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TITLE

Instruction Phase

000, 001, 004 & 005 Instructions
Group 00, Functions 2, 3, 6 and 7

1904A Mk2/19045/1903T FLOWCHARTS (CPU)

INDEX

Group 01, Functions 0 and 4. Also Fn 033

Group 01, Functions 1 and 5
012, 016 Instructions

013, 017 Instructions

020 - 022 Instructions

Not allocated

024 and 025 Instructions

026 and 027 Instructions

030, 031 and 042 Instructions

034, 035, 036 and 637 Instructions

040, 041 and 042 (Multiply) Instructions

043 Instruction

044, 045 and 046 (Divide) Instructions

047 Instruction

Group 05 Instructions (Jumps)
0G0 - 063 Instructions (Jumps)
064 - 065 Instructions (Jumps)
066 - 067 Instructions (Jumps)
071 - 072 Instructions (Jumps)
072 - 073 Instructions (Jumps)
074 - 075 Instructions (Jumps)
076 - 077 Instructions (Jumps)
Not allocated

Not allocated

Group 10

110 - 113 Instructions

111 Instruction

115 Instruetion

1167126 (Move) Instructions
117 (Premodify) Instruction

120, 121, 122 and 125 Instructions. Also I'ns 123, 17510, 176k,

121 Instruction
127 Instroction

Group 13 (Floating Point Load and Unload - Main Microprogram Only)

1508, 1511 Tnstructions

Not alloeated

Not atlocated

Not allocated

C16-4R (Real Time) Instruction
Not allocated

1701 Instruction

17110 Instruction

1721 and 1731 Instructions

17 11 Instruction

*17AR (Real Time) Instruction
Not allocated

Not allacated

1771 nstruction

Interrupt Seguenee

Slow Hesitation Sequence
IIxceutive Monitoring Routine
Manual and Insert Sequences
Typewriter Hesitation Sequence
* Real Time Intevrupt Sequence
Freeze

Crest

Unused

Note: - Those marked * are unavailable at present.
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C.P.U.

1904A Mk. 2/1904S FLOWCHARTS (C. P, U) d

The following rules are given as a guide to the interpretation of the 1904A and (C. P, U,) flow charts,

1)

2)

3)

1)

6)

Approximate beat durations are indicated by the L classification shown in the upper right hand corner of each beat
box. The value of the L classifications is as shown in Section (3). Where a store access is required (VR/VW), the
time given assumes immediate store-access - the beat duration will be 'stretached' if the store is busy when first
addressed. :

A C.P.U. strobe is assumed to occur at the entry to and exit from each beat box. The strobe causing exit from onc
beat will be the same as that causing entry to the next - e.g.

[ - e .
[}

STROBE : |

V1 Ln

’: = ::—_:::1‘
STROBE Ve T

<

V2 Ln

STROBE - N

) |

Hence the physical separation of the heat boxes on the charts does not imply any time delay.

Actions shown above the double dotted lincs in each box occur at the time of the entry strobe to that box - i.c. they arc
primed in the preceding beat., Actions below the dotted lines occur at the time of the exit strobe - i.e. they ave primed
by the entry strobe.

Where a path decision has to be taken, cither of two formats may be used:

a)

b)

If the choice of paths depend purely upon conditions existing in the machine before entry to the flow chart (e.g . if
the divergence of paths is a result of the grouping together of two or more similar orders on a single chart), the
possihle paths diverge from a common point and each is suitably annotated, ¢.g.

GPol ( G1o2 ' (}]’()."1 Gl’()vl)

If the choice of paths depend upon conditions occurring as a resull of operations within the scope of that particular
flow chart (c.g. the setting or resctting of overflow in a previous beat, ete.,) the decisive waveform is represented
within a diamond. If the state of the wavelform denoted within the diamond is fulfilled, exit is made from the
bottom apex; if the condition is not Tulfilled, exit may he from either side, i.c.

if X, then exit via Z
if X, exit via Y (or Y1), 7

In a few instances, all three exits are utilised and in these cases the emergent flowlines are indexed .,

Where diamonds are utilised, the conditions determining the flow path will actually have heen made during the
preceding beat and hence the exit sirobe of that beat may he synonymous with the entry strobe of any onc of a
possible total of three beats, one associated with each path. This means that the exit strobe from the beat
wherein the decision is actually mude will not gecur before that decision as would seem apparent from the lay -
out of the flow charts. The diamonds are, however, placed outside the beat boxes for reasons of clarity and
the physical space which they occupy does not imply any time delay between strobes,

Where a sequence requires two or more sheets, the software 'merge' symbol is used to link subsequent pages,

Exit from one chart to another is made via a circle containing the mnemonic of the next scquence, with the FC
number appended. The majority of sequences end at EO and this is not referenced hut implies entry to the
Instruction Phase (F.C.1).

e e o -’



7

)

The only exception to this format for exit is where the machine clock is stopped, for example, due to a parity
failure. In this case, waveform DIE is active and this is shown in an elongated circle.

The right hand column of each sheet is divided into waveform blocks, one for each of the maximum of five
dissimilar beats shown on each sheet. 'Where two (or more) beats with the same mnemonic occur on the same
sheet, only one waveform block is utilised, the small differences between beats being denoted in the conditions
column,

The first column of each waveform block contains a list of signals active during a beat, dependent upon the
conditions (if any) given in the Conditions column. The centre column lists the monitoring point for each
waveform, with the format shown below:-

Plane Row Package Pin No. E.D. Page

X X XX XX XXX

Signals above the dotted line are active at the time of the entry strobe and, if staticised, are bracketed. Those
below the lines are priming signals for the next beat and are staticised by the exit strobe.

The statement of intent (left-hand side of the main sheet) gives a brief description of the main purpose of each
beat. This is expanded where necessary in the Comments column to include detailed explanation.

2. PERIPHERAL AUTONOMOUS CONTROL (P. A. C)

The following rules are given as a guide to the interpretation of the flow charts for the 1904A peripheral autonomous
control (PAC).

1)

2)

Sheets FC200 to FC204 inclusive. These show the microprogram operations by which the various modes of
transfer for the peripherals are obtained. They comprise decision diamonds for the microprogram functions
and boxes to indicate the steps initiated by them.

Sheet FC205 to I'C212 inclusive give dctails for the various steps. Each step is represented by a box which
contains mnemonics to describe the various operations which occur during the step. Each mnemonic is
associated with the appropriate E, D, signal name at the right hand side of the chart and suitable comments
are included.

Monitoring points for every signal on a chart arc shown, together with their locations on the engineering drawings
(EDs), in the right-hand column of the chart. The monitoring point in each instance refers to the signal source.

Entry to a step is dependent on the state of scveral signal inputs to an AND-gate but in genceral, a step is initiated
by onc critical signal, the other signals being normally active. In viéw of this, entry to a step is shown on a chart as
being enabled by the critical signal but all the evabling sigaals for the step together with monitoring information are
shown in the monitor signal scction of the chart.

3. L CLASSIFICATION - BEAT DURATION TIMES

Lo
1.1
L2
L3
L4
L5

1904A 19048 1903T
340 n.secc 250 n. sec 1450 nS
480 300 " 480 nS
= L1 400 = L1
1.2u. sec 1.2u. sec 1.2u8
2. 3u. sec 2. 3u. sec 2.8
3.4u.sec 3.4, sec 3.4uS






VEOI

COMMENTS IGNAL M.P. CONDITIONS
\ ERX - XJ | 3F20:4/89
- EBAZ - X |3F25:8/90 } Sec
KRUN EBAZ - X* | 3F25:6/90 Comments
| BEGNI 3C21.6/163
VEOI * |* Machine Stop VEOI will be entered if the previous order was run on "One (E:};?A g?;?ﬁ;h
X - XJ Beat 0 — 00 Instruction” to allow the results (in B) to be written away to )SE(J - SAD |2r6 l';/q" 55
X or X* before the clock is stopped at EOI. In all other cases, b
KRUN] KRUN is active, and EOI (and hence VO0) is entered directly. va
Also act‘lve at entry will be EVQ, GDLA, and EEC-SAD (if 023) (EC-SAD) |3C14:8/167 33
1117L will be active if the previous order was 117, Thig puts - b .
P ({sign extended) into A and P (EN-SAD)  |2E11:3/93 023
! READ 2E4:12/162
(ESIN-B) 61M:21/248
ECAX-K 710:10/67
ED-L:1 1:25/75 R . EXEC
EOI ED-L:2 :22/75
NEQV £21:12/76
M<8 2D14:13/142/M < 8
ERX - XJ IF20:4/89
vQ L1 VQ: Dependent upon the previous instruction, the residual (EBAZ-X) |3k #/90 } See
B>XvX* content of the B register may need to be written to accumulator |(EBAZ-X*) |3F25:6/90 Comments
C ->SAD X or X + 1, the conditions for this being: Tt S R
Read Instruction and READ , GXIM . {:l:nh;?/s()
C =K B —> X if EOI & ENDUES & (CG00 1116 102N3:6 CG10 T1110:2 EM - L83 3E10:3/91
check for aceumulator | sy 1170:4E_112N356). vy A 207:6/32 | DORLF
address. v EVDEC  |3a1i:12/2 [M <8
B — X + 1 if EOI & ENDHES & (1040—3v1111:3VX1.14:5vll1(}). EVX 3A15:12/1 M <8
The new instruction is réad from the absolute store address held |VDEC
in C (N if the previous order was an 023). During the store
cycle this address is gated to the mill and compared, by a non-  {CFx Page 119 See
equivalence operation, with the datum which effectively subtracts [CGxx Pages 120/1 Comments
the datum from the absolute address. If the remainder is <8, (ERM-XJ) [3D16:25/112
the address refers to a hardware accumulator otherwise to a EHX~-A 2D26:18/88 |RM = 0 . JUMP
store location. In either case, the store is read {rom the {PCHECK) 8D16:17/112
absolute address to B. Where M <8 is detected VX is entered; i Sm e e e s e m e o
otherwise VDEC will be the next beat. The X, F and M EVDAT 3A11:21/2 See
registers are loaded from B by GXFM. EVMOD 3A15:21/1 Comments
EVPRE 3A1T:21/2
EECAAN  {3A6:9/17A |MODIFY
VX 1.1, 1.2 VX: Where M <8 is detected, VX is entered and this reads the VX i —
Call X contentsv of the act:u}mu]ntor whosge address ig held ir L83 (tl":e 9¥19:6/91
1.s. 3 bits of the mill). This content overwrites B and X, F and poR .
FC.50 X-—>D M are also overwritten. IF14:16/67

Read X to B.

Function

Decode function Decolde
and load wodifier. X -» A (if
needed)

BEATI,

JUMP
(Gps 06-07)

Load XFM|

Gps
00-04,
13,17E;
Fns 117
152E -~
154K,

Sheet
3

VDEC: decodes the content of the F register to give a signal
CFx where x is the function nurber of the loaded instruction.

A sign CGxx is also made where xx is the group number. There
are 3 possible paths, as follows:~

EVDAT if: (LITERAL & 11171, & RM -
(RVPL & JUMP)

EVMOD if: (1117L & LFVERAL) (1117 &M = 0 & JUMP)
EVPRE if: (1171, & y Vv

= 0 4 .
)V(JUMI & I]]il)v

SEK (sign extended onto K) will be active if: (JUMI” & 1072:3 &

FJ & FO &RI’MU])VJUMP & 1072:3 & FO & (EJVCSML

1

1SSUIE !
Nov. 72

[ 1 |

L[]

1904A MK
19045 19037

ICL

INSTRUCTION P

FC1

SHEET1OF 4

HASE (EOI - VDEC)

aD15:17/112

GXEM 21016:7/60
EVDEC 3Al1:12/2
EF. 3A6,9/17A

MODIFY




Sheet
1 JUMP
(Gps 05 - 07)
117L
& REPL

VPRE Llor L2

Premodify if required 0-4/2

Q—

By.- 13/14>K

(see note)
SC15/22

1 3K

B

~——

VDAT L1

M-

B
0-1
note)

Datumise address. D—L

SEK

Bl
15-21
(sce note)

HXOP(if K<8)

Ls3
B(Ecc

K

Exit

VPRE

. 1
S T T

| 1]

l

COMMENTS SIGNAL M.P CONDITIONS
(EBAJ-K) |3F7:26/62
(EBKM-K) |3F7:24/62
(EBNP-K) |SE7:2/62
(EBQ-K) 3K7:23/62
(EAAQ-L) |3F33:25/72
(EAAQ-L*) |3F33:23/72
3F33:7/72 | CSM _EJ
3D13:21/79 v
3D13:22/79
When a jump instruction (i.e. one in group 05, 06 or 07) is 3D14:24/79
decoded by VDEQ a test i8 made for premodification. If EQRZ-B 3D13:23/79
required (and not in replaced jump mode) VPRE is entered. EQ-B 3D13:15/79
R o — —— ——
EVDAT 3A11:21/2 -
GDLA 3F31:18/74 072.3 . REL
VDAT
(ED-L:1) 3E21:25/75 | GDLA
(EBAJ-K) |3F7:26/62
(EBKM-K) [3F7:24/62
(EBNP-K) 3E7:2/62 _
(EBQ-K) 3F17:23/62 EJ v
(I117L & REPL
VPRE: The address in B is gated to K and the premodifier is (EBRX-K) [3ET7:4/62 ESM & 171, &
placed on L (from A). The sum of the two is then returned to (EJ & CSM92) v
B. (REPL & 1072:3)
EQAQ-N 3E1:2/83
Note: B S K EQRX-N 3E1:7/83
Bg:}: ->Kif EIM  072/3 it sttt Sl bty
GOOP 2B13:20/9

SEK from if bit 13 if EJM.072/3
"ot M4 (BIM.072/3)  ESM. EJM. 072

VDAT: The current datum is gated from D onto L and the
address is placed on K from B. These are added in the mill
and the final (datumised) address is loaded into N from the
Q highway.

Note:

By_yy = K- (EIM 1 072/3 + 1171 PEPL

¢ - (1171 (EIM 2 BSW) PEPL + 072
Bl oy ~> K - (1171 (EIM + TSM) PEPL + 072/3)

Exit Lo the relevant instraction microprogram is made via
GOOP.

~ 1904A MKTT
ICL 19045 1903T

INSTRUCTION PHASE -JUMP INSTRUCTIONS FC1

SHEET 2 OF 4




M
COMMENTS TONAL P CONDITIONS
EPAJ-K 3E9:3/66 JUMP
EPKQ-K 3E9:5/66 I
EPRX-K 3F9:25/66 JUMP & CSM_
(EAAQ-L) | 8K33:25/72| JUMP & RM:=0
(EAAQ-L®) | 8Fa3:23/72(
(EAR-L) 3F33:21/72| JUMP & RM-04
(EASX-L) | 3F33:7/72 CSM
Sheet - - -7 -~
! SC16 3D15:6/112| EVMOD & CSM
sc22 3D3:22/112 EVMOD
EQAZ-A 3F29:24/81{ JUMP
EVMOD 3A15:21/1 | JUMP
VMOD
(EBAJ-K) | 8FT7:26/62
VPRE L1l or L2 VPRE: The N field is premodified by gating it along with the (EBKM-K) | 3F7:24/62
P K premodifier fin P) to the mill where the two are added. The (EAAQ-L) | 3¥33:25/72 1117L
(0651131 ) result ie gated to A. (EAAQ-L*) | 3¥33:23/72 | RM=0
Premodify if required. (EAR-1) 3F33:21/72) (IN7L
P K v
0-21 (EASX-1) | 3K33:7/72 RM-0 &
(ESM) CSM
SC15(CSM) e - - 4 — - —
S "':_(E_S_M_)‘ EQNIP2
Q>4 EQ-N__ 3E1:8/83
FQAQ-N 3E1:2/83
g___—__j BQRX-N | 3K1:7/83
GooP 2B13:20/9
EHX-A 3D26:18/88
EQBIP
- 15
YMOD |10 if 19048 | VMOD: The modifier (in B) is added, in the mill, to the N ——-—3 2 gg:g;ﬂ‘;
Bo-ll-)K L1 if 1904A field held in A. The result is strobed to both N and B. BQKM-B 3D13:22/79
»L EQNQ-B 3D13:24/79
0-14 o b S04 :
Modify (CSM) EQRZ-B | 3D13:23/79
Ao-21"
| (ESM) _|
Q.21
X — A
Q-+ B
Exit Exit is made via GOOP.
GooP
1 [}
s fon] [ [ [ ]

ICL.

1904A MK IT
1904 5,1903T]

INSTRUCTION PHASE -LITERALS

FC1

SHEET 3 Of 4




Sheet

H17L

v

VPRE
K

Po-14”
(CsM)
p

¥ 0-21 >K
{ESM)

SC15(CSM)

SC22(ESM)

Q -

Premodify if required.

————,

VMOD

o
0-14
(CSM)

A

Modify

TR
ﬁlﬁ_»"'Ml ]
021N
X 5 A
Q-»B

Exit

GOOP

L1 or L2

L0 if 19048
T.1if 19044

COMMENTS

ISSUE

5 N I I I

[

VPRE: The N field is premodified by gating it =
premodifier (in P) to the mill where the two ara added.

result ig gated to A.

tong wilh the
The

VMOD: The modifier (in B) is added, in the mili, 1o itie h

field held in A,

Exit is made via GOOP,

The result is strobed to both Nz 6.

1904 A MK IL
1904 5 1903T|

ICL

INSTRUCTION PHASE -LITERALS

FCi

SHEET 30f 4

i

:

;

?
bOReKG-K
| EPRY-K
i

;

| (2AAQ-1.

BQAZ-A

AEVMOD

CONDITIONS

SA15:21/1

i
JUMP & BM<0

TUNT ¢ RV 04
&M

EVMOD & C3M
EVMOD

JoMD

YMOD

2B13.20/9
3126:18/88




Read operand n

DIk

Exit.

S

to B and increment
instruction address. C0-21')K

Add and load into
registor A, B and
P,

506 o] [ | ] ]

VR/VIL2

N-»SAD
READ

Cro& X
g -
CF5 cro.x CF1
Vi_Li VI L1 Vi LI VI L1
B — K AL B—K A—>L
c22 >M B->K c22 »M B K
M23>CY czz>M|| lQsa,B.P c225M
M23 0 Q>A,B,P cey | lesa.BP
Q>A,B, P M23>CY : ccy
M23 >0 M23 / M

)

X = (MK 119044) or (C22)

i.c. omit V1 of 000 if MK Ti
1904A and CARRY.

L1

VR ¢
COMMENTS VI-“ECNAL MP CONDITIONS

ELS3-XJ 3K19:6/91 HXOP
(EN-SAD) |[2E11:3/93
MEAD) 214:12/162
(ESIN-B) 6D4:21/248
(ECAX-K) | 3E10:10/67 )
(PLUS ) [ap2de/ro0 | MAN
EQAX-C 3E17:12/26 | RESFL EN-SAD
RESFL 207:6/32 DORLF & CPR
EM-Q 3C14:23/167 X EC
EHX-B 3K 14:18/87
GBKALL | 3r6:21/61 EVI
GALALL 3D30:3/70 FO
EV1 RESIL

VR & VI: The operand x will be in register A from the ECYBO BF2:25/96

Instruction Phase. Operand n is read to B from store

location N. The instruction address is incremented by

one and returned to register C. V1
AL
(EBAJ-K) | 3F7:26/62
(EBKM-K) |[3F7:24/62
(ERNP-K) | 3K7:2/62
(EBRX-K) |3¥7:4/62
(EBYZ-K) |38K7:25/62
(EAAQ-1) |3F33:25/72
(EAAQ-L*) 2
(EAR-1) -
(LASN-1) o
(EAY-L)
(EAZ-1)

V1: The arithmetic operation is carried out as follows:

000:- C22 + n —> A, B & P. Overflow set
001:- C22 + n +x - A, B, & P. Overflow set
004:- as for 000, but carry sct

005:- as for 001, but carry sct

and bit 23 cleared, i.e. (M23 —> 0).

Exit occurs al EOL and the content of register B is loaded into
accumulator X in the next beat!

EQRZ-B
cey
SOV
GM23CY
Q27
(PCHECK)
EO1
EM-Q
PrAIL
DIK
EBAZ-X

ICL

1904A MKII
1904S1903T

000, 001, 004 & 005 INSTRUCTIONS

FC2

SHEET 1 OF ¢

3D13:22/79
3013:24/79
3DE23/79
3K 12:18/99
2D7:18/32
3¥11:10/105
25/101
3D156:17/132

[——;
]

CF4:5
F2

PGEN_RB24
CHECK

ENDIS

i
!
|






[elefo)

VR.V1L2

N -»SAD
READ
(e} K

Read operand n to B, and
increment instruction

address. 0-21
PLUS 1
M->Q

e o = = =

*Co-21
{SIN— B)

VLVR

Fn2,3
Vi L1 Vvl L1
Add x (fn 3+7 only), -n and C22, () |A>L(n 3) (2) |A»L{fn7)
and strobe result to A, B and P. _B=>K B K
Set overflow (fn 2+3) or carry C22>CYBO C22+CYBO
{fn 6+7), as required. __l\g'_—:g i F’Iﬂ_: 3 -
Q>A,B, P Q~A,B, P
CLEARCY FQ237Z
S0V GM24CY

Exit from instruction.

ISSUE

L1 ]

)
COMMENTS ToNALL ¢ P CONDITIONS
Relevant signale active in previous beat:
EVR, EVI, EELIN-B,
(FLS3-XJ) 3F19:6/91 | HXOP
(EN-SAD) 2E11:3/93
(ESIN-B) 6D4:21/248
(READ) 2E4:12/162
(ECAX-K) SE10:10/67
(PLUS 1) 3D24:8/10
EM-Q 3C14:23/167)
EQAX-C .3KE17:12/85 | RESFL
RESFL 2D7:6/32 DORLF.CPR.
VR. VI Operand n is read to B from store. The current / EXEC
instruction address is incremented in the mill (PLUS 1 EHX-B 3F18:18/80| HXOP
forces data flow CYBO) and restored to C (bits 0-21). e A i e s
EV] 3A16:12/8 | RESFL
GALALL 3D30:3/70 | FO (8ce
comments)
PNBAZ-K 2F17:24/94
EENC22 2E7:12/32 | EVI
Vi
(PCHECK) 3D15:17/112)
(EAAQ-L) 3F33:25/72
(EAR-L) 3F33:21/72 | See comments
(EASX-L) 3F33:7/72
(EAY-L) 3F33:6/72
(EAZ-L) 3F33:3/72
vi: (ENBAZ-K) | 3D3:9/112
: (GNC22) 3D3:17/112
Fn 2+3 (1) operate on a 8.1. operand or the m.s. word of PF‘:‘”‘ ?Asle/gu PC:EN&RB“
a d.1. operand (sets overflow). DIE 3B33:25/44| PFAIL.
PCHECK.
Fn 6+7 (2) operate on l.s. word of a d.1. operand. INMPFL
EM-Q 3C14:23/167
The A — L gating (x in A) is only requested for fns 3 and 7. 3F29:23/81
3D13:15/79
1) CCY clears carry from a previous instruction in TR :'”’1?:21’/79
C22. If M23 # M24, SOV scts overflow in C23. | EQKM-B 3DL822/79
EQNQ-B dDLB:24/79
2) FQ23Z clears the redundant sign bit from bit 23 "ZQR /-8B 3D18:23
of A,B and P. GM24CY sets carry from inverse hQ‘Almp :31.‘,3:.15/ 5;]‘ -
(carry into mill slice 24). cCy 3F12:18/99 | F2
sov 2D7:18/32 | Fe
GM24CY 2107:9/32 CF6:7
FQu3Z ¥
EOL 2A16:15/4)
EOI: The result (in B) is written to accumulator X inthe |7~ —— —7{7— =&7 =™/ —— =77 = =
FEBAZ-X 3F26:8/90 | ENDHES

next beat.

NO\}. 72T I I I
ICL  |SS3s0st

GROUP 0O, FUNCTIONS 2,3,6 AND 7

FC3

SHEET 1 OF t







Test N-address for
reservation violation.

Add x and C22 and strobe
result to A,B,P. Set carry
or overflow as required.

RESFL

FO.562

Write result to address N,
and increment instruction
address.

Exit from instructior

COMMENTS

vl
SIONEL

MP

CONDITIONS

Relevant signals active in previous beat:
GPB, EV1, FCYB0, GALALL.

GOOP
. h
Fn0 Fnd Fn033
Vi L2 vl L2 Vi L2 Vi
o N —SAD @ N —>SAD N —>SAD FnoO (1) operates on S, L. operand or m.s. part of d.c.
AL = A—L M—>Q operand (sets overflow).
c22 — c22 —»
CYBO CYBO Q->B Fn4 (2) operates on 1.s. part of d.c. operand.
M—Q CLFAR CY] Note that in each case operand x is in A.
Q>A,B,P
Q> A,B, P GM23CY 1) CCY clears any previous carry from C22, and
CLEAR CY| FQ237 SOV sets €23 if M23 # M24.
SOV

RESKL

VL VW L1

N > SAD
EB - SO
WRITE

Co_il—>l{

PLUS 1
M-=>Q

9>Coy

EO1

.‘MJ Vi

(hits 0-21),

1
1ssut INuv. 12 [

||

:

||

|

2) Carry is set from bit 23 of the mill output
(GM23CY) and the redundant sign bit is cleared
from bit 23 of A, B and P (FQ237).

The result (in B) is writlen to store address N,
The current instraction address is incremented by 1 in the
mill (PLUS 1 forces data flow CYBO) and restored to C

(EN-SAD)
(EAAQ- 1)
(FAR 1)
(EASX-L)
(EAY- L)
(EAZ-L)
EM-Q
EQAZ-A
EQ-B
EQAJ-B

GM23CY
FQ23z

3D13:22/79
3D13:24/79
3D18:23/79
I3 18/84
3112:18/99
2D7:18/392
3¥11:10/1056
3¥22:25/101
2D7:6/32

283:18/3

RESFL
HESF1.
CFa:5

F2
DORLF.CPR.
EXEC

1904AMK I
ICL 1904S 1903T

GROUP O1 FUNCTIONS O AND 4.

ALSO Fn O33.

FC4

SHEET 1 OF 1

EVW e
EVI 2B2:18/4 } RESFL
EFEB-80 2F7:17/106 | IXOP
VW. VI

(EB-S0) 3F21:9/75

(WRITE) 2K4:6/162
(EN-SAD) | 2E11:3/93
(ECAX-K) | 3K10:10/67

(PLUS 1) 3D74:8/109

EM-Q 3C14:23/167(
EQAX-C 3K17:12/85 | RESFL
ELS3-XJ 3519:6/91

EBAZ-X 3F25:8/90 | HXOP
EOL 2A16:15/41







| 4

il

Exit from instruction.

Write result (in B) to store.

vw

L1
N — SAD
EB - 50
WRITE

PAUSE is resct by UPEOW after approxi

1
ISSUE qm‘n]

L[ |

l

l

l

t
VW: The result (in B) is returned (o store at address N.

mately 500n8,

,? VR. V]
; COMMENTS SIGNAL M.F. CONDITIONS
Relevant signale actiye in previous beat: v
EVR, EVI, EESIN-B, GPC.
(ESIN-B) 6D4:21/248 HXOP
(EN-SAD) | 2E11:3/93
(RFAD) 2E4:12/162
(ECAX-K) 3E10:10/67
(PLUS 1) 3D24:8/109
(PAUSE) 2E10:7/143 | INHPAUS
EM-Q 3C14:23/167
ELS3-XJ 3F19:6/91
EHX-B 3F14:18,'87 HXop
EQAX-C  |3E17:12/85 | RESFL
RESFL 207:6/32 DORLF. CPR.
FXEC
[VR/V1L2 VR. VI: Operand n is read to B from store. The current LX: 3A16; 1;/3
. > instruction address is incremented in the mill (PLUS 1 GALALL | 3D30:3/70
;::Sn:‘:ie::‘:;:rt;z' and Increment N> SAD forces data flow CYBO) and restored to Co . GBKALL  [dF6: ‘/5{
ECYRO 3F2:25/96
Vi
(PAUSE) 2E10:7/143
(PCHECK) [3D15:17/112
(EAAQ-L) 3F33:25/72
(EAR-L) 3FIB:21/72
(EASX-L) |3F33:7/72
(EAY-L) 3F33:5/72
(EAZ-L) 3F33:3/72
(EBAJ-K) 3F7:26/62
(EBKM-K) |3F7:24/62
(EBNP-K) |3K7:2/62
(EBQ-K) 3p
(EBRX-K} [3F7:4/62
(EBYZ-~K) 3117:25/62
(GC22) 2F10:25/112
PFAIL 6AG:21/214 PGEN = RB24
DIE 3B34:25/44 PFAIL.PCHECK |
INHPF1L,
(U] vi L1 @ [v1 11 V1: Fal (1) operates on a 8.1, operand or the m.s. word EM-Q 3C14: 23/167
Add n, x and ¢ and strobe the A—L A— 1L of ad.l. operand. EQAZ-A
result to A, B and P, Set B —K B—K
overflow (fn1) or cavry (fns). kc225CYBO C225CYRO) Fn5 (2) operates on the 1. s. word of a d.1. operand.
M—Q M->Q
= 3 A 1) CCY clears carry from 4 previous instruction in C22. -1
Q> A,B, P Q> A,B, P I M23 # M24, SOV sets overflow in C23. EQRZ-B
ICLEAR CY| FQ232 FQAZ-1 B 18/84 .
sov GM23CY 2) The redundant sign bit is clearcd from bit 23 of cey 3K12:18/99 | F2
. A, Band P. Carry is set from bit 23 of the mill SV 2D7:18/32 F2
output (GM23CY). GM2aCY 3F11:10/106 | CF4:5
Q237 3 5/101 ) F2
EVW 2B3:18/3
EEB-S0 217:17/106 | HXOP

(PAUSE)
(EN-SAD)
(EB-80)
(WRITE)
L83 XY
EBAZ X
ko1

ICL

1904 A MKIl

19045, 1903T

GROUP O1, FUNCTIONS 1 AND 5§

FCS5

SHEET 4 OF 1

2K10:7/143
2111:3/93

PA16:16/11

Sece Connnents

HXOP
monr







v
COMMENTS Lol M CONDITIONS

Relevant signals active in previous beat:
GPB, EV1, ECYBO.

ENALALL |sn3i7/13

cey IF12:18/99 | F2. RFESF. &
(GNC22) 303:17/112 Grp
sQv 207:18/32 | F2

RC23 6C5:9/226 | HM23 # HM24
EM-Q 3C14:28/167

EQAZ-1

3D13:24/79

Fn é 3/19
5/81
Fn 2 E 5/101] 2
GM24CY 207:9/32 CFG6:7
(EN-SAD) 21°11:3/93
() |LV1 L2 § 2 VI L2 Vi (HXOP) 3C26:23/106 [ See Comment (c)
Form - (x + c) and strobe _A->L __X-—» L Fn 2 (1) deals with s/1 or m, s, part of d.1. operand. RESKL 2I07:6/32 DORLF. CPR.
result to A, B and P registers. CY—>MILL CY —MILL| Fn 6 (2) deals with 1. . part of d/1 operand, | ) HX_I?CV -
M23 £ M24 M23 —»CY P
CLEAR 23 1) CCY forces C22 —— i.e. clears any carry [rom EEB-SO 2F7:17/106 | HXOP. EVW
N — SAD previous inst. EVI 2B2:18/4
b — If M23 # M24, set overflow i.e. force C23, EVW 2B3:18/3
Q—
A, B, P, A, B, P, 2) FQ23Z clears bit 23 of A, B, and P register (not
used in d.1. operands. GM24CY = M24 — CY (C22). | vi/vw

The result of the operation in the mill is sent to the
A, B, and P registers.
(ECAX-K) [3E10:10/67

Note: (PLUS 1)  |3D24:8/109

EM-Q 3C14:23/167

a) Instead of using PLUS 1 to supply the end correction FQAX-C 3E17:12/85
required by a negative operand, CY is produced (EN-SAD) 2E11:3/93

(GNC22). Thus, n' = -(x + ¢) - X +c. (ER-50) 3F21:9/75

_ WRITE 2E4:6/162 !
b) GNC22 makes CYBO in Data Flow if RC22.
¢) If K < 8 detected in instruction phase, HXOP is sct (HXqUP))( 3C26:23/160) See Comments
ELS3-XJ

and remains set until EOL

FC,52 ) EBAZ-X 3F25:8/90 | HXOP
Reservation Fail if 1) > SAD 2.1, EOI 2A16:15/41
VW/VI L1 VW/V1
Increment instruction address. CcC —K
Write result of operation to store. PLUS 1 Increment instruction address in the Mill and return to C
WRITE register (PLUS 1) —> data flow CY130.
N — SAD The store is addressed from the N register and the contents
EB — SO of B written to store,
M —Q
Q—c

. | |

1904A MK IT =
ICL 19045 1903T 012, 016 INSTRUCTIONS SHEg 06“
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Read operand n from store to B
register and increment instruction

address.

Form n - (x + ¢) and

[8Y]

strube vesult to

A, B and P registers.

Write result (in B) to

store,

Fn 3 Fn7
Vi Ll [#) Vi L1
§ — K g -—> K
A—L A—L
CY>MILL CY>MILL
M23 £ M24 M24 >CY
- SOV CLEAR 23

1
1SSUE INOV. 72‘

L I |

I

l

||

VIJVR "1
M.P. CONDITIONS
COMMENTS < IGNAL
Relevant sigrals made in previous beat:
EVI, GPC, EVR, EESIN-B, ECYBO.
(EN-SAD)

VI/VR: Read operand n from store to B.
Increment inst. addr. (in C) and return to C.

Reservation fail if D > SAD > L.

Vi:

Fn 3 (1) deals with 5/1 or m. 5. part of d/I operand.
Fn 7 (2) deals with L. s. part of d/1 operand.

1) CCY strobes C22 - i.e. clears any carry from
previous inst. If M23 # M24 set overflow, i.e
force C23.

2)  FQ237Z clears bi
used in d/l). GM

3 of A, B and P register (not
CY = M21 —> CY (C22)

The result of the operation in the mill is sent to the A, B
and P register.

Note
a)  Instead of using PLUS 1, to suppll_lhc cud correction
required by @ negative operand, QY is produced
(GNC22). Thus, n': - (x +¢) X te.

b)  GNCZ2 makes CYB0 in data flow if Rei22

¢) I K <8 detected in instruction phasc,
and remains set until EOL

HNGP i85 set

U pavity Gol, stop machine strobe (DHE).

Reservation fial it B~ SAD > f,

(HXOP)

ELS3 XJ
EHX-B
(ESIN- 1)
Ri

{PAUSE)
RESFL

(ECAX-K)
(PLUS 1)
EM-Q
EQAX-C

3E10:10/67
AD24:8/109

IE1T:12/85

BEG:21/6)
1:7/773

| e—

See Connments
©
HXOP

IXOr
IXOP.GPC

DORLE. CPR.
FX1C

(EBRX-K)
(EBYZ-K)
(ENAAQ- 1)
(ENARX-L)
(ENAYZ-1)
(GNC22
cey

SOV

RO23

EM-Q
FQAZ-P
QA A
I

n

FEI SO
[ AN

(1N -SAD)
(HXOP)

BLSS Xd
IBAY-X
SO
W]

LR

Fon

ICL

1904 A MKI
19045, 1903T

013, 017

FC7

INSTRUCTIONS

SHEET 4 OF 1

REUFER RPETIT
FIT N BV

2E003/98
BC06 /106

B116/01
8/90
9/
1:21/20d

H
2A16:15/11

RESVI

\2!

(pet 3D15:17/112

DIk PCHECK.
PFAIL.
INHPFI.

(EBAJ-K)

(EBKM-K)

(EBNP-K)

(EBQ-K)

}m\w:s 4 HM24

|34
CE
See Caments

HNOLP, FAY

Scoe Comments
()
}H.\UI’

nxop







VR/VIL2
Read operand n from store N -»SAD
and increment instruction READ
address. C —K

FC.52
020 021 022
Perform arithmetic Vi L1 L1 Vi 'Ll
operation. AND NEQV
CCY CcCY CCY
B—K B—K B —K
A—L | A— L A—L ]
Q >A, 3 [Q A, B] Q@ >A,B |
Q—P Q—P Q—P
Yy

Exit.

VR/VI

) 1
1SUE o, | l l ]

l

L[|

COMMENTS SIGNAL M.P. CONDITIONS
Alsgo active at entry will be: GPA, EVR, EVI, and EESIN-B,
(EN-SAD)  {2R11:3/93 .
RESFL 2D7-6/32 DORLF & CPR
& EXEC
(ESIN-B) 6D4:21/248
Rl C5E1:20/284
RR C5E1:23/284
ECAX-K 3E10:10/67
(PLUS 1) 3D24:8/109
EQAX-C 3E17:12/85
VR/VI: The operand n is read from the store to the B register |~ - — — — oo~ — . d . N
and the instruction address is incremented and returned to C, [GBKAIL 3F6:21/61
operand x (in A from the Instruction Phase} is gated to the mill |GALALL 3D30:3/70
via the L highway. EV1 3A16:12/8
EAND 2D18:25/95 JCFO
EOR 3B33:12/44 |CF1
ENEQV 3D20:17/107|CF2
Vi
(PCHECK) [3D15:17/112
(AND) 3E21:6/75 |CFKO
(OR) 3D3:11/112 |CF1
(NEQV) 3E21:12/75 |CF2
CcCYy 3F12:18/99
EQAZ-P 3F3: 1884
EQ-1 ID13:15/79
EQAZ-A 3F29:23/81 N P vrey ]
DIE 3833 ¥ PFAIL & INHPFL
EOIL 2A16:18/41
(EBAJ-K) P
(EBKM-K)
V1: An arithmetic operation (AND, OR or NONEQUIVALENCE |(EBNP-K)
according to the function) is performed in the mill on x and n (EBQ-K)
and the result gated via Q to the A, B and P registers. (EBRX-K)
The final result of the operation in B is gated to accumulator (EBYZ-K)
X in the subsequent Instruction Phase, exit to which ia made (EAAQ-1)
at EOI. (EAR-L)
(EASX-L)
(EAY-L)
(EAZ-L)

1904A MK TI
ICL 19045, 1903T

020, 021, 022

INSTRUCTIONS FC 8

SHELT 4 OF 1







to B and incy
ingtruction a

ficld of nto
I
carry.

Exit,

1SSUE [

Read operand n N —»8AD
emient |SIN = I

Gate reguired

d P Clear

D,

VR/VI12

ddress. | READ
C K
PLUS !
b - -
2 |

RESFL

COMMENTS

VR/VI

SIGNAL |

CONDITIONS

Also active at entry will be;
EVR, EVI, EESIN-B and GPA.

VR/VI: The operand n is read from store to register B,
During the store cycle, the instruction address is updated
and returned tc C.

A,

PrAY

¢ ll\
J

S I O T I

Vi
et a)  024: a charvacter B, of the uperand n is gated via
Q> AB K and the mill to A, B and P.
Q -
cey b)  025: the n, field (the 1s. 9 bits of n) is gated via
K and the mill to A, B und P,
[ In the Instruction Phase wlich follows (enfored af
1O the required n field is gated to the selected

acceumulator X,

(EN-SAD)
READ

(ESIN-1B)
ECAX-K
(PLUS 1)
EQAN-C

EVI
EEBJ-K
EVi:2h

Vi
(EBI-K)

(EBAJ-K)
EQAZ-A

=t

1904A MK II
19045,1903 T

024 AND 025 INSTRUCTIONS (Goop-eon | FC10
SHEET 1OF 1

2E11:8/98
2E4:12/ 160
G2 1/248

BE10:10/4,
AD24:8/100
B 12/8

2ZA16:16/41

ozl

1025

1024
logh







Read operend n from
store and increment
instruction address.

Exit,

Compare n and x;
if #, set carry.

Compare n + ¢ and
x;ifn ¢ >x, sét
carry.

(&)}

1027

B-—>K

Set CY if
HMO00-23
F#0orCy
Q> A, B
Q—P

e

VI L1

C+1
- C

FC.52

2 vVl L1
B K
_A—> L
[C22>CYBO|
Set CY if |

MC24

Q -»A, B
Q—>p

-
-

EOI

1
ISSUE Jiorra) |

|

||

[ |

|

Vi
COMMENTS STONAL M.P CONDITIONS
Also active at entry will be:
EVI, CG02, CF6:7, GPA, EESIN-B and 1026 or 1027.
(EN-SAD) | 2E11:3/93
(READ) 2KE4:12/162
(ESIN-B) 6D4:21/248
ECAX-K 3E10:10/67
(PLUS 1) 3D24:8/109
EQAX-C 3E17:12/85
EV1 3A16:12/8
GALALL | 3D30:3/70
——— GBKALL 3F6:21/61
Y= 026 & MKI 1904A & C22
PNBAZ-K | 2F17:24/94
EENC22 2E7:12/32
VI: Operand n is read from store to B. During the store
cycle, the instruction address is incremented and returned Vi
to C.
(EAAQ-1.)
(EAAQ-1.%)
(EAR-L)
(EASX-L)
(EAY-1)
(EAZ-L)
(EBAJ-K)
(EBKM-K)
(EBNP-K) 1026
(EBQ-K)
(EBRX-K)
(EBYZ-K)
1027
BE29:23/8)
3F3:18/84
3D13:21/79
3D13:22/79
3D13:24/79
GM24CY 2D7:9/32 lo27
GNC22 :
ENBAZ-K
V1 1} 026: n (in B) and x (in A from the previous EQ_R‘/'.B : ) ]
Instruction Phasc) are gated to the mill where . . .
a non-equivalence test is performed. If EOI 2A16:15/41
non-equivalence is found, carry (C22), is set.
2) 027:n + c is subtracted from x by gating n

(i. e. B) and A to the ill and adding them.
Carry is et in mill bit 23 (HM23) isa 1 i.e.
ifn+ceo>x,

In both cases, the content of the mill is gated to the

A, B and P registers.

Exit is made to the

Instruction Phage at KOL

ICL

1904A MKII
19045,1903T

026 & 027 INSTRUCTIONS (GOOP EOI)
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COMMENTS Y M.P. CONDITIONS |

(EN-SAD) | 2K11:3/93
(ESIN-B) 6D4:21/248

@eap)  |emaazne |J fxop
E 183~ XJ 3F19:6/91 s
EHX-B 3¥14:18/87 } Hxor

(ECAX-K) | 3E10:10/67
(PLUS!) 3D24:8/109 MAN

EQAX-C SE17:12/85 RESFL
RESFL 217 :6/32 DORLF & CPR
& EXEC

EM-Q 401420167
GBKALL  |aFe:21/61
GALALL 3D30.4./70
EAND 2D18:15,95 Cro
VR. VIL2 VR & VI: The store is accessed at the N address and EOR dusatzfid 1 CF2
i i . SNEQV 3D20:17/107 CF1
operand n is read to B. Operand x is in A from the ENEQV 3D /
- , N — 8J . SALG. 1
:w:? posand n.htom x::gre READ/P Instruction Phase. VI increments the instruction address kvi SALG:A2/R
H:dr:::‘““"" instruction C > K and returns it to C. GBKALL and GALALIL prime B — K
PLUS 1 _ and A — L respectively.
SIN — B Vi
Q->C u
(EBQ-K) .
(PCHECK) A7/112 HXOP
(EBAJ-K) 26/62
(EBKM-K) 24 /632
(EBNP-K)
(BBRX-K)
(EBYZ-K)
(EAAQ-1)
(EAAQ-L*)
(EASX- 1)
(EAY-1)
(BEAZ-1)
(EAR-L)
cecy
(NEQV) cre
V1: Aand Bare gated to L and K respectively and thus appear [(AND) CFo
Logical mill operation on B> K B K B 5K in the mill. A logical AND, OR or NONEQUIVALENCE (OR) c¥l
x and n. A—1 A —s L A->L operation is performed on the operands and the result is N 3129:24/81
strobed to A, B and P. The result must be in B for writing 3V n/84
F = to store, but is also placed in A and P for the sake of ;:
Q »A,B, T uniformity of the V1 beats. (The 023 and 117 must have a
cCy copy of the result of V1 in A and p in case of interrupt).
aD18:23/79
J EEB-8O 2F7:17/106
BV 2R3:18/3
DIE e
SEESSUS SUEUUSU SO
vw
SR U ——
VW L1 VW: The resu’t is written to the store locatjon held in N
N —=>8J (or to an accumulator addressed by LS3 which would have (EN- SAD) PINE RV X1
WRITE been loadgd from the mill in the Instruction Phasc). (EN-80) HF21.9/76 RXOD
(WRITE) 2E4:6/162
E1S3 XJ AF19.6/91
X0
EBAZ-X 31°20:8,/90 }”( i

ROI 2A16:15/1)
Exit.

s foml || [ ] |

1904A MK TI :
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T - VIE ~ 1 "
COMMENTS ) T | MP CONDITIONS

Also active at entry will be EEN-8AD, CGO03, ClF4d:u,
CF4-7, 1034-7, 1036:7, 1035:7, elc.

(EN-SAD)  {6Dd:21/248 | INHPAUSE
(ESIN-D) [6Da:21/248 | TiXOp
(READ) 284:12/ 162

KELS3-NJ 19:6/19
EHRX-1 “14:18/87 1nxoyp
(ECAX-K) 10:10/67%

(PLUS 1} 3D24:8/100
EQAX-C BEATI2/ 05

Read operand n from store VR/VIL2 VR/VL: The operand n is read from store location N to RESFL BD7:6/382
and increment instruction N — 84 register B, The instruction address is updated by one and
address. READ/PAUSE returned to C.
GALALL dDR0:3, 0
= - EVI 3ANG 12/
Vi
(PCHECK) TN
(EAAQ-1)
(EAAQ-1.%)
(BAR-1)
FC. a2
17/ 1034
BET8:19/ 50 -
3013:21/79 10357
A~ sD18:22/09 (TR 1ta
3D13:24/79 1 Jodd
3D13:16/79
q
EEB- S0 2R/ 106 i
. iy 2R 18/3 |
Cr4 CF5 CF6 Cr7 |
Strobe selected  |VIE LI V1o Lt Vi1 A I V1 The A register (containing x loaded in the Instruction vw
part of x 10 A, A ;:T A I '\_—.‘_I—‘ N I Phase) is gated to the mill and a sclected portion of it is T I
Band 1 lv'AI;IQ' * a a T gated as follows:
Temisters, v
N CCY cCy . - P
I oo - 034 (QU-5) — B] o
- C 035 0-8) — AL B, P
Q- B Q- AP 8 (Qu-t) !
I " 036 (QO-11) —= A, B3, P to B partially. . |
TN 037 (QO-14) - A B, D 1o A and P rotally Hxol |
|
For the 034, the g 6 bits of the mill are fanaed to Q and .
one slrobed to ”,‘ Carry ix cloaced inall eases EOl AT
The requived character is strobed to B to he written avay
in the next heat aid i placed in A and V. The fatter
is performed tor the sake of uniformity of ath VI bea H
R the: 023 and 117 orde st hive the resadt of Vi ine A ol i
- P in case of mterpapt or hesitation !
Wiite RIThs .- ,
restlt S |
10 store {
VW LY VW The result of VEis written to the store Tociation hoeld E
N - \“\i) in N (or to an gecinmulator addressed by LS2 which would l‘
WRITE have been Toded Trom the mill in the Instruction Phase) 1
Bosx
{
‘r
|
|
i

kit

W T T N

e 1904A MKIT 034,035,036 & 037 INSTRUCTIONS
1L hsoasmsosr| " eoop-£on) |FCI3







Read multiplicand from
store and increment
instruction address.

Gate multiplier to P and
set logical ghift and count.

Gate multiplicand to A and
decrement count (to 23).

- 1) Shift multiplier one place
: right (in P) and clear B.

2)  Shift multiplier one place
right and forin 2723 in
B.
[¢Y)
3) Shift multiplicr one
place right in P,

Multiplication T.oop.

VR/VIL2

N->SJ
READ
C —K
PLUS 1

Fzzew

Q—C
SIN — B

Vio L2

A—L
Q—P
24 N
1N

Vil Ll

B — K
Q—A
X+1+B
NSUB

DSHR
Q->B

| —

CF1

Ccr2

vi2z 11

FK23
DSIIR

lviz_ 11

DSIR

Vi3 L1

B~-»K
DSHR
A—L

if 0 -1
Q1
NSUB

IM24 »Q23

MO — P23

PO >FLG1

3 1
ISSUE _hov-sz ]

l

|

l

T

VRIV

MP CONDITIONS
COMMENTS IGNAL
Algo active at entry will be EVR, EVI, GCKALL, EQCALL,
1040-2 and Cr'0, 1 or 2 as appropriate.
(EN-SAD) | 2E11:3/93
(READ) 2E4:12/162
(ESIN-B) 6D4:21/248 —
RESFL 2D7:6/32 | DORLF & CPR
& EXEC
(ECAX-K) | 3E10:10/67
{PLUS 1) 3D24:8/109 | MAN
EQAX-C 3E17:12/85 |RESFL
T
EV10 2A5:9/13 RESFL
GALALL | 3D30:3/70 |EV10
EV33 3B20:20/33 |RESFL
VR & VI: Q to C gating is inhibited if there is a reservation V1o
failure (RESFL).
(EAAQ-1) | 3F33:25/72
(EAAQ-L*)| 3F33:23/72
(EAR-L) 3F33:21/72
(EASX-L) | 8F33:7/72
(EAY-L) 3F33:5/72
(EAZ-L) 3F33:3/72
EQAZ-P 313:18/84
FN24 3D29:13/113
FNT1 2D18:8/95
. EV1L | 2A6:16/14
GBKALL 3F6:21/61
V10: The multiplier (x) is available in A from the Instruction
Phase and is gated to P The count (Ns) is setto 24 and a Vi1
logical shift specified (i.e. N' =1).
(EBAJ-K) | 3F7:26/6%
(EBKM-K)
(EBNP-K)
(EBQ-K)
(EBRX-K)
(EBYZ-K)
EQAZ-A 3K29:23/81
EHX-B 3F14:18/87
. NSUB 3118:21/80
V11: The multiplicand (n)'is gatedto A andthecount [ 7~ "7 77 TSI R
decremented to 23 (NSUB). Register B is loaded with x* Ev12 3811:10/15
for the 042 instruction.
viz
] AD13:21/79
EQKM-R 3D13:22/79
EQ 3D13:24/719 1040:1
EQR7-H
EQ- B i
DSHI
FK23 1041
viz EVI3 | 2A185010
. . R GBKALIL 316:21/61 N
1) B is cleared to give a first partial product of zero, GALALL 3D30:3/70 0 & ﬁﬁﬁ:ﬁ)

2) Bis forcedto 2_2J to form the rounding fraction.

V13: The multiplicand (n) is added to the previous partial
product in the mill if the 1. 8. multiplier bit (P0) is 1. For
the first loop, n is added to the content of B which containg
either zero (040), 2-24 (041) or x* (042). A doubhle right
shift is performed, the 1. s. bit of the mil} being gated to the
m.s. bit of P. This loop i8 repeated 23 timmes (i.e. until the
count is NO-5 equals 1). After all 23 cycles, B will hold the
m. g.part of the final product. M24 is gated onto 023 (vacant
as a result of the shifting operation) for inpul to B as the
addition of the multiplicand and cumulative partial product
may resull in overflow into M24. The 'flag' bistable FI4i1
is set if the 1. 8. multiplier bit (P0) is 1, to maintain a record
of it during any subscquent hesitation. A hesitation break-
point wind RTI exit point are provided at the end of cach cycle
of the loop.

(FLG1 &
ENDHES)

(EBAJ-K)
(EBKM-K)
(EBNP-K)
(EBQ-K)
(EBRX-K)
(EBYZ-K)
DSHR
(EAAQ-1)
(EAAQ-1/4)
(EAR-1,
(EASX-1)
(EAY-L)
(EAZ-L)
FM24Q23
SETFLG1
FLG 1

EVIL

HESBKPT
EV17

EV16
EVi5

BKALL
NALALL
ENARX-L

IEPKALL

ICL

1904 A MK
19045,1903T

040,041 £ 042 (MULTIPLY) INSTRUCTIONS
(GOOP ~VH13)

FCi4

3F33:21/72
3K33:7/02

3D17:9/22
3C30:10/150
3Cs2:24/162

2A18:5/16

2AY:9,/20
2A8:9/19
3F6:21/61
3D31:7/72
31:33:20/102
/66

SHEET 10F 2

(PO & ENDITES)

v(FLG1&
ENDIIES)

M24 = Q23

Pu

See Comments
RTI & NO-5 = 1
&HR




COMMENTS

V15
IGNAL

MP

CONDITIONS

, V15 L1
Subtract multiplicand ;rom B —K
final cumulative partial A—L
product PLUS1
Q-—B

SOV

Write m. s. half of final
product to X and clear P-sK
carry and flag bistables.

ce
Reset
LG

Exit.

S N L I O O e

V15: Overflow is set if M23 # M24.
only for a negative multiplier.

This beat occurs

V16: The L s. half of the result is subject to a final right
shift in the mill and is written to accumulator X + 1 in VQ

of the subsequent Instruction Phase.

(EBAJ-K)
(EBKM-K)
(EBNP-K)
(EBQ-K)
(EBRX-K)
(EBYZ-K)
(ENAAQ-1)
(ENARX-1)
(ENAYZ-1)

EQRZ B
EQ-B
sov

EV16
EPKALL

EBAZ-X
(EPAJ-K)
EPKQ-K)

(EPRX-K)
(EPYZ-K)

RETEIGT
FOT

1904A MKII
1904519037

040,041 & 042 (MULTIPLY)
INSTRUCTIONS (VH15-EO1)

F 2

FC1

SHEFT 2

3F7:26/62
3F7:24/62
3ET:2/62
317:24/62
IF7:4/62
3F7:25/62
3C14:7/167
3031:5/73
3D31:25/73
3D24:8/109
3D13:21/79
/79
24/179
D13:23/79
3D13:15/%9
2D7:18/32

2A9:9/20
/66

3D13:15/19
3F12:18/99
BC31 107150
2A16:15/ 11




Read nj (from address N)

address.

FC.52

Read x* to B, test nj.

DIE

FC.53

Read x to A, strobe x*
to P,

Read x* to A, strobe 2x to
B and 2x* to P.

Strobe 4x to B, and 4x* to P.

to B. Increment instruction

(SIN = B)

CCY(K<10)
FCY(K>10)

Vi3 L1

B —»K
SHLD

Sheet

2

1
1SSUE . [Nov.'ﬂ |

VR.Vi

If K 210, the character nj is non-numeric, and ex:t from the
sequence is made via EOl. A numeric character (K < 10)
results in entry to Vi1,

V11: Operand x is read to A, and x* (B) strobed to P. Nt
{N10-11) is forced to 2, thus any subscquent shifting opcrations
will be of the arithmetic type,

V12: Gate x (in A) to the mill, and shift left onto Q. Shift x*
one place left in P, Strobe Q (2x) to B and read x* o A.

V13: The content of B (2x} is gated to the mill and shifted left
onto Q. The content of P (2x*) is shifted left to give 4x*, and
Q (4x*) is strobed to B,

COMMENTS SIGNAL M.P. CONDITIONS
Relevant signals active in previous beat:
EV1, EVR, EESIN-B, 1043,
(EN-SAD) 2E11:3/93
(ESIN-B) 6D4:21/248
{READ) 2E4:12/162
(ECAX-K) 3E10:10/67
(PLUS1)
ELS3 —> XJ HXOP
VR.VL: The character to be converted (nj) is read to B from EQAX-C RESFL
stare location N. The character is located in a specific EHX-B HXOQP
character position of B. The current instruction address RESFL DORLF. CPR.
is incremented, and strobed to register C. EXEC
EV10 2A5:9/13  |RESFL
EEBJ-K 3D7:17/71  |EVI0
V1o
(PCHECK) 3D15:17/112
(EBJ-K) 3E21:17/75
ERX-XJ 3F20: 4/89
EHA*-B 3°18:18/80
EM-Q 3C14:23/167
PFAIL 6A6:21/214 | PGEN & RB24
DIE 3B33:25/44 | PFAIL.PCHECK|
V10: The character nj (in B) is gated onto bits 0-5 of K, INHPFL
where it is strobed into register A and N. Operand x* is EQAZ-A 3K29:23/81
read to B. Carry is cleared (CCY) or forced set (FCY) EQ-N 3E1: 8/83
dependent upon the value of nj, i.¢. the 1.s. six bits of K. EQAQ-N 3El: 2/83
EQRX-N 3E1: 7/83
3El: 16/83
3F12:18/99 [ K <10
3F15:17/106{ K <10
2A16:15.41 | FCY
2A6 K <10
3¥6:21.61 EV1l

vit
(EBAJ-K) avt: 26/62
(EBKM-K) :
(EBNP-K)
(EBQ-K) 7:23/62
(EBRX-K) :nﬂ* 62
(FLY7-K) BE7:25/62
JF20-4/89
EM-Q 3C14:23167
EQAZ-P IF3:18/84
EHX-A 3D26:18/58
FNT2
EV12 A1 -10/15
JALALL 3D30:3/70
Vi2

(AL
EQNQ-T

EQIRZ-B
EHX*-A

EV1i

CBRAILT,

3F6:21/61

Vi3

1904A MKIL
ICL 19045 1903T

043 INSTRUCTION  (GOOP-V13) FC15

SHEET 1 OFf 2

(EBQ-K)

DSHL
EQ-B

(EBAJ-K)
(EBKM-K)
(EBNDP-K)

(EBRX-K)
(EBYZ-K)

3F7:26/62
3K7:24/62
3F7:2/62
3F7-23/62
3F7:4/62
IF7:25/62
3F27:204 05
D1B:15/7Y9
013:21/79
3D17%:22/74%
3D13:24/79
D14.23/79

247 9/18
3D30:3/70
/66




Strobe nj to AL

Strobe 5x* to P, read x to A,

Strobe 10x to B and 10x* to P

Strobe 10x* ptus nj to P

Strobe 10x (+ overflow) to B.

Strobe 10* plus nj to B, write 10x to X

Exit froni instruction

FQ23z
GM23CY

Vi5 L1

A—>L

B K

C22-CYBO
SHLD

Q->B
CLEARCY
Sov

EOT

COMMENTS

IGNAL

MP CONDITIONS

ISSUE INO\“'.,,! l l

[

L

V14: A (x*) and P (4x*) are added in the mill and the result (5x*)
strobed to P. Any overflow from the mill operation (M23 = 1) is

recordec in the carry b'stable (GM23CY). The redundant sign bit
(P23) is cleared by FQ237. Operand x is read to A.

V15: 5x is formed in the mill by addition of A (x) and B (4x)
Any overflow from the previous operation (in C22) is added in.
The mill output and P are shifted one place to the left giving 10x
on Q and 10x* in P. 10x is strobed to B, and overflow is set if
M23 £ M24 (S0V).

V16: The character nj (in NU-S) is strobed to Register A.

V1IT7: 10x* (P) and (nj) are added in the mill, and the result
strobed to P, F'Q237 clears P23 and any overflow (M23 1) is
recorded in C22 (GM23CY).

Vis Any overflow (C22) from the previous beat is added 10 10x
in the mill, and the resnlt strobed to B, Carry is cleared (CCY)
and overflow is sel if M?3 ¥ M24 (SOV).,

V19: 10x (in B) is written o accumulator X, and 10x* 4 nj (in P)
is transferred to Register B.

EOL 10x* + nj is witticn o secumulato X o ) dn best Vg of the
following Insteuction fPhase,

(EAAQ-1)
(EAR- 1)
(EASX-1L)
(EAY-1)
(EA7-1)
(EPAJ-K)
(EPKQ-K)
(EPRX-K)
(EPYZ-K)
ERX-XJ
EM-Q
EQAZ-P
EHX-A
FQ237

3F9:28/60
3F20:4/59
3014:23/167
3F3:18/84
3D26:18/88
3F22:15/101
3F11:10/105

2AB/19

GALALL | 3D30:3/70
GBRALL | 8F6:21/4)
ECYRBO /96
V15

(EAAQ-L)
(EAR-L)
(FASX-1)
(EAY-1)
(EAZ-1)
(EBAJ-K)
(EBKM-K)
(EBNP-K)
(EBQ-K)
(EBIX-K)
(EBYZ K)
e
DS,
EQ-B
EQAJD

SOV

(ENAJ-K)

EM-Q

GALALL
EPKALL

(EPAT-K)
(EPEQ K)
(ETRX -K)
(EPYZ-K)
EM-Q

(SRR

AN
GRLALL,
BeyY R

BR27-20,10)
D13 15,78
IDL21LT9

18/ B
Bl 25,1
ST U0/100
T
GG 6t
8 R YR

(EBNI-K)
(EBQ-K)
(EBRX-K)
(EBY7.-K)
(G2
LM
EQ B

EQAS 1
EQKM-B
EQNO-B
EQRZ- B

V19
EPKALY

(EPAS-K)
(EPKy K)
(LIRX )
(ko 17 K)
[Re]
PSRV
ELAY X
KO

ICL

S

1904AMKIL

1904519037

043 INSTRUCTION (V14-EOI)

FC

SHFET 2

1OF

2

111:10/105
2A11:9/24
/66

3L /6h

B0

i 20 4/ B
ACa /i
KI At
2AIG15/%1




VR

COMMENTS GGNA M.P. CONDITIONS
Also active at entry will be EVR, GALALL, and 1044-6. (EN-8AD) 2E11:3/93
1044"1045‘/1040 and 1044:6 may be active as appropriate. (ESIN-B) 614:21/248 iixop
(READ) 2E4:12/162
ELS3-XJ 3F19:6/91
EHX-B 3F14:18/87 } HXOP
RESFL 2D7:6/32 DORLF &
EXEC& CPR
(EAAQ-L) 3F33:25/72
(EAAQ-L*) | 3F33:23/72
VR L2 VR: x* is in A from the Instruction Phase and n is read from (EAR-1) 3F33:21/72
Read divisor (n) NS location N in store. Carry is set if the sign bit of the 1. 8. (:‘:3):1)) ggg;z;;z
from store to B READ dividend (i.e. M23) is a 1. The FLG1 bistable is set. :EAZ—L) ”33_';/72
and transfer 1. 8. A->L (EQAZ-P) 3F3:18/84
dividend (x*) to P. | SetFLG1 GM23CY 3F11:10/105) | peee
| GM23CY | SETFLG1 3C30:10/152
Q->P EV33 3B20:20/33 RESFL
SIN - B EV10 2A5:9/13 RESFL
GBKALL 3F6:21/61 } EV10
vio
(PCHECK) 3D15:17/112
(EBAJ-K) 3F7:26/62
(EBKM-K) 3F7:24/62
(EBNP-K) 3ET:2/62
{EBQ-K) 3F7:23/62
(EBRX-K) 3F7:4/62
V10 L2 V10: The divisor is transferred to A and Nt set to 1 to specify (EBYZ-K) 3F7:25/62
a logical shift. The count (Ns in Ny_g) is set to 24 and the m. s. EQAZ-A 3F29:23/81
Transfer divisor __B_.: i(___ dividend (x) read to B from accumulator X when it was stored |ono4 3D29; 13/“'3
to A. Set loglcal EFEY Y in the Instruction Phase. FNT1 2D18:8/95
shift and count. 245N e
Read m.s. dividend 15Nt E.H.X~XJ 31’-:20:4/89
) to B from X. X > B BIX-B | sFleas/e7)
EVI 3A16:12/8 HM = 0
EV11 2A6:i6/14 HM =0
FLALL 3F32:18/76
FENARX-L 3K33:20/102 1046 & RC22
ENALALL 3D31:7/72 & HM =0
Vi1
(FAAQ-L) 3F33:25/72
(EAAQ-L*) | 3F33:23/72
{EAR-L) 3F33:21/72
(EASX-L) 3F33:7/72
(EAY-L) 3¥33:5/72 :?“i%v—f—_ﬁgn
(LAZ L) 3¥33:3/72 -
(ENAAQ-L) | 3C14:7/167
(ENARX-L) | 3D31:5/73
{ENAYZ-L) 3D31:25/73
CcCy 3F12:18/99
1044, 045, DSHL 3K27:20/105
VI VI: Will be entered if the divisor is zero and overflow set 3F16:21/80
N Where the divisor is non-zero, a test is performed to detect 3D13:21/79
.lncrcment ¢ =K an 046 order (1046) with ncgative divisor. 3113:22/79
instruction address | PLUS 1 o .
and exit. ccy 31)19;&1/79 1046
FOV ‘ 31)1}&://39
0-> FLGI wQ-no 3014:15/79 1
[ >¢ EVI2 3)111-1(3/1.’.
GBKAT.L 3F6:21/61
GALALIL 3180:3/70
VI2AEM 3A6:7/17 A23EM23
Vil L2 Vil L2 Vi1 L2 V11: 1) I carry was set in VR (i. e. the dividend is negative) |puNALALL 3 /12
1) Form pseudo () FLALL | (2 | DSHL |3 [B-K a pseudo m. s. dividend of all 1's must be set up; EENARN-L | 8K33:20/102 VIZAEM
iv ~ this puts -1 into B. A left shift then puts P23 (1. 8. .-
™. 8. dividend. cex cey cex di‘vid‘():nd sign bit} into BO and sets P()lt i (Cm“ Vi
DSHI, NSUB DSHL € £ jto and sels 0 Zero ry | -
2) Clear m, 8. dividend NSUB B NSUB is cleared. (ECAX-K) :_a|;10;10/|;7
sign bit T (PLUS 1) 24:8/109
QB 2) M carry was not sel (i. ¢. positive dividend) the m. 8. 11,QAX-C 112/85
3) Shift dividend left and dividend sign bit must be made zero (to equal that CeY 2:18/99
clear PO. of the 1. 8. dividend). A double left shift puts the FOV 3F21:9/100 FLG)
m, s. dividend B (with P23 in bit 0) and the 1. s. FRX-XJ 31°20:4/89 [
. dividend in P (with hit 0 zero) X aF 14 FLG]
Decrement count and clear . EHN-B 31°14:18/87
carry in all. Carry is cleared. RSTFIGL 3C31:10/150
EO 2A16:15/41
- 3) Because of the doublc-length shift, bit 23 of the 1. 8. T A
- dividend appears in bit 0 of B (i.e. bit 0 of the m.s. V17
dividend) and bit 0 of P is cleared. The m.s. bit (FBAJ-K)
of the dividend which was in B23 is last. (FBKM-K)
Carry is cleared. (EBNP-K)
(EBQ-K)
vi2 L2 vi2 12 V12: The first partial remainder (PR) is formed cither by (EBRX-K)
Form first partial remainder B > K B->K addition or subtraction. The arithmetic operation to be (EBYZ K)
’ A—>L AL performed is determined by comparison of the sign bits of (FAAQ-1)
PLUS 1 DSHI the divisor (A2%) and the dividend (M23). When these are (EAAQ- 1.%) 72
DSIL NSUB equal M23EM23 is genorated. The PR is shifted left and (FAR- 1) 33:21/72
NSUB. If vo_FOV strobed to B. (EASK-1) | 3F33:0/72
% v.v EAY-1) 3F33:5/72
223;]:,‘5; FCY 1) The quotient bit (P0) is sct if A23.:M23 and overflow :F,A'/,- L) 3K33:3/72
SRy e forced. (GALD) 3133:24/72
Q—B (0 & 044/6). (ENAAQ 1) |3C14:7/167
—_ (ENARX- L) 3D31:5/73 A23EM23
2) FCY is forced if A23 7/ M23 & [(045 & C23 v (ENAYZ-K)
M=0&P=0&044/6)] . ZRODVD is DSHL 3¥27:20/105
e o active if (P23 & M00217R & M22EM21), this will (PLUS 1) 3124:8/109 A23EM23 &
set carry if active or overflow if inactive. FOV ENDHES
s forced if Az3 #M238 [M £0 P /0 045] . o 3D13:21/79
Sheet 3p13:22/79
2 —_—fe — e e — B 3D13:24/79
EV13 2A18:5/16 BQi7Z- 1B 31‘)&3:2?,/’19
GBRATL  [3F6:21/61 ra ’:?:g;:ﬂz
GALALL  [3D10:3/70 PogENDHES [N aF18e R p—
P / FO* 3F21:9/100 AZ3EM23 &
ENALALL [38D31:7/72 GATAIT
B 1 - EENARX-L |3133:20/102 GALD &
ISSUE | I 1 l ] ZRGDVD
Nov.72 i FCY 3F15:17/106]  A23EM23 &
GALD &
ICL 1904AMKIL | 044,045 & 046 (DIVIDE) INSTRUCTIONS |FC 16 oAt
19045 19037 (GooP-Vv12) SHEETAOF4  [sra-ro | ope/se




FC.53

Form new [¢}]
partial
remainder

1) by subtraction
2) by addition

and strobe to B.

Form final (1)
quotient bit

1) by subtraction
2) by addition

and set PO
accordingly.

Form final
remainder (by
addition or
subtraction) and
strobe to B,

End correction.

vi3

ISSUE

1
Nov. 72

ICL

COMMENTS TGNAL M.P CONDITIONS
Shlee‘ (EBAJ-K) | 3F7:26/62
(EBKM-K) | SF7:24/62
(EBNP-K) | 3ET7:2/62
(EBQ-K) 3F7:23/62
(EBRX-K) | 3ET7:4/62
(EBYZ-K) | 3F7.25/62
(EAAQ-1) | 3F33:25/72
(EAAQ-L*) 8F83:23//I72
(EAR-L) 3F338:21/72 v
(FASX-L) | 3F38:7/72 PO& ENDHES
(EAY-L) 3F38:5/72
(EAZ-L) 3F33:3/72
(ENAAQ-1)| 3C14:7/167
(ENARX-1){ 3D31:5/73 GALALL
V13 L2 V13: The new partial remainder (PR) is formed by addition (ENAYZ-L)| 3D31:25/73
B—>K |@ (or subtraction) and a left shift, and is strobed to B. A test 3F27:20/105
5 is made on the count (prior to exit from the beat) and V13 is 3D24:8/109
re-entered until such time as Ng = 1. In each 'loop back', a 3F18:21/80
hesitation break-point and a real-time interrupt break-point 3D13:21/79
are provided. If either of these are utilised, the sequence is 3D13:22/79
re-entered as shown once the hesitation has been dealt with, 3D13:24/79
When the count has been reduced to 1, the signs of the previous 3D13:23/79
= PR and divisor are tested and V14 is entered. 3D13:15/79
3F2:6/96
2A7:9/18 N0-5 =1
2A18:5/16 N0_5= 1& HR
& RTI
GBKALL 3F6:21/61
GALALL 3130:3/76 } A23EM23
ENALALL | 3D31:7/73 A23EM23
V14
{EBAJ-K) | 3F7:26/62
A23EM23 (EBKM-K) | 3F7:24/62
(EBNP-K) | 3E7:2/62
(EBQ-K) 317:28/62
(EBRX-K) | 3F7:4/62
(EBYZ-K) | 3F7:25/62
V14 L2 Vid 1.2 Vid4: 1) PR sign = divisor sign (A23EM23): the final (EAAQ-L) | 3K33:25/72 _—
BoK |@ |B->K quotient bit 1siformed by subtracting the divisor (EAAQ-1.%) 3F35i:23/72 AZ3EM23
AL AL from the previous PR. PO is set. (EAR-L) 3F33:21/72
PLUS 1 DSHL P FYRTSTOR (FASX-L) | 3633:7/12 TEIEE
DSIIL Po PO 2) Pk sign # divisor sign (A23EM23): the flx.\al (EAY-L) 3K33:5/72 A23EM23
) v quotient bit is formed by addition. The final bit (EAZ-1) 3F33:3/72
v of the 1. 8. dividend is shifted out of P setting the (ENAAQ-L)| 3C14:7/167
quotient bit PO. (ENARX -L) | 3D31:5/73 A23EM23
(ENAYZ-L) | 3D31:25/73 }
(PLUS 1) | 3D24:8/109 A23EM23 &
— ENDHES
DSHL. 3F27:20/105
EEQ- PO 3F2:6/96
V15 L2 V15: The final remainder is formed (by addition if PO = 0 or 2A8:9/19
B K by subtraction if PO = 1) and the FLG1 bistable is reset. 3F6:21/61
A A1 ENALALL | 8D31:7/72 } PO
vResel ELNARX-L| 3E33:20/102
==F£/(_‘11__ GATALL aN36:3/70 o
— B b e e S E SO
Q vi1H
(EBAJ-K)
(EBKM-K)
PO _ (EBNP-K)
(EBQ-K)
(EBRX-K)
(EBYZ-K)
Vi L2 V16: Caters for end correction in the case where the final (EAAQ-1) S‘
‘ L8 ¢ ) ‘ : (FAAQ-L4) | V14
8K quotient bit is 0. A rcmainder is formed in B by the addition (EAR-1)
. of the finul partial remainder (in B from V15) and the divisor (EASX-1) o
(in A}. A hesitation break-point is provided prior to entry to (EAY-1)
the next beat. V16 will be bypassed if the quoticnt bit (RA23) (EAZ-1)
jsal. (ENAAQ- L) -
{ENARX-1) PO
an13:21/79
3D13:22/79
3013:24/79
3D13:23/79
3D13:15/79 Po
RSTFLGI* |3027:7/140
EV16 2A9:8/20 PO
EV17 2410:3/21 PO & HR &
: RA23
EV18 3B12:22/23 | PO& HR &
RAZ3 & 1045
EV24 3R16:10/28 PO & RAZ3 &
HR & 1044:6
GBKALL  |316:21/61
GALALIL 3130:3/70
Vié
(EBAJ-K)
(EBKM-K)
{EBNP-K)
(EBQ-K)
(EBRX-K) »
(EBY?7-K) :,"1(4
(EAAQ-L)
(EAA Y-LY)
(EAR-L
(EA“X-L)
(EAY -L)
(EAZ-L)
(PLUS 1) 31)24:8/109 PO
- - SO S B usenssanany 12,2 {4 2410:3/21
1904A MK | 044, 045 & 046 (DIVIDE) INSTRUCTIONS | FC {6 Fmai  frezive
1904 5,1903T] (vi3 -Vi16) SHEET 2074 [FENARX-1 pES3:20/102 —J




Form final partial
remainder in mill,

Clear B register.

remainder to mill.

to N.

minus divisor.

Transfer remainder
minus divisor to B.

Transfer final partial

Subtract divisor from
remainder and strobe

Transfer remainder to A,

Form twice remainder

V17 L2
BoK
AL
PLUS 1

HM - 0

V25 L2

I
il
It

o
¥
=

 Sheet
4

COMMENTS

V17

SIGNAL

MP

CONDITIONS

o<
3

V17: The final partial remainder is formed by subtracting
the divisor from the remainder. B still holds the
remainder (from V16). A teet is made on the FPR for
zero (in the mill) to determine the next beat.

V25: The B register is clearud to give zero remainder.

<{)>ﬁ

Vi§ L2 V18: The FPR is fed to the mill and tested for zero.
B - K
V19 L2 V19: The quantity 'remainder minus divisor' is formed

from B 4 A and strobed to N.

V20 L2 V20: The remainder (in B from V16) is transferred to A,
B =K

Q->A

V21 1,2 V21: The quantity 'twice remainder plus divisor' is

N K formed in the mill from N and A and mill bit 23 ig

A1 compared with the sign bit of the remainder to

determine the next beat

AZ3EM2Y

V22: The quantity formed in V21 is transferred to B,

Sheet
4

ISSUE

1
Nov.72

LI

L 1 |

(EBAJ-K)
(EBKM-K)
(EBNP-K)
(EBQ-K)
(EBRX-K)
(EBYZ-K)

(PLUS 1)

(ENAAQ-L)
(ENARX- 1)
(ENAYZ- 1)

EQKM-B
FUNQ-B
FQRZ-1

EPKALL

[ —_— - ——— ]
FV25 o

EV1S 1045 & iIM v
Ev2e ape:o/28 | M 0&TH014.6
GBKALL 3162161 EVid

vas ]
EQI P

EQAJI-B

vig

(KBAJ-K)
(EBKM-K)
(EBNDP-K)
(EBQ-K)
(EBRX-K)
(EBYZ-K)

ZALL:9/24

WB14:26 20

M- 0
3F6:21,/61 F
4D /7 EVLY
skEua:20102
AB16 10728 THM - 0
Vi9
(EBAJ-K) A¥726/62
(FBKM-K) B 24 6
(EBNP-K) 3
(1:BQ-K)
(EBRN-K)
(KDBYZ-K)
(ENAAQ- 1) {sc1a7167
(ENARX- 1) [apsin .7
ENAYZ- 1) 32T
3 an iz 1on
RIS RPN
K3 Y % K1
A6 R
{(FBAY-K) R ORI PR 1
(EBRM- K)
(FBNP-K)
(EBRX-K)
(EBYZ- Ky
VDL

2 . HEN7 061
CENRQ-K /61
GALALL NIDRIFNEVA]
v2i

(ENRX- K)
(ENYZK)
(EAAQ- 1)
(FAAQ L%)
(EAR-1)

X 1t
AY-1)
(EAZ-1,)

3082
HIPEPRHE
BT /6d
SDR.10/64

3B16:18/27
3B16:10/28
3EN:7/64

(ENAJ-K)
(ENKQ-K)
(ENKX-K)

ICL

1904A MK I
19045,1903T

044,045 & 046 (DIVIDE) INSTRUCTIONS
(V17-v22/25)

FC 16

SHEET 3 OF 4

aD8:25 /64
308;23/64
308:17,/64
308:10/64
2D17:7 /78
3D13:21/79
3D13:22/79
3D13:24/79
3D13:23/79
Bm 3:15/79
2A13:8/9
/66




V23

COMMENTS SN M.P. CONDITIONS
(PLUS 1) 3D24:8/109
EQAJ-B 3D13:21/79
EQKM-!S 3D13:22/79
EQNQ-B 3D13:24/79
EQRZ-B 3D13:23/74
8oV 2D7:18/32 RC22
EBAZ-X  |3¥26:8/90
ERX-XJ 3F20:4/89
e e — b - — e — . -
Sheet Sheet EVI 2B2:18/4
3 3
V24
1) Write zero remainder () Jva2s L2 {2) V24 L2 V23: The quotlent in P is incremented by 1 and transferred . . N
to X and round quotient. to B. The remalnder (in B) is transferred to accumulator X, | (EPAJ-K)  [3E:3/66
P —K S (EPKQ-K) |3E9:5/66
PLUS 1 = === Overflow is set if carry is clear (i.e. RC22). . : "
2) Write true remainder to = = Q—B (EPRX-K) 3F9:2.5/¢?§
X and transfer quotient Q—B B —> X V24: The truz remainder (FPR + divisor) held in B is written 3F9:23/66
to B. sov(c22) to accumulator X and the quotient held in P is transferred to 2D17:7/78
B—X register B. 3D13:21/79
COovV if 3D13:22/79
M23 # 3D13:24/79
[M24 & C22 3D13:23/79
3D13:15/79
3F25:8/90
3F20:4/89
Vi L2 VI: The instruction address is read from C, incremented and [~ — — [— —-/ —_ o - —
th t i tion. EVI 2B2:18/4
Increment instruction address C->K ::t aiz‘i_iéousc:;gx“:;mﬁ;ddm“ of the next instruction. Carry
and transfer B to accumulator. | PLUS 1 | ’
Q—C VI
[o]0) 4
B > X+1
P >FLG1 (ECAX-K) |3F10:10/67
(PLUS 1) 3D24:8/109
EQAX-C 3E17:12/85
CcCy 3K12:18/99
EBAZ-X*  |3F25:6/90 Fizi
v ERX-XJ 3F20:4/89 !
Exit. Exit occurs at EOI, a break point being provided prior to entry |FOV 3F21:9/100 javed]
to the Instruction Phase. RSTFLGI* [3D27:7/140
EOI 2A16:15/41
1
% fwin| [ [ T [ T |
ICL 19O4AMKIL| 044, 045 & 046 (DIVIDE) INSTRUCTIONS FC16
19045,19037 (v23/24 -€0l) SHEET 4 OF 4




address for res

set FLG1,

@) RPT:
®) RPT:
(a) RPT:
®) RPT:
(a)

®)

@) RUw:

&) RPT:

Test B, C,D. character's destination

ervation violation.

Increment instruction address, and

FC 52

Write instruction address to
location 10, and transfer
destination address to C. Read
x* to A, and set RPT,

Strobe x* to P
Strobe x to P, write
10x* to X +1

FC53

Shift gives 2x* in P
Shift gives 2x in P

8hift gives 4x* in P
Shift gives 4x in P

Strobe 5x* to P
Strobe 5x to P

GOOoP
1047

Vi 12

N -»SAD
C0-21+K
PLUSL
8C22

M -Q

Q —B, C|

BET FLG)

RESFL

SETRPT
X* > A

Q232
GM23Cy |
 — |

ect

vi

(GM23CY),

1SSUE

|

L]

|

|

COMMENTS TCNAL M.P CONDITIONS
Relevant signals active in previous beat: ESC22, EVI
(EN-SAD) | 2E11:3/93
(ECAX-K) { 3E10:10/67
VI: (PLUS1) 3D24:8/109
(5C22)
The address into which the B, C.D. is to be written (N) EM-Q
is tested for reservation violation, The current EQBIP 2D17:7/78
instruction address (in C) is incremented by 1, and EQ-B 3D13:15/79
restored to C and B, The FLG! bistable is set, EQAJ-I 3D13:21/79
EQKM-B | 3D13:22/79
EQNQ-B 3D13:24/79
EQRZ-B 3D13:23/79
EQAX-C 3E17:4/85
EVW10 BALK:10/38 RESFL
SETFLGL 3C30:10/150
EEB-80 2F7:17 /106
ENKALL 3K8:7/64
. VW10 T
VW10: A ——
The next {nstruction address is written to absolute 3C32:24/152
location 10. The B,C.D. characters destination address | (1) 3E21:9/75
is transferred to register C. Operand x*, the L.s. part [ (py_g0) 284 :6/162
of the binary fraction, is read to A, Nt (N10-11) is (WRITE) 3F10:9/112
forced to 2 (FNT2) indicating that any subsequent shifting (FSAD10)

operation will be of the arithmetic type.
bistable is set to control the re-cycling of the conversion
loop.

Vil:

This beat is the first of the conversion loop, which
comprises beats V11 to V16, At the end of the 1st cycle
the RPT bistable is reset, thus RPT refers to the first
and RPT to the second.

RPT: operand x* is transferred to register P

RPT: operand x is transferred Lo register ™, and 10x*
{I.s. fraction is written to accumulator X + 1.

vi2:

RPT:  As a result of the arithmetic double left shift 2x*
is formed in P, ana x*22 (P22) is strobed to B30,

The dotble left shift gives 2xin P and x22 in BO.

V13:

RPT: Both B (in the mill) and P arce shifted left resultingg b
indx* in A and x*21-22 in RO- 1.

RPT: The double left shift gives 4x in I and x21-22 in B3,
Vi4:

RPT: 5x* is formed in the mill, and strob«d to register P
RPT: 5x is formed in the mill and strabed to P,

In either case the redundant sign bit in P23 is cleared
(FQ237), and any overflow resulting from the mill
operation (M23 - 1) is recorded in the carry bistable

(EPRX-K) [3F9:25/66
(EPYZ-K) |[3F9:23/66
EM-Q 3C14:23/167

3F3:18/84

3F11:10/105

EV1S 2A8:9/19
GBKALL 3¥6:21/61
ECYBO 3F2:25/96

The RPT (repeat) (ENAJ-K)

(ENKQ-K)
(ENRX-K)
(ENYZ-K)
FRCEI
FRC R
FRX-XJ
EM-Q
147Nl
EQCALL
EQAX-C
EQY-C
EQ7-C

EV1i

(FAAQ-L.)
(EAK-L)
(FASX-1)
(EAY-1)
(EAZ-1)
(R171)
ERY X)
Ei--
RQAZ-P
EBAZ-X*

DSt
EQ B
EQA)-B
EQKM-B
EQNQ- B
EQRZ-1
EV1s
GBEALL

(KA. K)
(EBEM-K)
(EBND-K)
(1BQ- K)
(ENRX-K)
(RBYZ-K)
DSH)
EQ-B
EQAT- It
EQh )
EQNQ- B
EQI7- B

JEPKALYL

(c AAG-T)
(FAK T
(EASN-T)

ICL

500 Jotn] ]

1904A MK It
190451903 T

047 INSTRUCTION (GOOP-Vi4)

FC17

SHFET10OF3

(EAY 1)
(Lo 1)
(E1'4d- K)

318:25/64
3D8:26/64
3D8:17 /64
D8:10/64

3F17:2/85
3E17:12/85

3E17:16/85

3D28:8/10
2A6
3D30:3/70

RV U— |

1047. HES
147NH, VW10

-

3FT7 26762
3F7 24762

3D13:22/79
3D13:24/79
3D17%:24/79
2A7:9/18
2AT:9/66
3D30:3/70

RIT

AO47. HIy +
A1, FLOL,
ENNNEI)

EPhK)




COMMENTS V15 ENAL M.P CONDITIONS
(EBAJ-K) | 3F7:26/62
(EBKM-K) | 3F7:24/62
(EBNP-K) | 3E7:2/62
(EBQ-K) 3F7:23/62
(EBRX-K) | 3E7:4/62 |
(EBYZ-K) | 3F7:25/62
(Gc22) 3F10:25/62
DSHL SF27:20/105
Sheet EQ-B 3D13:15/79
1 EQAJ-B 3D13:21/79
EQKM-B 3D33:22/79
EQNQ-B 3D13:24/79
EQRZ-B 3D13:23/79
EQ-N 3E1:8/83
V15 L1 V15: RPT: a further double left shift ie performed, giving :“?)IALQ‘; 3E1:7/83
*20- QRX-
) RPT: Shift gives B K X*20-22 in By_y (plus any overflow in C22 i{'onx V14), and - | BREATH o
10x* in P C22>CYB 10x* in P. The N Register is also loaded with x*20-22, but EV16 2A49:9/20
: the character address in Np.23 is preserved (i.e. Q *Ng.21 | EPKALL 2A9:9/66
b) RPT: shift gives only). At the next clock RPT is cleared. EV1T 2A10:3/21
10x in P. T - —
(EPAJ-K) | 3E9:3/66
(EPKQ-K) | 3E9:5/66
(EPRX-K) | 3F9:25/66
(EPYZ-K) | 3F9;23/66
EM-Q 3C14:23/16
ERX-XJ 3F20:14/89
~N EQ-B 3D13:15/79
BT _— EQAJ-B 3D13:21/79
RPT RPT: The effect of the double left shift is similar to the above L‘gKM—B 3013‘22;73
except that Bg_g now held Xp¢_9o, and P contains 10x (after EQNQ- B 3”]3:24/79
the shift). FQRZ-B | 4D13:23/79
FNT2
EHX-A 3D26:18/88
V17 L1 Vié L1 : *in P, i o er A, and operand x [ = T " < - = - = -~ T s T~
ot e s ey gt v~ fananayi | R
1) Strobe 10x* to P, ) [N, .—~K (1) |X->XAD ) N M GALALL | 3D30:3/70 EV11
read x to A 0-8 loop is recycled (from V11) for the second and final time,
: M-=>Q P—->K Vi7
2) Strobe x*20-22 Fee1 1!1_-: ‘Q‘ V17: The overflow bits resulting from the mu]tiplicat?on (ENAJ-K) | 3D8:25/64
QA Sl of x* by 10, in N from V15, are strobed to A, FI1G1 is reset \ PN
(in N) to A. 0 >FLG1 QB ¢ the noxt clock EM-Q 3C14:23/16
2Nt # : EQAZ-A | 3F29:23/m
X - A H’Esf‘l“j‘, | 3}3_110/_01 L]
X EV18 3B12:22/2%
EPKALL
GALALL | 3D30:3/70
Vis L1 V18: The m,s. part of 10x {(x*20-22) in A is added to 10x V18
(in P), and the result (m.s. fraction) is gatedto I. P23 is
10x plus overflow bits P—>K .
cleared (FQ23%) and overf{low (M23:1) is loaded into C22 (EPAJ-K) | 3ED:3/66
0x* st . " " . '
from 10x* strobed to P A—>1 FC,57 (GM23CY). (EPKQ-K) | 3F9:5/66
(EPRX-K) | 3F9:25/66
(EPYZ-K) |3F9:23/66
FQ23Z (FEAAQ-L) {3F33:25/72
GM23CY (EAR-L) 3133:21/72
l (EASZ-1) | 3733:7/72
(EAY~L) 3
V19 L1 V19: The B.C.D. character (x20-22) in B(_o is added to any (FAZ-T1)
Transfor B. C. D. character B -»K overflow from the previous heat, the result being strobed to 2
to A, C22+CYB(
M-»Q
TQ—=a | i
Q EV19
GBKALL
ECYHO
vao L1 V20: The m.s. fraction (10 + x* 20-22) is strobed to ——(FHAJ-“I\') :
Transfer m. s. fraction P>K Register B. (EBKAI-K)
to B. M>Q (EBNP-K)
Q 5B | (EBQ-K)
(EBRX-K)
(EBYZ-K)
(GCez)
EM-Q
EQAZ-A
HR Fevzo T [emisasies | ]
EPKALL.  |3B13:18/66
FC.53 V20
(EPAJ-K)  |3E9:3/66
(EPKQ-K) {3E9:5/66
vzl L1 vai: (EPRX-K) |3F9:23/66
Write m.s. fraction to X, X ->XJ (EPYZ-K)  |3538:26/72
strobe destination address C —»K The m.s. fraction in 1} is writlen to accumulator X, EM-Q 3C14:23/186
to N. The B.C.D. character's destination (in C) is strobed to No-21. | EQ-B 3013:15/79
EQAJ-B 3D13:21/79
EQFM-B  [3D13:22/79
EQNQ-B 3013:24/79
EQRZ-13 31013:23/79
[Evzt  [3B14:26/26
(ECAX-K) [3E10:10/67
ERX-XJ 3F20:4/89
EM-Q 3C14:23/16
EQ-N 3E1:8/83
EQAQ-N 311:2/83
EQRX-N 3K1:7/83
EBAZ-X 31 25:8/90
X zav15/1 |
ELSIN-B 2E17:2/94 K<8. (HXOP).
1 (SHXOP)
'CL 1I904AMKI F( : 1'7
1904 S 1903T O47 INSTRUCTION (V15-Vv21) SHETT J0ms




Read word from destination
address.

1)

1) Strobe space character to B.

2) Strobe B.C.D. character to B,
clear Z8.

( ©DIE
Write B, C, D. to store,
Read next instruction address

from location 10.

Strobe instruction address to C

=

Exit from instruction.

-

Sheet

SIN-> B

Zs
A0-3=0

Z8 A0-3=0
A

v22 L1 @ [vez 11
1->K4 A->L
FANQ | FANQ
Q=8
0 =28

VW11

N -»8AD
EB —80
L war

VR10

Q -2

155UE o] | ]

COMMENTS ICNAL] MP CONDITIONS
(EN-SAD) 2FE11:3/93
(READ)
(ESIN-B) 6D4:21/248
(PAUSE)
ELS3-XJ 2F19:6/91 HXOP
VR: The word into which the B.C. D, character is to be 3F14:18 87

inserted is read from store to B, on the read part of & Read
Pause Write cycle.

an15a8.27

Hxop

vaz:

1) The ZS bistable has been previously set, and the B. C. D|
character (A0-3) is zero. A space character (010000)
if formed by forcing K4, and is strobed into a
particular character position of B, as specified by
the character address in N22-23,

2) The B. C. D. character (in the 1. s. bits of A) is fanned
onto Q to be strobed into a particular character
position of B. The Z8 bistable is cleared.

VW: The word in B (containing the B. C. D, or space
charactev) is written to the destination address N.

VR10: The next instruction address (dumped in VW10) is
retrieved from store location 10.

with

V23: The next instruction address is strobed to C0-21

overflow (also dumped in VW10 and retrieved in
VR10) restored to C23. The carry bistable is cleared.

GALALL aD30:3/50 AG-30
V22
(PCHECK) | 8D15:17/11
(FK4) 3D 5 Z5.AU-3 = 0
(EAAQ-L) 3F33:
(EAR-L) 3F33:21/72
(EASX-L) 3F33:7/72
(EAY-L) 3¥33:5/72
(EAZ-L) 3K33:3/72
PFAIL 6A6:21/21 | RB24 = PGEN
DIE 3B33:25/44 | PCHECK. PFATL
INHPFL
EMFAN 3F28:17/107
EQ-BJ 3EL8:19/80
EQ-B am
GQ2228 3D23:25103 A0-3 /0
Evw 3:18/3
EEB-50 2F7:17/106 | HXOP
vw
EHX-B 3F14:18/87 [ HXOP
(EN-SAD)
(EB-80) E
(WRITE) 2E 4: 6/162
3119:6/01 | HXOD

EVR10
EESIN-B

V10

(FSAD10)
(ESIN-B)
(READ)
FRCEL
FRC

V23
GUBKALL

(PCHECK)
(EBAT-K)
(EBKN- K)
(LLRD-K)
(EBQ-K)
(EBRN-K)
(EBYZ-K)
PFAIL
DI

1904A MKT
ICL 1904519037

047 INSTRUCTION (VR -EOI)

FC17

2ALR:B/Y
3F6:21/61

SHEET3OF3







Gate x (in A) to mill for test
and strobe x to B.

SUCTUMP

vi] L1
Increment C—+K
instruction M1
address and M->Q
retyrn to C

Q—>C

Add
premodifier
(if 117L,) to
Datum,
Strobe
Tesull tu A.

Read branch address
from store address N.
Copy X into P,

Add (Datum + Premodifier)
to 22-bit branch address.
Strobe resultant absolute
address to N.

GOoP
CGO5

RELATIVE
(EVEN FN)
REPLACED (ODD FN)

—

vs| 11|, vs| 11
o P —>K ) C—K
D-> L M ->Q
M->Q|!
Q- A QA
vr| 12 ve L1
B K AL
M->Q N—->K
N ->SAD M= Q
READ
Q-»D Q->N
RESFL
INT
FC.52

Gate
instruc-
tion
address
(C) to A.

Add
instruc-
tion
address
to (pre-
modifer)
N
address
and
strobe
result
(ranch
addreas)
to N.

ISSUE

1
Nov.72

L T 1 T

|

V6. (RELATIVE)

The branch address is formed by adding the current
instruction address (now in A) to the relative N address,
which may have been premodified in the instruction phase.
In 'negative jumps', sign extension is cavried out in VDEC
of the instruction phase.

VR: (REPLACED)

x (in B) copicd into P.

Store location of branch address was datumised and placed
in N register in insiruction phase, In VR the store is
addresscd from N and this part of the branch address is
read oul to 1§,

V6: (REPLACED)

Datum or (Datumi + Premodifier) was placed in A in V5.
Remainder of branch address is now in B, The contents
of A and B are added to form the complete branch address
which is strobed to N.

(KPKQ-K)
(EPRX-K)
ED:LI
kL2
EM-Q

GALALL
EESIN B
[vic

(K337 K)
(EBKM-K)
(EBNP-K)
(EBQ K)
(EBIRX-K)
(EBYZ K)
EM Q
EQAZ-D
ELS3-X
EHX-B
(K- SAD)
RESFI,
Ri
(ESIN-1})
EVG
GALALT

Vo

(PCHECK)
DIT
(EAAQ- 1)
(KAAQ-1.%)
(FAR- L)
(KASX -1)

(ENIX-K)
EM-Q
(EB.A-K)
(ERBKM-K)
(KBND-K)
(EBRX-K)
(1:13Q-K)
EQ- N
EQYZ- N
EQRX- N
EQAQ-M

HESBKPT

10

ICL

1904AMKI
1904 S 903T

GROUP O5 INSTRUCTIONS (JUMPS)

FC18

SHEET1OF2

V2 O
COMMENTS Cnal MP | CONDITIONS
Relevant signals active in previous beat: (EAAQ-T) 3K33:265/72
GOOP, EV2, GaLALL. (EAAQ-L*) 3F33:23/72
S e "“-4 {EAR-L) 3F33:21/72
(EASX-L) 3F33:7/72
| (EAY-1) 3K33:5/72
A - 3 .3/72
(KAZ-1) 3F33:3/72 1050:1. HM-0
V2: Mill Tests according to instructions being carried out, SUCJUMP 3E23:20/111 K
as follows: - SUCJUMPL | 3r23:2/111
SUCJUMP2 | 3E23:24/111 | 1066:7. M23
050/1 Instructionstest to determine whether x = 0 EM-Q 3C14:23/167
052/3 " won " " x#0 EQ-B 3D13:16/79
054/5 " "o " " X >0 (+ve) EQAJ-B 3013:21/79
056/7 o "o " " x <0 {-ve) EQKM-B 3D13:22/79
’ EQNQ-B 3D13:24/79
EQRZ-13 3D13:28/70
XRDS 2A12:8/30
EVI 3A16:12/8 | SUCIUMP
SUCIUMP}
XRDS.
EV5 EJ. (1076:7,
. : FPURUSY,
VI i8 entered if the jump is unsuccessful (SUCJUMP) LR
XHDS. ET.
XRDS:2 JANG:21/8 sucd
V5 and V6 are only entered if Extended Jump Mode (EJM) b:21/ .
is specified, otherwise V8 is entercd.
EJM allows jumps > 32K wor is.
EM ¢ "oof32K v - even instructions only EVS 3A21:12/11
H 3131:138/7
In EJM, jumps may be either RELATIVE or REPLACED. GbrA F31:13/74
VI
V5: R R
1) If previous 117 instruction (117L), premodifier is in P (ECAX-K) 4110:10/67
This is added to datum and result strobed to A. See (PLUS 1) 3124:8/109
conditions for EV5 (in V2 below). EM-Q 3C14:28/167
EQAX-C 3K17:12/85 RESFL
EOL 2A16:15/41
vh
(ECAX-K) 3E10:10/67| TO
(EPAJ-K) JK9:3/66

3A20:21/10
2A17:5/7
31330:3/70
2117:2/94

3102 28/62
3K7:.4/62
3

31519:6/9)
3K14:18/87
2E11:3/93

B1083:3/72

3D8:28/64
3D8.17/64
14:28/167

B24/62
B12/62
4/62

3E1:8/83
3E1:16/83
3E1:T/63
3E1:2/8%

3A21:12/11
2R15:25/47

245:9/13

117L.REPL

GDLA (V2)

EVG
EVR. HXOP

} HXOP

HXOP

SO |

PrAIL

XRDS2. EXEC
RGO2

XRDS2 EXEC
RGO2. FR




COMMENTS .P. CONDITIONS
Siona M °
’ (EN-8AD) |2E11: 3/03
RESFL 2D 7: 6/32 DOREF. Thit.
Tom I Executive Trace has been specified by & 125E tnatruction, ENAJ-K) |3D 8:26/84 EXEC
veé & special Executive Monitoring routine is entered prior to V8. EENKQ—-K) :¥D s:2§/64
A hesitation break point occurs at the start of this routine, (ENRX-K) 3D 8:17/64
EM-Q 3C14:23/167
EQAX-C 3E17:12/85 | EOL
EOI 2a165/41)| RESFL. B ¢
ST BRI MM
FV33 3B20:20/33 | RESFL
RG00. 11_(:'91
EV36 3A22:18/15 _E:EE_E PM
RESFL
V8: N — SAD is provided to initiate reservation check.
FC.54 NoSAD ccy 3F12:18/09
-
Check branch N->K
address reservation M->Q
and strobe to C; - .ﬁg ]
conditionally.
o4 FC.53 __ | Q—C
(vwo)
|
I
| —
‘ EXCD.vEXEC, MM3 EOI if EXCD. EXEC.MM3
EXCD = Extracode and is only relevant in Group 7 instructions.
1 If Monitor Mode 3 is gpecified in normal mede or if a RESFI.
| occurs, the interrupt sequence is entered after V8.
’l RESFL The branch address is only strobed to C if the conditions for
l alled EOI are present, as indicated by the broken line, It should
be remembered that the conditions are present in V8 and that
ll (as mentioned in the format conventions) the strobe
\ terminating any beat followed by 'decision diamonds’ occurs
e after the decision diamonds.
Note that if a RESFL occurs, the interrupt sequence is entered
INT at V33, but for mon, mode 3 the entry point is V36. See
signal columns.
FC,52
ISSUE ]i !
Mov, 72
ICL 19045 19037| GROUP @5 INSTRUCTIONS (JUMPS) FC18
- s SHEET 20F2

)
|




Gate x to mill. n
Increment modifier and
decrement counter
strobe result to B.

SUCIUMP

Increment
instruction
address.

Add premod.

(if 117L) in P to
Datum. Strobe
result to A,

Read branch address
from siore address N,
Copy x tu P.

Add ddum (tprewsod
to hranch address.
Strobe result to N.

1)

[CSM~S8(C15

[ESM-8C22)

sucyuMp

SAD

REPLACED
{(ODD FN)

Gate instvuction
address (in )

READ N
result to N E

CF2:3
vz L2 vz L2
A—>L @ AL
MOD+1 MOD+2
ICOUNT~1 COUNT-1

ICSM-SC15,
ESM-SC22

_BRELATIVE
(EVEN FN)

@) C—K

COMMENTS

Relevant signals active in previous beat:
GOOP, CGU6, GALALL, ESCI5, EV2,

to A,
Q—>A
VGI .1
A - L
> Q Add instruction N —- K
address to velative |M ->Q

address. Strobe

L F—A—"-‘Gw )

ToV
Sht.
2

|

L]

V2: Subtraction (from count) is performed by forcing K to
all ones'. 'PLUS 1' adds 1 to modifier, FK1 adds 2 to
modifier.

CSM:

1)  Add 1 to the modilicr (bits 0-14).
Subtract 1 from the count (hits 15-23).

2) Add 2 to the modifier (bits 0-14).
Subtract 1 from the count (bits 15-23). SC15.

SC15.

ESM:
1) Add 1 to the modifier (bits 0-21).

2) Add 2 to the modifier (bits 0-21).

sc2z2.

Note that in ESM the 22-hit address leaves no roon for a
feount portion' and the operations thercfore affect only
the modifier. If count required in ESM, 066/7 instruction
follows.

SUCJUMP is generated if test en count (£0) successful.
1060-3 in CSM: SUCJUMP if M15-23 / 0.

1060-5 in CSM (i. ¢. ESM): theve is no count portion and
SUCJUMP is made unconditionatly., I a count is required
with these instructions, the next instruction 1s made an
066/7.

VI is entered if jump is unsuccessful,

V5 and V6 are only entered if Extended Jump Mode (M) is
specified, otherwise V8 s entered.

FJM allows jumps > 32K words,

EJM allows jumps £ 32K words - cven instructions only.

Tn EJM, jumps may be cither RELATIVE or REPLACED.
Vs:

1) If previous 117 instruction (3 171), premodificer is in P,
This is added to datum and vesull strobed to AL See
conditions for EVH (in V2 table below),

V6: (RELATIVE)

The branck address is formaed by adding the current

instruction address (now in A} to the relative N address,

which may have been premaodified in the Instructior Pl

VR: (REPLACED)

X (in B) copied into P,

Store location of branch address datumised and placed
in N Register ininstruction pha In VR, the store is

sed lrom Noand this part of the hranch address is read

addre
out to 3.

V6: (R LACED)

Datum or (atim + Premaodifier) was placed in A in V5.
Remainder of branch address is now in 3. The contents
of A and B are added to form the complete branch address
which is strobed to N,

EVS 3Az1:12/11

HESBKPT | 2815:25/47 | XRDS2. EXHC
RG02)

EVI0 2B 1:13/50 | XRDS?, EXEC
RGez. HR

EENKQ-K | 3E 1:16/83 | EVS

EPKALL 3E 1:16/66 | EV7. JUMP

EVY 3A21:21/11 | REPL

(EAAQ-1)
(EAAQ- L*)
(EAR-1)
(EASX- 1)
(EAY- L)
(KAZ-1)
(FK15-21)

(FK22)
(FK23)
(FK1)
PLUS 1)
(SC 15)
(5022)
EM-Q
EQ- 1
EQAJ-13
EQKM B
EQNQ-B
FQRYZ B
XRDS

SUCSUMP/
1/2

XRDs2

EVI

EV)

ECAX-K
(PLUS 1)
EM-Q
EQAX-C
cey

EO1

| CONDITIONS

/72

22/69 | CSMLCEe.

305:8/vy
3D24:8/109

CSNLCFO-5,,

HMDZIt
SUCJUMPI.

BE23:24/11)

3A16:21/8

/8
XRDS.
2B13:3/9
BA21.12/11
18/74

3110 10/67
3024:8/109

(EPAJ-K)
(EPKQ-K)
(EPRX-K)

ED-

ED-1

EM-Q
EQAZ-A

kve

EVIR
GALALL
EESIN-B
v
L
(EBAI-K)
(EBKM-K)
(EBNP-K)
(KBQ-K)
(EBRX -K)
(EBY /-K)
FMN-Q
EQAZ- D
E18H- X
EIX-1
(EN-SAD)
RESEL

GALALL

(PCHECK)
DIE
(EAAQ-T)
(EAAQ-1.%)
(EAR- 1)
(EASX-1)
(EAY-L)

(EAZ-L)
(ENKQ-K)
(ENRX-K)
EM-Q
(EBAJ-K)
(EBKM-K)
(EBNP-K)

1904A MKIl
1904 S 1903T]

060~ 063 INSTRUCTIONS (JUMPS)

FC19

SHEET10F2

HTL.REPL

1°0.(\'2)

3Du0-3/00
2EEV/08

RINOP

HxoOp
ixor
DOKLI. CPR,
EXEC
xor

PFALL
3E1:7/83

3EL2/68 |
3A16:21/8 | EVT

SR EE——



From From From
sht. Sht Sht
') 1 1
vi] 11
Return x (in P) to B P—>K
(Group 06 and 070:1 instr. only). M->Q
QB
. J
h

EXEC.RG02

gl

FC.54

FC.53
(vwo)

Check branch address
resgervation and strobe
to C (conditionally).

D

T I~

vel| 12

N->SAD
N ->K
M -Q

CCy

ICOV {con-

ditionally’

RESFL

EOY INT

FC.52

1) Write B Lo
X in VQ of
Inst. Phasc
followirys.

2) Set 7S if 11 22. GQ22Z8.

COMMENTS TGNAL M.P CONDITIONS
(EPAJ-K) | 3E 9: 3/66
(EPKQ-K) | 3E 9: 5/66
(EPRX-K) | 3F 9: 5/66
(EPYZ-K) |3F 9:23/66
V7: X is returned to B in order that it may be written EM-Q 3C14:23A67
directly to acc. X in VQ of the Inst. Phase following. EQ-B 3D13:15/79
EQAJ-B
EQKM-B
EQNQ-B 3D13:24/79
EJRZ-B 3D13:23/79
XRDS2 3A16:21/8
Evs 3A21:12/11 | XRDS2, (EXEC v
RGO02)
hESBKPT 2B15:25/47 | XRD82, EXEC.
RGO2
EV10 2B 1:13/50 ] XRDS2. EXEC.
RGO2. AR
EGNKQ-K EVs
I Executive Trace has been specified by a 125E instruction,
a special Executive Monitoring routine i8 entered in the beat
immediately before V8. A hes. break-point occurs at the vs
start of this routine.
{EN-SAD) 2E11: 3/93
RESFL 2D 7: 6/32 | DORLF.CPR.
EXEC
(ENAJ-K) |3D 8:25/64 ’
(ENKQ-K) 3D 8:23/64
(ENRX-K) [3D 8:17/64
EM-Q 3C14:23A67
EQAX-C 3E17:12/85 RESFL. EXCD
EOL 2A16:15/41)] EXEC. MM3
EV33 3B20:20/33 | RESFL
RG00. RGOL
V8: N —> SAD is provided to initiate reservation check. V36 3A22:18/35)| EXEC. PM.
RESFL
cov 3E16:25 400}/ EOL. (1070:1 v
1074:5. XDpvD4)
cey 3F12:18/99 | EOI
Q2228 3D23:25103( EOL. 1072:3
rov ar21: 800 EOL. (1074:5 XD7

KOl if EXCD. 7

EXCD : Extracode and is only relevant in Group 07
instructions. If Monitor Mode 3 is specified by the G register
or if a RESFL occurs the interrupl sequence is entered in V8.

The branch addvess s only strobed to C if the conditions for
EOY are presenit as indicated by the broken line. It should be
remembered that the conditions are present in V8 and that
(a8 mentioned in the format ccaventions) the strobe
terminating any beat followed by 'decision boxes® occurs
after the decision boxes.

1n 070/1 insty, OV is clearcd since a record is maintained
in the link.

Note that, if a RESFL occurs, the inferrupt sequence is
entered at V33, hut for Monitor Mode 3 the entry point is
V36, Sce signal coluinns.

In 07: instructions, the Zero Suppression bistables takes
up the state of the 78 bit (Q22) al the ultimate strobe of V8.

In 070-1 instructions, OV is cleared since a record is
maintained in the link.

In 074- & instructions, OV is cicared if X = 2 or 4 and forced
i X = 7. (See conditions on Shect 1)

I _ '
e o I e N

1904 A MKE FC19 TO
iICL 1904519031/ GROUP 06 AND O7 INSTRUCTIONS (JUMPS)| F€24

v1072:3, RN23)

-



e T e —

COMMENTS , V2 G| MP CONDITIONS

RELEVANT SIGNALS ACTIVE IN PREVIOUS BEAT GOOP,
CGU6, GALALL, ESCL5 (CSM), ESC22 (ESM).

(EAAQ-1.)

064/5 instructions are used with character counter/modifier (EAAQ-L%)

formats. (FAR-1)
vz L2 vz . {EASX- L)
AT (EAY-L) :
. FAV- 4, 83/72
Gate x to mill., Increment CH+ 1 CSM & ESM: :r:(l)l) j:ll“i.:t.l;://;;
modifier & decrement Bél‘:)([:) w1 Character address (bits 22 & 23) incremented by 1. If CH = 3, e s 1190
counter. Strobe result COUNT-1 overflow occurs and s fed back to MO. EAC (End Around (Y1) GD26: 0
o SC15 v Carry) makes CYBO. Ak 5: 8/GY
scz22 3D 5:12/69
EAC CSM only: (SC1H) A5 67112
M—Q Count decremented by 1 (FK 15-21). . A w1y { ) o
b = == ] Carry suppressed between bits 14 & 15. (sC22) an “fLvioGta CsM
Q—1B EM-Q AC14.20
ESM only: FQ-B AD1E5/5

BQAJ-R an)
EQKM-18
EQNQ- B
EQRZ-B
XRD.

There is no count component, If count required in EoM, this
is dealt with by 066/7 instructions.
Carry suppressed between bits 21 & 22,

SUCJUMP

SUCJUMP is gencrated if test on count (# 0) is successful,
1064-5 in CSM: SUCJUMP if M15-23 # 0

1064-5 in m(i.t‘. ESM: the s no count portion and
SUCJUMP is made unconditionally.

CSM. CPu-bv
CSM. 10615
MD7Z1t

VI L1
C—K
PLUSI

Increment M—->Q

instruction § CCY

SUCHINMP /I

V1 is entered if jump is unsuccessful,

SUCHUMPLLXRDY
V5 & V6 arc only entered if Extended Jump Mode (EJM) is N

XRDS2 BATG N v
address. specified, otherwise V8 is enteved,
RELATIVE EJM allows jur.ps > 32K words ) ) Vi BATG:12
Q—C EJM allows jumps # 32K words - cven instructions only.
(064) In EJM, jumps miy be RELATIVE or REPLACLED,
EVH 28133/
REPLACED
(065) EVY BAZ1 42700
[CR R Y ) vs 11 vs GDELA BEBLN/TH
P —K Gate in- C—K
D —>1. struction M——>Q (1) If previous 117 instruction (117L), premodificr is in P, v - T
Add premod (f 1171, M——>Q address (in Thl:i‘ s added lo‘ (lutgm and result strobad to A, Sce —— - - S—
in P to Datum. C) to A. conditions for EV5 (in V2 table helow).
Strobe result to A Fooovon RCAN- K SRI0:10/67
(PLUS 1) D2y sA0Y
Q—>a EM- ¢ BC1E23167
N 1QAN (€ SEIT:12/85
cey AF12:08.99
10 ZALGES
vk 12 V6 (RELATIVE) M ) o i
B-—K Add - - —
Read branch address . . .
from store address N. M->Q instruction N-—K The branch address is formed by adding the curvent instruction B !
Copy » to P, N--»8AD | address to M—>Q address (now in A) (o the relative N address, which may have Hho 67 0
- READ relative N been premadificd in the instruction phase. In ‘uegitive jumps', HwHUes
address. sign extension i carricd oul in VDEC of the jntiuction phitsc. 390 h 66 } L L ke
- “q Strobe result - B
Q-2>P to N. Q-->N VR (REPEACED, (b1t B : } 10 (V)
o x (in B) copicid into P, ‘b':]‘\[" (" M wr '
Store location of hranch address was datumised and placed in P.(}:\V‘, A Sy Al
N register ininstruction plasce. In VR, the store is
addressed from N oand this part of the branch address is vead A G SATOC D REP)
out to B. EAR EPYFI 10
GATALL KIFRTIEE ARl V6
LESIN- 18 211
VR

RESFL

(EBAJ-K)

(EBKAL-K)
(EBNP-K)
(E1BQ-K)

Vo Ll V6 (REPLACED) (EBRX K)

A1 (LB YZ2-K)

B—K Datum or (Datum + Premodifier) was placed in A in' V5, EM-Q

M—>Q Remainder of branch address is now in B, The contents of EQAZ-1

: are g . . addross whic ELS3- Xt |
Add datum (+ premod) A & B are add}d to form the complete branch address which Bt nxop
to branch address is strobed to N, R S
0 branch address. b (IXN-SADY) Hxop
Strobe result to N, .

Q—>N HESL.

R 20281
(ESIN- %) GO 12120
PFAIL T kVG SAZ0 21,10

DiE CGALALL a0 3/70

{

DYE
(EAAQ- 1)
(EAAQ-17)

PrAIL

To V8
Sht

IXRDS2 _|3A16:21/8 | EVT | (ganv
. . XRDS2, (EXEC. (EASX-1)
EVy 3A21:12/11 {RGOZ’ (EAY-L)

(EAZ-L1) P38, 3/
(FNKQ-K) | 3D #:23/64
(ENRX-K) | 3D 8:17/64

HESBKPT  |2B15:25/47 {les;u EXFC.

RGOz

- . Xhos2, EXEC. 3C14:23167
Evie B 1'13/50{1{(;02 HR 3F 7:26/62
EENKQ-K 3E 1:16/85] kvs (LBKM-K) | 8F 7:24/62

EPKALL 3E 1:16/6G6| EV7. JUMP (EBNI-K) | 8E 7: 2/62

1SSUE l"""lﬂzl l l ] l I l EVT 3A21:12/11] REPL (EBRX-K) | 3 7: 4/62
I U B : . N (ERQ- K) 3F 7:25/62

lCL 1904A MK]I FQ N 31 b /8

1904819037 | 064,065 INSTRUCTIONS  (JUMPS) FC20| wmvex o

QR X 3K b 7/8]
. o o smteriorz EQRX N AE b 1/8




V7

COMMENTS
From From From
Sht . (Sht Sht,,
) 1 1
vi I Ly V7: X is returned to B in order that it may be written
Return x (in P) to B P-+>K directly to ace. X in VQ of the Inst. Phase following.
(Group 06 and 070:1 instr. only). M-=Q
Q—->B
. J
EXEC.RG02 DS2 If Executive Trace has been specified by a 125E instruction,
auE EXEC a special Executive Monitoring routine is entered in the beat
02 immediately before V8. A hes. break-point occurs at the
start of this routine.
HR
FC.54
FC.53
(VW9) VSI L2 V8: N —»> SAD is provided to initiate reservation check.
Check branch address N->SAD
reservation and strobe N ->K
to C {conditionally). M ->Q
cCcy
ICOV (con-~
ditionally]
ST TT T [ )
i
)
I
[
i
. EXCDv EXEC.MM3| EOI if EXCD. FXEC. MM3
' e
| EXCD - Extracode and is only relevant in Group 07
‘ ingtructions. If Monitor Mode 3 is specified by the G register
H or if a RESIL occurs the interrupt sequence is entered in V8.
. The branch address is only strobed to C if the conditions for
. RS __RESFL EOf are prescnt as indicatod by tie broken line. It should b
' S remembered thal the conditions are present in V8 and that
\ {as mentioned in the format costventions) the strobe
: terminating any beat followed by ‘decision boxes' oceurs
. after the decision boxes.
In 070/1 instr, OV is cleared since a record is maintained
in the link.
INT Note that, if a RESFL occurs, the interrupt sequence is
entered ut V33, but for Monitor Mode 3 the entry point is
V36. Sec signal columus.
FC.52
In 072:3 instructions, the Zero Suppression bistables takes
up the state of the 7S bit (Q22) at the ultimate strobe of V8.
D W;:xte Bto In 070-1 instructions, OV is cleared since a record is
X in VQ of PR . R
maintained in the link.
Inst. Phasc
following. In 0745 inslructions, OV is cieared if X = 2 or 4 and forced
=7. (Sec conditi hect
2) Set ZS if HQ 22. GQ22ZS. if X = 7. (Sec conditions on Shect 1)
L T ‘
ISSUE v
Nov. 72
ICL 1904 A MKI FC19 TO
19045 1903T|GROUP O6 AND O7 INSTRUCTIONS (JUMPS) | FC24
SHEET 2 OF 2

TONAL M.P CONDITIONS

(EPAJ-K)

(EPKQ-K)

(EPRX-K)

(EPYZ-K)

EM-Q

EQ-B

EQAJ-B

EQKM-B

EQNQ-B

LJRZ-B

XRDS2 3A16:21 /8

EVs 3A21:12/11 | XRDSZ, (EXEC v
RGO2Z)

hESBKPT | 2815:25 /47 | XRDS2, EXKC,
RGO2

EvVi0 2B 1:13/50 | XRDS2, _EXEC.
RGo2. AR

EGNKQ-K EVS

vs

(EN-SAD)  |2E11: 3/93

RESFL 2D 7: 6/32 | DORLF.CPR.
EXEC

(ENAJ-K) |3D 8:25/64

(ENKQ-K) |3D 8:23/64

(ENRX-K) |3D 8:17/64

EM-Q 3C14:23A67

EQAX-C 3F17:12/85 RFSFL. EXCD

EOL 2A16:15/41 )| EXEC. MM3

EV33 3120:20/33 | RESFL
RG00. RGO1

EV36 3A22:18/35(| EXEC. PM.
RESFL

cov 3E16:25A 00 EOL. (1070:1 v
’{mu;s. XDyvD4)

cey 3F12:18/99 | EOI

GQ222Z8  [3D23:25A103| EOL. 1072:3

FOV 3K21: 9100 EOL 074:5 XD

Lv]0‘72:3. RN23)
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Add premod. (if 117L)
in P to Datum.
Strobe result to A.

Read branch address
(@ddvess of first
subroutine instruction)
fron: store address

N. Copy x io P

Add Datum (+ premod)
to branch address.
Strohe result to N,

RELATIVE (070)

V5 Ll Vs Ll
o ; i‘) lI( Gate instruction @ ; :g
M- Q address (In C) to

A.

I V6 L1
B> K Add instruction A->L
M->Q address to relative N> K
N -> SBAI N address. Strobe M->Q
LAD result to N.

RESFI.

PrrAIL

REPLACED (071)

FC.52

TOVE,
sht,

OR 23 22 21 0 (ESM)
In 070/1 instructions, SUCJUMP is forced unconditionally,
since no test is required.

V5 and V6 are only entered if Extended Jump Meode (EJM) is
speeified. Otherwise, V8 is entered.

EJM allows jumps > 32K words.

EJM allows jumps # 32K words - even instructions only.

In EJM, jumps may be either RELATIVE or REPLACED.
V§:

1) If previous 117 instruction (1171), premodifier is in P.
This is added to datum and result strobed to A (see
conditions for EV5 in V2 table bolow).

V6 & VR: The branch address is the address of the first
subroutine instruection.

V6 (RELATIVE)
The branch address is formed by adding the curren
instruction address (now in A) to the redative N adih ces, which
may hitve been premodificd in the ictruetion Phise In
megative jumps', sign extension rried out in VDIC of

the Instruction Phas

VR (KEPLACED)

% (in B) copicd into P

Store location of branch address was datumisc
N register in Instruction Phase. In VI store i
from N and this part of the branch address is vead out to B

and placed in
addr ctsed

V6 (REPLACED)

Datum or (atum + Premodifier) was placed in A in Vo
Remainder of branch address is new in B The contents of A
aud ¥ arc added to fodin the compdeic branch adds.
strobed to N,

s which s

155Ut [ 1
. Nov.72

|||

|

[ 1]

IcL

19044 MK
1904 5,1903T

070 - O71

INSTRUCTIONS JUMPS

FC21

SHEET 1OF 2

sucJuMp
suCIuUMIP
SUCIUMP,
XRIhSs

E)

XRDS2

EV;

GDLA
Evs

(ECAX K
(EPAS K
(HPK K)
(EPEX K
Eb- 1
(R
B
[ERRVARY

[AYH

PVR
GALALL
PSS 1
VR

(LAY 1)
(R )
(R K)
(- Ky
(BN K)
(i /- Ky
Eal g
FOQAZ D
1Sy
LHX- B
(BN Sy

RESE

i1
(RS A 1}
[ AN

GALALL

VG

(PCNECK)
D
(KAAQ. 1)
(EAAO 1.
(BAK- 1)
(BASN 1)
(FAY 1)
(KA 1)
(ENKQ-1)
(ENKX-K)
EM-Q
(KBAJ-K)
(EBKM- K)
(EBNP-K)

LA

S— 3 Ja—
COMMENTS v MP  |CONDITIONS
h — IGNAL N B
GOOP'
1070:1 Relcvant signals active in previous beat:
GOCP, EV3, uBKALL, GPLA, PNBAZ, K. ED- L1 }i:l)i'( EX
ED-1..2
070/1 instructions provide entry to a subroutine, The first (EBAJ-K)
operation required is to store the (relativo) next instruction (I:‘MKM K)
V3 L1 address so that this may be madce available on exit from the (F:II\JI’—l\)
subroutine. In V3, 1 is subtracted from Datum and in V4 the (l':“li K)
Form (Datum -1) in A. B->K result of this operation is subtracted from the instruction (r’nux» K)
B —>K address (in C). Thus: C-(D-1) - C +1-D. (v‘m%m
D->L - ENBAZ K
M- Q V3: 1 is subtracted from Datum by gating B and B to K and I‘:M Q '
] = 1 . " . M
—— Dto L. Thus K = 'all ones' and L. - Datuin FQAZ- A
Q—>A . » ) oo -
Note that EV4 is not made. V3 mukes V4 direct (0066) EFENARXIL.
V4 11 V4: The result of the operation in V3 is subtracted from C.
For broutine link ¢ K The state of the zero suppression bistable (48) is forced onto 3101467
f",m s xmulu;o ! R L the Q highway, necessary gating in the data flow being initiated 3C1:7,167
(Cr1-DyinB. ’ by GZSM15 (CSM) or GZSM22 (ESM). AL 78
PLUS1
LSCVS:[ML) All C except bit 22 (‘carry’) is gated to the mill. This :
( v‘ ) includes the overflow bit (23). Thus, at the strobe setting: SD2 R0y
g Y S5 TY
thMMla V5, B = OV - CLEAR Z8 Rel. next inst. addr.
(ESM) 23 22 16 15 14 0 (CSM)
ov 2§ Relative next inst. addr.

s

2DIE16142)

JAI6:20 /K

2B13:3/9
RSN T

SAZTLN

SEI000.67

SEG: G

S0 2h6
BCTE2R ey
UG R
A6 ut
G s
Kl R IRt

20706
B ] TR
G2l s
HAZOZ 10
RISRIUNESIT)

SH-1T/402
- 11

)

3E1:2/818
3A16:21/8
3A21:12/11
2B15:25/47
2AG:0/11

31.1:16/81
Sht. 66

[HUR J

Truntsy
NKDS. SUCIUMY
EJ.1076:7¢
FPU v
1 PUBURY

XRDS,. EXEC

¥o

| R PR

10 (V)

(RN
P
Ve

nxop

Bxor
ponLy. ¢

nxXor

PFALL

XRDSp, FXEC.
RGOz, HE.
EVE

HAZL12/10

EV7.
Hi

JUMP
(RO —



Returnx (In P) to B

FC.54

Check branch address
regervation and strobe
to C (conditionally).

(Group 06 and 070:1 instr. only).

From From
it i Sht.,
1) 1
vi] L1
P—=K
M->Q
Q—+B
\ J
Y

EXEC.RG02

AN
-

HES

FC.53
{(VW9)

B T N

14

ve| L2

N-»SAD
N ->K
M —~>Q
ccy
ICOV (con~
ditionally]

RESFL o

INT

FC.52

1) Write B to
X in VQ of
Insl. Phap
followiny;.

2) Set ZSif NQ 22. GQ227ZS.

COMMENTS TGNAL M:P CONDITIONS
(EPAJ-K) | 3E 9. 3/66
(EPKQ-K) | 3E 9: 5/66
(EPRX-K) | 3F 9: 5/66

VT: X is returned to B in order that it may be written
directly to acc. X in VQ of the Inst. Phase following.

Hf Executive Trace has been specified ‘by‘ a 128E instruction,
a special Executive Monitoring routine is entered in the beat
immedijately before V8. A hes. break-point occurs at the
start of this routine. -

V8: N —> SAD is provided to initiatc reservation check.

EOT if EXCD. E

EXCD - Extracode and is only relevant in Group 07
instructions. If Monitor Mode 3 is specified by the G register
or if-a NESKEL occurs the interrupt sequence is enterad in V8,

The branch address is only strobed to C if the conditions for
KOk are present as indicated by the broken line. It should he
remembered that the conditions ave present in V8 and that
(48 mentioned in the format cenventions) the strobe
terminating any beat followed by 'decision boxes' occurs
after the decision boxes.

1n 070/1 instsy, OV is clearcd since a record is maintained
in the link

Note that, if a RESFL occars, the interrupt sequence is
entured at V33, but for Monitor Mode 3 the entry point is
V36.  See signal columns.

In 072:3 instructions, the Zero Suppression bistahles takes
up the state of the 78 bit (Q22) at the ultimate strobe of V8.

In 070-1 instructions, OV is cleared since a record is
maintained in the link.

In 0745 instructions, OV is cicared if X = 2 or 4 and forced
if X = 7. (Sec conditions on Shect 1)

(EPYZ-K) | 3F 9:23/66

EM-Q 3C14:23/167]

EQ-B D2 3:15/79

-EQAJ-B aDL3:21 /79

EQKM-B | 3D13:22/79

EQNQ-B aD13:24/79

LJRZ-B 3D13:23/79

XRDS2 3A16:21/8 R

EVs 3A21-12/11 | XROS2, (EXEC v

' RG0Z)

hESBKPT 21315:25,47 | XRDB2. EXEC.
RGO2

EV10 2R 1:13/50 | XRDB2, EXEC.
rooz, it

EGNKQ-K Evs

V8

(EN-SAD) 2E11: 3/93 X

RESFL 2D 7: 6/32 | DORLF.CPR.
EXEC

(ENAJ-K) |3D 8:25/64

(ENKQ-K) [3D 8:23/64

(ENRX-K) [3D 8:17/64

EM-Q 3C14:23A67

EQAX-C  |3EIT:2/85(| sy 56D

EOL 2A16:15/41)| EXEC. MM3

EV33 3B20:20/33 | RESFL
RG00. RGOl

EV36 3A22:18/35{] EXEC. PM.
RESFL

cov 3E16:25A 00} EOL. (1070: v
1074:5. XDav D4)

cey aF12:18/99 | EOI

GQ22ZS Ao03] EQL. 1072:3

Fov EOI. (1074:5 XD7

lleTZ:S. RN23)

- : . ]
ssve b | | 1 [ ] ]

1904A MKE FC19 TO
ICL | 1904519037/ GROUP O6 AND O7 INSTRUCTIONS (JUMPS) | FC24

-y




Gate x to mill.

Decrement

«~ount and strobe result tc B,

Increment
instruction
address,

Add
premodificr
Gf 117L) in P

to Datum, Strobe

result to A,

Read branch address
from store address N.

Copy » to 1"y

Add datum (+ p

branch address.

result to N,

SUCIUMP

renioxd) to
Strube

SUCJUMP

RELATIVE

Vs L1
P-—->K
D-> L
Q—>A
VR L2
B -—>K
M Q
N > SAD
READ
Q> P

V6 L1
A -->L
B — K
M -—->Q
S
Q ——> N

(066)

REPLACED

(067)

Gate instruction
address (in C) to A

Add instruction
address to relative
N address and
strobe result to N,

RESI'L

COMMENTS

Vs L1
C-—>K
M-—> Q
Q-—A
V6 L1
A-—L
N ~->K
M -—->Q
Q -—> N

]

1
Nov.72

l

[ L[

I

RELEVANT SIGNALS ACTIVE IN PREVIOUS BEAT:
EV2, V206¢7, GALALL, ESC15 (CSM), ESC22 (ESM)
Goor . .

The 066/7 instructions branch to N if x; # 0. - These
instructions contain either a 15 bit counter (CSM) or a 22
bit counter (ESM), but no modifier. Their main
application is in ESM, when they provide the counter to be
used in conjunction with the previous instruction's 22-bit
modifier,

v2
The count is decremented by 1, the necessary bits of

the K highway being forced to '1' at the same time ay x
(in A) is gated to the L highway.

CSM: Force K bitg 0-14 and suppress carry between bits
14 & 15.

ESM: Force K bits 0-14 and suppress carry between bits
21 & 22,

SUCJUMP if count / 0, bits 0-14 being tested in CSM
and 0-21 in ESM. VI is entered if jump is unsuccessful.

V5 and V6 are only entered if Extended Jump Mode (EJM)
is specified, otherwise V8 is entered.
EJM allows jumps >32K words.

EJM ¢ " 432K " - even instruction only.
\'E
1) If previous 117 instruction (1117L), premodifier

is in I>. This is added to datum and result strobed

to A. Sce conditions for EVS (in V2 table below).

V6 (RELATIVE)

The branch address is formed by adding the current
instruction address (now in A) to the relative N address,
which may have been premodified in the instiruction phasc.
In 'negative jumps', sign exiension is carried out in
VDEC of the instruction phase.

VR (REPLACED)

x (in B) copied into P.

Store location of branch address wui, datumisced and pluced
in N register ininstruction phase.  In VR, the store is
addressed from N and this part of the branch address is
read out to B.

VG (REPLACIHD)

Datum or Matum + Premodifier) was placed in A in Vo,
Remainder of branch address is now in B, The contents
of A & R are added to form the complete branch address
which is strobed to N,

ICL

1904AMKTT
19045 1903T

066-067 INSTRUCTIONS (JUMPS)

SHEET 1 OF 2

V2
_IGNAL

MP.

CONDITIONS

(FAAQ-1)
(EAAQ-L*)

'FC22 |

(EAR-L)
(EASX-L)
(EAY-L)
(EAZ-L) :
(FK0-714) 3D5:16/68 . )
(FKI to FK6) 3G06. CF6:7
(FK15-21) 3D5:12/69 CSM. V2066:7,
(5C15) 3D15:6/112 | CGO6. CSM
(8C22) 3D3:22/112 | CGU6. CSM
EM-Q aci4:23/167)
EQ-B
EQAJ-R
EQKM-B
EQNQ-B
EQRZ-B 3D13:23/79
SUCJUMPL | 3E23:20/111 | [MO014ZRy
SUCJUMP2 M1521ZR, CSM
SUCJUMP 3E23:24/111
XRDS 2A12:8/30
SUCJUMILXRDS
XRIS2 BA16:21 /8 :
FPUBU
EV1 3A16:12/8 XRDS.SUCIUMDP|
v
XRIB, SUCHIMPL
EVS 2B13:379 E).(1076.7y FPU
vFPURBUSY)
. AADT 1 XKDS2. EXEC.
EVs AR 2/ | Spes
GDLA RN | RO
Vi 1 T
ECAN-K $K10:10/67
(PLUST)
EN-Q e
FEQAX-C RESFL
cey
1501 2AL6:A5/11
D SO —
(RCAX-K) | 3E1020/67 | FO
(11PAJ-K) A19:3/66
(1 PRQ- Ky 1170, REPL
(EPRX-K)
(ED-1.:1) I
(b 1 }I 0 (V2)
M 4
BQAZA
REPI,
FoO
Ve
PSSO

(LBAJ-K)
(EBKAI-K)
(BINT-K,
(BQ
(BBRX 1Y
b

i
(HSIN- 1)
BV
GALALL,
v

}HXOI'

xoP

(PCHECK)
DI
(FAAQ-L)
(EAAQ-T*)
(FAR-1)
}I-‘.ASX-< 1)
EAY-1L)
(EAZ-1)

(ENKQ-K)
(KNRX-K)
EM-Q

(EBAJ-K)
(EBKM- )
(EBNP-K)
(EBIRX-K)
ll'tme-K)
5 N

ERYZ K
FQIN-N
XHDs2

Vi
NES3 <P

EViv
[EENKQ-K

EPKAT.L
EV7

3133:5.72

318:23/64

3D8:17/64

3C14:23/167

3F7:26/62
E

AV :12/18
21815:25./47

2B1:13/50

Sht. 64
[sht. 68
3A21:12/11

PFALL

TV

MRIB2, BEXFC ¢
RG0Z)

XRDS2, EXLL,
RGO2

XRDS1, EXFC,
RGO2. it

EVS

EV7, JUMP -
REPL

]




COMMENTS. V1 cual MP | CONDITIONS ’
From From From
Sht. Sht Sht.,
¥ v y (EPAJ-K) /
- 3E 9: 3/66 ]
(EPKQ-K) | 3E 9: 5/66 )
(EPRX-K) | 3F 9: 5/66 i
V'ILLI (EPYZ-K) 3F 9:23/66 !
V7: X is returned to B in order that it may be written EM-Q 3C14:23A67 .
Return x (in P) to B P->K directly to acc. X in VQ of the Inst. Phase following. EQ-B 3ID13:15/79 ;
(Group 06 and 070:1 instr. only). M->Q EQAJ-B  fap13:21/79 :
EQKM-B  |3D13:22/79 ;
EQNQ-B | 3D13:24/79 i
EQRZ-B 3D13:23/19 .
PGS XRDS2 3A16:21/8 ) i
EVS 3A21:12/11 | XRDS2, (EXEC v :
. RGO2)
hESBKPYT 2B15:25,/47 | XRDS2. EXEC,
\ 3 J RGO2 .
EV10 2B 1:13/50{ XRDS2. EXEC. )
RGo2. IR :
EGNKQ-K EV8 .
EXEC.RG02 If Executive Trace has been specified by a 125E instruction,
a special Executive Monitoring routine is entered in the beat ;
immediately before V8. A hes. break-point occurs at the Vs !
start of this routine. i
(EN-SAD) ]2Ell: 3,93 :
RESFL 2D 7: 6/32 | DORLF.CPR. i
EXEC '
(ENAJ-K) |
(ENKQ-K) !
(ENRX-K) |3D 8:17/64 ]
EM-Q : 57 |
EQAX-C >
EOI ZAIG'IS/H{ C.
EV33 3820:20/33 | RESFL v|
RG00. RGO1
FC.53 . ) ) : EV36 3A22:18/35 PM. i
(VW9) ve| L2 V8: N —> SAD is provided to initiate reservation check. RESFL
cessrvation and siroe ey cov fmeusamgEn ao el |
| ! 5. ’A4
to C (conditionally). MC:«YQ cey 4F12:18/99 | EOL
GQ22Z8 3D23:25A03| EOL 1072:3
[COV (con- R e EOL. (1074 :5 XD?
:Iit:onall): FOV BE21: 9A008 070.9. RN23)

.MMm3

EXCDvEXEC.MM3{ EOI if EXCD.
TTTTTTTY

EXCD = Extracode and is only relevant in Group 07

instructions. If Monitor Mode 3 is specified by the G register

or if a RESIFL occurs the interrupt sequence is entered in V8.

The branch address is only strohed to C if the conditions for

RESi _RESTL EOI are presciat as indicated by the hroken line. It should bie
) \ remembered that the conditions are present in V8 and that

i
(as mentioned in the format ccoventions) the strobe i
terminating any beat followed by 'decision boxes' occurs
_____ after the decision boxes.

In 070/1 instr, OV is clearcd since a record is mainlained
in the link.

INT Note that, if 2 RESFL occurs, the interrupt sequence is

entered at V33, but for Monitor Mude 3§ the entry point is

V36, See signal columns. ‘
FC.52

In 072:3 instructions, the Zevo Suppression bistables takes
up the state of the 48 bit (Q22) at the ultimate strobe of V8.

1) Write B lo
X in VQ of
Inst. Phase
following.

In 070-1 instructions, OV is cleared since a record is
maintained in the link.

In 074-5 instructions, OV is cicared if X = 2 or 4 and forced

X =17. (Sec o iti heet
2) Set ZS if HQ 22, GQ2278. if ( ee conditions on Shect 1)

i
|
i

s — . .‘ 1 . e ' . ’
0 O I , -

1904 A MKE FC19 TO ;
ICL 19045,1903T| GROUP 06 AND O7 INSTRUCTIONS (JUMPS)| FE24 ;

SHEET 2 OF 2




Transfer link {in A) to N.

Datumise relative next
instruction address and
return to N,

v L1

A-> L

B-> K
8C15
MI15-Q22 g
8C22 (ESM)]
M->Q

pe—= = = oo

Q>N

st L] |

[

COMMENTS TONAL MP. CONDITIONS
Relevant signals active in previous beat:
GOOP, 1072:3, EXITV3, GALALL, (EXITV3.CSM_"'M),
ESC15 (EJ.CSM), EsC22 (CSMVEJM), GBKALL, v } 8
EASBX-1. 3F33:7/72 GALALL (EV3)
The 072:3 instructions provide exit from subroutine. EAY-L 3F33:6/72
(EAAQ-1) [3F:

V8: The link (relative address of next insiruction in the
object program) is added to the relative N address of the
072:3 instruction and the result is strobed to N.

Carry is suppreesed between mill slices 14 & 15 (CSM) or
21 & 22 (ESM).

The link includes a record of zero suppression (ZS) in hit 15
(CSM) or bit 22 (ESM) and of overflow in bit 23. If ZS = bit

15, it is transferred to bit 22 on exit from the mill in order
to allow the formation of a 22-bit address.

V4: The relative address of the next instruction in the object
program is datumised and returned to N.

Carry is suppressed between mill 21 & 22 to protect the ZS
and overflow bits included in the link.

ICL 1904A MK IT

19045,1903T

072 - 073 INSTRUCTIONS  (JUMPS)

FC23

SHEET 10fF 2

(EAAQ-1.4) . v .
(FAR-1,) 2 J EXIT V3 (EV3)
(EAZ-L)
(EBAJ-K)
(EBKM-K) /62
(EBNP-K) 2
(EBQ-K) 123/62
(EBRX-K)  [3E7:4/62
(EBYZ-K)  [3F7:256/62
SC15 3D15:6/112 | ESCI15 ] .
sC22 4:22/112 | ESC22 ]“‘V‘”
CSMNEJ /22 | CSM.EJ
GMI5Q22  [3F22:12/10t) CSMNEJ
EM-Q 3C14:23/167
EQ-N SEL:8/83
EQAQ-N 3E1:2/83
EQRX-N BEL:7/83
EQYZ-N
GDLA
EENKQ-K [3E1:16/83
ESC22 34:26/98
V4
ENAJ-K 3D8:25/64
ENKQ-K 30 8:23/64 osMm. EIM
ENYZ-K 3D8:10/64
ENRX-K BD8:17/64 ESMyEJM
ED-1,1 ME21:25/75 1| sppEwRe
3C21:22/75 PR EXEC
303:22/112
3C14:23/167
3K :8/83
EQAQ-N 3E1:2/83
FQRX-N 7/83
FQYZ-N 61)6:2G/83
, EXEC,RG02
EVB BAZ1 1210 xm)S;
EJ 2D11:16442] RGO
XRDS2 3A16:21 /8
HESBKPT  [21B15:25/47

EViIO

2131:13/50

l XRDS2. EXEC,

RGu2
XRDS2._EXEC,
RGO2. TR




Return x (in P) to B

(Group 06 and 070:1 instr. only).

]

FC.54

From From From
Sht. (Sht Sht,
J) 1 1
vi] L1
P->K
M->Q

HES

FC.53
(VW9)

Check branch address
reservation and strobe

to C (conditjonally).

e e e e e mm e e e

14

QB
§ J
Y
EXEC.RG02 DS2

Vel L2

N->SAD
N ->K
M ->Q
ccy
ICOV (con-~

__RESFL

@

INT

FC.52

1) Write B lo
X in VQ of
Inst. Phasc
followiny.

2) Sel ZSif HQ 22, GQ22ZS.

COMMENTS

V7

1
Nov.72

ISSUE

| [ ]

L[]

V7: X is returned to B in order that it may be written
directly to acc. X in VQ of the Inst. Phase following.

If Executive Trace has been gpecified by a 125E instruction,
a special Executive Monitoring routine is entered in the beat
immediately before V8. A hes. break-point occurs at the
start of this routine. : .

V8: N - SAD is provided to initiatc reservation check.

EOI if EXCD. FXEC. MM3

EXCD = Extracode and is only relevant in Group 07
instructions.
or if a RESKL oceurs the interrupt sequence is entered in V8.

The branch address is ouly strobed to C if the couditions for
EOT are present as indicated by the broken line. It should be
remembered that the conditions are present jn V8 and that
{as mentioned in the format ccoventions) the strobe
terminating any beat followed by 'decision boxes® oceurs
after the decision boxes.

11 070/1 instr, OV is cleared since a record is maintained
in the link

Note that, if a RESFL occurs, the inferrupt sequence is
entered at V33, but for Monitor Mode 3 the entry point is
V36. See signal columus.

I 072:3 instruciions, the Zero Suppression bistulles takes
up the state of the 78 bit (Q22) at the ultimate strube of V8.

In 070~} instructions, OV is cleared since a record is
maintained in the link.

In 074-5 inutructions, OV is cisared if X = 2 or 4 and forced
if X = 7. (Sec conditions on Shect 1)

If Monitor Modc 3 is specified by the G register

ICL

1904 A MKI
19045 1903T]

GROUP O6 AND O7 INSTRUCTIONS (JUMPS)

FC19 TO
FC24
SHEET 2 OF 2

icnall MP | CONDITIONS

(EPAJ-K)

(EPKQ-K)

(EPRX-K)

(EPYZ-K)

EM-Q

EQ-B 3D13:15/79

EQAJ-B 2179

EQKM-B

EQNQ-B

LJRZ-B

XRDS2

EV8 XRDE2, (EXEC v
RGOZ)

hESBKPT [ 2115:25/47 | XRDS2, EXEC,
RGO2

EVi10 2H 1:13/50 | XRDS2, EXEC,
RGOz, Tk

EGNKQ-K EVS

A7)

(EN-SAD) ' |2E11: 3/93

RESFL 2D 7: 6/32 | DORLF.CPR,
EXEC

(ENAJ-K) {3D 8:25/61

(ENKQ-K) ’

(ENRX-K)

EM-Q

EQAX-C

EOI 2A16:15/41) EXFC. MM3

EV33 3B20:20 33 | RESFL
RG00. RGO

EV36 3A22:18/35(| EXEC. PM.
RESFL

cov 3E16:25A00[(EQL (1070:1 v
1074:5, XDyvD4)

cey 3F12:18/99 | EO

GQ222S  [3D23:25/103] EOL. 1072:3

Fov k21 s 9100 EOI. (1074 :5 XD7

v1072:3. RN23)




Branch to address
in N on conditions
specified by X field
(see comments).

Increment
instruction
address.
RELATIVE
{074)
REPLACED
(075)
L
Vs L1 Vs L1
Add premod. (if 117L) (1) P->K ) C =K
in P to Datum. Strobe D-L M +>Q
result to A. - Q Gate instruction:
address (in C)
to A. Boosnze o
QA
VR 1.2 V6 L1
Read branch address B - K | Add instruction ] A~ L
from storc address N. M > Q | address to N-=>K
Copy x to P. N - SAD | relative N M-—>Q
addrcss. Strobe
7 === result to N TS
Q->P Q-

Vé L1
Add datum (+ prenmod.) to A->L
branch address. B K
Strobe result to N. M->Q

RESIL

PFAIL
DIE

|

||

COMMENTS GNAL Mp CONDITIONS
Relovant gignals active in previous beat: XDO
See signal tables below. BUCJUMPL }3F23:2/111 XD1: 2 H(,Z-'i
SUCJUMP2 | 3E23:24/111 X347
074-077 instructions branch t¢ an address in N under SUCJUMP | 3K23:20/111 C23iT" v
conditions specified by the value of x. XI%6.jC22,
XDt R(,Zd
These instructions are entered on GOOP becoming active at the c23117 Sheet 111 RC23
end of the Instruction Phase. Other conditions for entry will Goor 2B13:20/9
have been activated earlier in the Instruction Phasc. SUCJUMP XRDS 2A12:8/30
is made active as soon as the X field of the instruction is decoded BUCJUMP1.
(i-e. on the X Register being loaded) in VDEC, XD0, XD1:2 etc., | XRDS2 3A16:21/8 XRDS
are decodes of the X field and are interpreted as follows: - EJ. (1076 1076:7 7y
FPUBUSY)
XDO is active when x = 0. - T
XD1:2 is aclive when x = 1 or 2, EVI 2R2:18/4 S UMP
SUCJUMP allows a jump to the address in N if: EVS5 2813:3/9 SU(JUVIP!
EJ. (1076:7
x = 0 (unconditionally) X = 4 (if overflow clear - if not, FPU
x = 1 (if overflow set) clear overflow). FPUHUSY
x = 2 (if overflow set x = 5 (if carry set) =
- clear overflow)  x = 6 (if carry clear) EVe aA2112/11 {X}:‘I(::))(! XEC
x = 3 (if overflow clear) x =7 (if overflow clear - !
set overflow). GDLA 3K31:18/74
VI is entered if jump is unsuccessful. V5 and V6 are only vi
entered if Extended Jump Mode (EJM). Otherwise, V8 is ECAX-K 3E10:10/67
entered. EJM allows jumps >32K words. EJM allows (PLUS 1)  |3D24:8/109
jumips #32K words. In EJM, jumps may be either relative EM-Q 3C14:23/167
or replaced. FQAX-C 3E17:12/85 RESFL
VLXDT
V5 (REPLACED} cov 3£16:25/100 {EOI.
(XD2yX1K)
1) If previous 117 ins‘ruction (117L active), premodifier is cey 3F12:18/99
in P. This is added to Datum and result strobed to A, EOL 2A16:15/41
See conditions for EVb {in table 2 below). V5 -1
(ECAX-K) |3E10:10/67 ¥o
(EPAJ-K) }
(EPKQ-K) 117L.REPL
(EPRX-K)
ED-1.:1 o
ED-L:2 } Fo
EM-Q
V6 (RELATIVE) BQAZ-A il RO
The branch address is formed by adding the current instruction f\\;:" :ﬁf;’é%m ];,;“pl'
address (now in A) to the relative N address, which may have o P S
L T GALALL  |3D30:3/70 EV6
been premodified in the Instruction Phase. In 'negative jumps', FESIN-I 2817:2/94
sign extension ig carried oul in VDEC of the Instruction Phase R B ) S ]
VR

VR (REPLACED)

x (in B) copied into P.

Store location of branch address was datumised and placed in

N Register in Instiuction Phase. In VIR, the storc is addressed
from N and this part ot the branch address is read out to B.

V§ (REPLACED)

Datum or (Datum 1 Premodificr) was placed in A in V5.
Remainder of branch address is now in B, The contents of A
and B are added to form the comnplete branch address which
is strobed to N.

(EBAJ-K)
(EBKM-K)
(EBNP-K)
(EBQ-K)
(EBRX-K)
(EBYZ-K)
EM-Q
EQAZ
E1S3-XJ
EIX-D
(EN-SAD)
RESYKL
R
(ESIN-13)
Ve
GALALL

\i

$/62
0/02

3F19:6/91
31 14:18/87
2E11:3/93

511:12/276
61):21/248

(PCHECK)
DIE
(EAAQ-1)
(EAAQ-L*)
(EAR 1)
(EASX-1)
(EAY-L)
(EA%-1)
(ENKQ-K)
(ENRX-K)
EM-Q
(EBAJ-K)
(EBKM-K)
(EBNP-K)
(EBR." -K)
(EBQ-K)
EQ-N
EQYZ-N
EQRX-N
EQAQ-N
XRDS2

EV8
HESBKPT
EV10
EENKQ-K

1SSUE |onre] ||
1904A MKIT
ICL  |hooasisost

074 —- 075 INSTRUCTIONS (JUMPS)

FC 24

SHEET 10F 2

b

3u 2/83
3A16:21/8

3A21:12/11
2B15:25/47

2A5:9/13
Sheet 64

PFAN,

EVT
{xm)sz EXEC.
RGO2
XRDS2. EXEC.
RGO2. HR
EVS




Return x (in P) to B

Check branch address
reservation and strobe
to C (conditionally).

(Group 06 and 070:1 instr. only).

EXEC.RGO2

FC.53
(VW9)

From From From
Sht. (Sht Sht,
1] 1 1

v1] 11

P—->K
M->Q

vs] L2

N->SAD
N ->K
M -Q
ccy
ICOV (con-
ditionally,

EXCDv EXEC. MM3

RESFL =

D

INT

FC.52

1) Write B to

X in VQ of

. Inst. Phasc
following.

2) Set Z$ if HQ 22, GQ2278.

\&i

ISSUE ]‘ I
. Nov.72

-

I I

COMMENTS TCNAL M.P CONDITIONS
(EPAJ-K) | 3E 9: 3/66
(EPKQ-K) 1 3E 9: 5/66
{EPRX-K) [3r 9: 5/66
(EPYZ-K) | 3F 9:23/66
V7: X is returned to B in order that it may be written EM-Q 3C14:23/67]
directly to acc. X in VQ of the Inst. Phase following. EQ-B 3D13:15/79
EQAJ-B aD13:21/79
EQKM-B 3D)3:22/79
EQNQ-B aD13:24/79
EQRZ-B a013:23/79
XRDS2 3A18:21/8
EV8 3A21:12/11 | XRDS2, (EXEC v
RG0Z)
hESBKPT 2B16:25 /47 | XRDS2, EXHEC,
RGO2
EV10 2B 1:13/60 | XRDS2, EXEC.
RGOz, At
EGNKQ-K EVS
If Executive Trace has been specified by & 125E instruction,
a special Executive Monitoring routine is entered in the beat
immediately before V8. A hes, break-point occurs at the Vs
start of this routine.
(EN-SAD) J2Ell: 3/93
RESF1, 2D 7: 6/32 | DORLF. CPR.
EXEC
(ENAJ-K) 3D 8:25/64

V8: N —> SAD is provided to initiatc reservation check.

EOI if EXCD. .MM3

EXCD = Extracode and is only relevant in G)‘uti‘.\ 07

instructions. ¥ Monitor Modc 3 is specified by the G register
Lor if a RESFL occurs the interrupt sequonce is entered in V8.

The branch address is only strobed to C if the conditions for
EOI are prescit as indicated by the broken line. It should be
remcwbered that the conditions are present in V8 and that
(a8 mentioned in the format ccovenlions) the strobe
terminating any beat followed by 'decision boxes' oceurs
after the decision boxes.

In 070/1 instr, OV is cleared since a record is maintaived
in the link.

Note that, if a RISFL occurs, the inlerrupt sequenge is
entered at V33, but for Monitor Made 3 the entry point is
V36. Scc signal columns.

In 072:3 instructions, the Zere Suppression histithles takes
up the state of the 78 bit (Q22) at the ultimate slrobe of V8,

In 070-1 instructions, OV is cleared gince a record is
maintained in the link.

In 074-5 instructions, OV is cisared if X =2 or 4 and forced
if X = 7. (Sec conditions on Shect 1) :

ICL

1904 A MK
19045 1903T]

GROUP 06 AND O7 INSTRUCTIONS (JUMPS)

FC19 TO
FC24
SHEET 2 OF 2

(ENKQ- K)
(ENRX-K)
EM-Q
EQAX-C
EO1

EVi3

EV36
cov
cecy
GQ2228
FOoV

3D 8:23/64
3D 8:17/64
3C14:23167
3F17:12 fas{

2A16:15/41
31320:20./33

3A22:18/.')5{

3E16:25A00

3F12:18/99
3D23:25103

3F2t: 9400

RESFIL. EXCD
EXEC. MM3
RESFL

RG0O. RGOl
FXEC. PM.
RESFL

EOL (1070:1 v
1074:5. XDyv D4)
EOL

EOI. 1072:3
FOL. (1074:5XD7
\V1072:3. RN23)




FPSTOP & FPU

_VIDLE

N

— R

XIUDR2 y.

- EXCD RESFI1,
v v

(MM3 & EX

Q-—C
(see text)
FOV (if
FOVR)

F.C.52

164R
Sequence

VIDLE

F.Co1

ISSUE

1
Nov, 72

I |

|

|

|

COMMENTS MP T
TGNAL .P. CONDITIONS

The 076/7 instructions arc used to branch to N on the
following cond’{jons: (ENAJ-K) 308:25/64

X =0 branch if a = 0 (EMKQ-K) 3D8:28/64

X=1 branch if a # 0 (ENRX-K) 308:27/64

X=2 branch if a 30 (ENYZ-K) 3D8:10/64

X =3 _branch ifa<0  fe--— - - - - -]

X=4 branch if FOV clear EQAZ-A

X =5 branch if FOV set EVIDLE

X=6,7 undefined. EVS

. . " EVI 2132:18/4

The‘ 076 is used for relative jump address, the 007 for GDLA SF31:18/74] EVS & FG
replaced jump addresses. .

Where 'a’ is the content of the F. P, lator, ve

(ENKQ-K)

If the machine is in Priority mode, exit is made to the
164R scquence immediately after the Instruction Phase.

It should be noted that the 076/7 instructions may be used
even if the hardware F. P. U, option is not fitted - in this case,
the instruction is treated as an extracode and causes a
voluntary interrupt to enter Executive upon termination of this
sequence.

Where a hardware F.P, U, is fitled, but if not free to
engage in a transfer of information, a waiting loop (VIDLE) is
entered and cycled until the F, P, U, is free, at which time the
main sequence is re-entered. A hesitation break point is
provided in each cycle of the loop.

If the F. P, U. is not busy, or where no such unit is [itted,
the sequence is entered directly from GOOP. A test is made
on the X field and the content of the I, P, U, accumulator or
overflow (FOVR) as appropriate.

A successful jump (SUCIMP) is defined as:-

X a

0 0

1 Fo

2 >0

3 <0

4 FOVR clear

5 FOVR set
Note:

SUCJIMP is forced if FPU.

1. Relative jumps (076)

The absolute instruction address is formed {rom the
control address in C (strobed to A) plus the relative N address
(in N). The result is strobed to N,

2. Replaced jumps (077)

The (premodified) address is datumised and strobedd to A.
The branch address is then read from store address N (or X)
and is copied to P. 'The (22 bit) branch address is datumised
(and premedified if requived) and strobed to N.
3. EIM

Entry is made dircectly to V8,

V38 tests the branch address for reser
isferrved to C if EXCD & RE
and the Instruction Phase is entered

ation failure,
P& (MM
I rescrvation farhme
has occurved, the Interrupt Sequence is entererd.

‘The
(¥

address is tr

Overflow is set if the exponent has overflowed, and carry
is cleared,

(ENHX-K)
(EN-SAD)

cey

EQAX-C

FOV

EOI 2A16:15/41 & RSFL
& EXEC MM3)
EXCD REsFL

INT 3027:23/147 V(MM:Y& EXEC),

VI )

(EXAX-K)
(PLUS 1)

EQAX-C
ey
KO

3D24:8/109

3E17:1/40
BE12:18/99
2A16:15/41

(BCAX-K)
(EPAJ-K)
(EPKQ-K)

3E10:10/67| FO
|SRNAV

(EN-SAD)
(

A=K
(ERKM 1K)
(EBNP-K)
(EBQ-K)
(KBRX-K)
(EBYZ-K)
FHX- B
(ESIN-13)

P

(EAAQ-1.%)
(FAR-1)
X-1)
(v )
(BEAZ-1)
(KBAJ-K)
(EBKM-K)
(EBNP-K)
(EBQ-K)
(KBRX-K)

FQ-N
FQAQ-N
FQRX-N
FQYY-N
XIS
1V8

EVIO

ICL

1904 A MKTI
19045, 1903T]

076 & O77 INSTRUCTIONS (GOOP EOI)

FC 25

SHEET 4 OF 1

3A21:12/11 XRDS2 &
(I'IXE(‘VRGO‘Z
2A5:9/13 RGO2 & EXEC

& XRDS2 & HRt

(EPRX-K) REPL
FEQAZ-A
EVR 2A17:5/7 | FO
EV6 3A20:21/10] REPL
GBKALL /61 | EVR
ELSIN-B :2/94 | HXOD
GALALL :3/70 | EVE
.
it







Add x (fns 1 +5 only), N
and C22, and strobe to

A, Band P. Set overflow
or carry as required.

PD
GOOP
CG10,

102, 103

v

1

104, 105

108, 107

Increment instruction address.

Z - 100 & C22 & MKI 1904A

Add x (fns 3 + 7only), -Nand
€22, and strobe resull to A,
B and P. Set overflow or
carry as required.

Increment instruction address.

Exit from justruction.

100
101

Vi

) L1 |

Vi

12

A — L (fnl)
B —»K
Cc22 —
CYBO
M->Q

CLEA]
CcYy
Sov

A — L (fn5)

Vi

Co.21K

L1

PLUS 1

V1: Fn 0 +1 (1) operate on a 8.1. operand, or the m.s. word of
a d.c. operand (sets overflow).

Fn 4 +5 (2) operate on the 1. 8. word of a d.1. operand. The
A — L gating (x in A) is only required for fns 1 and 5.

1) CCY clears carry from a previous instruction in C22.
Overflow can only oceur for fn 1, angd is set in C23 by
SOV if M23 # M24.

2) The redundant sign bit in bit 23 of A, B and P is cleured

GM23CY (fn 5 only).

VI The current instruction address is incremented in the mill
(PLUS 1 forces data flow CYBO0), and restored to C (bits 0-21).

EOI: The result (in B) is written to accumulator X in beat VQ
of the following Instraction Phase.

h_Ing:

Fnz+3

Vi |
Lo o]

[¢)]

A > L(fn3}
B —>K
72 —
CYBO
M-—->Q

Q> Aan P
CLEARCY
SOV

]

7

1

s K

CcYBo
M->Q
Q -A,1,P |
FQu3YZ,
GMZACY

V1. The A = 1, gating is only required for fns 3 and 7.
1) Carry is cleired from C22 by CCY, and overflow
is set in C24 by SOV, if M23 £ M24 (fn 3 only).

2) The redundant sign bit is cleared from A, B and P

(FQ237) and carry is set by GM24CY for fns 6 and 7,
gating M24 to carry.

VI: See above.

EOL See ahove:

ISSUE I 1 I

Nov.72

L [ ]

by FQ23Z. Carry is set from bit 23 of the mill output by

COMMENTS ~SIONAL MP CONDITIONS
Relevant signals active in previous beat:
GPD, EV1, GALALL (odd fns only), GBKALL (fns 0,1,4,5),
PNBAZ-K (fns 2,3,6,7), ECYBO (fns 0,1,4,5), EENC22
(fns 2,3,6,7). (EAAQ-1)  |3K¥33:23/72
(EAR- 1) SF33:21/72 | GALALL mad¢
(EASX-1) IF33: 7/72 [ hy CGLO. FO)
(EAY-L)
(EAZ--L)
(EBAJ-K) 2
(EBKM-K) P 7 GBRALL (made
F1: F1 is bit 1 of the function register and distinguishes fns 0,1, (EBNP-K) 7 by CGlO. FT)
4 and 5 from {ns 2,3,6,7. (EBQ-K) 7:
(EBRX-K) 7
Note that Group 10 instructions are literals where N (22-bits in B) | (EBYZ~K) [31° 7:25
is interpreted as an operand, and not as an address. (ENBAZ-K) |31 3: 912 | PNBAZ-K (made

EQAJ-13
EQYM-B
EQNQ-B
EQRZ-B
EQAZ-D
cey

SOV
FQu
GM:
GM240CyY

7
CY

EVI

(ECAX-K)
(PLUS 1)
EM-Q
EQAX C
EOI

1904A MKII
19045,1903T

ICL

GROUP 10

FC 28

SHEET 10OF 1

EBAZ-X

by CGO0:10, F1)
See comment:;
Sce comments

2F10:257112
3D 317412
3C14.23167
aK29.23 81
ADIB:16/59
aD13:21/79
aD13:22/79
3D13:24/79
4779
3F 3:18/84
3F12:18/99 | 72

2D 7:08/32 | F2
3F22:25/1 01 | F2
3F11:10A05|CF 4:5
2D 7: 9732 | CF 6:7
BA16:12/8
3E10:10/67
3D24: 8/109
3C14:23167
3E17: 4/85
2A16:15/41

: #/91 | ENDITES







address and
1) Readx to B, or

Increment instruction

2) Read x* to A and B,

110,
nie

1, 113

COMMENTS

VI
SIGNAL,

M.P.

CONDITIONS

{1) Vi

@ [vi 11

CLEARCY

1110
\4
1112

Read x to A (111 + 113).

I
N

X —>XAD

C0_219K

PLUS 1
M->Q
Cy 01
EHX*-A
EHX1-A
CLEARCY

111, 11138

Relevant signi.is active in previous beat:
EVI

VI: The current instruction address is incremented in the mill
(PLUS 1), and strobed to 00_21. Carry is cleared from C22
(ccy).

1) For the single length shifts (110, 112) the operand K
is read to B.

2) For double length shifts (111, 113) x* is read to A and
B.

A test is performed on the count (in Ng_5) which, if zero,
results in exit from the instruction via EOI. A non-zero count
results in entry to V11 or V13 dependent on the instruction.

V11: For the 111, 113 instruction only, V11 is entered.
Operand x* (in A) is strobed to register P and x is read to A,
This gives the double length operand x: in A and P.

(ECAX-K)

3K10:10/67

(PLUS 1) anz4: 8/109

ERX-XJ 3F20: 4/89

EHX-B 3K14:18/87

ENX*-A 3D28: 8/108

EHX*-B JF18:18/80

EQAX-C

EM-Q E

cCy 3K12:18/99

EVI11 2A 6:16/4

GALALI.  [aD30: 3/70

EV13 2A18: 5/16

EOI 2A16:16/41
NO-5 = 0

Vil

(EAAQ-1) |3F383:25/72

(EAR-L)

(EASX-L)

(EAY-1)

(EAZ-L)

ERX-XJ

EM-Q 3C14:23/167

EQAZ-P |3F 3:18/84

EHX-A 3D26:18/88
I11:3. v11

1110-3. EVL3

L

19045 1903T

110113 INSTRUCTIONS (GOOP-V13)

FC29

SHEET1 OF 2

GBKATT.
s ECYBO
EM
V13 L1 Vi3 11 Vi3 Ll Vi3 Ii V13: Beat V13 comprises the shift loop, the actual type of
Shift and A->L A > 1L A->1 A1 shift to be performed being defined by the instruction and the EVis
decrement SHI, SHI value of Nt (Njg-yp). For the 112 instruction only, with
count. fo===s R Nt = 2 + 3 (arithmetic or special types), the L. s. bit of x GALATL
>4, B : QAL (MO} is recorded in the carry bistable (GMOCY).
NSU L_NEUU GMOCY
@it .N‘ 1 ‘T'he total number of shift operation to be performed is
LS specified by the count as Ng_g {the count can be considered
as occupying bits 0-9 of N, the m. 8. 4 bits being clear).
V13 is eycled continuously until the count, which is reduced
by 1 for each cycle, is zero, Note that Ng.5 ™ 1 primed the
next beat, as the count will reduce to zevo at the clock
ending V13.
Sheet
2
(EOD (V18 + EOD
% hoiw| | [ ] [ ]
R Nov. 72
IC1 1904AMKIT

Vi3
(EAAQ-L) 3:25/72
(EAR-1)
(EASX- L)
(EAY-1)
(EAZ-L)
SHL 1110
DSHL 1
SHR 1112
DSHR 1113
EQ-1
EQAJ-T 3D13:21/79
3 |aD13:22/19
40)13:24/79
. 3D13:23/79
EQAZ-A  |3§29:23/81
GMOCY 3E:13/114( 1112, N1L
NSUB SF18:21 /80

Page 66

3F 6:21/61
3F 2:25/96
2A16:15/41

2A148: 5/16

aDso: 3/70

NO-5-141111:3+
[112. N11)
I111:3

1112, N11
1112, N1l
NO-5.1. (1110¢
1112, NiD)
Vi3, No-5-1
1110-3. . RT1
VIS 1110-3




Sheet Sheet
1 1 (V13)
110 112
v
EE——
Illlv
1113
1110
niz
Nt =
(N1
1) Write x* to X. (1) [V18 L1 1(2) | V18 L1 1 4
X> XAD R =K
2) Add C22 to x, strobe to P K C225CY N0
B. M —-Q M->Q
| Q5B Q=D
B —>X CLEARCY
L .
— TTTTTTY
Exit EOX

L LT ]

Vvis:

COMMENTS V'8 G| MP | conDimions
(EBAJ-K) | 3¥7:26/62
(EBKM-K) | 8F7:24/62
(EBNP-K) | 3E7:2/62 | GBKALIL,
(EBQ-K) 3F7:23/62
(EBRX-K) | 3E7:4/62
(EBYZ-K) | 3r7:25/62
(EPAJ-K) | 3F9:3/66
(EPKQ-K) | 3E9:6/66 | EPKALL
(EPRX-K) | 3r9:25/66
{EPYZ-K) | 3¥9:23/66
(GC22) 2K10:25/114 ECYRo
ERX- X 3120:1/89
EM-Q 3C14:23/167
EQ-B 3D13:15,/44
EQAJ-B 3D13:21/79
EQKM-B 3DIA22/79 | 11¥1:3+ (1112,
Ni1)
EQNQ-B 3D13:24/79
EQRZ-B 3D13:23/79
ccy 3K12:18/99 | 1112, N11

1) Double length ~ the new valuc of x (in B) is written to
X, and the new value of x* is transferred from P to I3,

2) 112 with Nt = 2 + 3 only - C22 (set in V13) is added to
the new value of x (in B) and the result strobed to B.
Carvry is cleared by CCY.

wOl: The new value of x is written to X for the 110, 112
instructions, while for the 111, 113 instruction X + 1 is loaded

with the new value of x*.

1904A MKII
19045,1903T

HO-113 INSTRUCTIONS (V18-EOI)

FC29 |

SHEET 2 OF 2 |

S |
-




COMMENTS M P CONDITICNS
Relc\'an;lsli"g.nsals active in previous beat: ECAX-K 3E10:10/67
GOOP, 1114:5, EVL (PLUS 1) 3024:8/ 104
EM-Q 3C14:24/ 167
EQAN-C
CCY
FNT3
_ _ Eviz | aniei/e ] N L o
VI L2 VI: Increment instruction address, clear carry and set Nt -3 Uy
Increment C—>K c0—21 > K. EVih 2AH:9/ 10 :” )
instruction | M ->Q Add 1 to MO (data flow CYBO0). e n v
address, PLUS 1 P 0
cle::ll' Zarry coy Force C22 (Clear any carry from previous instructions). 0-9
" GALALL 3030:3/40
and set Nt - 3 Force Nt (N10 & N11} to 3 for 'special' shift. ' o
t- 3 === Fome e e D e e -
N A Q—=C EV12 made if charactleristic +ve (N11) and not zero viz
(special ————a (. - L
shift). N Nog = - EAAQ 1)
0-9 EV15 made if characteristic -ve (N11) or zero (N ERUN SAAC Wi
5 & N11-0 0-9 (EAAQ 1Y) |
04‘), Argument (in A) = L.
N1 B
Vi2 (2)
e
e If Cy3 is set (indicating argument overflow), the overflow is 5;“;“
; RC22 cleared by doing a special right shift of the argument (Nt - 3). }lN'l"i
v This is compengated for by increinenting the characteristic Siiic )
in the next beat (V14 (2)). )
vi2 (1)
V12 1.2 = co s
If RC23 (no overflow); the argument is simply gated through
2) A—->L the mill and strobed to B. F -
S— SHR
viz L2 M = QR EV13 made if M23 = M22 (i.e. argument has still to he HM O
1) Gate Aol W cov standavdised) and OV not set. VI 2AT:9/ 18 M: v
argument to M - F===9 Y .
milil Strobe Q QB EV14 for V14 (2) made if OV not set and argument already EVID 2ABY/ 10 o
T standardised. e [N
Mill to B. Vi
2) Shift - - EVI15 made if OV not set and argument - 0 T
. . N is gated to the K highway. (EBAJ-K)
ai'gunu',.nl} 1 0-8 (KBKM -K)
xl).\u. right B — -~ (EBNI’ K)
in mill . ERO-K
clearing o Argument standardised by repeatedly shifting left onc place. (E ‘?’M'
overllow M23EM22 Characteristic (N,_) decremented by 1 at each shift. (EBRX-K)
ow- - (EBYZ-K)
Iy and ) Strobe Hesitation break-point and Real Time Interrupt at cach cycle | SHL
v ;{ h of the loop.
o 3.
Loop cycled until argument is stundardised or characteristic
0.
Standardise
avgument and Note that NU*‘) is gated (to conform with other instvuctions)
decremoent but only N “is used. ¥ )
characteristic, EVIT is entry to 'Real Fime Totorrupt’ Sequence SATU s N 1
EV14 if Ny.g 1is active before the Tmal strobe of VI3, ’ oy
zero chavacter s indicated sinee on ihe final strobe Ny ¢ MM
| would (e to NSUBI) be made 0 ’ Ny, !
M22 1N indicates argunent in stcdad form ) [T
N . VIS Enter if Ngog - 1. AR BATEL {r.x "
0y Hesitation breakepoint (intra ordey type 3) entered it v L SAN 9/ 14 N .
P argument non standard (and non zerw) 09
v HESBR L 2B/ N 1.
b s - e [ | 0.9
| VI M22EN i
Ng 1 indicaten chavacteristic overflon, so set ¢, (sce Ny g !
Y ‘. 23 09
M22EM21 WGHNOL/ 361 Novinied
N TITE S Iy R N e Argument written (o aceumulator X (from B) EN 210520 T
/' Characteristic » It Wi UERL
Vid i2) b
- Vg
As fov VI4 (1), but churacteristic in ineremented by 1 in mill -
before being strobed to 3L GNYOV RIVARTE RIALIN]
EOL In VQ of nstruction Phase following, cheracteristic is | FRX X RS VAR
| written to X + 1 or zero is wrilicn lo X an vl FBAZ-X BF2H/90
Vid 1o vig e . . —(ENAY K SDn 20/
} - . VI15: 15 is elerved by gating Q (a1l noughts) to B, ('L )
1) Writ 1) CALIX CALLX | Overflow (C,.) is clearcd EAL @
avgwnent o B - X B-» X ' R
accunulator GNYOV GNIOY EOL: Coruuents as for EOLin VI4. EQLNM 1
X. Setoover- N ->K Fj\g/\l B
M- Q EQRQ B
o FQRZ-B SN2
101 2AIGII5/ 10 EVIS
2) Same as (1), EOY
but in —
addition Vis L2
increment|  cov
charact
eristic
in il
Clear 1,
clear
overflow.
EOI
- — e R S y
{SSUF
Nov.72 ! t
(.4 1904 5,1903 114 INSTRUCTION SHEET § OF 1







COMMENTS vl MP CONDITIONS

IGNAL . N
Relevant signals active in previous beat: ERX-XJ AE20:4 /8%
Vi L2 GOOP, I114:5, EVI, SETFLG. EHX*-B 3F1R.IR S0
" . ECAX-K LEL010 67
Regd Ls. 'ar.g. and |CALL X V1: Force C22 (clear any carry from previous instructions). (PLUS 1) AD2ER oy
characteristic C =<K Force Nt (N10 & N11) tp 3 for 'special’ shift. N -
. EM-Q
(in X*) to B. M~-=Q Sct FLG1. FQAN-C
Increment inst. CCY ccy BF12:08 00
addr. Clear carry. {Set FIG1 If characteristic negative or zero, next beat is V15. FNT3 RN
. If characteristic positive, enter hes. break-point No. 3 at VW9 (FLG 1) a0
If no further hes. requests, next beat is V11, HESBKIMT | 2115 " 0 NI
EVI A6 6 TR
EVID SAN 9T NO % 0Nt
GIRATH i ‘
- S — - - -
L\ 1
RS FEGE
|NORRY
» EM 9
V11: Reset FLG1 (this has indicated the path selected). Clear EQAZ. P
2 i cars P23 = b
Gate1.s. argament . Q23 which clears P23 when Q — P. FDEC)
to P, ) M —>Q R N I "
Re A FLGL FDEC, ia made by I115. Evie SB[ FDECT
Force . GATLALL SD30.8/70
Q2% = 0 Set Vi2 1) if overflow clear.
23 5 0 - —- =
P 73 o e 2) if overflow set. Vi
(FAAQ 1)
{EAAQ-1.%)
— (EAR-L)
(EASN- 1)

vViz L2 Vi2: 167
1) Gateows, arg. to (1) (2 A1 o . TY
mill strobe to B, DSHR (@ m.s avg. isin A, ls. inP. 79
M >Q Nt = 3 still set, so this is special shift which clears OV EQEN-T 79
2) Shiftarg. (m.s. in Fraz RORQ-B T4
A, s inPy1 FQKZ-B 79
place right and - DSHR PO RO
Q B
strobe to B, -y e I
L EPRALL Pupe 66 PV e
P i o 3 FVIG pA0 20 by
ALY Y V15: Entered if s, and m.s. arg. 0. Vi [T S TECN ]
M23khN
V13: Entered if arg. non-standavd (M23 M22) Vi AN T roo
HA 0
V16: Entered if urg. standard (Mzi / M22) GUHK AL IR
MzsEM22
A
- Lo R
(EBAL Ky oy e 6
Vii: ;\r‘;}:nn-n: st.md;u'lmm»d by repeatedly shll'linl), ]x'-H 1 pl:]u'v CEBKAL Ky |30, o
Notce that containing 1. s, portion) uses ‘internal’ shift anc RTINS Ry T
Standardise argament N ¢ I , N p-/ ) f) s . BNy Ky L akd G
L a DS P - Kis not vequired. Charvacteristic (in Ny, g} s (1136 1) Shiovn 6o
ad decrenent ikl e . Dy oat ol N . . N .
charactoristic. M == QI decremented by toat cach cyele. (RS 1 S4BT 4
NsL:B (tBY 7k WE2n Ay
If chavactevistic 0, exit to VIH (uote thal Ny o is gated to 1oty v e
Q 1 conformy with otler instractions) hot only Ny g is uscd. Foon SO
- ,“:\‘,“ i P IR
T At conclusion ol cach VI3 heat, if test shows non -standard aryg YT TR
(M22EM21) and char. £ 0 (Ny g - Do enter HESBRPT type 3. poni i st
Then, if B, epter RT G0 tequired), afterwards returning to ENIVAT Ao o
recycle Vi3, Win 1on o 74
If arg. st:|[1<l:11"xi)sx‘xi and char. /0, enter V16, NSUH AL o] e
Note that if Ny g - 1 is active before the finad strabe of VI3, a
zero char. is indivated, sinec on fival strobe Ny g would (due to EVLS Ym0l NP

NSUB) be made 0. HESBRITT | 2181500

M22EM2 1

FN EEYES
*
[ AN 2AL0 2
EVIG 2AN9 220
EF LS HIN RO
~ 0
Vs L V15: Q — B 'clears' B since Q is fall noughts'. i B el IR ——1
Cloar 1Y reg. cov FLGL is resel
overflow and RSTIIGH Fo B D37
FIGH EQAY B aDiEs 21779
FEQRA-B
EQNQ B
Q—B EQRZ-B
COv 3ELG:25 7100
RSTF LG 3C31:10/150
- kOl PALG IS/

o el LT ]

K 1904A MK
ICL. 19045,1903T

115 INSTRUCTION FC 31

SHEET 1OF 2




*Round' 1. 8. argument and
record overflow.

Strobe unrounded argument
(in P) to B.

Transfer characteristic from
Nto B.

Li.orcement characteristic.

ol ]|

vie [ L2
FLG2

V17| L2
P—>K

M->Q

C22 sel

V18}) L2
N —-K

vigf 12

B —K
PLUS 1
(F14i2)
GNIOV
M- Q

EOL

L s. argumeunt

and characteristic
returned to Xt

in VQ of instiaetion
phase following

- 1904A MKI
ICL 1904 5.1003T

COMMENTS

]

V16: Force bit 8 of L. to 1. 8ince P - K (EPKALL) madc
by EV16. FLOS8 adds 1 to bit 8 of 1. 8. argument. If this
bit is already 1, CY will add 1to bit 8. L.S. argument is
now rounded at bit 8 and thus consists of bits 9-22 of 1. s.
word. If this operation results in overflow, it is registered
in sz (GM23CY).

{Characteristic is in N).

V17: Unrouuded 1. 8. argument (in P) - B. Since pO-B =0
the characteristic in B is cleared.

If carry set in V16, clear it and replace rounded with
unrounded from P for the special casc where rounding
clears the 1.8. word.

Vis: N -» K At the end of this bea! the (unrounded)
0-8 .
QO»B — K 1.8 argument and the characteristic
are in B.

V19: Sct overflow if characteristic overflows (N9 = 1),
Reset F1G2.

Y
115 INSTRUCTION “  |FC31

SHELT20F 2

Vib
B SIGNA M P CONDIT!S':E
(F1.G2) viz
ERX-XJ)
EBAZ-X
FL08
(EPYZ-K)
EM-Q :
3D13:15 /94
3D13:21/79
3D13:22/79
3D13-24/79
3D13:23,/79
3F11:10405
| 2A10:3/21
EPKALL | Page 66
V17
(EPAJ- K)
(EPKQ-K)
(EPRX-K)
(EPYZ-K)
EM-Q 3C14:23/167
E 3N13:15/79
FQA .
EQKM-1
EQNQG B E
EQRZ- B 3D13:23/79
FCCY 3F12:18/99
EVig* ABIT2/2Y .
FEVis 3B812:22/23 EVia*
GNKI® 3D9:10/6:
ENKALL BIH:7/64
Viy

(ENAD-K) 31825764

(ENKRQ-K) 3D8:2:4/6G1
(ENRX K) 31)8:17/64
(KENYZ-K)  [3D8:10/61
EM-Q 3C14:23/167
EQ-B BD14:16/79
EQAJ-13 013279
EVI9 EALL:D/24

GHRATL

$86:21/61

(EBAJ-K)
(FBKM- K)
(EBND-K)
(K1 K)
(EBRA- K)
(EBY7Z- k)
('LUST)

KQ- B

FLG2




Transfer current
instruction address
to B. Set 183, Ni
and Flag 3.

to C and load 183
register,

Write instyuetion
address to store
location 10 and
decrenmient No

dec

Read durapead
destination address

14.

Gate instruction address

Store
court to P which then
sents the count

to B oand form 13 in N
by decramenting address

\. MINPM

10230

10 —>8J
WRI'TE
N—K
NSUR

sm}\€7

(MOVE & PM) v
(MOVE &
INTMOVE)

(MNIPM)

Prim}ly Mode
Only

ISSUE

ICL

B
b ANOV.T2

[

T

1904A MK I

1904S,1903T|116/126 (MOVE

|

) INSTRUCTIONS (GOOP-V1)

COMMINTS

vio
IGNAL

MP

N ]
CONDITIONS

The INTMOVE bistable will be set at entry if the order has
bLeen previous.y Interrupted and will remain set until the end
of the sequence. 10231, will also be set If the previous order
was an 023 (OBEY) instruction. If the 116/126 order is given
while the processor is in Priority Mode, PM is set. Also
active at entry time will be MOVE, 1126 1116, and EV10,
MINPM = interrupted 116/126 & PM; MNIPM interrupted

(116/126 and PM.) v (MOVE INTMOVE).

Vvio:

The current instruction address will be in C from the
Instruction Phase. Nt is forced to 0 to epecify a cyclic
shift FLG3 is set FLG2 is also set if 116.

v9:

I INTMOVE is not set or if the processor is in Priority
Mode, and 1023L is set, V9 is entered. The instruction
address will have been gated to P in the final beat of the 022
instruction in this case and this is now transferred to C,
LS3 being loaded from the 1. 8. 3 bits of the address. This
beat is omitted if an 023 was not the last order,

Vw10:

The instruction address (in B from the Instruction Phase if
10231, or in B from V10 if 10231, is dumped to store
location 10 and the word or character count in NO - 9 is
decremented by 1and transferred to I,

y |FC32

(ECAX-K)
(ECY-K)
(FC7-K)
F

EVWi0

EVY

B0 10/67
dF10:25/67
3K10:19/67

3E19:3/01
3DLT:4/22

JALR:1073H
2Aa:9/12

2F7:17/160

10231, INTMV
PM)

1 0230 & (PM,,
INTMOVF)
EVWI0

Fou™
bl

(KA K)
(B K)
(EPKN- K)
(Y7 K)
EQAY. ¢

A

VW
kb 80

[{H R
RITAE)
(FSIN-13)
(FC-SATn
LS
LHN B
NS
SHE

(BN K)
EQAZ-A

GBRALL
GALALL

SHELYIOF 7

Page 66 A%
VW10 . i
(FSAD10)
FRCEI
FRCES
(EB-S0)
MINPM
)

EQAZ- P } MNIPM
NSUB 3K18:21 ‘Ko
EVI 2AG: 161
EESIN-B  }2007:2/94 | MOVE &

INTMOVE & PM
FEC-8AD 216:18/92 [ INTMOVE & PM

EIRGEENTY
HENT2 n

SR

EAVE B RUNNEN

21T 100

Sl | MINEM
D12 162

Gl See

RIS E] Conunents
3119 INIMOVEE bad &
RISTRETEY }I’I('H & 1IXIR

BETH2T /R0

14714
ERLS

divhy

/106

& PIIT & HXIN

MINPM
MNIPM&T 126

}MKII’M

MINDPM
MNIPM & PICTY

}.’\HN PM

}MNIPM




Vil L2
Gate half the charvacter N~+K
count to register A. SHR

(116 only)

Q-> A
viz L2
Form word % count in A A—->L
and read accumulator SHR
X 1+ 1toB. (116 only)
F - == -
Q> A
X*-> B
nm

> first destination 1
address wnd strobe Cto N, D
Read fivst origin address
from accumulator X to
Reginter B

Sot [‘u 1
lf 1» < H

3} > K
s> Ll

PM & PRTI

Priority Mode
only.

COMMENTS

V12
SIGNAL

I
2
~

—

CONDITIONS

ISSU[

[ 1]

PRTI will be set if Real Time Interrupts are permitted.

Vil: If RTI's are not permitted or if the processor is in PM,
the character count is gated from N and shifted one place
right (for the 116 only) to give 4 the character count in A.

V12: The /4 or character count is formed from half the count
(in V11) by a further right shift. In the casc of PM & PRTI,
address 11 is forced, the instruction accessed in V11 is
dumped there and accumulator X + 1 is read to B to give the
first destination address.

V13: The first destination address accegsed in VI2 is
datumised (if the processor is not in Executive Mode) and
FLAGI1 is set if the address is less than 8 (i ¢. K > 8)
The datupised address (undatumised in XM) is then
placed in N and €. Accumulator X is read Lo give the
first origin addvess in B.

‘Novl.72 l -
1
1

OO0
00|
DA

IcL

n> —
o
ox
Wy

A T

16/126 (MOVE) INSTRUCTIONS (V11-Vi3)

SHEET 20F 7

FC32

(EN-SAD)
(READ)
(ESIN-I)
FSADII
(WRITE)
(EB-S0)
NSUR
(sc22)
(ED-L:
(ED-1
SETFIA

(EBAJ-K)
(EBNP-K)

EHNX*-B
SHR
(FAAQ-1)
(KAAQ-LY)
(EAR-L)
(EASX-1)
(EAY-1)
(EAZ-1)
EQAZ-A

340 10150

JE1T16/85
3F18: 15,80
26 10/

} MINPM
MNIPM
} MNIPM &
PR

MINPM

EXEC & CPH
& MINIM
MINPM &
KK

MINI'M

MNIPM
MNIPALL
[1R40

> MNIPM

(K KM K)
(EBNP-K)
(EBQ-R)

(EBRN K)

FQIN-N
QY s N
by ON
FQOCALLL
FQAX ¢
rQ7.-¢
FQAZ- 1
ENX-B
SETELA

Lvid

[N S

ENKALL
FENKQ-K
GATALL
pser

EESIN-B MNP
GDLA MNIPM
EsC22

GBKALL

iBRALIL J’ MINPA
V13

(lN SAD)

BTN FRVEN

KTB R RSt
B3 16/ 00

YRS EVA 3!
R 14: ]\/s
HOB0LH0/ 1

SAT0

DA Sy

31 5:7 /0
Page 61

RIRSTEERYALY
RISy

} MINEPM

\l!\l‘\l &
NI'\|M &

CPR & EXEC
MNIEM

h
1
l
|
|

MINLPM
MINTM
MNIPA

' MNIPA &
K-8

(131 MOVE
v
Piiy
e
Mol

MNIPM X

[RE
EVid &
MNIPM

B e




S v B - S
COMMENTS —~EIGNAL MP C(A)ND,{T'OG,SA

Sheet
9 (EN-SAD) 2EL:3/93
(ENAJ-K)
(ENRQ-K) | 3D8:23/64
EXM (ENRX-K) | 3D8:17/64
—_— (ENYZ-K) | 3DB:10/64
EXM (EAAQ-1) | ar33 MNIM
Ve 1z Vid: (EAAQ- [*)
Tesl‘ absolute first N > S (l-EAl‘l-’l,)
destination address N > K If the processor is not in Executive Mode, the first destination ”j‘ -1
for rescrvation A-> L address is tested for a reservation failure, If this docs not
failure and if EAC Priority Mode ocuur, the address is strobed to N. Should a reservition
successful, strobe sc22 Only failure be found, entry is made to the interrupt sequence. The S
to N, Form final - Lo count is added to the first destination address to give the DORLEF & CPR &
destination address. final destination address, RXEC
Q>N
(RESFL) RE
MNIPM
EV13 2A18:516 MNIPM & CSM
BRGWI Page 6 }& [ AU
Vig
AT CSM & MNIPM
ESC 22
GDLA }‘\“\‘”.E\1
Vi5 L2 Vis:
. N > 81 R S S
Test absolute final Bs K The final destination address formed in VI4 is tested for Via
destination address Dos 1, reservation failure and the first starting address is datumiscd - _' -
for reservation &) and strobed to N if no reservation failure has occurred.
failurc and if SC22 {EN-5AD) 2E1L:3/98

successful, strobe to _ (EBAJ- K) 3K7:26/62
(EBKM-K) | 3F7:24/62 || Sec
(EBNP-K) 2/62
(EBQ-K)
(EBIRX-K)

N. Datumise first
starting addre

(RESF 1) Comments

MNIPM & CPR
& EXEC

G 30322112 | MNP
EQAQ N K% 4

[ EQRN-N RINE: MNIEA &
BQY 7N SELI6 R
EQ N BN RS RESET.

[ V16 12 V16: :ulxﬁ:w B0 e
N . RyBY -
Tent absolute first N h The first origin address formed in VIO is tested for reservation
orvigin address for N | fuilure and if none vee , the count is added 1o it to give the
reservation failure . Imal orvigin address in N, ViG
and if successful, B i T
strobe to N,
(1N SATY
(ENAT-K)
(ENKG 1K) HIRE TR F)
L (ENIRN-RKy | osbe i 6y

(ENY7Z- Ky SDR L0 6
(FAAG 1) R I A T
(EAAQ 1Y)

(EAR 1)
(EASS 1)
(EAY 1)
(EAZ-1)
J (SC22
EQAQ N
FQRX-N
V17: EQY 7N
EQ N

The final origin address formed in V16 is tested for reservation
failure. If entry was from V13 (EXM) the first origin address
is strobed to A and N. 1t entry was from Vi3 (INTMOVE), the
Flag

Test absolute final
origin address for
reservation failure
and if successful,

strobe to A and N,
Load 1S3 vegister,
resot Flag 3 and

set RXOP if K <8,

R .
EVI7 & CSN

first origin addiess is datwised and strohed to A and N
3is reset and HXOP set if the address is less than 8 (i.e K < 8).

INTMOV L)
0~ FLGY
(EN-SAD)

116
SHXOP (EBAJ-K) )
e (EBKM- K)
(EBNIK)
(EBQ-K)
(EBRX-K) CsM
(EBY7-K) /6 )
(ED- L:1) PR & EXEC
(ED-1.:2) 2275 }F
FVR
EESIN-B RESFL
FLALL - 8
EENARX-L 2040z SEL8 63 [INTMOVE
o o o e 3E1:8,83
, ST 2N7:6.32 |DORLF & CHR
155Ut l““"-”l [ I I [ ] L & EXEC :
—— " [N SEDR SR R N R EM-LS3 3K18.3/91
SHXOP 2E17:21/93

ICL 1904AMKIT | 116/126 (MOVE) INSTRUCTIONS (V13-V17)
19045,1903T 5?:972 o




& INTMOVE

FC.52

Read word n from origin
address (store or
accumulator) and strobe
to B. Load LS3 from
the mill and reset HXOP
if 1.83 =T,

Sct PLUSI if FLAGS is
resct.

Decrement count hy 1
and strobe to P.
Resot FLAGY.

Com o=

Write word n to store
{or to an accumulator).

Reset FLAGY when 183 - 7.

Increment ovigin address
by 1 and strobe.to A and N.
Load L83 from M.

116

VR L2

N—8J
READ
(HXOP)

v

LS3 —>XJ
(HXOP ,
SHXOP &
K < 8)
C—>K
PLUS1

(f FLG3)
0 > HXOP

(HXOP
SHXOP &
K < 8)

M = LS3
Q—>C

vis
Pog 7K
FLALL

0 5 PIGH

*L1/L2
L2 first time
L1 sccond time

L BVAR
L2 first time
1.1 second time

¥C.57

FC.52

COMMENTS

ISSUE

ol |

L1

L[]

The sequence branches at this point, and dependent upon whether
a 116 or 126 instruction is being serviced, VR (Sheet 5) or VR
(Shoet 4) is entered.

VR: (I126) - The first word to be transferred is read to B from
the first origin address (in N). On the first cycle of the loop, the
first destination address is gated via the mill to sct LS3 and then
strobed to B. On the second (and subsequent) cycles, the
destination address is incremented {(as FLAG3 is reset by this
time) and 1IXOP is reset when LS3 - 7.

V18: The count (bits 0-8 of P) is decremented in the milt by
simultancously gating ¥, and -1 to the mill where they are
added. The decremented count is then restored to P and 1143
is reset.

VW Phe ovigin word is written (o the destination address in C
(for the store) or LSS (for an accumualator).  The origin address
in N nercmented in the mill by P1LUS 1 and strobed to A and N
When 1,83 - 7, FLAGI is resct. 183 is reloaded from mill bits
0-2. The count is tested and if uo! equal to zero (i.e. P £ 0) the
threo beats (VR-VW) are repestied when P 0, VR0 is enteved
Each loop contained a hesitation hreak-point and a real time
interrupt break: point

ICL

1904A MKTI
19045,1903T

16 /126 (MOVE) INSTRUCTIONS (VR-VW)

FC 32

SHEET 4 OF 7

VR
T_SIGNAL

(EN-SAD)
(ESIN-13)
(READ)
FLS3-XJ
EHX-B
(ECAX-K)
(PLUS 1)
EQCALL
EQAX-C
EQZ-C
RESTL,

EM- Ly
Evis
FLALL
EENARX- 1,

(EPAJ-K)
(EAAQ-L)
(EAAQ-L*)
(EAR-L)
(EASX-L)
(FAY-L)
(EAZ- 1)
(ENAAQ- L)
(ENARX-L)
(ENAYZ-L)
EQAZ-D
(PCHECK)

ENKALL
EENKQ-K

oo

EC-SAD)
(WHITT)
(EB-S0)
ELS3 X)

(ENAJ- K)
(ENK-K)
(ENRN-K)
(ENYZ K)
NERIERN
(EQAZ-A)
FOAGN
EQRM-N
QY7 N
FQ N

EM 1S3
HSHELLGE

(AT

FVRKI0

MP

2E11-3/93
6N4:21 ‘248
2E1 12162
2119:6/9
418 /RT
10:10/67
30248100
AELT7:0/80

JE1T:16/85
2N7:6/132

/72
3C14:7/167
3D31:5/73
3D31:25./73
3F3:8 /81
3D15:17/112
2B3:18/3
2F6:18/922
2F7:17/106
IF8-7./64
Puage 61

JCT4R 10y
2F4:6/16:2
AE21:870
2F19:6.91
4125790
BDH:20 /61

BA7/60
Ap0/61
SO tus

BELGINS
SELR/RS
SEIG:s /00
3O 107150

2AVEL T

SALE22/89

CONDITIONS
n

} HXOD(SITX01 &)
K<h)

uxope

DORLE & TPIt
EXFC

p1126

HXOP

FLGY

}FL(H

}IL\'()I'

| S
Po & T e TOT

P.a




Sheet
4

. (VR10 L1
Read current 10 -8J
instruction address READ
from store location
10.

V27 L1t
Increment instruction B —~K
address and strobe to PLUS 1
C. Reset INTMOVE sC22
and FLAG1 bistables CCY
and clear carry. 0>FIG1

Fxit for 126 instruction.

Read word n from store
(or an accumulator) to

register B. Decrement
count and return it to P

' Reset HXOP if LS3 = 7.

Strobe one character from B to A,

Increment character
address and strobe to B.

COMMENTS

VR10: The current instruction address (and overflow) are
retrieved from store location 10 and read to B.

V27: The instruction address read in VR10 is incremented
and strobed to C, the INTMOVE and FLG1 bistables being
reset (if not already reset). Carry is cleared and exit is
made from the 126 sequence to the Instruction Phase for the
next order.

VR

1z vz6

VR: For the 116 instruction, the word n is read to B from the

N ->

READ
(HXOP
v
SIXOP &
K < 8)
v
LS3 -
P >

0-8

0 > HXOP
if L83 7
0> FIG2

address held in N (or LS3). The count (in P, ) is
decremented and HXOP reset if LS3 - 7, (i.e. if the origin
address is not held in an accumulator). The FLAG2 bistable
is reset.

SJ

XJ
K

V1i8: The character of the origin word read in VR (as

demgnm(:(l by sz.za) i8 strobed to bits 0-5 of A

V19: Chiracter address is incremented and strobed (o B so
that the next most significant charactor position will be

scleeted in V22,

1SSUE | ]

I 1
Nov. 7

|

1904AMKI

ICL

1904519037

116/126 (MOVE) INSTRUCTIONS
(VR1O - EO1/V19)

| FC32

(FSADI0)
FRCEL
FROE3
(READ)
(ESIN- 1Y)

GBKALL

(EBAJ-K)
(EBKM K)
(EBNDP-K)
(EBQ.K)

(EBIX-K)
(ERYZ-K)
(PLYS 1)

(PCHECK)
EOI

VR

VRIQ
N w| M°

CONDITIONS

2F10:9/112

2F3:6/ 115
2B4:12/162
6D4:21/248

3D24:8/100
$0B:22/ 11
31 12:18/99
LT 12/
3E17:16/85
3C31:10/150
3D15:17/112
2A16:15/41

(EN-SAD)

(EPAJ-K)
(EAAQ- L)
(EAAQ-L¥)
(EAR-1)
(EASN-1)
(EAY-1)
(EAZ-1)
(ENAAQ 1)
(ENARX 1)
AYY 1)
EQAZ 1)

Vs
LB K

vis
(1) K)
EQAZ A
EV 1Y

RRIALLL
QK

Faoe

(LA 1)
( )
(ENLN K)
(ENYZ-N)

EQNQ B3
FEQRZ-B
Q- B

kv 20
SCRALL

SHEET50F 7 ]

IXOP v (SHXGP
&K < 8)

2111:3/93

2k4:12/162
6D4:21/24%
2F19:6/91
3F14:18/87

3

HXOP | SHXOP
&K <8

R IR R
$19/7)
BRI/

BIONA RN

2A11:9/21
B¥H7/64
Page 61
drd26/0n

308 25/G4
3D6:28761
3O 17/04
308 10/61

3101
31)13: 11

2B13:18/ 20




Gate destination address to N and copy its
1.8, 3bits to LS3.

Ruad store (or accumultor) at address held
in N (MLS3) and store this origin address to
C,

Gate on character to B

Write the character selected in V22
to store (or to an accumulator),
Increment destination address and
strobe to B, Reset Flag 1 if L83 - 7,

Gate origin address to N and A and
load 183,

N —8J
WRITE
(FLGT

A\
LS3 —= X
(F1G 1)
N> K

Flaz

N

Lo 1]

V20
E
COMMENTS TGNAL M_P_ CONDITIONS
(ECAX-K) | 3E10:10/67
(ECY-K) 3F10:25/67
3¥10:19/67

V20: The destination'address in C i8 gated via the mil)
(setting LS3) to N.

V21: A read/pause (or accumulator) cycle is initiated

and the origin address in B is strobed to C, leaving the
former register clear for the word from the destination
address,

V22: The character placed in A in V18 is fanned onto
the Q highway and is then strobed into one character
position of B,

V23: The character copied into B in V22 is writien to
store (or to an accurnulator), The destination address
in N22 - 23 is incremented and strobed to B, lag 1 is

reset if L83 = 7,

V24: The origin address (in C) is gated vin the will,
setting 183, to A and N,

EQAQN
FQRX-N
EQYZ-N
EQ-N

EM-1S3

3E1:8/83
3£19:3,/91

3B14:26/26
2F17:2/94 | FIG1
3F6:21 /61

vzl

(FN-SAD) 2E11:3/93 | FIG1
(READ) 2E4:12/162
(ESIN-B) 6D4:21/284 | FLG1
(PAUSE) 2F10:7/143
ELS3-XJ 3JF19:6/91 | FLG1
EHX-B 3F14:18/87
(EBAJ-K) 3F7:26/62
(EBKM-K) | 3E21:15/62
(EBNP-K) 3F7:21/62
(EBQ-K) 3¥7:23/62
(EBRX-K) 3E7:4/62
(EBYZ-K) 3F7:25/62
EQCALL 3F1T2/85
EQAX-C 12/85
EQZ-C :16/85

Fv22 :

GALALL 3D30:3/70

vz

(EAAQ-1)
(BEAAQ-L*)
(FAR-1)
(EASX-1.)
(EAY-1)
(EAZ-1)
EMFAN
EQ-BJ
(PCHECK)

(EN-SAD)
WRITE)
(EB--80y
¥

(KNAJ-K)
(ENKQ-K)
(ENRX-K)
(ENYZ~K)

RNIFPLGI

EV24

N0 /80
DL 2
2A13:8/9
“ 17/106 | FLGY
7/64

EA:26 /9%

FLGI

Fic

0817 /64
db:10/61
2 /50
G

SD13:15/79
ACHM /160

3116:10/28

\Z21

EQYZ-N
Q-N

EQAZ-A
M- 1S3

EV25
IGBKALLT,

1904 5,1903T]

1904A MKI
ICL

116/126 (MOVE) INSTRUCTIONS (v20 -v24) FC32

SHEET6OF7

$EL0:10/67
31 0:25/67
3110:09,/67

16/83
318 /88

31°29:23/81
I3 621 6:3/91
e o e e b e - e
BBL7:21/29
BF6:21 /61

T




Gate destination address to C and
return to VR (sheet 5).

Gate datum to A register.

V25

Subtract datum from destination
address (In C)and strobe the absolute

address to B,

Read (dumped) current instruction

address from store location 10.

absolute aduress formed in V29 to X + 1,

Increment current instruction address and
strobe to C, Reset HXOP, FLAG1 and
INTMOVE (PM) bhistables,

Transfer final ovigin (plus ¥4 )

address to B,

Exit to Instruction Phase.

COMMENTS TONAL M.P CONDITIONS
Sheet eet (EBAJ-K) | 3F7:26/02
6 5 (ERKM-K) | 3¥7:24/62
(EBNY-K) | 3F7:2/62
(EBQ-K) 3F7:23/62
(EBRX-K) | 3E7:4/62
(EBYZ-K) | 3F7:25/62
vzsl 1 v2¢[ L1 V256: The destination address (togcther with its incremented | EQCALL 3117:2/85
B =K Do L character address) is strobed from B to C, The loop is EQAX-~C dF17:12/86
- then recycled by entry to VR (sheet 5) until P - 0 or FLGI ig EQZ-C 3E17:16/856
c reset. EVIL 2A17:5,/7 | TiR & R &
W0y FLG2)
V26: The datum is copled into the A register for EV26 BA28:21 /97 | peo |, FTOZ
subtraction in the next beat. GDLA SFEIAR/TY | EV26
Sheot v2ol 1 EESIN-1} EVR & TIXOT
5 V29: The absolute destination address is formed by gating
€¢—K the inverse of the datum (ﬂ) to the mill along with the
A—L datumised address and PLUS 1. The result of the sub- V26
PLUS 1 traction is placed in register B. o T T T
| sczz | ECY-K
e ==s (ED-L:1) O
Qesp N ; }_( PICE RN
EQA7Z-A 3129:23/81
EV2¢
FLAX 3D29:25/113
VR10] L1 VR10: The current instruction address is read from its EsC22 JE4:25/98
T mp 10—>SAD dump location in store location 10. During this read store
READ cycle, the absolute address formed in V29 is dumped to X + 1. VRIO
B-—— X*
(FSAD 1) 2K10:9/112
{ESIN-B) 604 :21 /248
2E4:12/162
3 2125:6,/00
IZ'I[ L1 V27: The current instruction address (in B from VR10) is [ - S —
B —K incremented and placed in C. HXOP, FLGI and INITMOVE 3B1B:2/29
PLUS 1 (if PM) are all reset. 316:21 /61
SC 22 3EA4:256/9%
cey
Q— C o
0 —>HXOP (EBAJ-K) :26,/62
0—FLG1 (EBKM-K) { 3F7:24/62
0~>INT- (EBNP-K) | 3£7:2/62
MOVE(PM (EBQ-K) 3FT24/6
(EBRX-K) 3RT:7/62

‘ DIE

the trar

next Instruetion Phase,

rol

ISSUE 1 t
o B Iiov‘ 72

| [ ] ]

| [ ]

V28: The N register now contains the last origin address
v+ ¥4 - i.e. what would havc been the next origin address if
fer has been one word longer.
V26) is subtracted from the datumised address to give the
absolute address which is strobed to accumulator X in the

(EBYZ-K)
(PLUS 1)

(8C22)
cey

FQAX-C BT 2/85
FQZ-C BEIT:16/80

RSTFIG

3F7:20./62
3D24 8,104

ACHE:E0/100

2001:7/43
Bk 120 /95

ICL

1904A MK II
1904S,1903T

116/126 (MOVE) INSTRUCTIONS
(V25 -~ EOI1)

VERT /64 1116
F
The datum (in A from
(ENAJ KN} G
(ENKQ-K) 1kl G 1116
(ENRNCK) | 3D /0%
{(ENYZ7- K) RISER RN
(ENAAQ- LY |30 s
(FNARN- 1) 13D
(MNAYZ- L) 13Dt s
(PLUS 1) 3278104
dba22/12
3D1R:21 /79
1D
BN
11
anl /T4
2A16:15/11
v2y )
(ECAX- K) SE10:10/67
(ECY-K)
(E ¢
(EAAQ- L)
(EAAQ-1.¥)
(EAR- 1)
(PLUS 1)
(5022
EVRID
s N-B
FC32
SHEETIOF Y
eme e A . e






address.

Read premodifier to B and
increment instruction

ASTAT

RESFL

FC52/1

COMMENTS VRY || wme CONDITIONS
Relevant signals active in previous beat:
GPA, EVR, EVI, EESIN-B, 1117.
(EN-SAD) | 2E11:3/93
(ESIN-B) | 6D4:21/248
(READ) 2E4:12/162
(ECAX-K) | 3E10:10/67
(PLUS 1) 3D24:8/108
ELS3-XJ | 3F19:6/91 | HXOP
EM-Q 3C14:23/W7
EQAX-C 3E17:12/85 ) RESFL
EHX-B 3F14:18/87 | HXOP
RESFL 2D7:6/32 | DORLY. CPR.
EXEC
EVI 3A16:12/8 | RESFL
Vi 3B28:21/52 | EVI
Vi
VR.VI: The premodifier (n), which may be 15 or 22 bits, . . R
depending on the current s(lorc mode, i: read to B from (PCHECK) J[)‘15’:1‘7,"1.l~
store. The current instruction address is incremented in EBAJ-K f![-7:fb/62
the mili (PLUS 1 forces data flow CYBO) and restored to (EBKM-K) | 3F7:24/62
C (bits 0-21). (EBNP-K) | 3E7:2/62
(EBQ-K) 3F7:23/62
(EBRX-K) | 3E7:4/62 | GSM
(SEK) 3E23:6/111 |- CSM, HB14*
PFAIL 6A6:21/21 | PGEN = RB24
DIE 3B33:25/44 | PFAIL, PCHECK]}
INHPFL.
EM-Q 3C14:23/167
EQAZ-A 3F29:23/41
EQ-B 3D13:15/79
EQAJ-B 3D13:21/79
EQKM-B | 3D13:22/79
EQNQ-B 3D14:24/79
EQRZ-B 3D13:23/79
EQAZ-P 3F3:18/84
EOI 2A16:15/41

FUNSUS S—
m] ve L1 @ | vio1a vi:
Transfer premodificr B >K B =K
to A, Band P, 0-14 0-21 1) In CSM the premod. is 15-bits (in By_14) and must
SEK M—Q — be expanded to 22 bits by extending the sign bit
M o> @ [ (B14) the required number of places (SEK). This is
B = accomplished when the premod. is gated onto K, as
QAL B Q-sA B, P SEK makes K o, all l's if Bl4 - 1.
) 2) The 22-bit premwodifier in ESM is transferred
directly to the A, I8 and P registers.

Exit from instruction. EOL EOL The A bistable is sof (ASTA'T) to ensure that the sccond
of two successive 117 iustructions goeas illegal. An
involuntiary entry to Exccutive is then made (via the interrupt
sequence) at GOOP if the next instruction is a 117

N
I—SSUE“M o
Nov. 72
| 1904S5,1903T 7 7 SHEET 10F 1







" o
COMMENTS _ TONAL M.P. CONDITIONS
Also active at cntry will be: _—
GPD, EV1, 1120-2 or 1126, GBKALIL, GALALL, (I125}, EORv
EANDVENEQV, and LITERAL. (EBAJ-K) |3F7:26/62
(EBKM-K) |3F7:24/62
(EBNP-K) [3£7:2/62
(EBQ-K) 317:23/62
(EBRX-K) |3E7:4/62
(EBYZ-K) |3F7:25/62
(EAAQ-L) |3F33:25/72
_(EAAQ].) ~ | 3F33:23/72
, (EAAQ-17) 3/72
GOOP (EAR-L) 21 /72 1120-2
(EASX-1) 7/72
(EAY-L) 5/12
(BEAZ-L) |3 72
(AND) 3K21:6/75 | CFo
(OR) 14/112 CFK1
N (NFQV) 1:42/75 | C¥2
( i e . 5
(28) a/154 | 1125
Fns 123, 175E, 176E EDFG 3F16:12/86 1126 & EXEC
CCYy IF12:18/99
EQAZ-A
EQAZ-D
CGS
V1
CF! CFo0 CF2 CF5
D13:21/79
vl L1 Vi L1 vl L1 Vi L1 V1: As these instructions are literals, the operand N will be
Gate operands to mill B K B->K B> K B - K in B from the Instruction Phase and A will hold x. Nand x 3A16:12/8
and perform logical A1 A->L A->L ccy are gated Lo the mill for a logical AND, OR, or e
operation. OR iAND NEQV === NONEQUIVALENCE operation and the resull is strobed to
ooy ccy ccy Set 28 registers A, B and P. For the 125, the ZS bistable is set
~r—zod o === e —— — ] mode. from QO in normal mode and the G register (bits 3-5) is loaded | VI
Q>A,B,0) Q5A,B, P Q>A,B, P Set all from Q3-5 in Executive mode. Carry is cleared in both cases.
modes if
EXEC. (ECAX-X) | 3E10:10/67
J (PLUS 1) 3D24:8/109 ] MAN
—— “'j{ EQAX-C 3E17:12/85
EO! 2A16:15/41
S N e
vl LI VI: The instruction address is incremented by one and
) . N returned to C.
Increment instruction C-»K
address. PLUS]
T
Exit EOL: In Leat VO of the Instruction Phase, the content of 13 is
written to acenmulator X,
1
i
o N I I I
1904A MK II | 120,121,122 & 125 INSTRUCTIONS (GOOP-EO!) | FC 34

ICL

1904S 1903T

ALSO Fns 123, 175E ,176E ,

SHEET 1 OF ¢







Gate count to A, bits 1-9.

Gate count .ln A, bits 2-10.

Gate count 10 B, bits 3-11 and
force character count to 3.

Gate character 3 of B to A and
decrement count to 2.

Gate character 2 of B to P and
decrement count to 1.

Clear B.

Gate Lits 0 5 of A to character 1of B and
decrement count to 0.

Gate bits 0-5of ¥ to character 0 of B.

Vi2 L1

A1

SHL
== ==

fm[fiiii
A L
| AN
G n
C'I'NJ

1

V17 L1

P+ K
FANQ

COMMENTS

Vi
SIGNA

L

M.P

CONDITIONS

Also active at entry will be 1124 and EV10,

V10: The count (Xg) is in N (bits 0 to 8) from the Instruction
Phase and is shifted one place left into A, bits 1 to 9.

V11: The count is again shifted one place left and rceiurned
to A, bits 2 to 10.

A hesitation break-point is now allowed.

V12: A third shift left of one place occurs putting the count
in B, bits 3 to 11. The character registers NCH (bits 22 & 23
of N) is forced to 3.

V13: The L. 8. character (3) of B (bits 0-5) is placed in the
1.s. 6 bits of A and NCH again decrementzd by 1.

]

V14: Character 2 of B (bits 6-11) is placed in the 1. s, 6 bits
of P and NCH again decremented by 1.

V156: B is cleared to ensure that bits 0-14 (xm) will be zero.

V16: Count bits 0-2 are now in bits 3 5 of A, Bits 0-5 of A
are therefore strobed to character 1 of B, This puts count
bits 0-2 in B15-17. NCH is decremcnted to zero.

V17: Count bits 3-8 (in PO- ) are fanned to Q and strobed to
character position 0 (hits 13?23) of B. At this time, “15

23
holds the count X, abd B is all zero (xm).

0-14

(ENAJ-K)
SHI,

D8:25/64
ID33:8/102

EQAZ-A
GALALL | 3D30::
EVI1 2A6:
Vil

(EAAQ-1.)
(EAAQ-1.%)
(EAR-L)
(EASX~ 1)
(EAY-L)
(EAZ-1)
sHI,
EQAZ-A
HESBKPT
EVH2

EVi2
GALALL

3D30:3/70

vi2

(EAAQ-1)
(EAAQ-1.%)
(EAR- L)
(EASX-1)
(EAY-1.)
(12471,
SHL
EQAJ-B
EQKEM-1
EQNQ-B
EQRZ-R
EQ-1B
¥FNJ3
FERBJ-K
EVI3

3D33:8/102
D13:21/79
3D13:22/79
aD12:24 /79

2D114:23/79
3D13:15/79
SD18:5/140
aD7:17/71
2A18:5/16

Viy

(F13)-K)
EQAZ- A
CINI

[ANIAREN
END

vid

(E1BJ K)
EQAZ-Y
N

(AN

EQAL B
FEGQRM 13
NG 18
borz- 1
B B8

GALALL
EVEG

91K

Shes iot

CAN Y

(FAAQ-1.)
(FAAQ L4y
(LAR-1)
(EASX-1)

(KAY-1)
(EAZ-1)
EMFAN
Vi L1 VI: The instruction address is incremented by 1 and returned EQ-14 19,80
Increment instruction address and return C K to C. _C_I‘[df»u S \ ,l (,H« e e ]
to C, PLUS1 EPKALL Page 66
== LT 2A10: 2
Q=C BN Al0: i
ccy Vi7
(EPAJ-K)
(EPKQ-K)
(EFRX-K)
Exit EOI The content of register B is strobed to accumulator X in VQ (EPYZ-K) |3F9:23/66
of the Instruction Phase. EMFAN 3F28:17/107
EQ-BJ 3E18:19/80
EV AA16:12 /8 oo
B o
b e e e e
1 - = (ECAX-K) |3110:10/67
ISSUE l [ I [ ] l ] (PiUs1)  |3024:8/109
Do, 72 .. N EQAX-C  |sEL7:4/85
1904A MKH 5 ccy 3F12:18/99
l( L 35 EOI 2A16:15/41

1904S 1903T

124 INSTRUCTION (GOOP-EOI)

SHEET 1 OF .







Strobe instruction V10 L2
address to P and
read first word

address (x*) to B.

C—->K

Datumise x*.

Clear Register A,

SHC
o0 5
Fe.s3 VR L2
Read word from store C—>8J
(or accuraulator) and READ
fncrement word address. v
¢ —-K
FC.52
V13 11
Form sum in mill and A-> L
place in A and B. B-» K
Decercment count. NSt
QAR

o

NO- 8 1

[Vid 1]

Increment instiuction P> K
addr 35 and return to PLUS I
C. p

Exit.

vio N

a store location is accessed.

s [l ]

[

LI

VR: If the address is <8, an accumulator is read, othcrwise

EM-LS3 loads Register LS3 from the mill (bits 0-2) to give
the accumulator address (if needed).

V13: NSUB is active to decrement Ns (No, 9) by 1.

RT1 1f RTI is aclive, it will irhibit certain types of hesitation
request
e
His
-
FOeoon

HESBKPT is also active at exit and hesitations are allowed
If there are more (or after they have been serviced), the
Instruction Phase is entered, at EOL

COMMENTS
SIGNAL MP CONDITIONS
Also active at ontry will be: o . §
GCKALL, EV10, FOV (if RN23), ECKALL, MVS'™ (if OV (ECAX-K) | 3E10:10/67
set), 1127 and 1127INT. (ECY-K) | 3F10:25/67
3F10:19/67
V10: V110127 is active only while EV1] is active (i.e. during , 3r3:18/54
ENX*- 1 16/80
V10).
O IR M
EV1l 2A6:16/14
V1127 Shoct 74
EEBKM-K | Sheet 62
GDLA 3131:18/74
viz
EQAZ-A 3F29:23/81
HXOP K-8
EVR i
EFC-5AD
GUKALL
EFSIN-1 1IXOP

vii

(EBA)-R)
(EBKM-K)
(EBNP-K)
(EBQ-K)
(EBRX-K)
(EBYZ-K)
(ED-1.:1)
(ED-1::2)

LUK 1)
EQUALY,

LQAX. ¢
EQZ-C
(1IN0
Evia
GALALL
GBRATE,
BEBKM-K
[ AN

(PCHECE)
(AN L)
(EAAQ 1.7)
(FAR- 1)
(EASX- 1))
(EAY 1)
(KA 1)
(BAd-R)
(BBKAL-R)
(EHND-K)
(EIQ-K)
(12BRN-R)
[BYAR]
NSUB
FQAZ-A
BGAL B
EQKAL 18
EQNQ- 1
EQRZ-1
RO
EVPRALL
ES
EVI4
HESBRPY
VR

22

EQAYZ-C Sheot 85
EM1LS3 AR/
SHXOP 20107:21/94 | M-8
Kvi2 3B11:10/15
VR
- -
(BEC-SAD) 3C14:8/67
(READ) 214:12/162
(ESIN-B) | 6Dd:21/248 | HXOP
RESFL 20)7:6/32 DORLF & CPR
3E19:4/91 & EXEC

39 6/91
BE1:6/87
SE10:10/67
81 10:25/67
3110:19/67
$h24:8/109

3030:3/ 00
BB 1 /61
Sheet 62

an

UpL:1T /a2

3118:21/ 80
31029: 23/ 81
3D18:21/0y

21515
2A10:0/4

2A18:0/106

}I'.\l()l-‘

} RESFL

& Tii
& R

(EPAI-K)
(EPKQ-K)
(EPRX-K)

1 (ePYZ-K)

(PLUS 1)
(sC22)
EQCALL
ECAX-C
Fr 4-C

c

EC(

1904AMK I
ICL 19045 1903T

127 INSTRUCTION (GOOP-EOI)

FC36

SHEET1OF 1

EVIH 200 12/45 | HESBKPY & IRt
& HES3

BVE2 20 1M4:18/45 3 P& HR
& TIES3

EVI7 2A10:3/21 RT1 & HRR

V14

:3/66
3E9:5/66
3E9:25/66
3E8:28/66
302

sAT6:15/41

LY






@)

UNLOAD (131 +137)

Sheet
2

ViDL

@)

(1) Read content of store
location N to B. Strobe
address N+ 1 to N,

(2) Transfer address N to
register A

¥Co2

Read content of address
N+ 1 toB, Load m,s.
FPA,

DIE

Load 1.8, FPA and FPU
F and X registers Increment
instruction address.

Exit from instructioa

(N P I I I I I
1904AMKIL| GROUP13(FLOATING POINT LOAD & UNLOAD
ICL 19045,1903T —MAIN MICROPROGRAM ONLY) ESEZ

COMMENTS MP CONDITIONS
Relevant signals active in previous beat: EVR (BUSY),
EVIDLE (BUSY), EESIN-B (EVR), ENKALL, EV30 (131 + 137)
(ENAJ-K) | 3D8:25/64
(ENKQ-K) | 3D8:23/64
(ENRX-K) | 3D8:17/64
(ENYZ-K) | 3D8:10/64
EM-Q 3C14:23/167
EQAZ-A | Sheet 85
EVR 2A17:5/7 | VRIP
VRIP 2A14:19/5 |11302-6, RT1 AR
.FPUBUSY
EESIN-B 2E17:2/94 (EVR. (HXOP,
SAXOP. K<)
ENKALL Bheet 84 EVR+ EVIDLE
. VIDLE. 11302-8,
EVIDLE 3A12:2/40 FPUBUSY. ﬁl.
(1) If a group 13 instruction is given in normal mode, and AR
a hardware F.P,U. is not fitted the instructiun is
DIE treated as an extracode, EV34 is forced (for entry to
the interrupt sequence) by EXCD. GOOP, EXEC, VR
Similarly, in Priority mode, EV34 is forced under
the same conditions (ESIN-B) 6D4:21/248
FC52 (EN-SAD) | 2E11:3/98
(READ) 2E19:12/162
LUAD (130, 182 - 136) (ENAJ-K) | 3D8:25/64
(ENKQ-K) | 3D8:23/64
(ENRX-K) |3D8:17/64
(ENYZ-K) {3D8:10/64
UsY (PLUS 1) 3D24:8/109
s N FEU B EM-Q 3C14:23/167
FPU BUSY ELS3-XJ 3F19:6/91 HXOP
F — _E_:_HX—B 3E14:6/87 HXOP
EM-LS3  |3Ei9u/90 [_
VR 12 o [VIDLE L2 VIDLE: ég_r:uu 25{2% RPT
:{;%ir& ,\N’[:(‘; The address N is transferred to the A register since the N EQAQ-N 3E1:2/83 RESFL
RPT register is required if subsequent entry is made to the EQRX-N 3El:6/83 '
N —>SAD T—— hesitation sequence, VIDLE is cycled repeateadly until EQYZ-N 3E1:16/83
either the F. P, U, is free or a RTI occurs. (PCHECK) |3D15:17/112|(VR.RPT)
Q—> A PFAIL 2 PGEN - RB24
VR DIE PCHECK, PFAIL
INHPFL
_ A second 'READ' beat is produced when RPT initiaics EVR RESFL 2D7:6/32 DORLF, CPR.
TQ— N ] during the first 'READ' beat, RPT is resct (hy T.PT) at EXEC
0->HXOP HES the end of the first 'READ' beat. Since LUFPUB is oo - - B -
0-> RPT conditional on RPT, this ensures that the load FPU operation | EVR 2A17:5/7  |RPT. RES
MO-2>LS3 is not started until the beat following the reading from store | EESIN-B 2E17:2/94  [EVR. ‘HXOP,
SIN-— B FC53| of the first (m,s,) word of the operand. SHXOP. K < 8)
ENKATT. |3F8:7/64  |nVR
EVI 3A16:12/8  |VR. RDT, RESFL]
V)
(PCHECK) |an15:17/112 [(VR. RPiY
o = e (ECAX-K) 8E10:10/67
VR 12 VR (PLUS 1) 3D24:8/109
N beAD LUFPUB (load upper F, P,U. buffer) produces the strobe LE ‘f\”‘ p(,'hpi . HB)Z»?
:l::n]( in the F, P, U, which loads the m.s, part of the operand bir: []:":f;]K PEALL
PLUS 1 from the B register to the ¥, P.U. Input Buffer, £M-Q o
M—Q LLFPUB vw,
B FPA HQAX-C RESIT
oo ccy 3F12:18/499
Q—» N EOI 2A16:16/41
0 ~» HXOP
MO0-2 > 1S3
SIN ~>B
Vi L2 \Z
Co-21->K JL.LFPUB (load lower F. P, U, buffer) produces the strobe in
PLUS 1 the F, . U. which loads the 1.5, part of the operand from
x;g‘“ the B register to the F.P.U. input buffer and starts the
______ F.P.U. clock,
Q ~»C0-21]
CLFARCY




Rescrvation check
on N, From N+1

FC52

Reservation check
onN+1.
Form N.

Unload upper
floating point
unit buffer.

Write to store
contents of upper
F.P.U. buffer.
Unload lower
F.P.U. buffer

Write to store
contents of lower
(.s.) F.P.U,
buffer.  Increment
instruction address.

V3O

[ vz
UUlL

FPA->B

WRI'TE
N—-K
PLUST

Q—>N
M0O-2>1.83
Q —> 1IXO!

l

VW.VI L2

N - SAD
EB— S0
WRITE
C—K

VW, vI

bistable is force set.

ISSUE [ !

Nov. 721 I l

L1 [ |

The store is addressed from the N register and the |, s,
word of the double length operand written to storc.
current instiuction address is incremented, carry is cleared
and, if B23 is set (indicating cxponent overflow), the overflow

The

COMMENTS TGNAI M.P. CONDITIONS
(EN-SAD) | 2E11:3/93
(ENAJ-K) 3D8:25/64
(ENKQ-K) | 3D8:23/64
(ENRX-K) | 3D8:17/84
(ENYZ-K) | 3D8:10/64
(PLUS 1) 3D24:8/109
EM-Q 3C14:23/167
V3o EQ-N 3E1:8/84
EQAQ-N 3E1:2/83 RESFL
A reservation check is carried out on the address in N, Eg?t: ggfé%,
which is the destination of the m, s, part of the double RESFL 207:6/'12‘ DORLF. TPR
length operand to be received from the F. P,U. This : o " ‘
address is then incremented by 1 and returned to N. NN SR B
EV3!L 3B19:2/31
ENKALL Shoet 64
FLALL 2E32:6/76
EENARXL | 3E33:19/102
V31
(EN-8AD) | 2E11:3/93
(ENAJ-K) 3D8:25/64
Vi1 (ENKQ-K) | 3D8:23/G4
(ENRX-K) 3D8:17/64
A reservation check is carried out on N + 1. This address (ENYZ-K) | 3D8:10/64
is now decremented by 1, again forming N, and returned (EAAQ-L) | 3F33:
to the N register. (EAR-1) 3F33
(EASX- L)
(EAY-L)
(EAZ-1)
(ENAAQ-L)
(ENAYZ-L,| 3D31:26/73
(ENARX-L)| 3D31:5/73
EM-Q 3C14:23/167
EQ-N
EQAQ-N .
EQRX-N RESFL
EQYZ-N 3F1:16/83
™ EM-LS3 3E19:4/91 .
RESFL 2D7:6/32 DORLF. CPR.
If a 131 instruction, the F.P.U. carries out its ‘Floating | ... .__ 1 . |EXEC
to Fixed' conversion und on completion of this operation EV32 Sheet 32 RESFL. 31
initiates "FPURDY''. The instruction now re-enters the FPURDY) + (137.
main micro-program and completes the final three heats of FPUBUSY)
FPORDY the sequence. EVIDLE 3A12:2/40 |31, FPURDY)
4 (137. FPURSY)
ENKALL Sheet 64 VIDLE
1 VIDLE
VIDLE L2 VIDLE — nd
(ENAJ-K) 3Dy
See Sheet 1. (ENKQ K) 3D
(ENRX-K) | 3D8:17/64
(ENYZ-K) | 3D8:10,/61
EM-Q 3CL13/167
EQAZ-A RIEZUE |
Va2 oo -
) Evisz Sheot 12 (I TETR
The m.s. word of the double length operand is trausterred . SIER
from the F.P.U. to the B register, :)J
EVIDLE dAtz:z/a0 | WAL [0,
FPURDY) + (197
FPUBUSY)]
ENKALL Sheet 61 EVIDLE
VW, V1 ——
The storc ls addressed from the N register, the m.s. word e e e R R e
of the double length operand is written to store, the N uuEPLl DI I
register's contents are incremented by L and the s, word . : -
of the operand gated from the . P U. EVW 2B3:18/4 J—
ERB 50 21°7:17/106 JHXOP
ENKALL Sheaet 61
vw

(k.N-SAD)
(EN- 80
(WRITE)
(ENAJ-K)
(ENKQ K)
(ENRX-K)
(ENYZ-K)
(PLUS 1)
EM-Q

ZE1L:3/01
3R21:9,75
2E4:6/
3Dy:24H

Hxor

(EN-8AD)
(EB-80)
(WEITE)
(FCAX-K)

ICL

1904AMK T

1904S 1903T

GROUP 13 (FLOATING POINT LOAD AND UNLOAD-
MAIN MICROPROGRAM ONLY)

FC37

SHEET 20F2

nuxor
N !

EQRX-N 3E1:6/83
EQYZ-N BEL:NG/)
ULFPUL > W1
-;:\}W 2B5:1L/5s Vi
EFB-50 2F7:11/106 [HXOP
EVi 3A16.02/8 WA
VW, Vi

2R/
BR20:9/10
24 6/14:
3E10:10,/67
3C14:24/167
3E17:12/85
3FK21.9/100
3F12:18/99
2A16:15/41

F.aza




Read n to B, set
count in P to 8,

1]

=

n= -1,

2) Test for

n=0,

(V10) Strobe n # x
(150E) or -1
(151E) to B.

(VW. VD) Write nto
store.

(VW, VI) Write content
of B to store,

increment
instruction
address.

(Vi1) Decrement
count and

restore to P,

(EOD Exit from

instruction.

Test for (1)

GOOP
1150:1

VR L2

N- 8AD
READ/P
1+ K3
M->Q

CLEARCY
SIN - B

V10 L2

AL

A~ L(151)

B -K(150)
NEQV

VW.ViL2

N -»SAD
- 850

&l

1

ISSUE ]NW 72

|1 |

||

VR
COMMENTS GNAL MP CONDITIONS
Relevant signals active in previous beat:
EVR, EESIN-B (HXOP). (EN-8AD) {2E11:3/93
(ESIN-B) 6DM4:21/248
(READ) 2E14:12/162]
(PAUSE) 2E10:6/276
(FK3) 3D5:22/68
LS3-XJ 3F19:6/91 | HXOP
VR: The operand n ie read to B from store. The K zl{X»B 3!':11-6;87 HXOP
highway is forced to 8 (FK3), and this constant is strobed N 4.0
1 EM-Q 3C14:23/167
to P as & loop count. The carry bistable is cleared (CCY). EQAZ-P IF3:18/34
CCY . JIF12:18/99 '4
EVO  (eawenz |
GBKALL 3F6:21/61 |1151-4E
PNBAZ-K |2F17:24/94 |150E
ve
(PCHECK) |3D15:17/112
{EBAJ-K) 3F7:26/62
{EBKM-K) 4/62
(EBNP-K) |3E7:2/62 \
(EBQ-K) 3/62 GBKALL
(EBRX-K) |3ET7:4/62
V9: Operand n is gated to the mill for testing purposes. For | (EBYZ-K) |3F7:25/62
1S0E the test is for n = -1, while for the 151E the test if for (ENBAZ-K) {309:9/112 | PNBAZ-K
n =0. Note the mill output will be zero if n = -1 (150E) or PFAIL 6AG:21/214 | PGEN # RB24
n =0 (151E). DIE 3B33:25/44 | PCHECK. PFAIL
INHPFL
EV10 2A5:9/13 (I150E. |
(1152E. HM~0)
GALALL 3D30:3/70 | EV10
ENALALL [3D31:7/93 {EV10.1151E
EENARXL |3E33:19/102| ENALALL
GBKALL 3F6:21/61 | EV10.1150E
ENEQV 3D20:17/2 |EV10.1150:11E
EVW 283:18/3 (1150E. HM:0) +
{1151E. HM~¢)
EEB-SO 21°7:17/106 | EVW. HXOP
vie
(EAAQ-L)
(EAR-L)
(EASX-1) GALALL
(EAY-L)
(EAZ-L)
(ENAAQ-L) |3C14:7/167

V10: 150E: The operand n # x (x in A) is forced in the mill
and strobed to B.

151E: The integer -1, forced in the mill (A and K) is
strobed to B.

VW.VI: The contenl of B is written to store location N. The
current instruction address is incremented (PLUS 1) and
restored to C0—21 .

VW.VI: Whenn = -1 (150E) or n # 0 (151E) this beat is
entercd instead of V10, and operand n is returned to store,

V1il: The count in P is decremented in the mill, and the new
value is tested prior to entry to the next beat.

V11 is looped a total of 8 times, until the count is zero, at
which stage the instruction is repeated from VR,

(EBAJ-K)

{EBNP K)
(EBQ-K)
(EBRX-K)
(EBY7-K)
(NEQV)
EM-Q
EQ-1
EQAJ-B
FQKM-1
FQNQ-13
EQRZ-1v

EVW
EEB-S0
EVI

(

(EB-80)
(WRI'TE)
(ECAX-K)
(PLUS 1)
FASS-Xd
FEHAZ-X

EM-Q
EQAXN-C
EQO]

(ENARX-L)
(ENAYZ-1,)

(KBKM-K)

3D31:6/73

317:24/62
3K7:2/62
317:23/62
4K7:4/62
3K7:25/62
3K

K1)
an
31
2152:18/3
2F1:

25/73

ENALALL/
EENARXI.

GBKALL

KVW. HXOP

HXOP
HxoOP

VWV, V]

(EN-5A1)
(EB-50)
(WRITE)
(V1
EPKALL

Vil

KENARXIL

FLALL

(EAAQ-L)
(EAH-1)
(EASX-L)
(EAY-L)
(EAZ-L)

(EPAJ-K)
(EPKQ- K)
{EPRX K)
(EPYZ K)
EM Q
EQA7 -1

ICL

1904A MKIL
1904S 1903T

150E,151E

INSTRUCTIONS

FC 38

SHEET 1OF 1

EPKALL

FLALL
EENARXL

(ENAAQ-L)
(ENARX-L)
(ENAYZ-1)

k1

3P88:7/12
K3

3K33:21/72

HM-0_
EVR. HXOP
HM-0. HR. RT1
EV1]

EVH

FLALL







COMMENTS vio < MP CONDITIONS

The dovice to be read is selected by the decode of the i
instruction's N-field which produces ND1, ND2, ND3, NDé4, :
ND65 or ND129. These allow the contents of one of the GO1US 3D19:20/162 ‘
special registers to be read. ’ ETIM-L 2D16:21/60 ND1
ETYP 3D16:16/ NDZVNI)S
E64-1L 3ID10:12/%7 ND64
E65-L 3D10:6/77 NDGS '
Vvi0 L3 V10: The selected special register is addressed by N and ESP129 3D10:20/77 ND129 .
its contents read to the L highway and strobed via the mill BQAZ-A 3129:24/81 .
Read Special Registor * |pevice > to A and B. EQAJ-B | 3L13:21/79 ;
nto A and B. L “Wm EQKM-B | 3D13:22/79 ;
N-— EQNQ-B | 3D13:24/79 :
—— EQRX-B | 3E1:6/83 '
EQYZ-B | 3E1:9/83 !
Q->A,B BQ-B 3D13:15/79
EN-BAD 3E28:20/108 {
EV14 2A7:9/18 Ng_g°1 i
No_9=1 (and ND1) is active if the milltimer special register :5:")8 gfiéfi?;‘ _—No-g‘l ;
is to be read. EBAZ-X | 3F25:8/90 | EVI4 .
Vi4 ;
1
vi4 L3 V14: Address 260 (i.e. 256+4N) is forced to N by gating 256 —_— I
Force address 260 to N, . FL8 to L and 4 to K and adding these in the mill. The sum (260) ‘-f;l%;) 3&5215(1,{]42 '
) FK2 is then strobed to N. L_LQAQ-N 3!‘1:2/8'i ’i
Milltimer register is cleared. FORX N 3&2'1:6/8‘3
EQYZ-N | 3E1:16/83 !
F= 1 EQ-N 3K1:8/83
EVR 2A17:5/7

EESIB-B 2E17:2/94

o
—d L I
z

VR L2 VR: The store is accessed at the address in N (260) and the VR
N . previous milltimer total read to B, the store location being R
Road store location 260. '}1 ;;37}? cleared by the PAUSE part of the beat. (EN-SAD) | 2E11:3/93 :
(ESIN-B) 6D4:21/248 t
(READ) |

EVI6 2A9:9/20
GALALL | 3D30:3/70
GBKALL 3F6:21/61
EEBKM-K | Bheet 62

V15 L1 V15: The previous and current milltimer totals ar. added I
Add provious and current AL (A = L and B — K respectively) in the mill and strobed to B. V16
mill timer totals. B—K (FAAQ-L) | 3K
(LAAQ-L*Y)
S (EAR-L) ?
(EASX-1) :
Q—>B (EAY-1) ;
(EAZ-1) !
(FBAJ-K)

(BBKM-K) | 3F7:24/62 !

(EBNQ-K)" | Shect 62
(EBRX-K) | 3ET:4/¢2
(BBYZ-K) | 3F7 i

EQAJ-B ant

t
¥
i

3D

RYNTRI i
V16 L1 V16: Milltimer total written to X. 3D14:15/79 :
1
X - XJ H
B -+ X VW PAIERE VA )
EER 50 21°%:11/106
R VW ‘
Q—+B :
(EN-SAD) !
(KR-S0) :
(WRITE) 2¥4:G/162 )
I . - :
V1 BAL6:12/8
VW L1 VW: The new cumulative total formed in B in V16 is written ! 12/ i
. s 0SS " o ermaref i
Write cumulative total to N - SAD to the address in N (still 260 from V14). Vi i
store location 260. WRITE [ i
(KCAX K) | 3E10:10/ 67 ;
(PLUS 1) 3D24:3/ 109 1
EQAX-C :
cey
EOI

ERX-XJ) 3120:4/89

V1 L3 if milltimer else L1. VI: The instruction address is incremented and returned to C.
Carry is cleared and during the subsequent Instraction Phase, i
the content of the special register read in V10 is copied from

fincrement instruction C =K

laddress. P b x
' é‘gs ! B to accumulator X if the order did not specify a milltimer- l

read operation. ,

b= '

Q—>C !

i

§

1}

1

Exit ;
H

!

. {

. t

ISSUE ]Nw', ) [ [ ] I ! I |

i

1

1904A MKIL -
ICL SOALMKIL] 170E INSTRUCTION  (GOOP - EOI) 5;9%4







Address device via BAD from N and
strobe the control code (x, in B) to it.

Increment instruction address and
clear carry.

Exit.

COMMENTS

CNALl  MP CONDITIONS

ISSUE ]Nu\f’?;l [ I 1

[ |

When a 171E order has been specified, VMOD of the
Instruction Phasc will load the content of accun. 'ator X (x)
to B (note, Q — B gating is inhibited in VMOD for a t71E
order). Also active at GOOP time are IN71E, GPD, EVI1,
GBKALL, EEBKM-K and GO1US,

vi:

The device is addressed from N5 and the content of
accumulator X (the control code, in B from the Instruction
Phase) is gated onto K. Data on K automatically appears at
the BOUT gates which are opened in this case by K — BOUT.
The control code is then loaded into the device's register,

vi:

The instruction address (in C) is incremented and returned
to C. Carry is cleared and exit is made via EOI to the next
Instruction Phase.

1904A MK
ICL

19045,1903

171E INSTRUCTION (GOOP-EOL) FC45

SHEET{OF {

EN-BAD 3E28:20/108]
(EBAJ-K) |3K7:26/62
(EBKM-K) |3K7:24/62
(EBNP-K)

(EBQ-K) IFT:23/62
(EBRX-K) [3E7:4/62
(EBYZ-K) |3F7:26/62
(PHC) 2F9:6/265
EVI 3A16:12/8
Vi

(ECAX-K)} [3E10:10/67
(PLUS1) 3D24:8/109
EQAX-C 3EL7:12/85
EOI 2A16:15/41







Read datum and program
number from store to B
and increment N address

Read limit and modes from
store to B. Load datum
and program no. registers

Load mode
field of G
register and
load limit
register

Increment instruction
address, clyar carry
and

exit el e
(1T4k

only). ¢ 53

From datum plus 9 (I—’i‘lr)
or datum plus 13 (FPU) in
N and reset Executive
bistable, Test for paging
reservation faiture,

Exit to
interrupt
sequence

failure occurs,

CI’R& RESF L

VR/V9 L2

N — SAD
READ
N —-K
PLUS1

VR/V10 L2
N — SAD
READ
B— K

o

register

viz 12

D —- L
Q@—> N
FK3

PLUSI
FK2 if
Fru

D+ 9y

D +13>N

0—> EXEC

¢~ K
PLUS 1
cey

Q —C

EOI

COMMENTS

VR/VY
IGNAL

MP CONDITIONS

ISSUE

ICL

1904A MKIT
19045,1903T

| L L L.

|

| ]

VR/V9: The datum and program number are held in the
store location N loaded in the previous Instruction Phase.
These are read to B and the address rogister is
incremented (PLUS 1) to N + 1.

VR/V10: The limit and the machine modes are read from
N + 1, During the store cycle, the datum read.in VR/V9 is
strobed to the datum register and the program number is

placed in bits 6 to 9 of the C register,

V11: The limit read in VR/VI0 is transferred from B to
the limit register and the machine modes arc loaded into
bits 0 to 5 of the G register.

V1: The 173E order is
address is incremente
to the Instruction Phase,

now complete and the instraction

Caryy is eleared and exit  occurs

V12: The 172E ovder continues at ViZ, In this beat, D+ 9
is formod in N (D + 13 if the flonting point unit is fitted)
and the EXEC bi A paging rvation
failure check is carried out und if this occcurs, entry is
made to V21 of the interrupt scequence,

ble is rescl.

The sequence now divides, taking one of two branches
dependant upon whether or not the hardware floating point
unit {(FPU) option js fitted.

(EN-SAD)
(READ)
(ESIN-B)
(ENAJ-K)
(ENKQ-K)
(ENRX- K)
(ENYZ-K)
(PLUS 1)
EQNII®
EQAG-N
FQRX-N
EQY7Z-N
EQ-N

L
EVR

EVIO
EESIN-1

2EN:3/93
2F4:12/16
6D4:21,248
3D8:25 .64
DK
N8I 6
DR 0G4
aD24:8/109

3E1:16/43
3E1:R/83

4 - -

2A17:5/7
2B85:9/13
2E7:2/94

VR/V10

(EN-SAD)
(READ)

2101 :3/03
24:12/16
G 21 /248
M56:7/114
SDZK26GA08

2AG:1G/14

ABIL0/TS | LIT2EL (HRy

ENHNEI)
EVI JALG 28 T TIT8E
GDLB SN32N7H P EVE L2
Vi
(FD-1.:1) oo

PR
(ED-L:2)

re
RIESEL Bottd
EVR 2ALTLT
VLS ZATR D16 P
EVIH ZAK 40 Fren
EESIN 1 2H S
ENKALL Sheot G
i NN S, [ —
v
(LCAX-K) ARTO 0 6GF
(P1LUS 1) BN 109
FQAX © BRI
[XP] 2ALG: 0 A1

172E & 173E INSTRUCTIONS (GOOP-EOI/V12)

FC46

SHEET1OF 3




COMMENTS VR/VI3 MP | CONDITIONS
IGNAL] ;
1
(EN-SAD) | 2E1l: 3/93 b
(READ) 2E 4:12/16
(ESIN-B) | 6D 4:21/248 -’
NSUB 3F18:21/80 ¥
Sheet Sheet T LY NSRRI Ty N i
2 2 EVR 2A17: 5/7 i
EVi4 2A 7: 8/18 |
GDLA 3F31:18/74 !
i
/V1a VR/V14 i
Read the content of D + 13 and N—> SAD VR/V13: The content of the store address held in N i
decrement address to D+ 8 N—K (D + 13 formed in V12) is read to B, This data is in ;
READ face, the required content of the 1.s. FPU buffer, N (EN-5AD). | 2E11:3/83 E
FLALL is decremented (by NSUB) to D + 12, (READ) 2E 4:12/16 H
L~ - = (ESIN-B) | 6D 4:21/248 ;
Q —N (PCHECK) | 3D28:26/108 i
SIN-> B NSUB 3F18:21/80
LLFPUB 2E 7:22 /92 3
FK3 3D 5:22/68 i
(PLUS1) | 3D24: 8/100 f
1 EQA-N 3E 1: 2/83 H
R/V14 L2| VR/V14: The content of D + 12 (the required content EQRX-N 3E 1: 6/83 {
N—>SAD of the m,s. FPU buffer) is read to B. During the store EQYZ-N 3E 1:16/83 !
Read D + 12 and form D + 8 in READ cycle, the l.s. FPU bufier is loaded from the data in B EQ-N 3E 1: B/83 i
register N. Load lower FPU PLUS 1 (from VR/V13). (ED-L:1)  |3E21:25/75 | {
buffer from content of D + 13 B —FPA (ED-L:2) | 3E21:22/75 | CPR & EXEC !
p—v. -t  1r 000 hkaac-aas T )
read in VR/V13.
RESI. EVR !
QN ] EV15 |
D+ 85N ENKALL ]
SIN—B :
VR/V15 g
DIE {EN-SAD) [2El1: 3/93 "
i} (READ) 2E 4:12/16
(ESIN-1) 6D 4:21/248
(PCHECK) |3D28:26/108
NSUB IF18:21/80 |
VR/V15 L3 VR/VIS: The content of D+ 9 f8 read from store, This | “UF UB |2E 7; i/_:“_z_ I
Read content of D + 9 to B N>SAD word contains the ZS and A bistable modes. The address | - )
and decrement N address to N—::K is then decremented to D + 8, During the store cycle, EVi6 249/ 8/20
D + 8, Load upper FPU buffer the m.s. FPU buffer is loaded from the contert of B EVR 2A17; 57
f dat. d 1 (londed in VR/V14), EESIN-B 2E17: 2/94
rom data read in VR/Vid4, ENKALL Shect 64
EENKQ-K {8heot 64
VR/VIG
(EN-SAD) 2111:3/93
(READ)
(JSIN- 1)
(PCUECK) 2
3116:21/80
) 3 3E19:4/01
VR/V16 12| VR/V16: The store is accessed at D + 8 to read out the (KNAJ-K) | 8l7:24/62
Read instruction address (in D + 8) N—> SAD instruction address. N is again decremented to give (ENKQ-K) | 83D8:28/641
to B and decrement N address to READ D + 7. During the store cycle, the ZS bistable is set (ENRNX-K) |} 3D8:17/64
D+ 7. Set 25 mode and load 153 FLALL (or reset) according to bit 20 of the word read to B in 3D8:10/6:4
register from mill. 4 N— K VR/V15. N is also gated via the mill back to N. This RIS RRVEH]
mRIZR=ES means that the 1.s. 3 bits of the mill will contain the 3EL:6/88
GMLS:‘ constant 7. These bits arc copied into the LS3 register,
B20->28 forcing it to 7 to provide the count for VIU/V1§ (sheet 3).
Q—N PR ——
7 ->183 1
GDLA R34 -’
GBKALL,  |3FG:21/61
i EEBKM-K  |Sheet 02
PFAIL Vit
(KBAJ-K)  |3P7:26/62
(KBKM-K) |3F7:24/62
(EBNP-K) |3F7:2/62
ViT_ Lz V17: The instruction ddress read in VR/V16 s (EBQ-K)  |3F7:23/162
Datumise instruction address and B—K datumisod and strobed to C. :i‘::g‘?[(::: g;:;;é%z
strobe to C. Dsc.;) L (ED-L:1)  |3E21:26/75
4 = (ED-1:2)  [3B21:22/756
B EQCALL  [3F17:2/85
Q-—C EQAX-C 3E17:12/86
EQZ C 3E17:16/85
EVR 2A17:5/7
EVI9 2A11:9/24
ENKALJ. Sheet 64
EENKQ-K  {Sheot 64
PFAIL
Sheet
3
issue |, ! . -
Nov.72 d
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Load

lators

VR/VY

7to1fromD+ 7 to
D + 1 respectively,
decrementing LS3 by
one each time

Load acoumulator 0

from D and formD + 8

COMMENTS IGNAL MP CONDITIONS
FLALL 2E11: 3/93
(EN-SAD) 2E 4:12/16
(READ) 6D 4:21/248
iESIN-B) ar18:21/80|
M- LS3 3E19: 4/91
EBAZ-X 3K25: 8/90
EBAZ-X* 3D 8:25/64
(ENAJ-K)
{ENKQ-K) 3D 8:23/64
(ENRX-K) | 3D 8:17/84
(ENYZ-K) 3D 8:10 64
EQAQ-N 3E 1: 2/83
EQRX-N 3K 1: 6/83
EQYZ-N 3E 1:16/83
VR/V19: The m.s. 7 hardware accumulators are re- EQ-N 3E 1: 8/83
loaded from store locations D + 7 to D + 1, one accumulator | pyg3 xy
being reloaded for each cycle of the loop, Each time VR/V19} . e e R J—
is cycled, the address is decremented and returned to N via {py.g 3B13:18/25 | FEOI& (ENNNEBI
the mill, This allows LS3 to be reloaded for each cycle EVR 2A17: 5/7 | yIB3- 0 & AR)
from the mill, decrementing its count by one each time. EV20 3B13:18/25 | FEOI & L83 - 0
When this count equals 2ero, the m.s. 7 accumulators have |oppa 3F31:18/74 | FEDI
all been loaded and entry is made to V20,
V20
(EN-SAD) 2E11: 3/93
(READ) 2E 4:12/18
(ESIN-B) 6D4:21/248
(PCHECK) 3D15:17/119
_E_B_A;\_Z-X 3F25: 8/90
(FK2) 3D 5:22/68 | FEOI
(ED-L:1) 3E21:25/75 | CPR & EXEC
(ED-L:2) 3E21:22/75
EQAQ-N 3E 1:2/83
EQRX-N 3E 1:6/84
EQYZ-N 3E 1:16/83
EQ-N 3E 1: 8/83
V20: Thel,s. accumulator (0) is loaded from store address  |poy 2A16:15/41

D. Bit 3 of K is forced to 1 and this is gated via the mill
and Q to N, The datum is simultancously gated to L and thus
D+ 8 appears on Q. This is then gated into N to give the

in N, address of the dumped instruction preparatory to the
Instruction Phase which is entered at EOI.
Exit
ISSUE Novf 72]
1904A MKIL -
ICL oAs 10097 | 172E & 173E INSTRUCTIONS (VR/VI9- EOI) SFH'EECT 3409
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vi
COMMENTS IGNAL M.P CONDITIONS

Also active at entry will be 1174E, EXEC, EVI.

(ECAX-K) |3E10:10/67
(PLUS 1) | 3D24:8/109

i
cey 3F12:18/99 H
EHX-HB 3E14:6/87 !
L r EE R B
. 3B18:12/29 L
i I 11 V1: The instruction address is incremented and returned 3F6:21 /61 !
c X to C. Accumulator X holds the control code character Sheet 62
Increment instruction address and — (bits 0-5) which is gated to B. "Dlu”':“
PLUS 1 2D18:25/95
read control code character to B, .
LeCY .. |
Q—C - i
X—>B V27 1
H
EN-BAD 3E28:20/108 l
(EBAJ-K) |3F7:26/62 :
v27] 13 v27 (& RPT):  The peripheral is addressed from N (EBKM-K) |3F7:24/62 i
N — BAD (toaded during the Instruction Phase) and the control code |(EBNP-K) [3E7:2/62 !
Address peripheral from N and gate B— K in B is strobed to it over the BOUT highway. The (EBQ-X) 3F7:23/62 :
10 it the control code character. K —spouT beat is 'stretched' to 1.2us to allow time for the (EBRX-K) [3E7:4/62 :
Fan response to all character positions BIN - M peripheral response to be received. - This response is then |(EBY-K) Sheet 62
of A. AND formed to all character positions of A and the RPT (EBZ-K) Sheet 62 ‘
FANQ bistable is set. AND is set to prevent the control code EBIN-M 3E25:6/90 |
comemad being OR'ed with the response onto the M highway - as 1, | (AND) 3E21:6/15 ;
Set RPT is all zeroes, the mill output will be all zeroes with AND |EMFAN 3F28:17/107 !
Q—A active. (RPT) 3C28:23/149 {
EQAZ-A 3F29:23/81 !
NR74v27  |3D3:16/48 |RPT & V27 :
rPf Va7 3B18:12/29 |NR74v27 t
V27 (&RPT): V27 is repeated to hold the control code EV28 2B12:20/30 |V27&RPT :
Retain the control code on BOUT for on BOUT for a turther 1. 3us and the T pulse (PHT) 1o GALALL  (3D30:3/70 |EV28 }
a further 1.2s. and send T pulse, peripheral. EFASX-1.  |Sheet 72 :
V28 {
(EAAQ-1.) .
(EAAQ-1.%)
(EAR-1) i
(EASX- 1) i
V:za[ L1 V28: The response reccived [rom the peripheral in (f:A;— {’) i
AL V27 is gated to a selected character position of B. ~ This ‘“A 1;7 )
Strobe response to a character position . will be the Ls. position (NCH - 3,) set in the Instruction Pj 1) ALGAA/ !
of B. _Q N '_;n] - Phase unless the order has been modified in w'ich case o A1/ '
the character position will be determined by the top two

bits of the modifier.  The word containing this response
character is written to accumulator X in the subscequent
Instruction Phase.

Exit from instruction Ror . !

ISsU

~ 1904A MKIL v
ICL 190451903T|  174E INSTRUCTION (GOOP-EOI) !:gﬁ? |







COMMENT §

| MP | CONDITIONS
Also active at entry are I177E, GPD, EV1 and GALALL.
(EAAQ-L)
(EAAQ-1%)
(EAR-L)
(EASX- L)
{EAY-L)
(EAZ-1)
EQNIP
EQAQ-N AE1:2/83
EQRX-N 3E1:6/83
EQYZ-N IEL:16/83
EQ-N JEL:8/83
CcCy 3F12:18/99
EVi 3A16:12/8
- vI
Transfer x to register N vi 11 V1: The content of A (x, loaded in the Instruction Phase) is e e e e o]
and clear carry. AL gated to the N register and carry is cleared.
S (EN-8AD) 2F11:3/93
Q —) N (ECAX-K) JrL0:10/67
cCcy (PLUSI) D24 :8/109
(EQAX-C) BE17:02/85
FCY 3r15:07/106]  DORLY
EOI 2A16:16/41
vl L1 .
Increment instruction address N —SAD VI: The content of N (x, from V1) is placed on the SAD
and strobe to C. Force carry C K highway and a reservation check made. If reservation
if datum or limit failure occurs. PLUS 1 failure occurs (DORLF) carry is forced set. The instruction
~Q—;:*E 4 address is incremented and the new address returned to C
FCY if
DORLF

Exit. Exit is then made to the Instruction Phase.

ISSUE [N‘,:_ —,zl l I I I l l

1904 A MK ) .
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Transfer N-address
to A (Extracode entry
only)

(&)

V34 LY
N— K

=z ===

Q—>A

)

Va3 L1

CREST

1116/126
FRi0 L2
1116,126: ;{‘;“”sm AD)
Retrieve -
instruction address
and strobe to B.
1127: strobe
instruction address
2
to C (from P). [vas 12
B—> K
Transfer current 6_ :‘E"
instruction

address from B to
C.

FC53

Priority
Mode
Only.

DM Transler
current datum
address to N and
strobe 3 Lo X or

X+ 1. Foree177
function and sot INT,
Resct FLGY and
L83,

V36 L2
D L
X XJ

F177F
0—>FLGH
0183
1->INT
Q>N
B> XyX*
if nceded

W, v 1.2

heet

FC46

67253

V33

1
1SSUE lNov. 72 [

l

L L]

T

v3es PM:

The datum for the interrupted program is transferred to N
and the LS3 register is loaded from the mill,  The
accumulator addr highway (XJ) is cleared and thus X0 is
read to B. A 177 function is forced (F177F) to clean the
function register and FLGY is veset, INT is then sel to
indicate that e interrupt sequence proper is umderway.

\AZA%H

ICL

1904A MKI
1904519037,

INTERRUPT SEQUENCE (ENTRY - V36)

FC52

SHEET10F4

(-
(PCHE
LViG
GDLA

S |

(1D-1.:1)
(ED-1.:2)
EQNIP
KQAQ- N
EQRX-N
BQY?Z-N
EQ-N
FIvTF
(ANT)
EM-1.53
Fi641'
;00p
VW

VY
ENKALL
EnB-50

M.P CONDITIONS
COMMENTS IGNAI
There are T entry points to the Interrupt Sequence:
Reservation failure: RESFL
CREST sequence: CREST (from VFC12) O N
Nlegal order: ILLEG (GOOP & ASTAT & J117 & EXEC) (c EiAD) SC.H /167 (EC-8AD)
. (EN-SAD) 2K11:3/93 (FN-8AD)
172E sequence: I172E N o
(WIITE) | 2E4:6/162
Extracode: EXCD 3
— (EB-50) 3E21:9/76
’I:{:“l‘tanrg:l rtd(l)‘N (,z,-M)PmNT W” RESFL 2D7:6/32 DORLF & CPX
ripheral interrupt: (. ( & EXEC
ECAX-K 3E10:10/67
V34 ECY-K 3F10:25/67 EC-8AD
An EXCD interrupt requires the transfer of the N-address isi;ﬁ( :;;021' %37
to A to be written to store (or to an accumulator) in V11, ENKQ-K 3D8:21/64 EN-SAD
V33 ENRX-K 3D8:17/64 i}
: ENYZ-K 3D8:10/64
If entry was due to RESFL, the fajled address is transferred FEQAZ-A :
to A from either C or N, (FLG4)
EVR10 .
EVi4 MOVE
EV35 MVSUM
GDLA 3F31:18/74 EV36
EESIN-B 2E17:2/94 EVRRI0
VR10/V34:
The instruction address (dumped in location 10 on entry to Vad
the 116/126 ((MOVE) order) is retrived and strobed to B,
V35: (FSAD10) | 2F10:9/112
21 3:3/
This beat is entered if the RESFL occurs in the loop of a f:g:,’ ZN /“5 N
b 2F3:6/115 1116 1126
127 order. The current instruction address is then in P and (READ) 2E4:12/162
is transferred to C to be incremented in V12, If the (ESIN-B) GD4:"1 /248
interrupted was a 116/1267, the same action occurs with the e g . .
1 RESFI, 2D7:6/32 DORLY & CPR]
exception that the address is held in B rather than in P, & FXEC
ENAJ-K 3D38:25/64
ENKQ-K 3D8:23/64
ENRX-K 3D8:17/64 EXCD
ENYZ-K 3D8:10/64
EQAZ-A
Lo - e
EV35
GBKALL | 3F6:21/61 ]f MOVE
(EBAJ-K) | 3K7:26/62
(EBKM-K) | 3F7:24/62
31 MOV
(EBQ- K) W7 :28/62
(EBRX-K) | 3K7:4/62
(EBYZ-K) "7:25/62
EQCALL SF17:2/18
EQAX-C 3K17:12/85
EQZ- ¢ 3E17:16/85
(EPAJ-K)
(RPKQ-K) 1127

BD15:7/112
3A 18/35
AF31:I8/74

3E21:25/749

}cm( & X

t PM
BD17:16/22 .
21314:20/9 rM
AR R
AL M
67 /G
LE7:17/106




Dump accumulators
toDtoD +7.

Transfer address
to B.

()]
1) Write failed
address to store
and strobe datum
to A,

2) Write extracnde

© N-address to
accumulatur 1.
Transfer datum to A.
Increment or decrement
as requirod,

In both cascs:

PLUS L if PERIPH &
ASTAT;

FKALL if EXCDVILRVV
(MM1 & I()Zﬁ[.)VJUMI’,

Form relative instruction
address.

V9/VW L2

N - SAD
WRITE
N —»K
PLUS 1
M-—->LS3
Q—>N
X* > B

Vil L2

19 >S8AD
WRITE

Write instruction
address to 1) + 8 and
force Nto Iy @ 4,

N —=SAD
WRITE
N =K
PLUS

Q=N

|

V26 L2

N -» SAD

(2]

(-

Vil L2
LS83->XJ

ISSUE ]Nov‘. 72‘

[

l

|

|

|

COMMENTS va/v Ll MP CONDITIONS
(EN-S8AD) 2€11:3/93
(WRITE) 2E4:6/162

V9/VW: The accumulators 0 to 7 are dumped to store
locations D to D + 7. LS8 is incremented for each cycle

and a hesitation break-point is provided. When L83-7

(i. e. all the accumulators have been dumped) V10 is entered.

V10: A contains the failed address (for RESFL entry) or
the N address (for EXCD entry) and this is copied into B
to be written to store or an accumulator in V11.

V11: For a paging failure entry (CPR & RESFI1), the
failed address is written to store location 19. Otherwise,
accumulator 0 is addressed from LS3 and the extracode
N address (or the current instruction address) is dumped
to Accumulator 1.

In both cases, the datum is copied into Register A,

(EB 50)
RESKL,

(ENAJ-K)
(ENKQ-K)
(ENRX-K)
(ENYZ-K)

3K21:9/75
2D7:6/32

125 /64
dDh8:28/64
305:17/64
38:10/64

DORLF & CPR
& EXKC

[

ICL

1904A MK T
19045,1903T

INTERRUPT SEQUENCE (V9/VW-VI3/VW)

FC52

SHEET 2 OF 4

(PLUS 1) 3124:8/109
EQNIP 3D2:26/82
EQAQ-N 3E1:2/83
EQRX-N 3E1:7/83%
EQY7-~N AE1:16/83
EQ-N JE1:8/83
EM-LS3 2ZE19:3/91
ENX*-3 3K 16:18/80
3K19:6/91
2BI:1Y/3 P e
2A8:9/1% HR & 1.83- 7
2A5:9/13 L83 =7
GALALL 3D30:3/70
V1o
(EAAQ-1) 5/72
(FAAQ-L*) | 3133:23/72
(EAR-L) 3F33:21/72
(EASX-1)
(EAY-1)
(EAZ-1) :3 1
FQAJ-3 an13:21/79 !
EQKN-~3 3N13:22/79
FQNQ-R 3013:24/79
EQRZ-1 313:23/79
EQ-B 3D13:15/79 !
EVII 2A6:16/11
GDLA 3F3):18/74 -
FKALL 5AG:4/60 ILLRVG4 i
PNBAZ-K EXCDo4 ¥
GHRALL
EEB-SO CPR& RESFL
Vil |
(1"'SADIY)
(WRITE) CPR & RESIL,
(FH-50)
(ED-1.:1)
(ED-1.:2)
A
i
EBAY-N?
PLUs 1) ASTAT & FRALT
(EBA&I-K)
(EBKM K)
(EBNP-R) !
(EBQ-K) ILLRVG :
(EBRN-R) EXChid
(Y 7-K)
(ENBAZ-K)
BV BBEE0/15
GORALL /67
FENARN-L, 310102
: h/us
viz
1A $E10:10/67 ;
(ECY-K) BFI0:25/67 ‘
(BC7-K) B 10:A9/61 {
(LNARX-L) 41:5/738
(s0z2) -
EQAZ-1 §
EQKM- 1 |
EQN-B
EQRZ-1
EQ- 1
(rees ) AN24:8/109
AR E] ZA18:5/16
EVW 2B3:18/43
EEB-S0) 217: 11 /106
ENKALL SE8T/61
V25 }
(EN-LAD) 2KE11:3/93
(HEAD) 2FA4:12/162
(PAUSE, 2K10:7/143
BV i T 2a7:9/18
V13/VW
(EN-SAD) 2E11:3/93
(WRITE)
(EB~50) —
RESFL DORLF & CPR
& EC
(ENAJ-K) 3D8:25/64
(EN1 Q-K) 3D8:23/64
(E.AX-K) 305:17/64
(EM i Z~K) 3Ds:)0/64
(PL. 8 1) spi:8/109
FQAQ-N 3E:2/ 83
EQRX-N 3K1:7/83
EQYZ-N JEL:10/62 ——
EG-N 3E1:8/93 J
EV25 3B19:2)/28 d
EEN-SAD /93 :




V14§ L2

Copy Z8 and ASTAT states onto | 2S—>M20

Q highway.

ASTAT=
M21
EXEC
B0-149K

Eszr=x=

Q—>B

B22,23+K

vis] 12

Write ZS and ASTAT states to N —>S8AD
12 in N. WRITE
N-—>K

D +9and from D +

Load flonting-point unit upper

buffer to B,

FPA—> B

vi7 LE

N —SAD

Write upper bhuffer content to WRITE

D+ 12 and form D +

13 in N, N —>»K

Read lower FPU buffer to B, PLUS 1
Q >N

Write lower FPU by
D413

Copy instruction add

tfler to

ress into C.

FPUBUSY

Sheet

ISSUE '

o] ||

N

Vvi4
COMMENTS TGNAL M.P CONDITIONS
V14: The state of the ZS bistable is copied info M20 and |
if entry to the sequence was of the MON or ILLEG type,
the state of the A bistable (ASTAT) is copiced to Q21. The | EZSQ20 2E 7:11/32
Q highway is then loaded to register B, EAS-Q21 2F 2:15A43 MON64,
ILLEGGH
EXEC 2C 1:26/44)
EQAJ-1
EQKM-1}
EQNQ-B
EQRZ-B
| EQ-B
EV15 2A 8: 9/19
GNKIP 3D 9:10/64
ENKALL 3F 8: 7/64
EEB-80 2F 7:17A06]

EENKQG-K | Page 64

V15

V15: B (containi~g the ASTAT and/or ZS§ states) is s . 4/
written to D + 9, The address D + 9 is incremented by 3 (EN-SAD) 2EIL: 3/93

RITE) 2E 4: 6/A62

t D 12, w

o glve (EB-50) 3E21: 9/25
RESF, 2D 7: 6/32

(ENAJ-K) 3D 8:25/64
(ENKQ-K) | 3D 8:2a/64
(ENRX-K) | 3D 8:17/64
(ENYZ-K) | 3D 8:10,/64

DORLF & QR
EXEC,

(FKI) 3D 5: 8/68
(PLUS1) 3D24: 8109
EQ-N 3K 1: 8/83
(EQNID) J 3D 2:26/82
EVi6 2A 9: 9/20 | FPU & IR &
FPUBIUSY
EV19 2A11: 9/24 | EXCD64 & FPUL
1023L
EVIDLE 3A12: 2/40 | Bec Comments
EV20 3B13:15/25 |FPU & EXCDE4
EVR 2A17: 5/7 §41023L
EV2l 3B14:26/26 | FPU & EXCD64
EPKALL Pige 66 EV1Y
EEC-SAD 2F G:1y/92 | EV20
Ivis |
uuErunR )
EVIT 2AL0:3/21
EVW 2B 3:1K8/3
V16: If the FPU facility is fitted, its upper buffer is GNKIP 4D 9:10/63
loaded to B. ENKALL 31 8: 7/64
EENKQ K Page 61
213 SO 2K T:HTA06
VIR/VW
VI7/VW: The content of the FPU upper bulter js weitten [~ 7 ==t
from BtoD + 12, D+ 13 is formed in N 1M 1 13 & PLUSI)] (EN-SAD) : 3/93
The lower FPU bulter is strobed to B for VIS/VW, 6162
SE21: 0/7%
20 7: 6/32 |DORLE & Cile

2A17;
HIB B
P e GG

FEC-SAD 2F G:18/92

1
26

VI8/VW: The content of the lower FPU buffer is written
from BtoD i 13,

VIT/VW

2A10: 0/20 [1023L& KXCDOA
HIDER a/:e»} EXCD6 &
i

[N e Rpp—

EXCH61

(EN=-SAD) 2EIL: 3/04
(WRITHE) 6AG2
(FB-80) 9795
RESE, © G

(ENAJ-K)
(ENKQ- K)
(ENRN-K)
(ENYZ-K)
(PLUS 1)
EQAQ-N
EQIX-N
FQYZ-N
E(Q-N
ULE

1 B:10/64
D24: BA 09

V19: This beat is entered if EXCD & 1023L are set. The EVW
instruction address (in P from the Instruction Phase) is EEB-SO 21 7:17.06
then copied to register C.

V19

(EPAJ-K) 3E 9: 3/66
(EPKQ-K) 3E 9: 5/66
(EPRX-K) 3F 9:25/66
(EPYZ-K) 3F 9:23/66
EQCALI 3F17: 2/85

EQAX-C 3E17:12/85
Q7-C 3EL7:16/85
EN 29 3113:18/25
123\ 2A17: 5/7
[EE:. ~-SAD 21 6:18/92
[EESIN-B 2E17: 2/94

ICL

1904A MKI
19045,1903

INTERRUPT SEQUENCE (V14 -V19) - |FC52

SHEET3OF4




Exit

Read instruction from store and
force N and LS3 to 2.

Clear function register. Write
Datum to store location t9.

Dump EXCD instruction in X2

and form Executive entry in C,

Set PLUS 1 and SHLINT if EXCD.
Reset ASTAT, ZS and G registers.

( DIE

COMMENTS

V2]

V|

(i EXCD)

Q-—>C
(SHLINT

®— %

if EXCD

)

PF

The scquence exite at EOL,

5% fornl ||

|

L 1]

The A and 7S bistahles are now reset as in the mode-
field of the G register (by RESETG).

ICL

1904A MK
1904S 1903T

INTERRUPT SEQUENCE (V20/VR-EOI)

FC52 |

SHEET 4 OF 4

MP. CONDITIONS
SIGNAL)
(EC-SAD) |3C14:8/167
(READ) 2E4:12/162
(ESIN-B) 6D4:21/248
{FK1) 3D5:8/48
EM-Ls3 3E19:3/81
Sheet o
3 “755 EQAQN 3E1:2/83
! EQRX N  |sE1:7/83
EQYZ-N 3EL1:16/83
EQ-N 3E1:8/83
rEvzl 3B14:26/26
V22
V20: The address loaded in V19 is read to obtain the
jnstiuction from store and N and LSS are forced to 2.
EQAJ-B 3D13:21/79
EQKM-B  }3D13:22/79
EQNQ-B 3D13:24/79
EQRZ-B 3D13:23/79
M—>LS3 EQ-3 3D13:15/79
Q —N Vv22; If the sequence is entered from a 172E order (with a F177F 3D14:25/104
paging failure), the datum for the failed address is F-———---t--—--- - e e
transferred to B and a 177 function is forced to test the datum. | EV23 2A13:8/9 ['
EEB-SO 2F7:17/106
V23
(FSAD19)  |Pagc 115
(WRITE) 2F4:6/162
(EB-50) 3 E21:9/75
RESFL 2D7:6/32 DORLF & CP
va23 L2 V23/VW: The datum is written to store address 19, & EXEC R
19 —» SAD| SO R SO —— R R —
WRITE EV2i 3B14:26/26
Va1
(FK4) 3D5:26,/172
EQCALL 3r17:12/75
EQAX-C JE17:12/75
EQZ-C 3E17:16/76
(PLUS1) 3D24:8/109 | INT
ELS8-XJ 3F19:6/91 FLGI &
CHMVIOS
V21:. The EXCD instruction is written to accumulator EBAZ-X 3F25:8/90 EXCD
2 (L83 forced to 2 in V20) and the Executive entry address is RES 3F16:13/86
formed in C. This is 16 for involuntary entrics and 32 for BHIINT 205:21 /4K EXCD
voluniary entries. SHLINT (shift left n —>Q) is aclive to (PCHECK)  |3D15:17/112 ] 1172E
give 2. EOI 2A16:15/41
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