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Thig report describes the usc of the IDEUCE Algol Compiler,
which is the outcore of a collaborative project undertaken
by J.k. 7att, D.S. Colicns erd G.l. Gillow of the Liverpool
University Couduter Laveratory, and the author.

ap ' rt from the following further restrictions DEUC:Z £lgol
is compatible with Thetstone DP9 Algol (see section 16):-

(1) o own earrays.
(2) No code proccdurcs (hbut see section 9.4).

(3) Ko strings (but there is & "copy" facility -see section 9.
(L) Maximum of 14 peremcters per proccdurc,

(5) haximum of 14 dimcnsions per array.
(6)
(7)

Maximum of 30 blcck %';,vcls. 22
. . ree yl .
Intcger range -,:1 07 & integen L 2 127
(6) Rual rangc -2 &+ real number ¢ 2

(also, method of data input, output and layout of results,
program testing facilitics, end failurce ection are different,
and lcss comprchensive) .

The Coupiler compriscs a total of approx. 10,000 DDUCE
words (Translator 6,000, Control 4,000).

With the initiel vcrsicn of Control, the running of translated
programs is pcrformed at |, - 5 of the specd of .lphacode.
Trenslation time for the cenple program given in Appendix II
is 6 mins., totel running tinc for the four cascs shown being
12 idns. :

I indnun DEUCE confi,urstion required is o XK I machine with
A.T.i ., 64~coluim cerd inmput/output, and paeper tapec input/output.

(I'o correlation is internded with the original experimental
IBUCE sAlgol (sce report Io. ¥/.i 844 by B. Randell and I.J. Russell ,

12/2/62.))

)
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Introduction

The d:cision to write this Compiler was made at a meeting at
Liverpool University between Dr. A, Young and J.M, Watt of the
Liverpool University Computer Laboratory and Dr. D.M. Parkyn
end B, Rendell of the Mathematics Office of the aAtonic Power
Division, W -etstone, on Lovember 1st. 1962.

Lt these two esteblishments there was felt a need for a mcans
of easing the cheigcover to the forthcoming KDF9 and KDF9 Algol -
by providing an interim mechanism to facilitate the geining of
experience in using ilgol and the testing on DUUCE of slgol progrems
which would eventuclly be run on the KDF9.

Requirenciits of the Conipiler were that it should be cepable of
use on a 1K 1 D3 CZ (The Liverpool University mechine is a MK 1) and
trat it should be as corpatible with KDF9 £lgol as possible,

4 primc concideration also was of time; the Cormpiler had to
be reedy for use by the micdle of 1963 to be of practical use.

In view of the latter reqguirement it was cdecid d to program on
LaUCE the machinc-independent flow diagrams and logic for the
".hetstone KDFY slgol Coupiler (of which B. Randell and L.J. Russell
cre the authors* ).

A colla oration wos therefore set up in December, 1962 whereby
the Trenslator part of the Compiler (i.e. that part which accepts
£1gol text es input end prodices Object Program as output) would be
programied by C.o. %att end D.S. Collens at Liverpool University,
and thc rur-time Control (which obeys the Object Frogram) by the
authcr, at hetstone,

The conpleted Corpiler was available from June, 1963, having
involved a totel of 20 men-months., As this time does not include
the two man-yeers involved by B. Rendell and L.J. Russell in the
development oi th. logical system progremmed, the total effort
which the DEUCE 4lgol Corpiler represents is epprox. 44 men-nonths.

( * Of considerable heclp to zll concerncd were the manuscripts,
vhich were maue evaileble to us#®, of a forthcoring bock ("Algol
60 I.plenentation") by these seme suthors.

Basically, this book describes in detail the very method of
irplementation of s#lgol 60 which was adopted for the IEUCE Algol

Coupiler, and incorporates the actusl flow diagrems used.)
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7.8.1

How the Compiler operates.

The Compiler couprises two distinct parts - Translator, and run-time
Control.

sn hlgol progren. tepe produced on a Flexowriter (or a 5-hole tape
in Telex (modificd) or Ferranti code) is accepted as input by the
Trenslator, and processed and punchcd out on cerds as an Object

frogram, precedcd by a set of cards knowvn as the Failure FTack,

which is used by Control in the event of a feilurc at run-time.
The card output from the Translator is accepted as input by Control,
vhich then interpretively obeys the Object Frogram, thus performing

the actions leid down by the original Algol program.

Inout of Date at run-time is by 5-hole tapre (Telex code at Liverpool

University and hetistone).

Full checking of the legality of the Algol and of calculation is

provided throughout transla.ion and at run-time, any errors found
being notifica to the user by reans of nessages punched out on paper

tape. The next program will then be called for automatically.
it the end of both trenslation and run-time, the next program
is called for zuto.aticelly; there is also a load-and-go facility

(see section 14.1.).

Program testing facilities availeble are Partial Answer and Trace

(see sccticn 12).

The Tartial insvwer fecility is optional at run-time (P32 on 1.D.)
and causes the viluc zssigned at each assignment statement to be
printed out. (Boolean true appears as -1, felse as 0). Block
levels may be selective (see section 12.2.5).

The Trece facility ic also optional (P31 on I.D.) and causes each
Fosition Identifier zs it is encountered to be printed out (first 8
characters only) during run-time. This facility is only available

if there wes a P31 on the I.D. during translation of the progrcm.

Failures.

+n error founu d.ring translation will be defined by line nuuber
(of Algol text), aeliriter number on that line, the line on which
the identifier wes first used, e¢nd a nwber referring to en entry

in a descriptiye foilure teble (4ppendix I).
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Run~time failurcs «re defincd by a number referring to an entry
in & descriptive foilure table (Lppendix I), the line number in the
~1lgol text at which the failure occurred, and the preceding Position
Identifier in the text (i.e. typogrephicelly). The Failure Pack

is rcad in ard used by Control to provide this feilure information.
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S0 Restrictions duc to lachine limits.

&1 Size of object Progrem,
During tranczlation the amount of space jointly availsble for Object
Prograi and the list of identifiers having valid declarations is
not mere then epporox. 2,048 DEUCE words at any one tine. This is

checked eutouwetically.

8.1.1 BLxamples of space required by various items in the Object Frogram are:-
Item Syllables*
Cperator 1
Identifier B
Luzbers (other then integers O eand 1) 5
Integers O or 1 1
Procedure declerction (n parsmcters) 5+n
Block 8
Frocedure call (n peraueters) 7+4n
&9 to (cxtre) 5
switch decleration ('n' desig. expressions) 5+10n
for ...step...until...do... (extra) 21

(* 4 syllebles per LEUCE word).

o}
N

Data Storagc

£% run-tine, the maximum amcunt of storage available for Object
rrogram, arrays, vericbles, intermediate calculations, links,
recursive calls, ete., is aprrox. 4,100 DEUCE words, and a

feilure will occur if this 1liwit is exceeded.

83 Block Levels. (koxirum 30)
Erohil The block level of eny part of the text of a DEUCE Algol program can
be deterninea by applyiig the following rules:-
ksl The outermost block of a progrem is level 1.
Sl nillg Increasc this by onc on entering (typographicelly) any of the following
structures, znd aecrease by one on exit:-
(a) 3Block (section 4.1)

{(b) Proc.dure decleration (section 5.4)( If a procedure body

is a block, this block is not regarded as an extra level).

(¢) For Stateuent (section 4.6) { If a controlled statewent

is a block, this block is not regarded as an extra level).
6.5.2 It is the currcnt block level which is indicated, when using the
Partial answer facility (see section 12) by the number of repetitions

of the letter ¥ following each value printed out.
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8.1},.1

Enl2

8.

Number repreosentation (sce section 2.5).

Integers have: the permissible range: -

2 : 22
=gFe ¢ integer <. 2°
keal nunbers viithin the range -.21 v & real number < 21 4

-

are represented cccurctely to about six decimel digits.
Real nabers falling in the range:-

--2-4l 2 < reel nuber & 2_1 &

are given the velue zero.
These ranges erc fully checked end will give the appropriate

failure if exccedod.
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9. Standard functions (see sections 3.2.4, 3.2.5.).

Jo The stendard functious sct out in the £lgol 6C Report are avaikble
as defin d, duclerations being implicit (i.e. the user does rot
have to incornorate corrcsponding declerations in his program).
9.1.1 sin (E)  is couputed uging a formule given on P.140 of "Approximetions
for Digital Co.puters" (Hestings).
lhaximu. error is epprox.
2 x 1070 Har= AL e W5 Vi x
Failure 10.166 will occur if
ol6y 2B = 16

T
(I.B. accuracy deterioratess outside .the range
A <)
gho2 cos (E) 1is corputcd using the foruula given above in 9.1.1.
Failure 1 0.167 will occur if

_216 > (_i;m) > 216
(IN.B. Accurccy dcteriorates outside the range

b (&41) - o )

—~— e

=2

9.1.3 arcten (.) is couputcd using a forrula giv.rn on p.136_of ".prroxir:.tions

n

for Digitel Computers" (Hastings).
Maximun error is epprox. 10 for any velue of E.

Failure J o. 165 will occur if

-2'%7 > caleulation > 2147
a1l in (B is calculcted using & routine besed on DEUCE subroutine
HieE/ .
mexinum error is approx. + 2 in the sixth decimal figure.
9015 exp (5 is calculated using & routine based on DEUCE subroutine
LO5FL/ 2.

haximwa crror is op roi. + 2 in the sixth deciwel figure.
Failure I'c. 162 will occur if

g > 2
(I'.B.1In 2nd exp are also used in the caiculation of a'j 3

where r is of type reel and & > O - see section 3.3.4.3.)

S The following additionsl functions are available, also with

implicit declerations:-

function description in section:-
read g 10.1

print (X,1,£); ARIkER

space; 19 0BoZc

newline; 11 o201 ¢

copy; 2)i55)

deuce (entry); 9.4



9.3.2

9.3.5

9.4

10.

The "Copv" facility.

liis facil: ty has been includcd in part amelioration for the
leck of string handling facilities in TBUUE Algol.

It cnables a ctring of any number of characters to be copied
dircctly from date tepe to output tape at run-time, so that titles,
hcedings, etc., car be provided with output.

At the proc.cure statement "copy ;"the data tape will be passed
through the reader until en opening parenthesis is found. Subsequent
cheracters erc tiien copied across to the output tape up to, but
excluding, the coiresponding closing parenthesis. Pairs of
perentheses between the outermost peir of parenthescs are treated as
pert of the "string" of cheracters copicd.

It way be worth noting thet a 'copy string' consisting only of
perenthescs, letters, =, CR, LF, smce, blank and/or FS will be

ignorcd if cncouitered by the 'read' function (see section 10).

The identifier ‘dcuce

» further functicn is available which facilitates the insertion
and cell of DBUCS subroutines.

The proccdure statement:
"deuce (entry) ;"
where “entry" has the value:
track nunber (a/b)x32 + minor cycle (),
%ill czuse Co trcl to fetch treck a/b to DL.8 and enter it in mc.m.
The rules ard necessary information for nieking use of

this facility «ill te available shortly, on recuest.
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10. Deta.

Five-hole pecncr-tape hes been chosen as the medium for input of

deta (and output of rosults) rather then S-hole Flexowriter tape,
vhich would have lcad to the problem of reading 7-hole output, in

the case wherc output is used subsequently &s input.

10.1 In effect, the function designator
rcad

rcpresents (end gives) "the next nunber on the data tapc", c.g.:-

as= read;
x:= cqrt (read);
yi= & + b/read;

N
"

Aif read > O _ther a else read;

10.2 runching of ..uw.bcrs for input.

£

: ; : 3 ,
A nuber of the form A x 10 is punched as:-

in dihg aR B

where: -
10.2.1 + signs necd 1ot be punched.
10.2.2 A deciial point mey occur anywhere within A, or be onitted if not

requircd.

10.2.3 If B=0, th= conn: erdd B need not be punched.
10.2.4 The comma wust inediastely follow the last digit of Ai.
11051245 Corriege Zeturn (CR) Line Feced (CF) or Space chersctcrs terminate

a nucber (but rot on Letter Shift).

10.c.0 It is verudssible to put spaces between the comms and the first
charecter of the exponcnt, or betwcen the sign and first digit of
4L or B, but iot clsewhere withir the nwber.

16L. 2.7 The charactcrs (, ), =, 2nd all cheracters on Letter Shift (except
Pigure Shift) ers igror.d. (i.e. TEMP (IF) = 123.45 etc. is rossib.e).

10.2.6& Fon-numerical characters, apart from . and , (and those covered in
sections 10.2.5 end 10.2.7 above) ere invelid, and will cause a
failure if read.

10.2.9 o must have not norc than 9 digits, excludirg non-significant zeros

betore the poiit. (This is not fully checked).

10.3 Exeupless -
0 -200.084  ~.083,-02 (i.e. -.083 x 1072 )
177 +07.45,8 2 (i.e. =1 x 107)
B384 9.34,+10 sk (i.ee 1 x 10-1*)
+0.7300  2,. =4 4,45 (dhe. 1 105)
+3.14155 could be punched in any of the following ways:-
+3.14159 +314159,-5

0.314159,1 +00.314159,+1 ete.
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11. Cutput of resulus

A9 o lhe procedurce scetenent: -
prdut (H,1,9);

causes X (intcger or real) to be printed in fixed or floating form
according to the values of the parzi.eters i and £, as follows:-

1111 i > 0. X print:d in fixed point decimal, with i pleccs before
the point and f rlaces after the point. DMon-significant zeros before
the decimal point ere replaced by spaces. The sign immediately
precedes the first digit printed. If X has more figures before

the point than zllewcé for by i, then the extra digits will be

printed, but thce layout of the page may be spoiled.

Bl f & 0. Decinel point erd frzctional part omitted.

WEra A =0 X printcd in floating point decimal with one figure before

the point and f after.

o I i < 0. 4s i=0, but -i speces are left before the first digit
printed.

Lo LA The valucs of i «nd f are taken modulo 16.

10545 sach number printed out is followed automatically by three spaces,

19 ol o NU-ZERS DQ IOT ..CTChiATICALIY START ON A N'W LINT,

11 o2 Leyout of output This is left under the user's control. 1In

aduition to the u.e of th. print parameters there are two further
facilities:~
A9

™
(]
-

newline. “he procedure statement
nzwlin: ;
causes the scqucnuce Migw ¢ shift, Corriege Return, Line fced to be punched
cn the output tepe.
(I..B., 4 newiinc is perforued automaticelly at the beginring of
cach progrou).

1.

N
.
N

gpace. The proc:dure staterent

space;

causcs onc space to be left in the output.
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Progrem testing facilities.

Two facilitice have becn provided to assist the user in
pro;ram testing:-
If e P31 is prcscent on the I.D. during trenslation of a program,
thcn for each rosition Identifier in the program an extra seven
syllables of Ctject Frogrem are inserted containing the first eight
characters of th. Fosition Identifier,
If the Objcet Progren is subsequently run with ¢ P31 on the I.D.,
the:i: on pessiiig cach lebel and at cach call of e procedure the first
¢ight charzcters of cach Fosition Identifier will be printed out -
at the beginuing of a new line.
Using Trace, no cistinction is made between upper and lower cases
in the origincl Algol text, i.e. SUN and Sum would both be printed
as Slh.
speciel action is called for at translation)

Partial answers. (oo

At run-timc, if & P32 is present on the I.D., then the value
assigncd at cach as.ignrient statement will be printed out, at the
beginning of a n.w line,

If the valuc ascigned (X) is of type rezl, then the equivalent
print statemsnt (cxluding the action of section 12.2.5) is:-

newline; orint (X,-6,6); newline;

If X is of type integer, then the equivalent print statement
(excluding the action of section 12.2.5) is:-

nevline; prirt (X,7,0); newline;

Booicen acsisnnents (sections3.l., 4.2). If X is Boolean, then

truc eppcars s intcger -1, and false as integer O.

Block levels. (see scction 6.3). Following each partial answer

printed out will be the letter F, rcpeated to a total of n times,
where n is the blocl level at the assignment statenent.

It is possibl: .o select at which block levels partial answers
arc rcquircd. If instead of a P32, a In is placed on the I.D., then
only pertiel an-viers at block level n will be printed out. For
example, if perticl answers from block levels 3 and 4 only are
rcquired, set P3 and T4 on the I.D.

IT'ote that 2o T32 overrides P1-30.

Block level sclicticn cennot be applied to the Trace facility
but pertial enswers with blcck lcvel selection, and Trace may be

in operation togcether.
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Freparing a tape.

Every tape should begin with -
st leest 8" of plank tape (leader) - this facilitatcs loading
into the papcr-tepe reader - followed by :-
CRLF, follo <d by:- )

! or vice-versa
upp-r or lower casc shift, es required. ’

Double spacing is rccoumendsd; this produces a rauch more easily
rcad text.

Indentation according to block level is also recorraended, for
the samc reason.,

There is a Ta3 facility on some Flexowriters; this greatly
facilitates indcertation, but if a tape is reproduced on a Flexowriter
with no T4B facility then the lgyout of the hord copy will be spoiled.

The final erd of e progrenm must be followed by the end of
message charecter —: (no printing cheracters are allowed between
end ard —> ),

—> should be rollowed by at lcast 4" of tepe. This is necessery
for the brekce on the peper-tape reader.

Nuubcr types: effcect of unneccssary conversions on running specd.

Note thet, if, in the following expression a and/or b are of type
reel, it will be cvaluated faster (by just over 7, in the following
example) at run-tiie if varitten:

(a + b)/2.0
than if writien:

(2 + b)/2
wnich would involve en unnccessary type conversion irom integer to
rceal at each eveluation.

Sirdlerly, if o end b are both of type integer, it is

preferably vritcen:

(e + b)/2

(This philosophy also applies when using x, +, -

&

W
n

-
.

g

\\.
y 7

and £ ,but rot % )
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Vg Cperating Irstructions.
o —

(The uscr is assuned tc be fardlior with the .use of LEUCE),

14..1 Ther. are two distinct modes in which the translating and
roming of DIUCT Algol prograims may be carried out.

141 .1 One is the load-sznd-go mode, where a program is run inmmediately
it hes been .rsnsloted. This method makes use of the fact that
winen en Objcct Progrem is punched out by the Translator, a copy of
it is retaincd on the IBEUCE drum. Thus it is expedient to siwply
rcad in Contro) end heve it obey that copy of the Object Program.

14.1.2 However, whcre several Llgol progrems are to be transleted and
run, it is mor¢ cconomical to perfori all the trensletions in
scquence, then run cach Object Frogran. in sequence, so that
Ireisletor and Coiitrol need only be read in once cach.

1h.1.3 4 corbinatioi. of the two metnods is possible, i.e. n programs may
be transleted consecutively, the nth program then being run.

Ticel oy Choicc of method 1is signalled by use of the P32 digit of the I.L.

iAfter trensletion of a progrem. if the F32 is off another

algol tepe will bec cellcd for.
If the ¥.2 is on, Control will be sutomaticelly recad in, and
th. program just translated obeyed.
1415 Using losd-and-go, the Trenslator and Control packs are
stacked tog:ther es one pack; there is no need to remove any cards

from the front of Control.
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142 TEIIG THE THe! JIAICR (From the description provided by Liverpool

University).

Vo 20 Hardviare rceoresentations.

Three diffircnt represertations are catered for. The first
two of thesec arc identicel with those to be provided on KDI9.

The represcrtations are 8-hole ILDF9 Flexowriter code, 5 hole
Ferranti code, ond the 5-hole code (modified Telex) used at
Liverpool Univeirsity. The upper casc letters of the 5-hole
representation: sre troated throughout as though they were

loier casc.

Ref'erence &-hole 5-hole 5=hole
Langusge - KDF9 Ferranti Liverpool University
(I.D. Sctting )(OP1) (5P1) (2?1)
0O to 9 0O to 9 0 to 9 0O to 9
a to Z A9 % - =
& Golz a to z A to Z 4 to 2
+ + + +
X X L] X
y/ 7 / /
4 - *DIV ' DIV
T 4 ® w nap
< < > >
< = - t>
P > P Z
2 # #
= &gV *BELV 'EQV
b irp * T 'ILP
WA or * OR 'OR
&S znd * AND 'AND
e not * NOT 'NOT
3 3 3 3
10 10 v n
’ s * e
= = B = =

— o~
~~
~ ~—~ ~

_ 1 B (

] ] [ )
begsin begin L splexny ' BEGIIY
Boclean Boolean #BOOLEAN ' BOCLEAN

—

boclecan



14.2.2
14.2.2.1

14.2.2.2

14.2.2.3

P, P

17.

Referernce S8-hole 5-hole 5-hole
Language KDF9 FPerranti Liverpool University
(I.D. Zetiing) (OP1) (31-’1) (291)
z0 to £o to * GO TO 'GO TO
cte.
end messoge —= ? ?

* 1 2nd strirg crc not alloved.
I2UCE Opurating: instructions.
I.D. Settings.

Only the P1 e

and P, F 2 positions ere significant.

3 U g

0 f'cr u--hele code,

y 2
3 for 5-hclc Ferranti code.
2 for 5-hole Liverpool University Code.
P5 1 for 5-holc Ferranti code failure messages.
0 for 5-hcle Liverpool University Code Failure messoges.
P31 On if the trzce facility is needed.
P52 On if opcrating in losd-end=-go modc. In this case Control
must foliow the Translaetor program in the rcader.
Paper Tape eader Settings.
Wired plug - The standard plug is used for all codes.
o=hole tape Slide at g-hole position.

Farity - Even

Ignore all ones - position immsterial.

5-hcle teape Slide a2t 5-hole position.
- Off

RKead all ones - Cn (But for Ferranti code,

larity

the position is irmeterial).

Pancr Tepe Iunch sSettings

Chsnncl - 5
Yired Plug - The stendard plug is used for both codes.

Parity - CFF

Initial Input the Irsnslator FProgram (6,6 - 24x buzz - Translator
not rcad in and stored correctly.)
Load the tapc in the tape reader.
Chcck that tape unch end card -unch ere loadec, and ready.

The tape will be read 1" at a time. The program will stop
or either 0,1-1X (or by calling the card rceder to read Control
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if ir the lond-s:d-go iode), efter a successful compilation, in
which case the couriled progran (see section 14.2.3) will be in
the card punch, or on 4, 17-17x after detecting an error in the
+1GCL progrewi, in vhich case e message will heave becn punched

on the tape punch, end there may be somc (useless) cards in the
punch,

In either cese, give a single-shot to compile a further ALGOL

program.

The Compiled Cbjict Trogram.

card outsut fror the Trenslator for eech Algol progrem is in

two distinct scts of cards, the Failurc Fack, followed by the

Object Frogirai..

The Failure Peck. I'rom the first non-zero card punched out, up to

G includii. the card with "all oncs® on the > - field Y row

and 31P1 + 3172¢ dovn the rest of the = - field, cowprises
the Failure Feci. This contains a line count of the slgol
text together with e coded recpresentation of cach Position
Jdentifier, ¢nd is uscd, if ncecessary, b, Control in the event
of & run-timc foilurc.

Failurc pack cards mey be punchcd out intecrmittently.

The first cerd of a Failurc Fack will always have 123F17 in
the second helf of the 1st word in the o - field.
The Object ¥Yrogzrzm. The rest of the card output after each

Feilure Pack couprises the Cbject Program.

Note that the order in which Failure Pack and Object Frogrom
ere punched out is THE REVERSE OF 4HS ORDER IN "HICH THUY ARG
R UTIED BY COI(I  (except when operating the load-and-go mode,
when only the Failure Pack is requircd.)

The first card of any Objcct Program will have the
pattern®, 5,5, 1,2,1%,13,15 in the firskt hedf of the first
word in the & -fi=ld.

The last cerd of any Objcct Frogram will have "all oncs"

in the [ -fizld s the last non-zero word.

Peilure lessaiics,

These have the formas -

LIS

DELIGI SR Q where p,q,r,s arc 3 digit
IDEr 2TR9T integers.

UciD 11 e

FLILURE s
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The linz and delindter numbers serve to locate the
vosition of the failure, The first line of the program is
linc 1 and the ccunt is increascd by one for each line which
contains printcd characters. The first delimiter of each line
is delindter 1.

The error is dciccted at the point indicated. It may
be causcd by blunders ecrlier in the ALGOL progrei.

The integer r nornelly gives the line number where the
identifier currently being processcd was first used in the current
block. It is sometiics useful in locating errors.

The failure nunber s is used to locate the description of

the possible cauce of failure in the Failure Table (eppendix )
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USIrG RiTi=TTk, CO. .ROL.

Initial state of the rechinc.

'.' Dl's (IIs DBUC:). These are not recquired and should be
svitchea off.

State of th: I,D. Should be clcar, unlcss the program testing

fecilities (section 12) are to be used.

Pepor tepe readcr (standard plug). If date input is involved load

with the slide set for 5-hole, snd set the panel kcys as follows:-
perity o (off)
rcad =11 ones dovn  (on)
cleer parity level
lozd level (ready)
Peper tape ; pw*c_:_h_(stm‘dard plug). Set for 5-hole output, with parity

off, ard nmade “rcady®.

Card input. Following the Control pzack in the card reader must
be: -
Af load=snd-zo then Feilure Pack only for program
being run elsc Cbj.ct Frogram followed by ite Failure Pack;
Further Obj.ct Frograms to be run may then follow, each
imrcdiately followsa by its respective Failure Peck.
1OTS TFAT TUIS TS THEE REVZRSE OF THS ORCER IN WHICH THEY
+PE FUICHID CUT BY T TRANSLATCR.

Control sum cheek. “hen the last cerd of Control hes been read,

Contrcl is swaicd down: from the dru:, If this swa is incorrect
e fzilure will occur (o, 5-5 x, buzz).

antry to Obicct Frosrom.

in autometic "newline" is performed before Control begins to
obcy the Cbject Irogream.

Pinish of progrem. « LEUCE Algol progra:: should finish in one

of the following three ways:-
The final c¢pnd has been reached, in which case Control finishes

by printing out "FI. ICH"; it then passes the Failure Pack through

the rceder, end cclls for the next Object Progrem (which in turn

should have its Foilure Fack behind it) , stcpping 7,0-21X if none.
The progrem celic for non~cxistent data. The Failure Pack

will be left in the reader; this shculd be removed if further

Objcet Progreums @xe to be run. These should be stacked behind

the Restart Cerd (sce section 14.3.7), which is then initial-

inputted.
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A failurec occurs, in vhich case, after the procedure described
in Section 14.3.0 has teken place, the next Object Program will
be called for.

Run-tine feilurcs.

“hen a feilure hes occurred Control provides threce items of
informstion to the user to essist him in tracing the cause and
r:ason for faiiure; they arc:-

4 nuzber referring to the Feilure Table (Appendix I).
The line nusber of the £1lgol text at which the failure occurred
(First line = linc lo0. 1).

The preceding Fosition Identificr (typographically).
(Control reads in the Failure Pack and extracts the necessery
information for itcus 14.3.6.2 and 14.3.6.3).

begin commint cxample of run-time failure;

BRI
clanger: x : = true
end —»

The assignment state.cnt, as might be expected, produces a failure,
as follows: -
"F/I.URE NO.130 IIiE 0.3 CLAIGER"

Restart « At any time when Control is not celling for an

Objecct Frogie.., end this is required, the initial-inputting of
the Restart Card (Jo. 2999 i.e. lest card of Control) will
ceusce Centrol to czll for an Object Frogrem, after printing out

"R .OTARI",
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Glossery (of non-Algel non-DEUCE terms used in this report).

tosition Tdentificr. sny lebel, orP rocedurc Identificr in a

procedure headiig,

Object Frograin. Binary coded form of the Algol text, produced by

the Translator anrd obeyed interpretively by Control,

Urenslation. Trensforretion of the i£lgol text into Object Progrem

forw: by the Trenslator.

Failurc peck. Let of cerds produced by the Translator with, and

preceding esch Objoct Trogram; conteins informetion erabling Control
to providc line nuw.ber and Position Identificer at a run-tine failure.

Run, rur-time, The obeying of the Object Frogrem by Centrol, thus

cerrying out the actions set out in the Algol text.
Copy string. The :=ct of cherecters b.tween the outermost pair of
parentheses on = dete tepe, when using "copy" (section 9.3 ).

Conpilex. Translctor + Control.
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Definition of KDrfY algel (as described in section 1 of KDF9

£lgol Liote 1, 22/4/63).

The language is substentially that described in the Revised ALGOL
60 report.

FEistorically the original ALGOIL. 60 report contcined a number of

end ill-def'incd conccpts. The English Tlectric ALGOL team were
forced to agrec & sct of revisions covering these points well before
the kRevised «1GO? 60 report was publishcd. In most casecs the

tecer onticipated the recomaendations of that report and in othcers
have been forced to go furiher then it in defining some of the
undefined concepts, having carefully studied the discussion.in the
LIGCL Bulletirn.,

Further, the LIGCL conpilers will contein scie numericel liuits on,
for example, tne nuuber of peraueters allowed in & procedure
declaration end of course the corresponding procedure stetement.
It is hoped that these arbitrery linits arc sufficiently large

to be urnoticud by ALGCL progremers. A list of these numerical
limitations will bc published when the compilers arc completed,
This deliberate deley is due to the fact that where possible the
limit is being wede flcxible and cen therefore be revised when the
authors have written and tested the compilers.,

Restrictions on 41301 60 as Defined by the Revised Report.

411 refercnces sre to the ALGOL 60 report.
34501 ¢ lebely: s = £identificr >
Section 3.5.5. is deleted.
2.4.3 Identificrs - only the first 8 characters are significent
(for the Kidsgrove compiler the first 155 characters ere significant).
L.5.5 Replacc by:

"4 go to statcient leads to a failure indicetion if the
designational cxpression is a switch designator whose value is
undefined".,
4.5.5.2 Keplace the sentence "If none .... dummy statement" by:

"In the case of the second form of conditional statement
if none of the Boolean expressions of the if clauses is true,
the whole conditicrizl statement will have no effect othcr than
that which mizht be induccd by the evaluation of the Boolean
cxpressions".

5 clo5 Lest sentence: replace "may be omitted" by "nust slso
be supplied",
LS55 Edd| to texts
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"Actual paraseters corresponding to a real, integer, or

boolean formal pereccter called by name and to which assignments
arc uade must havc the saue type as that specified for the
foriel peramcter. Vhere assignments ere not mzde, the actual
pareneters erc rogerded as expressions end provision is made

for eprropriate trersfer functions to be invoked as necessary.
This letter does not epply where the formzl parameter celled

by neme is specified es en array; in such a casc the actual
paraneters must elveys be of the specified type.

“here a forurl parameter is spccified as a procedure, all
the corresponding esctuel paremeters must be procedures with
itenticel specificetion parts (naturelly the identifiers do
not havs to be equivalent or the crdcr of specification
iuentical). Further, for a fcrmal peraiceter specified as a
type proccdurc, the actual paremeters must all bec type procedures
of the same type.

L.6.4.2 Replace the expension by:

VA" 85 W 9= 43

V2 := B;

L1 : if sign (V2) x (V1<) > O then go to Element exhausted;

Statcment £

V2 g= B3

Vi :=V :=V + V2;

£0 to I1;
and add the following "V41 and V2 are auxiliary sinple variables".
This is to be rcad in conjunction with 4.6.5 (for reasons of
cpti.isation).
L4.6.5 Replace thc seccond sentence by:

"If the exit is due to exhaustion of the for list, on
the other hand,the controlled varieble whose value caused the
exit, is undefined”.

5. Replace the fourth paragraph by

"Declerations for simple variables end arrays may be marked
with the additional ceclarator om. The difference between
own and non-own vericbles is as follows: non-own variebles are
ettached to the block in vhich they ere local, both with regerd
to the meening of their identificr and with regard to the
existence of their velues. Iach entry tc a block, whether
recursive or not, will bring a new set of the non-own veriables
of this block into existence, the valucs of these variables
being initially uncefined. On exit from a block all the

non-own variabl:s crecatcd at the corresponding entry exe lost,
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both with respect to their identifiers and values. Cwn varizbles,
on the other hand, arc local only vith rcspect to the accessibility
of their identifiers. Where the existence of their wvalues is
concerncd they behave as though they were declared in the

outermost block of the program. Thus every entry into a

block, whether recursive or not, will mske the seme set of

velucs of the own vericbles of this block accessible. On exit
from a block the velucs of the own varicbles of the block cre
preserved” .,

"Dynamic ovn erreys" ere not allowed, i.c. all arrsys
declared with the declerator ovn will have the lower bound and
uppcr bound parts of the bound peir list eleuents given es
integers. There is ro restriction on the nunber of bound
peir list clenents.

Bloligihs Add to text

"If the very first syibol of e procedurc declaration is a
type declerstor, there must occur within the procedure body
on: or more ¢x licit assigmment statenents with the procedure
identifier in thc left part®,

54445 Last scntence, replace "may be omitted" by "must
elso be supplied.

kiscellaneous

Integ.rs shall not heve more than 39 significant binery
239 AR (239).
In the Kidsgrove tronslator, paramcters except arrays

digits (that is, thoy must lie in the range -

celled by velue ars cveluated from left to right; the arrays
are thun copicd frou left to right. In the Vhetstone iranslator
ell paramcters arc eveluated from left to right. (N.B. The

orcer of teking prroinctcrs is not defined by the ALGOL Report).

Cunmmlaints. A spccially prepared pro-formes is supplied by
ncans of which uscrs ney notify the Compiler constructors of
eiy inexplicable occurrence during use of the DEUCE ilgol

Comipiler.,
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LETERDIX 1

TaATTURES AT TRANSLATICH.

1. ISCELLs: XEOUS.

0.

1. Program too big to compile.

28 Too many blocks.

3.

4.

5. Incorrect deliiiter (including end message in middle of prograrm)
6. True or false incorrectly delimited.

e Identificr incorrectly terminsted by decimal point or 10
8. Inccrrect constent.

Sl Constant too big.

;

CL:SHES 2T,

10. Incorrect typc of identifier.

11. Incorrect diiicnsions or No. of parareters.

12. Constant not #llcwed here.

13. Neither ccnstant nor identifier allowed here.
14.. Lebel not zllowed.

15. lNon~type proccdure not allowed.

16. Procedure of vrong type.

17.

18. ust be siuplc veriable.

19. Identifier necccd here.

D .CLLRATIOLS

20, Delimiter not sllowed in this position.
21. Incorrect use of a sequence of delimiters.
22. Incorrect metchning of dclimiters.

23. array segment incorrect.

24, Local variszblcs used in erray bounds.

25. OCwn arrey not allowed in this system.

26. Incorrect switch cezlaration.

27. Identifier uscd but not decclarcd.

206. Identifier elrecady declared.

29. Declaretion not at beginning of block.
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PROCELURE_ D\ CLoRATTIOLS

30.

Sill
32,
33.
4.
35.
36.
37.
38.

Deliniter not allowed in this position.
Incorrect usc of - sequence of delimiters.
Incorrect matching of delimiters.
Incorrect pereicter delimiters.

This type not allowsd.

Formal pare pert error.

Veluce or specificotion part error.

Too meny or too fcw identifiers specified.

Type procedurc cortains no essignmment to proccdure

PRCC.DGIE CallS

L0,
I
42,
L3,
Lo

5.
L6,
Lis
L
L9.

Delimiter not allowed in this position.
Incorrcct use of a sequence of delimiters.,
Incorrect nctching of deliniters.
Incoriect parameter delimiter.

Incorrcct use of procedure.

TXPRESSIOLS

50.
Sille
526
53.
Sk

STATEIEETS 4D GF a4l

Delimiter not allowed in this position.
Incorrcct use of sequence of deliniters.

Incorrect matching of delimiters.

identifier.

Delindter nust be arithmctic, not relational or logicel.

Iwo reletionel operstors cannot be consecutive.

Incorrect sufiixed verieble.

60.
61.
62,
63.
6.
65.

Delirnidter not sllowed in this position.
Incorrect use of pair of delimiters.

Incor.ect metching of delindters.
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SLATERELTS AlD GEl Sl

66, Incorrcct tecriinstion of statement.
67. LEnd cemnot occur in declarations.
66. lo end ncssage at end of prograp.

69. Incorrect beginring of progrem.

PATIURLS 4T RUI -TILE

DEFILITIONS: -

arithmetic - 1resl or integer.
elgebreic - boolesn or arithimetic.
steck - that part of the IEUCE drum not occupied by

Ct:ject Program end Control -~ uscd f'or storage

of veriables, errays, links etc,

DATA IFFUT. (x)
SRR TC° o o SR

."V

100.

101. x incerrcctly deelt with by read routine (check number

of decinel digits in x £ 9).

~

102. x ccntains non-velid chearacter.

SIZE OF IU EER3 (x)
22

104. Reel x too big (=277 > x > 222) to convert to integer.
105, -2°¢> x 3 2% (13¢, FLOAT, - , +, - ) (integer).

107 =227 5> x 2290 (x, /], 4y = DX . & , | e, iBS,)
(reel) .

108. Divisor = 0 (/).

109. e 2 e (x) (intcger)

110.  Divisor =0 (&).

FROCELURE C.LLS.

111. Incorrcct nw ber of peraneters.

112. ALctusl peramcter inconpatible with formel paraneter
celled b, nave.,

113. srithnetic forial parameter celled by name and used on
the LHS of en cssignment statenent does not have an
actual p-roucter of the same type.

114 . Label or scolcan ectual parameter not of same type as
forrel pareuc ter (called by name or value).

115, arithuetic actuel parasicter incompetible with formal
perarcter called by nszme or velue,

116 irray sct. =l pereneter type incompatible with formal
erray called by velue,


forr.nl

JC.

117. Basc addriss of array given as actual paramcter to formal
array cclled by velue is too big { > 231) .
116, sactuel paracecter to an algebreic forna! paraneter called

b, name or veluc is not algebreic.

L CORRECT TYPES.

19196 X not bool ean in not x.

120. Exprcssion F of a whilc element in a for statement is
not boolcear.

121. IBxprcssion following if of an if clausc is not boolcan.

122.

125. EIExprcssion not srithmetic ( AR T ~,éJ+, -, %./).

124, x not arithuctic in t= -X; '

125, TIxpression not boolecan (and, or, eqv, imp).

126. Zxpression not integer (%),

A_OIGIMEI TS.

i20. LIE not am algcibreaic address.

12=., H®HS not an elgebrzic result.

130. Boolcan zddress with arithmetic result, or arithmetic
addrcss with boolcan result.

131. LIR's of a wulti-assignment statement arc not all of

the searic type.

STITCHES.

133. Switch indcx out of range.

SUB:-CRII'IED V.RIABLES.

1550 Subscriptcd identifier is not algebraic variable (or
switch dceignator).

136. Inccrrect nuuber of dimensions in subscript list.,

CJICULLTION OF 4R°AY ALIRESS (12).

-8
137. .. tco big to store( 271 ).
138. 4 too smell (i.e. below bottom of stack).

139. £ not within nxrray specified.

:RRAY TECLIRATIQLS.

141. liegative nuiber of elements in an array dimension.

142, Arrey bound is not an arithmetic expression,
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CAICUL TTON Of aRTL.Y LSDDRESSING MECHANISM

143. Starting oddrecss of axrray too big to store (3 215‘) .

144 . Celeulectior of besc address/mapping function too big
to storc ( 2 231).

>

145. Calculation of starting addrcss, base address or mapping

21 5\

function too big ( > i

USZ OF THe OPZRai0x T (x T y)

146. x or y not arithmetic expression.

147. x=y=0.

148. x< 0 (y real).

149, x =0, y< 0 (y real).

150. pFe > @D 222, (x ond y integer; y > 0) .

STANDARD FURCTIONS (f(x)).

160. 1n x<0.
fed . | \ilaix =10 .
162. Sap /x> Al

4 "/

163. ep 7725 & 2 2127.
16k, enider -2°2 > x> 222

’ 127 . 127
165. aretan -2 °' > calewlation > 2 .

5 16
166. sin -2'° > (20 3 2>
1 i

16i7. cos =2 6') (_2;1 +1) >

y o

2
Te.  isgrEt. x-{ O .

169. deuce track number invalid.
TROBABLE MACHING/ORJECT PROGRA}. ERRORS.

196. Sylleble nuwber of next opcration is abcve top of Object
Frograi.

197.

198. Control is trying to get at a stack address below the
bottan of the steck.

STrCE CxPACTITY

159. Iio morc storege space left in DEUCE.

FLITUKES OCCURRII.G B.FORT THE OBJLCY PROGRsAM IS ENTERED.

(DEUCE STCPS Oli: -

741-1 £ At FLISH, Pailure Pack not next in readcr. (S.S. to

rcad Failure Pack).
5.8-3 X At Peilure, Failurc Fack not next in reader (S.S. to

read Failure Pack) .
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FAIIURES OCCURRILG HEFORE THE ORJECT PROGRAN IS ENTERED.
o (DEUCE STOES Qb:-)

*0,5-5 X Control not storcd correctly in DEUCE (S.S. to

re-cticnpt sum check).
0,7-7 X Object Program not next in reader (S.S. to rcad

Objoct Irogranm).

*0,9-9 X Cbject Program not resd in correctly (S.S. to
rc-rced Object Progrern).

*0,11-11 X Object Program not storcd correctly in ISUCE

( 3.8. to re-sttempt sum check).

/
(

® Sun check failures - alerm sounding).
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APPENDIX TT.

Sample program,data.and output.

bagin comment Integral of the funculon ax®3 + bxT2 + ex + d from 1 %o u,
using Simpsons ule with n intervals of (u-1)/n:
(from an algorithm by A.P.Relph);
real a,b,c,d,1l,u; integer n,p;

rea)l procedure £(x);value x jreal

“weo

b 4
= axXxT3 + bXxXx + cxx + d

e

cssess copys pi=read;

data: ai=read; bi=read; ci=read; d:i=read}

-

1l:=read; ui=read; n:=read;

integrate: besin real p,q,r; integer mj

r:=(u-1)/n ;
a:= £(u)-£(1);
n:= n=-1;

for m:= O step 1 until n do

begin pi:= 1 + mxr ;
q s=q+2xf(p)+xf(p+r/2.0)

end;
new linejnew line;print(z,2,1)3;print(b,2,1);
print(c,2,1);print(d,2,1);print(1,2,1);
print(u,2,1);print((n + 1),2,0);
print((g X r/6.0),5,4)
end integrate;

end of int: pi=p=-1;

if p > C ‘hen go to dete

end->



Dule 1035 FOR AEEIDIX 2.

%
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i R C D
NUIEBER CF C.888 (P)= 4
PIRST CaSHE
o=l B=9 C=16 10525
&COND C/Su
=l B=9 C=16 D=2}
THIRD C.Su4
=l B=9 CEE D=23
ECURINES CESE
sl B=7 C=16 D=23
OULFUT FRO: .PEFZNDIX 2
A B C
+4..0 +5.0 +16.0
+L.4C +9.C +16.0
+4..0 +9.C +16 .0
+4..0 +G . +16.0

FIII-H

Sl

\ OUT UT FRCL. LEFELXDIL 2

TROL

D
+23.0
+23.0
+25.0

4235 40

FROM,
-3.0
-3.0
-3.0
+0.0

10

()

=7

N=3

N=5

N=5

TO
+4.0
+4.0
+0.0
+4.0

()

-
+3
+5
+5

= INTEGRAL)

= INTEGRLL
+665,0000
+664.,9998
-3.,0000
+668,0007



35.

Cutout of 2nd casc run with P31 + P32 on 1.D.

Dila
-4,0000C0,
+9.000000,
+1.600000,
+2.3500000,
-5 ,000000,
+41..00C0C00,
+3

TUTZGRAT
+2.383533,

+4.870000,

-5.200000,
24350000,
+Z
+0
- .000000,

-5.200000,
=7.314911,
+i 0 5207041,
+1

-6 665670,

1 .514315,

k3

FO RS sy
+5.97370L,
+2

+1.666666,

+5.518515,

eS|

+2.515648,
+1.710000,
+3
+4..0 +9.0
EIDCFL T
+2

+0
+0
+1

+1

+0

+2

+1

+2

+0

+1

+1

+1

+2

+0

+1

+2
+3

WA

o/iLas 20 AL )

rer
+16.0

+23.0

"'3 .0

+4.0

+3

+664.9998
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36.

~rEBIDIX IIT

Swrrery of TEUCE opcrating notes.

&
Sie

A

adtdd

ool oZ

iPe2

2241

J;.2.2

AdD

Ay

Transleiion.

I1.D. sciting.

Trace required at run-time ...eveeeoes P31 (all the time)
Load-and=go reqUired...ccececscscessss P32 (beforc Object
Program punch-

out finished)

Algrol tepc code.

8—h010....~...........................O P1

5"1’1010 F(‘;I‘I‘anti..... ooooo o.oooooo-on-.5P1

5-hole Liverpool Univ. (modified Telex)ZP1

Failurc m csage code (5-hole).

Fexrranti 1F

Liverpool Univ. and Telex ap

Paper tepc render (stenderd plug)-
8=holc tape.
slide - t=hole

parity - cven

"rezd a1l ones" - (position irmateriel)
5=holc tepc.

slide - 5-=hole

oerity - off

"reed =11 oncs" - on (immaterisl if Ferrsnti code).

Peper tapc ounch (standard plug)-

chennel - 5

perity - ORTs

Stoppers.

0,1-1%1 - norual end of translation (single-shot

to tronslatc another tepe - or read in
Control if P32 on I.D.)
L7174 - end of printout of error mcssage - single
shot to trenslete another tape. (there
may be somec redundant cards in the
punch hopucr).
6,6-2,X buzz - ‘ranslator not resd in and stored

correctly.



) Card output.

First card, Last card.
Failurc Pack ! 12581 7(1401441) in { "All ones" |on top row

i in x -ficld;
2nd half of 1st word.: 3171 + 31P2& down rest
of «« -ficld.

Objcct Program | Z1,3,5,7,5,11,13,15 { "All ones" in last non-

in 1st half of 1st ! zero word ( / -field)

b oword.



B

B.3

Run-tine.

1,0, Setcing.

Trece .

38.

P35

411 peartial scnswers . o e

Partisl sncwers, block level

n culy

Pn (no P32)

Poper-tor reader (standard plug).

slidc

parity

rcad ell ones

clear parity

loza

5-hole

up (off)
- down (on)

- level

_ level

Peper-tope punch  (stendard plug)-

chanricl

paxrity

Stoppers.

TSy | ==

5,3-3L —

L) ,5"'5X =

O,/_7X- i

ELO T e

* 0,11-11%

5
Cfefs

Failurc pack not next in reader (at FII'ISH)
(single shot to read Failure Pack)
Feilure pack not next in reader(at a
failure)
(Single shot to read Failurc Pack) .
Control not stored correctly in IEUCE
Single shot to re-attempt sum-check)
Cbject Program not next in rcader.
(-ingle shot to rcad Object Progremn).
Objeet Progrem not recad in correctly
(Singlc shot to re-read Object Progre).
Object Progrem nct storcd correctly.

(Single shot to re-atteript sum check)

(* Sum check failures - slarm sounding).






