }__{ QHI101 l
Record from Main Stor Char,Reg.R= 15t Char
Check if Tst Char has | == = s e e e e — —— — — {78 [~ QHI0I
a M
Store B Star info the —_—— —'—'—'{ 17CA }——i QHI01
O Star in MPX Stor

rSend Serv Out }‘———'——'———“'— O Star Back=-up is ——{71765 ]"——i QHI101 I

B Aux Stor Hex Addr
8E and 8F

Go to | Cycles

QE00T |

1400 Compatibility

Tape Read Operation - Selector Channel RS 12 (Sheet 3)



1400 COMPATIBILITY - TAPE SELECTOR SETUP - TAPE WRITE OP 9 TRACK DRIVE
444 M % U 1 500 W

452 B 444
456
OVER-ALL SEQUENCE DETAILED SEQUENCE
INFORMATION  ROS ADDRESS LOGIC PAGE
P S R N e —_
e — /7
Store Device Addr in MPX}—— - —{1A81 |- — —{ QHooT |
Set Channel 1 Latch

) J
Turn on Sel Channel l_ "‘_LIA45 }"— ‘| QHOO01 I

Request Latch Reset Chan. ]
Turn on Supp. Out T —_——

Set Device into a Hard-
ware Reg.

I Y

lAﬁempt to set Poll Cirl. J—

———— e Op-in, Addr-In & | — — 1A85 |~ —~ QHOI11
T Sel-Out could be up —{ }- —| l
at this time if CE &
DE are pending.

| Check if Status is in Up  |— —————J1a87 | —{ qHonl |

Poll Ctrl.would have been
set if Device & Ctrl.Unit

were free. Op-In Sel-Out
up prevents lféll Ctrl.

\from setting .
Poll
Control - ——————————I 1A43 '———l QHO1 l

I Check if Addr=In is Up '——— ~—— —— —— —— o Op-In, Addr-In, Sel ——— 1A89 -—-i QHO11 l
Qut, Supp-Out
| Send Command Out - —_ —{1a86 } — - qHont |
l
Wait for Status In to —————— —— —{Op-In, Stotus=In, }——1A88 |- —— QHoO11 ]
come up Sel-Out
[

[Reset Sel Out o —————————-{asA} —{ GQHOIT |
Send Command Out —— — Command-Out ——{1a91 F — 4 qnont |
(Queue Status) Stacks Status

I
\l/xo;ot :gll'lOp-ln & Status- )——-—————-——l Suppress Out 4]'— 1A8C —-| QHO11
L 1

|Resef Suppress Out J———— ‘l— I “—l 1A84 l" - '{ QH021 I

No J

Yes

Set Up last Tape Unit used——f—— — —1A94 |- ~-{ QHO21 ]
Device Address

Store Device Address in e _— “—i 1A95 l’" "{ QHO21 J
MPX Storage

[
| Send Address Out ]— —| Address-Out J——(]3]F l— - —| QHO21 I

[ief Select Out JI* —_— —— — Op-in, Addr-In, — _‘ 1AA1 ]" - "'I QHO021 I
I Sel-Out
[Wcif for Address~In }_—__.___._—__._.__._ —_—— ———— 1A9D _..| QHO21 l
[Ck. for Correct Address | e e e L Address of Device |——1AA0 F~—| QHO21 |
in GR
Store Command In MPX  f—— — —_— —1AAB - =~ QHO21 |
Storage Ctrl.Unit busy if stat
o e e e ] stacked before enter-|— 1AA8
— ing this Routine
U (’:"Bl. Yes eom e — ] Ist Command issued __l 1AA8 }-— -l QHO021 ]
nit Busy * will be a Mode Set
Set GR to 00 for Test Command
1/O Command ——
Set Command In GR Issue Command Qut 1
Reg. Issue Command
Out. _“‘_—'_—_’_—_"—'——-L_'ilAAii I"t@HOZl I

3 I Part 4 ! 2 | Part2

1400 Compatibility Tape Selector Setup-Tape Write Op 9 Track Drive RS Chart 13 (Sheet 1)



1400 COMPATIBILITY - TAPE SELECTOR SETUP - TAPE WRITE OP 9 TRACK DRIVE

OVER-ALL SEQUENCE DETAILED SEQUENCE

INFORMATION ROS ADDRESS LOGIC PAGE

P R S SR

Wait for Status=In ’—— Op-In, Status-ln, [—=—1 1AAF I QHO31 I

Sel-Out 2nd Time

[ -
Test Bit 7 of Status Byte — ]AAE—l’ "l QH03]J

Read out Byte 0 of Tape
Control Word

— ——{ 1480 |- - -{ qHo31 |

Check for Unit Exception Status is in the GR
Register Hex value
of IC

[Reset Select-Out }———— —_— — —"ﬁABB |' —"I QH031J

[Siend Service Out J— —= —— ——— ————=—1 Op-In, Status=in up, —'—‘FIABB I QHO31

all Tags will be off
after execution of

this word.
Wait for Status-In and __—‘——_‘——_—“—__FIAACI—_-{ QHO31
Op-In to Fall
[Reser Address Out —— —_ ——-{1aa0F = qHoa1 |

[send suppress vt f———————————— 1493 | — qHoot ]

&

Part 1

Weck Control Unit Busyf—————— Op-In, Sel-Out, —-—'TAAEJ— - -{ QHO31

Status-In. Ist time
through will be a
Mode Set Command.

Ck.for a Sense Command ]r — ————r]7BE }- - —[ QHO041 l

Store Status Byte & Setup [ ———————— —{176F |- —- qHo41 ]
Control Unit Address

CE witl be up ** this is GR=OC=Mode Set —=—-— 1ABD |- — 4 QH041 |
a Mode Set Command GR=00O=Write

Reset Sel-Out Set Unit  [————=—"——=—=——————————— ——1A46 |- — { QHO¢1 |

Address in CPU Storage

[Send ServiceI-Ouf J———————'————_——-—_i 1ABF4|‘ __| QHOM

Wait for Status-In & Op- [ —— ———— —————————————————]1A48 [~~~ QHO4] ]

In to Drop

Ck . for Mode Set Comm . |———-——————— ————— _-ﬂA49 |___| QHO‘SLI
1

Read out next Command [——M——————— ——— —— — —-] 1AC6 }— —-I QHO041 I

from MPX Storage

6 | Part 1

1400 Compatibility Tape Selector Setup-Tape Write Op 9 Track Drive RS Chart 13 (Sheet 2)



1400 COMPATIBILITY - TAPE SELECTOR SETUP - TAPE WRITE OP 9 TRACK DRIVE

OVER-ALL SEQUENCE DETAILED SEQUENCE
INFORMATION ROS ADDRESS LOGIC PAGE

e e —— e e s—_ e,
Send Service-Out — — — 1A% -~ qHos1 |
— —— After this point,over-f— 1A58 —— HO41
Wait for Status-In to Fall run errors will occur —{__}— _(_3___]

if single cycle orroar
stop is used.

Check if TIE being

Performed —1a59 F = qros1 |
1

Check for Even or Odd — ——{1acF F~ - QHos1 |
Redundancy

L
Check for a Read or Write[—=—————— - —[ 1AG6E }__ '{ QHO051 ‘

Comm. Move or Load

Go fo Write Data Loop  |————— — ——————1A51 |-—- QHos1

[
[Data Loop Starts e e e oo oo T77¢7 b~ arorT |

|
| Data Loop Ends ]——-——————I-—- GMWM in Stor End f——{17AF }—~{ QHO71 |

End Write Operation

|- —{ Control Unit Should | — —{17AF }-——{ GQHO71 ]

End Op,Comm Out
| Would Have Been
Issued to Serv In

| Wait for Op In to Fail j————-—-—l——————— ——{17aF F -~ aror |
B
[ Check Allow 1/O Traps Bifh— =———— — — — — — — —— —— — —{ 1753 - —{ Qcoat |

ﬁefurn to | Cycles T'_"'—_—' —_—— _-[]_]()ﬁ‘ == _QE001

1400 Compatibility Tape Selector Setup-Tape Write Op 9 Track Drive RS Chort 13 (Sheet 3)



1400 COMPATIBILITY TAPE READ OPERATION TMPXR

444 M % U 1 500R
452 B 417 L

457 B 400

461 U % UIB
466 B 400

470

ROS LOGIC
OVER-ALL SEQUENCE INFORMATION ADDRESS  PAGE
—— eI o — e e eI ——ea—
[Read Op } —_— — 4 1A00 |- 4 QG041]
[9 TR Tape Unit | —_ — 1A19 | {QG051]
Set up to a Req Tie if last
Op to this unit was a Bksp 1420 | QGo0s51]
A Mode Set CMD will be
| No Mode Set needed } —_ done on all Write Ops  {— —{ 1A84 [ —<QGO051]
and 7 TR Read Ops
[Turn on Command Start | —_ — —{1a78 4 Qc7s1]
{Turn on H5 He { Block Sel Chan Traps — —1aa1 }qoc761]

@

[Set Device Addr in R Reg |

[Set Bus Out, Addr Out _}

|

— —{iaa0 F dac7el]

Sel In

LBegin Initial Selection

T— —{1aa4 Fdac761]

1
I Device not Available 4]

Reset Addr Qut
Wait for Addr In

Addr No

Match

[ Go to Tape Stop Rtn

Bus Out
Command Qut

— —{1A41_ } {aG7é1]

— 1A L docrs]

— J1a93 |- Jocre1]

JLRead Command

[Wcif for Status In

= 1A% } {aG7e1]

Status N

[o]

— —H1A58 4 0G761]

Status will be Zero unless
last Op was a Control Op

Zero

Yes

|

Sve Out, Go back to
Initial Selection

[SIO with Zero Status -

Req Tie

Yes

or a Write Op. Status is
stacked on Write Ops, DE
is pending on Ctrl Ops

— —1a30 QG761

— —1A88_} QG771

If last Op was a Bksp to
this Drive and this is 9

Neey

No

&

[ Service Out, AcceptStat |

prr—————

TR, a Req Tie will be
executed first

— —{1a6A }dqc771]

— —1A3D }-{@QG771]

Go to QG801 for Move
Op, Go to QG802 for

Read Data Loop I

SVI ST
svi

Load Op.
ROAR stopping in Data
Loop will cause Overruns

QG801
T G802

If next Char in
Core is: Go To:

Iiervice Out, Accept Stat ,'

[ Store GM or GMWM |

WM, no GMWM 1A C4
No WM, no GMWM 1A C5
GMWM 1A Cé

— — 1ACX - Qcsili]

NOTE: [f 2030 has 1401

Compat Noise Bit Change,
See Page

— — 1ac6 | {ocsi]

X

1400 Compatibility Tape Read Operation TMPXR RS Chart 14 (Sheet 1)



1400 COMPATIBILITY TAPE READ OPERATION TMPXR

ROS LOGIC
OVER-ALL SEQUENCE INFORMATION ADDRESS PAGE
— e— —— e i—_ ————
7 or )
9 TR — — —1480 |--{qcsi]
9 TR
|Store Stat 1401 MPX 00BC }— 1 Stored during Sense Op | —148A } —qcsn |
9 TR
No
uc — Stored during Sense Op = —{1A8A } {QG811]

Do Sense Command
Initial Selection

{ Same as any S1O - —1aA0 } doGre1]

|
Wait for Third Sense Byte

(Tie) —— — —{1a70 } {oc781]
1
Store Tie Byte —_— —_— 1A71 781
Set CMD Out —1 F1ec l
]
LWaif for Status In ,l — -_ —'L]A79 }"‘QG78]]
| Accept Status from Sense
Send Service Out Command. Read Ending =
R::d OeJ;ul(TOI ;\JAPX 00BC Status is restored to the —l 1A4E }__I QG781 J
G Reg .
| End Sense Command B —_— — —{1A82 }-q0G811]

H \/

Set UE Bit in TU Ctrl

Byte if UE in Status or — — —{ 1906} {qG841]
First Char TM
1

%Zefo&(‘:c?mmon MPX — — — 1866 F qqcs4i]

Allow

Yes
1/O Traps

— _——— — — {1753 }-{0c031)

t Turn Off HS, H6, L _ =55
[Return to | Cycles ] | CMD Start — +4aco3]

1400 Compatibility Tape Read Operation TMPXR RS Chart 14 (Sheet 2)



1400 COMPATIBILITY TAPE READ OPERATION TMPXR

ROS LOGIC
OVER-ALL SEQUENCE INFORMATION ADDRESS PAGE

o —— N atO— e —— e I—

Y

At this time, initial
selection has been com-
_ pleted for the Mode Set. |
|9 TR Mode Set —_—— 1 The proper Command was — 1456 F4aG781]
issued by a decision made
earlier.
[ Read Out Tie Byte } —_—— — —1a32 }qac7si]
IWaif for Service In :l — e —'| 1A6C ]‘ 'lQG78]]
[ send Tie Byte to Ctrl Unit | —_— 16D } dao781]
[ Wait for Status In — S — —14a6C |- 4QG781]
[Reset Tie Indicator }— —_— ——1A77_}4aG781]
Current TU Address is
[ Read Out TU Address Byte } stored in 00BA MPS duringk— —| 1ABE | {QG781]
Initial Selection
[Read Out Command Byte _——— — —19c3 F4qaer7]
[Mode Set Done e — —1aA2 }qocG77]

)

NOTE: This Routine is used only if the 2030 has the 1401 Compatibility Noise Bit Change installed.

[Store GM or GMWM J' —_— — —UACé ]--l QGBILI
Store Status
1401 MPX 00BC - — —11480 |{Qasn]
uc No
— —_—— — — —— — {7A80 }qQG8I11]

Turn on $6 to force Sense

Command ————— —— — —{1AB3 }{QG8I1 ]
1
Do Sense Command
Inttial Selection —{ Same as SIO — — xxxx }{QG761]
|
Wait for Second Sense —_——_———— — 1AD8 G781
el ~{TEe I {g&7T]
No | —
@ ——{ Nosie Bit = —1A70 4 QG781]
[Add 13 to 0-Star —_—— — {1538 }JoG781]
I
Subtract 0-Star
From B-Star - — {1595} {QG781]
Yes
than 13 Char — —_— — —{15A5 }-4QG781 ]
No
Send CMD Out
Wait for Status In - - -! 157¢ 1_-|QG781 ]
[Encode "CE" MSDR Stop —_ — —{1ADA F-aG7si |
[Go to Tape Stop Rtn | —_——— — — — 1758 }-{0G831 |

1400 Compatibility Tape Read Operation TMPXR RS Chart 14 (Sheet 3)



1400 COMPATIBILITY -TAPES ON MPX SET UP
444 M % U 1 500W

452 B 400
456 :

OVER-ALL SEQUENCE

P R, S N

]
4

-TAPE WRITE OP 9 TRACK DRIVE

lTurn on Command Start

[Turn on H5 j

[ Put Device Addr in R Reg }

LOGIC
INFORMATION ADDRESS PAGE
A/\,\
— — —1a78— —{oc7e61 ]
———{ﬂock Sel Chan Traps I'— —‘ﬁAAﬂ— "'"QG76L|
_— — iAo~ —{qcre1]

Initial Selection
Attempt to do a Mode Set

[Set Bus Out and Addr Out }

Sel In

CMD to a Device with
pending status

b— flAA4— —{QG761]

I Device not available

]

Reset Addr Qut

— iad1}- —{qc7e1]

Wait for Addr In

Addr No

{ Addr In and Sel Out Up

f— —1A92}— —QG761]

Match

1

| Go to Tape Stop Rtn

|

Command Out

— 1A98}— —~{QG761]

Bus Out

[Wcit for Status In
O

a Read

{ Mode Set Command — a9l —{acre1]
Device will have Pend-
ing Status unless this is
first Op or last Op was [ 11as8_ | Qe

This exit will be taken

Non
Zero Status
W/Busy I

Set Svc Out to accept
Status

on first Op

— — 1888 FqoG741]

Status was CE, DE, BSY
Mode set attempted with
Stacked Status

— — 1AAD }{QG771]

{1A20 } {Qc761]

Put Device Addr in R Reg Lﬁ

Command Out

Bus Out Initial Selection |
Addr Out Do a Mode Set Command TAA4 QG76l
Sel In {
—_ {1A41 - H0G761]
[Device not available J
Reset Address Out '_——j r——l
Wait for Address In L 1A92 QG761
No (
—_—— {1a98 G761l
[ Go to Tape Stop Rtn }

Jl Mode Set Command

Bus Out

|

- 1A} {qc7ei]

{1458 qoc761]

Wait for Status in

1400 Compatibility-Tapes on MPX Set Up-~Tape Write Op 9 Track Drive RS Chart 15 (Sheet 1)




1400 COMPATIBILITY TAPES ON MPX SET UP - TAPE WRITE OP 9 TRACK DRIVE

OVER-ALL SEQUENCE

e et

Non

Yes
Zero Status

INFORMATION

A_/\_,\

ROS LOGIC
ADDRESS PAGE

Status is CE, DE

w/ay

=1 Indicating Mode Set
Complete

— —{14AA }HaG771]

All Status for this Device

Set Service Out I

End of Mode

has now been accepted

— —{1AAC |- <0G771]

Write Command is now

Set Command
1

in the L Reg

— —{1AA2 |} 4QG771]

| Set Device Addr in R Reg
|

— ~{1AA0 | dQc761 ]

Initial Selection for

x
i
[Bus Out, Addr Ouf | — —{1aa4 F {qcren ]

Write Op

Sel In

— —{1a41 } {0G771]

Device not available ]

Reset Addr Qut
Wait for Addr In

— —{1A%2  } {QG771]

Addr No
Match —_— — —J1A98 }- 40G771]|
I Go to Tape Stop Rin J
Yes
Command Out This is the Write Op L
Bus Out 1 Code —{1A% | 406771]
[ Wait for Status In ] — — —1a8 }doc771]
If not Zero Status, go to
Stat N + 9
z:rzs 2 = i Status Handling Rin at - —'lﬁ30 |— -| QG761]
TAAA QG771
Yes
[set Service Out 3 _ — —1a30 }Fqac771]
R
ROAR stopping in Write
. | pping |
[ Write Data Loop } Data Loop will cause —J1a7¢ < QG791]
overrun
N
> GMWM — — —{19c5_Fac791]
Yes
[ Command Out } Status is stacked — —{ 1287 F 4qc791]

Overrun on ROAR Stop

This is the first Addr after
[ End of Write Data Loop  }— the Data Loop on which |~ —{1AB6 } {QG831]

no Overrun will occur if
ROAR Stop is used

Store Addr of TU in —
i Byt —{1A5F_F o841
Y
Remember this was a
— —_ 51 841
Fwd Space 1A F{ocs4]
I
[Zero the Status Byte  }— {1401 Ls o087 - —{1a20 } q{acs4i]

— — {1753} JaGo3i]

.(‘-:L:J:mo:f\dH:flo:é — — 799 F dacos]
>
iReturn to | Cycles J

1400 Compatibility-Tapes on MPX Set Up--Tape Write Op 9 Track Drive RS Chart 15 (Sheet 2)



I 1400 FILE COMPATIBILITY

A. To allow proper operation of the included programs

and stop words, the following initial preparation is
necessary.

1. Initialize Disc Pack in 360 Mode writing Home
addresses and record zero on all tracks using
UTO069.

Surface analysis should also be done to flag
defective tracks.

2. Load Auxiliary Storage using either CID or
3F00.

3. Write 1400 addresses with Clear Disc Program.

Item 3 can be bypassed if 1400 Write Address
Operation is to be performed first with Com-
pare Disable Bit on. This will write addresses
on a given track and allow other tests to be

run on that track.

. When restarting any of the example programs, a
second error may occur if the following is not
performed.

1. Do 1400 Start Reset

2. Start program at an instruction that will re-
store the DCF.

. A Validity Check during Read or Write will break
chaining. This will force a Sector Count 000 In-
dicator (Bit . 7 of Operation Register). The num-
ber of sectors not processed will be indicated in
the 1400 DCF,

. Sector Read and Write with addresses will post a
No Address Compare (X) if the last Record Ad-
dress is not 16 or greater, This test is made to
check for missing 2311 address marks. (QHS531,
Word 1D1D).

This may cause confusion if a Validity Check
breaks chaining before 16 records are processed.
Result is that X and V are posted when V is the
actual cause.

1311 DISK INSTRUCTION FORMAT

M/L % F n BBB R/W

E.

F.

If an Alternate Track is assigned, the 2311 Car-
riage will be restored at the end of each com-
pleted 1400 Operation or 20 Sectors, This means
that a RBC following a Write Operation will have
to seek to the Alternate Track and return as did
the Write Operation. Also, if a number of tracks
are to be processed (sector count greater than
020) and more than one is flagged, the 2311 Car-
riage will be restored after each Alternate Track
Read or Write is completed, Therefore, an Alter-
nate Track Seek can occur more than once during
a single 1400 Operation.

Auxiliary Storage B - 90,92,94,96 and 98 (File
Unit Addresses) must be in sequence when doing
Address Operations or Alternate Track Oper-
ations or a No Address Compare will occur. The
data in these addresses is always stored in K29
MPX on Initial Selection. When the above two
operations are performed, a table look-up is done
using the value in K29 MPX to determine the Aux-
iliary Storage Address that the actual cylinder
value is stored in 91,93,95,97 or 99. An Out of
Sequence Unit Address will result in looking up
cylinder value for the wrong file, This procedure
is necessary because some program applications
use other than normal addresses on certain cyl-
inders, such as labels, If addresses are abnormal,
it becomes impossible to read 360 Record 0 or re-
turn to the proper track,

. Module Protect Check is defined on Head Seek

flow chart.

STOP CHECK is indicated on several flow charts,
This is the first stop point since 1BBO0 of the
search command that will allow continuation of
the operation without an overrun, Check FI =
CE: DE, Op In and Stat In up, command code in
Aux B - BE, updated CCHHR stored in Aux B - AD
thru B1.

d — MODIFIER

‘ R — read operation

W— write operation

B — ADDRESS

address of the high order
storage location of the disk

address
control field

UNIT NUMBER CHARACTER

0 — seek
1 — sector mode
2 — track record mode

3 — write disk check
4 — not used
5 — sector count overlay

6 — track sector mode

(with addresses)
7 — scan disk (low or equal)
8 — scan disk (equal)
9 — scan disk (high or equal)
@— track record

(with addresses)

UNIT SELECT CHARACTER

= F — disk operation

MODE OF OPERATION

% % — 1/O operation

OP CODE

M — transfers data in 7-bit
BCD mode (CBA8421)

L - transfers data in 8-bit
(WM CBA8421)

1400 File Compatibility RS Chart 16 (Sheet 1)



1311 ADDRESS CONTROL FIELD

Gate
Value 1 2 3 4 5 6 7
Decimal .
Address /N D1 D2 D3 D4 D5 Dé
BCD B84/
Format 8421 8 2 8421 8421 8421 8421 8421
Units 2
Disk Sector
Tens S
Units
<+ 2 = Head
Tens
Units
Tens + 2 = Cylinder
Hundreds
Alternate code if first character is *
Zero ~ Not Used
Alternate code if not *

PERMANENT FILE AUXILIARY STORAGE LOCATIONS

AUXILIARY STORAGE B
0 1 2 3 4 5 6 |7 |8 9 A B C D E F

TLU for Head and Cylinder 10's Decode

O 00705 Jol [06 [02 |07 [03]08 |04 09
N File | File |File | File | File
1 ote | Mod | Mod [Mod | Mod | Mod
V' 1oo |02 |o4 |06 |08
8 Sense|Bytes

0 1 2 3

File Unit 0 File Unit 1 | File Unit 2 [File Unit 3| File Unit 4 N
9 |Addr[Cyl [Addr |[Cyl |Addr |[Cyl [Addr|3  |Addr|Cyl | TNOTe
00 |(Loc |01 fLoc 02 jLoc 03 |Cyl |04 |Loc

Loc
TLU for Cylinder 100*'s Decode Always 00
umeric Pre- f _l
A 00 ] 50 [ 10 ] 60 [ 20 [ 70 30 [80 [ 40 | 90 | vious
Hex File Cyl | Cyl | Head
00 32 0A 3C 14 46 1E [50 | 28 5A | Op 00 00
File |[Last | Scan
'f‘1°° Unit |File | Cond
B Head|®™ |k | D | D Note |File Addr |Comm | Note
cord 5 |Mod .
N Init |and 3
o.

Sel

AUXILIARY STORAGE A

0 1 2 3 4 5 6 |7 8 9 A B C D E F

Scan
Re-
9 sult N:fe
Note
3
Alternate Track Addr Read
A From RO of Flagged Track
Cyl l Cyl IHealeeud
NOTE | NOTE 3 K3! uCw SCA? K9H C};U STCAN NOTE 4 NOTE 5
BIT O - — 0P WT RESULT WT 1400 BR BYTE on alternate
BT O O T SCAN LO 7 0 HI 12 0 - NO ADDR COMP | track operation,
8 'E-g ? 2' - ali?: original cylinder
- lue i 2
NOTE 2 SCAN EQ 8 | HI 12 3 - ANY :/: lsjfeorl:dAEIg:ez !
BIT3 -1+ i L0 6 4 - PARITY ¢
BIT 3 =1=DCF HAS i £0 X 5 - NOT RDY or return seek
INCREMENTED SCAN HI 9 2 HI 12 6 - RBC
2 LO 6 7 - ON-Checked for
2 EQ | Recalibrate Seek

Necessary

1400 File Compatibility RS Chart 16 (Sheet 2)



FILE READ/WRITE GENERAL ADDRESS FLOW

Details on the following address are on the individual charts for each operation.

From | Cycles

I- Ring 8 11A8

1BAO
Initial Selection 1890
1892
1BA5
1B3A
1BBO
1BB4

__EHead Seek 1B 1B8F
| 1BAO

This section can be performed in single
cycle or Roar Stop and program may be
continued without error.

Initial Selection 1B90
1892
Loop Until Search for 1BAS
ID and/or RO Complete 1B3A
1BBO
B4 NJ
berpeeeseey Search ID 31 1B8F A
——Di This section must be performed in run for
e Initial Sel  1BAO If program to operate correctly. Roar Stop
1890 Error may be used but a overrun will occur and
Loop Until Sector 1892 Do program must be restarted. A sense Com-
Count is Zero 1BAS Sense mand can be forced by stopping in this
1B3A Comm section. This will allow checking sense
1880 Command.
188F N
1Read/Write 1C1D 4 Z
RE 1BAO
Initial Sel :Bzg This section can be performed in single
1gA5 cycle or Roar Stop and program may be
183D continued without error.
1B3A
1880
Sense - 04  1BB5
1C43
1C79
O L——p» Stop on this Address and display Auxiliary B - BE for failing
command Auxitiary B=-BD for failing unit if read or write

completed sectors can be determined by Auxiliary B-BI or

Return to 1 Cycles

i Op 11¢D

II SECTOR OPERATIONS IN COMPATIBILITY MODE

Note the following characteristics of Sector OPs
in compatibility mode:

1.

[3)]

Sector address is incremented in 360 CCHHR not
1400 DCF.

Updated CCHHR is not converted and stored in
DCF until sector count 000 is detected.

. Sector count is decremented in 1400 DCF.
. In event of error sector count could appear de-

creased and sector address may not be increased
in the DCF. CCHHR in aux. B - AD thru Bl
should be checked for actual sector address value.

. DCF incremented bit - aux. B-9 A-Bit 3

Bit 3 = 1 indicates CCHHR has been incremented
(sector count more than one) therefore CCHHR
must be converted 1400 format and zone bits
stripped.

Zone bits will remain in DCF only if initial
sector count is 001.

DCF of 1400 Program.

III SECTOR OPERATIONS - READ/WRITE/RBC

The following programs should be used when possible
as they are tested and provide predictable results:

Read Op

500 M % F 0 800 R
508 M % F 1800 R
516 M 709 809
523 B 532 Y
528 B 508

532", 500

536 .

Write Op

500 M % F 0 800 R
508 M % F 1800 W
516 M 709 809
523 M % F 3 800 R
531 M 709 809

538 B 557 Y

543 B 508

547 . 500

551 .

700 - * 010000 001
800 - * 010000 ooi:r—’

910 -|*

Seek

Read

Restore DCF

Branch on any condition
Loop

Seek

Write

Restore DCF

RBC

Restore DCF

Branch on any condition
Loop

Can be increased from 1
thru 20 depending on the
number of sector opera-
tions desired.

Add 100 addresses for each sector over

one (1) to be processed.

1400 Sector Read/Write/RBC RS Chart 17 (Sheet 1)



SECTOR OPERATIONS READ/WRITE/RBC

OVER-ALL SEQUENCE

DETAILED SEQUENCE

INFORMATION ~ ROS ADDRESS LOGIC PAGE
P R S el ——
| 1Ring 8 o i — —{11A8

Converted 1400 DCF to
360 CCHHR and Add 1

Stored in Aux B - AD
thru B1

-— — ——1_QH301 |

to Cyl & Head Value

ROAR Stop Chart
ROAR Stop Chart

Initial Selection
Head Seek - 1B

Initial Selection

Search ID - 31

ROAR Stop Chart

19
20

21

l Decrement Sector Count

Sector Count Maintained
in 1400 DCF

—— (o]

ction

L Initial Sele

Read - 06 or Write 05 is
Stored at Addr 1B3A

Y

Read Data

¥

Write Data

Loop

———

Data Loop is Not Ter-
minated Until Counter
(90 or 100) is Zero,Short
Record Sets Indicator But
Continues to Counter 0

Main Stor Char is Com~
pared to Bus in Char if
Unequal Set Validity Ck

Read Out Next Main
Stor Char to Check for
WMGM

Check for WLR —_—— ——

—

|

]

Status In

Aux A-9B Bit 2 F-{ 1ce1]--4 qHso1 ]
FI = CE - DE }———-{ 1C62 '——-| QH381

No

General Stop

Stop Check

Subtract One From Cyl
and Head Value

Sector
Count

i____..

— — — ——{iCID }——{ QH39

Aux B - 9A Bit 3

—— 1802 }——[ QH4l1l ]

00
No
Convert CCHHR to 1400
Format Store In DCF in
Main Stor
[ Return to | Cycles lﬁ—

—~{77cD]

Add 1 to Record Valuew——{?ux B - Bl

r—ics2 - qr4adt |

Set Up Head Sw and
Cyl Sw if Necessary
[ I

——[TuxB-9Asir3

F—-icce =4 quaar |

LSef DCF Incremented BitJ'_
. |

ESearch Next Addr

1400 Sector Read/Write/RBC RS Chart 17 (Sheet 2)



PROGRAM EXAMPLE FOR SECTOR WRITE WITH

ADDRESSES ( Write 20 Sectors with Addresses)

500 M % F 0 800 R
508 M % F 6 800 W
516 M 709 809

523 M % F 3 800 R
531 M 709 809

538 B 547 Y

543 B 508

547 500

551 -
700* 01 0000 020

Seek to Cyl 050 (1400)
Write

Restore DCF

RBC

Restore DCF

Branch on any Condition
Loop

Stop/Seek Restore after
Error

800 * 01 0000 020 01 0000

2824 0 10 019
2930 %

PROGRAM EXAMPLE FOR SECTOR READ WITH

ADDRESSES

500 M % F 0 800 R
508 M % F 6 800 R
516 M 709 809

523 B 532Y

528 B 508

532 - 500

536 -
700% 01 0000 020
800 * 01 0000 020
2930 %

Seek

Read

Restore DCF

Branch on any Condition
Loop

Stop /Seek Restore after
Error

SECTOR READ WRITE WITH ADDRESSES - OBJECTIVES

LFrom | Ring 8

J=—nr8 |

Readout 1400 DCF Con-
vert to 360 - CCHHR
Store in Aux Stor Incre-

ment Cyl & Record Plus 1

Aux B
— | AD thru B1

[

Initial Selection

ROAR Stop Chart 19

Head Seek - 1B

--ROAR Stop Chart 20

Initial Selection

Search |D - 31

- ROAR Stop Chart 21

Write -1D

Convert 1st DCF to be
Written to CCHHR and

Store in Aux Stor

—

Llniﬁcl Selection —I

| Read CCHHRKDD |

| Write CCHHRKDD]

Subtract 1 from Cyl &
Record and Store in
Main Stor

——

L Decrement Sector Count |

Read or Write Data
Loop

Status In

General Stops

[Stop Check }-——[1CID} - QH391 |
v

Return to [-Cycles

1400 Sector Read/Write/With Address RS Chart 18 (Sheet 1)



WRITE ADDRESS OPERATION 1D

Initial File Address to be Written Has Been Developed with the Cylinder and Record Count Incremented Plus 1 to
Conform to 360 Format and Stored as CCHHRKDD in Aux B AD thru B4.

OVER-ALL SEQUENCE DETAILED SEQUENCE
INFORMATION ROS ADDRESS LOGIC PAGE

eI — e it— —
Llnifiol Selection ] Stat In During Write Addr Loop — — — — QH371
| Initiates a Sense Command.
| Write Addr Loop - — — — —+ Write CCHHRKDD from Aux B-
AD thru B4
| stat In F———————{F=cE-DE F—1B8F }—{ QH37T |
I
Decrement 1400 Sector — —— —— — Sector Count Maintained in
Count 1400 DCF
|
LWrite Data Loop l— — —— —— — Status In During Write Data Loop — —— — — _OH471
I Will Either Set WLR or Initiate
Sense Command
(e tn e

L— — — —{ FI=CF DE F—- 1c62}-—- qHasi]

Error General Stop

Error Do
Sense Command

Set Suppress Out j

Read Out Next 1400
Yes Addr Format for 360

Initial Select Repeat
1D Until Sector Count = 000

y
[ Stop Check brorn——— - —— — — ——{1CID }——{ QH391 |
- —— —— —— —— —— — Check for Missing -——t ID]DI’“""‘[ QHS531 I
Check last Record 2311 Addr Marks
Was 16 or Greater Aux B-B1
To | Cycles

READ ADDRESS OPERATION 1E

OVER-ALL SEQUENCE DETAILED SEQUENCE
INFORMATION ROS ADDRESS LOGIC PAGE
N e — e siiti— —

[ Initial Selection | Read CCHHRKDD from FCU info}— — — — — QH371

Aux B-AD thru B4.

I Read Address Loop I——— — — — Stat In During Read Addr Loop
l Initiates a Sense Command
[ Status In b ———— —{ FI=CE-DE 1+ —mssF -4 qH371 |

|
Decrement Cyl and
Record Value by 1 for
Actual 1400 Values

Convert 360 CCHHR to  |— ——~— ————= Can Stop to Single Cycle Thru ——I 1CD3 '——-{ QH401 l
1400 DCF and Store in 1 Addr Convert Cycle then Prog
Main Stor Must be Restarted,Stored in Aux
B AD thru B1
Decrement 1400 Sector | oo This is Actual 1400 DCF
Count in Main Stor
Wotc Read Loop '__""-"_ — Stat In During Data Read Loop T T T T QH471
Will Either Set WLR or Initiate
Sense Comm

[ Status In - ———————F=cE-DE }——W:—&—}———{ QH381

Sense
Command

General Stop

Set Suppress Out J

Repeat Initial Sel
for 1E Command

[Stop Check | e — ——-{1CID - QH371 ]
Check Last RecordWas 16— I Check for Missing |—— 1D1D —— QH531 |
or Greater 2311 Addr Marks

Aux B-B1

[ Return to | Cycles J

1400 Sector Read/Write/With Address RS Chart 18 (Sheet 2)



INITIAL SELECTION FILE COMMANDS

OVER-ALL SEQUENCE

e el

From | Cycles

Read Out NPL Module
Number

[ Addr Out

DETAILED SEQUENCE

INFORMATION

e — P t—_

ROS ADDRESS LOGIC PAGE

File Unit Addr Dis-
played in MSDR

Stored in Aux B-BD

[ sel Out - Op In

|

l Addr In

LResef Sel Out

File Command

[ Status In

at Addr 1B3A

Execute File Comm Set up

Y

Status Non - Zero

Unit Check
Or
Unit Except

Yes

~—{1scp ——1 oH341_|

——— — —LiBa0 J——{ o341 ]
e —— e — 1890 |— — oH341 ]

Addr Out Drops
Must be Addressed
Twice

Supp Out is Reset on
1D and 31 Commands

—— 1892 —— aqraa |
——{ 18a5 F—— oHast

File Comm Code Dis-
played in MSDR De-
veloped on QH351
04 - Sense

05 - Write

06 - Read

07 - Full Seek

16 - Read RO

1B - Head Seek

1D - Write Addr

1E - Read Addr

31 - Search

——{ 183 [——1 oHzé1 |

Addr [n Drops - FI =
00 File Comm Stored
in Aux B-BE

Following Seek Op
F1=14, Check for

Error.

Re-try Initial Sel

Set Aux A-9B to
14 - 1400 Y and N

1 At a Future EC a

Sense Comm is |nitiated
Instead of Setting
Not - Ready

—— 1880 [——{ QH361 |

______________ {189A | — QH3el |

Return to | Cycles ]

If DE go to 1C76
If not go to 1C77

Initial Selection File Commands RS Chart 19 (Sheet 1)

- — {1887 -—-{ qQH3s1 |




HEAD SEEK 1B

OVER-ALL SEQUENCE DETAILED SEQUENCE
INFORMATION ROS ADDRESS LOGIC PAGE

e et

[ Initial Selection J

[ service in  F———————— Drop Status In = 1884 |=— oHzer |

[ status In ————————{Fi=Ce-DE }— —{ 188F }——] oHa7i

No ‘}

Error
General Stop

Aux B-10Bit 1=0

Mod Protect is Active
- -——— —— —— «——— —— Read Aux B=-BD, Convert
to do TLU from Aux B-11
thru 15, Read Aux B-B9
and Compare to Value

# from TLU

l Suppress Out J——'—‘ —————————— —| ICAD]—-—[ QH421 J
|
| Reset Op |1- Stat In  f——————————— — —— ~ 1ces—— onaze |

If Module Protect Disable
Bit Off ~ Compare Aux B-
BD to B9

Initial Selection to
do Search -31

Head Seek 1B RS Chart 20 (Sheet 1)



SEARCH ID - 31 COMMAND

OVER-ALL SEQUENCE

DETAILED SEQUENCE

INFORMATION

e — N eitit—

1400 Addr Transfer,Send
CCHHR to FCU to Lo-
cate Record

Stat In During This Loop In-
dicates either a Flagged Track
or Index Passed Twice Without
Equal Addr Found. This Initiates

Sense Comm

r Stat In

No

Yes

Error
General Stop

L

Do
Sense Commaond

Yes

No " Addr

Op

Yes

Search

/

ROS ADDRESS LOGIC PAGE

—— ——

— FI= CE - DE

F——{188F — —{aH71 |

Stat Modifier on Indica-
tes Search Equal.

Comm Continues to Loop
Until Search Equal or
Index Passed Twice.
Equal on with Either ID
or RO.

[ Set Supp Out

Initial Select to
Repeat Op 31

Complete

Initial Selection
Do Read or Write

Compare
Disable
On

No

Addr Op
1C3F

1

Sector Op
1C3D

Search Complete is
Search = On Both RO

and ID

~{ a1 ]

- —{1cecl —-{aqr3n |

Compare Disable On
Says, Search was for
RO, Search ID was
Bypassed

- — - 1CBEF~— QH391 ]

Set Record Value to 00 }——‘

After Search ID

Search RO is Neces-

ing Sync

sary to Establish Tim~-

btore Cyl Value

F{Aux B - B8

l

—— 1C7F—— oH422 |

| Read K29~ Aux B - BD |——{ TLU Using this Value—— 1c19F——] qrazz |
I

Determine Actual Cyl

Stored in Aux B -

91,93,95,97 or 99

Value

Initial Select Repeat 31
Code to Search RO

This is required to

insure RO Compare.
Search ID may have
been for an Address

not normal to that
Track

Search ID-=31 Command RS Chart 21 (Sheet 1)

—— 1c74—— oHa22 |




SENSE COMMAND - 04

OVER-ALL SEQUENCE

Uniﬁcﬂ Selection l

DETAILED SEQUENCE

INFORMATION ROS ADDRESS LOGIC PAGE

——— " it—

I Serv In

—-{ 1BBS l—-—-l QH361

Read Sense Bytes and

Stored in Aux B -

Store in Aux Storage 80 thru 83

Byte 0 —_————_-— - 1C40

Byte 1 —_— 14!

Byte 2 —_—— e C42 QH511
Byte 3 - —— —— 148

[ status In ———————{rf=0c=ce-0E F—=—]1c43 =— qHs11 |

l Reset Op - Status In

b —1c79 == ons21 |

Sense Byte 0 Bit 6

Using
Alternate

Track

Yes

No

On is Flagged Track

Set 1400 any File Error
Condition Reset 1400 RBC
Bit if On

\
Set Alternate Track l—— Set GO to 1 = 1C49 —I QH521
Indicator Alternate Track
Alternate Track Routine
To Return from
Alternate Track
Routine
F——————— Aix A -9 = —licoo =— ensit ]

—— Return to | Cycles

Sense Command--04 RS Chart 22 (Sheet 1)




v

SEEK OPERATION

Initialize Auxiliary Storage

. Enter following program

Ready the 1st File

. 1400 Start Reset
2. Start Program (Set 1C to 500)

. Execute program in single cycle or Roar Stop on

address provided in tflow chart for Seek Operation.

This program should do repetitive seeks between
1400 cyvlinders 000 and 050. The actual physical
location on the Disc Pack are cvlinders 001 and
031. The compatibility feature increments all
1400 cylinders plus one hecause cylinder 000 is
reserved for 360 use.

500 M T F0600R  Seek to Cylinder 00
308 B 500N\ Branch on Busy
5313 M  F 0700 R Seek to Cylinder 50
521 B 51 3\ Branch on Busy
526 B 500 Return to Seek

G600 X 000000

700 X 010000

SEEK OPERATION =07

OVER-ALL SEQUENCE

P, N

DETAILED SEQUENCE

INFORMATION

P S N N

Start Execute Seek

\

[ Addr Out

[ Sel Out - Op In

I

Addr In Up
Addr Out Drops

ROS ADDRESS

T ——

LOGIC PAGE

F———————"{ Bus Out = Dev Adar |——{ 18a0]—— @341 |
———————————— — 1890 |——{ qHa41 |

1B92 Addressed
Twice to Execute

Addr Out

Sel Out Drops

Stat In = Addr In Drops

L —— 1892 F—— qH341 |

- ———— —{BAs | —{ OH351 ]

Stat In Always Pre-
sented Twice

Ist Pass Fl = 14
2nd Pass Fl = 00

rDevelop 07 Command

-— —{ 1880 }——{ QH361 |

- — 1840 | qr3st |

| Store Comm in Aux B-BE [~~~ —""""] Displayed in MSDR_|— ] 183A |~ —] QH3é1 |

Op In,Stat In Drops

1st Pass

—— 1884 —— qH3et |

Serv In Up

2nd Pass

Init
Status
00

Seek File 1400
Cylinder +1

1

= ri=08=ce

[Sfut In

—— 188F [——] @H371 |

Stat In and Op
In Drop

Return to | Cycles —_————————

Seek Operation RS Chart 23 (Sheet 1)

_______ —[1C33} [ omaT |
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ALTERNATE TRACK ENTRY AND EXIT OBJECTIVE

Refer to Individual Flow Charts for Details on the Following Command Codes.

OVER-ALL SEQUENCE

B, S N

Initial Selection

Head Seek - 18

|

Initial Selection

Search |ID - 31

Unit Check Encountered
Do Sense Command 04

Initial Selection

Sense - 04

[ Track is Flagged

DETAILED SEQUENCE

6=1, Trk Flagged

INFORMATION ROS ADDRESS LOGIC PAGE
e — A i—_ o —
~==~ ROAR Stop Chart 19
--=-- ROAR Stop Chart 20
--=-- ROAR Stop Chart 21
---- ROAR Stop Chart 22
F———————] axs-80, B |-—o 125 |- QHsTI

Initial Selection

Read RO - 16

RO Contains Alternate

Track Address

|

Initial Selection

Full Seek - 07

Seek to Alternate
Track

Initial Selection

Stat In

———f 18BO l——l QH36]]

Search ID - 31

Search Orig Addr

Must Process
In H Mode

Initial Selection

__ I

Read or Write

Stop Check

{0 anan |

|

Return to Orig Track ]

Initial Selection

Full Seek - 07

Seek Orig Track

l

~-=~ ROAR Stop Chart 23

LRefurn to | Cycles ]

ALTERNATE TRACK ROUTINE

OVER-ALL SEQUENCE

DETAILED SEQUENCE

ROS ADDRESS LOGIC PAGE

— — — e—

{5

INFORMATION
P R, S N
Ffrock is Flagged J— _— _{ Aux B-80 Bit 6=1
Initial Selection RO CCHH Read Into Aux
Read Record 0 — —— ——— —— —— A - A0 thru A3

Initial Selection

Full Seek - 07

Seek to Cyl Value Read
From RO

No

Yes

—

Initial Selection

Search ID - 31

Aux

Search Using
original Values Stored in

B - AD - Bl

Initial Selection

Rd or Write Data Loop

Return from

Al rerncire Seek

| ¢

[Store Cylinder Value

J_.__.._____.___4

Store Aux B - AE in Aux
B - B8

[Read K29 - Aux B-BD

]

File Unit Addr for Init SelJ

Determine Cyl This Unit
was at before Alt Trk Seek
| and Store in Aux B-AE

Do a Table Look up Using
Value in Aux B - BD to

Locate Cylinder Value in
Aux B 91,93,95,97, or 99

[;-{ 1C74 |—— QH422_|

Initial Selection

Full Seek - 07

Return to Orig Track Using Cy!
Value in Aux B-AD-B1

No Yes

Restore DCF Cyl Value |"—’

Move Aux B - B8 Back

to Aux B - AE

Initial Selection
Head Seek - 1B

Return to | Cycles

Return to 31 Command of
Operation being processed
when Flagged Trk was detected

Alternate Track Entry and Exit Objective RS Chart 24 (Sheet 1)
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ALU Q Bus
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ALU Extention Register
-
Holds T ? Holds
Byte Byte
Count Address )
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Interface 0-3 = : SR l | l
I I ALU Output Bus 1 Byte
Bus Out P em— WO J=—7] WI W2 = W3 | W4 [ m— ALU Output Bus 1 Byte
l l l
PO-7 PO-7 P0;7 PO-7 PO-7 | ' | |
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FIGURE 011, SELECTOR CHANNEL DATA FLOW



I/C_OR STOR ADR DISPLAY
Byte | Byte Byte O Bytel |Bytel
X X Bits Bits Bit 7 5 Any Ext lrpts
Bits | Bit7 07  0-6 Mpx|sCijs
586 Manual Address
Entry Switches
0 2 7
Prot . r— N
Store anl% ‘ Interrupt Request Latcﬂ E"':"“I Interrupts
4 Bits | 128 Wdsi» ! Sel ' 2z 5l
5 Bits |&|7 Storage Address Bits and Y1 elect ela
- =3 Mpx MS Address Compare
Mpx |8, Stor o5 olif2]3]4l5]e]7
Store |3 its and Y1
128 Wds
5 Bits T -
—
fau ‘ Select I Trans- Trans- :-E-
‘2 / Storage Address Bus 17 Bits Plus P / / / 51:: /1 17 Bits — o, late late # | Main Storage / fg] 1
s Logic Logic g' Emit
or 1 2 Field
Mpx  Store STATICIZER
Direct =
- PCI;G == Control
ALU X 0] YO Accept
PSN 4 A PSN L R o - 7
03 47 PSN 5-7 . ol 3] va
=
41 Y4
!
. ALU P Bus 1 Byte / \ K 51 Y5 -
ALUE 1o R
. xtn Reg P5-7 | 71 Y7 DC In
. l o L_ gROPSNG
g |
- pol ° I =lvg 1D
PG T P_CE|X gmit | : Vg NI I oc i
tructi
P~SNO o | Data h b5 7 L' D Man To BO i nstructions i
P0-3_ r——v———-—-—{[‘ pC -KJ a - ]g | Error
DC Instructions =1 P I | E [
PSN 4- | PO - 7 [P0 - 7 | 0 IDQAZT DC Out
Key | I gA_/J sk PC - | 1 Load
Register 1A Register Ext ew ew T i .
| BotF Selow | C Register D - Register |1
- - - - - uffer| ASCII
] B0 B1 I Carry po-3lpo - 7] | - - - - =\ (=] _ascii ] ]
Compare 8 Compare AX] A0 Al Loy Pirc: ul glﬁgw- ! ol “ > °' | Roess =l va | ]
; ompare Bus I P_rofF:;r J po - 7lep0 - 7 | | [ 1) pai'o% lpc| Outplt | 5-74P0 - 7 PO - 7 PO - 71P0 - 7 l —-YCD .
Violation i | EALU. 0 - 7 ] | PSN 5
] Lol PP Conirol] _ Decimal ! [ Y ) b [=]_pisable] ] Direct
¢ ALU Extn Output | : | 0-4 | Cory ! I ) PSN 6 Control
T T ‘f | ROPSN 1 l_] Present
| =] PMA 0 - 7
[ e | IRo PSN 2
Loy | t || | = m 1]
| | y
ALU Output Bus by B
yte
[ | ! |
Pl | ’ =
| | Compress
| b Rxesner I o
RO PSN P-2
)[ ALU Compress i : Jl 1 Manual Control  Adr | |
RX RO' Entry, Load Adr Entry | | | Mpx
Log-Out Y Data Entry, Store 11 Data
Error Entries \ 2 Bytes Plus 3 Bits 2 Bytes Plus 3 Bits Select En)’"y |1 P - 7
|
2 Bytes 2 Bytes : | PC Mpx Bus Out
!
ZS R Bus 2 Bytes Plus 3 Ex --— Mpx Bus |
Iy T
| |
» 1 Gl
' ! \ ) RO RI G = -
p: , .
{‘j 7 j' & ROS Bus l\ Yﬂ e m w R - Register o0 Errors 5 pPC
! | A - I -=|pC - PG
\ ) ‘ & | On Internal 4— - ——!r < RX as RO _I R1
! ) L L Read Only Storage CE Panel N
Field[ROS Bit Fonction Control Decoder® Ps-7jP0 - 7 ]P0 7 PSNO-3 SN 47 . Dtlfgh::
~7 —_— = 0 a
- o - A | 0-3 | ROS Next Address =] Latches Control
ROBAR PG ROAR B |4-7 B Condition Tests Special Controls B Next b In_f' === = Extension {PSN P5-7) Data Path
P12 - 0 P12 -0 C 18-11] C Condition Tests C C ROS Word be =210
D |12-13 | ROS Address Control D > Address wwmm— = Holf Byte Bus (4 Bits + Parity)
E | 14-17] Emit Field 3 — =
N F 8 Word Address Parity Bit »lPC ZZZZ = 6 Bit Address Bus
* G | 19-20] ALU Function Control @ Control Logical LOCAL 2 Reg Format ) Byre Bus (8 8 Ferify)
H §21-25} Local Storage Address Control 2 » 1 } CPU and ogica STORAGE PC - - - [ yte Bus its + Parity.
rosAB KN ‘\\{—"}\ J | 26-28| R-Register Input Control 8 3 P o I Tests 144 WORDS g LSAR H J
K 29 Skew Control Of ALU Q Entry Y ers 22 BITS a _ . . .
+ L {30-32} R-Register Output Control s H 1] __‘ Conditions 2 P0-3 4-7 P - 7 PO - 7 S = 14 Bit Address Bus (13 Bits Plus Parity)
M |33-36] ALU Output Control & M| = 17 Bit Address B
ROS Address N {37-40| Stat And Function Reg. Input-Ctil. — N Control * All Decoders Z ! ress bus
Compare P | 41-43| ALU Input From P Bus » P ] cPU Are Checked Expect = 2 Bytes Bus (16 Bits + 2 Parity Bits)
Q | 44-47] ALU Input From Q Bus Q > Chan::? L And M Indicators On - 4 (16 Bi arity Bits)
R [48-50 Miscellaneous LR Data Flow | 'femal CE Panel LSAR BUS S = 2 Bytes + Ext Bus (19 Bits + 3 Parity Bits)
S 51 .Word Parity Bit ——-— = Special Data Path For Dump Log Out Or
[ T |52 -53) Carry Control Manual Display Operations
JX 54 J Field Extension = ' = Crossing Buses
PX 55 P Field Extension
Manual Data Manual Adr = Bus Distribution
Entry Switches — Roci::ird Entry Sw
= Parity Checker

FIGURE 012,
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Instruction
Fetch Start

]

l

Put Current PSW into Local Storage

[

Read Out Machine Instruction

| Scan to Detect Cause of PRI Condition |

Branch Here on a '‘Supervisor —I

Branch Here on Program Error J ] Call" | on

Branch Here after Log Out or after

a ''System Reset'' Resulting from a
Console Initiated ''Loop'* Operation

I

223-2844 I

"'Current"* PSW is modified ta indicate latest status (condition codes etc.) and is stored in main storage. |

Reset Halt Latch

223-2842- Model 40 Diagrams Manual
223-2844- Model 40 Theory of Operations
223-2841- Model 40 Maintenonce Manual

Main storage location is determined by the type of interrupt. The stored PSW is now the "old" PSW
Y6 Set by To Load First Customer PSW from MS Location 00000
Start Key Yes (To PRI Scan Routine) Extemnal Yes [t ustome cation
Causes Interrupt I
Igroring PRI ? 223-2842 A ""new" PSW is transferred from main storage to local storage. Main storage location is determined by the type of interrupt. l
Fig 638 This “'new'' PSW is now the '‘current'' PSW
Write Back
Machine Instructions Is the
Wait for PRI Yes *'Wait Bit "' No
Instruction of the Current ]
Ty
Fetch No Store Channel Status Word I Enter Microprogram "'Wait Loop'* $Wa Transfer Current PSW from
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