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INDEX OF THE ROUTINES AVAILABLL IN CSIRAC LIBRARY

The following pages list most of the routines and
give brief notes on the more important items.The list
is not,however,ecxhaustive and additional routines are
added from time to time,

Fach routine tape is given two library code numbers.
The first,such as T123,refers to the routine and the
second,of form B112,gives the numbcr of the box in
which the library tape is stored.The tape headed
T123 B112 is thus the Gamma Function routine from .
box 112,

Library tapcs have an extra set of position holes
which arec not copied by the editing equipment.Each tape
is headed by punched library codes which should not be
copied.At the end of each tape there is an 'optional
stop' punched which should only be copied if the machine
is required to stop after the routine has been read inta
the store.

In addition to the tape,a copy of the programme with
notes is held on file in the Computation Laboratory.
The routines arce grouped under various headings and the
gspecifications will be found in the file bearing the
group number and title.

Unless otherwise stated:-
(1) The routine is entered with the datum in A.
2% The routine is entered =t command O.

3
(4)

Routines arc grouped as follows:-

The finel result is in the A-register.
The linking register is D15.

1.Executive

2.Machine Tests (omitted)
3.Input Routines

4 .Output Routines
5.Division

6.Fractional Powers
7.Trigonometric

8.0ther Transcendcntal functions
9.Unclassifiecd

10.Double Precision
11.Floating Binary
12.Fixed/Tloating
13.Complex Arithmetic

14 . Matrix Inversion
15.Factorial Analysis

16 . Fourier Anslysis

17 .k¥ive-hole tapc Routincs
18,FEigen~vectors(omitted)
19.Interpretive (omitted).
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T00?

T002,1

T002,2

T003,1

T003 .2

T003,3

T004

T012

T180
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- -
1. EXECUTIVE

B100O Primary and Control

Assembles_and stores commands punched on 12-hole tape,
Occupies cells O to 0,24 of the main store and uses
0,25 ... 0,24+n to store the head cell addresses of n
routines., A transfer control designation must be
punched following this routine to ensure the programme
is stored from cell 0,24+n. Teno
ength 25

B1OO Tape Symbol Print (Complete Programme’

Reads a programme tape and pyints the commands
(including control designations) in programming
symbolism,

B10O Tape Symbol Punch with Tabs (Complete Programme)

As T002 but output is on 5-hole tape whioh is
interpreted by the Flexowriter, Allows for printing of
stored constants as 32-~scale numbers by use of 3Y and 7Y
control designations. Use in preference to T002,
Flexowriter Scttings:- Margin 4, tabs at 9,16,22,

B101 Tape Symbol Punch without Tabs {Complete Programme)

As TO02.1 but no settings are required on the
Flexowriter, Slower than T002,1,

B100 Punch Store in Binary (Complete)

Punches the contents of successive store locations
in binary from address set on NA to the address given
hy NA + NB + 1 inclusive. Occupies cells 0-13 so can
be used to punch all the store except cells occupied by
this routirie.Output on 1°-hcle tape -

Registers required  ABCHD,. Length 14

B10O,  As T003,1 but the punching of address digits is
suppressed if they are zero, It should be used in
preference to T003,1, Occupies cclls 0-15,

B10O Punch from Auxiliary Store in Binary

Similar to T003.2 but requircs setting of MA ‘f on
NA switches,

B10O Primary and Control locatcd by NB

Stores the Primary and Control TOOL in cells starting
from an addrcss sct on the NB switches, Lensth 25

B107 Checok Print data (Complete Programme)

Prints numbers punched on 12-hole tape in the compact
punching convention. Results arc preceded by sign.
The number of items printed per.row is sct on the upper
half of NB, No extra provisior rcquired for multiple
precision data. Occupies 0-1,19, Registecrs used:~
ABC,D-D15,

B111l Symbol Print from Store in Single Column

Symbol prints commands held in the main or auxiliary
store as a ~“mgle column, numbered serially, Stored
from 0,14-4 2, Registers used:~ ABCH,D-D4.

B1ll Symbol Print from store in Blocks of 2,3,4

Symbol prints orders from the main or auxiliary store
in layout of 2,5 or 4 columns per 'page?, serially
numbered &t the left, with line space after cvery eight
lines and grouped in pages of 32 rows, Store space
14-4.,15, Reglstcrs used:~ ABCH, D~D7,




T182,2

T183,.1

T183,.2

B11ll Primary and Control Storing Parameters in
D~registers
Assembles and stores orders from 12-hole tape and

stores head cell parameters in D~registers, Occupies
0~ 0,25 and allows for 15 S,

BI111l. As T182,1 but uses D1, D2 to hold constantsso
only caters for 1733, Occupies 0 ~ 0,22,

B11l Control Routine Storing Parameters in I and
stored at the end of The store.

As T182,1 exoept that it occupies 23,6 to 23,31 din
the main store, In fact this is achieved by a transfer
designation which may be altered to store the routine
anywhere in the main store,

Blll. As T182,2 except that it ocoupies 23,9 to 23,31,
Transfer may be altered as in T183.1,



7T010,1

1010,2

T01l1l.1

T011.2

T011l.3

T013

T013,1
T013,2
7013.3
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5. DATA INPUT

Data is punched either on 12-hole or 5-hole tape,
preferably the latter., When the wide tape is used
the numbers are punched in the compact decimal
convention; two decimal digits per tape row, final
row punched with ¥ or XY according as the number is
po%Stive or negative The binary equivalent is assembled
in A,

5-hole equipment has been added rccently and
routines are still being constructed.,  Those
available arc grouped in File 17 for convenilence.
%vintually these specifications will be corrcetly

iled.

B107 Input Fractions, Positive or Negative.

Reads compact punched 6 decimal digit fraction
from 12-hole tape and converts it to binary.
Registers ABCHD,  ILength 27

B107. As above, Ffor 4 digit decimal fractions,
Length 25

B107 Input Integers, Positive or Negative.

Reads compact punched 6 decimal digit integers
from 12-hole tape and converts it to binary, The
integer must lie in the range ~524288 to +524287

inclusive, Registers ABCIHD, Length 21

B107 Input Positive Inteogers.

Reads 6 digit integers in the range 0 -~ 524287
from 12-hole %ape, X punch has no effect,
Registers ABCHD, Length 18

B107 Input Positive or Negative 2 digit Integers.

Reads positive and negative 2-decimal digit
integers from l2-hole tapc,
Registers ABCHD.,  Length 15

B107 Inpul, Store and form Check Sum,

Three routines to rcad in data from 1l2-hole tape
and storc it serially from cell h to h+n-1l, where
n and h arc sct in A and C initially as P11l digits.
A check sum is formed and comparcd with a negative
check sum punched at the end of the tape as specified
in the notcs on the routine. Machine stops if the
result is not zero.

Caters for signed 4 digit deceimal fractions. Length 37
vy 7 ¢ T 6 [ 10 T t 9 4_0

1 ] 't 2,4 or 6 'y i 32

Registers required in all cases ABCH, D-D3.



-4
4. FRINT

Results may be printed either by the teleprinter
or by the Flexowriter from tape provided by the 5-~hole
punch, The punch is must faster than the teleprinter
and should be used in preference,

Routines allow for printing the number with sign and
decimal point where relevant.l syout must be de81@ned
by the programmer.

The notation used in these routines is

6D for integers in the range -524288 to+524287

5D ¢ e e 't ~99999 to 499999
and similarly for 4D, 3D, 2D,
OR
6D for factions in the range -~1.000000 to +0-999998
> e v veoowe tt ~1.00000 to +0¢99999

and similarly for 4D, 3D, 2D,

T030~T033 have six routines (e.g. 030.1, 030,2 ,,. 030,6) to
each tape, The first routine prlnts 6,4 or 2D accord-
ing to the point of entry (command 0,1 or 2 respectively).
The other five routines print 6D, 5D, 4D, 3D, 2D
respectively,

T034-1038 are similar but the first routine prints 6,5,4,3 or
2D according to the point of entry.
All routines use registers A,B,C,.

TO50~ are the equivalent 5-hole routines and will be found
listed in group 17. When complete, they will be
correctly fllod

TO30 B105 Print integers, positive or negative, suppressing
initial zeros,
T030.1 Length 31 030,.4 Length 25
030,2 Tength 27 030,5 Length 22
030,3 Len&th 25 030,6 Length 18
Extra Registers:All use Dy.1-=nd.«2 usce D1,.3.4and.5
use H
TO31 B105 Print integers, positive only, suppressing

initial zeros.

As for T030, cxcept that lengths are 25,21,19,19,16,12
respectively.

T032 B105 Print integers, positive or negative not
suppressing initial zeros,
As for TO30, except that lengths are 27,27,21,21,18,16
respectively, TO32.1,.2 use D,.3.4and.5 use H.

7035 B1l05 Print integers, positive only, not suppressing
initial zeros.

Length 21,17,15,15,12,10 rospootlvoly.
Extra Reglstcrs D for 033.1 and 033.2,

Extra Registors: D Ffor 034,11 035.1, 03e.Ll, 037.1, 038.1,

T034 Bl06 rrint fractions, positivc or ncgative, rounded,
vith =1 corrcetly printed ,
Lengths 38,27,22,22,22,20 for 034.1, .,. 034.6
resoooflvcly,
OBr.E 3,04 use H




T035

T036

T037
T038

T039.1

T039.2

T0,9.3

7040

1040,01
T040,02
T040,03
T040,.04
T040.05
T040,06
T040,07
T040,08
T040,09
T040.10

TO41

T041.1
T041.2

T042
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BlO6 Print fractions, as for T034 but uprounded

Lengths 23,19,19,19,19,18, 411 use H.

B106 Print fractions, positive or negative,unroundecd
and dcfective as to -1 (which is printed ~. 00 .,)

Lengths 21,17,17,17,17,15, All use H.

B106 Print fractions, positive, unrounded
Lengths 15,11,11,11,11,9, All use H.

Bl06 Print fractions, positive, rounded
Lengths 29,18,13,1%,1%,11, A1l use H.

B1l08 Print in scale 32,

Prints a 20~digit word in the standard 32-scale
representation, with spaces betwéen the Ffour components
and initial zeros suppressed, Length 19,

B1l08,
Same as preoedinﬁ, but omits spaces and prints initial
Zeros, Length 16,

B108 Print in scale 8,

Partitions a 20-~digit word into triads, starting
from the left (giving six triads plus one dyad), and
prints these triads as decimal digits, Length 8.

B108 Angle Print in degreces, minutes, seconds
(«01-+.06) or radians («07-.09) or degrecs and
decimals (10

Length

Prints A,180° to nearest second  ~1<A<1 3%
Prints A,180° to ncarest minute  -1<A<1 30
Prints A, 900 to nearcst sccond  ~1<A<1 27
Priats A, 90° to nearest minute  -I1<A<1 28
Prints A, 90° to nearest scocond 0<A<L 21
Prints A, 909 to nearest minute 0<A<] 22
Prints A,1800 in radians to 6D ~1<A<1 25
Prints A, 900 in radians to 6D ~1<A<] 25
Prints radians from O to 3.999999 19
Prints A, 90° in degrees and fractions of

a degree; from ~90.-000000 to +89+999999 23

A1l use H,
Bl08 Sterling Print.

Priats £,.s5.,d. suppressin

suppressing tens digit o

Prints A pence up to £999.19,11,

Prints A pounds (inte%or)
(fraction up to £9999¢

Extra Registers:

'19q lc

g initial zeros in £'s and
T shillings and pence,

Length 33,
lus C pounds

Length 41,

D1 for T041,2 and D and H for both.

B108 Alpha=-Numeric Print

Used for printing headings involving letters or
Full description on specification

figures or both,
Registers ABH.

shect,

Length 14,
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5. DIVISION
T060,1 and TO6l,1l are valid for any numerator but the

denominator must be non-zero and not less than the
nunerator, In both cascs

AJC = A and ~A/C = D7,

When | numerator | = Kenominator L the formal
positive and negative quotients arc both -1,

Accuracy is such that
| (quotient) x (denominator) -~ numerator | < o~19

Henocc the quotient has, at the worst, one less significant
correct figure than the denominator,

T060,2 and T061.2 are similar but the denominator must
also be positive and the result is obtained only in A,
The accuracy is better as the programmes include a
simultancous left shift of numerator and denominator
until the latter has 19 significant binary digits aud
the absolute error of the quotient does not exceed 2“18;
these routines should be used for quotients of small
Zractions or integers.

A1l use registers ABCD

Method used is based on Wilkes 'Repetitive! formula.

T060,1 B114, Length 19
T060,.2 B11l4, Length 15
T061l,1 B114,  Length 24
T061,2 Bli4, Length 20
T062 Division by 'Non restoring method'.

A/C = A"  where | C] QI.AY. The result is truncated
to 19 binary digits.. = For A = C (dneluding A =C = 0 or ~1),
the result is 1 - 2719, For A = -C the result is P20 = -1,
Registers ABCH, Length 15,
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6. FRACTIONAL POWERS

These routines use registers ABCHD, unless otherwise
specificd., The argument must be fractional,
T080  B109 Squarc Root (Trial and Error).

Error does not exceed PlX, Slower than T081 and 082,
Extra register D1, Length 19,

T08L  R109 Square Root (Iterative),
Argument x must lie in the range % <x <1, Length 16,

T082  B109 Square Root (Repetitive).

In gencral the error is ncgative and the answer is
accurate to 4 or more decimal places. Length 16,

T083  B109 Cube Root (Trial and Error),

Error docs not cecxcced 1-5P1,
Extra registor DI, Length 20,

T084  B10S Fourth Root (Trial and Error).

Irror rarely excecds P1,
Extra register DI, Length 18,

z
In the sense that | (nominal vx)% - x )< P1,

The number of significant correot figurcs in vx
cannot exceed that in x,.



7100

T101

T102

7103

T104

7105

T111

T112
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7, TRIGONOMETRIC

B104 Sine and Cosine, for 2 rt.,angle unit.

Gives sin wh or cos wh for -1 < A < 1 according as

entry is at O or 1,

Registers ABCD,

B104 Tangent, for rt. angle unit.
Gives tan gﬁ for =% < A < %.

7101.1 max, erwor SI'l, Length 22,
T101.,2 max., error PIL, Length 22,
Both use ABCD,

B104 Secant.
Gives (seo gﬂ) -1 for =3 < A < %,
Registers ABC,

Bl04 Cosine and Sine for rt. anglec unit,

Gives cos gﬁ or sin gﬁ, according as entry is
at 0 or 5,
7103,1 Valid for -1 < A < 1,

T10%.2 Valid for -1 < A < 1 but not for A=-1,

Registers ABCD for both,

B104 Sine(w/2 ) A
7104,1 Valid for -1
T7104,2 Valid for -1
Registers ABCD.

A< I, Length 22,

A A
.
A

B11l2 Cosine( /) s

7105,1 Valid for -1 < 4 < 1, Iength 22,
7105.2 Velid for -1 < A
Registcrs ABC . e . -

R 4
B112 Arvctan (as a fraction of 909)%

A

7111,1 4 rapid unlooped version, valid for all

positive or negative arguments,

7111.2 A compact looped TI1L.1,

T111.3 A rapid unlooped version, valid for
all arguments cxcept -1,

T111.4 TLooped version of T111.3,

1 only. Length 20,

1 only. Length 20,

Length

Length

Length
Length

Length

Length
Length

Length
Length

Registers (BCD for zll,T111.2 and .4 use 21 -nd H.

B11l2 Arc sin (as a fraction of 900,

T112,1 A rapid unlooped vcersion, valid for
argument in renge ~1/v2 to 1/v2 inclusive.
Registers ABCD.

7112,2 A compact looped version of T112.1,
Registers LBCD,D1 and H.

i.e, if A xP20, the routines give
Lt o= 2/n(x = %xs + ...0P20
ond similerly for T112,

=3
L

1l

i

Length
Length
Length

28,

25,
23,

25.
23,
23'



7120
T120,1

7121

T122

T123

7124

T125

7126
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8. OTIR TRANSCENDENTAL FUNCTIONS

E101 Logarithm (to base 2.

Gives 10@27 21 | for % < fa]< 1,

Registers™\BCD, Length
B126 Logarithm (to base 2).

Gives ~ sy logoh for 0 < 4 < 1,

Registers AB.

B101 Exponcntial (repectitive).

Yields e''~1 for -1 < A < 0469315 = log 2.

Registers ABCD, © Length
B101 Logarithm (natural’.

Evaluates loge(l + A) where O < 4 < 1 with

error less than Pl(2,10"6).

T122,1 TUnloopcds; wuses ABC; Length
T122,2 ILooped: uses ABCIE. Length

B1l22 Gamme Function.

Evaluates the complete Gamme Ffunction
(1 + %) where 0 < x < 1 with crror less than
2P1, -

T123,1 Unloopecd; uscs ABCS Length
T123,2 Looped; uses ABCD; Length

B11l2 Positive Exponential,
Gives o*~2 for O <A< I,

T124.,1 Rapid unlooped polynomial version
using ABC, Length

T7124.,2 Compact lcoped version using ABCDH. Length

B11l2 Negative Dxponential,
Yields e for 0 < 4 < 1,

T125,1 Rapid unlooped polynomial version
using ABC, Length

T125,2 Compact looped version using ABCDH. Length

B103 Besscl Funciions

T126,1 Forms J (2L) = A' valid for -1<Ai<1l.,  Iength
7126.,2 A4As T126,1 but invelid for -1, Length
T7126,3 Torins Ji(ZA) = A' valid for -1<A<L,  Length
7126,4 As T126,3 but invelid for -1, Length

12,

18.

27,
22,

19.
18,
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9. UNCIASSIFIED.

T150 B103 Sterling Ceinaze Analysis,

The positive dnteger in A rcepresents pence, The

routine adds to DZ, D3 ... D10 the number of £10,

£5 ... pence which amount to the original number of

pence and minimisc the number of coins or notes.

Vaelid for lecss than 2184/10/8.

Registers used ABC D2 to D10 -~ these D-ropgisters

must be cleared before the routine used, Length 28,

T151  B103 Random Numbor CGenerator,

A quasi-random integer, rcctangulerly distributed
in the range (1,524587 is obtained in 4,
Time 1/40 sec, Rcgisters used ABC. Length 12,

T510  B1l03 Runge Xutta Integration of Simultaneous
Differcential Fquations,

Gives a step by step integration of a sect of

simultaneous lincar differential equations

dXi/d't = fiCXj>, fOI’ i’j = 1,2, eee Ile

Sce Specification for full details,

Link register is D11, Length 45,




T200

T200,1

T200,2

T200.3

7200,5

T201

T201,1

T201,2

T201.,3

T201.4

T204,1
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10, DOUBIE PRECISION,

The following routines manipulate numbers represented
by 38 binary digits held in two registers as shown.

Upper half of number __Lower half L
LIP3 =~ P20 | [ P19 -~ 1|
: N
{ ;
sign digit zexro

B11l5 Double Precision Input.

These routines read a number of 12 decimal digits from
12 hole tape punched in compact decimal form as six tape
rOows, -

d,z -b2 #*
éé"’gé with Y(for +) or ¥YX (for ?W:;a

If the first three or more pairs of digits are zero, the
resulting blank tape rows may be omitted.

The upper half of the number with sign digit is
assembled in A, the lower half in C,

B11l5 Input of Double Precision Signed Integers.
Registers ABCHD ~ D3. Length 44,

B115 Input of Double Precision Positive Integers,
Registers ABCHD - D3, Length 37.

B115 Input of Double Precision Signed Fractions,
Registers ABCHD - D3. Length 55,

B115 Input of Double Precision Integer Fraction,
Registers ABCHD - D1, Length 37.

B115 Double Precision Print.

These routines print double precision numbers held
in A and C,

B115 Print Double Precision Signed Integers,

Initial zeros are suppressed.
Registers ABCHD -~ D2, Length 62,

B115 Print Double Precision Positive Integers.

Initial zeros suppressed,
Registers ABCHD - D2, Length 55,

B115 Print Double Precision Signed Fraction,

Gives + Oe or -=1. followed by 12 decimal digits.
Registers ABCHD - DI1. Length 31,

B115 Print Double Precision Integer Fraction.

Initial zeros not suppressed.
Registers ABCHD - D1, Length 42,

Double Precision lultiplication.
B11l6 Multiplication of Double Precision Signed Integers.

Forms (AC).(M1 D2) = (4,C)* on the assumption that both
factors and product lie between 2738 (incl.) and 238,
Registers ABCD ~ D5. Length 17,




1205 .2

1205.3

T200 .4

T216

T217

7218

72352

7234 .1

I

B116 imultinlication o

Similar T204.1,
ogistors ABCH — D4, Length 16,

Double Procision Positive Integurs.

s

7116 uultiplication and Addition of Double Precision
Fractions.

(Result roundcd .

Entry at O gives gﬁc’.ng D2 = gAci' = (03 D4)T
mntry at 2 gives (ACY.(D1 D2t + (03 D4 = (ACY!
Trror lecss Then 2739 + 2757

Registers ABCHD - D6, Length 31,

= (D3 D4)?

B1ll6 Similar to T205.1 but result unroundcd., Error
may rcach 3 x 2729,
Registers ABCID ~ D4, Length 25.

3116 Txnot Lultiplication and Addition of Two Double
Prceision Numbers.

Eatry at O gives g&c;.gnl D2) = ?)3 D4 D5 DE.!
Entry at 4 sives (ACY.(D1 D2) + (D3 D4 D5 D6) =(D3 D4 D5 D6)!
Registers LBCID - D6, Length 35,

B116 wultiplication and Addition of Double Frccision
Intcger~Iractions,

Entry at 0 gives %AC .gml D22 = (h3 D4 .D5?
Totry at 3 gives (ACYH.(D1 D2)3+(D3 D4 D5) = (D3 D4 D5
Registers ABCHD - D6, Longth 34.

Douple Precision Blocks.

These routines combine & number of operations in one
DIO Sramine Spcoifications should be studied for full
cetails,

B117 Double Precision Function Block for range (=1,17

Provides input, print and arithmetic operations for
double prccoision fractions.

Registers ABCED - D7,

Length: lain Block O -~ 3,25 optional scotions 5,26 = 6,5,

B115 Touble Prceision Arithmetic Block for range (~1,1°.

Provides multiplication and division for double

precision fractions,

Registers LBCHD - D7, Length 92,
) - o . ]

B11l7 Double Precision Arithmetic Block for range (~2“9,219\

Provides multiplication and division for integer fractions.

Registers ABCHD ~ D7,

Length: Hain Block 52, Optional rceiprocal 11,

Double Precoision Miscellaneous.

B116 Double Precision Arithmetic Block for fractions,

Provides multiplication, multiplication and addition,
addition and subtraction,

Registers ABCH) - D5.

Length: .ain Block 36, with addition 48,

B118 Double Preceision Fractions:~ Square Root.

£
Requires T232 as 25 routine. Gives (AC)' = (LC>7,
Rogisters ABCHD ~ D2, Length 38,
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m234 .2 BL18 Double Precision Fractions:- Sine/cosine.

Requires M232 as 25 routine, Gives sin/cos n(A),
Registers ADCID ~ D6, Tength 53,
m234..3 B118 Double Precision Fractions:- Sine/cosine.

Requires 1232 as 28 routine,  Shorter version of 1234 .2,
Registers ABCHD -~ D6, Length 35.

m2%4 .4 B118 Double Precision Froctions:- “xponential,

Requires T232 as 2S5 routine. CGilves (4,07% = exp(d,C -1,
Registers ABCID - D6, Length 27.

m235 .1 B118 Nouble Precision Fractions:~ Idvision by
non-restoring method.
Gives (i,C0t = W2 D33 = (O H1y/(L,Co.
Quotient rounded but P20 is given for +1,
Registers ;peup-D4 Length 40

12%5,2 B118 As T235.1 but unrounded. Gives 1 - pl for +1.

Double Precision Floating Routines.

q

12820 B117 Rational Operations on block-floated double
Precilsion numpers.

Numbers are rcpresented in *wo registers on the convention
that the decimel point is i places to the right of the
standard 'fraction' position in the upper register, for

0 <i<19, Sece speoification for full details.

7251 B117 Print Double Frecision Floating Humber .

Converts to decimal and prints 23 x where ~1 < x < 1

and 0 < i < 18, The sign is printed followed by 12
deciwal digits with the point in its correct position,
The full 38 binary digits of x are matched as nearly as
possible in the print.

Reglsters 4BCID -~ D3, DO,LE, Length 70,

252 8117 TDouble Precision Input Ffrom Floatinz Decimal Tape.

\ssembles numbers + 1D™x, punched on 12-hole_ tape as
seven tape rows, index folloyed by 12 decimals compact
punched, and conyerts to + 21y where 0 < m < 5,

0 <i< 19, 10m2+ < 1, B -7

ReQuires T250 as 28 routine.  ILink D14,

Registers ABCHD - D10, Length 74,




T500,2

T300.4

T300.5

7301
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11, FLOA! .. & BINARY

Floating binary numbers x.2Y are held in pairs of
reglstgrs with x as a fraction and y as an integer,
where 5 < | x| < 1; -524288 < y < 524288,

The routines use the convention that two suih nunbers
are held in A,C and D,D1 so that 4,2C and D.2DL represent
the numbers,

A number of routines requirc the basic arithmetic block
with its head parameter stored as 25, All routines arey
. . . . > ~
N15 linked. A number which is zero with respect to x.c
is reprcscnted as 0.5x.25"19

Routines use ABCD,N1,

7102 Basic Arithmetic Block,

Enter at 0 for subiraction (©,D1)-(4,C)
1 for addition (,D1%+(h,C)
1,5 for multiplication (0,01 x(4,C)
1,16 for division (D,Dn1)/(A,C).

Enter at 1,8 to normalise A,B,ZDl,

Results are set in A,C and also D,DI and are normalised.
The division routine need not be copied from the
library tape in which casc store space used is 1,14 as
agoinst 2,1 if division is included. This routine is

pr@codgd. by 25, 1S, designations.

B102 Input from Compact punched Tape to A,C and D,DI1.

Punch three rows of 2 decimal digits in the normal
convention followed by a fourth row with binary index
Y-punched and X-punched if negative. Zero must De

as 0,5.2M20, Requires T 300,1 as 2S-ed routine.
Registers ABCHL,DL, Length 30,

B1l02 Print as IFloating Binary Number.

Prints A,C as 14 characters:~ signed 6D fraction,

space, signed 3D index (-999 to +999),

Registers ABCHD,D1,D2. Length 27,

Bl02 Print as Floating Decimal Number,

A,C printed as 13 characters including signed 6D
fraction and signed 2D index (=99 to +99),
Registers ABCID,D1,D2, Length 49,

B102 TFloating Binary Iunctions.

These routines form (4,C)' = (O,pl) = F(4,C for various
functions F(n). They usc T300,1 as a 2S5-cd subordinate
routine, Zero results arc represcented as normalised
round offs; 0.5 v 2719

B102 Square Root,
T
(n) = n®,
Registers ABCHD,DL. Length 19,
B102 Sine/cosine,

Tntry at 0 gives sine x, catry at 1, cosine x.
Valid for indices =-2048 < y < 2048,
Registers ABCHD,D1, Length 39.

B102  As T3%01.2 but shorter and less accurate. Length 35,

B102 Logarithm to base 2,

F(n) = log?Y a .
Registers LBCHD,D1, Length 24,




1301,5

1301.6

13502

B1l02 TIxponcntial,

(n) = e,
Registers ABCHD,D1,DZ2, Length 31,

B102 Arctan as a Ffunction of 90°,

P(n) = arctan nn/2., Valid for indices —2048<y<2048.
Registers ABCHD,D1, Length 46,

B102 TFloating Binary Integer Operations (to be revised).

Caters for operations with non zero integers in pll
units. 1300,1 is used as a 2S5-ed routine.
Registers ABCHD,DIL,. Iink D15,
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12, PIXED POINT/FPLOATING

For these the data are taken in fixed-point
representation and the results are obtained in floating-
point represcntation, (or vice versa in the case of
logarithms’, the simple fixed~point representation being
inapplicable because the results are generally outside
the range -1,1,

B11l3 Division for arbitrary numerator and denominator,

7
Gives A/C = oD A, where the unit for A,C and A' is
P20 and the unit for D' is P1 Valﬁi for ~1<A<l and
~1<C<1 provided C_s&= O, Iz Tal= Cﬁ, D' = P1
(s0 tat A" =+ #) and if |4 [< JcCl, D' = 0 din all
cases, BError at the most PI1,
tlethod: long division, equivalent to trial and error.
Registers ABCD,DL. Length 29,

B1ll3 TInverse,

. . : . s - 1
Four routincs with minor variations giving +

Tt
T=2 .c.
Note that the fractional component of the answer is in
C not A,

A1l give never excessive approximations to 1/x in the

sense that the rounded procduct of x by the approximate

1/% never excececds 1,

Error: 1l-x.,l/x betwcen O and 221 inclusive for
T351,1 and T351.2; between O and Pl inclusive for
351,35 and T351.4, Method iterative.

351,11 +A"1; Reciprocal of i.% given as 22 (+ %),

Registers ABCD,D1, “Length 23,
T351,2 "Aml; Negative reciprocal of +~ given as

2(~1) and of ~% as 2% (%),

Registers ABCID,D1. Length 23,
T35%2.5&~~ 1§A"1; Negative reciprocal of + ¥ given as

+ 5 ).

Registers ABCHD,DL. Length 26,
7351 ,4 +A~l§ Reoiprocals of + % given as 2%(+ %),

Registers ABCHD,D1. Tength 26,

B1l1l3 Logarithm to the base 2.

Gives 1og226A = A'(pl) + C'(p20) i.e, the integral

characteristic appears in A and the fractional mantissa
in C. Method*+ Trial and crror,

T352,1  ILast digit of mantissa may be wrong.

Registers ABCD,D1. Length 23,
T352.2 Iast digit correctly rounded.
Registors ABCHD,DI1. Length 26,

B113 Toparithm to base 2, 10 or o,
Gives logaZCA = A'(PL) + C'(P20) where a = 2, 10 or ¢

according as entry is at 0,1,2 respectively.
35%,2 is a slightly more accurate version.

T353.,1 Registers ABCHD,DI1. Length 41,
T353,2 Registers ABCIHD,D1,u2, Length 44,
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13, COLPTEX ARINVIMELIC
5114 TFundamental operations on Complex Iumbers.

This routine

(1) Converts x + iy to r exp(dne) for -1 < x, y <1
and 0 < r <1, ~1<0<1,
(2) perforis the real operations required for
(17 polar to cartesian conversion
(ii5 division
(iii)) square root,
(3) Liultiplies complex numbers in cartesian
specifications

Enter at O for A + iC = Clexp i7A!
it

T 3,8 for sin mh = 4

v 5,9 for cos 1A = A°

A 1,11 for A/C = A" =C', c >0

v 0,21 for “A,D2 = C', ‘fThis gives the square root
o? a double precision fraction 4,02 correct to 19 pinary
nlaces.

inter at 2,25 for (A+iC).(D1+iD2) = A' + iC'.

See specificetion for full details regarding limiting

cases ana method,

Registers used ABCHD - D5, Length 131,

B1l1l4 Operations on complex numbers.

(1) Ovtains C' = r, A" = 06 from A + 1C = x+ly where
¥ =1 008 0, y =1 sin w6 if 0 < r < 1, Zater at 0.
(2) If A = 6, to calculate A!' = sin %06 enter at 3,5
AT = cos 6 enter at 3,6,
(3) It L =x, C = 7, to calculate C' = x/y enter at 0,12,
0 < TX\7< [y1< 1,
(4> For cartesian multiplication (A+iC).(M1+iD2)=A"+iC’
enter at 2,10,
Registoers used ABCH,D ~ D3, Length 218,

B113 lMiultiplication and Division of Complex Numbers
using Cartesian components.

Calculates (x+iy>(u+iv) and %}%E
numbers between ~1 (exclusive and 1 (exclusive)
represented on the,standard convention, For quotient
| x+tiy | < 1, A =x, C =y, DL = u, D2 = v,
Anter O for quotient

4 for product.
Registers ABCHD ~ D4, Length 49,

where x,y,u,v are real

B125 TFloating Binary Complex Imput (12 hole) and Output.

7409,.1 Reads a floating complex number (x+iy)2?
where x and y are punched as six dewsimal fractions
in the compact decimal convention and z is an integer.
Result is A =D =%, B=10 =y, C = 2D =z,
Registers ABCID - D3. Length 37.

7409.2  Prints (4 + iB)2C as 24 characters; real and
imaginary parts are printed as six decimal signed
fractions with a three decimal signed binary index.
Registers ABCHD - D3. Length 35.

7409.3  Prints (4 + iB)2C as floating decinmal,
Registers ABCHD ~ D3. Length 52,
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T410  B125 Tloating Binary Complex Arithmetic Dlock
Adds, subtracts, multiplies and forms reciprocal of

(eripr2®, (w-iv)e", 1o c
Enter at 0 for (0 + iD1)2"° -~ (a + ip)2

4 for (0 + ip1)2P% 4 (4 + ip 2C
1,29 for ( + in1)2"?% x (4 + ip)2C
1,5 for normalisation of D, D1 and D2,
2,17 for 1/(a + ip)2C
Results are always normalised so that
@+ i8)2% = @ + ip1)2P2,

This routie is headed by 2S, 1S, Reciprocal commands

may be omicted if not required,

Registers \BCH,D-D4, Length 2,13 without reciprocal
3,8 with reciprocal,
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14 . MATRTY INVERSION

Anyone wishing to use these routines should consult
the operating instructions in this file,The routines
available are described briefly.

7500 B118 Matrix Inversion for dominant diagonal terms,
o -C 1L “ilag

The diagonal elcments of the matrix substantially
exceed all the off-diagonal elements.,The programme
will usually succecd irrespective of this condition
but the rounding errors may be unnecessarily large.

T501 B119 Metrix Inversion with print selection

Matrix is believed to he well conditioned.

15, TFACTORIAL ANALYSISE

T511 B118 TPFactorial Analysis,factors at two levels
n
The 2 results of a factorial experiment are analysed
using Yates' Tableau process- 3k ne9.Data assumed to 4D,
cee specifications for full details.

16.  IOURIER ANALYSIS AND
SYNTHESTS

TH12 B121 Fouricr Harmonic Analysis,

Calculates the TFourier harmonic components
corresponding to anv number of equally spaccd ordinates
(maximum number 120). Primary and Control arec overwritten
with ordinate data.Sce specificetions for full details.,

513 B121 Jouricr Hermonic Synthes’s
Calculates cqually spoced ordinates(maximum number 120)

from Fourier harmonic components.3ce specifications for
full details.
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17, 5-50Ln TAPT ROUTINES (PLOVISIONATS

T7021,1 B124 Decimal Input from 5-hole tape.

Assennbles a signed 6-dizit integer or fraction Lfrom
Flerowriter codes on 5-hole tape. Tapes must be free
from the three codes for ¥ = , Ind of nwnber codes are
"tab', t'stop’, ‘'spare', fcarriage return',

Registers ABCID. Length 33,

T7021,2 Bl24 dis a similar routine to read in 4 decimal digit
numbers .

T050 B126 Signed Fraction Punch (unrounded).

Six routines to punch signed decimal fractions in
Plexowriter codes, The first routine punches a 6,4 or
2 digit fraction according as entry is at 0,1 or 2
respectively and uses registers ABCHD, The remaining
five punch a 6,5,4,3,2 digit number respectively using

ABCII,

Length T050,1 27 T050.4 24
2 24 ) 24
o 24 .6 24

T051, B126 Sicned Fraction Punch (rounded .

Similar to T050 but the results are rounded, ‘he
variable entry routine is not yet available.
Regilsters ABCHD, )

Tength 7051,1 - 7051 .4 27
234 .5 27
5 T .6 27

T052  B126 Posgitive Fraction irunch (unrounded .,

Similar to 7050 but punches positive fraotions only,
Variable entry routine not yet available.
Registers ABCID,

Length T052,1 - 7052 .4 17
L2 17 .5 17
) 17 .6 17

T05% 8126 Positive Fraction Punch (rounded .

Similar to T050 but punches positive rounded fractions,
Variable entry routine not yet available,
Registers ABCID,

Length 1055.1 - T053 .4 22
2 23 D 22
oo 22 .6 22

T054 B126 Signed Integer Punch.
Punches 6, 4 or 2 digit signed integer by entry at

0,1,2 respectively.
Registers ABCHD - DL, Length 35,

T059 Bl27 32-scale Punch.

Punches in Plexowriter codes, the contents o A
in 32-scale.

T059.1 suppresscs initial zeros and gives spaces
including one space at the end,

T059.2 is for use when line space is limited.
Prints & digits without spaces.

Both use A.CH. TLength: T059.,1 27; T059.2 23,
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Bl23 l'loating Decimal Input Ffrom 5-~hole tape

Lssembles a floating decimal numbor punched in
Plexowriter coding, fraction followed by index in
brackets, in floating binary representation in A and C.
Liequires ©300 with 2S designation.

Registers ABCHD - D2, Length b2,

B12% 1*locting Decimal Input from 5-~hole tape

£ S

(Universal .,

issembles in A,C in Floating hinary form any decimal
number, or floating decimal number with the incex in
brackets. Requires 1300 with 28 designation,
Registers ABCID) -~ D3, Length 75.

8123 Floating Decimal lunch,

Punches a floating binary number in 4,C in
floating decimal form, two decimal index in braclkuts.
Registers ABCID -~ D2, Length 53.

Bl23 Iloating Binary funch.

Punches a floating binary number in L,C as a decimal
fraction and binary Index,
Registers ABCID -~ D1, Length 32,

B123 Floating Decimal Punch.

Punches a floating binary number in 4,C in floating
decimal form, mantissa, space, two digit deoimal index
not in brackets.

Registers ABCHED -~ DZ2. Tenzth 52




