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Preface

Diagrams and flowcharts in this manual are at engineering
change level 816614.

The diagrams in this manual are organized by operation.
Thus, the details of machine operations are presented in
operational flowcharts, most of which are two-level. The
general flow path of the two-level charts (heavy line) shows
the major objectives of an operation or instruction. De-
tailed flow paths of major objectives are located to the
right of the general flow path.

Positive-logic diagrams support the operational flowcharts.
They show logical circuit operation without regard to
signal levels. Most of the logic diagrams in this manual are
not block for block representations of Automated Logic
Diagrams. Rather, only blocks necessary for a logical
understanding of the operation are shown.

Other manuals needed to understand and service the 5410
are:

1. The IBM 5410 Processing Unit, Field Engineering
Theory of Operations Manual. '

2. The IBM 5410 Processing Unit, Field Engineering
Maintenance Manual.

Second Edition

This is a major revision of, and obsoletes, SY 31-0202-0.

Changes are continually made to the specifications herein;any such change will be reported

in subsequent revisions or TNLs.

A form for reader’s comments is provided at the back of this publication. If the form has
been remeved, comments may be addressed to IBM Corporation, Product Publications,

Department 245, Rochester. Minnesota 55901.

© Copyright International Business Machines Corporation 1969

Abbreviations

AAR A field Address Register

ALD Automated Logic Diagram

ALU Arithmetic and Logic Unit

ARR Address Recall Register

BAR B field Address Register

BSM Basic Storage Module

CPU Central Processing Unit

CR Condition Register

CRR Condition Recall Register

DA Device Address

DBI Data Bus In

DBO Data Bus Out

DFCR Disk File Control Address Register

DFDR Disk File Data Address Register

DPF Dual Program Feature

DRR Data Recall Register

EBCDIC Extended Binary Coded Decimal Inter-
change Code

IAR Instruction Address Register

I/0 Input-Output

K Thousand

LCR Length Count Register

LCRR Length Count Recall Register

LPDAR Line Printer Data Address Register

LPIAR Line Printer Image Address Register

LSR Local Store Registers

MAP Maintenance Analysis Procedure

MFCU Multi-Function Card Unit

MPCAR MFCU Punch Data Address Register

MPTAR MFCU Print Data Address Register

MRDAR MFCU Read Data Address Register

MST Monolithic System Technology

PC Parity Check

PG Parity Generate

POR Power on Reset

PSR Program Status Register

SAR Storage Address Register

SDR Storage Data Register

XR Index Register

5410 DM
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Legend

Legend

Read

RN

Minus polarity

not) Ready Negator inverts logic on
positive logic diagrams

A C "A" and "B" must be
B active for “C" to be
active
D
oR | F "D" or "E" active
E causes "F" to be active

L

atch Name

Set o On Output

Reset

Off Output

Input to 0

Flip flops or flip
latches that are
shown on another
diagram

Parity Check
on Bus Line

Parity Generator
(Correct parity is
generated. )

bit only Indicators

There are 8 latches

B LY

Input bus to
all bits\
— X
Gate

' o in register (O through 7)
Reg

Name All bits transfer out

Only bit 7
ALD j /frcnsfers out
Loc

7

s

Register Reset

Diag x-x Off-Page Connector

/O IF Interface Connector

. No connector shown

Diag X-X on referenced page

AR Amplifier

T
-
o
Jo

Indicator

On-Page
Connector

On-Page
Connector

[P —— A note is shown
this way on a
diagram

loining Lines

Lines cross over
but do not join

8 lines on bus

T ¢ B
bits 0,1,2,3,
(©-7) 4,56and7

Boolean Algebra Symbols

® In a line name means "And"

4+ Ina line nome means "Or"

(xx - = = x) Indicates a line name that
does not exist as on actual
ALD name, but used to better
explain the function of a
line or block

5-40A6

Arithmetic Logic Unit
(located in the CPU)

2.5 usec Single Shot
A positive shift on

"C" causes a 2.5
usec shift on D"

Exclusive OR
A Either "A" or “B"
c must be active for
B Of p|—— "C" to be active,
but if both are active
or neither active
"C" will be inactive.
Ready

Adicofes line originates

on Diagrom 5-40 at zone coordinates

Ab.

Punch 5-4183

Indicates line enters Diagram 5-41
at zone coordinates B3.

Indicates 8 duplicate circuits.

PLA_.. FL

Indicates a shift is required after
the gate pulse is present.

* Indicates a point that con be
scoped on back-panel pins.

Fo2o0 4

'Print'

il

‘\

Decision Block on
o Flowchart
(Asks @ question)

Indicates the func-
tion described con
be found in the ALDs
on this page

Processing block on
o flowchart

Single quotes in the

block indicate a line
name, flip latch, or
flip flop name

Keying Operation on
Flowchart

Terminal on a
flowchart

Note on o
Flowchart

Refers to another
Flowchart



o

Diagram 1-010. Diagnostic Techniques

Refer to MAP charts
for system diagnostics

5410 FEMDM
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Diagram 2-010. Processor Check

2 v 3 v 5 v
ALU Parity Error
Odd Not 9
Carry Chk Even Not O
A A Reg P Check OR
B Reg P Check
SAR Parity Error Hi (not)Alter SAR Mode
OR
SAR Parity Error Low Clock 1 to Chan
Parity Check SW Stop
’ Clock 6 Not Wait
(not) Alter SAR Mode
OR

SDR P Chk

Op or Q Reg P Chk

Clock 8

DBI P Check

Gate D8I P Check

Odd Not 9

DBO P Chk

(not) Clock 7-8

Qdd Not 9

1/O Check Lamp R

Diog 4-100

Chan 1/O Chk [

F

Note: Rotate drum switch to position 8 fo

determine cause of proc chk

Invalid Addr Disp (SAR adr error)

{not) 1/Q Chk Sw Run PBI2)
Clock 8 Channel Chk

1-Op Cycle

Invalid Op Code OR

Clock 1 to Chan

Even Not 0
1/O LSR Sel Chk

OR
A
Phase CD
Clock 0
Phase DE A
Sys Reset
OR

Check Reset

Processor

Check
FL

KB151

(12/69) 2010
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1/0 LSR Select

—_
L i
D
A QuD |
R 7 —
. I/O_LSR Select Check Display
A F- —
5 1 — sp
Display PBit Hi _
—— OR I OR A 4
oI BN R | JU—
7] | KE293
} PR PCI01
¢ A
7
| op |LSR Bank 1 Seid )
B OF [n] 2 Out OF 5 Check (base LSR)
LSR Bank 2 Seld ck (bose
LSR bank 3 Seld OR OR
A 2 Of 5 Chk Bank 2 or |//O LSR Select Check
KE161 2 Of 5 Chk Bank 3 A
KB121 RETT
> or
witch|
Pos
8 Processor
Clock 0 A Check _ Processor Check A
Phase DE R
e - FL KB111
’ Phase CD
A ] L]
Ever Not 0 ] A Pl—C—llll
OR KB151
D

Diagram 2-020. 1/O LSR Select Check 5410 FEMDM (9/70) 262
. , 0



Diagram 2-030. LSR Parity

2 v

ALU

Feature
1
LSR

Feature
2
LSR

MA322

A Reg P Chk
OR

A Reg
To < B Reg
SAR High

Lighted
Bits

B Reg P Chk

Even Not O

(not) Alter SAR Mode

SAR Parity Error Hi
OR

SAR Parity Error Lo

Clock 1 to Chan

Note: Machine is stopped by either A register,
B register or SAR parity error. Drum
switch position 1 displays SAR contents,
2 displays LSR contents, 4 displays B

register contents, and 5 displays A
register contents

{bits 0-7 + P) OR Display Bit 2 Hi ?
LSR Hi P Chk Displ R
A Reg A - EE— Error
To < B Reg [ — Location
SAR Low MAI167 KE293 PB101
Base LSR High
(bits 0-7 + P)
' A |LSR to P Chk Displ I ——] Base LSR Low
B —— Dispiay Bit 3 Hi
- OR piay o )
— Feat | LSR High
MA127
Feat } LSR Low
(bits 0-7 + P) KE293 PB10I Feat 2 LSR High
A Gated Feature 1 LSR Hi Par Err
Feat 2 LSR Low
b—
MA272
——— ok |Disploy BitOHi ,
(bits 0-7 + P) —_—] 1
A Gated Feature 1 LSR Lo Par Err —_—d
| E—
—
MA272 KE293 PCI101
(bits 0-7 + P)
A Gated Feature 2 LSR Hi Par Err
-
MA372
(bn's 0-7+P) OR Display 8it 1 Hi
LSRto Aor B A Gated Feature 2 LSR Lo Par Err
A
MA372 MA372
Do KE293 PB101
Switch
::: Proc Chk Display
8 A
PC101
KBTI
Phase CD
OR A Check Proc Chk
- 1
Parity Check Sw Stop A fL
Sys Reset r
OR KB151 PCI
Check Reset




Note: Rotate drum switch to posiiion 1 to

display SAR contents

Tiagyam 2-340. SAR Parity

2 v 3 v 4 v v 6 v v 8 v 9
A
LSR High
EVEN SAR Parity Error Hi
B A | LSAR Hi P Chk Disp
MA167 BTOT ‘ o
OR Display Bit 4 Hi T )
LSR Low 1
> KE293
EVEN SAR Parity Error Low PB101
A SAR Lo P Chk Disp
MA127 <Bion
c OR Display Bit 5 Hi Py —
MA122
KE293
Drum
Switch
Sw
> Pos PB101
8 A
Phase CD PCi0}
Parity Check Sw Stop A
gnot) Alter SAR Mode
D OR
Clock 1 to Chan Processor
Check
OR < Proc Chk )
P FL 1
-
— Sys Reset
Check Reset
> KBI1S1
PCIN

5410 FEMDM  (9/70) 2-040



Diagram 2-050. Invalid Address

2
A
l_ —_ = — -
f
B |
|
!
Maximum
Storage —_—
Capacity

Note: Rotate drum switch to position 1 to

————® 8K

——® 12K

% 16 K

————& 24K

display SAR contents

Page of SY31-0202-1
Revised April 5, 1971
By TNL: SN31-0301

v

Proc Chk Display

Check Reset

SAR O Hi
A — -
SAR T Hi B
Note: 48K storage only. Replaces circuitry within dotted lines. I
|
I
SAR Bit 0 Hi e
SAR Bit 1 Hi | |
SAR Bit 2 Hi OR
|
SAR Bit 0 Hi | I
SAR Bit 1 Hi Or | |
SAR Bit 2 Hi _I— I
i
SAR Bit 3 Hi A I
|
SAR Bit 0 Hi ' I
) ] OR | Drum
SAR Bit 1 Hi I | Switch
Sw
Pos
SAR Bit 0 Hi [ bt
SAR Bit 1 Hi OR | Invalid Addr Disp pciol
[ |
SAR Bit 2 Hi A (I
or e (SAR addr error)
| (not) Test Mode
SAR Bit 0 Hi Clock 1 to Chan A
MAI77| Phase CD
. —_— — — - 4
Sys Reset
OR

Processor
Check

FL

KB151

4/71)
A Invalid Address Display
KB101 OR Display Bit 6 Hi _ )
KE293
PB101
Proc Chk
PC111

2-050



(to B reg)
B
Mai ]
ain
ko
Storoge SOR EVEN SDR P Chec 1
, A SDR P Chk Display
’ RA151 B
KB1OT — 1 or Display Bit 7 Hi _ b
Drum
Switch KE293
c Sw "
Pos Proc Chk Display \
8 Y-S —
PC101
» Phase CD
A
Clock 6 Not Wait A 3 |
Toot) Alver SAR Mode ] Parity Check Sw Stop l
A - Processor
OR Check
FL | "
Proc C
D —_— Sys Reset \ ¢ 1
Check Reset |OR
KB151

Note: Rotate drum switch to position 4 to
display B register contents

’ PC111

Diagram 2-060. SDR Parity 5410 FEMDM (9/70) 2060



Diagram 2-070. Carry Check (9/70) 24070

2 v 3 v 4 v 5 v 6 v 7 v 8 v 9

A Dec Inst
A -
Arith Caorry to Bit 3 OR Digit
Carry (clock 3C to 5C)
Circuit /
Bin Add or Subt KY131
> s
m
ALU [ ] OR
Arith Binary Carry Temp
hd Carry
Circuit
AV211 KY131 (clock 5 through 0)
Dec Inst (clock 3C to 5C)
A Digit
Check Carry to Bit 3 Carry
OR Check OF Carry Check '
Circuit OR A |Carry Chk Displeyed
. KY131 — _ ]
’ Bin Add or Subt KY131 KBI31 or |Display Bit P Lo . R
\ A /(clock 5 through 0) —_— —
> Check ; 5295
ALU Check Binary Can'yv C:::: o PB101
Check rum
c AVI2 Circuit Switch
AVITY ™ ‘
AV181 KY131 Pos |_Proc Chk Display
AVI91 8 R
AV201 L PCIOM
’ Carry Check
OR Phase CD - Processor
Even Not 0 A Parity Check Sw Stop A Check Proc Check s
—_— o A FL e 1
OR
Sys Reset KB151 PCINY
Check Reset Or
KB151

Note: Rotate drum switch to poaition 5 to display
ALU output, position 4 to display ALU
controls and carrys



2 v 3 v 4 v v 8 v
A
> A |DBI P Chi Disp
KB131 . .
OoR Disploy Bit 0 Lo ,
DB:
B o KE295 =
{bits Oto 7 + P) ‘
M eveN|RBLP Chk PBION
]
KE10!
’ KE01 Drum
* Switch
:;: Proc Chk Display
8 A
PC101
Gote DBI P Chk
Odd Not 9 Phase CD Processor
A _ Check Proc Chk ,
» Note: Rotate drum switch to position 5 to OR R R FL - T
display A register contents. .
Rotate drum switch to position 1 to Parity Check Sw Stop Sys Reset
display SAR (contains address of Check Reset JOR
failing column) to determine bit KB151
structure
PCI1
D
Diagram 2-080. DBI Parity
5410 FEMDM  (9/70)
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Diagram 2-090. A/B Register Parity

2 v 3 v

A DBl

Translator

|
’ A (bits0to 7 + P) A Reg P Check
Reg
RATT
B RATYI
RA121
Misc or RA131
CR Bits
(P bit generate if no OF
input is gated to register.)
’ RAIT
SDR
(bits O to 7 + P) B Reg P Check
Reg
’ RA101
RAIN
Even Not 0
D A
Phase CD

Note: Rotate drum switch to position 5 to dispiay A register
contents, position 4 to display B register contents

J 1Y I11

OR

Parity Check Sw Stop

A or B Reg P Chk Displ

A
KBi31
Drum
Switch
PS; Proc Chk Display
8
PC101 —
Processor
A Chk Proc Chk 2
Check Reset
Sys Reset PCIII
KB151

J11ill

OR

(9/70) 2090

9

Display Bit | Lo

KE293

PB101



A
’ ALU AL
Pbit P Bit
enerate] FL
AVI 32
B

ALU Parity Error P

¢ - A ALU P Chk
A |BisOto7 +P i A Reg Comp P Check OR Display Bit 2 Lo
Reg y L

’ » Drum
m Switch KE293

RAI21 Proc Chk Displa:
RAIAN A

-

pitil

Dec Comp A Reg 25
Bin Comp A Reg OR
in Comp
D
ALY Parity Error o .
Phase Processor -
A .
Odd Not 9 Parity Check Sw Stop N Chik Chk )
FL

OR

Sys t PCI1Y
KB151

v
AENEE

Note: Rotate drum switch to position 5 to
E display ALU and A register contents

Di 2-100. U Pari .
iagram 2-100. ALU Parity $410 FEMDM (9/70) 2-100



Diagram 2-110. DBO Parity

2 v 3 v

EBCIDIC
To Card
Code
Translator

Clock 7D thry 0C

’ Prior.

KE201
c KE211

KE251

DBO P Chk
(not) Clock % A

OddNot? 4

Note: Rotate drum switch to position 7 to
display CS priority bits, position
D 5 to display ALU output

[1id1]

Parity Check Sw Stop

Phase CD

9170

OR r

DBO P Chk
A DBO P Chk Displ
—
KB131 —
: OR Display Bit 3io !
— ) PBI1OY
KE295
Drum
Switch
::; Proc Chk Display
8 A
Processor
A Check _ N
RE FL 1
Sys Reset !:lnl
Check Reset R 1
KB151

2-110



i
Z
l
Z
Z
Z
l

) its 0-7 +
P AU e O |nm—— Even|Qp Reg P Che

Reg

RN141

RN101
-
OR Op or Q Reg P Check
Pority Error Q Reg Op or Q Reg P Chk Disp!
ALU A
’ RNT41 — _—
K8131
RNT41 ——— ok |DisloyBit4 Lo _ 1
J |
Drum
Switch KE295 PBIOY

¢ Sw | Pproc Chk Display

Pos

8 A

—
Op or Q Reg P Check Phose CD
A Parity Check Sw Stop
Clock 8 1
D P e e Proc Chk ‘)
— e
Check Reset
Sys Reset
KB15)
PCINY

Note: Rotate drum switch to position 3 to display
Op and Q registers contents

Diagram 2-120. Op and Q Register Parity S410FEMDM  (9/70) 2120



Diagram 2-130. Invalid Op Code

2 v 3 v s 5 v v v 8 v 9
(not) 4
A
A I
7 [
Op Bits Zlnot) L
(rot) 5 A
OR
4
(not) 4 (not) 5 A
’ » 2 Address Format [
L4
A
Op Bits
(not) 5
A
(not) 4 .
B
OR
7 A
Op Bits 01 23
Qp Bit 6 A
> ol e
not #
both both .
not Op Bits
both both ; A
both both 4 lﬁ
z OR
c |—‘—'
1_Address Branch A
5
Op Bits
{ 4 OR | ‘ OR Invalid Op Code
Command Format A T
’ Druy, itch
R Proc Chk Disploy
8 A
PC101 A Invalid Op Display
Invalid Op Code KBI11 . B
D 1-Op Cycle A _Phase CD OR Display Bit 5 Lo _ -
Clock 8 A —_—
—_—
OR Processor
Check Proc Chk , KE295
—1 PBI01

Check Reset

Sys Reset

FL

KBIS1

PCI

Note: Rotate drum switch to position 3 to
display Op register contents

(9/70) 2-130



>

Diag 4-100 II/O Condition A

> 1/O Condition 8 ’
Diog 4-100 Clock 8 A Channel P Check '
B A Chonnel P Check Dlm_
{/O Check Stop Gate K141 e
KBl —_—
/O Not CE Test OR v or |Rimley Bits Lo N
——
KE295
’ Switch N
Pos |Process Chk Display ‘
8 A
*
¢ OR Channel Chk Processor
Invalid Device Addr Check
A _ Processor Chk
KB4y  FhaseCD | FL ¢
KBI151

’ PCI

Diagram 2-140. Channel P Check
5410 FEMDM (9/70) 2-140



Diagram 2-150. Invalid Device Address (9/70) 2-150

2 v 3 v 4 v 5 v 6 v 7 v 8 v 9

B 1-Q Cycle

1-O Check Stop Gate
D not) |/O Condition A A Invalid Device Address

not) I/O Condition B

Invalid Device Address Display

Diog 4-100 Clock 8 A
D KB141 KBi11 OR |Display Bit 7 Lo .
’ Diog 4-100
KE295 PBION
i Chk Display
POS Tocess ispia
8 A
oRr Channel Chk Processor
’ Chonnel P Chk A Check o Processor Chk
Kpt4r  Phase €O | FL
K815t
D PCITI



Main Storage

Storage Unit

B SAR (Hi)

®

PTOTT]2[3}4[5]4]/

IOl 2] 3[ 4367

ODE, 9D

Parity Checked

Parity Generate

1@

Display

Diagram 3-010. CPU Data Flow

3CD

<

Dl

N EEERERT

LSR Hi - 1CD, 7CD
LSR Lo - 5CD

2D, 4D, 8D

LSR (Hi) * ®®'

Nl olo]

10, 3CD, 5CD

POASIOTA
F 1
[e]
4R 2
C
E 16

2D, 4D, 6D

X——

LSR (Lo)

Odd CD (1/O Cycle)

v 8 v 9

1CD (1-Op), 3CD (1-Q)

Address / Data Switches

Translate
In

LSR Hi - 3CD
LSR Lo - 1CD, 3CD

op r Reg

'

Channel In
Control

Channel Out

Decode

®

ploT J2T3[4]5]¢]7

PTO[ T2 3] 4[ 5] 6] 7

SCD

R 3CD, 5CD

Control

:

Translate

AAR

XR1

LC
RR CRR

BAR

w

MPTAR

XR2

LPDAR

LPIAR

“—Nmre—mwu

MPCAR

MRDAR

LCR | DRR

1AR-1

ARR-1

8 +

P!

L~ e
CL 4C to 6C

Cycle g
Control b
1-OP 1-Q 1-R 1-X1 I-HY | 1-LY 1-X2 | I1-H2 | I-L2 | E-A [ E-B 1/0
P g N N
g N
- ~
- ~
// \\
Ve e
4 ~
7 . -

e - ~ ~ «
T
Clock 0 1 2 3 4 5 6 7 8 9 |
i |
+ n -

. Modif Modif;

Load Misc. Comput 4 4 i
SAR e OMPUIE 1 Address Address CE |
Lo Hi |

§
|
]
\
\
\
\

Phase [A[B]IC]D]

Note: Clock 0 and 1 consists of 5 phase
pulses (A, B, C, D, and E)

5410 FEMDM

(12/69)
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3-010



Page of SY31-0202-1
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Diagram 3-020. Storage Data Flow By TNL: SN31-0301 4/71)  3-020

2 v 3 v 4 v 5 v 6 v 7 v 8 v 9

(Write or reconstruct)

Sense Bit 0-8

Sense Bit 0-8

SDR
ALU Store Bits
> EEEE——— -5
Sense Bit 0-8
Diagram Byte
4-080 G - P BENOMES B Reg Input (CPU)
Control
c 8-16K _
Sense Bit 9-17
Diagram
4-080

ALU Store Bits .

Sense Bit 9-17 9-17

Sense Bit 9-17

Diagram

4-080




2 v 4 v € v 9
CE Control Panel CPU Display Panel Emergency Power Off (YA102)
P1 On/Off (PA101) Lamp Test Switch (YA102) Meter Panel (YA104)
P
P2 On/Off (PA101) Rotary Switch (PA111) System Control (PC111)
CE Key (PC111) Register Display (PC101) Power On/Off
File Write On/Off (WF020} Drum Indicators (PB101) Start (+)/(~)
(Model D only)
Stop
1/0 Check Stop/Run (PA101) Load (+)/(-)
Parity Check Run/Stop (PA101) Processor Check Light
Storage Test Run/Stop (PA101) 1/O Attention Light
Address increment Off/On (PA101) Stop L.ight
Address Complement Stop/RU Dual Program Control Pane! (PC121)
Address Complement Stop/Run (PA101)
System Reset (+)/(-~) {(PC101)
Check Reset (+) {(PC101)
LSR Display Selector (PC111}
CE Mode Selector (PA101)
Address Compare Light (PB121)
1/0 Check Light (PB121)
Diagram 4-005. CPU Control Panel 0410 FEMDM  (9/70) 4-005



Diagram 4-010. ALU

OR

= Dec Instruction
B
Reg Edit Instruction
(bits 0 to 3)
A
(bits 4 to 7) Decimal Complement
Input 5
Bits its
456 7(4 567
00001 001
000111000
> 00106111
001 1j01 10
0100j01 01
01071j0100
RA101 031 1 0j0 011
RATTI 011110606110
1000]0001
1001j0000
B AV12i

Dec Comp B Reg

\

If line is inactive, output is same
as input.

Output is figured bit by bit in
descending order, bit 7 through
bit O for binary; bit 7 through 4
for decimal.

If not decimal operation, or,if no carry,
output is same as input.

(9/70) 4010
4 v 5 v 6 v 8 v ’
L]
A
Reg
AVITT
Bin Comp A Reg
%\
3 RAITIT
RA121
___________ 9 RA131
Output is same | ALU internal Bits
No Controls as B Register | 01 23 —45 67 &
Input. i F_ "//
________ 1.
. |
QOutput is same as If line is inactive, output
= A Register : = r outPY
= [Input. | 4
‘ii\ —_ d g
= —— = £
= Need some bit in both | =z
AND = i Z
A 5 inpufstogeton i f Arith Carry to ALU
output. | Za
1 g
| =
_______ - 4
k Bit in either [ <
input gives OR
% an output. |
- i R —'I
Bin or Dec Subtract 3
.% —————
% 1st E Cycle
. Arith Carry to Bit 3 (decimal)
Int I b
n jr;‘:7 s — A Dec or Bin Comp A Register
Arith Binary Carry Out -
bl Dec Instruction
pTestFalse ;) 7o Condition A
Decimal Cormact Register KG121 <
Qul
Birs Biss
4567|4567
Dec 1 11111001
Dec fnst 111001000 Intemal bits
Carry to 3 A 11030111 Ot03
Clock 3C - 5C 110600110 / Note 1:
KY121 101 110101
161 6100 Output
0010011
} 600j001 0 l:;‘UU,s Bin or Dec AND OR
011 0001 single position Subtroct
011 0j0080 9 AlB Int [Test| Int [Test| Int |Test
R CarryiCarry] o-
eg [Reg Bit [Falsd Bit Falsel Bit [False
0 0 0 00 0 0 0 010
1 0 0 1 1 1 0 0 1 1
Pwr On Reset 0 ! g g (') o010 :) ! g
1 1 1 1 1
Load ALU
EvenNotocp | OF ALY Lotches Tloli i lo]olo]o ' )
KC141 0 1 1 ol 0 1 0 1 1 0
AV142 Tt jryrjnvjojqrjJojilo



v

B Register Bit 5

(not) B Register Bit é

B Register Bit P

Dec Sub Gate

(not) ALU Bit 5 (Internal)

OF

B Register Complement P Bit

v 9

Even Not 0 CD

ALU

OF P Bit

ALU Bit 6 (Internal)

Arith Carry to Bit 3

AV142

(bit 0 position only)

AV132

Check Carry Out

C
Diag 4-016

ok Comy 1o AL
eck Carry to
cc it
Diag 4-016 I
R comn®_
OR Carry Out
A (To Next Bit)
OE
[ o
Sub
B . 03
N OR Check Parity Bit
B ——
I B )- R JlN'-J AV162
Numeric AVI72
Diag 4-014 AV182
’ AV192

c v Arith Carry to ALU (Bit 7 position only)

¥
Diag 4-016 -
—
— - - -
Carry In *
Carry Out
A OR (To Next Bit) *\
\
A\
A\
AN
D \}
OE \
*— \
Sub
Test False
R
"‘|N Ir ° AV202
’ AV212
AV222
OR | AV232
- Numeric
Diag
4-014 O Internal Bit
Ot
B
£ e
Numeric
Diag
4-014

Diagram 4-012. ALU P Bit Generation

Single Bit Position

(No P bit)

oDD

ALU Check Odd

OE

(bit 4 position only)

Check Corry to Bit 3

>

Diag 4-016

| P
0
1
AV132 2
3 EVEN ALU Parity Check
_4 (Diag 2-100)
5
-4 |
AV132 A Register Bit P 7
A Register Bit 5 I
. . l——-l L ’ QE
A Register Bit 6 N A&k OF A Register Complement P Check
AV102
0
1
2
A Regisier Input 3 EVEN A Register Compl
(No P bit) 5 Bits Even
) [}
AV102 .
(not) B Register Bit 1
(not) B Register Bit 3 OF oF
A
\ \ (not) B Register Bit O
\\\ (Bit O position only) Change ALU 2 Bit OE
N AV132 Shows circuitry used only during operation
A noted on input line. When shaded input
\ \ of OE is not used, output changes with
her input.
\ \ ot p
\ \ Arith Carry Out A
\ Diag 4016
\*(Bif 4 position only) Arith Carry to Bit 3 (decimal)
Diag 4-016
5410 FEMDM (9/70) 4-012



Diagrar- 4-014. AL U Controls (Part 1 o1 1)

(9/70) 4014
2 v \ 4 4 \ 4 5 \ 4 6 Vv 7 \ 4 8 \ 4 9
Edit Inst Recompl Cycle
[ :
EA Cycle A Decimal Compl B R
Diag 4-105 A EB CI 3C to 5C
A OR
A OR Sign Control Sign Control
A E Cycle —
KYi01 A Dec Sub Gate
5 Dec Instr jJ P
N K121 Change ALU Bit 2 Diog £-020
N nge i A
L L = —>
Cl 3C to 5C A A Zero ond Add Instr Diag 4-212
15t £ Cycle A OR Change ALU Bit 2 N
Dec Instr Op Bit 6 *—
’ I l A A Add Dec Instr ¢ .
l_lN KY101 N L A Dec Comp A Reg @
B Reg Bit 2 L Al or Diag 4-050
OF A Sub Dec Instr KY121
it7
OE Qe Bir . A orR Dec or Bin Comp A Reg
Recompl Cycle KY1H N
B
N
Zero and Add instr A I N l
EB Cycle LI s0R Sign Minus A
B Reg Sign Minus B Reg Sign Minus
3CD Clock OR M
D Clock g ~ —{M>
A Diag 5-050
’ not) A Reg Bit 2 €1 3C 10 5¢
Kvio Syten Rewet fOR] | .
KY101 A Reg Bit 2
OE | -
SDR Sign Minus AR fL
Odd €D Bin Comp A Reg
c |A
FL
Ist E Cycle KY121
A
Clock 3CD KY121
Set or Test Off
A
’ D 1R Program Bockup '_'l EB Ci 3C to 5C
: il A 1y
Diag 4-030 ny | Cycle A
not and 4
A
" Bin Add Group Bin Add Group Or —
FC Instr (fill character)
D Diag 4-105 EB Cycle A
Cl5 thry O
/O not CE Mode
A
2 Chan Binary Subtract !:IN
Diag 4-100
1-R Cycle Jump True (not) CI 3C to 5C
2 Test Mode (sw) OR
P i 407 X Cyele L or Bin Sub Gate
m 8in Add or Sub Group Bin Add or Sub Group 7
[aa>—tin? A EB Binary Add or Sub I Kvia EB Binary Add or Sub
Diag 4-105 EB Cycle e
F OR OR
OR Gate OR Numeric
n A A : >
E Diog 4-105 EB Clock 3C to 5C Move Zone 8
4-012
A
AND AND :
AND Got AND Ni
@ 1-Q Cycle Branch or Jump Instr OR == " A LSS D
Diag 4-105 A Move Numeric| 02
Clock 3C to 5C A

KY101



Arith Bin Carry Out

Diag 4-012

Diagram 4-016. ALU Controls (Part 2 of 2)

{not) Cl 3C to 5C

Diag 4-012

OR Arith Carry to ALU
A
I-X Cycle .| Dup (x>
N Clock 1 thru 4
LJ A oc| v
> Clock 7 and 8
OR
OR Odd CD
] 1-R Cycle Jump True A r_.L A
Clock 5 ond 6 Clock 7 and 8 A N A
Diog 4-073 - | N
]
% Arith Carry to Bit 3 (decimal)
Diag 4-012
s Arith Bin Carry Out OR
i A
-01
> e 401 OE [Carry Check (Diag 2-070)
al Op
N KY131
EB Binary Add or Sub l l A
Diog 4-014
EB 5CD
c Check Carry Out (binary) I——-I A
D Dec Instr OR N KY131
Diog 4-012 L
F Check Carry to Bit 3 (decimal)
Diog 4-012
» > — Qe fud Check C ALY
OR eck Carry to
Diag 4-030 Check Carry Out Temp Car Chk Dup {CC >
FF
Clock 1 thru 4
Odd CD
D Clock 7 and 8 <] A
A N A
: .
@ Dec or Bin Compl A Reg (9 )ov IB;" Co«; | A R (Force Carry)
t L
Diog 4-012 not) Cl 7C to 1C A
Ist E Cycle
E {not) EB Cycle OR

5410 FEMDM (9/70) 4016



Diagram 4-020. Clock (12/69) 4-020

2 v 3 v 4 v 5 v 6 v 7 v 8 v 9

Alt SAR/Alt-Dis Storage Step (not) Z Trigger
Step Mode OR (not)
not) Y Trigger
E Enable Clock Run N Sys Rt A OR ock 0
> ' Force Clock 9 N A Cloc
Diag 4-037 N A Phase F N
KC122
: T
l_ Trigger A A | Clock 1
= M
OR A N '
A FF Phase D
A
(not) Trigger B N A [ Clock2
A
OR l N
’ not) Trigger C L OR I NI A D—-—
PhaseD . A Clock 3
A A Phase B A =
N N
N
B
Clock 0 A Clock 4
OR
Clock 1 A Sample DBO to Channel
— ~ -
A |Clock 5
-
A Phase DE N
A Clock 6
KC142
{vH
c A |Clock 7
A Phase CD
{r}—
A Clock 8
[ o
’ A Phase C to Channel N
L
5 M < . A |Clock 9
A Force Clock 9
(not) Power on Reset | KC122
D
clo ch cl2 cr3 ch4 | s cly
Trigger VN 00
25 MHZ Osc WV_ em—
X____ S
Enable Clock Run Y. IS
[AE—— N
’ Trigger A
8 ] Clock O _mm
C 1 [ .
2 .
Phose A I 3 |
B | . | | | | m 4 |
C "—b- m m m | m e m m 5 -
E D - ﬁ . _m 6 .
E N 44 . =
F AN ge 8 __ OO 0=
\ 9 . |
— 40 ns
[ 200 ns -t 200 ns — ] 60 ns ot 160 node) 60 nA




2 v 3 % 4 v 5 v 6 v 7 v 8 v 9
1-Op - 1st Operand Index . 2nd Operond Index
& . u A L 4 A
FE 4 FF ol OR OR
Program Interfock S — OR e
A A FF
N -1 N H—
A KD101 KD101 KD111
%not% OE End
2 Address Format kD10l
(not) EA Eliminate o
Trig Rst B .
OR Trig Rst
ED i
SR
’ Diag 4-035
@ EA Eliminate
Diag 4-032
1st Operand Direct A - I-H 1 1-L1
B { Program Interiock E_"‘
KD111 KDIT1 A LHZ . o L2
2nd Operand Direct
MC Advance
IMC >
Diag 4-035 h
b Noqmm Interiock =1 . N a
V. - KDl KPin
A
c Command Format OR L FF
Diag 4-105 A [
N b '
KDit A Trig Rst
3 B Reg Bit 4
5 M L
B Reg Bit 6 OR EA Eiiminate OR
BRegBit7 | A EB Cycle Significant System Reset One Address Non-Branch A
not) B Reg Bit & A Significon.. Digit Op End
”
A B Reg Bit 0 TaIAL OR .
not) B Reg Bit 5 or B Reg Bit 1 [
p 4 BRegBitZ | A
» (not) B Reg Bi B Reg Bit 3 1-Op Trigger
D 2 Address Format kD13t KDI3N
- Op Bit 4
Diag 4-105 {not) Op Bit 5 A FC Instr 1/O Not Console Instruction
Op Bit 6 "
Op Bit 7 Advance Instruction Or A OR Program Interlock P
D RN121 | Diog 4-040
D /O Condition B 4-074
F —{ N l——l
Diag 4-100 1-X 1 or I-L 1
1-Q Cycle
E\f One Address Branch A A A
EB Trigger Clock 8
Diag 4-105
> Single EB Cycle Instr A ) MY
] — |__1-R Program Back -yj
One Address Non-Branch A OR A
(not) First E Cycle Trigger 1-R Cycle I Diog :—8‘43
2 Address Format ]
Q Reg Blank A
{not) Recomple Gate A 1-R Cycle to 1/O
E c 1/O Not Console Instruction Op End Gate X
Diag 4-105 Diog 3-U36
Q Register Blank 4-037
4-050
Diag 4-105 N .
B Set Program Interlock (halt instruction) Significont Digit { Y >
- Diog 4-032
Diag 4-038 4-072
Diagram 4-030. Cycle Controls (Part 1 of 2
y ( ) 5410 FEMDM (9/70) 4-030



Diagram 4-032. Cycle Controls (Part 2 of 2) S410FEMDM (12/69) 4-032

2 v 3 v 4 v 5 v 6 v 7 v 8 v 9

>

R Q Num Blank
i - A
Diog 4-105 Dec Instr Recompl Cycle
Edit Instr FC Instruction {fill character) OR EA Eliminate 5
l L > s 1 _Address Format I i AR e
- EB 5 and 6 Diag 4-030
- A ngd N
Diag 4-105 (not) B Reg 20 iH 4-040
B I_l A
N
| KYIT1
N Op End
Diog 4-030 I
N
|
v Significant Digit rr:-l
A
c Diag 4-030 U £BCrele Alter Storoge Mode (Sw)
° I : Or C14CD Store New
A
A
5D )——tere Dato Growp AR invali FL Diog 4-080
| ) KY111 Clé
Diag 4-105 cLe o

D @ Chan Store Dato

Diag 4-100 1/0 not CE Mode A




Diog 4-064

Diag 4-036

Diog 4-037

Diag 4-036

2 4 v v 6 v 7 v 8 v :
A CSP Reguest
1/0 1/O Cycl
OR yce
Test Mode Clock 0 A FF z
—""——1 Diog 4-036
) [ Process Mode !Sw) A 1/O Not CE Test
. KA202 OR
Step Mode (Sw)
D Process Run Process Run
A M/C Advance @
N | Diag 4-030
L_J r—l | 4-074
1
A
D Enable Clock Run
IPL Key 1PL A File IPL Cycle
_Progrom Lood Key
) N B Diag 4-065
D 1/O Working or Burst T1
A MFCU IPL Czda | >
MFCU {PL (Switch)
KAZ0Z | (From Dual Diag 4-065
1 Program Panel)
OR
System Reset P
Clock O
IPL or System Reset Cycle D
Diag 4-037
HH
System Reset or IPL Key oR

Reset IPL

Dyo Condition B

Diag 4-100

Diagram 4-035. Run Controls (Part 1 of 4)

FL

Clock 6

OR

Sys Rst @

Diag 4-030

Reset IPL Lotch { v >

Diog 4-036

5410 FEMDM  (9/70) 4-035



4

4

¢

B

Diagram 4-036. Run Controls (Part 2 of 4) (9/70) 4-036
2 v 3 v 4 v 5 v 6 1 v 8 v 9
DOP End Gote
i top Ligh
Diag 4-030 Stop Key S °PFL'9 t R Stop Light
Start Ke System Reset Op End Gate
ar
Start Key N Y - Torl Clock 7 A I
FL KA222 Phase CD Run Pulse S
Process Diag 4-038
KA1 2 » Reset IPL Latch Run
or Bosl Start T1 ) FL Process Run
| : >Reset Halt Remembered Latch -, A Run Pulse A :P
Diag 4-038 Clock 1 i Diag 4-035
A KA222
Inot) Test Mode (Sw) | KA212 Process Mode (Sw)
Basic Start T2 A
h SIC ar P Ru T l o
A { OR rocess Run To VO IF
Clock 6 1 OR
- I A
1-Q Cycle A
KA212 |
E>(no') Any Interrupt Being Serviced Clock 0 A Wagit State . l W >
Diag 5-262 Process Mode ) N Diag :-m
Reset |PL Latch KA222 -
OR
Diag 4-035 Address Matched
i Add Match
Display SAR A ess atc r-
Clock 4 - 5 FL
Address Matched Enable Switch ! 'S/ORCYC'e o | Inhibit Machine Cycle
L. ys Reset
System Reset (Basic Start T2) DH
L—Z—\I/O Cycle Diag 4-038
L/ iag 4-
Diag 4-035
1/O Overlap Switch Off
OR
(not) Process Mode (sw) A
_— OR Enable Wait Cycle Enable Wait Cycle D
Diag 4-037
Chan 1/Q Working /0 Working T1 .
(2> $ : I
FF &
Diag 4-100 A
[
Clock 8 1/0 Worl(irj\q or Burst T1 8
/0O Working Diag :-gg;
or Burst T2 -
Burst Request _ (not used) Burst Mode T1 OR 4 N | e 1/O Working or Burst T2 D
Diag 4-037
) A

KA222




A
Alter SAR/Alter Display Step System Reset/IPL Key
M/C Step OR A Process Mode (CE mode Sw) A
Clock 4
’ Clock Step
A Key Dep
{not) Even Clock Phase CD Stop Start
:néf;:rehcé:dswg or — OR Clock Enabie Clock Run T
Clock 8 A FL D
Step Mode Diag 4-020
1/O Working or Burst T2 4-035
Clock 8
B Diog 4-036 =< A KAZ32
KA23:
D 1/O Working or Burst T ] 2
- I
Diag 4-036
”~—
tart Key Latch a A
Key Rel
Alter SAR/Alter Display Step a2 i Step 1 A
I N I
Clock 9 A [
Clock Step
ﬂ EvenClock | A OR &
N o
I I Clock 8 1
> o N
M/C Step
OR I KA232
nstrycti e
A )f
X ate |
D Diag 4-030
noble Wait Cycle
Diag 4-036
\ |PL or System Reset Gate I N I
" A
' Diog 4-035 Process Check Latch Power On Reset OR
Lok 8
LPhose B A
fnot)AnyMode =~~~

Diagram 4-037. Run Controls (Part 3 of 4) S410 FEMD (12/69) 4-037



Diagram 4-038. Run Controls (Part 4 of 4)

Load Unit Halt Id

(12/69) 4-038

(>
Diag 5-262

4

Diag 4-036

Load Ten Halt id

2 v 6 7 8 v
1-R Cycle
ClS5
1-Op Cycle {not) Any Inter Being SRD
cl8 A
Holt Instr Halt Basic
. . 1-Q Cycle
Any Interrupt Lev Being Serviced fm A FL
Load Reg instr
Q Reg Bit 2 A OR
I-Q Cycle C1 6 KA212
Step Mode (Sw) Rst Halt
Remembered
OR
] G > Run Puise Start Key Latch FL
Sys Reset OR
KA212 OR

% [_H__\/ (Bosic start T2)

Diag 4-036

Set Prg Interlock DPF

Reset Halt Remembered Latch D

Diog 4-036

Set Program Interlock .

Diag 4-030



2 v 3 v 4 v 5 v 6 v 7 v 8 v o

Clock 1 and 2
Clock 3and 4 OR
A
Sense 1/O Alter SAR or Storoge (Sw)
A LI N ORr Gate 1/O Bus To A
(not) Any I/O LSR Seld
A 1/O Not CE Test
Clock 3 and 4
KG131
EB 3 and 4 .
£B Cycle A n OR __ErForce P Bit to A
Zone Numeric Interchange A ' Gote LSR Lo Crossed To A ’__‘
A KG14
> \
N
D 1-R Cycle Jump True A Gate LSR Lo Normal To A
Diag 4-073 1-X Cycle OR
Op Register Bit 4
B EB Cycle A
2. Address Format L OR
EA Eliminate A Clock 3 and 4 A
|Q > N or L@Cte LsR o To A
Diog 4-030 Add to ister or Store Instruction | A A
1st E Cycle 1-Op Cycle

> P KG131
interlock Misc Bit P to A A REGISTER
I P > Progrom interloc -
Diag 4-030 P A
1-Op Cycle N A } OR A Register Bit P
Clock 1 and 2 CR Parity
A
c Branch Or Jump Instruction OR Gote CRto A @ A OR Ot
1-Q Cycle A T
Clock 3and 4 . A
Add to Register or Store Instruction KG131 CR Binary Overflow
not) Ist E Cycle A 20 A
A - A Gate LSR Hi to A [ 0 A
' EB Czcle | Clock 3 and 4 | 4
CR Test False A
0 OR |- A Register Bit 0
@Z_ﬁdress Format A o A OR |3t A FL
. . A
Clock 1 and 2 A Misc Bit 3 to A
Diag 4105 Lhock lane e | !
D N CR Decimal Overflow ‘
KG141 A 410 A 5 A
(not) Decimal Instruction - |
(not) EA Eliminate or CRHi
D Q Reg Num Blonk N ' 1 I
Diag 4-105 ..J— A 2ot .
iag 4~ A A q
» L | OR o 7 A ‘
Recomp Cycle | 3
15t E Cycle A [ CR Lo
EB Clock Jond 2 SR Lo AT or Force Bit 7 to A A OR 3 A I
lcso T:T'NCOEI:-\:Lmem '_C;LELC'.L_.. A @ 7 OR o A Register Bit 7
OR Clock | and 2 A FL
Wait State CR Equal 3
£ [t A |
Diag 4-036 | A or l2roA DBl Bus A
KG141
System Reset Clock 5 ond 6 I_ #  LSR Lo Bus RATTY
R P Back Ra121
rogram Backu
DT 4030 £ o 5o 6 A Force Bit 6 to A . * ¥ SR Hi Bus N RAT3Y
- q .
iag ock 5 an Diog 4-060 g Loo and B Register (Odd CD)

Diagram 4-040. A Register Controls
SH1GFEMDM  (9/70)  4-040



Diagram 4-044. B Register Controls

2

DW Wait State

2 R

i or [w]
Diag 4-036 System Reset | L_J A Gote LSR Lo To B
Clock 5 and &
KG141
A
B ,
A
1-X | i
J-X Cyele 4 Llock 7ond8 | 8 OR Gate LSR Hi To B
OR
EB Cycle A
KG14l1
(not) Alter SAR or Storage
. Inhibit SDR Tronsfer l
Recomplement Cycle OR
Gate SDR To B
t
b (not) EB Cycle r Clock 3and 4 | *
KG141
1/O Not CE Test
- :
v Chan Block SDR
D Diag 4-100 KG151

SDR Bus
Diag 4-080

LSR Lo Bus

LSR Hi Bus

OR
OR
OR

Load A and B Register (odd CD)

(12/69) 4044

8 \ 4 9

B REGISTER

B Register Bit P

B Register Bit 0

B Register Bit 7

RA101
RA1T1



2 3 4
v v v 5 v 8 v 9
l : > Program Interlock Reset CR
A System Reset
Diag 4-030 |-Op Cycle q A ORr Not CR Equal
Clock 1 and 2 [ OR Clock 58 ey el CR Equal (bit 7)
A A (not) ALU Bit 7 U
A Load CR Instruction I— r Clock 3CD OR - Lood CR A
A A “(not) ALU Blank
st E Cycle kG
s ye Clock 58 A OR
K Bin Add or Sub Not Move I (no') ALU Numeric Blonk
- ]
Diag 4-105 £B Cycle A Clock 58 A OF
> Dec Instruction Ist E Cycle
OR Clock 1 and 2 A
. A
Edit Instruct
[ )fditInstruction L 1, o r CR Lo/Not Hi *+— .
T R N A CR Hi {bit 5)
Diag 4-105 FL
A |_‘ N
A
B ° ALU Bit 6 A -
EA Cycle Clock 58 ORr KGiTT A CRlLoGite)
A A
1st E Cycle -
D | KGI1 OR
Diog 4-014  |B Register Sign Minus A
» ALY Bit 2
DDecimcl Sub Gate A ORr A
- (not) ALU Bit 2 Load CR Load CR CR Bin Ovfl . ..
Diog 4-014  “Arfth Carry Out (Note 1] Clock 58 OR ] ; CR Binary Overflow it 2)
COp End Gate l N l L
X A I '7 A
Diag 4-030 | |
KGI11 —— OR Of
¢ Bin Add G A KG1i1
in roup . .
OF CR Parity {bit P!
—
st E Cycle A
Clock ! and 2
U Bin Add Group
» Diag 4-105 p
ALU Bit 4 A
Q Register Blank CR Dec Qv ) .
D egister Blan J oo RecomaT Tyl Or T CR Decimal Overflow (it 4)
Diag 4-105 A (not) Arith Carry to 3 A
Clock 58
D S Dec Compl A Reg I OR 1
D KGHI KGIT1
Diag 4-014
B Register Bit 4
Branch or Skip Instruction A
1-Q Cycle A
Clock 58
ALU Bit 3 A Test False N .
EB Cycle OR FL CR Test False (it 3)
B . Test False
E v Test On Off Instruction Test On Off Instruction A or
Diag 4-105 Clock 8
KG12t
A

Note 1: This line indicates an ALU
carry on subtract and a not ALU
carry on add.

Diagram 4-050. Condition Register

B Register Bit 3

5410 FEMDM  (9/70) 4-050



Diagram 4-060. Data Bus In and DBI Translator (12/69) 4-060

2 v 3 v 4 v 5 v 6 v 7 v 8 v 9

(not) 6

(not) 5

(not) 4
3

(not) 2 OR OE |

DBI Bit P

KEI1

DBI Bit 0

OE

(not) &

DBI Bit 1

OE |

DBl Bit 2

é
5
2
3 OR OR A

(not)

KEIN
> KE1

DBl Bit 3

Ot

7
: : 1
5 OR __’ A

OR OF

DBI Bit §

DBI Bit 6

(not) 7 KENI R OE

not) 5

not) 2 A
not) 0 OR DB! Bit 7

KE121

evEn|_DBI Parity Check

E Diag 4~ 0M:

Translate in

Load DB: KELO1 A

{even clock time) Clock 2 ond 3 to DBI

Translate in

T
Diag 4-100




Diagram 4-064. Cycle Steal Request Priority Assignment

2 v 3 4 v 5 7 v
Clock 7 Prior Bit P Prior Bit 3
A N 1A
FL FF
A A
OR
OR
Prior Bit 0 Prior Bit 4
Even Clock CD Clock 5 A {a
FL FF
B . ~{+| !
OR
OR
Chon CSR 3
> SR 4 - Enoble CS A
R A
Chon SSR & Ok FL o
Chon CSR 7 - Prior Bit | Prior Bit 5
Clock 3 A FL 1A FF
NOTE: Due to internal
circuit delays, these lines | o]
C are generated during even N ¢
clock times.
System Reset ORr OR
ORr
’ Clock 0D
Prior Bit 6
AR
D N < R
OR
’ Priority | Cycle Steal | CPU
Request | Request Line | Clock | Attachment DBO Lines
; 3 7 Is);:ereod/wrih 000010000 Prior siyz Prior Bit 7
3 5 7 | Printer 000000100 Clock 1 Iy
4 3 7 | sioc 000000010
5 Spare
E 6 3 5 | asca 010010000 []
7 4 5 | MFCU read/punch 110001000 ||
8-10 Spare
n 1442
12 4 3 | MFCU printer 101001000
13-19 Spare
20 7 1 | Disk control 100100001

q LT
CSP Req
Diog 4-035
KC152
3
4
2 OR Any CSP
7 Diog 4-076
KE201
To D
D8
Diog 4-065

5410 FEMDM (9/70) 4-064



Diagram 4-065. Data Bus Out and DBO Translator

Diag 4-035

2 v 3 v 4 v 6 v 7 v
Y
ALU Out (4-010)
Ot OR Bit P
A (not) 7 I L_
(not) 6 | . I A
(not) 5 A OR OR
(rot) 4 A 0 >
OF OR
(not) 3 A
(not) J A 1 &
not) 5 N OF Bit 1
not) 7 . . OR OR
B A Bit 0 not) 6 1 A
not) 4
2 [ =
o
A N Bit 2
OE R i
(not) 6 r OF ©
> not) 5
not) 4
A |Bir2 nof) 3
A 3 o
: Or Ot or |Bi13
¢ A LBit3 * J__L" 'l‘
not) 2 m
KE241
not) O l I
A Bit 4 I:l 4 [
OF OR Bit 4
A Bit 5
OR -
(not) 7 ‘ 5
. [ Bit 5
D A Bit 6 not) 5 KE24} OF
not) 3
2
A Bit 7 not) 0 s ‘ -
Ot it
KE231 ; ok (28
CPU to Card Translate Clock (Cl 4C 1o 6C) ' -
A 7
Translate Out OR Bit 7
Diag 4-100
E Cycle Steal Request (highest priority acknowledged)
DB |
Diag 4-064 Clock 7D to 0C
D File IPL Cycle
Diag 4-035
" MFCU IPL Cycle
KE251

(12/69) 4065

9

Data Bus Out

EVEN

Diag 4-100

DBO Parity

Check



2 v 3 4 v 5 v 6 A 7
-Select
D Select DRR and LCR
Diag 4-072 Dot
[FR)—SeL AR IWrite N
A Diag 4-072
A
D Sel BAR
Diag 4~072
' AR P1_ARR/TAR LCR and DRR Select
Diag 4-072 AAR Select
BAR Select
Phase ARR Select
EB Cycle - -
: [ |8 e
A *
B > Halfword Format I WA::: PBit | PBit [ed P Bit [ @ ? Bit |
Diag 4-105| (not) First £ Cycle A T I i— | I T I_— l
Clock 4 L ® ® . Sense | LSR P Bit Hi
1-Q Cycle _l LSR l At- -Ll L Amp
Write Hi
A A ¢
I-H Cycle ORr Clock 4 OR | 0Bt led 08it lgd 0 Bit g 0 Bit |g
KL101 4
> Alter SAR A 1 f T J.:— ] [ l
I-X Cycle | ok Llock 2 | . L Iy 3 s Sense | LSR 0 Bit Hi
EB Cycle < Amp
toyce ] Clock 8 l‘ T_ T_. L_
1 Bit b 1 Bit > 1 Bit (@ 1 Bit fg@
(i I I
c 1 3 A § ,L Sense | LSR 1 Bit Hi
- ° Am
EB Cycle l p
- { |8 | ) )
Halfword Format 2 Bit b 2 Bit 4@
1t E Cycle A *—1 1 Sense | LSR 2 Bit Hi
Clock 4 *— Amp
’ not) 1-H Cycle
_not) EB Cycle
_{not) Alter or Display Sfor}ge (sw) Al or A LSR Write Lo
Clock N
l.. p Cy: .‘v : . .
Op Cycle J A KLl P N Sense| LSR 3 Bit Hi
1/O Cycle Not CE Test | OF | Clock 2 | [ & \&f a Amp
Clock 6 i Y - ; :
D oc V:r,:: R 4 Bit la® 4 Bit tg@ 4 Bit (g9 4 Bit lg@
) f
1 hd i i— i l Sense| LSR 4 Bit Hi
Py o b Am
Ji & \& L -
V:/;”e 5 Bit (@9 5 Bit mL 5 Bit g 5 Bit g
mp Py
h i [ T I
| 4 T — *—1 ) Sense| LSR5 Bit Hi
A — —e L
inhibit LSR Load OR B é G | 1 Amp
Write . . . .
idle Time [ Amp | 6Bt e 6 it ta 6 Bit [4@ 6 Bit %«
T Y [ [
1 P *—3 L Sense| LSR 6 Bit Hi
o & A"‘P
E A or B Register Check Write é E _L
A Data From ALU Amp 7 Bit 4@ 7 Bit H 7 Bit k@ 7 Bit la@
LSR to A or B f - [ [ IR
L el § D § J_. Sense| LSR 7 Bit Hi
(second byte of LSRs) > y {y v v Amp

Diagram 4-070. Local Storage Registers (LSR)

To second byte of LSR

5410 FEMDM (9/70) 4-070




Diagram 4-072. LSR Select

)

(9/70) 4072

2 \ 3 A4 4 4 5 \ 4 6 4 7 k4 8 \ 4 9
1-X2 Cycle 1-X2 Cycle
Clock 3ond 7 A )
Op Bt 3 Clech 4008 C
T-XT Cycle \-H2 or 1-12 Cycle
not) Select XR-2 Gat OR
(Cloc)k 3ond 7 = A Clock 3 and 4 A Sel AAR m
Gated P1/P2 Reg Instr OR EA Cycle Allow L3R Select | )
Q Code 7 A XR-1 Seld Diag 4-070
A Allow Select LSR Clock 5 thiough 0 KLzl
Clock " and 4 o¢ 1ovg
KL141
I-H1 or |-t1 Cycle
A i-X1 Cycle
Clock 3and 4| * {(rot) LDX
1<X1 Cycle OR Clock 4 and 8
I-H1 or I-11 Cycle
Clock 4 and 8 A {not) LDX OR
Clock 3 and 4 A Sel BAR .
EB Cycle Allow LSR Select )
Q Code 7 _not) Recomp Cycle KL 20 Diag 4-070
. A Clock 5 through O
LDX (lood index reg) .
(not) Recomp Cycle
A EB Cycle
Q Code & EB Cycle Cliock 1 and 2
EA Cycle OR OR
A Select DRR and LCR .
A @ Halfword Format rr:-l 1-Q Cycle All R Select D
| , Diag 4-070
1-X2 Cycle Diag 4-105 - 3 4 KL12}
Op Bit 2 6 . '
A
Clock 3and 7 A | XR-2 Seld Q Bir 4
OR
Clock 3and Gated PI/P2 Reg instr A
A KLY4)
Gated PL/P2 Register Instt 1-H1 or I-LT Cycle OR
1-X1 Cycle A Clock 3 and 4
Sel XR-2 Gate ” : Decimal Instr 1-X1 Cycle
Clock 3and 7 : i Branch or TIO OR l_ Allow LSR Select
. FC Instruction v Clock 4 or 8 ARR System Select
{ - A
: (Fill character) Recomplement Cycle OR
LCycle L
- o ndd T i Clogk §through 0 kL
_— Clack " i
Mlag 4 1708 Recom; JA—— i é Lo - EB Cycle
X N D Significant Digit INI {not) Significant Digit
Clogk | and 2 - A e Diog 4-030 Clock 6 or 8
T ———— “m‘ﬁ Ok OR PSR Select iog 4~
A KLi21
1-Op Cycle I’—‘
Q Code 5 S System Resat Ni {not) Any Interrupt Level Being Service
Qlockdandd & 4 .
"___,ngd_ﬂwggismr Insitg, Pl Trigger
A
L LSR Interchange|Pulse LSR Interchange Pulse oR Pl IAR/ARR
Diag 4-073
KL1O1
Register Instruction 1-R Cycle Jump True
of 9 A ) OR A
EB Cycle QBit3 l
! . A L_J Allow LSR Select
A Gated P1/P2 Register Instr
Clock 3 and 4 =g A 1AR Seld
~=ocx s ond & | Clock 3 and 4 A
1 Cycle not |-X A
KL101 A Pl ARR/1AR
lock 5 4 A QBit 2 OR L% >
; i-R Cycle Jump True Clock 0+ 1+2+5+6+9 OR Diog 4-070
KLIOY
Diag 4-073 I-X Cycle A L A
System Res.er A
i
Alter SAR (‘w) ]
c Any Int Lev Being Serviced
IAR Seid

Diag 5-230




Condition true or
condition false

Branch condition
equals tested register

B Reg Bit 0 ‘

OE

ALY Blank

Output here means
branch condition satisfied

Branch or Jump

1-Q Cvcle
Cl 5B
X Test 1/0 Instruction
B Diog 4-105 OR
log TIO Instruction
1-Q Cycle I
Cl8 [
(not) I/O Cond B
T Q Reg Zone Blank
’ Diog 4-105
ama—
—— Pl Reader -
A
Q Bit 5 UINI L, e DPF Branch Condition
OR
c
P2 Read A
DPF —— eader
Control
Switch 4 g Sys Read Console 1/0
QBits A
> -
Q Bit 7 _—
-——— Sys Read MFCU A OR
HH
——— Cancel
D
A
H+H
’ B Set Program Interlock Set Progrom Intlk
Diag 4-038 <2 Sekd Or
A
~ Op End (C! 8)
Diag 4-030

Diagram 4-073. LSR Control

I-R Cycle
Jump (instruction) A 1-R Cycle Jump True 7
Diag 4-016
4-040
4-072
4-073
Br-Jump True
FL
KD151

Branch or TIO
Crlogc = A LSR Interchange Pulse @
Diag 4-072
KDI51 4-074

5410 FEMDM  (9/70) 4-073



Diagram 4-074. LSR Select (Dual Program Feature)
2 v

Pl Enable Switch

>

(9/70) 4074

v 9

P2 Enable Switch L
ALU Bit 5 Enable
A DPF A | PV/P2
A B AY or P1 Trigger IAR/ARR P2
i e ST
1-R Cycle Clock 5 A FF
1 A P2 Trigger oR IAR/ARR P2 Select
_E__ | KTI51 1 — 1 . ) A ¢
A A 5
tom
-~ -B—— I_ ys KTi31
’ Diog 4-035
D___O.L‘ M/C Advance A
Diag 4-030 Op End A ARR Select Or |ARR/IAR P2 Select
D Progrem Inttk Program Intlk ‘
Diag 4-030
B D (not) Any Interrupt Being Serviced IAR Select A
Diog 5-262 Gated P1/P2 Register Instr OR |—d
LSR Interchange Pu
e e Q Register Bit 1 A
Diag 4-073
XR-1 Selact A XR-| P2 Select
> /Encblo DPF
. XR-2 P2 Select
XR-2 Select A
PSR Select A PSR P2 Select
c
A Enable
ALU Bit 6 Interrupt 0
|AR/ARR Int 0
P rsowm N Al -o—l :|-+—
ngtr R/ARR I 0 Sel
Diog 4-105 1Al nterrupt ect
= Q Register Blank A Int Level O Light ry OR
OR
Diog 4-105 tem 141
set
PCl121
. A
D ALU Bit 7 (not) Any Interrupt from 1 to 4 Req
D ot) Any Interrupt from 1 to 4 Reg int 0 PH
Diag 5-262 A OR | ARR/IAR Interrupt 0 Select
KTi4)
> R
Int O Req OR
Interrupt Key FL *
Interrupt Level O Request o>
v, ,4\J EB Interrupt Request Instr Diag 5-262

Select Interrupt O Decode

[D Select Interrupt O Decode

Diag 4-105




Diog 4-100

Diag 4-100

Sel 1/O LSR F1

MFCU Punch Data Field (MPCAR)

File Identif Field (DFCR)

Sel /O LSR #4

File Dato Field (DFDR)

B Diag 4-100

’ L|/o T3 LSR Select 6

Line Printer image Field (LPIAR)

Sel 1/0 LSR #7

Line Printer Data Field (LPDAR)

Diag 4-100

Diag 4-100

2 3 v v 5 v 6 v 7
! /O IF LSR Select 3 _ "3
—N
N |
KE151
{ /O IF LSR Select 4 . o
A FF
N
N [ R
KE151
I /O IF LSR Select § _ %5
NIAR FF
*—N
N 0—10
KE151
o TR6
NAR FF
N
R
N [
KE151
l 1/0 IF LSR Select 7 " N TR7
AL Fe
*—N
N o]
KE151

MFCU Print Data Field (MPTAR)

MFCU Read Data Field (MRDAR)

1/O LSR Select Ciock

Clock Trigger A nLA FE
1/O Not Console Instruction 'N m
[c>
D Diog 4-105 KC152
[ CSP Request A
c /éry ESSP Request j = eques EB Cycle ‘ .
oc —re
Diag 4-064 FL Clock 2
Clock 8
Clock 5
’ KC152 1 OR
Clock 0
Clock 2 or 'l—4 EB Cycle R
Clock 4 Clock 5
System Reset Clock 0 OR Reset /O LSR
A
E % N ,———
Power On Reset I ‘

Diagram 4-076. LSR Select (1/0)

/O LSR Select
L

Diag 2-020

5410 FEMDM (12/69) 4-076



Diagram 4-080. Storage Unit

Page of SY31-0202-1
Revised April 5, 1971
By TNL: SN31-0301

2 v 3 v v 5 v 6 v
Note: 2nd BSM
applies only to -
early 24K and 32K Main Storage Write Time
dual BSM d all Sel 2nd BSM
4;?( srorcsg:n ¢ | < l A P (Write/reconstruct)
) 9
l ’ 2nd BSM
8K or 16K BSM
0-8 Data Bit
(Sel 2nd BSM) R/W 0-8
Timing Sense FL
Amps
Core o-17 A
9 orf
X,Y Drive
Inhibit )R Write Time ‘ I
[ A
9
| ! A )
9 .
. ] (Wn'e/
SAR Bits | T Data Bit reconstruct)
| | 9-17
W”e Time l | A Store Byte 1 fL
Diag 4-082 |
| SAR Bit 2 Store [ m 9
I | A Byte 2
l D > 50 ns Delay N Store New‘
Diag 4-082 ] F | SRO12 A . .
| ;
T e A
@ Read Time : - !Reod Time | or
Diag 4-082
I IReseY {(CPU) r
[(not) sel 2nd BsMm
—_— - — b - - - - - o T = - _ - - ZndBSM_ _—— - - - -
_1 1st BSM
D Store New | |
Diag 4-014 I I
| l
l |
[ l
I ! OR
Ist BSM Store Byte 1 9
(8K, 16K or 32K BSM)
RW s
I 2nd BSM imi ense
‘Se nd BS Timing Amps
SROVI c SRO71 917 50 ns Delay
ore SRO76 - ite T
Note: SAR bit 1 @ rite Time
feeds X drive for . hibir
32K BSM. SAR bit [X.Y Drive -—Q
1 feeds "Sel 2nd SRO71
BSM” for dual BSM —= SR076
24-32K systems. \\'\ R —
SAR bit 0 feeds - Store Byte 2
“Sel 2nd BSM" for - o 2 < ~§ ALU Output -l A p
48K systems. = 3 S o o 9
o o o o [
O (=) (&) [a] [a]
[ T % X
S T S T S Bs;fere‘ % 50 ns Deloy m ]
| A Write Time Ll A
— i Reset (CPU)
NIBEASBHESREEERDRE SAR Bit 2 s |
SAR Decode ® 5 f'ore2 \ A or
- 4 e .
SRO31 - SROé: l o Store New A o Read Time
SRO12 Sel 2nd BSM r SRO12

SAR

Data Bit
0-8
FL
Write Time
9

(not) Sel 2nd BSM

Data Bit

9-17

FL

9

Write Time

SR0O74 \o

4—]

"1
(Write/

reconstruct)
SAR Bit 2
A 1
9
(Write/
reconsrruc?)

(4/71)  4-080

SDR Bus (to B Reg)

OR 8 +p

SR081

Diag 4-044



Read Coall/Write Call

(not) 2nd BSM Selected (SAR Bit 1)

Timing
_Control

Clock Pulses

0 ns Delay

Reset (CPU)

FL

{225 ns Delay

SRO1}

™

25 ns Delay

50 ns Delay

D

75 ns Delay

100 ns Delay

Diag 4-080

125 ns Delgy

150 ns Delay

175 ns Delay

200 ns Delay

225 ns Delay

250 ns Delay

—=0
oy

Read/Write

FL

SROM1

Set Reset

Read Time .

Diag 4-080

Wr Set

FL

Rd Set

SRO11

Reset (CPU)

ox 250 ns Delay

Diagram 4-082. Storage Delay Clock and Timing

Write Time @

Diag 4-080

Page of SY31-0202-1
Revised April 5, 1971
By TNL: SN31-0301

CPU Clock

Read Call/Write Call
SAR Bits

Read Time

Read Set

Write Time

X Read Current

Y Read Current
Strobe

SDR

Reset SDR

X/Y Write Gate
X/Y Write Current

Inhibit

llollllllllllil

ALD Reference

(From|core)

Data changed at 5A on Store New

50 ns

—————|375 ns

\_ 1= 60 ns for 8K or 16K BSMs
J=85 ns for 32K BSMs

* This timing depends on strobe card setting.

—» 5005 & 50 ns
- (Reset On Store New)
00 ns
|
——|275 ns

5410 bM

KC102
KC132
MA122, SR061
SROM!
SROMI
SROM1
SRO22
SR022
SRO21
SRO81
SRO12
SRO21
SR0O22

SRO12, SRO71

(4/71)

4082






Used to transmit information to
the CPU from thel/O attachments

Data Bus Out Chan 1 Data Bus Out

Used to transmit information to
the |/O attachments from the CPU

\Y
Diag 4-044
Channel CS Priority Bit Chan CSR 3-7 ~

L1O Instr LIO Instr

A Diag 4-065
Chan 1/0O Check Chan I/O Check
[V > <>
Diag 2-010
Chan | 1/O Condition A 1/O Condition A
> /o7 > D
Status In-Used to present the status Diag 2-140
of the /O attachments to the CPU 2-150
EI/O IF:) Chan 1 |/O Condition B 1/O Condition B -
8 | VO Work Diag 2-140
Chonnel |/O Working Chan |/O Working 2-150
[vor> : : —&>
4-030
Diag 4-036 4-035
| 1/O IF )— Chan LSR Select Bit 3-7 Select Bus In-Used to select an LSR in the CPU /0 LSR Select 3-7 __D ¢
during 1/O instructions and I/O cycles Diag 2-020
4-076
b Chan Translate In Translate In
1/O IF T
I > Diag 4-060
@ Chan Translate Out Translate Out 3
c Diag 4-065
Chan Binary Subtract Control In-Used to control the flow Chan Binary Subtract
/O IF of data in the CPU during 1/O cycles @
Diag 4-014
> Chan Store Data Chan Store Data
I 1/O IF ) {SD >
Diag 4-032
O Chan Block SDR to B i Chan Block SDR
D
l I/O IF )~
>

v

Diag 4-105
T1O Instr TIO Insir
X { 1/OIF )
Diag 4-105 . .
Tags Out-Used for interlocking and
E controlling information on the buses
SNS Instr SNS Instr
Y { I/OIF )
Diag 4-105
SIO Instr SIO Instr
zZ { I/O IF >

Diag 4-105

Diagram 4-100. I/O Interface Lines Page of SY31-0202-1 S410 DM (4/71) 4-100
Revised April 5, 1971
By TNL: SN31-0301



Diagram 4-105. Op Register and Q Register Decode

Note:

2

X can be either 0 or 1

Y

or
Reg

et

Q
Reg

(12/69) 4-105
\ 4 3 \ 4 4 5 Vv 6 Vv Vv Vv 9
4 5 6 7 AND AND Q
o1 2 3 « 1Tol xTx Diag 4-014
0j0jo4o 1ol x|x = = —1f
001041 1o X |1 Diag 4-014
ofloj1]o0 1ol %o 2 Address Format @
ofrjojo .
2 Address Format RN121 4 5 6 7 Diag 4-030
ofrjojt Zero and Add Zoned 4-040
oji1{ti1]o 0]1]0]0 4-072
Add Zoned Decimal
10|00 oj1i11}o0
NERERE Subtract Zoned Decimal
110]0]! Move Hex Character
1 [of1]o [4 5 6 7 1104010 Edir D
1101110 L
RN X l 1jojofx Single EB Cycle Instr X i T 1ol ]' Insert and Test Character Diag 4-014
01 2 xd 1 X X]X Move Characters 4-032
RNT21 rjrjojo ) 4-050
1]1]04{0 REREE Compare Logical Characters
1 Address (Branch) .
11110} NEEERE Add Logical Characters
1o NEERE Subtract Logical Characters.
RN111
1 Address Branch o ! E >
01 2 3 " Diog 4-030
ojof|1 |
AERERE 1 Address (Non-Branch) Sense 1/O {D
4 5 6 7 .
11011 |1 Diog 4-100
RNTT1T 0lo]o 4o Load 1/O
01 2 3 0jo]0 1 > D
NEYERE Command Format ol11olo Store Register Diag 4-100
RNITI ol1]o |1 Load Redister
| 4 5 6 7 oli]1 1o Add to Register
xum 1 JoJo [x]|} It ©n or ot v X - T Test Bits On Masked
i X | X[0 | r—] Diag 4-050 11olto 1 Test Bits Off Masked
« ofxl1 I N [ Store Data Group {SD > 1ol 1o Set Bits On Masked
olxl]x Diog 4-032 110t | Set Bits Off Masked
?: (not) 3 RNTTI Halfword Format W T o o Move Logical Immediate
A RN121 Diag 4-070 C Logical Immediate
g 4- 1 1o I ompare Logica
~Loot) Q Req Blank OoR 1/O Not Console Instr@ RNI31 H 4-072 1
:] A Diag 4-030
o) ‘ 4-076
o\ RN
TIO 1/O Check Stop Gat 4 5 6 7
A OR Check Stop Gate olololo Branch On Condition
RNT21 X ololol: Test 1/O and Branch o x
olo 1 1o Load Address Diag 4-073
| 4 5 6 7 4-100
X i olx|x1lo Py Bin Add or Sub Group {AA>
01 2 3 45 6 7 11 ]x | x I Diag 4-014
ololololx IxIx]Ix Q Reg Zone Blank { - > x| x[x1lo X Bin Add Group = U
W, . Diag 4-014
oloJofo]o]o]o]o ok @ Dico 4-073 X | 9 4050 45 6 7
x| xIxIxTofololo Q Reg Blank ¢ { H > x|xlo I X Bin Add or Sub Not Move { K > ToToTo Halt Program Level
x{ololo|ojojolo Diag 4-030 X|{xj1jo Diag 4-050 oo To Advance Program Level
’RN1OI 3:8?2 olofo]o X oo 1o Jump On Condition
RN111 Q Reg Numeric Blank @ 1 iidolo Inhibit SDR Transfer D oo s - Start I/O @
Diag 4-032 0|1]10}0 Diag 4-044 ‘\a Diag 4-074
4-040 RN 21 4-100
Sel Int Lev 0 Decode RN131 Command Format D
JI w D L g C
Diag 4-074 Diag 4-030
- - — — — — — -— P P -




w
o] e m e e e e e
84 8 &8 8 8 8 8 8§ &8 £ 8 £ =z = =z Z Z &8 =z B - &&= === =-2 & & &8~ & A&
< £ Y Z 2% Z 2 %2 % % %2 %z %2 %22 2% %2 % %2 % %2 %2 % %2 %2 %2 2% % 9 Zzz z zz
w
oL
0 -
A - £ Z
> ~ x w
Q - [9) a 3 IS
5 = g5 £ % z  z e Z . 9
[@] 2 u 2
w § 352, %23 99 v % 255 =852z p zZ =
3 < =« 9 3% 56 0 2 zZ g & C & 2 o £ o £ v ¥ 5 3 %
z = 0 0 2 x o VU & = = w o 2 :Qwo;ﬁoéwxﬁéozzz
’ - 6 2 2 8 «x ., K x 5 ¥ Y b g ¥ 0 2 O F zZ @ 5 >3 % 0 Y £ N Z Z g
< w 8 &6 o o 9 o I b4 y4 b4 s > Z E E 0 5 F w 7 A A £ 0w o w ow 3
5|2 « § 2222260008 520885 x5p5082238:232328¢%@
= ~ -
SlZ 88 %2 %2 %22 22222 222 =x23hk8eg &35 2903z2 8288148
OP BITS
DIAGRAM  INSTRUCTIONS 01234567
B 5-100 Zero and Add Zoned ZAZ X 0100 X X X
5-100 Add Zoned Decimal AZ X 010 X s X
7
5-100 Subtract Zoned Decimal sz X 0 X |§ 5; E’, x
5-070 Move Hex Character Mvx x 1000 [ X X X X ¥ ¥ ¥
’ 5-110  Edit e x 100X X X X
5-120 Insert & Test Characters e x 1o | X X X X
5-080 Move Characters MVC X 1100 X X X X g g
o m
5-080 Compare Logical Character CLC X 1101 X X 5 5
z z
Cc 5-080  Add Logical Character ALC X 1110 X X X X g o
o o
5-080 Subtract Logical Character SLC X 1111 X X X c g
5170 Semse I/O SNS Y 0000 X X X X ¥ ¥ X X X
5-160 Load 1/O Lo vy 0001 * ¥ X X )
’ 5-060 Store Register ST Y 0100 X X X X X X X G 1§
5-060  Lood Register LYy oo X X ¥ Xk
5-060  Add to Register A Y ol X X X X X X
5-050 Test Bits On Masked TBN Y 1000 X X X
D 5-050  Test Bits OFf Masked vy o0 | X X X X
5-050  Set Bits On Masked SBN Y 1010 X X X o
z
5-050  Set Bits Off Masked sef vy 1on | X X X 2 X
w
5090  Move Logical Immediate ~ MVI Y 1100 X X X X X 5
N
| 2 5-090  Compore Logic Immediate CLI Y 1101 X X X e}
Nt
5-130  Bronch On Condition BC z 0000 X X g X X X
~ Nofes:*— Conditioned by Q Reg Bits
5-180  Test |/O and Branch no  z 0001 ¥ X X X
—~ ® Line developed but not used in this operation
5-190  Load Address LAz 0010 (03] ¥ x X
g-3 OP BITS 0123
E 5-210  Halt Program Level HPL F 0000 (0%9) X . 2 X _—
% (Z) X 2 address instruction (can be indexed by bits 0-3)
5-200  Advance Prog Level APL F 0001 o o X X
oW Y 1 address instruction (can be indexed by bits 0 and 1)
5-140  Jump On Condition I FE 0010 ® o o X X
>~ Z 1 address instruction (can be indexed by bits 2 and 3)
5150  Start 1/O SI0 F 00l X * X X

F Command instruction

Diagram 5-005. Instructional/Functional Signal Reference 5410 FEMDM (12/69) 5-005



Diagram 5-010. I-Op and I-Q Cycles (PART 1 of 3)

2

I-OP CYCLE

v

Objectives:

3

o Load Op code into Op Register

® Increment Instruction Address Register

o Lood CR to CRR if program interlock

is off (1/O not busy)

e Load CRR for alternate program level
into CR and back into seme CRR if
progrem interlock is on (/O busy)

l ALU controls:

Clock 0 Addres [Clock 38 4 —
> torage ] kua4 | none, all other
N | times — 'bin sub
Activate | gate' & 'bin KY121
IAR seld (compAreg’ | KYI2!
TKCi42
Activate
B ‘lood SAR'
Clock 1 & 2| Tronsfer J
CR to CRR
or CRR to CR -_———1 KL121 ——
Activate l Condition
‘sel PSR* | recall register
} | {(CRR) for
| current
_program level |
Yes
Lk KG13l _
c Af:ﬂth .CR Activate 1 Altemate Program
bit - fo A ‘gate LSR lo { leval PSR (CRR)
nomal to A’
H | . |
H "1 AVI32 :
[ ; —
1 Condition f;::;"ATU, Clock 7 & 8 [ Modify high
| Reg decode order of
b [to A instruction
TKLT01 oddress
Activate
'LSR write
low*
Clock 3 & 4] Place
Op code in R
T ]
D AL T KGT4T N
Activate out to SDR
'gate SDR I
to B e |
I AV211
| ALU output
> Clock 5 & 4| Lood Op latehed
regi. and
modify low order] ] kL4 L
of instruction Activate i
address '{AR seld’
[ kG4 GO 1O
- 1-Q CYCLE
Activate
E 'gate LSR fo
o B
¥ T
o { :
N —

(9/70) 5010
v 5 v 6 v 7 v 8 v o
Objectives:
o Lood Q code into QRegister and: (1) Length Count Register and
Length Count Recall Register, or (2) Data Recall Register KL101 AV211
-
i A
e increment Instruction Address Ragister 'ALCS’l;v::i‘te | Iatgh:;'pu'
low' I
|
]
Clock 7& 8 Modify high
- order of
T ALU centrols: instr;:ﬁon
Clock 0| some as |-Op
Address | unless noted
storoge ’———_l KL141 | otherwise
Activate
'IAR seld’
2. Parity check"—
1 KC142 3. Attention |
Activate 4-.'."."_&_] instr with (not) . y
‘load SAR’ !channel in I/O
KG141 Clock 3841 poce Q code
in ALU and
Activats . . 1 KL121 y
'misc bit sore in LSR's Ii; Jsed as Activate 'Prog intlk' | instruction KD131
7 to A' | LCRR 5ol DRR is deactivated
] ond LCR' if it wos i Activate
k active ! No ‘prog intlk'
KD141 . 4 L ocnve
Activate T ALU sutput . L
“lood Op | wes lotchad Activate | Single KL141
~ | o Clock 4-<d l 75 | e po—
| instruction "AR seld’
] kuo . AV211 Activate 'CR o L
Activate i lALUm'w' bit to A' and IxGci4
'LSR i B »
o write i atcl AND gate kY101 l Data read Activate
| I out to SDR ‘gate LSR
l———-—-—ﬂ hi to B'
] [KCior Av2i
Activate Activate ] ALU output
‘gate SDR 1o ; 'LSR write latched
B’ j KL101 high' lL
l KL141 T Activate -
' . “SRwrite | L
Activate hight
'IAR seld! 9 o
Clock 5 8 6 Lood Q req ] '°90
I and modify TAKE [-R CYCLE g—g’;’o
low order of _—1 -
Ko1d) instruction KLL4) 5-042
Activate add Activate
‘gate LSR hi ‘1AR seld*
o & Diag 5-020
l KL101 AV21Y | kG14
Activate 1 ALU output Activate
'LSR write | lotched gate LSR lo Siral T
) to B ingle |
high ! oddress
L I KGl4 instruction
Activate
'misc bit 7
to Al
[kore1 ____
Activate | ALU output
'load Q was latched
ot clock 4 CD TAKE IX CYCLE
4

Diag 5-042



Bin Sub Gate
KY121

1AR (Hi)

ofr[2y3fsafslelz

$

PSR-P1 (LCRR)

PSR-P1 (CRR)

0T TT2[3]4f51e6l7

o1 J2[3]4f5]6]7

b

PSR-P2 (LCRR)

PSR-P2 (CRR)

0[1 [2[ 3] 4[5]6[ 7

0] [2]13]4][5]617

Diagram 5-012. 1-Op and 1-Q Cycles (PART 2 of 3)

2 v 3 \ 4 4 \ 4
Wait State
System Reset OR N e 8 Cyele
(not) Alter SAR or Storage A Gate SOR to B
1/0 Block SDR Cl 3ond 4
il or
A /O Not CE T A N
ot CE Test | KG141
' Main Storage
]
SAR SDR
o f
Phase DE Load SAR
- A p———X -
(not) Wait C13C to 5C
KC142 Cl5and 6
A Gate LSR lo to B
IQ Cycle
’ Cl 3C to 5C ‘
Branch or Jump Instr}
Wait State
System Reset OR N
A
c Cl7and 8
Gate LSR Hi to B
EB Cycle OR
Chland2 A |KG14
16 +2P :
16 + 2P
D
1/O Not CE Test
A
Channel Inhibit LSR Load
- [
dle Time OR N >——‘
A or B Reg Chk |
Cl 8
> LSRto Aor B A OR
°n Cl4 A LSR Write Hi
Cl 2
1Q Cycle A
A
1 Op Cycle
Clé
E Cl 4 OR A LSR Write Lo
(not) IH Cycle Phase D
(not) EB Cycle A KL101
(not) Alter or Display Storage

~ ¢

DRR

LCR
O[T T2 3]4]5[617

o[ 1 J2]3[4[5¢]7

7 v 8 v 9
1/O Not CE Test
{1
Force bit 7 to A A Cl5and 6 I N I OR CE Test No Increm
(not) IR Program Backup
KG141 Program Interlock
Gate LSR Lo Normal to A A TOp Cycle
OR Cl1and 2
KG131
(not) Prog Interlock
A | 10pCyel
Gate CR to A p Cycle
OR 1 Q Cycle
A Cl3and 4
Branch or Jump Instruction
KG131
Bin Compl A Reg ) Odd CD
Al
FL
Any | Cycle
A m A (not) Ct 3and 4
KY121 L (not) IR Prog Backup
¢|m Sm
b4 T | Op Cycle
—_— n Load Op Reg A Odd CD
z . 10p Cl5and 6
R
3 | cond K P M KD141
_| Res 4
C Y —
& 5
] 6]
2% 1
S & 7
<8
KX Cl 5 Thru 0
1AR Seld A 1 Cycle not IX Cycle
Allow LSR Select
0 KL141
1
2 | Q Cycle
Bls X <g—tood Q Reg A |-QedCD
3 1: Cl5and 8
_‘L Pl Trigger KD14
3 A
6]
7] KLi21 Cliand?2
PSR-Pl Select R A | Op Cycle
PSR-P2 Select P2 Trigger Allow LSR Select
A 1 or Cl3and 4
A [1QCyele
2 Address Format
Cl 3and 4
LCR and DRR Seld A |G Cycle
Allow LSR Select
KL121

5410 FEMDM  (9/70)
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ALD Reference

Cycle
Clock KC122
B Load SAR KC142
Read Call/Write Call KC132
IAR Select KL14]
CRR DRR or LCR and LCRR
LSR Select KL121
’ LSR Lood Lo Lo i Lo Hi T Lo { Hi ﬂ KL101
Lood A ond B Reg i{ - o ' RATOI
CRor CRR Force Bit 7 CR-if jump Force Bit 7
A Reg Input RAITI
SDR IAR Lo IAR Hi SDR 1AR Lo 1AR Hi
B Reg Input RAT0
c Lood ALU AV132
(Branch or Jump)
ALU Control (and) KY101
ALU Output AV142
Bin Sub Gote KYI21
’ Bin Compl A Reg KY121
Load Op Reg KD141
Load Q Reg # KD141
Set/Reset Prog Intlk KD131
Reset Set
D Condition Reg KGN
Op End KD131

Diagram 5-014. 1-Op and 1-Q Cycies (PART 3 of 3) : 5410 FEMDM (12/69)

5014



Diagram 5-020. I-R Cycle (PART 1ot 2) (12/69) 5-020

2 v 3 v 4 5 v 6 v 7 v 8 v 9

Objectives: ‘ Q 3

e Execute command instruction, unless program Activate 'bin
interlocked comp A reg’ KY121 Activate KY121
ond 'bin sub ‘bin sub
@ Increment or decrement Instruction ate’ KY121 gate'
A Address Register L—]—‘_
Diag. 5-010
Activate KL141
-R 3
I-RCYCL AR seld’
unconditional
:_ ______ —-—r \ Yes program
’ | clock 0 Activate KLIOU| ALU output AV211 level odv
1 Address 'LSR write | latched Activate KY121
| storage low' ¢ 'bin comp
! | A reg’
L
1 clock 586 | Increment *
or decrement
Refer to I Activate KL 141 low order of —
Diagram 5-010 '|AR seld' instruction
B Point | address Activate KL141 Jurmon KDt
Op end
to determine | '|AR seld’ tri
which type l rigger
of cycle to I ] ]
take after |-Q Activate KC142 _———— —
cycle ! 'load SAR' Activate KG141 Activate KL10} I ALU Output | AV211
S 'gate LSR lo [ advance 'LSR write | latched
’ I to B : instruction high
N and Q reg e
KD131 ! blank
IS
' Pr
inflig' END OF
OPERATION
clock 38 4[Add 1o address in 1aR] T 7] “uncondi-
C for Jump instruction Data read ) tional program
with condition satis- — { outto SDR level o KDI5I
fied b Activate | kG141 N\ pctivate
‘misc bit 7 IR program
to A' backup'
i | |
Activate KY121
’ Activate | KG141 *bin comp Activate | KG141
'gate SDR A reg' 'misc bit 6
to B' to A’
e J
iR £LD Reference
Cycle ﬂ
Jump Activate KY121 -
instruction with bin sub Clock " 10. sl n]. s 4 {1 1 ? i ‘}l L ? N 4_3 . i 1 ?L KC122
condition satisfied ' KC142
D ¢ gate Lood SAR
(Dlog;m:)s = ] Read Call/Write Cail ] KC132
~ | KLigl
Activate KLIO! | ALUoutput | AV211 IAR Select " ) KLIo!
'LSR write { latched LSR Load ' Lo Lo =
low! L Load A and B Reg B B i ] RA101
Activate KG131 T A oot “1AR Force | bit 7 RATTY
‘gate LSR lo Reg inpy SDR 1A% Lo |AR Y
’ normal to A' B Reg input
clock 788 lnc;:menr , Lood ALL! ) AV132
or decremen b AV142
high order of ] ALU Qutput 3
instruction address Activate KL141 bin Compl A Reg KY121
"IAR seld bin Sub Gate » kvizi
Op End KD131
E 1 I o A
Activate KG141
'gate LSR hi * Jump Instruction only
to B'

f



2 v 3 \ 4 4
1/0 Block SDR I'—I
N

1/O Not CE Test A | J
A Wait State

System Reset OR LE'J

(not) Inhibit SDR Transfeg.

(not) EB Cycle oR

Recompl Cycle Gate SDR to B
’ CL3and 4 A

(not) Alter SAR or Storage
KG141
Main Storage
]
B
SAR SDR

__x

»
>

>

Phose DE

CcLO A
(not) Wait State

KC142

OR

Gate LSR Hi to B

Gate LSR Lo to B

CL7ana8
A
Wait State
System Reset OR N
A
CLS5and 6
KG141

16 +2P

Diagram 5-022. I-R Cycle (PART 2 of 2)

16 +2pP

~— ~——
v 5 6 v 7 v 8 v 9
CE Test No Increment
R v
1/O Not CE Test
B Rgg bit 0
Force Bit 7 to A ‘ (not) I-R Program Backup OE v
A Al
CL5and 6 | _AtUBlonk
Branch or Jumj
KG141 —anchor-ump .
A 1-Q Cycle
CL 58
KDI31 Gate LSR A J' RC}'C" - FL
Lo Normal to A ump Instruction
A CL 3 arid 4 System Reset
Set Program Interlock
KG131 KD151 OR CL 58
o of A | OpEnd
i 1
2] 2
] 1 s
Reg|4] 4[Res
5
i 5 |
18] 6
7 7
1-R Jump True
) OR Any | Cycle
CL 3C to 5C rm Bin Sub Gate Bin Compl A Reg l— (not) IR Progrom Backup
A A
FL (not)CL 3 and 4
KY121
ODD CD
A N
KY121
Channel Inhibit LSR L
cl g A |1/ Not CE Test
LSR Write Hi A Im oR Idle Time
I—J A or B Reg Chk
A
R Phase D LSRto Aor B
. 1.CLé
LSR Write Lo OR
‘ cL4
X X (not) EB Cycle
4 L— A {not) I-H Cycle
IAR (Hi) IAR (Lo) (not) Alter or Display Storage
of1|2[3l4ls5]e[7s]o] 1T2]3]4]5]e]7 KL101
-X Cycle
IAR Seld A CLS5 Thru O
Allow LSR Select
KL141
5410 FEMDM  (12/69) 5022



Diagram 5-030.

[-H or I-L Cycles (PART 1 of 3)

2 4 3

Objectives:

e Lload B Address Register except during load
address instruction

C
Diog 5-010)

Mcdi. 7 high

(12

9

f69)  5-030

and 1-12 cycles or 1-X2 cycle

END OF
| CYCLES

o Lood selected index Register for load address Clock
X . N <
instruction 2 7 &8 | order of ol;r:s:hl/inos:::-
instruction |
e Load A Address Register for second oddress address I KL141
Y
o Load Adress Recall Register for branch or KLIOI e Activate Load Y.
decimal instructions Activate Activate KLIOY 'IAR seld" address b
R write 'LSR write : 5 instruction
vow! high'
)
'S T KG141 No
ok by See Note 1 Activate
-CYCLE.-L Clock 5 8 6 Modify low for format. ‘gate LSR
- order of Branch, test hi to B'
: instructicn TKL141 l/C[)ozzdo:;anch‘
—— - or ress
Refer to address Activate operations end KY121
Diogram 5-010} IS 'tAR seld' ofter 1-L1 Activate Tum on
point ! Address Clock 0 cycle. Other- 'bin comp A 'op end’
to determine ; storage wise proceed reg' and 'bin trigger
ich t o '
:fh;;lll:p;: : | KL141 LKGM} L:f:fci;fr:cﬂow sub gate :
take ofter I1-Q | Activate Activate charts after l— I
cycle | '{AR seld' 'gate LSR lo completing | KL10Y
— H
to B cycles Activate
'LSR write
high'
KC142 KG141
Activate Activate
‘load SAR' 'misc bit 7
to A’ Yes I-H
cycle
l KY121
Clock 3 & 4| Load register. Activate 'bin No
High order comp A reg'
position in and 'bin sub
I-H cycles, gate' Yes 1-L1 No
low order cycle
position in
1-L cycles AV211 KL10} [
XRl - Q bit7) ALU 17 T Activote o”db,';’ (0(2 i single Ves
XR2 - Qbit 6, output | ILSR write ::d 3 ore address
1 latched | low' : instruction
4 l I ————————
:).:Cd Yes | Branch No
address | instruction
inst ]
Bronch Ves | Branch
g ot | : Take |-H2 Toke 1-X2 condition address
ecima satisfied —_ instruction
inst KLI41 ena cycle cycle oo
Activate No Activate Activate Activate I
'sel AAR' 'ARR seld' 'XR1 Seld' ‘LR intchg | | Yes
or pulse’ |
X ’ 'XR2 Seld' Diag 4-073 |
KLI21 No Yes |
- Diag 5-042 le !
Activate '
‘sel BAR' __.—.]'
Take 1-L2 Take I-L1 Tested during I-Q
! L cycle cycle cycle. Activates !
- Br-Jump true FL. !
KG141 (Diogram 4-073) :
Activate 1 J ———-—’KD‘S‘
‘gate SDR
to B' Note 1: Format for single oddress instruction
is; 1-H1 and |-L1 cycles or I-X1
5 cycle. Second oddress requires; |-H2



2 v 3 v 4 v v 6 v 7 v 8 v 9
Wait State
t
A Syitom Reset | R /O Not CE Test
Not EB Cycle Gate SDR to B
1/O Block SDR (not) Alter SAR or Storage CL3and 4 OR | CE Test No Increment
OR [ est Mo nerement
/O Not CE Test | A KG141
—_— A not) IR Program Backup
Cl50nd 6
’ KG141
Main Storage
||
B SAR SDR
Gate LSR Lo to B
A
Phase DE ] Wait State Odd CD
oo 1,  Lood SAR OR N Cl3Cto5C [] Bin Sub Gate Bin Compl A Reg G
> (not) Wait State System Reset | A ﬁ Any | Cycle
Cl 7 and 8
KC142 and Gete LSR Hi 1o B KY121 A N A [N ClTandd
EB Cycle OR KVi21 {not) IR Program Bockup
16+ 2P
Cl1and 2 A |KGI4
c Cl 5 thry 0 y
I Cycle not IX Cycle A IAR Seld 1AR (Hi) 1AR (Lo)
Allow LSR Select 0]1]2]3]415]6]710]71]2]13]14]5]1617
KL141
16 +2P
= ]
IH 2 or IL 2 Cycle r
Cl3and 4 A | RARS AAR (Hi) AAR (Lo)
01213141561 710 172 31451617
D kU121
I1-H1 or i-L1 Cycle *
Cl3ond 4 ' A |RAR Sel’  BAR (Hi) BAR (Lo) |
’ {not) LDX Instryction 00 [213[45[81 701213451617 Lld
KL121 A
IH Cycle
OR [ cis
IH 1 or ILT Cycl
or IL1 Cycle v LSR Write Hi A |K51O!_Phose D
Cl3and4 AR Sel o
E Allow LSR Select A ARR (Hi) ARR (Lo) Channel Inhibit LSR Load
Decimal Instruction ofrJoJaf4]sfefzlo]1]2]3]4]5]6]7
- 'O Not CE Test
Branch or TIO Instr KL141 —
FC Instruction Ok LSR Write Lo A - 0—@— OR ':"’—-—E"—‘-’ -
AorBRegChk
o6 or C
A
LSR to A or B
Diagram 5-032. I-H or I-L Cycles (PART 2 of 3) 5410 FEMDM (12/69) 5-032



Diagram 5-034. I-H or I-L Cycles (PART 3 of 3)

2 v 3

Cycle
Clock
B Load SAR
Read Call/Write Call
1AR Select
AAR Select(!H2 and 1L2)
> BAR Select (IH1 and IL1)
ARK Select (*)
LSR Load
Load A and B Reg
c A Reg Input
B Reg Input
Load ALU
ALL! Output

» Bin Sub Gate

Bin Compi A Reg

Lo‘

Hi g

AR Lo - IAR Hi SDR

.

| o
IAR Lo AR |

* Load ARR during IH1 and IL1 if
BC, TIO or Decimal instruction

4aLv Reference

K132

KL14}

KL121

KL121

KL14]

KLIOT

RAI01

RATLY

RAY01

AVI32

AV142

KYIl21

KY121

v

5410 FEMD

(12/69)
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Diagram 5-040. 1-X Cycles (PART 1 of 3)

© Cycle

Clock

Load SAR J

Read Call/Write Call
1AR Select

XR1 Select (see note)

XR2 Select (see note)

AAR Select

BAR Select

LSR Load

A Reg Input
B Reg Input

Lood ALU

ALU Qutput
Binary Sub Gate
Binary Compl A Reg

Op End

ARR Select

* Force bit 7 if IAR Lo contains all 1's
(Predicts a carry from IAR-Lo)

NOTE: The contents of Op Register bits 0 thru 3

determine which Index Register is used.

Instruction Op Bits B Address Register A Address Register
Format 11213
2 bytes from
0j0jo0 2 bytes from Storoge Unchanged
ol of 1 1 byte from Storage Added
Storage Unchanged | to Address from XR1
olilo Tbyte from Storage Added
2 to Address from XR2
1olo 2 bytes from
Address | byte from Storage Unchanged
1ols 1 byte from Storage Added
Storage Added to to Address from XR1
ilo 1 byte from Storage Added
Address from XR1 to Address from XR2
o ol o 2 bytes from
1 byte from Storoge Unchanged
o ol 1 1 byte from Storage Added
Storage Added to to Address from XR1
o1lo 1 byte from Storage Added
Address from XR2 to Address from XR2

Instruction Op Bits B Address Register
Format oNnf2]3
olol1] 2 bytes from
1 Storage Unchanged
ohilhh I byte from Storage Added
Address to Address from XR1
1 byte from Storage Added
{non-branch) o R
2 bytes from
i 1{1]0]0 Storage Unchanged
liloly | byte from Storage Added
Address to Address from XRI
iblo | byte from Storage o
(Branch) to Address from XR2
Command e

ALD Reference
KC122
KC142
KC132
KL141
KL141
KL14)
K121
KL121
KL101
RATTY
RA101
AVI132
AV142
KY121
KY121
KD131

KL141

5410 FEMDM

(12/69)

5-040



Diagram 5-042. 1-X Cycles (Part 2 of 3)

2 v

Objectives:

®  Add address to contents of Index Register

®  Load B Address Register unless load address
instruction

® load selected index register if load address
instruction

e Load A Register for second address

e Load Address Recall Register for Branch

A or Decimal operations

I-X CYCLE

Address
storage

]

Activate
'IAR seld’
diagrgm T
int
f:';efermme Activate
B ; "load SAR'
which type
of cycle to
take after )
1-Q cycle
Clock 1 & 2| Increment
high order of
instruction -
’ address Activate

'IAR seld'

Activate KG141
'gate LSR hi
C to B! Low order of
1AR will carry
MA122 [to high when
_ _lincremented
No
» Yes
Activate KGi4
'misc bit 7
to A'
D Activate KY121
'bin comp A
reg' and 'bin
sub gate’
Activate KL101
'LSR write
’ high

Clock 3 & 4 Load low
E order of
selected
register

KL141

KC142

KL141

[

Clock 5 & 6] Increment
low order |
of instruction I If computation
address Activate KLY4l  lresulted in a
single 'IAR seld' carry, 'temp
) addres.s carry' gives
instruction ‘arith carry
1 out’ for clock
Activate KG141 |7 computation
KL141 KLI41 KLI41 'oate LSR
Activate Activate i XRY for Op Activote 'icale LSR lo
'XR1 seid’ 'XR1 seld' | bit1. XR2 'XR1 seld'
or or | for Op bit 0 or T
'XR2 seld' 'XR2 seld' L 'XR2 Seld' Activate KG141
| ) 'misc bit 7
: I to A
; XR1 for Op Activate KG13) XR1 for Op |
| bit 3. XR2 'gate LSR lo bit 1 (not) bit | Activate 'bin] KYI121
| for op bit 2 normal to A' 0 or Op | comp A req'
L bit 3 (not) bit | and 'bin
l 2 . XR2for | sub gate'
Activate KG141 (f:f;)b‘” Oor } pyee ]
‘gate SDR Oobit2 | Activate KLIOI
to B' LSR write
(not) 3 | low'
|
Activate 'bin | KY121
comp A req'
and 'bin Clock 7 8 8] Load high
sub gate’ order of
selected |
Clock 4 Deactivate KL141 - register Activate KL141 T5e|ect same
'XR1 seld’ | 'XR1 seld’ index regis-
or | or | ter selected
'XR2seid* === 'XR2 seld’ Lot clock 3 |
See Note 1 for format. - 1
Branch, test I/O and branch, Activate | KG14I
Load or load address operations 9‘",’ L3R hi
address end after 1-X1 cycle. to 8
instructio ther:aise proc.eed to 1
specific operation flow
charts after completing :Ac.fivofe KY121
I-cycles bin comp A
reg' and 'bin
sub qol?e'
or rotivore KUI2I Clock 8 | Deactivate | kL4
'XR2 seld’ tsal BAR' x se
1 ' XR2 seld'
1 1 ——
| Activate | Select same
=i 'sel BAR,' KLI21 register
))((:2] - g ::: Z: or decirncl 'ARR seld," KL141 ! selected at
¢ 4 'sel AAR,' KL121 | clock 4
| instruction 'XR1 seld,' KL141
! or 'XR2 seld' | KL141
Activate KL141 Activate KLI21 Branch
'ARR seld' 'sel AAR' or test /O
and branch
I jnstructio
Yes Load
sl i \ address
Activate KL101 instruction
SR write Torn on kD131
'Op end'
trigger

M~ .~

Opbits (0
and 1) or (2
and 3}

L

Toke
1-X2
cycle

(9/70)

KL101

Activate
'LSR write
high'

No

5042

Single
address
instruction

Branch
instruction

No

Branch
No condition Yes
satisfied
|
Toke : Ac'iv.ote KD151
1-H2 | 'LSR :nfchg
cycle | pulse
|
|
|
I
| ( END OF ) END OF
I\ orerATION 1 CYCLES
Diag 5-030 :
|
[
|
|
|
|
I

Tested during I-Q I

cycle. Activates :
Br-Jump true FL. |
(Diagram 4-073) |

KD151 J

Note 1: Format for single address instruction

is; I-H1 and 1-L1 cycles or I-X1 cycle. Second
oddress requires; I-H2 and I-L2 cycles or I-X2
cycle ,



2 v 3 v 4 v 5 v 6 v 7 v 8 v 9
Inhibit SDR Transfer LSR Lo (IAR) All 1 .
EB Cycle A cis A | IXCycle @
not) Recompl Cycle 1 Address Branch A _Op End Cllond?2 :
Wait State 1X1 or IL1 CEle FL Force Bit 7 to A OR ¢
System Reset OR ——l ‘ {not) IR Program Backup
{not) CT 3 or 4 Gate SDR to B A | (not) I/O Not CE Test
‘Alter SAR or Storage | OR oR {not) CE Test No Increment
Main Storage 1/0 Block SDR 1 ate LSK Lo KG141 .
ate IX Cycl
= KGl141 Normal 1o A ycle
A Cl3and 4
SAR SDR X KG131
1-X Cycle
Cl5and 6 OR Any | Cycle’
1 Wait State m A Gate LSR Lo to B A ((m:)) Qlk_l m}mﬂ 4 — -
Phase DE Load System Reset OR N S — no! rom Backup
<o | sar _>I&m__°_ T SGa IX Cycle
(not) Wait State A »x Cllod? | —
IX Cycle A Gate LSR KY121 2
KC142 LAl AL - OR -
L Hito B '/ A
A 5 N IX CEIO
Cl7and 8
OR cls
LSR Write Hi A N
[ I I 1/O Not CE Test
10 '
kLot A |Channel Inhibit LSR Load
Idle Time
IX Cycle ‘-—n OR Ace lime
AR Seld A or B Reg Chk
A e 1AR (Hi) 1AR (Lo)
- €10,1,2,5 6and? A liskiwa
0] 1213141516170 1121314312817 foAorB
16 +2P
“ Phase D
IX2 Cycle
— gp;s-t37 A XR1 (Hi) XR1 (Lo)
1] or
. A X1 Cycle | 4567 0T [2[3T4]51¢617
OpBit0 ° Claor7
OR |Se! XR2 Gate A | op [XRISeld L LsRwritelo | A I I
Q Code 7 _n/ L { clé
. 1X1 Cycle
Op Bit | A A KLIO1
p {E} Cldors XR2 (Hi) XR2 (Lo) Or (rot) 1H Cycle
Op Bit 6 o] 1J2]3f4]5]¢6J7 o] T2T3]4]5]e]7 not) EB Cycle
Load Index Register KL141 A Cl4
1 Address Branch Instruction A - (not) Alter or Display Storage
Cldor8 V3 F_—_——”
Q Code 6 A n 1X2 Cycle
IX1 Cycle AAR (Hi) AAR (Lo) AAR Seld A Claors
or
IXI Cycle Or | XR2Seld ol1J2fala]5]6l7[ 0] ]2]3[4]5]6]7 —
Al Lycle "
Cl3or7 A /
Op Bit 2 ¥ ?
Ci3or7 ] - IX1 Cycle
1X2 Cycle | A BAR (Hi) BAR (Lo) BAR Seld A |Cl4ors8 :
KTy I I2I34 367101173 14151617 | (not) Lood Index Register
KL121
Branch or TIO IX1 Cycle & +
Eg‘:l'n"::’r' Instr OR T A ARR Seld ARR (Hi) ARR (Lo)
= T 0] V] 231456701 [2]3[4]51677

Diagram 5-044. 1-X Cycles (PART 3 of 3)

5410 FEMDM (9/70) 5-044



2 v

Obijectives:
bits 01 234567
Set Bits On Masked Op Code XX111010
o If a bit is present in the Q code, turn on the
corresponding bit in the storage location

specified by the B Address Register

® Do not change bits which correspond with bits
not present in the Q code

bits 01 2

Op Code X X1

—_w

Set Bits Off Masked

o If a bit is present in the Q code, tum off
the corresponding bit in the storage location
specified by the B Address Register

® Do not change bits which correspond with
bits not present in the Q code
bits

01234
Op Code XX111

567
Test Bits On Masked 000
@ If a bit is present in the Q code, test to see
if the corresponding bit in the storage

location specified by the B Address Register is on

@ Ignore bits which correspond with bits not
present in the Q code.

® Turn on 'test false' latch if selected bits
are not all on
01234567
Test Bits Off Masked Op Code XX111001
®|f o bit is present in the Q code, test to see
if the corresponding bit in the storoge location

specified by the B Address Register is off

® Ignore bits which correspond with bits
not present in the Q code

®Tum on 'test false' latch if selected bits
are not all off

Diagram 5-050. Set Bits On/Off Masked and Test Bits On/Off Masked (PART 1 of 2)

v 4 v

SET BITS ON/OFF MASKED
TEST BITS ON/OFF MASKED,

Clock 78 8 End

| Requires
| single
| B Cycle
| E—
Clock 0 | Address
storage
1
Activate KD111
'EB cycle’
Set
bits on/off
masked
operation
Activate RNI131
No ‘store dato
group'
Clock 3 8 4 | Set bits on: ' Activate KYI
Combine DRR 'new dota to
| with storage . storage'
Set bits off:
Complement
DRR and \
combine with
storage .
[Test bitson: | Activate Ku21
Compare bit 'sel BAR'
positions on
in DRR with
same positions
| In storage._ |
Test bits off: Activate KC142
Compare the 'load SAR'
complement of
bit positions
on in DRR ]
with same
positions in
storage
. l KLi21
Activate
'sel DRR
and LCR'
l KG131
Activate T Lood DRR
‘gate LSR lo : into A reg
normal to A' 1
| DU
I KG141
Activate
‘gate SDR
to B'

Set
bits on or

test bits on
operation

Yes Activate
KY101 'bin comp
1
Activate Areg
‘or gate' l
Activate
'and gate'

bits on or test
oits off operation

KC132
'Read call/ T Activate
write call' | 'store new'
enters data | v
at clock § | es
KGl2
Activate
'CR test
false’
, 3

KY121

KY101

Operation

O

END OF Machine Cycle
OPERATION

Read Call/Write Call
Load SAR

BAR Select

DRR Select

B Reg Input from SDR
A Reg Input from DRR
Load A and B Reg
Load ALU

ALU Output to SDR
Store New (New Data)
Bin Compl A Reg (Set Bit Off)
ALU Control (And/Or)
Op End

decremented
from 5 to 8
time but is
insignificont
for this

ration

Set Bits On/Off

Test bits on:
A Reg bit and
(not) B Reg bit
Test bits off:

A Reg bit and
B Reg bit.

(12/69) 5-050

ALD Reference

llolllll‘lllllzl

1

3
i

8
1 KCi22

KC132

KC142

KL12t
KL121

RA101

RAIN

RAI01

AV132

AV142

KC132

KY121

KY10%

KDI31




Single EB Cycle Instr CL8 Op End
A
' EB Trigger A FF
KD131 Op Bit 4
N EB Cycl
Mai n Storage ¢ LSR Low Normal to A A Cl 3);::4
] (not) Zone Num Interchange
B KG13
SAR SDR — X
Store New
CL4CD iR Gote SDR to Test Bits On/Off Re;:rLe[:uce
Machine Cycle
1 2 3 4
’ X @ Clock W TE TN F T AW ||||.|5|||16|| n?nx?.KC]ZZ
Read Call/Write Call H KC132
KCI32 Set Bits On Load SAR KC142
EB Cycle Test Bits On DRR Select KL121
Eno:; Z;g-:llflc:m Digit A L (not) Recompl Cycle Set Bits OFf BAR Select i KL121
c non) =T ol Inhibit SDR Transfer A OR . B Reg Input (SDR) RATO!
Store Data Grou EB Cycle AND | Test Bits Off l?'fs Off A Reg Input (DRR) ]RA'III
Kyin {not) 3 and 4 Time Set Bits Off |
Op Bit 6 Wait State BinComp U o . Load A and B Reg RATOL
~pporo | A Reg Test Bits Off Load ALU AV132
(not) Op Bit 7 ‘ OR System Reset OR —] K121 Bin Compl A Reg (Test bit off) kY21
{not) Test On or Off A H Alter SAR or Storage OR _] ALU Control (And/Or) kvior
> {not) Op Bit 6 I/O Block SDR N Test False A ALU Output (Test False) AV142
. t Bits ff
16+ 2P not) Halfword Format| OR [RNT31 KG141 est Bits On or © CR Control = lkcio1
Op End KD131
Q Code (IQ Cycle)
. EB Cycle
D _ Sel DRR A CL3and 4
(not) Op Bit 4
(not) Inhibit LSR Sel ku21 | Halfword Format A
{not) Recompl Cycle Sel BAR DRR One Address Non Branch
£B Cycle A o [1J2I3J4fse]7 ———
A
' CL5Thru 0 KL121 Channel Inhibit LSR Load
2
- as A | 1/0 Not CE Test
BAR (Hi) BAR (Lo) LSR Write Lo I Idle Time
ol 1]21314]5]e]7]0]112]3]14]5]6]7 A N OR
A or B Reg Chk
Phase D A [sRioAorB
E
‘\n LSR Write Hi A EB Cycle
A Clock 2
OC
Ok lcis
Diagram 5-052. Set Bits On/Off Masked and Test Bits On/Off Masked (PART 2 of 2) 5410 FEMDM (12/69) 5-052



Diagram 5-060 Store. Load. or Add to Register (PART 1 of 3) (12/69)  5-060

2 v 3 v 4 v 5 v 6 v 7 v 8 v 9

Objectives: RN
bits - 01234567 T
‘ Load CR oper-
Store Register Op Code XX110100 Ia?ion is Qpbeh 5
t) Q bit
® Store the registers which are selected by the Q Clock 1 & 2} Set CIR '°‘ linot) "o re Ster
code into the location specified by the BAR equal on st Add i l KL141 ———
bits - 01234567 cycle of add to register oper> N - I
Load Register Op Code XX110101 fo register ation or load S IAchvafe ' KL2t K13t
A operation or operation XR2 seld Activate {1f add to
® Load the registers which are selected by the Q |°f’d CR oper- 'sel BAR' | register oper-
code with data from the location specified otion of operation T | ation and com-|
by the BAR Activate | putation re~
bits - 01234567 'CR equal’ TkGi41 jsults in a
Add to Register Op Code XX110110 “ Q Yes Activate | carry, 'digit
register 1 KL141 'gate LSR lo | carry' is
e Add the data from the location specified by the bit - to B' activated to
’ BAR to the contents of the registers which are 7 Activate | give 'arith
selected by the Q code Clock 3 & 4| Perform No 'XR1 seld' [ KG141 jcarry out’ at
operation Activate |next clock
e Load the results into the selected registers objectives ] 'misc bit 7 |3C -5C
4 to A'
register
bit Load k121
No T T
B register Activate Activate Activate 'bin
operation 'CR hi’ 'CR lo’ sub gate’
5T STORE OF [ Activate KL131 Yes
' ! 'EB inty < KL101
ADD TO REGISTER Activate KLIOT e KG131 L I
'qated P1/P2 eg last Activate
8 gote Activate ' .
N ' LSR write
————— T reg instrs 'gate LSR lo low
| Requires normal to A'
’ | 28 @) - KG111 Clock
P | cycles Q register :AGC“VG'LeSR Activate 788
Tlock Address register bit KMIT1 b l:ofeAl 'CR bin Decrement
A iorage __ﬁ KDIT1 bit KTI31 1 Activate 'sel Activate 'bin JKY121 overflow' high order
! - 1 Activate IAR/ARR inter l sub gate' and of BAR ] KU
- Activate 'IAR/ARR P2 No 1" or 'sel ARR// *bin comp A |KY121 Activate
EB cycle No seld’ or 'ARR/ IAR inter 1' req' o1 sl BAR'
c 1AR P2 seld’ o
Store RN121 Activate
Q toren coer Activate 'CR test lkc141
Q register regts fi'onp 'inhibit SOR false’ Activate
KD121 register KL101 bit KM 2 transfer' 'gate LSR
bit 2 Activate 'sel hi to B*
Activate Activate No IAR/ARR inter [KC132
KDI21 | "1st E cycle! "P1IAR/ARR' 2" or 'sel ARR/ Activate aerivate _1KG] _{kviai
. or 'P1 ARR/ AR inter 2 ' SDR Activate Activate
’ Deactivate . gate to 'store new' ' .
N . |AR . CR dec 'bin sub
1st E cycle B \
3 [ overflow gate'
register
Ve register bit KM101 ] 2
bit KL14l 3 Activate 'sel Ist
Store Activate T Could be No IAR/ARR inter keI E cycle .of
D register RNI13] 'IAR seld’ | any IAR, 3' or 'sel ARR/ Denerivar operation KD131
. 4 . eactivate
operation . 1 whichever IAR inter 3° Clock 5 & "CR Ecual? Tum on 'op
Activaote Lis current | KL101 9 Yes 4t i
' data Q end’ trigger
sfore| a A Set CR and Activate Activate
group r lis'fer decrement low 'LSR write 'LSR write
Tkviit register 4 KMm101 order of BAR high* low' \
H 1
! Activate 'sel KLIOY
Activate bit KL14i IAR/ARR inter e J
’ 'new data to 4 Activate 4" or 'sel AAR/ ad Activate
{ storage’ 'ARR seld’ LIAR inter 4' 'LSR write
to register No
Activate KL121 operation
1 1
sel BAR o)
[kci42 rei;:m KL £ Activate Activate
- V f o '
E - Activate T psk is used ieRlR ::tli/r CRbi ‘CR o
Activate 'sel PSR | as the CRR o
‘load SAR' d the LCRR
! an e
! | [ [




2 v 3 v 4 v 5 v 6 v 7 v 8 v J
1 Address Nonbranch EA N
(not) 1st E Cycle A Op End
Op Bit 5 .
{d EB Trigger clg |A 1/O Not CE Test
(not) Op Bit 4 OR FF CE Test No Increment
N OR .
A . — .— Wait State
(not) Op Bit 6 and Not 7 KD131 Force 3117 A [Cloand6 System Reset
(not) IR Prog Backup
- KG141
L tnhibit SDR Transfer |
1
EB Cycle A Gate LSR Hi to A . (not) 1st E Cycle E},_
(not) Recompl Cycle (not) Cl 3and 4 EB Cycle
Alter SAR or Storage OR Gate SDR to B ‘ ORr Cl3and 4
Wait State 1/0O Block SDR l o oR K&
OR -
System Reset KG141 ? ? Gate LSR Lo Nomal to A A Add to Reg or Store Instr
1st E Cycle
KG131
Main Storage
m
SAR SDR
EB 3C to 5C
A (not) Op Bit 7
. Bin Add Group A (not) Op Bit 4
1 Addr Non Branch
Phase DE KY121
clo A M—’X X < Store New < Bin Compl A Reg Q| ™
(not) Wait State —
Cond
(not) Op Bit 4 ‘ 10} ) Lo/Hi Reg
{not) Op Bit 7 A (not) 3C to 5C 1
1 Address Non-branch | I oR 2 —
RN 31 EB Cycle 3] Q@ | Q Code (I-Q Cycle) Ovfl
A —Reg
. - Bin Add or Sub Group 4 Dec
OpBit 6 (not) Significant Digit i — Ovfl
‘ (not) Edit Instr | New Data fo Storaae KY121 |Bin Sub Gate —5-
| T
(not) Op Bit 7 OR EB Cycle A Sw e oCl :C% A 16| Test
(not) Test On or Off A Store Data Group FL 7 false
(not) Op Bit 6 KY111 . Channel Inhibit LSR Load
6
RN131 A
KC132 1/O Not CE Test
A E_ OR Idle Time
A or B Reg Chk
LSR Write Hi Lol or A
LSR Write Lo Cl 8 LSRto Aor B
Cl5and 6 ‘ ‘
Wait Stat Gate LSR Lo to B -
ait State ’__I A LSR Hi (Selected LSR Lo (Selected by LSR Select A Fhose D
OR N by Q Code) Q Code) < De-
System Reset OJvT2[3T4Ts5l6l 7o T2I3T4[5]6]7 o
R
Clé
A LSR Write Hi
7 8
£I__cnd— T LSR Write Low N
Gate LSR Hi to B
R EB Cycle
Cl 1 and 2 ° o i Z
B — AR Sl o |CLsThuo Ist E Cycle
BAR (Hi) BAR (Lo) e (not) Recompl Cyel -
\ pl Cycle EB Cycle
EBCycle | 0] 1]2]3]4]5]6[710]1 [2]314][51%617 (not) Inhibit LSR Select A N
KLi21 T Halfword Format
16 + 2P cl4
A
Diagram 5-062. Store. Load. or Add to Register (PART 2 of 3) 5410 FEMDM  (12/69) 5-062






Machine Cycle ALD Reference LSR_Selection
A Clock KC122 Q Code bits With Q bit 0 With No Q bit 0
Read Caoli/Write Cali KC132 1 Interrupt 1 IAR P2-1AR
toad SAR kc142 2 Interrupt 2 1AR PI-1AR
BAR Select kL2t 3 Interrupt 3 IAR IAR
LSR Select(Determined by Q Code) KL121
’ Y Add an Add and Load Reg BAR Lo BAR Hi 4 Interrupt 4 AR ARR
B Reg Input (SDR) (SOR) RAI0I 5 PSR
Add and Store Force 1
A Reg Input RAIN 6 XR2
Load A and B R - RA101
" Add and Store Reg 7 XR1
B Bin Compl A Reg Ara— Kyizi No other bits | Interrupt 0 1AR
Bin Sub Gate KY101
Load ALU AV132
ALU Output AV142
> Load LSR KL101
CR Control (Load and Add Reg) MR Set (Add to Reg only) KGI11
EA Eliminate KYi
Store New (Store Reg Operation) ‘ KC132
c First E Cycle KD111
Op End KD131
Condition Register
Operation Equal Low High Binary Overflow Test False Decimal Overflow
D Load PSR I ALU bit 7 I ALU bit 6, not 7 If ALU not bit 6 or 7 If ALU bit 2 If ALU bit 3 I ALU bit 4
Add to Register If Result is zero If Result is not zero If Result is not zero If Result is too large
and @ high order carry and no high order carry for Register (no high

order carry)

Diagram 5-064. Store, Load, or Add to Register (PART 3 of 3) 5410 FEMDM (12/69) 5-064



Diagram 5-070. Move Hex Character (PART 1 of 2) (12/69) 5-070
2 v 3 v 4 v 5 v 6 v 7 v 8 v 9

01234567
Obijectives: OpCode XXXX1000

® Move numeric (lower four bits) or zone (upper four bits)

portion of the byte in the location specified by the Clock 7 &8 8 End
A Address Register,to the numeric or zone portion of Activate KY11 Operation decremented
the byte in the location specified by the B Address Register. 'new data pe |KD13) from 5 to 8
to storage’ Activat time but is
‘ ® Do not change the other half of the B address ' < Iv:d? insignifi-
location byte. l op € cant for this
trigger .
operation
e Do not change the A address location byte. Activate KL 21 ]
'sel BAR'
o Bits 6 ond 7 of Q code specify portion used. END OF
OPERATION
> Activate KCl142
‘load SAR'
Clock Store select
B 384 ed portion
of DRR and
unchanged —l
Clock 0 portion of B : Q
field byte Activate KL121 bits
storage ] kD121 in B oddress 'sel DRR 67
location Activate location and LCR! 0 0 | zone to zone
'‘EA 10 1 | numeric to zone
> cycle! 11 0 | zone to numeric
I T n
Z oneNG == = — o — — J 1 | numeric to numeric
'_'—'“I to zone
or numeric to RN12)
Activate | RNI3I > Activate
'store data ‘zone num
group' interchg'
c [kciaz | Activate lkci3
Activate Activate KL121 ‘gate LSR lo Activate
'load SAR' 'sel AAR' normal to A’ ‘gate LSR lo
crossed to A’
| P —
KG141
> Clock Store A Activate
384 field byte kg’al;le SDR
in DRR
AC'.W:G“‘ [RN121
1
. Activate ALD
te SDR
'gos, ‘and' and EA EB Reference
‘or' .
D Machine Cycle
é 7 8 1 2 3 6
[kuz Clock lllllllllll!llllllIlJLl'LJ e e peda e o et bt s e L S e
Activate Read Call/Write Call ,-_H., KC132
*sel DRR ° numeric or No Lood SAR KC142
y numeric to numert Pl
ond LCR AAR Select - I Kui2i
1xui0l BAR Select KLi2l
> Activate RN Z B Reg Input (SDR: RAI01
‘LSE write Activate Activate DRR Select (A Reg Input) KLi21
low 'move num' 'move zone' Lood A and B Reg RATO1
ALU Control (And,’OR) KY101
______________ ] AVI32
Clock 0 AAR'is Kciaz KC132 Lood ALY
decremented - ——T ALU Output - AV142
E ] ko1t from 510 8 ,Af'”“ , | 'Reed call/ Lood LSR Lo low Hi Hi Lo Hi gl 01
i time but is store new | write call Store New (New Data) | | KCi32
Activate insignificant | enters data ore New {(New Data T [ - -
'EB for this T M First ECycle KD
cycle operation Op End 1 KD131




EB Cycle
(not) Recompl Cyel Bit
no Cycle A 27

Inhibit SDR Transfer 0 | Zone to Zone
1 | Numeric to Numeric
0
1

A Wait State Single EB Cy Instr
OR 3 A Zone to Numeric
System Reset | reger Op End Numeric to Zone
CcL8 A
{not) 3 and 4 time Gate SDR to B
Alter SAR or Storage OR
/Q Block SDR .
> kG4 KD131

Gate LSR Low A
ml A Normal to A I N I Zone Numeric Interchange
Main Storege o KG131
B - A Op Bit 4
O ' Ay Gate LSR Lo A
SAR SDR 4{fea) A " | Crossed to A A A | EB Cycle
. KG131 | Cl3ondd
R A
> 1 7
: XQﬁSfore New A EB Cycle
OR
EB Cycle AND y cls
CL9Thru O > —
” A X (not) Significant Digit - LSR Write Hif -
(not) Wait State A ew Data to - ———_Chan Inhibit LSR Load
(not) Edit Ingtr OR
KC142 A Ve f
KY11 N - OR idle Time
- AorReg CHK
KC132 LSR Write Lo A
rite Low A Phase D LSR to Aor B
CcLé
KLIOW} oORr
CL4
Sel DRR
(not) EB Cycle
A {not) Alter or Displgy Storage
Store Data Group (not) | H Cycle
o DRR
Op Bit 6 ‘
AND
. OR
n {not) Op Bit 7 | q‘/ i_— msm—— ] ? ALU Move Zone Eﬂits
not r_Off A OR 2 Bits
- 3 00]Z
(not) Op Bit 6 AAR (Hi) AAR (Lo) I 01 o :, Z:‘;me
OR oll2l3lalsjelzlof1]2]3]415]¢]7 AND4 1 0 | Zone to Numeric
(not) Halfword Format RN131 5 ,BAI;U Move Numeric — 111 [ Numeric to Numeric_]
o‘-/ OR ‘; "
’ Y PV ALU Controls: No Controls-Output Same As B Reg
Both And and Or-Output Same As A Reg
EB Cycle BAR (Hi) BAR (L0)
ok 3lals5Je [7ol 1T 2[3]4ls5T617
{not) Op Bit 4 EA Cycle Cl3and 4 A EA Cycle
A |Halfword 1 Sel AAR A
E One Address Format KL121 CL5 Thry O
KL121
(not) Inhibit LSR Sel
Sel BAR
A
EB Cycle
KLzl A
6+2Pp CL5Thru O

Diagram 5-072. Move Hex Character (PART 2 of 2) 5410 FEMDM (9/70) 5-072



Diagram 5-080. Move Characters or Compare, Add, or Subtract Logical Characters (PART 1 of 3)

v

2 v 3

Obijectives:
bits 01 234567
1. Move Characters Op Code XXXX1100
e Move the contents of the A field to the B field
bits 01 234567
2. Compare Logical Chars. Op Code XXXX1101

o Compare the A field data with the

4

@qm

Activate
'sel DRR and
LCR'

[kL101

Activate
'LSR write
low*

Decrement
low order
of AAR

] Ku21

B field data
bits 01234567
3. Add Logical Characters Op Code XXXXt110
o Binary add the A field data to the B field data Clock 5 & 6
and store results in B field location
’ bits 01 234567
4. Subtroct Logical Characters Op Code XXXX1111
o Binary subtract the A field data from the B field
data and store results in B field location
5. All Operations
B e A and B fields are same length
o Length of field is Q code plus 1
o Set Condition Register except during move operation
MOVE, COMPARE,
ADD, SUBTRACT
> LOGICAL RNI 31
Op cod
I p code
Clock 0 | activates
Address A l 'store data
address __ 1 group!
storage
location
Ist
c £ Yes
cycle
KD121 Clock 7 8 8
No Activate
"1st E cycle'
> ‘
KD121
Activate
‘EA cycle’
I KLI21
D Activate
‘'sel AAR'
| KC142
Activate
'load SAR'
Clock 3 & 4| Store A Clock 0
field data |
in DRR I KG141
Activate
'gate SDR
E ‘gt

Activate
'sel AAR'

[KGi14

Activate
'gate LSR lo
to B'

[ kG141

Activate
'misc bit 7
to A'

[KY121

Activate
'bin sub
gate'

T ko

Activate
'LSR write
low!

Decrement
high order
of AAR

— 1 KLI21

Activate
'sel AAR!

[kG141

Activate
‘gate LSR
hi to B'

[ k121

Activate
'bin sub
gate'

kL0l

Activate
'LSR write
high'

Address B
address

storage
location

] kD11

Activate

'EB cycle’

Compare
operation

Clock 1 8 2

Clock 3 8 4

KL121 KY1hl
Activate Activate
'sel BAR' 'new data
to storage’
[kaee L]
Activate
‘load SAR'

Decrement
LCR each B
cycle except
first B cycle

Compute A
and B field
data and load
remaining
field length
into Q reg

KG141
Activate
Yes ‘misc bit 7
to A'
Move No | S
operation "‘““—l KG101
Activate
Yes 'CR equal’
KL12}
Activate ) L
‘sel DRR
ond LCR'
[ kG141
Activate
'gate LSR
hi to B'
1 k121
Activate
'bin sub
gate'
[ koot AV142
Activate r ALU
'LSR write | output
high' | latched
L
] KLI2}
Activate
'sel DRR
and LCR'
[keian _ _
Activat: T
ctivate
1gate LSR lo : DRR
normal to A’ |

Move
operation

Activate
'inhibit SDR
transfer’

[

No

KG141

Activate
‘gate SDR
to B!

]

KY121
Activate
'bin comp
A reg'
Activate
'bin sub
gate’
[ KD14
r [
Clock 3CD | Activate | ALU output Clock 7 8 8
'load Q was latched
' at 2-cd
reg !
Compare
operation KC132
Activate 4CD
'store new'
o
Clock 5 8 § Decrement
low order
of BAR and
set CR Move Yes
operation
g OF
AV142
ALU
output Yes_y
blank
No
RN111
No register
blank
Yes
No bénfh
KG111 inary
carry
e Yes[ koin
Activate
'CR lo'
Add
logical No v
characters <112
ration -
Activate
'sel BAR'
KGI11
Activate 1 KG14
'CR bin Activote
overflow’ ! Gate LSR
| lo to B’
1 KGI4l
Activate
'Misc bit 7
to A'

|

(12/69)

v 9

KY121
Activate
'bin sub
gate'
[ kLot
Activate
'LSR write
low*
Decrement
high order
of BAR and ] kLi21
check for Activate
blank Q '!Ol BAR'
:
{Aand B [ ke
cycles are Activat
ted til ctivate
gor?;i: unu ‘gate LSR
Iblonk, When hi to B’
Q reg is blank,
jend of field [knan
has been Activate
reached ond 'bin sub
|operation is gate’
|ended
_—

If computation]
resulted in a

Q
register
blank

carry, 'digit KD13
carry' is
activated to No :r::'e::,
give 'arith trigger
carry out' at
next clock \ ]
3e-5¢
KL191

Activate

'LSR write

high'

end' trigger
on

END OF
OPERATION



2 v 3 v 4 v 5 v 6 v 7 v g v 9

Cl5and 6
Wait State Gate LSR Lo to B 2 Address Format (o] Op End

R . (not) Recompl Gate A 1A FE
System Reset Q Reg Blank
l Op Bit 4
A EB Cycle : ; G
A Ci3and 4

{not) Recompl Cycle A
Inhibit SDR Transfer not) Cl 3 and 4 Time Zone - Num Interchange
1/0 Block SDR N Cere SRt B | ok Gate LSR Low Normol to A S
Wait State Alter SAR or Storage OR R pl Cycle
OR OR
’ System Reset KG141 {not) Q Num Blank
’_El_ A EA Eliminate
Cliand?2 Dec Instr
A EB not 1st Cycle
EB Cycle
- . A
OR |Sate LR Hito B A Tcitand2 2 Address Format
B Cl7and 8 p—
Wait State A OR €15 and 6
OR I N KG141 {not) IR Prog Backup 1/0 Cycle Not Test
System Reset | | A CE Test No Incre
Lfil OR | Wait State
{not) 3C to 5C A 5dd c 12 System Reset
OR |Bin Sub Gate FL ——  cl2 -
» . Binary Add or Sub Group EB 3C to 5C A |
Main Storoge Al [Nl A [ EBCycle. Channel Inhibit LSR Load
- kY121 OR
Cl 8 A
Bin Add Group l 1/O Not CE Test
SAR SDR SRweive Fioh A B_ o Idie Time
A or B Reg Chk
not) Op Bit 7 —l
H A .
c Op Bit 4 ‘ : 5 pebid phase D LSR to A or B
_Ophits | Sel LCR and DRR Op Bit 5 | [ Phase
£B Cycle A 3 ; KY121 LSR Write Low N A
Phase DE X RN131 Cclé
clo A Load SAR X LCR DRR KL101 OR
(not) Wait State ' A5 [ 70 T 233 5[5 17 cl 4
> (not) EB Cycle
0| mm A r_(rlof) IH Cycle
1 {not) Alter or Display Storage
2] Odd Not 9 CD
Store Ne 3 EB Cycle
w x Q Reg Blank ° Q-X. Load Q Reg I md 7
4|Reo FTQ I A [ Address F
D Op Bit 6 _EBCycle | 2 ress Format
P2 5 not) Single EBB Cycle Instr
16% 29 (not) Significant Digit New Da s - D14l
+ i
Not Op Bit 7 OR not) Edit Instr A ow Sola o Jlore ) | ™
{not) Test on or Off A Store Data Group 7 Cond
(not) Op Bit 6 KY11 ‘ Res
Lo/Hi
RN131 =
’ (not) Halfword Format OR Cl4cb |a FL Q‘/ 9 g‘/ :i
Bin
A Coe Not Recompl Clé AAR (Hi) AAR (Lo) Ovfl AAR Sel EA Cycle
ycle EB Cycle o Cl 5 Thru O
o ——Y————-C”undz A KC132 ol T23]4a]5Tel7 ol T2]3a]5Tel7 85:1 A PRIl
EB Cycle o KLUzl
(not) Op Bit 4 Cl3andd | 4 Q‘ L»Q Test
Faise
E . Halfword K21 }
One Address lnste | [[Format N[ Txoa BAR (Hi) BAR (Lo) - ~ BARSel A f:? ?;chlreu 0
o[ T2T3J4T5Tel7o]1]2]3]4]5]6}7 (not) Recompl Cycle

KLI21

16 + 2P

Diagram 5-082. Move Characters or Compare, Add, or Subtract Logical Characters (PART 2 of 3) 5410 FEMDM (12/69) 5-082



Diagram 5-084. Move Characters or Compare, Add, or Subtract Logical Characters (PART 3 of 3)

v

2

v

Machine Cycle
Clock

Read Call/Write Coll
Lood SAR

AAR Select

BAR Select

LCR/DRR Select

A Peg Input

B Reg Input

Load A and B Reg
Bin Compl A Reg
Binary Subtract Gate
Load ALU

AL Oniput

Louad LER

Siure L lew

Load Q Rey

CR Control

Op End

3

4

DRR

LCR

Force Bit

SDR

AAR

Force Bit 1

Lo AAR Hi

LCR

DRR

DRR

SOR

- _.df e

B

Force Bit 1

BAR Lo

(Move ond Add O iy

A field

A field

- DRR AAR Lo . AAR Hi L LCR 1 BAR Lo BAR Hi
. #ﬁxcef” Compare)
_ W
Reset F_
- — Setum
* i
— — S |
L— Condition Register
Operation Equal Low High Binaiy Overflow
Move
Add If Result is zerc If Result not zero and If Result not zerc and Result too large for
a high order carry no high order cairy field (no high order carry)
Subtract if A field equals 3 field If B field is lower than if B field is higher than
A field £ field
Compare If A field equals B field If B field is lower than If B field is higher than

ALD Reference

KC122

KC132

KC142

KL 21

KLi2t

Ki121

RAIIN

RAT01

RA10I

KYi2l

KY121

AV132

AV142

KL1OY

KC132

KD141

KGI111

KDI31}

(12/69) 5084



(not) Recompl Cycle

Inhibit SDR Transfer A
A EB Cycle ‘
- Wait State ‘ Single EB Instr Op End
System Reset ‘ OR EB Trigger A CLS {a e
(not)3 and 4 N Gate SDR to B
Alter SAR or Storage OR
1/O Block SDR
» /O Bloc KD131
KG141
Op Bit 4
EB Cycle
Gate LSR Lo N | to A
e oo ® A [ Cl3and4
B (not) Zone - Num Interchange
Main Storage
KG131
- \
.}
SAR SDR ALU Blank CR Eaval
Bin Add or Sub No Move EB A ld
’ Cl 5B FL
Phase DE EB Cycle KG1ol CR Equal
cto A |Load SAR X | Bin Add or Sub No Move EB
= b
(not) Wait State A Op End Gate A
CR
c Lo/Hi Bin Sub (not) 3C to 5C )
A Cls5 N B L 2 Lo Op Bit 4
Bin Add or Sub Not Move | Bin Add or Sub Group A
Op Bit 7 First € Cycle Reset CR Lo High | OpBitS
- Cl1and?2 A R N A |CR High
H KG111
Edit Instr K101
> EB Cycle A N __ Arith Carry Out P Q Code
Sel DRR (1Q Cycle)
Cl1and?2
Load CR Insir A Reset CR
First E Cycle DRR
KG101 o[ J2]3T4]5]617
ALD
(EnBo'C)y'::ompl Cycle el BAR P )  \iachine Cycle (EB) Reference
CI 5 thru 0 A BAR (H0) BAR (Lo) Clock 0 ! 5 KC122
of 1 T2]3J4l5Tel7T0l1T213T4T 516 7] Read Catl/write Call KC132
} Load SAR KC142
BAR Select KL121
EB Cycle DRR Select KL121
(not) Op Bit 4 Cl3and 4 B Reg Input (SDR) RA101
A Halfword | N | A Reg Input (DRR} RAITI
One Address Non-Branch Format Load A and B Reg RA101
E ALU Control (Bin Sub) KY121
Load ALU AV132
ALY Output (to CR) # AV142
16 + 2P
CR Reset KG111
CR Set - KGN
Op End KD131

Diagram 5-090. Compare Logical Immediate (PART 1 of 3) 5410 FEMDM (12/69) 5-090



Diagram 5-092. Move Logical Immediate or Compare Logical Inmediate (PART 2 of 3) 5410 FEMD (12/69) 54092

2 v 3 v 4 v 5 v 6 v 7 v 8 v 9

Objectives
bits 01234567
Move Logical Immediate Op Code XX111100
Clock 3 & 4 { Move: Move
o Store the Q code, which is located in the Data DRR to storage|
Recall Register, in the location specified by Compare: |kL12i
the B Address Register C('ampore DRR Activate
A bits 01234567 with storage 'sel DRR
Comp Logical | diate Op Code XX111101 and LCR'
o Compare the Q code, which is located in kG131
the Data Recall Register, with the data Activate T T Lood DRR
in ?!w location specified by the B Address ‘gate LSR lo | into A reg
Register nommal to A' ]
L
D> o Record the result of the comparison [xkvizi
in the Condition Register Activate
'bin sub J
gate! RN12]
Activate
'inhibit
SDR transfer'
B MOVE LOGICAL IMMEDIATE OR ':,’2";‘;'"‘;“,“" I .
COMPARE LOGICAL IMMEDIATE KYi2l
No Activate
we
T T T Requie ) KG141 A*"r';g“.“"
| single IACﬂV‘”‘
! Beycle ga’tle SDR | kC132 L KC132
> | to B Activate I"*Reod Call/
Clock 0 [ Address ‘store new' : Write Call’
Storage enters data
] KD111 Lot clock 5
Activate \ ]
'EB cycle' -

Clock 58 6 Set
condition
register

BARTs
decremented
from 5 to0 8

logical immedi=

N time but is
te t
L& operation RN131 insignificant
Activate for this
'store data operation
» group’
‘ KY111 -
Activate
'new data
to storage'
D KL12}
Activate
'sel BAR'
KGI11
Activate
I 'CR lo’
KC142
Activate
’ "load SAR' I
Clock 7 8 8 End
| operation
Clock 1 &2 [ Set condition KDI3t
ister to | Turn on
:qgual for KG101 RN131 ‘op end'
E compare Activate 1" Conditioned trigger
'CR equal’ | by 'bin add
| orsub not
move'

END OF
OPERATION



A Single EB Cycle Instr
A
EB Trigger
Op End
Cl8 A
KD131
Main Storage
Op Bit 4
- Lo Normal To A EB Cycle
I A Clock 3and 4
MVI-H:
(not) Zone-Num Interchange ex YC
B SAR SDR KG131 Bits 01234567
Op Code XX111100
Store New
EB Cycle
(not) Significant Digit CL4CD
* Not Edit Instr A | New Date to Storage | A FL Machine Cycle
0 1 2 3 4 5 é 7 8
’ Clock AN I R I RN NN SRR ER R AN R R [ o F)
KYT11 cLé Read Call/Write Call 4H KC132
KCiaz (not) 3C to 5C ) Load SAR KC142
' Bin Sub | op BAR Select KL12)
Store Data Group LCR/DRR Select KL121
- A Reg Input RAYIT
Op Bit 6 Load A Reg RA101
C {not) Op Bit7 | OR Bin Compl A R Bin Compl A Reg 1 ~ oviol
Bin Sub Gate KY121
{(not) Test On or Off A : Load ALU AV132
. ‘ ALU Output (DRR) AV142
not Op Bir £ m—— : Store New (NEW Data KC132
N
(not) Halfword Format OR J Op End I— D131
Q Code
Sel DRR
» ‘ (1Q Cycle)
DRR
o[ 1T 23] 4l5Te6[7
D (not) Recomp Cycle
EB Cycle
Sel BAR
BAR (Hi) BAR (Lo) A cl 5)Tl"h“‘b° T
t ibit
ol 23] 2]5T617 ol 1121 3] 4T sl¢l7 - {not) Iohibit L3R Se
KL121
» Op Bit 4
£B Cycle Bin Add or Sub Group A
16+ 2P g Op Bit 5
(not) Op Bit 4 l3ondd A KY121
A Halfword N
One Address Non-Branch Format QOdd CD
. Op Bit 4
E Bin Compl A Reg Op Bit 5
A (not) Op Bit 7
EB 3C to 5C

Diagram 5-094. Move Logical Immediate (PART 3 of 3) S410 FEMD (12/69) 5-094



(12/69) 5-100

v 9

Diagram 5-100. Zero and Add Zoned and Add or Subtract Zoned Decimal (PART 1 of 4)

L v 3 v 4 v 7

Objectives: KG141
Activate
bis 01 234567 .
l. Zero and Add Zoned OpCode XXXXO0100 Clock ;9"‘;,’ SDR B Cycle {cC | Diag 5-102 Clock
#Decimally add A field data to zeros and place 384 ° Address B 384
results in B field location ?_ml': d‘:' TKL121 odd:::sfor ] kD111 Compute A _ﬁ KLI2i
e a
. . location fi and B field
A bik 01234567 n DRR Activate BAR durine Activate data and Activate
2. AddZoned Decimal Op Code X X 0 sel DRR g ) . . .
p XX011 vlar B EB cycle load remain-| sel DRR
Subtract Zoned Decimal XXXX0111 and LCR regl ARR ing field and LCR'
eDecimally add A fisld data to B field or [RyOT . — TRy length ino
sbiact A field dato fromBfield W [ 77T " ocomP - g Activate
elnstruction and signs of fields determine Activate Bits 0 to 3 of cyeles :Achv::: 9 Zero Yes 'Golfe SDR
add or subtract function 'sign controf Ist byte(1st '"QYO < _and add o B
E Cycle) con-| © storage instruction
’ 3. All Operations [ KLi01 tains sign of
elength of A field is numeric portion of Q code + 1 Activat field. Minus Re-
B field is longer than A field by amount in jxchivate is entered fe-
zone portion of Q code LS? write into DRR as con;;;l:gent co:;::‘ et
low 1101, plusas
11, After Mo EA Yes
%Ic;cké st byte, all kLI 21 KLI41 eliminate
ZERO AND ADD ZONED Decrement bytes enter Activate Activate active st
B ADD OR SUBTRAC ’ low order with 1111 in ' . ' '
UBTRACT w O kL2 digits 0 to 3 sel BAR ARR seld recomplement
ZONED DECIMAL of AAR ] cycle
:&cﬁvate, Y‘?ﬂ Activate No
A Cycle sel AAR . 'gate LSR
y d Diag 5-102 Activate lo nomal KG141
1KG14] 'load SAR' to Al
RNI3I 1 .
E——— Activate Activate
» Clock 1 ac‘;ivoie: ‘gate LSR 'misc bit 7
' L
0 Aggross A : 'store data loto Clock Decrement =
storoge —— VP [KGial 182 | fiold length | ——1KG141
location Activate count. LCR Activate
Tst 'misc bit 7 during reguiar ‘gate LSR
£ Yes to A' B cycln:lCRRI hi to B'
duri
c Cycle KD121 TKYi21 i P insj’rAhrgc::’tli‘on ]
Activate Activate Yeigns KY121
s
No "Ist ECycle bin sub ] KLI2I Activate
gate! T ' .
decimal compy
Y ' L KLIOY Activate : LCRR o B reg*
D121 . ‘sel PSR | insg":lcﬁon Ye:
Activate N L with unlike
'LSR write Activate signs
Activate low* ‘sel DRR KY121
' ' N
EA Cycle and LCR ° Activate
[xu2 Clock KGI0 'dec comp
788 K A reg
Decrement Activate T
Activate high order | Kti21 "Reset KY121
'sel AAR' of AAR CR lo*
D Activate RN101 Activate
[ kc142 sel AAR' register e b
numeric portio 99
Activate [KG14] blonkY lkvioo
*load SAR' Activate e Bifs O to 3 of Ist |
'gate LSR KGi4t KG141 Activate ( byte (Ist EB cycle)
hi to B Activate . 'sign control contains sign of
: g Activate field. Minus is
misc bit 'mi H .
’ St condition 1KY12] o Al _— bit 3 [kora _ __ _ AVI42 entered info sto-
ogi to Activate . 1 rage as 1101,
oqual on bin sub 13 f?:‘f’g I ALU Output plusas 1111, B
gate' kY121 ’ : was late field sign is
TR0 reg at 2 cd entered for result:
KG101 Activate [KC132 — KC132 Sign is reversed
Activate 'bin sub Acti Read Call/ during recomp
Acti 'LSR write ate! Ac ivate . | Write Call A field sign is
E No -(;:me‘p hight 9 store new | enters data entered for zero
equa [ ktion , AV142 Lat clock 5 and Add operation
» | Activate I ALU
'LSR write : Output
high! 1 latched
L

S

Diag 5-102




2 v 3 v 4 v 5 v 6 v 1 v 8 v 9

Diag 5-100 [ If computation resulted in KY131
| acary, ‘digit carry' is
activated to give 'arith carry out'
I at next clock 3 and 4
Set CR ond i
Clock decrement fow i re- Activate KG141
586 order of BAR during[™ — — — T~ T T T T — complement ‘gate LSR
regular B cycles: cycle hi to B’
ARR during
A recomp ALU No ]
numeric output KL121 KL141
Activat KYi21
blank KG101 Activate Activate 'b(;nn:zbe
Deactivate 'sel BAR 'ARR seld' gate'
'CR equal’
> S —— a
register
Fatw | Activate KG141 E?unk
I {not) bit 2 'gate LSR
| lo to B'
result - T l
negative KGi4l
B Activate
'misc bit 7 Turn on KD131
Turn on to A' ‘op end’
'CR lo/hi* trigger
lotch KY12} ]
Activate
W
’ b"" sub Activate KL1O1
gate 'LSR write
high'
¥
'CR d
Op
Hl .
lo/hi" latch reg:';lsrer X end trigger
on No numeric portion
blank
c KGI KGII1 "
Activate Activate
'CR lo* "CR hi" KDI
Operation Activate
recomp 'rec;)n:pl
— cycle
i Lost regutar eycle 4
> B cycle or last Kyin [ KG121
Q | recomp cycle No Activate 'EA
register SN eliminate’ Deactivate
blank " 'recompl
| Result is gate'
Yes I minus zero k_______] v j Diag 5-100
L y es
“cr Activare ] KLIOI eliminote c
D equo!| and 'LSR write
'CR lo/hi* latch low' No
active
Zero and |
add inst;
| add inst Decrement
| with like Clock high order of Diag 5-100
Yes | signs, sub 788 BAR for regular
’ | inst with B cycles: ARR Yes
| unlike for recomp
Lsigns | cycles.
No Note 2: Operation repeats A ond B cycles until end of A field (Q register
KG121 numeric portion blank). 'EA eliminate' then allows B cycles
- Activate KL121 | Activate KL141 until end of B field (Q register blank). Operation ends unless
lAc'wafe 1sel BAR' 'ARR seld* result is in complement form. To recomplement, the low order
rect:mpl of the B field is established by the ARR and the length of the
E gate field is established by the LCRR. 'EA eliminate' then allows B
\ cycles until end of field (Q register blank). Operation ends.
2 * Note 1: No output pin latch 3

Diagram 5-102. Zero and Add Zoned and Add or Subtract Zoned Decimal (PART 2 of 4) 5410 FEMD (12/69) 5-102



Diagram 5-104. Zero and Add Zoned and Add or Subtract Zoned Decimal (PART 3 of 4)

2 v

3

A
Op Bit 5
{not) Op Bit 4 OR
Inhibit SDR Transfer
. A
Op Bits (not) 6 and (not) 7 EB Cycle A
(not) Recompl Cycle
’ Wait State
OR

v

System Reset

{not) CI 3 and

Cl5and 6

=

Cl 7 and 8

Gate LSR Lo to B ‘p

Gate LSR Hi to B

Cl1and 2
—_—

Alter SAR or Storage

1/O Block SDR

Store New

OR

Main Storage
B |
SAR SDR
Phase DE I l
o A Store
(not) Wait State | [ Pulse s o
KC142

EB Cycle
Not Edit Instr |

{not) Significant Digit

KYit1

Store Data Group

Cl4CD

New Data to Store]

Clé

Op Bit 6
__(not) Op Bit 7 OR
(not) Test On or Off
(not) Op Bit 6
(not) Halfword Format OR [RN131

Cl 3C to 5C

Q

Reg Bla
e 2 Address Instr

[—[ Bin Sub Gate
N

Recompl Gate
FF

)

KY121

PSR (LCRR)

OnJ2T3]4]5]6]7

=

EA Eliminate

KY111

Dec Compl A Reg

7

Recompl Cycle

OR

MU

A

KD131

Dec Compl B Reg

Dec Sub Gate

3C to 5C

Zero and Add Instr

FL

Dec Instruction

Add Dec Instr

D

(9/70)  5-104
9

A Reg Bit 2
E{ SDR Sign Mi
1st E Cycle

A
2 Addr Format

| (not) Op Bit 4

A

Sub Dec Instr A

A —¢ 1 Op Bit 6
N

AAR (Hi)

AAR (Lo)

Ol1[2]3[4]5J6T7]JO0J1T2T3TA]5]6]

BAR (Hi)

BAR (Lo)

OJTT2 T3 45767

0T 231351617

LCR

DRR

ol 23T 4567

oV J2J3T45TéT7

ARR

AAR

Cl 1 and 2
A Sel PSR
16+2p Recompl Cycle
ci2 KL121
1/O Not CE Test EB Cycle A
Channe! Inhibit LSR Load| A cig OR LSR Write Hi
Idle Time ORr N A
A or B Reg Chk
LSRto Aor B A Phase D :
A LSR Write Lo
Cie
OR ’
Cl4
(not) EB Cycle
(not) [H Cycle A
{not) Alter or Display Storage
P
Recompl Cycle
Ci5thru 0 A | ARR Seld
(not) Inhibit LSR Sel A . >
KL141

of1]2f3T4]5]e]7

oJ1T2T3T4]5J6]7

LSR Lo Normal to A

Op Bit 7

(not) EBCl 3 and 4

{not) Zone Num Interchange

A Not EA Eliminate

2 Address Format

EB Cycle
KGI131
Recompl
N A ’
(rot) Q Num Blank
9 A
g — AN A Dec Instr
- EA Eliminate
Recompl Cycle 5| EB Not 1st Cycle
 —— e &= A
s 1
EB Cl 3C to 5C o] A 2 Address Format
} o Cl 1 ond 2 N X
A& Cycle
— L 1st E Cycle
Dec instr H of Cl5and & A Cl3and 4
L?. KG141f A Not IR Prog Backup
(] 1) CE Test No Increment
= A |{net) /O Cycle Not Test
 (not) Wait State
0 - A (not) System Reset
n Recogzi:mem EB Cycle
R Dec Instr
H q X Q Reg Blank
5 Q Reg Blank _3_ Reg
4
5]
= kG121 2 Address Format
[~ ladQReg | , ['EBCycle
7 [ Ci3and 4
EA Cycle ) (not) Dec Compl A Reg
A jArithCarrytod hCory 103
Clock 5 thru 0 [Ciss
AAR Sel
A | (not) Inhibit LSR Sel OR L Cl7and 8
* A |CRLow
Ko CR Equal
BAR Sel A
(not) R pt Cycle
K21 | A fEBCycle
Clock 5 thru 0
(not) Recompl
A |EBCycle
Cl 1 and 2
Sel DRR and LCR or (not) Op Bit 4
N Halfword Format
A |Cl3and4 A | One Address Instr
EA Cycle
OR
EB Cycle




2 6 v 7 v 8 v 9
Cycle E8 ALD References
Clock RN TR N N Sl NN R KCiz2
Load SAR KC142
Read Coll/Write Col! e KC132
A AAR Select KL121
BAR Select ) 3 ) ) KL121
LCR/DRR Select BRR T \,_i_ o CR DRR .
LSR Load | q L N Ko
Load A and B Reg 7# ) I T Y ,_ _ﬂ — 1 RA101
> Load ALU ; - # AVIZ2
ALU Output AV142
A Reg Inpot Force Bit7 | Force Bit 7 or Bit 2| DRR Force Bit 7 RAII
B Reg Input SDR AAR Lo AAR Hi LCR SDR BAR Lo BAR Hi RAIOI
Binary Sub Gate _ | KY121 Condition Register
B Decimal Sub Gate 1 i KY121 Operation | Equal | Low | High | Decimal Ovfl
Dec Compl A Reg o j KYi21 Zero and Re.sul' Re.sult Re.sulr
- r 1 Add Zoned is is is
Sign Control  r—— , | KYI0 Zero | Minus | Plus
Store New ; : ‘ KC132 Add or Sub | Result | Result | Result | Result is too
I Zoned is is is large for field
CR Control | - KGN Zero | Minus | Plus
’ Load Q Reg q KD141
Recompl Gate KG121
EA Eliminate KYtii
Op End - - (1FQ-0) KD131
c Cycle Recomplement st 8 Recomplement Not st EB
Clock PR NI, NEE RS T A N 1?1 KC122
Load SAR KC142
Read Call/Write Call KC132
ARR Select h KL141
’ Sel PSR | KL121
LCR/DRR Select KL121
LSR Load L - - = = KL101
Lood A and B Reg I I - - - [ | - RAIOT
D Lood ALU - 1 =) AVI132
ALU Output — — ——— - - AV142
A Reg Input Rit / or Bit orce Bit 7 RAII
B Reg Inpot LCRR SDR RR Lo ARR Hi L ARR Lo ARR eaTo!
Binary Sub Gate o KY121
> Decimal Sub Gate o KY121
Dec Compl A Reg KY121
Dec Compl B Reg KY121
Sign Control KY101
Store New KC132
E CR Control - - KGI
Load Q Reg KD14]
EA Eliminate KY1
1stE Cycle KD
Op End | 0f Q=0 0 Q=0 <P

Diagram 5-106. Zero and Add Zoned and Add or Subtract Zoned Decimal (PART 4 of 4) 5410 FEMD (12/69) 5-106



Diagram 5-110. Edit (PART 1 of 3)

2 v

Objectives:

bit 01234567
Edit Op Code XXXX1010
oReplace hex 2/0 in B field with A field data
oSkip other characters in B field leaving them

as they were

eLength of B field is Q code + 1
oA field sign stored in condition register

A
EXAMPLE:
Q code =9
B field before edit ) .
A field 0907%—-&:!&*
B field ofter edit 0,907.15
X=Replaceable Character (2/0)
EDIT
B
A cycle °
Clock O | Address A
address
storage
focation
» Activate RN131
'store data
c
’ Activate KD121
*EA cycle'
1
Activate KLI21
'sel AAR'
D 1
Activate KC142
'load SAR'
’ Clock Set CR 1o
182 aqual on
Ist cycle

KD121

KG101

v

Clock 3 8 4

Clock 58 6

Clock 78 8

4 v 5
Store A ————]
field data in - KG141
DRR Activate
'gate SDR to
B’
{
Activate KLi21
‘sel DRR
and LCR'
l ——————— -
Activate Y101 | Sign is in bits O to
'sign control* 3 of 1st byte. Sign
is entered as plus
regardless of how it
[KLIO come out of storage.
Activate Plus is 1111 in bits
'LSR write Oto3
low'
Decrement Kyior
n e
low order of I'B Reg sign
AAR, Set 'CRINo minus' latch set
fo" latch in lat clock 3¢D
15t cycle if
minus field
Turn on 'CR
lo* latch L .
Until *CR
equal’ is
NOTE 1 deactivated
it takes
preference
over 'CR lo’
or 'CR hi'
Activate KL121
'sel AAR'
1
Activate KG141
'‘gate LSR
lo to B'
I
Activate KG141
'misc bit
7 to A'
]
Activate KY121
'bin sub
gote'
I
Activate KLIOI
'LSR write
Decrement —
high order Activate KLI21
of AAR 'sel AAR'

(9/70) 5-110
Activate KG141 Activate KG141 Activate KY121
'gate LSR ‘gate SDR 'bin sub
hi to B' to B' gate'
| i [
Activate KYi21 Activate RN121 Activate KL10!
'bin sub ‘and' and 'LSR write
gate’ or' low'
T AV211 .
Activate KL1O1 AW output T T Activate KD14l Clock 7 8 8
B cycle 'LSR write was latched 'load Q Decrement ]
high' at 2-CD | reg' high order of - KL121
| Activate
BAR and 'sel BAR®
Clock 0 Le 9 check for lonk s
Address B  —— register kY11 re9 r
xr“: :@criva'e KDINY cozn/fgln : Acrivote kG141
| "'9 EB , Activate NOTE 2 ‘gate LSR
ocation cycle No 'new dato hi to B'
. NOTE
I to storage 3 I
Activati KL121
USZIQEZ; J KC131 Activate KY12i
Activate 'bin sub gate’
'store new'
1
Activate KC142 Clock 5 & 6 ) RN
'load SAR' Decrement register No
low order of B blank
Clock 1. 82 BAR. Set CR Register
Decrement ALU contains 210,
LCR each Activate KLI2} numeric KG101 Tum on kD131
cycle except 'sel DRR blank - N 'Op end'
1st cycle and LCR' Deactivate °© trigger
'CR equal'
I KG141 f(——
Activate "
‘gate LSR LCR Note 1| :ALCS',;W'? kLo
hi to B e
lo' latch high'
on
KGI1
Activate Activate
Activate KGi41 'CR lo' 'CR hi'
v 'misc bit
s 710 A'
\ Yo I eliminate
fe—— T active
Activate KY121 register No
'bin sub contain
gate' 2/0 Activate KYl1
I Yes 'EA eliminate END OF
Activate KL101 QPERATION
'LSR write r T
high'
Clock 3 & 4 Activate KL121 NOTE 1: No output pin from latch.
oc¢ " 'sel BAR' NOTE 2: After B cycle, if B field choracter was
S'OFG.A f'e]d not a Hex 2/0, 'EA eliminate' couses another B
dcf? inB field Activate KL121 cycle. When B field Hex 2/0 is found, machine
position f‘,B 'sel DRR [ k41 takes another A cycle to read out next character
field position and LCR' Activate to be stored. When end of field is reached
contains 'gote LSR (Q register blank) operation ends.
reploceable [ kG131 e — lo to B' NOTE 3: A register data; put in ALU at 4CD.
charocter (Hex Activate
2/9)'. Load re- 'gate LSR lo DRR [ KGi4
maining length normal to A! Activate
count into Q ‘misc bit 7
reg to A'




EB Cycle Edit Instr EA Op Bit 4
| Eliminate P
(not) Recompl Cycle A A £Q [ ]
Inhibit SDR Transfer (not) B Reg 2/0 | EBCl5 A A BB cycle
. Lo/Hi A
A Wait State not) CT' 3 and 4 Time n Gate LSR Low Normal to A Cl3and 4
D Gate SDR o B 2 Address Format Bin  Cond A
System Reset OR Rlier SAR or Storoge OR N (not) Recompl Gate KY11 Ovfl Reg ,_? (not) Zone - Num Interchange
{not) Recomp’ ate |,
1/O Block SDR Dec L
A RGT4 Q3 Reg Blank Op End Ovfl EA Eliminate (not) Recompl Cycle
EB Cycle cl8 A o - N R
Cl1and 2 A F:f:e [Decinsr N A | (not) @ Num Blonk
N
> —_— Gate LSR Hi fo B
Cl7and 8 OR OR T
Wait State A — EB Not 1st Cycle
. or —{n] A X
ystem Reset Force Bit 7 to A Clland?2 2 Address Format
Gate LSR Lo to B OR
Cl 5and 6 A Cl5and 6
B ] KG141| A (not) IR Prog Back Up (not) 1/O Cycle Not Test
A (not) CE Test No Incre
M S . (not) Wait State
ain Storage
= A (not) System Reset
SAR SDR A (not) OB Bit O
Store Ney £8 3C to 5C (not) Op Bit |
» = ore New KY101 3——0— A (not) Op Bit 2
Cycle (not) Op Bit 3
(not) Significant Digit A
= o |New Data To st RNT2I Op Bit 4 (not) 5
Phase DE Cl4CD |A 22—
Clo Load SAR X4
> KYH11 .
¢ o) Yot Srore A X cle A | EB Cycle Channel Inhibit LSR Load
(not) Ccl8 A
KC142 OR 1/O Not CE Test
| Store Data Group A N oR fdle Time
Op Bit 6 A or B Reg Chk
— KL101
(not) Op B8it 7 OR LSR Write High A llSRtoAorB
’ {not) Test On or O A Sel LCR and DRR \ LSR Write Low Phase D
not) Op Bit 6 ‘ i h & A cr e
A KL101
RN131
(not) Halfword Format OR LCR DRR OR Cl4
. Edit Instr (not) EB Cycle
B Reg Bit 4 S o[ 1T2Js]4]sTef7]on]2]3]a]5]e]7 A
B Reg Bit 5 A (not) 1H Cycle
D B Reg Bit 6 | OR HN A B Reg 2 (not) Alter or Display. Storage
B Reg Bit 7 = EB Cycle
not) B Reg Bit 0 A Cl3and 4
3nj;t) BB:?fgz Bit 1 A n . A 2 Address Format
SRegbtitse | - < ] X
(not) B Reg Bit 3 3| Load Q Reg {not) Single EB Cycle Instr
not) © Reg Bit | A K J
AR (Hi) AAR (Lo) N A | Odd Not 9 CD
> ofnT2s[4fs[efz[o] T2]34]5]¢]7 " KD141
(not) Recompl i
EA Cycle EB Cycle A b_ 6 EA Cycle
Cliand2 7 A
EB Cycle OR | — oR AAR Sel €15 thru 0
EBCycle | A Inhibit LSR Sel
(not) Op Bit 4 Cl3and 4 ) ‘(nof) nhibit e
E o | Halfword Fomar | A — KL121
One Address Instr ] N l el e ‘—_—‘I
- ofr 2 3745671023145 ]6]7 BAR Sel
A EB Cycle
KT A Cl 5 Thru 0
(not) Recompl Czcle

16 + 2P

Diagram 5-112. Edit (PART 2 of 3)
5410 FEMDM (9/70) 5-112



Diagram 5-114. Edit (PART 3 of 3)

2

Cycle
Clock
Reod Call/Write Call
Load SAR
A AAR Select
BAR Select
LCR/DRR Select
Load LSR
. Load A ond B Reg

> Lood ALU

ALU Output
A Reg Input
B Reg Input
Binary Sub Gate
B ALU Control (And/Or)
Sign Change
CR Control
Load Q Reg
: EA Eliminate
> Svore Nevw

OpEnd - .-

Cycle

Clock

Read Call/Write Call
Load SAR

AAR Select

BAR Select
LCR/DRR Select
Load LSR

Load A and B Reg
D Lood ALU

ALU Output

A Reg Input

8 Reg Input
Binary Sub Gate
ALU Control (And/Or)
Sign Chonge

CR Control

Lood Q Reg

EA Elimingte

E Store New

Op End

=N

ALD Reference

DRR
DRR

r_Ak Lo m BAR Hi gl
|

SDR

Force Bit 7
Lo

LCR

DRR (5
SDR(*

Force Bit 7

BAR Lo

BAR Hi

EB

-
-

~~

0
1111

1
1111 1

=N

Last EB

3
111

b0~

b= N

- OO

LCR

DRI

LCR

BAR Lo

BAR Hi
.

LCR

BAR Lo

BAR Hi
|

Force Bit 7

DRR

Force Bit 7

Force Bit 7

BAR Hi

SDR

BAR Lo

BAR Hi

v

KC122
KC132
KC142
KL121
K21
KL121
KL101
RAI01
AV132
AV142
RATH1
RAIO01

KY121
KY101

KY101
KG111
KD141
KY1
KC132
KD132

KC122

KC132
KC142

Ku2i
KL121
KL121
KL1OY
RAT01
AV132
AV142
RATTY
RAI01
KY12)
KY101
KY101
KGN
KD141
KY11
KC132
KD132

(12/69) 5-114

8 v 9
Cycle Alss [s]a[s]a B{A[B|A{B]B
B Register 5 *|bifx{1 {X|7 X9 (X]0] X
A Register 515 |5 1 0 9 ojo
Data Recall Register |5 |55 |5(1 |1|7 o|? [9]0]|0]0
Regenerate 5 |*bl] 1 7 9 o}
New Data 5 1 0| (9 0
Length Count 9 P18 1717 616 33 |2]2]1 |0
X = Replaceable Character
A Field 090715
B Field before edit X, XXX, XX *
B Field ofter edit 0,907.15 *
blan|

Note: Since the A and B registers are loaded each

odd CD clock time, the figures shown apply only to clock

3 ond 4 time when the main storage data is being analyzed.



v

Machine Cycle
Clock

Load SAR

Read Call/Write Call
AAR Select

BAR Select

DRR Select

LCR Select

ARR Select

Load A and B Reg

A Reg Input

B Reg Input

ALU Output

ALU Control (And/Or)
Binary Sub Gate

Bin Compl A Reg
Load LSR

Significant Digit (1-9)
Load Q Reg

Store New

EA Eliminate

Op End

Machine Cycle
Clock

Lood SAR

Read Call/Write Call
AAR Select

BAR Select

DRR Select

LCR Select

ARR Select

Load A and B Reg
A Reg Input

B Reg Input

ALU Output

ALU Control (And/Or)
Binary Sub Gate
Bin Compl A Reg
Load LSR
Significant Digit
Load Q Reg
Store New

EA Eliminate

Op End

Diagram 5-120. Insert and Test Character (PART 1 of 3)

Force Bit 7 Force Bit 7
SDR
DRR LCR A BAR Lo AR Hi
® 3 ®
1 2 3 4 5 [} 7
|| 111 L4 1 | 111 L1 | 1 8l
Force--Bit 7 DRR | Force Bit 7 force Bit 7 DRR Force Bit 7
LCR SDR BAR Lo BAR Hi L BAR Lo BAR Hi

LCR AR Lo BAR Hi

ALD Reference

KC122
KC142

B Field

KC132 ,
KLI21
KL12i
KL121
KLI21
KL121
RAYOI
RATTI
RAL0I
AV142
KY101
KY121
KY121
KLIO!
KD131
KD141
KC132
KYI
KD132

KC122
KC142
KC132
Ku21
Ku2
KLI21
KL121
KLI21
RA101
RATTY
RA101
AV142
KY101
KY121
KY121
KLY
KD131
KD141
KC132
KY111
KD132

$ 0

1

® *toDRR
@  Length Count
to LCR unchanged,
also to Q Register
Q@ *w
B Field
($*01.98)
®  Increment BAR
@ Decrement length
count and store in
LCR and Q Register
® *n
B Field
($**1.98)
@  Increment BAR
Decrement length
count and store in
LCR ond Q Register
@ No change in
B Field due to
significant digit
($**1.98)
® Increment BAR
5410 FEMDM  (12/69)

o ] I—A iield-|

0 .
2% Field Starting Address

5-120



Diagram 5-122. Insert and Test Character (PART 2 of 3)

2 v 3

Objectives:
23
insert ond Test Character Op Code XXX X

@ Reploce all characters to left of first significont
digit in B field with A field choracter

@ Only numeric characters | to ¢ are considered
significant digits

@ Length of B field is Q code + 1

o A field is only 1 character in length

EXAMPLE:
Edited field before operation  0,907.15 &
A field character * blank
Edited field ofter operation 2%907.15 *
B field starting oddr.ss—._}
INSERT AND TEST
CHARACTERS
A cycle
Clock 0 [ Address
A address
storage
location
Activate RN131
'store data
group'
|
Activate KDI121
'Ist E cycle'
trigger
]
Activate KD121
'EA cycle'
I
Activate KL121
'sel AAR'
|
Activate KC142
"load SAR'
]
Clock 38 4 | Store A
field char-
octer in DRR
1]
Activate KG141
'gate SDR
to B

Activate
'gate LSR lo
nomal to A’

KG131

DRR

Activate
'gate SDR
to B'

KG141

I

Activate
' and'and

‘or'

RN121

Acitvate
'load Q
reg'

T
KD14)

r—-

ALU output
was latched
at 2 cd

register
significant
digit

RAIQ]

Activate
'significance’

KD131

Activate
'significant
digit'

Activate
'new data
fo storage’

I

Activate
'store new'

Y.

<

Increment
low order of
BAR. Put od-
dress in AAR
unless B field
character
was signifi-
cant digit

|

Activate
‘EA
eliminate’

Activate

v 4 v 5
Activate KL121
'sel DRR
and LCR' AAR is
decremented
] KL10t from 510 8
Activate time but is
'LSR write insignificant
low' for this
B Cycle [ operation
Clock 0 Address
B oddress
storage
location I
Activate KD111
'EB cycle
|
Activate KL121
'sel BAR
]
Activate KC142
'load SAR'
I
Clock 1 & 2 Decrement
LCR each ]
cycle except Activate KU1
Ist cycle 'sel DRR
ond LCR'
1
Activate KG14)
‘gate LSR
hi to B’
KG141
Activate
'misc bit 7
Yes to A’
Activate KY121
'bin sub
gate’
1
Activate KL101
'LSR write
high’
T
Clock 3 8 4 | Store A field
character ifB _ﬁl
field charac- Activate KL121
ter is not sig-| 'sel DRR
nificant. and LCR'
Load remain-
ing length
count info Q

'sel BAR'

Activate

‘gate LSR
lo to 8'

I

Activate
'misc bit
710 A

|

Activate
'bin sub
gate'

I

Activate
'bin comp
A reg’

KY11

KL121

KG141

KG141

KY121

KY121

AV142

KYin

KC132

Clock 7 & 8

igni-
ficant digit
active

END OF
OPERATION

(12/69) 5122
9

v Activate KL141
b 'ARR seld’
Yoo 1]
Activate KL
'LSR write
low'
Increment
high order of ]
BAR. Check Activate KL121
for significont 'sel BAR'
digit or blank
Qreg
1
Activate KG141
'gate LSR
______ hi to B’
B cycles are
repeated until ]
either a signi- Activate KY121
ficant digit is 'bin sub
found or the gate’
Q register is
blank(end of 1
field). Oper- Activate KY121
ation ends ‘bin comp
A reg’
igni-
ficant digit
active
Activate KLi4
Yes ‘ARR seld’
Q RN11I
| J register
KDI131 blank
Tum on
‘Op end' Ne
trigger
\
Activate KL101
'LSR write
high'




>

2 v 3 v 4 \ 4 5 v 6 v 1 v 8 v 9
B Reg Bit 4
Op Bit 6 B Rog b1 5 Significant ";’ ci8 Opfnd
- B Rea Bt 7 ‘ EB Cycle Digit l '
(not) Op Bit 7 OR _(pot) Edit Instr ~BlealBit7 ___j  |significance | , [T - OR
€B Cycle (not) B Reg Bit 6 | BRegBitO A FF %ggaF___
{not) Test On or Off - | Store Data Grou ’ i : -2 Address Format _| "
o) Op Bit 6. = T P 1 |(aot) B Reg Bit 5 A L— —————:R;:;I‘z A (o) Recompl Gatel 4  optitd W
or |13l ' OR T~ BReg Bit 3 Q Reg Blank Al Kot
(not) Halfword Format | OR : {rot) B Reg Bit 4 = B KD131 [ EB Cycle .
Q\ Store New — , .
- 2 Address Formiat EA A
Y . . Cl5and 6 KG141 Bitd = ¢ . e Cl 3md 4
)  Siani . Op Bit ‘. B Eliminate
@ (not)Significant Bigit - |}, = A | CotelsRloToB (o) Op Bit5 ~ | A |:FC lnstr EBClSand$ Gate LSk Low Nonnal to
dh Ty s A | (not) Zone Num interchange
(not) Wait State OpBit7
* KG131
(not) System Reset A RN121
A
Cl 7 and 8 KY111 X .
‘Gate (not) R pl Cycle
OR , PR
Cliond?2 1 st e, A linot) @ Num Blank
Main Storage . - o
in age EB Cycle A b . — A :c Ir‘asir
- & o e Eliminate
- = EB Not Ist Cycle
. A N
SAR "SDR it7t0 A Clland2 - 2 Address Format
OR C an T ot N B P
A - ig E og :. Eui .
!l"°f§ E Test-No Increment
Bin Compl KG141 A _(n_pf ’ Q‘Cycie Not Test
I : Bin Odd (nof) Wait State
clo X4 /0 Block SDR - G 1 A | no) System Resat
m‘E— A Load SAR Alter SAR or Sforuge LS e N
(no_f_2 Wait | | ————16 +2P not) Cl 3 and 4 or In Gate SDR To B| - . N %‘E—I%oi:iyde Instr
Wait Stat N ) —
State KC142 ait State | €1 3C Thry 5C_ [ ]Bin Sub Gate . KY121 A - [EBCycle
System Reset | OR KG141 : - : ° : y FC Instr Load Q Reg Cl3and 4.
KY12} AND ‘ ’
EB Cycle vizr | A ___._.S; 5 ”‘lm 0 A | Odd Not 9.CD
(not) Recompl Cycle] o r |EB Cycle Kol ¢
Inhibit SDR Transfe
] anp |, Op Bit 4 not 5 -
— o
16 +2P clz JQReg slank W [o]mm 1 EB 3C to 5C
1/O Not CE Test EBCycle | A LsR@write v y 1 u
— - OR not) Op Bit 0
hannel Inhibit LSR Load cis | OR LER DRR 2l @ A not) Op Bit 1
dle Time ox 'N A 0121314151617 0[112]3T4T5]6]7 E{Res o A ,.o:gp:—fiza
A or B Reg Chk L i 4 i —Feu P
A Sel DRR 5]
LSR to Aor B Phase D A |LSR Write Lo g : . — And LCR |~ ~ s R
cls T S AAR(HI) AAR (Lo) < 6 -
or 0T 123141518710l 1121314]51617 7 ‘\@ = e
c4 — = el e ‘o) O Bit 4
(not) EB Cycle 1 : ~f ~lHaIFworu“Fom|at A EJ_L"._—
{not) IH Cycle A 4 NfF— A
{not) Alter or Display Storage A Gl 3end 4 — . l—l i M"m
KLio1 . BAR (Hi) BAR (Lo) -~ OR Cl 1 ond 2 EA Cycle ' N
ol[i[2]3]al-5ef7]of1]2]3[4]5f6]7 A Llnot) Recompl KLi2y | OR EB Cyclé ' >
B .. - e L . EB Czcle
EB Cycle (not) Inhibit LSR Sel 6 m . B N EA Cycle : ) A B .
e lCl 6 and 8 N ARR Sys Sel A > ARR AAR (Lo) Ci5Thru 0
nstructio : -
Significant Digit | ] . PTIYT o734 5Tef7]ol1T2T3T4l5l6l7 (AARSel |,
I_J - {not) Inhibit LSR Sel
. KL121
BAR Sel A R
EB Cycle
1 A [ClSThuo
KL12 (not) Recompl Cycle o .

Diagram 5-124. Insert and Test Characters (PART 3 of 3)

Ak,

2 i

S410FEMDM  (12/69) 5-124



Diagram 5-130. Branch On Condition

2 v 3

Branch on Condition

Bits 01234567
Op Code 11 XX0000
A [ ~lition register is tested for condition

smcifiad in Q code
® Keonch to oddress is placed in ARR
» kit (i ay Q code is used to specify if the
vranch is performed on condition true or
» condition false
v 4P ARR interchange if tested condition is satisfied
® Toke I-H and I-L or 1-X cycle

SEE DIAGRAM 5-030 (I-H, I-L)
5-042 (I-X)

BRANCH ON
CONDITION

1-Op

’ Cycle

Diagram 5-010

C -Q
Cycle
Diagram 5-010

Instruction
Format

I-H, 1-L =X
Cycles Cycle
Diogram 5-030 Diagram 5-042

Branch < Ve T TTmTmTsT TS
condition
atisfied

IAR/ARR
interchange
Diagrom 5-030

| Tested during 1-Q cycle.
| Activates Br-Jump true FL

: (Diagrom

4-073)
KDI5!

Diagram 5-140. Jump On Condition

v 5 v

Jump On Condition
Bits 01234567
Op Code 111170010

o Condition register is tested for condition
specified in Q code

® I tested condition is satisfied, control
code is added to IAR for next sequential instruction

@ Q code bit 0 is used to specify if jump
is performed on condition true or
condition false

® Toke I-R cycle

SEE DIAGRAM 5-020

JUMP ON CONDITION

1-Op
Cycle
Diagram 5-010y

1-Q
Cycle
Diogrom 5-010,

Cycle
Diagram 5-020

Tested during 1-Q cycle.
Activates Br-Jump true FL
(Diagrom 4-073)

KD151%

Disgram S-150. Start 1/0 (12/69)

s v 9
Start /O
Bits 01234567
OpCode 11110011
@ Start [/O device or enable/disable

duol progromming feature

® Q code contains device address and
function to be performed (reod, punch, etc)

@ Control code contains odditional instruction
for device (spoce, stacker select, etc)

® /O device busy couses; (1) program to
loop on SIO instruction if dual programming
is not installed, or (2) progrom level od-
vance if duol progromming is installed and
enabled

o Take I-R Cycle

SEE DIAGRAM 5-020

START /O

5-130
5-140
5-150

1-Op
Cycle
Diogrom 5-010
-Q
Cycle
Diagram 5-010
] | Tested during 1-Q cycle
-R 1 | cl8. Activates ‘progrom
Cycle I 1 interlock' (Diogram
Diogram 5-020| | | ! 4-030) «kpI3
|
]
]
S——=9

Yo :

PROGRAM
LEVEL ADVANCE






Diagram 5-160. Load I/O

2

LOAD /O

Clock 0

Address

‘ Storage

KL121

Activate
'Sel BAR'

I KC142

Activate
'Load SAR'

B Clock 3ond 4

Load storoge

data info regis-|

ter selected by
the attachment

KG141

Clock 5

Activate '‘Gote
SDR to B!

selected by
i

LSR

Yes

| Data available
Ito 1/O
Imgisur

lon DBO

KL101 KL10!
Activate 'LSR Activate 'LSR
Write Low' Write Hi'

3

.

-

Decrement

low order
of BAR

KL121

Activate
‘Sel BAR'

lKGMI

Activate
'Gate LSR
Lo to B'

|KGI4I
Activate
'Misc Bit 7
to A'

IKWZI

Activate 'Bin

Sub Gate'

IKLIOI

Activate 'LSR
Write Low'

Cycle

Clock

Read Call/Write Call
Load SAR

BAR Select

LSR Select

A Reg Input

B Reg Input

Load A and B Reg
Bin Sub Gate
Lood ALU

ALU Output

Load LSR

Store New

First E Cycle

EA Eliminate

Op End

(12/69) 5-160
v 5 v 6 v 7 v \ 4 9
Decrement
high order
of BAR
KL121
Activate
'Sel BAR'
IKGMI
Activate
'Gate LSR,
Hi to 8*
IKYIZ]
Activate 'Bin
Sub Gate'
lKLlOl
Activate
'LSR Write
Hi'
Tum on
'Op End’
ALD
END Ist EB EB Reference
0 1 5 6 7 8 0 1 2 3 4 5 6 7 8
1 1 1111 Jill1llll | [ L1 {111 I i 11 NN L1 1 {411 lkcizz
KC132
KC142
KLi21
KL121
Force bit 7 Force bit 7
RATI1!
SDR LSR Lo LSR Hi SDR LSR Lo LSR Hi
RA101
_— | I RA1O1
KY121
AV132
P AVI42
Lo Lo Hi Hi Lo Hi KL101
KC132
KD
KY111

KD132



(not) Op Bit 6 ond (not) 7
A
Op 8it 5
: oR . Op End Cl8 EB Cycle
{not) Op Bit 4 ‘ Inhibit SDR Transf rr BA A (not) 1st E Cycle
"' En. ;Z;cle | A One Address Non Branch
-Tm'! Recomp! Cycle |
not) Cl 3ond 4. . KDI31 .
Wait State
’ OR OR
> . SptemReser | _B— Gate SDR to B
Alter SAR or Storage I I_ T -
» I Main Storage 1/O Block SDR
[ | (not) I/O Not CE Test
' Force Bit7to Al (not) 1-R_Program Back-up
. SAR R ClSand 6
$D X KGI13
Cl7and 8
] A |Gate LSR Hito B OR
Wait )
OR |
A Gate LSR Lo to B
Cl5and6 ‘
[« X s KG141
Phose DE A |load X
jml; Wait |} SAR
c 'KC142
’ DBO
]
o cis !
Shonne! Inhibit LSR Lood R Phose D A LSR Write Hi ~ ~ !
1/O Not CE Test ~
. N LSR or register in
Idle Time OR N AN 1/O attachment is
D AorBRegChk selected by that attachment
A
LRtoAorB | A LSR Write Lo
KL101 (= ) BAR (Lo) ] EB Cycle
Sel BAR A {not) Recompl Cycle
> SR 2317151517 [CCI'5 through ©
KLi21

16 + 2P

Diagram 5-162. Load1/O (Part 2 of2) 5410 FEMDM (12/69) 5-162



Diagram 5-170. Sense /O (12/69)  5-170
2 v 3 v 4 v 5 v 6 v 8 v 9
SENSE I/O Sense |/O
Clock 0 o Clock 7 and 8 Bits 01234567
Clock 5 and 6 Decrement Op Code 00XX0000
Address .
De t high ord
Storage [kui2t ows ordor e ] kL121 Objective:
A Activate of BAR I KL121 Activate ® Move two bytes from register selected by
'Sel BAR' 'Sel BAR* 1/O attachment to storage
Activate
[ 'Sel BAR' [
KG141
KC142
I Activate
Activate KG141 ’C.;cfe I:SR
’ 'Load SAR' Activate Hito B
'Gate LSR Lo
Clock 3 and 4 i lviz
* onA'dd Aregister | 1/O device l Activate 'Bin
contents to ) KG141 Sub Gote'
blank B selects -
. attachment Activate
Ister register or 'Misc bit l KLIO1
B | LSR in CPU 7o Al
[Activate 'LSR
I kY121 Write Hi*
Activate
'8in Sub
Gote'
> KG131 l
. Activate KL101
.AGCZLO:_QSR 'Gate LSR
Hi 1o A' Lo Nomal IActivate 'LSR
to A' (Write Low'
/ I Turn on
KY121 'Op End'
c Activate 'Bin
Sub Gate' and
‘Bin Comp A END ALD
Reg' 1st EB EB Reference
Cycle
Clock 4 0 1 2
Enter result in Clock L bt KC122
SDR and
> into storage Read Call/Write Call KC132
Load SAR KC142
BAR Select K21
LSR Select (I/O attachment) KLI2Y
D RN131 LSR or DBI Force bit 7 Force bit 7
Activate A Reg Input RAII
‘Store Data
Group' B Reg lnput RA101
Load A and B Reg RA101
Bin Comp A Reg KY121
’ KY111 Bin Sub Gate KYi21
Activat
'r:ei: D:to to Load ALU -
St !
oreee ALU Output h AVI42
1 kC132
E Activate Store New KC132
'Store New' Load LSR d Ko
First E Cycle KDI N
EA Eliminate KYitl
Op End KD132




Op Bit 6

E-B Cycle Op
. .| OR not) Significant Digit End
(not) Op Bit 7 iy o) Edit Instr = EB Cycle
(not) Test Off or On A Store Data Group FF A fnot) 1st E Cycle
One Address Non Branch
A (not) Op Bit 6
{not) Op Bit 4 OR
A Halfword Format {N | KC132 KD131
One Address Non Branch RN131
RNI111
Store New
17and 8
Wait A | Gate LSR Hi to B
System Reset OR N
B
Main Storage
OR
] A Gate LSR Lo to B
Cl5and 6
KG141
SAR SDR 1st E Cycle
Gate LSR Lo to A
> .
‘l T Add to Reg or Store Instr
Gote LSR Hito A| o Clock 3and 4
X — (not) 1st E Cycle
clo KG131 | A
— 1
c Phase DE A Load SAR EB Cycle
(not) 1/O Not CE Test
KC142 Force Bit 7 to A A (not) 1-R Program Back-up
. Cl 5and 6
KG141
Cl8
LSR Write Hi
Channel Inhibit LSR Load Phose D A et
D

LSR Selected By
1/O Attachment

1/O Not CE Test
Idle Time OR } N I
A or B Reg Chk

LSR To A or B

LSR Write Lo

|

Clé

) EB Cycle
BAR (Hi) BAR (Lo) ™ Sel BAR A (not) Recompl Cycle
Cl 5 through 0

KL101

ofiJ2J3 4567 JoJi]2]3]4f51]6/ KL12)

16 + 2P

Diagram 5-172. Sense I/O (Part 2 of 2) 5410 FEMDM  (12/69) 5-172



Diagram 5-180. Test I/O and Branch

[4—-Op Cycle—prlat——oI-Q Cycle—

t—-H ——tf— |-l —]

Op Code Q Code Cycle Cycle
0123456710123 4 567101 23456710123456 7
11 XX 0007fDevice |y} Tested Branch fo Address

address condition

Primary or Tested conditions are

secondary unit described in theory

(hopper, etc ) of operations manual

for the individual
1/O attachment

Line Activated by
Any Device

Significance

'1/0 Condition B' only

Correct address, valid N
code, condition for branching
not met--proceed with next

sequentig| instruction

'1/O Condition A' only

Correct address, valid N
code, condition for branching
met=--branch to new oddress

Incorrect parity--causes

Both lines processor check and DBO
parity check
Invalid address or N code
Neither line --causes processor check

and invalid device address

2 v 3
Test I/O and Branch
o Test for I/O condition specified in
Q code N field
A @ Bronch to address is loaded into ARR
o IAR/ARR interchange occurs if tested
condition is satisfied
¢ Take I-H and I-L or I-X cycle
SEE DIAGRAM 5-030 (1-H, I-L)
’ 5-042 (1-X)
B
TEST I/O
AND BRANCH
I-Op
Cycle
Diagram 5-010
c
1-Q
Cycle
Diagram 5-010
Instruction
Format
D
i=H, 1-L I-X
Cycles Cycle
’ Diagram 5-030 Diagram 5-042
E END

Diagram 5-190. Load Address
v 8

Lood Address
Bits 0123456
OpCode 11XX001

o Load one or two bytes from storoge into one

of the two index registers

o If instruction format is four bytes, load two
byte address into index register selected
by Q code bits 6 ond 7

o If instruction format is three bytes, add last
instruction byte to index register selected
by Op Code bits 2 and 3. Then load result
into index register selected by Q code bits
éand 7

o Take |-H and I-L cycles (four byte format)
SEE DIAGRAM 5-030

o Toke i-X cycle (three byte format)

SEE DIAGRAM 5-042

LOAD ADDRESS

1-Op
Cycle
Diogram 5-010

1-Q
Cycle
Diagram 5-010|

Indexed (3 bytes)

Direct (4 bytes)

7
0

v

I-H, I-L 1-X
Cycles Cycle
Diagram 5-030] Diagrom 5-04.

(9/70) 5-180, 5-190
9



2 v 3 . v 5 7 v s v
Advance Program Level " Halt Program Level
Bits 01234567 Bits 01234567
Op Code 11110001 Op Code 11110000
. . l@— |-Op Cycle—pttl—— |-Q Cycle—spjtt— |-R —P>
Basic_ Machine Cycle Basic Machine
A Op Code
® Test for |/O condition specified in Q code N field ® Prevents tion of next sequential i t
012345670123 4 587
® Loop on APL instruction until condition tested for © Loops on instruction until system start key is pressed
no longer exists 11110001
® Instruction bytes two ond three are displayed on console
@ Q code N field of all zeros causes automatic
d to next sequential i ion . Dual Progrom Feature Enabied
’ Conditions
® Take 1-R cycle SEE DIAGRAM 5-020 tested are de- ® Prevents tion of next sequential instruction
secondary unit | scribed in the
Dual Program Feature Encbled (hopper,etc) | Theory of Operation @ Branches to altemate progrom leve! if DPF is enabled
Manual for the indvis
® Test for I/O condition specified in Q codeN field dual /O attachment ® Program retums to original level if appropriote halt
reset key is pressed

® Program level advance if condition is satisfied
B ) ) ‘ o Toke I-R cycle  SEE DIAGRAM 5-020
® Program status register (PSR) contains recall
information for returning to original program

ADVANCE
PROGRAM LEVEL

® Take 1-R cycle SEE DIAGRAM 5-020

Line Activated by I
Any Device Significance
Correct oddress, valid N

f . . code, device not busy and
/O Condition B' only doesn 't need oftention

Y

HALT

Correct address, valid N PROGRAM LEVEL
1-Op *I/O Condition A’ only] code, device busy or needs
Cycle attention-=instruction rejected —~
Diagram 5-010
C Incorrect parity-~causes 1-Op
Both lines processor check and DBO Cycle
parity check Diagrom 5-010
1-Q Invalid address or N code
Cycle Neither line ~-causes processor check
Diagram 5-020 and invalid device address
-Q
’ . Cycle
Diagram 5-010
1-R
Cycle
Diagram 5-020
=R
D
T . Cycle
| Tested during I-Q cycle . -
| <l 8. Activates ‘program Diagram 5-020

| interlock’ (Diagram
| 4-030)
L KD131

/o
condition
satisfied

|
|
|
|
|
|
|

programming
enabled

Yes
ALTERNATE
PROGRAM LEVEL

Diagram 5-200. Advance Program Level

NEXT SEQUENTIAL
INS TION

NEXT SEQUENTIAL
INSTRUCTION

ALTERNATE
PROGRAM LEVEL

Diagram 5-210. Halt Program Level 5410 FEMDM (9/70)  5-200, 5210



Diagram 5-220. System Reset (Part 1 of 3) (9/70) 5-220
‘ SYSTEM RESET )
L o o e e e e e e e KYl12i
|
' ‘Bin Sub Gate' left up
A from last operation
KA232 KLi4} KDi3 KDi41 KC141 H
CLOCK 0 Activate ‘Force Ciock Activate '1AR Seld* Activate ‘Op End' Activate 'Load Qp Reg' Activate 'Load SAR' PSR [1
9 Selected
> l l l | I
[ l RAICH ] £ D14
RA101 KD14}
| _ . Activate 'Load A or Activate Lood O Reg’
CLOCK 1 Reset A or B register; ,P— e ] Activate 'Load A or Activate 'Load Q Reg' CLOCK B Reg' and "Lood p Req'
set P bit { B Reg' and ‘Load Op Reg'
B ’ | ] [ ]
I AVI32
[ AN132 KLiOl
CLOCK 2 Activate ‘Load ALU® L - = ___: ALU output should be
! zere CLOCK 8 Activate "Load ALU' Activate 'LSR Wwrite M. b — o
L '
> .
L | '
|
[ RAIO) l KD14! |
. ALy |
. 1
CLOCK 3 Activote 'Load A or Activate ‘Load Q Reg’ | | Reset to zero ]
. ; ‘ , R and PSR «
8 Reg and ‘Load Op Reg ' CLOCK 9 Activare Lood SAR- : IA( and PSR are
L | selected ond reset
f AV132 ] KL101 /-~ -
! \_ (N3 \,
! 5 e v
CLOCK 4 Activate 'Load ALU' Activate 'LSR Write Lo’ | VAR ond PSR are selected
| and reset .
1 | |
D l RA101 KY121 [ KD14!
CLOCK 5 Activate Load A or Activate 'Bin Sub Gate' Activate 'Load Q Reg’
B Reg'
I AV132 ] K110l
CLOCK 6 Activate ‘Load ALU' Activate 'LSR Write Lo’
Note: System Reset is enabled only
in process mode (KB141)




2 v 3 4 v 5 v s Vv 7
. System Reset
KDI131
Main Storage
B
SAR SDR
o 1 (Odd not 9CD)  Load A &
Cl 9-0 A | Lead SAR RA101
’ (not) Wait State X
KC142
CL3C #0 5C Bin Sub Gate
c ' AR
K121
AV132
Cl4
Tnot) EB Cycle
{not) I-H Cycle oR
’ not) Alter Display or Storage Clé 1 1 A LSR Write Lo
Pf;ase D
Channel Inhibit LSR
/O Not CE Test
\dle Time 1 LSR Write Hi
b : o M
AorB Chk L
KL101 \
LSR to A or B cls IAR Seld IAR (Hi) IAR (Lo)
ofVvI[2[3]4l5J6]7Jo0] 1 T2[3]4[5]6]7
' OR
[ 2 Sel IAR CE or Sys Rst TAR System Sel

Note: 1. Refer to Diagram 4-020
for clock circuits

2. Refer to Diagram 4~030
for cycle controls

Diagram 5-222. System Reset (Part 2 of 3)

18 + 2P

Even not 0 CD

or
Reg

OP Reg /
OR | System Reset '
KDi41
Odd D
A

System Reset

KD141

5410 FEMDM (12/69) = 5-222



Diagram 5-224. System Reset (Part 3 of 3)

2 v

System Reset Cycle

Clock

Force Clock 9
Read Call/Write Call
Load SAR

IAR Select

A Reg Input

B Reg Input
Load A or B Reg
Bin Sub Gate
Load ALU

ALU Output
LSR Write

Store New

Op End

Load Op Reg

Load Q Reg

0
1111

1
L1dl

|

2
1.l

9
1111

Lo

Note: Parity checking is disabled during System Reset

ALD Reference

KA232
KC132
KCl41
KLi4}
RA101
RA131
RA101
KY121
AVi32
AV142
KL10t
KC132
KD13t
KD141

KD141

/70) 5224



2 v

tnitial Progrom Load (IPL)
Objectives
5410

e Program Load Key initiates system
reset cycle

o Clock starts and continues to run
o System reset cycle couses:

> (1) DBO 7 (MFCU)
DBO 5 (File

(2) All zeros written into IAR and MRDAR
(MFCU) or DFDR (File)

e '|/O Condition B' resets IPL latch ot end of
data transfer ond activates process run. First
B 1-Op cycle addresses storage position 0000
(IAR set to all zero)
5424
o DBO bit 7 to MFCU
> o Reset MRDAR to 0000
o Set execute primary latch in MFCU

o Set execute read in MFCU

e Set execute feed in MFCU

Diagram 5-225. Initial Program Load (IPL)

START

System reset cycle
Diagrom 5-220

4-036

Clock continues to run.
Activate 'wait state’

VO attachment requests
cycles to transfer dato
beginning in storage
location 0000 (data
address register all
zeros)

*'1/O condition B' resets
IPL ot end of dote
transfer

4-036

Activate 'process run'

END IPL

1. Send DBO bit 7 (MFCU) or bit

5 (file)

2. Select IAR and MRDAR (MFCU)

3. Lood selected LSRs with all

|

|

| 4

| or DFDR (file)
| zeros

|

L

: Progrom begins with
| IAR at 0000
l

5410 FEMDM (9/70) 5-225



Diagram 5-230. Alter SAR (Part 1 of 3)

2

Alter SAR
A Objectives:

® Load contents of four console
Address/ Data switches into
the Instruction Address
Register (IAR) by way of Data
Bus In, A register and ALU

’ ® Lood SAR from the IAR at
clock 9 time

® When start key is pressed,
the clock runs O thru 4.
When start key is released,
clock runs from 5 thru 9.

v

3 ' v

ALTER SAR

Clock 0
Address storage
| KL141
Activate '|AR Seld'
I KY121
Activate 'Bin Sub Gate'
l KA232
Activate 'Force Clock 9*
| KC142
Activate 'Load SAR'

Clock 1 ond 2

Gate console bits hi
from DBI to IAR

]

KC132

Activate 'Read Call/
Write Call'

] KL141

Activate '|AR Seld'

l RATO!

Activate 'Load A or
B Reg'

l KY121

<

Clock 3 and 4

KL141

Gate console bits lo
from DBI! to IAR

Activate 'IAR Seld'

}' ~ TRAO

-———

Activate 'Load A or
B Reg’

| AV132

Activate 'Load ALU'

I KY121

Activate 'Bin Sub Gate'

I KL10}

Activate 'Write LSR Lo’

Clock steps 4A,8,C,D,E

and stops at phase F.
Clock re-starts when
start key is released

L |

KC132

Move {AR lo thru B reg,
ALU, ond back to IAR

(no change)

Activate 'Read Call/
Write Call'

Activate 'Bin Compl
A Reg'

r

==
!

Light binary
subtract indicator

| AV132

Activate 'Load ALU'

] KL101

Activate 'Write LSR Hi'

l KLi4}

Activate ‘AR Seld'

[ RAIO!

Activate 'Load A or

B Reg’
I'—_ TAVI32

I
|
==

Activate 'Load ALU'

] KLIOY

Activate 'Write LSR Lo'

Clock 7 and 8

]
Inhibit SDR to B
|
L

|
|- — — — Complement A Register

Binary subtract is

H up in test mode.
[t

Move IAR hi thru B reg,

ALU and back into
AR (no changes)

]

(9/70)

KL141

Activate '{AR Seld'

[ RA101

Activate 'Load A or
8 Reg’

] AV132

Activate 'Load ALU'

] KLIO

Activate 'Write LSR Hi'

|

Clock 9

Move contents of 1AR
to SAR

KL14]

Activate '|AR Seld'

l KC142

Activate 'Load SAR'

5-230



Load A or

B Main Storage

SAR

SDR

{not) Wait State |
¢ KC142

Alter SAR

Note: Refer to diogram 4-020

for clock circuits

E Refer to diagram 4-035

for run controls

Diagram 5-232. Alter SAR (Part 2 of 3)

B Reg (odd not 9CD.
RA101

16 + 2P

OR

|

(not) 3C to 5C

Test Mode

Sel IAR CE

KL101

Bin Sub Gate

Bin Compl A Reg

LSR Write Hi

OR

DBl From Add Data Switches (4)

Cl2

cls

AR (Hi)

LSR Write Lo

Phase D

Alter SAR

Channel Inhibit LSR
1/O Not CE Test

Idle Time

IAR (Lo)

0f1J2]3f4]5J617

T 2[314]5][6]7

OR

Clé

OR

A or B Reg Chk

LSRto Aor B

(not) EB Cycle
{not) I-H Cycle

(not) Alter or Display Storage

5410 FEMDM  (9/70)

5-232



Diagram 5-234. Alter SAR (Part 3 of 3) (9/70) 5234

2 v 3 v 4 v 5 v 6 v 7 v 8 v 9

ALTER SAR
B
Stort Key Pressed Start Key Released
AL A
[ 0 1 l 2 3 ‘ \ [ 5 6 5 s % \ ALD Reference MDM Reference

’ Clock L1t | I | I 1 | lalsc]DlEfFe l | 11 I L1 [ 11 ] 1 1 Jalsfciole [Foycin 4-020

Force Clock 9 KA232 4-020

Read Call/Write Call KC132

Enable Clock Run 1 - KA232 4-037
c Load SAR | KC142

AR Select KL141

A Reg Input nsole Bits Hi Console Bits L .

B Reg Input RA101
> Lood A o B Reg — s RATON

Bin Compl A Reg V11

Bin Sub Gate K121

Lood ALU AVI32
D ALU Output Console|Bits Hi ConsolelBits Lo Console|Bits Lo AvI42

Lood LSR Hi to KLIOl




Alter Storage
Objectives:

® Transfer data from right most two
A console Address/Data switches (one
byte) into Q reg and storage location
designated by SAR

©® With storage test switch in STEP;
pressing stort key advances clock
through 4 time. Releasing start key
advances clock through 9 time

’ ®With storage test switch in RUN;
clock re-cycles, skipping 9 time,
until switch is returmed to STEP

@ Address Increment switch ON
causes |AR to be incremented
each CPU cycle

@ Address increment switch OFF
couses console data to be tronsfered
into same storage location each
cycle

ALTER STORAGE

Clock t and 2

Move data from con-
sole switches (hi)
(not used)

KA232
>

Activate 'Enable Clock
Run' (Diogram 4-037)

Storage
test switch

l KA232

Activate ‘Force Clock 9

’ KL14}

Activate '|AR Seld’

I KC142

Activate 'Load SAR'

¢ [

Diagram 5-240. Alter Storage (Part 1 of 3)

KC132

Activate 'Read Call/

Write Call’

KL14}

Activate '1AR Seld'

RA101

Activate 'Lood A or

B Reg'

KY12i

Activate 'B|
A Reg'

in Compl

KY121

Activate 'Bin Sub Gate'

AV132

Activate 'Load ALU'

Clock 3and 4

Move data from console
Address/Data switches
(lo) (Right most two
switches

]

KL141

Storage
test switch

Clock 5 and 6

Activate '|AR Seid’

L RA101

Activate 'Lood A or
B Reg’

l KY121

Activate 'Bin Sub Gate'

] AV132

Activate 'Load ALU'

I KC132

Activate 'Store New'

If storage test switch is
in STEP, 'Enable Clock
Run' is activated again
when start key is re-
leased

Modify low order of
instruction address
register

KC132

Activate 'Read Call/
Write Call'

[ KD141

Activate 'Lood Q Reg'

l KL141

Activate '1AR Seld'

Activate 'Misc Bit
7t A

—

Activate 'Lood A or
B Reg'

RAI01

I KY121

Activate 'Bin Sub Gate'

| AV132

Activate 'Load ALU'

l KL101

Activate 'Write LSR Lo'

Clock 7 and 8

Modify high order of
instruction address
register

1

KL14)

Activate 'IAR Seld'

Activate 'Load A or
B Reg'

[ AV132

Storage
test switch

Activate 'lAR Seld'
ond 'Load SAR'

Activate 'Load ALU'

I KL101

Activote 'Write LSR Hi*

|

5410 FEMDM (12/69) 5-240



Diagram 5-242. Alter Storage (Part 2 of 3) (12/69) 5-242

2 v 3 v 4 v 5 v 6 v 7 v 8 v 9

Cl7 and 8 Alter SAR or Storoge
) A : A ‘ Cl1and2
Wait State_ ]__GoateLsR Hito B Gate /O Bus to A OR OR
System Reset OR Or . = - | Cl3ond4
System Reset |
A Gate LSR Lo 1o B > SED
Cl5and 6 | A ;
KG141 . " ,
M - - M DBI iConsole switches‘ KE121
31 i . AorB (not) IR Pregram Backup
’ AorB (odd not 9CD! ” . A Cl 5and &
RA101 E .
« fl|Eorce Bit 7 to A
' KG141
% ) Alter/Display Storage
CE Test No Increm A
Main Storage i (not) Address Incr Switch On
n A
' ! Test Mode
SAR SDR TI:» .
KY121 Odd CD
{not) 3C to 5C -
’ Phase DE Test Mode OR _
Clock 9~ Load SAR Store New
foot) Wait Stors | * X X kY121 0
1
KCi42 Alter Storoge Mode 4CD 21
A Al R ]
(not) SAR Address Error 3] @
Invalid oddre: 4| Reg
( ) kY110 l Cl 5and 6
c PR ) X L0ad Q Reg. A [OddNot 9CD
6 Alter/Display Storage
5] KD141
Chonnel Inhibit LSR
cls
D LSR Write Hi A A /O Not CE Test
Phase D
® |N i OR |dle Time
. LSR Write Lo A A or B Reg Chk
’ Clé A
o1 p ‘JV AR Seld KLU0l LSR to A or B
1AR (Hi) 1AR (Lo)
0] 1]2]3]4]5]6]z o1 [2]3T4]5]e]7

Alter/Display Storage

16 +2pP Select |AR CE

OR

KL1O1



A
File o File
Pl P2 Write Address 1/O CE 3 P1 P2 Write Address 1/0O CE
Off  Off Off Compare Check Key Off  Off Off Compare Check Ke
’ @ @ O @ O O O O O Address Increment Switch: @ @ O @ O O O O O
ON -~ IAR incremented by
On On
one each CPU cycle
/O  Parity Addr | Addr  1/O 4 /O Parity Addr | Addr  1/0
Check Check Incr | Comp Overlap OFF - 1AR addresses same Check Check Incr | Comp Overlap]
Stop  Run Off | Stoj storage position each Stop  Run Off | Stop Off
CPU cycle @ @
B Run  Stop f Stepi On | Run  On Run  Stop
Normal
IAR _ | —
) (0 =
Reset - - Reset
LSR Display LSR Display
» Selector Selector

c Start Key Held In Start Key Released ————3i
: ALD
e ¢ Reference

’» 0 | 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 0 I

Clock LIt it d i et liit jalelclolef-Ff-- L it frrrtriljalsiciolelr KC122 Clock Lrrrbrrre bt b et teee b ce b ree b e ber ey

—>
Force Clock 9 KA232 Force Clock ¢ Recycles until
storage test switch

Read Cali Write Call KC132 Read Call/Write Call is changed to STEP
D Load SAR | KC142 Load SAR

Enable Clock Run KA232 Enable Clock Run __-

1AR Select KLi41 IAR Select

Console Bits Hi Console Bits Lo Force Bit 7 Console Bifs Hi Console Bits Lo
A Reg Input RAI T A Reg Input
IAR Lo IAR Hi

> B Reg Input RAIO1 B Reg Input

Load A or B Reg RATO Load A or B Reg

Bin Compl A Reg KY121 Bin Compl A Reg

Bin Sub Gate KY121 Bin Sub Gate
E |lodAW . AVI32 Load ALU

Load LSR KL101 Load LSR

Store New T KC132 || Store New

Load Q Reg KD141 Load Q Reg

Diagram 5-244. Alter Storage (Part 3 of 3) 5410 FEMDM (12/69) 5-244



Diagram 5-250. Display Storage (Part 1 of 3)

2 v

Display Storoge
Objectives

® Transfer data from storage position
addressed by SAR into Q register and
A display in console lights when drum
switch is in position 5

® With storage test switch in STEP;
pressing start key advonces clock
through 4 time. Releasing start key
advances clock through 9 time

’ ® With storage test switch in RUN;
clock re-cycles, skipping 9 time,
until switch is returned to STEP

® Address Increment switch ON
causes AR to be incremented each
CPU cycle

B ® Address Increment switch OFF
causes console data to be transfered
into same storage location each
cycle

ALTER STORAGE

Clock 0
c
Address storage
KA232
Activate ‘Enable Clock
’ Run' (Diagram 4-037)

test switch

Activate 'Force Clock 9'

’ KL14]

Activate '|AR Seld'

I KC142

E Activate 'Load SAR'

Clock 3 and 4

Move data from storage
to console display

KLi4l

Activate '|AR Seld’

l RA101

Activate 'Load A or
B Reg'

1 KG14]

Activate 'Gate SDR
to B'

l KY12]

Activate 'Bin Sub Gate'

] AV132

Activate 'Load ALU®

Storage
test switch

T storage test switch is

| in STEP, 'Encble Clock
Run' is activated again
when start key is

| released

key released
(diag 4-037)

Clock 5 and 6
Modify low order of
instruction address
register

KC132

Activate ‘Read Call/
Write Call’

KD141

Activate 'Load Q Reg'

Clock 7 and 8

(12/69)

v 9

Activate '|AR Seld'

Address
increment
switch

Activate 'Misc Bit 7
to A'

I RA101

Activate 'Load A or
B Reg'

l KY12]

Activate 'Bin Sub Gate'

I AV132

Activate 'Load ALU'

[ KL101

Activate 'Write LSR Lo'

Modify high order of

instruction address
register

Storage
test switch

Activate '|AR Seld’ and
‘Load SAR'

l KL14}

Activate '|AR Seid’

I RAI0I

Activate 'Load A or
B Reg'

I AV132

Activate ‘Load ALU'

I KL101

Activate 'Write LSR Hi’

]

5-250



2 v 3 v 4 v 5 v 6 v 7 v 8 v 9

Cl7and 8
A Gate LSR Hi to 8
Wait State
System Reset | OR | | I | 4
Gate LSR Lo to B
A Cl5and 6 A 1% M
EB Cycle
{not) Recompl Cycle A
Inhibit SDR Transfer | (not) 3 and 4 Time
Alter SAR or Storage OR Gate SDR to B
Wait State 1/0 Block SDR
’ System Reset Ok KGIA1
Main Storage (Odd not 9CD, ‘
RA101 Alter/Display Storage
A (not) Address Incr Switch On
B SAR SDR
A not) I-R rom Back
Phose DE__ I Load A or B Reg Cl5and 6
Clock 9-‘0 A Load SAR X ) KG141
{not) Wait State —
’ KC142 1] Cl 5and 6
Bin Comol A Roq 2 Lood @ A Odd Not 9CD
.5. Alferz E_-;glnx Storage
°| @ X KD141
4| Reg
5
C % Drum
(not) 3C to 5C 7 Switch
Bin Sub Gate
Test Mode .
Switch
Suitch TPToT 2SI AT5T el 7 AL Gupor ]
> .
9
AV152
Chonnel Inhibit LSR
, Cl8 A
D LSR Write Hi P I" 1/O Not CE Test
|N } or idle Time
LSR Write Lo Phase D A or B Reg Chk
A .El—
> : I— .
KL101 LR to A or b
IAR (Hi) IAR (Lo) T JAR Seld
ofrvJ213f4)516T71o0T 1 J2T3T4T5T¢8]
Alter/Display Storage
E Select IAR CE or
16 +2p KLIO

Diagram 5-252. 'Display Storage (Part 2 of 3) 5410 FEMDM (12/69) 5-252



Diagram 5-254. Display Storage (Part 3 of 3)

2 v 3 v 4 v 5 v
A
n Address Increment Switch:
File
P1 P2 Write Address /O CE ON - IARi ted b
off  Off Off Compare Check Key one each CPU cycle
| 2 @ @ O @ O O © O OFF - IAR addresses same
On On ::foPlITge plosiﬁon' each
/O Parity Addr /O eyele
Check Check Comp Overlap
Stop  Run Stop Of
B Run  Stop- Run On
Normal
. IAR l XR1
LSR Display
’ Selector

¢ Start Key Held In 't B Start Key Released —m————{p»
ALD
- Lo Reference
> 0 | 1 I 2 3 |A 4 5 6 7 8 9
Clock Ll brrrrbrrigetl wmisiclolelfFe-p--f-- | I I I I I YT He T T KC122
Force Clock 9 KA232
Read Call/Write Call KC132
Load SAR KC142
D
Enable Clock Run KA232
1AR Select KL141
Force Bit 7
A Reg input RATT]
. SDR 1AR Lo 1AR (Hi)
» B Reg Input RA101
Load A or B Reg RA101
Bin Compl A Reg KY121
Bin Sub Gate KY121
E Load ALU . AV132
Load LSR Lo Hi KLIOI
Lood Q Reg L el KD141

6 v 1 v 8 v
File

Pl P2 Write Address  1/0 CE

Off  Off Off Compare Check Kef

1/O  Parity Addr 1 Addr 1/O
Check Check Incr | Comp Overlap

Stop  Run Off | Stop Off

Run  Stop On Run  On

Clock

]

Normal
1AR
ARRY

—XRI
"_XR2

LSR Display
Selector

(12/69) 5-254

IIOIIJ

Force Clock 9

Read Call/Write Call
Load SAR
Enable Clock Run

1AR Select

A Reg Input

B Reg Input

Load A or B Reg

SDR

1AR (Lo)

Force Bit 7

|AR Hi

Bin Compl A Reg

Bin Sub Gate

Load ALU

Load LSR

Load Q Reg

—
Recycles until
storage test switch
is changed to STEP



Interrupt
Objectives:
® Interrupt enable is turned on in 1/0O
A ottachment by control code of $10

instruction
® /0 attachment sends interrupt request to CPU

® Interrupt occurs only after current instruction
is finished

’ ® Interrupts main program with separate program

@ Highest interrupt device takes precedence
over lower level devices

® Interrupt program ends with another SIO to
disable interrupt

Diagram 5-260. Interrupt (Part 1 of 2)

START

CPU executing main
progrom instructions

Start |/O enables
interrupt (device
specified by Q code)

Interrupt poll (op end
clock 5 to 8)

Interrupt
request

Select IAR for
interrupt level

Execute interrupt
program

Op Code
Byte |

Q Code
Byte 2

Byte 3

[ F ] 3 loom ]MI N [ComrolCode

0 3 4

Op Code = F3
SIO Instruction

3

—

y

Device Address Equals
0001 (1) for keyboard

4

5

—

70 7

P

Control Code

Bit 0 = Programmed Numeric Mode
Bit 1 = Programmed Lower Shift
Bit 2 = Error Indicator

Bit 3 = Not Used

Bit 4 = Restore Data Key

Bit 5 = Unlock Data Key

{

M and N field must
be zero or CPU will
stop with processor
check and inv-Q
indicator on

Store status of
registers used in
inteirupted program

L
T

Disable interrupt with
S10 (lost instruction
in interrupt program)

RETURN TO

INTERRUPTED
PROGRAM

Bit 6 = Enable Interrupts - Off disables interrupts
Bit 7 = Reset Interrupt

SIO Instruction Format for 5475 Keyboard (interrupt level 1)

5410 FEMDM

(12/69)

5-260



Diagram 5-262. Interrupt (Part 2 of 2) ' (12/69) 5-262

2 v 3 v 4 v 5 v 6 v 7 v 8 v 9

Op End
Load Interrupt
M/C Advance A ?
System Reset B__‘ y A FF E A
A Inter Req 4 (spare) A OR HAR/ARR Int Lv - 4 Seld
>pa —
q
[ — R A
[e] ]
> 3
A
ARR/IAR Int Lv - 4 Seld
ARR Seld A OR
IAR Seld A A
Q Bit 4 OR
B EB Interrupt Register Instruction
p
A
< N OR 1AR/ARR Int Lv - 3 Seld
A .
) Inter Req 3 (Spare)
Al m A _—J
S10 —
’ Clock 5 Instruction ) " OR -
1-R Cycle A 3
DBO N KMI131 OoR ARR/IAR Int Lv - 3 Seld
1/O ATTACHMENT —
A A _-J
QB | or
A
A .
) . or |IAR/ARR Int Ly - 2 Seld
) Inter Req 2 (Spare) A l—‘
[ A OR KM
1 A [ N
N KM13t / A
{not) LSR interchange Pulse | OR ARR/IAR Int Lv - 2 Seld
A A _.I—
QBit2 OR
A
iag 4-074
v ‘ Diag J—N-I
= I A L—-I A
Inter 1 A 4 FL OR IAR/ARR Int Lv - 1 Seld
o K. rd
4 = (Keyboard)
FL L4 A
OR Any Interr From 1 to 4 Req
q A KMITT A
KM131
N ‘ ‘  Any Int Lev Being Serviced
. N
Diag 4-036 * | I A
E Op End Gate A Or |ARR/IAR It Lv - 1 Seld
, R ’l‘
Clock Sto 8 Interrupt Poli
. Interrupt Level O Request A
QBit 1 OR A
Diag 4-074 Note: Refer to Diagram 4-074 for circuits A S

describing interrupt level 0 (dual program) ) . KT131






Diagram 6-005. Power Control Sequencing Flowchart (Early)

(9/70) 6-005

2 = 4 3 v
POWER ON SEQUENCE

Turn on mainline CB Activate power control circuits and

energize convenience outlets.

Energize +24 Vdc control power
supply (TP2 = +24 Vdc)

Start with power available at
input of mainline CB.

1. Energize K1 (115 Vac conven-
ience outlet power available).

2. Energize K2
If the lamp test switch is pressed,

b only the thermal and power check
indicators light.

Turn on power on/off switch.

Energize K3

1. Apply power to use meter power pack.

B 2. Apply power to logic and memory supply.
3. Apply power to gate and power supply fans.

Logic and memory supply energizes regulators.
1. Bias voltage (20 Vdc * 10%) supplied to -4 Vdc, +6 Vdc, and -30 Vdc
regulators.
P 2. Bulk voltages supplied to each regulator (terminals E1 and E2 of each
regulator)
10.2 Vdc to -4 Vdc supply (X 10%)
12.4 Vdc to +6 Vdc supply ( 10%)
46 Vdc to -30 Vdc supply (£ 10%)

—r.

No  Apply 26 Vac to BSCA -12 Vdc supply
1. Energize K30 (sense BSCA -12V’}
2. TP =0 Vdc

C BSCA feature
installed

-4 Vdc regulator output available Ilf -4V logic supply #2
1. Energize K5 (senses -4V output) and -4V logic supply

2. Transfer K5-2 {TP2 = 0 Vdc) #3 are installed, K17-1
3. Transfer K5-1 (starts +6 Vdc I Note: _—|and K19-1 are wired in

regulator) series with K5-1; if -4V
D Iloglc supply #2is
installed, K17-1 and K5-1
-4 Vdc logic__Yes are in series.
E supply #2
installed
-4 Vdc logic Yes
E supply #3 il
instalied
No
Energize K19 when
Energize K1 7 when -4V output is avail-
-4V output is avail- able
able. 1. TP4 =0 Vdc
E 1. TP3=0 Vdc 2. K191 is in series
2. K17 isin series with K5-1 and
with K51, K17-1.

Start voltage is applied to E12 of the +6V regulator.

+6 Vdc regulator output available

Energize K6 (senses +6V output)

TPS = 0 Vdc (K6-2 contacts)

Activate -4V UV ax circuit (K6-3 contacts)
Energize time delay relay K7 (K6-1 contacts)
K7 energizes after 1 to 3 seconds delay.
Start -30 Vdc regulator (K7-1 contacts - -
E12 terminal)

o0 HsLN

-30 Vdc regulator output available

1. Energize K8 (sense -30V output)

2. TP6 = 0 Vdc (K8-2 contacts)

3. Energize K9 (Energized by K8-1 contacts)
4

. K9 supplies AC power to |/O device power
supplies and famp supplies. Clock 9 is
forced on.

(220/235 Vac supplied to /O for 50 HZ
208/230 Vac supplied to 1/O for 60 HZ)

+24 Vdc 5424 supply and +60 Vdc 5203 supply

outputs available.

1. Energize K10 and K11.

2. K10-1 and K11-1 hold K3 energized until
both +24 Vdc 5424 supply and +60 Vdc
5203 supply are powered down during a
normal power off sequence.

3. TP7 =0 Vdc (K10-2 contacts)

4. TP8 = 0 Vdc (K11-2 contacts)

Energize K12

1. Turn off power check light (K12-1 contacts)

2. Remove power on reset and turn off clock 9
(K12-2 contacts)

END OF POWER ON SEQUENCE.
SYSTEM READY FOR PROCESSING

6 v 7 v 8

POWER OFF SEQUENCE

Turn off power on/off switch.

Apply +24 Vdc to -4V undervoltage ax
circuit to prevent abnormal power

down sequence (section C of on/off switch)

De-energize K 7 to turn off -30 Vdc supply. (De-energize K9
at same time as K7.)

1.

K1-1 removes start -30V.

2. Turn off -30V regulator (20 Vdc bias and 46 Vdc bulk

voltages are present at -30V input until K3 de-energizes).

De-energize K8 to sense when -30 Vdc supply output is not
available.

De-energize K12

1.

K 12-1 contacts turn on the power check light.

2. K12-2 contacts activate the power on reset relay line to CPU.
3. K12-3 contacts are used in the power on sequence.

Transfer K9 contacts to remove input power to 5424 24 Vdc and to

Note:

5203 60 Vdc supplies

De-energize K10 {sense MFCU 24V} and K11 (sense 5203 60V)

De-energize K3 to remove bulk and bias voltages to -4 Vdc, +6 Vdc,
and -30 Vdc regulators.

De-energize K5 (-4V sense)
after -4 Vdc output is no
longer available. (TP2 =
+24 Vdc - - Turn off power
check light,

END OF NORMAL POWER OFF SEQUENCE

NGO D WN =

- wd b wd wd b b
SREBN=0

De-energize K6 (+6V sense) No
after +6 Vdc output is no
longer available.

-4 Vdc logic _Yes
supply #2 q
™ installed -

De-energize K17 -4 Vdc No
logic supply # 2 sense
after -4 Vdc is no longer

‘*l K9 de-energizes slower than K7

-4 Vdc logic Yes
supply #3 -
installed

De-energize K19 (#3
feature -4 Vdc sense)
after -4 Vdc is no
Ionger available.

Note: K1 and K2 remain energized as long as +24V sequence control

voltage is available.

Power On Sequence

Mainline CB On (On/Off switch off) S ——
+24 Vdc control voltage 1
K1 (Convenience outlets) 2 I
K2 (Thermal light turns off) 2 I

Power on/off switch
K3 (Bias and bulk voltages)
K5 {-4V basic)

K17 (if -4V logic supply #2 isinstalled) 6 puessesesss—"

K19 (if -4V logic supply # 3 is installed) 6

K6 (+6V regulator) 7.8, and 9 pares—CC———
K7 (-30V) 1-3 sec Detay ______19_—
K8 (-30V sense) 11 I

K9 (AC to 1/O power supplies) 12 ey
K10 (+24V from 5424) 13 e——r
K11 (+60V from 5203) 13

K12 (Power up - - Power check light 7,8,9,10,12, 14,and 15 o
turns off)

Power Off Sequence

operator action

——— 5

fem— 1 1

[T 5 (K9 de-energizes slower
por—— 3 than K7)
peeec——— 3
——— 2



r— K1
. EPO [ ™ “Power On/Off Sw 1 satocPu 5203 PEB
"Bl Suppry 2 : | Thermals  Thermal ¢——— +24V Gnd |
sty A 7 I off off| | R 1418 : Type '
A SF5 : A | E121 Check Reset |<>—o—8—bo bo H J ) e X L'H Test Relaylof Supply
+ ' av | L E8 | [ °on A LYA102] | HP122! K121 Point| # |Failure]  Checked
- - —+————4—o A o rer-Piend ———
q Conv aon [ A -y | o7 | "Vaieg
24v Outlet | 8 1o .4v ov/oc S — o~ N
T | ] E4 ] N —1; +24V Ground
at4A A m | i 'E10 4V oy Brass 1 C Off 1 —dPwr .
Supply hoa X r L E10 pagic E13) oPlate | o——— l P— Chi/ AV B om
YA101 |SF1 \ 1 I EQ #1 E3 ! - W _ (in_ 1 e—t—y Se- - sic Logic
1 1 1 J : o} K5 liuence] supply (Includes
> : L [L_yarse_ ] o ———oefhgr———< sdcon)
! | NI 1 K13-2 Lamp Test . . lge- <] -4V Logic supply
: | el GV B2 TS P S . Start | K1Z{guence #2 Feature
] ) o addon K2-2 , Bulk ) .- -1.{B Gate)
208V T ' L _YA103B 5 K101 Supply —: p| lse | -3V Logic supply
230V I ;  Predoad Gnd K3 K92 & 1; K19 lquence] # 3 Feature
1 i Resistor Brass 111 [° (B Gate)
B | ! 82 T e Plate K21 —2 Feature P/S
! i o1 K15-3 -4V Sense K30-1 ™ K30 Se- Feature
: . _ r/_'. E1 +6V E&{ », ov/ocC O—is K5 O 0 9 quenc
Fiegulator and £ WL ‘:_/E%O E4 : D oA s
gate fans : +6v __:__ _(t_:" E9 B3, | +6 L +6V Sense K6’ q:e nce +6V Basic
use meter [ | pp. Bl | | g YA1038‘E°14ﬁ| Brass : 6 1
power pac Vol ==~ — —— =—{—7 ITB1-1 E12! Plate
P +6 Voit e e TV 142, Start -30V ks P -30V Basic
Replacememt | | t1'TB1-3 —o— 0O K6-1 tart lquence|
[ U 4 —O—— RO~
Bulk Supply || 1 ! K5-1 (start) » )
! L _: ' __; : 105 +24V Basic
[, [ ‘._T_ 4-pregzT ‘E;‘l Lower Laminar Bus pop, o, Gnd . K quencel (Located in
1 P4 30V o ol o9 BSM.30V -30V Sense , MFCU)
! Bulk)] | L& ?,H .8 c1na — ] ks o J +60V Basic
c YA104 | F3— 3yl 1 £go 8 ] = S ov/oc : K11 [yence (Located in
| Lamp | y FS Bias ] N E°9 E1 o 5203 Printer)
! Supply! o : 1TB1-1 E13l _vStart 60v-24v -4V Logic supply
)y 7.25V N v  YB2:11 T -30V E12, K15-2_o K8- ' K18 JOV/OC| #3 Featyre
I | I Ac LJB22; | _,YA103B o0—¢—0— K7-1(start)
A IT81-3 ' Az ) -
To Ground 1 ! Né -4V Logic suppl
| YF567 ! o= i Sense MFCU +24V g1 supply
# Brass’ Plate | _ Y967 r Memory Thermister ;‘:"2 K16 [oW/oC| #2 Feature
WANY y . )
) " AO Sense ™ -4V Basic Logic
. K12-3 5203 K131 ©12 K13 |ovoC]| supply (includes
' . ‘ J1-1 60V add-on)
' X —) — V/OC| +6V Basi
! ! K1a1 TP | 1. PVO asie
! \ ) v——@13 UV | -av Basic
! Pwr Seq -
! I oV, -30V Basic
1 ! 4 14 uv +6V Basic
) "
1 —
! ; } K2-3 Ax Inhibit
| ' | +24v '_ _Y_A.I_OEA;!_A_IQ% . ovioc
! -4V Logic supply #2 roaat
Ko ' ' i l V Butk ———n PeY ¢ - K16~ Jsense
LaTa 2 | Tear! K63 Pt I ———] & - v
- o e 2478 2T MFCU Y l e gvoe o P B U 2P g il
L 3"a o——($ p/s [oT cPU s— | Under Voitage | T : K17-1 & —1 ——————————
L \YB1is, [ ¢4y Control o 1 _J ' ‘
3, ! f----1  BrassPlatel 7Y 62—5 - g,"m e ____1 F1_.  ovroc
— 5 (povsvs | N E A | RS - { -4V Lggicsupply #9;_ —4K18l_g
e 6(/.)V ! +6! ! F1 _!"9_:-;(-3—6-.'_‘ X ————dd ! L—d Sense
& PIS i | Qo = —n
= Gnd 1 Relay Gnd Brass Plate R e K3{~~—- - { hermal ¢~~~ ~ T KI19r
« I ) bF2 1 T2 Vde ! - == So—fl—"% E12(star) "7 Gnd
l_Pgn_tgr J ME.C.‘.J L _E_aa_gu_rg_ - | K19-1 - r — - - Brass
Y8061 YB116 YA140 ! so\0% !
- L F1 ! — Plate

Page of SY31-0202-1
Revised April 5, 1971
Diagram 6-010. Power Control Sequencing Diagram (Early) By TNL: SN31-0301 5410DM  (4/71) 6-010



Diagram 6-015. Power Control Sequencing Flowchart (Redesign)

(9/70) 6-01S

2 4 3 v
POWER ON SEQUENCE

Turn on mainline CB Activate power control circuits and

energize convenience outlets.
Energize +24 Vdc control power
supply (TP2 = +24 Vdc)

Start with power available at
input of mainline CB.

1. Energize K1 {115 Vac conven-
ience outlet power available).

2. Energize K2.
If the lamp test switch is pressed,

| only the thermal and power check
indicators light.

Turn on power on/off switch.

Energize K3
1. Apply power to logic and memory supply.
B 2. Apply power to gate and power supply fans.

Logic anv!nemory supply energizes regulators.
1. Bias voltage (20 Vdc 1 10%) supplied to -4 Vdc, +6 Vdc, and -30 Vdc
regulators.
P 2. Bulk voltages supplied to each regulator (terminals E1 and E2 of each
regulator)
10.2 Vdc to -4 Vdc supply (¥ 10%)
12.4 Vdc to +6 Vdc supply {+ 10%)
46 Vdc to -30 Vdc supply (£ 10%)

C BSCA feature

installed _H
No  Apply 26 Vac to BSCA -12 Vdc supply -
1. Energize K30 (sense BSCA -12V')

2. TP9 =0 Vdc

If -4V logic supply #2
Feature and -4V logic
supply #3 Feature are
installed, K17-1 and
—Note: "‘l K19-1 are wired in

series with K5-2; if -4V
D logic supply #2is

-4 Vdc regulator output available

1. Energize K5 (senses -4V output)

2. Transfer K51 (TP2 = 0 Vdc)

3. Transfer K52 (starts +6 Vdc |
regulator

are in series.

-4 Vdc logic
E supply #2
Feature 4 Ve
- c logic
msta!led supply #3 Yes
Feature -
| installed
No
Energize K19 when
Energlze K17 when -4V output is avail-
-4V output is avail- abie
able. 1. TP4 =0 Vdc
E 1. TP3=0Vdc 2. K19-1 isin series
2. K17 isin series with K52 and
with K5-2 K17-1.

«ll

installed, K17-1 and K5-2

Start voltage is applied to E12 of the +6V regulator.

+6 Vdc regulator output available
. Energize K6 (senses +6V output)
TP5 = 0 Vdc (K6-4 contacts)
. Activate -4V UV ax circuit (K6-3 contacts)
. Energize time delay circuit {K6-1 contacts}
. Start -30 Vdc regulator (E12 to ground
when T3 and T4 conduct)

OAWN

-30 Vdc regulator output available

1. Energize K8 (sense -30V output)

2. TP6 = 0 Vdc (K8-2 contacts)

3. Energize K9, K9A, K9B (Energized by
K8-1 contacts)

4, K9 supplies AC power to |/O device power
supplies
(220/235 Vac supplied to {/0O for 50 HZ
208/230 Vac supplied to 1/O for 60 HZ)

5. K9A supplies 115 Vac to printer keyboard
feature.

6. K9B supplies 7.25 Vac to the system lamps
(clock 9is forced on) and 41 Vac is supplied
to the use meter power pac.

+24 Vdc 5424 supply and +60 Vdc 5203 supply

‘outputs available.

1. Energize K10 and K11.

2. K10-1 and K11-1 hold K3 energized until
both +24 Vdc 5424 supply and +60 Vdc
5203 supply are powered down during a
normal power off sequence.

3. TP7 = 0 Vdc (K10-2 contacts)

4. TP8 = 0 Vdc (K11-2 contacts)

|

Energize K12

1. Turn off power check light (K12-2 contacts)

2. Remove power on reset and turn off clock 9
(K12-4 contacts)

END OF POWER ON SEQUENCE.
SYSTEM READY FOR PROCESSING

6 v 7 v 8
POWER OFF SEQUENCE

Turn off power on/off switch.

Apply +24 Vdc to -4V undervoitage ax

circuit to prevent abnormal power

down sequence (section C of on/off switch)

De—energizet.ime delay circuit to turn off -30 Vdc supply.

(De-energize K9 at same time as time delay circuit.)

1. T3, T4 removes start -30V.

2. Turn off -30V regulator (20 Vdc bias and 46 Vdc bulk
voltages are present at -30V input until K3 de-energizes).

De-energize K8 to sense when -30 Vdc supply output is not
available.

De-energize K12

1. K12-2 contacts turn on the power check light.

2, K12-4 contacts activate the power on reset relay line to CPU.
3. K12-1 contacts are used in the power on sequence.

Transfer K9, K9A, K9B contacts to remove input power to:

Note:
5424 24 Vdc and to 5203 60 Vdc supplies l

De-energize K10 (sense MFCU 24V) and K11 {sense 5203 60V)

De-energize K3 to remove bulk and bias voitages to -4 Vdc, +6 Vdc,

and -30 Vdc regulators.
-4 Vdc logic

*i K9 de-energizes slower than the time delay circuit.

1

-4 Vdc logic

Yes
supply #2 supply #3
Feature — Feature
installed

1t II d
De-energize K5 (-4V sense) insistie

after -4 Vdc output is no
longer available, (TP2=
+24 Vdc - - Turn off power

avallable.
check Iight“ I I

De—energlze K6 (+6V sense)
after +6 Vdc output is no
longer available.

De-energxze K17 -4 Vdc No
logic supply # 2 sense
after -4 Vdc is no longer

De-energize K19 (#3
feature -4 Vdc sense)
after -4 Vdc is no
fonger available.

Note: K1 and K2 remain energized as long as +24V sequence control

END OF NORMAL POWER OFF SEQUENCE voltage is available.

Power On Sequence

1. Mainline CB On (On/Off switch off) —
2. +24 Vdc control voltage 1 R ————————(
3. K1 (Convenience outlets) 2 I
4, K2 (Thermal light turns off) 2
5. Power on/off switch operator 30_
6. K3 (Bias and bulk voltages) _5—
7. K5 (-4V basic) ,_6—
8. K17 (if -4V logic supply # 2 Feature is mstalled)

9. K19 (if -4V logic supply # 3 Feature is mstal_id_)__—

10. K6 (+6V regulator) ——2N9 9 e——
11, Time Delay Circuit 10 —————
12. K8 (-30V sense) 11—
13. K9 (AC to 1/O power supplies) 1V ee——
14. K10 (+24V from 5424) 13 eeesensssssmn(

15. K11 (+60V from 5203) 13
16. K12 (Power up - - Power check light 7,8,9, 10, 12, 14, and 15 —

turns off)

Power Off Sequence

llll

SEmS— OPErator action
14 and 15

|

6

6
eseeses— 0
—— 5
p— 1 1
un—— 5 (K9 de-energizes slower

—13 than the time delay circuit.
13

H

|

y— 12



2 4 3 \ 4 4 D 4 5 \ 4 6 v 7 —V 8 A 4 9
Use Meter Pwr
41 Vac [
Lemp —~ | 24 VdcCrri <1
voltage) Logic & Memory 5201 1 2av "~ " Power On/OffSw___ —7' 5410CPU 5203 PEB
A 7.25 Vac BL’IE §‘i°£'! ________ I Thermals Thermal ¢ ———— Gnd, +24Vv
r 1 r - : ' Off ol e 1AM LT 1015 Tvre
SF5 H ) | E12 1 Check Reset ’t—-o?bo il }I n h Tost Fratavlof P Sopoly
| 1 I . ‘r $o
B il "2 :;L?x | av L, LB €. I °%n A I 1yat0z] LHP122 | K122 Point| # |Failurel  Checked
o) K1 Gutlet | Bulk | ! 1 E2 E14] = ovioc | ) o7 | "VAros s .
, i X T 4y E4! ' *— T x Gnd TP | — |+2av Ground
, P A oy m— Brass K13 S H( dfw ) !
: 1 ! 1—o Basic E13] oPlate | 4 I ™ “ACh
P (vvvvvvIvIIIORT) [SF! | . | E9 M1 E3 T N I8 S TP se. | -4V Basic Logic
H i YA1038 1 1 T i K5 lquence| supply (Includes
SF3 ' E‘.V ¢ b - '@' 91 K51 2 el add-on)
: F7 Bas | | —————— -1 K‘%Zo' A Ise- -4V Logic supply
>—— , : TP
K3 gp2 ! : PE1 3V E2! —o—4 4 Start K17- 3| K17 quemJ #2 (Feature)
208V Mam D—ﬂ* AC 1 L YA1038B . — —A K2-4 S?J:'k' d £ B Gate
B 230V ‘ é;‘e 0—1— [ ; ! Pre'l_OaE- - -Gnd 10 = N y ) K19-2 TP Se- 4 Logic supply
] Ik : Resistor O Brass 111 @ —@ 4 |K19 quencew #3 (Feature)
: A it Plate | - 2 Sate
Fyof-~4 0 X K2-3 o—4 Feature P/S
[ — CREA ) el T K15-1 -4V Sense K30-1 TP iy 4[5 d (-123rPIS/
1 _-: mu | 18 L +6V o= : ov/ocC o—_ [T — — — — — — = - o ©9 quenc
Regulator and : F1 L _.:’ _d"ao E‘,L(——' K14 . 1 | ]I K§ l é 4 ~ BSCA)
gate fans | +6v | ! yE9 E13 K6-1 Two-stage ampli- ] S
l o o—r-—TF4—-= y +6 - +6V Sense K6-4 TP 8- .
o use meter I I—J | Fe Bias ‘ T _j ’Lr/-‘oYA1038'E ¢14| Brass °— fier/time delay J G 5 K6 quen +6V Basic
power pac +6 Volt _—_'4: —_——— —_'i" . -0TB1-1 E12! Plate . K141 e i YA103 | { ‘ l .
Replacement | V[ Tirera HIRES g K ™ (Time delay k8 B | .30V Basic
Bulk Supply | 1 h | e e e - - N o—v I | circuit uencel
T — 1 i hp K5-2 (start,
el wellentuatntand o & | | YA103) s | 20V Basi
": F4™ 30y : Bus BSM-30v Gnd L L e © K10f encd (Located in
- - = MFCU)
| Bul | BSM-30V R
1 T K14-4 *"@"‘ H +60V Basic
I 3 sovH Ao—o—, OV/OC K11- ;" K11 E:.encj (Located in
! Bias -i@‘ p— o_{z_°_© 5203 Printer)
V ‘ tart 60V-24V| -4V Logi 1
| == 1B2-1! r—‘ ogic supply
| Zev]orat KI63_o K9B K8 1% K9 K181 TP k18 ov/oc| #3 (Feature)
> To Ground : '_Y-F-SS 1 \ - —] -4V Logic supply
Brasss Plate | or ] Memory Thermister Sense MFCU +24v S K16-1 TP Ik1e OV/OC| #2 (Feature)
. ~—o—~O) 11
(o L_ yeser_ 3 N2y0{ K10 ! B Gate
I mBan RN oA Sense ° -4V Basic Logic
| —oT 7 K121 5203 @12 |13 ovfoc] supply (includes
‘ ' N +60V 9 add-on)
X | )‘@ ovfoc| +6V Basic
i . K14-2 '{; K14
i H — 0 UV | -4V Basic
1 I Pwr Seq
] ov, -30V Basi
' : S K154 TP li45 fog e
: ! ——o—014 uv | +6V Basic
! .
' i i Ax Inhibit
r ! : I ~ _YAI08A.YAI08  gy/oc
K9 1 X | -4V Logic supply #2 rkig!
2 | ! I V Bulk ] d — K16 1 - $gance
ks K6-3 P ! T
Loa é"& vty MFCU I +24V 4vpC o S Thermal ¢~ -——--- K7
L_o2° ‘r—‘d_ P/S °: 5 ; Under Voitage | S 5_121'.(.5&".9 _______
4 YB115 , : ¢ Control ot : K17-1 ‘
X TB3 TB1!! ———— Platel_____K Y 1 i v
E 3 - 1783 TE ¥ i1 1 Brass Plate L -~ 55"~ —Drive FInIIEss :T-F:.]#-‘ ov/oc
J‘{Z 11 - °_L| T 60V :{ -|+60v|- \ F1 _‘F'_:_‘.";"; SR N PP %"ima_j—"’Sense
< -Q fD - phay
<€Gnd 7°  oTHPS| |l "Relay ! Gnd Brass Plate P K30 K3 e o e — — — = {191
¢ R IR DA | o fATMee T Lt}
v F = Yphner| | MFcu ! F2 | Features | T e Figlstar 7T Gnd
~aiit~ Veos1| ™ “veiie b= a0 g e Bross
L YA140 ' sones ) L o
- 1 S U P

Page of SY31-0202-1
Revised April 5, 1971

Diagram 6-020. Power Control Sequencing Diagram (Redesign)
o a & & e By TNL: SN31-0301

5410DM  (4/71) 6-020



Index

A Register Controls 4-040

A/B Register Parity 2-090

Add Characters Timing Chart 5-084
Add Decimal Diagram 5-104

Add Logical Characters Diagram 5-082
Add Logical Characters Flowchart 5-080
Add to Register Diagram 5-062

Add to Register Flowchart 5-060

Add to Register Timing Chart 5-064
Add Zoned Decimal Flowchart 5-100
Add Zoned Decimal Diagram 4-104
Add Zoned Decimal Timing Chart 5-106
Advance Program Level Flowchart 5-200
Alter SAR Diagram 5-232

Alter SAR Flowchart 5-230

Alter SAR Timing Chart 5-234

Alter Storage Diagram 5-242

Alter Storage Flowchart 5-240

Alter Storage Timing Chart 5-244

ALU 4-010

ALU Controls 4-014, 4-016

ALU P Bit Generation 4-012

ALU Parity 2-100

B Register Controls 4-044
Branch on Condition Flowchart 5-130

Carry Check 2-070

Channel P Check 2-140

Clock 4-020

Compare Logical Characters Diagram 5-082
Compare Logical Characters Flowchart 5-080
Compare Logical Characters Timing Chart -5-084
Compare Logical Immediate Diagram 5-090
Compare Logical Immediate Flowchart 5-092
Condition Register 4-050

CPU Data Flow 3-010

Cycle Controls 4-030, 4-032

Cycle Steal Request Priority 4-064

Data Bus In 4-060

Data Bus Out 4-065

Data Flow 3-010

DBI Parity 2-080

DBI Translator 4-060

DBO Parity 2-110

DBO Translator 4-065

Display Storage Diagram 5-252
Display Storage Flowchart 5-250
Display Storage Timing Chart 5-254
Dual Program Feature (DPF) 4-073,4-074

Edit Diagram 5-112

Edit Flowchart 5-110
Edit Timing Chart 5-114

Index

Halt Program Level Flowchart 5-210

I-H Cycle Diagram 5-032

I-H Cycle Flowchart 5-030

I-H Cycle Timing Chart 5-034

I-L"Cycle Diagram 5-032

I-L Cycle Flowchart 5-030

I-L Cycle Timing Chart 5-034

Initial Program Load (IPL) 5-225

Insert and Test Characters Diagram 5-124
Insert and Test Characters Flowchart 5-122
Insert and Test Characters Timing Chart 5-120
Instruction/Functional Signal Reference 5-005
Interrupt Diagram 5-262

Interrupt Flowchart 5-260

Invalid Address 2-050

Invalid Device Address 2-150

Invalid Op Code 2-130

1/0 Interface Lines 4-100

1/O LSR Select Check 2-020

I-op Cycle Diagram 5-012

I-op Cycle Flowchart 5-010

I-op Timing Chart 5-014

IPL 5-225

1-Q Cycle Diagram 5-012

I-Q Cycle Flowchart 5-010

I-Q Timing Chart 5-014

I-R Cycle Diagram 5-022

I-R Cycle Flowchart 5-020

I-X Cycles Diagram 5-044

I-X Cycle Flowchart 5-042

I-X Cycles Timing Chart 5-040

Jump on Condition Flowchart 5-140

Load Address Flowchart 5-190
Load I/O Diagram 5-162

Load I/O Flowchart 5-160

Load Register Diagram 5-062
Load Register Flowchart 5-060
Load Register Timing Chart 5-060
Local Storage Registers 4-070
LSR 4-070

LSR Control 4-073

LSR Parity 2-030

LSR Select 4-072

LSR Select (Dual Programming Feature) 4-074
LSR Select (1/0) 4-076

Move Characters Diagram  5-082

Move Characters Flowchart 5-080

Move Characters Timing Chart 5-084
Move Hex Character Diagram 5-072
Move Hex Character Flowchart 5-070
Move Logical Immediate Diagram 5-094

Op and Q Register Parity 2-120
Op Register and Q Register Decode 4-105

SY31-0202-0
FES $S31-0271

P Bit Generation 4-012
Power Control Sequencing Diagram
(Early) 6-010
(Redesign) 6-020
Power Control Sequencing Flowchart
(Early) 6-005
(Redesign) 6-015
Priority, Cycle Steal 4-064
Processor Check 2-010
A/B Register Parity 2-090
ALU Parity 2-100
Carry Check 2-070
Channel P Check 2-140
DBI Parity 2-080
DBO Parity 2-110
Invalid Address 2-050
Invalid Device Address 2-150
Invalid Op Code 2-130
I/O LSR Select Check 2-020
LSR Parity 2-030
Op and Q Register Parity 2-120
SAR Parity 2-040
SDR Parity 2-060

Q Register, Op Register Decode 4-105
Run Controls 4-035, 4-036, 4-037, 4-038

Sense I/O Diagram 5-172

Sense I/O Flowchart 5-170

Set Bits On/Off Masked Diagram 5-052

Set Bits On/Off Masked Flowchart 5-050
Start I/O Flowchart 5-150

Storage Data Flow 3-020

Storage Delay Clock and Timing 4-082
Storage Unit 4-080

Store Register Diagram 5-062

Store Register Flowchart 5-060

Store Register Timing Chart 5-064

Subtract Logical Characters Diagram 5-082
Subtract Logical Characters Flowchart $5-080
Subtract Logical Characters Timing Chart 5-084
Subtract Zoned Decimal Diagram 5-104
Subtract Zoned Decimal Flowchart 5-100
Subtract Zoned Decimal Timing Chart 5-106
System Reset Diagram 5-222

System Reset Flowchart 5-220

System Reset Timing Chart 5-224

Test Bits On/Off Masked Diagram 5-052
Test Bits On/Off Masked Flowchart 5-050
Test I/O and Branch Flowchart 5-180
Translator, DBI 4-060

Translator, DBO 4-065

Zero and Add Zoned Diagram 5-104

Zero and Add Zoned Flowchart 5-100
Zero and Add Zoned Timing Chart 5-106

5410 FEMDM  (9/70)

Index



READER'S COMMENT FORM

IBM Maintenance Library SY31-0202-1
IBM System/3

5410 Processing Unit

Diagrams

® Your comments, accompanied by answers to the following questions, help us produce better
publications for your use. If your answer to a question is “No” or requires qualification,
please explain in the space provided below. Comments and suggestions become the property
of 1BM.

No

v

® Does this publication meet your needs?
® Did you find the material:
Easy to read and understand?
Organized for convenient use?
Complete?
Well illustrated?
Written for your technical level?

O

00000 OF
JU00d

® What is your occupation?
® How do you use this publication?

As an introduction to the subject? As an instructor in a class? [ ]

For advanced knowledge of the subject? O As a student in a class? O

As a reference manual? O

Other
@ Please give specific page and line references with your comments-when appropriate.
If you wish a reply, be sure to include your name and address.

COMMENTS:

® Thank you for your cooperation. No postage necessary if mailed in the U.S.A.

READER'S COMMENT FORM

IBM Maintenance Library SY31-0202-1
IBM System/3

5410 Processing Unit

Diagrams

® Your comments, accompanied by answers to the following questions, help us produce better
publications for your use. If your answer to a question is “*No” or requires qualification,
please explain in the space provided below. Comments and suggestions become the property
of 1BM.

Yes No
@ Does this publication meet your needs? O ]
‘@_Pid you find the material:
Easy to read and understand? ] O
Organized for convenient use? ] O
Complete? ] O
Well illustrated? ] ]
Written for your technical level? OJ ]
@ What is your occupation?
@ How do you use this publication?
As an introduction to the subject? ] As an instructor in a class? [_]
For advanced knowledge of the subject? O As a student in a class? O
As a reference manual? ]

Other
® Please give specific page and line references with your comments when appropriate.
If you wish a reply, be sure to include your name and address.

COMMENTS:

@ Thank you for your cooperation. No postage necessary if mailed in the U.S.A.



YOUR COMMENTS, PLEASE. .. YOUR COMMENTS, PLEASE. . .

1
I
(o]
Your answers to the questions on the back of this form, together with your comments, will -4 Your answers to the questions on the back of this form, together with your comments, will
help us produce better publications for your use. Each reply will be carefully reviewed by > help us produce better publications for your use. Each reply will be carefully reviewed by
the persons responsible for writing and publishing this material. All comments and sug- § the persons responsible for writing and publishing this material. All comments and sug-
gestions become the property of IBM. r gestions become the property of IBM.
5
Fold Fold l Fold Fold
FIRST CLASS I FIRST CLASS
PERMIT NO. 387 ] PERMIT NO. 387
ROCHESTER, MINN. l ROCHESTER, MINN.
R l ]
BUSINESS REPLY MAIL S— | BUSINESS REPLY MAIL S—
NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES E— | NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES ]
N | ]
POSTAGE WILL BE PAID BY . . . ——— POSTAGE WILL BE PAID BY . . . S—
S ] OO
S SENEEE—
IBM Corporation ——— IBM Corporation —
General Systems Division R I General Systems Division [
Development Laboratory L] I Development Laboratory E——
Rochester, Minnesota 55901 Rochester, Minnesota 55901
I
Attention: Product Publications, Dept. 245 I Attention: Product Publications, Dept. 245
Fold Folid | Fold Fold

BIM

T

JBIM

International Business Machines Corporation

Data Processing Division .
1133 Westchester Avenue, White Plains, New York 10604
{(U.S.A. only)

International Business Machines Corporation

Data Processing Division )

1133 Westchester Avenue, White Plains, New York 10604
(U.S.A. only)

— e — o— —— — o—— —— —— am— - —

IBM World Trade Corporation IBM World Trade Corporation
821 United Nations Plaza, New York, New York 10017 821 United Nations Plaza, New York, New York 10017
(International) I (International)






System
Maintenance
Library

IBM System/3  Printed in {TALY SY310202-7

— - cut here - — |_

TSI

B

International Business Machines Corporation

Data Processing Division

1133 Westchester Avenue, White Plains, New York 10604
(U.S.A. only)

IBM World Trade Corporation
821 United Nations Plaza, New York, New York 10017
(Iinternational)



