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i. 

INTRODUCTION 

The design of the Intermediate Code generated by Phase ~of the S4/50 
Algol Compiler is based on that of the Object Program produced by the 
IVhetstone KDF9 Algol Translator (as defined in 'Algol 60 Implementation t 

by B. Randell and L.J. Russell Academic Press, 1964). There are however 
differences consequent upon (i~ the three-pass structure of the S4/50 Algol 
Com~iler, 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 restricted to a definition Qf·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 , IJ~ELS 

w:8nonic label:3 appearing in the Por:;i tion Identifier Table have the 
follOViill;; sic;nificaLce:-

inteD1ally 2;e!leratGd labels 
uoer'o ovm labels 
proc3dure labels 

~'h,,;se labels arc er"tel'ed in the P .1.1'. v{hen and only when they occur as 
declal~ations (loft-hand labels). 

Throuchout tllic document these la'ue:LG, in both their left - and right 0_ 
~'2.llild illcar11atiorlS, l1ave bee:&,1 V1I'i tten e):pJ..ici tl~)t· into tl18 interrnediate code 
for clari t~l of Gxposi tion. 

L: fact, lGft-ha"1d labels have no existence in the internedia te code. 
They exist onl~r as entries in the P.LT. 

Rigllt-1180nd labels in the interrnoedia~;e code are pointers to the: 
a.ppropriate entry in the P.I. '1'., and occcxpy two bytes. DenOoting this two-
byte pointer by p tl.'.e label operations, '-vi th their parameters, are:-

T:::' (k,p) ,n 

DJ (p) 
etc. 

(Take label) 

(Ur:condi tional ,)urJ.l:;) 

Par8.l.1Gters such as (k,p) - vvri tten in the eXaJ,lplo8 explici tl;y 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 Cl. 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 expression or a switch declaration: 

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

FFSk 

N Address 

b) Elsewhere: 

i) The operation TL does not stack its label at run-time, but uses 
registers ]0 effect an immediate transfer of control, using 'an implied GTA. 

ii) The operations TFllT, TFLV, SI1JDR, and TFS, at run-t,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 simplification of the intermediate code, 
as illustrated in the following example. 



~ 

Example :-

'IF' A 'TiIEl'P L1. 'ELSE'S [2J 
(A,boolean, L1 label, S switch) 

a) VIi thin actual parai'.lctor 
expression, or S\:vi tch 

b) Elsewhere 

BEX BEX 

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

IFJ (Gl) IFJ «a) , 
TL (k,L1) ,n TL (k,L1),n 

UJ (G2) Gl: SAl'P 

Gl: SAPP .. . TIC (2) 

TIC (2) SINDR (k,S) 

SINDR (k, S) 

G2: 

1.3 

CaGe (a) is the'normal \Vhetstone form of the translation, case (b) 
is the ?-bbreviated form made possible by the convention described above. 
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2.1 

2. BLOCKS 

rlithin a hierarchy, block structure:; is represented in the Intermediate 
Code (l/c) by:-

BE (n) (BE _ Block Entry) 

(BEND = Block End) 

n = block nesting number for the current hierarchy, starting from one 
at the 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 VfP 
r;or~ing pointer) into word n of the Block Index List. 

'BErm The run-time action of BEND is to replace WP by the contents of word" 
(n-l) of the Block ~ndex List. 



3 • PROCEDURES 

3A) Procedure Structure 

. Pp: 

GO' " b" 

UJ (Gg) 
PJ!: (lc,L), m,H 

) 
) ---- parar:leter list 

~ 
) 

~ ---- procedure body 

) 

RETUR"'l' 

APP (krr) 

) 

operaticns 

l ---- actual operations 

Gg': OF 

where k = hierarchy number, 

3.1 

) 

~ 
) 

l Declaration 

) 
) 
) 

~ 
) 

~ 
) 

l Call 

) 

L = 1st. order working storaGe for whole hierarchy (including link 

m = 
N = 

'TT = 

data and pararneter space). 
Ho. of words of parameter s~)ace, 
maximuTJ. block depth within this hierarchy 
index number of the procedure ( th entr-J in list (a) of the 

level parameters).~= 1-16 for formal procedures • 

. H.B. The label on a OF 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. 



3 .. 2 
3B) Calls of Function Designators, ~tnd Procedure Statements 

CF 
CTE' 

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

- Call fu..'1.ction CFZ (k;TT) - Call f'w:lCtion zero 
- Call type flli~ction CTFZ (k,lI) - Call type function zero 

CFF (k,s) 
CTFF (k,s) 

- Call formal l~ction 
- Call type formal function 

CFFZ (It, s),1/ - Call formal function zero 
. CTFFZ (k, s),11' Call type formal function 

zero. 

The operations CF] CTF require :.10 parameters, since they are ahvays 
preceded by an APP operation whose parameter 0"-r) gives the necessary 
iniol"'ulation. In the case 'Of calls of procedures which have no parameters 
(CFZ, etc) this information ("f1') has -~o appear as a parameter to' the call 
operation itself. 11 is a pointer to the11"th entry in level par;::uneter table 
(a), which contains among othe.~ things a pointer to the entry for the 
procedure in the Position Identifier Table. 

A function call which invokes 'a procedure fis a ,function de~ignator uses 
one of the operations 

CTF, CTFZ(k,rr), CTFF(k, s), CTF:B'Z(k, s) ;iT. 

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

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

Use of a OF type operation (procedure statement) wi4-1 imply a following 
REJEqToperation. The effect of tLis implied REJECT is to delete the unused 
or superfluous result accumulator on exi-I; from the called procedure 



3C) Par~~eter List Operations 

The only operations necessary a:ce:-

CItFA Copy real formal array 

CIFA Copy integer fo:roal Lrray 

CBFA Copy boolean formal array 

CA Check array 

CP Check parameter 

) 

) 

) 

Arrays by value 

All arrays by name 

Ail other quanti tie s by 
name or by value 



3.4 

3D) Actc12.l Operations 

At a procedure call the generated actual operations are:-

PSR (GG) Parameter subroutine 
F;~·~ •. L.L .. (,. ~) .!'., "> ,- Par. real 2J.rray 

PIA (k,s),- Par. integer' array 

PLA (k,s),- Par. boolean array 

PS\V (k,p) ,- Pctr. Gwitch PPSW (le,s),:" Par. formal switch 

PPR"1Y,,..., - Par. procedure :?FPR (k,s),-rr Par. fonnal procedure 

PIFrr,-,- Par. integer fUnction I'FFI (k,s),1T Par. formal fn.integer 

PRF-rr,-,- Par. real function. PFFn (k, s.) , 'iT Par. formal fn.real 

PBF'TI,-,- Par. boolean function ?FFB (k,s),1I Par. formal fn.boolean 

PST «string» Par. string ?FS;r (k,s),- Par. formal string 

PlC (const) Par. integer constant 

PRC (const) Par. real constant 

PBC (const) Par. 'Ooole311 constant 

PI (k,8),- Par. integer :P.FIR (k~G),- Pa+. formal integer 

rH (le,s) ,- Par. real i?li'RH (k, s) ,- 1\1r. 1'01'1,)(11 real 

PB (le, s) ,- f>ar. boolean PFBR (le,s),- Par. fo:rnia.1 boolean 

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

?FLV (k,s),- Par. f 0 I"'illal label (value) 

'_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 alvvays terminated by an EIS (End Implicit Subroutine) 
operation. PSR is used for any actual parruneter whose evaluation requires 
morc th~~ one intermediate code operation (expressions, array elements, 
designational expressions);. The body of' an im~lici t 'subroutine contains 
ordina17 I/C operations. (TEA, TFAB, CFFZ etc). 



Actual Operations - General Structur~ of Procedure Call 

APP (k,rr) I Actual parameters I marker 

PSR. (G1) 

EIS 

Gl: PltFTf,-,-

G2: 

G3: 

PSR (G2) 

EIS 

PFIR(k, s) ,

CF 

) 
) 

~ 

) 
) 

, ~ 

~ = procedure no. (0-15 if formal 
procedure) 

APP absent if no parameters. 

Implicit subroutine 

~: 

Implicit subroutine 

PI'ocedurc: call, 



Actual Operat~ - EXa.J:lple of a Procedure Call 

Of) (, ~ 
... i-~, '+, 'T::1liE I , }~ + Y, 'lP' :r = ~ I ~I'Imn i Ri iELSEi 

The follov;incs ty}Jes are aSSmlCo. for the variables occurring in 
t111jce actual parametcrs:-

A real 

" real A 

" real .i. . oL 

C real array 

I integer 

HJ. label 

B.2 ° label 

S svrltch 

Q intugei' procE:dure 
r-..: procedure :formal 

B inteGer array 

.T switch 

30.6 



'7 rJ 
:;. I 

LP}) (, -rr) ,-Z, actual parauoters inarker 
1..1"]:,'·,) 
..I.. .J. _ll. 

I, ) 't.:, s ,- A 

PIC ( L: ) 4 
., \-~.~ ,-t C~EY~) true .L ."_' I 

nC~""") (Cl) '\ 
..I..U..l.. ... \ .. I 

'1';I'.( (le, s) ) 

i.']!':1 (k,o) ) 'r + y .A 

+ ) 

EIS ) 

GI: l?":.t.t~ (k,s),- C 
T,C·H.") 
£U'.l (G2) ) 

~~E={ ) 

TL1 (1- ,,) 
.'"}.., • .;> ) 

i'IC xi ) 
Rl or R2 

-- ) 

IJ.i'J (G3 ) ) 

TL (l;. Tn.) ". ~ . , 11 ) 

UJ (G4) ) 

G3: . TI, (,- T'''\ 
",' .·l':::) , n ) 

G4: EIS ) . 
GO. PSi.''! (k,p) ,- S 

PIP T( ,-,- .~ 

l)S~ (n:;::G) ) (pum) 

j?ll1?ll (k~8),-rr F 

PSR (G5) ) 

TIAA (k, s) ) 

TIC1 ) }3°CI,4J 
TIC (4) ) 

Ii:i"T)R ) 

EIS ) 



3.8 

G5: PSR (G6) ) 

SArp ) 

TIC (2) ) T [2J 
SH:DR (k, T) ) 

EIS ) 

G6: CP Call procedure P 



3E) Ur;e of Formal Para::'leters 

a) :ay Value 

'llhc strdightfoI".7ard operations TEl~ THA~ etc are used, the 
uddress paraDeters tu v/hich point to the cq)propriate forlllal accumulator. 
T:J.::J is 0ccause parameters by value are regard.ed [",8 local variables to 

procedure. 

b) By riame 
~-

3.9 

TFp.It ) 
). 
) 

Acldress8s of ari -chmetic' iortnal 
variableG 

c) 

d) 

TFI1 
T1'I 

(k,s) 

(k,s) 
(k, s) 

TP3 (1;.:;8) 

'J!,;<"'S (J:~, 0.3) 

( 1~ "') .l"!. .. ? 0 

crFZ (l:~ s), 1T 

C'J!:D'F (1\:,8) 

CTFFZ (k, s) , ,-r 

Labels 

TFLF (le, s) 

'1FLV (k,s) 

) 
) Values of ari thr:'ietic f'onla.l 

variables 

Address of fornal boolerul 

Value of for~l boolean 

FOILE:.l p:cocedure zero 

Ty~G fOTIual procedure 

Ty:pe formal 'procedure zero 

By naLle . 

J3y value 

Arrays useu as for~1al parameters (b~/ 113.1,18 or hy value) require 
11(; fjpecial operations, since the array par8.!.;e~8r is the· array "lord. 



4.1 

4A) This L:'.pleGicntation depends on "t;.'1C fo.ct that tho cOfD.plorrwl1t of the 
8wi tch index is hartded over, froiJ. .t~·le ca:Ll to the declara.tion of the switch, 
il1 a. reg~[)tel"'. 

G2: 

G3: 

G4: 

G5: 

Gl: 

~G1e ovcrc.ll 8tructurc of a switc11 is <;'8 follows:-· 

UJ (GI) 
])81 (G3) 

EIS 

])SI (G4) 

EIS 
])3I (G5) 

EIG 
ESL 

SAl'P 

SDmR (lc,G2) 

-

l)(;crement switch index , ~ 
) 

~ 
Bxits to the point of call) 
w:.:.th a la.bel result ~ 

]"(:,ilure, svvi tCIl index 
out of range 

-' - Switch Approaching 

Svli tch index re suI t 

l 
~ 
) 

~ 

l 
. ~ 

) 
) 

~ 

Switch 
])eclaration 

< Switch 
). Call 

) 

H.B. The first ])SI operation at a switch declaration must be labelled. 



4.2 

If C.::1. c.ctual pa:r;",TJC~ter ill a .flI·OCC((~lre call is written <18 e .8~ 

it 1"'-/ nCiC be L::'W1.'J;l whet::ler :::; i3 0. G\vitcL or an arro.y until later in the 
t:,·-· ...... ,·~SL't~_0~J.. It is "c);,:;reforG jJ.ecesnary to allm"J sIJuce for either 
.: ~"""-e"'r"' ......... ~..:-'"':l-' . ..": ........ • " '-, -Io'ne ~.L/C .L." v _'")_"~'U' .• -.i.l' •. l ___ " u 1 • 

TLc -; al terl13.'Ci ve fina~_ trill1slation~: arE;:-

sv!i -'-:cb. 81el~".e11t --. -. '---~ -.- arra;1 element 

) 

) correspondu to TllA (k,s) 

S:::lmn. (k, G2) corres:;:JOnds to ( IlUm 

( DUl'JJ''1Y 

( D[JNI]\fY 

T:'.:'S (k, s) correspmlds to ( nTDn 
( DU1VJ\fI 

( DUIvll.iY 



5.1 

~:ne L:lplementation of conditional ;:;tatelllents in I/e is illuGtrated 
by the follo'.'linZ eXaIllplei:;:-

a) 'IF' A 'l'IIEH' 13 'EL;)E' e 

H'J (Gl) 

DJ" (G2) 
Gl: 

G2: 

Boolean exprefJsion marker 

A 

13 

e 

b) 'IF' 'IF' A 'Tlilll'B 'ELSE' C 'TF3J.IT' D 'ELSE' E 

Gl: 

G2: 

G3 

G4 

BE:{ 
BEX 

,IFJ (Gl) 

DJ (G2) 

IFJ ( G3) 

DJ (G4) 

A 

13 

e 

D 

E 



6.1 

!'.. for state-mon"1; iG converteJ into c. normal block, which opens vD. th 
the I/C operation 

al1d C10r.-;8S vlith 
BEI-TD (n) 

The first orde:c 'Narking stora;:;e of the for blod:' is given by 

I;.... = 
lor 10 + fir,:;t order workinc; ,,;corage required by the controlled 

stotement. 

The volue 10 arises from the need for six l)Urameters ',vhich control the rLUming 
of the various for li;:;t elencnt? These)urarYleters are:--

address (k,n) : I!'I (inteGer) tile for index 
11 (k,n+l) TI (inte~er) the text index 

(initially TI = FI) 

ii (k,n+2) SI ) vorious paJ."'8.l:neters needed. 
If (k,n+4) S2 ) for the implementati0l1 of step 
if (k,n+S) S3 ) lmtil elements (gov.) 
il (k,n+iJ) S4 (integer) ) 
if (k,n+9) spare for alignment 

The trIo I/O operatio;.1S DFI (GeJ (Decrer.lent For Index) ~:md AST (Gg) 
(Avoid Step) are introduced, ~he expansion:3 for which in I/O would be: 

> 
TIA (k,n+l) 

\ TIR (k,n+l) ( TIH (k,n + 3) 
( 'rIOl ( TIO,0 

DFI (Gg) ( AST(Gg) ( -
( STA ( IFJ (Gg) 
( TIO,0 
( -
( IFJ (Gg) 



. , 

.:::1) 
.- s·:~: ;:: ;6 

G:': ~~:::::;.- n.c1d:C083 of cbntrolled 
Y~n·io.blo y 

G3: 

Gl,. ~ 

02: 

G5: 

3;: .. vQ.}_UG of control::"cd 
v2,r-:.abJ.e ~.-

FI: - FI + 1 
T: : ... 1Ti 
D:.c'I (G3) 

) 
) 
) 

ST ~ 
UJ (G2) 

DE'! (}4) 
) , 

~ 
) 

S~ 

UJ (G2) 

DJ"I ( ~5) 
\ 
) 

) 
) 
,) 

S~ ) 

) 

l 
~ 
) 
) 

UJ ( G2.) 

EEln: (n) 

-
. , -

~ - , 

.- - -

- - -

- - -

- - -

6.2 

- Decrement TI 8.c1d j1)TU}) if ~ r5 

- First for list c:.cmrmt 
(:cesulting value sto~~"e(1 in , 
pre.·stacked addross of V) 

... jump to controlled s-':;c~t')mcnt 

- Sp.cond for list el€uen"t 

- Thil~d for list element 

- Controlled statement 

- Return to Gl for ne:;::t 
element, or' to COl1tL1ue 
current elem·arit. 



J:SE (n) 
L'T. == S~.: :;: f5 

Gl: TS: ;:: 8.ddress 

G2: 

53 : ;::: value 
FI: ;::: FI 
TI: :;: PI 
DFI (G3)· 

+ 
of 

1 

IFJ (Gl) 

FI:=FI-l 

UJ (Gl) 

G3: BErm (n) 

of 
V 

) 

~ 
) 

~ 
) 

) 
. ) 

~ 
) 
) 
) 

V 

6.3 

Evalua to value of A 

Evaluate B 

Element eJd1austed 

To prevent passaso to next element 
Ui.1"Gil curre:i:lt elemont L'l exhausted 

To controlled st~tement 

Controlled stateme~1t 

* Tins instruction is onu tted if the current element is the las-l; (or only) 
element. 



J):;.'1 (G3) 
jl_S~' (G4 ) 
Sl: = A 
ji:S; - SI 
C',c / • 
...., -I" • = 1 
S2: - B 
DJ (G5) 

G4: 82: = B 

C5: 

G '~ 
() 

G3 : 

81: == 83 + S2 
TS: = SI 

ST 

sign (82) x (Sl-C) 
i'IC,0 
> 
n'J (GC) 
84: = 0 
UJ (Gl) 

FI: = PI -1 
UJ' "'7) _'C-IC \ \i .," 

DFI (GO) ) 
) 

~ 
) 

To llext DFI or BEND 
Juru'l) i:f S4 ;6 0 

Jump around stf;lP 

V: = Sl = V + 82 or A 

L1itictlj_s8 1"1a.rker S4 
Element exha1.~sted 

To controlled statci:lent 

- - _.. lText element 

,~ L",bel 0,,2 present if thel~C VI::~G 3. pI'clvious DFI. 

-)~--i<- InstJ.-uction UJ (G7) omitted if tl1is is the last (or only) element. 

6.4 



6:8) :E.2=.:3?121.e_of a. for statGll~nt 

'1'0~' A : = 1 'ST:2P' 2 'TnJTIL' 10, 1, A + 2 I WIll LE I A 1:U:1: 1 10 

1])0 1 I i = A; 

This st8.t8U(mt is aSSl.l2ed to occur in block 3 of hierarchy 2, 
E·tl:-~ ·c~.;,e s"G2,ck ac10..1'"'ess0s Cll"G 84SSl.~J.ed to be:;... 

A 

TI 
81 
S2 
83 
S4 

The trai.1slatioll is:-

P~j~ (4) 
T~A (2,18) 
I'IA (2,26) 
TIC,0 
81':. 
ST 

(real) 
(intcc;or) 
(integer) 
(in'l;O[;8. r) 
(int8.,o1') 
(il1te;~er) 
(real) 
(into~er) 

PI: == 84: = fj 

6.5 

Gl: 'I'RA (2;J.4) TS: == addI'ess of controlled 
'I'JlA (2~24~ 
TRR (2,14 

variable A 

ST S3 : = value of controlled. variable A 



FI RS ~.: EIJ:;' EJ T 

G3 : 

G4: 

TIP. (2 7 18.j 
'I'IA (2; 19 
nR (2,18 
TIC1 
+ 
STA 
ST 

DFI (G2) 
AST (G3) 
TIA (2,20) 
fIC1 
STA 
TIll. (2 1 26) 
TIC1 
ST 
TIll. (2,22) 
TIC (2) 
ST 
UJ (G4) 

'rIll. 
TIA 
TIC 
STA 
TRR 
+ 
STA 

ST 
TIC1 

(2,20~ 
(2)22 
(2 

(2,24) 

TIR (2,22) 
~I'IC0 

> 

FI: = 1'1: = FI + 1 

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

SI: = D} TS: = SI = D 

S4: = 

S2: = E 
Jump around step 

S2: = E, TS: = E 

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

6.6 

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



G5: 

G6: 

SEC mm ELEl',lE:i.JT: 

D'J 
EEG 

~L'IR 

TIC 

v 
A 

TIC,0 
> 

(G5) 

(2,20) 
(10) 

IFJ(G6) 
TIll. (3,10) 
TIC,0 
ST 
U<T (Gl) 

i'IA (2,18.) 
TIR (2,18) 
TIC1 

ST 
UJ (G7) 

G2: DFI (G8) 
TIC1 

THIRD ELE~.-IENT: 
D 'ViF.J:LE lE I DO I F: 

G8: 

ST 
UJ (G7) 

DFI (G9) 
TR .. Ti (2,14) 
TIC (2) 
+ 
ST 

TS: = sign (S2) 

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

84: = 0 
element exhausted 

FI: = FI - 1 
To controlled statement 

Controlled variable V: =1 
To controlled statement 

Controlled variable V:= D= A + 2 



, 

BEX 
TIR (2,14) 
TIC (10) 

IFJ (Gl) 
'rIll. (2·, 18 ) 
TIll (2,18) 
TIC1 

s'r 

cm:TROLLED STATEI,1EHT: 

G7: 

G9: 

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

BEND (4) 

6.8 

• 
Jump if element exhausted 

l!'I: = FI -1 

I : = A 
Retu~1'for next element 



'7.1 

7. OI'.'Yl V:lriClbles 

Identified as hierarchy -1 (L e. k for ar~ own variable is 4 bits 
of all ones). 

OWL'" variables at run time reside at the end of the prograr4 1 s (or 
Dodulels) constMt space. Space for all OVvTl variables used in a program 
is reserved immediately on entry to the )rosrar:t. 



V!l:.l.8r·c 
uses tll8 oper;).-L 

IIESI" (,~ \ 1., 
. IfiISP (k,s), 

1.JBSJ!' (le,s), a 

" ,i . .l).... 

,a 

.~ 8) ,a 

I~!OJ3SF (le,s) a 

~~gol 

for real, integer, and boolecill arrays respectively, where (le~s) is the 
stack address of thE": appropriate array word. 

DiDA, nmR remain unchanged, and arc: parameterless. 

Further, to assist the optimi~)ation of accessing elements of 1 
dir.lensional arrays, the operations 

'i:RAA (le, s) TaJ.m real array addre~s 

TlAA (le, s) Take integer array address 

TliAA (k, s) T~1ke boolean array address 

are introduced. These take the place of the operations TRA, TIA, TEA 
for obtaining the address of the array word. 

0.1 



The standard flllction 

FETCH « IDE1'T~~'») ; 

\'.'ill iJring the se[,'1D.ent <IDK,iT) into the stox'e using the Control Routine 
]i':CTC}i. It Hill not enter any of the'JGGDlcnt' s constituent modules. 

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

'PROCEDURE' peA) 1 'REAL' A; 

'ilI1'EH' < IDKJ'I' > (LANGUAGE) i 

Wllere (IDK:'l') is the iden.tifier of thE. nodule to be entered? and 
(LA1:TGUAGE) snecifies the language in vr:lich the module was written. 

9.1 

The call of t11is I'lOdule will be written in the usual nay, as p(X); 

The fetch operation for a ~'3egr.:,:mt must have boen perfor-clod in 
the prograr.l dJj.13J.nically bofore any call of a constituent module of the 
segwent, unleos it is already in store by virtue of having been linkecl 
wi th a prior S0e;T:lent or program. 

At:..y module not written in Algol (or 4/50 asse:llbly code) has 
linlceo. 1,n. th it [In enviroD...rnent module. 

The action of the routine ENTLl1. j.s to enter the onvironuent 
module for the body concerned, if thh body is in a la~guage other 
t~18.n Algol, and to h,"!.nd across the add:cess (provided by "linkage editor") 
of the body being called. The envirol1"d8nt module arranges t~he . 
information, available (stack, etc.) ire the form required by the body, 
plB.i.1ts a retur.a addr03s i~to a place r2cognised by. the body, and transfers 
control to the body. 

After the body has been obeyed. its normal return mochanism will 
trq.l1sfer control back to the enVirOnlllE:mt l:lodulc? which then resets the 
i2:donClation. available into the form required by the Algol base prograra,. 
and fin2~ly performs an ordinary ;;rocedure return to the point of' cal16f 
tlle body by worki11g on the 'links in tLc Algol stack. 



1" u. DICi'Imri.EY OF HJ'I'EmlEDIATE COTE OPEHATIONS 

Oper,).tion 

AOl .. Avoid OV{tl Arr~,y 

A}?P Actual Pararaeters 

.i\.ST Avoid Step 

JJlock Entry 

BEYD Block End 

LEX TIoolean Expression 

Check Array 

CBF .. 'I. Copy' Boolefu~ ForrlIDl Array 

CF Call Function 

CF.!! Call Formal FLmction 

CFFZ Call Formal Fwlction Zero 

CFZ Call Function Zero 

CIFA Copy Integer Forwal Array 

CP Check Parametel' 

CRFA ,Copy ,Real Forrr.al Array 

CTF Call Ty-pe JtUnction 

CTFF Call Type Function Formal 

CTFFZ Call Type Ftmc·cion Forraal 

Call TYV 8 ]\mc·cion Zero 

DFI Decrement For Index 

DSI Decrement Svvi tch Index 

DID.'llvrI D.1I!lmy 

Zero 

10.1 

Parameters 

p 

p 

n 

'n 

(k, s) 

(k, s),1T 

.,. 

(k, s) 

(k,s),1T 

p 

p 



Operation 

End Iniplici t S'L'.broutine 

ESL End Swi tcn Lis'~ 

For Block EntrJ 

}i'inisll 

I1?J If False JUJi1P 

Index Address 

I~ldex Result 

l'!lako }3001eM S'l;orage Function 

l1ISF Malce Integer S';;orage Function 

110:38]' ~:18jce Ovvn Boolecu StoraGe :£i\mction 

HorSI' I:Iake Own, Intcscr Stora~;e lJ'L:u'lctiOJ.'l 

~iIake Ovm Real Storage Function 

lVIa.1w Real Stora,,;e lJ'L:u1.ction 

FEG Negate 

Param.eter BoolE;dn 

Parameter 3001(;3.11 Array 

l'3C Parameter Boolcill Constant 

Parameter Bool(;,lll I:ul'lction 

Procedure En try 

Parameter FOrDl8.l Boolean Result 

Pararlleter Formal lJ'L:ulction Boolean 

Parar..1eter Forma::" Function Integer 

Pararaeter ForLla::" Function Real 

10.2 

Pal~()lneters 

n 

p 

(k,s),a 

(k,s),a 

(k, s) ,a 

(k,s),a 

(k,s),

(k,s),-

constant 

rr;-,-

(k, s), - . 

(k,s),'TT' 

(k,s),1T 

(k,s), 'IT. 



Operation 

PFIR Paranleter Formal Integer Rc&uI t 

Parameter ForrJ.al Label (l~nI!le) 

PFLV Param.eter Fo:cmal Label (Value) 

PPF:.I? Parameter FOTfllal Rea], Result 

}?FST Parruneter Formal String 

PFS'Vi Parameter Fonnal Switch 

PFPR Parameter Formal Procedure 

PI Parameter Integer. 

PIA Parruneter Integer Array 

PlC Parameter Integer Constant 

PIF Par8I:leter Integer Function 

PL . Parameter La';)el 

PPR Parameter Procedure 

PR Parameter ReE~l 

PRi\. Parameter Red. Array 

:PilC Parameter Re&l Constant 

PRF Parameter Real Function 

PSH Parameter SuL~outine 

PST Parameter String 

Par~~eter Switch 

RETURN Rew.rn 

Switch Approaching 

SIlmR SrJi tch Il1dex Re suI t 

Parameters 

(k,s)~

(k,s),

(1:,8),

(k,s),

(k,s),-

(k,s),

(k,s),1T 

(k,s),

(k,s),-

constant 

17,-,-

(k,p) ,n 

1T,-,-

(k,s),

(k,s),-

constant 

11,-,-. 
p 

, stri:1gl 



10,.4 

Operation Parameters 

S:;: Sto:ce 

S'T..:;' Store Also 

l'3.A. Take Boole8.l1 f!.d.drG38 (1<::, s) 

TBllP. Take Boolean Al'ray Address (k, s) 

II~JCF '.ro.."\<;:e BoolGan COl1sta.llt J!'a18e 

r-,""·,rl.'7j 
.L...:..)v J. Take Boolea.'1 C orw tan t True 

~BR Ta.ke Boolean Result (k, s) 

i'FA3 Truce ForrJal Adc.rcs8 Booleo.n (k, s) 

J.1~AI Take Formal AdC;rcss Integer (k,s) 

TI?11~.l.1. Talw l'orYl}al Ad\~ress Real (k5 s) 

'1'F3 Take Formal Boolean (k, s) 

TFI Ta.ke Formal 1n08Ger (le, s) 

~'li1nT Tal\:e Fon'lal La'Jel (IJame) (k, s) 

~:r?LV Ta1:e Formal La.x;l (Value) (k, s) 

~i!'II. TEi!{e Formal Re~:l (k, s) 

111l1S T2JCO Fonnal Svv:~tch (k',s) 

TIA Take Integer Azldress (le, s) 

TL-i.A Take Integer Ax-ray Address (le,s) 

TIC Talce Integer Ccnste.nt constant 

TIC,0 To.ke Integer C:Jl1stant Zero 

TIC1 TaJ.ce Integer COi1stant One 

TIR TaJre . Integer R8sv .. lt (k, s) 

TL Tal<;:e Label (k,p),n 



Oper3tioIl Parameters 

TRA Talcs Real AddresE; 

TC';.}ce Real Array Address (k,8) 

Ta.kc Real ConstcJ.i:~ constant 

Take R82.1 Result (le, s) 

UJ Uncondi tiono.l JUE';~J p 

+ 

* 
/ 

'/' 

'~(-*1 

== 

'NE' 

ILE' 

'LT' 

'liOT' 

'JuDt 

'OR' 

'T",';TJi' 
.... -'- L.J.. ... J 

lEQUIV' 

Compilation Failure r 



p 

(le, p) 

(k,L) 

11 

m 

PA:RA::'JETBH NOTATION 

p '-Ch ent17 in POGition Idc:utifier Table (19) (2 bytes) 

k al'"'ld }J packed in to 2 byt,~ s wi tll 4 bi tG for 1: and 12 
bi ts for Ps W~lere kif] tlL:; hierarchy nULlber and p is 
the packed form of the p ,;efined above ( odd ' 

k 8.L'1d s packed into 2 bytes with 4 bits for k 8..,'1d 12 

10.6 

bi tG for s, wilere si s the; ntuaber of vilord_s up the stac:~ 

frofJ. the start of the liri:c data for hiel~arC'h.y k. (Stack Address). 

k and L packed into 2 byt~8 wi tll 4' bi ts for le 'and ·12 bits for 
L~ wiwre L is the number of vlords of first order working 
S-COr8{;e (includinG paranecuor space 8.l1.d link data) for the 
hierarchy and its constit-,ont blocks. 

n'th block level in currey,t (or destination) hierarchy. (1 byte) 
(l.:.n) 

1'T'th entry tn list (a) of the Level Parameters (1 byte) (1<1T) 

Humber of Vlordcl of parameter space, (1 byte) 

Total block nestinG depth within current hierarchy. (1 byte) 
(l<lJ) 

constant 1 word for integer or boo108...'1 constants, 
2 words for real constants. 

'strL1g' Basic symbol representation (unpacked) of the string, 
including the opening and closing string quotes. 

a 

r 

(minus sign) One-byte' space 

Humber of arrays in an ar:cay segment 

rl th failure for this modcde 
(l<r) 

(1 byte). 

(1 byte). 



11.1 

1l. DIll' 1\\ 'L"rl; Ili r S FOB TIlE rn'l\~R.jEmA~.' ; CODE OPEBA'rIONS .-----

CI.J.ASS SU:3-CLASS 11"x-PE Ol'EHA'l'ION ;WLlEIUC 

000 000 00 FIIHSH 000 
000 000 01 PE 001 
000 000 10 REmBH 002 
000 001 00 J3E 010 
000 001 01 DElJD 011 
000 001 10 PJ3E 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 
000 111 11 Fil.IL 073 

001 000 00 . RO 100 
001 000 01 TIll 101 
001 000 10 TIR 102 
001 000 11 TBn 103 
001 010 01 TFR 121 
001 010 10 TFI 122 
001 010 11 Tli'}? 123 
001 100 01 THC 141 
001 100 10 TIC 142 
001 101 10 TIC,e5 152 
001 101 11 TBCT 153 
001 110 10 TIC1 162 
001 110 11 TBeF 163 

010 000 00 AO 200 
010 000 01 TRA 201 
010 000 10 TIll. 202 
010 000 11 TEA 203 
010 . 010 01 'l'FRA 221 
010 010 10 T:B'IA 222 
010 010 11 TFBi\ 223 
010 100 01 ~I'li.AA 241 
010 100 10 TIM 242 
010 100 11 TBAA 243 



11.2 

CL/i.SS SUB-CLASS TY)E OFCI1NrI m: IJU:LTI~ilI c 

Oll 000 Cl 1ms:? 301 
011 000 ID I/iISF 302 
011 000 1:_ NBSI:\ 303 
Oll 001 0 l'mESF 311 
OJ_l 001 El nOISF 312 
011 001 1::" I.IODSF 313 
011 010 Cl C1tFA 321 
011 010 10 ClJi'A 322 
011 010 1: CBE'A 323 
'J11 011 OJ IliDA 330 
011 100 OC) IlTDR 340 
011 101 O() SIITDR 350 
011 110 00 1.r}?S 360 

100 000 OC) .FO or CF 400 
100 000 ere. eT]? 401 
100 010 0)\ 

\) CP~ 420 
100 010 0::" CTF~ 421 
100 100 OC! CFE' 440 
10C 101 Cl CTFF 441 
100 110 OC, Cl"FZ !t60 
100 110 Ol CTFF,z 461 

101 000 00 TJJ 500 
101 010 OC) 1'l:'LV 520 
101 010 OJ_ '.rFLN 521 
101 100 01 UJ 541 
101 100 10 IFJ 5!~2 

110 000 OC PO 600 
110 000 O:l. PH 601 
110 000 10 PI 602 
110 000 E. PB 603 
110 001 Cl ?HC 611 
110 001 10 Ej:C ,612 
110 001 II PJ3C 613 
110 010 0::" PI<'HR 621 
110 010 10 PFIH 622 
110 010 11 PFBH 623 



11.3 

CLASS SUB-CLASS T:'?E OPERATIOir , HUHERIC 

110 011 Cl PEA 631 
110 011 10 PIA 632 
110 011 11 PBA 633 
110 100 '00 PPR 640 
110 100 01 PRF 641 
110 100 1:) PIF 642 
110 100 11 PEF 643 
110 101 OD PFPR 650 
110 101 Cl FPFR 651 
110 101 10 PFFI 652 
110 101 11 PFFB 653 
110 110 CD J?SR 660 
110 110 Cl PL 661 
110 110 10 PFLN 662 
110 110 11 Pl!'LV 663 
110 111 00 PST 670 
110 111 01 PFST 671 
110 111 10 PSW 672 
110 111 11 PF&N 673 

III 000 00 + 700 
111 000 01 701 
III 000 10 * 702 
111 000 11 / 703 
III 001 00 '/i 710 
111 001 01 I-):--X-' 711 
111 010 00 'GTf 720 
111 010 01 'LT' 721 
111 011 CC) 'GE' 730 
111 011 Ol 'LE' 731 
111 011 lc) 'lJE' 732 
111 011 II = 733 
111 100 00 'NOT' 740 
111 100 01 'HEG' 741 
111 101 00 'AED' 750 
111 101 01 'OR' 751 
111 101 10 'nIT'L' 752 
111 101 11 'EQUIV, 753 
111 110 00 ST 760 
111 110 01 STA 761 
111 110 10 BEX 762 
111 111 11 DilliIDIY 773 



11.4 

Reversing Fields, order of operations -,)ecomes: 

Operation Decimal Oper2.-cion Decimal 9peration Decimal . Operation Decimal 

FINISH 0 CP 56 Pl!lFR 110 PFFI 174 

RO 1 PST 62 'OR' 111 • tIMPL' 175 

AO 2 PT;' 
"" 64 APP 112 TIC1 177 

PO or CF 4 TRR 65 CTFF~ ll6 PFLH 182 

TL 5 TRA 66 PL 118 EEX 183 

'PO 6 LIRSF 67 STA 119 PfYj{ 190 

+ 7 CTF 68 CA 120 TER 193 

:Im 8 PR 70 PFST 126 TBA 194 

1/', 15 71 RETURlJ 128 MESF 195 

DSI 16 BEND 72 TIR 129 PE 198 

CFZ 20 ]',mRSF 75 TIA 130 / 199 

TFLY 21 PRC 78 W.lI SF 131 MOBSF 203 

I GT' 23 r -;r1{- t 79 PI 134 PEC 206 

IHDA 27 ESL 80 * 135 TFB 209 

'GB t 31 TFR 81 FEE 136 TFEA 210 

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

lEDR 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 PJ!'IR 150 TBAA 226 

snmR 43 PHA 94 DFI 152 PBF 230 

PFPR 46 lLE' 95 PIA 158 TECT 233 
IJ\.llDl 47 TRC 97 rNE' 159 J?l!'T!']3 238 

SAJ?P 48 TRAA 98 TIC 161 I EQUIY , 239 

TFS 51 CT],], 100 TlAA 162 TECF 241 
CF]?;;; 52 UJ 101 IFJ 165 P1!'LV 246 

PSR 54 PRF 102 PIF 166 PFSiN 254 

ST 55 IUEG' 103 TIC,eS 169 DmrMY 255 

total 117 

A new operation }?.AIL has been added whose decimal representation is 248 



12.1 

12. 1'1:8 Intel":"'ledi3te Code.Opcration FAIL 

Any ::;;;''1ltactic failure detected I)' ?ha~3e 10 rcsult::; in 

\ 
3) a failure :::es8aCc to a listinG d(vice, and 

b) the compilation of the intermeclL~te code operation 

FAIL (r) 

where tl:..e current failure is the r'th to be detected. 

'i'he tr:il1slatiOl1 then cO:ltinues (includiui, the L;e118raticn ofinterm8diate 
code) • 

Phase 20 translates this opelT,ti0l1. into an entry into the run-
tir:le f:J.il'lre routine. ·Jl11e result is tlLt at TUYl-time the first of these 
GntrieE) to the fL1ilure routine to be dyn:,~1ically eD,countered caw:!es the 
l:L;:;tLlg of a failuTe UCSS2.gc and the tcr.;~ination of the run. The failtlre 
ileSS8.G8 ;-rill include the identifier of tL2 module iil which the failure 
occurred. 

'1'he justification of tbis procc::L,; is that the user in many cases 
will be able to obtain satisfactory rccru.l ts from his l~~m before the error 
condition is encountered. 
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REPORT 2, THE HLEllLlEDIATE CODE 

Iu!1ElTDI:IEET I. 1 (th JU1TB 1966. 

page 3.4 

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

have been changed to:-

PPR le, !t .. -

PIF k, 1t, -

PRF k, 1t, -

PBF k, re, 

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

L.W .l'!ioore • 
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