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Thiz report is & precic i the notes brought b:cﬁ wwom the visit

of" the outhors to Dr. B, ¥, D Zaty , 0L Mothematisch © ntrum, Amsterdam.
Dering the visit D, Uilkotro described the lozic of the original
Algol tronslator for the XI computer, written by himsel” znd Dr. Zonneveld,
and , vhers applicable, detzils or the latest Algol tranzlotor now being
pre areu Jor the XT at Methemntisch Centrunm. Neturally, srorking experience
of & trapslator has proved very valusgble, nnd as a resuit seversl
imprmvamen s ag the original t“aﬂE;Ptan methods have been developed.
Consiuvercble time was spent on discussing recuirements Tor the KDF9, and
a large measure of agreement ros reached on translation wechnioues. This
repory i3 intended to be o complete record of the ﬁmﬁtEAhqm.ulECHEEanS
ent hence includes propesals which have since besen modified,

i1 o

1.1 General Outline

The reeuld of the week!s discussions was a decision by the authors
to provuce i Algel Compiler zccording o the {olloving specificaetions.

-

o) dne pass loac-and-go translation into an object program

b ”he objext progrom {ﬁevelaped from that vsed in XI Algol)
tO be obeyed intervvretively,

2t The input loogucse will be ALGOL 60, with the following
main restri ct_mnd.

i No dynamic cim arrays

ii No intasger lihels

iii) Obligatory speciiication of all porometers

G ) Greeat citention to De paid to checking 6 both at translation
cnd at run tinms,

2. The Coject Progran

B

The object program prolucel by the KDF9 Algol compiler wiil be =
Gevelomment of the form used in the XI compiler, Thus ik iz based on the
prinClplE o o stuack, necessary Tfor the complete recursiveness allowed in
Alpcl,

Ihe stack will contain the declared verisbles for each incarnation
of & procedure ( ‘e 1ncluie bleock as a special form of a procedire and use
the two terms interchangaably). Thus a variable is referred to by giving
its position relative to the stack position 2t the stars of the current
ent.y to the block in which it wzs declared.

The object progrum will be obeyed interpretively, causing entry to
be made to various parts of o sub-voutine complex., It is only within the
sub-rouvtines ¢f the complex that an attempt will be meoce ot efficient use
of the KDFSY order code.

Integer, real, and Boolern variables will each sic one word of storage.,
Anenymo E 1nturm5d¢ate reslts in the stoek will Be accomponied by a

seconu wore, giving informotion as to type ete.

2.4 A;itppﬁtig

Avithmetic expressions w11 be translated into o Jorm of Reverse
£ciich, obeyed interpretively uwsing a stack technivue. The normal single-



length wrorking of the KDFS will be used. The KDFY nesting store,
howeve., will be used only w.thin the sub-routline Conpie.

A31 declared variables, ~nt constant: il be aone word in en_th.
Informetion as to their type will be carried in the operntions referring
to them. Anonymous intermediote results will cerry ¢ scecond word with
them, giving, among other things, type information.

Tyves integer and real wil: naturally correspend to KDFS fixed
and Tloating-point. All operctions will be checked, and it 1s proposed
that the levice 'semi-real' be used to avoid integer overilow. A semi-real
number is one which, according to declaratioms, should be of iype
integer, but which has become invalid in Tixed-point notaila and hence

is now veprescnted as though it were from a real declaration., A feallure

or tocampare integer & semi-resl numbers in a relation. An operation
between integer and semi-real will be of type semi-recl, and belween
semi-renl and real will be of type iezl.

As regards floating point overflow, it is suggested thot out or
range nupbers he replaced by & correctly-signed 'machine infinity’.
This is a Floating point number, the theoretical maximm ol the KDFY
numper representation.

2.,1.1 Exponentiation

Because muambers carry their type vwith them,
exponentiation con e done as in the Algol report, In the
case of a positive integer exponent, the repcated multiplication
is done by shiiting down the exponent and checking its lowest
digit, so that aiter squaring the base one mady or may not
mualtiply the partial result by it. Multiplicotion uses the
routine in the sub-routine ccoryrler, which takes care of
types.

2.2 Constonts

Constants are stored within the object progrem, taking up one wWord.
A constant is stored each time it is used. Type iInformetion is lmpliclt
in the cperations calling on these constants,

2,5  Arreys

Arrays are stored es a set of consecutive storage locations.
Infeormetion given by the declaration, used to address individual elements,
is given in the storage mapping function.

An  n-dimensional array declaration is transloted into 2n  expressions,
followed by an operation, These expressions are lower and upper bounds
for each (imension. The oneration processes these expressions to form the

storage mapping function,

- - I | r_ ”-I
Thus the physical address of A So, 54, .. B

- n- i
J=1k 4 L. tJ
1o X +. o .
o JEG ! 53
R, is address of A[G,O, .. a] , whether within the erray or not

A =4 &5 each element dakes 1 word



A, = 6. x {upper bound . - lower bound . + 1)
J41 J J J ’

Qn’ by means of this recurrence relation, is the size of the
aArrsy.

We also need the starting address, for checking purposes,

So ignoring ﬂD ,

namely’

the storage mapping function hes n + 2 items,

c&) starting addreaa; ﬁ1= Poe o ﬂn'

2.5.1 Multiple Array Declaratious

In the X1 compileir arrays with the same bounds have
separate storage mopping functions.

Taking an curmple

array A, B [lh:uﬂ, 1,3, ]

This gives rise to two storage functions, whose length
is not known uvntil the clesing bracket is Jound.. The two
functions are ©o te selt up after entry te the block in
first order storaze,

The obJject noogram generated is TAKE L
TAKE v
THRE 1

TARE 1&1

opecily Local Variable Counter

Specify No. of Arrays (2

Make GScocorage Function

C
Q
11

The number of dimensions can be found by the operation
‘Make Storage Function', from the effects on the stack of the
evaluaticn of the expressions. The storage function is
calculated, and then set wp for each array, with adjustments
to array start positions, and with type inlTormetion. Then
WP - a comter denoting the beginning of working space in the
stack, 1s increased past the space needed for the arrays.

The mapping functions are put into the stack under
control of the Local Variable Counter (L.V.C.)

~T Ttranslation time the arvay identifiers had bheen
stacked, until the cet of bounds were fiaished, and had been
cmptied into the nome list,

Thus in this cace entries ere,

B, block no, L,V.C,
A, block no, L.V.C, + {n + 2)

oné the troansletor increases L.V.C. by 2 = {n + 2)

Varicbles

-

2.25.2 Subseripted

A subscripte.. variable is representel. in the object
‘program by the acwudiess of its mepping function, then a set

-

of arithmetic euprecsions, followed by the operation Index



Address (IWDD % Result (INDR), vhich has with it

, ©
the pumber of suvbscin

The result in the stuck, on entry to cperation INDA,
is =2n &ddr&za, niieen 0y @ uEt o- real nurcers and integers,
the results o the evaluction of the orithmelic expressions,
The operation INDA srorks through the stzck, doing any
necessary conversions to type integeyr, until it Cinds &n
z@dyrecs. The nmumber o subscripts 1s checkeﬂ ant the
mappiag function uced to evaluate the adivess of the
subsariptea veriable, Thic address is ielt in the stack.

Operotion DK is sipilar, but le~wern wae value of
the variable In Thc ztack.

1- = rgp o= s
2,4 Migiznments

A s:mple assignment stotement, soy X o= ?YP becomes 1n the ok ject
~1 -n cperation for Tin. ing the adcress of then nrogran for evaliuvating

I va

PTGE,T »
the e pression, followed by & 'ztore! aperﬂtlcn.
The. e ore three casas o be considered.
o X a declared voriable (or Pormal parameter called by value)
b ¥ o formml parameter colled by neme
3 X a procedure ilentiiliex

&.4.1 Non-Formal Ascizmment:

o P

The above exomplie becomes in vhe objlect progran

Teke Real Address ( Take Integer Address
Tcke Expression \ ox ( Take Evopression
Store ) ( store

depending on The declored type of X.

The first operation results in the eviluotion or the
dynamic rddress and 1ts5 stacking along with inrormation a&s to
.
tyne.

_ 'Pake Expression' is an abbreviation Tor the object
progrem which results in the value of the expression and iis
type veing leit in the stack.

'Store' then exsmines the stack, Joec 2ny necessary
type transforinations, nd stores the ves 1v ol theaXpression
ot the given EL;TEEE‘

vaen X dg o Jomal parameter called oy voluve it w111
be represented dy informotion in the staclel link dat
(called a P&RTY ) For the appropriate procel ire activa t*on.
The mechonisn Jor dealing with parnmeters toe procedures is
dizcusged in ucebanl loter, but in the present case it can be
taken “het the 2ARD gives the evalunted dynonic address of the
actual paramceter “ﬁ??EEEOﬂdlng to the formol porameter celled

oy vulue.

o



The above example becaomes in the object program

Take Formal Address ) ( Take Formal Address
Take BExpression ) ox ( Take Expressicn
Real PFormal Store ) ( Integer Formel Store

Here type informetion is not given with the operation
for evaluating the adcress of X, This is because a procedure
body is transloted without reference to procecus:e calls.

Teke Formal Addres. “ust results in finaing, <rom the PARD,

the address and tyr:c, of X, and stacking this Informotion.

The Store coperation carries the type information which
is given in the specification of the formal parameter to which
X, the actual parameter corresponds.

Take Bxprecsion once again, results in the stacking of
the value and type of the expression.

The Formal Store operation, perrorms any necessary type
transformations, Tirgtly with regard to the type given with
the operation, and then with regard to the type given with the
address of X,

Thus a real zctuzl parameter can correspond To &
Tormal pavameter specified to be of type integex, To which
is assigned an eupression of type real, The result of this
is that the actusl parameter receives the real rounded-off
result of the expression. However, the cuse of couverting
integer to real and back again should be suvpressed as it
hes no effect, and might even lose accuracy.

Non-formal assighments carry type information with the
Take Address operation because, uniike formal assigaments,
it mignt be necessary to compile this operation before the
declaraotion is met, This is dealt with by the method of
chaining (described later), and it is preferable not to have
tc deal with the store operation as well as the Take Address
operation. Thus a type incependent store operation is used.

£.%.0 Assignment to Procedure Identifier

e T L

Thisuses onc ol Twc operations, 2ccoriing to the type
given at the stort <. the procedure decloration.

Store Recl Procednre Value, Store Intece. Procedure Value

This places the result of the expression, after any
necessary type change,.in t he position reserved in the link
data of the current activatiam of the relevont procedure.

2.0k Note that in general as is shown above,the operations
are nade as complete as possible to minimise the size of the
object program. This of course means that the sub-routine

ccerplex will have a lot of entries,

2.5 Boclean Expressions

e

Logical values are represented by one word of zeroes, or ones.
Booleon momipulation is corried ouwt, in much the same woy ag arithmetic,
by working on such variables, using the stack,



Relations are binary operations, whose resuit is a truth vealue
in the top accumulator,

The relotions = and # must be sbsolute, even on resl numbers,
(i.e. no attempt is made to allow for round-off errcr).

2.5.1 If Clauses

— et

If clasuses use two implicit jumps

U.d. (Unconditional Jump)
and I.F.J., (If Folse Jump)

L.F.,Jd. inspects the truth value in the top accumulator,
and Jumps if it is lolse. The stack pointer must be decreased
by one.

Thus conditional expressions ond conditional statements

are cdealt with similarly,
if B then E,4 elise E, beconmes TAKE B

I.F.J, ©

TAKE K4

U,Jd. &
b: TAKE E-
a:

and if B then 51 else B, becames TAKE B
1.F,J, b
S 4
U,dJ. G
b:; S2

&3

where a and b are program addresses.
An if stafement is even simpler

if B then © becomes TAKE B
1.F.J. b
S
D

Tmplicit jumps never involve any changze of level - they
could never jump out of a block for instance. Hence the
mechanism for o go to statement (dealt wwth later), which
c2llows for such possibilities, is not neeled, cnd implicit
Jumps Just chonge the nrogrom counter.

2.6 Procedures and Block:

‘i i gl

The system To be used n KDFY Algol is developed Trom that given
in the zrticle 'An Algol 60 Trounslator for the XI' by Dr. Dijkstra, ©’

Briefly, every procedure an: block is given 2 Bliock Number,
depen.ent on its lexicogravhiccl level (BN = O Tor the main program).
At any Fiven mcment we wish to know what portion ol the stock concerns the
last activation of each block, (It is possible, becouse of the recursive
nature of Algol for a block to call itself, either directly or indirectly).

a) Published in German in two parts (MIW, 2, 1961, pp 54-56, and
5, 1961, pp 115-119).



This information for the current block is celled the parameter
pointer {P,P,). When a block is entered, its Block Number {(given in the
object program) is set up in the stacked link date. The set of P,P's
correspona:ng to the last activations of a1l :urrent blseks are used
to address all currently avaricble quantities.

Taese P.P's are in the stacked link data, but are, Tor reasons
of effi dien.y, also given -n a table, celled DISPLAY. DISPLAY gives a
value of P.P, for values of Blo.k Number (B.N.) up to the current B.N,
The staciea link cata alsco tcnnects a block with its ccataining block by
a «ynomic chein, which tares in 2ll activatlons of all current blocks,
used for tronsferring contrcl betveen blocks, The static, or
lexicographic chain, also given in DISPLAY,1s used for getting information
from cther blocks without transfer of control.

Onr entry to a block A zet o places is set aside In the ztack,
for housekeeping, and for ecliyed variables,

The amount of this storage is known, partly 2t ccmpile time,
and rartly through evaluction o array declaratluns and thus controls
where the Leginning of the rerking storage is. Thla informetion, also
kept in the link data, is given by W.P, During the execution of
statements the stack is used for cnonymous intermediate results, under
control - oi an- accumlator pointer, A,P. Between statements A,P., has
the value of W,P,

During the running or & prcgram P.P. and A.P. &re alwoys available -
other information cean be obtained ifrom the stack.

Toke the exemple of a block 2 In whica a procecure is called.
The procedure body is block b, whose declaration is contained in the
block c.

After completion of entry to block b, the link dota is set up:-

APs
PPY

Procedure Hesult

PPc (Static Chain)

PPa {Dynamic Thain)

BNb (Block Number)

WPo (Worlking zpace pointer)
Re®:urn ad’ress to block a
PARDS

L B L )

APb, ¥Pbo

Tne P.P., of the lost incarnttion of the lexicogrophicaliy
enclosing block (P,Pe) is used Tcr the static chaining (olso given in
DISPLAY!. Thus to find a ’e:l“reh varicble , DISPLAY 1s used, rather than
the static chain, to convert B¢Gck Number n, and a position p relative

to the start of the block {7, P in which _t ln declarcd.,

The ynamic chaining Is aiven by the P,P, of the blozk from which
the current block 1s ente red.(P a)

These two chalns must be set up at each call of a block or
procecure, The current vaiue of AP, of the calling bio k is used to
f nd the valuve of P.P. of the activation of block being called., Under
centrol of this new value of PP, the two links are set up,

a ) The Dynamic Link is just the previous P,P.



E}.n
o

The static 1link is cet up, immediately after entry to the

block, by the operation S,C. (Short Circuit) using DISPLAY

P.FP. 1s used to find B.N, which has been set up by the calling
mechenism, Then the entry in DISPLAY corresponding to one less than this

value of B.N, gives the P.P, of the lexicographicaolly conteining block.
This is the required static link.

2.6.,1 Exit from procedures and blocks

Toe normel wxit fram procedures is by means of the operation

RETURN. This operotion uses the link data to update DISPLAY

and to return control to the operation rollowing the one that
caelled the procedure,

The link <otz gives the P,P, of the vlock or procedure

to which return i: heing made. Then aisplay is updated by
working back thr»on h the static chain, Jrom this position
given by P.P, enl resetting DISPLAY, until the point where
the static chain en.. DISPLAY are the sanme.

In the case of Blocks, or procedu.es calied at their

ovn level, or the pseudo-blocks mede Ffrom ‘iop! statements,
it is unnpecessary to updete display. This can be avoided
T run-time by checking whether the last stevp in the

lexicographicol chain is the same as the 1

il

23t step in the

aynamic chain.

Thus 1if the P.P. used by RETURN is the some as the

entry in DISPLAY cecriesponding to B.N., - 1 wpllte display can
be avoided,

2.6.1,1

Jumping out of Procedures and Biocks

A ey

Bvaluaticn of a lobel will result in ontoining a block
number, and & velue for the progrom counter - whiech
keeps track of progress through the ¢b ject program.

The block number enaobles a value of P,P. to be obtained
from DISPLAY. This P,P. is used to get a W.P, from the
stack, ond A,P, 1s =set to this value of W,P, PFinally
control is transferred to the new value of program
counter.

2.6.2 Calling Mechanizm For Blocks

As stoted ecrlier, blocks and procciures are treated

Glike - in fact o block is a procedure cailed only once, in
the same positicn as its declnrotion.

Entry to & Tleck is by the normal 'Call Procedure!

operation, having specified the number o~ »avcneters to be

Ze10.

Procedures wct as sub-routines an’ vetisn o the operation

immediately foellowing 'Call Procedure', This cperation to
which return is mnde is itself an implicit jump, which jumps
around the procecdure body (i.e, the block itscel?). This is
necessary because, os stated earlier, in the case of a block,
the ceclarcticon anl call are at the same peint.

The Jjump, crownd the blos , reaches the operation REJECT,

which deletes the nccunmlator which would hove been used
in the case oi o {type procedure called by o Junction designator.

- 10 -



A procedure Body isg automatically treate” =2s a bloek.
Only in the care vhen the procedure body it not actually a
block need this specicl provicion be made, There is no
point in igvrounucing un extra block level unless necessary.

2,6.3% Displsy

DISPLAY, the set of stores which duplicote the static
chaining, uses a fixed amount of storage, The XTI tronslator
uses 32 stores, end hence 5 bits for ‘'‘n! in dynamic addresses.
This hus been round tc be sufficient, but it nizht be worth
increasing its size to 64 for XKDF9. It is Aifficult to
visualise r progron felling foul of this timit, for entries
are mode to DISPLLY only for each lexicographiezl level of
block or procelure.

2.6, Procedures and Prnrometers

B - T v N e ek, ey =

In Section %,0 it was stated that opoce was left, in

the link d4ntn goneotel &t o procecure call, Zor a set of
PARDS, or stntic chﬂracterlgatlans of po.vimetels.

The PARDS ave cet up when a procedure iﬂ F116d by
transforming 2 set oI PORDS - which corvespo the set or
actual parameters. In particular PARDS EDT“EﬂPOﬂdiﬂg to
parameters calle’ by volve will conmtain the cvaluations of
the corresponding .ctucl parometers. The object program
generated Irom the procedure body will treat such parameters
as local vacicbles, vhose position relative to the star:

I the link -iata ol the current activation of the preocedure is
xnown, This obiect progran will act es o sy ~routine, called
from various other plzces by procedure callu. Hatarally on
entry to a block, viccedures declared ot itz head will be
evoided by mean:c ol an implicit jump order.

2.6.4.1 Procedure Calls

i iy

A Procedure Ccll consists of a set of PORDS, corresponding
to the actusl varameters, and an operation 'Call Procedure!.
PERVS con Just be slmple dynzmic addresses, or could for
instoence point to implicit sub-routines Tor evaluating
EXDresSsions,

The PORDS wiil be used by the call procedure cperation,
nd wiil be cvoided, by means of an implicit jump arauna
them, in the 1wnn4ng object program

The operotion 'Cell Procedure! hos already been described
cpart from ito srork on PORDS.

Czll Procecvze t.oansforms PORDS into RADDS which each

s
nge o voris of storage, The set o) CARDS immedio ately
feillow che L ¥ dats,  PARDS , like arnrnsmoous intermediate
results in che ctack, contein o worl ol identifying

indormetlon, Thus PARDS can be uce vegardless of the
foet thet v rious kinde of PORD (i.c. actucl porameters)
can be esed to set thenm vp.

- Vi nitw decl vrith the PERDS and PARDS For various kinds ol
parcmeiers,

- 1i =



2.8.k.2 Simple Variaoble as Actuzl Parameter

In this cazoce the PORD is complete in itael 17, and Just
gives the ynomic address ( n,p) of the simple variable.
As parst or the calling mechanism the PORD-PARD
transformation produces from thiz dynemic sddress in the
cbject prcg:ﬂm; s static address (using DISPLAY) which is
stackel as a PARD. This address evaluatiﬂn must be

dcne at nrocedure c¢all because the dynemic address is
given in terms of DISPLAY, as set up at procedure call,
DISPLAY could vary within the procedure and hence
invalidate the{(n,p) of the PORD. The alternative,
obviously inexTicient, would be to meintain the dynamic
address, ond tc eset DISPLAY at each use of the parameter,
The PARD is alsc set up with identifying information.

2.6.4.3 Expression os Actual Parameter

i1 an actuval perameter is an expression then an implicit
sub-routine of object program operaticns is generated.

A PORD is mace which contains the storting address of the
sub-routine, and an indication that the PORD refers to

an impiiecit SE.R,

Thus in the cace of more than one such parameter the
cbject niogram consists of

Implicit J.mp 10 the Procedure Call . around the S.Ris
and PORDS

A set of implicit S,R's

A set of PORDE

The operation 'Ccll Procedure!

Due to the sycstem of transletion the PORDS are given
in reverse ovder to the actual parameters.

Thus 'Call Prccedure'! works backwards thicugh the
PORDS, which are either complete in themselves, or
point to implicit S.R's,

The PARD ccrresponding to a PORD nointing to an

lmplicit S.R. consists of the address of the S,R.,the

P.P, ruling at the time of the generaticn of the impliecit

- 2.R., and, as clwvays, identifying infcrmation. Thus

when the parometer is called, the identifyiny information
shews That an implicit sub- rmutﬂne 1s to be used, and
then the P.P, given in the PARD is used to set up the

DISPIAY sc thot the sub-routine can be evaluated.

an ipplicit S,R. is a sipple form of block., It is entered
using the noimal procedure mechanism, and left by the
RETURN cperaticn.,

The operation E.I,S. (end of implicit 5.R) uses a
simplified Jorm of Store Procedure Valuve, Store
Procedure Voline must store the restlt in the ploce
given by the P,P., cf the procedure which is obtained
from DISPLAY. E,T.Z however, can just store the result
under control of the ruling P,P. A ter deoing this

. it then perifowrms the function of RETURN.

Because o this simple form E.I,S, unlike 8,P,V., does
not need & block number.



2.0,k Subseripted Veriable os Actusl Porameter

& subgcripted varisble as actusl porzmeter is tranzlated
into an impiicit S5,R, whese last operaticn before B.I.S
1s INDs, whicn therefore delivers -the adiress of the
varlao_b. Phis 1s necessory s the paroneter moy be
called on either siae o an assiganent statement.

i,

L1t

Thus it iﬁ neeaibTE to call on & formal p_rrmeter by

s
]

neans o 3 PARD, and receive instecd of the anected
result, Zhu aqpress of' the subscripted variable. This
possibility is cdealt with in Secticn 2.5.4,9,

o, 8,45 Constant us fctusl Porameter

This is dex’v vwith in much the sane 2y as an

eYpression. For the sekxe of efficiency the actual
ccnstont 13 strred in the objeet progrom, as if it

Wwere an imwlicit suvb-routine, The correspending

PORD gives the ac.ress of the constant, indormation
specilying thut the parameter iz in Faot constant, and
its byne,

The PARD wnhi.ll ic made from this POED conbains the
actuel concstont, snd a word noting thic faect, and giving
type,

N

N

Array o8 Actual Porometer

T e S S Sy, Cmar®L Tege® WO lma® ) L T o m ey M S - g

An actual %?rameter whirF 1 an a23ray 15 described

in its PORD itk the {a, “\relataﬂ* to the storage
function, The PORD- PARD transiormation just forms the
physical addregs of this starage Tfvmetion.

216-!4"16-1 .f':.ll'ﬂ:‘,"'..' _(_::,:_"

e —

; D Valoe

Lt

1|-

LE¥ter <he PORD-PARD transiorretion, the PARDS
corresponding To #calar parometers called by value are
replace. by the value of the ccervecponding actual
parineters., This is dore by a set of Take Formal Result!
“perations,

The case ol arrays called by'value 1s scmewhat
more complicated, The system for this immoses scme
upper limit on the number of dimensions of the array.
This is becouse, in the link dats ©f the procedure which
H“S an &r.ay ua le&'by value, we must evect space for

the stornse unetion of the array, tThoent knowing its
dimensions.

The XTI wranzlator has the arbitrary limit o 5
ror the nunselr of dimensions alluwed in arvays called
by valug - %lc 'EClEiGn-ﬂEﬁPnd” Oon how much space is
througnt e.connble to allow for the »ossibility of
meEny - ﬂiﬁﬂﬂﬁl&ﬂﬂl QUTDYS.

Be.ore processing the value Yist, the Cz211
Procedure opertticn in neviorming the ncimal block

X entry viil "n vease ¥W,P to allow Tox working storage
and set A.P==H.P. This dncrease vill hove allowed

get amount ui the storage functions o0 arrays cglled

- 1% -



2.6.

-

be'f -

by value. Processing the value list, cocnteining
arreys, vill now set up second ordex rorking storage
in a 51mllaﬁ vay To obeying an avray declaration,

The operaticn which assigns the value array has
two parameters - leading to the PaRD, and tc the storage
space get aside for the storage function. The PARD
will lead to the storage Tunction of the array which
is the actual parameter. This storcge function is used
to maxe & stovoge function, using W.P, tc give the
start of the array, which is placed in the space set
aside for it, Then the whole array is transported,
element for element, if necessa:y converting type,
under contrel of the original storage zunetion, which
gives type ol the actual arrsy, and the PARD, whlch
from the ”?ECLLTCﬂthQ gives type & the im*mﬂl urray.

ATter this is complete W.P. iz noved on, by the
physical extent of the erray.

in tais caze we have an opevati:n Tollowed by
twe adavesses  vhich does not it into the ususal
pattern ol operctions and addressed operations. This
does nnv matier nowever, since chaining 11l never be
necessary at transizticn time. This is because both
the position oI the PARD, zand of the cpoce for the formal
storoge umction will be known when the operation is
generated,

Prﬂcedure Téentifier as Actual Pavocmeter

T g AR e S Tl e et e, g o mmm aa—m

An actucl parameter which is g procedure identifier
counld corresrond to a type speciiication, or to a
prccedure speclification, We wish to translete procedure
calls independently of the procedure declarstion.

Inside the procedure body, the PARD which will
correspond tc this procedure identifier cculd be called
by

Toke Fornal Result (where specification has been say real)

or

Call Formal Function (where specificat*mn has been say
E”l_PrD”Ed”“

Therercre Take Formel Result is cnly & special entry to
Coll Formal FuHCulmn, equivalent e¢zcctly to CL.F.F.
ror the case oF no parameters,

The POLD corresponding to the procelure identifier will
contailn the stort cddress of tle procedure, and identifying
informaticon. The PORD-PARD transiormation hands on this
start ad . ress, tougether with the P.P, ruling at call

tine.

Vhen o formal r”lceaure is callea (using upera tiﬂns
Call Formal Prnction, or Call Formal P“Lcedure)
PORD-PARD trans? DTHﬁtluHS necessaxy ave made befnre
updating displey with the P.P, in the BARD of the
formal procediure. Then 21l that remtins is to jump
te the start aldress given in the PARD.

- 1h -



2-6-‘,4-19

Formgl Parametery as Actunl Paraneter

P g Tl Pl el

This is best illustrated by an example

¢

procedure Plu);

begin

3 Q (u) 3

end

Inside P,u is given by the bilock no. of P and the
positicon of u . This allows reference to the PARD

of 1, which is in the link data o P. In ccanection
with the cail of @ we make a PORD for u, which in
this case gives the fact of formal vy, and the p-+ v~
of the PARD of u in the link data off P, |

The PORD-PARD tronsformation made -n calling Q
just ccopies the original PARD into the new PARD in the
Link dats Tur the eall of Q.

Thus the PORD- PARD tronsfermation alwavs eveluates the

dynamic odduwecs, and then checks fur formzlity,

Formal Recuveion

a g S o

A PARED can congist of

a) Address I a Program, and it: type
b) A constant, and its type
c) Aidoess 7 a program to jump to.

Type ¢ iz the one that gives rise to Formal recursion
(by & procedu-e, or an implicit sub-routine). Formal
recursicn involves setting up ancther block in the
stack. To¢ ocvoid stacking the fact of formality in the
link data it is necessary tc mske sure thet the exit

cf ¢ formal recursicn needs no extra information. This
exit, will be by means of the operations RETURN, which
1s used in implicit sub-routines as well as procedures,

The fact that all accumulctors coarry an indiection of
their meaning lets us allow for the fact that a
rormel vecursicn might result in an address, when a
result was cxpected.

This can nappen in the case of a suvbscripted variable

as actual narameter, for the implicit sub-routine must
use INDA {ITnuci: Address) rather than INOR (Index Result),
This 1z becnuse the PARD could be uwsed Jor either side of
an assimnment statement.

We introtuce the cperation

C.T.R. {Conditional Take Result)

C.T.R. inspects the top accumulator, and if it is an
address renlaces this by the value conteined in this

stack adlresas,

- 15 -



The operatizne vhich involve Formal Recursion when
PARD is =i tyme ¢ are,
Ccll Foimel Procedure
all Formel Function
Tehe Pﬁrmﬂl Result
Take Pormel Address

L]
L |

Ry N

- L
M M F ™ N ”

L

Pt W T
M HE GO
g b e b

*»
.
s

-

A11 of these use the sasme routine foir entering a formal
recursion, ond must use the same exit. This routine
could, in the case of an implicit sub-routine, perrorm
short circuit, rather than include this in every implicit
sub-routine.

Thus Call Formel Procedure is just the cperation Cell
Formel Functicn fellowed by REJECT

Take Formal Result and Take Formel Adiress make special
entries to C.F,F, which sets the number of parameters
to be zero,

Take I'~oraal Lodress is in fact the —wcutine for entering
a formal recursion,

Teke Formal Result is T.F.A. followed LDy Conditional
Teke Resnult.

Call Form2l Functicn is bound to vesuvlt in a value in
the top aceualator, so C TR, is uvnnecessary for it.

2,6.4,9.)  Formal Call of a Procedure by & Stotement

ey o wLr

Take on exanmple

procavure § (U); real u

begin
end

called by @ (P(a,b)}) where P is declared as a function
aesignator.

The call of W in the boedy of ¢ is by the operations

i

Take #Forrmnl Result
REJECT

2.5,5 Function Designators

Section 5.4.4 of the Algol Report is interpreted as
follows,

For a procecure to define & function designetor it must
be given a typﬁ oan. within must a?pea?} explicitly, at least
cne assignment © th procedure identirier, AT run-time at
leagt cne such cociznment muast be obeyed,

3 Such 2n cecsignment can occur in & l““ev} hlock cor
procedure. ence the cperaticn 'Store Proeelure Velue'
(Section 2.L4.3) 1g cccompanied by a block n>. This is used
tc get P.P. from DISPLAY, which points to the store address

vsed for the procedure mresult,

- 16 -



Any block oo procedure sets np the cceccumulertor for a
result, only procedvies used as functisn cesignators do not
use the operaticn ‘REJECT' to delete this space,

& 1ubel ocuurs in 2 given tlicck, and always points to & Ffixed point
1n the cbject program pertaining to th_ block - but this lobel has as
nany valnes as a block hes artiveticns.,

1]

facressed cperations con include either (n , P}, ov a pregram
adiress., We do not wish to have cperations whlch carwy both Block
Fumbeyr  and progrem address - oo reasons oi storage olriciency,

Thus ve use a system of stacking program address and Block Number. This
can then be found by the normal aynamic address.

Then gc to L generates

Take Lebel .
Jup to fccurmulataw

Teke Label carries a dynamic adiress which is ncee to get the
Progrom & ;_ess and Blcck Mumber from the stack to the tep cccumalator,

Juaip to ficcumulator checks vhether the block n e oo
o the accumulstor contents hos o DISPLAY entry which is ecual te the
present uling value of P,P.

I net it verfornms V) Yk Lu DISPIAY and Go To Acjuetment' G.T.A,
uses tae new PP, to reczet L42, Trom the 1ink dato.,

Thle system of having labels in an ascoumuloter immediately makes
Designational Expressions sinilar to Ard thmetic or Buclean Expressiouns.

The method of setting up Lodels in the stack is 2% follows.,

i the end of the object program cerresponding €. the block proper,
aiter the operaticn RETURN, is ¢ set of cperstions which take Progran
adaresses, add current Blahh Ho, snd assign the result tc the Positions

reservec 1n ITirst order storace Tor the labels.

Thus after entry to o vlocik, en implicit jumo is nade , past the

RETURN cperation, to the label - settlnu Instructione, The se finish with
an Lmplicit jump bac“ LG the stort cf the block prope:-.

Then 1t is these positions in Tirst order storage vhose dynemic
ed.ress is given on the Toke Lobel cperations.,

2;8 .T*u.'.-l" hEE

Sp————

i Switeh is treoted o5 o procedure with one parapmeter, which serves
Lo pick a Designational Expressicn from o linecy array,

.5 whought of as

lobel procedure 5 (n);

Si= 1f n = 1 then A else ifn = 2 then B

17 -



The ovoluation of a sriteh con 'go recursive! in tuc ways

) A4 Designaticncl Bipression con include o Suitch Designator

b In & Designaticncl Expression c.n o * Inction desism tor
vvhich contbains 20 to Switeh

Thus evaiuation must be capable of ccmplete recursion. A set
of recursicns of the first type would result eventually in firnding 2
label, and then a set of RETURNS would have to be worked through. It
does not seenm worthwhile trying to combine these intec a 'Master Return'
since the possibility of the second type cf recursion, vwhich has to go

back to the Tunction designator, has to be allewed _ﬂr.

2

\D

Representation of the Object Progran

e e s e

The representation of tiie object program in core storage is such
as to &allow unchaining, neeced Ior parallel declaraticns andmn-lceal
variables,

The Cbject Preogram consists of

n Operation

G Operation + Blecck N.. + Stack Address (velutive to P.P.)

o Operation + Progwom ..ddress

4 PORDS

&) Constants

2} Operation + 2 Jynomic adaresses

The elepents which con vegnire chaining are types b, ¢ and d.

PORDS will have t¢ be trented specially as they might need block
nuriber, pregram address, and dentifying bits. Howvever types b and ° can
us2 the same type of storage.

Type £ (used for setting vp value arrays) is nct involved in
chaining, 5¢ is not sc importont.

We heve avolded having operations with block mumber and program
address because the progrom address will be in terms of KDF9 syllables
rather €then wordas. This allovwes the cbject program to be vpacked by
syllables, N

The block pumber n con take &t nost six bits. Thus two 8 bit
syllsbles will be sufficient Tcr o dynamic addéress (n,p ) or a program
aliress, This will be the space used Tor chaining links, The operation
itcell can it into one sylloble.

PORDS will need 4 syllables., The identifying informeticn can be
used wur'ing chaining tco differentiate FORLS Trom ad recsed operations
by using 2 correspending vit n operations,

Tire PLRDS produced at proceduve eall and stacked in link date
consist ci the static address, the P.P. ruling a2t call time, and
Llenciiying bitse.

114

e

2,10 Rm-~time Erra“ Prlnt

Sl e - e e

f O

Inconsistencies at run-tie are likely to 2risze Trom tvo sources, The

-

First &ie To lrreguisrities in the Algol, which ~.ould n t be checked at
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compiie time &nd the gseeond uve to failures in the avithretie.
Tre ¥irst type inclu’c the folloving:-

a) The lower bound is greater than the upper bound in an
array declaraticn,

b) ne nurntber cf subscripts not compatible with the number

of cipensions given in the corresponding array declaraticn.

Here inTormation in the stcrage mapping functicn is checked
cgainst the mumber of values at the top of the stack when
INDL or INDR is net.

c) The evaluated mopping function does not give information
about an elerent within the array.

&) The actual pararmeters are not compatible with the formal
parameters,
I nup-. = o7 otagl oparcneters 10 Lo veh by the difference
betweon 0,0 & ¥, “hich covers 1 nmll ¢ots ond two word: > per PARD.

Some of the gbove irreguitrities could be rfound. ot compile time
(i.e. typec b and d), However with the one pass cﬁmp iiction along with
the method of chaining described in this report it vould be difficult
do so then.

The second Type arise Jrom numbers becaming overlength and also
due to volues, which have been changed from integer to seni-real, being
zssigne.l to an integer, used in a relation or in a subscript evaluaticn.

When an inccnsistency hos been found a messa2e vill be printed
ut. The Aifticulty is to pin-onoint the errcr in termsol the Algol
onc 1ot in terms of the ~biect program which wuuld be meaningless to the
programer, To do this twe tables are constructed ot compile time and
stcored, probably with the tio tables intermingled, on magnetic lape.
The two Tables are: -

.2} A table of the progrom count agoinst the Algel line number.

Details can aiso be given of the velues of the program
ccunt where failure is likely to occur elong with the type of
failure to be expected.

b) i toble of expiicit block counter against the none
of the block cr, if ancnynous, the type of the bloek.
Such block counters, found lexicographically, enable each
block tc have a unigue number which is stacked at edceh
incernation ¢ the blilock. This tcvle could be expanded to
include more thon cne block (iacluding implicit sub-routiues
ror calculating povemeters, for statements ond procedures)
cn & line and glving ﬂEuﬂllE as to thell nmder, type and

L% ]

identifier, if tnprobriate,

T_""l

-— -

)

failure occurs at :un-time the program counter is used to obtain
informetion from the first Table whilst the block couvnter, whichis

i
contoines ‘nthe link dato L: the current bloeck and is Found using P.P,

H

is neld =Z¢ ¢ebhbtain informeticon Pron the second table,
5 The Compiler

The compiler will usSe a cne poss system, employing o name list
ond & transloticon stack. Mhe nome list will contain the nemes and details
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all identiriers with a currently volid declaration.

. 8ystem of chal nLng, thrcugn the cobject progrom neing generated in
the core sztorage, will be usel to avoid extra passes. The translator
stock will be used to re-order coperctions according to o priority table.

Only & minimum anount of Algnl will be held in storage at any
one tvine and to give information about the Alzoel vhich hes passed o
system of statevariables and stacked cbligations ia used. Thus 2t 1s
possible to discriminate ¢n each individual delimiter instead of the
ccmbinaticn of two consecutive delinmiters.,

Checking routines are to be used o ensure legality of the Algcel
input.

A o Input Routine

The L1lgol input to the compiler is regarded a2as the printed page
rather than the tape. For this easomn carriage return, without an
accompanying xine feed, nd bock space are forbidden. In order to alliow
for the possibility LF Joined tapes & case definiticn character must
come belore the first case ({epencent character after blank tape.

There is g unigue hoxoare remresentation for each Algel symbol.
) P

The routine locks for and counts string quotes and packs the
characters hetween them, without suppressing aany syrwows > such as
CRLF ov space, and stores then for use by a procedure boly, 85 an
implicit sub-routine.

Outside string aquotes such cheracters as CRLE and space can be
lgnored o can the various comment conventions, after checking that they
have not been used illegably suca as comment following any character
cther than begin or ; except wien it is inside a comment.

The routine will lock for and count begin's anc end's ¢ look for
the end o the progren.

CR.f chors ters are counted for use by -the error print oub
routine.,

The basic cycle routine will resd until the next delimiter znd then
find iT 2 nane or ¢ constant has passed so that the routine could zet
geeor ingly. -

Tie delimiter is then exan'ned ! ?aaclbly using xnowvledge os to the
Algol that has passed, to ul*_erEEtlatE between two CiilTerent uses ol 4
lett vound bracket say) and the rovtine jumps to the appropriate
sub--routine.

Arter meeting proceditre, or Instance, a sub-routine vould deal with

the vhole preceduie heading ¢l owing, whilst using tlie bnsic cycle routine
to deliver the Algol input.

In Shis way the legality ol the Algol can be clheckel,

3.2  Hme List

A 1list of the nomes used Jor irentifiers is built vwp as compilation
proceels, Along with each name iz stored a word of informotion givirg
detslls oF the identifier. This nome list is alsc igsed by the checking
routines. By nmeking the internal representation of letters and digits
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a) Tine number

b) Error type {i.e. no cormo allowed here)

c} The next 100 choracters or 2 lines of 4lgol progran (counting
only non-~trivial information).

Hoving kept an acccunt ol the positicn on the page this can be

printed out to reproduce exactly the Alscl input.
) The last Isbel ond the last procedure identirlier declared.
& The last few itens of the tronslotor stack,

5.5 Methud of Chaining

e et

The methcd of chaining 1is uvsed to 2llow a2 one La;f ccocmpiler to deal
with Torard jumos and the possibility of oun identificr being used before
its decloration infomeaetion s cvailoable.

Thu chaining will be used to complete addressed operutlons ond
PORDS n the object progran.

5.5.5)

{'{l

5.5.1 Use of Identif ev

When an icenteller 1s met, the neme list of the current
block is searche’ JTor its dezloaraticn. I this is found the
infarmation aboet the declaration is obtoined, However, if
There is no declaration in the name list then:-

o) There is no enbyy in the current noue 1:st for this
identifier. This means that it can be non-local cr
local but not yet {eclared. A "non-allocated” emtry
is made in the nome list noting the position (@) reached
in the object progrom which is lei't blank,

b) There is alrealdy a "non-allocated" entry in the name
list. Tcke the cbject program count (@) from thais
entry and put it into the current space (B) of the
object program ond put £ into the “non-allocated"” entry.

3.5.2 Declaraticn of Identifier (8ee 3.5.5)

—r —_—r e T e e e T e -

At deelorotion the current name list is searched wish
the follewing recults:

o) If there isc nc centry for this identifier in the list a
normal entyy is ndled,

b) If there is alveady a normel entry -or this identifier
in the curoent 1ist lead to fail routinc,

¢) If there =3 & "non-nllocated” entyry in the list for tais
identiZier it is normalisecd and the object program rust
be brought o tc date concerning the coclaration information,

To do this the "non-allocated" entry contains the last
place in the object progrom regqulving this information,
Similarly this place in the progrom contains the address

of the ne.t place reguiring the Lu_afmatian and sc on
until the end of the chain which Jces not lead to any
further w=lioces in the progron.
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5.5.3 End_of Block (See 3.5.5)

When leaving & bloek there nmoy be some "non-allocated”
entries left and the nome list for the surrcunding block is
searched for entriec f'cir these identifiecrs with the following
results:-

2 ) IT there is noc entry in the surrcunding block list copy
the "non-allocated" entry into it,

b) If there is alrecdy a normal entiy follow the chain
procedure Cescribed in {c¢) above to put the declaration
information in the program generated.

c) There is a "non-ollocated" entry in the list of the
surrounding block pointing to position y' in the program.
Teking the progrom adliess given in the name list entry
of the block to be left chaln through these program
spaces and 24¢ ¥ to the end of this choin. Thus one
chain 1is mede from the two separete ones. 1.e.

T wr T Y m PP

My ey
1
L}

+a —dl Fra a := a i resl a
f B’ Y’ & & Y

The "non-allocated" entry now replaces that already
in the name list c¢f the surrounding blcck.

2 P
It

The name list ¢i che block to be left 1s now collapsed.

3.5.4 End of Progran

At the end of the program the cnlv "non-allocated

crsmien Jeft belong €85 T ntiiicers used withoevt oo inrations
cnd can indicate library procedures or illegel £1gol input.

%.9.5 Note

Subscript bound expressions can only depend upon
variables or procecures which are non-loceal to the block for
which the array declaration is valid,

1o this ¢tse the chaining method described cbove must
be modified as follows:-

5.5.5.14 7  Use of Identilier

If, when tronsloting o subsceript expression, an
identifier % is found then:-

a) If thereis a normal entry for x in the current list
lead to Tail routine,

b) Tf there is a "non-allocated" entry for x in
the current list add & subscript bound marker +o it,
17 not there already.

c) Tf there is no entry for z in the current list add
o ‘mon~allocated” entry with the subsceript marker
set.
3:5.5.2 Decloraticn of Tdentifier

When aa icdenviiier is delcared the current name list
is searched¢ 2¢ in the chaining method but condition ¢ of
3,5.2 nhas to be modified os follows.
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3. I there L& a "non-allceoted" entry already in

the 1list lead to fail routine i it has the subsecript

noxrker set otherwise normalise the entry and use
the choining method already described in 3.5.2
te ploce the decloraticon infomeotion in the progrom,

5.3 End of Block

At the end of the block, any "non-cllocated" entries
whichare added to the list of the surrounding block
have the subscript bound markers deleted.

5.6 Translation Stack Priorities

In crder to deal with the translation of the Algol whilst only
small part of it cvoilable at any one time o tronslator steck is
s sorts ouh gquestions ¢ erithmetic precedence, implicit jumps

having o

used. In
ebtCc. 2né

|

i
i

i
i

used as a temporary store for operations, obligations and also

for the current values of stote variocbles, These are stocked along

with o stock rriority (spr). Uhen an operetion or delimiter is met from
its compare pricrity (cpr) is used to deci: e hether scme items
from the astack should be dealt -rith first.

the inn:

4.
L

The stock is emptied whilst the top item heas a stock priority (spr) »
compare priority (cpr) cr current oneration,.

in crder to determine the valluies of the stack and compare priorities
the following points were ameng those considered,

spr of begin is the lovwest possible, and can thus be zero

cpr of everything muest be higher than zer. so that begin can
never be unstocked sutomatically (i.e. by means of priority)

cpr of begin ég'( or] are void since they go straight into the
stack without first emptying any items already stacked

then E contrcliing an expression or then S contrclling o
statement must unstack back tc the correspenling if which
they replace,

else B or else § conbrolling an expression or a statement

respectively unstack back to the correspopding then which they
replace.

Between if a2nd then will be a Boolean vhich might be conditional.

To clear this the spr of else B must not be less than the cpr
of then E or then o.

the cpr's of ; or end must be equal tc 1 to vnstack everything
back to a begin

i set of else o are terminated by ; or end uhich must unstack
through them,

else S nmust unstack through an unconditioncl statement which
night involve o ecnditicnel expression, vhose c¢lse it must cleaxr.

To avoid complications in the case of a For statement appearing
inside a2 condicioncl stotement i.e.

if B, then for V = A4 4o if t 1 S
i B, L Lﬂ.”_,Bg hen 81 gwggisz' else 3

1t 1s suggested thol begin and end are introduced around

ey

the for statement (sthich is treated as 2 block).
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Thus the following ecgusticns and inequalities cre deduced,

spr (begin) = O

crp (begin) = cpr (if) = cpr (a() = Cpr {E) = vcid
spr (if) = O

spr (if) < cpr (then E)

spr (if) < cpr (then S)

spr (then E) < cpr (else E)
spr {then S) < cpr (else S)

spr (else E) > cpr (then E)
spr (else E) » cpr (then 8)

o {:) = epr (end) = 1

spr {else 8) 2 cpr (end

oo
e

spr (else B) » cpr (else
snr (then 8) » cpr (i)

spr {else S) < cpr (else S)

spr (do) > cpr (1)
P (_q_) > cpr (else S

spr (() = spr ([) = 0
ST ()) = Spr (]) = Voil

These,ond similaer formulce, glve risc to the folloving table of
pricvities,

SPY cur
begin 0 void
end ; void AL
Ry O vOoicd
then S 1 b
then B 0 %
) void 3
] “void 5
( 0 void
[ 0 vold
else O 1 2
plse E 3 2
.0 2 vold
'= 4 13
= 4 3
o p) p)
v 6 3
A 1 7
- "8 &
> > & < 4: = 9 S
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pr - epr

. 10 10

= / + HEG 1l 11
- 12 12
inD 13 vold

2.7 Stoctement Translotion

Algel stotements are Lranslizted by the compiler into the object
progrom vwhich is Interpretel by the sub-~routine cample:r ot un-time. The
oblect program eontains ﬂpe:atiunﬁ,with or withovt arilizess, PORDS and
constants.

.

Since only a small pert »f the Algol will be in the machine at any one tinme
it will be impossible to generzte a complete object progrom as the Algol prograom
ig traversec. This is because suf¥icient knowledle to zomplete an operation
m2y noT oo $o hand until mare of the Algol has been oalt with. Use is
ths mate of the translaticn stock so thot obligations can be corrpleted
lator ‘an the translation.

5.7.1 Conditional Stotements

The Booclean empuessicon in the if cliouse allows & choice
to be maee at vun-time as to whether the statement, or vhich nme of Wvo
statements, following is ©o e cbeyed.

Le@o 1Y B then S it if B then 5. else 8y ;

T dmplicit Jumps are generwuted by the campiler t¢ jump to and
conna the statementes conceimel.,

A uf—‘"i" S Y e

-,
."ﬁ'—fi

U.J. which is en unconditicnal jump.

I1.F.J. which jumps 1 the top accumuletor contains the
value folise

Ei
-

» the case of if B then 5 else S, the object program resulting

TLKE B
Lalada =
5.

1111}-1 - yw

B S, '

Fs.
O mectinsg then it is knmovm that an implicit vy will be required
“to demn moound statement 353 L B oturns out o be Jalge, hut as the extent

s 50 s ouot ¥nown 1T canaot be completed at onre, Thuo a space is lefl
in The o Rlect progran Tor Tae jump and the c¢bligetion o complete it as soon
as poscivle 1s stacxed, “lwn Jlgce ig met thls jump wor e completed and the
spoe i Lre object prodgram o Llied in,

Samionicay the mpilesw A U.J, €0 enable the witntement S» to be

o”
"3 . ]
DypLasen SuUter obeying 54 ,is stucked and then completel ot the end of the
cendatloval stotement.,

M
R
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e f+2 For Statements

For state:ﬁents cremade into blocks even though the
controlled stovement mey itself be already a block.

The Algol for clause is translated into a set of entries
into the for complex which is part of the mub-routine complex
used by the object »rogram at run-time. Also included are some
implicit unconditional jumps which again make use of the stack
to store the obligotion to complete then as scon as possible.

and the for

Communicatian between the object piogrom
Llee link I, and

complex 1is achievec by wmeans of twe links cs
link 3

Link L is usec¢ wo denote the current Jor list element.

Link & 1s used by the for complex os the veturn to the
for complex afte: hoving used part of the object program as
a tub-routine. This hoppens when calculating a for list

element of the following type

Vi= A step B until C

and the controlled variable V is requived as both @n address
and as a value in mo.e than one place 1.8, Vi =V + B,

An idee ©: The object program resulting “rom a for
statement is given bhelow,

Algol Object Program Remarks
for 2o to PFa Implicit unconditional jump to

Fo to set up & block for the
Tor statement.

v Fb: F S DDRESS
of V

FOR 1 ¢beys link L to take the current
for list element.

Fa: Instructionstc enter
block ot Fa.
for 1list elements given as
entries ©¢ the for coamplex
{see 3.7.2.1)

for list
elements

Instructicn »laced at the end of
the for iisl elements to jump post
the fcor stoatement after completing
the block exit.

f
pRE
E

For Q 80 to Completes setting up of the blogk
H{w and rescrves space for link 3
go to Fb Then Jjumps 0 Fb to work through
the for stutement.

FN PN A PN PN P P P e
txi
3
20
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Ho Totenent

g5 Te b

bFe:

The variocus kinds of for list elements

5.7.2.1 Arithmetic Expression Element k-

Implicit conditimal jump back
to the for clause,

Completion of for statement,

are transliated as follows:

b

Object Program
TAKE By

'OR 2

g’ gl n wrll

3.7.2.2 While Flement Ep while B ,

Object Prﬂﬁram

TAKE Ko
PCR 3
TAKE B
FCR L
52.7.2.3 otep-until Element E3 step

Object Program
TAKE E3

FOR 5

=i

Bl
FCR 6

Lk

TAK]

TAKE E5

FOR

- 28 -

Program tc evaiuate Fq

Stores value of B in the
address corf the controlled
vaeriable V and puts the position
of the next for list element
inte link L. Then Jjumps 10
Fc.

Remarks
Program to evaluate B

Sctore value of E 2in the address
of the conticlled variable V.

Program to evaluate B

Lock at the top accumulator
which c¢contains B. 1If true
jump to e keeping link L
unchenged so that this for
list element is still uwurrent.

If false put the position of
the neirtt for list element into
link I and jump to Fb.

E4 until E5
Remarks

The importent thing here is that
the increment shall not be adied
on to the camtrolled variable for
the fist time. Thus the first time
V (= ;. anl thereafter Vi = V+B

The routine "TAKE ADDRESS OR v"
is use.. £to 7ind the value of V
neede” to Lalculate its new value
sncd or this reason lLink 5
is used by the for complex.



2045

Cbject Program Remarks .+

It (V-Eg % Sign E;>0 jump to Fb
after putting the position <o the
next for list element into the
link L, it nct jump to Fe keeping
1ink L unchanged, Engtries FOR 5,
FOR 6! FOR 7 serve tc show the
extents of E3; EAH and E5.

Links L and 7 , which give a complete picture of the state of
completion of the Tor list elenents, are kept in the stack so
that the fo. complex can be used reour sively (e.g. during

the evaluation of an element a procedue call might involve
another for statement),

P1ocedu1e St&tements

Sy

Per each actual perameter & PORD is rmenerated which
gives details about the parameter. The PCRD may be ccmplete
in itself if the actusl parameter is a simple variable or it
may indicate the starting address of an impliecit sub-routine,
mapping function or gxrgram.adfress i the pa.ameter is an

expression, array on o constant respectively.

ATter dealing with & procedure identiliec¢ the next
delimiter will incdicate whether a parameter list is to Pollow.
If 1t is a left bracket the program count is nted after
leaving 2 space in the program for an implicit jump around the
lmpiicit sub-rcutines and the PORDS. At +the next delimiter the
program count 1sogain checked and if it has _hanged since the
last delimiter on implicit sub-routine will have been generated
and the PORD i'or that parameter can give the starting address
ctf 1t, If this Horometer delimiter does not indicate the end
cf the pareameter list the process is repeated for the next
parameter.

It should be noted that the parameter delimiter could be
a comma or

| <letter string> {

The PORDS, one of which is generated fcr each parameter,
are stacked WﬂElEﬂS the implicit sub~routines or constants
g0 straight into the object program. 4t the end of the parameter
list the PORDS are unstacked intc the :bject progrem and they will
thus be in reverse order. Theimplicit jump cround the implicit
sub-routines and the PORDS is completed and an coperation CALL
FROCEDURE, which contains details as to the number of parameters
is added ta the program,

A plcture of the object program genevrcted by the following
pricedure call

P (E , 1.2, Bz, A, B) where Eq, Eo avc expressions and

A, B simple variables is given below:-

Object Program nemarks
go to Fa Implicit Jjump arcund the program
. generatec toe evaluate the parcmeters

and theis PORDS.
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ObJect Trogrem Remorks

Ty e

@« 1 TIEE By Implicit sub-1outine to evaluate
£,
g ¢ 1.2 The value oI the comstant is placec

in the progran.

v ¢ T&KE B2 Implicit sub-routine to evaluate
B2
PORD Infcrmaticon about 5th parameter B
PCORD Information about 4th parameter A
PORD Infcrmaticon about 3rd parameter and

also pecintiny to vy

PCRD Infcrmoticon about 2nd parameter and
alsc printing to £

PORD Information cbcut lst parameter and
also pointing to «

Fa: CALL PROC

WRE  Operation €. Jump to the procedure
bedy.

L™=,

The implicit sub-routines used to evaluote expressions or
subscripted varicbles as actual parameters are translated
as blocks and are given a block number cne higher than that
ruling at the procedure statement.

5.8  Prccedure Bodies in Code
The filgel is translaotel inte an object program which is itself
oheyee interpretively.

At no time does a XDFY mochine code version of the Alzcl exist and
S0 code procedure bodies cannct be merely handed over intoet to the cbject
progrom for use ot run-time.

They must be stored apart Irom the object progrum, prcbably on tape,
either in binary form having been compiled before hand or in user code if it
is pessible for -the sub-routine complex to call in the user code compiler
as a svb-voutine.

In the X1 tronslator procedures having their bedies in code are limited
to libroary functions and are written by those pecple ot Mathematisch Centrum
having knowledge of the inner workings of the Algel translator.

2.9 Subscripted Variables

ATTer generating progiom toe evaluate a subscript exvression the
cperaticn INDA cr INDR must be Inserted depending upon whether the address
or the value of the subscripted variable is required ot this stage. It is not
alwveyc possible to know which is required when the closing bracket of the
subscript expression is met and so  the imcamplete opeuxation TND is stacked
uncer & high priority. The next delimiter recovers this from the stack and
it can be completed and insertel in the program. To illustrate this two
examples are-given,

a) a{ ]+
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AT + IND is unstacke:d and 208 it is now known thot INDR is required
this <on be stored in the vrog.am,

}a=

AT e IND 1s unstacke. and the operation INDA iz stored in the
ob ject prugronm,

b)

£3
r—

Il

5.10 DProcedures and Blocks

Bilccks and procedures are trected similarly oas & block is considered
to be a prccedure without parameters whidhis only called at cne place.

AT runtime the stack for o block, or a procedure, ccntains,

a) Link data, of constont size

b) First order informaticn, for scalars, labels, mapping functions
and alsc for PARDS in the case ¢f a procedure.

c) £2ceond order informaticn, for arrays

¢) Anonymous results

The extent ¢f the link data and first order informotion is known
at compile time when the enc¢ o the block is reached, and a state variable
L 1s vsecd tc keep a count of the stcrage regquired bj these., The final value
of L, fcx each block, is usel te <enote the starting position Tor the
stou uge 0. the array elementﬂ ag the secund order informotim.

I; a block is left beicre 1t is completed, by meeting znother begin
sedure declar ‘ation, the current values of the state variables
3} end L are p;eaerveo in the stack.

in ;rﬂerJ at runtimEJ Tt heve the values of the labels in the stack
we intro uce at compile time, for every block as many local variables as
there ove lapels in the blcecel:r.

The compiler generates o set of assigmments to the pusition:s
Tirst cuder information set aside for the labels and theze are placed in
the chiect program at the eni & the block after the ope.ation RETURN.
Implicit Jumps are aiso generated to lead to these ascignments from the
stest o the block and then bock te enter the block prowe.., Thus when the
block nroper is entered the Iirst order stores for the labels will eontain
block muaiver and program ad ress.

5.,1C.1 Fermal Parenmeters called by Value

Tl ™ g S e

The cpe.-ction TAXE FORMAL RESULT is placed in the object
pregram for each of the parameters called by value, This will
cause 2T run-time the ccrresponding PARDS to be evaluated ard
replaced by their wvalues before entry to the procedure body.

ince these parameters called by value are then to be
treated as local te the procedure body theilr entries in the name
1list are changed from formal to local identifiers.

5.1 Speed of Translaticn

The prchbable relative specd of the KDFO tronslator to the X1 translator
will at furst sight be low because of s8ll the chaining ‘nvolved in parallel
Geclzraticns and ncon-local varicbles. However the me huu has o corresponding

:ain in thot the name list is ~nly ever searched dovm to the start of the
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current vlock. Another pessible increase in speed is ¢ue te the fact
that mumoers are stored in the cbject program whenever they cre read in
regariless wvhether the number hos been used hefore,

5.12 Use of Core Storage by the Translator

KOFS translator will necl core storage for:-

3..2.41 Ccmpiie Time

Compiles Tixed
Object »resren growing
Transleotion stock pulsatinsg
Name List pulsating

The fcllowing diagram shews how theavailable core stovage is used
gt conpile time.

e R - . e - -
] COMPTLER L OBJECT FROGRAM TRANSLATION STV.CK NAiMl LIST

o — T —=

The object progrem is placed next to the compiler, which is a
fixe¢ size, |

The name list starts at the other end of the core store and pulsates
towards the object progren.

ne translation stack, which in general will be smoller then the
name 1ist, 1s placed in the centre and pulsates towards the name list,
If the cbject program reaches the bottom of the stack or if the name list
and the stack meet the staclt is novea, say 32 places, in the appropriate
direction (end failing if th’s is not possible).

Taic means that positicns in the stack are nct fi:ed throughout tae
compalation and indeed the starting position of the nome list can vary from
one run to the next due to different sizes of machine o due to time sharing.

Great care rmust be token te ellow for this and empecially to allow
for the stack having moved between two references to it. The original
starting position of the stack is chosen so that for ressonaoble sized
programs Lt will not need to e moved.

5.12.2 Run-Time

Sub-routine C.onmplex Tixed
Object pregranm fixed
Stack pulsatin..
:. o N U T T
' S.R. COMPLEX | | OBJECT PROGRAM ST/CK
A | _ J—
T T et e iy

Since the compiler and the sub-routine complex ave expected to be of
rovghly the same size the cbject program can be at the sonme positicon duriag
runtime as it was when being compiled.

The run-time stack is then placed immediately after the object progrem.
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b, Input and Output cn XI

o e e Y

oome of the procedures useld for XT Algnl are described below.

FLOT (n, x) This prints x as a floating numbexr with n
aecimel ploces in the mantissac and o 2 digit
erponent,

FLET (n,mJ x) Prints X as a fixed point number with no digits

befcore the point and m digits after it. If
m = O the decimal point is suppressed.

The obove two routines give a correctly rounded result., Underflow
proices 0 and cverflow prﬁduces + INF or - INF.

FIXP (n, m, x) This rcutine will ocutput x ontc paper tape in a

similar form te FIXT {(n, n, x).

FLOP {n, m, x) Outputs x onto paper tape on & floating number
with n cecimal places in the mantissa and m digits
in the exponent (wherem =1, 2 or 3).

FIXP and FLIP all have automatic inserticn of CRLF before any
number Ior which there would be nc room left on the present line of type.
Thus they are ideal for intermediate output which may be used again as
input and they can also be tabulated.

PRINT TEXT Outputs typewriter symbols only as this routine
uses the monitor typewriter

r o

PUNCH TEXT This routine will accept everything except
basic symbols which are underiined words.
The text, produced by PUNCH TEXT, emclosed by

apostrophes act as a number separator when reed in
as cats.,

Cther mumber del¢mltu+z are the sign of the next number (hence
there is no cutput sign suppiession), comma, CLR.L.F., tvo or more spaces
af'ter a digit oxr TAB. TAB is [ixed, by CGHVEHtluﬂ to be 8 places.

Te avoid wastage of macihine time on a program which uses up slowly
a hon prepared tope it is recommended that o fast pre-run be used which
could check deecimal punching ond Icrm sum checks.

5.  Acknovledgements

The authors are pleased to ascknowledge the assistance received from
Dr. E, . Dijkstra, during their visit to Mathematisch ucntrum. during
December, 1961, partlculur¢y in that, as this report shows, Dr. Dijkstra
was not :hntent tc merely describe the successTul tronslator for the X3
computer, written by himself and Dr. Lonneveld, but spent considerable time
censicering the characteristics of the KDFY 'computer, 2nd the requirements
for the A, P.D. translatcr,




ﬁggenﬂix

Abbrevioticns used ir the Report

1, Operations in the Object Fregron

H GO
b ped b Ry b
Cq 2 ¥ Hg

[ 3
L

-
J

1

IND:A

-
A o

»
L]

RN N N

T

AW
!
(i
-
(D

:'_'.".-
[

*ﬁ*ﬁéﬂ*ﬁ

Eohow

-

»
=

th*’#&ﬁ*dba
b5 e wt !

l_.l

Call Formal Function
Call Formel Purocelure
Conditionol ToXke Result
End of Immliclt Sub-routine
If False Jump

Index

Index Alcress

Index Rezult

Junmp te Lceurmilator
Store Proceduie Value
Take Formal Al ress
Taxe Formnl Result
Take Label
Unconditicnal Jump

Accumulator Fointer
Block Nupmer
Parameteir Pointer
Werking Swace Pointer

Characterisation of Actual Parameter in Object Progranm
Characterisation of Actusl Parameter in Stack

Dynamic Address
Local Variable Counter

Go To Adjustement
Sub-routine





