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ILLTAC ORDER CODE

second (variant) digit.

AQ: the 79-bit number,

qo): where A is the 40-bit number a N

being 2's complement sign-digits.

V's described as ",.."

O’

O} al)agl
GO ,a39, and Q is 95,9 s
$: Machine

LRSS 8‘39)ql)

control (location of next instruction).

v00y q_39

o q39, a, and 4
-8%0ps 1f black switch on OBEY. Note that

result in hang up or incorrect results and should be avoided. If
V = 8,K,N,F, machine stops. C:

r=> o1 e G 3(3 L 5
V :
0 (AQ)'=2"AQ [ (aQ)'=27"aq | $. Cl=ng ($. If A>0, C'=n, | N'= Q'=N
1 A'=0 then 00 [A'=0 then 10 | Like 31 [A'=0. $. C'=ny N'=A'=0 A'=0 then 50
2 Like 00 Like 10 C'=n, If A>0, C'=n, (nR)’a=(AR)a Like 50
3 Like 01 Like 11 Like 33 | A'=0. C'=ny A'=0. (ng)!=0 |Like 51
4 Like 00 Like 10 $. Cl=n; | $. If A0, C'=n, | Like ko Like 50
5 Like 01 Like 11 Like 35 | A'=0. §. C'=n, Like 41 Like 51
6 Like 00 Like 10 C'=n If A>0, C'=n (n;).=(A), |Like 50
1 Like 01 Like 11 Like 37 [ Als o c'-nL A'=0, (n;)!=0 |Like 51
9 | A'=3 then 00 [A"=L then 10 | Like 39 , $. Clen, N'=$'=% A'=% then 50
S Like 09 Like 19 Like 38 INES Gl=n. A'=5. (ng)!=0 |Like 59
J Like 09 Like 19 Like 3J '=5. $. C'=n Like L9 Like 59
¥ Final Stop 506 SR 500 50 coe
L | Like 09 Like 19 Like 3L | A'=3. Clsn A'=%. (o))" =0|Like 59
s ot 70 8 9 K
v
0 e (AQ) '= -Q.N+2'39A Read n bits(6 . A'=A-Q-2”39
1 . (AQ)'= -Q.N A'=0 then 80® | 5.8 Tnput (10| A1z gp739
2 . (AQ)'= -a.|N|+273%| Punch n bits{T | L outpusL A'=A-|qs2”39]
3 o (AQ)'= -q.|N| A'=0. Punch O - = -|q+2739)
l . (AQ) '=q.M+273% o A'=A+qia”3?
5 o (AQ) '=q.N ptop(8 i A'=qs237
6 Q'=AQ/N (AQ) '=q. [N|+2737 pi=al9 Select Output A'=A+|Q+2‘39|
T A'=0 then 66| (AQ)'=Q.|N| Ar=D1=0(9 L A'=]Q+2’39|
9 o (AQ) '= -Q.N+2-uo A':% then gg(6 : A'-% _q-2~3?
S S (AQ) '= -Q.IN[+2-uo A'~% then 82(7 o A'-l -|a+2” 39]
o o (AQ) '=q.N+2 ™40 Like 85(8 , A'—§+Q+2 =5
L Af?% then 66 (AQ)'=Q.]N|+2—uO A'~— then 86(9 A‘=§+lQ+2 39!
NOTATION. Primes indicate register contents after operation T: first (type)digit. v:

(omitting

number in



o

T=y g ) : F L the address-part (ten least-
v e significant bits) of order
0 A'=A-Q Q'=Q and N(13 i A'=A«N—2”39 A'=A-N being obeyed. Dpy Bt right
1 A'=-q A'=0. Q'=Q and N |A'=-N-27>7 A'= -N and left-hand orders in loca=-
2 | ar=A-lq| | Like J0 A'=A-|N+2739]  |ar=a-|n]| tion n. N: The 40-bit number
3 A'=-|q| Like J1 A'=-|we"39) A'=-|N| in location n. Ap, A : right’
L A'=A+Q Like JO A'=A+N42737 A'=A+N and left-hand orders in accumu-
5 A'=Q Like J1 Ar=N4+273? A'=N lator, treated as an order-
6 | A'=A+|q] | Like J0 A'=ar|N+2737  |Ar=a4|N| pair. (...) : address-part
7T | A'=|g Like J1 (13|45 w277 A'=|n| (ten lesst-significant bits)
9 A'=%—Q A;=%. Q'=Q and N A=t yoo=39 Iy of the order ... D: contents
g A'=L—|Q| Like J9 A,=§_IN+2-39I A'=§—iNl of specified drum-location,
J A'=5+Q Like JY A'=%+N+2_39 A'=%+N Read and punch refer to
. i s Prog, Check Stop| i 5-hole teleprinter-tape, i.e.,
L | a'=xt|a| | Like 39 A'=+[ms273) A= |N| | Input and Output,
Notes. 1) If n=0, machine stops. n interpreted modulo 6k, aé:al, ai=a2, G aé9 = 4y

qi=q2, G600 5 q'39=0, 4 unchanged. (Repeat n times.)

) = 3 I i, i s
2) If n=0, machine stops. n interpreted modulo 6.4. 8y=84) 81=8n, «.0 a39 a38,

= | Y .
A=B3g +o 1397938 9 unchanged. (Repeat n times.)
3) After $; black switch to START, order obeyed; white switch to EXECUTE, FETCH,
and RUN, C' = ... becomes C' = next (except that C' = n, becomes C' = nextR).
L) Quotient in Q rounded by forcing q39=l. Residue in A. If initially |A|>|Nl, or

skt [Al:lNl and A > O, machine stops after dividing.
5) All multiplications leave qé = 0, ,
6) n must be divisible by k4, AQ is shifted left 4 places; aé6 to aég become the k4
least-significant bits on one line of 5-hole tape. If a hole is punched in the most-
significant(Bth holg}position on any line of the tape, the line is passed over. (Repeat
n/b times.) -
7) n must be divisible by U a o a are punched in the 4 least-significant
positions on one line of 5-hole tape; t
8) LO-bit order: 85 11 TV p. (a) If T#0,1,8
(

drum-location p is read into A, and TV p obeyed.

left 4 places. (Repeat n/4 times.)
9; left ShiftuAQ 11 places, word at
) If T=0,1,8, or 9; as before, only
EK;B is omitted.

9) LO-bit order: 86 11 TV p. (a) If T#0,1,8,9; A is read into drum-locstion p; then
left shift AQ 11 places, then do TV p. (b) If T=0,1,8, or 9; TV p is omitted. 87 orders
similarly.



“ -3-

10) A'=0, right shift AQ 4 places; then 556 to aég become the four least-significant
bits on a line of tape and aé becomes the most-significant (5th hole) bit. Note that n must
11) Punch tape as follows: n has ten bits, BysBys oo n9. By to n3 are punched
in the four least-significant positions, and n9 in the most-significant (5th hole) position.
The number of times that this character is punched is given by dividing the number nh’nS’BG’
n7,n8,n9 by 4 and rounding up to the next integer. Also, right shift AQ by (nu 500 ng) places.

12) 96 _1F selects punch; 96 65F selects cathode ray tube; 96 129F selects printer,
13) This is the logicel product which has & "1" where both Q and N have one, otherwise

a "0",
TIMING: OV n and 1V n: 16n ps 80, 81: 4 ms/character
2,3, 4 5, 3 55 ns 82, 92: 17 ms/character on punch
3 (not executed) 18 us 1 ms/character on display
6: 800 us K, S, F, Lt 90 us
i 700 us o6 50 ms
THE TAPE CODE
: Characters j n for 92 Characters ; n for
Tape Holes | F/s | L/s Orders Tape Holes ‘ F/s | L/s Orders
e 1 o P oF ' 0o Deley Delsy ~ 3F
o 0 1 Q 66F 0o O $(Tsb) D 67F
00 2 W 130F 000 CR/LF CR/LF  131F
o 00 3 E 194F 0 o 00 ( A 195F
00 4 R 258F 0 00 |L/S=Letter-Shift  259F
00 0 5 T 322F Qo0 0 \ 323F
000 6 Y 386F 0 000 ) A 387F
0000 7 0] L50F 0 0000 / X L51F
Oo 8 I 514F 000 Delsy Delay 515F
0o O 9 0 578F 00o 0 = G Sh)
00 0 + K 6U2F 000 0 . M 6L3F
Oo 00 - S TO6F 00o 00|F/S=Nuuber-Shift  TOTF
000 N N TTOF 0000 Y H T
000 0 J J 834F 0000 0 3 C 835F
0000 F F 898F 00000 x Z 899¥
Qo000 | L L Q62F 000000 Space Space 963F

(5th hole, 8 hole, sprocket hole, 4 hole, 2 hole, 1 hole)
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N AT TTIYWSS AT
GENE}U‘LL: LidrOriddan i 1M o

Locations conzist of AU tits. Considered as either (a) & fixed-peint nuuber in the

range +1¥x ) =1 (x. Kiny eoe ¢ X being the sign-digit in 2~complement number
& L 0?2 9429 s 3 ) & £ & o
systern, % leastesignificent bit); or (b) an order-pair each

3 J_ 2 Gt e r b2
hovaine 6 b U st Ve ey SU e el o et n.: b, to t, form the sexadacimal
; J ( il ok P M RA ALY AL S Bt it e s R B o) e ) sl &

(&3 g
L4

the most, and x,, the

Slemuiglt and vy to . the verianb.dicit, T and V together siving the function
A et o b e : b

Sork

of the instructicn; s, and s, are spare; and n, to ng specify an addressy, n=0,1,2,04s051023),

The high-speed memory contains 1024 locations, corresponding to the addresses n.

When considered as an order pair, the halves of a location are referred to as the
left and right-hand orders, np and. Nps and the former is obeyed first, unless a Jjump
intervenes., Order-pairs are obeyed in the consecutive numerical order of their
addresses, unless jump-instructions occurs

The arithmetic unit contains a number-register, N, an sccumulator, A, and a guotiente

recister, Qe The unit can obtain the negative, the modulus, or the negative modulus of
U st 3 3

the numbers in W or 4, and can form the logical product of the contents of Q and Ne It
(000440 or 010e¢ss0) in A and can add the number in N or Q into A (the

logical product of Il and Q is formed in Q), with or without an added 2-39 (000 el s

) el

can place O or

It caen also bronsfer numbers from N to Ay from Q to N, from A to memory, and from memory
to Ne It cennot transfer numbers directly from A to Q, or from Q to memory. The
double-length product of 4 and N, or the numbers derived from N, can be formed in AQ,
treated as & 79-bit register; and conversely, the quotient when AQ is divided by N can
be formed in Q. AQ can also be shifted right or left. The address portions of A can

be transferred to memory, ind the sign of A can be testede Unconditional jumps and
jumps conditional on the sign of A are provided.

The drum-memory concists of one magnetic drum, with 200 tracks, each divided into

6l, sectors of one L4O0-bit word, Drum addresses run rom O to 12799, thus using 14

bitse The orders referring to the drum occupy a full locction (see Order—Code) and
the drum-address, p, is in the digits V3V3350551 s0aMy 5 e e ,n9,in the right--haud
half of the location, If p) 12800, the machine will stop. The digits nh to n_9
specify the sector., Locations O to 2559 contain fixed routines and it is only

ole to rcad from, but not to write onto, these locations. If T#0,1,8,9 (ses

Order-Code, notes (8) and (9)), only VB,SO,sl,nO, eso bl are read into p, so trab
only drum-_cetlons O to 8191 are accessiblee
Timinge Consesutively-numbered sectors are arranged five apart on the drum (physical

order, 0,13,26,39,52,1,14,27,40,53,2,15, «ss ) anc all sectors with the same numbep

==
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are simultaneously accessible through 200 reading and writing headse The drum rotates

once in 16,9 millisece, so the word—time unit is 261, microsece(Wete) Drum instructions

must be in the control unit one w.t. before the required sector is reached, so the
minimum access time is 528 microsec., or 2 w.te The average initial access time is
therefore %(2+65)=33% wets, or 8,9 msece The sequential access time is 5 webe , Or 13204m,
Input and Output are normally through 5-hole teleprinter-tape. See Order=Code and
Tape~Code for details. Note that CR/LF (0 o O ) and Tab (0 o 0) must be followed

by Delay (0 o , or 00o ), on output, to allow carriage time to moves

When the output—switch is on 'C.R.T.', output is switched to the Cathode-Ray Tube

Displaye. Three tubes are provided (in parallel); two for visual use and one for

photographic recording, The usual order is 82 16F, which brightens the point
x;d(a82-l+a92'2+ s +a152'8), y=d(a02-l+al2'2+ i +a72'8) on the screen, the origin
being at bottom=left and d beirg the dimension of the accessible square area of screene
The 16 most—-signif, bits of A are thus displayed, and then AQ is shifted up (Left)

by 16 places, This takes 800 microsec. The order 82 8F brightens the point given by
x=same as in last displayed point, y=d(a02_l+ ok +a72-8); this takes 400 microsece
The order 92 769F advances the film in the camera by one frame,

SYMBOLIC ADDRESS DECIMAL ORDER INPUT (SADOI).

This routine is stored on the drum, in part of O to 2559, and 11058 to 12799. During
input, it uses locations 0 to 15, 32 to 562, and 999 to 1023 of the high-speed store.
Reading of programme-tape is begun by a hold-start or clear-start, In either case,
contents of 2 to 998 are read into words 11758 to 12754 of drume The programme being
input is then read into the drum, word 11756+n corresponding to location n in the

high-speed memorye.
Orders are punched in the form, TV nD, where T and V are sexadecimal function-digits,

n is the address in decimal notation, and D is a directive-letter (K8,N,J By On 1)
Symbolic addresses are written € 0 2; all teletype signs may be used inside the
parentheses, but only the last (rightmost) five printed characters are recognized by
SADOI, General order is TV n(A), and its address is n+(A)s (This is an 'inside sym=
bolic addresst, ISA), The address (A) refers to an order-pair; general order-pair is
punched as (A) (B) ... (D) TV n(P) (M) (11) eee (Q) T'V! n'(P'), The non-underlined

symbolic addresses are 'outside symbolic addresses', 0SA, and all become numerically

equivalent to the location of the order-paire (The orders may, of course, be in
non-symbolic form, TV nD, if desired), Forward and backward references are equally

acceptable,



7. Directives used with 54001,

K.

i i

This directive sets the relativizer, ¥, which is stored in 100l and is added to any

address terminated by L, and determines the eddress in which the next order-pair is

storede Subsequent order-pairs are then stored in consecutive locations until the

next K=directive is read. The K—order itself is never stored, and the next

instruction is always stored in a left-hand locatione :

00 Ko If the last read order-peir is stored in m, set f=m+l, Order pairs following
go into mtl, m+2, eee

00 nK. (n#0)s Set T=n, Following instructions go into n, nhl, ey

0l nK. # unchanged, If P=m, following instructions go into m+n, mtn+lyecs

02 nK. Set ¥ to the address-part of the preceding order (can be a symbolic address).
If this order appears as a left-hand order, it will not be stored., A
symbolic address must have been set previously by an OSA, i.e. be a backward
reference, Following order-pairs now go into m+n, m#n+l, cee , if P=m,

Fixed address. TV nF is interpreted as TV _n, n being put into binary form,

Note that OOFOOF, 80FOOF, and LL4O95FLLLO9SF are the L4O-bit numbers 0,~1, and

-2-39, respectively,

Relative addresss TV nL is interpreted as TV (mtn), if T=m.

TV nSd, where d=2,3,4y eeo sF, Or L, is interpreted as followse, If the order is @

left~hand one, the contents of dp are added to the order TV n before it is storede

If it is a right-hand order, the contents of all of d are added to the order-pair,

eoo TV n, to which the order pair belongse The ‘contents of 2,3,4, eee 14y and 15

are called S—parameters, The right-hand half of an S-parameter may, but the

left-hand half may not, contain an ISA.

Decimal fraction input directive. The order-pair OOFOOnF will be stored as the
=39
2

number ne « The order-pair O0FOOnJ is stored as the number n.lO'lz.(n is

limited to 12 decimal digitse.) Note that 4OFOOnJ, 80FOOnJ, and NOFOOnJ corres~

~12

pond to 3+nel0 -l+n.lO—12, respectivelye

Action-directives 2V nN (if 999>n) causes the programme to be read down from the

drum into the high-speed store, and the machine then proceeds to obey the programue,
starting at location n (right or left, according to V)e The N-order is not
stored as part of the programme, nor is the previous order, if the N-order is a

right-hand one, The instructions QOF 26 nL, 26 1IN cause the programme to be obeyed,

starting at (m+n)L, if ﬁim. After an interlude, if more tape is to be read into the

. y A 2
programme, a jump to 999L causes T to he set to the right-hand oddress of the

number in Q3 following instructions then go into m, mtl, s if Pem, A Jump to
lOlhR leaves T unchanged, If the address in AR is m, following order: gzo into



e

m, mtl, .oe The contents of the high-speed store are written back onto the drum
(modified by the interlude) when either of these Junp-instructions are obeyed,

If nY999, the jump is intervreted as one to n-906,

2L 999N. Stops input with an Obey-Stop,
26 99N, Used with an OSA, this simply marks the OSA.

26 1000N, Used for special interludes. This order precedes the first order-pair

to be obeyeds Follow the last order-pair to be obeyed by a normal. Ne
Jump, Then only the orders between the two N-orders willi be read down
into the high-speed store for the interlude. To end the interlude, jump
as for & regular interludes Only S-parameters and the words read down
are put back onto the drum after a special interlude,

22 1000N, Set Lhe relativizer by a K-order; then put 0C nF 22 1CCONe The order-

pairs following are stored on the drum at ny, ntl, ,.s To stop the process,
write a directive or begin an interlude. Use no symbolie addresses,

26 (1469+k)N, Used for fast interludese. During input, blocks of instructions are

< L0

read into the high-speed store beginning at 563, until (a) 45 order-
pairs have been read-in, (b) a K~Directive is read, (c) a 2V 2V_nN order
with 999 is ready or (d) an S=directive is used and the S=parameter
has a right ISA, Thus 26 (1469%k)N causes the curren: block of orders
to be obeyed, starting at 563+k, ¥nd fast interludes by a jump to 93L.

8¢ Library routimes stored on the drume, The foMlow;pr routines are stored in O to 2559,

%

P16 (Infraprint), Y1l (Transfer blocks of words from memory to drum or vice versa),

N12 (Infraput), Rl (Square root), S4 (Exponential), 85 (Natural Logarithm/32), T

(New Tan™ ), I5 (Sine and Cosine), Fl (Solution of ordinary differential equations),
and Aé (Floatlng—p01nt decimal arithmetic along with floating decimal functions)e
(R)OV_nK, where R is the routine title, e.ge P16, and OV nK is a K-directive, causes
routine R to be read into the programme according to the directive, Intries to the
routine may be made by referring to the symbolic address (R).

lethod of formation of instructions by SADOL during inpute (a) Put N(1) in A, (b) Shift

4 left 8 bits end put IV in binary at right of A, (c) Shift A left 12 bits and store in
1o (d) Read the numerical part of the address, n, into right of A, in binary, and store
in O, (e) Read the next character, If it is '(', there is an ISA, (C) , which is
either translated (back-reference) or noted (forward-reference), and put in the right
of le If character is a directive, for K, N, F, form N(O)+F(l) and store at 13 for L,
add ? alsoj for Sk, add N(k) also; for J, form N(1L)+N(O),. 239 , roughly, For F,

L, Sk, and J, now go on to next instructions At every second reading-in, the order-

pair is stored,



