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This document is a facsimile of the original book, transcribed by Christopher P
Burton of the Computer Conservation Society in 2003by the following method:

Each page scanned at 200dpi using Textbridge yielding 1-bit/pixel .tif files.
Each image was then cropped by eye to have almost no white margins.

Pages in the original (foolscap paper) which had text longer than A4 were cut and
pasted to squeeze on to A4 size.

Files were then saved as .gif image files.

Word for Windows was then used to assemble the document, inserting one .gif
image per page, with one inch left margin, 0.2 inch top margin, O right margin,
0.1 bottom margin on A4 paper. The images were ranged top left against those
margins. It was necessary to fractionally reduce the size of each image to be
dlightly less than 11.38 inches high, rather than allow automatic fitting by Word.

The document was saved and then output to an Apple Laserwriter 11 NTX but
output to file, not actually printed. Requests to fix margins were not over-ruled.
This created a PostScript file of the document, about 250 MB long.

The PogtScript file was then input to Frank Siegert's PStill program which
convertsto PDF to yield this document.
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4, 58,

1. Uses of Library Programmes

When writing and developing programmes it is sometimes desirable to know rather more
about some library subroutine than is available in the specification., Occasionally it
may be necessary to modify or re-write a subroutine. It is for these purposes that
annotated programmes are provided; they should be regarded as supplementary to the
specifications.

Binary tapes of subroutines, punched in a form suitable for use with Assembly, are
available from the London Computer Centre. Users are strongly recommended to take these
tested tapes rather than to punch for themselves the routines they require.

A letter P is printed in the Library Index (starting with Issue 6) to distinguish
subroutines whose programmes have been issued.

These documents are the copyright of Ferranti Ltd., and may not be reproduced in
whole or in part without permission.

2. Layout

Each programme is preceded, where necessary, by a description of the rrocess used.
This description is omitted if the process is adequately described in the specification
or if it is clear from the nature of the routine.

Where the process requires a large amount of organisation, as in some print routines,
the programme is preceded by a flow diagram. Occasionally a comprehensive flow diagram is
provided and this, together with a print out of the programme tape, takes the place of
the annotated programme sheets,

There are usually two blocks of programme on each page and descriptive titles are
printed in heavy type where appropriate. Programmes are printed on only one side of
each sheet so that pages may be taken out and laid side by side. Each subroutine is
prececed by its cue list and various other Assembly tags. The blocks of the routine
itself are often arranged in the order in which they are obeyed, not the numerical order
required on the tape.

3. Notation

The library programmes are intended to be read in conjunction with the corresponding
specifications; whenever possible the notation introduced in the specification is
used in the programme.

Most of the conventions used in annotating library programmes are introduced in the
Pegasus Programming Manual. Lists of the more important symbols and abbreviations are
given below:

B 2+ Block 2+ in the Main Store
B.P Block and Position Address
C(2) The content of Accumulator 2
Er Tape Character Erase

1.0, The Initial Orders

1.s. Least significant (or less significant)
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ms. Most significant (or more significant)
OVR The Overflow Indicator
P Accumulator 6 (P for Product)
P The content of Accumulator 6
P.P. Preset Parameter
PQ The double-length Accumulator, 6 and 7
(tg) The double-length number in PQ.
o) Accumulator 7 (0 for Quotient)
q The content of Accumulator 7
r.o.c. Round-off constant
ig Tape Character Space
U2.1 Register z.1 in the Computing Store. The U is often omitted.
w2 Block 2 in the magnetic tape buffer
X2 Accumulator 2, The X is usually omitted.
x, The content of Accumulator 2
a The a-search is the section (or setting) of an input routine which
ignores blank tape
B The fB-search is the section (or setting) of an input routine which
searches for the start of a number or a letter shift
Y The y-search is the section (or setting) of an input routine which
searches for a warning character or directive,
¢ Tape Character Figure Shift (= Blank Tape)
A Tape Character Letter Shift
(;D Tape Character Full Stop (= Decimal Point)
3; or 3p The counter in Accumulator 3
3m or 3M The modifier in Accumulator 3
3B The block part of the modifier
3P The position part of the modifier

(4.3, 20) A modifier of 4.3 and a counter of 20.
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4, Symbols on Programme Sheets

RO 3-01
200 - 01 -
0+ Main Store Block Number
——>|/1.5 4 00 oval indicates cue 01
1.0
1.0 6 10 Brackets show that the order pair is overwritten
1+[2] 72 Box round U block number
1
71 Box round single word address
(: 1.2 6 63 Arrow marks a loop stop
2
from 2+.6 5 1.4 100 Arrow indicates a jump to this order
Solid line under the cue
3 +0 + cue indieating an unconditional jump
ﬁ
: 03725 Vertical line marks a LINK
I 4
! 1.6 0 60 Solid line under an unconditional jump
X )
! 20 - 50 0.
: 5 ' Vertical line marks a pseudo order-pair
6
1
. £
—> 1.7 5 00 Arrow indicates return from subroutine
8
(:) ——————————— 6 3 00 Letter in circle refers to flow chart
2.6 3215 Vertical line (may be a broken line)
7 der which i d number
2.6 6105 marks an order which is used as a num
1+
L 1.7 5 66 Line and arrow mark a jump
2.0
_E:;)_?_?f____ Rings indicate that the ¥ part of the order
is a number, not an address
074
1
(2.3) 1 40 Ring indicates that the address 2.3 is
=== = === gset in 1., not C(2.3)
037135
2 .
do 2t.3 2+[2] Solid line under an unconditional transfer of
control to B2+.3

Ferranti Ltd

Computer Department London Computer Centre,
West Gorton, 21, Portland Place,
Manchester, 12. London, W.1.

April 1958 Copyright Reserved Issue 1
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GENERAL PURPOSE NUMBER PRINT

A self=preserving subroutine for printing scaled numbers in various styles. The
style is controlled by two parameters. The first of these, known as the Indicator I,
controls the digit layout: the second, %, 18 used as a scaling factor. Both are
described in the Specification, but further detalls of I are given below to explain
the operation of the programme,

1. The Layout-Parameter (see Specification, Section 6)

The binary digits of the layout-parameter are allocated as follows

1 I |
:< N -_—:4_...._X—)—'4—S—>i (‘Po QQ) !

Tty 0ty fy T i i X S Poo Pox Poz 900 F01 Toz

0 1Py0 P11 Pro 910 911 T12|Pao Par Pz T20 921 22| Pa0 P31 Paz 950 931 T3

i b, 9, | b, 9,) 5 (b 93) n

2. Group Counters

For the purpose of printing, the decimal digits of each number are treated in
four groups. Each of these has a 3 bit counter ﬁj and a 3 bit indicator qj.

The four groups are taken in order, If 4. # 0 the routine will print (or
suppress or cmit) the next ﬁj (1< ﬁj £ 7 decimal digits, as specified by various
indicators.

$. = 0 indicates the end of the number and, in this case only, the octal number
given by the group indicator ¢, gives the number of spaces which are to be punched
after the number. When these Tinal spaces have been punched, the LINK is obeyed.

3. Group Indicators
qjo = 0 Digits not printed will be suppressed. (i.e. replaced by Spaces)

Tjo = 1 Digits not printed will be omitted altogether.

qjl and qu are used to indicate the action to he taken at the end of group j.

951952 = 00 Initiate ‘special cperation’, see Section 6, then proceed to next
group.

971 qu = 0 Punch two spaces, then obey LINK.

qjl qu = 10 Punch one space, then look at next group indicator.

qj1 qu = 11 Lock at next group indicator immediately.

4. Imitial Printing

io =0 gives CRLF before the number

i, = 1 has no effect

i, =0 sign is punched immediately after the initial space.

il =1 has no effect. This is used for unsigned numbers, or for numbers

printed with delayed sign.
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S Immediately following the CRLF (if any) T-5 spaces are punched before anything
else,
X All numbers are punched ultimately as integers in the range 0 £ z < 2%%, 1f

m 1s the maximum number of decimal! digits to be printed, where m € 12, then
X=212~m 0L XI€T l.e. T decimal digits are ignored completely. The
integer to be punched is multiplied by 10* before entering the printing
sequence so that the first X significant diglts are ignored.

5. Zero Suppression

There are two indicators, ¢ and u, set during the subroutine, which control the
suppression, omission and punching of digits.

o = 0 causes the digit to be punched.

o =1 causes the digit to be suppressed or omitted.

M = 0 there is no R.H.Z. suppression or omission.

mo= 1 the remainder, #, 1s examined after punching each digit; if it is zero,
puts o = 1,

ity = 00 Start witho =1, 4 =0, L,H.Z, suppression or omission. Set o = 0 and
print as soon as first significant digit reached.

iaiu = 01 As above, but print Sp or — before first significant digit.

i1, = 10 Start witho =0, &= 0. Print all digits.

1,4, = 11 Start witho =1, =0, L.H.Z, suppression or omission terminated by
the ‘special operation’ group (is, is, i,). See below.

6. Special Operations

Special operations are initiated at the end of a group if the group indicators
951 and G4, are both zero.

iy Only consulted if ia =0.
ia is = 00 Treat the last digit of the group as a significant digit,
even if it is zero.
i3 is = 01 No special treatment for last digit.
igt, = 00 Bet ¢ = 0, u = 0 to stop further zero suppression (or omission).
i6 i? = 0 Punch decimal point. Set o = 0, u =1 to stop L.H.Z. suppression
but allow for R.H.Z, suppression later,
ig1, T 10 Punch decimal point. Set o =0, i = 0 to stop further zero
suppression.
i6 iT = 11 If remainder » = 0, punch Sp, Set o =1, =1 for immediate

R.H.Z. suppression.
If remainder r # 0, punch decimal point. Set o =0 and u =1 to
allow for R.H.Z. suppression later,
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five least significant binary digits of accumulator 3.
sign bit of accumulator 5.

right hand zeros
left hand zeros

Controls zero suppression, see section 5.
Controls R.H.Z, suppression, see section 5,

Layout parameter, see sections 1, 5, 6,

Group counter, see section 2.

Group indicator, see section 3.

Style number,

Scaling constant.

Layout-parameter, see section 1.

the number to be scaled and punched.

[{] = |kz| where & 1is the scaling factor.

Next decimal digit to be punched where & = [C.10X71011]

Remainder after forming &; replaces { to form next decimal digit.

Sheet 3 of 14
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Contents of Accumulators on entry to Printing Cycle

1st Entry
%3 Iy =9y 9,
X iy * (Gyy §y,0-2700 412770
Space
x, iu.000000i700000i600...0 -----
or -
4. becomes p = 0 after
= - . =X S
a 4m 0.1 4 ' 66 order in 5+.4+
% Sign bit = o7 5, = 95 50 = pj
%, {z] where || = [kz|
x, Overwritten
Subsequent Entries
tn = P59

; -13 ; =38
1, t (qjl qu).z t1,.2

Space
1,.0000007 000007 00...0 | -----

or -
Sign bit = u 4, =4, =0
Sign bit =0} 5, = 95 5, = ﬁj - ¥

Remainder r

Overwritten

R 1

Sheet 4 of 14
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FLOW CHART OF PRINTING CYCLE

}

—— Forim &, next digit for printing

Test for last *\\7 last Test o
digit in Group j#,// (digit suppression)

o=0
not last

Entry.

i

cr=0 Test o =1
(digit suppression) \
Is 1, = i5 =
941 =95, = 0?

Yes (Print
last digit
even if zero)

o=1
1

(i Test digit &
8

=0

_.ia = 1.Suppress

non-zero &

To Print
first

significant
digit

y

Test i, :)

Replace §
Omit &
by Sp

Seto =90

Print sign

to stop L.H.Z. before digit
suppression

. i Ve
»{ Test -

Iy —
-, H#E0 No R.H.Z.
| K= suppression

( Test r \
remainder [/ , 2 ¢

r=0

Seto =1
to start R.H.Z.
suppression
on next digit

Print digit &
or Space

//,____jL__
_ >l Test for end

of Group j

More digits in group

End of group 7
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RO 0~03
Title of cue list
1 =28~
o+ [0]72
01 Normal cue
0.2+ 0 60
o+ [0]72
02 Cue used only by R3
0.3+ ¢ 60
0
03 Address -0,2 of Parameter List *
10+ 6 00 O,
LN

¢ NUMBER PRINT

RO 5-~-03
Call for address of Parameter List
1 -01 -
R4 602
Call for cue 02 to R3 or RO3 ¢
3 -01 -
R8 3-03
Call for address of Parameter List
1 - 01 -
R11 0-=20
Title of Optional Parameter List
1 -06 -

R1

Sheet 6 of 14

* Note that if the optional parameter list is not used, the Interlude will alter cue

03 to be the address =0,2 of the programmer’s parameter list.

t When the Master Programme calls for R3 this tag will cause the order in 4+,6+ of Rl
to restore BOt+ of R3 to U0, R3 uses Rl as a subroutine and this is the means of
returning to R3. When the Master Programme does not call for R3, this tag will
cause the dummy subroutine RO3 to be accepted. Cue 02 to R0O3 is such that the

order in 4+.6 of R1 will then restore B0+ of R1 to UO.
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(0+)
l 1 000
G,0
0.1 610
(oL >——> 0 [@7
1 600
¢.3
(26) 752
(Used only L e
by R3) N dlm
10+ [2]73
0.0 3 00
0.5
[o_t]w~
1+ (172
0.6
T+ 272
8+ [0]72
0,7
0.3 060
Y
(8+) 1 500
0,3
[0_0jw 7
1 400
0,4
4 305
3 41
0,5
0.7 6 63
6 6 02
0.8
@ s
6§ 521
0.7
(30) 2 0
1+ '
(18) 740
1.0
1.3 4 63
16 210
1.1
16 712
17 010
1.2
32 3 01
—™ 1.4 787
1.3
C 16 712
1.3+ 1 86
i.4
oxy:
1.6 4 €3
1.5
16 3 10
(i::) 4 52
1.8
32 2 00
4 205
1.7
32 5 00

Mask

ENTRY

S5tore Accumulators
Number to print, = to 6
2s to T, = style number
Store Ul

Store U2

Mask (= 1.000000100.,..0) to 3

+ cue 03 to R1, Read "ks to 1

—ko to 5
+ cue 03

I, to 1
I  to4
i ,.000000: ,000..... to 3
Sf = 11 to print -
Jump if 2 <0
Negate z 1f 2z » 0 (L.e. ~|z| to &)
3f = 14 to print Sp
¢ = |kz| (rounded)., If { = +1.0, 6 = -1.0 and OWR
2, = 130 for printing CR
7, = +19
Jump if iy =1 ({.e. no CR LF)
Print CR
Print LF
Print ¢
1. 0000007 ,000. ...

T, = t18. Unconditional jump
Print (7 - S) Spaces.

t,. D 4,3, 4.3, ete. tod

Jump if i1 =1 (sign delayed)

Print 8p if 2z positive, - if z negative.
iqe%, g T, i, etc. to &

1,.000000,...0 to 2

-1,0 to 5

-»to 7+.0 (sheet 8)

Sheet 7 of 14
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from 1+, 7+ @ S
1 4 52 b, i, 3, €te. to 4
(Sheet T) 2.0 yetsg Yg g
1 2_3 _4_8_3__ Jump if i, = 1
2 506 0‘=Oin5sir£3=1andi“=0: o =1 otherwise
(1) 1
32 303 i, = 0; 14,,000000¢,000....,. to 3
__,.@ 4 52 iguig i, ete. to 4
2
(— 2.3+ 4 62 Jump if i, =0
2 41 i 4. 000000. .. ... 000{, to 2
3
e 4 52 1'6.1'7 etc. to 4
2.5 4 62 Jump if {1, = 0
4
35 30 i,.0000001 000004 ,0..... to 3
. 4 53 0.000000....i, i =~&——f—to 4
4 45 0. 000000, ...0 0 =t——f——=to 4
35 4 03 1.111111111111100,,, . 0-—Jf——t0 4
8
6+ [O]72
. 3+ [1)72
1.0 0 80
NEXT GROUP
from &+, 7+ @
- 152 Next group markers (. g,} to 1
(sheet 10) 1.0 77 m
32 505 <. 000000..... to 5
1 700 (P, g;) to 7
@ 7 "
() 153
o p;.27% to 1
o 7 45
2 =0
0,7+ 7 60 $j =
L r—--
1 T | (6+)
| I
Read B4+
| ; +
| ppFe 0.7+ 4+ (W72 7 { to UL 1f 5= 0
| JL [
I
[ . To ‘LINK'
7 501 o+ ¢>J-.2‘“ to 5 ~ (sheet 11)
1.3
1 700
. 7 53 Qjo to T,
B TO5
i 7 501 o+ qjo.z'” +¢ju.2'“ to 5
(v) 1401
o o 745 q,]’- qu to 'Tm
7 52
8+ {272
1
2.0+ 2 67 Jump if i5 =0
(&) . @ 7 41 @5y 95,0271 44,27 to 7
32 205 i, to 24
. 7 201 i, t PR qu).z'“ +1,.27%% to 2
o+ [1}72
5+ [Z]72
F4
2.3 060

L

pto 5+.3 to Printing Cycle

(sheet 9)
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l£] to 7.

r to 7 (r is remainder)

STOP if QVR

6. = +10

¢
10r to PP

Pass through on subsequent entries

from 8+,2+
(sheet 8) ¢ PRINTING CYCLE
= 4 41 1st time, 2717 + (X + 11.27%° to 4¢;
G5+ 2.3 -
& 700 Subsequently, u + 2738 to 4;
0 6 00
4
0.0 4 66 Jump to form next digit, with ¢, =
e it
| |
| |
| lst ENTRY (wlith g =p=0 (8+)
| 4, = X) .
[ | ¢ . 0.0 6 61
oo If { = -1 (OVR) ‘Sﬁ
SN e R IO L
i
: 6 720
————————— 1
Move up gap bit
2'5+_@_1__?_2“__ before p,, 2.6 060
|
| MULTIRLY !
| BY1 ;
l__ _ _*“__ __g
0.0 4 67 |— J [Jump X times on ist entry
2.8
1.3+ 0 80
(91)
1.8+| 32 405 Lto 4
2,7 624 Divide by 10'%; & (next digit) to 7, r to 6
4
1.6 5 67 Count digits in group
— 2.1 5 82 Jump to print if o = 0 (last digit of group)
5
— 1.7+ 2 60 Jump if is = is = qj1 = qu =0
— - :

— __1;_ 2,1 5 62 Jump to print Ifoc =20
—|—]—— 0.2 T 605 Jump if & =0 t06+.21qu°=0
I~ : 0.2 2635 Jump if 1:3 =1]| to 6+.3 if qjo =1

— 2.0+ 3 62 Jump if iu =
(5+)
18 3 10 Print sign before digit if iu =1
2,0
— 32 5 03 o =0, Print this and later digits
T T (i.e. stop L.H. zero suppression)
: ________ I
,___1_"' 0.2+ 4 62 Jump if 4 =0 (no R.H. zero suppression)
p———— 0.2+ 6 61 Jump if r # 0 (number not yet finished)
32 501 Put o =1 if u =1 and r = 0 (start R.H. zero suppression)
2

= 0.2+ 0 &0 Jump to print last digit
(61)

i
52 (14) a0 Replace & by Sp (If g, = 0)

T T T T |
b !
0,24] 18 710 Print & or Sp
bemm mm e
] 1
._ ______
;’- 5 41
0.3 Jump except after last digit of group
1 2.3 587

L-----—--———————’--To 6+.4 after last digit of group (sheet 10)
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from 6+.3 “END OF GROUP
(sheet 9) } SPECIAL OPERATIONS
(61}
@ TR s
- 0.5 0602 Jump modified by qjx qu
g, 9, =00
L 2 0 500 Set o = 0
0.5
1.0 7673 Tw ==1, 7. = L Unconditional jump
ig i, = 00
(8+t) 1.0 ]| 0.7+ 0 60
(6+) o.7+| 4t [I]72 7 3 Read 3+ to Ul
[
. . ™
1, 1, = 01
(9f) 1.0+ 32 4 00 Set u=1
1.1 | 0.7 7 87 Ty =1, T, =
16 710 j Print e
(6+) 0.1
a+ [172 7 Read 3+ to Ul
L
s X o
g 1, = 10 3
(9+y 1.1 | 0.7 7 67 :] Ty =1, T, =
16 710 Print e
6+ 0.7
4+ 27 Read 3+ to Ul
L
X . Y
1, 1, = 11
(9+) 1,1+ 1.0+ 6 61 Jump 1f r # 0
32 5 00 Ifr=0, puto =1
1.2
(;:) T 41 7m = -1, '7c = Erase
1.3 | 1.0+ 0 80
(9+)  1,0+| 32 4 00 Put p =1
'''''' _ _[eif r#0
1.1 _0—.3_7_61_~ =l Te ={gp it r=0
16 T 10 Print e or Sp
(6+) 0.7
4+ [1]72 7 Read 3+ to Ul
L -
q]. qz = 01
\ ,740 7,=0, 7, = Sp
0.6
16 710
———————— Print 2 spaces
16 710
0,7
a+ [1}72 7 Read 4+ to Ul
( » JUMP TO ‘LINK' (sheet 11)
9, 9, =10
- 16 1710 Print Sp
0,7
4+ w27 Read 3+ to Ul
L N
9,9, =11 -
T, 0™ 0.7+ 0 60
0.7+ 4+ [f]72 7 Read 3+ to vl
L

To 3+.0 to Next Groug

(sheet 8)
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‘LINK*
(4+)
1,0 | 1.3+ 7 61 Jump if £ 0
I
to+| (14) 5 40 5, = +14 (Sp)
7401 7, =9
1.1
0 7 45 If ¢ =0, clear 7
o ]
l———— 1.3+ 7 60 Jump if ¢ = ¢
1,2
l6 5 10
| - - - ———— Print ¢ Spaces
1,3 1.2+ 7 67
________ 1
!
[ t
: |
1.3+ 0 [7]72 Restore the Accumulators
o+ [0]72
1.4
10+ [2]72 Restore U2
1,5 1.7 6 63 Jump if LINK a go-order pair
R
| | I
i I I
[ | |
| | i
: ; I (4+) 1 2t [1]72 Restore Ul
| .7
! : [ 0.0+ 0 60
I Computing |
: Store | (0+) 0.0+ 0.1 6 10 D
| LINK I T~ — — X1
| : ) 0.1 Overwritten
! | ; . by LINK
| I '
| | i
1 | |
I 2l }
.Y
1.5+ @ 6 52
L6 “0 L _0_6;" Form 4 0 60 in 1.7+ where 4 is the address
. : :] set in the computing store LINK.
{0+) 1.7 611
0,1
@ 6 53 Restore 6
0.2 | 1.6+ 0 60
+ 1.6+ :] + Read BOt of R3
(4+) 6 __0__@22___ cue 02 to R3. or BO+ of R1 ] O U0 1
2+ [1]72 Restore Ul
1,7
0 060 Obey computing store LINK

t See note on sheet 6.
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| | i '
< ¥ ‘-;i-(--w—X—-;:: F :—i-e—h‘—:—:
bl 0 4y by iy i, L e— S| gy Py Poa Top Yo Yoz
0 12,0 P41 Paa 910 911 F12| P20 Pax Poo Y20 Y21 T20|Pa0 Pas Paz Tao T3y Ta2
T 11+.0 Optional Parameter Ligt
11+
1.2 071 0.
01 I,
5.2 6 10
02 [|~100000000000 —kl
1.2 o1
03 I,
5.2 610
04 [-100000000000 —k?
1.2 5 71
05 I,
6.1 0 00
06 -~1000000 —ks
1.3 076 4
07 I,
6.5 0 00
10 -1.0 —k,‘
12+
1.0 077 1T,
11 I,
5.4 0 20
12 -1.0 -ks
1.0 076 2
13 I,
6.0 0 20
14 -1.0 _ké
0,0 77217
15 I,
3.0 020
16 -~]l.0 —k_’
0.0 T3
17 I,
2.0 0 20
20 -1.0 —-ke
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13+

0 2000

from Input 1.5 110

J560, O+ — f

5.7 713

0.1 100

1.6 2 00

G_1n 2

tg Input

T 13+

L

RO 0-02

03 -28 -

0+,2

s

London Computer Centre,
21, Portland Place,
LONDON, W.1.

INTERLUDE
} Collating mask

Cue 02 for RO3

Plant LINK
(511.0, 0) to 4

Index address from 511.5 to 1

Index word to 1

Index word to 2

Clear 2 if no perameter list

Jump to obey LINK if no parameter list

Reference Address to §

Parameter List address to B,P pesition of b-order

Form new cue 03 which is the Parameter
List address less 2.

Store new cue 03 to Rl

Plant cue 02 for R0O3 in 11+.1, since RO3 will,
overwrite the umwanted optional Parameter List

Restore LINE

Overwritten hy LINK for return to Input

J 560, 0+ — 13+.3

Cue list title to satisfy the call for R3 made by RI1.

Indicate to Assembly that R0O3 has 2 cues
Terminate cue list to RO3
Terminate subroutine RO3

(C) FERRANTI LTD 1958

Yot to be reproduced in whole or
in part without the prior written
permission of Ferranti Lid.

Issue 1

C.s.

Bet Transfer Address equal to 11+,0 so that the next
subroutine overwrites the optional Parameter List

17th October,
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if accepted,

1958,
G.E.F.
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R 1 NUMBER PRINT

NOTE: This subroutine is preceded on the Library Tape by R3

Ro 0=03 T 3+
T =28~
o+ 072 6 152 0.0 661 0,7+060 o
o«3+060 33 505 10 640 33 400 137 7000.
o+ 073 I 709 6 730 0.7 767 o
0.3+060 28 753 3.6 060 1.0+561 0+0000.
° 7 745 14 7490 33 500 °
ro+ 6000, 0s7+760 16 710 2 741 o 3000,
LN 7 S0t I 541 11.0+060 I+5 IrO
@ NUMBER PRINT 1t 700 2.3 $6% 33 405 33 400
Ro s5=-03 2 753 18 743 2.7 6234 34 403
I ot~ 35 7035 0.5 0603 I.Hh §67 o 5704
R4 6=o013 7 30t 0 500 3.1 §62 I o701
3 —=o1- o 7401 1.0 7673 te.7+260 T 200
R8 3-03 3 745 14 740 3.1 563 4 245
I -or~ 25 752 15 710 0.3 7605 Te4+260
R1z o—=zo0 8+272 16 710 0.2 2635 5¢5 S00
1 —ob- 3.0+267 4+1727 2.0+362 5 152
t o000 1.3+761 T 453 T 11+ 0,0 TO§
0e1 610 14 540 3.3 463 0«3 103
T+7 61T o 7401 2 506 1.2 0710 I 0715
12 653 7 745 32 303 53 6100, 34 700
t.6+060 I.3+760 I 453 ~—I00000000000 34 7Ol
o 773 16 510 2.3+462 T.3 0710 5«7 713
I 6oo 1.3%+767 I 341 Se3 600 6el1 0O
26 753 o 773 I 453 —I00000000000 I+6 300
a+173 ot+oy2 2.5 462 Ie3 5710 IT 713
10+2373 104373 25 301 6.1 0000 I.§5 IOO
0«0 300 I«.7 663 34 453 TI®00000 +o
o 1707 r2 653 7 445 1.3 0764 o+ =00
1+173 ne1 060 35 403 6e5 0000 o
7+372 o 073 6+072 =I.0 Tiz+
8+o07a 2+173 3+172 J560,0+-13t.13
0.3 060 0.0+060 I+0 060 1.0 0777 L
Se4 0200, Ro o=o0a
19 740 16 310 I 741 “Te0 03 =283~
1.3 463 32 503 33 305 1.0 0762 To+,2
16 azo0 0e2+462 7 301 6.0 02300 L
16 712 0.3+661 9+173 ~I.0 L
17 oz10 32 SOf §¥a7a Q0 7737
32 jo0r o.2+060 2.7 060 30 0200
I.4 767 1 441 I S00 —I40
16 712 6 700 0 0707 OeC 7737
I.3+166 o 600 I 400 340 0300
1 453 Oe0 466 4 305 ~Il.o
I.6 463 6 023 1T 341
16 310 1 153 0.7 663
3 452 0.0 4679 6 602
33 300 1.3+060 3 341
4 20§ +100000000000 6 521
3a 500 30 240
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PAGE LAYOUT SUBROUTINE

This subroutine uses R 1 to print a number from X1, R 3 itself arranges the
numbers in rows, columns and blocks with all necessary CR and LF characters, R 1 is
concerned only with printing the number in X1 in the manner directed by the layout
parameter, the number of which, 5, must be set in X7 on entry to R 3.

The preset parameters L, 5, ¥ determine the layout:

L No. of numbers in a line
B No. of lines in a block IfTBZ0, then¥ =0
N No. of numbers in a block =0, then ¥ #0

RO 002
3 -28-
0+ 0 00 0.
01
0
0
02
ot 0000,
LN

¢ BLOCK LAYOUT

R1 1-03 :
Title of Optional Parameter List
3 -08 -
R3 T7T-02
Call for cue 02 to R 1
1 -0 -
R1 5-01
Call for P.P.01
3 -02 -
Rl 6-02
Call for P,P,02
3 -02 -
R1 7T-03
Call for P.P.03
3 -02-
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Note: m 18 a marker set during R 3

m = 0 indicates that a line Is unfinished

m positive (= 13 x 2739 .indicates start of new line

m negative (= -1.0 + 13 x 27%%) indicates start of new block.
At the end of a line or block, where m # ¢, the five least significant bits of m contain LF
for use by the master programme if required.

o+
Normal
Tt ] 0.3 T 62 Jump if 7, = +5 (s is style number for R 1)
Entry 0.0 ¢
7T 702 [s] to 7
?Ew———-m— —» 0 [T Preserve Accumulators
ne 1
i+ 172 Set counters etc. in accumulators
ORY m+1tol (to test for m = 0)
2
~ 0.7 060
—=1 0.6 6 62 Jump if LINK positive
3
6 6 02 Negate LINK
%?g?l&_— ~f—» 0 [77 Preserve Accumulators
4
1+ 72 Bet counters etc, in accumulators
32 100 Bet marker, m = ~1.0 at start of new block
5
— 0.7 0 80
o [7]ws Preserve Accumulators
8
1+ 72 Set counters etc. in accumulators
—» 2+ [6]72
7
g 2*.0 0.0 060
1+
X0 +)
X1 +4 Optional P.P.OL; L =4 } becomes m
X3 +5 Optional P.P.02; B =5 } becomes L
X3 +H Optioral P.P.03; N =10 } becomes 8
X4 + } becomea ¥
X6 +0 +PROL L
xé H +PP.O3; B

PR e == ]

X7 *0 + P,P.0O3; ¥




* The counter B counts the number of lines in e block.
before printing the last number in the line,
before the previous line was completed, it may enter at 0+.1 (or at 0+.0 with —s in 7).

FERRANTI LTD

PEGASUS LIBRARY PROGRAMME

R 3

Sheet 3 of 3

Normally B will be reduced by 1 in B3+,1+
If the Master Programme requires to start a new line
On entry m

will be zero, the a-order in 2+,3 will not then jump and the counter B will be reduced in 2+,3+,

% 0.7 1 60

6.0

1 0.5t 1 &7

—>» 168 210

Jump if m = 0 i.e. middle of line

16 2 10
Print CRLF at end of line
@ 24
16 2 10
0.4 163 Jump if m negative i.e. end of block

0.5+ 3 67

Jump to start new line * but mot new block

Print extra LF

68 300 New block
________ Reset 5 and ¥ at end of block
7 400
5
Ll 5 200 Reset L at end of line
17 010 Print ¢
[:]
0 -
—» 3+ [0l72
"
0.0 060
3+
0 100 Setm =10 Overwritten

— 1+ [7]73

Count numbers on line (L) by m

Setm = 13 x 278 at end of line (IF)
Count lines in block (B)
Set m = -1.0 + 13 x 27%% at end of block

Count numbers in block (M)

Setm = -1,0 + 13 x 2°%8

Store counters and marker in Bit

0.0 110 m to 0.0

o [@ Restore Accumulators

1 6 00 Number for printing to 6

0.0 100

Write m to B0.1 (R 1 leaves m in X1)
lo_1imn
+0 +cue 02 toR 1

L

London Computer Centre,
21, Portland Place,

LONDON, W. 1.

© FERRANTI LD 1938

Fot to be reproduced in whole or Issue 1
in part without the prior written 28th October, 1858.
permission of Ferranti Lid. C.S. G.E.F.
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This subroutine prints the contents of X7 as & signed or unsigned integer or

fraction.

It uses the Initial Orders number print routine,

01

02

03

05

08

07

08

09

RO 0-09

0.0+ ¢ 80

1+ [0] 72

o —— - - e - -

0.0+ 0 60

LN

I.0. NUMBER PUNCH

R3 0-04

4 - 06 -

RCG 1-02

b - — -]

Title of Optional Parameter List

Call for P.P.02

Call for P.P.01

call for P.P.04

Call for P.P.03




Cos )

Cos )

04

A

3§

FERRANTI

LTD

PEGASUS LIBRARY PROGRAMME

0+

[ 449 - 00

—| 0.5+ 0 60

e it - -

0 [7]73
1+(0] 72

h
=]
=l
-3
Lo

y

T

"i’

|

@ |

|
o

|

1

i

0 (773

(2.396 20

1+

h 4

0.6+ G 60

0 [7]173

0.61 0 60

0 [773

6.6 0 60

r

y

o [A7s

o 2+.0

h 4

= (449.0)

Store Accumulators

2 =n
+ P.P.02 } c 2
Jump

Store Accumulators

Store Accumulators
+ BP.P.O1
2c =1y

Bc = 0.7 To print sign

Store Accumulators

6

c 0.3+ To omit sign

n

Store Accumulators

= (448.0)
Store Accumulators

6, = 0.3.

Store Accumulators
+ P.P.04

2 =n

c "

ﬁc = 0.3+ To omit sign
Store Accumulators

Store Accumulators
+ P.P,03
20 =n,

6 =0.7

c To print sign

Sheet 2 of 3

Modifier for printing fraction

449.0 (Modifler for printing fraction)

Modifier for printing integer

To print 3 digit unsigned number

4 =448.0 (Modifier for printing integer)

m
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24
from 1+.7+ »| 0.0 5 02 Prepare to print Space or CR LF
0.0
@ 042 2 Dummy. Constant used to print Sp Sp or CR LF
@ 8 52 Form modifier for style of printing
1
0.3+ 1 63 Jump if LINK set by 00 order
1 1062 Negate 1 and Store LINK
2
' 71 if LINK set by 02 order
@ 5 53 Prepare to print CR LF
3
—3) 16 5 10 Print CR or Sp
@ 5 53 Prepare to print LF or Space
4
16 5 10 Print LF or Space
0,7 100 Set Initial Orders LINK
5
33 300 512.0 to 3m
28 [QJ72 3 } Enter Initial Orders number
6
< 0 D606 print routine in B540
77 [0]72 4 LINK to enter I.0. L-sequence in B525.2:
7 this restores the Accumulators from B 0
2.2 0 60 and obeys the Main LINK
GPTIONAL PARAMETER LIST
3+
0
.0 P.P.01; n, =11
11 0000
12 0 00 0.
1 P.P.02; n,= 12
0
0
2 P.P.03; n, = 12
12 0000
0
3 P.P. 04; n, = 12
12 0 00 0.

Ferranti Ltd., London Computer Centre, 21, Portland Place, LONDON, W.1.

Issue I Copyright Reserved C.R.M. B.C. 10th June, 1958.
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DOUBLE LENGTH NUMBER PRINT
Flow Diagram
Preserve Accumulators Preserve Accumulators
Print CR LF ¢ Print Sp.
Test if n, &n,
are in range
Yes \\\\\‘*~iﬁ1‘
LOOP STOP if
n, > 12 or n, > 11
n, # 0
Calculate round-off n, =0
constant (r.o.c.) STOP
Restore Accumulators
n, #0
— n,#0 f““JL" 3 g<9
Test ny | | Test g STOP
n, =0 g20
Test g Test P
g20 g<o P20 p <0
Negate p and ¢
+ Set _ . +
Set up et up Set up Test OVR
\\\\\ E-////6;R OVR set
clear
Print sign, 0; Clear OVR g<0 Tost
Add r.o.c.; Test OVR Add r.o.c. to g est @
OVR set G20
Y Set OVR
Put g = (1 — 273%% OVR clear

Print o
Print ¢

¢

Restore
Accumulators
EXIT

Ferranti Ltd., London Computer Centre, 21, Portland Place, LONDON W.1.
Issue 2 T.F. 3rd July, 1957.



FERRANTI VLTD

PEGASUS LIBRARY PROGRAMME

Sheet 2 of 5

01

02
0.2+ 0 60

LN
D,L. PRINT

0+

o [1]3

0.0 Write Accugulators to BO

(30) 3 40

16 3 10 Print CR

3 42 Set up LP and set 3, = 17

0.3+ 0 &0

0 73 Write Accumnlators to BO

(1a) 3 40

16 3 10 Print LF or Sp.

10 010 3 Dummy order, or Print ¢ after CR LF

127) 4 45
---------- Remove 32 m.s. bits of 4 and 5

4 44 12-n, to 4,

5 44 11-n, to 5,

______ CZEE 0.6+ 4 63 LOOP STOP if n, > 12

Perranti Ltd., London Computer Centre, 21, Portland Place, LONDON, W.1,

Issue 2 T.F. ard July, 1957.



from O+, 7+

FERRANTI
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+0.1

o

33 6 00
0.0 6 21

0,14+ 5 67

0.4+ 0 50

4+ o] 72

0.2 763

(11) 3 40

0.6 0 60

LTD

TEST n,, n, and ¢
LOOF STOP if n, > 11

n, to 4,

n, to 5

2

Test n,

Jump if n, # 0

LOOP STOP if n, =n,

Clear 7

2

=0

Clear 2, rounding off constant = 0

LOOP STOP if g < 0

Set up -

Jump is ¢ 2 0

Negate p, if p <0

Jump if p < 0

Set up + and jump

FORM ROUND OFF CONSTANT

Sheet 3 of b

Calculate round off constant (r.o.c.)

r.o.c. to 0.2

Restore Accumulators

r.o.c, to 2
Remove 32 m. s.

Jump if n, = 0

bits of 4

Jump if n, # 0 to print fraction

Jump to 4+.2+ if ¢ < 0, to 4+.7 if g 2 0

Set up -

Ferranti Ltd., London Computer Centre, 21, Portland Place, LONDON, W.1,

Issue 2

T.F,

3rd July, 1957.
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e
—
Ao
=)
ry

from I+, 6+

to 5+.2

PO S ——

4+

-t

from 2+.6+

(12) 4 44
(12) 1 40

32 301

5+ [0] 72

to 6+.1

A

(11) 3 40

b = m e mm ma e o e

from 2+, 6+

0.1 060

(10) 3 40

0.3 0680

Sheet 4 of 5

PREPARE TO PRINT INTEGER

Test OVR

Test g if OVR set, jump if ¢ 2 0

Justify

Clear OVR if p = -1.0 and g # 0 on entry
Add r.o.c. to g

Justify

Set OVR
g to 2

$ to PQ

Jump to 4+.0, to print p
Negate ¢ if p < 0

PREPARE TO PRINT
Set 12-n, in 4,

Set 12 in 1,

Make C(3) a GO order pair
Jump to print Integer
Set up -

Negate g (g < 0)
Print sign

Print 0

Add r.o.c. to g

Test OVR

If OVR set, (1 - 273%)to 7

Jump to print Fraction

Set up +

Ferranti Ltd., London Computer Centre, 21, Portland Place, LONDON, W.1,

Issue 2

3rd July, 1957,



from 4+, 1+

FERRANTI
PEGASUS LIBRARY PROGRAMME

from 4+, 6+

+100000000000

r

(127) 5 45
0.0 © 80

| S

LTD

Sheet 5 0of 5

PRINT INTEGER

Print Sp for non-significant zeros
after (12-n,) cycles

(Remainder) x 10 to PQ

Next Decimal Digit to 7

Sets 4m = -1 after (12‘"z) cycles

Count 12 decimal digits

Ensure printing of lest integral digit, even if 0

Jump if digit is zero } { 0
becomes

Print sign before first digit 0

Cancel sign printing

Print digit of ¢

= 101t x 2798

PRINT FRACTION
Restore g

Jump if n, = 0
Print e

!

Print fraction

Restore Accumulators

Plant LINK and EXIT

Overwritten by LINK

Unused

Remove 32 m.s. bits of 5

Ferranti Ltd., London Computer Centre, 21, Portland Place, LONDON W.1,
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FAST D.L. PRINT FOR 7168 WORD STORE

This routine has the same specification as the original R 5 but it makes use of
the full speeds of the Creed 3000 and Soroban punches. The extra space required to
store such a routine is obtained by using some of the extra isolated blocks on the
7168 word store and the routine in this form can therefore only be used on that store.

The routine stores the accumulators, Ul and U2 in Bl+, B2+ and B3+ respectively
of R 5. This makes Ul and U2 available for use in the routine without altering the
original specification of R 5. Four isolated store blocks are used for programme and
two for rounding constants.

Most mixed numbers printed by R 5 are less than 10,000. The new routine

separates such numbers in order to prevent going many times round a time-consuming
zero omission routine.

Error Analysis

Representing the integer to be printed by p = I.27%% we form

Ty Ty
N - 2
I* = [ g-38 ( ol! + € ) .27%% ghere € is the rounding error due to terminating 7

L

after 38 bits and has the approximate value +.214 if we take ( ) = 188894659315,

1011
I* 1s then multiplied by 4 and 1.27°% added to the result, all succeeding digits

being dropped. i.e. we form + 4e.7.277% + (1 - 8).27%% wywhere § is the error

10!

due to dropping digits (0 £ & < 1).

During printing T + 4el.2°76.10! + (1 - $)27%% 10'! is formed.
We require 0 € (4¢l.27%5% 1 = 82738 10'! < | if the process is not to fail.

Since 3 < 1 and I is made positive before printing, we ensure that the error term is
positive by making € 2 0.

The error will be greatest when I = 2%® (after rounding) and we therefore require that
(4€ + 1 ~ &) < 2%% 10711,
In the worst case & = 0 and 4¢ < 1,

Thus (4€ + 1 - §) < 2 and since 23%,10"!! 2 2,74, the required conditions are satisfied
and the integer printed by this process will always be correct.



03|

02

FERRANTI LTD

PEGASUS LIBRARY PROGRAMME

0.2+ 0 60

LN

FAST D.L. PRINT

0+

1+ [7]73

0.3+ 0 60

to 4+.0

1+ [7]73

4+ [1]72

0.6+ 4 63

Preserve Accumulators in Bl+

Set up LF and set IP =7

Print CR

Preserve Accumulators in Bl+

Preserve Ul in B2+

Remove 32 m.s. bits of 4 and 5

12 -7, to 4,

Preserve U2 in B3+

LOOP STOP if n, > 12

Print LF or Sp

11 - n, to 5,

FAST R 5

Sheet 2 of 7
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TEST Nye N, and g
4+
from O+, 7+ o/ 5+ @72 \
1.0
37 300
e —— — — Set 3, = 896.0, 3, = +10
(10) 3 41
1
—\0.0 0 60 }
—» 1.0 610 Store p in 1.0
2
1.1 7 10 Steore g in 1,1
35 520
3 Set 7, = (896.0 + n,)
3 701
. 125 7|70 7 Read round off constant from B(1021.7 + n,) n, > 1
1.0 6 00 Restore ?
1.1 7 00 Restore g
5
—|—|— 0.4+ 4 61 Jump if n, # 0
122 [0]72 3 B1018 to UO
-]
to 1013, 4+ 0.4+ 7 62 Jump if ¢ > 0 and 1, = 0
3 41 Set up — otherwise
to 1018.4 "1 4 060
5+
~p(™ 0.0 563 LOOP STOP if n, > 11
0.0
6+ [2]72
1 @ 4 44 n, to 4,
@ss | mes
10 0101 Print figure shift if cue 01
2
. 1.2 561 Jump if m, # 0
N 0.3 4 60 STOP 1if n, =n, = 0
3
0 700 Clear g for n, = 0
¢ 100 Clear 1, round off constant = ¢
4
(N 0.4+ 7 63 LOOP STOP if ¢ < 0
122 [1]72 3 B1018 to U1
]
tp 1018. 1+ 1.1+ 6 62 Jump if $ 2 0
6 602 Negate p, 1f p < 0
6
7 702 Negate g, if p < 0
3 41 Set up -
7
0+
Lg 1018.0 1.0+ 0 64 Jump if OVR clear, p # —23°
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PREPARE TO PRINT

from 5+.7+

if OVR set

from 5+, T+

otherwise

from 5+ 5+

from 4+.T+I -

— 1.3 7T 82
1.

—_—

1018

8 023
1.1+ 0 65 |
1 701
6 o023 |

1.3+ 0 60
32 002
124 [Q723

7 02
from 4+.64 0. 3 10
BETTR
0 64
STt
7 03
[ 16 o010 |
tg 6+.0 2.0 0 60
1020
1.0 [+188894659315
—|— 10 720 |
| — 0 54
(1) 641 |
6 700
(11 {725
tg 1021.0 0.0 © 60
L————~»-» 7 200
6 700
(1.0 600 |
(::) 1 40
125 [@]72 3|

Jump if ¢ = 0 and OVR set to print -2%°
Justify

Clear OVR if p = ~1,0 and ¢ # 0

Add r.o.c. to g

Justify

Reset OVR if $ = -1.0 and ¢ = 0
Read B1020 to Ul and jump
Negate ¢ if ¢ < 0 and n,=0
Print sign

Add r.o.c. to g May be

Jump 1f OVR clear overwritten by LINK

Form (1 — 27%%) in 7

Print 0

Jump to print fraction

It = (rounded up) to 7 [see note on Sheet 5]

1011

Read B1007 to Ul

Jump to print integer

g to 2

P to 7

Conversion constant to 6
Set 11 in 1,

Read B1021 to UO

11 - n, in 4,

Jump if OVR set. i.e. (pg)= +2°°



Note: On
17
If

If

from 1020, 3+

FERRANTI
PEGASUS LIBRARY PROGRAMME

entry to B1021
I < 1011
101 €7 < 2.10%

2.10 ¢ I g 29%%

1021

\

T
@ s

0 6 00

1
6 023
7.7 612 6

70.7 4 62

1.¢ 6 60

to 6+ 2+

— 1.5+ 1 60

= 16 3 10

16 6 10

LTD
FAST R 5

Sheet 5 of 7

T, = 0 and OVR clear
T, =1 and OVR set

T, =0 and OVR set

PRINT INTEGER

set 5. =n,.2° + 8p

set x, =0 if I <10t!
xg=1 if 10'' < I < 2,10t
xg = -2 if I'> 210"

Set x, = +2 if [ 2 2.10%

Junp if m.s, digit present
I - 10"

1011
Jump if I 2 10%
4 -1y to 4,

Jump if 7, < 4 May be
overwritten by LINK

Print Spaces if

n
n,>4and [ <10 [ 110

Print Space (4¢ = T) or dummy order (4¢ = 0)

101’
11 if I > 10*

o
1

Reduce counter in 1,; initially

1, =4 if I < 10"
Jump to print sign i1f last digit
Count zero omissions
Jump to print Sp if non-significant zero
Print sign on finding non-zero digit

Jump if last digit

Print significant digits

Reset 5, =n,
Print last digit
Restore F (fractional part) to 7

Jump to EXIT if n, =0



from 1007. 7+

FEREANTI LTD
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from 1007. 2+

to LINK

7 +10000000

PRINT FRACTION

Print e

Print fraction

Restore Accumulators
Restore Ul
Plant LINK
Restore U2

Jump to obey LINK

10"

+ 1011

+107,2"9%¢8

FAST R 5

Sheet 6 of 7
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ROUND OFF CONSTANTS
1022

0 || +13743895347 +0.05 for n, = 1
1 +1374389535 +0. 005 for n, =2
2 +137438953 +0.0005 for n, =3
3 || +13743895 +0.00005 for n, = 4
4 +1374390 +). 000005 for n, =3

________ e |
5 +137439 +3. 0000005 for n, =6
8 | +13744 +0. 00000005 for n, =7
7 +1374 +0. 000000005 for n, =8

1023

o | +13% +0. 0000000005 for n, =19
1 +14 +0. 00000000005 for n, = 10
2 +1 +0., 000000000005 for n, =11

T T T T N
3 || +0
4 || +0

————————— r Unused
5 +0
6 || H0

© FERRANTI LTD 1961
London Computer Centre, Kot to be reproduced in whole or Issue 1
68, Newman Street, in part without the prior written 9th May, 1961.

LONDON, W.1, permission of Ferranti Ltd. D. M, M.J.M.
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PRINT FLOATING POINT NUMBERS

01

02

03

04

05

Issue 2

e e -

0+ 0 00 O.

LN

F.P. PRINT MK 2

RO 1-01

11 -02 -

RO 1-0t1

T1+

RO 0-01

Calls for P.P.01

Optional Parameter list

Title

P.P.01

R 11

Sheet 1 of 6




NOTE: ny

FERRANTI LTD

PEGASUS LIBRARY PROGRAMME

number of digits to be printed before decimal point.
number of digits to be printed after decimal point.

decimal exponent.

TO+

0+

0.0 6 10
6.0 0 60

to 3+.5+

(9 4 42

0.6 0 60

—{ 0 [773

T2+

2+

to 3+.2

ot

o 3+. 5+

A

Plant LINK

R 11

Sheet 2 of 6

Jump to plant and then to obey the LINK

+ (2 x P.P.0I)

Preserve accumulators

Print CR

Set uwp LP and 4p =

7

Preserve accumulators

Print Sp

Preserve Ul
Number to 8
Argument A to 6

BINARY/DECIMAL CONVERSION

Exponent a + 27! to

n, to 3

Zeroise decimal exponent

Print Sp or LF

Jump if argument zero

Subtract 2! to form a

Jump if exponent 2 0

i

Convert negative binary exponent in 1 to
decimal exponent in 2.

+ P.P.01




from 2+.3+

FERRANTI LTD

PEGASUS LIBRARY PROGRAMME

3+

+. 9765625

from 24,24+

and 2+.64

to 6+.0

—— —— ——

6+ [1] 72
1.0 © 60

+.8

BINARY/DECINAL CONVERSION

10

=47 -1

R 11

Sheet 3 of 6

Convert positive binary exponent in 1 to

decimal exponent in 2

Final conversion of binary exponent in 1 to

decimal exponent in 2

Dummy order, or print ¢ after CR LF

Set up +

Negate 6, if negative

Set uwp -~

Argument to 7

[ v
w

"
I

—
(=]




o

0 T+.2+

FERRANTI LTD

PEGASUS LIBRARY PROGRAMME

7+ [1] 72

1.2+ 0 64

&

from 4+, 6+

to T+.3

7+ [1] 72
1.3 0 60

ADD ROUND - OFF  CONSTANY

=+0.1+ 27

d' = n, (floating) or d' = d (fixed)

Store sign in 0.1

Store argument in 0.2
n

2

'
d' + n,

Jump if number effectively zero

Form round-off constant

Jump unless round-off causes OVR

Subtract 0.1 from argument

Jump if argument 2 0.1

Multiply by 10

Reduce decimal exponent hy 1 (=d)
(n, ~a

(d — "1) to 1 as exponent

Jump if fixed point and d £ n,

Clear 2

Mark floating point

Jump if argument not zero

Write sign into 0.1 if argument zero

R 11

Sheet 4 of 6




FERRANTI

PEGASUS

——

2

from 5+.7+

from 64.7+

1.5+ 5 67

10.1 500

b — — =

s+[0]72

0.1 0 60

to 9+.6+

LTD

LIBRARY PROGRAMME

PRINT SPACES

+0.1 to 6

BEFORE NUMBER

Jump if floating point output

d+ 1

R 11

Sheet 5 of &

Increase exponent for floating point output

- d!

no- d' if d' 2

0

n,6o- 1ifd' <0

Jump if no spaces before the number

Print spaces in place of non-significant zeros

Sign to 5

PRINT INTEGRAL PART

Argument to 7

Print sign

Print Zzerc before decimal point if necessary

Jump if no digits before decimal point

d' to 4

Print integral part of number

n
2

Jump if no digits after decimal point

Set up decimal point




from 8+.17

wr’f

FERRANTI LTD

PEGASUS LIBRARY PROGRAMME

o e e

ot

0 I.0s

A

A 4

from I.0s

Ferranti Ltd., London Computer Centre, 21, Portland Place, LONDON, W.1.
Conyright Reserved

Tssue 2

1+ 1] 72

0 060

L

PRINT FRACTIONAL PART

Print decimal point

Jump if no zeros after decimal point

~-df

'
n, + d
Max (nz, - d" to 2

Print zeros after decimal point

R 11

Sheet 6 of §

Jump if no significant digits in number

Print fractional digits

(448.0, 14) to 4

PRINT EXPONENT AND EXIT

LINK for return from I,0., print routine

Exponent to 7

2 =3, toprint 3 digits in exponent

[

Enter 1,0, print routine if X3 < 0

(i.e. floating point), to print exponent

Print two spaces after exponent, but not

in fixed point printing

Restore accumulators

Jump if not computing store link

Add jump address to 1.7+

Restore X6

Restore 0+ to UO

Restore Ul

Exit if computing store LINK

Jump to 0+.0+ for ordinary LIMK.

D. M. M. J.R.

26th August, 1957.




SIGNED £.8

FERRANTI LTD

PEGASUS LIBRARY PROGRAMME

.D. PRINT FROM PENCE

R 42

Sheet 1 of 3

This subroutine prints the contents of X7 as £,s.d. in the form a.b.c where

On entry X2

to 1+,0

01

02

03

04

= + (2402 + 126 + ¢),27°°
nd a,b,c are integers such that
a
b
c

0.2 0 60

G+ 0 00 0.

0+ 0 00 0.

LM

SIGNED £.S.D. PRINT

o+

from 2+, 6+

, where n is the required number of places of pounds.

Entry and Exit
Print CR

Set up LF

Set up Sp

Print LF or Sp

LINK to 6

Jump if LINK is a go order pair

Add Computing Store link into
N address of 0.6

Plant LINK in 0.7
Jump to Computing Store link

Restore Accumulators Overwritten by go

order pair link



from 0+, 6+

FERRANTI

PEGASUS LIBRARY PROGRAMME

1+

o [7]73

0.6 4 00
10 010 6

0.3+ 7 62

0.3+ 0 &0

448 -~ 00 0.

0.3+ 7 82

2+[0] 72

0.0 © RO

LTD

R

42

Sheet 2 of 3

Form a

Preserve Accumulators
(448.0, 2) to 4

Set up Sp in 5

Print ¢ after CR LF

Jump if X7 is positive
Negate if negative

Set up - in 5, and 7 in Sp

X1 = jal; x6 = | 126 4+ ¢ |

Store | 12b + ¢ | in B2+.7

= (448.0, 2)

Print a
Print Spaces

Jump if n = 0; i.e, print no Spaces
Jump if n # 1 to print Spaces

Print -

Print ©

Jump to B2+ through Initial Orders LINK
Restore a to original sign

Print Sp if ¢ is positive

Plant LINK for Initial Orders

Jump to PRINT if | a | Z0

Jump if ¢ = 0 and number is negative

Enter 540.3+ if x 2 0 (I.0. unsigned integer

print)
if x < 0 (I.0. signed integer
print)

540,7

LINK for Initial Orders




FERRANTI

LTD

PEGASUS LIBRARY PROGRAMME

2+

3 40

o e = e e

0.7 7 00

from Initial Orders
and 3t+.7+

———>
to 0+.7

Ferranti Ltd.,

Issue 1

+0

Copyright Reserved

Print b.

+ 10 to
+ 12 to
| 126 +
b to T
¢ to 1l

Print e

¢
5
3
¢
c | to 7

c to 6

Print b.¢ with suppression of most
significant zeros

London Computer Centre, 21,

E.J.

Portland Place,

Overwritten by ] 12b + ¢ |

LONDON, W.1.

D. Tth January, 19538.

R 42

Sheet 3 of 3



FERRANTI
PEGASUS LIBRARY PROGRAMME

TEXT INPUT AND OUTPUT

Interlude

01

RO 0-01
52 - 28 -

o+ [0] 72
0.0 0 60

LN
TEXT IN/OUT

e - - ——

Entry

3.1 060

%o Initial
rders

from Initial

1+ [0] 72

0.7 060

Orders

2+ [1] 72

3+[2] 72

—

O e )

LTD
R 52

Sheet 1 of 3

Method
See page 2.

Output Text
Preserve Accumulators
Shift text number, r, to T, }

Look up index
Read text address to 1
Text address to 6
Text word to 1
Text word to 7
Character count, n, (in l.s. bits of text word) to 1l
LOOP STOP if no text (n = 0)
Remove n from 7
Qutput one character from text word in 7
Shift next character into 5 l.s. bits of 7
Count n characters
Step ﬁm

Jump if not last word

Search for first L during Input
Restore Accumulators
Plant LINK and EXIT

Switch to Main Tape Resader } Overwritten

Plant Initial Orders Link in Bo.o | DY LINKS

Plant Assembly Link in Bl+.1

Set Link for first L in BO.1

set 1g = 475

Enter Initial Orders at 534.1 to search for
first L

LINK for first I



No. Bits

Contents

n is t
at-(t:
m=01i
=11

from 5+.1+

FERRANTI
PEGASUS LIBRARY PROGRAMME

LTD

R

52

Sheet 2 of 3

1,2,....7) is the 1
f there are further words in the text
f the word is the last word in the text

2+

5.7 300
4+[3] 72

tp 5+ 5+

I ——

e — — = — =]

_ e ———q

-
[N
-+
- o
[=2]
(=]

he number of characters to be printed from the word
character to be printed from the word

Search for Letter Shift
Set text address in 3m

Restore Assembly Link to BO.1

Read character negatively, =C s to 4,
Ignore ¢

¢, =31 to 4,

Ignore Er

¢, - 30

Ignore CR

¢, - 13

Ignore LF

¢, - 27

LOOP STOP if not A

Read warning character from tape, C o to 4c

Search for I, Nor Z

c, - 15

Ignore Er

Read next character from tape c, to zc
€, - 15

Ignore Er

¢, ~ 16

LOOP STOP if not ¢

¢, - 14

Jump if warning character is N

€, - 28
Jump if L
c, - 10

2
LOOP STOP if not N, L, or Z

T7-stop for 2
Return to search for next A

Text address to 1




tg 2+.2+

FERRANTI
PEGASUS LIBRARY PROGRAMME

4t

( 7

- ——t—F

ﬁ 3.4 4602

2.7 2 00

from 3+.5

Ferranti Ltd., London Computer Centre, 21, Portland Place, LONDON, W.l1.
5th February, 1958.

Issue 2

T 2+.1
J 560.0F - 1+.1

L

Copyright Reserved

LTD

Read and Store Text

Write text address in index

Step index address

Clear 7

Set character count, n,
3.4 before first character

Jump to

Last character to 4., clear 4,

in 5

R 52

Sheet 3 of 3

4.2 after ¢¢ (last character)
6 to the last T bits of 2,

Add next character from tape, Coy into 4m

Add last character from 4, to 7
Build up text word in 7

Count a maximum of 7 characters

Jump if last text word, to mark

Set n = number of characters inword (Normally 7)

Write text word to store

End of Text

Jump if more words of text to be read
Reset Transfer Address in 5.ﬂn

Return to search for next text

~ Step text address by 0.1

Character count = 7-n to X6

shift text down to correct position

Set T7-n at end of X7

Mark last text word

Switch to 2nd Tape Reader

Plant Initial Orders Link

Overwritten by Link

G.E.F.




FERRANTI LTD
PEGASUS LIBRARY PROGRAMME

DOUBLE LENGTH INPUT

R 100

Sheet 1 of 8

A double-length fraction may be regarded as being of the form 10,x, where x
represents a string of 23 decimal digits. If there are fewer than 23 digits, the

remainder are treated as zeros; 1if more than 23 digits, they are ignored.

The sign of the fraction is stored and five is subiracted from its first decimal
digit on input. The 23 digits are then read to form an integer, I, in the range

~5.1022 < T < +5,10%?
This integer may be converted to the required fraction, F, since

F = 10723 x 27% (5,10%2,2°7% + )

%+ 10723 x 278 x T

It would be possible to store 27% x 1072 and use the above relation to form
the required fraction. If this were done double-length there would be a loss of

accuracy and the equation has therefore been re-arranged as follows:

F

—;- + T =1 (1 -10"23,27%

+ T -2 T {4t —10°%%.27%)

1
o)
N gk

The double length fraction
A+ 5,273 = 41 ~10723,27%

is stored and this last relation is used to form F.

RO 0-03
100 - 28 -
o @

0.0 0 60
ot 0000,
0
- _6 ______
o+ 0 00 0.
LN

D.L. INPUT A




FERRANTI LTD
R 100
PEGASUS LIBRARY PROGRAMME
Sheet 2 of 8
(0t) ENTRY
1 0 (17 Preserve Accumulators
0.0
5+ [2]73 Preserve U2 in B5+
Read next no. [ 11 iy |
M‘
From 4+, 6+ K = 72
(sheet 6)
35 4 00 Sign marker set for +
0 6 00
2 Clear 6 and 7
0 700
2+ [2]n2
3
~— 1.1 0 80
SEARCH FOR SIGN
(1+)
—— 16 2 01 Add character after CR to -13
1.0
(::tL}.O+ 2 61 LOOP STOP if CR not followed by LF
R
] t
-
b—>= 16 5 00 ¢,
1.1
5 43 ¢, ~10
C 11.2 563 LOOP STOP if decimal digit before sign
2
— 1.4 5 80 |
E] 0.4 5 67 ¢, -1
S —
® O o0
@ 5 43 €y - 13
0.4
Mark LOOP STOP if e
1.3¢[ 0 4 00 s Q_o.4+_5_53___ before sign
@ 2 42 -13 to 2
S 5
(») 543 ¢, - 17
- LF Sp Er ¢ 1.1 5 863 Ignore LF, Sp, Br, ¢
8
5 43 ¢, - 30
CR 1.0 5 60 Jump if CR
7 .
e+ [1]2
(1
16 2 00 <, To 6+.0 to search
1.4 for A L ¢
(::) 2 43 €, - 12 (sheet 7)
G
+. 1+
§;§53: ;§ (::) 3 40 Set counter for decimal digits in 3
5
2.1 2 61 ———— Jump 1f not ¢ ———
35 5 02 Mark fraction
6
T 42 -3 to T
16 2 00 c,
T Not e
@ 2 43 ¢, - 15
T T .
(@+) Fom————— '
1.7 2 60 Ignore Er
2.0
@ 2 41 €, ~ 12
L 3=To 2t.1 to Read Number

(sheet 3)
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Sheet 3 of 8
from 1+.5+ if Integer, or 2+.0+ if Fraction
-1 READ DIGITS OF NUMBER
(2+)
3+ [1]72
2,1
@ 2 41 ¢, ~ 10
ot [0]72
2
0.6+ 2 62 |———Jump if not decimal digitﬁ
T T T TS ) ’
| [
e 1
= @ 2 41 Restore decimel digit
3
2 T 01 Add new digit to number
6 02 J f;
) 3 ustify To o+.6+
(sheet 4)
_E.B._?_?F___ Count diglts if character not
s | .o 060 decimal digit.
from 9+.7+ after Er (3+)
(sheet 4)
from 7+, 7+ with OVR 16 2 00 c,
after 1.0 (sheet 4)
(10) 2 43 ¢, - 10
________
0.6+ 2 62 Jump if not decimal digit
1.1 3605 LOOP STCP if more than 23
from 9+.6 (sheet 4} digits read in integer., If
with X3<0 £ 23 digits readAAJ fraction, ignore digits

End of
“fraction \

————{ 5.0 6 10

6t |[1]72

1.4+ 0 60

¢’ = e

after 23 have been read,

Jump 1f OVR set to 9+.0+ (sheet 4). Reaches LOOP STOP in

.2+ unless 11.0

Jump to read next digit

Count number of multiplications by 10

Jump when I formed (see sheet 1)

To 6+.4+ to Convert Fraction

(sheet 5)




FERRANTI LTD

PEGASUS LIBRARY PROGRAMME

(94) READ NON-DIGITAL CHARACTERS
0.6+ @ 2 43 ¢, - 14
N T
0.4+ 2 60
Sp 0.7
0.2 2 67
l Ignore Er « To 31.0
= (sheet 3)
@ 2 43 ¢, - 30
0.2
— 0.0+ 2 61 Jump if not CR
L g
v .
Y
16 2 00 ¢y
0.3
() 20 ¢y - 13
CH 0.4 281 STOP if CR not followed by LF
4

0.5

] 2,5+ 5 60

Fraction

(773w ]

P to 2+,5+ if Integer
(sheet 6)

} 2

35 3 03

(™
SN @ 2 41
0,2
(Yot zel
L]
F>1.0 __¥Y__

0.3

0.4

I:O.l 7 60 —I

Test number of digits read
> 23

34 l

e+ [
1.4+ 0 60

(-0.1, 23—) to 3

to 3+,2 to multiply

by 102%7¢ to form

I = Number x 102°
(sheet 5)

E————Overflow

from 3+,5+ (sheet 3)
or 8+.0 (sheet 6) with 2c < 18
but see note on sheet 6

c, — 12

STOP on OVR or inadmissible character

Jump if & preceded by 0

_._iS}___._J
0.2 767

e

- —— — Y i

1.0+t 0 60

|

}

(M
Jump to STOP if F>1.0 1+ 172
0.1
1.5 0 60
Cq to 14,6 to Read Fracticn
(sheet 2)

c, - 15
Ignore Erase
€

Ignore O

Set OVR, to indicate 1.0

o Lo 3+, 0+ (sheet 3) to test for terminating

“ character. Otherwise LOOP STOP on OVR

R 100

Sheet 4 of 8

to 6+.4+ to Convert Fraction




4t

()

FERRANTI LTD

PEGASUS

7.5 111 4.

95 7552

54 § 65 6.

98 1222

from 3+.7t (sheet 3)

(6+)

(84

1,4+

To 2+.5+ to Store Number

2,5t 0 60

{sheet 6)

LIBRARY PROGRAMME

R 100

Sheet 5 of 8

y { most significant half of double length

number for multiplication of fractions

=B least significant half of double length
number for multiplication of fractions

CONVERT FRACTION

Store double length number in 1.0 and 1.1

Read B8 to 1

B.g.27%% to PO

Bpp +q.27%% to D

A to1l

[Ag + Bp + q.273%)].27%8 5 PO

A+ B.27%%) (p +9.27%%) to PQ

(0 +9.27°% =L A +5.27% ¢ +¢.279% +

= (p-’- q'2"35)'276.10-23 +.;_ to PQ

> %-(A + B8.27%% ¢ +49.27%%), rounded up, to FQ

1

83
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Sheet 6 of 8
STORE NUMBER
From 8+, (sheet 5) if fraction
From 9+,4+ (sheet 4) if integer
(24)
Jump if +1.0
| t
| |
| | (91
|
| : $1.0 0.0 | 1.0 7 60
[
| : |F|>1.0
|
______ ' To 9+.0+
2.6+ 1.2+ 4 61 Jump if + but see foot of page
6 6 02 Negate 6
2.7
1.1 0 60
* - (4+)
1.0 I g::) 740 4 l T, =0 1if F=+1,0
h - = =1 if F=-1.0
| [
| f
| !
1.0+ 32 § 00 -1.0 to 6
. 7T 702 Negate 7
6 023 Justify
\_ 1.2+ 0 65 Clear OVR if F=+1,0
I ]
(4t)
1.2+ 5.7 5 00 Transfer Address (T.A.) to S
1.5 4 00 Set 4? = 6 i.e. counter of 2
3
] 1004
——————— —
4 71 5 Store double-length number in two consecutive
35 5 01 positions in the Main Store
1.3+ 4 &6
5
5.7 5§ 10 (T.A. +0.2) to 5.,
o+ [0]72
6
0.1 0 60

»To 0+.1 to Read Next Number

(sheet 2)

Note: The order in 9+.0 is intended to detect |F| > 1.0 but this should previously

have been detected in 3+,5+
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Sheet 7 of 8
from 0+, 7+ (sheet 2)
SEARCH FOR WARNING CHARACTER L
(6+)
@ 5 41 ¢, - 27
1,0
Q 1.0+ 5 61 LOOP STOP if not A
16 5 00 cs
1
5 43 c, — 28
17 501 (cgs €5 = 28)
2
2+ 581 LOOP STOP if A not followed by L ¢
o [T Restore Accumulators
3
5+ @72 Restore U2
1.5 110 Plant LINK
4
1.0 610 Does no harm, used in conversion
5 Overwritten by LINK. Obey LINK
EXIT
(C) FERRANTI LTD 1938
London Computer Centre, ¥ot to be reproduced in whole or Issue 2
21, Portland Place, in part without the prior writien 23rd October, 1958,

LONDON, W. 1, permission of Perranti Lid. C.R.M.
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Sheet 1 of 8

FLOATING POINT INPUT

RO 0-02
101 - 28 -
0+ [0] 72
01
0.0 0 60
0+[0]72
02
0.0+ 0 60
LN
F.P. READ
i
R8 2-01
101 - 02 -
R8 3-01
4 Calls for P,P.01
101 - 02 -
R8 3-01
101 - 02 - )
o+ Search for sign
0 500 Mark to read only one number
0.0
(02)— [0 _ojn Store LINK
g+, '7+) . 0 200 Clear 2
from A 5+. 7+ 0 020 Clear 6 and 7
from 2+. 1+ 1+[1]72
2
from 1+.2 » 16 1 00 Character from tape, € to 1
-~ b
@
to 1+.0 3
<= 1.0 1 62
= - = — - d Ignore ¢, Sp, Er, LF
1 41
4 .
—t 0.2+ 1 62
F4
@ 141 C:1 - 10
5
0.7 160 Jump if +
E:? 1+.2¢ 1.2+ 1 67 Jump if not -
8
32 1 00 Mark -
3+[0)72 7 To 3+.0 to read number
7
to 3+.0 ‘
uw . +.
a0 0.0 0 60 or 4+.0 to read exponent (after Q)




FERRANTI LTD
R 101
PEGASUS LIBRARY PROGRAMME
Sheet 2 of 6
1+ Search for Warning Character
from 0+.3+ @ 1 43 c - 30
1.0 !
—] 1.3 1 61 Jump if not CR
16 1 00 Character from tape, € to 1
1
@ 1 43 €, ™ 13
fo 0+.2¢ 0.2+ 1 60 Jump 1f LP
2
r—"'——"O 1.2+ 0 60 LOOP STOP for punching error.
e oo
3 1
1.2+ 1 61 Jump if not A
2+ [0]72
4
16 1 00 Warning character from tape, ca. to 1
1 43
5 Ignore Er
L] 1.4+ 1 60
16 3 00 Search for ¢ after warning character
8
@)
B —_————— Ignore Er
‘——o1 1,6 3 60
i
0.2 0 60
2+ Interpref Warning Character
- (6_0]70 Read LINK
0.0 After warning character L
0.1 110 Plant LINK
—y 0 077 77 stop after warning character Z Over-
1 written
|- |--E=\ o+[0]72 Return to Number Read by LINK
—[—|— > 1,2+ 3 67 Jump to LOOP STOP if not¢after warning character
2
@ 143 ¢ - 28
N T 3
L P 0.0 1860 Jump if L
3
141 €, - 10
L— 0.1 1 860 Jump if Z
4
(Drs | -
0.6+ 1 61 Jump if not g
5
‘ 34 700 Set marker in 7
L—» 0.1+ 0 60 Jump if Q
6
SO -
| N/ ] 3
e 0.7 161 LOOP STOP if not I,, 2, Q or N
17
to 5+.0
after N 5+E]72




Read Number

from 2+.7+

FERRANTI

PEGASUS LIBRARY PROGRAMME

3+

0 400

6+[1] 72

0.1 210
[ 1;._5_06 i
3 700
IOECH
1.0+ 3 62

0.7+ 0 60

0.0 710

0.1 411

1.0

s
=1
+
o

@341

&

7

1.0 0 60

LTD
R 101

Sheet 3 of 6

Clear 4
Used to store argument

Clear 0.0
Used to store exponent
Block exponent to 0.1
Character from tape, €y to 3
c, to 7
c, “.10
Jump if not a decimal digit
+ 10 to 3C
Meltiply by 10 and add next digit

Jump if number does not OVR

Jump to ignore overflow digits after e

Prepare to increase exponent if overflow
digits before e

Store number

Reduce exponent by 1 for each digit after e

C, - 15
Ignore Er
c_ -12

3

Jump if not decimal point

Mark decimal point in 4

€, = 14
Jump if Sp
c_ =30

3
LOOP STOP if not CR LF.

Character from tape, €y to 3

¢ - 13
'8

Jump to LOOP STOP if not LF after CR



from 0+, 7+

FERRANTI

PEGASUS LIBRARY PROGRAMME

from 2+. T+

| (10)3 95 _

0.4+ 3 62

2 322

@343

0.0+ 3 60

o

5+fif72

0.1+ 0 60

LTD

R 101

Sheet 4 of 6

Read Decimal Exponent
Clear 2

Character from tape, ¢,, to 3

5
€y to 7
c =10
5
Jump if not a decimal digit
+ 10 to 3C
Multiply by 10 and add next digit

Copy exponent to 2

Cg = 15
Ignore Er
Cg = 14

Jump if Sp

c5 - 30

Print Name; Set Exponent

Last character to 30: clear 3m
Print ¢ on entry, then last character,
Next character to 3m, leave 3C

Jump 1f last 2 characters were ¢ ¢

Jump except at first entry

Set 7 in 1m

LOOP STOP if neot CR or CR LF

Character from tape, ¢ to 3

6!
c =13
s

Jump if not LF after CR
Jump if marker is positive

Negate block exponent
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]

R 101

LTD

Sheet 5 of 6

Convert decimal exponent in 0.1 to binmary exponent in X3

from 6+.7+

to 9+, 3+

6

7

8+

1.3+ 6 60

-l
-

Argument to 6

Exponent to 4

Jump if argument = 0

Set binary exponent

NORMALIZE

Jump if decimal exponent = 0
Jump if decimal exponent < 0
Subtract 1 from decimal exponent
Add 4 to binary exponent

Multiply argument by (10.27"

)
Jump

Add 1 to decimal exponent
Subtract 3 from binary exponent

Multiply argument by (2°.107%)

Jump

= 10,27"

=2% 107t

+p.P.O01 = -2
+ 2(P.P.01) = -2"

Jump if marker is positive
Negate argument

Re=-normalize

Add in round-off comstant = 2 1

Re-normalize

Binary exponent to 7

Jump if argument is zero



FERRANTI

PEGASUS LIBRARY PROGRAMME

Pack number, store and count

from 8+. 7+

argument # 0

from 8+.7+

argument = 0

- — — =m omm

to O+. 14
-

1.7 110

0+ fo] 72

0.1+ 0 60

01

RO 0-01

LTD
R 101

Sheet 6 of 6

Jump 1f binary exponent 2 O
Negate binary exponent
=1
Subtract 2 from X7
LOOP STOP if C(7) 2 0, i.e. exponent overflows
Clear last n digits of 6
Add 2n-1 to exponent
Pack

Jump if C(5) = 0, i.e. Cue 01

Write number into Main Store
Step 5m

Count numbers

Plant LINK

Overwritten

Jump to read next number by LINK

Optional Parameter List

Title

P.P.01 = -2° (l.e. n=9)

Ferrantl Ltd., London Computer Centre, 21, Portland Place, LONDON W.1.

Issue 2

Copyright Reserved

M.J.R. 2nd January, 1958.



READ IN

from I.0s

Input

FERRANTI

PEGASUS LIBRARY PROGRAMME

TABLES OF NUMBERS

01

02

LN
INPUT TABLES

RO 2-01

102 - 02 -

4.0 7017

0.6+ 0 60

———i

3
=
b
-]
=4
[==]

1+ 1] 72

LTD

R 102

Sheet 1 of 2

Call for P.P.01

T = B.P = Address of 1st word of Index
Block B to U4

(B.P, &) to 17

+P.P.01 = (B.P, 0)

LINK for Initial Orders,

Count Tables obeyed in 0.3

Plant LINK and exit

Overwritten by LINK
(B.P-1, 1) to 7

Store LINK in 6

Step address




FERRANTI LTD {—
R 102
L

PEGASUS LIBRARY PROGRAMME

Sheet 2 of 2
1+
0 [4]72 7 Block to contain Index to U4
1.0 -
57 100
35 103
! 33 5 00 ! Bring Transfer Address to start of next
A available block and set X5 = (512.0, 0)
Q 1.2 1 66
2
57 110
_________ o
4.0 1117 Store Table Address in Index
3
0 @73 i Write up Index into correct block
6.3 100 Set LINK for Initial Orders
4
0
10 [0 72 5. Optional Stop before Reading Table
5
0.0 0 60 Enter Initial Orders Input
RO 0-01 Optional parameter list
102 - 06 -
2 -000.
8 P.P.0O1
0

L

Ferranti Ltd., London Computer Centre, 21, Portland Place, LONDON, W.1.

Issue 2 Copyright Reserved D. M. 23rd August, 1957,
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DOUBLE LENGTH INPUT

01

LN
DL INPUT

0+

1+[1] 72

16 7 00

0.7+ T 63

N pp—

0.3 760

0.5+ 0 60

Search for start of number

1st character, ¢

¢, - 10

1

1

from tape to 7C

LOOP STOP if a decimal digit

¢, - 12

Jump if + or -

LOOP STOP if decimal point

€, - 17

Ignore Er, Sp, LF or ¢ before sign

¢, - 30

Ignore CR before sign

LOOP STOP for punching error

Unused

Clear 6

R 105

Sheet 1 of 3




24

FERRANTI LTD

R 105
PEGASUS LIBRARY PROGRAMME
Sheet 2 of 3
Read integral part of number to 6
- 10 Overwfitten hy

sign marker

Overwritten by
e - 10 integral part

Read next character, c2 }
2

Jump if not decimal digit Overwritten by

LINK

c
2

fractional part
Multiply by 10 and add
new digit

Overwritten by

+0.1

} Overwritten by

LOOP STOP if OVR

¢, - 15
Ignore Er
2+ Prepare to read fractional part
1.1 610 Integral part to 1.1
o 1.2 110 Plant LINK
. _1_..:3'_(; ;0'“" Clear 1.3
(ra | oo
1 0.4 7 60 Jump if decimal point
’ ¢
el
i 0.0 0 60
~—= 0.7 1 00
4 +0.1 to 1 and 1.4
1.4 110
B
' 0.¢ 0 60
8 +0 Unused
S
T +0.1




from 2+. 5t

FERRANTI LTD

PEGASUS LIBRARY PROGRAMME

3+

from 2+, 3+

FPerranti Ltd.,

Issue 2

16 7 00
(10D 7 43

Copyright Reserved

Read fractional part of number to 1.3

Read next character,

€, = 10

Jump if not decimal digit

€s

Multiply digit by (0.1)"

Accumulate number in 1.3

0.1y to 1

€y = 15

Ignore Er

€, - 30

Unused

Complete number and exit

c_ - 30

R 105

Sheet 3 of 3

LOOP STOP if not CR after last decimal digit

Read character after CR, <,

c ~13

LOOP STOP if noct LF after CR

Sign marker to 1

Jump if +

Negate Integral part in 6

Negate Fractional part in 7

Justify

Jump to obey LINK
Restore Integral part to 6
Restore Fractional part to 7

Jump to obey LINK

[.ondon Computer Centre, 21, Portland Place, LONDON, W.1.

B.W.G.

26th July, 1957.
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SHORT NUMBER READ

R 116

Sheet 1 of 2

This subroutine reads a single length mixed number, ¥, from tape and leaves it

in the form

p! = N.10M.27%8

q! - ldﬂ.z-aﬁ

where m is the number of figures after the decimal point,

01

02

03

from 2+, 0+

0+ 0 00 0.

LN
SHORT NUMBER READ

o+

to 1+.4

—|—— 0.6+ 7 63

0.1 5 67

.y

from 2+.7 1

to 2+, T+ 2

e ]

cor—

to 1+.4+

1.4+ 0 60

from 1+,5+ 1

Jump if not LFP

Jump if in a or [S-search

Jump if not Sp

Jump if in a or [-search

Negate 6 if ¥ negative

Jump ifm # 0

Put 7=1.2"%% form =0

Jump to LOOP STOP if OVR set

Overwritten by LINK

Plant LINK in 0.4

-1.0 to 7

Clear 6

Clear 1

Jump to read character from tape

¢, to 5

1




Note that ¢'( = 2.10™) will not overflow into 4’ on the order
1+.0 unless OVR has already been set by the order 2

from 0+.1

FERRANTI
PEGASUS LIBRARY PROGRAMME

from (_ *
ot 7

0+.7¢

s

to 0+.0 (-

1 1.7+ 5 60
2.0+ 5 67

3 100

32 7 06

2+

2.2+ 7 62

to O+ 1t

2o
E- (D7e0 |

2,1+ 7 61

1.4t 0 60

2.5 b5 67

32 100

1.4+ 7 63

0.1+ 5 60

‘il
from 0+, 3+ >(-\_—\. 2.7+ 0 60

LTD

R 116

Sheet 2 of 2

1 054

5 50 in 1+.2+,

P’ =2p and ¢' = 29,

Form N.10%,27%% 1n 6

Porm 10%.27%% in 7

Jump unless digit read in a-search
Jump if not Erase

Read character from tape, ¢,, to 5

1
¢,-10

Jumplif decimal digit

Jump if +

Jump if not -

Set lp =1 to mark negative number

Change sign digit of 7 for + or -~

Clear sign of 7

in

Jump unless sign read in middle of number

Jump if not e
Jump if in a or [-search
LOOP STOP if two e in one number

2°3% tp 7 after e

Retain 1P {= 1 if - read, otherwise 0)

Jump to read next character
Jump if not ¢

-1.0 to 1 to mark a-search

Jump unless ¢ read in middle of number

¢, - 30

LOOP STCP on inadmissible character ©O.\+ £ &
LT 4 ’-bmg_?d

Read character from tape, c¢,, t0 5 o ~carenbs

2'
¢, - 13

Jump if CR followed by LF

LOOP STOP

Ferranti Ltd., London Computer Centre, 21, Portland Place, LONDON, W.1.

Issue 1

Copyright Reserved

D. M. 23rd April, 1958.



GENERAL SINGLE-LENGTH NUMBER READ

FERRANTI LTD
PEGASUS LIBRARY PROGRAMME

This subroutine reads a single-length number, ¥, from tape:-

R 121

Sheet 1:0of 3

! = ¥.10%.272% and g’ = m,277® where m 18 the number of figures punched
after the decimal point.

01

02

03

RO 0-03

0+ 0 00 0.

NUMBER READ A

from 3+.6+

1.1 7 00

0.4+ 1 63

A
|'n

1.7 110

1.7 060

A

7.5 0105
.l
| 0.7 5 66

e — o — e ]

1.3 500

Exit and Entry
Negate 7 if_3m =1
¥.10".27%% to 1.0
m.27%% to 1.1
Restore Accumulators
¥.10".27%% to 6
m.27%% to 7

Jump if LINK 18 go order pair
EXIT by Computing Store Link

Plant LINK
Jump to LINK
Preserve Accumulators

Set 0.4 in 5,

Clear 1, 2, 3 and 4




Search for First Character of Number

FERRANTI LTD
PEGASUS LIBRARY PROGRAMME

1+

4+ [0] 72

N ]

to 2+.3+

- — ———

>N 0.7+ 0 60

R 121

Sheet 2 of 8

Set /5 ~ search indicator

Read character from tape, ¢,, to 1
¢, - 10

Jump 1f not a decimal digit

LOOP STOP on decimal digit in o — search
Decimal Digit in S8 - search

Jump to MAIN INPUT with ¢, in 7
Jump 1f +

c, ~11

Jump 1f not -~

Set 3, = 1 1f - read

Set ~1.0 in 2 if + or - I:ead

To MAIN INPUT

¢, ~ 12

Jump if not e

Set lm =11fe read

Jump to MAIN INPUT

¢, -15 (¢, > 13)

Return to S - search if LF or Sp
Ignore Er in a or S - search

¢, - 16

1
Set a - search indicator

Jump to a - search on ¢

c, - 30

Jump on fnadmissible character
Read character from tape, € to 7

¢, - 138

2
Return to 3 - search on CR LF

LOOP STOP on inadmissible characters



Main Input

from 1+. 7+

—

PEGASUS LIBRARY PROGRAMME

b — o — am m ———

- i i

1.5+ 5 61
o2
8
Lp 0 0.0 0 60
7 +10

€, to 5

Multiply number by 10

Add new digi
Justify

LOOP STOP 1if

Add 1 to 4 for each digit after s

tc,

670

R 121

r

Sheet 3 of 3

Clear 2 if last character not Sp or Er
]

Read character from tape. ¢,, to 5

¢, - 10

Jump if decimal digit

¢, - 14

Jump if not Space

Ignore Space

Jump to EXIT on 2nd internal Sp.

s after sign

Set 1 in 2 on 1st internal Sp.

Jump to read next character

Cy - 12
Jump if not |
LOOP STOP if

Set g“ =11

.
2nd ‘e

f e read

Jump to read next character

€y - 15
Ignore Er
c, - 30

3

Jump to LOOP STOP on inadmissible character

Read character from tape,

¢, ~ 13

LOOP STOP on inadmissible

Jump to EXIT

Overwritten by LINK

Ferranti Ltd., London Computer Centre, 21, Portland Place, LONDON,

Issus 1

Copyright Reserved

E.J.D.

4th February,

[

'y

character

Ww. 1.

1958

to 5
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SIGNED £.8.D. READ TO PENCE

R 142

Sheet 1 of 4

This subroutine reads from tape a sterling sum a.b.c¢ and leaves it in X1 as

(2400 + 12b + ¢).

ice. | 2400 + 120 + ¢ | < 2°®

01

02

03

from 5+.6+

0+ 0 00 O,

LN

SIGNED £.8.D. READ

The sum ¥ must not exceed £1,145,324,612.5.3d in modulus.

Exit and Entry

Negate X7 if number is negative
Store number in 1.7

Restore Accumulators

Jump if go order pair LINK

Add Computing Store link into
N address of 0.4+

Number to 1

Plant LINK in 1.7

Jump if Computing Store Link
Jump to LINK (go order pair)

Preserve Accumulators

Clear X2, X3 and X4




FERRANTI
PEGASUS LIBRARY PROGRAMME

Search for first significant character

1+

2+ [0] 72

r———————r 0 500

- 16 700

1.4+ 7 62
2

N 1.2+ 5 61

b = o o ——

. 1‘!’ T 41
(D20

1.6+ 0 60

. 1.6+ 7 60

20 3+.5 |1

LTD

R 142

Sheet 2 of 4

Set S~ search indicator

Read character from tape, cl, to 7

€, - 10

Jump if not a decimal digit
LOOP STOP on decimal digit in a-search

[
1

+ 1 to 2c

Jump if +

¢, - 11

Jump if net —

Marker in 4 for negative number

To read number

€, - 12

Jump if not e

Set X3 = -1.0 after first point

€, - 15

Jump to - search if LF or Sp
Ignore Er

c1 - 16

Set a~- search indicator
Jump to a- search -1f ¢

¢, - 30

Jump to LOOP STOP for punching error

Read character from tape, € to 7

€, = 13

Jump to B~ search after CR LF

LOOP STOP for punching error




FERRANTI
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Read the digits of the Number

from 1+, 7+

and 5+ 7+

o

1.4+ 5 61

3 100

4+

0 200

32 300

0.1+ 1 60

3o 5+.0

+ 1 to 2C after decimal digit

c
3

+ 10 to GC
=
¥ xﬁ.N

(x, = radix)

Add new digit to ¥

LOOP STOP if N 2 2°°

Jump after decimal digit

After e store 202 or (240z + 12b)

Clear X7
Read character from tape, 03,

¢, - 10

Jump if decimal digit
€, - 12

Jump if not e

Point indicator to 1

Clear 2 after point
Set X3 = -1.0

+ 20 to GC

Jump 1if first e
(0.1, 0) to 3

+ 12 to Gc

200 + b to 7

Jump if second e
LOOP STOP if third e
63 - 14

Jump if not Sp

Ignore Sp before decimal digit

Number store

Overwritten by LINK

R 142

Sheet 3 of 4
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R 142

Sheet 4 of 4

5+ Read Terminating Character
f +. 6+
rom 4+.6* 5.3+ 5 60 3 Jump if Sp
0.0
@ 5 43 ¢ - 15
| N/ ] 3
— 0.7 5 60 Jump if Er to ignore Er
1
@ 5 43 Ca - 30
0.2 5 603 LOOP STOP after CR in a or b
2
0.2+ 0 60 LOOP STOP on other punching errors
16 5 00 Read character from tape, cu,
3
M [— | @ 5 43 cu - 13
0.2+ 5 61 Jump if CR without LF or Sp in number
4
| e—{ 1.7 701 | 2400 + 126 +¢ | to 7

0.6 0 64 Jump if OVR clear
5
@ 0.5+ 0 60 LOOP STOP on overflow
0+ [0] 72
8
Lo 0.0 0.0 060
—7’ 3+@ 12 Return to read rest of number after
__t:g 3+.5 0.5 0 60 reading Er
L

To B 0+ to complete formation of number

Ferranti Ltd., London Computer Centre, 21, Portland Place, LONDON, W.l.

Issue 1

Copyright Reserved E.J.D. 7th January, 1958.



SQUARE ROOT

Method

FERRANTI LTD

PEGASUS LIBRARY PROGRAMME

An iterative Newton-Raphson process is used to find

1
In fact, y, = <p +—€f, and the process terminates when d
There is special treatment of the case p
2-35)-

to be the answer?
root is also (1 -

(01 J————/0.0 663

y = vx, where x = $ + 2798,

¥ = ¥, 4 dn where dn

n+i

with Y,

R0 0-01
200 - 28 -

0+ [0] 72
0.0 0 60

SQUARE ROOT

1
[N
_—
ENE
I
2
B
S

1 1
- %+ =,
2 2

n Z 0. ¥n is then

LOOP STOP if » < 0
P to 5
g to 0.0
p ta 7
1
Ef) to 7
— 1 1 -
YU—(-215+5)OTJ/H+1—

Test OVR and exit if ¢

g to 7

x/yy to 7

(x/yn — yn) = 2dy, to 7
dy to 17

Test dn
Vx to 6

Plant LINK and exit

Initially & } Overwritten by yn }

Ferranti Ltd.,, London Computer Centre, 21, Portland Place, LONDON W.1.

Issue 2

c.s.

G.E.F. 1st July, 195T7.

R 200
Sheet 1 of 1
taken

(1 — 273%), when the

} Overwritten by g

(yp + dy) to 0.7
(1 ~273%

Overwritten
by LINK



Sheet 1 of 3 R 220

FERRANTI LTD
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Issue 2
8.7.57.

EXPONENTIAL

1 4 ax + bx? + cx® ox
Method: let y = 7 be an approximation to e in the range
1 -ax + bx? - cx?

—* L x <k

Expanding log y, it can be shown that

x = tlogy = ax + (c —ab + £ a®)x® + {a%c +ab? - bc - a® + § a5} x° +

s eey

a = 1; b = & ¢ = fi coefficlent of x7 = Lo,
If we set a = 1+a, b = 2458 ¢ = Kk +7 wherea, Sandyare small,
then the logarithmic error is
8 = tlogy-x = ax + [y-B+da+af)y+ @+a?+da)] x® + ..,

Now we can make 15| as small as possible in the range ~& ¥ x £ k by choosing o, 53
and ¥ so that & is a multiple of the Chebycheff polynomial

T,(8) = 6467 - 1126° + 566° - 716,

where € = x/k. We find, in fact,
- 1 6
@ = 1- 13950 4>
b o= 21 4o L e 1T e _
5 300 1000 200, 000 '
e = L L2 L1 w3 46
15 ~ 300 2250 200, 000

These approximations are satisfactory only when 2 is considerably less than 1, but
the following method allows the range to be extended.



Sheet 2 of 3 R 220

let X be the operand and define x = X/16, so that & = ¢, and |8] < 0.65 x 2a~**
approximately. Now

X

X = ¢ —163

lex _ —28)8 = yPe

(ye

where 16|8| < 0,65 x 27%% and can be neglected, so that we can write

within the required accuracy. If we substitute X/16 for x in the original definition
of y we find

1 + a(X/18) + b(X/16)2 + ¢ (X/16)°
1 - a(X/16) + b(X/16)2 - c(X/16)%

To preserve significant flgures of X when evaluating y, form

aX + cX(X/16)?
1 - a(X/18) + b(%X/18)% - c(X/18)?

M = 2%y ~1) =
which gives y = 1 + 2737,

r
If we define 7, so that y* = 1+ 2“(3_")7?,, then

- 2
'r]r+1 = T]r + 2 (n_r)‘nr

a
and Y = y? 1+7,

In actual operation T?,_ lies outside the range *1 so Er = %7;,_ is used instead.

27%X + 271%x?
1~ 275ax + 27%bx% - 273X

This gives {, =

L, = & +3 L%
L, = {+3 45
L, = L, +3 8,5
so that § e* = %yza = £+ 3L,
Since ¢ = 2%, the last term in a, b and ¢ is negligible and may be omitted.
Thena = 1,

b o= 2.1 g _ 1 g6
5

300 1000

A _ 1 g _ _1_g-ts,

15 300 2250
Putting a = 1 and substituting z = 972X, the formula for CO may be written
z + 2 ¥c2?
Lo

1+27%= + 9™2pz2 - 9Nzl



FERRANTI LTD
PEGASUS LIBRARY PROGRAMME R 220

RO 0-01 Sheet 3 of 3
220 - 28 -~

g
0.0 060

LN
EXP

01

0.0
@ 6 51 ( 1427 (-2 +Ba® - C2%)—6
6 726 Lo—>1

7 51 L, {,—>6

] L (s

I

1 o1
| 8 8: +5 8 = 5 expp—26

0.7 601

0.7 110 Plant LINK and exit

7 +.25 Overwritten by LINK

—_——— =

1+
()._0)‘9:?(1]\ ¢ = z—6 and 0.0
/ "s"’s"zi'<" |
1 z2—s6 and 0.1
\ > 81
0.7 6 21 Cz%—s6
: 0.0 621 Czi—6
CICE o B
? 0.1 6 00
EOE Bzise
! 0.0 700 z ¢+ 0237
o g 2
° 0.0 0 60
. 12 6 31 3, B = oo @zt 4
11 5415
7 0 4210 C = 27% (=274 &)
13 5 00
L

Ferranti Ltd,, London Computer Centre, 21, Portland Place, LONDON W.1.
Issue 2 C.8. 8th July, 1957.
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Sheet 1 of 2

LOGARITHM, WIDE RANGE

This subroutine has been superseded by R 224 for most applications, but it is
still used by certain other subroutines.

The subroutine evaluates

P = g log, (#)

in the range 2% < (#9) < 1.

The method used iIs the same as that described for the programme of R 224, but only
four terms of equation 11 are used in R 221,

RO 0-01
221 - 28 -
) 1-+_ [:g'|-7; N
01
0.0 0 60
LN
L.0G
1+
(o y— @ 5 42 -2 to 5
0.0
Q 0.0+ 6 63 LOOP STOP if number negative
556 yto6, a~2 tob
1 0.5 6 14 (v ~ %2 to 0.5
(06 621 | 3 - 2VDy to 6
: 0.7 611 (3-2y+ %2 -1 to 0.7
(05 600 | (v - /D) to 6
* o 700 Clear 7
(0.7 625 | s to 7
po 045 ) o+ 72
5 67184015999 =42 Overwritten by (y - %/ 2)
8 | +am161592838 =3-2v2




FERRANTI LTD
R 221
PEGASUS LIBRARY PROGRAMME
Sheet 2 of 2
0+
0.0 | -95265423008 = -} 1o, 2 = ~0.34657350027
1 +362108 T, = +0. 00000131733
2 +16333229 Ts = +0. 00005941994
3 +925542347 T3 = +0.00336710344
4 +94323185383 'I‘1 = +0, 34314574944
from 1+, 4+ 0.5 T10 z to 0.5
5 1 Overwritten by =z
T 721
........ - = 2% to 0.6
0.6 610
8 Overwritten by z?
2+ (1 72
0.0 5 20
1 Overwritten by
7 ~gala — 2)log, 2 to 7 } -
( 0 58 ) 32 e 3lz(a 2)log, 2
2+
. 0.7 1710 ~35(a - 2)log, 2 to 0.7
Q 1.0+ 6 61 LOOP STOP if number too small
1.6+ 0 85 Dummy order (Due to rounding OVR is never set)
1 -
0.1 6 00
0.6 6 21
2
0.2 601
0.6 6 21 ~ sSum series in z*
3
0.3 6 01
0.6 § 21
4
0.4 6 01
0.5 6 21 Multiply by =
5 -
0.0 6 03 1
—————————— \ -3—2-(10gey +21log, 2) to 6
@ 6 51
: |
_(i_z_eii)a--_ 33 loge (dg) to 6
1.7 110 Plant LINK
7 Overwritten by LINK
1.7 0 60 Jump to obey LINK
L (C) FERRANTI LTD 1958
London Computer Centre, ¥ot to be reproduced in whole or Issue 2
21, Portland Place, in part without the prior written 5th November, 195

LONDON W. 1. pernission of Ferranti Ltd. C.5.
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Sheet 1 of 1
i = 42"
FLOATING-POINT LOGARITHM Given 4 = 4.
RO 0-01 (Standard floeting-point form)
223 - 28 - This subroutine evaluates
o+ [0 p' = log, p
01
0.2 060 = log, 4 + 2 log, 2
IN
FP LOG
RO 501
Tag calling for R 221
221 - 01 -
o+
27T 7117
0.0 Collating Mask for Argument A
127 7000
1 +266 Constant added to exponent
and round-off constant for argument
0 700 Clear 7
2
6 400 A.2% to 4
0.0 608 | Ato 6
3
6 403 a + 258 to 4
71 Plant the LINK
4
0.6 1 00 . Set link for return from R 221
5 +0 Cue to R 221; é log, 4 to 8
h
: o+ [B]72
| 8 Link for return from R 221
1 0.7 0 60
i
—3 0.1 403 a to 4
"
1+ [I]72
| 1+
(G2) 740 7, = +32
1.0
6 720 27%% 1og, 4 to RO
L7715 27108, 4+ o log, 2] to R0
1
___5_4?__ 5, = 38
@ 5 56 Normalize
2
0.1 601 Round argument
5 56 Re-normalize
3
0.0 605
--------- Pack result in 6 in
. 0.1 50 standard floating point form.
5 601
[4]
3 o Overwritten by LINK
o
[}
0
7 +19053084€196 = loge 2
L
(C) FERRANTI LT 1938
London Computer Centre, Not to be reproduced in whole or Issue 2
21, Portland Place, in part without the prior written 6th November, 1958.

LONDON W, 1. permission of Perranti Ltd., M.E.H.
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LOGARITHM, VARIABLE RANGE

This subroutine evaluates
1
2"

pr o= log, (#9)

R 224

Sheet 1 of 4

(¢q) is first normalized to give an argument y and an exponent a. Only the most
significant 3% bits of y are used in the calculation, The required logarithm may be

written
log,y + a log,2 where B gy < )
We have*:
[04] tr
log, (1-2t cos 6 + t3 = -22{: — cos 1 o
=1
If we put 2 = cos &, then
2 < 4T
log, (1+t2-32tz) = -22-; 1,.(2) 1€<z€1)
=1

where the T, are Chebycheff polynomials.

Changing the sign of z and using T,.(-2) = (-l)r Tr(z), we have
2 . rt’
log, (1 + t< + 2tz) = —2:{: - P Ty (2)
r=1

Taking the difference of (2) and (3):

o
1+ t% +ote gt
log, [%"‘“‘“‘2__—_‘_] = 4 Tor+ 1(2)

(1 +t%) ~ 2tz

2t
1+t 2

24]
log, (—-—-1 — kz) = 4; o1 Tere1(2)

where £2<1 and ¢t = %(1 -V1-k%)

If we now put = &, then

If 4 1s any constant

1+ gz L0 22T+ 1
log, (4?_7,;) = log,d *4; 2T Terea(®)

It is required to choose & and A such that this serles will give log, y.

We require
1+ ke
¥y = A'l e which gives
s = 1. x-4
E y+ A

where X <y<% and -1g2<1

. ee (D)

e (2)

2ea (3)

...(4).

+ee {B)

eee (6)

e ()

«e e (8)
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, =2

For y

b,z =

Y

Solving these equations, we

-1 W-4 = kG + b
1 %h~A4 = k(h+4)
obtain

V2 - 1

A = %V2 and £ = ot 1

Substituting in (6) gives ¢
Substituting in (8) gives 2z

Substituting in (7

3
]-OEey = - E

l

3+ 22 - 2/4 + V2

y - %v2
(3 - )y + @&V2Z = 1)

tEf"l-l
loge2 +4 ) St Topy ()

R 224

Sheet 2 of 4

o.l(g)

.+ (10)

.. (11D

The first five terms in equation (11) are used by the subroutine to evaluate
log,y. The truncation error introduced by taking only five terms Is about 237,
a log,2 is added to log,y to give the required log, ($q).

* “mahles of Integrals and Other Mathematical Data” - H.B. Dwight (Macmillan,

New York, 1947).
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e e e = — e ]

qt

197184015999

5 42
0.1+ 6 63
0.0 614

0.6 6 21

Title of Optional Parameter List

L Calls for P.P.O1

A =yv2

-2 to 5
LOOP STOP if number negative

y to 6, (@ - 2) to 5

3

(y - %v2) to 0.0

(3 - 2v2)y to 6

(3-2v2)y + (%v2- 1) to 0.7

1

(v - %v2) to 6

Zz to 7

Overwritten by

Overwritten hy (y - %v2)

R 224 I

Sheet 3 of 4

(3 -22) y+ (%2 - 1)



from 1+, 5+
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0+ .

-85265423008

+343173

116347428

(:j) 0 55 0.

LTD
R 224

Sheet 4 of 4

- 3 log,2 = -0,34657358027

3
L]

+0. 00000003061

T, = +0.00000124845

T, = +0.00005947159

+0, 00336708909

T, = +0.34314575051

z to 0.6

Overwritten by =z
2% to 6
22 t0 0.7

Overwritten by 22
-%(a-2) log,2 to PQ

+-P,P.01 Shifts down n-1 places Overwritten by

-27"(a-2) log,2

Plant LINK in 1.7

-27" (a-2) log,2 to 1.0

LOOP STOP if number too small
Dummy Order (Due to rounding, OVR is never set)

4 to 515

Sum serles in 22

Multiply by =
log,y + 2 log,2 to 6
+P.P.01. Divide C(6) by 2"

2 1og, (#9) to 6

Overwritten

= Optional P.P.0O1 (ﬂ = 5) by LINK

Ferranti Ltd,, London Computer Centre, 21, Portland Place, LONDON, W.1.

Issue 2

Copyright Reserved

C.R.M. 18th March, 1958.
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FLOATING-POINT EXPONENTIAL

The method is explained in Section 2 of the Library Specification.

1+.0

AS

RO 0-01

1+, 2+

S

from 2+, 5t

or 2+.T+

Calls for P.P.01

Title of optional parameter-list

Call for cue 01 to R 220

Plant LINK in 1.7

x=492% to 1

Atos

-1
at2 to 1,
a to 1c

a + 38 to Ic

Jump if @ > -~ 38

R 225
Sheet 1 of 2
Overwritten by
1 _
-1 x'm) [— —(b-2)]

If a < - 38, clear PQ
and jump to find exp (0)

+2 x P,P.01 = 2" g~38

+ P.P,01 = 2""1 g-28

Optional P.P.0O1
where n

_2”'1. 2"38
9

)

Overwritten

by LINK




from 0+, 3+
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from 0+, 4+

t2 LINK

to LINK

2+ [0 72

0.0 0 60

+190530846196

+198282496599

<
-

e — v ———

London Computer Centre,
21, Portland Place,

LONDON, W.1.

(31 - a) to 1,
Jump if a > 37

(37 - a) to 1

1

x'logez

(fixed-point form) teo PQ

R 225

Sheet 2 of 2

-1 = - Integral part of x/log,2 to 1.0

F logez to 6

Set link in 1 for return from R 220

+ cue 01 to R 220;

Link

= log,2

Forms exp (F 10g82)

Jump if floating-point underflow

_ 1
b=1 (x'10g82

Normalize

4) +2 tol

Round argument, B, in 6

Re-normalize

b+ 2"l to1

Jump if floating-point underflow

Pack resutt in € in standard floating-point

form, B.2

Jump to ohey LINK if in range

LOOP STOP if floating-point OVR

Clear 6 if floating-point OVR

Jump to obey LINK

(© FERRANTI LTD 1960

. Kot to be reproduced in whole or
in part without the prior written

permission of Perranti Lid.

Issue 1

4th August, 1980.
B.C.
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SIN/COS
This subroutine evaluates sinmx or coswx for ~1.0 £ x < 1,0.
Method
The method is based on the Chebycheff expansion for

cos gy in the range -1 £y <1,

o]

The truncation error in taking the first seven terms of this series is about
7.5 x 10™13(< 2-40), Re-arranging the first seven terms as a power series in y, we have

6
T, o_ 21
cos 2y = Z Cp¥

r=0

In this series €, < -1 and it must therefore be re-arranged to read

&
T, 2 2r] _ v2
cos zy = < byy y

where by = ¢, +1, by = cpforr # 1

To reduce rounding errors in evaluating the series, it has been re-arranged to read

6
7, _ | 1L E’ 2r 2
cas Ey = [ 'é_ a-ry ] - Y + ﬂo

r=0
2
where a, = ';bo » 8, = 2b, for r#0.
Overflow
If x| > 3 2x¢ will overflow,
leaving y = 2x + 2 and OVR set
but cos & = —cos(@tm
kid
so that COS 77X = - cOs 3 (2x £ 2)
= —cos o
37 -

Thus, if OVR is set in forming y, the series for cos %Ty is still used but the result is
negated and OVR cleared at the end of the routine.

To find sin 7x

gin & = 003(9 —g) = cos (9 + 3?”)

s0 that sinmx = cos -n'( - %) = cos W(x + %)
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R 240

Sheet 2 of 3

The cue for sin 7rx therefore subtracts % from x and then uses the cosine series as
before, but with y = 2x - 1,

Note that (x - %) will overflow if -1 £ x < —%, leaving (x + %) in X6 and OVR set.
The fact that OVR is set does not matter because

(x+4H >+

and overflow will occur when x + 2 is doubled to form y; thus the rule given in the
previous paragraph will still apply.

Special Cases

If y = -1.0, y? will overflow and become negative (y?2 = -1.0) and the series will
give the wrong result. For y = ~1.0, cos %y: 0. The routine therefore tests y? and
sets the result equal to zero if y? is negative.

If y = ¢ the series will give the value cos lzry =1- 2*38.

01

02
0.0+ 0 60

LN
5IN/COS



0+
‘lﬂﬂb-——————e 33 6 03
0.0
Co)—5 (Do
1+{1] 72
1
6 6 21
6 5 00
2
1.1 6 00
1.1 110
3
0.4 1 00
[ 5 6 21 )
4
1.0 g 011 ,
0.4 . 66
5 :
@ 6 51
5 6 03 ,
8
1.7 6 01
R I
/1 1.0 5 62
T 0 6 00
L+
o
— 1.1 064
1.0
6 6 02
L ; ryr———— = —
1 +246961
2 || -13838561
B e - -]
3 || 4505357534
4 || -11469815955
T
5 || +139456286127
[REMRRISA
6 || ~128478236105
Al-rencog v
T
7 || +183251937962| <~
1Ay 2,
L

FERRANTI

LTD
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1
X - ; tc 6

R 240

Sheet 3 of 3

=2x or (2x -1) to 6

y2 to 6
y2 to 5
a, to 6

Plant LINK in 1.1

p=

6
Form :E; aryzr in 6
=

If y2 = -1 (OVR when y = -1) clear 6

EXIT if QVR clear

Negate 6 if OVR set

2, = +0.00000089843

a, = -0,.00005034439

a, = +0.00183847939

~a, = -0,04172694736

¢, = +0,50733901344

a, = -0.46740110012

a_ = +0.66666666666

Overwritten by LINK

Ferranti Ltd., London Computer Centre, 21, Portland Place, LONDON, W.1,

Issue 2

Copyright Reserved

C.8.

1st April, 1958
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ARCTAN
We havelz-
1-t2 L
1-2tt-:ost9+t2 = 1+2Z tT cos r 6 (t2 < 1) 1)
ra1

For cos & write z, then cos +@ = T,(2) where Ty are the Chebycheff polynomials, and
we get, for <1< 2< 1.

1 - t2 _ =,
a+en -ag 0 T2 ; £ Tr(2) @

Change the sign of z and use Ty(=2) = (-1)" T,(z). Then

1 - 2 =
TreyrEs = Lt (D e (3
re1

Now take the difference of equations (2) and (3):-

[+s]
4(1 - tHtz _ ar+1
A+tH%-at%? = 4 Z i Tope4(2)
r=o
-tz oS er
aor (1 + t2)2 - 4tzzz - t . T2r+1(z) (4)
=T
Change the sign of £
2
(1 +tH= o
- L1y T2t
(1 - t%? +qt%? ,Z.o( DT ey 2 3

Now integrate with respect to £ from 0 te %:-

t

1 +¢2 2 © - g2r*1
(1 - t2)2 2t V¥ 2 * s r=g oD ar*l Ter(Z) ©
0 1+ 2] ¢
1-t7
a 2t
SBubstitute £ = tan 3 on the left-hand side, so that tan a = 1_7 and

d(tan @) _ 2(1 +t%

dt (- t3)? .
[s
1 z 1
—z-f ——-----2——d(tan a) = —2—arctan (z tan a) N
1+2z2" tan'a
® t2r+1
Thus arctan (2 tan @) = 2 Z (-l)r‘z—r-;-l-Tz,_.ﬂ(z) (8)
Fap
where t = tan-%—. If we put 2 = tan a, then:-
® tzf'*."i
_ r.
arctan (kz) = 2 ; (C] a7 T 1 Tzrﬂ(z) (8)

where t = % W1 T2 - 1),
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To find arctan of a givenh number, reduce it to the range 0 € x € 1, the mid-point
of which, in terms of angle, is 7/8.

Put arctan x = —+ 6 so that - =< 8§ < -
8 8 8
and put arctan ky = &, choosing & so that -1 < y <1
~i.e k= tangz\/ﬁ-- 1.
i
Now, arctan ky = -§+ arctan x
= - arctan (/2 - 1) + arctan x
_ x = (V2 - 1)
At T G- D)
o1l x- (21 x - (/2 - 1) <<
rad Y=g 1+-x(/2—-1)“((/2_-1)+(3-a/z‘)xa“d1‘y 1w

The quantity y can thus be found from x by means of a multiplication, an addition, a
subtraction and a division and we then use;-

® per+t
arctan x = l;—'i' 2 ; (-7 o7 771 Yor+1 () (1D
where t =.tanll%, = J4+2/7 - ¢2+1)
We can now write:-
Tarctan x = =+ Z:O (-1>”%1—)T2m<y> (12)
N. B. (3-2/2) = 0.172 and (/2 - 1) = 0.414 so that there is no danger

of exceeding capacity during the formation of y fromzx (0 € x < 1).

The truncation error in taking the fi;st six terms of the series is about 1.2 x 10-'12
4+ x 2795,

1. "Tables of Integrals and Other Mathematical Data” — H.B. Dwight (Macmillan,
New York, 1947).
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R 241

ARCTAN Sheet 3 of 5
pr = L arctan )
ki
or p! = 1 arctan (ﬁ-)
™ q
where - < p? < 4
RO 0-04
241 - 28 -
1+[0) 72
01
0.0 0 60
1+{0] 72
02
0.1+ 0 60
0+ 0 00 0.
03
0
0
04
0+ 0 00 0.
LN
ARCTAN
1+
(o1 ) 6 400 # to 4 [Entry for -71; arctan (p)]
0.0
32 700 -y=-1t 7
0.2+ 0 60
l ! 1
6 4 00 p to 4 [Entry for = arctan (9]-
7 408 Sign 4 = sign (p/q)
2
33 202 - Y% to 2
—— 0.4 6 63 -|pl = -uto s
3
6 602
_______
— 0.5 1763
4 - 'q| =-v to 7
7 702 '
— 6 703 4=y to 7. Ifu=1, v=0, 7T=-1&OVR set
5
3+{1]72
@ 2 53 ag= Sto2
é
to 3+:2 o >, - X6 = -u
4 L_E._Z_-EEZ_H- Jump if u 2 v (except u=l, v=0) with X7 = yv
7 601 -v to 6
1
jo 3%l 1.1 6 80 Jump ifu=1, v =0
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1S9
[l

>~
|

(9]
Il

1 - tan

2T

from 1+, 7+

from 1+.6+

t0 0+.0

1.3+ 0 65

Aam— 7 300
2

c 1.2+ 6 60
6 326
T 300

1.6 301

3

6 || 1161019749891

7 | +47161592863

2t

0.0 +16101974997§

o+{1] 72
6 300

1.1 600
0.5 500

1.0 6015

0.5 5 66
0.0 6 21

2 604
1.1 110

T = @-v2

k(3 « 2v2)

k(L - ten §) = k(2 - v2)

R 241

Sheet 4 of §

Mark for interchange by putting a¢ = -& tn 2

and reversing the sign of 4

u=0,v=1,_
v-uto" If{u:l’vzﬂ}'T—-—l&OVRsew
Junp ifu =1, v=0o0ru=40¢ v=1
LOOP STOP if u =v =0
(£ -1 to7where§=%or%. 0S£51
£-11t03
E-14+4t03
B (-1 to 6
4 = + 0,58578643762
B = + 0.17157287534 A, Band C
q &s above

- 1. Overwritten
C = + 0.58578643793 ‘ } by 2
B (&-1) +C to 6

_E-1+4 £ - tan /8 .

y= B~y + C - k¢tan 7/8)(1 + & tan 7/8) to

Plant z in 0.0
¥2 to 6

¥2 to 3

@,5 to 6

Set counter of 8 i.e. 5, =2

6
2 2L
Form 2 E Copty ¥ in 6
r=0

Plant LINK
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0+

1.1 4 82

6 6 02

+42071

+3461449

~26138321

+213371737

-2072724634

136242177026

R 241

Sheet 5 of 5

Jump to LINK if 4 is positive
i.e. 7 = (1/m) arctan ()

¢,r

13

211

dg

(1/m) arctan ($/q)

+ 0.00000015307 r Overwritten by LINK

0.00000164054

+ 0.00001250267

0. 00009508065

+ 0.00077624185

-0,00754052829

+ 0.13184827194

Ferranti Ltd., Londen Computer Centre, 21, Portland Place, LONDON, W.1.

Issue 1

Copyright Reserved

J.8.C. C.8.

10th January, 1958
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ARC SIN/ARC COS8

The subroutine evaluates, using R 241 and R 200 as subroutines,

or y

1
where = arc sin x

1
~ arc sin x
i

1
— arc cos x
7

1 1
-1« < =
: Y% 3

1 arc tan z
77 /1_x'z'

1 1 1 x
and — arc cos x = — - —arc tan
ki) 2 i

'-’1-:1‘:2
Initially p = x and the result, y, is left in X6.
RO 0-04
242 - 28 -
0+ [0] 72
01 arc sin
0.1+ 0 60
0+ [0] 72
02 Arc cos
0.1 060
0+ 0 00 0,
03
0
0
04
0o+ 0 00 0
LN

Call for cue 01 to R 200

Call for cue 02 to R 241

R 242

Sheet 1 of 2
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0.7 1°00

b mm - — — — ]

+0

= 1+fi] 72

—1 1.2+ C 60

1+ (1] 72

6 700

1+

4 6 02

[—> 33 6 04

1.4 065

Copyright Reserved

L

R 242

Sheet 2 of 2

Modifier 0.2 for Q0 order in 1.0

= (8.2, 0)

Modifier 0.1+ for 60 orderin1.3

O or (8.2, 0) to 3
Plant LINK

-%x to 4

(1 -x% to PQ

Jump if x = 0 or -1.0

Set LINK

Cue to R 200; V1 - x° to &

LINK obeyved in 0.7 of R 200

Vi-2x2ton

x to 6

Set LINK from 1.5 or 1.7

Cue to R 241, %;arc sin x to 6

x=0o0or 1,0 to 6

1 ; _ 1
7 arc sin x = 0 or- 2 to 6

Jump to 1.5+ (arc cos) or 1.7 {(arc sin)

+1 -278

EXIT
LINK for arc cos

1
77 arc cos x to 6

Jump if x = -1.0 and clear OVR

LINK

Ferranti Ltd., London Computer Centre, 21, Portland Place, LONDON, W.I.

J.G.F.F. DM,

¥y to & and set OVR

17th July, 1957,
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COSINE AND SINE

This subroutine evaluates

P = cos mp
and ¢’ = sin mp
where -1 < p £ 1
and Ty = (m+ & /2
n = -3, -1, 0, 1, 2and =% < £ < %
P(£?)

2 — 2 ]
where P(£% = g ta, &% +a, M ta
1 - t?
Then s = ¢ =
cos & 1+ t?
2t
and sin = 5 =
g L+t

I I I
n:—z,?.: n=-1 t 7n=0 | m=1
l |
l .
cos pm - J s | c : -8
____________ ST R U
| |
sin p ~S - s | c
_____ | | 4
T "r—“"_“___l _____ — T T
OVR Set | Set | Clear | clear
IS - 4]
1y 0 01 0 l 0.1
1 1
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RC 0 -02
243 - 2B -
0t 0000
01
0
0
02
0+ 0 00 0.
LN
C0s + SIN
o+
ENTRY = 33 T 00
3.0
33 722
32 60
1
oXL:
3.3t 6 62
2
35 101
32 608
3
3 6 (3
5.3 6 10
4
6 621
6 5 00
5
4.0 4 02
5.4 6 00
[
5 621
5,0 6 01 4
T
3.6t 4 66

LTD

R 243

Sheet 2 of 3

a - order partial cue

b - order partial cue

% to 7

p+%toB; OVRset ifp >+%
p -%to6 OWRset ifp <-%
2 - % modulo 2

Jump if P < -Rord > thor K% <$p <Y
Add 0.1 to 1,

Change sign bit of 6

£ tob

& to 5.3

£% to 6

£2to 5

Set 4¢ =5

a,to6

Form P(£%) = a, + afl+a st +altins
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Sheet 3 of 3
1+
5.3 621 £ P(£?) to 6
4.0
@ 5 51 % (£%) to 5
32 5 01 B(£H -1.0to 5
1
5 6 26 -1t to7
T 4 02 t to 4
2
@ 7 51 - %t to 7
4 721
3 -W(t? t 1) to 6
33 6 03
6 4 26
4 -5 = - 2—2t— to 7 and 5
7 500 (t*+ 1
______ 2t* to 6
. 4 521 - ;2_4‘1 0
4.6% 6 61
———————— If C(6) = 0 replace it by ~27°% to avoid OVR
@ 6 42
| 32 3 S A=t
—___6_0___ c = —r to 6
5 7 02 sto"
7
6 6101 c to6or T
o+
5 5101 sto5or 6
5.0
5.2 0 64
——6— _6_0_2__ Negate $ and ¢ if OVR set
) (i.e. if original angle is 2 ¥ or < %)
T 702
@ 1 52 Set Computing Store Link modifier
2
0 0601 Obey LINK
3 +0 } Overwritten by &
4 [[=3585500 =a, =-0. 00001304397
5 |[-144697583 za, = =0, 00052640674
6 ([-9581836739 =a, = -0.03485851898
7 |[t215888603285 = a, = +0.78539816344

L
@ FERRANTI LTD 1960
London Computer Centre, Kot to be reproduced in whole or Issue 2
21, Portland Place, in part without the prior writien 9th August, 1960.

LONDON, W.1. permission of Ferranti L[id. D.R. W.F.M.P.
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R 251
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FLOATING-POINT ARCTAN

An accurate series ecamnot be obtained for arctan (#/¢) over the full range of
-®og p/g £ o It is possible, however, to evaluate arctan for some reduced range
of #/q and then transform the result to the required value.

R 251 uses the following rules to reduce its operand to the range
- tan 77/12 € x < tan 7/12,

The original range is

(iy Ifp >0, arctan (p/g) = - arctan (- p/q).

If p > 0 the routine negates p and sets a marker to indicate that the
arctan then obtained must be negated. p <€ 0 throughout.

(ii) If ¢ <0 and $ €0, arctan ($/9) = — 7 — arctan (p/~ §).

The routine makes g > 0 and sets & marker to show that the resulting
arctan must be transformed.

The range is then - @ < p/q < 0.
(iii) Ifp €0, ¢ >0, arctan (b/9) = - 7m/2 - arctan (9/P).

If I',b| > |q|, the routine interchanges p and q¢ and sets a marker to
indicate that the above transformation must be made to the result. The
range is then — 1.0 £'x £ 0.

(iv) If x(= tan &) is less than — tan (77/12) the routine forms a new variable
X using the formula

x + tan 7/6
1 - x tan 77/6

A = tan (@ +7/6)
x + 143
1 - xV3

and sets a marker to indicate that it must later subtract 77/6 from the
tan~! X thus obtained to give &.

The range of the operand is then
-tan /12 & X <€ tan m/12.

Six terms of a Chebycheff expansion are used to evaluate tan™' X in this range
and the appropriate t;'a.nsformations are then made to form tan'l(P/ q).



01

02

03

04
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RO 0-04

251. - 28 -

251 - 02 -

R4 2-01
251 - 02 -

R5 T-01

251 - 08 -

,

Tags calling for parameters

Title of optional parameter list

R 251

Sheet 2 of 6
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The operands are in packed floating-point form,

2

0+

0.0

3.7 1M '7\

7.9 7773/

to 3t.6t

S

7T 301

1.5+ 5 61

0.6+ 3 62

———_—— —— =]

4,29 g = B.2b

R 251

Sheet 3 of 6

+ P.P.01 = -1 (f.p.) }Overwritten by A.2%

+2 x P.P.01 = -2", 2738

+1to7

[Entry for arctan ()]

g = B.2% to 5 [Entry for arctan (#/q)]

Bto"

bto5s

p = A.2% to 0.0
dtos

a to 0.0

(a ~b) to 5

Set marker; 4, =0, 4, = 12

Jump if » <0

4,, = 0.1 as marker to indicate p >0

- |4]

Jump if ¢ >0
} Set marker for ¢ < 0;

+ |8

Jump if @ < b ( 1.e. |p| < g
- |A| to 3

|B| - |A| to 3

It > laby

Jump if a > b (i.e.

Jump if |B| 2 IA] and @ = b (i.e.

(b -a) toe 5

Set OVR if interchange
4; =1

+ |8

set QR for ¢ <O

#] < lab



from 1+.7+
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3+

-6660229215

+17499210016

—29165451385

[

6

from 1+.3 +
Tﬁ.s——’Q>0' 6+ 760

- 4]
LOOP STOP if p = ¢ = 0
A/2

A/2B to PO

Normalize

4/8

(~la - b|l +2) to 5,
(4/B) to 0.6

(-la - b] +2) too0.7
la - b] ~2

la - b| - 39

Jump if |a - b] 239

5, = la- bl -39

Form fited point x between -1.0 and 0

x to 5

R 251

Sheet 4 of 6

Overwritten by

Overwritten by
(la - b +2)




from 6+ 7t

1.0
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2+

+73653313182

7.6t 6 01 5

1.4 5 66
0.6 6 21

0.7 500

to 4t.4%

to 4+.4

0.4+ 4 67

0.4 0 60

1
T o7
x t tan (77/12)

Jump if x < - tan (7/12)

x+ 11 JE
Form £ = (/73 in 5
1 - (x/V3)

Set OVR (as marker)

4, =+

Jump if x* » ~ tan 7/12

Replace x by X in 0.6
Exponent of X = 2 to 0.7

x2 (or %) to 6
to 1.0
Set 5p =3

First coefficient of series to 6

Sum Chebycheff series tc form

1 1
7 arctan x {or — arctan X)

Expconent to 5

Jump if x 2 — tan (71/12)

R 251

Sheet 5 of 6




from 7+.7t
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+215888603272

0.0 6 03

from T+ 7

London Computer Centre,

21, Portland Place,
LONDON, W.1.

=1/86

+2 x P.P.O1l = - 2", 2798
+P,P.01 = ~ 21, g7%8
=7/4

1 -1 1
= arctan x 5 arctan X - 8

Jump if |p| > gl

l-arctan L=_1_ l-arctan -
T q 2w P
Shift marker

Jump if g 20

1 P _

= arctan il 1.0 - = arctan
Jump if arctan (»/q) =0

Multiply by 77/4 to form 1

Normalize

If p <0, 44
Ifp >0, 4

Re-normalize

Round

Re-normalize

Pack result in
form

Set result zero

Plant LINK

Optional P.P.01
where n

© FERRANTI LTD 1960

Kot to be reproduced in whole or
in part without the prior writlen
permission of Ferranii Lid.

4

0, No effect

R 251

wta

Sheet 6 of 6

arctan (p/q)

2, arctan (p/q) =-arctan (—=b/q)

6 in standard floating-point

if floating-point underflow

—oft=1 5=38
9

o

Issue 1
4th August,
B.C,

Overwritten
by LINK

19¢
J. A,
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GAUSSIAN QUADRATURE
This subroutine evaluates the integral

X+h

Ffix) dx

X=h

LTD
PROGRAMME

where |h| < 1. This integral may be expressed + in the form

+h

n
fooy dx = D g,

X-h

where the /. are the weights of the Gaussian quadrature formula and

r=1

b = %{f(X + At + F(X - htr)}

where the t, are the roots of the Legendre polynomials, F,(x).

R 300

Sheet 1 of 6

In this subroutine, the roots and weights are stored as positive integers to

preserve greater accuracy.

t "Numerical Analysis”(Chaﬁter VII) ~ Zdenek Kotal (Chapman and Hall, Lomdon, 1955).

e = e - ———

01

GAUSS. QUAD.

R1 5-02

300 - 02 -

call for P,P.02
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2+ [1]72

@650

0.5+ 0 64

1+ [o]72

0.7 060

2+ [1]72 4
0.0 060

Overwritten by

X+h

f(x) dx

Preserve Accumulators in BO

k to 3

Clear 2

Becomes (:D 4 40. Set by Interlude

Read first block of roots and welghts
hlg )i} = J[X4h dx to 6
2h2, rr = jan fx) o

LOOP STOP on QVR

Restore Accumulators

X+h
_[ Ff(x) dx to 6
X—h

Plant LINK and exit

R 300

Sheet 2 of 6

Bty = A+ ht,) + 7 - b} to 6

2 (A, to 2

Step modifier in 4

Read next block of roots and weights

Count n' points

B 5 Hg tos

rai

hty (rounded) to 6

Set LINK for return from Auxilisary

+P.P.02 = Cue to Auxiliary

LINK for return from Auxiliary

Read roots and weights
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Sheet 3 of 6
INTERLUDE
T 6+.0
6+
from Assembly
after last 1ist 7| 35 5 00
0.0
0.1+ 0 60
from Assembly
0 35 00 Clear 5
1
L—> 0.5 1 10 Set LINK for return to Assembly in 0.5
0.6 2 00
. 2
1.0 2 63 Jump if required list not yet found
from 9+.7+ 1 T TTT T
0.4 5 61 Jump if last list
3 .
0.7 200 (7+.0, 0) to 2
from &+,7+ | |  Jp-=--—----
or 105.5 > 5.7 210 Plant new T.A. in 5.7,
4
0.5 100 Replace LINK in 1
to Assembly 5 + 0 Overwritten by LINK for return to Assembly
] - 1.0 Overwritten by new T.A.
T+ =000,
0 = (7+.0, 0
0 ( }
T+
? 33 4 00
1.0 511.0 to 4y
34 4 03
[ 5]70 4 Index Address to 1
1
[1oj701 Index word to 1
1 200 Index word to 2
2
@2
C 1.3 2 60 LOOP STOP if no parameter list
3
__3:_:_3__4_02___ Collating mask for last
35 4 02 12 bits of modifier
4
1 52
4 105 Form parameter list address in 1, and 2,
5 .
1 200
[0 1
8 1st word of parameter list to 1 and 3
1 3 00
0.7 T 00 7+.0 to T,
7
3 [dn27 Read BIO+ to U4




to 10+.1
Al
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from 10+,3

Yo 6+.3

8+
4,1 1862
145
1 s
3 100
(35 2o |
35 2 01
T3 301 |
o [A]722
~—> 1.0 6002
4.0 610 3
(2.6 266 |
0 [f7z 2
2.7+ 366 |
0+ [4]73 3
1+ @72 3]
2.4 3 67
9+
1+ [4]73 3
3 [dm271
(34 301 |
4.0 301
(3 200
> 1 300

—— — — e = =

Br 6+.4

0.3 06035

R 300

INTERLUDE {continued)

Sheet 4 of 6

Jump if a 6, 8, 10, 12 or 16 point formula

+1 to 1 if = odd;

n' = (n+ 1) to 3 if n odd;

n! to 1

0 to 1 if n even

Form address of 3rd parameter in 2

(8, n’) to 3

nf=nto3 ifn

even

Read first block containing roots and weights

Copy roots and weights from
parameter list into B2+ onwards

Write last block of roots and weights

Read B10+ to U4

(24,0 + n') to 2,

n' to 3

1 to & if n’ odd;

n' to 3

0 to 1l if n' even

Read order-pair in 04,2 to 1

Add n’ into ¥ position of b-order

Restore adjusted order-pair in 0+,2

New T.A, to 1

0+.0 to Tp

Plant new T.A. in 6+.6



from 8+.0
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10 9+.2+

‘to 6+.4

~

1.3+ 7 60

16 17 10

59 [3]72 1
3.1 060

39 000

3.4+ 6 67 6

R 300

Sheet 5 of 6

INTERLUDE (continued)

= (0+.0, O

Transfer Address to 2
Reduce T.A. by 0.1

Read last word of list to 1

Test list of roots and weights
and jump if required

Set T.A. for next list as 2+.0

Jump if list rejected, unless last list
Read Bll+ to Ul

n! to 1

n! to 7

+10 to 6,

Arrange to print n'

Printing constant to 5

Print CRLF * 300 Sp + n

Plant T.A. in 5.7y

LINK to 1

STOP

Self modified LINK for return
to Initial Orders input

Constant for printing if no
parameter list supplied



LISTS OF ROOTS AND WEIGHTS

J560. 0+ ~ 6+.1

FERRANTI LTD
PEGASUS LIBRARY PROGRAMME

J560. 0+ - 6+.1

+256315268353 +269809332680
+47093317874 +12967457725
+181751852204 +248521859063
+99165386105 429395258100
+65591142427 +211629235633
+128619202965 +44001995897
+6 +161440729985
+55846237017
J560. 0+ = 6+.1 +101108752553
+263962465814 +64181939731
+27825488178 +34423897211
+218986013844 168485018474
161127633295 +12
+144457248869
186231026213 J560.0+ - 6+.1
+50422130590 +271964458139
+99693759258 +7463611212
18 +259642805294
+17112118360
J560.0+ — 6+.1 +237942893098
+267705388118 +26156972519
+18326479577 +207643982665
+237786807609 +34257750763
+41080874044 +169840528812
+186754680092 +41120632293
+60222000768 +1258958693188
+119130818817 +46497389997
+74015472214 +77406594626
+40922266697 150153644529
+81233080341 +26116839838
+10 +52075787271
+16

J560,0+ — 6+.0

R 300

Sheet 6 of 6

(T) FERRANTI LTD 1958
Kot to be reproduced in whole or
in part without the prior written
permission of Perranti Lid.

Ferranti Ltd., London Computer Centre, 21, Portland Place, LONDON W.1,

Issue 2 B.C. G.E.F. 9th June, 1958
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R 320

Sheet 1 of 2

LINEAR INTERPOLATION

Nethod

See Section 5 of the Library Specification.

01

02

03

RG 0-03

LN
LINEAR INTERPOLATION

R2 6-02
Title of optional parameter list
320 - 06 -
RO 0-01
Call for P.P.0O1
320 - 02 -
R1 4-02
Call for P.P.02
320 -~ 02 -
o+
0.0 +0 } + P,P.01 = Address B.P..of index
Coz )————{ 0.0 700 (B.P, 0) to T
1
['——— 0.3 0 60
7 52 Table number, g, to 7,
2
0.0 701 (B.P + g) = address of qth word in index to 7,
0 727 Block containing index to Ul
3
1.0 7007 Address of table to 7
e —— o —— ]
0o W72 7 1st block of table to Ul
4
1.7 710 Address of table to 1.%
6 7 00
5 x to P
¢ 600
1.2 703 ( to B
8 x - x.3 to
6 023 °
1+[0] 72
T
tg 1+.0 0.0 0 60




Issue 2

FERRANTI
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Ferranti Ltd., London Computer Centre, 21, Portland Place, LONDON, W.1.

e - e = = — — —]

0 60

L

Copyright Reserved

LTD '
R 320
PROGRAMME
Sheet 2 of 2
X - x
r = “—7;—9 to 5and 7; (x ~ xp) to 6

\ Jump to P,P.02 1f x is out

of range

(r = m)
(r-m+ 1)
+ P.P.02

(May be loopstop or cue to

extrapoelation routine)

(A+r+ 4) to Spye (Address of f(xr»

bx =

=X o T
h

-~ 3x to 0.0
Overwritten by - 8x

8x to 0.1
Clear 7
Table contai

f(x) to 6

Overwritten by Sx

ning f(xr) to U1

Bring down next block of table if necessary

(1 - 82) f(x

Flxp, g to 5

») to 6

(1 - 8x) fzn) +8x f(xp4q) = f(x) to 6

Plant LINK

Optional P.P
Overwritten

.01 =
by LINK

(2.0, 0)

Optional P.P.02 LOOP STOP if x out of range

D. M.

2nd July, 1857.
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POLYNOMIAL INTERPOLATION

Method: See Section 6 of the Library Specification,

01

03

RO 0-03

o+ 0 12

0.1 060

o o o - — -

o+ [0 72

0.2+ 0 60

POLYNOMIAL INTERPOLATION

RO 0-01

b = = = - ————

0 [2]72 7

AR R ——

Call for P.P.01

Call for P.P.02

Entry

+ P.P.01 = Address B.P of index

Table number, g, to 7m

R 321

Sheet 1 of 4

T, = B.P + ¢ (Address of gth word in index)

Tm,z B.P

Read address of table (4, n) from the index

Preserve accumulators

Read first block of table to U2

4, m
x to 7
X -x



o 1+.0

At

1.0

FERRANTI
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Issue 2

01

02

Check that x is within range

R 321

Sheet 2 of 4

cue to extrapolation routine

x ~xg to PQ
XX,
r = to 3, XX, to 6
Jump if r 2 0
+P.P.O2 = LOOP STOF or
r—m
Jump if r 2m
r-m+1
Jump if x = X,
Junp If r =m - 1
X=X, to 5
(4, n)
n
N=n

Form n’/, where n’ = number of points to be
used for interpolation

A,
Jump if ¥ < n

n) to 2

n to 2.0

n’ =min (n, ¥y to 6

n!

n! -9

LOOP STOP if n' > 8

n' -2

LOOP STOP if n' £ 1

Ln'-2) to 6 {

r - ;(n'-z) to

If n’/ even X
If n! odd X

6

Optional Parameter List

(Punched after

Title

Block 6+)

= Address B.P of index

LOOP STOP in 1.2 if given x is out

of range
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R 321

Sheet 3 of 4

Form s § = 0ifs, <0
s = mn!if s, > mn'
§ = s; otherwise
s, = r-3@'-1 +8
5 = 1ifn is odd and x-x, > A
& = 0 otherwise,
1+
from 6+.7+ . 2+ 7
-0-.-?—- 0.3+ 7 60 Jump if n'! is even
—_-5-;-05‘“ X%,
: 2.3 703 x-xr-h
T e ] aweepo
0.3+ 7 62 Jump 1f x-x, >
u*"@?;s__ s, =r = 3n'-1)
—— 1.0 6 63 Jump if s, < 0, leaving s = 0.
I 2._1 “1—53__ (m-n'y to 2.1
! 2.1 700 (m-n'y to 7
___6_';63—_ (m-n’-sl) to 7
: 0.6+ 7 62 Jump if s, £ m-n'’
21 600 s = men’
’ 6 3 03 -5
. ——3_5- _6_2_0—— 'Im = s
no201 (As, n) to 2
2+
= 2.3 4 00 h
1.0
1 700 n’
B —0—@—7; ;- Read block of table to UO
M 0.0 6002| )
(2.0 6107
2 1.3+ 2 66 ' Transfer fsﬂ« to 2.1, 1 =0, 1,...,7
0 [z 2|
s 1.1+ 7 66 )
HOY n'-1
,-—*;- 1 420 (n'-1)h
i@ |
’ 35 2 00 2m =1
4o 3+.0 0.0 660 Jump if (n'-1)k is single length
’ 4 51 h
2 @ 5 51 Fx-x)
| 1.4+ 0 60
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Sheet 4 of 4
Inner Loop: Neville’ s Iteration Process
3+
from 2+.6
= 0.0 010 Clear shift marker 0.0 is used to store
4+72 shift marker
. 3 420 h(r-s) to 1 0.1 is used to store
7 5 01 x-x_ to 5 ¥Xg
2 0.1 510 x-xo to 0.1 0.2 is used to store
0.2 010 (t + 1)h
——————e 1 3 00 (n'-1-t) to 3
3
0.1 5 00 x-xs to 5
0.2 411 (t + 1Yk to 0.2
4
—» 2.0 6023 -f{E) to 6
o1 & oL 3l (ty . #(E)
. 2.1 6013 Terier = Foui
()~ AN x- )
| _5_ f _22 ] (fs+i+1 fs+1')(x xsn)
)Y _ N e
|0z 8 (J‘SH-+1 fsﬂ-)(x x_ i)/ (1A
(E+1)
| 20 7013 Tsai
— 1.3 0 64 Jump 1f OVR clear.
7
0 6 00
4+
= 2.0 7006
1.0
o
- =l — - — — Halve all the values of f in U2
2.0 710 86
1
1.0 6 66
0.0 211 Add 1 to the shift marker
2
e 0.4+ 0 60
(t+1) :
; 2.0 7103 fs+£ to 2.1
35 301 Add 1 to i
. 4 503 (x'xsﬂﬂ) to 5
0.4+ 3 67 Count on 1
0.3 1 67 Count on t
]
0 T2 Restore accumulators
_________ !
2.0 6 00 £ 4o 6
6 s
0.0 700 Shift mrker to 7
@6 50 7 Answer, f(x), to 6
"
2.0 110 Plant LINK and obey it in 2.0

Ferranti Ltd., London Computer Centre, 21, Portland Place, LONDON, W.1.

Issue 2 Copyright Reserved D. M. 24th September, 1957




TWO WAY LINEAR INTERPOLATION

Method

FERRANTI
PEGASUS LIBRARY PROGRAMME

LTD

See Section 5 of the Library Specification,

01

02

03

from 1+,6+

RO G-03

322 - 28 -

0+ [0] 72
0.1+ 0 60

0+ [0] 72

0.3+ 0 60

LN

TWO WAY LINEAR INTERPOLATION

RO 0-01

07252

1+ 72_\

0.0 110
0.1 610

Call for P.P.01

Call for P.P.02

+ P.P.01

k to 5,
B.P +k
Index to Ul
A to 5y

Table to U2

Plant LINK in 0.0
x to 0.1

y to 0.2

Put 6 in lP

xorytof

X=Xy OT Y=y, 10 7

R 322

Sheet 1 of 3

Overwritten hy LINK

Overwritten by x

Overwritten by y

Overwritten by my

N

Overwritten by (a~xp)/hy

Overwritten by (y—ysz/hy

Overwritten by loop marker

}
|
:
o
:
}
}




to O+. 6+

FERRANTI LTD
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1+

6 023

2,0 6 24 1

to 24.2+

from 2+.7+

PR ——

(1) =%, to PQ

(1) r to 7, x-x, to 6

(1) r to 0.3

Jump if r, 82 0

R 322

Sheet 2 of 3

(2) y=¥, to PQ
(2y s to T, yy;, to 6

(2) s to 0.4

+ P.P.02 ; cue to extrapolation routine

(1) Tty (2) s—my
(1) rem, +1 (2) s-my + 1
Jump 1f x = x. ory = Yg

(1) (x-2,)/h, to 0.5

2) (=y5)/hy to 0.8

Jump if first time round lcop

Indicate second time round loop

f(xp y) to 0.4

= (v )y

{1 - (y—ys)/:y fxy ¥g)

flx; ¥suy)
fxy 1)

Jump if first time round loop

flx ., ¥ tob
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Sheet 3 of 3
2+
from 3+.7+ » 0.5 602 ~ (xx)/hy to 6
2.0
0.4 6 20
__________ {1 - (x—-xr)/hx}f(xr )
0.4 601
1
0.5 5 22 flxy) to 8
0.0 0 860 Jump to obey the LINK
2
from 1+.7+
to 5% _?:?__?—QP__‘ r to 7
34 501 Aoo te 5,
1.3
2,3 720 My rtof®
0.4 701 my r+ s to Te
4
36 7 20 my r+ s to TM
T 501 Ars to 5,
3
2.3 700 my, to 7,
35 7 20 my o T,
[:]
0.3 710 my to 0.3,
3+(1| 72
7
+.
EP 8.1 1.1 0 60
Optional Parameter List
{Punched after Block 3+)
RO 0 -02
Title
322 - 08 -
2 -0 0
P.P,01
0
1.2 0 60
P.P.02
0

Ferranti Ltd., London Computer Centre, 21, Portland Place, LONDON, W.1,

Issue 1 Copyright Reserved D. M. 31st July, 1957.
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TW0 WAY POLYNOMIAL INTERPOLATION
Method

See Section 6 of the Library Specification.

RO 0-03
323 - 28 -
e = = ==
o+[0] 72
01
0.2+ 0 60
L
o+ [0] 72
02
0.2 0 60
ot [0] 72
03
0.4+ 0 60
LN
2 WAY POL. INT
RO 0-02
Call for P.P.02
323 - 02 -
RO 1-01
Call for P.P.01
323 - 02 -
0...
0.0 +0 + P.P,02 Extrapolation Cue
1 +0 + P.P.01 Address of Index
0 500
2
5 52 Table number k, to 5,
0.1 5 0L 5, = B.P+k
3
o [f)ms Read Index to Ul
1.0 5005 Address of Table to 5m
. :
0 [@173 Write Accumulators to BO
0 [3]72 5 Read 1st Block of Table to U3
5
1+[1] 72
0.1 610 x to 0.1
8
5 300 (A, n) to 3
(127) 3 45 n to 3,
7
3.0 303 n-N

R 323

Sheet 1 of 5




AS
¥
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1+

3 3063

to 0+.0

to 0+.0

tp 6+.0
%

T ——

7.7+ 4 00 2

7.3+ 0 10 2

7+ (2] 72
1.0 0 60

R 323

Sheet 2 of 5

Form n' = number of poinis to be used for

interpolation

n-Nifn<N;

0ifnzN

n'=min (N, n) to 3

r’ to 1

n’ -9

STOP if n' > 8
n’ -2

STOP if nf < 2
6 to 2P

¥ to O.é

(1) x to 7

(1) xAxO

(1) (z-z)/h,
(1) Ty te 0.3

(2) ¥ to 7

(2) y-¥,

2 =yp)/fhy
(2> ry to 0.4

Check that x is within range

Extrapolate if r < 0

r-nm

Extrapolate if r > m

r-m+1

MMpif(pmr)or(rﬁQ = 0

Extrapolate if r=m

(1) x—x, to 0.5

nt -2

% (n'-2) to 6; 0 to 7 if n’ even

r -.:. (n'-2)

(1) X=X, to 4

(2) y-y, to 0.6

(2) y-y,. to 4

Set s initially zero




Form s, where

where

from 2+, 7+

(2]
"

@
It

in
IR |

PEGASUS LIBRARY PROGRAMME

0 if s

01t s, <0

if s, >m- n'
s, otherwisé.

— 1,1
8, = r-sn’ -1

1 if n is odd and

6+

4+.0

ks

- = am — — = — =

2.4 7042

6 703
1.5+ 7 62

7.5+ 6 13 2
3.0 3202

3.0 4002
7.7+ 7T 00 2

—— e — =

1+ 1] 72
1.4+ 0 60

Jump if n' even

(1) x—xp—hy

(1) 2(z~x;)-hy
Jump if x-x, > % hy

st =

0 otherwise.

(2) y~yr-hy

(2) 20y-yp)-hy

' y‘yr>%hy

r-2@m -1

Jump if sf < 0, leaving s zero

nt
m - n'

m-n'-s'

Jump if m > n’ + s’
m - n'

(1) s, to 0.1

(1) ry = sy to 0.3
(1) n'h,

(1) hy

(1) x~x, to 7

(2) Sy to 0.2

(2) ry=Sy to 0.4

(2) n'h
(2) hy
(2) y=yp to 7

Jump if n'h is single length

(1) 3 h,

(1) 3 (2-%p)

(1) h, to 0.5

(1) x=x, + (r=s)h
(1) x-xg to 0.3
Jump to form y-yg
Moy to 2

MySy

mysx + Sy

(Ag . — 1.0) to 5,

SxSy

Return to Bl+ to form Sys Y=¥s etc.

() 7 hy

(2) & (r-rp)

(2) hy to 0.8

L

Sheet 3 of 5

(2) y-yp + (r-s)h

(2) y-ys to 0.4



Outer Loop

-from &+.7

+
&=

from T+.6+

1.0

b — — o —_

3.0 1106

~—— [ 5+ 0]71 6

2.6+ 0 60

8+.0

8

e

01

02

Sheet 4 of 5

Stage Modifier to 6

Count n'

Jump to interpolate in x

Answer to 3.0

Restore Accumulators

Answer to 6

Plant LINK

(. 1) to 3 Overwritten by LINK
flxg,, ¥) to 3.n

f(xs+i y) to 5+.1
Add m,, to form address of f(xg,;,,¥,)

Increase Stage Modifier

my to 0.0m

7
n?’ to Gc

(0.1, n') to 3

(Stage Modifier, n') to 0.7
Table Address to 0.1

Transfer n' consecutive values from Table
to U3 ‘

¢
n’ to 2c

’
n’ -1 to 2c

Optional Parameter List
(Punched after Block 4+)
Title

= (2.0, 0) Address of the index

LOOP STOP



Inner loop: Neville's Iteration Process

i.0

T

(:jf 2.7+ 0 80

Perranti I.td,, London Computer Centre,

Issue 1

———— 3,0 T 101

FERRANTI LTD

PEGASUS LIBRARY PROGRAMME

8+

2D 2 45

0 4 00

0.2 010

0.3 5003

0.5 4 0613

1.3+ 0 60

35 101

L

Copyright Reserved

(0, n' = 1) to 2

Make Shift Marker zero

n! -1 -1t

Y- Ygorx-xg to b

{(t + 1Yh
(t)
T s
(t) (t)
Zsti+t TYY
(t) (t)
(Zgpisg =2y YAy ey

8

R 323

Sheet 5 of 5

(t) (t)
T R ys+ib/(t t DA

(t+1)
s+1

Jump unless OVR set

Halve all values of z in U3

Add 1 to Shift Marker

(t+1)
s+i

Y = Ygpieqg OF % -
Count on 1
Count on t

Interpolate z to 1

Shift Marker to 7

Shift up 2z if necessary

Step 1 | 2| > 1.0

DM,

X .
Ssti+l

21, Portland Place, LONDON, W.1.
15th August,

1957,




FERRANTI LTD

PEGASUS LIBRARY PROGRAMME

POLYNOMIAL INTERPOLATION (UNEQUAL INTERVALS)

R 327

Sheet 1 of 5

This subroutine estimates the value of y = f(x), for given x, by interpolating

in a table of values of Ff(x) given at values of x which are not necessarily

equidistant.

The method used is Neville's iterative process which is described in Section 6
of the Pegasus Library Specification of R 327.

01

02

POLYNOMIAL INTERPOLATION (UNEQUAI. INTERVALS) MK 3

RO 0-01
327 - 02 -

R4 7-02

327 - 02 -

Call for P.P.0O1

Call for P.P.02




to 7+.0

FERRANTI LTD

PEGASUS LIBRARY PROGRAMME

0t

sheet 4)

from 7+.0+
or (+,2
(sheet 4)

®0®

Entry

+ P.P.01 = (B.P, 0)

g to T,

Address of gth entry in index to 7,

Tn = Aq (address of gth table);

R 327

Sheet 2 of 5

Te = nq (no. of points for interpolation}

Store Accumulators

1st block of table to U3

m to 5; (m = no. of values tabulated)

Ty =4 +3

2m=Aq+3 = A(x )
Tn =4 tm+3=Ay,)

Form n', where n' = number of points to be

used for interpolation

Ntolc
nto'?c
N -n) to 7,
Jump if ¥ <n

Replace ¥ in 1. by n
Store n’ in 1.0
Store m in 1.1

n' -9

LOOP STOP if n' 2 9
n' -2

LOOP STOP if n’ < 2

n'+1t01c

} Overwritten by n'

} Overwritten by m




from 2+, 4+
(sheet 4]

FERRANTI LTD

PEGASUS LIBRARY PROGRAMME

3+

@ 651
0 [0]72 2
2 400 |

to 2+.0
Zsheet 4)

Check that x is within range

x/2 to 6

Block containing x, to Uo

n = Alxg)
xl- to 7

(x;/2) to 7

x/2) - (x'-/2) to 7

Jump if x <"i

Step modifier in 4

Read new block of x where necessary

Count on m

Jump if x > x,_, (out of range)

i = Ax) - A(xo) to 4

Jump if x < x, (out of range)

1 -1 to 4

Jump if 1 2 r

Set s =0 if i <r

Form s

m-1 —-nto 5.
m-—i-n+rtos5;

Jump if 1 —-r<m-n

Set s=m-nifi=-r>m-n

2y = Alxg)
8y = Alys)
n! to 1

Set marker for transfer;

n' to 5

4, = -0.1

Block containing y, {or xg) to UD

routine if out of range

R 327

Sheet 3 of 5

+ P.P.02 { Loop stop or cue to extrapolation




FERRANTI LTD

PEGASUS LIBRARY PROGRAMME

a2+
from 4+.6+ 0.0 7003
(sheet 3) 1.0
| —— 1.5 460
2.0 7105

to 4t+. 5+
{sheet 3

1.1+ 0 60

—= 5+ [0] 72

to 5+.0
Tﬁheet 5 0.0 1 67
T+
from 0+, 7t
7T 300
(sheet 2) 0.0
1.0 1 63
2 300
(sheet 2) 7 200
1.0 4 66
2
1]
RO 0 -02
327 - 06 -
2 =-000
0.3
0
3.7 0 60
0.4
0

Xs+i (Ygeq) TOT
Jump if x
Ygei tO 2.1

Step modifier in 3

R 327

Sheet 4 of 5

Next- block containing y¢ (or x¢) to U0

Step 5,

Count on n'

Jump and set shift unit second time

A(xg) to 3

Jump to read y¢

1/2(x8+1- - x) to 31

Jump and set (n’ — 1) in 1

3m:Aq+m+3=A(yo)

Jump if not inverse interpolation

Interchange addresses of x, and y, for

inverse interpolation

4m = 0.1 for inverse interpolation

Title of Optional Parameter List

Optional P,P.01

Optional P.P.02

Address of Index
B.P =20

LOOP STOP if
out of range




Inner Loop:

from 2+, 7+

FERRANTI

LTD

PEGASUS LIBRARY PROGRAMME

Neville’ s Iteration Process

London Computer Centre,
21, Portland Place,
LONDON, W.1.

5t

»{{0.0 010
0.0

&6‘1' 3] 72

¢ 300

——m»= 3.0 602 3

2.1 6203

3.1 5002

2.0 5223

2.0 6105

0.6 b5 66

Set initial shift marker

R 327

Sheet 5 of 5

Overwritten by

in 0.0 shift marker
Set 3, =0
y

Jump if OVR clear

Set 5, =0

Divide each value of y by 2

Add 1 to shift marker in 0.qn

(t+1)

Yeti to 2.1

Step y modifier

Step x modifier

Count on i

Step ¢

Count on ¢

Restore Accumulators

ygnr'i) to 6

Shift marker to 7

Scale up yé”"l) if necessary
Jump if LINK is a go order-pair

Plant LINK negatively otherwise

} Overwritten by LINK

© FERRANII LTD 1960

Kot to be reproduced in whole or
in pari without the prior written
permission of Ferranti Lid.

Isstue 1

G.H.L. B.

3rd August,

1960,
D. M.




DETERNINATION OF THE ZERO OF A

Method

FERRANTI LTD

PEGASUS LIBRARY PROGRAMME

FUNCTION

See Section 4 of the Library Specification.

01

RO 0-01

340 - 28 -

P - — ]

3+[0] 72

0.0 0 860

LN
ZERO OF F(x)

<tc: Auxiliary

from Auxiliaryl

(1st time)

from 2+.5+ L

Title of Optional Parameter List
Call for P.P.01

Call for P.P.02

Preserve Accumulators in Bl
x, to 1.4

xp to 1.5

Set LINK 1 for Auxiliary

Preserve Ul
+ P.P,02 = cue to Auxiliary

Restore Ul
Pﬁ to 1.6
Set LINK 2
xp, to 6

Enter Auxiliary

LINK 1 for Auxiliary

R 340

Sheet 1 of 3




from 1+.7

FERRANTI

LTD

PEGASUS LIBRARY PROGRAMME

1.0

b
[
+

=
-3
[+

to 2+.;

Auxiliary

(2nd Time)

Next eycle

from 4+. 0+

23+.6

Start next cycle

+ P,P.O1l = €

LINK 2 for Auxiliary

Optional P.P.O1 = ¢

Optional P,.P.0.2
= ¢ue to Auxiliary

Restore Ul
Fb to 1.7

Fbtoﬁ

2y

- Fﬁ to 5

xcth‘bea

Fb "Fﬁ
X = (xfp ~ beab/(Fb ~Fy) to 7

N to 1.3 and 6

Set LINK 3 for Auxiliary

Enter Auxiliary

LINK 3 for Auxiliary

Not used

R 340

Sheet 2 of 3

Overwritten by EN

*b




Auxiliary

FERRANTI
PEGASUS LIBRARY PROGRAMME

(3rd time)

P
Ngxt cycle

to ¢+.0

Next cycle

o o - -

to 4+.0

0.0 +0

b et — = — —— A

LTD

Restore Ul

Exit if F} = 0
Fb to 5

Fato"i

R 340

Sheet 3 of 3

C(8) < 0 if F& and FC have opposite signs

Restore Accumulators

x, to 6

Plant and obey Main LINK

Next cycle if OVR

Form € - fxc - x

-

b

Next cycle ifﬁlxc - xb| > €

Otherwise EXIT.

Not used

FﬁFb to PQ
F, +‘FE to 1.6

Y
F, +F, J
x’b = X

F’b = {?ﬁ J
or as above
é

X, to

ro
x0T, = %,
A -

F a - F}
*o — %

51gns

EXIT

Overwritten by
Main LINK

g Fﬁ and F} have same sign

. Fand F, have opposite

Ferranti Ltd., London Computer Centre, 21, Portland Place, LONDON, W.1.

Issue 2

Copyright Reserved

A H. AP,

G.E.F.

19th September,

1957,
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R 341
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Sheet 1 of 3

LINEAR INVERSE INTERPOLATION

This subroutine estimates the value of the argument x corresponding to a given
value ¥ = f(x) of a function f(x), tabulated at equal intervals of x.

The subroutine searches through the table, starting at y, = f(xo), until it finds
two adjacent entries such that

Yp €Y € Yray
oF ¥, ¥ Yy

If there are two or more values of r for which one of these conditions is true,
the smaller value of r will be selected. The required value of x is given by

Yrsr = ¥
X = Xppy ~—— h

Yryg = Yy

where 4 is the tabular interval (x;,, - x;).

RO 0-~03

01

02

0.3+ 0 60

LN
LIN. INVERSE INT.

RO 0~01
Call for P.P.01
341 - 02 -
R3 6-02
Call for P.P.02
341 -~ 02 -
R1 6-02
Title of Optional Parameter List
341 - 06 -




FERRANTI LTD
PEGASUS LIBRARY PROGRAMME

0+

o [1]727
C 400
1.4 200 |
6 203
(13 300 |
35 701
1+ @72 |

1+

0.0 6 00

1.1 110

0.5 705

0.2+ 2 63

0.2 085

1.2 2 00

R 341

Sheet 2 of 3

ENTRY

+P.P.01 = Address B.P of index

Clear 7

Table number, g, to Ty

(B.P + g) = address of g™ word in index to Tm
Block containing index to Ul

(4,n) to 7

Store the Accumulators

1st block of table to Ul

Clear 4

Yo :f(x[)) to 2

Yo =¥ to 2
h to 3
7m:A+1

Tm =4 + 2. Unconditional jump
INITIAL SETTINGS

x to 6

Plant LINK and Exit

Clear 7.

If y, <% leave 0 in 4

If y, 2 ¥ set 27%* in ¢

Correct 4 if y; — ¥y has overflowed
xy to 2

m to 1,

Tm =4 + 3. Unconditional jump

Collating Mask

Optional P.P.01; Index address = 2.0

Loop stop if f(x) out

Optional P.P.02; of range of table



FERRANTI LTD

R 341
PEGASUS LIBRARY PROGRAMME
INTERPOLATE
. 2+ Sheet 3 of 3
r——)- 35 7 03 4d+4+7rtoT, ['=A(xy) +7]
. 7 104 r+1 to 1y,
| ;.WGH -5—0;'7__ y - ¥, to 5 unless y, at end of block
: 0.2+ 7 66 Jump unless at end of block, A(er) to T.
s 5 =) to s
’S 1.0 5 017 (Vyey = ¥y) to 5
(10 3207 | (Vpgy = V) h to RQ
3
5 6 25
(o0 Tz ] - Gk ke 0.0
o [1] 72
(15 105 | Clear 1, 1, = (r + 1)
’ 1 320 (r + DA2713 to R
35 222 | xp, 2719 to RO
° 35 6 25 Xpe1 to 7
RS 0 0.0
ko 1.0 ! o [772 Restore Accumulators
3+ SEARCH FOR y,
from 1t.4+ 7 100 (A +3, m tol
“*1 03 416 Change 0.3+to 1.0 5 02 7 if y, 3 y
— 0.3 7166 | Unit modify. T, =4 +3 + i +1
1 1.7 4 00 ¥i -~y to 4 at end of block
—-5_;2—-'-7— Next block of table to Ul
? -0
T 1.0 6137 Yier 7Y If y, > y b-order is
1.0 5007 t(¥isg = ) 1.0 5027
~—1 0.5 065 | Jump if OVR set
~|= : 0.7 5 62 Jump when y lies between y, and y.,,
- — E._I—I-t?;-- Count entries in table (m)
° 35 101 Form (4 + 0.4, 0 in 1 if f(x) outside range
——————————— of table
6 0 P.P, 02 } Tgy e::r}agg?aﬁgﬁ ggu?i]ﬁe
2+ [0]72 ¥y found
\ ! 0.0 060 Enter interpolation sequence.

(c) FermaNTI LTD 1958
¥ot to be reproduced in whole or
in part without the prior written
permission of Ferranti Lid.
Perranti Ltd,, London Computer Centre, 21, Portland Place, LONDON W.1.
Issue 1 D. M. 29th October, 1958.
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R 610

PEGASUS LIBRARY PROGRAMME

Sheet 1 of 3

FLOATING-POINT ARITHMETIC

The subroutine is self-preserving and carries out the operations of addition,
subtraction, multiplication and division, on the packed floating-point numbers
x=4,2% and y = B, 2% leaving the result in X6.

RO 0-02

610 - 28 -

b = = = e

0+ 0 00 O.
01

02
0+ 0 00 O.

EN
FLOATING-POINT ARITHMETIC

3 Calls for P.P.01

Call for P,P,02

Call for P.P.03




to 2+. 1+

FERRANTI

LTD

PEGASUS LIBRARY PROGRAMME

6 4 03

b — = e - —

7 500

3.6 705

7 503

—| 4.2+ 1 863 1

b — o ————

b o = = . — ]

to 2+,0+

R 610

Sheet 2 of 3

Make 1 negative to indicate + or -

Bto7

b+ 2"t

to 5

/

Jump if + or -

b to 5
X or #

+ (P.P.O1) x 2 = =-2.

AB to FQ

28 to 7
A/28 to 6
Set OVR if B =0
1-btob

"Lt kg

a+b+2
Jump if x or +
Change sign of B
a-b to 5

Jump if a 2 b;

n-1 A

b+ 2 to 4

a-bt1+2"

in this case d = a-b 2 0

} UNPACK OPERANDS

g e

Interchange 4 and 8 7 Ifa < b >+ & —
d=b-a>01t05 ;
+ P.P.02; d=-(37-n) to 5

Jump if d 2 (37~-m)




FERRANTI LTD
\ R 610 I
PEGASUS LIBRARY PROGRAMME

Sheet 3 of 3
* b =min (d, 37-n) 2 O
2+
@ 5 50 d-(37-n) to 5,,
from 1+.7+ 5.0
- > @7 51 5. + P.P,03 Shift argument down k* places ;+&—
7T 601 Add arguments
1
from 1+, 2+ - .
——» 5.7 6 60 Jump if argument = 0
4 56 Normalize
2
3.5 6 03 Round argument
________ L NORMALIZE AND
. (::)4 56 Re-normalize PACK RESULT
— 5.6+ 4 63 Jump if underflow
3.6 6 05
4 Pack result in 6
4 6 01 ]
3.6 4 05
5 Jump if no overflow
5.7 4 60
32 002 Set OVR if overflow
8
L—* 0 6 00 Set result = 0
@
7 EXIT
0 06601
3+ Optional Parameter-list
RO 0 -03
Title
610 - 06 -
01 -256 =g 2%
- - - - - — —
28 000 (37-n)
02 , n =9
0
0
03
28 0 00 (37-n) ]
L

Ferranti Ltd., London Computer Centre, 21, Portland Place, LONDON, W.1.

Issue 2 Copyright Reserved G.E.F. 16th July, 1957.



FERRANTI LTD
PEGASUS LIBRARY PROGRAMME

R 611

Sheet 1 of 2
FLOATING-POINT SQUARE ROOT

Method

This subroutine evaluates F’(6) = vF(6) where F(6) = x = A.2% is the standard
floating-point number held in Xg.

If we put A 4 and a’/ = a for a even

and A

)
then vx = vAT.27% .

24 and a' = a-1 for & odd,

An iterative Newton-Raphson process is used to find y = v4’,
Ar
Ypsy = Yy *'d, Where d, = %(y— - yﬂ)
. n

with y, = 34'+3

_I= §
The process terminates when dﬂ 2> 0. yn.z""JL is then taken to be the answer and is
left in standard floating-point form in X6. There is no need.to test for floating-
point overflow or underflow since the answer is always nearer to one than the operand.

RO 0-01

01

? Calls for P,P.01

e — o ————— ]

h

=1

[
1

=]

5
1




FERRANTI
PEGASUS LIBRARY PROGRAMME

b e o —

Ferranti Ltd., London Computer Centre, 21, Portland Place, LONDON, W.1.
Copyright Reserved

Issue 2

LTD

x to b

x to "

If @ even, 0 to T;

LOOP STOP if x < 0

4 tos

g +2(7°1) to 5

Jump if @ even

R 611

Sheet 2 of 2

if @ odd 2°%% to 7

@ -1y +2M1) to5

24 to 6

a’ + 2.2(71) o5 @' =a or a- 1)

(a’/2) +3""1) o 5

Plant LINK
EXIT if 4 =0

AT to1 (4" =4 or 24

A to 1

1
2AT to 7

Initially ¥,=(34"5) to 1.7; then Yns Ty td

A _
('i;'yﬂ) = 2d, to 7

dnto'f
Jump if dy < 0
VA! to 6

Normalize

Pack in F.P. form VX% to 6

n

+ P,p,01 = -2(1-1) 38 ]Overwrltten by LINK

+2x P,PO1L =

Overwritten by y;

_2?1. 2-38

finally = V4T

Optional Parameter List

P.P.01 = =21 (n = @)

D.M.

18th March, 1958.




SHORTER FLOATING POINT ARITHMETIC

FERRANTI

LTD

PEGASUS LIBRARY PROGRAMME

R 612

Sheet 1 of 3

This is a self-preserving subroutine which performs the operations of addition,
subtraction and multiplication on packed floating point numbers and can also be adapted
The floating point number x = A.2% is held
in a single word with the least significant n bits representing the non-negative integer
a + 2””1, and the most significant 39-n bits representing the fraction A.

to do division instead of multiplication.

o1

02

03

04

B+ 5] 70
4.4 110

A ——

0+ 0 00 0.

0+ 0 00 0.

IN

SHORTER F.P. ARITHMETIC

Calls for P.P.0O1

Title of Optional Parameter List




FERRANTI

PEGASUS

0+

+to 2+.0

+from 2+.4

1+

o == -

LTD

Make 1 negative to indicate 4 or -

4 to 8

a+ 271 to 4
)

BtoT

b +2" 1 to5 |
Jump if + or -
o to 4

AB to 7

a+ b+ 2" if x;

Negate T if -
@ -btoh
a - b to 5y

Jump if e 2 b

b~ a to b,

a + 2" + b -a

LIBRARY PROGRAMME

UNPACK OPERANDS

R 612

Sheet 2 of 3

Overwritten by orders jumping to 2+.0
when routine adapted for division

a-b+2 +2"%f 4

- n-1
= b+ 2 to 4.

Shift 4 down b — a places

Shift B down @ — b places

Add Arguments
Normalize

Round argument

Pack result in 6 if exponent » — 2"~ 1

Clear 6 if underflow (exponent < ~ 27~ 1)

Exit provided OVR clear

(otherwise 77 stop in 5.6)

+ p.p.01 =-—2"1 2738 }

+ (P.P.01) x 2

9N, 9-38

717 stop here if
OVR is set




FERRANTI LTD
R 612
PEGASUS LIBRARY PROGRAMME
Sheet 3 of 3
2+
-MQ 4.0 7 60 Loop stop if zero divisor
4.0
5,6 5 01 b tos
@) 5 44 2-btos
1
® 651 % 4 to6
7 6 26 % A/B to 7
2
7T 6 00 4 4/3 to 6
4.5 7001 Order pair to reset for + or x to 7
3
0
0+E] T2 Plant reset order pair in 0+.4
4
=}0 0+.5 4.4 710 and then return to 0+.5
2+[4] 72
5 + reset order pair
4.0 0 60
5.6 4 01
6 x reset order pair
6 720
7 - 256 Optional P.P.01 = —27"1, 2738 (5 = g)
Notes:

1) The value of the parameter n, specifying the number of bits in the
exponent, may not exceed 10 because the order 0 4 41 5 in 1+.0+
assumes that there are not more than 10 bits in b - a. The maximum
possible value of b - a is 2" - 1.

2) The order 5.6 6 03 in l+. 3+ may very occasionally make the argument

equal to +% or -l4, which are not correctly normalized. See section 4
of the Library Specification.

Perranti Ltd., London Computer Centre, 21, Portland Place, LONDON, W.1.

Issue 1 Copyright Reserved J.F.D. D. M. G.E.F. 18th June, 1958,
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