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WHATH L o SR depe ve YD -Sevies Tisceds
ovdh  shurdd %o asserdded a5 o dleck &

tle  (asent SIR. P%ﬂﬁ%mﬂma.

A ERROE  cubiordvne ottt ofss e

(o 2% &mﬁ‘} iﬁ‘xi, o t‘ffusw iy 3 g ! "y ? V&;tiiﬁ;,g,:ﬁm .




G4, FuRCTION

To caleulate
hd .
2 Bin T
and 1. s
. T CO8 I
‘where x is the fraction in the acoumulntor,

It may be run at any program jeyel and in any gtors module.

9.9 AccLRACY.

The maxirpum crror is 272%{=, 00063)

23. METHoD OF USE % ENTRY INSTRUCTIONS,

The ope‘rand, s, and the result rrust be treated

by the programmer as purc fractions.

To enable this to be done QSIN calculates

L gin nx

Bapes

and cos TXx

Note, therefore that on entry, the accumulator holdsg

the value of an angle as a fraction of 1 radians (180°),

7 gy g 3 P T :
Entry is made by

(35IN

11
8 QSIN+1

- Onexit o - N

sin 17 x is in the accumulatoxr
and in QSIN 4 67
cosmx isin QSIN + &8

NIM

fulee |

L REM - Y




- OSIN must be declared as @ global identifier
in all blocks of the users program which refer to 1L, ' .

r

8 a4 TIME TAKEN,

.4 - 1.8 milliseconds, e~ G003 of Bt

&
&




OB foneTien:
SRR R AR COSQRT{BAY is used to ccalculate the single<len
S square-root of a single~length or double-length fraction. - R IO BT

| 'I_‘t. may be iun at gny".p}é_c_)g:i;am__—_ieye_l R

a}}_d inaﬁy .StOre?-mOdﬁ}.es‘ ) . o o : . : RO . n- ) 5 -YI .n.lé.."_'r?._l;s-?".}: G
S e . L B . .Tv,a en‘ij}‘j}?’ pC}J‘Tﬁ‘S are pl‘OVldﬁd ;Qz‘ _Sl-ﬂf:.}_e a}&%t_aﬁ.“ L

o : . .aﬁt.i. 'déubii?”-i-gngt'il working.

' -'3.2( ;éc:waﬁc,v

L . -
The maximum error is £ 2727,

3.3. METHOD OF WS & entry INSTRUCTIONS.

. The operand is denoted by a and, if the o'pezf-andi
is double-length, the most significant half is denoted by a {m. s.), and the lezst
significant half by a (1. 5. ).

Double-length Working,

‘Entry Place a {l.s.) in OSQRT+3

) Place a (m. s.) in the accumulator

" Place link in QSQRT
Jump to - QSORTH]

Exit The result is held, single-length, in the
~ accumulator
and also in QSORT+45 .
a {(m.s.)is in QSQRT+4
a(l.s.)isin QSGRT+3




U 8ing fl.-,»ienr"f:n hm mmu S

7]?Lm

o ---_Piac{, link

e 111 ihe cLCCu:’Il‘UEuiOE

Q'RQRT S

L Jdmp _*L;o. i : Q _Qi_"?"’" .

Z.I_Timn*r'c vli :ua hﬁ,ld? %mg?e lengih. m f.hc |
accnmulmm '

and alsoin o

o BExt

QSQI’ UL
L QSORT o

R RN 11'1_ a 61& p;:o ram, QSQR*}" must be declarea '
_a_s a global identifier in aii blﬁck 'i.wt'?l("h rcfe:r to it. - R TR

ERROR INDICATION .

g4 R
a0 ihen  QSQRT ol ?U“ﬁﬁ* W "“’W"*%"

"QSH ERRSR A7 dmg e mm«a gu,a;m%

I

3 & TIME

TAKEN

{The time for the single-length entry is in bracket;s}.'

If the final approximation

i5 Xn

then the time taken is 630{805)+

375n microseconds

The maximum time is 5. 3(5. 5} milliseconds
If a=0 the time taken is 250{375} microseconds
_Ha> 1-2717 the time taken is 3_00( 150) microseconds. |

o 603

i

G

Clesmes
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A i PURCTION

e e caleulate

= (1 i ten Mx/y)
where ' - l<m<+i

mIZy<4l

R It can be run at any program
level and in any store module, o S o

42, ACRRACh

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

A2 METHD of &E & ERTRY INSTRUSTWGNS

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

{1 /) tan= s fy)

Note, therefore,that on exif the accumulatoer holde
the value of an angle as a fraction of v radians (1800).

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

] - 4- b . - - -
Exit: the result is ia vhe aocunulator

x and y are. not 2ffected.

) | QATAN must be declared as 2 global ide_nﬁiifj,er_.
10 211 blocks of a SIR program which ::efer to _it;' AR PN SR P




&, & ammammmm_ o

O L e QRN W ot szege

"QSH ERROR 8% Ui the ERAOR  sulbieubins.

4. B TIME TAKEN,

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

P 4 f e Tt :; gt ! o
~ The maximuni-time. is about 3 2 .‘zmj_i;meccpc;_.aj on G032 ki Youg,

o ae |
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o

S QL.

5.1 Funetion,

To calcula‘;‘r’;e
1/16 103’6 3

where x is the fraction in the accumulator. It 3

may be run at any program
level and in any store module. yprestEm

5. 2. ACCLARCY

The maximum error is 2~ (. 000015)

£ 2. ENTRY (INSTRUCTIONS & MeThod oOF vse,

The G0 sewes W2 fractional machinesand all numbers
in the accumulator, on entry and exit, must be treated as pure {ractions by
the programimer. :

- On eniry the accumulator contains the number
whose logarithm is {o be calculated. Entry is made by

11 QLN
8 QLN +1
. On exit _

¥ logex is held in QLN + 52
' and in the accumulator.

QLN muet be declared as a global identifier
in all bloc;\w of the user's program which refer to it.

e




S 4, ERROR INDICATION

g’ I{ the accumulator’s contents on entry-are not posgitive
Vi Aty @ L’- M Cn.;'bu ?‘u’ V’iQ,/gA {:‘e«,ﬁ, FELELAAD . | .
i o R £ tt*ssuwﬁ o gj;f;a £,

RRSR Sulhienakring

<5, TIME TAKIEN

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

number of shifts required to scale x®).




4.0 é-’%.:}wczféﬁfv\s

: ol B Py
~To calculate exp (2% %"}

where

- I8 x<0” ) :
p > 0, and p is integral.

It may be run at any program

level and in any storl-module, T

.2, Acconpcy

The maximum error is 272 (=, 000015)

6.3 METHD ofF osg & ENTRY \NSTRUCTIONS.

.

x' is treated as a“puféﬁfraction; "
_ 'p ie treated as an integer.
. ?hé result is & pure fraction. A
On entry
_ x must be placed in the accwmulator
and p must be placed In QEXP + 53
p is nof preserved by QEXP
. - : Entry is made by
11 QE¥P
8 QEXP +1
On exit '
-the resulf is in the accuwmulator
and in QEXP + 54 -
. ’ x.ds in QEXP + 52

T _ , QEXP must be declared as a global identifiesr - -
‘in all blocks of the user's program which refer to it '

SO ._--'___(gsM-_—A 10 f




¢.4, ERROR INDICATIONS.

“RSH ERRER 4wy the ERRGR

™
3

=. e TAXKEN.

(3.7 + 0.26 p) milliseconds approx,
evn Q0% ey C’*;i:;;@ @,

méﬂéﬁ%ﬁ;

sudbvonddng
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Chapter 1: INTRODUCTION

1.1 Purpose

. To perform arithmelic operations upon double~length fixed~point
numbers (x) in the range

1.2 Summary

The double-~Tength number roulines arve interpretive, providing

equivalents : of the machine code ingtructions . and allowing
Cinput and output of numbers in fraction and integer {ormats. '

o When entered, QDLA proceeds to interpret the instructlions in
the store locations immediately following the entry in the users area. Thus
0perationé can be performed on double-length numbers by placing in store
the corresponding single-length instruction.

1.3 Form of Distribution

ADLA s o SIR tope e ‘%ﬁ@»&.@g“i“mm; onsh,  Saoudd. A
assenlled os o blodkd e M wree's SR pragran.

CHIE CHOP  amd ERROR  cubridkives  wmosk  odge

'}G}Q oS5y E-rﬂ.iﬁz-u‘;-. o (A2 LR ,5,‘ S {62, Pﬂ.«?:?'%;w_, -

1.5 Restrictions

S

Some ingtructions cannot be interpreted. See notes in 2.4,

1.6 Accuracy

With the following exceptions no error is introduced by the
routines: '
K2 10
(a) Multiply: maximum error is +2° {0.6 x 107 )

a2 3
(b) Divide: maximum error is +2° (0.2 x 107 )

o=

a 10
(c) Input and output: maximum error is 727 (0.6 % 107 )




Chapier 2 ]‘:UEMCTIGNS

2 1

e

ey

T\ orai 1 fm

3 ’ =

”

'_rﬂﬂsi .::zg)mficani im;f of i
Eeaat sayuilvani hJ{ Of x '
-(10111}10 h‘nguh nwnher hr‘ld in }oraimns }x_‘“lid K 1

{ioubie ienrih mnnher neld in ism ysrudo accumulamr p :

C(X) :'_ snlgie lenwil numbez 1391(1 in. 1@{ dimn X
C(B) .' x slﬁgi,e—leﬂgt}* number hz,ld in P~*‘~’“do B reé’i 1.
_.:_f - C(S) = '{si.iwi'éhl'ei’;gih nu:mba_z held in p“tliﬁﬁ S C. R
: . ';z'.' . "z'ncmns _"bCLUTn{-‘:f: und} to“ -
2 2 TFormat

A doublc

. 1ocat10ns X and X+1.

length number, x, is held in two consecut:ve store.

1

T A s s R i S,

it iz,

Location Bit 18 Pits 17-1 N.B a,,] ‘“"'&%‘m
—— . o ] ﬁv&%ﬁi@% ?;»_M% :
’ i
X sign most nn)n;hcdm niis of x deckia. %‘é*
X+ 1 0 le fi bi { o .?’;2
+ gt significant bits of x ‘
: ot
Negative number representation is by the usual 2's

complement notation. (N. B. bit 18 of X+1 is always zei0).

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 eniry, using pseudo registers which are analogous to the
in the computer hardware. These pseudo registers are represented

as follows:

registers
in locations within QDLA,
(ODLA+16
(ODLA+1T

ODLA+1S
QODILLAT20

a pseudo-accumulator(double~length) located in

a pseudo B-register {single-length) located in

a pseudo S-register (single-lengih) located in

: Exit is made by placing zero (+0) ifi'the location after the last
instruction to be interprefed. Control is transferred fo the location fellowing
the zero location. The pseudo-accumulator and pseudo D-register a
~affected by entry and exit, '

re not

QoLH - 3




{) in fsiz*u(: Lwn

'-?F 8 temn}n‘“c)z fc}“ duulﬂc lfo wfih .
ster. '1}1<, k

zc
Cworlk dng {see 2. 3). 1t docs not afmc' the paeudo P-—'

f}w 11"5,(,%3*(*:{10?* G O iginterp

}mruwaza j\m rfglg'ior is set eg ‘.Zeii to }J{m 8 }

15 {ﬁféw ing tlucuob {end (34—8‘)

This mus;t {oilow by & paramster wozd 1,0 spe cz"fy i‘ze {oz‘zmui u"w(',ﬁ
The next instruction 111&&3?}3?&%{3(1 iz that follov ’11’10 tha parame ter vfold
See 2.5. 2 for format of par.ameuer word : '

.

'.i\_.&_)idiﬁf*ci instructions may be used: the contents of the pscudo
. Buregister are 'ido.td to the addre 5 ch J.ts_io_ i}.nd_ihcg address. of .
the Qpcrand o : '

Literal instructions may not be used.

2.5 Input and Output

The 15 instructions corres-ponding to input and output of paper

: :fa})e- and teleprinter characters in machine code are interpreted as input

'___'md output of completc numbe,rs | via e dharreber inpul aud cubput
Swbipulings  (RIP awd  CHOP. B I

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

~1.0gw<l1.0

However, the programmer may wish to operate on numbers in

other ranges. As with single length working, itis frequentiy convenient to
35 36
regard a double length value as an integer (in the range -2 x <+27 7).

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 mulliplying and dividing.




2.4  Onperstions Available

. Bea 2.1 for notation used.

]
&

S} Peeudo.
Cdinstruction

Name

Wew contents of

h Ren}azka

S

0 X . | Load pseuds omy=cty
' o 4. Beregister Ip % | see notes 1 and 3 .

1 X Add pix x -

2. X ]HNegate and | .' -

_ ' 1 add X-p pld o .

3 X% Istorel.s.  |p o) rsthe 17 - | C(X41) unchanged
s Clonly - fleast signifcant - : DR
o ~[bits of p -

4 X Load P X R

X Store P p P
6 X Store
scaling
factor X see 2.5, 3,

7 X jump if zero X ifp=0then C{S):=X

8§ X jump . x C(S):=X

g X Jump if

negalive P ¥ if p<0 then C(S):=X

. . 17

10 X Count in storelp C{):=C(X)+27 C(X+1) unchanged

11 X store pseudo |p C(S) A

SCR ' -
12 X multiply P b4
13 X divide plx x see 3, 2
(*2N o 2N n<47

14 X { :

(%ZN«SIQZ pazf.-zngl()z 5 n>8168

;g ggéi; inputnumber [ <input> - pee 2.5

15 6144) . ' :

15 6148) output number|unchanged ~ sce note 2 and 2.5

Gih — ]_f_




CL" 'cmfp ‘Sw 'f_c:%':%; -‘z‘h_ﬁé_i""'

I

SERDOMSE RSN _fﬂi (,im racivzf‘ wh?ch hrwe A ﬂpi‘éweni i 'n 111 CCodnternal
'.code- L e s e atcmﬂ_._ble‘ ‘Biank, 01‘ 5(* ;3‘_1._& o

'cqrnage rmurn arf;_ ignored wherever ey oecur,

- R ‘The following cha.racterg_ are Aﬂ ;_,1 n in ih{, i’ozwn:},{won
ofnumberer L B L & ' .
di'-giis-'{)'_te G e

ciec.lm lpoint o

+ dna -

“All other characters are treated as separators.
_ : " On commencing 1nput separztors are ignored until cne of
.the sighificant characters is vead. Once a digit has been read the

occurrence of{ a separator terminates the number. Thus separators may be

o usc,d freely between nun’aber._., 1nc1uu1ng lei,ters used for degcriptive text,

2. 5.2 Input s
i The format of an input number determines the way it is
precessed. A number not containing a decimal point is treated as an
integer, N, and stored as the.fraction N x 2~
The range of Nis:
17179869184 <N< 17179869184
A number containing a decimal point is trested 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: '

| Fxl0-M

The range of ¥ isg

-10Mg 7 <+ 10M
¥ may not have more than 10 digits in all.
2.5.3 Scaling Factor

The scalihg factor,M, used for input and output 13 set by an
interpreted 6 instruction.




A positive scaling factor 18 sel by instruction:

A megative scaling factor is set by instruction:
6 {8129-M)

Eoramples:

C je Instruction Scaling Factor Numberxr Input New Content of P
6 3 _ . +3 12, . 0,012
| S | o S123.46 - -0.%812346
1.5 0. 00615
6 8190 - -2 | - 001234 | -0.1234
| . 0001 0.01
. 6 0 +0 0. 999 0.999
‘ ~. 05 -0.05
, The scaling factor set on the tape of ODLA is +0. However,

it is advisable fo setl the scaling {actor explicitly in all programas, even if
factor zero is 1o be usged. Tre. s@_i.;«j Fockne 0 NOT  atfedia ‘i‘“:j
~1 Cabiy ko B ek fow @BLA, ‘ :

' 2, 5.4 Output Format

Mumbers are outpuf 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:
[f£k. If [/ is used (i.e. the parameter word is negative) the number ocutput
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
ouiput,

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

a4

pxZ

Thig output is independent of the scaling factor. The
number output occupies 12-f printing positions.
Ifk = 4096 & fraction will be printed:

pleM

Y

LA — 7




‘_'f digity are printed after the decimal point, and the total number of printing
) positions occupigﬁ is £+ M4 3. B ' '
| Examples:
Par arn-e ter n P Output
/OO o 17179869183 x 277" ~-17179869183
[00 ' ' 27t 131072
a /0 G -0.031250G.e. -27") - _-53i;)8?0<}12
/50 ) 123456 x 27" 1234506
/4 4096 0.12345678 123. 4567

and scaling factor + 3
g

/0 4096 0.99999 10000,
(and scaling factor + 4)

/8 4096 0,03125 . 03125000
{and scaling factor + 0)

CAUTION,

’F ek % sk

!Q . (‘.&;‘ % .g,i?“}, et E'\’w‘hﬁ,%’ A ,

b suel Wik no nuows g,

me\af:im / & ,e;% £3% i
xSﬂ-‘-mJAs gfv c.f;.?:u whe 3

trdd cpsse W Q4 aikr 4
i R

L
o fww%fe..,-é .

Fafasrvty foook
MO e RS ekt e g Hp .‘

T L b e .
Tt (‘.‘g‘ﬂgw«é gﬂ%&awg.. Gibd  be

GoLa —~




Chapter 3@

BRROR T]

SDTCATTONS

[
I wn tree pouss o MREsane s grlantnn —&53 EHDLA
weing e prResr subwnfos '
4% Meaning
Goih prroeE, 0 Attempt to divide by zmero
ODLA  ERROR | Input E Orrnat. Error '
e. g. two decimal points
in number
GoLA ERAGR & Input overilow
i. e. number too large
for input with the
current scaling factor
®DLA - ERROR 4 More than 10 aigits
in input fraction
GPLA - ERROA § 15 instruction with
illegal address
QDLA ERRIR 4 Overflow during
division

QoA -

i




Chapter 4: METHOD USED.

4.1 The following steps are carried out for each pseudo-insiruction
interpreted:- '

1. The address {modified if required} is placed in 19,
of QDIA,

2. The pseudo 8. C. R, is incremented .
3. 1f the functien is { control is transferred to location f;
of QDLA,

This location containg a jump to the appropriate routine for
the operation. The operation ie carried out and then the next peencd-

instruction is interpreted.

4.2 QDLA uses the following locations for the purposes indicated:

16; and 17; pseudo~-accumulator

18; 7 pseudo B-register

19; address (modified if neceasary) of
psecudo-instruction

20; pseudo 5. C. R, and link for exit

4.3 Conditional Jumps

7 examines both locations.
9 examines tirst location only,




‘Chapter 5: TIME TAKEN

The foliowing times are approximalte; @%&l&%,ﬁ Lor o 907 L GICE

Function Number Cperation Time in ps
0 - Set pseudo B—registef 492
i 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 , Jurap if zero { p=0 581
( p>0 482
8 Jump 509
9 Jump if I.mgai.‘lve Eiig 2:;.? >
10 Count in store 467
11 Store pseudo SCR 539
12 Multiply 919-1208
13 Divide ' 2788-5481
14 ~ Shift 695+3N
15 Input or output Acts at the speed

of the appropriate
peripheral

" For B modification add 161 18 to the above times.

Chapter 6: STORI USED

237 (Covmecdior Locoktions
373 blbemds

QDUA ~ 11




Chuopter EXAMELE  oF PROGRAB  USING  BLA .

T Qj};g‘wwmg ehll reed e dhabe {:;a.%a ok poitea
, . : s 2 »
";L:'& hlens e pvn o e ks pﬁ,‘fﬁ ?»&::’E&f\”i\wh%
I gy Hoe, gi—@sm_&“mi' . bo gi:;»g o progre
W a8 CHod, £ snfnR swdven e s crvbmaeand e

g,

“cu o sfe, 21 /3

LT s
T e cged Do

o

[staet GoLa  cude cwoff  Cvors  Criofl  cuofn]

SYARTY & o

Z e {i ikt bise LVLFV..:}; Swjﬁvmk?;ﬂg:} |
S condf {litati: owbpel Salomulivg
g Cwell (selack swbput fw 90 Telzee
i GDILA - IO
& @At
& 0
Loof s 5649
9 TP
& w
i2 w
\2. W
) Gla&d
/ € 4590 (?ans«mv*rw}fsxj
2 LooP
STOP 40 (€3t Bowe GIBLAY
4 IO
i CHOPL

?‘f‘%& (Puncis 3}

[=a e ]

£
v
0

(Deutle- W\;{ el pacs )




oo aemathish




L BETTREBUCTION,

. 5' L Fi}tgg:ﬂ“y;maﬁ’ . : R et
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2,3 & 4 ddow | |

t.2. SToRE  USEh.

336G Corsesvhine  Eoceliond,
4’ L/«bef iﬂﬁ/‘g . . |

1.2, FoRM OF DISTRIBUTION.
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’I 0 ca}.cL =cmw as double-lengih fractions, -

. ;i; _éi.z& : Tf 3
Cand S _ .
' '-%_cos R SRR S
e WRE T G X 18 g;..d.oubiea“t ngih frartlem : :
It can b_e:'r n at sy ps: Fran Ieve &f'ﬁ in '}11; si,ora mooul& B

i 9.9 AcurALY
The maximmam error ig 2731(0.5 x 10-9),
A2, METHOD of USe & ENTRY 1S TR QS TIGN S

The operand, x, and the result mmust be treated by the
programmcr as purc fractions.

To enable this to be done, QDASIN. calculates

: i :
. : $8inTx and $ cos Tx

IQote: therefore, that x is the value of an angle as a fraction of T radians
: (180°).

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

7

toj

?Entry ‘ (for a“sc::').b}.w by SIR) B

fplace xz(i ) tey G@I}RS}N f%f»g _

cand x{m, ',) in the accumulator & C?AW&%L& we WHASIN F
“and enter 11 QDASIN d -

(o ' " 8 QDASIN+L

UExit % sin mx in QDASINGTI02

and in QDLA+1S

cos T x in QF ‘ﬁuiN‘*Oé_




Na B, - The instruction pair 11 QDA 18
' - 8 QDASINGL L _
must not b@ pari of a ps;eug pvogrgm nﬁ'crpzfe ed by QE}LA,;_
: QDASIN must be declared 28 & glﬁbc,l 1dem1£3er in all
. blocks of a SIR px ogrmn which refer to :i‘c,. _ J

2. 4 TIME TAKEN

_ The time taken is approxunately 50 milliseconds,
b o G0t or G308




fay

3. QDASORT (B, 10

s
32-‘1}

C3. 1. FunsTioN.

To calculate, as a double-length fraction, the square
root of a double-length fraction, a. *

It con be run at any program level  and in any &tore module.

3 2. ACLURALY

The maximum error is 3 x 272%, (0.2 x 1079)

' 3 3. METHOD ©F USE & ENTRY wsweu_c';‘a{mg

A double-length number is held in two consecutive
locations: only the first location is given below.
Entry

place a in QDASQRT+44
and enter 1JQDASQRT

BQDASQRT+1
Exit Jain QDASQRT+46
N, B. The instruction pair

11 QDASQRT
8 ODASQRT+1

must not be part of 2 pseudo-program interpreted by QDLA,.

QDASQRT mmust be declared ag a global identifier in o

- all blocks of 2 SIR program which refer to it

ERCCLEE S




2 4 ERROR INDICATION

If a0 ‘e QPASART wdk purddh M vapsfane

11
Dt Rpor, 4° Y .
® IR L wiwe Hhe ERRET sulbuouldua.
25 TIME TAKER
Special Casesn
a = 0 5%0 microseconds,

1.2-8% 1053 microseconds.

H]

a

General Casesg

Approximate time taken is

3,0 +12,.5 n milliseconds

where n is the number of iterations necessaiy.

Phese Hwws cre fue o 902 or AGE.




4 CODAATAN (B, 1054

€.

41 furcTion

To calculste, as a double-length fraction

£
and b

I

(1/m) tan™  (s/v)

(1/2w)  true bearing, ‘

i

. where %,y are double-~ Ieugih fraction

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

4- 2. Afeu ity

The maximum exror ig 27%% (0.6 x 10-29)

4 2 METHAD of oSt £ ENTRY INSTRULTIONS.

All numbers must be treated by the prograrmmer as

pure fractions,
To enable this to be done QDAATAN calculates
= (1/m) tan™? (x/y)
Note, therefore, that t is the value of an angle as a fraction of 11 radians

(180°).

A double-length number occupies two consecutive

locations; only the first is given below.

Entry {for assembly by SIR)
Place x in QDAATANAL
v in QDAATANTLIE
and enter TlIQDAATAN
SQDAA.LJ%N-}LI
Exit
tin QDAATANT142Z
T bin ODAATAN1I4E

bl 6.} in the accumulator

epm-b




x along the ea: ;
y along the northeuvly ax:

and measuring the ang:

N.B. The instruction pair must not form part of a pseudo~program
interpreted by QD LA '

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

F 4. 4  ERROR INDICATION

If x=y=0, e QDeRATAR wld punch. e POLNIIIE

e . , ¥2 i
oM gRRot 27 wwg  the ERROL subroubing.

4.5 TIME TAKEN

Approximately 4Z. 4 milliseconds,
e 3 v G2o6,
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1 INTROTJ UCTION

1.1 Purpose.

QF is used to perform operations on floating-

point numbers.

1.2 Summary.

QOF contains routines for operations
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 periormed on {loating-point numbers

by placing in store the corresponding {ixed- point instructions.

Two formats are available for floating- point

numbers (see Paragraph = 2. ?) QF md}’bt run in any progxam level.
L3 ' Form of Dis tributiOn.

QF 15 o SIR lrpe n GO0-Sevin ‘*rpm@&% amd  shoud  ba
assendlad  ax o block  od e  wsed SIR - program.

fin  ERROA Subouline sk else bz avendlad vl e
user's  SIR progemt.

TS QF v wad  WITHOUT  QFMATH  tea He Sl
Aot tmpe  Hedd  be  doodad  AFTER @F, bk

BEFCRE quy ki bupe (ot o @F If0 ov W shod
bope Quaded  dasbesdh of ‘b dosbed bolow) i-

e s Y 3 A b Rl e

k

((‘:BUMM‘?’ QF MHTH)

SQRT LN EXP QiN  €OS ARCTRIN
“+ O
& ERRF

|
o

CStmiloty E QF b wsed WITHOUT  QFID,  @am e

‘L‘%ﬁt - §




fgmﬁmm«é ik, %:sz?aﬁ &;-%?@:wﬁﬁ _ 4o ﬁmm’{sz.s.i FAFTER, (52”?) .:
ok BEPORE oy Khor  bope (ot o  QFMETH
or Ham chek  tmpe  dpedsd  Lalied  f b dieibed

c}a@v@s Lo

((morry @F o)

MFTD PSsTaNDd TOETNT IRt PSET

% EwWRF
(D)
1.5 Restrictions.

See Paragraph 2. 4.

L6 Accuracy.

If the result of the operation is y, multiplication
vives a rmaximum error of 273%y, division gives a maximum error of 2732y,
bi

All other operations give a maximum error of 27%%y.




2 FUNCTIONS _
2.1 Notation.
x{rman) = mantissa of floating-point number, x.
. x(exp) = exponent of {loating-peint number, x.

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

R = the floating point number held in the floating
point accumulator (¥FPA).

b = the contents of the psseuﬁo B—r‘égister (FBREG)
5 © = the contents of the pseudo S-register.
C(x) = the contents of location X
1= means '"becomes equal to"
2.2 Format.

One of two formats may be used to hold a
floating-point number in store. Normally the packcd 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 format, the mantissa is truncated and the
exponent held in the seven least significant bits of the second store location,
In this casce 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 N,
mantissa ' Waoekis pocg
Packed L
X+1 0 least sig. g 4
bits of exponent declogn &
£
mantissa af =0
- <93 ! }3’
X sign most.51gmf1cant bits of NoT > 12
mantissa
Unpacked X+l 0 least significant bits of
mantissa
X+2 -3 exponent : ¥

Negative nurnber representation for exponent
and mantissa is by thc usual 2's complement notation.

All internal wormng of QF uses the unpached

format.




Examples of floating point numbers in the two forraats:

o Number § Locn Packed ' Uz’};ﬁa.c:ked
0. 25% X 010 000 000 OGO GO0 GOC | 010 000 860 000 600 0G0
0. 5yx2-1 K+l 000 000 900 001 1311 111} 000 0G0 000 000 000 000
X+2 Not Used | 111113 31131 1311 111 111
1-2~27xze3 X 011 111 311 133 3131 1117031 3111 111 3311 111 111
£9.2x101#8 X+1 011 111 111 110 111 111 ] 011 111 };ll 110 000 000
X+2 Not Used 000 000 000 000 111 1113
-3 0x26% X 100 000 000 000G COG 000§ 100 000 0C0 000 060 000
-0, 5x1072 | X4l 000 GO0 000 001 000 000 | 000 0G0 000 000 000 000
X+42 Not Used 111 111 113 111 OO0 0CGC
2.3 Entry and Exit,

Entry is made by

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




3 4 Frosiloble mimém%;i. &g
San parsgragh. . Rl foe nobakion vied.
Table 1
{ Pseudo Nane New Contents of Remarks
{Instruction, e FPA b
0 X Load pseudo f x bi=C{X) See
o B-register Noteg 1 &3
11x Ada f4x x
2 X Negate & Add x-f X
3 X Exchange ] 4 b Not a basic 903
A operation
4 X Load FPA . % ) x
15X Store FPA i f See Note 2
l6N ‘Conversion f x See Table 2
Routines
77X Jump if f= 1 X ~ See Note 3
Zero
8§ X Jump i pls See Note 3
¢ X Jump if £<0 f X See Note 3
10 X Count in 1 Hx+1" See Note 3
store '
11 X Store pseudo f s Sce Note 3
SCR B
12 X Multiply : T3 x
13X Divide /= x See Note 4
14N w2 ' fx2 x N<4096 See Note 5
14 N %ZN"‘BJ.QB f_:i_zN"’Slgg % N24096
15 N " | error o f 7 x See Paragraph 3
Notes
(1} The instruction 0 0 is interpreted as a terminator for floating-
point working (See Paragraph 2. 3).
(2) H packed format is in force duﬁng interpretation of a 3 or 5
instruction, then a test is made whether
-64 <1 (exp} < +64
If 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).




(3 - These. instructions operate on single word items, The instructions
7, 8 & 9 may jump to ancther interpreted instructiont they must
not jump out of the interpreted program except via a terminator.:

{4} If én attempt is made to divide by zero an error indication is
output {Sec Paragraph  3).

(5 The results of the following instructions are always standardised:
1,2,12,13, 14.
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, '

Literal addresses may not he used i. e, constants must be stored in
the correct format by the user.
e .

Table 2
The address of a 6 instruction determines its meaning.
. Function Tifect
61 Instructions interpreted after this assume packed formnat,
6 2 " ' " " #  unpacked Y
6 3 Convert a single-length integer to a floating-point nurnber

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

64 Form the integral part of the number in the FPA, Location
OF +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 {loating-point numbexr 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 a fixed-point fraction. Location
QF +6 contains the absolute address where the {single-length)
fraction is to be ptaced. This routine always rounds down.

The instructions 6 1 and 6 2 do not convert numbers;
they define the action of following instructions:-

In 6 3 to 6 6 the arguments and the addresses in QI +3
to QF+46 are unaffected. Lrror indications are output if an impermissible
‘address is used or if overflow occurs. (Sce Paragraph 3).




| Example

An integer is held in INT1 and a real number in RL2

_ The {ollowing section of program places the floating-point
£01 m of the first in RL1 and the entier of the sccond in ,LN'J_Z

" {SET ADDRESSES IN QF WORKSPACE)

4 PSil _ (PSI1 holds the address of INT1)
5 QF+3 - o '

4 PSI2 (PSI2 holds the address of INT2)
5 QI +4

(NOW PERFORM CONVERSIONS)

11 QF (ENTER QF)

8 QF+1 :

6 3 (INT1 in the FPA)

5 RL1

4 RIL2 :

6 4 (RL2 stored as integer)

+0 (RETURN to normal working)
8 i +HQ :

PSIl 0 INT1
TUPSIZ 0 INT2

e .

3 ERROR INDICATIONS

I an enver OCCrT, @ mesiege s

‘%“j QF Using the FRROR  subiowbine
Message " Significance
G&F ErrcR 1 Impermissible instruction

Floating-point over-flow
®F ERROR a (5 or 13 instruction)

Integer o flow
QF ERROR 3 ntege verflow

Fr uctzcm ove rflow

F
& ERRCR 4 { 6 6 3.nsurud,1on‘)




i

4 METHOD USED

_ The [ollowing steps are carried out for each pseudo-
Hinstruction interpreted, ' ' o

(1) The pseudo S-register is incremented.
(2)  The function and the address {(modified if required)

bits of the interpreted instruction are stored.

{3) Control is transferred to the appropriate routine to
exccute the instruction,

(4) Control is retarned 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
62 conseculive focebions & 27 Libeals,

‘6 TIME TAKEN

The following times are approximate:-

— Function Operation Times in Microseconds
_Number -~ ]
0 Set pseudo B-register 440
1 Add : ' 2150 to 3850 (average 2500-
' sce Note 1)
2 Negate and Add 2480 to 4180 (average 2800-
_ see Note 1)
3 Ixchanpe ‘ 1980 packed or 1810 unpaclx.ed
4 lLoad FPA 770
""""" 5 Store FPA o A
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 e TG40
13 ~ Divide 4300 to 6000 (averave 4700 -
) _ see Note 1) £
14 Shift ' 8§10 to 2510 {average 1210-
see Note 1)
ENTRY : 50
00 EXIT : ‘ 150




Notes

(2)

The time depends on the nurmber of places the mantissa is
shifted to standardise the result of the operation. The
average given assumes o shift of 4 places.

For modified instructions add 125 ps to the time taken,

{?&} d?%(&_.\g‘; hwﬁ c:?u@:\{?&.ﬁi Ci_,,if,’:ei}“f\fi_» LW _g“e:suz Cha C{’f}% T ‘ﬁfﬁﬂﬁ‘s .

5
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Chapter 1: INTRO

DUCTION -

1.1 Purpose.
7 These programe provide routines for gm"cral number
input and output. The forrmat conventions are those of Bilict t Algol.
1.2  Method of Use.
g " . .t kv
o The voulines ore entered wia OQF. -
1.3 Swmmary. . s

The number input or output may be stored ae & {loating

polnt number or as an mteﬂp}:, m,?wé; oand  crabpik -QWAS pesfomenst

D&’&W&#&Z@A’ sv«%m E?.HHQ e—wﬁ QHCWQ

I. 4

approximately by

1.5

Accuraoy and Range.
The raximum error ia of the order of 108,

The range.of & floating-peint number, x, ie glven

9.2 X 10*®<x<§, 2 x1018

The range of an integer, n, is given by
-131072< n < 4131071 |
Form of Dstribution.

The programs are dictributed as & GIR mnemonic tape.

The tape contzins both input and output routines! it must be assembled after
QF but may be preceded by floating point mathematical routineg! no other

CHip  CiioP,

e o evedilad L

programe mey be assembled between QF and the input/ouiput routines,

WR, l ETRQ.Q‘“‘R Smﬁmm{fme-fs o (3.2:»0
e taeds Sie program.




The functionz

listed below. Input foutput insty

1

av '.i}zz‘b?;v:ﬁ
{8

a1

..n}b RIS

numbere entil 2 6 T instruction ie .in.f;ﬁ preted,

of a
.

0\.{ il
next

d the corresponding call ¢
dmumus to ruer to real

Function Peeudo-Instruction Remarks
Input a number 15 2048 input via e clacn o
nput  Sudsowline CHIp,
15 z052
format as described in
. 2. 2.
Output a number 15 6144 ~outpul via the dhscacker
. oubput Subvoukine C,Hﬂ,f’,
15 6148
‘ format as currently set
Following input/
“output instructions
refer to integers 6 7 sce note 1; the effect of
' this instruction is not
degtroyed by exit from QF,
Following input/
output instructions
‘refer to real :
numbers & 8
Heget presumed
scttings ‘ 6 ¢ See 2. 3 for description
of presumed setiings
Set new parameter 6 8191 Thie instruction must be
' ) foliowead by & parametier
word; See 2. 3,
i

GF o 2




‘HNotes L. An integer is input to the location whore addrass bs in QF 44
: ' An dnteger {0 output from the location whoee addres 5 ie in
L REAL ' - ' -
" Real numbers are input to or aumwé‘ from the Floating Polht
Accurnulator. .

2. Animpermisaible address giv{:U an error. mdzcmmd {See para. 3}

3. A number i{s treuted as resl or infeser dep end:.ng on the entrf
used, not on the format. '

i Examole
R i

The following section of program inwvis an integer, -n,
followed by n real numbers., Their sum is output i,

freepoint {8) fgrmat; the  CHIP, CHEE & ERADR s
rvbmined e “eH 1o sir 35/’3}#@“&% Ben . |

i

[ENTRY  qF  cuipe
CHOPF  CHOPC Citorl  Citefe )

SUM >2 (Fackesd  workispoce)
COUNT = »|

PSil 0 COUNT

ENTRY P5Il {(HOUSEKEEPING)
QF +4.

+0

SUM

SUM+1

CH.lF’F (Iml:\v e mpuf; subwubing)
CHOPF (Zoibi elline. owbpub Sulbmoudsivs)

CHiiPC (Fo cubjuk in 995 Telsecds)

Mt Lo wmoa

[
Stt

QF
QF4l
0

7 )
2048 ~ {COUNT:= -n)
8

o

O e O O
w

2048
SUM e 40 (Exlt; froma QF)
SUM e
COUNT 4 30
 GCOUNT I coft )

- g chofe (uach &

3.

SUM | -
64—

(831

LOOP

@

sl LD G e (G e

(4

QF 1fo- 3




Z. 2% Input Formaeats.

*

ted ig an follows

The character set accep

s

0123456789 4-. 4

<null> <delete> <carriage returan>

<halt>

<gpacer <newline> all other nbomal
wda characters, o

Characters on the first line may appear in & number, - v

Characters on the second Jine are always ignored.

I <halt> is read during exccution of an input instruction the
“program waits, o

- ClLaractere on the fourth line are treated as separators between
-~ .mbers and are otherwige ignored.

Numbers may be signed or unsigned and may be
“ipunched 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

«input. An integer must not exceed 131071 in magnitude (fractional

i parte are rounded to the nearest integer).

Example of numbers that may be input by this

3

program as real numbers

104 +500 -2 500000
1002 10234, 56 200,0 .,
4.,] 5, o5 42,75 5410




2.3  Output Formats,

: o In the following description the presumed sctiings after-
Cdnitial aspembly are given in square- brackets. These settings apply to all
- output unless changed by 4 6 8191 instruction and are resetbya b O -
Cinetruction. The formats satisfy the conventions of Biliott Algol.

The parameter word after a 6 8191 instruction g a

pesevdo-~ingtruction

2.3 1 Lay-Out, [newline j
' This affects both rcal and integer format,

For newline Bz}
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=lémin
" gcaled(n) H F=2 N=n

| For aligned format mitn < 15
L For freepoint and scaled 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<b

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

_ An impermiseible parameter word causes an
error indication to be output. (See para 3),

2.4 Accumulatore for Input and Output.

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

Integers are input to and output from store locations:
these operations are related to the floating-point operations

6 3and 6 4.




o an ervor oauri e weESIE S glote “% ®E Yo

U the  ERA0R swhvewking .
it
32 Errors Detected.
Significance . "
PR DImpermissible instruction
RF BRacr 3§ ’ _ -
or parameter
FP A not standardiged
QF 1/o gvnron - :
on cutput
A Integer cverflow
! L Pl
QF o ERGoR 3 on input
Vo ERAOR Contextual ervor
£ o E .
Q % on anput
Floating- point over-flow
QF 1o EReR "3 . f’ P. o W 1
on iuput (see Note 1)
Nofe 1. If the number being input has a value greater than
: 10 F100 appreximately, fleating point overflow occurs.
‘ This error will most probably be caused by a wrongly
b punchsd data tape.
- 3.3 Alarm Printing, o Jooeiennn

If the number to be output is toc large for the format
specified, alarm printing occurs. This is in ecaled format and uses the
same number of characters as the format demsnded. If this is iinposeible
H is output.

e.g. 1. format demanded: aligned {4, 3)
numbers to be ouiput: - 35286. 741
output obtained: -3.53, 4404

e.g. 2. format demanded: aligned (2, 1)
number to be output: 123,45 '
output obtained: H




bee & SToORE  USED.

aF 310 Oecuplas ﬁ%‘% coreecukive  Lecadiong
o e 42 Liberds,
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1.1 Purpose.

To compute certain mathematicel functions of
floating- point numbere held in the floating-point acecurnulator {(FPA).  The
functions are performed by sub-routines entered via the floating-point
package (QF).

. 1.2 Summary,

The functions provided are square- root, sine,
cosine, arctangent, natural logarithm, exponential,

7:.1. 3  Accuracy.

The maximum error is § x 108,

1,4 Form of Distribution.

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

point package (QF), 4.k Moy be  precedsd by QF ifo.

The routines are assembled as part of the block
QF and are entered as floating-point subroutines. They may be run at any
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).

~ QFH~ 1




| Function

are listed helow:

The available functions and their entry-points

H
H

usging packed format

11
12
11
11

5

QF
QF+
x

X
EXP
EXP
SQR
SR
Y

Bguare- root Il S50RT entry with negative
8 SORTHL argument is an error
sine 11 SIN argument is in radians
& SIN+I
cosine 11 C@S argument is in radians
& C@s5+l
{ arctangent 11 ARCTAN ‘result is in radians
8 ARCTAN+] and lies in the range - to + I
natural 11 LN entry with zero or
logarithm 8 LN+1 negative arguiment ig
an error ‘
exponential 11 EXpP the user should note that
- 8§ EXP+1 this operation may give an:
answer which cannot be held
in packed format. This will
be detected by QF
2.2  Example,

To calculate the function

. }
y = exp (x?) 2

for the users workspace.

(ENTER QF IF NECESSARY)
1 (ASSUME PACKED FORMAT ON ENTRY)

(FORM X $2)

+1 (FORM EXP [X t2])

T

T+l (FORM {EXP [X t2374 1)




an error is displayed. by EHFATH u‘sw«ﬁ @ ERACR subww_«%:u\.a” The

2.3 Global Identifiers.
The zoilowin’f labels are declalgd as global

identifiers on the library tape and must be declared at the head of all blocks
of the user's program vfh ch 1cic31 to them.

QF
SQRT
SIN
cos
CARCTAN
LN
EXP

3 CERROR INDTC VTIONS

If a routine is entered with an 1mpos&1;ﬂe oper a.nd then 4

Lo

detected errors are listed below,

SRR

Function Error Message D - Cause
(x is the argument
of the function)

logarithm RFM ERROR 3 x< 0
square root] ®F M ERROE f . %<0

. £
exponential | &F 4 EREGE, & 2 e

‘4  STORE USE

B0 condetafes,  Locodvenasd & 84 Q;i:aﬂ.ﬁfs.

s TiMES
- Typical times are; ow o 403 o Cfig};;g;
SQRT | 5.3 milligec.
SIN - 15.5 millisec.
cos 15.5millisec.
" ARCTAN 24.0 millisec.
LN o | :_22 0 mﬂlmec

EXP . 13.0millisec.  QFM-3.
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‘Chapter 1:  INTRODUCTION
' 1.1 Purpose _ _ _
To sort a number of fixed length records (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 Icon~—
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 specifias details of the file and the latter details on how the {ile

is to be sorted.

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+1. A parameter word immediately
following the entry must contain the address of the sort-table. Exitis to the
location following the barameter word.

Example

11 SHELLSORT

8 SHELLSORT+I

0 SORTTABLE

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
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. 'in situ' by exchanging complete records.

1.5 Restrictions

The following réstric_i:i_oné on the use of SHELLSORT

. ) .sho_uld be noted: -

(i) The file must be of the specified format.
(ii) If a file is sorted 'n' deep, then the two
) arrays SHIFTS and COLLS in SHELLSORT
must be declared as » (nt+l). On the
standard tape SHIFTS and COLLS are
declared as > 1¢, i.e. sorted ¢ deep is
permitted. | -

(iii) All records must have identical format.

SHS-2




Chapter 2:  FUNCTIONS

2.1 Format of File

The records to be sorted may be of one or more 18 bit
words. They must 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
- e’

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.

al- Example: 4 word Record, 3 part key
Part 2 Other
Word ! 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 Informeation

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)

i




. | (the word of the record containing o : x
= . part 1 of the KEY (The first ' |
word of the record is word 1}

&PPBTTT (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}

) +3 ) | |
&PPL777) asA abovg_but for part 2 of KﬁY,
- . etc.
+9 {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}  Anrn unsigned n bit number in the range 0 to 2 (n- 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
kéy 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

part of the key) if this is to be interpreted as (i) and -n if it is to be
interpreted as (ii). The absolute value of the number entered will be taken

as the relevant part of the key.

2.4 The sort-list

~The sort-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
. +3
+4
+6 (see below *)
+1 (an& 2.3)
| ) +2
+6 - . : w
*This table specified the priurities 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 .

part 3 etc.

The word containing each part of the KEY and its

collating constant are given in the SORT-TABLE,

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

04 12 > &b —>
Part 2 Part
4
Part 3 Part 1
o G & 9 >

£ e i .




o

mnust be specified as
&@_@@??7
+1
&TTTTPH
+2
&TTI000 ' B N
+1 o | " | S\
&0p977
i | | o

2.5  Sorting 'end-around'

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

. part stored tend-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 Scrts

Internal and/or tape code characters may be sorted
using SHELL:SORT by representing cach character as a separate part of the’

key.
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“772.7  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 is:-

~

3 1 ¢4—exponent

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

Specify 3 whole word keys, on the order :

exponent, most significant mantissa, least significant mantissa.

1 émmmmexpohent

2.8 Use of Extra Modules nof Core Store

The main program, the sort-table, the sort-list and
the file may be stored in different modules, providing that when the address
of (2) the sort-table (b) the sort-list and (c) the file, is specified in (a) 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 addrcss
of the file, regardless of the module containing the sort-table. Shellsort

-

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

‘sHS-1.




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

'_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,

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

"A HIGH SPEED SORTING PROCEDURE" by D, L, SHEILL in "Communications
‘of the A, C, M, " Vol., 2 No. 7 of July 1959,




Chapter 4:  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 ?;':gare 20 seconds and 0.6 seconds respectively. ' f'

It must of cocurse be emphasised that times depend

“ sargely on the random nature or otherwise of the records, especially the

“*number of records that can be sorted on the {irst 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 (i.e¢ n = 9):-—'
239 consecutive locations
6 literals




