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i. 

INTRODUCTION 

The design of the Intermediate Coda generated by Phase l~ of the 84/50 
Algol Compiler is based on that of the Object Program produced by the 
\Vhetstone KDF9 Algol Translator (as def ined in 'Algol 60 Implementation' 
by B. Rande11 and L.J. Russe11 Academic Press, 1964). There are however 
differences consequent upon (i~ the three-pass structure of the 84/50 Algol 
Com~i1er, which is designed to generate machine code as the end product, and 
(ii) the altered method of handling the run-time stack, now based on the ideas 
of the ALCOR-ILLINOIS 7090 Compiler. 

This document has a scope restric t ed to a definition Of· those parts of 
the S4/50 Algol Intermediate Code which differ from the corresponding parts 
of the Whetstone KDF9 Algol Object Program. It is a reference document only. 

FUrther documents will deal vdth detailed aspects of the various Phases 
of the Compiler and of the generated object program. 
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1 .1 

1 , LABELS 

i,Inemonic l abe13 appearing in the POGi tio!]' Identifier Table have t he 
followinG significar.ice:-

Gc: internally venerat ed ,> labe:ls 
' Ll uscr's ov:n l abels 
:Pp procedure l abels 

l 'hese labels are entered in the P.L T. when and cnly whcn they occur as 
decla~ations (left- hand labels). 

ThrouGhout thin document t hese label s , in both their l ef't - and right '­
llai.ld incanlations, have been WI'i tten explici tly' into t he intermediate code 
for clarity of exposition. 

III fact, left-hand l abels have no existence in the intermediate code. 
They exis t only as entries in the P.I. T. 

Right-Ilend labels in t he intermediat e code are pOinters, to the 
appropriate entry in the P.LT., and occc).py two bytes. Denoting this two-
byte pointe r by p t l:.e label operations, \"/i th their parameters, are:-

TI. (k,p) ,n 

DJ (p) 
etc. 

(Take label) 

(UI?-condi tional ,iu.'ll.l~) 

Parameters such as (k,p) - vvri tten in the examples explici tl;yr as e.g. 
(k,G5) - denote that k , p are packed into 2 bytes vrith 4 bits for k, 12 bits 
for p. This implies a maximum limit of 4096 labels in any module. 



1.2 
1 A) Note on Use of Labels and Switches 

The translation of a designational expression into intermediate code 
will hot explicitly involve use of the operations GTA, GTFA. Instead, 
the following convention is used:-

a) ~. Within an actual parameter expressi on or a swi ich declaration: 

The label operations TL, TFilT, TFLV, SINDR, and TFS have the run-time effect 
of stacking the resulting label 

FFSk 

N Address 

b) Elsewhere: 

i) The operation T.L doe~ not stack its label at run-time, but uses 
registers ~o effect an immediate transfer of control, using an implied GTA. 

ii) The operations TFilT, TFLV, SIHDR, and TFS, at run-~:i.me, all 
operate on the previously-stacked label , effecting an immediate transfer of 
control using an implied GTFA • 

. The operations GTA, GTFA therefore do not appear in the i~termediate 
code. 

This convention leads to some simpl ification of the intermediate ·code, 
as illustrated in the following example . 
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Example :-

'IF' A 'T".tIEl'J r L1 'ELSE I S [2J 
(A. boolean, L1 label, S switch) ' 

. , 

a) Within actualparaueter b) Elsewhere 
expression, or 'S\vi tch 

BEX BEX 

TBR (k,s) TBR (k, s) 

IFJ (Gl) D'J ( <71) 

TL (k,L1) ,n TL (k,L1) ,n 

UJ (G2) Gl: SAPP 

Gl: SAPP .. . TIC (2) 

TIC (2) SINDR (k,S) 

SINDR (k, S) 

G2: 

1.3 

Case (a) isthe ' normal vVhetstone form of the translation, case (b) 
is the ~bbreviated form made possible by the convention described above. 

1 
\ 

.. :~ 

, 
'. , 

.. ! 
i 

. . " 



2.1 

2. BLOCKS 

VIi thin a hierarchy, block structur8 is represented in the Intem.e~iate 
..: Code (I/c) by:- \ 

' BE (n) (BE _ Block Entry) 

(BEND =: Block End) 
/"-

\~ "'"', n = block ne sting number for the current hierarchy, starting from one 
at t he start of the procedure body. For a labelled ,procedure body, n for 
the label is zero. 

BE The action of BE at run time is to plant the current value of vVP 
r-;or~ing pointer) into word n of the Block Index List. 

BEND The run-time actiQn of BEND is to replace WP by the contents of word '· 
(n-l) of the Block Jndex List. 

" 

- ' : ".--', '.-

I, 

\ 



3 • PROCEDURES 

3A) Procedure Structure 

. Pp: 

Gg: 

1:JJ (Gg) 
~ (k, L) , 

) 
m,N 

) ---- parameter list 

~ 
) 

~ ---- procedure body 

) 

RETURN 

APP (krr) 

) 

operations 

l ---- actuaJ. operations 

Gg': CF 

where ~ = hierarchy number, 

3.1 

) 

~ 
) 

1 
Declaration 

~ 
) 

. ~ 
) 

~ 
) 

l Call 

) 

L = 1st. order working storage f or whole hierarchy (including link . 

m· = 
N = 

'f"T" = 

data and parameter space). 
Ho. of \vords of parameter sI)ace, 
maximum block depth within t his hierq.rchy 
index number of the pr.ocedur e ( ·th entr,f in list (a) of the 

level parameters).-n"'= 1-16 for formal procedures • 

. N.B. The label on a CF operation is mandatory for diagnotic purposes, even if 
it is not used on a right hand side. Similarly, the label on a PE operation 
is mandatory. 



3B) Calls of Function De si@1ators, cilld Procedure Statements 

The call operu'tions for the vari ous ,kinds of procedure are:-

CF - Call function CFZ (k;rr) - Call function zero 
CTF - Call type f~~ction 
CFF (k, s) 
OO:FF (k, s) 

- Call formal 'function 
- Call type formal functi on 

CTFZ (k,1I.) - Call type function zero 
CFFZ (k, s),'Tl' - Call formal function zero 

. CTFFZ (k, s),lT Call type formal function 
zero. 

The operations CF, CTF require no parameters, since they are always 
preceded by an APP operation whose parameter ('1T) gives the necessary 
inior'ulation. In the case 'of calls of procedures which have no parameters 
(C FZ , etc) this information (-rr) has -Go appear .as a ,parameter to' the call 
operation itself. "'l\ is a pointer to the'Tfth entry in level par;3.Dleter table 
(a), which contains among othe.r things a pointer to the entry for the 
procedure in the Position Identifier Table ,. 

A function call which invokes 'a procedure as a ,function def:Jignator uses 
one of ,the operations 

CTF, CTFZ(k,n-), CTFF(k, s), CTFPZ(k, s) ;77'. 

The corresponding call invoking a procedure as a procedure statement 
uses one of the operations 

i 

CF, CFZ(k,1T), CFF(k, s), CFFZ(k, s) ,"TI. 

Use of a CF type operation (procedure statement) wi~l imply a follo\ring 
REJEqToperation. The effect of t Lis i mplied REJECT is to delete the unused 
or superfluous result accumulator on exit from the called procedure 
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3C) ParaBeter List Operations 

The only. operations necessary a:C8 :-

CRFA Copy real formal array 

CIFA Copy integer formal array 

CBFA Copy boolean formal array 

CA Check array 

CP Check parameter 

1-

) 

) 

) 

Arrays by value 

All arrays by name 

Ail other quantities by 
name or by value 

'''I:, 

. : ,= 

, ' 

'/ 

, 
\, 

... 



3.4 

3D) Actual Operations 

At a procednre call the generated actual operations are:-

PSR (Gg) Parameter subroutine 

PHA (k, s),- Par. real array 

PIA (k , s),- Par. integer· .array 

PEA (k~s ) ,- Par. boolean array 

P&l{ (k;p) ,- Par. switch PIPSV'/ (le,s),:" Par • . formal switch 

PPR'TY, ... ,- Par. procedure · PFPR (k, s),'TT' Par. fonnal procedure 

PIF1T,-,- Par. integer f'unction PFFI (k,s),1I Par. formal fn.integer 

PRF"IT, -,- Par. real f\Ult!tion PFFR (k, s.), 11 Par. formal fn.real 

PEP .".., - ,- Par. boolean function PFFE (k,s),1T Par. formal fn.boolean 

PST «string») Par. string PFST (k,s),- Par. formal string 

PlC ( const) Par. integer constant 

PRC (const) Par. real constant 

PEC (con(3t) Par. Qoolean consta.1'lt 

PI (k,s),- Far. integer PFIR (k,s),- Pa:r. formal integer 

PH (lc,.s) ,- Par. real ' P:PR[{ (k,9),- Par. formal real 

PE (lc,s),- !>ar. boolean PFER (k,s),- Par. fo:rnial boolean 

PL (k,p) ,n Par. label PFLU (k,s),- Par. formal label (name) 

PFLV (k,s),- Par. for-.nal label (value) 

I_I indicates a 1 byte space. 

The label parameter to PSR is the label of the next actual operation 
or of the CF - type operation, whichever is appropriate. The subroutine 
heralded by PSR is always terminated by ffii EIS (End Implicit Subroutine) 
operation. PSR is used for any actual parameter whose evaluation requires 
more than one intermediate code operation (eXpressions, array elements, 
designational expressions). The body of' an im~lici tsubroutine contains 
ordina~J I/C operations. (TRA, TFAB, CFFZ etc). 



Actual Operations - General Structuro of Procedure Call 

PFIR(k,s),-

G3: CF P:cocedure call , 

c·~ 
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Actual Ope r a tions - Exa'ilple of a Procedure Call 

P ( A , 4 , I TRLiE I , X + Y, ~ , 
, 
I ELSE I 11.2, 

The follo,ving types are assUI:1ed fo r the variables occurring in 
these actual parameters:-

A real 

x real 
y real .~ 

C real array 

I integer 

RI label 

H2 ·· label 

S Gyri tch 

Q intogei~ procE; dure 

II' procedure formal 

B integer arra;y 

.1' switch 

\ 

\ 



"7 '7 
~. :/. 

AP1) (k,1T) actual parameters marker 

n:u (k,s),- A 

PlC (4) 4 
-l'-'f't 
.L ~:. ~I ( tI'12:.'~) true 

(Gl) 
fiJ 

) PO"'" . UJ..~ 

'1':;1'1 (k, s) ) 

~'FJl (k,s) ) X + Y 

+ ) 

EI8 ) 

Gl: l)T.LlI. ' (k,s),- 0 

J?S~~l (G2) ) 

SEX J 
TI H (k,3) ) 

'l'IO ~ ) 
Rl or R2 

== ) 

IPJ (G3 ) ) 

TL (k ,TIl) , n ) 

UJ (G4 ) ) 

G3: . TL ( I R2\ .... :, ) , n ) 

G4 : EIS ) 

GI)· 
~. Pf3iN (k ,p) ,- S ' 

. PIF Tf ,-,- .) 
~ 

PS1' « rI1W» <PING) 

?:D'PR (k,s ),-rr F 

PSR ( (5) ) 

TIM (k, s) ) 

1'101 ) 
}3 "[1, 4J 

1'10 (4) ) 

nIDR ) 
EIS < .. - ) 



~'-, 

., o , 

i~ 
\... ' 

(,r-, 

G5: 

GG: 

PSR (G6) 
SAl)P 

TIC (2) 

SINDR (k,T) 
EIS 

CF 

, I 3.8 I 

) 

) 

) T [2J 
) 

, ) 

Call procedure P 

\ 

.,' . 



3E) UDe of Formal Paraue t ers _ 

a) By Val u.e 

The strai ght f orward oper ati ons TE~~ Tl1A , etc a r e u sed , . t he 
add.re s s para.L1eters t v vlhich point to t he ::::.ppr opriate fo rmal accumul a tor. 
Thi s i s because par ameters by value a r e :re~arded a s local varia bles to 
t he procedur e . 

b) By :Name 

3. 9 

TFAR ( k ~ s ) ) 
) . 
) 

Alldr ecses of arithmeti c' fo r mal 
vari abl es 

c) 

TFAI (k , s ) 

TFH (k;s ) 
TFI (k, s) 

~.'FAB ( k , s ) 

Tli'3 (k j s) 

TE'S ( le , ;3 ) 

CFF (k,s ) 

Cr J?Z ( l~ , S ),1T 

CTFF (le , s ) 

C TFFZ (le , s ) , .,.,.-

Label s> 

TFLH (le, s ) 

TFYJV (k , s) 

) 
) \ 

Val ues of ari thme ti c fo nlQ.l 
variaoles 

Address of formal boo1ean 

Value of f orillal boolean 

For mal proc edur e 

Fon;,a l pr oc edur e zero 

TJ~e fonJal proc edu re 

'Type f or mal 'procedur e zero 

By name. 

J3y value 

Arrays used a s f oru1al parameter s ( DJ narue or lJY va l ue) require 
n e specia l operations , s i n ce t he array parar l8~er i s t he · array "lord. 



4.1 

4. SdI TC}] '; S 

4A ) This i"iJ.pleulGl1tation depends on the f act that tho complor;wnt of the 
switch index is handed over, froLl t~'ie ca:Ll to the declaration of' the switch, 
in a register. 

The over8.ll structure of a switch is c:;.s follows:-· 

G2: 
UJ (Gl) 
])81 ( G3 ) 

EIS 

G3: :osr (G4) 

EIS 
G4 : :OSI (G5) 

G5: 

Gl: 

El:) 
ESL 

SAPP 

SIlmR (k,G2) 

Dccrement switch index 

Exits to t he point of 
w".- th a label result 

] \::..ilure, swi tCIl index 
out of range 

Switch Approaching 

Svri tch index re suI t 

- ;. 

call 

) 
) 
) 

~ 
) 
) 
) 
) 

~ 
) 
) 

) 

~ 
) 
) 
) 

. ) 
) 

) 
) 

~ 

Switch 
Declaration 

l Switch 
. Call 

) 

N. B. The first DSI operation at a swit ch declaration must be labelled. 



4.2 

If 8~ e.ctual paJfG.Y.leter in a proceciurec,all is written as e .g~ 

El [2J 
i ,t h i.i no':; be 10.1owl1 whethe r::::; is a swi tcL or an array 'until later in the 
t:f'l.~:lSla~o~'l " It is therefore necessary t d .a.llow space for either 
i:l'lteI'lY.r.cta";i(;l1 ~,~!. the lie . ;,,:r, 

TIn al ten'l8.ti ve fin a:.'. translatiom, are :-.. _-_ ._ .... *----_.-

svrl·:~ch e 1 eLlel1 t 
- "- '- --

array e,lement 

SAl':!) , ) 

'I/DJi.'lNY ) corresponds to 

D:J~;TI·.'rI 
\ 
) 

./ 

S:lmn (k,G2) corresponds to ( I NDR 

( Dm,ll'IY 

( DUMMY 

TFS (k,s) corresponds to ( IHDH 

( Dm;.o:vfI 

( DUlvTh'lY 



5.1 

5 . eONDllfIOHAL STATEJiIENTS 

The impl ementation of conditional s t atelllents in I/e is illustr ated 
by t he following exarl1ples :-

a) 'IF' A '1'IlEN' B 'ELSE ' C 

BEl- Boolean expression marker 

A 

IFJ (Gl) 

B 

UJ (G2) 
Gl: 

C 

G2: 

b) 'IF' 'IF' A 'THE:tJlB 'ELSE' C 'TB3JSi' D 'ELSE' E 

Gl: 

G2: 

G3 

G4 

BEX 
BEX 

' IFJ (Gl) 

UJ ( G2 ) 

IFJ ( G3) 

UJ (G4) 

A 

B 

C 

D 

E 



6.l 

6 . FOR STA'I'E:,]E:YTS 

§..A) General : 

A for statement is converted into 2. norraal block, which op ens with 
the I/C - operation 

FM (1'1 ) 

and closes vIi th 
BEND (n) 

The first order working s tor8£e of the for blocl( is given by 

r; ~ lor = 10 + firBt order workinG .:,-(;orage required by the controlled 
statement. , . 

The value 10 a ri ses from the need for six llarameters which control the runnit1g 
) of the various for list element~. These )araJ!leter~ are:·-

address (k,n) : . FI (inteser) the for index 
Ii (k,n+l) TI (inteGer) the text i ndex 

(ini ti8:11y TI = FI) 

if (k,n+2) SI ) various parameters l1eeded 
It (k,n+4) S2 ~ for the implementation of step 
11 (k,n+6) S3 un til elemei1 ts (g. v • ) 
11 (k,n+O) S4. (integer) . ) 
if (k,n+9) spare for alignment 

The two l/c operatioas DFI (Gg) (D0crement For Index) 8l1d AST (Gg) 
(Avoid Step) are introduced, ~he expansions for which in l/c would be: 

[ TIA (k,n+l) 
TIR (k,n+l) ( TIR (k,n + a) 

( TICl ( TIC,0 
:DFI (Gg) ( AST(Gg ) ( 

( STA ( IFJ (Gg) 
( TIC,0 
( -
( IFJ (Gg) 



, 

. \ 

.'1 ) 

= S ·:~: == ;6 

G_ : ~L' 2 ; -- 8.d dr'~ S3 of dbl1trollcd 

G3: 

G4 ~ 

G2 : 

G5: 

vo.riable v 

3;: : ~- vall).f,3 of · control:'cd 
vB..r~.able "f~" 

FI:-FI+l 
'1'::: : .. PI 
D::'I (G3) 

ST 

UJ (G2) 

ST 

UJ ( G2) 

DJ![ (r!5) -

S'I' 

UJ ( G2.) 

BEl-m ( ) ,n 

) 
) 
) 

.~ 

) 

l 

) 
) 
) 
.) 
) 

) 

l 
< J 

) 
) 

6.2 

DGcrement TI and Jt1mp if ~ P 

First for list eJ_G88nt 
(:cesul ting value stOl'er1 ir" 
pre~·stacked ad.dress of . v) 

';,. ..; ~ .. . jump to controlled s -:;etsment 

- - - .-

Second for list elemen~ 

Third for list element 

Controlled statement 

Return to Gl for next 
element, or to continue 
current elemerlt. 



6C) ':TEILE ELEEEr'TT 

e ~ ~ ; I FOl~ I V: = A I WI-rIill' ]3 , DO' C 

F:8E (n) 
1"1: == S4· : = tJ 

Gl: TS: = adJress 
S3 : = yalue of 
FI: = FI + 1 
TI: = PI 
DFI (G3) . 

[iT 

BEX 

IFJ (Gl) 

FI: == FI - 1 

UJ (G2) .)~ 

G2: 

UJ (Gl) 

G3: BEND (n) 

of V 
V 

) 

~ 
) 

~ 
) 

) 
. ) 

~ 
) 
) 
) 

6.3 

... - - Evalua te value of A 

- - ~ Store into V 

- - - Evaluate B 

Element eY:.hausted 

To prevent passage to next element 
until current element is e:x:hausted 

To controlled statement 

Controlled stateme~t 

* This instruction is onti. tted if the current clem.ent iG the. last (or only) 
element. 



Sl'El? 1JTTIL ELEH8iTT 

Di,'I (G3) 
AST" (G4) 
SI; = A 
'l'S ; == SI 
S4- : ::: 1 
S2: == B 
UJ (G)) 

G4: S2: = B 

C5: 

Go 

G3 : 

Sl: = S3 + S2 
TS: = SI · 

ST 

sign (82) x (SI-C) 
nc,0 
> 
D'J (GS) 
Stir: = x5 
DJ (Gl) 

FI: ::: FT -1 
UJ (G7) ,H(-

DFI (G8 ) ) 
) 

~ 
) 

- . - ... -
To Hext DFI or BEND 
Jural) if S4 /: 0 

- - _.. Jump around stf3p . 

- - - - V: = SI = V + S2 or A 

L1i tialj_sG marker S4 
Element exhm~sted 

To controlled stat8i~ent 

- - _.. LText element 

~(- Label 02· present if thel~e W8..S a previous DFI. 

-y'--l(- Instruction UJ (G7) omitted if this is the last (or only) element. 

6.4 



6:R) ~l~a.m~e.....9La. for statGm~nt , 

' FOil ' A : = 1 'STEP' 2 'illJTILI 10, 1, A + 2 IWIIILEI A tL'ld 10 

1])0 I ;r:: = A; 

Tins ' statem8nt is assL1.Illod to occur in bloclt 3 of hierarchy 2, 
2n:: '~:le st2.ck acldressos are 8.ss'L".m.ed to be:;.,. 

A 

TI 
31 
32 . 

83 
34 

The tr8.i.1 sla ti on is:-

Gl: 

F'0:8 (4) 
1'IA (2,18) 
'1:1:\ (2; 26) 
1'IC.0 
S1'1. 
S1' 

~RA (2;J.4) 
TEA (2,24) 
TRR (2,14) 
S1' 

(real) 
(integer) 
(integer) 
(in'b°Ger) 
(intecer) 
(inte~er) 
(raal) 
(integer) 

FI: = S4: = ~ 

1'3: = ad.dress of controlled 
variable A 

. \ 
33: = value of controlle~ variable A 



T1A (2;18j 
T1A ,(2,19 
'l'1R (2,18 
T1C1 
+ 
STA 

FIRST ELEI'.:E.i.~T ST 
DI STEP'E'IDJT1LIF:, 

G3 : 

G4: 

DFI (G2) 
AST (G3) 
TIA (2,20) 
1'IC1 
STA 
T1A (2,26) 
T1C1 
ST 
TIA (2,22) 
TIC (2) 
ST 
UJ (G4) 

'I'IA 
T1A 
T1'C 
STA 
TRR 
+ 
STA 

ST 
1'1C1 

(2;20~ 
(2)22 
(2 

(2,24) 

T1R (2,22) 
~I:'IC,0 

> 

FI: = TI: = FI + 1 

Decrement For Index (1'1) 
Avoid Step (jump if S4 I 0). 

SI: = D, TS: = SI = D 

S4: = 1 

S2: = E 
Jump around step 

S2: = E, TS: = E 

SI: = S3 + S2, ' TS: = SI 

6.6 

Controlled variable V: =Sl = V 
+ S2 or D 



G5: 

G6: 

SECOND ELEME1'J"T: 

I FJ (G5) 
lJEG 

TIR (2,20) 
TIC (10) 

X 
TIC,0 
> 
IFJ(G6) 
TIP. (3,10) 
TIC,0 
ST 
UJ (Gl) 

1'IA (2,18.) 
TIE (2,18) 
'I'IC1 

ST 
UJ (G7) 

G2: DFI (G8) 
TIC1 

THI RD ELEl'iIENT: . 
D ' WF.J:LE 'E 'DO' F: 

G8: 

ST 
UJ (G7) 

DFI (G9) 
TRR (2,14) 
TIC (2) 
+ 
ST 

TS: - sign (S2) 

sign (S2) x (Sl-C) O? 

S4: = 0 
element exhausted 

FI: == FI - 1 
To controlled statement 

Controlled variable V: ==1 
To controlled statement 

.~ . 
Controlled variable V:== D\= A + 2 



I 

BEX 
TIR (2,14) 
TIC (10) 

IFJ (Gl) 
TIA ' ( 2,; 18 ) 
TIll (2,18) 
TIC1 

ST 

COjJTROLLED STATEMENT: 

G]: 

G9: 

TIA (2,17) 
TEn (2,14) 
ST 
UJ (Gl) 

BEND (4) 

6.8 

• 
Jump if element exhausted 

l!'I: = FI -1 

I . : = A 
Return 'for next element 



' 7.1 

7. O\r.m Variables 

Identified as hierarchy -1 (i. e . le for ar.L O\m variable is 4 bits 
of all ones). 

OW{). variables at run time reside at the end of the program's (or 
module! s) constant space. . Space for all own variables used in a program, 
is reserved immediately on entry to the prosrarn. 



Yihe ro . 
uses t he operat 

lII1.SF (k , 

. IH SF ( k, s ;, 

LIBSF (k, s), a 

'" 11i~ .· 

,a 

.~s ),a 

I¥iOBSF (k,s) a 

"J.gol 

for real, integer, and boolean arrays respectively, where (k,s) is the 
stack address of the appropriate array word. 

nmA, I HDR remain unchanged, and arc: parameterless. 

Further, to assist the opti mLmtion of accessing elements of 1 
dimensional arrays, the operations 

TRAA (k, s) Take real array addrcqs 

TlAA (k, s) TLlke integer array address 

TBAA (k, s) Tcl.ke boolean array address 

are introduced. These take the plac e o~ the operations TRA, TIA, TBA 
for obtaining the address of the array word. 

8 .1 



9. NOTE Oli! SEGI,ffiNTS AND MODULES 

The standard function 

FETCH « IDEN~l») ; 

will bring the segment <IDEHT ) into the store using the' Control Routine 
FETCH. It will not enter any of the .segment's constituent modules. 

The specification of a module (Le. an inae.pendently compiled 
procedure) within the calling program will be e~g. 

'PROCEDURE' P(A)i lHEAL ' Ai 

'El\' 'l'ER' < IDElJT > ( LAnGUAGE) ; 

where (IDEI:;T) is the identifier of the module to be entered, and 
(LANGUAGE) specifies the language in w~lich t he module was written. 

9.1 

The call of this module' will be written in the usual way, as ~(X) i 
\ 

The fetch operation f or a segr.lent must have been performed i 4 
the program d~1illrriCally before any call of a constituent module of the 
segment, unless it is already in store by virtue of having been J:inke'cl 
with a prior se~illent or program . 

Any module not written in Algol (or 4/50 assembly code) has 
linked with it an envirorunent module. 

The action of the routine ENTER is to enter the environment 
module for the body concerned, if thh: body is in a language other 
than Algol, and to hand across the add:cess (provided by Hlinkage edi torn) 
of the body being called. ' The environment module arranges the ' 
information available (st~,ck, etc.) iT" the form required by the body, 
plru1ts ~ retUYD address, i nto a place r ecognised by. the body, and tr2~sfers 
control to t h e body. ' 

After the body has been obeyed its normal return mechanism will , 
t rEl--"lsfer control back to the environment module , which then resets th~ 
i nfo;rmation available into the form required by t he Algol base program" 
and finally performs 8...'1 ordinary procedure return to the point of call 'Of 
the body by working on the -links ,in t ho Algol stack: 



10 . DICTIOHJ'JIT OF IHTEmlEDIATE com: OPEHATI ON'S 

Operation 

AOA 

APP 

AST 

BE 

BmTD 

BEX 

Ci\. 

CBFA 

CF 

CF.!!' 

CFFZ 

CFZ 

CIFA 

CP 

CRFA 

CTF 

CTFF 

CTFFZ 

CTFZ 

DFI 

DSI 

DUMIIIT 

Avoi d Own Arr£:.y 

Actual Paraiileters 

Avoid Step 

Block Entry 

Block End 

Boolean Expression 

Check Array 

Copy Boole&~ Formal Array 

Call Function 

Call Formal Fullction 

Call Formal Fui1ction Zero 

Call Function Zero 

Copy Integer For mal Array 

Check Paramete :c 

. Copy ,Real Fo:mal Array 

Call Ty-p8 Func t ion 

Call Type Func t ion Formal 

Call Type Func t ion Formal 

C8.11 TYI)8 Func ·cion Zero 

Decrement For Index 

Decrement Switch Index 

Dummy 

Zero 

10.1 

Parameters 

P 

k,1T 

P 

n 

' n 

(k, s) 

(k , s) ,"TT 

k,1T 

(k, s) 

(k,s),1T 

k,lI 

p. 

P 



Operation 

EIS 

ESL 
Cc 

FBE 

FINISH 

IFJ 

nmA 

TimR 

Uos:B' 

flIISF 

MOBSF 

MOISF 

MORSJ? 

LffiSF 

IJEG 

PE 

P}3A 

PBC 

-PFBR 

PFFB 

PFFI 

PFFR 

R'1.d I mplicit Subroutine 

End Switch Lis t 

For Block EntrJ·. 

If False Jump 

Index Address 

Index Result 

Hake Boolean Storage ]!Unction 

Make Integer Storage Function 

MaJce Own Boolecffi Storage- Function , 

i!Iake OYm I nteger Storage Function 

Make OYm Real Storage :function 

Make Real Storage Function 

Negate 

Parameter Boolean 

Parameter Boolcan Array 

Parameter Boo10cU1 Constant 

Parameter Bool e,m Fu..l1ction 

Procedure En try 

Parameter Formal Boolean Result 

Parameter Forrnnl FUl1ction Boolean 

Parameter Formal Function Integer 

Pararaeter Formal Function Real 

10.2 

Parcimeters 

n 

p 

(k, s), a 

(k,s),a 

(k,s),a 

(k,s), a 

(k,s),a 

(k,s),a 

(k,s),­

(k,s),-

constant 

rr;-, -

(k,L) ,m,N 
\ 

(k,s ),- -

(ic,s),-rr 

(k,s),1T 

(k, s ), --rr. 



Operation 

PFIR 

PFl1J 

PP-LV 

PFF:J3. 

PFST 

PFSVi 

PFPR 

PI 

PIA 

PlC 

PIF 

PL 

PPR 

PR 

PEA 

PRC 

PIu:' 

PSH 

PST 

P&:i 

RETUm~ 

S11mR 

Paraaeter Formal Integer Re suI t 

Parameter Formal Label (l~nrrle ) 

Parameter Fo:cmal Label (Value) 

Parameter Fonnal Real Result 

Par&ueter Formal String 

Parameter Formal ~vitch 

Parameter Formal Procedure 

Parameter Int eger 

Pararneter Int eger Array 

Parameter Integer Constant 

Par&f!eter In"c eger Function 

. Parameter La·,)81 

Par~neter Procedure 

Parameter Rec"'.l 

Parameter Ree.l Array 

Parameter Re&l Constant 

Parameter Real Function 

Parameter Sul::::'outine 

Parameter String 

Parameter Switch 

Return 

S'vvi tch Approaching 

Svli tch Ind.ex He suI t 

Parameters 

(k,s),­

(k,s),­

(k,s),­

(k,8),­

(k,s),­

(k,s),-

(k,s),1T 

(k,s),­

(k,s),­

constant 

11, -,­

(k,p) ,n 

'TT,-,­

(k,s),­

(k,s),­

constant 

1T,-,-

p 

! strl:tlgl 

(k,p) ,-



10,.4 

Oper a tion Parameters 

ST Store 

STA Store Al so 

TEA Take Boolean Address (k, s) 

TBAA Tnlce Boolean Ar ray Address (k, s) . 

'lIBCF Ta.1{e Boolean Cons t ant False 

T:JCT Take Boolea"l Constant True 

TBR Take Boolean Result (k, s) 

TFAB Take Formal AddresG Boolean (k, s) 

TFAI Take Formal Adclress Integer (k,s) 

TFAR Talce Formal Ad ,lresG Real (k~ s) 

TFB Take Formal Boolean (k, s) 

TFI Talce ,Formal Int eGer (k, s) 

TFLN Take FOI'l.1J.al La~)el (Na."lle) . (k, s) 

TFLV Ta.1{e Formal Label (Value) (k,s) 

TFR Ta.1.ce Formal Re e"l (le , s) 

TPS Talw Formal Swi tch (k~s) 

TIll. Take Integer Address (k,s) 

TlAA Take Integer Ar ray Address (le, s) 

TIC Truce Integer Constent constant 

TIC,0 Take Integer Constant Zero 

TIC1 Talce Integer C0l1stant One 

TIR Take ,Integer R8S1-l1 t (k, s) 

TL Take Label (k,p),n 



Oper 3tion 

TRA 

TRAA 

TRC 

TRR 

UJ 

+ 

* 
I 

'/' 

'** ' 
'GT' 

'GE' 

= 

'lm ' 

' LE ' 

' IWT' 

' Al-iD' 

' OR ' 

' nIT'L ' 

' EQUIV' 

FAIL 

Take Real Address 

Take Real Array Address 

Take Real Constan-i; 

Truce Real Result 

Uncondi tional Jun:p 

Compilation Failure 

\iO.5 

i 
Param~ters 

(le , s ) 

(k , f3 ) 

cons tant 

(le, s) . 

p 

r 



p 

(k,L) 

n, 

m 

N 

PARAi'IlETER NOTATION 

pIth entry in Position I d811tifier Table (lg) (2 bytes) 

k 8..."ld P packed into 2 bytes with 4 bits for k and 12 
bits for p~ where k i s the hierarchy 'number and p is 
the packed form of the p ' (~efined above ( O<k) 

10.6 

k and s packed into 2 bytes with 4 bits for k and 12 
bits for s, w11ere sis tho number of word_s up the stack 
from the start of the link data for hierarchy k. (Stack Address). 

k and L packed into 2 byt;; s with 4 bits for le 'and.12 bits for 
L~ where L is the number of vlords of f irst order working 
storage (includinG parame t er space and link data) for the 
hierarchy and its consti t-C:lent blocks . 

nlth block level in currcT,t (or destination) hierarchy. (1 byte) 
(l<n) 

1T'th ent~J in list (a) of the Level Parameters (1 byte) (l<~) 

NWilber of words of parame t er space (1 byte) 

Total block nesting depth within current rrierarchy . (1 byte) 
(l(l~) , 

constant 1 word for integer or bool ean const8nts~ 
2 words for real constants . 

'string' Basic symbol representation (unpacked) of the string, 
including the opening and closing stting quotes. 

- (minus sign) One-byte ' space 

a 

r 

Number of arrays in an array segment 

r' th failure for thi s module 
(l<r) 

(1 byte). 

(1 byte). 



11.1 

11. BIT PATTI;mTS FOR THE INTER.L:iEDIATi~ CODE OPERAIfI ON S 

Ct.ASS SUJ3-CIJI.SS 1'YFE OPEllATION ITUI/[EHIC 

000 000 00 FINISH 000 
000 000 01 PE ooi 
000 000 10 RETURH 002 
000 001 00 J3E 010 
000 001 01 BErm 011 
000 001 10 :t!'BE 012 
000 010 . 00 DSI 020 
000 010 01 ESL 021 
000 011 10 DFI 032 
000 011 11 AST 033 
000 100 00 AOA 040 
000 101 00 EIS 050 
000 110 . .00 SAPP 060 
000 110 01 APP 061 
000 111 00 CP 070 
000 111 01 CA, 071 
000 ill 11 FAIL 073 

001 000 00 . RO 100 
001 000 01 TRR 101 
001 000 10 TIR 102 
001 000 11 TBR 103 
001 010 01 TFR 121 
001 010 10 TFI 122 
001 010 11 TJ!'B 123 
001 100 01 THC 141 
001 100 10 TIC 142 
001 101 10 TIC,e5 152 
001 101 11 TECT 153 
001 110 10 TIC1 162 
001 110 11 TBCF 163 

010 000 00 AO 200 
010 000 01 TEA 201 
010 000 10 TIA 202 
010 000 11 TEA 203 
010 . 010 01 1'FRA 221 
010 010 10 TPIA 222 
010 010 11 TFBA 223' 
010 100 01 TB.AA 241 
010 100 10 TlAA 242 
010 100 11 TBAA 243 



11.2 

CLASS SUB-CLASS TT:)E OPERATlmT lilUI/lERI C 

011 000 01 ILRSF 301 
011 000 10 IVII SF 302 
011 000 11 lftBSF 303 
011 001 01 MORSF 311 
011 001 10 HOISF 312 
011 001 1 2. MOBSF 313 
011 010 01 CltFA 321 · 
011 010 10 CIFA 322 
011 010 11 CBFA 323 
011 011 00 I HDA 330 
011 100 00 IIJDR 340 
011 101 O() snmR 350 
011 110 00 TFS 360 

100 000 OD .FO or CF 400 
100 000 01 CTF 401 
100 010 00 CP~ 420 
100 010 01 CTFZ 421 
1 00 100 . 00 CFF 440 
100 101 01 CTFF . 441 
1 00 110 on 

" CFF.f: .460 
1 00 110 . 01 CTFF~ . 461 

101 000 00 TJJ 500 
101 010 00 TFLV 520 
101 010 Cl TFLU 521 
101 100 01 UJ 541 
101 100 10 IFJ 542 

110 000 OC PO 600 
110 000 01 PH 601 
110 000 10 PI 602 
110 000 11 PB ,, 603 
110 001 Ol PRC 611 
110 001 10 PlC ; 612 
110 001 11 PRC 613 
110 010 01 PJ?RR 621 
110 010 10 PFIH 622 
110 010 11 PFBH 623 



11.3 

CLASS SUB-CIu-\SS TY2E OPERATION , NUMERIC 

110 011 01 PRA 631 
110 011 10 ,PIA 632 
110 011 11 PBA 633 
110 100 ' ob PPR 640 
110 100 ' 01 PRF 641 
110 100 1 0 PIF 642 
110 100 11 PBF 643 
110 101 00 PFPR 650 
110 101 01 PFFR 651 
110 101 10 PFFI 652 
110 101 11 / PFFB 653 
110 110 00 ?SR 660 
110 110 01 PL 661 
110 110 10 PFLN 662 
110 110 11 PFLV 663 
110 III 00 PST 670 
110 III 01 PFST 671 
110 III 10 pmv 672 
110 III 11 PFSW 673 

III 000 00 + 700 
III 000 01 701 
III 000 1 0 * 702 
III 000 11 / 703 
III 001 00 ,/i 710 
III 001 01 i -):--x-, 711 
III 010 00 'GTf 720 
III 010 01 'LT' 721 
III 011 00 'GE' 730 
III 011 Cl 'LE' 731 
III 011 10 ' lIE' 732 
III 011 1 2. = 733 
III 100 00 'HOT' 740 
III 100 01 'HEG' 741 
III 101 00 'Arm' 750 
III 101 01 'OR' 751 
III 101 1 0 'B1PL' 752 
III 101 11 'EQUIV' 753 
III 110 00 ST 760 
III 110 01 STA 7'61 
III 110 10 BEX 762 
III III 11 Dill:IlVIY 773 



11.4 

Rever sing Fields, order of operations ;)ecomes: 

Operati on Dec:i,mal Operation Decimal .9per ation Decimal . Operation Decimal 

FINI SH 0 CP 56 PFFR 110 PFFI 174 

RO 1 PST 62 'OR' 111 • 'IMPL' 175 

AO 2 PE 64 APP 112 TIC1 177 

FO orCF 4 TRR 65 CTFF~ 116 PFLN 182 

TL 5 TRA 66 PL 118 13EX 183 
-'PO 6 ?I1RSF 67 STA 119 PSW 190 

+ 7 CTF 68 CA 120 T13R 193 

BE 8 PR 70 PFST 126 TEA 194 
1/1. 15 71 RETURU 128 MBSF 195 

DSI 16 13END 72 TIR 129 P13 198 

CF~ 20 MORSF 75 TIA 130 / 199 

TFLV 21 PRC 78 IVIISF 131 M013SF 203 

tGT' 23 . ,.,~*' 79 PI 134 P13C 206 

I UDA 27 ESL 80 * 135 TFB 209 
IGE' 31 TFR 81 F13E 136 TFEA 210 

AOA 32 T·FRA 82 , MOl SF 139 CBFA 211 

nmR 35 CRFA 83 PlC 142 PFBR 214 

CFF 36 CTFg 84 TFI 145 AST 216 

PPR 38 TFLN 85 TFIA 146 PEA 222 

'NOT' 39 PFRR 86 CIFA 147 = 223 

EIS 40 'LT' 87 PIHR 150 TBAA 226 

SINDR 43 PEA 94 DFI 152 PBF 230 
PFPR 46 lLE' 95 PIA 158 TBCT 233 

' MID' 47 TRC 97 INE' 159 J?FFB 238 

SAPP 48 TRAA 98 TIC 161 IEQUIV' 239 

TFS 51 CTFF ~OO TIAA 162 T13CF 241 
CFl!\i: 52 UJ 101 IFJ 165 P1!'LV 246 
PSR · 54 PRF 102 PIF 166 PFSw 254 

ST 55 'lilEG' 103 TIC.0 169 DUMMY 255 
• total 117 

A new operation :l!:AIL has been added whose decimal representation is 248 



12.1 

1 2 . The Intenlediate Code. Ope r ation FAIL 

Any syntactic failure detected bj - Phase 10 re sults in 

a) a failure message to a listing d8vice , and 

b) t he compilation of the intermedLcte code operation 

FAIL (r) 

where t he curren t failure is t he r'th to be detected. 

The translation then cO~ltinue s (includinl ; the · generation of intermediate . 
code ) • 

Phase 20 translates t his operati on into an entry into t he run­
time failure routine. The re suI t is tl:)C,t at l"U1l-time the f irs t of t hese 
entrie~ to the failure Toutine to be dynu;nically encountered causes the 
l i3ting of a failure uessage and the t8n;~ination of t he run. ' The failure 
message will i nclude the identifier of t L2 module in vvhich the failure 
occu;rred. 

The justification of tbis proces,,; is that the user in iYl8l1Y cases 
will be able to obtain satisfactory resul ts from his l~ln before the error 
condition is encountered . 



S4-50/1 C, ALGOIJ 

REPORT 2, THE IUILEBIiillDIATE CODE 

'/lllIE:tml.'lEET I. 17 th JUIfE 1966. 

page 3.4 

The parameters to the four operations PPR, PIF, PRF, andPBF 

have been changed to:-

PPR le, ~,. -

PIF le, 1t, 

PR]' k, 1t, -

PBF k, 1t, 

These operations are also used on pages 3.5, 3.7, 10.2, 10.3. 

L.W.Moore. 
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