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This report contains a description of various techniques which exploit
the logical structure of the DEUCE multiplier and divider for purposes other
than straightforward nmltlpllcatlon and division, ©Such techniques h.ve

- been employed to advantage in DEUCE Subroutines R21T/1, R23T/2, R22.|.T, R23T,
R29T, P22T, the Alphacode Mk, II Compiler (ZC16/1 and 71 6/2) and in DEUCE
Programme DGO‘I T. Those interested should refer to the appropriate reports
f'or further details,

Brief descriptions of thc operation of the multiplier and divider are
given in Appendices to the report,
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1o INTRODUCTWy,

The unorthodox uscs of the multiplier and divider described in this
report are made possible by the availability to the programmcr of D16, S21,
D21, 822, D22 and D23 throughout the course of opcrations starting with 0~2)
and 1=-24. The rules which must be obscrved are not difficult to learn and
the use of these techniques has resulted in fast operation in all routines in
which they have becen employed. The advantages of parallel programming
may be obtained by causing T.C.A. to change the contents of T316 automatically

during multiplication and division and by using DS21 as an automatic shift
reglster.

Changing the contents of TS16 during multiplication makes possible:
(a) Conversions from binary coded decimal to binary,,

(b) Conversion of card row pattcrns to binary,

(¢)  Re-arrangement of word patterns,

( d) The rapld comting of digits in a word,

By changing thc contents of T816 during divigion it is possible to perform
the reversc opcration of (a).

1t is believed that the use of TCA during multiplication was first
suggested by B. Munday (then at N.P.L.), So far as is known the detailed
coding was first done at N.R.L. The techniques found enthusiastic adherents
 1n MeR. Wetherfield and J. Imcking, Meanwhile J. O'Brien (Z.E., Iuton) .
- Was pursuing his own researchcs into the misuse of the multiplicr. It would

not be out of place here to acknowledge the contributions made to these techniques
by cach of those mentioned. '

Thosec readers who have some knowledge of the operation of the multiplicr
and divider should not find difficulty in understanding the processes described
in the following scctions of the report, Others may find it helpful to
recad Appendix I before Scction 3 and Appendix IT before Section L.

2,  REFERENCES TO OTHER REFORTS.

Flow diagrams and coding for routines cmploying these techniques are
R21T/1, No. 290, R29T, No, 298, zC16I/2, No, L71, R23T/2, Ilo. 280,
F22T,  HNo. 281, DGOAR,No. 460, R2LT No. 267, D19/2, No. 276,
R26T, No, 291, ZC16/1, No. 470.

5«  OFERATIONS USING THE MULTIP.IER,

3¢l Conversion of Binary Coded Decimal to Binarv,

A number N <« ‘IO8 cexpresscd in four~bit binary coded decimal

can be convcrted to binary by the following instructions:
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(mec,
(mec,
(mecs
(meCe
(m. ce
(mece
(mece

(m*l Coe

m)

m+7 or m+8)
m+15 or m+16)
m+235 or m+2l|.)
m+31 or m)
m+7 or m+8)
m+15 or m+46)

m+23 or m+2415.)

22 (d, e, 0) after MULT.

(107 . 22)  — 16
No- 2,
0 -2,
0 - 2
(106 . 27) - 15
(10° . 21y~ 46
(10‘4 . 215) - 16
(10° . 2'7) = 16
(10% . 223) - 16
(10" . 227y = 46
(10° . 21y - 46
21 ~
Result in 213 with 2'1-2

NOTES: (a)

(b)

(c)

8 constants are required,
be stored in any meCe

clear.

in the minor cycles stated.

If N is 2y 10

5

6

+ a6 . 10 + oo

No. 364

Continuation tolS y 141
Sheet No. 2,.

The first of these can
The others must be stored

B.O ” 100

the following partial products are available from
©21 in the minor cycles shown: -

Ille Ce

m+3

m-+17

m+25

m+5/

m+65

(a7 107) 23

r§E7 (& 101‘) v
r=6 T
= (a,. 107) .

-
"-h-- j'
r T
5

<

Y=l

:%37 (a '10r) .
='-.--:..'_3 L |
r=7

LN r
=0 (ar 107)

o

1

$57 (a, 107) 212

219

223

I?‘he—z same conversion can be accomplished using less
instructions but at the cost of an increase in
the number of stored constents by the use of T.C.A.
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the following instructions are used, assuming that DeLe10
and D.L.9 contain the constants: *

r=m, m+2, m+4, m+b 10r = 107 . 23;“ 9:!:' = ‘103 ’ 217
rsmi8, w10, mH12, mh 10 = 10° , 27, 9., = 10° , 227
. 5 14 o an] 27
r=m+16, m+18, M+20, m+22 10p = 107 , 2' '; .10, 2
r=m+2L., m+26, m+28, m+30 101' = 101" . 215; 91* = 100 > 231

for a multiplication starting in minor cyclec m,

30 - 21
5 = 24
N - 2'13
O = 211- (m‘C-'m)

9 =16 (32 mecs) (m + 32 tom + ¢3)

21 - 22 (4)

2

A comparison of the two methods is made below and shows that in
this application the T.C.A. method is inefficiot:

Programme o T.C.A.
Storagca. 12 Instructions 6 Instructions.
8 Constants. 32 Constants.
Frogromme MeCe Uused 7 MeCe 3l MeCe
during MUILT,

The multiplicands 10¥ , 2% nay be varied, within limits, devending
on the range of N and the number of bits in the coded charactors.
Five contiguous six~bit characters may be contained in one IUCE
word in onc of three ways, with the least significant digit of

the least significant character in the ]&"L| . P2 cr P_3 positions,

For such a number == ‘IO5 the constents requirced for conversion
depend on the £ position of the required result and whether tho

lecast significant character of N is at P,1 R P2 or P3 position,

‘he minor cycles in which the constants sre introduced into TS16

also depend on the P1 ) P2 or P.’) positioning of the orizinoel numboer,
For ecxample, if thc final result is required at P1 position in 21 3

and the original information in charrcter form is also reloative to
P1 the constonts and minor cycles arc

‘IOZF . 27 before mmilt,
103 . 213 m+15 or m+16,
102 ., 217 m+27 or m+28,
10" , 2% m7  or mB.
100 . 23 1 m+19 or m+20.
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At the and of MULT the result is rela.‘bive' to (PBZ) cven and
21-22(d) shifts N into 21 39

If the original information is at P pos:.t:.on the samc constants
will cause N to appear in 21, at the fd of MULT ond the shift

instruction is not required. The minor cycles in which TS16
mist be changed in this casc arc two ecarldicr than thosc shown
above ,

When the conditions of a comversion are such that numbers <« 101"
are involved the programmer has the choice of scveral possibilities.

Two half words N1 and. ‘\T (in character fom) may be converted

in one operation using only L. constants

4
¥

R S TV N e S IPEIDSOIRE. — * N R S I\l PN
) 2 1 |
e e ‘!""‘“‘“‘"""‘“"""‘f"“ D o ““i“““"‘"‘“““"’{
by B b 3 jl o e -
100 1 01 10 1 0 1 O,2 1 03

In the final result 21, contains N 1 P17 + NP, using the following

instructions:

('IO3 ] 219) - 16

M -~
213
30 - 2,
O - 2 (mece m)

(100 . 231)-- - 16 m.ce m+23 or 2.

(103 . 219) - 16 m.ce m+31 OR m,

(102 . 2’23) -~ 16 IeCe m+/ oOr 8,

(‘IOJ| . 22?) - 16 m.ce m+15 or 16,
)

- 16  m.ce m+23 or 2.

24 - 22  (a)

.. J T 3
E.LP1?+N2 E, 111215
The same four constonts may be u..aecl twice 1if ‘IO'3 . 219 is stored

in m+31 or m.

Conversion of Binary Coded Stirling to £,s.da

The original coded group information may be stored in scveral
forms as illustrated.,
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- } 5 03
(a) [PENCE | SHILLINGS | FOUNDS __ (ALL BINARY) |

<12 < 20

0-24  (mece m)
Se (20 . 227)-16 MeCe M+LbH Or m+4b
Ae (1 . 2}1)-16 MeCe mM+55 Or m+56
21-22(a)
Binary pence in 213 with 212 clear,

For (b) 30-21,
N-21
£o (240 « 22216

1
de (1 . 25 )-16 MeCe Mm+55 or 506,
21=22 (d)
It will be appreciated that the instruction withi " j
_ PP n within the dotted lines
18 unnec§ssar‘y since 120.212-% is the same as 240,22< which is e
a%reg.dy in T§1 e Thlb comes about through the binary relationship
of 10/~ and £, In dlagram (b) (£) P1 o axe the same as (10/-)P9
F i 1 . - - - .
O (c), assumning P}O, 39, 32 of' the diagram form a 3 bit group == /e
50 =~ 21 5
N = 29
(240 o 10° . 29) - 46
O e 21{- m.C. m
6
(240 , 101" . 27) - 16 m+5 or m+b6

(240 . ‘IO'3 , 210) - 16 m+13 or m+1l

(240 . 10° , 214) - 16  m+21 or m422

(240 101 . 218) - 16 m-+29 or m+30

(21,.0 . 100 ¢ 222) - 16 m+35/ or m+38 €= .7

(20 , 227) 16 m+h7 or m+l8 Bmary"r’mlcb x Bodn 21,
(1 . 231) - - 16 n+55 or m+h6 with 212 clear, D

T DS f =\
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363 FPattern Re-arrangement.

The multiplier may be used to reverse the order of digits
in a wordes The constants reguired are single £ digits chosen
from the rfollowing table:

Digite Examined in m.ce Multiplicd by Inserted in mec. _becomes — Digit.
32 m+ O 231 . 2J| ie€e P2 m+ 4 1
3 > 20 | 2 B, 3 2
30 A 227, 27 P, 5 3
29 6 228 | of P, 7 L
28 8 2l 57 P 9 5
27 10 26 1" P, 11 6
26 12 220 | '3 P“; 13 {
25 12 P L P 15 8
2l 16 2%, o/ P o 17 9
23 18 222 | o197 P, 19 10
22 20 221, o7 P, 2. 11
o1 22 220 | o) R 03 12
20 2, 217, 2% P o5 13
19 26 218 " 227 g 07 1L
18 28 11, 227 P, 29 15
17 30 10 o3 P, 34 16
16 32 12 o S 33 17
15 3 1%, 27 B, 35 18
14 36 15, 22 B, 37 19
13 38 12, of Py 39 20
12 40 A, o7 P, 1 21
11 42 10, 2! B, 43 22
10 L, 7, ol P‘m L5 23
9 46 S, 215 P, L7 ol
8 18 ol o1 P, g 19 25

7 50 L, 19 P 51 26
6 52 2, o~ P, 53 27
5 5l o, 9% P, 55 28
A 56 0, 227 g 57 29
3 58 S - 59 30
> 60 ot o™ P, 61 71
1 62 0, 7 L 63 52

This table discloses the operation of the multiplier. The
20th digit of a multiplier in 21,, for cxample, is examincd when
it rcaches P 5 Position i.c, in 1‘71)1.0. m+2he If 1t 1s a one, the
contants of %516 arc added into 212 in minor cycle m+254 and

suf'f'cr a ghift of 21 7 bef‘.gre the ond of MULL, In COL, 3 thc
indices a and b in 2% . 2° ghow thc shift duc %o the multiplier
and the shift conforred by the P position of the multiplicand
respectivelye
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The instructions necessary, assuming that D.L.10 contains

Pzinm.C. m+ O

_Ph_inm.c.m+2

P}Oil HMeCe M + 28
P32in mOCI Il + 30 aI'G,

30 - 212

3 =24

0 =24 (mece m)

30 - 13

21 = 25 (d) at the cnd of MULT.
Result(ajz, Bz4 ees 85, & ) in T893,

1

If A and B are the more and less significant halves of +the
original word and A', B!, are the reversed forms of A and B, the

contents of 21 after Mult, arcs= 21 5 B'P17
'
213 A P1

These are merged into A‘P,l + B']?17 by the last two instructions

of' the routinc,

It should be notcd that the constants in D.L.10 are stored in
minor cycles onc in advance of the inscrtion minor cycles shown
in the table. This compensates for the one minor cycle delay
inhercnt in T.C.A, !'s operation.

Another cxample is the re=arrangement of groups within a word,
pirescrving the order of significance of the binary number within
ﬂaCh gI‘ OuP. '

(a)! E D C B -Tntg. . 00 |
; | ] “_T
(b) | A B c | p | = 00 |

The five six-bit groups A to E in (a) may be re-arrsnged to the
form shown in (b) as follows:

o e 213
30 = 212
(B, )= 16
6 - 24  (m.c, m)
(E’21 )=~ 16 15 or 16
27 = 16. (P1) m+2{ or 28
(P13')- 16 . - m+39 or LO
(P25)- 16 m+51 or 52
50 =13
21 = 25 (Q)
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If the constants are changed to P1 13 P23 , P3, P,15 and P27
the {wo spare digits in the rcsults will occupy P1 and P2 positions
D D ; - in ¢ Lo1t =&
and P1O’ Y P, P16 and. £o will rcsult in a sparc digit at
cither end of thc word in TS13.

This technigquc of pattem re-avrangement has been uscd in the
Alphacodc Mk, IT Compiler from which the next examplc is taken.
TeCeA. is not used, all changes to Ts16 arc made by instructions
and no transfers arc made from $21 until the multiplicotion 1s
completeds The first stage in plamning the scquence of instructions
is the preparation of a table showing the re-arrangement required,
from which the P position of cach modifying constaont moy be
dctermined by the following rules:

If P 1is transforncd to P
m n

(1) Form « n, P;n must be multiplicd by Pn to produce

Pn in 21, at thc end of MULT,

-4
2
(2) form .~ n, P*n mist be multiplicd by Pn—m+33 to produce

Pn in 2‘!3 at the end of MUIE.

The re-arrangement required is shown below,
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Digit. becomes Digit " Exemination MeCe Insertion m.Ce IS16e
32 ZEeXO m+ O (21) m+ 4 (22) -
34 3 2 (23) 3 (2u) P;
30 Zexro L (25) 5  (26) -
29 10, 6 (27) 7  (28) E g
28 13 8  (29) 9 (30) P q
27 2 10 (31) 11 (o) By
26 30 12 (1) 13 (2) E
25 29 14 (3) 15 (&) Py
2L, 28 16 (5) 17 (6) P,
23 27 18 (7) 19 (8) Py
22 L 20  (9) 24 (10) By
21 22 22 (11) 23 (12) P,
20 24 2L, (13) 25  (14) E,
19 20 26  (15) 27 (16) P,
18 19 28 (17) 29  (418) P,
17 18 30 (19) 3 (20) B,
16 17 32 (21) 33 (22) B,
15 10 3 (23) 35 (24) Poa
14 9 36 (25) 37 (26) P)g
13 8 38 (27) 39 (28) o8
12 7 40 (29) @ (30) Pog
11 6 L2 (31) 43 (0) Eoq
10 26 be (1) 45 (2) B+

9 25 4 (3) 47 (&) Py
8 2l 48 (5) 49 (6) By
7 23 50  (7) 51 (8) B,
5 5 52 (9) 55 (10) P,
5 16 S (1) 55 (12) P, ,
L 15 56 (13) 57 (14) Py s
3 1 58 (15) 59 (16) Px
2 32 60 (17) 61 (18) Py,
1 31 62 (19) 63 (20) P,

The fi:f'st two columns specify the reguired transformation (e.ge
a, P’29 in the original word becomes a P;l ) )e The third column

shows the minor cycle, in which the dig{ts of the original

word are examined as they reach P32 position in 21 3 The figures

in brackets are the actual minor cycles appropriate to the coding
'];he fif'th colum shows the multiplying constant which must be in TS16
in the minor shown in colum four, Changes mey be made to TS16 |
. elther of the two minor cycles immediately preceding those

shown in the fourth column (e.g, the P28 can replace P, in either

2
MeCo M2 OF b3 ), -
gt 33022 o M+ 5‘%(&’3)
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At the cnd of the process some digits are in 21 5 and others
in 21, “'he swn of these gives the result,

o

The scquence of instruction is:

2, 105 = 16 (P5)
9 9 e (B, )
(a) 2,”_'_ .1_'5.0 - 21, o
(b) 217 25 =21, |
(c¢) 219 0 =24 (mece 21)
(d) 25y, 10, - 16 (P18)
257 1054 - 16 (Eé)
230 10, = 16 (P5)
2¢ 105 =16 (P,I )
25 10,4 = 16 (Pj
259 10,5 = 16 (PéB)
2,5 1055 = 14 (PB)
509 28 =16 (1.=:I7 MeCe 1)
2, 29 - 16 (Py, mece 9)
2 23 =~ 16 ( 5 MeCe 11)
215 10, - 16 (Pj,])
(e) 2,0 3 =2
(g) 2,5 21, =1k
(&) 256 30 . - 21,
(%) 25 W =22

NOTES. (a) 1In all respects cxcept the cons"tancy of the multiplicand
- this is a normal multiplication and 21 5 mist be clcar,

(b) The word to be transformed is scnt to 21 3 and, PBO 35

arc climinatcd.
(c) The first minor cycle of MULT is m.ce 21,

(d) The ncxt clew..n instructions are all concerncd with
varying the contonts of TS16, Use is made of the
ability to change TS16 in cither of two minor cycles

Co Zs could be — p
3"2’; i “1bImet) 02531 "Zéfm.tc 0)8 by

(¢) These instructions anticipate the next part of the
programme. |

(f) Ilultiplication finishcs in mec. 21 and S21 zives the
required result any time after this,

(g) Torms the required answer., Alternative endings ares
50=-13 21, = 14
21=25 d 21 3 = 15
13-result, = 26 « result,
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3¢ Counting the Digits of a Word.

355

positions is cxtracted, half way through MULT end subtracted from
21 3 at the end of MULT. The instructions are

cxample. The technique using T.C.A., to

and the frcedom conferrcd by parallel programming converts card row
patterns in the limited time between rows of a -catd, -

This is ,I in cffect, a variation of the pattern re~arranging
technique which produces an information compressione The counting

Can be done in one or two ways. The mcthod used here produces,
scparately

(a) The sum of all digits.

(b) The sum of the most significant 16 digits,

(c) The sum of the least signifiicant digits.,

Use is made of the ability to cxtract information from S21 while the
miltiplication is in progress.

The digits of the input word are sensed in the odd minor cycles

starting at P32. If 1332 is present, add £, into 21, in the next

even minor cycle, If I:”31 1s present, add another "pne" to the count
in 21 o The original digit in 212 has moved up one place since it
was inscrted and the units position of the counter is now at P

Continuation to: IS y 141

Position., The "one" which scores the presence of a P,, has tozbc a P

In the example given, counting is performed at two plg.ces in 21

>
P1 and P1 - Both counters move up and half way through MULT <

we have the sum of the more significant 16 digits, S P16
and Py, positions in 2l1,s At the end of MULT we have the sum of the
least significant 16 digits, Sps at B, in 21
SA at P32 in 21
in 21 39 (most of the P32 part has becen lost). Sm at P’I 6 nd

2,

P32

N o 21'3 D;Li';10 contains
30 - 21, ' 10 P, + P17
> = 2k P2 ¥o + Byg
_ 10m+4 P‘3 :- P19
0 -2, (myc, m)if : :

212 - 14 (m,c, I+ 2iy.) 10m+30 P1 6" P32
']}_I_ e 233 Af'ter MULTi

21 = 22 (q)
2 - 1)
S ! °
Result, A® ].:",1 in 21

Conversion of Card Row Patterns to Binarv,

Fart of R21T/1, read 6 mine digit nhumbers , 1s teken 2s an

LS

take full advantage of speed

the sum of all digits
243 and, Sm has now moved up to P16 and P32 positions

2
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The principles involved are the same as in normal read-routines.
Specified sequences of digits within one or two (;-x and/or 4 )
words read from a row of a card are to be regarded as numbers
to base 10 and converted to binary. The binary contributions for
each row are summed to produce the binary equivalents of the various
decimal numbers on the card.

The word containing the sequence is transfcrred to 21 3 and
miltiplication started. The contents of TS16 are varied, via
D.L.10 and T.C.A,, throughout the multiplication. Successive digits
of the sequence are multiplied by successive powers of 10, |
storcd in D.L.10. Because thc partial products in 2‘12 are built
up from the least significant end of the sequence and because they
move up by the shift action of the multiplier, the successive
powers of 10 must also move up. They are, in fact, powers of 20.

A1l minor cycles of D.L.10 pass through TS16 twice during
multiplication. Two sequences can be processed, one in each
major cycle of MULT, provided that the sequences are prescnt
in 21, in corresponding positions. This can be donc cithcr by a
pre-sfrangement of the words or by using the automatic shift of
the multiplicr, cxtracting the next scquence duec for conversion
at an appropriate timec and re-~inscrting it in 2‘13 also at the
corrcct timc,

Since this technique is only used when scveral sequences have
to be converted, it is nccessary to clear 212 after onc sequence
has been converted and before the next scquerice is dealt withe

The first power of 20 is stored in the same odd mece of DLAC
as that in which the first digit of = scquence is cxamined in 21 3
The cven minor cycle following is the one in which 2’12 has to be
clecarecd, |

Minor cycles of D.L.10 not rcquircd for powcrs of 20 can be
used as normal storage locations. The passage of this inf'ormation
through TS16 will not affect the conversions provided that the
converted result for cach sequence is extracted as soon as it is
comnlete and 212 15 cleared before dealing with cach scquence. The
result for any Sequence is extracted from 21, in the even minor

following the even m.c. in which the last pover of 20 is added into

212.

The numbcr of binary placcs to which the ascending powers of 20 are
stored in D.L.10 depends on the required layout of the results
and on the way in which the converted sequences are cxtracted.

1f the rcsults are all integers x P,] and tl:c powers of 20
are stored x P, the converted scquence for, say,_on cight digit
scquence will be stored ot P, position (fe.e. X 27). The last
power of 20 in this case is ?07 . 2/, RoyT (Read eight 8 digit
numbers) is a casec in peint.  The m~ximum row contribution is

27 e 11,111,111 and as this is within single length the following

scquence for accummulating row contributions can be used.

212 - 14 Extract converted row scequenccs
23 - 11-!- 1l (7 m.ct_)
1. = 25 Add to previous row sums.,

In gencral however an n digit sequence after conversion will be
formed at Pn position (i.ce X 2n-1) and thce last power of 20

is (1011-1 » 211"‘1)'
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| This reises out of length difficulties in the case of = nine
dggit sequences The largest converted scquence, |
e el D S i, i ot et i sl

TO. overcome this a device originally uscd on R23T/2 is cmpl.oycds
ggc iIIiowcrgt?f 1 g for an n digit number are storcd so that 10¥
position * LYC
33 = (nwr) or P32 ¢ m =(ner) for results required x Pm

Any digits in‘ cxcess of single length in any powcr of 20 arc placed
at the P,1 position of the samec word, overflowing into itsolfl

then all the digits of a sequeﬁcc have been dealt with the
results of the conversion are in two places, in 212 X P‘I (or P )

¢ . o

for the cxcess digits and in 21 3 % B, (Pm) for the contributions from
the powers of 20 which are not out of lungthe These two parts have
to be added togcther to form the final conversion.

In the example the sequences to be converted sarc digits 22-30

and 12=20
ToCoAe ON ‘ Contents of D,L.10,

() 3,5 18 - 21, , 10,5 20° X Bys = 0, 0, 0, 0, 16, 0, O
(®) 25 3,4 - 15 (P, g) 10,, 20" x Py = 0, 0, 0, 0, 0,10, O

209 O = 24 (mece21) 105, 20° = Py =1,0,0,0, 0,8, 2
() 25 30 = 21,  (mc.26) 105, 20° x Py =31, 0, 0, 0, 0, 0, 1
@ ;»27 172 : 22 ' 10, .2015F x Bye =17,19, 0, 0, 0, 0, O

50 s - 5, 105 207 x Byg =20, 6,12, 0, 0, 0, O
(e) 25 213 =19 (d) (mc. 12, 13) e 207 ¥ o5 =15 %20, 7, 0, 0, 0
- . 253 e 9 X Fopp = 0, 8,24,11, 31, 2, O
(h) 2, 25 =2 3 . (mec, 23)
(c) oy 30 - 21, (meca 26)

(1) by 19, =25

| 2_31 202 - 13

(l) 28 212 - 25 (miCi 12)

(8) 2,5 25 =25 - -
2,5 13 =20

(d) Q_,)O 20 - qh 5
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NOTES ( a) + The multiplier is placed in 21 Digits 22=30
. have to be converted as descri ed and added to the
number in 45, digits 12-20 when converted are added to L"L..'

(b) These are collate digits for extract:mg the eight
least significant digits of ?1 (g)

(¢) 1Iultiplication started in m.c, 21. The first digit
of the sequence is not examined until m.c. 25; the first
addition from TS16 can take place in m.c, 26
and. 212 1s clcared in this meCe

( d) Housek:cping.

(e) 'The powers of 20 are stored (x Pa?) in the odd minor

cycles 1025 0 109. The last ad8ttion from TS16 into

212 takes place in m.c. 10 and the separatc parts of the

conversion in 212 and 213 can be extracted 1n m.ce 12 and 15.

193 will contain, in the first 8 didits, part of the

converted scquencees The noext 4 digits arc rubbish and
digits 13=32 axc digits 1=-20 of the original 21 3

(f) The number transferred to TS14 is what emerged from 213
in MmeCe 13 = or from S22. in m.c. '15) as these are
the same so far as the bGttom eight digits are concemed.

(g) Least significant eight digits added to TS13.

(h) The new multiplier goes to 21, so that the first
digit (20) of the next sequente is examined in m,c.25,
second time round,

(i) The addend is the contribution to the convértcd
sequence obtained from 8212 in MmeCe 126

346 Using the Multiplier as a Shift Re ister,

If 21, contains x at the start of a multiplication with either
213 or 1§ clear, then 21 3 contains x at the cnd of multiplication;

X, in fact, has been shifted by 23 2 Here however is the place to
lssue a wa.rn:l_ng' The detailed opcra:b.on of D24 is such that if
X cxtends beyond P g & ZCro will be introduced in P 57 position

and all digits above this are moved up onc place with the top

clgit of 212 subsequently moved into P position of 21 3 when the

nmltlpllor 1s used as a shifting regis ter it can be startcd in an cven
minoxr cycle in which case x can be full word lecngth and is not rcstricted
to =P 7% The following notes contaln recomendatlons for this

modc of opecration.
(a) Clear cither 21 3 OT 16 if possible.

(b)  Place x in 21, and start 0-24 in cither an odd (x < P,) or

cven meCe  The maximum shift is 32 if started in an odd
MeCe and 33 if started in an even m.c,

(0) gxtract x from L;21 or S 222 in the minor c‘ycle appropriate
to the shif't requ:red.



M § WS L. L. L, LD ShGEt NO- : 15-

(d)

The multiplier can be started before a number is inserted
in 21 5 (less total shift will be produced). If 24 is clcared

al'terTa Q~24 operation starts a transfer of 30-21 for 5 MeCo

(ee 0, ¢) required if TS16 is not clear, otherwisc 30~21(4)
1s sufficient,

Any information sent to, D21 after 0-24 starts arrives in D21
shifted up one place , thus af'ter the scquaence,

O0=24

30=21 (3 mecs)
10 195212
12 215202

202 contains 192 shif'ted up one place, The shifting Tacility

and the use of D23 during multiplication has been used
(originally by J.P5, O'Brien) to effect multiplication by 10
for the purpose of converting binary to binary coded decimal,

Thé next example illustratcs this technique,

Rcamgle.

To convert a binary number N (to 32 bePe) to 4=bit binary
coded decimal,

TS16 contains a decimal fraction N (in binary) to 32 beDe

which it is requircd to convert to an integer as in normal
ounch routine practice in L=bit binar coded deecimal with
rour decimal digits, A, B, C, D« This routine produccs

- the result in 20, ag AP BP9 y CP., DF

3 13° 5 71
N ~ 16
30 = 212
1OP29 - 21 3
(2) 254 0 - 2, (mecy 31)
224 30 - 203
(b) 2 21, = 20 (mece 8)
(c) 2q 20 ~ 23 (4 mecs co)
(a) 23 21, - 20 (mecs 16)
(e) 216 20 ~ 23 (24. MeCe eo)
(£) 201 21, = 20 (mece 25)
(g: 22}4‘ 20 = 23 (L]- Me Co GO)
(h) 229 | 213 - 203 (m!C. 1)

NOTES: (a) Multiply ABCD by 10, This is completec in

MeCe 6 when A.BCD cntors 212 angd 213 with

(b) Extract »B3CD in mec. 8

(¢)  In m.c. 10, 4(,BCD) is entering 21, and (0.ECD)
is subtracted from it leaving 3(,BED)
This cmerges in m,ce12 and enters 21, as 6(.BCD)
from which another subtraction is maae to lcave
5 (¢BCD). This emerges in MeCoL, is doubled
°n re-entry and cmerges as AB.CD in Me C 416,

(@) Extract .CD
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. (e) Repeat Stage (c) to give ABC.D

(f) Extract oD

(g) Repeat stage (C) to give ABCD

(h)  ABCD to 20,
This technique has bcen used in P19T/1 P25T and DGO1T.

4e  DIVISION OPRERATIONS.

The DEUCE divider, given A (dividend) and B (divisor) produces a quotient
Q and remainder R given by -

22V A =08+ R 0 €R< B for B> 0
where A, B, @, and R are all integers.

Let 1t be supiosed that a final quotient @ can be obtained which consists
of eight different quotimts each in L-~bit character form as shown

These characters caon be obtained by using different divisors Bﬂ BB Bc BD

etc., to BH sO that _
221 A = (Q, 228)3.;& + (Qg « 2%%) By + (Qg « 2%) B + (& 2"%) "

+ (95 2'%) By + (9p 2°) By + (4 2% B, + (9 2°) B,

lece A =QA(BA . 2“3) + QB (BB ¢ 2-7) + Q'C (BC * 2.—11) + QD (BD . 2_15)
+ Qg (Bg e 277) w0, (By . 27P) v (By . 272N 4, (8, . 27)

Lf we choose | 107 . 2‘3

il

106 . 27 '

Il

100, 2

100 , ol?
10° 0ed

101 227

il

il

By
By
e
h
B
Bp
Ba
By

- { 6 5 L 3 2
thenA-QA.'lO +QB.1O +Q,c.10 +QD.1O +QE.1O +QF.1O +

id-
QG . ‘IO‘I + QH « 10 and by this means a conversion from binary to L-bit binaxy
coded decimal is accomplished, For positive divisors the result is ecxact -

(R = 0) though corrections of the form (21 = 10) may be necessary and the last
character may need to be inverted. These corrections are now discussed.
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For any case in which the least significant digit_of the least signifiicant

character is in the PJI position the final divisor is 23 1, This is treatcd

a8 a negative divisgor and its effecct is to interchange the O's and 41's of the
final character. This can be corrected af'ter the division operation is
complcete, |

The second correction arises from the changes in numerical value of the
divisorse If any character is cven, the character next below is in excess
by 6 (iece 24 - 10) for 4-bit chara.g'bers representing binary coded decimal
and will be in excess by 54 (i.e. 2° - 10) for a deecimal representation
using 6-bit characters. The amount by which any character may be in excess
depends on the number of bits in the character and the radix of the quantity
rcpresented by that character,

Suppose that, at some stoage in the process, divisor By = 10)"', 212

has been in use, generating quotient QI) (the number of fourth powers of 410

in the original number) and further suppose that o remainder R is lcft after 2

has been formed, BD is replaced by BE (’IO3 N 219 ) and effectively a new

division is started with Ry es divided. If Ry is positive all is well; if B
is negative however BD has been subtracted too often and the next
oncration should be apn ndddtion of BD to xmrtor%thc femaindor, BI? is

now changed to B, and instead of adding 10* . 2'° to restore the remainder,

103 ® 219 iﬂ a.ddCd-

1. 101" . 2J|5 should be added to restore remsinder
but 103 R 219 1s added instead,
now 103 ® 219 = 10}+ ® 215 ~+ 103 * 219 on 104 . 15

=10 (10° . 2'%) 4+ 6 (163 . 215

104 ’ 215 represents 10 units of 103

therefore 6 , 'IO3 . 215 represcnts 6 units of 103 added in excesse

Corrections of 6 will therefore be required in any character which follows an
even character since the presence of a zero in the last digit of a character
mcans that the first operation performed with the next division is an addition.

For the canversion of binary to binary coded decimal the differcnce
between sugcessive divisors is of the form a « 10* where a has the same value
for each character position and therefore the correction required is the
same 1'or cach character. This would not be so if, for example the conversion
1s one of binary LB WT to TONS, CWIS. QTR. and IB. The rule that a correctiocn
1s required in a character next below an even character is still true but
the amount of thc corrcetion may vary from character to character.

In practice it is not necessary to walt for the full division time (66 mece)
to initiate correcction procedureitime and instructions can be saved by
extracting the quotient when the’ least significant digit of cach character is
justified (lined up) relative to the final P2 position of the next character
below, An example wil\l 1llustrate this techfiique,



(2)
(b)
(c)

(@)

NOTES:

REY ¥ o W DR B L F . WO 0 UL NN T R IF.2 B0 O B . T W R,

(By.6,10,14,18,22,26 = 15

(2)

el To convert A (< 108) in binary to l;.—bit binary coded decimale

("IO7 . -23) - 16 ‘

A - 21

1 - 243 (mece m)
(106 . 27) -~ 16  mt+b er 7
(10° « 2') = 16 mly or 15
(10* ., 2'7) = 16  m22 or 23

ns conveniente

((10° . 2"7) = 16 m30 or 31
(102_;. 223) - 16 m+38 or 39
{:"01 . 227) - 16 in+l+6 or 47
(1° . 2°1) = 16 meBh or 55

30 - 13 '

21, = A (m+59)

25 = 14

26 ~ 26 (3 meCe)
(By ) - 15

21, = 14

26 = 25

Result in 791 31
First divisor to TS16,

Dividend to 213-

Divisor started in minor cyclc me

Collate digits aligned relative to the P2 position
of the final character positions,

Clcar TS13 anticipmting (h), Any convenicnt m.c.

Bxtracts the character quotient when P, of each

character (cxcept QH) is aligned rela.t:?.ve to the P2

position of the character next below,

Sclects digits :Ln those characters with a P, = 1

1

Forms a word with digits with a P, = 0 and subtracts
this word > times from TS13 thus forming the necessary
corrcction.

Collate digits for O

Uncorrcected quotient extracted after division is
f illiStht

Inverts QH and adds to corrcctions in T3l 3.
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Conversions of Numbers N < 101".

The routine given in 4.1 will obviously work for N & ‘lO8
and if used for N < 104 the top four chaoracters will be zero.
It is both wasteful of time and instructions to usc the 105
routine for cascs wherc all numbers are less than 10,

IfFN=A,10 +B, 10° + Co 10" + D« 10° the final
result can be attained, A, B, C, D, positioned as in (a) or (b)
or any intermediate form by corrcet choice of divisors

1 l ; i .
(&)‘DEGIBA zero | zero | zero . zero |
S ——— - | ) !

(b)lzerojzero!zem!zeroi Dg Ci B

}
i
l
|

LA

Since divisors can be chosen so that characters finish as in (b)

then during such a prrocess the characters are complcte (and at

the bottom cnd of the register) half way through the division
process. Uhgy can be extracted and corrccted while the 1-24 is still
in progress and the remaining millisccond of division can be

used for any proccssing and storing requircd.

Bxemples To convert N <'T1O}'" to the form shown in (a)
(103 . 219) - 16
N - 2‘13
1 - 2 (mece m)
(P2;6,1O) - 15 any convenient mec.
(‘IO2 . 2@d ) = 16 MeCe mM+38 Or 39
(10‘l . 227) - 16 Me Co M+lb6 O 47

(10° . 22') = 16 me. mesh or 55

30 = 13
212 - 14 MeCo mM+5HT
25 = 14
. 26 = 26 (3 meca)
(B, - 15
2'12 - 14
26 - 25

Result in TS813.

The sequence of instructions and minor cycle timing arc the same as in

dole

Inversion correction is still requircd for the least significant

9harac‘§er. Less constants are required and more than one millisecond
1s available for parallel progromming between 1-24 and the inscrtion

of (102 . 223)-
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Example,
)

To convert N <107 to the form (a) using constants which finally
position the (uncorrected) characters as in (b).

The first task is to choose the constants appropriate to
character positions (b).

We require divisors B,, B,, B., BD such that

A Bpo Bg
2w = 027 () + 322 (3) + €.2%0 () + D.2"0 (m)
snd N = A,10° + Bo10° + Co10' + Do10°
therefore 10° = 27 B, B, = 10° , 27
10° = 277 B, B, = 10° . 2
10" = 2711B, By =10 4 2

10° = 2'153D B = 100 , 217"

Ifote that BD, the last divisor is not x 23 1 and that final
character inversion will not be required, which is an advantage
which will always be obtained if the least significant digit of

the final clharacter is at any position other than P_‘ of a DEUCE word,

The instyuctions arc: =

(10° . 22) - 16

N~ 21
(a) 30 - 21,
1 ~ 24  (mece m)
(102 . 27) - 16 MeCe I+ 6 Or 7
(b) 0,650  ~ 15
T L L Y mec. m+il or 15
(c) ' 30 = 13 _
(10° . 2'9) - 16 meCe M+22 Or 23,
(a) 21, = 1k m+27
(g) 25 = 14
26 - 26 (3 meca)
(h) 22, = 25  m35
(3) 28 - 26

AP'U + BP9 + CP5 - D]':’1 in TS13
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NOTES: (a)

(b)

(a)

(g)
(h)

(g)
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In normal division operations there is no need to

clecar 21 o* Here however it is better to do so to
avold separating the reguired information in P‘I - P.1 5
from rubbish which may exist in P1 630 at the time

the information is extracted from 21 o
Collate digits for corrcetion scnsing,

4

Anticipates use of D26 later,

Partial result extracted with LS digit of C at P,

2
B at B, A at P,

Forms word where LS digits of A, B, C arc zcro
and forms correction factor in TS e

Bxtracts incorrected characters,

AP13 + BP9 - C.'I:"'5 + DIE’1
Note that partial quotients arc always X P, in 21

2 2
and o 22 is required,

In all division operations, normal or othexrwise,
the "first" digit of a positive quotient is g
"spurious" onc which ultimately drops off the end
of 212. Here we arec cxtracting from 212 half way

through division and the "spurious" one is at P

17

Position ( conveniently) rom vhich 28«26 rcmoves it,

An alternative method of clecaring 212 and at the some time neatly
removing the spurious one is

(10° ., 22) - 44

N -
2‘13

1 - 24 (mece m)

30 = 24 5 MeCe M-+3
(10% x 27) 16

o see

CUCe

21, is clearcd after division starts (sec D19/2)

Led

Zexo, P1 P32 zeroor P, P
as zeros both at the

bOttom end.,

4* ©o 2€ro, i,e, with the two spare bits
top end, one at each end or both at the
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Three choices of castants can be made to effect conversions,
one f'or each case. If we choogse to have I—"3 15 P52 zcro, the least

significant character is at P1 position and the final divisor will

be 1 OO * 2}| and last character inversion is required. The best choice

is with P,1 y P32 zZCro, avoiding inversion corrcction and permitting

any of she threc cascs to be obtained by onc shift in either
direcction as appropriatce

The corrcetions to be made to any character are 54 Any character
which is in cxcess by 5L has digits in the P5, Fo positions of

the character since the normal decimal digits 0-=9 occupy P‘I -Pzi_ only,
Henece, any character with P5 and P6 needs correcting since thd

only valid combinaticns for any character are 0-9,

This logic is used to effect the correction.,

The first task is choosing the divisors

2N = 4,225 () + B.219 (Bg) + C 2'7(8,) + Du2 (By) + Eo2

md N = A.10% + BAO® + o102 + D.10' + % 10°

therefore B, = 10% . o

A
BB=103.212

2 48
By = 10° . 2
BD=1O1.22L"

The instructions ares

(*101F . 26) - 16

N - 213
1 - 24 (th¢ I_ﬂ)
Strobe - - .
(a) rope 15 (P2,3’8;9,1}+,15,19,20)
(103 ’ 212) - 16 MeCe mM+12 OX 13
(102 . 218) - 16 MeCe mM+24. Or 25

(10" , 221") - 16 e Ce M+36 Or 37
(10° . 2% = 46 mc. meL8 or 49

(b) 215 = W (m+57)
(0) 222 - 13 after division.
() 25 - 26 (9 mec.)

Result in T813,
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NOTES: (a) The characters arc positioncd at P, gy Byys Pogs Pog

by the conversion but (c) using S22 will bring
thelr final positions to I P?, P‘]_’j’ P19_, P25.

Corrcctions where required are 5L P1 relative to the P1

of each character i.c. 27 P2 = 9 (3P2). The strobe
provides 3P2 in eech character position.

(b) At this stege all characters A, B, C, D are formcd

and the top two digits of E are ovposite P2 and P3

i.¢e the top two ocnes of any 54!'s if present are in
line with the strohe,

(c) This extracts uncorrected characters at positions

Fr B Bz By Fu

(d) Nine thrées are 27 wherever required,

| A word of warning., This logic of character correction is valid
1f’ no character cxceeds 15, i.c. P5 ng § °F cach character should

bc zeroe This conversion technique will handle numbers greater
than the range in which each decimal character is restricted

to 9, 8For axample, the routine of 4.1 would convert 139 s D47, 286
( >10°) corrcctly, but vnusuzlly, as

O 50107 & 4o10% 4+ 7,105 + 2,102 4 8,10 4 6.10°

l_;..h. Conversion of binary Pcncec to Binary £, se de

By choosing the appropriatc divisors in TS16 it is possible
t? convert binary ponce to three packed integers representing
binary £, binery shillings and binary pence. The constonts
are chosen to effect the conversion with the groupings shown,

5
tn )| smtimes 2 s

SHILLINGS { £  POUNDS.

13-107 + 9410

P,, sparec P7 1 shillings.,

P -

o=ty  FPENCE P‘I 530 POUNDS.,

The first task is to choose the divisors. e require

v M

2 N=2" (£).(%.2,0) + 20 (s) (2b . 12) + 2 (@) (2° . 1)

we choose o, b and ¢ such that
M +a =31 therefore a = 20
6 +b = 3 b = 25
1 + ¢ = 31 C = 1

23 L then cancels throughout and

N=(£ .20+ (s), 12 + (@)

The divisors are 2L0 x 220
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The next task is to predict the corrcctios Oterms. If the &
group is cven 225 , 12 will be added where 2¢¥ o 240 should be
added, Thec exccss is 146 220 1*e]3rcsonting 12 shillings.,. 30
If the shillings group is cven 2 2 , 12 should be added but 27

will be addeds The cxcess is 20....225 represceating 20 pennee.

The corrcetions are thus 12 in the shillings group and 20
in the pence groups Therc arc only two corrcctions, and as
these arce differant (unlike the sixes and fifty four in every
character) it is preferable to subtract them while division
proccedse To do this we inspect the remainders at the end
~of the £ and s conversions. If these are negative, then corrections
are required in the s and d groups respectively.

The instructions are:

(2) (240 . 2°9) - 16
(b) Noo- 2,
(0) 1 - 2}4- (m.C. m)
(d) (225 ° 12) - 16 (thl m'l‘LLO)
(e) 213 - 27 (m.C. 1n+lf2)
- #;"WMJ \'l"\‘---....w..h
(f) (P1 2) —232 (m.c. m+l+9) waste.
? TN e ﬂ.:.p-f-'""’w
(2) *(230)- 16 (mece m+50)
(h) . 21 - 27 (m.c. m+52)
/"" 3 H\‘F“*--..m
(1) (.E”1 3_232) (mece m+57) waste
b . ‘«-‘__\M /’_,..—-*"
(k) 22, - 21,
Result in 2‘|2

NOTES: (a) Firs: divisor for £ conversion.

(b) 3inary pcnce to 21 3

(¢) Start Division in mecs m
(d) Second divisior to TSY6 for shillings convérsion.

(e) Test remainder after £ conversion to sce if first
operation with new divisor is an addition. The minor
cycles of (d) and f§) impose ccertain restraints. If two
DeLe's are used (22 . 12) can be stored in m + 40 of
onc D.L, 21, = 27 ob¢yed fom n0 of the other Dl.la

Otherwise 2é5.12 will require to be transferred to
a TS for transfer to TS16 in m.ce M0

(r) If (¢) leads negative, subtracts 3P1 from the quotient,
Done at this time, this is equivalent to subtracting 12
from the shilliings giroupe.

(g) Third divisor for pence to TS16,.

(h) Test if first opcration with new divisor 1s an
addition,

(j) Subtract 5P, as a corrcction if nccecssary. Equivalent
to subtracting 20 from final position of pecnce

ZXOUDe
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(k) Shift down one placo to remove the spare P, position
created by the conversion, '

he5 Comversion of PBinary IB VI to TONS, CWI. QTRS. IB.

This conversion was required for an N.R.L., programme for which
an acceptable character layout is as shown:

> 5 2 i Tk 4 4 L 1
Spare LB WI QRTS,! CWL, 310 Cwr, 1OO_T0NS 107 TONS :[102 TONS (107 TONS !SPAR:

; 0’
1 ™ 2 1 L 3 2 .

|

P LB wT

P . 10 QuarterS-
By _ 4, UNIT CUT
1

.P15 10" CWT,

0
P16 - 49 10° TONS,
1

Pro - o3 10 TONS,
2

Poy, - o7 10° TONS,

Bg . 3y 10° TQUS.

P32 oPare,
We require constants as follows
> 2
2y = 527 T, (107.2240,2%) + 2%2.1,(10%,2240,2°) 4 21 (T, (10" 422,0,2°)
" 215'T4 (10°, 2240, 2% 4 2“*01 (1120.2°) + 210.02 (11242%)

3

+ 27, Q, (28.2%) « 25L, (1.2h)

where, to permit 2‘.5 1 to cancel throughout,

a+ 27/ = 34 therefore a = 4
b +23 = 39 b= 8
¢ +19 = 31 c =12
d +15 = 31 4 =16
e + 14 = 31 e =17
£ +10=31 . f = 21
g+ 8 =31 = 23

28

i

h+3 =31 ' h
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The divisors required are:

. 100.2240
. 102,220
212 . 101, 2210
216 . 109, 2210 ]
2l . 1120
SLENPPP

%3 | 28 }
228 | 4

Because of the binary relation between 10 Cwte and 1 Ton and between
quarters and Cwt.,, the brackcted constants are equal and only
81x constants are nceded, The next task is the calculation of
correction tcrms. Ior the Toy T3 and T, groups the correction term

L

is 6. Ior the C, group the correcction is

2
21 - 217

2 o 112 =~ 217 « 1120 . 112 (16-10)

- 6-112 . 217

i.c. 6 Cwt.,

For the L, group the correction is

28 _ 23

2 .28:233-’-#

i-‘El L]- I.IB.

All corrcction terms are 6 except for the L, term which is L,
This can be trcatcd separately and a correction word formed

for the other groups. The mcthod of dealing with the 'Lt
correction is to examine the bottom digit of the quarters group.

If' this is zero we subtract a P, from 21 o Vhilo the division

proccedss The minor cycle in which this is done is chosen so

that the subtraction is effectively 4 from the final position of the
Lb Tfl‘ grmp. |



At dded db L L)) LA AN LA IN L ®
The instruction sequence is:

(a) (24.103.2240) - 16

(b) N - 21 3
(c) 1 - 24 (mece m)
(d) (28.103.2240) - 16 m.ce (m+8 or 9)
(c) (212.101.221;-0) - 16  mece (m+16 or 17)
' (f) (2“l 6.100.2240) - 16 m,ee (m+24 or 25)
(2) 27 - 15
(h) (221.112) = 16 mece (m+34 or 35)
(3) 228_ 16 mics (m+46 or 47)
(k) 22, = 14  mece m+19
(1) 25 = 14  mec. m+21
(m) 26 - 23, meCy m+23
(n) 21, = 1%  mic, (m+27)
) (g 47,01,08) = 15
(a) 25 - 14
(r) 26 - 14
(s) 10 - 23,
(t) 2 - 23,
Result in 21,
NOTES: (a) First divisor to TS16.
(b)  Binary IB WT to 21,
(¢) Division starting in m.c, m,
‘(ggi Successive divisors to TS46,
(g) P, to 15 anticipating (1) and (m)
(h)
?,31:)1 More divisors to TS416

(k)  Extract (S 22) quoticnt immediately after bottom
digit of quarters group is formed.

(1) Form P1 in 14 if quarters group is 02D,

(m) Subtract F, from quotient if quarters group is EVEN,
This subtraction takes place when the fours digit
of the LB group has just been formed and effects
the correction of 4 from the IR Zroupe
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(n) Extract quotient when bottom digits of Ty, Ty, Ty

and C, groups are in P 2,'P17, P21 and P25 positions,

1 1
Pl Form dlglts LIl P.Iz) P.17’ P21, P25 1f least Slgnlflcant
;1. ? digits of corresponding groups are LV N,

g ;, Apply '6!' corrections where required.

Published subroutines which make use of D21 and S21
during division operations include D19/2 and P227T,

those interested should consult the appropriate reports.
P22T uses the divider to convert two binary half words

( < 10%) into 4=bit binaxy coded decimal, two converted

numbers to a word,
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APPENDIX 1.

OPERATION OF THE DEUCE MULTIPLIER.

The initial conditions for nomrmal multiplication are

(a) Clear 212

(b) Multiplier to 213,

(¢)  iultiplicand to TS16.
(d) Start multiplication in an ODD minor cycle,

The top (P32, position) digits of the word in 2‘!3 arc cxamined at the cnd (P

32
time) of cach ODD minor cycie. If the top digit is a zero nothing is added
in the following even minor cycle to the contents of 212 shif'ted up one place.
If' the top digit is a one » this one is rubbed out and b&comes a zero and the
contents of TS16 arc added to the conteonts of 21 5 shif'ted up onec place, in

the following cven minor cycle, |

Denoting the nth partial product in 212 by Xn, the (n-+1 )th partial product
is

r =0 ~
= 23 | -
Xn-n-'l 2‘{11 * EL_33--(n+’l)B” Laﬁ-— (n+1) or 1
Where B is the multiplicand and the digits of the original multiplier
30 with &y in the least significant position,

As the contents of 21 cmerge in any coven minor cycle they are shiftcd up
one place before passing tﬁe addition circuits and re=-cntering 21 X

The following table shows the minor cycles in which thc various digits of 21
arc cxamined together with the words emerging from and re-cntcering 21 X
The multinlier is a.. a

9° 8o a3 vor Bg,, 235 and the multiplicand is b,
Multiplication starts in minor cycle m,

5



g, St o ikl

M:inor
Cycle

—

N

O VW W N O W P W

Digit
of 21

GXBIDIB("

432

!1f

EE N 4 S L S N G U VAR LR S WIS S | R S

2X

12

2X

15

24

2X

TABLE

12X

14

Energmg Re~cntering 21
rom 21

(s21 )2

¢ +a3 b=X

2 1
2X, +a.,,b=X

1 731 72

2&2+a36qu3

K, +a
A,

5t 7Pk g
2X6+a2 6b=x7
AR LR
2X8+a2 )_szx9

2X9+a2 3b:}{

2}{1 0+8.22b-X11

2Ky 412 0=X, 5

2){1 2+a20b.. 13

2Ky )12 80Ky 5

28y 5rey 70=X, ¢

~ AZ ENDIX 1

2

L W e

|

|
|

Minoxr
Cycle
m +

49
| 50
| 5
B

E:l6

Zero

MULTTIPLIER)

from 21
(821

.2X16

17

28

250

| 2X20

21(3 ’

) €|

Digit ; Emerging;Re-cntering 21
of 21
exami

-

2X, g+ 62X, -

2Ky gtay ), b=Xy g

2}{1 9+a ’ jb‘XZO

2 . +a.  b=A

| 2X +8,, ~D=i

227107 23

2X2 3 +a9b =/ ol

2ho) Tagh=2op

J 2 5+&7b-.X 6

2X2 7+8. 5b =.£12 8

X 8+a}_‘_b=X 59

A .
J29+a3b-xjo

+a 2b =X

30 31

2}'(.'3 4 +3a 4 13:}{‘3 5 y

il

Vi

i

.
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The use of $21, S22, D21, D22, D23 and D16 during multiplication is
governed by the following rules,

(a) 1Ir Xn enters 21 5 in any even minor cycle then S21 gives ;?in in the

next even minor cycle ené—w—grmségl -

(b) If D21, is used during multiplication, the ward sent to D21

2
replaces the word emerging from S2‘1'2 N
s8¢ normally in m,c. m+11, 2X5+a27b enters 2‘|2 if' ¥ is sent to D212

in meCcy m+11, Y+a27b enters 212;.-

(c) 13222 and D232 can be used provided that no additions from TS16
occur in that same minor cycle.

Se e in mec. m+11 if a27 is zero and Y is sent to D222 (or D23)

then 2K5+Y cnters 21 21

() D22; can be used during multiplication,

(e) D233 can not be used for a subtractive transfer starting in an odd

minor cycle, though it can be used as the odd minor cycle in a
scquence (e, o, e, o)

(f) The content of TS16 can be changed during a multiplication. If a
trangfer is made to DM€ in an oven minor cycle, the previous
content of TS16 is added (if at all) to 21, in the minor cycle of
transfer. The first minor cycle in which & new multiplicand
is added to thc contents of 21. is the cven minor cycle following
the transfer minor cycle, whetfier this is cven or oid.
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ACPENDIX IT,

OPERATION O THE DEUCE DIVIDER. -
The initial conditions for a division op ration are:

(a) DIVISOR B to TS16,

(b) DIVIDEND A to 24 3*

(c) DIVISION started in an ODD minor cicle.

The divider produces a quotient QB 4 and rcmainder R2 1 defined by

. , .

2 A—Q31B+R31 WherOOSR31<.B B> O
< <
B_....R31<:0 B O

and E'3 ’ 1s obtained from the machine remsinder r by the processe

Rgy = z (3r + B)

The divider compares the signs of the content of 21. and TS16 at the cnd of
cvery odd minor cyclees If the signs are the same 1€ is subtracted from 24 3
in the next odd minor cycle; if thc signs arc different 16 is added to 21 3
in the next odd minor cycle, |

In the even minor cycle aftcr an odd minor cycle in which a subtraction
occurs a onc is inserted into the P, position of 21 .. If an odd minor cycle

1 2
1s an addition minor cycle, no change is made to 212. The contaents of 212

and 21, are shifted up onc place in successive even and odd minor cycles

respec%ively and the quotient scoring P1 digits which are inserted into 212

actually cnter 212 as £, digits because the shift occurs between the point at which
acy are insertedand tge entry to DS21,

The simplest way of looking at divider operations is to realise that in
successive pairs of minor cycles the divider is producing quoticnts Qn and It
s . n
vhich satisfy

O

2 A-O_,OB-i-RO
1
2

2 A:Q2}3+R2

> 4 = QB + R,

5 .
2 9A = Q29B + R29
50, _
Th _
1y = Q5B + R,

The method of scoring only the subtractions means that the quotients lag bchind
the corresponding remainders and the first digit inserted in 21, in spurious.

This digit drops off the end and the programmer is not nonnallyzaware of
1ts cxistcences If however the contents of 2‘!2 are extracted during a division this

spurious digit (and any rubbish left in 21 5 before division starts) must be

borne in mind. It is for this reason tha' 30=21, occurs aofter 1-24 in some of

2
the routines described in the report,
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The following table shows the minor cycles in which Qn end B are
9y " n
produced, It will be noticed that the final remainder is 2R32. A shift down gives

therefore adding B ang shifting down gives 331 .

This is the remainder appropriate to Q31 o The divider may give

(Q31 - 1) as quotient, In this ecasc R32 = 2R31 + B,

Ad B ¢ Lf'ting ' ' ;
toc%;g—“l and shif'ting down gives (R3 gt B) as remainder. This is appropriate

31
Since 27 'A = (Q31—1)B -+ (331+B)n
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Minor
_____'_5______:_5_
Cycle 21 Intoring _ _ Fmerging
I+ 3 21 21 From
o 23 2y - fotoring_ Bnorging From
. | ergd *
q e 3 21 From
1 RO .'.{-';. 3 1 2
}Séppuri(}us Prov: 32 2R1 6
cviou 2
5 2 s 53 R1
2R _ Contente o 5
1 2R, “5 2Q
23, 34 2R 14
R s i s
2
5 2 R 2 Q'l 6 20)
6 ]
7 2 20
q 20 5 R2 38 2R 17 20
R 20 19 oR. 16
7 4 2R, L > 20) 18
. 20, 4O 2R 18 204
oR 20 20 oR o
14 > °R, “ . o0 19
> 20, 42 2R , 17 2
2R, 20, 13 21 2R, 18
; oR
1 ’ 20 2 LWy 2R #20 20
_ - 1
15 o0 ,2116 6 2{22
16 oR 6 20 * 2323 1 20_,20
_ 8 2R °5 L 0 Rz
g % 43 o 23 d1
19 2R " 20) )
3 h
20) 50 25 1)
- 2Q9 52 2R T2 20
° T g 53 % 25y <
23 2R _ 20 >
o %0 10 54 2R 25 20)
2Ry 5 S o 26 b
2 2R
22 20, 11 56 2R “26 20
2R 1 2, 57 28 oR 25
27 213 20 21
iy 29, , 12 58 2R 27 20
218 1 2Q1 , 59 29 o™ 26
29 2R * 20 28
- 20,5 12 - 60 2R 28 20
%4 27 o0 7
20 1% 62 2R “23 20
14 20, 63 31 o “28
30
20)
o 2Ry, b g
4 30

S h

spurious digit), ,
1
s 20, (headed by the

2

fi.t the last
' stage the :
spurious digit has been
Pushed of f +
he end of
2
12

and thC C oYl
tent of 2
1. 1s :
o shifted down onc placc t
| ¢ to give Q
. -!31 (TiC'B' is On)



