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SUPPLEMENT TO THE TRANSCODE MANUAL April 1957

LIRRARY FUNCTIONS

This supplement has been prsepared to supersede Chapter 5 .of the
Transcods Manual, and inecludes detalls of library tapes available to
Transcode users,

They are described under the following headings:i-

l. Title. The library tape will be labelled with this title.

2 "Tape Control - Standard"

This means that the tape for the function, which 1s to be used as
FNTH oof, ia to be reperforated into the program exactly as 1t comes
from the library cabinet, immediately following

‘ FEFF oof Spaces
If the Tapes Control is not standard, alternative nobes are glven.

30 "Program Entry = Standard"

This means that the funciion oof is to be called into action as
required by the program by means of the instruction
FNTN oof.0C 8884 ddd,.D
Where the argument is to be found in addrsss aaa (modlfled by B-lins A}
and the function of this argument is to be placed in address ddd (modeled
by B=line D). Wotation as on Sumrary Sheset, Appendix V.

If the Program Entry 18 nob Standard, alternative notes ares glvena

Title TC:ARCTAN

Purpose To evaluate the principal value (-»ﬁ €6:< I ) in radiang of the
inverse tangent.

Tape C_ontrol S‘tandard

Program Entry  Standard

Notes 1. A separate tape is available for ARCOT.

o If both arveban and arcot are reguired in the same ™ ogram,
" use TC:ARCTAN for arctan N and evaluaste arcot N as %@ - arctan )
(%' = 1,570, ?96,326,?95);
3.  Sin' © tan™ (W//1-1")
Gos™ W tan™ ( —N’ N}
Sec”! ¥ tan™ (4 )
Cosec™ W '% - tmn"(fﬁ" 1)z
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TRANSCODE LIBRARY FUNCTTON

Title TC: ARCOT

Purpose To evaluate the principal value (0%p<€T) in I’adlaﬂd of the
- inverse cotangenb, - : - ' :

Tape Control The Library tape 18 prepared for input as FNTN 005 and
FUTN 0056, These tape contiols must not therefore be punched
separately into the procram tapé.  Alsc, these FNTN numbers
cannot be used elsewnere in the program. :

Program Entry PNTN GOS% aaash . ddd.D

Error Between 1 in 10" and L in‘lé?gr
Title TC:CARDIN

Purpose To read data from IBM‘punched'ga:dsg:

Tape Control Standard - Requires a: gulde as.déseribéd elow.

Program Entry FNIN 00f.0. 00050  Z1Ls0
Time |

Noteg 1, A guide should be added just bhefore the EQS at the end of
the library tape.  This should be punched as follows:-
. aaaga : I‘_{'R‘dg o d:. Q. 2" 9 d +"
where aaa,0 is the transcede address in which to place the
first number from the card, .

n 18 the number of numbers to bhe read per
cards  Thess are placed in sequential
transcode addresses starting at aaa.0.

dg 1is the number of digits in the k™M number.

- The gulde must be terminated by punching "
which is. then followed by EQS as on the
- Iibrary taﬁea:

The f0110w1ng restrictions . apply’- , '
1£n=’=20 1£'c’t;& #12 5463

24 Bach entry to TC:CARDIN in offect reads one card, In fact
' 11 cards are read on the first entry and each 1lth entry
thersafter, - Drum pogitions OBl to 06l are used by TC:CARDIN
and must therefore not be used by the progran,

3 The special instructicn JOTB~OO0.0 000,00 208,0 rmust be

' included in the transcode program so that 1t is obeyed at
some time prior to the first use of TC:CARDIN and is notb
cheyed taereaftera

e Mumbers are interpreted as decimal fractions and wmust be
maltiplied by a sultable power of 10 after inputb,

3.



TRANSCODE LIBRARY FULTTION
S An "X" or "Y" punching over any digit will cause the
number to be treated as negative.

65 At least 1h blanlk cards should be placed on top of the
cards in the inoult hopper.

Title TC:CARDOUT 1 1
Purpose To prepare and store one IBM card of data for subsequent

punching by TC:CARDOUT: 114

Tape Control Stendard - Regquires a gulde as described below,

Program Entry FHTN oof,0  00Q.0  21L,0

T ime 200 + 35n msec.
Totes la A guide should be added just befores the EQS at the end of

the library tape. This sheould be punched as follows:~
aaae_;_o n"d4+ d1+ d3+ » & & & d)\,"*"“

whers saa,0 is the transcode address of the first number

to appear on thse card.

n ig the nurber of numbers tc be nunched
ner card. These are taken from fequential
transcoede addresses siarting at saasC.

di + 18 the number of digits in the 18 number,

© The gulde must be terminated by punching ¥

which is then followed by EQS as on the
library tape.
If no guide is used, the routine will prepare
7 numbers each to § digits starting at ZOL,.

The following restrictions apply: -~

&

len=20 1=dg£l2 54463 ntzd =72

2 Each entry tc TC:CARDOUT: I »repares one card for outpute
The prepared data are storsd In Drum locations 033 Ho 06l which
mist therefore not he used by the progran, The number of
cards prepared by TC:CARDOUT:I before using TC:CARDOUT: IT %o
punch them rust not be greater than 32 times the largest
integer contained in 21/n-(21 times if TC:CARDIN is used in
the same program),

3 The specilal insitruction JOTB 000,00 CO0.C 207.0 must be
included in the travccode program so that 1t is obeyed
at some time prior to the first use of TC:CARDOUT:I and
is not obeved thereafter,

4.



TRANSCODE LIFRARY FUNCTION

e Wumbers will be punched in fixed decimal point notation
' assuming that. their absolute value 18 less than unity,
Wumbers to be output musi be multiplied by a suitable
nower of 10 to meet this condition before using TC:CARDOUT: T,
otherwise only the fractional part will be punched.

5, Negative numbers are marked by an "X" punching in the
most gignificant digit columm, ‘ :

Title TC: CARDOUT: I1

Purpose To punch IBH cards with data prepared by TC:CARDOUT: I,

Tape Control Standard

Program Fntry  FNIH oof .0 - 000,0  Z1h40

Time _ 100 cards per minutes
Notes 1le One entry,to_TC:CARDOUT:II‘punches_allﬂthe cards prapared

by TC;CARDOUT:I since the last use of TC:CHRDOUT:IL.

2 Since the IBM punch mnst be allowed to coast to a gtop
before restarting, TC:CARDOUT:II must not be used at
intervals closer than 3 secondss

Title TC: COMPLEX ROOTS

Purpose Solves polynomial equations of degree less than 36 with
complex coefflclents.

Tape Preparation  The' coefficients are entered as WNUIB (in order of
decreasing power) with the real part preceding the imaginary
one to DRUMS 017 %Yo 020, each full drum containing 10 coefficlents,
At the end the sum of coeffs is entered.

Program Entry

Trepare short tape
INST = 00L
BEET - 00046 00n,0 -~ 000,0
EET& | 001,0 000, 0 ZlufO N = depres of
HALT © 000,0 000,0  000,0 egree of polynomial
QUIT 00040 000,0 0000
EXTR o o

Roots are w inted in cormplex fori.




TRANSCODE LIBRARY FUNCTICH

Title TC: CONVERSION/S
T TC: CONVERSION/T.

Purpose To convert Transcode floating numbers to fixed p01nt bilnary
numbers, enabling Transcode numbers to be printed in fixed
point decimal form if desired,

These routines required some knowledge of machine code, and
deteiled information must be obtained from the librariane

Title TC:COSINE
?urpose To evaluate the cosine of an angle expressed in radians.

Tape Control Standazrc

Program Entry Standard

Restrictions l, TError is less than 5 in 10%.

2s Routine reaches a dynamic stop DS/0 1f the angls
: has modulus greater than about 5 x 107 2

Title TC: EXP
Pufpose To evaluate the exponential of a number N,

Tave Control Standard

Program Entry  Standard

Error At most 1 in 10%, |
Restrictions If ¥ is greater than 2%, an IF/C stop ocecurs, A prepulse

will cuase this To be replaced by a Transcode infinity.




TRANSCODE LTIBRARY FUNCTION.
Title: TC:EIG/SYH

Purpose To determine the eigenvalues and elgenvectors of a real symmetric .
- matrix A of order n< 21, _ {

Method: This roubtine is a modification to the Real code routine
Eig: Jacobi: General, and fuller information is contained in the
library sheets for the latter routine. The method used is due
- to0 Jacobi, and consists of reveated iterations, each iteration
reducing to zero the off- dlagonal element of greatest modulus.
A group of 20 iferations forms a cycla,'unon complation of which
a residual R is printed, deflned by

ZR% :"‘1-':'3 gal:’ U3A3~ Mulgg

wher67:4 and U are theTLnuermedlate states of the eigenvalues
and elgenvecto%s respectjvely

Tape Prevaration and Program Entr Oéll elements of the matrix are to
be scaled down by a factor i

where 10’g Z 10n{Qpal> O'zﬂl
and ay% is the eienmnt of A of max1mum,modulus

The matrix elements are ?ead by columns, followsd by a check
columm . (whose elements are the sums of the several columma of A4),
to successive Drun locatlons begiming at Drum 001.

The program 1s entered by the instructions:

INST 007 ‘
B3ET 000.6 00n.0 - 000, 0
BSET 000:5  00(Zn)}0  000.0
BSET 000.4 004.0 ~000G,0
BSET 000.3 00130 000.0
PNTR 01l2.0 000.0 . 000,0
HALT 000.,0 000, 0 000.0
QUIT 000, 0 00,0 0000
ENTR
n =- order of matrix
4 = index of 10 in the scaling factor 102'

‘used to scale down the matrix elements. -
4~ =" no. of decimal places required in the sigenvalues

The results are given with 2 correctly~-positioned decimal point.

Console Procedure'

1. Read in the tape TG ETG/SYHM, no insertions are necessary to
this tape.

2e Read in matrlx elements, followed by instructions to initiate
the program,

3. The matrix elements are first checked for correct read-in by
computing check-sums for the various colurms and comparing with
the Values already in the machins. It TALLY OK is Danted, a



——

prevulse should be glven and actual maitrix reduction begins.
Otherwise the columns which are incorrect are given together
with computed check sum.

Once the matrix reduction has begun the following /G stops’
require attention:-

a) /G stop precedsd by the printing of an X. Normally occurs
only after the filrst cyecle, when the handswitches should be
set to //// and a prepulse given, Otherwise set handswitcles
to ///%2 (depress P18 only) and give a prepulse.

b) /G stop preceded by the printing of a residual R{Thig
gives an indication of the accuracy of the eigenvalues
available at this stage). .

The following choices are then available:~-

Set H = //// - Contlmue with another cycle (R decreasing
and consistent with previous R).
H=///% (P18 depressed) - Repsat previous cycle
(R questionable).
H = ///T (P19 depressed) - Print the results.

(R<10™7 should give 6 correct significant
figures in the results).

The results are automatically printed out if R is
sufficiently small to give 8 or 9 figure accuracy.

Should control go astray in the middle of a ¢cycle, operate K.E.C
set handswitches to :/// (P2 depressed), and read in a tape
punched -.spaces -- @@K@/ - spaces ---.

Resgults:

The elgehvalues are printed in a two-column layout, the first
column being the algenvalues and the second column the
assoclated residuals.

The eigenvectors are ?rinted in a four-column layout.



Title

Purvose

TRANSCCDE EIBRARY FUHCTION

TC:LINALG
A single routine which performs the following: -

(1) caleulates the determinant D of the n x n matrix A,

(i1) caleulates the inverse mabrix of A.
(111) solves . m sets of n simultaneous linear eguations with

A as common matrix of coefficients but with m dliferent
sets of right hand sides, (n+ m= 20),

Tape Prevaratlion and Console Procedure

Library tape is first read in followed by a short tape to
set up the size of the matrix:- :

THST  00L : . _
BSET  000.2 OC0ne0 = 000.0°

BSET  000.3 - 00(ntm),0 00040 | BSetting up. size
FNTH  012,0 000,0 21430 } of matrix.

QUIT 00040 00050 000,40 )

ENTR -

Data tape, prepared as bhelow, 1s then read ing~-

NUI‘B A“.', An, AB’ LI Af'n,g C», Cﬂ_, an e G"’,j Sf n DRU;XT 022
FHTH 0CC RECHECK
NUMB  Apy Aggy = = = = - P
FNTH OOO RECFECK
I\E-UD’EB A Y A.n,’ e Aw&y Ch.. y., ™ = = Ca..pd, Sn,n DRUI"I 022
FNTN OOS REGFLCK ' ' _

where the n ¥ n matrix A has elements Ay and the right hand
sldes form an m x n matrix G,

The c¢heck sums S g Sas g s Saxs are computed using

Sl :A"“{'AJ;“I‘?'ae';‘A'w'i_c +t4g+C|m-1’ etce

A hoot after read-in of any row indicates that the check has
failed, when the read-in of the row in. ouestion should be
repeated, Persistent failure 1ndlcatas an incerrect chsck=
SUM OF & Punch erroly-

The matrix 1pver51on is called in oy the follow1ng.
INST OOS
FNTH .0  000.0 Z1hsO
BSET OOO . 6 000,40 000,40
LOOP OOngD‘ 000.5 00040 .
READ OOl o 'OOO 65 X00.0°
PRNT 2
INCR ooogé 001 O 000,0.
TRNS 00l .0 00045 000.0
QUIT 000,0 000,0 0000 &
ENTR

Cutput instruectlons




Notes le.
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TRAMSCODE LTnn Y PUNCTICN

The print instruction is set to give desired layoubt and
8CCUracys
o) 1) -t -t : -t . . .
X,‘_, LL,ostEm))_s %ﬂ,Ai;zaoALu,Su,(l:l,qgﬂ)
are in successlive storage locations beginning at X0, where X's are
golutions of the equations. '

If the program proceeds satisfactorily, a sequence - - S : A@E /
will be printed. The console switch should initially be szet to
Print and when the chareacter E is printed set machine to single
prepulse and change output to Punche. The value of the deter-
minant is automatically output.

The printing of an ¥ or P indicates a probsble machine fault.
After operating KEC a skort tape punched as follows should be
read in:-

ImsT 002

TN 011,0 G000 211,40

QUIT 00040 00G.0  0C0,0

ENTR

The same tape will normally rescue the program after a derail.

If the matrix is larger than 12 x 12 requlring over 15 minutbes
machine time, and difficuliy is encountered please obtaln
additional information from the librarian as the matrix may be
ill-conditioned, -

If a sequence of numbers, e,ge 11,0, 8,0, 5.0, 0,0 is output
before the value of the determinam t, obtain information regarding
interpretation of results.

The program TC:LINALG may be used as & sub-roubtine in a larger
problen. It 1s assumed that the larger problem calculates the
matrix elements and the right hand sides of any equations and
writes these elements by rows to DRUMS 001 to 00n,

Provision must be made for presetting m and (ntm) as above, and
for initiating the sub-routine TC:LINALG via FNTH 010 (FNTN 009
if check sums already calculated),

Output instructions must be arranged as previously from DRUMS
001 to 00n,

10.



TRAVSCODE LIBRARY #UNCTION

Title TC:LOG

Purpose To evaluate the natural log of a nurmbsr N.

Tape Control Standard.

Program Entry  Standard.

S tons An WL/o step occurs for negative Ne  If followed by a
prepulse, log (-N) is calculated.

Title - TC:RESCUE
Purpose To re-enter a Transcods problem after a derail,

Tave Control Prepared for input as FNTY 06lL.

Program Entry  FNTN 06510  000,0  ddd,D.
The contents of the B-lines, the X,Y and Z pages and the
link 1list are storedy  ddd.D is made negative,

Entry after Derail

Set machine ©To single'prepulsesa Operate K.E.Cq Set
handswitches to Ti@/, Switch on comtinuous prepulses,

This revlaces the data sbtored by the last use of the FRIN
entry, refreshes Perm and the Floaters and re-enters the
caleulation at the position in which FNTN 06L was last obeyed,
This returng, as far as possible, to the position at the last
PNTY enbry. If drum positions have been altered they will
not be reset, though 1t may be possible to uge the sgign of
dddyD to enter a sequence %to look after changes in Drum
positions,

Title TG RUNGERUTTA

e

Purpose  To perform one step of a modifled Rungekutta integration for
a set of simultaneous Tirst-order ordinary differential
equations of the form

%%§°= £.{Xs Tos Fas ¢ » ¢ Tn )

Netailed information shests obtainable from the librarian.

11.



TRANSCODE LIBRARY FUNCTION

Title: TC:MATRIX

Purpose: To form the product P - AR of two given métrices A and B where
A Is an yxn matrix and B an nxm matrix, m<g 20, ng 21,
rg 31 |

Tape Comtrol: The Iibrary tape is prepared for Input as FNTNS O0L, 005,
006 and OO? These FNTN numbers must not therefore be used
elsewhere in the program. _

Data Preparation: The matriz A is read by rows, preceded by & check row
(whose eleéments are the sums of the several colurms of A), to
successive Drum locations beglnnlng at DRUM 03 3.

- The matrix B is read by columns, precaded by & check
columm (whose ‘slements are the sums of the several rows of B)
to successive Drum locations beginning at DRUM 001.

Program Entry: The following sequence of Transcode instructions will
fnitlate the TC: MATRIX program,

BSET 000.2 00(m=1).0 000.0
BSET 000.3 ~00(m-1).0  000.0
BSET  000.p 00w ,0  000.0
FNTW  004.0 - 000 .0 214.0

The rows of AB, preceded by a check row (whose elements are the
sums of the several columms of the matrix AB), are contained in
successive drum locations 001~ 00@r+1}, and may be printed from

there as ﬁesmred :

If 1t is d631red to invert the product matrlx {assumed square)
using TC: LINALG, the following seauence of instructions will
place the rows of ﬁB and the required check sums for TC:LIKALG
in the- ccrrset dram locatlcnS“

(s) BSET 000, 6 000,0 000,00
(8+1) LOOP  0CT.O 000.5  000.0
(S+2) READ 002.0- 000.6 -X00.0
(s+3)- ADD X0 (m+1).0 * X0{m+1l) O
(s+% WRITE ©01.0 . - 000.6 X00,0 -

) IHNCB - -000.6 001.0 000.0

(S+6) TRNS = 00(s+2).0 000.5  000.0
% storage . locdation containing unity.

Stores Altered: (by TG: MATRIX)
T Z0L, 702, Bb.

12,



TRANSCODE LIBRARY FUNCTION

Title TC:STN
Purpose To evaluate the sine of an angle given in radians.
Tape Control Standard.

Program Entry  Standard.

Error

Title

Purnose

Less than 10°°.

TC: SPECIAL

‘To perform any of 7 functions listed below,

Tape Control S tandard,

1,

24

Program Entry FNTN 00f,0  000.0  ddd.O0.

Tonsers are reed from tape and placsd in successive sbtorage
locaticns starting at ddd.0. The numbers are punched in the
usual transcode notatlon and terminated by a " bubt without a
WIMB tape controlg ddde0 may not be B-modified.

Program Entry FNTN 00f.0 00b,0 00c 0.

To check tnat data present in an X or Y page remains unaltered
over & period of tTime,

To check X page, use 00b = XO0l.

To check Y. page, use 00 = YO01.

When called in as a FNTN, one run through this routine forms

a hwoharaeﬁer checlt sum out of the last 63 lines present on the
X or Y page (X0l =~ X21, YOl - Y21 respectively), If there is
agreosment (OOc) 1s made negative. If there is not agresment,
{00c) is made positive and the attached check-sum is replaced
by the newly-formed one,

In each case control is then returnsed to the next instruction.

This routine should be used iIn two separats contexts in a
gliven progrars

(1) It should be used at the gstart of a caleuvlation to form
the "attachsd check~sum" for each vage of -daba stored
onn the drume
Por example, to attach the oor?ect check~sum to the data
stored In drum position 004, usse:

READ  00d,0 000,0 X00,0
FNTH  00f.0 - X01.0 21l,0
WRTE  00d.0  000,0  X00,0

The (Z1lh) are of no consequence in this context,

(2) The roubtine should again be used to perform the check
whenever data has heen left on an X or Y page for any
length of time, The sign of (00¢)} can now be used to
indicate whether or not the check has been successful,

13..
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TRANSCODE LIBRARY FUNCTIOK

and a repeat vrocedure may be programmed to operate
in case of Tallure.

For example, to check that data on Page Y has remained unchanged

during & seriecs of operations, use:

00m READ 00d,0  000.0 YO00.0
$ g . 3 »

(Series of operations)

00n _ NTH COf .0 Y01l.0 Z0L.0
00(n+1) TRIS COme0 0000 Z201.90
(Next part of pro sram)

Here it is assumed that a check~sum has already been attached
to DRUM position 00d, that this data remains unchanged on the
drum, and that Z01 is available as work space. The "series

of operations™ is reveated in the event of check-sum fallurs.

Program Entry FNTN C0f,0 COn.l  Z1h.0
n line fesds are output, his is useful to divide outbut
into blocks or pages,

Program Entry FNTN 00f, 0 000.2 21L.0

Tha printer is disabled go that future output is bunched,

provided:
a) Console switeh set to "Print and Punch!
b) P9 of the handswitches is not a 1.

Program Entry FHTN 00f.0 000,3.  Z14.0
The effect of li. above is cancelled,

Program Entry FNTN 00£,0  000,L  ddd.D
The contents of the handswitches (20 blts) are placed in the
exponent line of dddeD. -

Program Entry FNTH 00,0  00n.5 71,0
4 hoot of about g?seconds will occecura

14,



