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Once the equal condition has been reset, ?hgl;ﬂnal high

or low setting of the condition register is determined by
the CR low latch. If the CR low latch is on, a CR low
condition is indicated; if the CR low latgh is off, a CR high
condition is indicated.

During each A cycle, as the A field byte goes through the
ALU, ‘sign control’ is activated. Thus, eaeh’ byte is entered
into the DRR as a decimal numeric character (zone brts all
present).

1

DM 5-110 contains the circuit description.

Insert and Test Character—ITC
e Replace all charagters to left of first significant digit
in B field with A field character.

® Only numeric c{;aracters 1 through 9 are considered
significant digits.

Thg insest-and test character operation inserfs a single A

field character into each B field position to the left high
order significant digit: Only numeric characters 1 through 9
are considered to be significant digits. Figure 3-28 shows an |
example of an insert and test character operation. The B
field starting address is the high order positigh and the
operation continues until either, the low or% position of
“ the field is reached’or, a significant dlgn is found. The B
field length 1s one more than the Q code.

After the A ‘Field b?‘!s has been stored in the DRR the CPU
enters intoa B-cycfe. The B field high order byte is read
from storage and is loaded into the B reggter The A field_
byte is transferred from the DRR to the A fegister and the
. ‘AND:and ‘OR" ALU control lines are activated to move -
the Adield byte through the ALY (Figure 3. 29)..«iR Al If the B
register cogtaing @ character other than numeric 1 through .
9, the storé new"emers the"A field byte into the SDR and
the read ca[‘l/wm,__)all writes the new byte-into the B field
" high order location.

B
B . A figqd character *
| . ;. Bfielg before operation. 0,907.15;
g B fied after operation **907 .16 *
t o -

.

= . — .
.-

.

Iil;gur;: '3~2,8é:.mn end ‘Tckfhm%ctcr
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The BAR is then incremented in the same manner that the

IAR is incremented during I-cycles (Figure 3-3). (kR F03.1-1) ‘EA
eliminate’ prevents the CPU from taking another A cycle.
Another B cycle reads the next descending B field position

" from storage and it is checked in the same manner.

If the B field byte contains a significant digit the B field
byte is regenerated back into storage and the ‘op end’
trigger is turned on and the operation ends. Meanwhile, the
"LCR is decremented each B cycle, except the first B cycle,
and is transferred to the Q register. If no significant digit.
is found before the length count is reduced to zero, the all
zero Q register ends the operation.

Each B cycle jn which no signiﬁcan{ digit is found, the
address of thii next B field byte is stored in the ARR for
programmmg\purposes At the end of the operation, the
ARR will contain the address of the first significant digit.
If no significant digit isencountered, the ARR will contain
the addregs of the byte to the right of the B field.

DM 5-120 contains the circuit description.

“,

Move Hex Chjracter—MyX

® Move half (zone orsnumeric) of A address byte to the
numeric,or zone portion of the B address byte.

. ‘Do not change the other half of the B address byte.

® Bits 6 and 7 of Q code spe’crf) the portion of each byte :
used:

The move hex character.operation moves a half byte

of infoymation from One core storage location to another.
Either half of the A field byge (zone or numeric) may be
placed uf either portion of the B field byte¥(zone or fiumeric)
without changing, the other ‘half of the B field Ryte. The

type of move is determined by bits 6 and 7 o&lhe Q code..
Figure 3-30 (I'R Allishows an example of the four types of mgves
possible and gives the Q code bit structure.for-each type of .
move. Since each” field is'only one character 4n léngth, one

A eycle and one B cycle are all'that are requrred to comp}ete 3
the operauon‘
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Figure 3-29. Insert and Test Character-New Data to Storage
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After an A cykle has stored the A field byte in the DRR the
CPU enters into a Bgycle. During the B cycle, bits 6 a7
of ithe Q code cont ol the data flow. Figure 3-31 shows

that if the half byte is to fe moved to the s
position in the B fxeld by c, thc bitsedre traf

B T

The portion of the B register bytéThat isjto be changed by
- the A ficld half byte determines the' ALUYontrols. The
*AND’ and *OR" ALU control fines ar¢ activated only for

that portion that is to be changed (Figure 3-32). (1 R A1} The other

half of the B register byte passes through the ALU without
any ALU controls and the new byte is entered into storage.

~—At clock 8 time the * Qp ‘end’ mgger is turned on 4nd the

operation ends.

DM 5-070 contains the circuit description.

N

ONE ADDRESS INSTRUCTIONS
I-Cycles

® load operation code in‘t'f) op register.
e Load Q code into Q.fé;;is'{é’r'and DRR.

® Load B field address into BAR except for load address .
instruction. ’

O\Load index register for load address instruction.
. Y

-

® [oad B field address intc ARR for branch instruction.

Single address instructions require a maximum B-field
length of two bytes. Therefore, it is not necessary to main-

“tain a field length count for them. Thus, the Q code is

freed for use in controlling the functions necessary to exe-

cute the single address instructions. Use of the Q code is
covered under the individual instructions.

Select DRR and LCR

“r
. ) e
Gate LSR Lo Normal to A (DRR) > Gate LSR Lo Crossed to A (DRR)
. 4
»
{ Bits g
‘ ?
) R - Bits 2
Q : ’ 4
Bits * AT
~ 67 Register
© 00'¢{| 2one-to Zone
19 | Numeric to Numeric
LSR 10 Zone to Numeric
Hi Q1 | NumerictqZone
A ) LSR

+ Select DRR and LCR

Figure 3-31. Hex Character to A Register Data Flow
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I-cycles for single address instructions are either three or The need for an' - x1 cycles is determined by-(1) either op
four cycles in length. First, an I-op cycle transfers the bit 0 or 1, but not both, or (2) bit 2 or 3, but not both. The
operation code from main storage to the op register. 1-X1 cycle description and the index register selected are
Second, an 1-Q cycle transfers the Q code into the Q register " the spmeas in two address instructions.

and the DRR. : .

Two cycles. an I-H1 and an 1-L1 cycle,“are then used to load
the B field address in
the B field address )

Any addmonal consuieranons inade during the I-gydes are
covered under the individual operations.” DMs 5-010,

the BAR. For branch instructions, 5-030, and 5-040 contain-the circuit descriptions.
also loaded into the ARR. For a load o : - '

, ~ . _ . ) / , 3
addraes instructioff, an index regisger is loaded instead of ’ ) S,
the BAR. This is covered under ‘Load Address’. 4 . 4 \’

. ) - Move Logical Immediate—MV) ‘
If indexing is used, a single I-X1 cycle replacesthe I-H1

and I-L1 cycles. A ‘ : ® Move the Q code byte to the B address storage locationﬂ_.

l-op and.I-Q cycles are the same as in 2 address instructions 4 The move logical immediate aperation moves the byte of

except the Q code is stored in the DRR instead of the LCR data which is contained in the Q code portion of the in-
and LCRR. I-H1 and I-L1 cycles are the same unless the struction to the B address storage location. Singe only one
instruction is a load address instruction (refer to ‘Load byte is being moved, the operation is executed with a single
Address’). » B cyclér
0 0 }
1 1
2 2 -
Register [ 4 2| Register
' 5 5
6 6
7 7
Store New
Main s
Storage |D "
R
- ; A ‘ .
o
¥
Q P : . 5 /AND
Bits e - ALU,
487 Bis) | OR ..
; 00 ¥ | Zone to Zone - - 3
T e Numeric to Zone : . 5 .
» AND
10 Zone to Nameric ) ALU
, — >___.MD.Y.E_MJLD.€LI£_4.. Bits >
11 [ Numeric to Numeric < 6 OR
7
# B

1)

w - O . ’

Figure 3-32. Hex Chaiqctcr to Storage Data Flow
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During the B cycle, the.storage location is addressed by

the BAR, and at cldck 3 and 4 time the DRR is transferred
to the A register (P‘gure 3-33). :The DRR contains the Q
code which was stared there du_nng the 1-Q cycle. The data
“in storage, if any is present, is nbt Wansferred to the B
register and the A tegister is binary added to the zeros in
the B register. ‘Store new’ enters the result into the SDR
and read call/write call writes the byte into the B address

location. The ‘op-end” trigger is Ihen turned on and the
operation ends.

DM 5-090 contains the circuit description.

Compare Logical Immediate—CL1

® Compare Q code with _hyte in B address storage location.
The compare logical immediate operation compares the
byte of data whrich is contained in the Q code portion of
the instruction with-the B address storage location byte.
Since only one storage position is involved, the operauon
requires a single B cycle.

The operation i\sgimilar to a move logical operation except
the B address by\e is loaded into the B register and the Q

code byte is binary subtracted from it (Figure 3-34). (1R A15) The
results are not entered into storage but are used merely to

set the condition register. Figure 3-35 (R A15) shows thé signifrcance
of the CR settings.

DM 5-090 contains the circuit description.

Set Bits On Masked—SBN ,
~

® Place bits that are present.in the Q code into the B
address storage location.

® Do not change the remainder of B address byte.

The set bits on masked operation, turns on the bits in the B
address storage location that correspond to the Q code bits.
Bits. that were already on in the B address byte are left on.

Figure 3-36 (I R A15) gives an example of a set bits on maskcd opcr-
ation.

g
Gate LSR Lo Normal To A (DRR)
A
. Store N
Main S
Storage | D -

Binary Subtract

Binary Cofhplemem

tect DRR and LCR

‘ . Hi ‘
L3

A Register

S
Figure 3-33. Mowe Logical Immediate Data Flow
T
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_Gate SDR To B

Main
Storage

now

Select DRR and s.CR'

Gate LSR Lo Normal To A

(DRR}

*
)

Binary Subtrac}.

Figure 3-34. Compare Logical Immediate -Comparing (:tgaracters

Equal i Low High
7
B address and | B address byte { B address byte
Q bytes are is lower than is higher than
equal ' Q byte Q byte

Figure 3’-35. Condition Register~Compare Logical Immediate

AlS

Q Code Byte
B Adgdress Byte

New B Address Byte

—

11000111
10010010

&
T

___ Ligire 3-36. Se
- v

t Bits On .Vl.asked
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~'Th(¢ operation requires a single B-cycle and ‘ORs’ the Q code
byte, which was stored in the DRR during the 1-Q cycle,
with the B address byte (Figure 3-37). Store new enters

the result into the SDR and read call/write writes the
byte into storage. The op-end 1 turned on and the

operation ends.,

DM 5-050 contains the circuit description.

Set.Bits Off Masked —SBF

® Remove bits that are present in the Q code from the B
address storage location. '

® Do not change the remainder of the B ;ddress byte.

The set bits off masked operation turns off the bits in the
B address storage location that correspond to the Q code
bits. 'H\e rest of the bits in the B address byte are left

t\

o L
Q code byte /,/1 1000111
B address byte 10010010

New B address biyte 00010000

Figure 3-38. Set Bits Off Masked

- 2 © 4-
unchanged. Figure 3-38 gives an example of a set bits-off
masked operation. N

The operation requires a single B-cycle and *ANDs’ the

B address byte with the binary complement of the Q cgde
(Figure 3-39). (1 R A17) The Q code was stored in the DRR during
the [-QTycle of the operation. Store new enters the result

mto the SDR and read call/write call writes the byte into

sforage. The ‘op-epd’ trigger is turned on and the operation

ends.

DM 5-050 contains the circuit description.

Gate SDR To B

B
. Register
Main S b'
Storage |D Store New
| AL
R
M-

Gate LSR Lo Normal To A
l (DRR)

ALU

? Select DRR and LCR

LSR

Lo

‘lflgurc 3-37. Set Bits On Masked Data Flow

N
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Frgure 3-39. Sct Bits Off Masked Data Flow
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Test Bm On Masked—-TBN .

.-

® Activate ‘CR test false’ if bns present in the Q code are
not all present’in the B address storage location.

The test bits on masked operation tests to determine if all
bits present in the Q code are also present in the B address #
storage logation. If they are not, the ‘CR test false™latch

is turtted on.

The operation-requires a singfc B-cycle and uses the ‘OR’
control line in the ALU (Figurc 3-40). The Q code is trans-
ferred from the DRR to the A registér and the B-field byte .-
is loaded into the B register. Any bit in the A register that |

is not present in the B register gives a “test false" output
(Figure 3-40). The results are not written into storage bt :

aré used megely to set the condition register.

DM 5-050 contains the circuit description.

- » "
Test Bits Off Masked—TBF A
- ) ) ‘ »— P‘
- @ Activate ‘CR 'test false” latch if any bits present in the Q
- code are also present in the B address storage location.
) R S
o & TR
~Jhe test bits off masked operation tests to.det#rgtine'if ait
bits present in the Q'cgde are absent fromthe B address
storage 1ocatmn If tifey are” not, the (’R test false Jatch

is Lurned on. < '? k

The opemlmn requires a single B cycle. TheQc
. transferred.from the DRR to thé A rcgrStcr {(Fydare 3-31). 1 R 801
The A reglster is binary Lomplemcmed am} e AND control
fine in the ALU is used to give a “test fa{se g for any
bit in the Q cade whichd3s-a LQ{respondmg bit in the B

/addrcss byte. The n.sults are not writtern ifo stomgc’ft

. are used merely to set the condition register.

DM .5-050 contains the circuit descnplum

Gate SDR to B

Gate LSR Lo Normal to A ¢

(DRR)

-+

-
Main

Storage

Test False

LSR

5
 SelécrDRR and LCR

‘Q Code Byte

B Address Byte 0 1

S e N - L.

Hi

o 001000
000‘010

Test False
N

Figure 3-300 Test Bits On Mashed
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Gate SDRta B8

Main
Storage

b

Gate LSR Lo Normat to A
{ (DRR)

A Register

Test False

Lsr

"Select DRR fnq};cn

/' 4 -

Q Code Byte 0 0010 0-0

v

B AddresgByte Q 0000010

tae e
-

—=+Test False

lfxgutc. 341 TFest Bits Off Masked

Store Register—ST

- .

® Place the contents of the register Z&ectéd by. the Q code
into the B field storage location. - 4

- The store register instruction stores an LSR in the B field
_ storage locations. LSR selection is divided into two diffgr-
“eat groups depending upon the présence or absence of

‘BOI

N
Q Register Selected
Code WithQ With No
| Bits Bit 0 * QBito
Interrupt 1-1AR| P2-IAR
Interrupt 2-1AR| P1-1AR
Interrupt 3-1AR| 1AR
Interrupt 4-1AR| ARR
PSR
XR2
XRJ‘

NOOHEWN =

-

Note: With Q bit 0 and no other Q bits,
Interrupt O-IAR is selected.

Figure 3-42, LSR Scicction .
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Since the LSRs are two bytes long, the store register in-
struction requues two B-cycles. During the first B-cycle,
the Q register selects the LSR and the low order position
is transferred to the A register (Figure 3-43). The B register
is left all zeros so the A register is binary added to zero to
_ move the LSR byte through the ALU. *Store new’ enters
"the by'te in the SDR and ‘read call/write call’ writes it into
_ storage.
, . ¢
The BAR is decremented and in the second B cycle, the
high order byte of the LSR is moved (Figure*3-43). The
‘op-end’ trigger is then turned on and the operation ends.

DM 5-060 contains the circuit description.
p ,
Load Rogmor—l.

® Place the conténts of the B field into the register selected;
by the Q code.

The load register operation loads an LSR with the contents
of the B field storage locations. LSR selection is the same
as for a store register operation (Figure 342). (iR B01)

" During the first B cycle, the Q register selects the LSR and

the first B field byte is passed through the ALU without
any ALU controls (Figure 3-44). The ALU output is then
written into the low order position of the LSR.

The BAR is decremented and in the second B cycle, the
next byte is written into the high order position of the
selected LSR. The ‘op-end’ trigger is tumed on to end the
operation. ~

If the LSR selected by the Q code is the PSR (Q bit 5 and
not bit 0), an additional function is performed. Since

the PSR low order is used as the CRR, the CR is also set by
the ALU output during the first B cycle. Figure W
the CR positions set by the ALU output.. r.

PM 5-060 contains the‘circuit:dgg_ription.

{Not) 1st B Cycle . -

I ___10_]'_;] -

Gate LSR Lo Normal to /A !

Gate LSRHito A

; 15r8Tycle

A R —4OR }
s - v /
. A
® Register
* ) //
Main | S ' )
Storage | D Store N{
. R - ‘

Binary Subtract

iSelects LSR)

\  ALU ) -
Binary Cpmplement

A Register

Figure 3-43. Store Register
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Gatée SDRto B

gister
1 Main
Storage N
Q-
*Register (Selects LSR)
Decode LSR LSR
. Hi Lo
(not) 15t B Cycle [L__LSR Write Hi |
15t B Cycle ‘| LSR Write Lo
jORI P)

Figure 344. Load Register

ALU
Output CR -
Bits Resuits
i
©7 Equal
6not? Low
not 6 not 7 High
2 Binary Overfiow
3 Test False
4 Decimal Overflow

Figure 345. Load PSR-CR Scttings

BO3

Add to Register—A

® Add B field con;ents to register selected by the Q code.
® Put ;esults in selected register.

The add 'to register operation adds the B field to an LSR and

loads the result into the LSR. LSR selection is the same as
for a store register operation (Figure 3-42).41 R B,

5410 TO 3-29



During the first B cycle, the Q register selects the LSR and
the low order position of the LSR is transferred to the A
register (Figuse 3-46). The first B field byte is loaded into
the B register and binary added to the A register. The results
are written intp the low order position of the LSR.

The BAR is decremented and the process is repeated fou)ae
high order position of the LSR. The op—end' trigger is
turned on to end the operation.

The results of the addition are also used to set the con-
dition register. Figure 3-47 shows the significance of the
CR settings.

DM 5-060 contains the circuit description.

- Binary
Equal Low High Overflow .
Result is No Carry Carry snd——_Resuit too
rero and non- non-zero largefor
< zero result register Yqo
result’ high order
P carry)
A 4

Figure 347, CR Settings-Add to Reiister
~F
Load Address—LA :

® |[f instruction foynat is four bytes, load two byte address

_ into index register selected by bits 6 and 7 of the Q code.

® If instruction fornlat is three bytes, add last byte to index
register selected by the op code and load the result into
register selected by Q code.

k3
/ - 7’
| Gate LSRHit0 A <
N
1st I ®
8 Y
Cycle Gate LSR Lo Normal to A
o
Gate SDR To B
B
Register
Matin S
Storage | D
R .
Binary Subtract
A Register
/ +
4
Q (Selects LSR)
Register
-~ - Decode
(Not) 1st B Cycle € LSR Write Hi
. i OR =~
1st B Cycle I LSR Write Lo
1 - |

Figure 3-46. Add to Register
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Q Code Bit Register Selected
6 XR-2I ;/‘:oi:‘m f) gegism
b XR-1 .
Figure 348. Load Address-Index Register Selection v / » *
Gate SDR-Tg'8

The load address instruction perfox;ns one of two possible
operations, depending on the instruction length. [f the in-
struction is four bytes long (Figure 3-49), the last two bytes
of the instruction are taken from storage and loaded into
the index register selected by bits 6 and 7 of the Q code

(Figure 348). If the instruction is three bytes long (Figure LSR Write Hi (1-H1) -
3-50), the last byte of the msxrucuon is taken from storage, LSR Write Lo (I-L1) R
added to the contents of the index reg:ster selected by bits - Hi Lo
0-3 of the op code. and ther®ded into the index reg:ster XR1 Selected (Q Bit 7) :
selected by bits 6 and 7 of the Q code. X R2 Selected (Q Bit 6)
E.J
’ ¢ y ‘ Figure 349. Load Address Data.Flow --Not Indexed
A four byte format requires one I-H1 cycle and one I-L1 ~
cycle. During the I-H1 cycle-bits 64and 7 of the Q code
Gate SOR To B . Gate LSR Lo Normal To A o ]
} o8y o
Main |S |8 ] R A - B , A %
Register Register

Register

Storage |D h Register
R

Binary Subtract Y ;Binarv Subtract

. - -
Binary Complement \ ALU *- 8inary Complement \
: ‘ A Register

ALU

A Register

XR1 Selected or X R2 Selected

- LSR LSR
(Selected by Q Code!

44;

¥

XR1 Selected or XR2 Selected

(Selected by Op Code)
' Lo

| /

Figure 3-50. Load Address Data Flow—Indexed

3410 1V
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select one of the two index registers. Bit 7 only being on
selects XR1, bit 6 only being on selects XR2. Data is trans-
ferred from the storage position addressed by the 1AR to the
B register, through the ALU, aiid into the high order posi-
tion of the selected index register. The IAR is incremented
and during the [-L1 cyélethe process is repeated for the low
order position of the index register. A three byte format
requires going through only one 1X cycle. Data is trans-
ferred from the storage location address by the IAR to the
B register and at clock 3 time is added to the contents of

_ the selected index register (bits O through 3 of the op code).
Bits 6 or 7 of the Q cdde selects one of the index registers
at clock 4 time and the sum in the ALU is loaded into that
register. The AR is incremented for the next operation.

DM 5-109 contains the €ircuit description.

Branch On Condition-BC

e Condition register is testéd for the condition specxﬁed
in Q code.

® Branch to address is placed in ARR.

Cee g

® ARR/IAR imerc‘hyge if tested condition is satisfied.

The branch on condition operation loads the two byte
branch to address into the ARR. If the condition specified
- in bits 2,through 7 of the Q code is satisfied (Figure 3-51),
an IAR/ARR interchange occurs at op end. The ARR is
then used as the IAR.

Bit 0 of the Q code is used to specify if the branch is to be
performed on condition true or condition false. If bit 0

is on and at least one, of the conditions specified by the Q
code is present, the branch is performed. If bit 0 is off and

During the 1-Q cycle, the Q code data js transferred from
storage, through the B register, and into the ALU. The
contents of the condition register is decoded and enters the
ALU through the A register. An ALU AND function is
performed (both input bits must be the same to get an
output), and_the output is checked for non-zero. The
result is placed in the Q register. 4B register bit 0 is used to
determine if an ALU.sum of zero or not-zero is needed to

satisfy the branch condition. Figure 3-52 (IR B07) shows the function

of each Q code bit when testing the condition register.‘ If
the branch condition is satisfied, the IAR/ARR interchange

latch is set (Figure 3-53). (F R Bo7) The LSR switching does not

occur, however, until op end.

During the I-H1 cycle, the ARR is selected and the high
order position of the branch to address is transferred from
storage through the B register, ALU and into ARR high.
The IAR is incremented and the process is repeated for the *
low order position. .

DM 5-130 contains the circuit descrintion.

CdMMAND INSTRUCTIONS

-® Load operation code into op register.

[ ] Q c&'e us,ed to define command.

Ed

‘e C'ohtrol code is third byte of instruction and contains

' addmona] information pertammg to the command.

Icycles for Qommand operations are three cycles in length:
first, an l-op cycle transfers the operation code from main
storage tb the op register. Second, an I-Q cycle transfers
the Q code into the Q register and DRR. If the operation is
a branch or jump, the condition register is also tested for
true or false. Third, an I-R cycle is then used to transfer

all conditions specified by the Q code are missing, the branci™from storage the control code needed to execute the

is performed.

Q Bit Condition Tested

d Presence of Condition
Absence of Condition
Equal

Low

High

Decimal Overflow
Test False

Binary Overflow

Not 0

NWdadOON

Figure 3-51. Branch On Condition-Q Code

3-32

cdmmand The details for use of the control code are
covered-ynder specific operation descriptions.

>

Jump On Condition—JC
‘ '
o Tondition register is thteﬁ‘for the condition specified
in the Q code.

® If the tested condition is satisfied, control code is added
to IAR for next sequential instruction.
'

The jump on condition operation is similar to branch on
condition except for the instruction address modification.
If the condition register contents satisfy the conditiof -
specified in the Q code (Figure 3-51), the control code byte

° isadded to the IAR.

*
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Storage
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its To A

Op End . ] . .
l LSR interchange Pulse

A

OE} FL

B Register Bit 0

Figure 3-52.

Branch On Condition-1-Q Data Flow

P1 IAR/ARR )
Interahunge _ ! 4
[ 4
- Al P11AR/ARR . B
LSR Interchange Puilse ; b
‘7
° A. P A‘RR/‘IAR
L - R
» P14, N )
Not any interrupt A .
level being serviced
7~ IAR Selected A |- PN .
g =y
ARR Selected A ‘l
e
., .
Figure¥3-53. 1AR/ARR Sclection.Control
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During the 1-Q cycle, the Q code is transferred from storage, ® [AR is modified to the halt command starting address.
through the B register and into the ALU. The condition o

register is decoded into the A register and enters the ALU. ° Ngﬁ instruction is taken from the alternate program
An ALU AND function is performed (both input bits must IAR.
be the same to get an output) and the output is checked for
non-zero. : The halt program level instruction prevents execution of the
. . - next sequential instruction and the halt identifiers (instruc-
Bit O of the Q register is used to specify if the jump is to be - tion byte)s two and thrge) are displayed in the console dis-
performed on condition true or condition false. If bit O is on ' play (Figure 6-7). ¢+ R D09) During ghe 1-Q cycle, program interlock is
and any or®e of the conditions specified by the Q code is forced and during the I-R cycle, I-R program back-up is
present, the jump is performed. If bit O is off and all con- activated. Program back-up decrements the IAR by two
ditions spemﬁed by the Q code are missing, the jump is (‘force bit 6 to A’) and ‘program 2’ is activated. The next
performed ] instruction address is selected from the program 2 IAR.
QL _ , - Execution of the original program is resumed if; (1) the

During the IR cycle, if the jump condition was satisfied, the halt reset key for that program level is pressed, or (2) a

IAR is selected arid the control code is added to that register. halt program level instruction occurs while in program

, level 2. The program will return to the startinig address of
DM 5-140 contains the circuit description. the original haﬂt program level instruction. -

-

If a halt progr_'am leYel instruction is executed during.a{
Halt Program Level (Basic Machine) interrupt level program, program interlock is blocked and |
T the TAR advarices to the next sequential instruction.
® Prevents execution of the next sequential instruction. "-‘_‘ ,:
N DM 5-210 contdins the circuit description.~
® Loops on halt instruction until the start key is pressed. .

® Instruction.
console.

;\r_nai bygpsLwo and three displayed on the 5

4 , , ) 1/0 INSTRUCTIONS
The halt program level instruction prevents execution of the %

next sequentigl instruction. During the [-Q cycle, the tens
position-of the halt identifier (instruction byte two) is dis-
played in the console display (Figure 6-7) <t R D09, and program
interlock is forced. During the I-R cycle the units position
of the halt identifier (instruction byte three) is displayed. -
I-R cycle and program interlock activates I-R program
back-up. Program back-up decrements the IAR by two
(‘force bit 6 to A’) and this loop centinues until the system
start key is pressed. Pressing the start key eliminates the
program interlock and the next sequennal instruction is
executed.

'O instructions consist of two types of instruction. one
address instructions and command instructions. The Q code
contains the address of the /0 device. the code for the
primary or segondary unit involved, and the function to be
performed (read. write, control). Where applicable, the
control code contaijns additional information for the device
(space, stacker selection, etc.).

I-cycles follow the same cycle pattern as in other 1 address
or command instructions. The I-cycle link with the [/O
attachments is covered under the individual operations.

If a halt is execmcd during an lmerrup( level. program inter-
lock is blocked and the AR is advanced in thc normal

o . Start 1/0-SI0 |
\ | s 1/O devic 7
DM 5-210 contains thé circuit description. tart an 1/O device. i

. ® Qcode contain;device adcﬁess and function to be per-
Halt Program Level (Dual Programming Feature) formed (read, punch P""O

. Contiol code contains addmona] instructions for device

® Prevents execution of the next sequential instruction.
(space. stacker selections, etc.).

® [oops on halt instruction until halt reset key is pressed.

® [nstruction format bytes two and three displayed on The start 1/O instruction starts the mechanical function of
console. ) . any 1/O device. The particular device selected and the
3-34 :
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function to be performed are determined by the Q code of
the instruction. The device address (DA) is contained in
bits 0-3 of the Q code (Figure 3-54). Bit 4 of the Q code
contains the modifier (M) bit which selects the primary or,
secondary unit of the device. Bits 5-7 contains the N field
which is the function to be perforied by the device. Three
N codes are common to all devices, ®ut the remainder are
assigned by the individual devices (Figure 3-55). - -

<«

The control code byte of the instruction further defines
the device function. For instance, it may define the stacker
pocket selected in the MFCU or it may define the type of
spacirig for the line printer. Use of the control code varies
with the individual devices. Refer to the theory of oper-
ations manual for the various 1/0 attachments.

CPU control of the operation endswith the I-R c;‘cle of the
instruction. If the addressed device is not busy or does not
need attention and the Q-byte and control byte reach the
device without error the CPU continues with the next
sequential instruction. If the device cannot execute the
command, the program loops on the SIO instruction until -
the device is no longer busy or'until the operator has cor-
rected the attention condmon

Om:e the device has accepted the instruction, the operation
is performed by the attachment circuitry. Whenever the
device needs data from storage (write, print, punch) or has
data to send-to storage (read) the attachment breaks into
the program to use the number of cycles it requires.

DM 5-150 contains the circuit description.

Device Address M Bit

Bits Bit ,
10123 | Device 4 Unit
; 0000 : CPU Console
: 0001 . Keyboard
‘0011 | Spare
| 0111 | Spare . :
| 1010 ‘ Disk - Primary Spindle | * Primary/Secondary Drive
r1011 Disk - Secondary Spindle | * Primary/Secondary Drive
1 1110 Line Printer . Primary/Secondary Carriage
| 1M1 MFCU . Primary/Secondary Feed

?

* 0- Primary Unit
1 - Secondary Unit

Iigure 3-5? DA and M-Bit Assignment

. N Field
Bits Function
1 567
000 “Control of Equivalent
001 Read or Equivalent
010 Write or Equivalent
-

* Additional codes determined by the individual devices.

Figure 3-55. N Code Assignment

BO9
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{-Cycle

At clock § time of the I-Q cycle, when the Q code is latched

Each device attempts to decode the address. If any device
recognizes the address and if the Q byte contains a valid N
code, the device activates either’l/O condition A or 1/O

in the ALU latches, the ALU output is sent to the devices condition B (Figure 3-56). .
on the DBO. This Q byte bypasses the DBO translator. .
z "\\
oy
N
{-R
Cycle B
Program !
Interlock
Clock Condition 8 (Modify 1AR \
5 8 by minus 2} :
. I I ) Go to next seqyential
‘W' i instruction; modify
T IAR by +1.
DBO ! . _N— -
(from ALU) v i - .
e N __() % A Invalid Q
’ N
=
— A Channel Parity.
! - . -
\/ CPU < 4
——§(4— A —— — — — — — —_—— e - =
1/0 Device e
!
e
—~ A
N ORl |/O Condition B
2
Busy
or
Atten- ¥
tion \
A _—L‘ 1/0 Condition A
R N
N
®
Note' Actual logo\c varies
* . with each attadfment. This
All Bits incorrect figure merely represents the_
Parity concept involved.
»

Figure 3-56. SIO-CPU/Device Control

»
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If the device is *busy’ or ‘not ready and no errors’, *1/O
condition A" only is activated and at clock 8 time of the
1-Q cvcle. the CPU activates “program interlock™ If the
device 1s able to execute the instruction, 1/O condition B
only is activated blocking the gate to the ‘program inter-
lock ™ trigger. If device is ‘not ready with errors™ /O
condition B is activated and device will no-op instruction.

IAR modification is dependent upon the “program interlock’
trigger. During I-R cycleclock 5 and 6 time. if program
interlock is inactive. 1 is added to the TAR to increment it
in the normal manner (Figure 3-57). If. however, ‘program
intertock” is active, the FAR is decremented by 2 to retry
the instruction. During clock 7 and 8 the ALU controls
remain the same as clock § and 6 to modify the high order
position of the IAR.

During the 1- Qand I- R cycles. the DBO is also parity checked
(Figure 3-57)..1f a parity check occurs the processor is sig-
naled by activating both HO condmon Aand 1/O umdmo.n

?,
B. Figure 3-58 shows the significance of all settings for the
1/0 condition A and I/O condition B lines.

oo

.

R

Both lmes

Neither tine

Line Acuvated By Any Devnce

‘t/0 condition B! only

‘1/0 condmon A’ only

b

Sngnmcance

Correct address, valid N code,
device not busy and does not
need attention-instruction
accepted.

Correct gddress, valid N code,
device b&'or needs attention—
mstrucuon e’ected >

Incorrect parity — causes proces
sor check and DBO pamy check

Invahd address or N code-
causes processor check and
invalid device address.

«Iigure 3-58. S1I0  Device Response

[ ‘ N

Misgeltaneous Bit 7 to A

»

.

Misceltaneous Bit 6 to A

-

Gate LSR Lotp B
. ! B
| : oo
i Regster Register
'ﬂ
! Binary Subtract
Binary Complement
A Regrster
Select 'AT LSR . LSR
. N
LSR Write Lo Hi Lo Program
Interlock
1 Active
f‘:
R B

o

Fagure 3-57. SIO I-R Cycle. Modify 1AR Low

BlI
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Cycle Steal Priority (CSP)
® Device requests cycle.
® CPU assigns cycle by device priority.

® [/O cycle can occur between any two CPU cycles.

.

Whenever an 1/0 device reaches a point ip its mechanical
operation where it needs data from stordge (write, print,
_punch) or has dataao send to storag€{read) the device
#equests an 1/0 cycle. An 1/O cycle request can occur
during any cycle and is always granted by the CPU. More
than one 1/O device may request an 1/O cycle at the same
time so_each device is assigned a particular cycle steal
priority.ﬁ‘

.b ’ .
Cycle steal requests are generated by the attachments at
even clock times. Because of the internal circuitllelays,
these lines are not sampled until the next clock pulse.

During the CPU odd clock times, requests for cycle steals
enter the CPU from the attachments on the ‘priority request’
lines (Figure 3-59). These requests are entered into the
‘priority request’ fatches and triggers. If more than one
device requests an /O cycle during the same clock time,

the bit triggers with the highest priority prevent the lower
priority triggers from being turned on. A request at a later
clock time resets the triggers and latches for any previous
request.

At clock 7D time, the bit structurg for the highest priority -
device among those requesting a cycle is sent to'the devices
oA the DBO, bypassing the DBO translator (Figure 3-59).
‘Any CSP request’ blocks the “machine advance’ pulse pre-
venting the CPU from advancing to the next CPU cycle.

fhternal Circuit
]
Priority Reguest Lines (3,4,5:6.7) De'ays ! Lines become
hI_ active during
Priority even clock times.
Request ' .
q Latches !
Clock 7 FL cPU ‘
Clock 5| Bus ' /0
C___lock 3 P | Attachments
‘P Clock1 | O |
1 — ] . |
2 _—] A Machine Advance |
Priority S |
quuest N b
Triggers A
FF A !
ny CSP R |
Bits
3 Request DBO \ )
Odd Cloc a4 A
5 -
6 7D thru OC I . .
7
F—P:tion'ty Cycle Steal CPU 3
Request| Request Line Clock Attachment DBO Lines
1 3 : 7 Disk read/write 000010000
2 Spare ‘
3 5 7 Printer 000000100
4 6 7 SI10C 000000010
5 ‘Spare
6 3 5 BSCA | 010070000
7 4 f 5 MFCU read/punch{ 110001000
8-10 ) ! Spare
1 3. 3 1442 101010000
-« 12 4 3 MFCU printer 101001000
13-19 Spare - !
20 7 1 Disk control 100100001
R
Figure 3-59. 1/0 Cycle Request  Prionty Assignment
3-38
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0dd parity is maintained for the priority bits on DBO. A
P-bit-is available on DPBO when the parity latch is off. Thus,
if no request is received a P-bit is available on DBO at clock
7D time. For clocks 1,3, and S, each device turns on 2 bit

positions tobe sent on DBO (Figure 3-59). (i R B12) The parity latch

is of f and Mhus provides the needed P-bit. During clock 7,
only onebit position is turned on by the requesting device.
and reqyires the P-bit latch be turned on to eliminate un-
needed%vamv bit.

! T8, #
1/0 Cycle

® " Device controls data flow and functional unit controt
lines within CPU.

1/0 cycles follow the same general Jata manipulation prqh
cedure as CPU cycles. That is:

® Clock O - address storage
® Clocks 1 and 2 - miscellaneous (generally LSR alteration)

® Clocks 3 and 4 - compute (data manipulation between
CPU and 1/0 device) '

® Clocks S through 8 - address register modification.

If an 1/0 cycledoes not require all Of these functions, the
1/O device blocks them by controlling the CPU data flow
control lines. The following examples represent a method
of transferring data between the CPU and 1/O devices. The
actual method used depends upon the result desired by the
individual attachments.

A device is given the cycle steal assignment at clock 7D
prior to the actual IO cycle. In order to have SAR loaded
at clock 0 of the 1,0 cycle, the assigned device must raise
the proper LSR select lines at clock 8 prior to the [;O
cycle. The LSR select buffer will select the LSR during
clock 0. The device can select LSRs at four times during
the IO ¢ycle. It may select the same LSR.a dmercnl LSR
or no LSR (Figure 3-60). tFR B14)

The A register is loaded at odd CD clocks with the infor-
mation that the device puts on DBI at even clocks® This
data may be translated from card code 1o hcxade’qma]
during clocks 2 and 3.

The B register is ioaded at odd CD clocks withy the following
data: 2

Clock - B Register Data

1CD 00 '

CD Contents of SDR or.00 Controlled by

- attachment ‘ ’

SCD Selected LSR low b\lc or 00'if no LSR is
selected - -

Ch Sclected ISR high hyu or 00 r1 no LSR is
selected

ALU output.during the [JO ¢ycle 1s the contents of the B
register minus the contents of the A regzister or the con.
tents of the B register plus the chntents of the A'register.

Thisis determined by the device through “chan bin sub’.

ALU output is the following data at the following clock
times: ’

Clocks ALU Ont Data
2D o 4C £ DBI

4D tooC B Regster + DB
6D to 8C LSRR low £ DBI
8D to 2C

of next

cvele LSR high + DBI

DBO equals the ALU outputs as latched except dunng
clocks 7D to 0C. This allows the device to use ALU out
data. ‘

If the device needs datg from storage (MFCU punch) the
device does not block than gate SDR to B’ line and the data
is transferred from storage to the_B register (Figure 3-60)..
No data is entered into the A register from DBI so the B
register is binary added to the blank A register to effectively
move the B register through the ALU. The data is latched
into the ALU latches-and is available to the 1/O device on
DBO. The device activates the ‘chan in transl out’ line if the
byte needs to be translated to card code as in an MFCU
‘punch (')per:;ti?)"n (Figure 3-60).(1 R B14)

Not all 1/O cycles move the data unchanged through the
ALU. The following example shows the tunction of each
cycle taken by the line prinjer to print a character. The
objectives of the three cycles in the example are:

RN .. . i

1. Remove the data byterto be ptinted from storsge und
retam it. ol

i

A ;‘ '

2. Remove the chamn image character from storage and
compare it with the data byte to see if the chain s in
the correct location to print-the character.
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3. Mce the value 4/0 into the data byte location as an

indication that the character has been printed.

In the first print cycle steal, the LPDAR (line printer data
address register) addresses storage. The byte of data is added
to zeros in the A register to move the byte through the ALU
and is sent to the printer attachment where it is retained.

In the second cycle, the LPIAR (line printer image address
register) addresses storage and the chain image character
is read out and placed in the B register. The byte of data

|
transferred to the attachmegnt during cycle 1 is sent back |
to the CPU from the printgr attachment and enjers the A ;
register from DBI. The pripter attachment actiVgtes the !
‘chan in bin sub’ line to subtract the A register f the
B register. The result is sefit to the printer attachment. If
the result is zero, the two characters are the same and the
printer prints the character.

In the third print cycle, the LPDAR again adgresseg storage
and the printer attachment activates the ‘I/Ofblock SDR"
line to prevent the character from entering the B register.

v

Clocks 2CD,

Z Binary Complement

1/0 Block SDR (From device) /[
R Gate SDRto 8 Gate I/O Bus to A (Active for entire Glocks 0.2 4.6
“1 ] 1/O cvcle) Clocks 1,3,5.7 ocks 0, 2, 4,
. A Card
Register] Register Code ]3] A Attach.
A to Buffer ment
S | Main S :Iex
A Storage D b:’;s' J
R
Binary Subtract IChan“e' In Translate In /)
ALU (From device) \\

l‘N ' Channel In Binary Subtract //

Lo

LSR Select (Device Address Register)

A Register I I (From device) ‘\\
Hex . ‘
Store New P to DBO -
(Activated by device) Card - ;
Code
Trans-
lator
t Channel in Translate Out J/
{From device) ) \\
. b
LSR Write Lo I NI Channel In Inhibit LSR //
LSR | l

- \\

Clocks 8,

0,2,4

Select
Decode

LSR Select Lines
From Attechments”

Frgure 3-60 (Part 1 o1 2). {;’() Cycle Data Transter
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]

The printer attachmént sends the hex value 4/0 to the CPU
on DBI. This value is added to thc’zeros in the B register to

/

maove the 4/0 through the ALU. The printer attachment
activites store new to enter the 4/0 into storage.

-
Y
ll‘f < 1/0 cycle ={
- n K
B Clock ¢ 8 0 1 2 3 4 5 b 7 8 -
s - Addr Miscellaneous  Compute Mod  *- Mqd Hi

‘LSR Select Lines
From Attachment

-==A «

] [} [] t 1] .
. 1 4 i i 1

LSR Select Buffer
Set Pulse (Requires

Negative Shift to
Set Buffer) I “

LSR Select Buffer

B Lt | e I !
U

" !
U AL -

¢

v

. LSR Write Pulse

i

el ]

DB, {from attach-
ment)

DBl Buffer

A Register
(1/0 Cycle)

ALU Out Latched i | Results of
modify
high from

previous cycle

(SR Tow
+ DBl

ko] ] | B t DBI U

Cycle Steal 1:]

CPU DBO* Assignment

*DBO during a cycle steal equals ALU Out
except during 7D 1o OC when the cycle
steal assignment is gated on DBO.

U ) U “ o E Cycle Steal
Assignment

Figure 3-60 (Part 2 of 2). 1O Cycle Data Transfer
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Address modification is the same as in a CPU cycle except Address modification does not také place in all /O cycles.

that register selection, ALU controls, and the modification For instance, during the third print cycle taken to print
amount are all controlled by the 1/O device. Quring clock ‘ a character the printer attachment must address the same

S and 6, the LSR is selected in the same manner as during storage location as during the first print cycle. If all three
clock O (Figure 3-61). The amount the register is to be in- ,  print cycles, the printer attachment sends the value 12 to
creased or decreased by is entered into the A register from the CPU on DBI. This 12 js added to the LPDAR in a]}
DBI. Incrementing or decrementing is determined by con- three cycles.. However, in the first two cycles, increm?’mmg

trolling the *bin comp A reg’ line (Figure 3-62). is blocked by activating the ‘chan in inh LSR’ line to pre-
vent the results from being written into the LPDAR.

1 LSR Select * Interrupt
i \ (®evice Address . |
Load SAR_[SAR|SAR Register) ® Interrupts main program with separate program.

Hi

® |Interrupts occur only between instructions.
LSR

Select -
Triggers
&

d

Some /O attachments operate by means of an interrupt
routine. An interrupt differs from a cycle steal by inter-
rupting the main program with a separate program routine
For this reason, an interrupt can occur only at the com-

LSR Select Lines from

Attachments pletion of an instruction.
Figure 361. 1/0 Cycle-Storage Addressing o= Each interrupt level has a separate IAR and ARR in the
; CPU s0 the 1AR and ARR for the main program are not -
¥ . . \
Gate LSR Lo To B Gate |/O Bus To A

DB!  {Device supplies amount
register is incremented or
detremented by)

Binary Subtract o
Channel In (Device controls add

Binary Complement | Binary Subtract // or subtract function)

A Register u \\ .

Channel In iInhibit LSR/ /
LSR Write Lo ® N\
. [}

LSR Select {(Device Address Register)

LSR ° [}
Select
Triggers -

LSR Select Lines
From Attachments

Figure 3-62. 1/O Cycle Address Register Modification
, .
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disturbed. Any other registers (CR or index registers) used
during the interrupt must be stored at the beginning and
re-established at the end of each irterrupt routine.

{
The interrupt routine being performed is established by the
interrupt priority latches. . As in cycle steal, the highest
interrupt level device takes precedence over lower fevel
devices. Thus, it is possible for an interrupt routine to ™
interrupt a routine of a lowengriority device. However,
each device maintains its int::%xpt request until it is satisfied,
so the lower priority device finishes its routine upon com-
pletion of the higher level routine.

.
The stored program controls the ability of a device to !

interrupt by enabling and disabling the device through SI
AN

.

[ A

B

instructions. Once an interrupt has occurred, the imerrupt
routine is also ended by an"SIO instruction.

Durin; the 1-Q cycle. device selection occurs in the samé
ianner as any SIO instruction. Then at clock 5 of the I-R
cycle, the control code is sent to the device attachment on
DBO (Figure 363). The control code is decoded by the
device attachment to turn on the ‘intertupt enable’ latch.
This latch remains on until a disable control code is sent in
another SIO instruction.

If the device has a need to interrupt, the “interrupt request’
latch is-turned on. At the end of the operation being per-

formed in the CPU interrupt poll is sentto the device. This
activates the ‘DBI bit’ line to turn on the interrupt latch for

)SIO Inst

(LLR Cycle

(
?Clock 5

)} Op End Gate

s
NN

N
A Interrupt Poll
% Clock 510 8 ’

Interrupt
Latches

Op End
M/C Advance

o

< iInterrupt Request

£
. Interrupt
Enable Enable
FL
Disabte A
. Interrupt
, Interrupt Request
Ay
Request
Reset

' Note: Actual logic varies with i h
the devices. This fijure merely
represents the concept involved.

BR(DBI)

* Device * " DBI Bit and

M Imevrug)t Latch
- A
Keyboard 1
Console None

* By order of priority

Figure 3-63. Interrupt Control
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the device in the C?U (Figure 3-63). If more than ane'de-
vice |s requesting an interrupt, only the highest prigrity
integrupt latch will be turned on. L ,
S BN Load 1/0-LIO
1any interrupt laich on, the selection of the nprma) -
IAR|ARR (P1 or P2) is blocked and the IAR/ARR for the
active interrupt lgvel latch is selected (Figure 3-64). The
] interrupt request fatch in the device attachment stays on
until an SIO with the proper control code, resets it (Flgure

A ) ) . .
DM 5-230 contains tge circuit description.

.

® Moves two bytes from storage: to register selected by -
1/O attachment.

3-63). (I R w17 / e Follows commang format |f device is busy or needs .
attention.
¥ , , . . o
- - - ® A Q code of 0/0 resulls in a no op condition. .
!m,m,m ] Any Interrupt Levet - . The ioad 1/O meructnon is a single address instruction thal
Latch  ,—J.om |Beng . . *  can be e;fecuted only if the addr&sse@ dewcg is not busy
. : — * [Serviced - Nb—m and does not nged attention. If the instruction cannot be
e — PYIAR . exécuted it folows.a command format and loops on the
FL . _A TARR 1 "instruction in the same manner as an SIO instructioa. £ %
T e 3
Selected , o . When it con be executed, the load 1/Q mstruction removes
}'_"T' ham I Selgct 1AR-ARR " two bytes from storage and loads them into a register-..
L. ) A NMnerong selected by the device attachment (Figure 3-65). The
~ — o register may be 16cated in the attachment or may ‘be an
T ) LSR in the-CPU. In either case. lwo B-cycles are req\nred
Figure 364, Interrupt- lAR/ARR Selection r;;S—S-O . to remove the bytes from storage.

e

X  J A ! ~ .
Gate SDR To B
‘ |
L B8
Regster
“Mamm |'S
Storage | D
R
LSR Wiite Lo" ; .
st . R LSR Select (Device Address Register)
B o - % | to .
Cycle . .’ - . LSR
LSR Wrnite Hi ) - « Getect .
. N Lt Triggers vt
LSR Select Lines
from Attachments
. > R

‘Figure 3-65. Load 1/O Data ¥low
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The dévice address and M fields are located in bits 0-4 of manual for the individual atsmcRments for the register
the Q bytejyst.as in any 1/0 instruction. The N field ) selection codes.
(bits 5-7) contains the register to be selected by the device . '
attachment. Refer to the theory of operations manual for If the Q code contains § hex 0/0, the two bytes of data
+ the indigtlual attachments for the registg?seleqtion codes. set up in the console adyress/data switches are moved to
‘ S A the address specified in the B field address and that address
During the 1-Q eydfg device selection and ‘J/O condition minus one. The first B gycle moves the data set up in the
A’ and '1/O’condition B’ line control is the same as in a two rightmost switch¢s, and the second B cycle moves the
start [/O insfruction. [1program interlock is actrvated an data set up in the two leftmost switches.
1-R cytle is forced? During the I-R cycle, because program. k ,
mterlock is zfctrve l R program back-up is activated to loop ' During:the 1-Q cycle, device selection is the same,as in a
the rnstrucmon in the same manner asin-an SlO instruction start 1/O instruction except that the debice attachment
: - activates the 1/0 condition B line whethet it is busy or not.
If the dgvic’e attachiment can execute the instruction, the , Valid address checking and valid N code checking remains
B field address is loaded into.the BAR with eitheg I-H1 the same. ' )
and l-Ll",cyc_les or an-1-X1 cycle. ~{\fter the [ cycles, the o
CPU enters into the first of two Beycles. .The B field address is loaded into the BAR in the same
ro " manner as in all one address instructions. After the I-cycles,
Dunng the ﬁrst B cycle the first byte is loaded into the B \ the CPU takes two B-cycles to store the registers in-the B
register and is passed through the ALU with no ALU com . field storage location.
trols (Figure 3-65). (R B18) If the device attachment selects an
LSR, the ALU output is written into the low order position If the regrster selected by the attachment is an LSR, the
of the selected LSR+ If no LSR is selected, the ALU out- . CPU activates ‘gate LSR low normal to A’ during clock 3
put is available on DBO-to be entered into a register selecte = and 4 of the first B-cycle (Figure 3-66).(1 R 01 The low order of
in the devrce attachment . . . the selected LSR is then loaded into the A register where it
T e . _is binary added to the B register. Since the B register con-

‘ The BAR is. decrcrnemed durang clocks 5 to 8 trmes and in * tains all zeros, the result is the same as the LSR low order
the second B cycle, the data §yte is entered into the high . byte. ‘Store new’ gates the result into the SDR and ‘read
order position of the sdected regrste; The op-end trigger call/write call’ gates the byte into storage.
is turned o and the operatron endsJ o - 2 ¢ =

, The BAR is decremented and the LSR high order byte is
PM 5-160 ?9“‘3105 thqvcifcuit descr'g':éionsu : transferred in the second B cycle (Figure 3-66).(1 g C02)

- The op-end trigger is turned on and the operation ends.
Somc l/O—SNS ~7/ : , If the register selected by the attachment is not an LSR,
' ' - gate [/Obusto A is activated in both B ¢ycles and the bytes

° Moves two bytes from regrster selected by I/0 attach- __.— enter the A register from DBI.
ment to storage. . __ -
DM 5-170 contains the circuit descnption.

e Instruction executed even rF device is busy or needs

attention. « - Test1/Q and Branch—TI0
v . L
"@ Q code of hex 070 senses console address/data switches. ® Test for specified 1/0 condition.
The sense 1/Q instruction moves two bytes of data froma - ‘ . ® Use branch-to address for next mstrucuon if condition
register selected by the device attachment to mam storage.” -’ exists. -
The register may be located in the ahachmcm or may be an . T,
LSR in the CPU. The instruction rs executed regardless of - ® N code specifies condition tested for.
whether. the | devrce is busy or not.™ . s V :
o The test l/O and branch instruction is a one address instruc-
The device address and M fields are located in bxts 04 of al . tion that tests an 1J/O devrce for a specified condition and’
the'Q byté just as invany 1/0 instructior. The N field: (brts ) branches if that condmon exists. The instruction is the
5-7) containg the code for the register to b¢ selected by same as a normal branch except that the 1/O device is tested
the device aitachment. Refer to the theory of opergtions o instead of the CR. -
¢ Lo o 2 - .
S410TO 345
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k‘ The device address and M fields are focated in bits 0-4 of

“for. The conditigns vary with each attachment, Refer to
.the theory of operations manual for the individual attach-

Main S *" Store New
Storage | D -
R

Binary Subtract

Binary’Complement
A Register

Gate |/O Bus to A

LSR Select | |
N
Selection l.__.l
Lines from |
Attachment . 15t B Cycle

- \Gate LSR Lo Normal to A

o

Gate LSR Hi x.o A -

(not) 1st BGycle' LTI j;:}

Figure 3;661.5 SNS 1/0 Data Flow

R)

the Q byte just as in any 1/0 instruction. The N fiefd

Line. Activated By Any Device l Significance

(bits 5-7) contains the code for the condition being tested

ments for the-¢ondition codes.

‘I/O condition B’ only

.

Correct address, valid N code,
condition for branching not
met—proceed with next seuen-
tisl instruction, N

Branching is determined by the device control of the ‘110
condition A’ and ‘I/O condition B’ lines. Figure 3-67 shows

‘1/0 condition A’ only

Correct address, valid N code,
condition for branching met—
branch to new address.

the significance of the line settings.

During the {/Q cycle, Qevig@ selection is the same as in other
1/0 operations. The device attachment also tests for the

Both lines Incorrect parity—causes proces-
sor check and DBO parity
A check.
Neither Khe Invalid address or N code—

‘causes processor check and
invalid device address.

o . ] o4
copditlon specified in the N fleld (Figure 3-68). (1 R CO4) If the

-
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condition is met, the attachment acti\rg!es the ‘1/O con-
_ dition A’ line. With the ‘1/O condition B’ line inactive at
clock 8 time. the branch condition is latched in the CPU.

¢ The ARR is loaded with I-H1 and I-L1 cycles.or an [-X1

cycle the same as in a normal branch operation. The ‘LSR
intchg pulse’ is then activated to switch the IAR and ARR
(Figure 3-68). (IR C 04) Refer to Branch on Condmon for the
IAR/ARR interchange explanation.

L4

A TIO with the device address and M code of D will test
the dual programming control switch for the cog,dnt:on
specified in the N code. Refer to ‘Dual Progrim Feature’
in Chapter 4 for an explanation of the N code function.

DM 5-180 contains the circuit description.

Advance Program Lq‘vea—APL

The advance program level instruction is ¢ command in-
struction used primarily with the dual program feature.
Therefore, the operation is covered under Dual Program
Feature in Chapter 4. However, for programming com-
patability, machines without the dual program feature will
accept the instruction. The f’éﬂowmg description apphes
to mac}unes without dual program feature.

® Test for specified 1/0 condition.

® Loop on APL instruction until cendition no longer exists.
~ ) . e

® N code specifies conditi?n tested for. \

® Automgtic APL is same as no-op.

The advante program level instruction tests for the same

conditions as a test [/O and branch operation. The N code

is the same as in T1O and varies with each attachment. If-

the advance condition is met, the attachment activates the

‘I/O condition A’ line just as in the TIO.

- CO3

With the ‘I/O condition B’ line inactive, program interleck
is activated in the I-Q cycle the same as in a start /O in-
struction. During the I-R cycle, with program interlock
active, ‘IR prog back-up’ decrements-the IAR by 2 just as
in the SIO instruction. When the advance condition is not
met, and ‘I/O cendition B’ is attivated by the‘ttac}\ment.
the AR is increkented in the normal manner.

A4

An all zero Q code is recognjzed as an automatic advance”
instruction. With this coﬂﬁfgzn the ‘IR program back-up’
line is blocked and the AR is incrémented in the normal
anner. Thus, an automatic advance instruction is equi-
valent to a no-op operation.
3
DM 5-200 contains the circuit description.

] . v
initial Program Load—IPL"

® Program load key initiates a syStem reset cycle.
s
® IPL activates data bus out 7 for MFCU read.

o IPL activates data bus out § for Disk read.

+ .The initial program load operation is started by pressing
*- the program load key. Pressing this key initiates a system
 reset cycle and selects the MFCU or file by activating a

Data Bus Out line. DBO bit 7 selects the MFCU while
DBO bit 5 selects the Disk. The input device 3elected is

determined by the prigram doad selector switch on the

operators c\onsole (Figure 8:7). (1 R 1g7)

-
N

) After the input device is selected, it activates the select

line to add all zeros into its DAR and the IAR. The data
bus out line causes the device to load one card or block
into main storage beginning at address 00 by using the nor-

mal cycle steal sequence. After one record or card has been o

transferred to storage, the IPL lifie is reset with 1/O condi-
tion B giving a rhachine cycle advance. Since the IAR Was -
reset to zero the first 1 op is in location 0000,

S410TO 347



1-H1 (8

1-Q
Cycle , Cycle Cycle
"Clock 5 8
L
1, LSR Interchange Puise
A
> } {branch)
[o]:]0] 4

-

~ A lwo énmtaon a)
N . A

!

e |
~
= A | /O Condition B
P~ 3
R Note: Actual logic
varies with theYevices.
. Decode | Condition Met This figure merely
Branch represents the concept
Condi- involved.
tion Condition Not Met

Figure 3-68. TIO-CPU/Device Control
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Chapter 4. Features

DUAL PROGRAM FEATURE (DPF) »
another SIO changes the condition. An actual program level

advance cannot, however, be executed during an interrupt _
® Provides abilivy to execute two independent programs and will result in the instruction being ignored. ‘
on a time-sharing basis. -

Proglrar‘n interlock (I/O busy) activates ‘I-R program back-

® Feature is enabled/disabled by SIO instruction. up’ and, during the I-R cycle, the IAR is decremented by
' two (Force bit 6 to A). Op end and program interlock AND
o Transfers to alternate program level when current pro- " together to change the state of the program level control
- gram receives 1/O busy.- ' flip-latch (program 1/program-2). '
® Transfers to alternate program level on advance program There is a separate set of LSRs for each program level. The ~
level (APL) instruction. LSRs shared by both levels are: the AAR, BAR, and the

LCR/DRR. ’
If' while executing a program of instructions, an I/O device ’ .
is busy, the dual program feature (DPF) can provide the
ability to process another set of instructions. An SIO in-

struction with Q code of 00 controls the dual program Test 1/Q
feature. Control code bit S being on enables DPF. Control
code bit 5 being off disables DPF. This instruction may A test 1/0 instruction with a device address of 0 and M bit
be issued in either program level or any interrupt level, and of 0 compares the N code with the DPF switch setting
enables/disables all program level advance instructions until (Figure 4-1). If the control switch setting is the same’ds...., .
:
4
Dusl Program - .
P1 ' °°":f'°‘ - ‘ P2
e [ T e, 1
—_ . AUX AUX
Load Load —_ —_—
R rxe ()£ e 1
Cancel —/ 4 \—- Cancel .
. ¢
. . . %
. -—— - H ' -
Halt . alt
Process Reset e Inter Process Reset
2 L)
v
Figure, 4-1. Dual Program Control Switch f‘
5410 TO  3-1
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that specified in the N code, the next address will be the ® Test 1/O for specified i/O condition:
- specified branch to address. If the compare is unequal. the )

next sequential instruction will be executed. The function ® Program advancg if condition satisfiéd.
of the N code is shown in Figure 4-2. s ‘
o ) ’ ® N code specifies condition tested for.
During the 1/Q cycle. the console DPF swdtch setting , N
is compared with the condition specified in the N code. The advance program level instruction tests for the same

If the condition is met, 'DPF branch condition’ is activated.  conditions as a test /O and branch operation. The N code
o specifies the condition tested for, and varies with each 1/O

12

The ARR is loaded with I-H1 and I-L1 cycles or an 1-X1 device attachment. If the advance condition is met, the 1/0
cycle the same as in a normal branch operation. ‘DPF device attachment activates I/O condition A just as in the
branch condition’ activates the ‘LSR in}erchange' pulse TIO.

to switch the IAR and ARR. °*

.
5

DM 5-180 contains the circuit &escription. With *I/O condition B’ inactive, prograh interlock is acti-
/ o vated in the I-Q cycle. During the I-R cycle, ‘I-R programg

. o backup’ decrements the IAR by 2. The PSR contains the
Advarce Proaram Level -APL - : - - _ . length count recall and condition recall data for the current

. - : program leve| and will be used when returning to this pro-
The advance prog/in‘r fevel (APL) instruction allows use of gram level.

the dual program feature. The APL instruction is similar

to the Test 1/0 and Branch instruction.

1-0p 1-Q I-H I-L
o1 23 4q 5 6 7 .
1 T
Test 1/O .DA M I N Branch to Address
i i
OR
e '
> B Address
’ ’ Displacement
Bit5 Bité6 7
O Program tevel 1 (o] Cancel Program Level
Program level 2 1 Load Program from MFCU
1 Yaux - ’ ,
~ %
1 0 L.oad Program from Console 1o
-

) S

- ‘Figu(e 4-2. Test I/G Instruction Format (DPF)
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BINARY SYNCHRONOUS COMMUNICATIONS ADAPTER

® Provides the system with the ability to function\as a
point-to-point or multipoint processor terminal.
i

® System can both transmit and receive during single com-
munication. '

14

® Data is transférred either in EBCDIC or ASE‘II.

{

The 1BM Binary Synchronous Communications Adapter
(BSCA) provides System/3 with the ability to function as
a point-to-point (switched or leased) or multipointpro-
cessor terminal. Operation is half duplex synchronous,
serial by bit and serial by character over communication
facilities. Operation of BSCA is fully controlled by a com-
“bination of System/3 stored program instructions and BSCA
responsés-ta. line control characters. With BSCA, the system
can both transmit and receive, but half duplex operation

prevents simultaneous transmission and reception of data.
’ )

¢

The data set receives the data.seriélly by bit and serial@y
character from the communications line during receive
operations and presents the bits to the communications
adapter. During transmit operations the communications
adapter receives characters fyom storage serially, then.
makes them available seriallv by bit and seriallv by character
+ to-the data set. The data set places each bit on the com-
lnuni\callons line as'soon as it receives the bit from the BSCA

>

‘Data can be transferred either in Extended Binary Coded
" Deéimal Interchange Code (EB?grg)\or\American National
Standard Code for Information’ Interchange (ASCII). Only
units using the same code can communicate y’(b each other.

\

Three local storage registers (two of which are located in
the adapter) are provided for the adapter: the current
address register, the transition address register. and the stop
address register. These registers hold the storage addresses
of data or line control characters at which certain actions

are to occur. or the address ot the-nextbyte 1o bé trans-

mitted or received.

See the IBM Systcm/ 3 Binary S_vm‘*’hhmous Communications
Adapter Field Fngineering Maintenance Diagrams Manual,
SY31-0258 for additional information on BSCA.

Co08

SERIAL INPUT/OUTPL!T CHANNEL ATTACHMENT

® Provides a means of attaching ddditional input/output
devices and special units for which attachment circuitry
is not incorporated in the system.

® Control unit of attached device must be compatible
with SIOC. '

® Only one control unit can be attached to SIOC at any
one time, but any number of devices can be attached to
control unit.
The IBM Serial Input/Qutput Channel Attachment (SIOC)
feature provides a means for attaching additional devices
to System/3. These devices may be additional I/O devices
for which attachment circuitry is not provided in the
system or special units that nigy be requested by the
customer. Only one control unit can be attached to SIOC
at any one time and this‘un‘it must be compatible with SIOC.
Any nymber of devices can be attached to the control unit,
but only one of these devices may operate at a time.

4 °

SIOC provides an i!termeaiate control unit between the
system }/O unit and the device control unit. This inter-
mediate,control unit produces the necessary signals to
control the device q)pmrol unit from information furnished

to the SIOC by: E g e

- -

® Instructions from the processing unit.

® Control bytes stored Th registers in the SIOC by the
prodessing unit. ’

® Information supplied by the device control unit.

The operation of SIOC requires that certain I/O instructions
be performed to prepare the program and attachment for
operation. The individual 1/O devices that are attached to
SIOC are identified by four identification lines.

The SIOC operates in interrupt mode on interrupt level 4.
Each time the 1/O device requires some spegial service from’
sthe processing unit, it interrupts the-unit. Interrupts must
be enabled for the 1/0 device before the SIOC can interrupt
the processing unit.

Sce the IBM System/3 Serial 1/O Channel Attachment )
Ficld Engincering Maintenance Diagramns Manual . SY31-0275
for additional information on the SIOC. i

-

5410 TO 4-3



5471 PRINTER KEYBOARD ATTACHMENT

The IBM 5471 Printer Keyboard can, through the use of
the 5471 Printer Keyboard Attachment, be attached to
System/3. The printer keyboard is mounted on the system
table top with a forms stand located on the floor behind it.
The keyboard and the printer are not physically linked in
that pressing a key does not automatically cause a character
to be printed. The printer and keyboard are, however,
housed together and the printer motor is used to restore the
keyboard. ' -t

‘The printer has a 15 inch (381 mm) arriage with a 10 pitch

“escapement and a pin feed platen with a 12.5 inch

(317.5 mm) writing line. The printer prints the system
character set with the exception of minus zero. It operates
in a closed loop mode: that s, when the attachment ener-
ghzes the appropriate coils to perform a print, space, shift,
Or carrier return/index operation, an associated feedback
contact closes signaling the attachment to end the coil
pulses. When the feedback contact re-opens, it is a signal
to the attachmept that the printer is ready to perform the
next operation. A print or space cycle requires 64.5 ms
and the carrier returns at approximately 15 inches

(381 mm) per second.

&

The keyboard keys are mechanically interlocked in such a
way that two keys cannot be pressed at the same time and
yet rolling of keys is permitted. Using an arra§ of nine
reed switches (six data and one parity, one strobe, and the
keyboard upper or lower case mode switch), the keyboard
is capable of generating the system character set with the
exception of minus zero. The keyboard also generates
particular characters to signify shift key depression, shift A%
key release, and return key depression. Automatic restore
of the keyboard following a graphic, shift, or return key
depression requires 64.5 ms. The keyboard also includes
three noninterlocking keys (end, request, and cgncel) which
generate control signsl for the stored program and two in-
dicators (pro?sed and request pending) which are controlled
by the stored program.

See IBM 5471 Printer Keyboard Attachment Field En-
gineering Maintenance Diagrams, SY 31-0259 for complete
information concerning the operation of the printer
keyboard attachment.
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Section 1. Basic Unit

Chapter 5. Power Supplies and Controls

POWER SUPPLIES %

3\

Figure S-1 lists System/3-power supplies. Figure 5-2 (IR (‘5l’> shows

System/3 power distribution for machines with the early

design power control box. See anure 5-3 (1R C1 3 for poWer

distribution if the redesigned power control box (printed :

circuit relay panel) is mslalle,d .

~l

»

As features are added to }f]e basic system, additional
supplies must be added (Figure 5-1, Part B). Sce Sectlon

for details about the feature power supplies. i

s

Supply | Amperes Where Used Location
-4V 70A Logic Voltage CPU
+6V 15A Logic Voltage CPU
-30v 9.5A Storage CcPU
+24v  |25A MFCU MFCU
+60V 1A Printer, MFCU . Printer
+24V 5A Control Voltage €PU
+3V Storage® CPU
A4y Storage®* cPU
7.25 Vac| 25A Indicator Lamps ceu *
41 Vac Use Meter®** CPU

/

* +6V supply volitage dropped to +3V in storage module
(B4C4 card).
* -30V supply voltage dropped to -14V in storage module
(B4C4 card).

*** Applies to redesigned power control box only

(printed circuit relay panel).

®

-

BASIC SYSTEM SUPPLIES

Supply | Where Used Location
-12Vv BSCA CPU
+6V Speciai CPU X
Expansion | Features
+6V Special
40A Reg Featyres CPU (Replaces 15A Reg)

Cli

Figure 5-1.

FEATURE SUPPLIES

System/3 Power Supplies

5410 TO
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ircui v ey
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N ! - l. q
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» ——‘\}-‘ Memory .
Bulk Supply -4v .
\ — —
\ Py A*_-
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< . ol *
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- [ J
b
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Expansion [~ TTIT" |

Bulk — _.f_ 4= =
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Pa } °
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"
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l
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Figure 5-2. System/3 Power Distribution (Early Desjgn)
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230 Vac 60 Hz . - . 41 Vac )
. ° 4 i
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Figul"e s-3, System/3 Power Distribution ( Redesign) ,
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POWER SUPPLY REGULATORS

LY

The individual regulators receive the unregulated, filtered

dc voltage from the logic and memory bulk power supply.
The regulators provide the voltage regulatnon required V
operate the system logic.

‘The 4V, +6V, and -30V regulators have identical terminals
(E1-E14) that perform identical functions (Figure 5-4). In
each regulator assembly, a regulator card provides regulated
dc output and circuit protecnon 4

Three_inputs are required to.raise a regulated output voltage;

. Terminals E1 and E2- Bulk supply voltage.
2. Terminals E9 and E10 - Bias supply voltage.

3. Terminal E12- Start signal (ground level) is applied
to this terminal to turn on the regulator.

Voltage Regulation'

Regulator output terminals E3 and E4 are connected to

terminals E13 and E14 of the regulator card (Figure 5-5).(1 R ( 15)
A differential amplifier in the regulator card compares the

output voltage at terminal BE13 with the input bias voltage

at terminal E9. The output of the differential amplifier is

applied to the base of transistors Q1 and Q] 3 from terminal

DI1.

If an increase in output voltage is sensed. a negative voltage
is applied to the base of transistors Q1 and Q13 causing

the current through these transistors to decrease. A de-
crease in current results in a decrease in current through
transistors Q2 and Q12, the sing a decrease in out-
put voltage. For a decrease in output voltage, the current
through transistors Q1 and Q13 increases causing an in-
crease in current through transistors Q2 and Q12. There-
fore. output voltage increases to the normal level. N

Overvoltage Protection

. 7/
An overvoltage protection circuit in the voltage regulator

card monitors terminal E13 and E14 (Figure $-5). 1 R 151 When-

ever the oulpul voltage raises beyond the maximum normal
limits, transistors Q1 and Q13 are turned off via the termi-

nal D11 connection (Figure 5-5). (1 R C15)Transistors Q1 and Q13
then turn off transistors Q2 and Q12 reducing the output

voltage to zero. This action protests the logic circuits

from an overvoltage condition.

54

Regulator Heat Sink Assembly

i +
®— —_ ‘ Input from

' ES E1 Logic and
+ @;—__‘ Memory
I Jes & Bulk Supply
" E? ( 2 }"—— | Output
E3 .
l E8 < liError output signal)
I ‘
1 IEQ (+bias)  °
TB1-1 .
€10 (bias Biatk
T81-3
Jen Yellow
l E12 (start)
l E13 (-sense)
. I E14 (+sense) .
l %ﬂ Qutput
| | 4

Figure 5-4. Power Supply Regulator .

If an overvoltage condition exists, system power must b!
turned off. When the overvoltage condition is sensed, the
overvoltage circuit grounds terminal E8 via terminal DO2 )
(Figure 5-5) (1 R C15) to indicate a fault condition. Grounding ter-*
minal E8 cpuses the OV/OC relay 1o energize. Energizing
this relay -energxzes cyntactor K3 which removes power
ium the primary of th¢ bulk supply. See DM 6-010 for
early desi po&go trol sequencing or DM 6-020 for
redesngned power n) rol sequencing.

Qvercurrent Protection

i
The overcurrent prolecuon circuit protects the regulator if
load current exceeds the limits of the regulator. An over-
current condition'is sensed at terminal JO2 of the regulator
card (Figure 5-5).&1 R(13)

{ -
The voltage drop Tzross R4 and R24 (even-numbered re-

sistors, Figure 5-5 L (1R C13yis proportional to the load current:
i

Cl4
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The dashed lines indicate that
up to nine more load transistors
can be added to the basic regu-
lator to increase current output
-capabilities, To increase current
output, add in parallel:

+

@ Note: Connected
together to provide
feedback refarence
to regulator card

1. @zan
2. R6,R8,...and R22
3. R7,R9,...and R23
E4
+Bulk o ? PR < +0Out
|
|
|
- I )
L ®
| «— Note
+Bias I
|
|
E10 -. 1
-Bias T )
TB1-1 Overcurrent , |
+6V UV On ] Sense :
—30V regulator 11 '0Q e . E14 +Remote
& oos  om 09 402 4 Lo :
GO02
TB‘ 3 Regulator Card Jo8
-4V UV On D08
+6V regulator D10 o4 D02 D12 B12 GO9
Only —I; I €13
e —Q-Remote
E2 l Error Output Signal l g3 |- Note
-Bulk o ‘ 9 4 -Out
E12 E8 o-—-C:»—-S +24v
- OV. UV, OC Relay B
. +6V and -30V have a sequence relay point, .

v

Figure 5-5. Power Supply Regulator Diagram

RS and R25 {odd-numbered resistors, Figure 5-5) average
these individual voltages. The average voltage feeds a dif-
ferential amplifier in the regulator card via terminal JO2.

If the predetermined current limit for the average voltage
is exceeded, a fault indication energizes the OV/OC relay

by grounding terminal E8. Energizing the OV/OGQ relay K13, 1.

K14, or K15 de-energizes contactor K3 removing.power
from the primary of the bulk supply. See DM 6-010 for
early design power control sequencing or DM 6-020 for
redesigned power control sequencing.

Undervoltage Protection

An undervoltage protection circuit in the basic -4V supply
and the +6V supply is necessary because:

Damage to the print maénets can occur if +6V is
applied to the 5424 MFCU or the 5203 Printer when
the <4V regulator output is low

' [ ox_d%o 0.
(The print magnet amplifiers continually diive the

print magnets, which are not 100% duty cycle.)

- -
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2. .Damage to the BSM logic cards may occur if -30V
*is applied to the BSM when the +6V regulator output
is low or decreases to 0.
In order to protect the S
a siliconcont rectifier (SCR) i
e +6V regulator. The SCR st

i

and the 5203 Printer,
ed across the out-
ts to conduct if:,

1. Thc +6V regulator senses an overvoltage or an over-
: current condition.
. U ’ To . U/ ) -
2. The =4V undervoltage-control circuft (ax card) senses
an undervoltage conditioo. ’

When the SCR cfs/'t\}rﬁ‘bv output is effectlvely
shorted.- “This Tesults in an overcurrent condition which,

in turn, causes an immediate system power down.

The -30V regulator senses a +6V undervoltage condition
(TBI-1 on -30V regulator). A +6V undervoltage condition
results in dropping the -30V regulatof and in energizing
KIS the -30V regulator OV/UV/OC relay (-30V OV/0C '
or +6V UV). This results in de«energizing confactor K3,
which causes an immetliate system power down. _ -
-

L]
re ')
i

J—4 Vo/t.Undervoltage Circuit

The <4V undervoltage circuit momlors the output of the
-4V regulator. If the undervoltage tircuit®detects an abnor-
mal decrease in voltage, the -4V undervoltage control card
("ax drive’, DM 6010 forvéarly design or 6-020 for redesign)
turns on the +6V regulator SCR. This shorts out the +6V
regulator'output causing an overcurrent condition. The
+6V regulator senses this simulated oveycurrent condition
and, as a result, picks K14. This, in tdrn,de-energizes

K 3. causing an’‘immediate system power off. The action
of shprting.(axing) the +6V regulater when a -4V unt
voltage condition is sensed protects the 5424 and the 5”03
logic uncuns

+6 Volt Undervoltage Circuit

The +6V undervoltage circuit monitors the +6V regulator
output. This circuit i%]ocated on the -30V regulator card.

The -30V regulator senses an undervoltage condition at
the TB1-1 terminal. See DM 6-010 for early design power
control sequencing or DM 6-020 for redesigned power

control sequencing. Whenever the -30V regulator senses "~

a +6V undervoltage condition, the -30V regulator error
output signal energizes K15, the ~30V OV/UV/OC relay
(-30V OV/OC or +6V UV), causing an immediate system
power down.

56
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NORMAL POWER ON SEQUENCE (EARLY DESIGN
POWER CONTROL) '

“A +24V control voltage controls power sequencing.
Turning on the mairline circuit “reaker activates this
supply (Figure 5-7. (1R ¢ +2) Relays K1 nd K2 energize to suwly
power to the convcn\ence outle.s and to allow power to

be tumed on. 4 . : 4
Ed

-

' Tugning on the-power ornfeff switch results in energizing

contagtor K3. Power is then applied to the logic and

“memory bulk power supply (Figure 5-2). (I R C12¢Bulk power and

bias voltage from the logic and memory bulk power supply
is then applied to the inputs of the -4V, +6V, and -30V.
regulators. Note that the regulator output cannot be raised o
without the start signal apphed to terminal E12 of each
regulator. Because terminal E12 is connected to ground,

the -4V regulator output starts sequencmg up as SOON as .
input voltage is apphed to the regulator.

Note: If installed, the -4V lpgic power supplxes :2 and/or
=3 sequence up at thns time. J .

2
The -4V sense relay (K5) energizes after~4V is available.
Relay K5-1 contacts provide the start sxgnal tothe+6vV .. .
regulator (DM 6-010).

i

B ’ N
After the +6V output is available, the +6V sense retay (K6),
energizes relay K7 whith provides the start signal to the
-30V regulator. When -30V output is available, the -g0V
sense relay (K8) energizes which, in turn, energizes. relay
K9. Power'is then applied to.the primaries of the +24V
MECU, the +60V printer power supplies, and the indicator
laWsupply. Wheri the +24V and the +60V supply
outputs aviilable. sense relays K10 and K11 energize.
Energizing K10 and K11 allow power sequence relay K12
to epergize. Relay K12-1 contacts turn off the power check
light indicating that the power on sequence is complete.”
See DMs 6-005 and 6-010 for the detailed desmptlon of
‘the power on sequence. ) -

NORMAL POWER OFF (EARLY DESIGN POWER
CONTROL)

A normal power off condition causes the power suppliés to
turn off in the following order:

1. -30V storage supply voltage

t9

+24V MFCU and +60V printer logic voltages

3. +6V.|ma; voltage

4. 4V ldgic voltage

Cl6
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Turning aff the power on/off switch de-energizes relays

K7 and K9. Relay K7-1 contacts rembdve the start voltage
from the -30V regulator pin E12 (DM 6-010). Contactor
K9 contacts transfer shortly after the relay is dezenergized.

_ Contactor K9 then removes powet from the MFCU and'the

Jprinter power supplies after coritactor K9 contacts transfer

'Relays K10 and K11 de-energize after the MFCU (K10)

and the printer (K11) power supply outputs are no ]onger
available. De-energizing these relays cause contactor K3
to de-energize. This results in removing power from the

“logic and memory bulk supply. This removal, in turn,

causes the -4V and +6V regulator outputs to drog at the
same time. See DMs 6-005 and 6010 for a detailgd descrip-
tion of‘he normal power off sequence.

NORMAL POWER ON SEQUENC{?;REDESIGNED

POWER CONTROL—-PRINTED CIRCUIT RELAY PANEL)

-

" Turning on the mainline circbit breaker applies power to -
transformer T1 (Flgure 2-3). (1R C1 1 The outputs of T1 supply
41 Vac for use méters; 7.25 Vac for indicator lamps (through

K9B points), 110 Vac to the convenience outlets, and
24 Vac to the 324 -Vde power supply (DM 6-020). Relay

A9 . .
K1 energizes to supply power to the convenience outlet

and K2 energizes to allow powér to be turned on. A +24
Vidc control voltage controls power sequenciﬁg’.‘

Turning on the power on/off switch results in energizing

relay K3. Power is then applied to the logic and memory

bulk power supply (Figure 5-3).(F'R C13)Bulk power and bias
tage from the logic and memory bulk power supply 1s

then applied to the inputs W. +6V, and -30V

regulators. Note that the regulatot output cannot be raised

without applying the start signal to terminal E12 of each

regulator. Because terminal E12 is connected to ground,

the -4V regulator output starts sequencing up as soon as

input voltage is applied to the regulator.

Note: If installed, the -4V logic power supplies #2 feature

and/or #3 feature sequence up at this time.

The -4V sense relay (KS) energizes after -4V is available.

‘Relay K5-2 contacts provide the start signal to the +6V

regulator (DM 6-020).

After the +6V output is available, the +6V sense relay
(K6) startsthe time delay circuit. When the time delay
circuit times out, transistors T3 and T4 conduct, providing

- aground level siart signal to the -30V regulator. When

-30V output is z}vailable, the -30V sense relay (K8) ener-
gizes which, in turn, energizes relay K9. When the K9B
points are closed, the circuit for the 7.25 Vac lamps and the

41 Vac use meter power is complete. Power is then applied
to the primaries of the +24V MFCU and the +60V printer

power supplies. Wh‘en the +24V and the +60V- supply
outputs are available, sense relays K10 and K11 energize.
Energizing K10 and K11 allow power sequence k[’ay K12
to energize. Relay K12-2 contacts turn off the power check
light indicating that the power on sequence is complete.

)See DMs 6-015 and 6-020 for the' detailed description of

the power on sequénce.

NORMAL POWER OFF (REDESIGNED POWER
CONTROL)

-0

A normal power off condition causes the power supplies to ~

turn off in the following order:

1. -30V stdrage supply voltagers

2. +24V'MFCU and +60V printer loéx'c voltages
3. +6V logic voltage
4. -4V logic voltage

Turning off the power on/off switch’de-enejgizes relay

K9 and turns off transistors T3 and T4 thereby removing
the start voltage from the -30V regulator pin E12 (DMs
6-015 and 6-020). Contactor K9 contacts transfer shortly
after the relay is deenergized. Contactor K9 then removes
power from the MFCU and the printer power supplies after
contactor K9 contacts transfer. Relays K10 and K11 de-
energize after the MFCU (K10) and the printer (K11)
power supply outputs‘are ne longer available. De-energlzmg
these relays causes K3 to de-energize. This results in re<’* «
moving power from the logiccand memory bulk supply.
This removal. in-turn, causes the -4Y and +6¥ regulator
outputs to drop at the samg time. Ste DMs 6-015and
6-020 for a detailed descnptxon of th§ normal power off

/

Abnormal Power Off

~sequence.

The five causes for an abnormal power off sequence are:
1. Overvoltage (OV.)

2. Overcurrent (OC)

3. Undefvol(age (U\})

4. Thermal (overheating—normal power off sequence)

.5. Emergency power off sWitg:h opened

S410 TO 5.7
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Overvoltage and Overcurrent Power Off Sequence ) Thermal Power dff Seque/;’ee

Whenever an overvoltage or an overcurrent condition is A tifermal condition causes relay K2 to be de-energrzed <
. sensed, one of the OV/OC relays (DM 6-010 or 6-020) The K2 g HQ 3 redesign) contacts tutn on the thermal . -~ N
energizes the -4V supply (K13), the +6V supply (K14), light to indicate overheating. Power then sequences off
and the -30V supply (K15). Energizing OV/OC relay the same as a-normal power offsequence by opening the *
results in de-energizing contactor K3. De-energizing con- power on[eff swrtch circuit; .
tartor K3 removes power from the logic and memory bulk ' "”*"'j’
supply. , The 1/hermal light and the power.check light are on when )
: » ~ the'system power off sequencé ends. Turning the power
On.an abnormal power off, the power check indicator tutns *_6n/off switch off turns off the power check light. The
on to indicate a failure. Test points indicate the power hermal light remains on until the over-temperature con- .
supply that failed. The energized OV/OC relay contacts dition has been corrected and the power on/off switc'}ﬂfas T,
hold the relay eneggized until the check reset switch is been turned off. Power can then be restored to the system
pressed with the on/off switch off. B i by turning the- power on/off swrtch on.
After an overvoltage, overcurrent, ér an undervoltage. failure, . _ k s ’ *
the check reset key must be pressed with the power on/off Emergency Power Off N \ ~
switch in the off position to deSiqgfrgize the- OV/OC UV . ~
relay and to allow a power on sequence.* See DM 6-010 When you pull the emergency power off switch, $ystem
for early design power control sequencing or DM 6-020 powér drops immediately. However, power\?! still applied
for redesigned power control sequenc.mg Power’ sequencing  to the powkr input terminals and to the input terminats of
* failures do not require this action. _ " KI, K3, and K9. if the redesigned power contro} box is !
. N mstalletf (prmted circuit-relay pangl), power is not applred
‘ . i e to the mput termma]s of K9 affer an emergency power off.*
Undervoltage Power Off Sgquence k > St .
‘ .. " Test Points (TPs)
Only the -4V and the +6V outputs sense for undervoltage -

e L . ’ . OJ - © -
Test points (TPs) are on the power control box. When a
voltage failure occurs, check,these TPs inmumerical se-

conditions. If the -4V ax card senses an undervoltage con-
dition, the 4V ax circuit '(a separate card) immediately,

shorts the +6V regulator vig the SCR across the +6V rege- - quence to determine the voltage that failed. TPs 2- 9.

lator output. This'is a +6V simulated overcurrent condi- indicate which regl‘tor voltage failed during power on or
tion and the:OV/OC/U\. relay K14 energizes. The K14-] off sequence. . -"’\,

(K 14-2 redesign)’contacts remove +24V from contactor K3. r : ‘ ‘ '

L]
Contactor K3, in turn, removes power to the logic and Note: In a normal system f)ower off state, TP2 will read
memory bulk supply. This results in an immediate system

+24 Vdc. Because of a system power failure (power check),

power off. +24 Vdc measured on TP2 indicates the -4~ Vdc Tailtd to

' ¢ ‘sequence up.
Because K14 OV/OC/UV relay energizes, +24V is present at . - . T ST
test point 13 to indicate a +6V power failure. However,a " For example, a +6V regulator Sequencing failure is indf-
+6V overvoltage,a +6V overcurrent, or a -4V undervoltage cated if TPs 24 were zero vblts and +24V appeared at TPS.

could cause the failure condition: _ TPs 10-12 indicate an ovemvoltage condition, or an over-

.o . <uirent condition. TP13 or TP14 indicates an overvoltage
The -30V segulator senses a +6V undervoltage condition. condition,; andvercurrent condition, or an undervoltage

Wifen tite -30V regulator senses a #6V undervoltage condi- condition. For example, an overvoltage/overcurrent failure
tion, the -30V OY/OC/UV relay (K15) energizes. See - in the -4V regulator occurred if +24V appeared at TP12.

o
.

DM 6-010 for early design power cantrol sequencmg or If TP13 or TP14 indicated +24V (farl‘ure cogdition), you

DM 6-020 for redesrgned ,power control sequencmg - may have difficulty in determrmng if%n gqvervolfage,an ' *
- ~ A evercurrent, or an undervoltage condition caused the <~ ¢

Contactor K3 then deenergrzes causing an immediate failufe. Refef to the MAP charts to. a.elp 1solate the failure.

system power off. Test point 14 equals +24V indicating a
-30V overvoltage, a -30V overcugrent, or a +6Y under
"voltage conditior. * - ‘

5-8
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" Section 2. Features

As features-arg added to the bas;c s*stem addmonal g‘gwer
. supplies must be added:
- 4V %eatiure:ad(i;ongre;gulatorl :
° ,"a -4V lo.giesupiviy Q#2- o
40 . AN 1ogre supply #3
o S12 BSCA supply. "J
- +6V expansiqn §upply .

‘The —4V feature add-on regulatop is a prerequisite for each
of the following features:

o Diskfile

»

®  Serial lnput/Output Channel (SIOC)

] Pngter keyboard
o 24Kand 32K <torage .

. B gate features
® - Dual program fearure

. Fea ture LSRs,

The +6V expansion supply is required when MLTA and

5444 high-speed stepper files (Models Al, A2, and A3) are’

inStalled.

.System configuration determines the power supply re--

'quirements. As features are installed on the B gate, the .

=4V logic #2 feature >.supply-and the -4V logic #3 feature
supply are”added to meet the 1\rease in power requiré-

* ments.

Note that the #2 feature supply must be installed before
the #3 feature supply can be installed. Each feature logic
power supply has its own bulk transformer regulator, and

. coolirfg-system.

The -12V feature po»\;er supply is installed in System/3

when features (such as the BSCA) are installed. A
secondary winding of the bulk supply (also used by the +6V'
basic regulatory supplies unregulated ac voltage to the -12V
supply. -See DM 6-010 for early design power control

sequencmg or DM }020 for redesigried power control

sequencing.

TP9 senses that the 12V"§6Wersupply output is avatlable
to the BSCA. The absence qf the -12V output prevents
" the system from powering up

-
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Chapter 6. Console and Maintenance Featués

Section 1. Console : of the vaﬁoﬁ; registers in the CPU é‘nd‘ the status 6f the ma-
: Ajor CPU controls. - -

SYSTEM CONTROL PANEL c o BN

s

The system control panel (Figures 6-1 through 6-5)(FR D04)con- Operator Controls
tains the lights and switches required to operate and control

System/3. | Emergency Power-Off Pull Switch (EPO)

System controls are divided ir;to three sections: operator Pulling this switch (Fi‘gure 6-3)(FR DQS) tum.s off the power beyond _
controls, customer engineering (CE) controls, and console the power-mput' terminal on‘ every unit thfat. is p?ltt of th;

display. The operator section contains the controls required system. The switch latches in the out position.

for normal opetation. The CE ¢ontrols serve as diagnostic Ty - - « : o -

aids in locating malfunctions. The console display provides When the emergency pull switch is in the out position, the

the operator and the CE with a visual record of the contents * power on/off switch is ingffective. .

5410TO 6-1
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CE Controls\ L . . EPO and

A" Meter Panel

S 1Y

Display Panel \ ‘——__t—

N\

. /Svstem Controls
File Control -
Panel Sa —

Dual Program

Control P’gcl

I 53294 .

Figure 6-1. Synem Control Panel

. 62
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- Message Display Unit
Processor 110
Check Attention
ON [~ Program
Power
off Load
Start Stop
I DRREY
Figure 6-2. System Controls
* EPO AND METER PANEL
\ -
000073.62
4 ’ ' 1246

Figure 6-3. EPO and Mcter Panel

5410 TO 6-3

DO5



. P
1 SARHI B8 REG 0 1 4 7 DIG RE- TEMP
SAR LO @ 3 5 6 cAR | DEC comp| ADD| sue CAR AND| OR | ALUCTRL 4
1} 1 3 4 3 6 7 P [} 1 2 3 4 5 6 ?
8 4 1 8 4 2 1 [ [4 8 4 2 1 8 4 2 1
8 REG N
ALU CTRL .
5 A REG
MACHINE INT
1-OP | 1-Q I-R 1-x1 . . 1-X 1- . A K
ALU OUT L CwCLE 1-HY L 2{1H2 L2 | E E-B 1/0 LEV
6
COND REG
7 CS ASNMT ™ -
INT LEV cLock 0 L R IR R N LR 819 cHK cHk | -
8 PROC CHK
PROC CHK X
!
ADDRESS
DATA -
. LAMP
TESTY

Figure 6-4. CPU Displays
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A I File

P1 P2 Write Address 1/0 . CeE
¢ Off off Owm Compare Chegck Key
) On p bn ’

;,» )
170, Perity | Storage Addr Addr /O
Check  Check | Test Incr Comp Overlap
Stop ‘Run Run Ooff Stop Off

PP QY

Run Stop ‘Step On

Process Step
Normal -f

l Instr

IAR " XR1 \ .

— y
) ARR XR2 — _ Mach
System Check Y r— Cycle
Reset Reset - -— /
i Alt — ~ Clock
i LSR Display
’ I - Selector : CE Mode Selector
Figure 6-5. CE Control Panel
5410 TO 6-5
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Message Display Unit

This two-position display unit (anures 6-6 and 6-7)(}R D09) keeps a

running display of the halt identifier portion of a halt in-
struction.

The display characters, genegally the numerics 0 through 9,
are selected by unique codes contained in the second and
third bytes of a halt instruction.

Processor Check Light

This light is turned o, when an invalid op code, an invalid
address, or a parity error is detected in the CPU. It is also
turned on whenever the device address (including the M
field) and/or the N field of an 1/O instruction is not recog-
nized or whenever an 1/0O device recognizes a parity error or
data bus out at the 1/O attachment. It is turned off with
system reset or CE check-reset.

¥ The processor comes to an immediate stop on any of the
above errors, and the input/output data may be lost. The
specific error is displayedin the console display section.

1/0 Attention Light

The 1/O attention light is turned on when a ddress(’ved 1/0
device requires normal operator intervention) The hg]\t is

turned off when the cause for 1/O attention & removedand
the device is returned to they_ready state. )

1/O attention does not,stop normal CPY processing. How-
ever, start 1/0 or load 1/0 instructions %ill not be acu.pted.
Normal operator intervention includes: ] :
i
Printer - forms out, cover interlock |
MFCU - hopper empty, stacker full, c}up box full,

cover interlock. ;

Il
{

— o , Duai Program - ’
o /,'/P1 & Control 3 S p2
1 e PR T e, T
ST T Load ; ] — B
S S g L2 XO//- T I N
/ N Concel — ~— Canm;l : L .. - : \
o /- T .
———— /! : o ;
v Process s::: " ) Inter Prm ] "::lstgt ~
- —
’3.‘ ‘ !

Figure 6-6. Dual Program Controls
1Y
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Op

Hdentifier (tens)

dentifier mn{'u)

TENS UNITS

tdentifier 8it0 } Bit1 | Bit2 | Bit3 | Biv4 | BitS§ | Bit6 | Bit?7
Tens Reserved | IndA | IndB | IndC | IndD [ IndE | IndF | IndG
Units Reserved | IndA | IndB | IndC | IndD [ IndE | IndF | 1adG

Figure 6-7. Message Display Unit

Power On/Off Switch
This switch initiates the power on/off sequence of the
system. A system reset is performed as part of the power .
on/off sequence. Main storage data may be lost when power
s dropped

Program Load Key

This key is pressed to start initial program loading from the’
MFCU or disk file. The 1/O device is selected with the
program ldad selector switch. A system reset is performed as’
part of the program load sequence.

Pressing the program loadey allows the first card or record
from the MFCU or disk file to be read and stored in main
storage, beginning at location 000Q. When the key is re-

~leased, the CPU proceeds to exeeute the instruction sequence
starting at location 0000. Normal program load from the
MFCU is executed through the primary hopper.

Should the 1/O device selected be not ready, the console
1/0 attention light will come on when the program load
key is pressed. Normally, to complete the program load
function, it is only necessary to ready the device.

D09

Stop Key/Light

" This key is pressed to cause a processor stop.

" The processor is stopped at the end of the operation in pro-

gress when the key was pressed. 1/0 data transfers are com-
pleted without loss of information. Processor stop turns on
the stop light.

The processor may be restarted without loss of information
by depressing the start key.

Start Key .
This key is presged to start or continue operation.

Pressing the start key turns off the stop light and allows the
processor to continue its normal operation.

The start key is also used, in conjunctioh with the CE modes
of operation, to start and/or advance the processor clock.

On systems without the dual program feature, pressing the
start key clears the message display unit and allows the pro-

gram to proceed after a halt operation.
. P
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Thermal Light

This light, along with the power check light, is turned on
whenever an overtemperature condition is sensed in the
CPU mainframe or electronic board in the printer. The

light remains on until the condition is corrected and the _
power switch is turned to the off position. Overtemperature
also results in power down. Normal power on can be per-
formed after correcting the overtemperature condition.
Figure 6-8 shows power check/thermal indications.

Lamp Test Switch

This switch turns on all system display lights.

>
i

Console Interrupt Key/Light (Dual Program Feature) .
The console interrupt key is pressed to request immediate
investigation of certain external conditions. The operation
of the interrupt key is effective only when the interrupt light
is on prior to pressing the key.

Pressing this key causes the normal opera{ion to halt and
to be replaced by an interrupt handling routine for interrupt
level 0. Normal operation will be resumed after the inter-
rupt routine signals completion of interrupt servicing with
the SIO instruction to reset intém}pt request zero.
. ~
This light is on only when the system is being used in the
dual program mode and interrupt level zero is enabled (con-
sole interrupt will be rgcognized). Y

Selection of whether tﬁle system is to be used in the dedicated
or the dual program mode fs accomplished with SIO instruc-
tion. The SIO instruction is also used to enable or disable
the use of interrupt level zero.

=00

Dual Program Control Switch

This rotary switch is normally used in conjunction with the
console interrupt key. The status of this switch is sampled
with a TIO instruction.

Figur:: 6-8. Power Check/Thermal Indications

6-8

POWER CHECK/THERMAL INDICATIONS
INDICATQRS
y q
POWER ON/
FAULT OFF SWITCH POWER CHECK THERMAL ACTION
‘Sme"l‘alw’:ol:mr i or On‘\ oft 1. Turn power switch to OFF
upply Maltunction 2. Correct problem .
3. Press (p:;i(k Reset
4. Turn er ON
N
Thermal Condition‘ On On On 1. Turn power switch/to OFF
2. Power check i ator
goes off
} 3. Thermal light stays on until
condition is removed
Customer Power ) On On On 1. Turn power switch to OFF
Source Loss 2. All indicators turn OFF
. 3. Turn power switch to\ON
and continue operation
Emergency Power Off On . Off Off 1'\ Turn power switch to OFF
(EPQ) Activated ’ 2. Correct problem
3. Restore EPO interlock
° 4. Turn power switch to ON
—
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Halt Reset Key (P1,P2)

This key (one per program level) is pressed to take a specific
program out of its progragnmed halt state.

Pressing the halt reset key clears the appropriate message
display and allows the corresponding program to continue
its normal operation.
% ~
[ *

Process Light (P1, P2)

These lights indicate the pfogram level being executed or, in
the caseQf an interrupt level servicing, the program level
associated with the XR1, XR2, and PSR registers in use.

L3

CE Controls
Address/Data Switches ,

These fourr switChes are usédm set up addresses or data.
An address (16 bits) cgn be 6aded into thé'storage address
register (SAR). .Data (8 or 16 bits) can be entered into :
main storage.” Alter storage mode enters into storage, the
data set up in the two rightmost switches. A sense 1/O in-
struction with a Q code of hex 0/0 senses all four console
switches. The data from the two rightmost switches is
“stored at the address specified by the control code and data
from the two leftmost switches will be stored at the
specified address minus one. ,
-5 '

CE Key Switch

This switch when in the CE position, prevents the customer
use meter from running.

]
Note: A processor check may occur if the switch position
is changed while the clock is.gunning.

CE Mode Selector

This rotary switch selects one of three processor operating
moggs: (1) noggdal process mode; (2) the step mode; or
(3) test mode. Process is the mode for normal system
operation. * )

Note: The CPU should be ina halt state before changing
the position of the switch to prevent a processor ¢heck. -

1.  In the step mode, the rotary switch setting controls
the manner in which the processor performs the stored
program.

-

- Dt

-

a. Instruction step. Each time the start key is pressed
and released, one complete instruction is per-
formed. The I-phase is performed while thé key is
pressed, and the E-phase, if any, when it is released,

Note: Any SIO instruction which causes the clock
to run as described under *“‘clock step™ also causes
the next sequential instruction to be executed with-
out any start key ®peration.

b. Machine cycle step. Each time the start key is
pressed and released, the instruction is advanced
through one fhachine cycle. Pressing the key
causes data in storage to be accessed, modified as
required, and the'result to be/displayed in the

~arithmetic and logical unit (ALU) indiRators of th

~ F console display. Upon release of the key, depend7
ing upon the operation being performed, either
the old data or the new result is written back into
storage.

¢. Clock step. Each time the start key is pressed. the
clock advances through an.odd-numbered clock,
and each release, t.hbgugh an even-numbered clock.

The integrity of 1/0 data transfers is preserved by
allowinyg the clock to run from I-phase end of every
executable start I/O instruction to the time the
device is finished transferring data. The start key
is not fupctional while this 1/O tra%lf‘:r is taking
place. . //
In systems without dual program feature, the halt identifier
lights do nat turn on in any step mode.

2. The switch settings under the test mode
following: ‘

a. Alter SAR. The address, set up in the address/data
switches, is transferred into: SAR by the start
key via the current IAR (P, P2, or interrupt
level).

-2

b. Alter storage. Pressing the start key allows transfer
of the data set up in the rightmost two address/
data switches. into the A register. Releasing the
key causes this data to be ptaced in the stor‘age
location specified by SAR ¢nd into the Q register.

c. Display storage. The con\(’eg:f the storage loca- »
tion specified by SAR are traisferred into the B

register when the start key is E?essed. These con- -
terits are rewritten into storage when the key is
+ released, and are also transferred into the Q
register.
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LSR Display Selector

« This rotary switch selects the local store register (LSK)
to be displayed in position 2 of the display switch.

The LSRs that can be displayed with this switch are: 1AR,
ARR, XR1, and XR2. The selected LSR is Qrsplayed when-
ever the CPU is in a WAIT state. /

When in the normal pdsition, the LSR displayed is the one
in use by the program.

'

Refer to the MM for the procedure to diifplay other LSRg,. .
|

System Reset Key

+ When the system reset key is pressed, thT system enters
an rmmedra@ ‘idle’ state. CPU registers,/contrels, and
status ‘indicators are reset and the processor clock is allowed
to ‘idle’. '
Program Levol l Instruction Address Register (P1-1AR)
and Program Status Register (P1 PSR) are poth reset to
zero by a system reset.

\ -
The system must be in the PROCESS mode of operatron
for the pushbutton to the operative. After power on, the'
system reset key should be pressed prior to any CE oper-
ation. (Load key will also perform system reset.)

1

DMs 5—220, 5-222, and 5-224 show the timing and circuitry
of system reset.

Cherk Reset Key

This key is pressed to cause a reset of the Processer and/or
Input/Output check conditions.

A check reset removes the current error conditions, thus
allowing the processor to resume its operation after the -
* Start key is pressed.

0
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Storage Test Switch

This switch enables the altering or displaying of storage as
follows:

1. Inthe step position, a storage location is . ccessed
each.time the start key is pressed.
2. In the run position, pressing the start key causes core
storgge to loop on either the same location repetitively
afof core sequentially. (See ‘“Address Increment
Switch.”)

Address Increment Switch

4
This swvitch enables address incrementing when in the CE
test modes of alter or display storage. With the switch in
the on position, the contents of SAR are incremented by 1
after each storage access. When the switch is in the off
position, SAR is not incremented.

Address Compare Switch

This switch allows stopping the system when the setting of
the address/data switches matches the register display. The
register display must be positioned to SAR.

With the switch in the run position, comparison of address
switches to SAR via the register display is performed, but
no processor stop is initiated when a match occurs. The
matched srgnal is provided as a scape sync point.

When the switch is in the stép position, a match of the
address switches and the register display results in a pro-
cessor stop at the completion of the storage read/write
cycle. If, however, an SIO has been issued to some /O
device, that opgration will be completed.

The processor is restarted by pressing the start key.



1/0 Overlap Switch

This switch controls the system so that I/O operations may

be executed in either an overlap or a non-overlap mode.

With the switch in the normal on position, 1/O operations

are executed in an overlap mode. When the switch is in the
off position, /O operation is completed prior to execution

Bfthe next sequential instruction-(non-everlap).

1/0 Check Switch

i
This switch forces the processor to come to an immediate
stop on an I/O error. The switch is normally set to run.
With the switch set to stop, the processor stops on an 1/0
error and the console display indicates the processor status
at the time the error stop occurred.

A check reset followed by the start key allows tt)e program
to continue. L )

- Paity Switch
This switch allows processor parity errors to be ignored.

The switch is normally set to stop. This causes the pro-
cessor to comé to an immediate stop whenever a parity error
is detected. A check reset followed by the start key allows
the program to continue. With the parity switch in the

run position, parity errors are detected:and displayed, but
the processor is not stopped. '

]K)

Address Compare Light

This light is on whenever the register display is positioned
to SAR and the address/data switches match the contents
of SAR. The system,will not stop unless the address com- .
pare switch is in the stop position.

4O Check Light

This light is turned on when certain 1/O errors (read check,
punch check, etc.) are detected by an addressed 1/O device.

"It is turned off when a system reset occurs, the check reset

key is activated, or at the next SIO.

P1 and P2 Toggles

These two switches enable the CE to control selection of
program level 1 or 2 to manually select the dual program
mode of operation.

With P1- on and P2 off, the §ystem operates in program
level 1.

With P2 on and PI off, the system operates in program level
2. 4 ‘wfyb ‘

_“»'

With both P1 and P2 off, the system is automatically enabled
for the dual program mode of operation, with program level
1 being considered as the primary level.

For normal system operation; both P1 and l?2 must be ON.

Note: An interrupt level 0.request-is not accepted if elther

(but not both) P1 or P2 is turned off.
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Console Display 8.

The console displays are separated into two groups: (1)
register display unit and (2) controls display sectign.

»

Register Display Unit

The register display unit (Figure 6-9) consists of a row of
twenty lights and eight legend strips mounted on an eight
position roller switch. At any one time, only one of the
eight strips is visible through a cutout in the console above
the row'of lights. The legend strip and the corresponding
*® register displayed by the row of hghts are selected with the
eight position swnch

Each legend strip by number is as follows:

1. SAR HI/SAR LO. Contents of storage address reglster L
high and low. /

to

LSR HI/LSR LO. Contents of LSR selected S;Tﬁe
LSR display selector.
® T T

3. OP REG. Contents of the op register.
) Q REG. Contents of the Q register. S -

4. BREG. Contents of the B register.
ALU CTL. The state of the following ALU u)ntrols
is displayed:

DIG CAR (Digital Carry)
DEC (Decimal Instruction)

2 RE COMP (Recomplement)

~ ' ADD (Addition)

SUB (Subtraction)
TEMP CAR (Temporary Carry)
AND
OR

5. AREG. Contents of the A register. _
ALU OUT. Contents of the output of Lu.
]

}CQND;REG. The contents of the eondition register

y is displayed as follows: Y
wm OVF (Binary Overflow)
F (Test False)

DEC OVF (Decimal Overﬂow)
HI (High)

LO (L{a)

EQ (Eqbal)

7.  CS ASNMT. Cycle steal assignment is displayed as it
is presented to the F/O devices on the 1/0O interface.

9

INT LEV. Interrupt levelindicates whjc}) 1/0O device 3.

is intem{pting the program.

¥
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PROC CHK. The processor checks are displayed as
fallows:
1/0 LSR - indicates selection of an LSR by an 1/O
device was rot pfrformed correctly. -
LSR F1 - Parity is incorrect on the output of the LSR
' Feature 1.
LSR F2 - Parity is incorrect on the output of the LSR
Feature 2.
,LSR rﬂ' Parity is incorrect on the output of an LSR
high.
LSR LO - Pasity is incorrect on the output of an LSR
low.
SARHI - Par)l.y-Ls incorrect in the storage address
Tegister high.
SAR LO - Parity is incorrect in the storage address
register low.
INV ADDR - indicates that the SAR contains an in-
) valid address. ~
- Parity is incorrect in-the storage data register.
AR - indicates the carry out of the ALU is incorrect.
DBI - Parity is incorrect on the CPU end of the data”
bus in coming from the I/O devices.

o
‘A/B - Parity is incortect in the A register or B register.

ALU - Parity is incorrect at the output of the ALU.
CPU DBO - Parity is mcorrect on the CPU end of the
data bus out to the 1/0 devices.
OP/Q - Parity is incorrect In the op register or Q register.
INV OP - indicates an invalid op code if the op registei.
CHAN DBO - Parity is incorrect on the1fO device end
of the data bus out from the CPU.
INV Q - indicates an invalid Q byte is present in an [/O
instruction.

Controls Display Section,

Machine Cycles. Twelve indicator lamps represent
the twelve machine cycles. They identify the
processor cycle just completed in all modes, except
the CE clock step mode, in which case, they indicate
the cycle in progress.

Clock: Ten indicator lamps represert clocks O
through 9 which can be stepped through in the CE
clock step mode. In the normal process mode, a
machine cycle consists of clocks 0 through 8. Clock
9 is used with the CE step and test modes.

Interrupt: A single indicator lamp is used to monitor
whether any interrupt level is being serviced.
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Figure 6-9. liegister Display Unit
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Section 2. Maintenance Features

Refer to MAP charts for maintenance a‘#proach.

/
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. Appendix A. Unit Characteristics

For machine characteristics refer to the /BM System/3
Installation Manual-Physical Planning, GA21-9084..
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