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St FumcTiop,

‘To caleulate
k] s
3 Bin v

‘ }
and 7 CO8 T

where x is the fraction in the aceumulator,

It may be run at any program jevel and in any sfore module.

9.8 AcupAcy.

The maxirpum crror is 272% (=, 00063)

23. METhop OF USe % enrey INS TRIJETIONS,

_ The ope‘rand, s, and the result rrust be treated
by the prograrnmer as pure fractions. '
- ‘ To enable this to be done QSIN caleulates

L gin nx

and

Bapes

cog TxX

: Note, therefore that on entry, the accumulator holds
the value of an angle as a fraction of 1w radians (180°).

7 g e 3 R :
Entry is made by

11 (51N
8 QSIN+TI
- On exit e

sin 77 x is in the accumulator
and in QSIN + 67
cos TTx is in QSIN + 68

ke

fulee |

&EM -G




S e o8I must be declared as a global identifier
in all blocks of the users program which refer to 1t ' .

8 a4 TIME TAKEIN

.4 - 1.8 milliseconds, e~ G03 o Bt

&
&

REM=E




: Qquaﬂ*e i oot Of & smcﬂc },eﬂm,h or double-ic ng ah fr {:taa:a e

: -aé_aiﬁ -in_axé.y store~module.

B ‘3; : F_é_,?_f‘-‘{%’i&f{i@ M

QS Q‘“'"‘g}%‘s) is u;'cséu'to"c kum»e ihe smgkﬂc ¥

| . '};t.__x}jaiy- be 1‘1111 ._a'_i anyprogra‘rn—lﬁve:k o

e o entry p@i_mf‘ -dle prowded for ‘%‘ﬂgl@ 1‘3*’

B gﬁé_ -aoﬁﬂgw&gngth working.

2.9, ACCURALY

. . -
The maximum cerror is £ 277,

3.3, METHOD OF USE £ EWNTRY INSTRUCTIONS.

The operand is denotcd by a and, if the opcz*azw .
ie double- length, the rnost significant half is denoted by & {m. s.), and the lezst - .

sipnificant half by a (1. 5. ).

Double~length Working.

‘Entry Place a (l.s.) in (ISQRT+3
) Place a (m. s.) in the accumulator .
" Place link in QSQRT
Jump to T QSQRTH]
Exit The result is held, single-length, in the
" accumulator
and also in QSQRT+45
a{m.s.)isin QSQRT+H4
a (l.s.)isin - QSQRTH3




S fi 1enf’fm &sowyma"

2 ﬁiiry ':_)?’Eac a m the ucctzmulaim s
s _:.'__"Piaca link dn Q‘\QRT' :
---'Jun&p i,o _' S QSQP T2
Uit L Thc res 113‘:’, is hgidg %:mg‘ie icngih‘ in. Lhc
RS "'accn"*mzi‘um : ' :
'and' also in' QSQRT'%"‘QS
: 1a1°_-z'-' S ".-Q'SQR’I":%‘%,_ '
T T e _‘ijn a SIR prorf:—cmﬂ, QSQRT :nrmst be decia‘rea L
j_as a. g’lobd memzizer m ail ‘biock wmch refes: to it : : '
3.4 BRROR INDICATION . . oo

B4 5:'3.{@ i?:cﬁl .. 623(2 Q‘T erxu.. -{}L@‘vxcﬁ\ e m&ao.%e, |

T @SM E{{gfﬁg 4" Wﬁ t{’?.w, CERAR cubaoudive

G

3 & TIME TAKEN

{The time for the single-length entry is in brackets}.
If the final approximation 5 Xa
then fhe time taken is 680{805)+375n microseconds

The maximum time is 5. 3(5. 5} milliseconds o Q,,M
If a=0 the time taken is 250{375) microseconds Ge Somi

LM a> 1-2717 the time taken is 3‘00( 50) microseconds.




o euncion

BEEREFRENG) > caleulate ™

e i)

—i<y<4r

o It .can be »un at any program
level and in any store module, o S S

42 ACLAACY

“The maxinum .er_ro'r_ ie 2718(=,00003),

A2 METHD of &E & ERTRY INSTRUSTWGNS

7 All sumbers must be treated by the programmber
as pure fractions. To enable this to be done QATAN calculates

{1 /) tan™ s fy)

: Noﬁ_e, therefore,that on exit the accumulator holde
the value of an angle as a fraction of 7 radians (1800),

Entryiplace x in QATAN+89
ooy in QATANSGO
"Link in QATAN
Jump to QATAN]

s . ] - « & . — .
) : Exit: the result is o +he socumulator

x and y are. not 2ffected.

) | QATAN must be declared as 2 global iden_,ti_i‘?',ezf.
1 211 blocks of 2 SIR program which ::efer to _it;' R P
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4. B TIME TAKEN,

The time taken depends on the values of x/y and of y.

The m’a;c:imumvi’.ime, is z—;bmg? 3. 2 :mﬂiiggconc‘m_, o Y03 F‘""

Ustns the ERROE  subnoubivg

I

Gk




FororonN,

.To ca?.cuiéie
2/16 I‘Oge b

where x is the fraction in the accumulator. ¢ may be run at an
] ¥y 3 at any program
level and in any store module. YRR

L. 2. ACCLRACY

The maximum error is 278 {~.000015)

5.2, BENTRY INSTRUCTIONS & METHCD OF USE .,

The 900 seres

in the aecumulator, on entry and exit, must be treated as pure {ractions by

the programmex. -
C On entry the accurmulator contains the numnber

whose logarithm is to be calculated. Entry is made by

11 QLN
g QLN +1
. On exit 7

L logex is held in QLN + 52
‘ and in the accumulator.

OLN muet be declared as a global identifier

in 211 blocke of the user's pregram which refer to it
E

QM- §

w2 fractional meachines and 21t nurnbers




S 4, ERROR INDICATION

g’ I{ the accumulator’s contents on entry-are not positive
Vi Aty @ L’- M Cn.}t,ﬁj- ?‘u’ V’iQ,/gA {:‘e«,ﬁ, FELELAAD . | .
“@sMopRaz 3T wiong e E;iiz %

RRSR Sulhienakring

<5, TIME TAKEN

. Petween 1.3 and 2.8 milliseconds (dependent on the
e Q0% o G20 G '

number of shifts required to scale x®).




: T - Ry
To calculate exp (2% x7)

where
B - A I ) .
p » 0, and p ig integral.

level and in any storl-module, - : C

b.2. Accogacy

The maximum error is 271€ (=, 000015),

b3 METHD of usg & ENTRY \WNsTRUCTIONS .

.

x' is treated as & pure fraction;

‘p is treated as an integer,
;. . The result is & purc fraction,
On entry
x must be placed in the accumulator

and p must be placed in QEXP + 53
p is not preserved by QEXP

. o ' Entry is made by

11 ORYP
8 QEYD + 1

On exit _
- the result is in the accuwmulator

and in QEXP + 54 ¢
% is in QEMNP + 52

o _ . QEXP must be declaved as a global identificr
‘in all blocks of the user's program which refer to it.

ogn-o




¢. 4, - ERROR INDICATIONS.

oz Dorp <O QEXE . enlh ?Wﬂ_gm o

“G%E; M gcReog 40 w;«..wﬁ b Eﬁ%ﬁ_

€. 5. maE TAKEN

(3.7 + 0.26 p) milliseconds approx,
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. Chapter 1: INTRODUCTION
1.1 Purpose

To periorm arithmelic eperations upon double-length fixed-point
numbere {x) in the range

1.2 Swmmary

: . The double~Tengtlr number routines are interpretive, providing
equivalents : of the machine code instructions and allowing
input and cutput of numbers in fraction and infeger formats. '

When entered, ODLA proceeds fo interpret the instructions in
the store locations immediately following the entry in the users area. Thus
operations can be performed on double~length numbers by placing in store
the corresponding single-length instruction.

1.3 Form of Distribution

@DLA 5 o SIRX tope b 800~ Senes “Tmm; oanch Smradd. e
Toagssemblid as o blodkd s M wger's SR progrimn.
CHIP CHo A | ERRoE,

be asseenbled  (n e wre. Y SR Progra.,

suls VUT-A-/‘\:{.Y\,E/Q sl 0_9./5 t

1.5 Restriclions

.

Some ingtructions cannot be interpreted. See notes in 2. 4.
1.6 Accuracy

With the following exceptions no error is introduced by the
routines: )

a2 to

(2) Multiply: maximum error is +27 (0.6 x 107 )
a2 4

(b)Y Divide: maximum error is +2° (0.2 x 107 )

a

aa 10
¢) Input and output: maximum error is T2~ 0.6 x 107
P 1 outy




Cbapier 21 EU?&CTIQN

2 I ]‘\ ofa‘i mn

1

x(ms ) .3’!10%1 _q} g)mfic ant lmﬁ’ of %

= }1(}:"-3.1).."? :Iea.;t suguﬁcant hJ{ of x o

i X - ._'f—“. cmublc h‘n?ah rm“}ﬂmr hvid 1rz k}cd}ﬁn% }x ndfl

.'_.13 ._m_double ienrih nmn%wr neid Anc ism psr udo accumulétor p
: C(X) e :: _S_zngl'e_~_1_::e_n__gih numbox h {\3(1 1n .10( dil@ﬁ X | -
C(B) e szng}ev‘lmlgii number hd& in pdendo B I‘L’.j:’l . 21

':C:(S)_ =_Sindleniei’;gih nurnbx_x he}d in ptu:do S C R

am :neans "bccvme& oqudi io“
2.2 Format '

A doublc, length number, x, is held in two consecutive glore

1ocations, X and X+1. ' : T S
Location Bit 18 Bits 17-1 . {m
o e W’w@f- g%
- X _ gign mosat m_gmhcant bits of x SR ’{’m‘“é‘-
X+ 1 0 } i bits of o
+ cast significant bits of x S
£ NeT ¢
Negative number representation is by the usual 2's

complement notation. (N. B. bit 18 of X+1 is always ze:0).
2.3 Entry and Exit
Entry is made by

11 ODLA+20
8 ODLA+21

The routine proceeds to interpret the double-length instructions
that follow the entry, using pseudoe registers which are analogous to the
registers in the computer hardware. These pseudo registers are represented
in locations within QDLA, as follows: '

(QDLA+16

a pscudo-accumulator(double~length) locatf;d in (QDLA+17

a pseudo B-register (single-length) located in QDLA418
a pscudo S-register (single-length) located in ODIA420

Exit is made by placing zero (+0) ifthe location after the last
instruction to be interpreted. Control is transferred to the location following
the zero location. The pscudo-accumulator and pseudo Do egister are not
_gffe cted. 1)3 (nuy and exit, . o . N SDLA - 3




. NMotfes . - :
1. {) 1;35‘Lrumwn

co

tor fo duulﬂv l wih .
Sregieter. ri Ezc

i"}w. 111511*'3:{1 GGI
\.‘JOT§ ing (see ? A1
:3.}19»‘:.1'{1\;&1{. Avrfbis‘i

2 o ,'15 614-3133,)?:1130 i '{3_3:_} .1_5 61&8) .': .

I’his mu,st {cﬂlow by a mu*amﬁicr wozd to u}'}&.’{:}{y i’*le founui wsed,
Th _nc_xi instruction interpy med ia. ﬂat miimfn}ﬂ {hL pqra}ﬂ ier vroid
See 2.5. 2 {or format of parameter wo:cd RS .

.

'.I\.dodzi’mci ing iru«;txomﬂ* may be used: the contents of the pseudo

B-register are. 's.dcze,d to ihe addre 5 ch Lt_s 1o f}._nd-ihe aédre 5 of
_the opcrand : Sl
4. Literal instructidné may not be used.

2.5 Input and Output

: The 15 instructions corresponding to input and output of paper
tape and teleprinter characters in machine code are interpreted as input

‘and output of complete numbers : via the dhamcker npuk aud cubpel

Sub wukings LR onde  CHOP.

The double length arithmetic functions effeciively operate on
iractional numbers in the range

~1.0gx<1.0

However, the prograrmnmer may wish to operate on numbers in
other ranges. As with single length working, itis frequently convenient to

regard a double length value ag an integer {in the range —2_d° <+2"3b)

Input and output of numbers in this range is allowed, also input
and output of mixed numbers which are scaled so that their internal
representation is in the correct range. The programmer specifies the
scaling constant to be used.

When using input and output of numbers in the additional ranges,

the programmer must always remember that the internal representation is
in fraction form, particularly when multiplying and dividing.

- | QoL — 5




o204 Qperations Available
.4 O ons bie

“See 2.1 for notation uzed. |

4 Peeudo. 1

New contents of

Instruction | Name 12 R ‘Remarks . -
fo- x| Load psends | omy=ciy |
' B s __Bu'__'regi__s“t_er__ p % | see notes Iand 3 |
nox Add pix x R
2 X - |Negate and o
1 ' { add P X o _ :
13 %X IstorelLs  |p Je(x)rsthe 17 - | C(X41) unchanged -
1 only ' : Neast gignifcant N
1 1 |bits of p
| 4 X Load P X Cox
5 X Store P P P
6 X Store
' scaling
factor X see 2.5, 3,
7 X jump if zero X i{p=0then C{5):=X
8§ X jump . x C(S):=X
9 X Jump if
negalive P ¥ if p<0 then C{S):=X
. . 17
10 X Count in storelp C{X):=C{X)+2" C(¥+1) unchanged
11 X store pseudo |p C(S) A
SCR ' -
12 X multiply Py 4
13 X divide plx X see 3, 2
( #2N o2l n<47
14 X { :
(4921\1-«8192 p%{-zngl()z - n>8158
;g ggéi; inputnumber [ <input> - gee 2.5
15 6144) . ' :
15 6148) output number|unchanged - sce note 2 and 2.5

. {qytﬁ ~ K-




cof numbers:

'0.1*: ﬁl_ﬁ{;ﬁf‘ o

251 cm {ifI’Sa

: R f‘s}l chara Livz 5 w?rch hrwe A Te 31"ewen€ i o’ :tn Umternal
cod{* : ' bl& _}3 nk, -era 50 u-;,_c'f;

carmage rmurn_ 1{, 1gr;o.z:’_cdf*;vh 1-@%1- ﬂ*t.*y oc,r‘ur

are accm}t

l”inc fc‘ﬁl{w’anff (‘ﬂaractelw are si g_,n ant 'n_‘i:hc_ formation

cﬁ gzis O t{) 9
" _---d.ﬁ};_:_;m pomf

4 and -

ALl other characters are treatec} as Se araftors.

-

On commencing input, se :.u:z,tors are ignored until one Of o
P P

- the sighificant characters is vead. Once s dagat has been read the
'Gccurrtncn of a separator terminates the number. Thus ﬁ,cp_arators may be
' usc,d freely between nurnber._., 1nclumng lei,ters used for o descriptive text,

2. 5.2 Input B
The format of an input number determines the way itis
precafs sed, A number not containing a decimal point is treated as an
integer, N, and stored as thefraction N x 2~
The range of N is:
- 17179869184 <N< 17179869184
A number contzining a decimal point is treated as a scaled

fraction, ¥. If M is the current value of the scaling factor (see 2. 5. 3.) the
number will be stored as the {raction: :

. Fx 10-M

The range of Fisg

~1oM g F <4 10M
¥ may not have more than 10 digits in all.
Zz.5.3 Scaling Factor

. The scaling factor,M, used for input and ouip ut is set by an
interpreted 6 instruction.




‘A positive scaling fadtor is sel by instruction:

oM

A negative scaling factor is set by instruction:

6 (8129-1)
Examples:
16 Instruction Scaling Factor Number Input New Content of P
6 3 - +3 | otz | 0,012
I - ~123.46 | -0.'g12346
1.5 0, 0015
6 8190 a2 -.001234 | -0.1234
. B001 0. 01
) 6 0 +0 0.999 0.99¢9
' ~. 05 -0.05
, The scaling factor set en the tape of OQDLA ig +0. However,

it is advisable to sel the scaling {actor explicitly in all programs, even if
: factor zero is 1o be used. “The Seading Geekne L NOT abfediaot ‘i“‘j
i bt B ek how.  @xlLa, ' :

' 2. 5.4 Output Format

Numbers are output right justified, with non-significant
zeros suppressed and the sign floated (i. e. immediately preceding the first
significant character).

Output format is controlled by the parameter word which
follows the 15 6144 and 15 6148, This is written as a pseudo instruction:
/fk. If /is used (i.e. the parameter word is negative) the number output
is preceded by newline. The number { controls the cutput format as

described below, and the address part k denotes the type of number to be
output,

If k = zero the number p is output as an integer:
pxZ

Thig cutput is independent of the scaling factor. The
number output occupies 12-{ printing positions.

If k = 4096 a fraction will be printed:

pleM

oL — 7




positions cccupied is £ 4+ M + 3.

{fdigits are printed after the decimal point,

=]

Examples:

and the total number of printing

FParameter o Output
/00 17179869183 x 277° ~-17179869183
/00 2= 131072
/0 C- -0.031250G.e. -27 ") -536870912
750 123456 x 27°° 123456
/4 4096 0.12345678 123, 4567
(znd scaling factor + 3)
/O 4096 0.99999 10000,
{and scaling factor + 4)
/8 4096 0.063125 . 03125000
{and scaling factor + 0)
ChuTion.
Foand B Sueh Work  no meoee .
W digibr aa prombed Ca
L
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Chapter 3

Ic
L&&bfﬂ e

ER A,

Ghre RarEd OCLMTE o ressoge
sudsvenbuag .

L Froann «%3 HDLA

4 @i‘;S&%

%l

Meaning

GTLA

QDLA

GTLA

ODLA

QOLA

QDLA

TRESE §

ERROR |

ERrecw @

tenor 4

ErroR,  §

fRRor £

Attempt to divide by zero

Input Format Error
e. g. two decimal points
in number

Input overflow

i. e. number too large
for input with the
current scaling factor

More than 10 Sigi[s
in input fraction

15 instruction with
illegal addregs

Overflow during
division

BBLA -~ ?




" Chapter 4: METHOD USED

4.1 The {ollowing steps are carvied out for each pseuvdo-instruction
3 ¥
interpreted:- i '

1. The address {modified i{ required] ia placed in 19;
of QDLA.

2. The pseudo 5. C. R, is incremented .
3. If the function is { control is transferred to location £
of QDILA.

This location containg a jump to the appropriate routine fox
the operation. The operation is carried out and then the next pgeunod-
ingtruction is interpreted.

4,2 QDLA uses the following locations for the purposes indicated:

16; and 17;
18;
19;

20,

pseudo-accumulator

peeudo B-register

address {modified if necessary) of
pseudo-instruction

pseudo S, C. R, and link for exit

4.3 Conditional Jumps

7 examines both locations.
g examines iirst location only.

GDLA —~ | O




Chapter 5: TIMI TAKEN.

The foliowing limes are approximale; Q,x,&_‘gi"%e_,‘ﬁy Lot o A0 or GIOR

Function Number Operation - Time in s
0 © Set pseudo B—register. 492
1 Add 658
2 Negate and add 688
3 Store least significant half : 492
4 Load 569
5 Store 525
6 Store scaling factor 555
: , ( p<o 440
7 ) Jump if zero ( p=0 581
{ p>0 482
8 Jumyp 509
Q Jumyp if gegaiﬁve gi;g 2;? >
10 Count in store ' 467
11 Store pseudo SCR 539
12 Multiply 919-.1208
- 13 Divide ' 2788-5481
14 Shift 6954 3N
15 Input or output Acts at the apeed
) of the appropriate
peripheral

For B modification add 161 s to the above times.

Chapter 6: STORI USED

g 34 Conneondnac Locobions
373 Libends

QoA ~ 11
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cin e omeetlod  be  Ha st SIR progeina.,

G
SEREE SN b




'1 o caicx =c1uw _aﬁ 4 ub,c ia,r I3 r,h :fl actio;’x_a_,

. ji; _8_'5.11 %
Cand o _ . _
' —écos LI B S
e WRE T G X 18 e;..d.oubied ngih frartlom
Tt can be rr i 15 any ;}I:c ogran Zieve agﬁ, in any’ ‘store-module,

A 9.9 AccurALY
The maximam error ig 2731(0.5 x 10-9),
3. METHON of USE & EWTRY 1S TR QS TIGN S

The operand, x, and the result must be treated by the

programmcr as purc fractions.

To enable this to be done, QDASIN. calculates

: 1 .1
! : 7 8inTx  and $ cos Tx

Note: therefore, that x is the value of an angle as a {raction of W radians

% (180°).

A double-length number is held in two consecutive
. store-locations, the description below gives only the firet of the two.

7

Entry (for a“sc::').b}.w by SIR )

place xz(i ) ta G@I}RS}E\E ‘"i‘% _

and »(m. 4,) in the accumrulator & cg.}w,g;xii&_ e EBASIN ¢ 9E
“and enter 11 QDASIN «

‘ " 8 QDASIN+]

| Exit 1 sin 1 in QDASIN+102

and in QDLA+L6

1 cos 1 x in QNASINGIO04




Na B, - The instruction pair i1 Qﬁf: TEI
' - o8 QDASINGL

must not b@ pali of 2 ps;eug pvogrgm nncrpi.e ed by QDLA.,

ODASIN must be declared 28 & glﬁbcl 1dem1£3er in all !

. blocks of a SIR px ogrmn which r uev” to if.

2.4 TIME TAKEN

The time taken is approxunately 50 milliseconds,

', o G0 ov QIGH,




3. OIVAS

SORT

oy

e
Rt
S
pant
£
b,
W
L

SR L FUNCTION,
To calculate, as a double-length fraction, the square
root of a double~length fraction, &. ‘

Tt can be vun at any program level

locations:

and in any store module.

3 2. ACLuRALY

2-3¢, (0,2 x 10-9)

Phe maximum error ie 3x

3.3 METHOD OF USE & ENTRY INSTRUCTIONS,

A double-length number is held in two consecutive

only the first location is given below.

Entry
place a in QDASQRT +44
and enter 11QDASQRT.

1 Exit

musat not be

8QDASQRTH1

Ja in QDASQRT+46

The instruction pair

11 QDASORT
8 ODASQRT+1

part of a pseudo-program interpreted by QDLA.

ODASQRT must be declared an a global identifiex in .

a1l blocks of a SIR program which refer to it

Q}}Mm @- S




34 ERROR INDICATION

If <0 Haw, QPASERT wdd punddh M vasiose

5
¥

14
QOM greoR 47 wsing b, EPRER

%

s
v

sathvouking, .

25 TIME TAKER

Special Cagesn

a = 0 570 microseconds.
a = 1.27%% 1053 microseconds.

General Cases

. Approximate timne taken is

304+ 12.5 n milliseconds

where n is the number of iterations necesgary.

Boved art for o 903 or Qa0E,

C QpMeS,




Lo OOIAATAN (B, 1054

[

4. L Funenion

To caleulste, as a double-length fraction

t
and b

n

(1/v) tan™t  {sx/y)
(1/2%)  true bearing, .

H

vmere ¥,y are double- leugf,h fraction

It can be run at any program level and in any store-module,

4: 2. BCeuafioy

The maximum ervor is 27%% (0.6 x 10720}

4.3 METHOD of oSE £ ENTEY INSTRULTIORS.

All numbers must be treated by the programmer as
pure fractions.

To enable this to be done QDAATAN calculates
= (1/m) tan™? (x/y)
Note, therefore, that t ig the value of an angle as a fraction of 1 radians

(180°).

A double-length number occupies two consecutive
locations; only the first is given below. :

Entry {(for assembly by SIR)
Place x in ODAATAN+L
Yy in QDAATANTLIE
and enter TIIODAATAN
SRDAATA N-}LI
Exit
tin QDAATAN+142
" bin QDAATAN+I4E

b{rn. 8.} in the 2ccumulator

gDt




x along the ea:

=3 ¥
v along the northevly axis
le in & clockwise divection. .

and measuring the angie 1n &

N. B, The instruction pair must not fomm part oi a pseudo~program
interpreted by QD LA

) QDAATAN must be declared as a global identifier i‘n
all blocks of a SIR program which refer to it, |

F 4. 4 ERROR INDICATION

If x=y=0, e QeafATatl Sl punehe e vnemage

L - . ¥ 1
Gor CRpow 9 uswg  the  ERROR subroubing.

f ' 4.5 TIME TAKEN

Approximately 42. 4 milliseconds,
e Q0L or AR08,




QF 196 Am-Sehee Tlecods




COF (FLOATING POINT

1 INTRODUCTION:

1.1 Purpose.

QF is uscd to perform operations on floating-
peint numbers.

1.2 Summary.

_ (2F containg routines for operations
s - corresponding to all the fixed-point operations except the function 15
{Functions 3 and 6 have special meanings in QF).

- When entered, QF proceeds to interpret the .
instructions in the locaticas immediately following the entry-point in the
user's program. Thus, operations are performed on {floating-point numbers
by placing in store the corresponding fixed-point instructions.

Two formats are available for floating-point
numbers (see Paragraph = 2.2), Q¥ mayberun in any program levvel,

1.3 " Form of Distribution.

QF 15 o SIR tmpe in D0-Sewnm Toloceds ond  should ba
assembled s o .'eai.x:»—d( of e  usess SR, ?m%@”v\

Waer's SR progrema .

w e

IE ®E v paad  WITHOUT  @QFMATH  then e follous
ot bage  deudd  be  docdad AFTER @F Lk

BETORE quy ctfus bope  (obfer o @F If6 or e shost
L’&eﬂa Craded  datbemd of U desanbed @;m) T

¢ E—

- Wpemmy QF MaTH)

e e e e i N AR A

SQRT LN  EXP @iN  OS ARCTAN

+ O
8 ERRF

®

Stmilorty % QF b wsed wWATHOUT QFYD,  Cam

QR




’gﬁ&iwxmé k. %xzi%-m ool _ Ao fm&-ﬁm ATTER (52”5;
ok BEFORE ey other  boge (otter o QFHATH
or or ok bupe Loodsd  ataed  of B dbsnbed
ehocroa) Lo

((mommy ©@F o)

®ETD  PSTAND TOINRT THRL PSET

2  ERKF
1.5 Restrictions.

See Paragrap'h 2. 4.

L6 Accuracy.

If the result of the operation is y, multiplication
gives a maximum error of 27%%y, division gives a maximum error of 2732y,
All other operations give a maximum error of 27 %%y,

COGF -




2 CFUNCTIONS o
o .:.2‘1 Notation.
s{mean) = mantissa of floating-point number, x.
‘ x{exp) = exponent of floating-point number, x.

ps = a floating point number held in 2 or 3 words
from location X.

O S = the floating point number held in the f‘oatmg
point accumulator (FPA).

b = the contents of the pseudo B—r"ﬂegister (FRREG)
8 © = the contents of the pseudo S-register.
C{x) = the contents of location X
te means ""becomes equal to"
2.2 Format.

One of two formats may be used to hold a
floating-point number in store, Normally the packed format is used, but
the unpacked format allows a wider range of numbers and slightly greater
accuracy. The two formats are summarised in the table below. In the
unpacked format; the mantissa is a double-length fraction held in two
consecutive locations and the exponent is a single-length integer held in the
next location. For the packed {ormat, the mantissa is truncated and the
exponent held in the seven least significant bits of the second store location.
in this case the exponent must be in the range -64 to +63.

Format Location Bit 18 Bits 17-8 |  Bits 7 ~ 1
X sign most significant bits of N8,
mantissa ‘ Woelks poce
Packed 1 A f}:«s
X4+1 0 least sig. Mg 4
bits of exponent deslos &
£
mantissa «f >3
: we %2
X sign most.51gmf1cant bits of NoT (>0
mantissa
Unpacked X+1 0 least significant bits of
mantissa
X+2 e exponent : 3

Negative nurnber representation for exponent

P

and mantissa is by thc usual 2's comnplement nctation.

All infernal wormng of QF uses the unpached
format.




Examples of floating point nuwmbers in the two forraats:

o Number § Locn Packed ' Uz’};ﬁa.c:ked

0. 25% X 010 00G 009 OGO GO0 000 | 010 OG0 400 000 660 000

0. 5yx2-1 K+l 000 000 000 001 111 111! 000 000 D00 0G0 0G0 000
X+2 Not Used | 111113 1131 131 111 111

1-2~27xze3 X 011 1311 311 1313 311 111} 031 111 111 3331 111 111

29.2x1018 X+1 || ©11 111 111 110 111 111 011 111 111 110 000 000
X+2 Not Used 000 000 000 000 111 111

-3 0x26% X 100 000 000 000 0OC 000 | 100 000 000 000 0060 000

= -0, 5x10-71 X+1 000 600 000 001 000 000 | 000 000 000 000 000 COO -
X+42 Not Used 111 0111 113 111 000 000

2.3 Entry and Exit.

Entry is made by

11 OQF » o o
8 OF + ]} to use packed format
or i1 QF R ‘
8 OF + Z}to use unpacked format.

QF proceeds to interpret and execute the
pseudo-program using

a pseudo-accumulator (FPA)
a pseudo-B-register (FBREG)
and a pseudo-S-register (QF)

, See Paragraph 2. 4 for the effects of
each function.

Exit is made by placing +0 in the location
after the last instruction to be interpreted, Control is then transferred to

the location following the zero location,

The Machine Accumulator and B register are not preserved.
The pseudo-accumulator and B registers are not affected by
entry and exit.




i

Sl A fluelleble g by ems,
.ﬁ
sz e o . r .
vaz Earsgoash. . &l dor nobmbime wwged

Table 1

(1)
(2)

1 Pseudo Nane New Contents of Remarks
1 Instruction, e  FRA X
0 X Load pseudo f x b:=C{X) Sece
B-register Notes 1 &3
|1 X Add f X
2 X Negate & Add s~ 1 x
3 X Exchange . X i Not a basic 903
operation
4 X Load FPA x ] x
5 X Store FPA f f See Note 2
6 N ‘Conversion f x Sce Table 2
Routines
7 X Jump if = i x  Sece Note 3
zero
8§ X Jump £ x See Note 3
G X Jump if <0 f X See Note 3
10 X Count in i TS B See Note 3
store '
11 X Store pseudo f s See Note 3
SCR B
12 X Multiply : f¥x %
13X - Divide f/x x See Note 4
14 N #2" : fu2¥ x N<4096 See Note 5
14 N %ZN“‘BlQB f%zN"Glga % N24096
15 W error - f - x See Paragraph 3
Notes

The instruction 0 0 is interpreted as a terminator for {loating-
point working (See Paragraph 2. 3).

If packed format is in force during interpretation of a 3 or 5
instruction, then & test is made whether

-64<f (exp) < +64
I f(exp) < - 64 then x:=0 and the next instruction is interpreted.

If f{exp) > +64 then an error indication is output (See Paragraph

-




{3) These. instructions operate on single word items. The instructions
S 7,8 & 9 mmay jump to ancther interpreted instruction: they must
not jump out of the interpreted program excepf via a terminator. -

(4} If an attempt is made to divide by zero an error indication is
output {See Parvagraph  3).

{(5) The results of the following instructions are always standardised:

The instruction 14 0 may be used to standardise the contents of the
Fra,

{6) Modified instructions may be used and, if they are, the contents of
the pseudo B-register are added to the address digits before obeying
an instruction, '

{7) Literal addresses may not be used i. e, constants must be stored in
the cerrect format by the user,
4 .
Table 2

The address of a 6 instruction determines its meaning.

Function Eifect
61 Instructions interpreted after this assume packed format.
6 2 " ' " " " unpacked Y
6 3 Convert a single-length integer to a floating-point number

and place the result in the FPA, Location QIF+3 contains the
address where the integer is held.

64 Form the integral part of the number in the FPA, Location
Q¥ +4 contains the absolute address where the {single-length)
integer is to be placed. This routine always rounds down.

65 Convert a fixed-point fraction to a floating-point number and
place the result in the FPA, Location QF+5 contains the absolute
address of the (single-length)fraction.

66 Convert the number in the FPA to & fixed-point fraction. Location
QF 46 contains the absolute address where the {single-length)
fraction is to be placed. This routine always rounds down.

The instructicns 6 1 and 6 2 do not convert numbhers;
they define the action of following instructionsg:-

In 6 3 to 6 6 the arguments and the addresses in QIF+3
to QF+6 are unaffected. Error indications are output if an impermissible
‘address is used or if overflow ocaurs, (See Paragraph 3L




| Example

An integer is held in INTland a real number in RL2

The following section of program places the floating-point
fcnrﬂ of the first in RL1 and the entier of the second in iNEZ

" (SET ADDRESSES IN QF WORKSPACE)

4 PSIl _ (PSIl holds the address of INTI)
5 QF+3 - ' ' |
4 Psiz . (512 holds the address of INTZ2)
5 QF +4 :

(NOW PERFORM CONVERSIONS)

11 QF (ENTER QF)
8 QF+l .
6 3 (INT1 in the FPA)
5 RL1
4 RL2
6 4 (RL.2 stored as integer)
+0 (RETURN to normal working)
8 ;+HQ :
PsIl 0 INT1

COPSIZ 0 INT2

3 ERROR INDICATIONS

I§ n el occ,u,r_g o RS " N
. &3’& ALy
by F WSyt ERROR  subrenbing ¥

Message Significance

QF ERacR 1 Impermissible instruction

Floating-point over-flow
QF EfRog 2 {5 or 13 instruction)

®F ERACR 3 Integer overflow

¥r uCLlO”! ovcr:low

F
& Erecr, 4 { 6 6 a.ns‘,ruu.i,a.on‘)
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4 S METHOD USED

instruction interpreled.

The following steps are carried out for each pseudo-

(1) The pseudo S-register is incremented.

(2) The function and the address (modified if required)
bits of the interpreted instruction are stored,

{3) Contrel is transferred to the appropriate routine to
exacute the instruction,

(4)  Control.is returned to the interpreter {Via a
standardising routine for instructions 1,2, 12,13, 14—)‘

_ Subroutines from 903/Algol have been used for all
arithmetic operations.

5 STORE USED

The floating-point package occupies

A ] Cm&ﬁ.;dw Localiong & 23 Libeeld.

6 TIME TAKEN

The following times are approximate:-

Function Operation Times in Microseconds
_Nurnber
0 Set pseudo B-register 440
1 Add : 2150 to 3850 (average 2500-
see Note 1)
2 Negate and Add 2480 to 4180 {average 2800-
see Note 1)
3 Exchange 1980 packed or 1810 unpacked
4 Load FPA ' 770
5 Store FPA 770
6 Specifies format for the 440
following instructions
7 Jump if zero 440
8 Jump 440
9 Jump if negative 440
10 Count in siore 400
11 Store pscudo SCR 440
12 Multiply T T4
13 Divide 4360 to 6000 (average 4700 -
) see Note 1) B
14 Shift 810 to 2510 {average 1210-
see Note 1)
ENTRY 50
60 EXIT

150

{v:;?egi - 1




* . Notes

{1} The timne depends on the number of places the mentissa is
shifted to standardise the result of the operation. The

average given assumes a shift of 4 places,

(2} For modified instructions add 125 ps to the time taken,

(%‘j Tz &«WJE C*%;JA‘}{E«JZ?& @iﬁe@%ﬁ,

i

et hos o oon A0% pe 9208,
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Chapter

.3

&

input and outpub.

1.2

1.3

point number or as an integer,

. The rouvtines are en

INTRODUCTION

Purpose.

These programe provide routines for general number
The forrmat conventions are those of Bllictt Algol,

BMethod of Use.

terad v

Summary. . N

The number input or output may be stored ae & {loating-
npulb w crabpuk ‘B«zp«a gg.e«%-mnem LA

D‘%&Wv‘ceﬁf Sl&jﬁm Q_H!f cswuﬁ Qi"?ﬁ”\a

1.4

Accuraoy and Range.
The maximum error is of the or

. The range of & floating- peint num
spproximately by

-9, 2 X 10¥<y<§, 2 x101®

r of 10~ 8,

de
mber, ¥, ie given

The range of an integer, n, ie given by

-131072< n < 4131071
1.5 Form of Distribution.

The programs

are digtributed 2

s & SIR mnemonic tape.

The tape contzinas both input and output routineg: it must be assembled after
QF but may be preceded by fleating point mathematical routines: no other
programe may be assembled between QF and the input/ouiput routines,

CHip C‘Hﬁ?, ceandd CRQ.L“‘R
de cnnendilad s '

Subnendiaes

Sir progveaa.

LAan

ek afso




X The reutlines are enlered by interpretation by OF of a
peeundo-instruction. ¥ the instruciion io & BI9E QI interpreis i next but
‘one ingtruction afler cxecution; otherwiase

pseudo-ingivuction.

The functionsz availuble and the corrve '-srponc“'%z“:.g call are
listed below, Input/output instructions are asg
numberg until & 6 7 instruction ig interpreted.

&

J Function i P s(,uf%o anuuﬂf'mw Remarks
Input a numher 15 2048 input vie e . AT LY
' ‘LVL.?WE wa‘ﬁ?'w}"‘! POSPIR o | i
15 2052 ‘
format as desgcribed in
. ' 2. 2.
Output a number 15 6144 output via b cducocbe~r

ewbput sulvwuking (CHO ¢

formaeat as currently set

Following input/
Coutput instruciions
refer to integers 6 7 : sce note 1; the effect of
' this instruction is not
destroyed by exit from QF,

Following input/
output instructions
‘refer to real
nuinbers : & 8

Resget presumed
pettinge , & ¢ See 2.3 for descrig ption

(]

of presumed setiin ga

Set new paramster 6 8191 Thie instruction rnust be
) followed by a paramelisy
g* word; See 2.3 |
{




" potesn

ey
-

An integer in input to the loration whoce addreoos is in QF+4
An dnteger io output from the location whose address is in
' AL : : : A i :
o Q.&. e ) :
Real numbers are input to or output from the Floating Poiht
Accumulator., E '

2. Andmpermissible address gives an ervor indication {See para. 3}

3. A number ig treated ae real or intewer depending on the entry
uveed, not on the format, '

HBxample

_ The following section of program inpuie an integer, -n,
followed by n real nuwnbers. Their sum is culput {n
freepoint (8} format; B CHIP, CHEE & ERARIR ok

mtmied e o o SR OB/ %0  hak benn wd oo

[ENTRY  QF  cuieF
CHOPF  CHOPC ciorl  Citore |

SUM >Z (ﬁ“g{mg WO?‘&E{}&@_)
COUNT  >|

PSIl 0 COUNT

ENTRY PSIL {(HOUSEKEEPING)
QF+4 _
+0

SUM

SUM+]

CHIPF (Tniticlioe npub subrowking)
CHOPF (Tl cwkput Sudbyoubiva
CHaPC (Fo cubpuk in 930 Teloceds)
Qr |

QF+1

0

? .
2048 ~ (COUNT:= -n)
8

O T RNE NET QT KN

Yt
i

O s OO D
53]

2048
SUM - +0 (Exib  Gom QF)

(831

LOOoP

SUM
COUNT b
- COUNT g cidobe (Puncki @)
L.OOP g 340
2
SUM - S
tidg —

i D G e () e b
T e

AN




The charactier set socepted ie as follows
0123456789 +~-. 4

<null> <delete> <carriage return®

<halt> _
<ppacer <newline> all other nbeomal
code. characters. o

 program as real numbers

Characters on the first line may appear in & number.
Characters on the sccond line are alwaysg ignored.

LI <halt> ie read during execution of an input instruction the

program waits,

‘CuLaractere on the fourth line cre treated as separators between

__.mbers and are otherwige ignored.

Numbers may be signed or unsigned and may be

punched in any of the conventions of 903 Algel. Note that + or - cannot
terminate a number.

The number input is treated as integer or floating-

point according to the entry-point used and not according to the format
soinput,  An integer must not exceed 131071 in magnitude {fractional
parte are rounded to the nearecst integer).

Example of numbers that may be input by this

3

104 +500 -2 500000
1002 10234, 56 200.0 |
4,1 5, o~ 5 42,75 ,,+10




1

2.3  Output Formats.

In the following description the presumed settings affer

initial assembly are given in square-brackets. These settings apply to all
output uniese changed by 2 6 8191 instruction and are reset by ab 0

el

instruction. The formats satisfy the conventions of Blliott Algol.

The parameter word after a 6 8191 instruction is a
pseudo-inatruction

2.3 1 Lay-Out, [newline j
— This affects both real and integer format.
For newline  B=l
For sameline B=0
2.3.2 Real Format [freepoint{8)]

For freepoint(n) format F=0 N=n
" aligned{(m,n) " ¥F=1 N=lémn
" scaled(n) " F=2 N=n

For aligned format min < 15
For frecpoint and sc¢aled format n< 8

: The integer format is not changed by change
of the real format. :
2.3.3 Integer Format [digits{6)]

JFor digite(n) format F=4 N=n in<é

The real format is not changed by change of the
integer format.

An impermieeible parameter word causes an
error indication to be output. {See para 3),

2.4 Accumulators for Input and Qutput.

Real numbers are input to and cutput from the Floating-
Point Accumulator of QF.

Integers are input to and output from store locations!

thepe operations are related to the floating-point operations

6 3and 6 4.

GF fo- 5




T e ervor

M-wiﬂ . ARt 2

3.2 Irrors Detecteds .

LA TS

e wasieng 8 %mzw- “‘csfs’é &E Yo

endnrowimng

Significance . "

QF ifo €uror 2

QF Vo EReoR 3

QF /o ERAR 4

QF 1o EReoRk "¢

Impermissgible instruction
er parameter '
¥P A not standardised
on outfput
Integer overflow
on input
Contextual ervor
on input

Floating-point over-flow
on input (sees Note 1)

L

Note 1. If the number being input has a value greater than
: 104100 approximately, floating point overilow occurs.
This error will most probably be caused by a wrongly

- 3,3  Alarm Printing,

punched data tape.

If the number to be output is too large for the format

specified, alarm printing occurs.

'Thip ieg in ecaled format and uses the

game mumnber of characters ag the format demsnded. If this is imposeible

H is outputl.

e.g. L. format demanded:
numbers to be output:

output obtained:

e . 2. format demanded:
number to be output!

ountput obtained:

aligned (4, 3)
- 35286. 741

-3.53, 104

aligned {2, 1)
123,45

H

&

.
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-1. I Purpose.

To compute certain mathematicel functions of
floating- point numbers hold in the floating-point accurnulator {FPA). . The
functions are performed by sub-routines entered via the floa ating-point
package (QF).

1.2 Summary,
The functions provided are square-root, sine,
cosine, arctangent, natural logarithm, exponential.
1.3 Accuracy.

The maxirnum error is 8 x 10~8,

1. 4 Form of Distribution.

The routines are distributed as a singlie SIR
mnemonic tape. This must be assembled immediately after the floating-

point package (QF), 4.k moy  be  precedad by QF 1fo.

The routines are assembled as part of the block
QF and are entered as floating-point subroutines. They may be run at eny
program-level and in any store-module.

2  FUNCTIONS
| 2.1 Entry and Exit.

Entry to all functions is made by a standard
sub-routine entry which is interpreted by QF. On entry the argument is
in the FPA which also contains the result on exit. (This result may be the
effect of recovery after an error).

‘ : QFf-2




“are listed below:

- The available functions and their eniry-poinis

H
i

| Funstion

using packed format

Entry _LComments
| square-root 11 - SORT entry with negative
8 SQRTH argument is an ervor
sine il SIN argument is in radians
8 SIN+I
cosine 11 C@s argument is in radians
8 C@5+1
arctangent 11 ARCTAN ‘repult is in radians
' 8 ARCTAN+1 and lies in the range -EI to + g
| natural 11 LN enf;:'y with zero or
logarithm 8 LN+1 negative argument is
an error '
exponential 11 EXP the user should note that
: 8§ EXP+1 this operation may give an-
answeyr which cannot be held
in packed format, This will
be detected by QF
A Example,

To calculate the function

. 3
y = exp (x?) 3

for the users workspace.

Qr

Q¥ +)

X

X

EXP
EXP+]
SQRT
SORT+1
Y

{ENTER QF IF NECESSARY)

(ASSUME PACKED FORMAT ON ENTRY)
(FORM X $2)
(FORM EXP [xXt2])

(ForM {EXP [X t21743)




2.3 Global Identifiers,
The following labels are declared as plobal

identifiers on the library tape and must be c‘(,u ared at the head of 21l blocks
of the veser's program which 1(,101 to them,

QF
SORT
 SIN.
Cos :
'ARcrﬁm
LN
EXP

3. ERROR INDICATIONS

If a routine is entered with an impossible eperand then -
an error is displayed, by GFMATH pgmﬁ t6ia mqaﬁ Su’g,wmm&‘ “The o
detected errors are listed below, -

TR

Function Error Message S © Cause
(x is the argument
of the. function)

| logarithm &FM ERROR 3 x20
square root] QF M ERROR i . x<0

: 4

exponential (f;}{i B4 ERELSE, 4— ¥ 2 ke

',' %’" f"i O.Q..Em‘ Ut,ﬂw

- BOL corvecidhins Locobionsg @ P -Q,L’Cﬁﬂ.,}f,;g‘z

L8  TIMES

Typical titnes are; on o 40% or qj{;g:

SQRT 5.3 millisec.

SIN © 15.5 millisec.

cos ' 15.5 millisec.
 ARCTAN . '24%.0 millisec.

LN ) k2.0 r*n.]llbec

COEXP '-1-3.-0;_111111_1&6.“ S QFEM-3.
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‘Chapter 1:  INTRODUCTION

1.1 Purpose

" To sort a number of fixed length recerds {data items) held

in core store into ascending or descending order,

1.2 Summary

A record must be a number of consecutive words., The

file to be sorted must consist of consecutive records in core store. Records

are split into two parts, the data~area and the key (the part on which the

sorting is to be performed). The key itself is split into parts which are to be

sorted on individually. Any part of the key may cccupy between 1 and 18 con-

secutive bits in any one word of the record. Information about the file and
the way in which it is to be sorted is given in a sort-table and a sort-list.
The former specifies details of the file and the latter details on how the {ile

is to be sorted,

g 1.3 Form of Distribution
" Shellsort is distributed as a mnemonic tape for input under

300 SIR.

1.4 Method of Use ) '

Shellsort is assembled as a block of the users program

and entered in the standard manner, storing the link in SHELLSORT and

transferring control to SHELLSORT+1l. A parameter word immediately

following the entry must contain the address of the sort-table. Exitis to the
location following the parameter word.

Example

11 SHELLSORT

8 SHELLSORT+1

0 SORTTABILE

1.4.1" Entry and Exit Conditions

The content of the A, {Q and B registers is ir-

relevent on entry and undefined on exit. On exit the file will have been sorted

. SHS-1

L ey el




o - 'in situ' by exchanging complete records.

1.5 Restrictions

The following restric_i:i_o_né on the use of SHELLSORT

* should be noted:-

(i) The file must be of the specified format.
(i1} 1f a file is sorted 'n' deep, then the two
arrays SHIFTS and COLLS in SHELLSORT

*

must be declared as » (n+l). On the
standard tape SHIFTS and COLLS are
declared as » 1, i.e. sorted 9 deep is
permitted. |

(iii) All records must have identical format.

SHS=2




 Chapter 22 FUNCTIONS

2.1 Format of File

The records to be sorted may be of one or more 18 bit
words. They rust reside in a continuous area of core store and must all be
of the same length. The values on which the sort is to depend are held in a

key, which must be of the same format in every record.

The key may form part or all of the record, it may
- ——
consist of one or many parts, (the maximum number of parts is 9 in the ;

standard program, but see Chapter 1.5},

Each part of the key may occupy the whole or part of an
18 bit word in the record. One part of a key cannot extend over more than

one 18 bit word in core store, but see Chapter 2. 5.

Example: 4 word Record, 3 part key
Part 2 Other
Wozrd 1 bits 18 to 10 | information
Word 2 Part 1 of key bits 18 to 1
Part 3
Word 3 bits 16 to 4

Word 4 Other Information

2.2 Sort-table

The sort-table is of the following form:-

SORTTABLE +400 (number of records)
+3 (number of words per record)
¢$ FILE (the address of the first location
of the file)

§ SORTLIST (the address of the sort-list)

)
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.._;_.z
&@ﬁﬁ???

+3 )
&HBL777)

etc.

+§

(the word of the record containing
part 1 of the KEY {The first
word of the record is word 1)

(The collating constant for part
1 of the KEY i. e. in this case
part 1 of the KEY is the 9 least
significant bits of word 2)

as above but for part 2 of KEY.

{end of sort-table).

2.3 Sorting on Negative parts of the Key.

Any part of the key consisting of n consecutive bits may

be- regafded as

’

i} An unsigned n bit number in the range 0 to 2

(m-1)

i, e. always positive.

OR ii} An (n) bit number with bit (n) representing the

sign bit, i.e. negative values are permitted,

(stored in twos complement form, as for 18 bit

machine words)

To specify the way in which any particular part of the

key is to be interpreted { i. e. as above), the part numbers in the sorting

priority table of the sort-list should contain +n (where 'n' is the relevant

as the relevant part of the key.

2.4 The sort-list

part of the key) if this is to be interpreted as (i) and -n if it is to be

interpreted as (ii), 7The absolute value of the number entered will be taken

~The sorf;—list is of the following form:-

SHS—4




SORTLIST +1  (sort file in ascending order, would be -1)

(if file to be sorted in descending order)
+5 o
+3

+4
+6 (see below *)
1 (an& 2. 3)
| ) +2
+0

e

*This table specified the privrities in which the par.ts of

the KEY are to be sorted.

e.g. In this case the file is sorted on part 5 of the KEY.

If two entries are found equal in part 5, then these two records are sorted on v

part 3 etc.

The word containing each part of the KEY and its

-collating constant are given in the SORT-TABLE,

s sinm

The sort-table and the sort-list must be supplied by the
user. The address of the sort-table must be placed in the location following

the entry to SHELLSCRT.

N, B, The order in which the parts of a KEY are
numbered is arbitary. Having numbered the parts, however, the items in

SORTTABLE +4 onwards must be set-up accordingly.

e.g. A KEY of the form

< 12 > €6 —>
Part 2 Part
4
Part 3 Part 1 .




most be specified as

| +2
&$p777
+1
&7T77799
+2
&T77060 ‘ ) ‘
+1 | " | N\
&995577
+6 ' N

2.5  Sorting 'end-around’

It is possible that the key of a record may contain a

part stored 'end-around’ i.e.

Z2b 3

Parts of PART 2 of the KEY are stored in both words 1 and 2 of the record.
This may be sorted on by specifying the sort on part 2a, and, if these are
found equal, then sort out part 2b. The parts must be numbered 1, 2, 3,4 for
1, 2a, 2b, 3 respectively. This will achieve the same effect as sorting on
part 2 stored as consecutive bits. Only positive parts of keys may be sorted

on in this manner.
2.6 Character Sorts

Internal and/or tape code characters may be sorted
using SHELLSORT by representing ecach character as a separate part of the’

key.

"'SHsfs
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7 2.7  Sorting Floating Point Numbers

2,7.1. Packed Numbers

*

Packed numbers are regarded as two word
records. Sorting is on firstly, the exponent, secondly the most significant
bits of the mantissa and lastly on the least significant bits of the mantissa.

i. e. the sorting sequence ig:i-

~

3 1 ¢+—exponent

Negative numbers must be permitted in parts 1 and 2.
2.7.2  Unpacked Numbers

Speciff 3 whole word keys, on the order :

exponent, most significant mantissa, least significant mantissa.

1 <—--—-——-—-—-—-—-—-——expohent

2.8 Use of Extra Modules nf Core Stere

The main program, the sort-table, the sort-list and
the file may be stored in different modules, providing that when the address
of {a) the sort-table (b) the sort-list and (c) the file, is specified in (2) the
parameter word (b) the sort-table and {c) the sort-table, the value specified
is the address relative to the module containing SHELLSORT. e.g. If
SHELLSORT is in module 1 and the file in module 2, then the sort-table
should specify 1 FILE (i. e. 8192 + module 2 address of FILE), as the address

of the file, regardless of the module containing the sort-table. Shellsort

must be in the same module as the main program. The file may extend over.




'_ozi_ly overwrite locations §180 to 8191 of module 0 if the initial instructions

| are disabled.

2.9

Program Levels

Shellsort may be run at any program level,

" more than one module of core store, without restriction, except that it may

SHS-8




~Chapter 3: METHOD USED
| The method used is a high speed sift sort technique with a

varying interval of comparison and exchange. The method is described in

. MA HIGH SPEED SORTING PROCEDURE” by D, L, SHELL in "Communications

of the A, C, M, " Vol. 2 No. 7 of July 1959,
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Chapter 41 SPEED AND STORE USED
.4. 1 Examples of Time Taken

On the 903, the time taken to sort 1000 seven word
[‘records, sorting 9 deep (i.e. each key consists of 9 parts) was approximately
2.5 minutes.40 three word records, sorted 6 deep, took approximately 5

 seconds.

Equivalent times on 905, with one microsecond store,

: _i{iiare 20 seconds and 0.6 seconds respectively. ' f'

It must of course be emphasised that times depend

gi:"*":‘,ta.rgely on the random nature or otherwise of the records, especially the

¢ number of records that can be sorted on the first part of the key.
4, 2 Store Used

The store used is approximately 220 locations of code,

i--g.;and 17+2n (_Where n is the sort depth) locations of data; plus, of course, the

“ users file, sort-table, and sort-list.’

Actual store used by standard tape (1. n = 9):-— _
239 consecutive locations
] 6 literals
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