

















































































































































































































































































































































































































































































































Op Code Byte 2 81 DI 82 D2
TIXXX XXX X000 X300 XX XXX XX % X X XX % %3 X] 3 % 3 X X X X XX XXX
D1,2,3,5,E,C L Byte3 | Byte d Bte 5 | Byte 6 NSt
h,2389,8,c L | 12 AN v s
0o DAL FS FIELD LENGTH
OP CODE+ BYTE 2 IN E,§,T,R
(| ADDR OF B1,D1 IN SUB )
tore 5
1 Op CodesByte 2 1 I yes To Indexing
AUX /00 =01/ 1 )éx;(
| o
From Indexin,
Add ) g
2 ad::ge | Addr of Byte 3+ A,S,T,R
Fetch - Regen | Addr of Byte 5 in A,S,T,R
3 : B1-D1 in E-Sub
Main /XXX/
] gore_ Oprd Addr
B1+ Dl-eE,S, T,R 7 |Oprd 1 Addr Reg
4 | Address Exchange ——( | Addr of B’yf; g-.Sub AUX /40 41/
[ Address
8 Exchange —Gddr of Byte 59 A ,§,T,R )

VALUE OF UPPER 4 BITS OF THE OPRD. 1 OR
2 ADDR. MUST NOT BE GREATER THAN

0000 WHEN 4K STOR.

0001 WHEN 8K STOR.

0010 WHEN 16K STOR.

Figure 3-34 I-phase Op Decoding SS

226-5909 (8/65)

Fetch ¢ Regen

)

NSt Addr in A,S,T,R
9 82+ D2 __C > nAST,
Main /XXX/ B2°D2 in E+Sub
Address B2+D2 e E,S,T,R
10 Exchange NSI Addr-s=Sub

To indexing

From Indexing

NSI Addr+A.,S,T,R
Oprd 2 Addr#=Sub

COMMON LOOP FOR ALL FORMATS

——C)prd 2 Addre A S, T,R )

_CT.wor Part of Op Code )
=g DR=E X
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17 Test Op Code
Upper Part in DR-U

ML RLL IR I ] 1o
il EO- C0-
EF CF
SI RX RR 18
Addr
Address Error
Error Stop yes -
1) Address Op Code Lower Part in DR-E
36 Exchange Oprd 2 Addr=eSub
Op Code'
11110]XX |
FetchsRegen N
37| Oprd 1 Addr —C Oprd 1 Addr in -A,S,T,R )
I AUX /40-41/
2|  /8/-wsDR-E 24 | /B/-mBR-E
( See next Branch) (See next Branch)
|
Fetch :
Caleulate Units Addr
25|  (Length 1-2) —( )
AUX /0t/ Oprd 2 Addr Plus 12
Address | Address Op Code Lower Part in DR-E
26| Exchange —( Oprd 2 Units Addr-s-Sub ) 39| Exchange Oprd 2 Addr+- A,S,T,R
] | Oprd 1 Addr—e=Sub
» Fetch - Regen Oprd 1 Addr In A,S,T.R 40 |Dscode Op Code
AUX /40-41/ Oprd 2 Units Addr in Sub -|Lower Port in _DR-E 0000 Trarsfer 1/O 20
l T T10IXXXX 0001 Move Nomerical
N 0100 .
Fetch (Clear) PA2 Field 0010 Move Characte
21 Aux fo7/ (Packed Arithmetic) FE,FF oo - = 02
Dé 0011 Move Zone 03
» T 1 o1 Compa
DR-E N\, " o7 e DS
8 Bit 1000
1100 Translate
08 = DC
yes e 1001_|
D9 1110 Edit DE
a2y Calculate Units Addr ) lolo 4
noth 1
30 AUX“/OI/ Oprd 1 Addr Plus L1 DA on Oprd 2 Addr in A,S,T,R
m - Oprd 1 Addr in Sub
( Oprd 2 Units Addre- A S, TR Invalid Op Code = Molti/Divi D"'i"' FC
31 Address Exchangﬁ Oprd 1 Units AddreSub ) f‘"..:'s)w pD " FD
oF Oprd 1 Addr in A, 5,TR
] Oprd 2 Units Addr in Sub
FetcheRegen
32 Op Code Move with Offset -
AUX /00,
{00/ 0010 Pack
| F2
33 [Pecode Op Code QN unpack -
Lower Part in DR-L
1000 - F8
| N HIXXXX
1001 Compare Decimal -
|
0000 1010 Add Decima - FA
) 1011 Subtract Decimal g
IE':::'Hg Op Code Oprd 2 Units Addr in -A,S,T,R
(l*l)'” Oprd | Units Addr in Sub

Figure 3-34a
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12,

13.

14.

15.

16.

17,

Z26-5909 (8/65)

If DR-E contains an 8-bit, indexing is
required and a GR is addressed. The con-
tents of the GR are added to the D2 field
located in DR-S, T, and R by the indexing
routine.

18.

If DR-E does not contain an 8-bit, no
indexing is required. Continue as shown in
step 12, ’

NOTE: DR- A, S, T, and R now contain
the Operand 2 address. The Operand 2
address is specified by the B2 and D2 field,
as is, when no indexing is required, or by
the result of the indexing routine when in-
dexing is required.

19.

The Operand 2 address is tested for validity.
DR-E contains the four high order bits of
the Operand 2 address. The bit pattern in

DR-E is as follows: 20,

Storage Bit Pattern
4K Not greater than 0000
8K . Not greater than 0001
16K Not greater than 0010

If the contents of DR-E is not greater 21.
than shown above, continue with step 13.

If the contents of DR-E is greater than
shown above, the Operand 2 address is in-
valid and the CPU stops. DR-I contains a
/5/ to indicate an address error (Figure
3-27a).

An address exchange moves the NSI-address
into A, S, T, R and the Operand 2 address
into the sub-registers.

The contents of A, S, T, and R (NSI-
address) is stored (STR to Reg subroutine)
into I Address Register (AUX-Storage posi-

22,

23.

tions /30-31/) to save it for the next I-

phase.
An address exchange moves the Operand 2
address into A, S, T, and R.
The Op code is read out of the Op Reg (AUX~-
Storage position /00/) into DR-U and L. The
contents of DR-L (lower part of the Op code)
is moved into DR-E for later use.
The contents of DR-U (upper part of Op code)
is tested by a USE DR-U for further decoding.
If the contents of DR-U is 1110 (/E/) or
1100 (/C/), the Op code is invalid and the
CPU stops with a /1/ in DR-I to indicate an
invalid Op code (Figure 3-2T7a).

If the contents of DR-U is 1111 (/F A,
continue as shown in step 18.

24,

25.
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If the contents of DR-U is 1101 (/D/),
continue as shown in step 33.

The Operand 2 address is tested to see that
it does not address the protected area in
Main Storage (000 through 143), The Storage
Protect subroutine tests the contént of A,
S, T, and R for an address less than 144
(/90/).

If the Operand 2 address is less than 144,
the CPU stops with a /4/ in DR-I to indicate
an address error (Figure 3-27a).

If the Operand 2 address is equal to or
greater than 144, continue as shown in
step 19.

Test the contents of DR-E for further Op
decoding.

If DR-E contains an 8-bit, continue as
shown in step 21.

If DR-E contains no 8-bit, continue as
shown in step 20,

Test the contents of DR-E for further Op
decoding.

If DR-E contains no 4-bit (and no 8-bit),
continue as shown in step 22,

If DR-E contains a 4-bit (and no 8-bit),
an invalid Op code is detected.

The CPU stops with a /1/ in DR-I to
indicate an invalid Op code (Figure 3-27a).
Test the contents of DR-E for further Op
decoding.

If DR-E contains no 4-bit (and an 8-bit),
continue as shown in step 22,

If DR-E contains a 4-bit (and an 8-bit),
continue as shown in step 23.

An /8/ is moved into DR-E as indicated for
further decoding. Continue as shown in
step 25.

Test the contents of DR-E for further Op
decoding,

If DR-E contains no 2-bit (and an 8-bit
and a 4-bit), continue as shown in step 24.

If DR-E contains a 2-bit (and an 8 and a
6-bit), an invalid Op code is detected and the
CPU stops with a /1/ in DR-I to indicate an
invalid Op code (Figure 3-27a).

A /0/ is moved into DR-E as an indicator for
further decoding. Continue as shown in

step 25.

Byte 2 is read out of the Byte 2 Register
(AUX-Storage position /01/) into DR-U and L.

DR-Lcontains the lower part of Byte 2,
which represents the L2 (Length 2) field of the
instruction. The subroutine "Calculate Units
Address'' adds the Operand 2 address and the
L2 field together to generate the units address
of Operand 2, which is used in the E-phase of
the decoded: Op code.



26.

27.

28.

29.

30.

31.

32.

33.

An address exchange moves the Operand 2 34,
units address into the Sub-register.

The Operand 1 address is read out of the
Operand 1 Address Register (AUX-Storage
position /40-41/) into DR- A, S, T, and R
for later use.

The PA2 Register (AUX~Storage position
/07/) is read out, to clear this position for
later use in the various E-phases.

Test the contents of DR-E for further Op
decoding.

If DR-E contains an 8-bit, continue
as shown in step 30,

If DR-E contains no 8-bit, an Op code
Multiply Decimal (/FC/) or Divide Decimal
(/FD/) is determined and the Multi Div
Decimal E-phase is executed.

Byte 2 is read out of the Byte Register
(AUX-Storage position /01/) into DR-U and
L. DR-U contains the upper part of byte 2,
which represents the L1 (Length 1) field of
the instruction. The Calculate Units Address
subroutine adds the Operand 1 address and
the L1 field together to generate the units
address of Operand 1 which is used in the
E-phase of the decoded Op code.

An address exchange moves the Operand 2
units address into DR-A , S, T, and R .and
the Operand 1 units address into the sub-
register.

The Op code is read out of the Op Register
(AUX-Storage position /00/) into DR-U

and L.

The contents of DR-L (lower part of Op
code) is tested by a USE DR-L for further
decoding. The following chart shows the
contents of DR-L and the equivalent Op code.

35.

36.

37.

38.

Op Code 39,

/F1/
/F2/
/F3/
/F8/ 40.
/F9/
/FA7
/FB/
Invalid

- O = = O = O Ol
OHHHHOOOOOU
cococococoocolr?
Os-.-co'—-om"'
[« 0 N = B o S N T PN

When a valid Op code is detected (de-
coded), the associated E-phase is executed.

When an invalid Op code is detected,
the CPU stops with a /1/ in DR-I to indicate
an invalid Op code (Figure 3-27a).
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Test the contents of DR-E for further Op
decoding.

If the contents of DR-E is 0000 (Op code
Transfer 1/0), continue as shown in step 36.
because, for a Transfer I/0 Op code, the
Operand 2 address field contains the field
length values.

If the contents of DR-E is not 0000,
continue as shown in step 35.

The Operand 2 address is tested to see that
it does not address the protected area in
Main Storage (000 through 143). The Storage
Protect subroutine tests the contents of 4K,
S, T, and R for an address less than 144
(/90/).

If the Operand 2 address is less than
144, the CPU stops with a /4/ in DR-I to
indicate an address error (Figure 3-27a).

If the Operand 2 address is equal to or
greater than 144, continue as shown in
step 36.

An address exchange moves the Operand 2
address into the sub-register.

The lower part of the Op code is in DR-E.
The Operand 1 address is read out of the
Operand 1 Address Register into DR-A | S,
T and R for test purposes.

The Operand 1 address is tested to verify
that it does not address the protected area
in Main Storage (000 through 143). The
Storage Protect subroutine tests the contents
of A, S, T, and R for an address less than
144 (/90/).

If the Operand 1 address is less than
144, the CPU stops with a /4/ in DR-I to
indicate an address error (Figure 3-27a).

If the Operand 1 address is equal to or
greater than 144, continue as shown in
step 39. ‘

An address exchange moves the Operand 2
address into A, S, T, and R and the Oper-
and 1 address into the sub-register. DR-E
contains the lower part of the Op code.

The contents of DR-E (lower part of the Op
code) is tested by a USE DR-E for further
decoding. The contents of DR-E and the
equivalent Op codes are shown below:

DR-E Op Code
P8421
10000 /D0O/
00001 /D1/
00010 /D2/




addresses and D fields (Figure 3-39).

10011 /D3/ Prerequisite. The Indexing routine is entered from
10101 /DS/ the I-phase only (Figures 3-36 and 3-37). For
11100 /DC/ purposes of this description the contents of the GR
o1t110 /DE/ addressed by B1 or B2 is labeled "Y" and D1 or D2
00100 Invalid . . .
10110 Iavalid addresses are labeled "X in Figure 3-36 and 3-37
00111 Invalid 1. Y2 . Y1 (the low order byte in the GR ad-
01000 Invalid dressed by Bl or B2) is read out into DR-U
11001 Invalid and L. It is then stored back (regenerated)
11010 Invalid into the GR.
01011 Invalid 2. The X1 and Y1 addresses are added together
2 : i (1) : Imnz:;t: by the Address Subroutine to develop Result 1
(X1 + Y1) which is then stored in DR-R.
3. X2 and Y2 are added together by the Addr
Subroutine to give Result 2 (X2 + Y2) which
is then stored in DR-T.
4. Y4 - Y3 (the left byte in GR addressed by Bl

When a valid Op code is detected (de~ or B2) are read into DR-U and L. It is then
coded), the associated E-phase is executed. stored back (regenerated) into the GR.

When an invalid Op code is detected, 5. X3 and Y3 are added together by the Addr
the CPU stops with a /1/ in DR-I to indicate Subroutine to develop Result 3 which is then
an invalid Op code (Figure 3-27). stored in DR-S.

6. A Test is made of DR-E to determine if a
Indexing carry resulted from the previous add opera-
tion., DR-E contains a 1 bit if a carry was
e Indexing is a micro-program routine within generated. Continue as shown in step 7 if
the I-phase micro-program. a carry was generated. Continue as shown
in step 8 if a carry was not generated.
Objective: Generate an effective main storage 7. When DR-E contains a 1 bit (carry of Result
address depending upon the contents of a GR 3) a 1 is added to Y4 to generate Result 4.
addressed by the Base (B) address and the a. Y4 should be 0000 if the CPU has a 4K
Displacement (D) bits of a machine instruction, storage.
b. Y4 should be 000X if the CPU has an 8K
Indexing is required when the B address refers storage.
to a GR (1XXX). c¢. Y4 should not be greater than 0010 if
the CPU has a 16K storage.
The B address is a 4 bit address for addressing d. Result 4 should be 0000 if the CPU has
a GR. a 4K storage.
e. Result 4 should be 0001 if the CPU has
D is a 12 bit field which, for indexing, is added an 8K storage.
to the contents of the GR addressed by the B f. If Result 4 is greater than 0000 (4K)
address. 0001 (8K) an Address error occurs.
The result of the addition is the effective or the This errér 1s det.e cted next step after
the Indexing routine re-enters the I-
Operand (1 or 2) address.
phase.
A machine instruction can have one or two B 8. For an 8K storage, the right most position

of Result 4 (000X) is moved into DR-A.

Description (Figure 3-36 and 3-37) 9. Move Result 4 into DR-E to have the complete

Operand 1 or Operand 2 address in E, S, T,
R for display if an error (invalid Operand 1
or 2 address) stop occurs. The normal I-
phase is resumed.

Figure 3-36 illustrates where the B1/B2 and D1/D2
fields are located, before the Index routine and where
the Operand 1/ Operand 2 addresses are located after
the routine.
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1 Byte 1 Byte 2 Bytes 2 Bytes

{
D1 B2 | D2

T
|
|
1

Op Code | *Byte 2 B1

B1orB2isa4Bit Address of a GR
D lorD 2isa 12 Bit Field

Figure 3-35 Bl/B2 and D1/D2 Field Locations
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Content of GR Addressed
by Bl or B2

Content of E,S,T,R
Oprd 1 or Oprd2 Addr

Content of S,T,R (D1 orD2)

Content of E (B1 or B2)

226-5909 (8/65)

Y4 Y3 Y2 Y1
Result 4 | Result3 | Result 2 | Result 1
[ } ! J
I === —_—-
Carry C C
(DR-E 1 bit X3 X2 X1
IXXX

L

Figure 3-36 Indexing Location of Values
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Unchanched
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- E,S,T,R

Before
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From |-Phase RX, S|, and SS

Format

Y (Addr. of Gen. Reg. ).in DR
X ( Values ) in DR-S, T,R

B

Fetch Regen
Y2-Y1
AUX /X1/

Add X1 Plus Y1
= Result 1

Add X2 Plus Y2
= Result 2

Figure 3-37 Indexing Flow Chart

3.82

]

4 Fetch Regen
Y4-Y3
AUX /X0/

5 | Add X3 Plus Y3
= Result 3

7 | Add Y4 Plus 1
= Result 4

HC

Result 4 Should be by
4K Storage 0000
8K Storage 000X

8| setak rL
with Result 4

9 Move
Result 4—E

(Address Display)

-

Result 4 - 1 = Oprd 1 or 2
Addr in 4K (E), S,T,R

To I-Phase RX,SI,and SS

Format
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Interrupt

226-5909 (8/65)

Objective: The Interrupt tells the CPU
that an I/0 unit has just ended its current
operation. This enables the CPU to
immediately use another I/O device without
wasting time. Unneccessary idle time of
1/0 devices is thus avoided.

The Interrupt is a micro-program within
the I-phase.

The Interrupt is only performed when 2
conditions are satisfied : The channel mask
of the PSW must contain a 1-bit and there
must be an Interrupt bit set in one of the
Interrupt bytes in Auxiliary Storage.

The Interrupt can be disabled by setting '
the 1-bit in the channel mask to zero.

Interrupt bits are set into the Auxiliary
Storage when an 1/0 device has a channel
end condition.

The channel end condition is defined as
that time in the mechanical cycle of the
device at which the data transfer has been
complet ed.

If more than one I/O unit has reached the
channel end condition, the various channel

end conditions are tested step by step according
to a preestablished priority sequence

(Figure 3-38).

The first channel end condition encountered
in this sequence causes the interrupt to
occur.

The Interrupt is accomplished by replacing the
current PSW with a new one which is fetched
from a fixed Main Storage position.

Due to the new NSI address, the Interrupt
is actually an automatic branch in the
machine program.

After the branch program has been completely
processed, a Set PSW instruction may bring
back the old PSW and the machine program
returns to the point at which it was inter-
rupted if -so desired.

Description

Data processing is accomplished in a specific
sequence of operations: Manual Routines,
Interrupt, I-phase and E-phase (See Figure 3-29,
Step 48).

48.

49.

70.

IBM CONFIDENTIAL

After the manual routines, the micro-
program fetches the channel mask to see
whether or not a channel mask bit is set.
If there is no 1-bit in DR-L, the inter-
rupt is completely ignored because it is
disabled. The micro-program continues
in the I-phase. However, if there is a
1-bit in DR-L, the Intermpt bytes in
Auxiliary Storage are fetched to see
whether they contain any bits (68,69).
When an I/0 unit comes to a channel
end condition, an interrupt bit is set
in one of the 2 Interrupt bytes. This
occurred some time before. Now, a test
of these bits causes either an interrupt or,
depending on the result, allows the
micro-program to continue in the I-phase
if no bit was turned on.

The interrupt routine is entered
(Figure 3-39) when there were bits present
in the Interrupt bytes (-4-). At this point,
the NSI Address (Of the current PSW) is
in DR-E, S, T, R. Normally, this would be
the next instruction. The interrupt, however,
represents a branch in the program.
Therefore it is necessary to exchange
the current PSW for a new one with a
different NSI.

A 2 bit is set into DR-P. This bit is an
indicator which tells the micro-program

whether or not to repeat a specific series
of micro-steps.

. The address of the right-most byte of the

old PSW is generated in DR-S, T, R. It is
evident that prior to this address generation,
the content of DR-E, S, T, R (NSI of current
PSW) was set into the Sub-registers. This
is not shown in Figure 149c.

. The address just generated (/093/) is

used to read out the position /093/ of
Main Storage. Since the current PSW is
to be stored in the old PSW area, this
area must be cleared first.

. Half bytes Y2 and Y1 of the current PSW

are set into DR-U and L so they can later

3.83



Priority
Sequence

Figure 3-38 Interrupt Priority Sequence

m\lmm.kwm_.\

2501 Read Operation
2520/2560 Read Operation
2560 Card Print
Communication Adapter
2560 Serial Punch

1442-V Serial Punch
1403/2203 Printer

2520 Parallel Punch

Bit Position of AUX-
Storage Byte /03/

/

1 128

1 64
] 32
1 16
1 8
1 4
] 2

1 1

These "one" Bits are Set into AUX-Storage
Position /03/ when the Assotiated |/O
Units Comes to the Channel End Condition
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NSI (PSW curr. ) in ESTR

(@ D) PSW Old ( Main Stor. )
| yo00/ | /09v/ | 10w/ | fom/

| | |
Set DR-P Modify Addr.
! [ to J nlm/wy'/ ] PSW _current ( Aux Stor.
/20/ | 21/ | RY | BV
2 | Gen. mq 2 | Fetch Interr. ve]vzlvs]vs [va]ya]vzlv1
1093/ 1 (Aux /03/)

PSW new ( Main Stor. )

1094/ | /095/ | /0%/ | /057/
x8]x7]x6 [x5 [x4{x3]x2x1

Fetch STR
3 (claor ) 3

Set Y1-Y2 1
into DRU - L

~

PRNT 1408/2203
4%, Fetch PO

Generate Roset Store | (Chann. Mask | 2
DA4 . FSO Ut Interrupt 1 PSW curr. )

CA Receive/Transmit

Set Chann,
Maak-DRnE~S| z

SP 1 2560 Punch

g [ SerY3-va 18 Generate Roset I__4 SPO ( Store "
into DR U-L DA2 - FS4 L4 Chann. Mask
SP 2 1442 Punch
Genarate Reset |__‘ Set DR-P 2
DA - FS4 L2 to_Zero

CP 2560 Print
Generate Reset
DA2 - FSO L1
Generate Fetch Interr.
BT | ax/011/)
Pass Punch
Set Utility 34 28 Generate Reset
to 1 DA2 - FS4 us

Special

Reset
DAQ - FSO U4

Mod. lu&.#ll |F~$ SR Set X6 X5 of Set ESTR Mod. Addr.+1 Set DR -P
to f095/ (X6 - X5—~U L) into DR T-R intoReg .2 Aux to /09¢/
38

39 40

Figure 3-39 Interrupt
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10.

11.

12.

13.

15.

be stored into the old PSW area. Prior

to this, however, a Control 15 operation
brought back the NSI address of the current
PSW (Y4,Y3,Y2, Y]) from the Sub-register.
This is not shown.

. Since Y2 and Y1 were moved from DR-T

and R into DR-U and L, another Control 15
(not shown) brings back address /093/ from
the Sub-registers into DR-S, T, R. This
address is used to store Y1 and Y1 into the
old PSW.

. The address /093/ is modified by the R-1

Sub-routine to /092/.

. The address just modified is used to read

out (clear) the next byte of the old PSW.

. A Control 15 operation (not shown) again

puts the NSI address of the current PSW
into DR-E, S, T, R. The DR-E, S, T, R now
contains Y4,Y3,Y2,Yl. The half-bytes Y4
and Y3 are moved into DR-U and L, as
before, because fetching and storing of
information can only be accomplished by
way of DR-U and L.

. The content of DR-U and L (Y4 Y3) is

stored into main storage position /092/.
With this operation, half of the current

PSW is stored in the old PSW area.

A test is performed to determine whether
the indicator bit in DR-P is On.

Since there was a 2-bit in DR-P, the micro-
program continues with a R-1 operation.
This modifies the address to /091/.

The modified address /091/ is set into the
Sub-registers by a Control 15 (not shown)
and then the interrupt byte 1 (Auxiliary
position /04/) is fetched.

A total of 9 interrupt bits are possible.

The micro-program checks for these bits
step by step according to the priority
sequence. The priority sequence cannot

be changed as it is predetermined by the
designer. If there was no 8-bit on, that is
Serial I/O Channel Read or Write, the next
bit (Serial Read or Write 250]) is tested

and so on. When an interrupt bit is found,
for example, bit 2 in DR-U, it is recognized
that either the 2520 or the 2560 (whichever
is installed) requests service for a Card
Read operation.

The Device Address and the Function
Specification are generated in DR-T and R
respectively. This is necessary to be able
to store the Device Address and the Function

Specification into the old PSW. This provides

a means to find out later which device

IBM CONFIDENTIAL

21.

22.

23.

24.

25.

26.

10.

33.

34.

caused the interrupt and with which
operation.

The interrupt bit is reset and the inter-
rupt byte is stored back into the Auxiliary
Storage position /20/.

The left-most byte of the current PSW
which contains the channel mask and the
condition code is fetched from the Auxiliary
Storage and set into DR-U and L so that
it can be stored into the old PSW in a later
step.

The content of DR-U, L is moved to DR-E,
S. With this operation, the second half of
the current PSW is finally located in
DR-E, S, T, R. The micro-program can
then store it into the old PSW.

The left-most byte of the current PSW

is put back into Auxiliary Storage with

a Store P/ operation.

The 2-bit in DR-P is now set to zero
because the first part of the interrupt
operation is terminated.

Control 15 sets the previously generated
address /091/ (step 11) into DR-S, T, R.

. The micro-program enters its loop again

at step 3 and fetches byte /091/ out of
the Main Storage to clear this position.

. A Control 15 operation (not shown) brings

back half byte Y6 and Y5 (DA and FS)
and Y6 and Y5 are set into DR-U and L.

. A Store STR operation stores the Y6 and

Y5 half bytes into the old PSW using
address /091/.

. Only 1 byte of the current PSW is left to

be stored into the old PSW. A R-1 micro-
routine modifies the address to /090/.

. Position /090/ of the Main Storage is

cleared by a Fetch STR operation.

. Y8 and Y7, which were located in DR-E,

S are moved into DR-U and L.

. The content of DR-U and L is stored into

the old PSW by using address /090/.

The complete current PSW is now contained
in the old PSW, in fact it is now the old
PSW.

The test of the 2-bit in DR-P reveals that
there is no 2-bit since it was set to zero

in Step 25.

The micro-program proceeds by generating
the address of the new PSW left-most byte.
The new PSW will become the current PSW.
The Utility byte from Auxiliary Storage
position /04/ is fetched and a 1-bit is set
into it to indicate that the following
operations are not identical with a Set
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PSW operation because it shares a common loop
with the Exchange PSW operation.

A 2-Dbit is set into DR-P to enable the
micro-program to repeat (or not repeat)

a specific series of operations.

With a Fetch and an immediately following
Store STR micro-instruction, the X8 and X7
half-bytes are set into DR-U and L without
destroying the new PSW in the Main Storage.
The content of DR-U and L is set into DR-E
and S. The half-bytes X8 and X7 are now
in DR-E, S.

An address exchange (Control 15) sets the
address /094/ back into DR-S, T, R. This
is not shown. Address /094/ is modified
by STR+l Sub-routine to /095/.

Using address /095/, a Fetch and Store
operation sets the X6 and X5 half-bytes into
DR-U, L without destroying the content of
the new PSW in Main Storage.

The X6 and X5 half-bytes are moved from
DR-U, L into DR-T and R. With that, the
first half of the new PSW is located in
DR-E,S, T, R.

A test checks DR-P for a 1-bit. Since
DR-P contains only a 2-bit, the micro-
program performs the ESTR to Reg 2
Sub-routine. This routine places the
content of DR-E, S, T, R (Half of the new
PSW) into the first half of the current
PSW position in Auxiliary Storage. When
this is completed, half of the current

PSW is updated with the new PSW.

The address /095/ is increased to/ 096/
in preparation for a repetition of the last
operation.

A 3 is set into DR-P, that is a 1-bit and a
2-bit. This will allow the micro-program
to leave the loop.

The micro-program now enters its loop
again at step 36. With address 096/, the
X4 and X3 half-bytes are fetched from

the new PSW in Main Storage.

The content of DR-U and L is moved to
DR-E and S as before. With that, half

of the NSI address of the new PSW is
located in DR-E and S.

The address is increased once more to
/097/.

The second half of the NSI of the new PSW
is read out of Main Storage and immediately
regenerated by storing it back.

The content of DR-U and L (X2 and X]) is
set into DR-T, R. The NSI address of the
new PSW is now located in DR-E, S, T, R
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45.
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47,

which was the purpose of the interrupt
routine. In effect, the interrupt branched
to a new NSI.

DR-P now contains a 1-bit and the micro-
program leaves the loop.

The Utility byte is read out into DR-U
and L and immediately restored. The
content of the Utility byte is needed for

a test.

A test is performed on the content of
DR-U and L to see whether or not the
last operation was a Set PSW.

The micro-program recognizes that this
was not a Set PSW routine.
Finally DR-P is set to zero. The micro-
program continues in the I-phase. This
completes the Interrupt micro-program.

Upon completion of the Interrupt
micro-program, the current PSW contains
a channel mask which has no 1-bit. The
DR-E, S, T, R contain the address of the
next sequential instruction (From the new
PSW) to which the machine program
branches. In this branch, various tests
are performed on the 1/0 device which
caused the interrupt. It is possible that
meanwhile another 1/0 device has reached
a channel end condition. This channel end
condition, however, cannot cause an
interrupt because there is no 1-bit in the
channel mask.

This means that the Interrupt is inten-
tionally disabled. If the Interrupt were
not disabled an Interrupt within the
Interrupt could possibly occur.

When the branch program is completed,
a Set PSW instruction replaces the current
PSW with the old PSW. The NSI address
of the old PSW leads the machine program
back to the point at which it wasinter-
rupted. Now the channel mask has a 1-bit
again and the Interrupt is active again.
Thus any other I/O device that has mean-
while reached a channel end condition
may cause a new Interrupt.



ARITHMETIC PRINCIPLES

@ Two types of arithmetic operations are performed

by the Model 20 CPU:Binary and Decimal.

® Both types of arithmetic operations are imple-
mented with the ""Adder''subroutine micro
program.

@ Binary Arithmetic is limited to a result no
greater than can be represented by 15 binary
positions (32, 767 decimal).

® The Binary Arithmetic is generally used for
calculating addresses.

@ Decimal Arithmetic is limited to a result no
greater than 31 decimal positions.

Binary Arithmetic

@ All fixed point arithmetic (add, subtract,
multiply, divide, and compare) operations
are accomplished by a binary Adder micro-
program.

@ Fixed point numbers (Integers) range up to 15
bits plus sign bit having a decimal value of
+ 32, 767 or -32, 768.

|¢——2 Bytes = Halfword —-l
Sign

1 Integer ]
01 15
@ An Integer with its sign is contained in a half

word and can be located either in a General
Register or in Main storage.

@ The address of a half word in main storage
must be even (an integral boundry of 0).

@ The half word at the Operand 2 address, is
arithmetically operated upon in conjunction with
the half word at the Operand 1 address. (One

Operand is always located in General Register).

The data at the Operand 2 address remains
unchanged. The original data at the Operand 1
address is destroyed and is replaced by the
result of the arithmetic operation.

® A zero (no) bit in the sign position indicates
that the half word contains a positive (plus)
value. A one bit in the sign position indicates
that the half word contains a negative (minus)
value.

® Negative integers are represented in "twos
complement' form.

® A Load Complement machine instruction (Op
Code 13) complements an integer (plus to minus
and vice versa).

Description (Figures 3-39a and 3-39b)

A plus integer is changed into a minus integer
(represented in twos complement) and vice versa by
complementing the integer and its sign. Comple-
menting is accomplished by adding a 1 bit into the
right most position of the Integer. When a carry
occurs it is propogated as necessary up to the
highest order position.

Example: Convert a plus 2520 into a minus
2520 and back into a plus 2520 again (Figure 3-39b).

Common Description for Binary Arithmetic

Addition or subtraction of half a word (16 bits) is
accomplished by separating the bits into four groups
of 4 bits and then performing the arithmetical opera-
tions one group at a time because only 4 bits can be
processed at one time in the Adder subroutine micro-
program. The carry of one group to the other is
preserved in the Adder subroutine micro program
and is processed during the addition of the next group.
In all E phase flow charts, groups of one Operand are
labeled X4, X3, X2 and XI; the groups of the other
Operand are labeled Y4, Y3, Y2, and YI. The result
of adding or subtracting one X group to one Y group,
i.e., Yl plus X1 is called Result 1. The labeling X,
Y, and Result is used to simplify the flow charts of
the machine program E phases.

Halfword = 2 Bytes

|¢- Sign

[ x¢ | x3 | x | x1 | (opd2)

i
[Result4 | Result3 | Resuit2 | Result1 | (Oprd1)

*‘—/1‘—/ 1:‘—/ fr—/

Cany Carry Carry Camry Camry

[ va | va | v | vi | o

*This carmry is ignored,
*kA camry into Result 1 (carry = a 1 bit) is always inserted
in a subtract operation to generate the twos complement,
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Decimal Binary

jes————————  Halfword —————o=]

Integer ————=

0 (Always Plus) 0/0000000C00CO000O00O0O0

+1 0j000000000000001

-1 tprTsmrTrr1r11111 1101

+2 0/000000000000010

-2 MMr111711r171711117110

+11 000000000000 1011

-1 MmMmM1r1111111110101

+1000 0j0000CO0O1111101000

-1000 11111000001 1000

+32767 | Highest Value of a oirttTrr1r1T11r1111 11111

-32768} 15 Bit Integer 110000000000600000
Figure 3-39a Decimal - Binary Table

AR

+2520 000010011101 1000

Invert TH110110001001 11

+1 1

Twos Compl. =-2520 1|1 11011000101000

Complement 0Ojooo1001110101 11

+1 ‘ 1

= +2520 0Oooo100111011000

Figure 3 - 39b Complementing an Integer
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Binary Addition

Only 4 bit integers are shown in all of the following
examples.

Adding 1 or 0 to a 0, If there is a "'one" (1) in any
position (sign, 8, 4, 2, 1) in Operand 1 or Operand
2 and there is a "zero'" (0) in the corresponding posi-
tion of the other operand the result (sum) is "one'.,
If "zeros" (0) are in corresponding operand position
the result is zero (0).

S|8421
+2 0/00 10 Operand 2 Unchanged
+ + 1 00001 Operand1 Before
=+3 00011 Operand 1 After

Adding a 1to a 1. If corresponding positions of
Operand 1 and Operand 2 contain "ones" (1) the re-
sult (sum) is zero with a carry. A carry is propoga-
ted into the next high order position as a 1 bit.

S|8421
+2 0j0010 Operand 2 Unchanged
+ 43 00011 Operand 1 Before
=+5 010101 Operand 1 After

Adding a carry into a position which contains corre-
sponding 1 bit. A carry is propogated as a binary 1
bit. The sum of three 'one" bits gives a '""one" bit
and a carry.

s[8421
+3 00011 Operand 2 Unchanged
+ +7 00111 Operand 1 Before
=+10 0i1010 Operand 1 After

It is not a proper operation to add two (plus) in-
tegers together, if the result is greater than the
machine can represent in 15 bits (+32,767). In the
examples used here (4 bits) the result is +15.

If the correct result of an addition is greater
than +32,767 both the sign and the sum of the result
will be incorrect. The sign of the result will be

indicated as 1 minus when both operand signs are plus.

A test is made of the three signs (Operand 1, Operand
2, and result) to see if an improper addition has taken
place. See Op code /1A/ and /4A/. If an improper
addition has taken place an /8/ is moved into DR-I to
indicate "Binary Overflow." The Binary Overflow
condition stops the CPU.

8421

1001 Operand 2 Unchanged
1000 Operand 1 Before
0001 Operand 1 After

+9 +9
++ +8 + +8
= +17 = -15

=lo olwn

This bit configuration represents
a ~15 in two complement.

Correct  Incorrect
Result Result

Adding a minus integer to a plus integer having a
greater absolute value. The result sign, of adding a
‘minus integer to a plus integer having a greater
absolute value is always plus.

A carry from the high order position of an integer
is propagated into the sign position, thus changing the
result sign.

S|8421
-3 111101 Operand 2 Unchanged
+ +6 00110 Operand 1 Before
= +3 0/0011 Operand 1 After

Adding a minus integer to a plus integer having a
smaller absolute value., The result is always minus,
and is represented in twos complement.

S|8421
-6 1{1 010 Operand 2 Unchanged
_+3 00011 Operand 1 Before
= 3 111101 Operand 1 After

Adding a minus integer to a minus minus. The result
is always minus, and is represented in twos comple-
ment.

s[s421

-6 ifto1o

+ -3 11101
= -9 totr11

It is not a proper operation to add two minus in-
tegers together, if the result is greater than the
machine can represent in 15 bits (32,768). In the
examples used here (4 bits) the result is -16.

If the correct result of an addition is greater than
32,768 both the sign and the sum of the result will be
incorrect. The sign of the result will be indicated as
plus when both operand signs are minus. A test is
made of the three signs (Operand 1, Operand 2, and
result) to see if an improper addition has taken place.
See Op code /1A/ and /1B/. If an improper addition
has taken place, an /8/ is moved into DR-I to indicate.
"Binary Overflow." The Binary Overflow condition
stops the CPU,
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S|8421
-9 -9 110111 Operand 2 Unchanged
+ =8 + =8 11000 Operand Before
= =17 = +14 0l1111 Operand After
Cormect Incorrect

Result Result

Binary Subtraction

A binary Integer is subtracted as shown in the accom-
panying example (Integer length is 4 bit only).

NOTE: A subtract in binary arithmetic is a normal
addition of the Operand 1 bits and Operand 2 bits.
Operand 2 bits are converted into twos complement
before they are added to the Operand 1 bits.

Subtracting a plus integer from a plus integer having
a greater absolute value. The result sign, of sub-
tracting a plus integer from a plus integer having a
greater absolute value, is always plus.

Operand 2 in twos complement is added to Oper-
and 1.

s|8421
+7 +7 0j0111 Operand 1 Before
- +4 0|01 00 Operand 2 Unchanged
= +3 -4 11100 Operand 2 In Two Complement
= +3 0/0011 Operand 1 After

Subtracting a plus integer from a plus integer having
a smaller absolute value. The result sign, of sub-
tracting a plus integer from a plus integer having a
smaller absolute value, is always minus and is rep-
resented in twos complement.

A carry from the high order position of an integer
is propagated into the sign position, thus changing the
result sign. Operand 2 in twos complement is added
to Operand 1.

S|8421
+4 +4 00100 Operand 1 Before
+ 7 0j0111 Operand 2 Unchanged
= "+3 + -7 11001 Operand 2 In Twos Complement
= -3 1

1101 Operand 1 After

It is not a proper operation to subtract a plus in-
teger from a minus integer if the result is greater
tlian the machine can represent in 15 bits (-32,768).
In the examples used here (4 bits) the greatest result
is -16.

If the correct result of a subtraction is greater
than -32,768 both the sign and the sum of the result
will be incorrect. The sign of the result will be indi-
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cated as plus when one operand sign is minus and the
other is plus. A test is made of the three signs
(Operand 1, Operand 2, and result) to see if an im-
proper subtraction has taken place. The sign of
Operand 2 is complemented to use the same test loop
as in a binary address. (See Op code /1B/ and /4B/).
If an improper addition has taken place, an /8/ is
moved into DR-I to indicate a '"Binary Overflow." The
Binary Overflow condition stops the CPU.

Operand 2 in twos complement is added to Operand 1.

s|g421
-8 -8 111000 Operand | Before
- +9 01001 Operand 2 Unchanged
= 17 +9 110111 Operand 2 In Twos Complement
= +2 0]t 114 Operand! After
Comrect  Incorrect
Result Result
(Binary
Overflow)

Decimal Arithmetic

e All arithmetic operations prograinmed in SS
Format (add, subtract, multiply, divide, and
compare) handle data in packed format.

e Unpacked data in boundaries of 16 Bytes can be
changed from unpacked to packed format.
Packed data is coded in binary form.

e Thirty-two numeric characters (4 Bits each) can
be handled by decimal arithmetic operations, how-
ever the low-order character is reserved for a
sign.

e The data is located in Main Storage and in the
Accumulator located in Auxiliary Storage.

e The processor always processes one character
of the first operand field and one character of the
Accumulator.

e The data in the second operand field remains
unchanged.

e The original data in the first operand field is
destroyed and is replaced by the result of the
arithmetic operation.

® A minus sign is indicated by having 11 or 13 in
the sign position,

® A plus sign is indicated by having a 10, 12, 14,
or 15 in the sign position.

o The sign can be changed by increasing or
decreasing.
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Common Description for Decimal Arithmetic

Addition or subtraction of a decimal numeric character

(4 bits) is performed by micro-program control (Bi-
nary Adder Subroutine). The Binary Adder Subroutine
handles data in binary format only. A binary value of
15 initiates a carry. To obtain a decimal value, a six
is added if the result is greater than 9 or a carry oc-
curred. To carry, a one is added to the next higher
order, decimal position,

+3 0011
+3 0011
6 0110 Cormect decimal result.
+9 1001
+9 1001
Camry +8 0010 Canry, which initiates adding 6
0110 Add6
Camy 1000
+6 0110
+6 0110
Camy +2 1100 Result greaterthan 9 initiates
adding 6
0110 Add6

Carry 0010

In all E-phases, the first Operand flow chart groups
are labeled (Y1), and the signislabeled (Y2),. The sec-
ond Operand groups are labeled (X1), andthe sign is la-
beled (X2),. The result of adding or subtracting one X
group toone Y groupiscalled Result n. The X, Y, and
Result labeling is used to simplify the flow charts of the
machine program E-phases.

Binary Addition (True Add)

Only half bytes are shown in the following examples:

Adding a Bit or No Bit (Operand 1) to No Bit
(Operand 2). If there is a one (1) in any bit position
(8, 4, 2, 1) in Operand 1 or Operand 2 and a zero (0)
in the corresponding position of the other operand,
the result (sum) is one. If zeros (0) are in corre-
sponding operand positions, the result is zero (0).

8421
+2 0010 Operand 2 Unchanged
*1 0001 Operand 1 Before
= +3 00131 Operand 1 After

Adding a Bit (Operand 1) to a Bit (Operand 2)., If
corresponding positions of Operand 1 and Operand 2
contain bits (1), the result (sum) is zero with a carry.
A carry is added into the next higher order position
as a 1-bit.

8421
+2 0010 Operand 2 Unchanged
3 0011 Operand 1 Before
= +5 0101 Operand1 After

Adding a Carry Into a Position Which Contains a 1-Bit.
A carry is added as a binary 1. The sum of three bits
gives a bit and a carry.

8421
+3 0011 Operand 2 Unchanged
++7 ) 0111 Operand 1 Before
+ 10 1010 Operand 1 After

The operand 1 and 2 can not exceed 16 bytes cor-
responding to 31 decimal positions plus sign. If the
result exceeds the field length of Operand 1, the con-
dition code is set to 11 indicating an overflow.

The Operand 2 field sign is the resulting sign.

Binary Subtraction (Complement Add)

A binary half byte is subtracted as shown in the ac-
companying example.

A subtract in decimal arithmetic is a normal ad-
dition of the Operand 1 bits and Operand 2 bits. How-
ever, Operand 2 bits are converted into nine's com-
plement form before they are added to the Operand 1
bits.

Complement Add with Operand 1 smaller than

Operand 2. No carry occurs and the result is not in
true form. In order to get the right decimal value,

a Recomplement is accomplished and the sign of Oper-
and 2 is changed and stored as the sign of the result.

8421
+4 0100 Operand 1 Before
7 0111 Operand 2 Unchanged
= =3 0010 Operand2 In nine's
Complement Form
0110 No Carry Start Recomplement
o011

Complement Add with Operand 1 Greater than
Operand 2. A carry occurs and the result has the
right value. The sign of Operand 2 is stored as the
sign of the resuit.

8421
+7 0111 Operand 1 Before
- +4 0100 Operand 2 Unchanged
= +3 0101 Operand 2 In nine's

Complement Form

1100 Result greater than 9, add 6
0110

Carry 0010
0011 Canmy

E-PHASE OPERATIONS

(Brief descriptions of objectives of macro-program
Op codes will be included when available.)
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Branch On Condition (BCR) Branch RR Format
l M1 | R2

@ |

0 78 112 15

e Objective: The updated instruction address is
replaced by the branch address if the state of
the condition code is as specified by M1; other-
wise, normal instruction sequencing proceeds
with the updated instruction address. (00000111)

o The Op code is 07.
® M1 is a four bit field, used as a Mask.

e R2 is the address of a GR which contains the
Branch address.

Description (SLD 20-27)

The M1 field is used as a four-bit mask. The four
bits of the mask correspond, left to right, with the
four condition codes shown in the following:

Condition Code | Instruction Bits

[ 8
0o 1 9
1 0 10
1 1 11

The branch is successful (occurs) whenever the con-
dition code has a corresponding mask bit of one.
Example: To cause a branch to occur due to a
zero result of an add operation M1 = 1000.
Example: To cause a branch to occur due to a
zero result or due tfo a result greater than zero of
an add operation M1=101 0.

Programming Note

When all four mask bits are ones the branch is un-
conditional. When all four mask bits are zero or
when the R2 field contains zero, the branch instruc--
tion is equivalent to a No Operation.

Condition Code

The condition code remains unchanged.

Branch and Store (BASR) Branch RR Format

|
oD I RV | R2

!
0 7 8 112 15

e Objective: The rightmost sixteen bits of the PSW,

the updated instruction address, are stored as

link information in the general register specified

by R1. Subsequently, the instruction address is
replaced by the branch address.

726-5909 (8/65)

e The Op code is 0D (00001101).

e Rl is the address of a GR into which the NSI
address is stored.

o R2 is the address of GR which contains the
Branch address.

Description (SLD 20-25)

The branch address is determined prior to the storing
of the link information.

Programming Note

When the R2 field contains zero, the link information
is stored without branching.

Condition Code

The condition code remains unchanged.

Add (AR), Fixed Point RR Format

[]
[ 1A l R i R2
0 7 8 a2 5

e Objective: Add the second operand to the first
operand.

® The sum is placed in the first operand location.
e The Op code is /1A/ (00011010).

o R1 is the address of a GR which cont.ins
Operand 1.

o R2 is the address of a GR which contains
Operand 2,

Description (SLD 20-29)

Operands and sums are treated as fifteen bit integers
with sign. Addition is performed by adding all six-
teen bits of both operands. If the carry out of the
sign-bit position and the high-order numeric bit
agree, the sum is satisfactory. If they disagree an
overflow occurred. A positive overflow yields a
negative final sum and a negative overflow results in
a positive sum.
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An overflow results in a Binary Overflow error
condition. The CPU stops and DR-I contains an /8/
to indicate the binary overflow.

16 Bits = 2 Bytes ——————u!
Content of GR - r—SIQﬂ Bit

‘Addressed by Ri ye [ ys [ vy2 | v Before
“Content of GR

Addressed by R2 [ x4 | X3 | x2 [ xi ]  Unchonged
Content of GR

Addressed by Ri Result 4] Result 3] Result 2] Result | Alter

Programming Note

In two's complement notation, a zero result is always
positive.

Condition Code

The condition code is set according to the result of
the addition:

Result | Condition Code
Sum is zero [V )
Sum is less than zero 0o 1
Sum is greater than zero 1 0

Subtract (SR), Fixed Point RR Format

'8 R ER2

0 78 LY 15

Objective: Subtract the second operand from the
first operand.

e The difference is placed in the first operand
location.

e The Op code is /1B/ (00011011).

¢ R1 is the address of a GR which contains
Operand 1.

R2 is the address of a GR which contains
Operand 2.

Description (SLD 20-28)

Operands and differences are treated as fifteen bit
integers with sign. Subtraction is performed by
adding the two's complement of the second operand
to the first operand. All sixteen bits of both oper-
ands participate as in the Add instruction. If the
carry out of the sign-bit position and the high-order
numeric bit position agree, the difference is satis-

factory. If they disagree, an overflow occurred,
resulting in a Binary Overflow error condition. The
Binary Overflow condition stops the CPU and DR-I
contains an /8/ to indicate a binary overflow.

16 Bits = 2 Bytes

pog ——— —

Content of GR —* r‘ Sign Bit
Addressed by RI Y4 | Y3 | Y2

1 Before

Content of GR
Addressed by R2

L x4 | X3 | X2 | X1 -] Unchanged

Content of GR
Addressed by R1 [. Result 4] “Result 3] Result 2] Resuit 1] After

Programming Note

When the same register is specified as first and
second operand location, subtracting is equivalent
clearing the register. Subtracting a maximum neg-
ative number from another maximum negative
number gives a zero result and no overflow,

Condition Code

The condition code is set according to the result of
the subtraction:

Result | Condition Code
Difference is zero (O]
Difference is less than zero 0 1
Difference is greater than zero 1 0

Store Half word (STH), Fixed Point RX Format

40 [ vy 1 o | 82 i o2 ]

1
78 W2 1516 19 20 31

o Objective: Store the first operand at the half-
word second operand location.

e The Op code is /40/ (0100 0000).

e R1 is the address of a GR which contains Oper-
and 1.

e The four-bit field is not used and must be
/0/ (0000).

e B2 and D2 is the direct or effective Main-
storage address of Operand 2,

Description (SLD 20-25)
16 Bits =2 Bytes ———————-—I

Content of Main

Storage Addressed | va | v3 | Y2 1 vl |  Before
by B2 D2 (Boundery)
Content of GR
Addressed by Rl I x4 | X3 | X2 [ Xi ]  Unchonged
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Programming Note.

In this operation the Operand 2 and not Operand 1 is
replaced (destroyed). If the four bit field (12-15) is
not /0/, the CPU stops with a /6/ in DR-I to indicate
a program (specification) error.

Condition Code

The condition code remains unchanged.

Branch on Condition (BC), Branch RX Format

1
| om 1o B2 | D2

H |
7 W2 15 T8 19 20 31

e The updated instruction address (NSI address)
is replaced by the branch address if the state
of the condition code is as specified by M1;
otherwise, normal instruction sequencing
proceeds with the NSI address.

e The Op code is /47/ (0100 0111).

e M1 is a four bit field used as a mask.

® The /0/ four bit field is not used and must be
/0/ (0000).

e B2 and D2 is a direct or effective main storage
address which is used as a branch address.

Description (SLD 20-13)

The M1 field is used as a four-bit mask. The four
bits of the mask correspond, left to right, with the
four condition codes, 0, 1, 2, and 3, as shown in
the following table.
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Condition Code Instruction Bits 2. The Operand 2 address must be even

0 0 8 (boundary). If it is not even the CPU stops.
0 1 9 DR-I contains a /6/ to indicate a program
1o 10 (specification) error.
11 11
The branch is successful whever the condition Condition Code
code has a corresponding mask bit of one.
Example: To branch on equal result of a com- The condition code remains unchanged.
pare, M1 = 1000.
Example: To branch on equal or first operand Compare Halfword (CH), Fixed Point RX Format
low, M1 = 1100,
l 4 l k1| o 82 ]} 02 l
Programming Note 0 78 112 15 16 19 20 31
When all four mask bits are ones, the branch is un- e The first operand is compared with the second
conditional. When all four mask bits are zero, the operand.

branch instruction is equivalent to a no operation.
e The result determines the setting of the con-

Condition Code dition code.
The condition code is not changed. e The Op code is /49/ (0100 1001).
Load Halfword (LH) Fixed Point RX Format e R1 is the address of a GR which contains Oper-
and 1.
. ]
48 l R1 g 0 I 82 I D2

) 76 T s v 0 5 e The /0/ four bit field is not used and must be
/0/ (0000).
o The halfword second operand is placed in the
first operand location. e .B2 and D2 is a direct or effective main-storage
address of Operand 2.
e The Op code is /48/ (0100 1000).
Description (SLD 20-22)

o RI1 is the address of a GR which contains the

Operand 1. Comparison is algebraic. Both operands are treated
as fifteen bit integers with signs. Operands in
o The /0/ four bit field is not used and must be registers or storage are not changed as a result of
/0/ (0000). the operation.

e B2 and D2 is the direct or effective main storage

address of Operand 2. .’_-——S.——-;—- 16 Bits = 2 Bytes ———————m]
Content of GR r— ‘gn B
Addressed by R1 X4 | x3 | X2 | X1 Unchanged

Description (SLD 20-13) Content of Mo
ent ol n

fe——————— 16 Bits =2 Bytes ————————o= Storage Addressed [ Y4 | Y3 | Y2 | ] Unchanged
Content of GR Addressed by Rl Yo | y3_ [ vz T wvi by B2 D2 (Boundery) [w— BW':’:'Y (Even)—w{
ress

E:m:rz\r fgz Mu(in Storage Addressed | X4 [ x3 | x2 1 x1 ]

. Boundery) pa— Boundery (Even)—m{ i

e Programming Note
Content of GR Addrewed by RY [ x4 ] x3 [ 2 [ xi 7] If the four bit field (12-15) is not /0/, the CPU stops
with a /6/ in DR-I to indicate a program (specifica-

Programming Notes tion) error.

1. If the four bit field (12-15) is not /0/, the Condition Code

CPU stops with a /6/ in DR-I to indicate a The condition code is set according to the result of
program (specification) error. the operation:
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I Condition Code

Result
Equal 0o 0
First Operand is low 0o 1
First Operand is high 1 0

Add Halfword (AH), Fixed Point RX Format

[l e [l o ]

0 78 ni2 15 16 19 20 31

e The second operand is added to the first operand.
e The sum is placed in the first operand location.
e The Op code is /4A/ (0100 1010).

e R1 is the address of a GR which contains
Operand 1.

o The /0/ four bit field is not used and must be
/0/ (0000).

e B2 and D2 is a direct or effective Main-storage
address and must be even (boundary).

Description (SLD 20-21)

Operands and sums are treated as fifteen bit integers
with signs. Addition is performed by adding all six-
teen bits of both operands. If the carries out of the
sign-bit position and the high-order numeric bit
position agree, the sum is satisfactory. If they dis-
agree, an overflow occurred. The sign bit is not
changed after the overflow. A positive overflow yields
a negative final sum and a negative overflow results in
a positive sum. An overflow results in a Binary Over-
flow error condition.

The Binary Overflow condition stops the CPU and
DR-I contains an /8/ to indicate Binary Overflow.

16 Bits = 2 Bytes —————————w
Content of GR ] Sign Bit
Addressed by R} Y& | v3 T y2 T wn Before
_Con'en' of Main
Storage Addressed [ X4 T X3 | X2 I xi 1 Unchanged
by 82- D2 (Boundery) l—Boundery (Even) —m]
Content of GR . Address
Addressed by RI [_Result 4] Result 3] Result 2] Result 1] Afrer

Programming Note

In two's complement notation, a zero result is
always positive. ’

726-5909 (8/65)

Condition Code

The condition code is set according to the result of
the addition:

Result I Condition Code
Sum is zero 0 O
Sum is less than zero o 1
Sum is greater than zero 1 0

Subtract Halfword (SH), Fixed Point RX Format

- ]
L 48 R1 1 0 Iaz | D2
1
0 7 8 Tz 1516 19 20 31

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

o The Op code is/4B/(0100 1011).

o Rl is the address of a GR which contains
Operand 1.

e The /0/ four bit field is not used and must be
/0/ (0000).

e B2 and D2 is a direct or effective main storage
address of Operand 1 and must be even (boundary).

Description (SLD 20-20)

Operands and differences are treated as fifteen bit
integers with a sign. Subtraction is performed by
adding the two's complement of the second operand
to the first operand. All sixteen bits of both operands
participate as in the instruction add. If the carries
out of the sign-bit position and the high-order nu-
meric bit position agree, the difference is satisfac-
tory. If they disagree, an overflow occurred, re-
sulting in a Binary Overflow error condition. The
Binary Overflow condition stops the CPU and DR-I
contains an /8/ to indicate Binary Overflow.

Content of GR :
Addressed by Rl [ va 7 Yvi_ | v2 T 1 ]  Before
Content of Main
Storoge Addressed [ x4 [ X3 X2 1 xi ] unchanged
by B2- D2 (Boundery) e — Boundery (Lven)—ef
Content of GR Addiess
Addecssed by R) [ Result 4] Resulr 3] Resubt 2] Result 1] Aner

Programming Note

Subcontracting a maximum negative numbers from
another maximum negative number gives a zero
result and no overflow.
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Condition Code

The condition code is set according to the result of
the subtraction:

Result | condition Code
Difference is zero 0 o
Difference is less than zero 0o 1
Difference is greater than zero 1 0

Branch and Store (BAS), Branch RX Format

i 40 R i (] l 82 I D2 ]
0 78 M 12 1516 19 20 K]
e The rightmost sixteen bits of the PSW, the up-
dated instruction address, are stored as link
information in the general register specified by

R1.

e Subsequently, the instruction address is replaced
by the branch address.

e The Op code is /4D/ (0100 1101).

e R1 is the address of a GR which receives the
NSI address.

e The four bit field is not used and must be /0/
(0000).

e B2 and D2 is a direct or effective main storage
address which is used as branch address.

Description (SLD 20-27)

Content of GR 16 Bits =2 Bytes
Addressed by RI Y4 | Yy | Y2 ] Y1 Before
Content of Sub . s 1T R
Registers (NSI Address) X4 X3 | X2 x|
Lontent of GR e
Addressed by R TXa | X3 X2 X1__] A
Left
1 3 Pos
8lonk
Condition Code
The condition code remains unchanged.
Set PSW (SPSW), Branch SI Format
81 | > w | D1
[ 7 8 15 16 19 20 Y

e The 32-bit word (four eight-bit bytes) located in
main storage with the leftmost byte at the first
operand address replaces the program status

word (PSW).

e The Op code is /81/ (1000 0001).
e Bits 8 through 15 are ignored.

e B1 and D1 is the direct or effective main-storage
address of leftmost byte of a located PSW.

Description (SLD 20-19)

The Set PSW instruction is equivalent to a branch
operation,

When an input/output interrupt occurs, the PSW
is stored in Main Storage locations 144-147 and a
new PSW is obtained from Main Storage locations
148-151.

The PSW has a fixed-length format of one word.
It is located in an unaddressable (by machine program)
register in the CPU (AUX Storage position 20, 21,
30, 31) and is employed as an internal control.

PSW Format
T I T
!
#kCC ! *AM [D. A, F.S. Instruction Address
0123 4567 8 1112 15 16 31
0~ 1 Not used
2- 3 Condition Code
4- 5 Not used
6 ASCII Mode Bit
7 Channel Mask
8- 11 Device Address (Input/Output Interrupt)
12 - 15 Function Specification (Input/Output Interrupt)
16 - 31 Instruction Address
Content of PSW in AUX Storage
Position 20,21,30,31
20 21 30 ! 31
Lysa | v7 1" YT vs 1 va | Y3 [ v2 ] Vi Before

Content of Main Storage
Addressed by Bl DI

R X ] X5 ] X [ X3 [ XZ ] X ] Unchanged

Content of PSW in AUX Storage
Position 20,21,30,31

X3 ] X7 ] X6 [ X5 | x4 | X3 | X2 | X1 ] After

4K S T R--
4K,$,T,R Contains
The Branch Address X4 X3 X2 X1 After

Programming Note

The instruction address portion of the word which is
transferred from main storage to the PSW by the Set
PSW operation should:
1. Not refer to the protected (first 144) bytes
of main storage.

2. Have the least-significant bit zero.
3. Be within the limits of available storage.

3.98 IBM CONFIDENTIAL



If these conditions are not satisfied, program Move (MVI) Logical Data, SI Format
(address or specification) error stop will occur.

Main Storage boundaries are not required of the l 92 l 12 ] 81 E 01 l
first operand address in the set PSW instruction. 0 78 1516 19 20 3
The condition code, ASCII Mode Bit, and Channel o The second operand is placed in the first oper-
Mask in the PSW are zero when the CPU is in the re- and location.
set state. The instruction address portion of the PSW
is not changed when the CPU is reset. e The Op code is /92/ (1001 0010).
Condition Code e 12 is the Operand 2.
The condition code is set by the Set PSW operation, e B1 and D1 is the direct or effective main stor-
to the value contained in the word transferred from age address of Operand 1.

Main Storage to the PSW.
. Description (SLD 20-12)
Test under Mask (TM) Logical Data, SI Format

' | ' fe—— 1 Byte ———w
N l 12 I 1 : 0! ] Content of Main Storoge —z y]“ ] Before
0 786 1516 19 20 3 Addressed by Bl - DI
T R
Byte 2 Located in = <
e The first operand one byte is ANDed with the Subregister T, R
second operand (one byte) to set the condition Contemt of Mein Storage -

code. Addressed by 81- DI L x2__| X1 ter

e No operand is destroyed.

e The Op code is /91/ (1001 0001).

e 12 is the Operand 2 and is called Mask. Condition Code

e Bl and D1 is a direct or effective main- The condition code remains unchanged.
storage address of Operand 1.

Description (SLD 20-18)

AND (NI) Logical Data, SI Format

fo—— 1 Byte ——=! [ % l 12 L X i D1
AG:::::;:‘ byM:;‘ .s:amw 2 | ¥ Unchanged 0 78 5 6 19 20 3
T R
Byte 2 Locoted in %2 X1 Mask o The logical product (AND) of the first and second
Subregister T, R - operand bits is placed in the first operand loca-
tion.
Condition Code e The Op code is /94/ (1001 0100).
The condition code is set to: o 12 is an eight bit pattern which is ANDed with the
00 = Zero, if Operand 1 and Cperand 2 (Mask) byte addressed by the Operand 1 address.
have no corresponding bits.
11 = All ones, if Operand 1 has bits (1) in all e B1 and D1 is the direct or effective main storage
corresponding positions where the Operand 2 address of Operand 1.

(Mask) has bits (1).
01 = Mixed, for all other bit patterns in Operand

1 or Operand 2. Description (SLD 20-17)
Example for All Ones
Operand 1 10101011 Two examples are given. Example 1 sets the CC to
Operand 2 (Mask) 00100010 01 (Not zero), example 2 sets the CC to 00 (zero).

Z26-5909 (8/65) IBM CONFIDENTIAL 3,99



Example 1: OR (OI) Logical Data, SI Format
Operand 1 10101010 Before

I2 (Byte 2) 01101101 Unchanged [ 9% l L2 l 81 I o1 J
Operand 2 00101000 After (Result 5 3 TR 5 7% T
Result Not Zero CC= 01 . N
Example 21 est o The logical sum (or) of the first and second
Operand 1 10101010 Before operand bits is placed in the first operand loca-
12 (Byte 2) 01000101 Unchanged tion.
Operand 2 00000000 After (Result)
Result zero cC=00 e The Op code is /96/ (1001 0110).

Content of Main Storage ! Byte . . . : : s
Addressed by 81+ DI Y2 T VT ] Before e 12 is an eight bit pattern which is ORed with the

byte addressed by the Operand 1 address.

Byte 2 located in v R

Subregister T, R X2 X . . . .
woregnter T e Bl and D1 is the direct or effective Main s
Content of Main Storage Storage address of Operand 1.

Mddressed by 81- D1 l Result 2 [ Result | I After .

Description (SLD 20-15)
Condition Code

Two examples are given. Example 1 sets the CC to
The condition code (CC) is set to zero, 00, or not- 0l (Not zero). Example 2 sets the CC to 00 (zero).
zero, 01, according to the result of the operation.

Example 1;

Compare (CLI) Logical Data, SI Format

Operand 1 10101010 ‘ Before
; I2 (Byte 2) 01101101 Unchanged
95 12 l [ | Dl Operand 1 11101111 After (Result)
0 78 15 16 19 20 FY) Result Not Zero CcC= 01
Example 2
e The first operand is compared with the second Operand 1 00000000 Before
operand. 12 (Byte 2) 00000000 Unchanged
Operand 1 00000000 After (Result)
Result Z CcCc=00
o The result is indicated in the condition code. sulk fero
e The Op code is /95/ (1001 0101).
. te-—— | Byte
e I2 is the Operand 2, ﬁjg::;‘: ed“by”“;';‘.sl';."'” YZ_]__Vi__] before
T R
e Bl and D1 is the direct or effective main storage Byte 2 Located in Il ol <0
Subregister T, R
address of Operand 1.
Content of Main Storage
Description (SLD 20-16) Addronsed by 81 - D} tmlt 2 [ Row D] Al
The comparison is made with both operands in binary
form. Condition Code
le—— 1 Byte — ] The condition code is set to zero (00), or not-zero
Conten Mai i i
Ma:. “»e :: xaa"l ':‘,“" T Unchonged (01) according to the result of the operation.
Byte 2 Located In ' R Halt and Proceed (HPR) Logical SI Format
Subregister T, R X2 X1
[ 9 I><[ 81 | DI
i ]
Condition Code > e TeTT 5
The condition code is made 00 if the operands are e Stop the CPU for customer control purposes.

equal, 01 if the first operand is low compared to the .
second operand, and 10 if the first operand is high com - ® The Op code is /99/ (1001 1001).
pared to the second operand. e Bits 8 through 15 are ignored.
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® B1 and D1 is the direct or effective address and
is located in DR-A, S, T, R when the CPU stops.

Pescription (SLD 20-12)
Condition Code

The condition code remains unchanged.

Move Numerics (MVN) Logical SS-Format
(See A Next Page)

o Objective: The low-order four bits of each byte
in the second operand field, the numerics, are
placed in the low-order bit positions of the bytes
in the first operand field. The high~order four
bits of each byte, the zonesg, remain unchanged
in both operand fields.

e D1 (1101 0001) is the Op code.

e L is the field length of both Operands.

e Bl D1 is the main storage address of Operand 1.

e B2 D2 is the main storage address of Operand 2.
Description (SLD 20-31)

The instruction has the SS format, and therefore is a
storage-to-storage move. Movement is left to right
through each field. The fields may overlap in any
desired way.

(See B Next Page)
Condition Code

The condition code is not changed. The numerics are
not changed or checked for validity.

Move (MVC) Logical SS-Format
(See C Next Page)
e Objective: The second operand is placed in the
first operand location.

e The SS format is used for storage-to-storage
move.

¢ In the storage-to-storage move,the fields may
overlap in any desired way. Movement is left to
right through each field a byte at a time.

¢ The bytes to be moved are not changed or in-
spected. The condition code is not changed.

726-5909 (8/65)

D2 (1101 0010) is the Op code,
e L is the field length of both Operands.
e Bl D1 is the main storage address of Operand 1.

e B2 D2 is the main storage address of Operand 2.

Description (SLD 20-31)

(See D Next Page)
Programming Note

It is possible to propagate one character through an
entire field by having the first operand field start
one character to the right of the second operand
field.

Condition Code
The condition code remains unchanged.

Move Zones (MVZ) Logical SS-Format
(See E Next Page)

e Objective. The high-order four bits of each
byte in the second operand field, the zones, are
placed in the corresponding bit positions of the
first uperand field. The low-order four bits of
each byte, the numerics, remain unchanged in
both operand fields.

e The Op Code is D3 (1101 0011).

o L is the field length of both Operands.

e B1 D1 is the main storage address of Operand 1.

e B2 D2 is the main storage address of Operand 2.
Description (SLD 20-32)
The instruction has the SS format and therefore is
storage-to-storage. Movement is left to right
through each field and the same overlapping field

conditions may arise as in the preceding move
instruction.

(See F Next Page)

NOTE: Alljllustrations for this page are
on the following page.
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T T
/Dl / L 81 :}lj DI B2 :J? D2
L L —d
G 7 8 15 16 19 20 31 32 35 36 47
A R AU R It e
Main Storage Locatior Y2 Y1 (Y2) ! (vyr) | ] Before
Addressed by Oprd ) —_——— L
. . T aTT T T
’M&A S
Adu(;?ess;zraé;; (Isc:’crzhgn X2 X1 ( X2) : ( X1) : ) Unchanged
. -t T T T T T
Main Storage Location 7] X1 t X1 | -J
Addressed by Oprd 1 _(ji)...:._.(._._z.i._ After
/D2 / L 81 ;“! o}} B2 I ( D2
0 7 8 15 16 . 19 20 31 32 35 36 47
. . R r
Main Storage Location - )
Addressed by Oprd | Y2 \a (y2) }(yi) Before
————— [P W -
Main Storage Location [ | . | ..~ ~ F—---r
Addressed by Oprd2 X2 X1 _(_x_z.__)_{.,.(..x_]_)-;_ Unchanged
Main Storoge Location - - ‘I - —_—:—
Addressed by Oprd 1 X2 X1 ( X2) | (X1) After
R A SR S DI D e W
¥ T
/ D3/ L B1 :Sg D1 B2 {5( D2
1 A
0 7 8 i5 16 19 20 31 32 35 36 47
. o peee—————————————————— o — -—-——-r-
renes 5y Gora 1 2 [ J ey s
. . ————r———T-
Main Storage Location . H Unch g
Addressed by Oprd 2 X2 X1 __(i(z_)_L(_'x_l_)__L_g nehange
Main Storage Location X2 Vi -.—_X;—T..-Y‘l__l_ Aft
Addressed by Oprd 1 __(* _)__' (___)_:__ er
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Condition Code

The condition bits are not changed.

Validity Checking

The zones are not changed or checked for validity.

Compare Logical (CLC) Logical SS-Format

(See A Next Page)

e Objective: The first operand is compared with
the second operand, and the result is indicated
in the condition code.

e The Op code is D5 (1101 0101).
e L is the field length of both Operands.
e B1 D1 is the main storage address of Operand 1.
e B2 D2 is the main storage address of Operand 2.
Description (SLD 20-33)
The SS format is used for storage-to-storage compar-

ison. The operation proceeds left to right and ter-
minates as soon as an inequality is found.

(See B Next Page)

Programming Note

In the Compare Logical operation, all bits are
treated alike as part of an unsigned binary quantity.
In the variable length storage-to-storage operation,
comparison is left to right and may extend to field
lengths of 256 bytes. The operation may be used for
alphanumeric comparison.

Condition Code
The condition code is made 00 if the operands are
equal, 01 if the first operand is low compared to the

second operand, and 10 if the first operand compares
high.

226-5909 (8/65)

Validity Checking
Comparison is binary and treats all codes as valid.

Translate (TR), Logical, SS Format

(See C Next Page)

o Objective: The second operand address desig-
nates the beginning of a Translate List. The
binary value of each byte of the first operand
selects a position within this list. The contents
of this position replaces the selecting byte in the
first operand.

e The Op code is DC (1101 1100).

o L is the field length of both Operands.

e Bl D1 is the main storage address of Operand 1.

e B2 D2 is the main storage address of Operand 2.
Description (SLD 20-38)

The bytes of the first operand are selected one by
one for translation. Each argument byte is added to
the entire initial address, the second operand ad-
dress, in the low-order bit positions. The sum is
used as the address of the function byte which then
replaces the original argument byte. The operation
proceeds until the first operand field is exhausted.
It is permissable for the list and the first operand
field to overlap.

(See D Next Page)

NOTE: All the illustrations for this page
are on the following page.
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¥ 1
/ 05/ L Y ;){ o} B2 E / D2
7 8 15 16 19 20 31 32 35 36
. N St S e T-———- =

Main Storage Location 2 1 t \ —\

Addressed by Oprd 1 (Y20 | (YT (_Y_z_)l _;_(j_'_)_‘_ 1| Unchonged

Main Storoge Llocation '—---} _____ -

Addressed by Oprd 2 (X2 g | (X1 )g _(XZ h i (S )I—E -} Unchanged

Condition Code is set by the result,
| T

DC L Bl Jl }l DI B2 jl—{g D2
0 78 15 16 31 32 35 36 47

Argument (In Main Storage
Location Addressed by Oprd 1 Addr)

Table

Table Address ( Oprd 2 Addr)

Argument

Table Position Addressed by

19, 20

[—— UP TO 256 BYTES
(Y2), (Y1)
Note %

bl b2

al

NN

—— UP O 256 BYTES

R_|
[ camy | (v2), | (YT,

l Result 3| Result ZI Result 11

¥ Contents of Oprd' 1 Depends on the Byte in the Table Addressed by Result
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Programming Note

In most applications, the contents of the translation
list are established in advance, and the content of the
first operand field are unknown data. By inter-
changing these roles, a reordering rather than a

translation is obtained. In that case the data are

‘addressed by the second operand address and thus
treated as the contents of a list. The first operand
address refers to a field containing control bytes.
These control bytes in effect specify the order in

‘which the data bytes are to be placed.

Validity Checking. All data are considered valid.

The condition code remains
unchanged.

Condition Code.

Edit (ED), Logical SS Format

DE I L

KX ﬂ{ol | 52 iffo2 |

78 516 19 20 3132 35 36

o The format of the source (the second oper and)
is changed from packed to zoned, and is edited
under control of the pattern (the first operand).

e The edited result replaces the pattern.
e Editing includes sign and punctuation control,
and the suppressing and protecting of leading

zZeros.

e Editing facilitates programmed blanking of all-
zero fields.

o Several numbers may be edited in one operation,
and numeric information may be combined with
text.

e The Op code is DE (1101 1111).

e L is the field length of the pattern (First Operand)

e Bl D1 is the main storage address of the pattern.

e B2 D2 is the main storage address of Operand 2.

Description (SLD 20-57, 20-58)

The length field applies to the pattern (the first oper-
and). The pattern has the unpacked format and may
contain any character. The source (the second oper-
and) has the packed format and must contain valid

digit and sign codes. The left four bits of a byte must
be 0000-1001, otherwise a data error occurs.

7265909 (8/65)
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The right four bits are recognized as either a sign
or a digit.

Both operands are processed left to right one
character at a time. Overlapping pattern and source
fields give unpredictable results.

The character to be stored in the first operand
field is determined by three things; the digit ob-
tained from the source field, the pattern character,
and the state of a trigger, called the S trigger. One
of three actions may be taken:

1. The source digit may be stored.

2. The pattern character may be left unchanged,

or

3. Afill character may be stored.

Programming Notes. As a rule, the source oper-
and is shorter than the pattern since it yields two
digits or a digit and a sign for each source number.

When a single instruction is used to edit several
numbers, the zero-field identification is provided
only for the last field.

The following table gives the details of an editing
operation. The left-most columns give the pattern
character and its code. The next columns show the
states of the digit and the S trigger used to determine
the resulting action. The right-most column shows
the new setting of the S trigger.

Character Name and Examine Trigger Digit Result Trigger

Code purpose Digit  Status Status  Char, Set
0010 0000 Digit Select yes s=1 Digit
§=0 dnot 0 Digit s=1
s=0 d=0 Fill
0010 0001 Significance s=1 Digit
Start yes §=0 dnot0 Digit
s=0 d=0 Fill s=1
0010 0010 Field Sepa- Fill s=0
rator no
" Other Message s=1 Leave
Insertion no s =0 Fill
Legend
d ~ Source digit
s - S trigger 1, minus sign, digits or pattem used,

0, plus sign, fill used
Digit - A source digit replaces the pattem character
Fill - The fill character replaces the pattem character
Leave - The pattern character remains unchanged

S trigger. The S trigger is used to control the stor-
ing or replacing of source digit and pattern characters.
Source digits are replaced when zero suppression or
protection is desired. Digits to be stored in the re-
sult, whether zero or not, are termed significant.
Pattern characters are replaced or stored when they
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are significance-dependent or sign-dependent, such
as punctuation or credit symbols. The S trigger
also is used to record the sign of the source and set
the condition code accordingly.

The S trigger is set to the zero state at the start
of the operation, and is subsequently changed de-
pending upon the source number and the pattern
characters.

Pattern Character. Three pattern characters have a
special use in editing. They are the digit-select
character, the significance-start character, and the
field-separation character. These three characters
are replaced, either by a source digit or by a fill
character; their encoding is shown in Table 1.

1. The digit-select character causes either a
source digit or the fill character to be in-
serted in the result field.

2. The significance-start character has the
same function. It also indicates that the
following digits are significant.

3. The field-separator character identifies
individual fields in a multiple-field editing
operation. The character is replaced by the
fill character. The S trigger is set to zero
and testing for a zero-field is reinitiated.

4. All other pattern characters are treated in a
common way; if the S trigger is one, the
pattern character is left unchanged; if the
S trigger is zero, the pattern character is
replaced by the fill character.

If the pattern character is either a digit-select or a
significance-start character, the source digit is
examined. The source digit replaces either of these
pattern characters if the S trigger is one or if the
source digit is non-zero. A non-zero digit inserted
when the S trigger is zero will cause the S trigger to
be set to one to indicate that the following digits are
significant. If the S trigger and the source digit are
both zero, the fill character is substituted for either
the digit-select or significance-start character.

Source digit. When the source digit is stored in the
result, it is expanded from the packed to the zoned
format by attaching a zone. The zone code is 1111
in the binary coded decimal mode and 0101 in the
ASCII mode.

The source digits are examined only once during
an editing operation. They are selected eight bits at
a time from the second operand field. The left-most
four bits are examined first. The right-most four
bits remain available for the next pattern character
which calls for a digit examination. However, the
right-most four bits are inspected for a sign code
immediately after the left-mode four bits are ex-
amined.

Any of the plus-sign code 1010, 1100, 1110, or
1111 will set the S trigger to zero after the digit is
inspected, whereas the minus-sign codes 1011 and
1101 will leave the S trigger unchanged. When one
of these sign codes is encountered in the four right-
most bits, these bits no longer are treated as a
digit, and a new character is fetched from storage
for the next digit to be examined.

A plus sign sets the S trigger to zero even if
the trigger was set to one for a non-zero digit in the
same source byte or by a significance-start char-
acter for that digit.

Fill Character. Tbe fill character is obtained from
the pattern as part of the editing operation. The
first character of the pattern is used as fill charac-
ter, and is left unchanged in the result field, except
when it is the digit-select or significance-start
character. In the later cases a digit is examined,
and when non-zero, inserted.

Result Condition. To facilitate the blanking of all-

zero fields, the condition code is used to indicate
the sign and zero status of the last field edited. All
digits examined are tested for the code 0000, The
presence or absence of an all-zero source field is
recorded in the condition code at the termination of
the editing operation.

1, The condition code is made 0 for a zero
source field, regardless of the state of the
X trigger.

2. For a non-zero source field and an S trigger
of one, the code is made 1 to indicate less
than zero.

3. For a non-zero source field and an S trigger
of zero, the code is made 2 to indicate
greater than zero,
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The condition-code setting pertains to fields as
specified by the field-separator characters, regard-
less of the number of signs encountered,

For the multiple-field editing operations, the
condition-code setting reflects only the field follow-
ing the last field-separator character. When the
last character of the pattern is a field-separator
character, the condition code is made 0.

Condition Code

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

Move with Offset (MVO) Decimal SS-Format
(See A Next Page)

e Objective: The low-order four bits of the first
operand are attached as low-order bits to the
second operand, the second operand bits are off-
set by four bit positions, and the result is
placed in the first operand location.

e F1 (1111 0001) is the Op code

e L1 is the field length of Operand 1

e L2 is the field length of Operand 2

e B1 D1 is the main storage address of Operand 1

e B2 D2 is the main storage address of Operand 2
Description (SLD 20-34)
The move operation consists of placing the second
operand to the left of the adjacent to the low-order
four bits of the first operand. The fields are pro-

cessed right to left. If necessary the second operand
is extended with high-order zeros. If the first oper-

and field is too short to contain all bytes of the second
operand, the remaining information is ignored. Over-
lapping fields may occur and are processed by storing

a result byte as soon as the necessary operand bytes
are fetched.

(See B Next Page)

Programming Example

<In the following example, Move with Offset operation,

_the digits and signs are grouped in eight-bit bytes.
The second operand has no sign. The result digits
are shown under the first operand digits which they

Z26-5909 (8/65)

replace.

First Operand 77 88 99 0+ Second Operand 00 12 34 56
Result 1 01 23 45 6+

Programming Note

The instructions for decimal arithmetic do not in-
clude shift instructions, since the equivalent of a
shift can be obtained by programming. Programs
for right or left shift and for an even or odd shift
amount may be written with the Move with Offset
instruction and logical move instructions.

An even right shift can be simulated by moving
the sign code left.

An evenleft shift may be obtained by moving
zeros to the right of the field, moving the sign code,
and replacing the original sign with a zero.

An odd right shift can be simulated with the
Move with Offset instruction.

An odd left shift may be obtained with the Move
with Offset instruction, moving zeros to the right of
the field, moving the sign code, and replacing the
original sign code,

Condition Code
The condition code is not changed.
Validity Checking

The first and second operand bytes are not checked
for valid codes.

Pack (PACK) Decimal SS-Format

(See C Next Page),

Objective: The format of the second operand is
changed from zoned to packed and the result is
placed in the first operand location.

o The Op code.is F2 (1111 0010).

e L1 is the field length of Operand 1.

L2 is the field length of Operand 2.

e Bl D1 is the main storage address of Operand 1.
e B2 D2 is the main storage address of Operand 2.
Description (SLD 20-35)

The second operand is assumed to have the zoned
format. All zones are ignored except the zone over
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Main Storage Location B I

Addressed by Oprd 1 _J.S.Iz_)__{ _E_:(L)_ Y2 Yi Before
Main Storage Locati T e T e
Adc;rr\essezmbgy Oop:: uzon { b(X2) | (x1) X2 X1 Unchanged
Main Storage Location - r—-_T-—,--
Addressed by Oprd 1 {___ _:__(. .>.(.I..)..L_.x_2___ X1 Y1 After

T i
'
/2 / L b 2 B1 JJ( D1 B2 D2

0 7 11 12 15 16 19 20 31 32 35 36 47
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the low-order digit which is assumed to represent

a sign. The sign is placed in the right four bits of
the low-order byte, and the digits are placed adja-
cent to the sign and to each other in the remainder of
the result field,

The fields are processed right to left, If neces-
sary the secqond operand is extended with high-order
zeros, If the first operand field is too short to con-
tain all significant digits of the second operand field,
the remaining digits are ignored. Overlapping fields
may occur and are processed by storing each result
byte immediately after the necessary operand bytes
are fetched.

(See A Next Page)

Programming Example:

In the following example of a Pack operation, the
digits, signs, and zones are grouped in eight-bit
bytes. The letter Z represents a zone code. The
letter X represents an arbitrary four-bit code. The
first operand occupies four bytes, the second operand
occupies five bytes. The result bytes are shown
under the first operand bytes which they replace.

First Operand XX XX XX XX Second Operand Z1Z2 Z3 Z4 +5

Result 00 12 34 5+
(See B Next Page)
Condition Code

The condition code is not changed.

Unpack (UNPK) Decimal SS-Format

(See C Next Page)

® Objective: The format of the second operand
is changed from packed to zoned and the result
is placed in the first operand location,

e F3 (1111 0011) is the Op Code

e L1 is the field length of Oprd 1

7265909 (8/65)

e L2 is the field length of Oprd 2.

e Bl D1 is the main storage address of Oprd 1.

e B2 D2 is the main storage address of Oprd 2.
Description (SLD 20-37)

The digits and sign of the packed operand are placed
unchanged in the first operand location using the

zoned format. Zones with coding 1111 in the binary
coded mode and coding 0101 in the ASCII mode are
supplied for all bytes except the low-order byte, which
receives the sign of the packed operand.

The fields are processed right to left. High-
order zero characters are supplied if the second
operand needs extension, If the first operand field
is too short to contain all significant digits of the
second operand, the remaining digits are ignored.

The first and second operand fields may overlap,
and are processed by storing a result byte immediately
after the necessary operand byte is fetched,

(See D Next Page)

Programming Example

In following example of an Unpack operation, the
digits, sign, and zones are grouped in eight-bit bytes,
The letter Z represents the zone code 1111. The
letter X represents an arbitrary four bit code.

First Operand XX XX XX XX XX Second Operand 01 23 45 6-
Result Z2 73 24 25 -6

Condition Code
The condition code is not changed.
Validity Checking

The operand sign and digits are not checked for valid
codes.
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Main Storage Location
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. . - re ==
Main Storage Location H
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Main Storage Location --_T————r—— N
Addressed by Oprd 1 [ ( X )]4' ( X1) X1 X2 After
Oprd | X X X X X X X X Before
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-
Oprd | 0 0 0 1 2 3 4 Sign After
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" ————y e
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Addressed by Oprd 1
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Zero and Add (ZAP) Decimal, SS Format

1? D1 | B2 Igz

F8 L1 12 Bl
0 78 1112 1516 19 20 31 32 3536 47
e The second operand is placed in the first operand
location,

e The operand is equivalent to an addition to zero,

o The sign code is made 1100 for positive and
1101 for negative results in the binary coded
decimal mode, and 1010 for positive and 1011
for negative results in the ASCII mode.

e A zero result is always positive,

e The Op code is F8 (1111 1000).

e L1 is the field length of Operand 1

e L2 is the field length of Operand 2

e Bl D1 is the main storage address of Operand 1

Programming Example

In the following sample Zero and Add operation, the
digits and signs are grouped in eight-bit bytes. The
letter X represents an arbitrary four-bit code., The
first operand occupies five bytes, the second occupies
three bytes. The condition code is set to 01 as a
result of this zero and add operation,

First Operand XX XX XX XX XX, Second Operand 38 46 0-
Result 00 00 38 46 O-

Condition Code

The condition code indicates the result of Zero and
Add:

Result | Condition Code
Zero 0o 0
Less than zero 0o 1
Greater than zero 1 0

Compare Decimal (CP), Decimal, SS Format

F9 J L

e B2 D2 is the main storage address of Operand 2 o

Description (SLD 20-36)

Main Storage Location
Addressed by Oprd 1 Addr

(LM TO2n TOMy [ (V2) [ (Y10 | before

‘Main Storage Location
Addressed by Oprd 2 Addr

T T

(X1)y | Unchanged

(X2)g

Main Storage Location
Addressed by Oprd 1 Addr

Lo 080 | ®R[0a, [07h] s

Programming Note

Extra high-order zeros are supplied if needed, The
first and second operand fields may overlap when the
right-most byte of the first operand field is coincident
with or to the right of the right-most byte of the second
operand,

Program Error

When the length of the second operand (L2) is greater
than the length of the first operand (L1) a specifica-
tion error stop occurs, The instruction is not execu-
ted. The second operand is checked for valid sign
and digit codes.

2265909 (8/65)
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78 1ni2 15 16 19 20 31 32 3536 47

e Objective: The first operand is compared with
the second operand and the condition code indi-
cates the comparison result,

e Comparison is right to left, taking into account
the sign and all digits of both operands.

e The Op code is F9 (1111 1001),

e L1 is the field length of Operand 1,

e L2 is the field length of Operand 2,

e B1 D1 is the main storage address of Operand 1.

e B2 D2 is the main storage address of Operand 2,

Description (SLD 20-41)

If the second operand field is shorter in length than
the first operand field, the second operand field is
extended with high-order zeros. A positive zero
compares equal to a negative zero, Neither operand
is changed as a result of the operation and overflow
cannot occur, The first and second fields may over-
lap when their low-order bytes coincide, It is there-
fore possible to compare a number to itself.
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Main Storage Position
Addressed by Oprd 1

e The sign of the result is determined by the rules
of algebra, A zero sum is always positive.

When high-order digits are lost because of over-

;"' T Y1) T T N :
— _{_(___ g _ILY_])i ﬁ Yl )2 ! S_Y_]_)l (¥ )o (Y2 )0 flow, a zero result will have the sign of the cor-
rect sum, ‘

. - The first and second operand fields may
Main Storage Position overlap when their low-order bytes coincide.
Addreszed by Oprd 2 It therefore is possible to add a number to itself.,

- . T r oo .
XY, 1 (X1 ), 1 (X1), | (X1) ( X1) (X2) e The Op code is FA (1111 1010).
1 4y 3 2 1 0 0

Both Operands Remain Unchanged. Condition Code is Set by the
Result of Complement Add of Both Operands.

Programming Note

Decimal Compare differs in several respects from
Logical Compare. Decimal Compare is right to
left. Signs, zeros, and invalid characters are taken
into account and fields are extended when unequal in
length. Also, the field length is restricted to six-
teen 8-bit bytes, whereas Logical Compare permits
fields up to 256 bytes.

Program Error Checking

When the length of the second operand (L2) is greater
than the length of the first operand (L1) a specifica-
tion error stop occurs, The instruction is not
executed. All signs and digits are checked for
validity,

Programming Example

In the following sample Compare operation, the
digits and signs are grouped in eight-bit bytes. The
condition code is set to 01 as a result of this com-
parison,

First Operand 38 36 0+, Second Operand
54 32 1+

Condition Code

The condition code is made 00 if the operands are
equal, 01 if the first operand is low, and 10 if the
first operand is high.

Add Decimal (AP), Decimal, SS Format.

-t —— —

L1

—"' T
(Yl)l(Y])](Yl) Y1
4 3, 21 ( )1

l FA lLIiLZI

)
| ]Dl
3

o |

0 78 n a2 15 16 19 20 31 32 35 36

e Objective: The second operand is added to the
first operand and the sum is placed in the f1rst
operand location, Addition is algebralc takmg
into account sign and all digits of both operands.
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e L1 is the field length of Operand 1
e L2 is the field length of Operand 2
e B1 D1 is the main storage address of Operand 1
e B2 D2 is the main storage address of Operand 2

Description (SLD 20-55)

Main Storage Position
Addressed by Oprd 1

(Y1),

(v2),

S W B Before

Main Storcge Position
Addrc:scd txy Oprd 2

X

-+
.Jl—(Xl)al (X1)2|(XI)]

Unchang¢

(X1)g

(X2 ),

Main Storage Position
Addressed by Oprd 1
T T T T

Result O Sign Aftor

I Result 41 Result 31 Result 2 | Result 1
S -

Program Error Checking. When the length of the
second operand (L2) is greater than the length of
the first operand (L1), a specification error stop
occurs. The instruction is not executed.

All signs and digits are checked for validity.
If necessary, high-order zeros are supplied for
the second operand.

Programming Example, In the following sample
Add operation the digits and signs are grouped in
eight-bit bytes. The sum digits are shown under
first operand digits which they replace., The condi-
tion code is set to 10 as a result of this addition,
No overflow occurs.
First Operand 38 46 0- Second Operand 50 80 5+
Sum 12 54 8+

Condition Code

The condition code is set according to the result of
the Add Decimal operation:
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Result |  Condition Code make an entire field or the low order part of a field

Zero 0o 0 zZero,
Less than zero 0o 1
Greater than zero 1 0 sps
Overflow 11 Condition Code
The condition code is set according to the result of
Subtract Decimal (SP), Decimal, SS Format the Subtract Decimal operation;
: : Result | Condition
l FB [ Ll!LZlBI :H l j[021 Zero 0 O
0 78 1|2 1516 192 3132 3536 Less than zero 0 1
Greater than zero 1 0
e Objective: The second operand is subtracted Overflow 11
from the first operand and the difference is
placed in the first operand location, Multiply Decimal (MP), Decimal, SS Format
e Subtraction is algebraic, taking into account { £FC [ Lo |J{ D1 l 82 | “ b2 |
. P 3 1
sign and all digits of both operands. o T8 12 15 lb 9 20 Py = 36 o
e The Op code is ¥B (1111 1011). e Objective: The product of the multiplier (the
second operand) and the multiplicand (the first
e L1 is the field length of Operand 1. operand) replaces the multiplicand.
e L2 is the field length of Operand 2, e The Op Code is FC (1111 1100),
e Bl D1 is the main storage address of Operand 1. e L1 is the field length of Operand 1.
e B2 D2 is the main storage address of Operand 2, o L2 is the field length of Operand 2,
Description (SLD 20-39) e B1 D1 is the main storage address of Operand 1,
The Subtract instruction is identical to the Add in- e B2 D2 is the main storage address of Operand 2,
struction, except that the sign of the second operand
is inverted prior to addition., The sign of the result e All operands and results are treated as signed
is determined by the rules of algebra. A zero dif- integers, right-aligned in their field.
ference is always positive, When high-order digits
are lost because of overflow, a zero result will have e The sign of the product is determined by the rules
the sign of the correct difference, of algebra from the multiplier and multiplicand

Main Storago Position signs, even if one or both operands are zero.
vl

Adorc,sed by Oprd 1
o —— T = Description (SLD 20-5])
S a1 (Yl)3_i (¥ )2J|_(Y\), (1) | (Y2)g | Atres

U PN (RSPl P R,

Main Storage Position Since the number of dig:it§ ir{ the product will be the
Addressed by Oprd 2 sum of the number of digits in the operands, the

T T AT T T T ST multiplicand must have high-order zero digits for at
p(X1), (X )3 L( X1 )2 [ | (XM | (X2)g |unchanged jast 5 field size which equals the multiplier size.

- — — o — — — -— a— ——— e

Main Storage Position Otherwise a data error occurs. This definition of
-t _dr_t_:_ss:_d.l_u):- Oprd 1 \ e the multiplicand field insures that no product over-
"} 1 Result4 | Result 3 | Result2 | Result 1 Result 0 | Sign |ecfore  flow cam occur. The maximum product size is thirty
U SRR SRS IR E digits. At least one high-order digit of the product

field will be zero. The multiplier and product fields
Programming Note may overlap when their low-order bytes coincide.

Programming Note

The operands of a Subtract operation may overlap When the multiplicand does not have the desired num-
when their low-order bytes coincide even when their ber of leading zeros, multiplication may be preceded
lengths are unequal. This property may be used to by a Zero and Add into a larger field.
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pribr oy [0 [ xmy [ X1 [ O [ X1 | 020y | b
gp;ic?uSOOwd [(x”‘l (x1)3l(x|)2l(x1)] 1 (Xl)ol (X2)Ol Not Used j

m;@;ﬂeg@n Lo l 0 [ 0 l 0 l 0 l 0 [ 0 l 0 ‘l(Yl.)(,l(Yz)ol

addacewimoopat| 0 | o T oo [ oanom, T o foag o Jovig | vy |

Accy Right Offser [0 Joo Joo Too, Too, Tom [ weue |

,(Xl)‘ l RAJ R3

o

AddAccuin'oOprdl, o ] Rzl R ](Xl)o[(Yl)oJ(YZ)oJ

Main Storoge Position l Result 9 l Result 8 l Result d Result 6 I Result 5 chwli 4 1 Result 3 l Result 2

Resul IJ Si I Aft
Addressed by Oprd | esult ign or

Rn are the Reslts of the Single Additions

-

Before

Main Storoge Position I l .
Addressed by Oprd 1 l 0 l 0 ' 0 l ! 0 ‘ 0 l 0 I ‘ 2 3 Sign

Main Storoge Pasition .

Addcessad by Oped 2 l ! ' 2 [ 3 l 4 l 5 l Sign ] Unchanged
Oprd 2 Stored .

in Accu L 1 l 2 [ 3 T 4 l 5 I Sign Not Used %

Fetch MPR Digit _l ! | l X

s Se1 Zoww [ o | o | o o | o o | o | o 3 | sien |

wmuamop«vlolo] l]2|3l4J5,0[37$ignJ
| s | Nouea

Add Accu into Oprd | L 0 l 0 I 1 I 3 [ 5 | 7 l 9 l 5 l 3 l Sign l

Main St Positi
Add:;,:;?;a:.:, 7‘ l Resvlt 9 I Result 8 l Result 7 I Result & l Resuit 5 [Result 4] Result 3

Accu Right Offset ! (] l 1 l 2 , 3 I

>

Result 2 [ Result l.l Sign I Aftar
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Program Error Checking, The multiplier size is
limited to fifteen digits and sign, and must be less
than the multiplicand size, If the length code L2 is
larger than seven, or larger than or equal to the
length code L1, the operation is not executed and a
specification error stop occurs.

Programming Example, In the following example
multiplication, the product digits and sign are
shown below the multiplicand digits and sign which
they replace, Digits and signs are grouped in eight-
bit bytes.
Multiplicand 00 00 38 46 0- Multiplier 32 1-
Product 01 23 45 66 0+

Condition Code
The condition code remains unchanged.

Divide Decimal (DP), Decimal, SS Format

_FO l Lli ulni”ol' sz”{oz]
78 N2 156 1920 3132 3538 47
e Objective: The dividend (the first operand) is

divided by the divisor (the second operand)
and replaced by quotient and remainder,

The dividend, divisor, quotient and remainder
are all signed integers, right-aligned in their
fields,

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

The remainder has the same sign as the dividend.,

The above rules are true even when quotient or
remainder is zero,

The Op Code is FD (1111 1101),

L1 is the field length of Operand 1.
L2 is the field length of Operand 2,
e B1D1 is.the main storage address of Operand 1,
e B2 D2 is the main storage address of Operand 2,
Description (SLD 20-43, 20-45)

The quotient field is placed left-most in the first
operand, The remainder field is placed right-most

726-5909 (8/65)
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in the first operand field and has a size equal to the
divisor size, Together the quotient and remainder
occupy the entire dividend field. Therefore the ad-
dress of the quotient field is the address of the first
operand, The size of the quotient field in eight-bit
bytes is L1 less L2 and the length code for this field
is one less — (L1-L2-1), The divisor and dividend
fields may overlap only if their low-order bytes
coincide.

Programming Notes

The maximum dividend size is thirty digits and sign,
Since the smallest remainder size is one digit and
sign, the maximum quotient size is twenty nine digits
and sign,

The condition for a divide check can be deter-~
mined by a trial subtraction, The left-most digit
of the divisor field is aligned with the left-most-but-
one digit of the dividend field. When the divisor, so
aligned, is less than or equal to the dividend, a
quotiert overflow is indicated,

Program Error Checking

The operation is not executed and a specification
error stop occurs when the divisor length code is
larger than seven, or larger than or equal to the
dividend length code.

A divide check occurs when the quotient is larger
than the number of digits allowed for it, or if the
dividend does not have at least one leading zero. In
that case the operation is not executed and a decimal
divide error stop occurs. Divisor and dividend re-
main unchanged in their storage locations,

Programming Example

In the following example division, the quotient and
remainder digits and signs are shown below the
dividend digits and sign which they replace, Digits
and signs are grouped in eight-bit bytes,

Dividend 01 12 45 67 8+ Divisor 32 1-

Quotient 38 46 0~

Remainder 01 8+

Condition Code

The condition code remains unchanged for division
and overflow cannot occur.,
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Main Storage Position
Addressed by Oprd1

Main Storoge Position
Addressed by Oprd 2

Oprd 2 Stored
in Accu

Accu Right Offset

Result of Trial Subtraction
Correction

Result + Oprd 2

Accu Left Offset

1st Reduction

Main Storage Location
Addressed by Oprd 1

0 (YD) [ CYT) L OYI) | (YU, | (YD) | (Y1) | (Y2),
-(x1)2 (X1) | (X1) ] (x2)
(XV)y L (XV), | (X)) | (X2) Not Used
o | xiy fexay | xiy Not Used }
Borrow R3 R2 R1 (Y1), 1 (Y1), | (V1) | (Y2,
0 (YU)g | (YUY | (Y1 | CYiy, | OY0) | (Yl | (Y2),
(x1y, | (x1), | (xn)g} o
;i‘;"“c’;c'l‘fs (R&) | (r3) | (R2) | (1) | (Y, | vy, | (v,
v
Result 7 | Result 6 | Result 5 | Result 4 | Result 3 | Result 2 ] Result 1 Sign

Rn are the Results of the Single Subtractions

Main Storage Position
Addressed by Oprd 1

[ o |

4 [ 5 l é l Sign I Before

Main Storage Position 2 3 4 Sign
Addressed by Oprd 2 s
Oprd 2 Stored 2 L 3 l Sign Not Used
in Accu
Accu Right Offset 0 2 4 Not Used 1
Resuit of Triol Subtraction | Borrow 8 9 4 5 6 Sign
Correcticn r l I I I 4 I I A l Sign ]
Resuit + Oprd 2 0 ! 3 5 i
Accvu Left Offset 3 4 0

. Number of .
15t Reduction Red CycleJ 1 I 0 l 0 S 6 Sign

/

Main St Position .
Addressed by Oprd 1 Result 7 | Result 6 | Result 5 | Result 4 | Result 3 |Resulr 2 | Result 1| Sign
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INPUT/OUTPUT OPERATIONS

726-5909 (8/65)

e Transfer of information from external sources
to Main Storage and from Main Storage to ex-
ternal destinations are referred to as Input/
Output operations,

e Input/Output operations are time shared to
make maximum use of processing time.

e Input/Output operations consist of three phases:
Instruction, Execution, and Service phases.

o Input/Output Service phases interrupt a program
being executed,

e All Input/Output operations employ three types
of instructions: Transfer 1/0, Control 1/0,
Test I/0, and Branch,

DATA

Data Formats

e Input/output data is located in eight-bit bytes in
Main storage in variable length fields.

e Data stored in Main storage can be in the zoned,
fixed point or punched format, however a card-
reader presents input-data in the zoned format
and all output-data to a card punch or printer
must be in the zoned format,

Data Coding

e Input data is translated from the code form of the
input device to the Extended-Binary Coded Deci-
mal Interchange Code employed by the CPU in-
ternally as the data is received,

e Output data is translated from the internal CPU
to the zoned format as the data is transferred
to the output device,

ANY 1/0 REQUEST (Figure 3-40)

e Objective: Any I/O Request is a micro-
program which handles the transfer of data
from an 1/0 device to the CPU or vice-versa.

e  The test for Any 1/0 Request is performed
at intervals of approximately every 72
micro-instructions (This equals 42 usec)
to see whether any I/O device is requesting
service.
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e When this test detects an I/O request, all
data registers are cleared by storing their
contents in Auxiliary Storage. The program
is interrupted.

e The I/0O device initiates its Service Phase during

which the data of (for example) one column is
read into DR-U and L.

e After a Service Phase, the program is
continued until the next Any I/O Request
test interrupts it again.

e For a given number of columns (Which are
to be read in), the same number of 1/0
requests and respective Service Phases
are required.

e More than one request for service may be
present when the Any 1/0 request test is
performed.

e Several requests are handled according to
a priority sequence.

e The program is not continued until the last
request has been acknowledged.

Description

Processing of a machine program is accomplished
by any number of micro-instructions. There is a
routine test interspersed in the chain of micro-
instructions which is called Any I1/0 Request. This
test is performed independent of the machine
program after every 72 micro-instructions. It
determines whether any I/0 device is requesting
service or not. It is necessary to repeat this test
every 42 usec because the I1/0 units (Which run
asynchronously) must be serviced often enough to
avoid an accumulation of service requests.

1. Because the Any 1/0 Request routine
represents an interruption of the micro-
program in progress, an indicator bit is
set in DR-U to enable the micro-program
to continue where it was interrupted.

2. A test is made to see whether any 1/0
device is requesting service. K there is
none, the indicator bits are tested to find
out where the program is to be continued.

3. When an I/O request is present, a further
indicator bit is set into DR-L.

4. The micro-program Housekeeping Forward
sub-routine stores the contents of all data
registers into Auxiliary Storage to save
them. This is neccessary because the data
registers are needed to transfer data from
the 1/0 device to the CPU.
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5 Individual tests are made to determine
exactly what type of request is present.

6. If there is a Card Print request (For example)
present, the Card Print Service Phase is
performed. During this Service Phase, the
actual data transfer takes place.

7. When a Service Phase ends, the Any 1/0
Request test is performed once more. This
is necessary because more than one request
may be present.

8. If there is another request (For example
Serial Punch), this request would be satisfied
next and so on.

" 10.  When the test in Step 7 shows that there is no
request present, the Housekeeping Backward
sub-routine brings back the data temporarily
stored in the Common I/0 bytes (Aux
Positions /19/, 1A/, /1B/, /I1C/) into the
data registers.

1I. The indicator bits in DR-U and L are tested
to enable the micro-program to continue where
it was interrupted. Any I/O Request comes
up 42 usec later to take care of the requests
that may have come up in the meantime.

TIME SHARING

e The Time Sharing feature allows processing
operations in the CPU to be time shared with
the transfer of data between Main Storage and
the Input/Output devices.

e When an Input/Output device requests service,
processing is interrupted only for the time
required to transmit or accept Input/Output
data,

e The Time Sharing feature can be controlled (on
or off) by the operator via the Time Sharing
switch on the CPU console,

e If the Time Sharing switch is off the machine
carries out I/O operations in a sequential
manner,

INPUT/OUTPUT PHASES

e There are three phases for each I/0O operation
(Figure 3-4l).

¢ The Instruction (I) phase analyzes the meaning
of an instruction,

® The I/0 Execute Phase does not process data,
e The I/O Execute (E) phase sets an Execute

Condition latch (one for each I/0 unit) and
initiates mechanical operation of an I/O unit,

226-5909 (8/65

e The I/0O Execute phase is followed by the next
I-phase.

e An I/O request detected during a Test I/0
routine initiates a Service phase,

Description

The I/0 operations of the Model 20 are to a large
extend controlled by micro-programs, The Service
phases of I/0 operations are linked rather loosely
together by the frequent interrogations made by the
micro-program to determine if the need for an I/0
data operation has arisen,

When a Service phase is terminated, the time
between this Service phase and the next sequential
Service phase of the same operation is used to accom-
plish other operations either in progress or about to

begin (Figure3-42)The other operations are I-phases,
E-phases, or Service phases used to process data

associated with other I/O units,

INSTRUCTION FORMATS

e To control a variety of I/0 devices, three types
of I/0 instructions are provided.
1, Transfer I/O0
2. Control 1/0
3. TestI/O and Branch

® These instructions generate signals required by
the individual I/0 devices,

o Table 3-3.shows the instruction formats employed
by S/360-20 Input/Output Operations,

Transfer 1/0

¢ A Transfer instruction governs the transfer of
data between Main storage and the I/0 device.

® The Device Address (D.A) specifies the I/O
device to which output data is to be transmitted
or from which input data is to be received,

o The Function Specification (F.S.) specifies the
input or output function to be performed on the
I/0 device addressed and also the particular
component of the addressed device when required,

e The main storage location of the first byte in the
input or output data field is derived from the con-
tents of the B1 and D1 fields according to the
rules for direct or effective address generation.
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Table 3-3. I/O Instruction Formats

Mnemonic  Operand
Machine Operation Code DA FS Function
XIo 1 2 Read Card
2501 XIO 1 10 Read Card, Column Binary
Card Reader TIOB 1 0 Test Reader Busy
TIOB 1 1 Test Reader Error -
TIOB 1 4 Test Last Card
XIio 2 2 Read Primary Card
XI10 2 3 Read Secondary Card
Xio 2 4 Punch Primary Card
XI10 2 5 Punch Secondary Card
XIO 2 6 Punch and Feed Primary Card
X10 2 7 Punch and Feed Secondary Card
2560 XI10 2 10 Read Primary Card, Column Binary
Multi-Function XIo 2 11 Read Secondary Card, Column Binary
Cand Machine
XI0 2 0 *Card Print
TIOB 2 0 Test Reader/Punch Busy
TIOB 2 1 Test Reader/Punch Error
TIOB 2 2 Test Card Print Busy
TIOB 2 4 Test Last Card
TIOB 2 5 Test FeedErmor
CIOo 2 0 Primary Card Stacker Select
CIO 2 1 Secondary Card Stacker Select
CIO 2 2 Punch Card Stacker Select
CIO 2 3 *Print Head Select
X1o 2 2 Read Card
X1o 2 4 Punch Card
X1o 2 6 Punch and Feed
2520 TIOB 2 0 Test Reader Busy
€ard Read TIOB 2 1 Test Reader Error
Punch TIOB 2 2 Test Punch Busy
TIOB 2 3 Test Punch Error
TIOB 2 4 Test Last Card
TIOB 2 5 TestFeed Error
CIO 2 0 Stacker Select
XI0 4 0 Print
XI1I0 4 1 Print and Space Suppress
TIOB 4 0 Test Printer Busy
TIOB 4 1 Test Printer Error
TIOB 4 2 Test Channel 9
TIOB 4 3 Test Channel 12
TIOB 4 4 *Test Channel 9 (upper)
TIOB 4 5 *Test Channel 12 (upper)
2203 CIO 4 4 Immediate Space
Printer CIO 4 5 Immediate Skip
CIO 4 6 Delayed Space
CIO 4 7 Delayed Skip
CIO 4 8 *Immediate Space (upper)
CIio 4 9 *Immediate Skip (upper)
CIo 4 A *Delayed Space (upper)
CIo 4 B *Delayed Skip (upper)
CIO 4 C *Immediate Space (both)
(i (o] 4 D *Immediate Skip (both)
CIo 4 E *Delayed Space (both)
Cio 4 F *Delayed Skip (both)
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(See Figure a on Next Page)

o The field or record length of the input or output
data in main storage is derived from the con-
tents of the B2 and D2 fields according to the
rules for direct or effective address generation.

NOTE: The field length specification for input or
output data fields in main storage is the actual num-
ber of bytes in the field, whereas for variable field
length processing operations the field length speci-
fication is the number of bytes extending beyond the
first byte,

Control I/0

e A Control instruction directs an I/0 device to
performa a specified function (for example,
select a stacker pocket or initiate a carriage
skip).

(See Figure b on Next Page)

e The Device Address (D.A.) specifies the 1I/0
device in which a control function is to be per-
formed

o The Function Specification (F,S.) specifies
the particular component (it may also specify
the primary function of that component) in the
I/0 device addressed in which a control function
is to be performed,

o A detailed specification of the control function
to be performed is derived from the contents
of the B2 and D2 fields, according to the rules
for direct or effective address generation,

226-5909 (8/65)

Test I/0 and Branch

e A TestI/O and Branch instruction causes an
inquiiyto an I/O device for a particular condi-
tion (for example: reader busy, end of forms
etc,); if the indicator tested is on, the program
branches to the specified address,

(See Figure ¢ on Next Page)

e The Device Address (D A) specifies the I/0
device in which a condition is to be tested.

o The Function Specification (F.S.) specifies the
particular condition or indicator to be tested in
the I/0 device addressed,

e If the condition tested in the addressed I/0
device is on, the updated instruction address
is replaced by the branch address derived
from the B2 and D2 fields; otherwise, normal
instruction sequencing proceeds with-the updated
instruction address,

COLUMN BINARY FEATURE

The Column Binary Feature enables all serial card
reading I/0 devices included as system components,
to operate in the column Binary mode as well as in
the normal Extended Binary Coded Decimal mode.

In the Column Binary mode of operation, two
adjacent bytes of main storage are employed to store
one card column of data as shown below:

01 2(3¢\s 67\\1\2\3 Bits in main storage
--12 1&1\2\\3--456789CardColunm

When reading in the Column Binary mode, bits 0
and 1 will be set to 0 in all bytes in the input field;

The Column Binary mode of operation is speci-
fied by an "'8" bit (bit No, 12) in the Function Specifi-
cation of the Transfer I/0 instruction for serial
card reading devices.
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The normal Extended Binary Coded Decimal mode is a list of Transfer I/0 instructions by device for

of operation is specified by the absence of the "'8" all Card I/0 devices to which the Column Binary
bit in the Function Specification, (Table 3-4} Feature is applicable:
Table 3-4, 2560 and 2501 Functions
2560 MFCM
Device Function
Address | Specification Function Mode

2 2 Read Primary Card EBCD

2 3 Read Secondary Card EBCD

2 4 Punch Primary Card EBCD

2 5 Punch Secondary Card EBCD

2 6 Punch and Feed Primary Card EBCD

2 7 Punch and Feed Secondary Card | EBCD

2 10 Read Primary Card Column Binary

2 1 Read Secondary Card Column Binary

2501 Card Reader
1 2 Read Card EBCD
1 10 Read Card Column Binary

Mnemonic X | O  Format 1/O

DO DA FS B1 D

0 78 1n 2 15 16 19 20 31

82 D2

32 47

Figure a. Transfer I/O

Mnaemonic C 1 O  Format 1/O

98 DA FS B 1 D1

0 78 112 15 16 19 20 31

Figure b, Control I/O

Mnemonic TIOB  Format |/O

= = ]

orp DA FS 81

78 1112 1516 19 20 31

Figure ¢, Test 1/O and Branch
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CHECKING OPERATIONS

MODIFIER CHECK

o Check the output of the Modifier for correct
(odd) parity.

e All data in the Bus latches are gated through
the modifier.

e A parity error (even parity) turns on the Modifier
Check latch.

o The Modifier Check Latch indicator is labeled
"MOD" on the CE console.

o The Modifier Check latch turns on the Process
Check latch.

o The Process Check latch being on causes the
CPU to stop immediately (before the next ROS
cycle starts).

Description (Figure 3-43)

An even Modifier output bit configuration (no bits,

2 bits, or 4 bits) causes a modifier check signal.
This signal is ANDed with clock C to turn on the
Modifier Check latch which lights its associated
(MOD) lamp on the CE console. The Modifier Check
latch ANDed with the same clock C pulse that turned
it on, turns on the Process Check latch.

The Process Check latch can be turned on by
seven other error conditions. When the Process
Check latch is turned on it stops the CPU immedi-
ately (before the next ROS cycle starts) (Figure 3-44).

The Modifier Check latch is reset with Reset
Condition (which is present when the Reset Key is
pressed) or with Not Reset Condition and Clock C.

AHR CHECK

o Checks the contents of the AHR for correct
(odd) parity.

® A parity error (even parity) turns on the AHR
check latch.

o The AHR check latch indicator is labeled "AHR"
on the CE console.
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e The AHR check latch turns on the Process Check
latch.

o The Process Check being on causes the CPU to
stop immediately (before the next ROS cycle
starts).

Description (Figure 3-45)

An even bit configuration in AHR (no bits, 2 bits, or
4 bits) causes an AHR check signal. This signal is
ANDed with clock C to turn on the AHR Check latch
which lights its associated (AHR) lamp on the CE
console. The modifier check latch ANDed with the
same Clock C that turned it on turns on the Process
Check latch.

The Process Check latch can be turned on by
seven other error conditions. When the Process
Check latch is turned on it stops the CPU immediately
(before the next ROS cycle starts) (Figure 3-44).

The AHR Check latch is reset with Reset Condi-
tion (which is present when the Reset Key is pressed)
or with Not Reset Condition and Clock C.

STAR CHECK

o Checks the contents of the STAR for (odd) parity.

e A'parity error (even parity) turns on the STAR
Check latch.

e The STAR Check latch indicator is labeled "STAR'
on the CE console.

o The STAR Check latch turns on the Process Check
latch.

e The Process Check latch being on causes the
CPU to stop immediately before the next ROS
cycle starts.

Description (Figure 3-46)

All even STAR bit configurations (no, 2, 4, 6, 8, 10,
12, or 14 bits) cause a STAR Check signal. This
signal is ANDed with Clock C to turn on the STAR
Check latch which lights itsassociated (STAR) lamp
on the CE console. The STAR Check latch ANDed
with the same Clock C that turned it on turns on the
Process Check latch.
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The Process Check latch can be turned on by
seven other error conditions. When the Process
Check latch is turned on it stops the CPU immedi-

ately (before the next ROS cycle starts) (Figure 3-44).

The STAR Check latch is reset with Reset Con-
dition (which is present when the Reset Key is
pressed) or with Not Reset Condition and Clock C.

ROAR CHECK

o The ROAR Check circuit compares the address
in the ROAR (NSI address) with the Even ROS
Address signal.

o The address in the ROAR is taken from the
ROSDR pos. 10-21 and can be altered by a
USE, INCR, or DECR micro-instruction, or
by bit 16 and 17 in the ROSDR which generates
bit E in the ROAR,

e To check the modified address in the ROAR the
Even ROS Address circuit generates a signal
"Even ROS Address' which is compared with
the content of the ROAR.

o A check occurs when the ROAR address is even
and no Even ROS Address signal is up or vice
versa.

e The ROAR Check latch indicator is labeled
"ROAR'" on the CE console.

e The ROAR Check latch turns on the Process
Check latch.

o The Process Check latch being on causes the
CPU to stop immediately (before the next ROS
cycle starts).

Description (Figure 3-47)

The contents of the ROAR used to address the ROS
can have odd or even parity. (No parity hit is gener-
ated to create odd parity.)

All bits of the ROAR are gated to the ROAR
Check circuitry, on exclusive OR network. The Even
ROS Address signal is also gated into the same cir-
cuit (Figure 3-47).

An error occurs when the exclusive OR circuit
output is active during Clock C. An output in the
exclusive OR circuit is present when either the con-
tent of the ROAR is even and the Even ROS Address
signal is not generated or the content of the ROAR is
odd and the Even ROS Address signal is generated.

No ROAR check occurs when the contents of the
ROAR has an even number of bits and the Even ROS
Address signal is generated or vice versa.

The Even ROS Address signal is the output of
the Even ROS Address latch (which is a latch in the
ROS Check circuit). This latch is always on if an
even (parity) ROS address is set into the ROAR.

The ROAR check lights its associated (ROAR)
lamp on the CE console. The ROAR Check latch
ANDed with the same Clock C that turned it on, turns
on the Process Check latch.

The Process Check latch can be turned on by
seven other error conditions. When the Process
Check latch is turned on, it stops the CPU immediately
(before the next ROS cycle starts) (Figure 3-44).

The ROAR Check latch is reset with Reset Condi-
tion (which is present when the Reset Key is pressed)
or with Not Reset Condition and Clock C.

GATE DECODE CHECK

e Compares the output of Gate Decoder 1 with Gate
Decoder 2.

¢ Gate Decoder 1 and Gate Decoder 2 should
generate one output each and these should be
identical.

NOTE: No error is detected when gate Decoder 1
and gate Decoder 2 generates more than one gate
as long as both generate the same multiple gates.

o An unequal output of gate Decoder 1 and gate
Decoder 2 turns on the gate Decode Check latch.

o The Gate Decode Check latch indicator is labeled
"Gate Dec'" on the CE console.

o The Process Check latch being on causes the CPU
to stop before the next ROS cycle,

Description (Figure 3-48)

Gate Decoder 1 and Gate Decoder 2 are two different
circuits with the same input (ROSDR position 7-9).
With each Clock A the outputs of Gate Decoder 1 and
2 are checked for equality. An unequal output AND
Clock A turns on the Gaté Decoder Check latch which
lights its associated (Gate Dec) lamp on the CE con-
sole. The Gate Decoder check latch AND Clock C
turns on the Process Check latch,

The Process Check latch can be turned on by
seven other error conditions. When the Process
Check is turned on it stops the CPU immediately
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(before the next ROS cycle starts) (Figure 3-44).
The Gate Decode Check latch is reset with Reset
‘Condition (which is present when the Reset Key is
pressed).

NOTE: When Gate Decoder 1 and 2 generates more
than one gate each, but the gates are equal, no error
is detected.

.C RING CHECK
e Checks the correct running of the C Ring.

e Only one of the three C Ring latches should be
on at any one time.

e A check occurs when no C Ring latch is on or

when two C Ring latches are on. (No error is
detected if all 3 C Ring latches are on.)

e A Ring check turns on the Ring Check latch.

e The Ring Check latch indicator is labeled
"Ring" on the CE console,

e The Parity check latch turns on the Process
Check latch.

o The Process Check latch being on causes the
CPU to stop before the next ROS cycle starts.

Description (Figure 3-49)

A Ring error is ANDed with Clock A to turn on the
Ring Check latch which lights its associated lamp on
the CE console. The Ring Check latch AND Clock C
turns on the Process Check latch,

The Process Check latch can be turned on by
seven other error conditions. When the Process
Check latch is turned on it stops the CPU immedi-

ately (before the next ROS cycle starts) (Figure 3-44).

The Ring Check latch is reset with Reset condi-
tion (which is present when the Reset Key is pressed).

STORE CHECK

o Checks a byte for correct (even) parity while
it is being stored into the main storage.

e A byte before being stored in Main Storage is
located in the DR-U and L and each DR should
contain an odd number of bits (odd parity).
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o An error check occurs when the contents of DR~
U and L taken together are odd (one even the
other odd).

o The Store Check latch indicator is labeled
"Store'" on the CE console.

o The Store Check latch turns on the Process
Check latch.

e The Process Check latch being on causes the
CPU to stop before the next ROS cycle starts.

Description (Figure 3-56)

All bytes which are stored into the main storage (not
AUX storage) are checked for even parity by taking
the contents of DR-U and L together. Normally each
DR contains odd parity. When an odd byte is stored
the Store Check circuit generates a signal which is
ANDed with Clock A and Store STR (Main Storage
operations only) to turn on the Store Check latch. The
Store Check latch lights its associated (Store) lamp on
the CE console. The Store Check latch is ANDed with
Clock C to turn on the Process Check latch.

The Process Check latch can be turned on by
seven other error conditions. When the Process
Check latch is turned on, it stops the CPU immedi-
ately (before the next ROS cycle starts) (Figure 3-44).

The Store Check latch is reset with Reset Condi-
tion (which is present when the Reset Key is pressed).

PROCESS CHECK LATCH

e The eight CPU checks are ORed to stop the CPU
at the end of the cycle in which any hardware check
occurs (Figure 3-44).

e The eight checks are: Modifier, AHR, STAR,
ROAR, Ring, Store, Gate Decode, and ROS
Check.

e When one (or more) of the checks is on, it is
ANDed with Clock C to reset-set the Process
Check latch.

o When the Process Check latch is on the CPU is
stopped at the next Pulse A time (Clock A is
suppressed).

Description

Figure344 shows the Process check circuits and the

signals and latches which are dependent upon the
Process Check latch being on.
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ROS CHECK

o Checks two conditions 1 Broken Tape 2 ROS Parity.

1. A Broken tape is detected when no bits are
set into ROSDR pos. 1 through 5 when a
micro-instruction is read out of the ROS.

2. A ROS Parity error occurs when the 13 bit
address of a micro instruction in ROAR
combined with the 22 bits of the addressed
micro-instruction in ROSDR, do not have
odd parity.

o When the address of a micro-instruction is even,
the addressed micro-instruction must be odd -
and vice versa.

e The Even ROS Addr (ERA) latch is on for an
address with an even bit count and is off for an
address with an odd bit count.

® When the addressed micro-instruction is in the
ROSDR, ROSDR is checked for parity and must
be odd if the Even ROS Addr latch is ON, and
vice versa.

e Figure 3-51 shows the principle of ROS parity
checking.

o A ROS error condition (Broken Tape or ROS
Parity) turns on the ROS Check latch.

o The ROS Check latch indicator is labeled ROS
on the CE console.

o The ROS Check latch turns on the Process Check
latch.

o The Process Check latch being on causes the
CPU to stop before the next ROS cycle starts.

Description (Figure 3-52)

Broken Tape. The ROS check latch is turned on by
the Broken Tape signal and clock A. The Broken
Tape signal is generated when no one bits are de-
coded in positions 1 through 5 of the ROSDR.

ROS Parity. At the same time that a 12-bit micro-
instruction address (NSI address) is gated from the
ROSDR to the ROAR it is also gated to the Even
ROS Address circuitry where the odd/even bit count
of the address is determined.
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This address can be modified when it is set in
ROAR, by a carry from an INCR or DECR micro-
instruction or by a USE micro-instruction, or by the
on/off condition of ROSDR bits 16 and 17. The same
carry condition or USE micro-instruction (but not
ROSDR bits 16 and 17) that modifies the address in
ROAR is also used in the logic of the Even ROS
Address circuits so that determination of the odd/
even bit count is based upon the modified address
(Figure 3-52).

NOTE: {f, at Clock C time, the bit count
is even the Even ROS address latch is turned on and
if the bit count is odd, the latch is turned off,

The on/off condition of the Even ROS Address
latch retains the bit count status of the address in
ROAR so that, in the next cycle, when the 22-bit
micro-instruction specified by the address is read
out into ROSDR, the bit count status of the address
can be combined with the bit count status of the
micro-instruction. The combined bit count of a
13-bit address and the addressed 22~bit micro-
instruction must be odd. Thus, if the bit count of
the address is even (even ROS address latch ON) the
bit count of the micro-instruction must be odd and
vice versa.

If the combined bit count is even, the ROS Check
latch is turned on and its associated CE console light
(ROS) is turned on. The ROS Check latch AND Clock
C turns on the Process Check latch.

It should be noted (Figure 3-52) that this system
of parity checking makes dual use of parity checking
circuitry.

Circuit Description for ROS Parity. The ROS Check
latch is turned on by the ROS Parity Check signal and
Clock A, The Parity Check signal is generated in the
ROS Check circuit, when the bit count of the 13 bits
of an address (micro-instruction address) combined
with the 22 bits of its associated micro-instruction
(addressed micro-instruction) do not have odd parity.
Position 0 of the ROSDR, in which the 22-bit micro-
instruction is located, contains the parity (P) bit.

As can be seen in Figure 3-53, at check time
(Clock A), the 22 bits of the micro-instruction are in
the ROSDR but the address of this micro-instruction
has already been reset by the same Clock A. The bit
count of the 13 bit address is therefore made during
the previous cycle in which the address was avail-
able. The result of the bit count is stored in the
Even ROS Address (ERA) latch. ERA latch is
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turned on when the bit count of the address is
even.

NOTE: Bit E in ROAR is set or reset depending
upon ROSDR positions 16 and 17. The modification
of the Even ROS Address circuitry is accomplished
by using ROAR bit E and not ROSDR (Use signals
an NSI address) and the ROSDR is reset (at time
300) before the ERA latch can be turned on with
Clock C, three "Pre' latches store the various
“¢onditions. The "Pre" latches are labeled Pre

FL 1, Pre FL 2, and Pre FL 3 and are reset set
with Clock A.

Pre FL 1 is turned on when ""Not UAX" and the
bit count of ROSDR position 10 through 21 is even,
or by a "UAX'" and the bit count of ROSDR positions
10 through 17 is even.

Pre FL 2 is turned on when a UOX or UAX and
either one or three corresponding bits are presented
in the Mask and in the DR specified by the UOX or
UAX. :

Pre FL 3 is turned on by a UOX or UXX when
the DR addressed by the UOX or UXX does not con~
tain a P bit (Bus bit not P).

The three Pre latches together with a Carry and
ROAR bit E are exclusive Ored and control the setting
of the ERA FL. Any odd combination of the five
conditions (Pre FL 1, 2, 3, Carry, ROAR bit E)
indicates an even bit count in ROAR and turns on the
ERA FL.

The 40 different situations which can occur to
turn on the ERA latch are shown in Table 3-5.

The Broken Tape signal and the ROS Parity
Check signal are ANDed with Clock A and turn on
the Process Check FL.

The Process Check latch can be turned on by
seven other error conditions. When the Process
Check latch is turned on, it stops the CPU jmmedi-
ately (before the next ROS cycle starts) (Figure 3-44).

The ROS Check latch is reset with Reset Condi~
tion (which is present when the Reset key is pressed).

PARITY BIT GENERATION

. STAR Parity Bit

“*When the contents of STAR are used to select a core
~ storage position, the odd/even bit count of the STAR
is checked for parity (odd parity is correct).
A special circuit ( Figure 3-46)
generates the STAR parity bit (P bit) depending
" upon which register contents are set into STAR to
address core storage.
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The P bit is stored in the STAR P bit FL. All
micro-instructions which select core storage (F/S N,
F/S PN, and F/S STR) set a specific number of
registers into STAR.

F/S N sets the N part (ROSDR pos. 6 through 9)
into STAR. STAR P bit FL is turned on if the N part
is even. The "N Bits Even" signal activates the Bus
bit P, N Bit Even and Bus bit P up during a F/S N
turns on the STAR P bit FL. "N Even" signal is
determined by the ROS check circuit (Figure 3-5I).

F/S PN sets the N part (ROSDR pos. 6 through 9)
and the contents of DR-P into STAR. STAR P bit FL
is turned on when the N part is even and DR-P has a
P bit, or the N part is odd and DR-P has no P bit.

F/S STR sets the contents of DR-S, T, and R
into STAR. STAR P bit FL is turned on when the sum
of the P bits of DR-S, T, and R is odd.

Figure 3-46 includes the STAR parity bit
generation circuit.

AHR Parity Bit

The contents of AHR is checked at clock C time for
odd/even bit count (odd parity is correct).

A special circuit (shown in Figure 345, generates
the AHR parity (P) bit depending upon which bit group
of ROSDR is set into AHR.

When the bits of ROSDR positions 3 through 5 are
set into AHR the P bit is set by the ROSDR 3 - 5 even
signal which is detected by the ROS check circuit
(Figure 3-5).

When the bits of ROSDR position 7 through 9 are
set into AHR the P bit is set by the ROSDR 7 - 9 Even
signal which is detected by the ROS check circuit
(Figure 3-5l).

STOP CONDITIONS

The Stop Indicator on the CPU console is turned off
during normal operation of the central processing
unit under control of the stored program. This
indicator is on for all stop conditions of the central
processing unit. Three types of stop conditions,
other than Process Check, may occur during opera-
tion under stored program control:

1. Normal Stop (Stop condition latch

ON)
2. Error Stop (Programming error stop)

In addition to the Stop Indicator, the following
conditions are indicated in detail, by type in the P
and I Register displays on the CPU console:
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Table 3-5, Even ROS Address Table

ROAR : ERA
Conditions —uwm Pre FL 1 Pre FL 2 Pre FL 3 Carry Bit E FL

Operotions UAX UAX J UOX or UAX UOX or UXX Les =X On
ROSDR ROSDR  {Mask and DR have 1 or 3| Used DR has Yes=X o = -
4 10-21 10-17 Corresponding Bits No P Bit

Even=X |} Even=X lor3=X No P Bit =X
Odd=- | Odd=-~ 20r4=- P Bit= -

Normal (No Use
or Carry)

1 X 1 X
xX X
4
(o]

Carry

1 X 1 X

X X X X
1
<
m
wv

XX 1
EX XXX 11t
1 i
< Z
a (]

X X X X X 18X 1 X 1 X
1 XX 1 1 XX
XXXXXXXX
p4
(e}

XX
XXX X1

UAX

P XX
' 1
4
(o]

X X 1 X 1 X
]
XX X X1
<
m
wn

X X

UXX

"
zZZ
oo

X X 1 X o X
XXt 1 XX
XX X X1

<

m

w

3.140 IBM CONFIDENTIAL



P Register l
00 0
00 0

I Register
Normal Stop 00 0
Programming Error Stop X X

0 0
0 X

NORMAL STOP CONDITIONS

A normal stop of the CPU occurs as a result of the
following:

1. Operation of the Power On key.

2. Operation of the System Reset key.

NOTE: After either of the operations
above, all DR's are cleared to 0.

3. Operation of the Stop key.
4., An address stop in the Address Stop mode.
5. A Stop in the Single Instruction Mode.

NOTE: After any of the three operations
above, the DR's contain the values shown
below.

Contents
NSI Op code
Address of the NSI Op Code

Data Register
DR-UandlL
DR-E,S, T, and R

6. A programmed Halt operation (Op Code
/99/).

NOTE: After this operation, the DR's con-
tain the values as shown.

Contents
Op Code /99/
Operand 1 address of the Halt
instruction
Cleared to /0/

Data Register
DR -UandlL
DR-E, S, T,and R

DR ~Pandl

Micro-Program Description (Stop Condition)

For all normal stops, the micro-program is described

in the following sections.
1. Power On key and System Reset key in the
Start Reset routine.
2. Stop key in the Stop key routine.
3. Address stop in the Address Stop routine.
4. Single Instruction stop in the Single Instruc-
tion routine.
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PROGRAMMING ERROR STOP

A programming'error stop occurs as a result of the
following conditions and the DR's contain values as

shown,

Data Register

Contents

DR ~-U andlL
DR-E, S, T, and R

DRI

DR -P

Op Code of the instruction in which
the programming error occurs

Address of the Op Code in DR = U and
L

A value which identifies the different
programming errors, (Seven different
ermrors are possible)

Cleared to /0/

A summary of the causes of programming errors
is shown in Table 3-6.

Micro-Program Description (Programming Error)

When a programming error is detected in any micro-
program, a binary value is moved into DR-I to specify
the type of error. The micro-program then continues
as described in the following paragraphs and as shown
in step 110 in Figure 3-27a.

110.

111.
114.

115.

116.

117,

118,

119.

Move the Program Stop indicator from DR-I
into DR-R, because DR-I is used later in the
routine. Continue as shown in step 111.
Clear DR-T to /0/ for display purposes.

An address exchange moves the contents of
DR-S, T, and R into the sub-register to
save the contents of DR-T and R.

The Op code address of the instruction which
caused the program error is moved from the
I Recall Addr Reg Aux-storage position /10-
11/ into DR-E, S, T, and R, by the Reg to
ESTR subroutine.

The contents of DR-E, S, T, and R are
moved into the I Addr Reg by the ESTR to
Reg subroutine.

The I Addr Reg now contains the Op
code addresses of the erroneous machine
instruction. This allows the customer to
repeat the operation by pressing the Start
key.

An address exchange moves the contents of

the sub-registers into the DR's and the Op

code address of the erroneous machine instruc-
tion into the sub-registers.

Move the Program Stop indicator from DR-R
into DR-I for display purposes.

Move the contents of DR-T (/0/) into DR-P

to clear it for display purposes.
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120. An address exchange moves the Op code because some unusual condition is present. When an

address of the erroneous instruction into 4K, 1/0 Attention Stop occurs, the DR's contain the values
S, T, and R. shown below:

63. The Op code addressed by the contents of 4K,
S, T, and R is read out of Main Storage into
DR-U and L. (The Op code is regenerated.) Data Register Contents

10. A control 0 stops the CPU by resetting the UandL Op code of the 1/0 instruction which can be
Process latch. The DR's now contain the s T amdR A;’;::“te?ﬂ‘ 00 code in DR - U and L

. an SS O € mn -
following values: P, T /F/ (1/0 A:tenu'zn Stop indicator)
1 Cleared to /0/
Data Register Contents
Uandl The Op Code of the erroneous instruction

E, S, T, and R
1
P

The address of the Op code in DR=U and L
A number to indicate the type of program error
Cleared to /0/

To quickly determine the I/O unit which caused the
I/0 attention stop, the following indicators lights are
available on the CPU console:

1/0 ATTENTION STOP

A CPU 1/0 Attention Stop occurs when an 1/0 instruc-
tion is decoded in the machine program and the ad-
dressed 1/0 unit is not able to perform an operation

Indicator Unit
Card /O 1 2501

Card I/O 2 2520/2560
Card I/O 3 1442-5
Print 1403 or 2203

Table 3-6 Cause of Programming Errors

Type of Error

Data Register
Contents

Cause of Error

Invalid Op Code
Addressing Eror

Specification Errors

Data Error

Binary Overflow

Decimal Divide
Check

/1/ in DR-I
/4/ in DR-I

/5/ in DR-I

/6/ in DR-I

/7/ in DR-I

/8/ in DRI

/B/ in DR-I

An invalid Op code was decoded in the I-phase (45 Op codes are valid, out of 256 possibles)
An I-address or an Operand address- refers to the protected main storage area (Addresses lower than
10090/ = 144,)
An I-address or an Operand address is outside the range of available storage (4K greater than /FFF/; 8K
greater than /1FFF/; or 16K greater than /3FFF/.
1. In the RR format, the Rl field is /O/Hﬂuough /7/, except the Op Code Branch on Condition /07/.
2, In the RR format, the R2 field is /0/ through /7/ except the Op Code Branch on Condition /07/ or
Branch and Store /0D/.
3, Inthe RX format, the Rl field is between /0/ through /7/ except the Op Code Branch on Condition
147/.
1. The Op Code address does not address a Boundary (even) main storage location,
2, Inthe RX format, the main storage address on all half word operations (Op Codes /40/, /48/, /49/,
/4A/, /4B/, /4C/ or /4D/) does not address 2 boundary (even) main storage address,
3. In the RX format, the R2 field is not /0/.
In a Decimal Add /FA/, Decimal Subtract /FB/, or Decimal Compare /F9/ operation, the L2 field
represents a value greater than the L1 field (Operand 2 length is greater than Operand 1 length).
5. In a Decimal Multiply /FC/ or Decimal Divide instruction, the L2 field is greater than 7, or is equal
to or greater than the L1 field.
6. An I/O instruction is addressing an 1/O unit which is not attached to thesystem,
7. In a transfer /O /DO/ instruction, the field length is zero or greater than the correct number for the
addressed I/O unit.
1. A sign or digit value of an Operand in the Decimal operations Zero and Add /F8/, Add /FA/, Subtract|
/FB/, Compare /F9/, Multiply /FC/, or Divide /FD/ is incomect or the Operand fields in these
operations overlap incorrectly,
The multiplicand field (Operand 1) in a Decimal Multiply /FC/ operation has insufficient high~order
zeros.
3, An invalid digit value is contained within the Operand 2 field of an Edit /DE/ operation.
A binary overflow exror is detected at the end of the following binary arithmetic operations:
1. RR format Load Complement /13/, Add /1A/, and Subtract /1B/.
2. RX format Add /4A/ and Subtract /4B/

2.

A decimal divide error is detected in a Divide Decimal /FD/ operation.

3,142
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The following conditions can cause the 1I/0 atten-
tion stop:

Not Ready. Not Ready conditions in card 1/0 de-
vices are Hopper Empty, Stacker Full, Chip Box
Full, and Cover Open. Also, the condition which
exists after operation of the I/O device Stop key
or when power is first turned on will cause a not
ready condition.

Further Not Ready conditions on the 2560 MFCM
are Primary Hopper Check or Secondary Hopper
Check.

The Ready Indicator on the card I/O device is
extinguished when one of these conditions exist.

The Attention Indicator, also on the card I/0 device,
is turned on for the Stacker Full, Chip Box Full, or
Cover Open conditions. The Primary Hopper Check
and Secondary Hopper Check conditions on the 2560
MFCM also have individual indicators.

The Stacker Full, Chip Box Full, or Cover Open
condition must be corrected by the operator before
the device may be returned to a ready condition. It
is not necessary to correct the Hopper empty condi-
tion in order to place the device in a ready condition.

When the card I/0 device has been placed in a
ready condition, the program may be continued by
oper ating the Start key on the CPU console.

Read Check or Punch Check. All card I/O devices
have one or the other of these indicators and some
devices have both. The read check condition indi-
cates that the last card read was sufficiently off
register, either in punching and/or feeding, to
cause inaccurate reading or that the last card read
contained an invalid combination of punches in at
least one column. The Punch Check condition indi-
cates that the last card punched was punched incor-
rectly.

The read check and punch check conditions are
normally tested and reset by the program. An 1/0
attention stop will occur for these conditions only
when they exist and have not been tested by the pro-
gram. These conditions may be reset by the I/0
Check Reset key on the CPU console. The program
can be continued by operating the Start key on the
CPU console.

Feed Check. A feed check condition in a card I/0

device indicates that a card has failed to feed prop-
erly, that a card is mispositioned in the card path,
or that a malfunction has occurred. When the Feed
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Check indicator on the device is on, the Ready Indi-
cator, also on the device, is off.

The feed check condition may be reset by the
Non-Process Runout Key on the card 1/0 device
only. Conditions in the printer for which I/0
Attention Stops occur are:

Not Ready. Not ready conditions in the printer are

End of Form, Form Check, Carriage Interlock, or

Type Bar Drive Check. Also, the condition which
exists after operation of the Stop key or when power
is first turned on will cause a not ready condition.
The Ready indicator on the printer is turned off when
any one of the above conditions exist. The End of
Forms, Form Check, and Carriage Interlock condi-
tions have individual indicators on the printer.

The printer may be returned to a ready condition
by correcting the condition indicated and operating the
Start key on the printer. The program may then be
continued by operating the Start key on the CPU con-
sole.

Print Check. The print check condition indicates that
the last line printed was incorrect. The print check
condition is normally tested and reset by the program.
An I/0 attention stop will occur for this condition only
when it exists and has not been tested by the program.
The print check condition may be reset by the
I/0 Check Reset key on the CPU console. All other
I/O operating in process when an I/O attention stop
occurs will be completely executed.

Micro-Program Description (Attention Stop)

In any I/O micro-program, when an I/0 attention
error is detected, the micro-program continues as
described in the paragraphs below and as shown in
step 112 on Figure 3-27a.

112. Clear DR-R to /0/ for display purposes.

113. Move 15 (/F/) into DR-T to indicate to the
customer that an I/O attention error is
present (DR-T is later moved into DR-P).

114. An address exchange moves the contents of
DR-S, T, and R into the sub-register to
save the contents of DR-T and R,

115. The Op code address of the 1/0 instruction,
which can not be executed because the
selected I/0 unit is not ready, is moved from
the I Recall Addr register into DR-E, S, T,
and R by the Reg to ESTR sub-routine.
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116.

117,

118.

3.144

The content of E, S, T, and R is moved into
the I Addr Reg by the ESTR-to-Reg sub-
routine. The I Addr Reg now contains the
Op code address of the I/O instruction.
This enables the customer to perform this
instruction by pressing the Start key.

NOTE: Before the Start key is pressed, the
condition which caused the Attention stop
must be corrected.

An address exchange moves the contents of
the subregister into the DR's and the Op code
address of the I/0 instruction into the sub-
register.

Move the contents of DR-R (/0/) into DR-I
to clear DR-R for display purposes.
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119,

120.

63.

10.

Move the Attention stop indicator 15 from
DR-T into DR-P for display purposes.

An address exchange moves the Op code
address of the I/0 instruction into 4K, S,

T, and R.

The Op code addressed by the content of 4K,
S, T, and R is read out of main storage into
DR-U and L (The Op code is regenerated).
A control 0 stops the CPU by resetting the
Process latch.

The DR's contains the following values:

Data Register

Contents

I

UandL The Op code of the stopped I/O instruction.
E,S, Tand R The address of the Op code in DR-U and L.
P /F/ to indicate an Attention stop.

‘Cleared to /0/. -




POWER ON SEQUENCE

Power is applied to the system in steps to
avoid undesired side-effects.

Steps are necessary since transistors are
unstable until full power is applied.

Power On Sequence is as follows:

1. Turn Main Line Circuit Breaker On.

2. Press System. Reset key

3. Press Power On key until Power On light
comes on. '

Description (Figure 4-1)

1.
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Main line circuit breaker on. This supplies
the control transformer with AC current
immediately. The control transformer
supplies the control relays with 24V AC.
The contactor K3 supplies the convenience
Outlets with AC Power from the Main Line.
The Power Failure Light goes on.

System Reset Key on. This key energizes
the control relay RY3 if no overheating
condition was detected by any of the thermal
switches in the gates and 1/0O units. RY3 is
held by its own hold eontact and makes the

- Power On Key operative. It also resets the

Power Failure Light (from any possible
previous power failure).

SECTION 4 POWER SUPPLY

The K2 Auxiliary 2 contact starts a delay circuit
circuit on SMS Card Pos. 3 which picks Relay
RR2 after 120 - 930 mili seconds.

Relay RR2 of Card 3 then picks Relay RR2 of
SMS Card Pos. 4. This Relay sends the
"Storage Protect" signal which allows the core
storage timing circuits to run. Contact RR2-2
picks Relay RY2 at the same time.

Contact RY2-AU starts the second delay circuit
on SMS Card 3 which picks Relay RRI of SMS
Card 3 after 33-85 milli seconds.

This Relay picks the Power Failure Relay RY5
and the Relay RY4. Relay RY4 turns on the
Power On Latch and establishes another Hold
Circuit for Kl. This Hold Circuit is needed
for the Power Off Sequence.

POWER OFF SEQUENCE

®Power is taken off the system in steps to avoid
undesired side-effects.

It is only necessary to press the Power
Off key to remove power from the system.

Detailed Description

. . 1. Power off key is pressed. This key de-
Power On Key on. This key picks contactor energizes RYl and RR1. At the same time
Kl. K1 supplies the power transformer T2 RY5 is dropped to avoid simulating a
with AC current. Now all the individual power failure condition. '
DC Voltages come up. As soon as they are '
present - this fact is detected by the Voltage 2. Due to the open RY1 AL contact, RR2 on SMS
Sense Relays - Relay RYI is picked and Card 3 drops as soon as its delay circuit
parallel to it Relay RRl. The Power On key permits it
actually deenergizes RY3, however, it is ’
held by a delay capacitor long enough until 3. RR2 drops RR2 on SMS Card 4. This drops
a hold circuit is established for RY3. e Relay RY2
Contact RYI-AL establishes a Hold Circuit
' 4. Due to the open RY2-BL contact the Power ON
forboth Relays (RY1, RRI). Contact RYI-BL L‘ileht°an y thzel 70 contactor K2 goes off
transfers and turns on the Power ON Light g )
together with contactor K2...K2 supplies all
I/0 devices with AC power and starts the Gate 5. The open RY2-AU contact then dITOPZtile RRI
Blowers. The Auxiliary contact 1 of K2 R:elay. on SMS, Ca}rd 3 as soon asklts ey tel
establishes a Hold Circuit for the Main Trans - circuit permits it. This will take approximately
former Contactor Kl. 2.2 - 4 seconds.
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4.4

When RRI drops, Relay RY4 is deenergized
which causes the Main Transformer Contactor
Kl to drop. Now all DC Volts are removed
from the System. With RY3 still energized
there is no need for pressing the System Reset
Key before pressing Power On again.

Emergency Power Off. When the Emergency
Switch is pulled, all control relays drop at
once. After an emergency, the switch must
be manually reset. Only then may the system
Reset key be pressed again. This puts the
supervisor relay RY3 on again and Power On
may be pressed.

Power Failure

The loss of any one (or all) DC Voltage causes the
Relays RYI and RRI to drop. The RY1-BL Contact
turns on the Power Failure Light because RY5 is
energised. The Power Failure Light stays on until
all DC Voltages are raised successfully by pressing
Power ON again. The only other way to extinguish
the Failure Light is either pressing '"Power Off'' or
"System Reset". In both cases Relay RY5 is dropped.
However, when Power ON is attempted with the power
failure still present, Relay RY3 is dropped and the
Failure Light comes on again.
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Figure 5-8 Control Instructions 0-31
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5.1 CPU INDICATOR LIGHTS AND SWITCHES

(Figure 5-1)

5.1.1 Normal Lights

Power On

Power On light indicates that power has been applied
to the system by pressing the Power On key.

Stop.

This indicator lights when the Process latch is off.
Register Display

The eight data registers in the CPU are displayed on
the console. The functions of these register displays

are explained in the sections on the Mode Switch and
Operating Conditions.

5.1. 2 Check Lights

Process

‘The CPU stops with the Process (PROC) indicator on
when any of the 8 possible errors occur in the CPU.
This condition may be reset only by operating the
System Reset Key.

Card 1/0 #1

This indicator is on when a condition which requires
the attention of the operator exists on Card I/0O de-
vice #1, the 2501 Card Reader . Refer to the section
on Operating Conditions for further details.

Card 1/0 #2

This indicator is on when a condition which requires
the attention of the operator exists on Card I/0 device
#2. Refer to the section on Operating Conditions for
further details.

Card I/0 #3
This indicator is on when a condition which requires
the attention of the Operator exists on Card I/0O device

#3. Refer to the section on Operating Conditions for
further details.

226-5909 (8/65)
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Printer

This indicator is on when a condition which requires
the attention of the operator exists on the printer.
Refer to the section on Operating Conditions for
further details.

5,1.3 Keys and Switches

System Reset Key.
(Description not available.)
Mode Switch

(Description not available.)
Emergency Off Switch

The Emergency off switch removes all power from
the system without the usual power off sequence.

Lamp Test Switch

This switch checks for burned out indicator lamps.
All indicator lamps in the system are lit with +6 v
for visual checking. Indicator lamps are located:

1. On the CPU Customer Console

2. On the CPU CE Console

3. Plugable CE indicators in the CPU

4, Control panels on the connected I/O units.

1I/0 Check Reset Key

The I/O Check Reset Key resets all I/0 Check latches
(except a Feed Check) when an I/O error is present.
A card feed check in any I/0 unit can be reset only

by operating the NPRO key in the associated I/O unit.
An 1/0 error stops the CPU by means of the I/0
Attention stop.

Power On Key

The Power On key initiates the power on sequence if
power is not on. The System reset micro-routine is
started as soon as power is present.

Power Off Key

The Power Off key starts the power off sequence if
power is on,
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Start Key

The Start Key starts the micro-program to execute
the micro-program loop specified by the setting of
the Mode switch. The Start Key is inoperable if a
CPU error is present (Process check). The Start
Key starts one of the following routines depending
upon the setting of the Mode switch,
1. Process
The CPU starts the machine program with
an I phase. :
2. Address Stop
The CPU starts the machine program with
an I phase.
3. Single Instruction
The CPU starts the machine program with
an I phase.
4, Storage Display
The CPU starts the Storage Display routine.
5. Storage Alter
The CPU starts the Storage Alter routine.
6. Register Display
The CPU starts the Register Display routine.
7. Register Alter
The CPU starts the Register Alter routine.
8. Storage Scan
The CPU starts the Storage Scan routine.

Address Switches

The Address Switches 1, 2, 3, and 4 have multiple
uses as follows:

1. Their status (address) is set into DR-E, S,
T, and R by an Address Stop, Storage Dis-
play, or Storage Alter operation when the
Mode Switch is set to one of these positions
and the Start Key is pressed.

2. The Address Switches contain (are set to)
the address where it is desired to stop in the
machine program. A stop can occur only at
a machine program Op Code address. The
Mode Switch must be in the Address Stop
position,

3. The Address Switches contain (are set to)
the address where it is desired to stop an
operation in the micro-program. The CE
micro-address Stop Switch must be on.

4, Their status (data) is set into any AUX
storage register /X0-X1/ (All Address and
General Register), Data Switch 1 is used to
select one of the 16 registers.

5. Any desired Main Storage Start Address can
be generated with Address Switches 1, 2, 3
and 4.

726-5909 (8/65)

Data Switches

Data Switches 1 and 2 have multiple uses as follows:

1. Their status (data) is set into DR-U and L
by a Storage Alter operation.

2. The status (address) of Data switch 1 is set
into DR-P to address the AUX-storage
registers in locations /X0-X1/ by a Register
Display or a Register Alter operation.

Stop Key
The Stop Key stops the program in process if the

Mode switch is in the Process or Storage Scan
position.

5.2 CE SWITCHES AND LIGHTS (Figure 5-2)

5.2.1 CE Switches

Prevent I/O Execute Switch

Input/output instructions are not executed when this
switch is on. When an input/output instruction is
encountered in the program, the central processing
unit continues to the next sequential instruction.

Immediate I/O Error Stop Switch

When an input/output error occurs and this switch is
on, the central processing unit stops immediately,
without completing the input/output operation(s) in
progress.

Process Check Override Switch

When this switch is on, the central processing unit
will not stop in the event of a process check. The
central processing unit will not recycle on a process
check if this switch and the Recycle switch are both
on.

Recycle Switch

When the Recycle switch is on, the CPU will recycle
to the micro-instruction defined by the ROS Address
«switches when a process check condition occurs pro-
vided that the Process Check Override Switch is not

on. When a ROS address stop is encountered, the
CPU will recycle to the micro-instruction defined by
the ROS Address Switches.
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ROS Address Stop Switch

When this switch is on, the CPU will stop when the
micro-program reaches the address indicated on the
Address switches (located on the CPU console) pro-
vided that the Recycle switch is not on.

If the Recycle switch is also on, the CPU will not
stop when the micro-program reaches the stop ad-
dress indicated on the Address Switches, but will re-
cycle to the micro-instruction defined by the ROS
address switches on the CE Panel and continue.

" With both the ROS Address Stop and Recycle
switches on, the CPU may be operated in a contin-
uous loop with defined first and last ROS addresses.
The ROS address of the first micro-instruction to be
eéxecuted in the loop is defined by the ROS Address
switches on the CE Panel. The ROS address of the
last micro-instruction to be executed in the loop is
defined by the Address Switches on the CPU console.

To initiate operation in the continuous loop mode
from a stopped state of the CPU, the Customer
Engineer must first set up the ROS addresses of the
first and last micro-instructions as described above,
operate the Load ROAR switch, and then operate the
Start key.

The CPU will then continuously cycle between the
first and last micro-instructions in the loop, provided
that:

1. A process check is not encountered within the

loop, or

2. the Process Check Override switch is on,

In this mode of operation, the Recycle Switch must
be turned off before the CPU may be stopped.

ROS Address Switches

The fourteen ROS Address switches are located on
the CE Panel in vertical correspondence with the
ROAR indicators with which they are associated.
These switches also define the starting address in
the ROS re-cycle mode.

Load ROAR Switch

This switch is used to enter the contents of the 14 ROS
address Switches on the CE Panel into the Read Only
Storage Address Register.

Micro-Step Switch

The CPU will execute one micro-instruction for each

operation of the Start key when the Micro-Step switch
is on.

Z26-5909 (8/65)
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AUX Storage Switch

This switch must be turned on when the Customer
Engineer desires to display or alter the contents of
any one of the 256 positions of Auxiliary Storage.

NOTE: All Address Register and General Register
positions can be altered or displayed by the register
alter or register display routines.

AUKX Storage is organized as a 16 x 16 array.
Address Switch 3 is employed to address one axis
of the array and Address Switch 4 is employed to
address the other axis. The selected position of
AUX-storage may then be displayed or altered by
use of the Storage Display or Storage Alter positions
of the Mode switch on the CPU console.

The storage scan mode may also be employed in
the auxiliary storage area when the AUX-storage
switch is on. The functions are the same as in the
storage scan of main storage except that the scan is
confined to Auxiliary Storage.

Auto Single Cycle

@ When the Auto Single Cycle switch is turned on,
the machine runs at half normal speed. (Half
Cycle Mode).

@ Every second Clock A and Clock C signal is
suppressed.

@ When an error occurs and the processor stops,
the bit configuration of the instruction which
caused the error is displayed on the panel.

Circuit Description (Figure 5-2a)

When the Auto Single Cycle switch is turned on, a
signal is sent to the Micro Step C latch. This signal
turns on the Micro Step C latch with each Pulse A.
The Micro Step C latch sends a signal which satisfies
an AND switch of the Delta Process latch. This
AND switch turns off the Delta Process latch. When
the Delta Process latch is off, the Clock A signal
goes off also. At the same time the Clock C signal
goes off.

Since the TROS Timing depends upon Clock A
and Clock C (ROAR), an instruction read out of the
TROS is present as long as no new Clock A signal
reads out a new one. Due to the suppression of every
second Clock A and Clock C cycle the erroneous
instruction is displayed when the CPU stops on an
error.

5.5
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Remote Control Unit

A receptacle is provided on the CE Panel for a Re-
mote Control Unit. The Remote Control Unit con-
tains a Start key, Stop key, and a System Reset key.

The Start key on the CPU console is disabled
when the Remote Control Unit is plugged in. The
Stop and System Reset keys in the Remote Control
Unit are in parallel with the respective Start and
System keys on the CPU console.

5.2.2 CE Indicator Lights

ROAR Indicators

The thirteen bits of the Read Only Storage Address
Register (ROAR) and the On status of the Even ROS
Address latch are displayed in these CE Panel
indicators.

ROSDR Indicators

The nine operation code bits of the Read Only
Storage Data Register (ROSDR) and the parity bit for
the entire micro-instruction are displayed in these
CE Panel indicators.

Check Indicators

The central processing unit check conditions which
are indicated on the CPU console by the Process
Indicator are displayed individually in these CE
Panel indicators. These conditions are:

ROS Check ST AR Check

Ring Check ROAR Check
Modifier Check Gate Decoder Check
Store Check AHR Check

AHR Indicators

The four bits (3 bits plus parity) of the AHR are
displayed in these CE Panel indicators.

Feed Check Indicators

All card I/0 devices included as system com-~
ponents are connected to these check circuits. The
particular device in which one of these conditions
occur may be determined from the Feed Check
indicators on the card I/O devices.

5.3 SUMMARY CHARTS

This section consists of figures which summarize
significant machine elements as follows:
Figure 5-3 Code Tables
Figure 5-4 Micro-instruction Summary
Figure 5-5 Op Code Table
Figure 5 -6 Auxiliary Storage Layout
Figure 5-7a Sense Instructions 0-31
Figure 5-7b Sense Instructions 32-63
Figure 5-8 Control Instructions 0-31
Figure 5-8a Hexadecimal-decimal
Conversion Table

5.4 SUPPLEMENTARY DIAGRAMS
5.4.]1 How to read the Simplified Logic Diagram SLD

Title Block

Title. Fach page of the SLD has a heading in the upper
right hand corner (Figure 5-9).

The title consists of a number which tells to which
machine the diagram belongs, for example, 2020 is
the System /360 Model 20 processor. One or more
descriptive names indicate what parts of the machine
are shown on the page, for example, Bus and the
Modifier.

Logic Number. Each page also has a Logic Number,
C3 in this example. This Logic Number is found on
any number of signals throughout the entire SLD. It
indicates from which Logic page the signal comes.
In this manner it is possible to trace a signal back to
its source.

Cross References

To further pin point a signal on the Logic page each
page is divided by fields. These fields are defined
by vertical and horizontal coordinates. Horizontally
the fields are labelled A, B, C, D, from left to right
and vertically 1, 2, 3, 4 from top to bottom. Each
signal also has this information besides the Logic

Number.

Three of the card jam or malfunction conditions
which cause a feed check in the card I/0O devices are
indicated individually on the CE Panel. These AZB -POW ONFL
conditions are: A3A3 - LOAD KEY NO —=

1. Column Emitter Check

2. Read Solar Cell Check

3. Feed Solar Cell Check
Z26-5909 (8/65) IBM CONFIDENTIAL 5.7
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Example: Convert Card Punches 12, 11, 0, 7, 8

(In one column) into their Hex value.

0123 4567
g14(2]11814|1211
IBEARERE RERERRR
/B F/
P——— 1 Byte ————»

Figure 5-3a Conversion of EBCDIC Card Code to Hexadecimal and from Hexadecimal into EBCDIC Bit Configuration

Value of bits 0123

See Example (Unprintable Character)

Position Count

Decimal Value of Bit Positions

Bit Configuration of 12,11,0,7,8 in EBCDIC
Hex Representation of 12,11,0,7,8

Legend: T = Twelve
E = Eleven

O = Zero

> Value of bits 4567

3 4 5 6 7
1

12 00AE

) 01 2
L]
;

1 Byte -
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Example: Convert the character F into its
hexadecimal value of /C6/

01 2 3 4 5 6 7 Position Count
g8l412]118|4 (2|1} Decimal Value of Bit Positions
1 ololo|111|0] Bit Configuration of F in EBCDIC
/C - é/ | Hex Representation of F
po———— 1 Byte ————=§

Figure 5-3b Conversion of Characters into Hexadecimal Code and from Hexadecimal into EBCDIC Bit Configuration
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Figure 5-4 Micro-instruction Summary

SIDA JCAS ROSDR Bits
re [reer. Jo | 1| 2 3|4|5|6 7lelofo------ 1718 - -21
mxax[x=x [rlo] xol a] o [ x | x | x [e— NSt Address e | Transmit the of a selected data register (X) into onother selected data
register (X %)
Transmit the *N* part of the micro instruction, a binary value between 0 and 15,
&
MX#NEN=X [ P |1 ]} X NINININ into a selected data register (X#)
Use the of a sel d data reg (X) and OR it with the NSI address to
uox uox Plojojopiyr i xxgx ! Mask determine if a bronch in the microprogram is required
i Mash Use the content of a selected data register (X) and AND it with the NSI oddress to
uAx uax S R R R R A L R R ke ] determine if o branch in the microprogrom is required
L Mok Use the of o sel d dota regi (X) and EXCLUSIVE OR it with the NSI address
uxx Uxx Ploqofqofop | px|xyx l to determine if a branch in the microprogram is required
INCRXIX+1 jPJOojJOojoOoJrjoOfoO IX]IX]|X ) the selected data register (X) by 1
DECRXIX -1 fPlOjJojojoj1 o |X|IX}X D the selected data register (X) by 1
Read one Byte out of AUX storage into the U and L data register. The AUX storage ist
FN FN 2 B0 R K2 B A B R R addressad by the "N" port of the microinstruction
Read one Byte out of AUX storage into the U and L data register. The AUX storage is
FPN |FPN PIVEOL P Y NI ddressed by the of data register P and the "N" port of the microinstruction
Fsr |Fstr plololililvlolol Reod one Byte out of Main storage into U ond L data register. The Main storage is
addressed by the content of the data register S, T, and R
Write one Byte into AUX storage from U and L data register. The AUX storage is
SN ISN JPIT]OJOJOYINININEN addressed by the "N" port of the micro instruction
Write one Byte into AUX storage from U and L data register. The AUX storage is
SPN ISPN 2 B B4 B B B B R R cick d by the of data register P ond the N part of the micro instruction
Write one Byte into Main storage from U ond L data register. The Main storoge
SSRR ssk Jpjojojtrjojvyjojoj is addressed by the of the data regi S, T, and R
Serse the condition of various CPU ond 1/O Indicators and set the sensed condition
SENSE ISNSnPlOJi]ln]nn]jlifin]in|n into data registes L.
CTL CitnjPJojojifnfnfi|n|n]n Contvol any CPU or 1/O operations such s stop the CPU or release the Reader clutch
at rar lelz]z{z]2yz]2]2]2Z] 2} NS Addent
PAT zlzyzyzjzjzlzjzjzjz}z------«---- y 4
X xo XEX|X
0-7 a2 412
1N NINJNIN
0-15 s8l4] 2]
n ninj]n nfinjn
0-63 32] w6} 8 412
Y ] O=long Cycle
0-1 1=Short Cycle
P | Parity Bit for Address (13 Bits ) and
0-1} Micro-instruction (22 Birs)
Z  Bit Pattern for COPR or Test




SYSTEM 360/MOD 2( INSTRUCTIONS
FIXED- POIHT BRANCHING 252C READ/PUNCH
NAME MN |OP |FO NAME MN {OP | FO FUNCTIONIMI. |OP DA FS
ADD AR |TA IRR | BR COND BCR |07 | RR | READ XIO DO | 2 |2
SUBTRACT SR |1B [RR | BR COND BC |47 | RX | READ Col Bin XIO IDO | 2 |10
STORE HW STH |40 |RX |BR&STORE BASRIOD| RR | PUNCH x10 [po |2 |4
LOAD HW LH |48 [RX |BR&STORE BAS {4D | RX | PUNCH&FEED [XIO [DO | 2 | 6
COMP HW CH |49 |RX | SET PSW SPSW|81 | Sl TEST READ BUSY [TIOB|9A | 2 | O
ADD HW AH [4A IRX BR ON COUNT |BCT |46 | RX | TEST READ ERROR|TIOB|9A | 2 | 1
SUBTRACT HW SH {4B |RX INPUT/OUTPUT TEST PCH BUSY |TIOBI|9A | 2 | 2
LOAD COMPL | LCR |13 [RR NAME MN |OP| FO | TEST PCH ERROR {TIOB|?A | 2 | 3
LOAD LR |18 |RR | TEST1/O & BR TIOB|9A | SI TEST LAST CARD |TIOBI|9A | 2 | 4
COMPARE CR |19 [RR [CONTROL I/O [CIO |98 | SI TEST FEED ERROR|TIOB|9A | 2 | 5
MULTIPLY HW MH [4C |RX | TRANSFER 1/O X10 |DO | SS | STACK SELECT |CIO |98 21]o0
DECIMAL 2501 CARD READER 1442-5 CARD PUNCH

NAME MN OP|FO FUNCTION MN |OP |DAFS FUNCTION |MN |OP |DAYFS
MOVE OFFSET MVOIF1 |SS | READ CARD XiO |DO | 1|2 | PUNCH XIO DO | 3 | 4
PACK PACK'F2 SS | READ COL BIN XIO |DO | 110 | TEST PCH BUSY |TIOB|9A | 3 | 2
UNPACK UNPK F3|SS | TEST READ BUSY |TIOB|9A | 1]0 | TEST PCH ERROR |TIOE[9A | 3 | 3
ZERO ADD ZAP |F8 |SS | TEST READ ERROR [TIOB|9A | 1|1 | STACK SELECT |CIO |98 3]0

COMP DECIMAL | CP |F9 [SS | TEST LASTCARD |TIOB|9A"| 1]4 PRINTER
ADD DECIMAL AP |FA |SS 2560 MFCM FUNCTION |MN [OP |DA]FS
SUBTR DECIMAL | SP |FB |SS FUNCTION MN | OP IDAFS | PRINT XIO DO | 410
MULTIPLY DEC MP |FC |SS | READ PRIM XIO|DO | 2|2 | PRINT&Space SuppXIO DO | 4 | 1
DiVIDE DEC DP |FD |SS | READ PRIM Col Bin/XIO |DO | 2 10| TEST PRINT BUSY|TIOB[9A | 4 | 0
LOGICAL READ SEC XIO |DO | 2|3 | TEST PRINT ERRORTIOB|?A 411
NAME MN |OP|FO | READ SEC Col Bin | XIO [DO | 2|11 | TEST CH YLower |TIOBI9A | 4 | 2
MOVE MVt |72 | S PUNCH PRIM XIO |DO | 2|4 | TEST CHi2Lower |TIOBIYA | 4 | 3
MOVE MVC|D2|SS | PUNCH SEC XIO|DO | 2]5 |% TEST CH 9Upper|TIOBIYA | 4 | 4
MOVE NUM MVND1]SS | PUNCH&RFEED PRI [ XIO |DO | 2] 6 | % TEST CH12Upper|TIOB(9A | 4 | 5
MOVE ZONE MVZ|D3|SS | PUNCH&FEED SEC|XIO |DO | 2|7 | \MM SPACE CiO |98 414
COMP LOG CLt | 7?5 |SI [%WRITE CARD XIO|DO | 2 IMM SKIP ClO |98 415
COMP LOG CLC |D5|SS | TEST Rd/Pch Busy |TIOB 9A.| 2| 0] DELAY SPACE |CIO |78 416
EDIT ED |DE|SS | TEST Rd/Pch Error TIo8 9A | 2| 1 | DELAY skiP CiO |98 417
AND NI |94 ]S TEST Card Pr Busy | TIOB| 9A | 2] 2 pelMM SPACE Upp|CIO |98 41| 8
OR Ol |95l TEST LAST CARD | TIOB 9A | 2| 4 [¥IMM SKIP Upp |CIO |98 419
TEST MASK ™ 91158l TEST FEED ERROR | TIOB 9A | 2| 5 p¢ DEL SPACE Upp |CIO |98 4110
HALT & PROC HPR 199 (S PRIM STACK SEL |CIO| 9B | 2| O [%DEL SKIPUpp |CIO |9B 411N
TRANSLATE TR |[DC|SS | SEC STACK SEL | CIO| 98 | 2| 1 |[% !MM SPACE Both|CIO |98 4112
¢ LOAD ADDR LA |41 |RX | PCH STACK SEL | CIO|- 7B | 2| 2 |¥IMM SKIP Both {CIO |9B 4113
%*STORE CHAR STC |42 |RX | PRT HEAD SEL ClO| 98 | 2| 3 ¢ DEL SPACE Both |CIO |98 41|14
%1 NSERT CHAR IC |43 [RX % DEL SKIP Both |CIO |98 41

Figure 5-5 Op Code Table
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Figure 5-t Auxiliary Storage Layout
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MODE SWITCH

(=)

2560 | SERTAL 310C

PRINTER CAR BRUSHES ( STAND )

2501 CARD READER

CARD IN

ICD FRINT | FUNCH OR 1419 — = = | o
stscan [oiseL [aLter | rec sl rEQ | REQ E@ | "xEg | 6|3 3 | 2 T 24|pREREAD | RO CH |CYCRUN | READY
4 3 148 2 1
20/2560 2203
UX STOI LoAD 2560 FEED ANYCD| CTA REQ REQ PRINTER CAR BRUSHES ( STAND ) 2501 CARD DATA
| |swiTeH PR BUSY | ERROR 9 |RoREG | REG 1403 7l 8 7 | 7 3 sl 4 [ s 6 | 7
PR REQ lamz: 8 7 1403 6 5
I 2560 MFCM
ADDR/REG DATA SWITCH 1 ( LEFT) [ROEXEC |[FCHEXEC| CYCRUN|REXEC PRINTER CAR BRUSHES ( STAND ) 2501 CARD DATA
2L o I o 1 2 | 3 10 2520 CARD READ PUNCH 8] | 1 v Lol 2 ] n | o ] 9
\J
{oxec [romexec|overod 12 11 1403 10 9
I 2560 MFCM 1403 BR_LOW
ADDR/REG DATA SWITCH 2 ANY 1/0 [ROORPCH  pgypm ] READY 4| 2501 CARD DATA
CHERR 2203 PR
ale | s | 6 | 7 n| rea 2520 CARD READ PUNCH | 19heewicn Tramse s s 7 s | | 2 | 3
\RoCHeR|FRTATR| Reany NOTR | NOT3s | MNOTES |HOME AT
1403 |PRORCAR|CAREXEC |PCC ADV
PRINTER | EXEC | 1403 PRINTER
ADDR/REG DATA SWITCH 3 2520 RP/2560 CARD DATA 2501 2203 [% S READY | RCH [PTBOFE [carrest
al s [ o ] w [ n 2l o« | s | 6 | 7 w|xee | |mee | e | 8 2203 PRINTER
READY | ®RcH | 1 [carmest
| 1403 BR HI 25
ADDR/REG DATA SWITCH 4 (RIGHT ) 2520 RP/2560 CARD DATA HIGHER [FIRE CHK ] (CARD IN 1HOPPER FARD IN [CARD IN
THAN BIT 2 .3 PRE READ | CHCK PRINT_|PRE PCH
sLo2 [ e o sl 2 | o ] o | 9 21 PR REQ 2203 PRINTER | 29 7520 CARD READ PUNCH
[AMR LT | PR SCAN]T R ARD lqﬁml 1 [enman
RES GATE | REQLT) PRE READ [PRE PCH PAR POHREQ |
RESERVED FOR FUTURE I/O EXEC
DATA SWITCH 1 ( LEFT) 2520 RP /2560 CARD DATA . C.E. CHANNEL .
! ! | |eoweH .
elo [ 1+ 1 2 | 3 s | o+ 2 | 3 22 xecuTe| EXEC. | ol 5| 6 7 | 8
2560 2520 | 2520
DATA SWITCH 2 (RIGHT) L 0AD+TS | STOP |  MODE switcH 1 [TACRRE] 1 |wANcaR C.E. CHANNEL
21 4 ! 5 [ 6 l 7 15]+sT0P | conp [meEweT [amRsTor | o, 2500 2560 Ruﬁégur Ze) al | " l 3 l "

Figure 5-7a Sense Instructions 0-31
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Figure 5-7b Sense Instructions 32- 63




This figure illustrates how to convert hexadecimal numbers to decimal numbers. See the System/360
Model 20 FE Maintenance Manual for the complete table.

Register Register Register Register
E T R
(o) r—————- r——--—-E 9 ————-
P — : (P ——— | —HA e P N
]
i
®OOOO:V®OOO.:®.‘..O PO0000
i
m—————— —————————— 4 !
| m—m————— ——————————— ———————— 4
)
y |
: |
il o 1 2 3 4 5 6 1 s [@ A B cC D E F
0 o {0000 0001 0002 0003 0004 0005 0006 0007 0008 0003 0010 0011 0012 0013 0014 005
o 1 |0016 0017 0018 0019 0020 0021 0022 0023 0024 0025 0026 0027 0028 0029 0030 0031
o 2| 0032 0033 0034 0035 0036 0037 0038 0039 0040 0041 0042 0043 0044 0045 0046 0047
0 3| 0048 0049 0050 0051 0052 0053 0054 0055 0056 0057 0058 0059 0060 0061 0062 0063
0 4 | 0064 0065 0066 0067 0068 0069 0070 0O07L 0072 0073 0074 0075 0076 0077 0078 0079
0 s | 0080 0081 0082 0083 0084 0085 0086 0087 0088 0089 0090 0091 0092 0093 0094 0095
0 6 | 0096 0097 0098 0099 0100 0101 0102 0103 0104 0105 0106 0107 0108 0109 0110 0111
o 7 [ 0112 0113 0114 0OI15 0116 0117 0118 O119 0120 0I21 0122 0123 0124 0125 0126 0127
o s | 0128 0129 0130 0131 0132 O0I33 0134 0135 0136 0137 0138 0139 0140 0141 0142 0143
o 9 | 0144 0145 0146 0147 0148 :0149 0150 0151 0152 0153 0154 0155 0156 6157 0158 0159
o A | Ol60 Ol61 0162 0163 0164 0165 0166 0167 0168 0169 0170 0171 0172 0173 0174 0175
o B | 0176 0177 0178 0179 0180 0181 0182 0183 0184 0I85 0186 0187 0188 0189 0190 0191
o c | 0192 0193 0194 0195 0196 0197 0198 0199 0200 0201 0202 0203 0204 0205 0206 0207
o p| 028 0209 6210 0211 0212 0213 0214 0215 0216 0217 0218 0219 0220 0221 0222 0223
o E| 0224 0225 0226 0227 0228 0229 0230 0231 0232 0233 0234 0235 0236 0237 0238 0239
0 F | 0240 0241 0242 0243 0244 0245 0246 0247 0248 0249 0250 0251 0252 0253 0254 0255
1 0 0256 0257 0258 0259 0260 0261 0262 0263 0264 0265 0266 0267 0268 0269 0270 0271
11| 0272 0273 0274 0275 0276 0277 0278 0279 0280 0281 0282 0283 0284 0285 0286 0287
1 210288 0289 0290 0291 0292 0293 0294 0295 0296 0297 0298 0299 0300 0301 0302 0303
1 3| 0304 0305 0306 0307 0308 0309 0310 0311 0312 0313 0314 0315 0316 0317 0318 0319
1 4| 0320 0321 0322 0323 0324 0325 0326 0327 0328 0320 0330 0331 0332 0333 0334 0335
1 5 | 0336 0337 0338 0339 0340 0341 0342 0343 0344 0345 0346 0347 0348 0349 0350 0351
1 6| 0352 0353 0354 0355 0356 0357 0358 0359 0360 0361 0362 0363 0364 0365 0366 0367
1 7 | 0368 0369 0370 0371 0372 0373 0374 0375 0376 0377 0378 0379 0380 0381 0382 0383
1 8| 0384 0385 0386 0387 0388 0389 0390 0391 0392 0393 0394 0395 0396 0397 0398 0399
1 9 | 0400 0401 0402 0403 0404 0405 0406 0407 0408 0409 0410 0411 0412 0413 0414 0415
1 A| 0416 0417 0418 0419 0420 0421 0422 0423 0424 0425 0426 0427 0428 0429 0430 0431
1 B[ 0432 0433 0434 0435 0436 0437 0438 0439 0440 0441 0442 0443 0444 0445 0446 0447
1 C| 0448 0449 0450 0451 0452 0453 0454 0455 0456 0457 0458 0459 0460 0461 0462 0463
1_D| 0464 0465 0466 0467 0468 0469 0470 0471 0472 0473 0474 0475 0476 0477 0478 0479
0480 0481 0482 0483 0484 0485 0486 0487 0488 [048) 0490 0491 0492 0493 0494 0495
1 F | 0496 0497 0498 0499 0500 0501 0502 0503 0504 0505 0506 0507 0508 0509 0510 0511
Figure 5-8a Hexadecimal - Decimal Conversion Table
A
5.16 IBM CONFIDENTIAL



In the example, an OR switch is shown with 3
input signals. All three of these signals come from
Logic page Number A3. The upper most signal
comes from field Bl of page A3, the other two signals
come from field A3 of page A3. Field A3 means the
left most section of the page and the third field from
the top.

e e e = = -
| A3A3-LOAD KEY NO - |
| A3A3 - SYSTRESET KEY -2 |
| KA 111 A3B1-POWONFL N |
[ [
: t
|
AS581-MICROSTEPFLA | A3¢3+PROCFL
+2560 CD PRCYCLE FL h | A5A1+AUTOSINGLE CYCLE \
' !
1
|

GEZD | G v

o - - - - - —-—

The Simplified Logic Diagram contains dotted
lines which form another type of field. Each dotted
field represents a card and all the hardware -
components which are shown within the dotted lines
are actually located on such a card.

In each dotted field, a Number with an oval frame
specifies the Gate, Board and Card from left to
right:

A-C2Gé6 KA 111
SLT - Gate Board Card ALD - Page

The number to the right of each card location
number. indicates the page of the Automated Logic
Diagram on which the component is found. In this
manner, direct reference to the physical layout of
the machine as well as to the original wiring diagram
(ALD) is made.

Basic Philosophy of the SLD Logic

The inputs to any type of switch are always shown
with the polarity required to satisfy the switch.
The output of any type of switch is always shown
with the polarity which it has when the switch is
satisfied. In the example it is necessary to have
either one of the two minus signals (indicated by the
wedges) to satisfy the OR switch.

When this OR switch is satisfied, its output is
plus (indicated by the absence of a wedge), thus it
is an inverting type OR switch.

AND, OR Switches

Z26-5909 (8/65)

Here an example of a none inverting OR switch.
Any one of the 3 input signals must be minus to satisfy
the switch. When it is satisfied, the output is minus.
When it is not satisfied the output is plus.

W

The same rules apply to AND switches. The style
of drawing indicates that both input siguals must be
plus to satisfy the switch. When it is satisfied, the

output is minus.
E4D ~ ROSDR 7. A
- ROSORE . P
+ROSDR 9

In this example the AND switch needs all three
input signals to be satisfied. These inputs must all
be plus. However, the incomming signals are minus
ROSDR 7, minus ROSDR 8 and plus ROSDR 9. The
polarity signs of the signals show the polarity of each
signal when it is present. This means that in order
to satisfy this switch the signals - ROSDR 7 and -
ROSDR 8 must not be present but the + ROSDR 9
signal must be present.

E4A4 +ROS DR E
AS5D4 + AUXSTOR CTRL FL-BPTOR— 4y 56T MSAR 8192

This AND switch needs 3 minus inputs to be
satisfied. The two lower signals, however, are plus
when they are present. Thus, the lower signals, that
is + ROSDR 1 and + Aux Stor CTRL FL must not be
present to satisfy the switch. When a minus signal
is not present the line is plus. When a plus signal is
not present the line is minus.

_ . X
D1-FD CYCFL ~Jor

- -A
G4A4-FCB 2 OR

An OR - AND switch combination such as this is
occasionally found in the SLD. Two OR switches
which need at least one minus signal each to be
satisfied consitute the two legs of an AND switch.
When both legs (OR switches) of the AND switch are
satisfied the output of the AND is plus.
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Latches

E4A4 -ROS DR } .
E4B4 - ROSDR4 —
E4C4 ~ROSDR6 ——
E4A4 +ROSDR 2

£484 + ROSDR3 ——
E£4C4 4+ ROS DRS —
A6BI + GATE | ——-
€304 + CLOCKADEL 4 _]

A3D! - CLOCKA —— A .

ADDRESS
RETRANSFER

;

The component which occurs most often in the SLD
is the Flip Latch (FL). It consists of two or more
AND switches in conjunction with an OR switch.

The signals required to set (turn on) this latch
are marked by the heavy line where these signals
enter the latch. In the example, the entire length
of the upper AND switch is marked by the heavy line.
Thus, all 8 signals must be present to set the latch.
Satisfying the upper AND switch also satisfies the OR
switch. The minus output of the OR switchis inverted
by the "N'" block and fed back into the latch through
the lower AND switch. This is the "latch-back".

The latch-back, however, is not enough to keep the
latch turned on because it is only one of the legs of
the lower AND switch (Latch Back AND switch). The
other leg has a negative signal (when it is present)
the switch however demands a plus signal to be satis-
fied. So the latch stays on only when the no Clock A
signal is present. As a rule when the latch back
conditions are not satisfied the latch is turned off.

OR

e
>{ »{ >

CusT

BITP ®

Here a latch with 3 AND switches. The set
conditions can be readily seen from the heavy line.
Either one of the upper two AND switches can be
used to set the latch. To keep it turned on, both
legs (besides the latch back) on the lower AND
switch must be plus. To turn the latch off, one
(or more) of the legs of the latch back AND switch
must go minus.

A3B1 - POW ON RESETFL -ﬂ
N h

A3D2 ¢ PULSEA ——fAIOR
A383 + START FL.

A3A3-SYSTRESET KEY —
A3A3 - LOAD KEY
A3B1-POW ONFL
A3A1-START KEY

START INTERLOCK

Here is a latch with a somewhat different
configuration. This latch is set by the signals + Pulse
A and + Start Flip Latch (heavy line). The output of
the OR switch is minus and it enters another OR switch.
This OR switch seems odd because it demands a plus
input to be satisfied and produces a minus signal when
satisfied. This is correct. The drawing indicates that
this OR switch is actually a general inverter. When
the OR switch receives a minus signal (as is the case
when the latch is turned on) it produces a plus signal
at its output. This plus signal is latched back into the
first OR switch and the latch stays on. This latch can
be turned off only when the 4 - legged AND switch is
satisfied. When the 4 - leg AND switch is satisfied
by 4 plus signals, a plus signal is fed into the OR
switch. The OR switch invents the plus signal to minus
(wedge) thus making the latch back minus which turns
off the latch.

A2D I~ RESETROARL
A3B3 - START RESET

E5CS+ROSDR 17

A2D1-SET ROAR b e

-ROARBITEFL
+ ROARBITEFL

ROAR BIT E

Here is still another type of latch. It has a normal
latch back but two different means to set it. It can
be turned on by satisfying the upper AND switch (heavy
line). It can also be turned on by either the - Reset
ROAR E signal or by the ~ Start Reset signal. Either
one of these signals satisfies the rightmost OR switch.
The dash above the latch name means NOT, so the
latch name is read: '"" NOT ROAR BIT E".
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CID3 + MODIFIER BITB

CiD4  MODIFIER BITP

R8 101

>
[*]
%

cusT
BITP

]

A6D1 -RESE

+EREG

Two (of several) latches shown above are reset
and set by the same signal. The reset — set signal is
at the bottom. When the signal is present, one of
the legs of all latch back AND switches becomes
negative because the signal is a minus signal. At
the same time this signal feeds into an inverter. The
inverter delays the signal for approximately 30 ns.
When the plus signal leaves the inverter 30 ns later,
the original minus signal has ended and the latches
are set (provided that the other conditions + MOD.
Bit 8 and + MOD. Bit P are present).

This latch is set by satisfying the upper most
AND switch (heavy line). Its latch back, however,
goes to two AND switches. This means that it can
be turned off only by disabling both latch back AND
switches. If, for example, the signal "+ Sec'" goes
minus, the first AND switch is not satisfied any
morvre but the latch is not turned off because the other
latch back AND switch keeps it turned on. So, both
must be disabled.

726-5909 (8/65) IBM CONFIDENTIAL
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5.4.2 How to Interpret a CAS Sheet

® CAS refers to'"Controlled Automated System''.
The CAS sheets are produced by a computer
according to a specific program.

® The CAS sheet shows exactly how a certain
operation is accomplished by the micro-
program.

Y Normally, one complete operation is shown on
each CAS sheet. All of the necessary micro-
instructions of the operation and the sequence
in which they follow each other is shown on one
sheet.

e When the micro-program uses a Subroutine,
the Subroutine is shown on an extra sheet.

™Y All lines, that leave a CAS sheet to enter a Sub-
routine are labeled with the Sub-routine sheet
number and a location code.

Description
CAS Sheet Title Block

The all important CAS sheet number (Figure 5-10 is
found at the right side. The title (subroutine STR+1
4K No. 1) shows what is actually accomplished by the
instructions on the CAS sheet. Use the part number
to order a new CAS sheet. The EC level indicates
which version of the sub-routine is shown on the
sheet. The date of change (or changes) shows when
the sheet was last updated.

Page Coordinates. The CAS sheet is subdivided by a

system of coordinates. Vertical columns are numbered

from zero to nine (From left to right) and horizontal
rows are labelled A to S (From top to bottom).

(The characters O and I are omitted to avoid confusion.)

AL o s
e O o 1o
c il i i
D i 3% 3F

Micro-instruction Representation. The micro-
instructions are represented as square frames.
At the lower right corner of each frame is it's

location code. For example:
The micro-instruction CTL-15 (Control 15) is
located in Row L columr #(Arrow).

[ 3 o
**° oposee———azmg POM  —enm-ze303
o e e e s e [}
cTnL-13 1e?
[t | p—
s e 0 26303 [} 10109 L
mpmuranl, el P
e e : :
*ee Location

In both upper and lower left corners of each frame
are symbolic addresses. These addesses are obsolete.
Ignore them. *® o w7 _ ey *

LN ] cn~t s
* 25302 L]
. ® \ L]

In the upper right hand is the address of the
current instruction. The address 10208 reads out the
CTL-15 instruction from the ROS. It is the instructions
own address.

- |m‘./Address of current Instruction

CTL-13
- L

Address of next sequential instruction

The address of the next Sequential Instruction is

a part of each individual micro-instruction.
[ 2N BN ) ® 00 [ 4

ERD  woea2B204

¢ e e ¢ @
The address is always shown at the lower right

hand side of each frame. As long as no branch occurs,
each micro instruction causes the next following
instruction to be read out. (Arrows) The former NSI
address becomes the current address of the next
instruction.

Address Bit Configuration in ROAR

An analysis of an address such as 2B201 gives the
exact bit configuration which must be in the ROAR in
order to read out the micro-instruction.

oo ot

(2T
- »
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The first digit designates the Module in which
this micro-instruction is found (Figure 5-11). The
second digit (Hexadecimal representation) desig-
nates the Word (Inner or Outer) of the tape in the
Module. The field selects one of the three instruc-
tions in the Word. The last two digits represent the
decimal value of the last 4 bits (the position) in the
ROAR. Block and position together determine the
tape number.

Micro-program Branching

When the position (last 4 bits) of an address is changed,
a different tape is selected. The micro program

often changes these last 4 bits (upon a certain condition)
in order to branch to an instruction other than the
normal next sequential.

Changing the last 4 bits is affected by the USE-
micro instructions. The 3 different USE-instructions,
Use AND, Use OR, and Use Execlusive OR are always
represented as UA, UO, and UX respectively.

A Use AND T instruction is performed in frame 1
(Figure 5-12). The content of data register T is ANDed
with the last 4 bits of the NSI (IN the instruction).
Following is an example which shows how the ANDing
is accomplished:

1814 211 Bit Value
111 11 1] BitsinDR-T
+ ¢ [ ]

1 0 0 O Bits (result)
b .

8141 211 Bit Value

1 (9] 0| 0] Bitsin Mask
Mask of NSI =8

(Last four bits)

It is assumed that the content of DR-T is 15.
Notice that the result is 8, that is, the same as

In frame 2 the content of DR-T is ORed with the
mask of the NSI (in the instruction). It is again assumed
that DR-T contains 15. The result is 15. Therefore,
the instruction in frame 7 is performed next. Notice
that the result is always 11 as long as DR-T contains

no 4-bit. If that is the case, the instruction in frame
3 is performed next.

Bit Value

Bits in DR-T

4
1
}
1

Bits (result)

4
0

Mask of NSI =11

Bit Value
Bits in Mask

-0 —p — — —j00
N ep ] [N
Lt el mne B B e el L

Here is an example of an Exclusive OR

operation.
ol o () o e
. ) o0
M weewetB109 21101 wmanwt 8102
o fe [ )
e, L4}
¢ ommw @ t )
e oo [} )
00X 18103 18207
b ¢ [ V]
o0 0 K e
es s foe e
ce e [ ) e
€3 J0Bwmcn=? §101
e e ol e
3
e e L | | Goane
e s s 00 )
18309

QQL—---:‘R

The content of DR-P is exclusively ORed with
the mask of the NSI. It is assumed that DR-P
contains 1. The result of the Exclusive ORing is 2.
Therefore the instruction in frame 2 is performed

before. Therefore the next instruction is the UOT next
(arrow). R
The result of the ANDing is always 8 as long as 814121 Bit Value
there is an 8-bit in DR-T. This fact is indicated by ojofof1 Bits in DR-P
the additional mask picture X NNN in frame 1.
Let's assume that the content of DR-T is 7. The
result is zero. Therefore the next instruction is 0 0 1 0 Bits (result)
I =4 (Frame 6). I T
814 (2]1 Bit Value g8l 41 211 Bit Value
0 l i 1 Bits in DR-T 0fo[ 1] 1] BitsinMask
2 0 0.0 Bits (result) Mask of NSI =3
8 (4 (2]1 Bit Value
110i0]0 Bits in Mask
Mask of NSI = 8
726-5909 (8/65) IBM CONFIDENTIAL 5.21



CHANGE

DATE

Part No

ILogic No 3

Title

2020 BUS, MODIFIER

Figure 5-9 SLD Heading Block

Engineering Change Level

i EC11300

|

WORD A (OUTER)
WORD 8 (|NN‘Ek1’1&—" l
[

=x=no~®
-

Date Machine Name
04/15/65 | mAcH 2020 | paTE 08/15/6S8 SHEET 1 22300 |
| NaFE f LOG 000 VERSION cio t
FRAME
oNe 4031232 l SUBROUTINE STR¢1 4K NQe1
IBM CORPe wic
Part Number of the CAS Sheet
Figure 5-10 CAS Sheet Title Block
POSITION -
MODULE BLOCK FIELD POSMTION
0123c5s7ls$?‘f2%‘5“:,—\, \
e o2 1 e w2 v 2 v e 1\
ol dalaestsloolo|wfnfu]unfjujs I: lmluluTn‘ulvs lulnlul wF]zil BIT VALVE
w6l [wlsfzo | on|22]2a]2c|2s|26far|20f2as]s]nm % 8 & 2 1 %2 % T ¢ 2 1/
\ 2 N J
32|33 ] 3 |as | 36]37 30|38 a0 ]| Jaz Jad|ss jas|in a7 GATES (32) DRIVERS {64}
o las |50 [t {52 safse |ss|se 57 |sa]se [so]ss |e2 |ea
127 |v2efaes [oze | vas | a2 frar Jozo fs | ase | o7 [ ms ] ms ne ] nna 2 2 B 2 01
111 | 110 J 109 ] 100 [ 107 Jios §105] 04 103 [102 | 101 [ w00 | 99 o8 J 97 ] 9s (f
95 94 |93 J92 Jor {so Jos e |e7fec|es |ss]oe3jezic [0 MO ule Field
99 [re ) s fas o Joada|n 2o oo o ]er]es|oes|es Block Position

CAS Sheet Number

(Tape Numbers)

Figure 5-11 Tape Number ldentification

5.22

IBM CONFIDENTIAL



¢ 0

— ..L....

M i

©

m”m
] b

m ]

w..,..w
e & e ese o o ¢ ses o o o eve o
WW@,
B
m®mm
el i i oo

]

Figure 5-12 Branching Instructions
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REFOO0 10300
'=q=p+1 }.c- oo o0 Exit 1
__...= ;’*-—G >
o o | 1 e . ¢ o 0 LI Y 11102
i 11102
ALBOX wrmrereenss S
* e . - L IR e 0 0
e o L] L] *® o0 e e @
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The mask picture in frame 1 (00XX) indicates
that DR~P contains either a 1 bit or a 2 bit only. If
it contains a 2 bit, the result is 1 and the instruction
in frame 3 is performed next.

A branch in the micro~program can also be
effected by a carry. In Figure 5-13, frame 1, the
content of DR R is increased by 1. As long as the
content of DR-R is not increased beyond 15, no
carry occurs and the program continues with the
next instruction at location 11102 (Exit 1).

When DR-R contains 15 and is further increased
by 1, a carry occurs. The carry increases the value
of the last 4 bits (the mask) of the NSI by 1. Thus
the next sequential address is 11103 instead of the
normal 11102 and the instruction in frame 2 is
performed. As this is a T + 1 operation, a carry
may again occur and the NSI is increased from
11106 to 11107. Or, if no carry occurs the program
continues with Exit 3. The same occurs with the
S+ instruction in frame 3.

Instruction Designation

The instruction 1 =12 is a representation for '"Move
1 =T
12 into DR-I". ror :
lst2
*
16103
®

The instruction I =12 should actually be shown
in this manner: I -«— 12. However, the printer
which prints the CAS sheets has no arrow. Therefore,
an  equal sign (=) is used instead of an arrow (when
I equals 12, it must be the same as 12, that is, it
must contain 12).

]
OB 3008
. )

P = R means: move the content of DR-R into DR-P
(P <—R).

When reading instructions, such as these, always
imagine the equal sign as being a left pointed arrow.

ARCOGumnen3bt 08
. L
EwEH
-] L]
L]
32

The instruction in the above frame says: ''Increase
the content of DR E by one'". I the content of DR-E
was 4 for example, it would be 5 at the end of the
E = E+] operation.

226-5909 (8/65)

CAS Sheet Interconnections

When a line leaves a CAS sheet, it is labeled with
the number of the CAS sheet to which it goes.

QA301 . E2A
/ “~
CAS sheet No. Loc Code

In this example, the CAS sheet number is QA 301 and
E2A is the location code. The location code shows
that the line enters the instruction which is located
in Row E column 2 and Entrance A. When several
lines lead to a micro instruction the entrances are
labeled A, Band C.

[

s .
BE  ceweaii 07
A " o oumik
°

B meannt
c .

UoE
XN 3a107 5
o0 ° L ]
o0 0 L] L ]
In frame 2 the A and the B entrance is used.
Sometimes a leaving signal is labeled with a second

number. This number is the Return Number.

QA060 . C25 ~1. Number
Identity Table Ul
RETN QN204 . NIB < 2, Number

Often a line leaves a sheet to go to a Sub-routine. If
this line leaves the Sub-routine to return to the page
from which it came, the Return Address is shown on
the leaving signal line as a second number. When
interpreting a CAS sheet, it is not always necessary
to see the Sub-routine itself because the name of the
Sub-routine indicates what is being done with the
signal. Thus, checking of the Sub-routine sheet, only
for address finding purposes, can be avoided.

Example: (To)
QA800.E4C
RETN QA300,L6 TESTI/O 1
(From)
TEST1/O 1
QAS801.A6E

R = R+1 — Lé}_-
(Last instruction

. . CAS SHEET No QA300
in sub~routine)

The leaving line goes to the Sub-routine "Test 1/0
No. 1". The Return Address indicates that the signal
comes back to this sheet (QA300) and enters the
instruction in frame L6.
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As an additional aid, the last operation within
the Sub-routine is shown near the return line. This
helps in back-tracing the signal to the point where
it leaves the Sub-routine since the routine may have
a large number of exits.

Miscellaneous Designations

In some instructions a C is found. This is of

little importance. i * aEnod 10200

1" um |

e s :
p oo ‘ c 1
19213 |

AEG  weemmme—E O

The C indicates a fixed address that may not be
changed by an engineering change. Often instructions
may be shifted to other addresses, however.

The asteris¢s, found everywhere in the CAS

 sheets, are also unimportant. They mark the beginning
of a network. (Concerns the designer, only)
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