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Introduction 

The purpose of this document is to define the form of the Intermediate Code 
generated by the first pass of the System 4-50 ALGOL Compiler. Since the 
design of the Intermediate Code is based on that of ;the Object Program 
generated by the \¥hetstone KDF9 ALGOL Translator, use is made of the fact that 
the Whetstone Object Code is fully defined in the pook 'ALGOL 60 Implementation', 
by B. Randell and L.J. Russell, Academic Press, 1964. The differences between . 
the ~ntermediate Code and the Whetstone Object Code arise from (i) the three-

. pass structure of the System 4-50 ALGOL Compiler, which is designed to generate 
machine code as the end product, and (ii) the altered method,of handling the 
run-time stack f now based on-the ideas of the,ALCOR-ILLINOIS 7090 ALGOL 
Compiler. . 

This document has a scope restricted to a definition of those parts of the 
~ System 4-50 ALGOL Intermediate Code which differ from the corresponding parts 

of the Vfhetstone KDF9 ALGOL Object Code. A working ~owledge of the Whetstone 
Object Code is therefore assumed, although for those without access to the 
reference quoted above, a brief introductory section to the System 4 form is 
included. No a'ttemptwill be made in this document to describe the generatiqn 
of Intermediate Code from the source Algol or the trans1~tion of the Intermediate 
Code into machine code, nor will the detailed modus oper~di of the generated' 
machine code programs be mentioned. A brief description of the overall 
structure of the compiler is included. . 
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A. ~'1.AL DESCRIPTION OF THE COMPILER 

The System 4-50 ALGOL compiler is a three pass compiler, which translates 
source ALGOL into machine code modules. The three passes of the compiler 
are known as Phase 10, Phase 20, Phase 30. The System 4-50 ALGOL . 
language and the compiler.' s relationship with the 5J Program T,rials 
System are fully described in the System 4-50 ALGOL Reference q~anual, 
Parts I and II. 

The compiler translates a module at a time. 
a procedure for independent compilation, is 
action of Phase 10 is to 

·A source ALGOL program, or 
presented to Phase 10. The 

"l 

'10.a) convert the source ALGOL into an internal code called Intermediate 
Code, generating as it does so 

10.b) a set of two support tables. One is the Position Identifier 
Table, and is a reference table of labels and procedures, the other is the 
Level Parameters (b), containing information about .the types and 
characteristics of procedures and their parameters. The Intermediate Code 
and the Position Identifier Table may be listed on request, as may 

10.c) the Storage MaPf a listing of the stack locations of the ALGOL 
variables. This item is not preserved after listing. A further function 
of Phase 10 is 

10.d) to perform rigorous checks on the sJ~tactic legality of the source 
. ALGOL. The failure mechanism employed is, .briefly, to detect and notify 
as many syntactic errors as possible without aborting either the 
translation or the generation of Illtermediate Code and support tables. 
Upon detecting a syntactic error, the error'is n~tified ruld a FAIL 
operation is planted in the generated Intermediate Code; then error 
recovery procedures are used to find the earliest point in the succeeding 
text at which translation can be resumed. This generally implies the. 
loss of a statement or of a cluster of declarations. Naturally, this 
mechanism is not applied to catastrophic failures. The'result is a 
sprinkling of FAIL operations in the generated Intermediate Code for the 
various syntactic errors detected. At object execute time each of these 
is an entry into the run-time failure routine, so .that the first one to' 
be dynamically encountered will terminate the run • 

. Phase 10 writes the Intermediate Code (10.a) and the support tables 
(1O.b) to a work file, and finally initiates the call 'of Phase 20 as 
an overlay to itself. The action of PhasJ 20 is to 

20.a) process the Intermediate Code and the support tables produced by 
Phase 10, to generate machine code with forward references missing. 

20. b) The' infonnation required to supply these' missing references is 
built up into a table which is an updated machine address form of the 
Position Identifier Table • 

. ~ Phase 20 writes the machine code in this form (20.a) and the reference' 
table (20.b) to a work file, and finally initiates the call of Phase 
30 as'an overlay to itself. 

kW 1028 ENGLISH ELECTRIC LEO MARCONI 
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The action· of Phase 30 is to 

30.0.) update the machine code using the information left in the work 
file by Phase 20. Phase 30 also 

30.b) ensures that the resulting m2chine code module is in a form 
recognisable to the operating regime in which it will eventually run. 
This involves the generc..tion of ESD, RLD, ond mm information. Then 

30.c) the Generate.d machine code module may optionally bo listed in 
pseudo-usercodo form. 

The organisation of the transfer of information bc~voen one pass and the 
next vin the work file (on the 5J Trials Librnry disc) is performed by a 
set of three special purpose disc hC'J.1.dling routines (D,H.Ros) one for 
each pass. These D.H.R •. s arc Wl'ittcn so ns to use the disc as efficiently 
as possible. 

The overlny structure of the compiler is controlled by a small root 
segment which consists of a single control module. The overlays brought 
dovm successively by the root segment are: 

Options processor 
Phase 10 
Phase 20 
Phuse 30 

Each overlay returns control to ROOT which then brings down the next 
overlay or returns control to the system (Compilation Control). 

kW 1028 ENGLISH ELECTRIC LEO MARCONI 
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A(i). Note on the RmLning of the Object Code. 

kW 1028 

A reloco.to.blc binary" module generated by the compiler will contain 
exten1al references to other modules, namely:-

a.) independently compiled modules, written briginally in .ALGOL or in 
usercode (late~ oxtensions may be made to include other languo.ges), 
written by the user and called by him in the" module concerned. If 
written in usercode, the rules listed in the Po.rt 11 Reference Manuo.l 
must be observed. 

b) a standard module without which no Opjoct program can be run, 
conto.ining a set of support routines f,or processes D~itiated in the 
object module or bound object modules being run. " These routines are 
the Slo.ve Routines. Examples are Float, Fix, Call by name, Procedure 
entry, Mo.ke array storage function, etc.. The full list appears in 
the Part II Reference Hanual. This module is written initially in 
usercode, 2nd is a standa.rd package, supplied witll the compiler. 

c) a,Sct of input-output modules, in sufficient number to satisfy the 
peripheral requirements of.the program being run. The input-output" 
procedures required to use the full range of System 4-50 standard 
peripheral devices are arranged in self-contained groups. The 
a.rrbngement into modules is fuily doscribed. in the Part 11 Manual. 
The input-output modules are written initially in usercode, and are 
supplied with the compiler as st~dard ·packages. 

d) if required, any of the standard function modules required to 
perform the functions SIN, COS, etc.. For a full list see the 
Reference Manuo.l Part II. These modules are written initially in 
usercode, and are supplied with the compiler as standard packages. 

,.v 

e) '-' dUi1l1IlY module destined to hold the run-time stack. This must 
alwiJ.Ys appear in store after all th8 other modules, that is its start 
a.ddress must be hi@1er than the final address of any other module, to 
allow for its expansion when the OJjoct progrc~ is running. This 
module must o.lwccys be present. " 

Having bound the generated object modulo with such object modules of 
types (a), (b), (c), (d) and (e) as n~o necessary, the resulting 
proGr2~ may be run in the normal way. Note that modules of types 
(b), (c) ~md (d) will be bound automatically D1to the root segment 
unless otherwise specified. It is hoped to arrange for the stack (e) 
to be automatically included in the correct position for programs 
which do not use overlaye. 

ENGLISH ELECTRIC LEO MARCONI 
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1.. I:L'fTRODUCTImT TO THE II;rTErumDIATE CODE: 

,NOTATION 

The Intermedicte Code generated by Phase 10 is a string of variable length 
pseudo-instructions, each pseudO-instruction co~prising an operation fiead 
of 1 byte, and on operand field of length zero bytes or greater. ' 

The operction. field for convenience is assigned a mnemonic name for use 
in discussion. Such mnemonics are CF (ii Ca.ll Function:;), TFI (iiTake 
Formal Integerll ), PST (HParDllleter S.tringi!). For the full list , see. the 
Dictiona.ry of Intermediate Code Oper,:.tions, scct,ion 14. For the 
hexadecima.l internal representations of these operations, see section 14B. 

The opercnd field may consist of COUl'ltS," labels,- pOinters, stack o.ddr'esses, 
constants, or may be absent. The s~abols used in this Report to denote 
quantities in the operand field o.re:-

k The hierarchy number. This is the nes~ed procedure depth of the 
current procedure, starting et zero for the outermost program level. 
The maximum permitted value is le = 14. 

s The stack address, in vlOrds, within the hierarchy, starting D.t s = ~. 

Both k and s are noeded to specifY a stack address 
completely~ Stack addresses arc denoted by (k,s), 
indicating that k and s are packed into ~vo bytes, 
with 4 bits' for k and 12 bits for s. 

n The block level within the current (or destinD.~ion) hierarchy, 
starting at n = 1. ~ requiras 1 byte. . 

The1r'th entry in a support table called Level Parameters (b) (see 
belov/section 1B). Each entry in this table is 1 byte in length. 
1f requires tvlO bytes. 

m Number of words of stack space in the current hierarchy required to 
hold the linlt dnta and parn.m.etal's for this hierarchy. ID requires 

1T 

1 byte. 

The maximum block nesting depth within the current hierarchy, 
that is the greatest value of n. N requires 1 byte. 

a Number of arrays in an array segment. a requires 1 byte. 

b Number of dimensions of an array. b requires 1 byte. 

r The r'th fo.il~re in this module. r requires 1 byte. 

tThe type of the operation which eventually gave rise to. 0. syntactic 
/ failure. t requires 1 byte. 

S4 Special form of the parameter S; thus (k, S4) gives'thc stack 
address of the first of thelocntions in the stack assigned to a 
fQr stntcment. 

kW 1Q28 ENGLISH ELECTRIC LEO MARCONI 
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icientifier An ide.ntifier 'of up ·to eight EB'CDIC chr..rncters, left 
hand justified and padded with spaces (X'40') at the right­
hand cnd if necessary. Requires 8 by~es. 

constant The value of an explicit constant. Requires 4 bytes for 
integer constants, 8 bytes for real constants: 

string A string of basic symbols representing one-for~one the 
characters in the string as written in t~e JJJGOL program, 
including all string quotes. Onc. byte for' each basic symbol. 

L 

! • 

Number of words of stack space in ·the current hierarchy 
required to hold the first order working storage, given by 

L = ID + number of words of stack space required 
to hold all variables declared within the 
hierarchy, including 4 words for every array 
declara.tion. 

L appea.rs in combu1ed with k, as (k, L), so that 12 bits are 
required for L. 

A one byte space. 

The remaining parameters refer to labels, described in the next section 
(1./\') • 

kW 1028 ENGLISH ELECTRIC LEd MARCONI \ ',' 
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1A. Labels. 
. 

Three kinds of labels are used in the Intennediate Code, as follows: 

(i) . L labels. 

Labels written explicitly in the source ALGOL program are referred 
·to internally asL labels. Thus Ll is the (1+1) th user's label to 
be declared. The number 1 is zero for the first label. As a 
parameter,l alvvays appears in combination with k in the form (k,l), 
so that 1 requires 12 bits. I'Tote that switches are assigned L 
labels, the name used in the Posi tionIdentif:;i..er Table'. (see below 
Section 1B) being the name of the switch. 

(:Li) P labels. 

At a procedure declaration, the procedure is assigned a P label of 
the form Pp, denoting the (p+1)th procedure to be declared. The 
number p is zero for the first procedure declared. As a parameter, 
p always appears in combination with kin the form (k,p), so that 12 
bits are required for p. The na~e used for each P label in the 
Position Identifier Table (see below) is the name of the procedure. 

(iii)G labels. 

kW 1028 

For transfers of control in the Intermediate Code which are neither 
explicit (that is using a 'GOTO' statement, which employs L labels) 
nor procedure calls (,Thich use P labels),' G labels are generated 
of the form Gg; where the number g starts from zero for the firsi!. 
As a parameter, g always appears on itq OVID, and requires two bytes. 
For a G label, the name part in the Position Identifier. Table 
(sce below) is blank. . . , . . 
Throughout this docwnent these labels, in both their loft-hand and 
right-hand incarnations, have been written. explicitly into the 
Intermediate Code for clarity of exposition. In fact, left-hand 
labels have no existence in the Intermediate Code; they exist only 
as entries in the Position Identifier Table (see beiow, Section 1B). 
Right-hand labels in the Interraediate Code are in. fact the quantities 
1, p, and qdefined above. Those act as pOinters to, the 
appropriate entries in the Position Identifier Table, wherein are 
found the Intermediate Code addresses to which the labels refer. 

ENGLISH ELECTRIC LEO MARCONI 
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1B., Support Tables. 

The support tables required with the Intermediate Code are the Position 
Identifier Table and Level Parameters (b}. There is a table called 
Level Parameters (a), but this is purely internal to Phase 10 and is not 
~elevant to this discussion of the Intermediate Code. 

Position Identifier Table:-

1-- ------ - - - - --- -r-------r-~ ___ -- - -- ----I 
INTERN .. 'lL I/C I 

: EXTERNAL Nf~iE N1J.m BYTE CARD NO. ! 
, NO. ',' .1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _______ J 

6 

External Name 

Internal Name 

I/C Byte No. 

Card No. 

kW 1028 

3 2 5 BYTES 

A string of eight 8-bit basic symbols packed into eight 
6-bit characters. All external (source) names arc held in 
this form in Phase 10 for economy of space. This item 
exists' only within Phase 10 fo~ use ll1 failure messages 
and in diagnostic listings. 

The first byte contains the 8-bit basic symbol for G, L, 
or P. The last two bytes contain the numeric value (as 
a binary integer) of g, l,'or p, starting from~. 

The byte number of the labelled intermediate code operation, 
starting from 1. 

The current card number as read from the card, held as 
eight packed decimnl digits held in 5 bytes. This item 
exists only within Phase 10 for use in £ailure messages 
and in diagnostic listings. 

ENGLISH ELECTRIC LEO MARCONI,; 
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Level ~arameters (b):-

110 > 

• 

P = PROCEDURE 

FoP ='FOru~ PROCEDURE. 

SE = SPECIFICATION END MARKER. 

TABLE(B) (or LIST(B» 
____ PO 

] ~iuneters to PO 

SE 
---P1 

____ FP2 

-J Param~ters 
---- to FP2 

SE 

SE 
---P3 

Parameter to P3 

----P4 

---FP5 1 
1 Parameters 
S to FP5 

SE 

SE 

• 
• 
• 

Parameters 
to P1 

Parameters 
to P4 

Each entry in list (b) is one byte long. The para.meter1r(see (1» is a 
pointer to a procedure ~ntry in list (b), as indicated in the diagram above •. 
The list of values of1ris internal to Phase 10, and is indexed by the value 
of p assigned to each new procedure, including formal procedures. This list 
is called Level Parameters (a). 

The entries in list (b) are, for the various si~tions:-

1) Procedure entry:-

N~~~tttt 

N is 1 if the procedure has paramoters, ~ otherwise 
The next 3 bits are always zero. 
tttt gives the type of the procedure according to the following scheme:-

.~~~1 procedure 111~ integer procedure 
11~1 real procedure· . 1 ~11 boolean procedure • 

. ~ 2) Forlna.l parameter:-

Nttttttt 

kW 1028 ENGLISH ELECTRIC LEO MARCONI 
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a) liT is set to 1 for parameters called by vclue. Thus N may be set to 1 
for real, integcr, boolean, real array, integer array, boolean array, 
or label parameters. 

b) The next seven bits (t) give the type of. the parameter according to 
the following scheme:-

~~111~1 real 0111101 . rC2.1 proccdure* 
0011110 integer 0111110 
0011011 boo le on 0111011 
1011101 real array 0100001 
1011110 integer array 1010001 
1011011 boolean array 0000001 

0000000 

* Included here only for completeness. 

~ 3) Procedures which are parameters. 

a) The entry for the formal procedure is 

Nttttttt 

intego~ procedure* 
boolean proceduro* 
procc'dure* 
switch . " 
label 
string 

. :where N is sot to 1 if the form8~ procedure has paramoters, and the 

. seven bits (t) represent the type of the formal procedure according 
to the scheme in (2b) above (marked with an asterisk). 

b) Parameters to the formal procedure are entered as in (2) above~ 

C?) A parameter to the formal procedure which is itself a procedure is 
entered as the single entry 

~ttttttt 

as in (30.) above, with N=~. 

The marker SE (Specification End) (X'FF') is used to terminate the entries 
for a normal or a formal procedure (but not in case (3c) above). 

5) The information for the entries described in (3a), (3b), (3c) is obtained 
from the comment specification for the formal procedure. 

kW 1028 ENGLISH ELECTRIC LEO MARCONI 
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2. BRIEF ILLUSTRATION OF THE. INTERHEDL'\.TE CODE IN USE 

The Intermediate Code may be understood /:?,s an object l8ngl!lage which on 
execution operates on 0. simple push-dovvn operand stack. Before proceeding, 
it is important to note that throughout this section, references to 
stacking in fact refer to 0. notional stack imagined to eA"i.st for the 
Intermediate Code to operate on in a straightforward non-optimal way •. 
These references to stacking are not necessarily to be applied to the 
stack used by the machine code object programs a9tually generated by this 
compiler.. Whenever possibte, the stack visuOlised for the Intermediate 
code to operate on will be referred to as the notional stack. 

A simple arithmetic statement will be ~sed as an illustration. 

Presuming A,B,C and D to have been declared as 'REAL', 

A.: = B + C * D 

will have the 

• 

Intermediate 

TRA lk'Al TRR k,B 
TRR k,C 
TRR k,D 
* I ., 

+ 

ST 

Code representation (reverse Polish):-

Place address of A on notional stack 
Place value of B on notional stack 
Place value of ,C on notional stack 
Place value of D on notional stack 
Multiply top two items of notional 
stack, leaVing 1 result 
Add top two items of notional stack, 
leaving 1 result 
Store result into A, leaving the 
notional stack empty. . 

TRJ~ stands for Take Real Address, TRR stands for Take Real Result, ST 
stands for'Store. All Take operations plaoean item on the notional 
stack. All dyadic operations such as multiply (*) and add (+) operate 
on the top two items' of the notional stack, replacing them by a single 
result item. The opcration store (ST) requires the top two items of the 
notional stack to be a result and an address, with the result item 
uppermost; its action is to store the result item into the location 
specified by the address item, finally deleting both the result item 
and the address item from the stack. 

These manipul~tions all refer to the working area of the notional stack~ 
The quantities (k,A), (k,B), etc., which d~fine A, B, etc., are themselves 
addresses in the notional stack, but they arc not addresses in the 
working (tree.. The Intermediate C ode operations generated at the 
declaration or specification of the qUc.'Ulti tics A, B,etp., define 
locations on top of the existing notional stack specifically to hold the 
values associated with A, B, etc., and the corresponding addresses 
(k,A), (k,B), etc., are thereafter reserved for this use alone. This 
applies throughout the current block level (but not necessarily , 
throughout the current hierarchy k). Having reserved all such locations 
on the notional stack for the decl~rod and specified variables, the 
remainder of the notional stack is used as a working area, o.s indicated 
in the example above, 

Briefly, every time a new hierarchy is entered, u region of the notional 
stack is reserved to hold all the parameters to the haerarchy (proc~dure) 

kW 1028 ENGLISH ELECTRIC LEO MARCONI 
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~'--------------------------------------------------------------------------

"" 

-'-.. 

P~ 

Gf1 

G1 

:> 
and 011 the information defining the v~rinblcs declared in c~l contained 
blocks. This is coIled the first order working storage. The rem~der 
of the notionoJ. sta.ck is·then used as a. working region, and for holding 
~r array elements. On exit from the current hierarchy (procedure), the 
whole region of the notiona.l stack ~ssocioted with it is thrm~ away. 
Note that the reservation of space on the notional stack for 0.11 
variables decla.red in contained blocks is done in OJ.1 optirne.l wo.y, such 
that blocks at the same level in tile hiererchy Shore the same or 
overlapping areas for their decl~Gd va.riables. 

To termlllate this br~cf ~troductory section, an Algol program wil+ be 
presented, consisting of the arithr~0tic statement ,used above but this time 
in a. procedural environment, togeth<::r with an o.:nnotated' listing of the 

, resulting Intermedia.te Code. 

'BEGIN' 'REl:.L' l .. ,B, C,D; 
'PROCEDURE' P(X); 'VlJ,UE' X; 'REAL' X; 

14:= X + q * D; 
A: = B: = C: = D: = 4; 
P(B) 

'IDID' 

The generated Intermedia.te Code is 

BE r) 
.UJ. 095) 
PE.. 1, 12 ) , 12, 1 

CP 

Till, r,101 TRR 1,10' 
TRR 0,14 
TRR 0,16 
* 
+ 
ST 
RET'tJ1.ThT 

TRA (0,1°l TRR ~O, 12 
TRR 0,14 
TRR ~~~ 16, TIC 
STA 

1 
STA 
STA 
ST 
CF (1,0~,00' 
PSR (G1 . 
TR!l (0,12) 
EIS 
APP. 
BElm (1) 
FIUISH 

Sta.rt block:lvve11 
Juop to by-paDS ~be procedure decla.ra.tion 
Sta.rt hierarchy k=1, reserving 12 words on the notional 
stack for procedure pIS link data. cnd its parameter X. 

..... ';;: This refers to the value of X (which is 
coiied by value) in the new hierarchy's notioncl stack at 
(1,10). (See Section 4B) 

X 
C 
D 

End of the procedure. Uses linlrs in notional sta.ck to 
return to poip.t of colI. 
1. 
B 
C 
D 
Put integer 4 on the notional stack 

Store 4 into D,C,B,A successively (the opera.tion STA ' 
leaves 4 on the steck but deletes the destination o.ddress). 

Initia.tes the call of procedure.P~ (ilColl Function") 

B 1 Sets up the p"""",.ter B 

Marker for end of p~ameters . 
End blocl: level 1 (thc.t is n. . .il.: proe:;r.::.&J.) 
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2A. Note on the Translation of Desiggational Expressions 

The following conventions nrc used when trl':U1s1o.ting 0. desi@latioml 
expression into Intermediate Code:-

(i) Within un actual parnmeter expression or 0. switch declaration: 
The operations TL, TFLH, TFLV, o..'I'ldIUDR (when used in a switch 
call), have the run-time effect of planting the resulting label, 
onto the notional stack. No transfer of contro~ is effected. A 
stacked label is a two-word item (8 ?yte~) ,containing 

Topmost word:- address of start of working area III notional stack 
for the level at which the label is declared 

. . 
Second word:- a) N (1 byte), the block level within the hierarchy 

at which the label was.declared; . 

b) add~ess in the compiled program pointed at by 
the label. 

(ii) Elsewhere: 

• 

a) The operation TL at run time, having evaluated the 'label, effects 
. an immediate transfer of control.' nothing is stacked. I' 

b) The operations TFLl~, .TFLV," and, nIDR (when used in a switch call), 
at run time, all operate on the previously stacked label (see 
(i) above), effecting an immediate transfer of control. 

Using these conventions, there is no need for the'compiler to 
generate e~~iicit transfer-ai-control instructions, such as the 
GTA and GTFA of Whetstone ICDF9 Algol. 

--kW-l0-2S-, ---------....... ---------;E=::N7.:G .... LuIS;-;"H-;-;:::EL:-iE:O;:C;:;:T:;::;:R;;:'C·L;-;E=::o:;-a'jMi'AA;:;R~CO~NiW, ': 

",.. \ 
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3. BLOCKS 

Within a hierarchy, block structure 
Code by:-

BE (n) 

• 

• 

BEND (n) 

is represented in the Intermediate 

(BE =.B19ck Entry) 

.\ 

(BE1ID = Block End) 

n is the block nesting nwnber in the current hierarchy, starting from one 
at the start of the procedure body. For a·labelled proco<J,ure body, n 
for the label is onc, while n for the start of the procedure body becomes 
·tv-w. 

An Intennediate code block is cre2ted only at a 'B:JGIU' followed by 
,declarations, terminatinG at the corresponding 'END'. Spuce on the 
,notional stack, to hold the necessary information E'.bout the declared 
;quanti ties, is available throughout the period in which the block is 
active. This information is held in the first order working storage 
(see Section 2). Variables declared as i~teger or boolean occupy one 
word (4 bytes), variables declared as real occupy two words (8 bytes) 
and must be double-word aligned bJr the compiler, and quantities declared as 
arrays occupy four words (16 bytes). 
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4. PROCEDURES 

~ Procedure Structure in the Intermediate Code 

Declarations 

The form of the Inte~~ediate Codo generated for a procedure 
declaration is illustrated in the folloTIing schematic:-

UJ(Gg) 

Pp PE(k,L),m,N 
Pa.ramoter list 

operations 

Procedure body 
RETURN 

Gg: • 
• 
• 
• 
• 

Present to prevent execution of the 
procedure before it is called. 
Procedure Entry operation. 
To set up tne parameters ready for 
use in the procedure body, if necessary. 
Sce section AB. 

I . 

Normal Intermodiate Code operations. 
Returns to the point of call of 
this procedure. 

If several procedure declarations 
are presented together, label Gg 
is not assigned until the last 
such procedure has been translated 
into Intermediate Code. That is, 
,!.lore then one procedure declaration 
may be by-passed by one UJ operation. 

NotG that at a procedure declaration, the operation PE is always 
assigned a P label, which is used both in the procedure call mechanism 
and for diagnostic purposes. 

Calls 

The form of the Intermediate Code generated at a procedure call is 
illus tra ted in the folloYTing' schematic:-

Call operation 

Aotual operations 

APP 

See section t1.C for details of call 
operations 

Define the actual parameters of this 
procedure. Sec seotion AD. 

Marks. the ena of the list of aotual 
. operations. 

48. Parameter List Operations 

The full list of these operations is:-

CPJrA Copy real formal n~ray 
CIFA Copy integer foroal array Arra~rs by value 
ABFA Copy boolean for1k~1 array 

CA See below Arrays by name· 

CP See below All 0ther i te::ls by name 
or by value. 

These intermediate code operations arc all parametcrless. The operations 
CA, CP are ~sed,only to locate the array word referred to by a subsequent 
copy o;PGratJ on _D'-CrayS by" vel ne,!.. 
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4C Calls of Function Designators and Procedure Stateacnts 

. kW 1028 

~~e call operations for the various kinds of prooedure (or funotion) 
are:-

CF (k,p),~ Call funotion CFZ(k, p); 1T" Call funotion 
zero 

CTF(k,p),1( Call type funotion CTFZ(k,p),'1i Call type fuhotion 
zero 

CFF(le,s),1r Call formal function CFFZ(k, s), 'l'r Call formal 
., function. zero 

CTFF(lc, 6),11" Call type fOZ'T.J.al CTFFZ (le, s), 11 Call type forr..aa.l 
funotion func tion zero 

The operations in the righth.md column a~o used to call procedures 
with no parameters, and are distinguished by the addition of the 
descri~)"i;or I zero' • 
k is tho hierarchy number of "lihe called procedure, p is the index 
number of the callod procedUJ:'e 'Pp, ~. is the pointer to level 
paraweters (b). 'll}le combination (k,s) for a formal procedure is 
the stack address of the for::lIll parameter location for that procedure. 

A function call ~hich invok8s a procedure as a function designator 
uses one of tho operations CTF, CTFZ, CTFF, CTFFZ. 

The corresponding call invoking a procedure as a proced~o statement 
U3es ono of the opera~~ons CF, CFZ, CFF, CFFZ. 

. " 

A location on top of the notional staok is reserved for the result 
, of a. type prooedu:re. Use of ,c procedure state.ment will result in the 
deletion of the unused or superfluous result looation. '. 
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4D. Actual Operations 

kW 1028 

At a procedure call, any actual parameters are translated into, 
Intermediate Oode involvinc: some of the following special­
purpose operation~:-

PSR(Gg) 

PRA(k,sj'­
PIA(k,s ,-
PBA(k,s ,-

PSiY(k, 1), - . 

PPR(k, p ),1T'" 

,PIF(k, p ),1T' 

PHF(k, p),1r 

PBF(k; p), 'TI 

Paramet'er subroutine 

Par. real array 
Par. integer array 
Par~ boolean 3.rro;r 

Per. suitch 

Par. procedure 

Par. intege~ function 

Par'. real function 

Par. boolean function 

PST (, ( I STRING I) I) Par. string 

PEST Par. end string 

EIS End implicit 
subroutine 

PFSW(k,s),-
\ 

~PR(k, s ),1T" 

PFFI (k, s),-rr 

PFFR (le, s ) '.'"' 

PFFB(k,s),1r 

PFST(k,s),. 

Po.r. fornal 
switch 
Par. formal 
procedure 
Par. formal 
function integer 
Par. fomal 
function real 
Par. formal 
function boolean 
Par. fortk1.l 
string 

, 
Every actual parameter is tr[:cnslated into a sequence of Intermediate 
,Code operations. This sequence of intermediate code operations Le 
called &~ iflplicit' (paramcter) subroutine. The first operation in an 
implicit subroutine is ahmys PSR, t:q.e last operation is always EIS. 
~le lcbel parameter Gg to psn points to the next PSR or to APP, which 
ever is o.ppropric.te. 

TIhen an actual paremeter is 0. (formal) array, a (formal) switch, a 
~ormaVProcedure, or a~orrlle])string, the body, of the implicit 
subroutine is the appropriate single parc.meter operation from the 
above list. Formal'array ~aro.Deters use the operctions PRA, PIA 
or PBI .... 

When an actual par~eter is a constant, the body df the implicit 
subroutine is one of the operations TIC, TRC, TBC. 

When e..n actual parameter is 0. string, the body of the implicit 
subroutine consists of the operation PST, followed by the string in 
Algol basic syebols (including the opening and clOSing string quotes), 
follo'J'ed by the nnxker operc.i;ion PEST. 

When rul actual pe~ameter is o.n expression or 0. desi~~~tional 
expression, the body of the iilplicit subroutine is the sequence of 
Intermediate Code operations (not parameter operations) necessar,r. to 
evaluate the appropriate result. This includes,label identifiers. 

Wh~n an actual parafleter could be a valid left hc.nd side of On 
assi~lnent state~ent then the body of the iaplicit subroutine is 

, the sequence of Intermedic.t6 Code -operations (not parc.i1eter 
operations) necessary to evaluate the appropric.te address~ 
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4E. Ex['.i;1:glo of a Procedure CaJJ. 

, 

kW 1028 

The follmd.ng rather wllikely procedure statcDcnt uill be tro.nsllltod 
in'co InteI'i:1Cdiate Code e.s c.n illustration of the generation of actual 
pn:L'ar:1etcrs. 

P~A,A, 'TRUE', X + Y, C, 'IF' I = ~ 'TfmN' R1 'ELSE' R2,' 

S, Q, '('PHTG')', F, B'<'1, 4'>', ,T'<"2'>'); 

'The follo\7ing types ['.::'0 e.sour.lcd for the. vr.'..riables occuring in this 
proccdure statoacnt:-

A real 
X real 
Y real formal 
C real 
C real arr~ 
I integer 
ll1 label 
R2 label 
S S\7i tch 
Q integer procedUl'e 
F procedure for~nl 
B integqr array 
T switch 

_~l pa:L'llileters will be v~itton symbolically, e.g. no nuobers will 
be supplied· for hierL".rchy nunbers, bJ,ock levels or stack addressos. 
Labol n~'lbc:L's vdll be assuUled ·co start from zero. 

The Intermediate ~0de trmlsl~tion is:-

CF(k,p),,..... 
. PSll( G95) . 
TRll.(k,A) 
EIS 

G~: PSR(G1) 
TIC(~.) 
EIS 

G1: PSR(G2) 
TBCT 
EIS 

G2: PSR( G3)· 
Tll.1=l < k, X ) 

TFR(k,Y) 
+ 
EIS 

G3: PSR(G4) 
PRA(lc,C),­
EIS' 

procedure co.ll operat~on 

A 

4 

'TRUE' 

X+Y 

C 
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G4': PSR( G5 ) 
BEX 
TIR(k,I) 
TIC,0 
=: 

IFJ(G6) . 
. TLt'R1),n R1 

UJ G7) 
G6: TL lc,R2),n R2 

GElID . "';, 
G7: EIS 
G5: PSR~G8) 

PS'J lc,S).- S 
EIS 

G8: PSR~G9) 
PIF le, Q),"'I"I' Q 
EIS 

G9: PSR(G195) 
PST (, ( 'PING' ) , ) ,( 'PING') I 
PEST 
EIS 

G1~:PSR(G11) 
PFPR (le, F)" "'fi F 
EIS 

G11:PSR(G12) 
TIL.l ... (le, B), 2 
TIC1 
TIC(Il) 
INDR(2) B'<'1,A')' 
EIS 

G12:PSR(G13) 
SAPP(k,T) 
TIC(2) 
IlIDR( 1) T'<'2')I' 
EIS 

G13:APP 

, 
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4F. !Iso of Fornal:Parnneters within a Procedure Body 

The opcr~ tiol?-S used \"Ji thin a procedure body to refer to a formal 
pcraLletcr fall into the folloidng classes, depending on the specific~tion 
of the formal pararneter;-

a) : By valuc 

On entry to a procedure, the poxancter locations sot up.for parameters 
called by value are initialised with the actual values of these 
par~netors at the point of call of tho procedure. By ,this aeons they 
are nade local to the proceduro body, and arc operated on by 
Intoracdiate'Code operations of the normnl (non-fomal) kind such'as 
TIR, TR..\ (i.e. Internediate Code operations i1hose mnemonic does not 
contain F for 'fomal'). The stack pare~eters (k,s) to these , 
Inte~~edintc Code operations a~c the stack addresses of the paraoeter 
locations. This paragraph does not apply to labels by value (sce 
below, (0) ). 

b) By name. 

The folloTIinG IntcrDcdinto Code operations arc used, in ~hich (k,s) 
denotes the stack address of the appropriate fOL~~l parameter 
location:-

=~ ~~::~ 7 
TFBA(k,s) 5 
TFR!k'Sl TFI k,s 
TFB k,s 

Addresses of arithDetic or boolean formal 
variables (scalars) 

Values of arithucitic or boolean forcnl 
variables (scalars) 

c) S\\'i tchcs 

For a fo~al sUitch, the oper~tion TFS(k,~) is used instead of the 
operation SlJ?P(k,l). Soe~oction 5. 

d) Prococlures 

kW 1028 

'Tho operations used arc , 

CFF(k, s) IJr 
CTPF(k, s ),11'" 
CFFZ(k, S~t 11 
CTFFZ(k, S) ,,'T 
Sec Section(4C). 

Call formal fUnction 
Call type form~l function 
Call forual function zero 
Call 'iiypc formal function zero 

('. ' 
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e) L2..bels 

The operationD used are 

TFLN(k,s) 
. TFLV(k, s) 

, 
Take fora~l label by n~~e • 
Take fOrDC.l label by vtlluc. 

Sheet No. 23 

Thq partltletor locations on the notional stack forforIDtll 
arrtlY pnr~~eters by nc~c or by vtlluc contain exactly the 
sa~lc infor::mtion a.s is usod elseuhere for a.rrr:.ys. Use of such 
parawctcrs therefore does ~ot involve opeci~l operations. To 
be specific, the only opcra.tions involvod for any tlrry tlccessing 
trha. tcvor arc:-

TBlJ'l..!k,sfb 
TIM.. k, s , b . 
TIL'~ k, s ,b 

Tako booloan arr~ address . 
~akc integer arrc.y address 
Take rctll m:~.'J;Y address. 

e.nd the operations IHDA(b) and I1lDR(b) • 
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5. SWITCHES 

kW 1028 

Declarati~ 

The forn of the Intermediate Code generatod for a switch deolaration 
is illustrated in the follo\7l.rl[;' soheootio:-

UJ(G)l1) 

Ll: DSI(G1) 
Eve..luate 
EIS 

G1& ,DBI ( G2) 

1st switoh 

P-.cesent to prevent execution of the 
sui tch before it' is called.' 
Decre:i:lent sm. toh index (see boloy;) 

eleoent ' 
End implioit subroutine (terminator 

for eaoh ele~ent) 

Evaluate 2nd STa toh element 
EIS 
• 
• 
• 
• 
• 
• 

G(:1-1): DSI(Gn) 
Ev~lua.te nth s~litch eleDent 
EIS 

Gn: ESL 
G)l1: • 

• 
• 
• 
• 
• 

End switch list' (see below) 
',' ~~.:{;C: :'.' ~. . I 

A 'sr-itoh is of'.lled by a suitch clesignn.tor.r.rith' c. subscript expression 
Ylhich is evaluated at· tho point of c2.11. On transfer of control to 
the declcred s\T.ltch at the label Ll, the funotion of tho opera.tion 
DSI is,to subtract one fro~ tho value of the subsoript expression and 
to j~~p to the next DSI if tho result is non-zero. If this prooess 
oontinues unUl the oporc.tion ESL is encountered, ~ failure oondi tion 
exists, because the speoified subscript is out of the ra.nge dofined 
by the sui tch list. He..ving fOtJ.J.1.d a DSI rihich reduoes the subscri:pt 
to zero (the mth DSI if the origin2.1 value of the subsoript .;as m), 
the appropriate scitch eleGont is evaluated, and the assooiated EIS 
CEj.uses a return to the point of call of the s't'l'itoh. 

Note that a. sra tch deolaration is not oodo into a. block. I'Tote also 
tl~t the first DSI in a switch declaration is assigned an L'label, 
' .... hich is used both in the swi teh design:::. tor Decha'-1isLl and for 
diagnostio purposes. 
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pesignators 

The fOl"P:l of the Intcr.!Jodiate Codo gonorlJ.ted for a sm. tch 
dosignlJ.-(;or is illustro.,tod in the follm;ing schonatic:-

Sll.PP(k,l) Sr;i tch approo.,ching 

EvC11uate subscript exp:cossion 

INDA(1 ) Indox addross 

The operation I1IDA is also used uh~n'ovaluating subscripted 
variables, but the context is always sufficient to determine which 
UGe is intended. 
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5B. 8\1i tch Dcsi,<mo..1.o.!.s and..,krg..v El0l!l~'§" 3S Actuhl Pnr~qeters 

If ~"1 actual pa.rm1etor in EL procedu:;:e call is uri tten as o.g, 

8'<'2'>' 
it iJf..ty not be kno\,ffi whether S i:3 a s\/i tch or a.n oxr::xy until later 
in the·~ra.nslation. It is therefore necessary to a.1Um spc.ce for 
oi iher evontu...'1.1i ty in the rnteroedio:te Code. 

The 0.1 tcrnn ti ve final rcsu1 ts arc:-

8yri tch desip;nntor .. 

8APP(k,1) 
Dmi:;MY 

INDA( 1) 

TFS(k,s) 
DUMMY 

correoponds to 

corresponds to 

corresponds to 

Arrrw element· 

TRA1 .. ( lrus ), 1 

INl1\( 1) 

TRl'..A(k, s), 1 

DUI/lIT is a one byte Internediatc Code operation \Those only function 
is to fill space •. 

For the detailed inp1ementation of this technique, refer to the 
docunontation of Phase 1~. 

j 
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6. CONDITIOHAL STATEr'TIITNTS lUID EXP.z:~SIONS 

The fO:i:'!:1 of tho Intcrf.'lcdio..-co Code gonere,ted for 0.. conditional statenont 
or expression rrill be illustrated schonatically for the ca.se 'IF" B 
'THEN' C 'ELSE' Dt where C and D a.re ~ither both expressions or both 
statomonts:-

BEX Boolean expression marker 
Tr3.nslation of B . " 

IFJ(G~) If false jump (i.e. if B tnlse) 

Translation of C 
UJ(G1) Unconditional jump 

G~: Trrmslo;tion of D 
CEND· 

G1: • 
Conditional en~ ~er 

• 
• .. 
• 

This iDplenentation permits D itsolf to be a conditional statenent 
or expression. In the case of R conditional stateoent 'IF' B 'THEN' C, . 
Ilhere C is [1. statenont, the tr3J1s1[1.tion into Intermediate code is:-

BEX 
Transl[1.tion of B 

. IFJ(G~) 
Tral1s10..tion of C 
CEND 

G~: • 
• 
• .. 
• 
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7. AER1\'yS 

Decln,rations 

T~1e form of the Intermediate Code Generated for an array c1eclaration 

f· ('REAL')] 
, IN2."'EG],m' , ARRAY' 
'BOOlliAN' 

rv~ere A,B, ••• ,K represent the array identifiers, and L1 all;d L2, M1 and 
M2, •••• Z1 and Z2 represent expressions defining the lower and upper 
bounds respectively of the first, second, ••• , last dimensions, is 
illustrated in the follovdng schemntic:-

Translation of L1 
JT/\.CK 
Translation of L2 
S1'ACK' 
Translation of 1111 
STJ~CK 

• 

Translation of Z1 
STACK 
Translation of Z2 

STACK is' an array· bound 
separator. 

WlB.ke Storage Function See below for the forms of the 
• operation. 
• 
• 
• 

The possibl" fOI'T18 of the: I.L-:.lw Storage FunctioJ:). operation are:-

Make boolean storage function 
Make integer storc.ge function 
Make real storage functi<?n 

where (k,s) is the sto.ck o.ddress of the last of the stacked array items 
for A,B, ••• ,K, from which the re'st mo.y be found. -T~e stacked array 
items, each containing all the defining informo.tion for each individual 

. array, are normally referred to as the array words, although in fact 
they eo.ch occupy four words on Systoo 4 (16 bytes). All thesenrrny 
words generated from'one array segment sru~re the same'storage function. 

a·is the number of o.rrays in the array segment (i.e. the number of the 
arrnys A,B, ••• ,K). This is also the number of array words generated by 
rhe rocke storo.ge function operation. 
I 
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Subs~riptcd Vnri~ 

The fom of the Internediate Codo generated for a subscripted variable 
A'<'I,J, ••• ,Z')', rmere I,J, ••• ,Z arc arithmetic expressions each of 
uhich nay be a further subscriptod variabie, is illustrated by the 
follouing schenatic:-

Take array address 
Evaluc..te I . 
EValuate J 

• 
• 
• 

Eva.luate Z 
INDR(b~ or INDA(b) 

See belo~ for possible fores of this 
operc.tion .', 

Index result or Index address, 
according to context. 

-
~e possiblo forms. of the Take array address operation are:-

TB.AA!k, sl' b TI.AA k, s ,b 
TRA[I. k, s ,b 

Take boole2.n arrc;y address 
T~ke integer arr~ address 
Tc..ke re:!.l array address 

.;here (le, s) is the stack address of the cprresponcling arrc..y i1ord, . 
c..nd b is -the nucrber of dimensions of the arro.y. 

The operation IliIDR(b) delivers the val-q.e of "the subscripted varinble, 
I~IDA(b) delivers its address (on the notional stack). 
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811.. General 

• 
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A for statenent is treated [1.S 3. block \;hich opens with the 
Intm .. "T.ledi3.te Code operation. 

FBE(n) For block entry, 

Ilhich porforns exactly the sa'·.'o functions ns the oper3.tion 
BE(n), [1.nd terI1inates 17ith the Intermediate Code operll.tion 

BEND(n) Block end 

as used for noruc1.l blocks (sec Section 3). 

Because a for stgtOt1ent requiros three paro,Iaeters to control the 
running of the various for list elenents, these threo quantities 
are 'declared' at this pOint, that is, space is reserved for 
thou, [l.S if they had been decJ.f1rod explicitly, in the first order 
rlOrking s torc.ge (see Sections 2, 3). The three parCU:leters are:-

Stack address (words) 

(k,s) 

(k,s+1) 

(k,s+2) 

J?aranoter 

St1.(boolean) 

FI(integer) 

S3(real) 

Func tj..Qll 

lbrker controlling the 
action of the Intermediate 
Code operation 1I.ST (sec 
.section 8E) 
The for index(see beloll 
and Section 8E). 
Holqs the initial value of 
the controlled variable 
each tine round a for list 
elewent. Phase.10 treats 
S3 as real, but Phase 20 
later dete~1ines its type 
to be the sruQe as that of 
the controlled variable. 

1~e st3.ck address (k,s) is double-Ilord aligned. 

1"4'1 extra block is created if the cantroDedsto.tcC:lent is itself a 
block or a labelled block •. 

The quantity TI (Test Index) is also used but does not reside on 
the stack. At the beginning of each for list eleT.lent it is a copy 
of FI. TI is the i te!:l actually de CretH:mto Cl. (in a register) by the 
oporc..tion DFI •. 
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Several Intermediate Codo operations have been introduced 
specifically for use in the translation of for statements. 
These operations are·:-

DFI(Gg) 
~i.ST(Gg) 
STH 

STFA 

FIHT(k,SA) 
CSM 
STUlJ(Gg) 
FI-1 
STEP 

DeCrotlol1t for index 
Avoid stop 
Spoci:.l purpose ST operation \7ith 
run tino effect of ST 
St'oro fl~of.l addross - specic.l purpose 
ST oper~\tion .. \ 
For ini tic.lis.e 
Controlled atatoment Darker 
Step-until nacro opor.~tion 
Decrement FI by 1, used in uhile elenents. 
Mnrl~or used in step until elenents 

The use of these oporc..tiol1s r!ill be-cIonI' fron the oxanples rlhich 
folIo":! • 
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8B. For Statement Structure in the I~rmediate Code 

~le form of tne Intermediate Code generated for a for stntement 
of the form 

'FOR IV:= firs·;:; element, second element" •• , last,clement IDOl 
Controlled statement, 
is illustrated in the follovdng schematic:-

l"BE(n) 
F11Tl'(k, S24) 

G~~Stack:= addxess of V 
S3:= value of V 
FI:= FI+1 

DFI(G1) • 
Trru1slation of first element 

UJ(Gc) 

G1:DF;I:(Q2) 
T'rll.nslf:l.tion of seco:1d. e13ment 
u.r(Gc) 

G2: • 

• 
• 
• 

G(m-1): DFI(Gm) 

For block ent+"'J 
Initialise by setting S~ 
to 'TRUE', FI and 83 to zero. 

The copy. TI of the new FI is 
now avail~ble (in a register). 

Decrement TI by one, and jump to 
G1 if non-zero. 

Jump to controlled s~atement 
(labelled Gc) 

Translation of last (mth) element 
CS1!: 

Gc:Controlled statement 
UJ(G~) 

Gm:BEIID(n) 
return for next element 
End of the for statement 

The formats of the various kinds of for list element will now be 
dosoribed. 
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8C. Ari th::letic Ele:L.lent 

An c..rithnetic for list clonent is nn nrithuctic exprcosion, A, say, 
The Inter!:lea.iate· Code forn of A 0,8 3...11. ari thnctic for list eleuent is 
illustrp.:Ged in the follo,ling sche~]o..tic:-

Du::.jfi 
DUN1\1Y 
DUIiLY 
Translc..tion of A 
STN Stores vc..lue of A into the 

location V uhosc address has 
been p~o-sto..ckcd·(soe 8B). 

This coding fits irito the scheno..tic in (8B) uhore the nords "Trarislo..tion 
of (nth) olenent" appear. 

The three DU!.~\.1Y opcr.:1tions c..rc genorated in cnSG this element turns 
out to be a step- until clencnt (30e (8E». 

The specio..l OpoI'<:1.tion S'l."N i; generated instond of ST as an aid to the 
subsequent processing of the Intori:1cdiate Code by Phase 20. It is 
effe.ctively a diI'octivo to Phase 20 to -romonber the address of V for 
use in trcnslating subsequent ole',lEmts into machine code. The aachine 
code trc..~slation of STN is identical. to that of-the normal operation ST. 
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• 
8D. ,~e~lement 

The fo~m of t:1e Inter;nediate Oode for El while element of the form 
, 0 1'l;r.a:ILE t E, vyhere 0 is an arithmetic expression and B is a boolean 

expression, is illustrated in the following schematic:-

DID.'}JY 
DU'i,::hlY 
DKEY 
'l'ranslation of 0 
8TH 

:sEX 
Il'ranslation of B 
IF~(G,0) 

FI-1 

Stores value 'of C into V, 
whose address has been pre-stacked. 

Return for next element if current 
element exhausted. 
Perfor~s the function FI:=FI-1 

This coding fits into the schematic in (8B) where the words 
"..Txanslation of (nth) element" appear. 

Tl1e t:1ree DlE'ii>IYs and the STl'T opo~ation a~e present for the 
reasons lis -tied in (80). 

It ma.y be of i~1"Gerest to note that in this occurrence of IFJ(G~), 
,GO is a baclmard reference. fli th this tmique exception, the label 
parameter to IFJ is always a fO~\lard reference. 
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BE. Step Until Elonqni 

• 

kW 1028 

The follouing schoIlntic .illustr~too the forn of the Intermediate 
Codo gcncrc.tcd for n stop lli1til olenont of tho fOrr.l 
D'S1~P'EIU1TTIL'F, 

.rrheI'o D, E, o..nd F c.ro ari tl1.:1Ctic exprossions:-

AST(Gg) Avoid step 
Translo..tion of D 
STEP Hlarker to terminate D 

Gg: Translation of E ' 'l 

Translation of F 
STTnT(G¥') Stop until r.1O.cro 

This coding fits into the SChUlO1C.tic in (8B) "Thoro tho ,:ords 
"Tm.nsl2.tion of (nth) ele,:lent" nppoar. 

AST {Gg) t~kes the pla.co of t:le throe DUl.iMYs goneI'o.ted for 
o.rithr.J.otic 2.nd for \.-hile oleY.:lonts. The function of this opera.tion 
is to jUIlP to Gg if S~. is, fnloo. 

The fun,ction of STU1~ (G¥') is to pOrfOrI.l t:':J.e step using S3 and E 
to oV2.1u['.te tho nor; valuo of V, to sot SA corroctly, and to exit 
to G¥, 17hon the oleTIcnt is ox.'l1t',usted, otherwise to perform 
FI~=FI-1 nnd to pass on to tho controllod stntoi:lont. At run tine, 
STU1T boco::!cG a. call of '[1. Sla.vo Rou tiae (soo Section (Aa(b) ) ). 
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8F. Exn~r.1~le of ~ For St~temqg! 

The Internediat.:; Code trcmsl~tioll of the folloriing# for statement 1rl11 
be presented:-

'FOR' A:= 1 ISTEP'21u}TTIL'1~, 15, A+2 'VirrIILEIA1LT'1~ 

'DO' I:';'A; 

A is nssruiled to be I RE.AL I, I to be 1 IHTEGER I • Loc~ tions for 84 
(booloc..n), FI (integer) and S3(real) arc c.180, c~ot1.ted •• The 
tranGlation is:-

FBE(n) 
FNIT(k, S~,) 

G~: TRl~~k,A) 
r"n.', 1" S3) ..L.J.\...J,. \0, 

AddrosG of. A o~! the not:i,onr,l stnck 

G2: 

G1 : 
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TIA(k,FI) 
TIR(k,FI) 
TIC1 
+ 

S·:rN 

DFI(G1) 
AST(G2) 
'l'IC1 
STEP 
TIC(2) 
TIC( 1~) 
S'l"'wT(G~) 
UJ(G3) 
DFI(C-4) 
Dtn,{i.IT 
Dm:ilY 
DU}IT.IT 
TIC(15) 
STH 

PerforI:ls S3:=v::l.lue of A, deleting the c.ddress 
of S3 fron the notional stc.ck. Tho value of ~ 
is obt~i110d froQ the loco.tion pointed nt by the 
address of A 1101(1 in the notional stack. 

Performs FI:=FI+1 

Start of first olonent, 1 ISTEPI2IUNTIL'1~ 

Trnnsfor control to controlled statencnt 
StarJG of second olel!le:1t, 15. 

Performs .. '..:=15' 
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UJ(G3) 
G/:.: DFI(G5) 

DUiITIIT 
DUi.:J.fl 
D1Jr:il'.:Y 
TlJ~(J:, A) 
'1'IC(2) 
+ 

S'l'!I 
·BEX 
TR..tt(k,A) 
TIC (1~) 
< . 
IFJ(G~) ,. 

FI-1 
CSli 

G3: TL"...(k, I) 
TRR(l::,.L' .. ) 
ST 
UJ(G~) 

G5: BEITD(n) 
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Tro..nsfer control to controlled stntoI.1ont 
Sto.rt of third eleGent, .L' .. +2n'7EILEIAILT'1~ 

Performs A:=A+2 
:!~~oolcc.j.1 e:~pres8ion I.1Z;.rker 

.\ 

RetUTIl foy next oloncnt if this oleucnt is 
oxha.us ted. 

Pcrforns FI:=FX-1 
Controlled stn.tcnont Da.rker 

c', 

Per:e03::-1S (~ont~:'oll()d st['.tonent l:=.~ .• 
::(otur-.a fo:c l':'.O::t olor,lent. ~ 

Fnd of fo,:' s-Ga.towent 

.. 
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Om1 v~.rio..blcs in t:1C Intcracdic:i:;c Codc arc idel1 tificd ns hierarchy k=-1. 
Tho..t is, for cm o,m vnriable le is 4 bits of all onos. Boco.usc of this 
co,nvcntion, thoro arc no IntcI'"f]edi::"cc Codo oper2.tiol1s referring 
(~:,::plici t:t~y to olm variablos. 

Or,n vc.rio.bles o.t :run tino do not resido on'tho notiono.l stnck, but in a 
Sl)ccio..l o..roo.. \;-hich also holds the constants' required by the gcnorc.ted 
progrc.::l. Spc..ce for a.l1 Oim vc.rio..blos usod in Co progro..u is rosorved 
iUf'.lodia.toly on entry to 0.. ruimiltg :9:rogrn.n. ,'~ 
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10. NOifE on DIDEPENDENT COMPIL.ATION OF ALGOL PHOCEDURES 
- --.-... _ .. ____ .__' .. 'It 

f .. lgol pI'ocedures nay be presented ';;0 the SYsteo. 4 ~ngol Conpiler for 
independent conpilo.tion, prqvi"ded they o.rc preson'cod to the conpiler in 
t~le fm .. "I1 

'BEGIN' 
(procedure declo.r~tion>; 
'END' 

(The hrnckets(> arc not li tOI'f',lo but aI'e used in the Bo.ckus nomo..l fon, 
sense. Sce ( procedure' declo.ro..tion ) in po.ro..gro..ph 5 •. ~ .• 1 of the Revised 
Report op l:J.gol 60.) The result of such n. compilation is a. oo.chine codo 
nodule Yihic:1. :lIJ.Y be ca.lled froIl mw otheI' .LUgol r.lodulo or bG.se progra.n. 
~~e Internedio.te Codc foro of an independently conpilod prooedure, as 
uould'be ~~pected froil.the fon, of the Algol above and fron Seotion 
(~.A), is: - . 

:;:;(1) 
UJ(G)6) 

PO: PE(1,L),n,N 
PG.r~lcter list opero..tiol1B 
Procedure body 
RET""lfRlT 

Gf/5 : BEl'1D ( 1 ) 

I:n ~. :lodl.llc or ba.se progr.:'..",~l 17hich calls 00 independently cODpilod 
proceduI'c, the source Algol ·J:.1USt cOD:eo..in 0.. specification of the oa.lled 
procedure. The synta.x of this specification, in the notc.tion of \ 
para..gI'.?,ph 5.,1 .• 1 of the Revised Report on l .. lgol 60, is 

(specific::-..tion of independently conpiled procedure)::= 
'PROCED"J-:RE f (procedure he:'..ding> 'EIITF'....R I (no(lule entry' nano> , 

(type) 'PROCBDtr::]E1 (procedure hending) 'ElTTERI (nodule entry nnme) 

SeO[l,11 ti cally, 

'EH;l'ER I (nodule en"try nrulo) 
) 

sta:1ds in plc.co of 

(procedure body) 

in the definition of 11 procedure dcclo..r:;.tion. TIle nodule entry nl1::1e 
is the ent:cy no..~.1e nssigno.Jd to the independently cOllpiled procedure uhen 
it ,;c.s cOI1piled. This specifico.:bion nust be identicc.l ,Ii th the 
.spocificntion p['.rt of the independently con.pilod procedure. It is the 
user I S responsibility to ensure th['~'i; this is so, since the compiler :. 
w..'1.kes no check (except tha.t the c.nount of :3po.ce reserved for pa.raneters 
is c!lecked at run tin~.' 
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.~.~----------------------------------------------------------------------------~ 

In conformity \T.Lth Section (/ril.L thu Intcrmedia.te Code forrl of the 
specific~tion of an independently compiled procedure is 

Pp: 

Gg: 

UJ(Gg) 
ru(k,L) ,m,N' 
Par~eter list op0r~tions 
:Glif1T.GR (I!lodule entry n.::.me) 
RETUml' 

• 
. " 

EN'T'£R is here cm Intermediate Code operation whose' po.r2.I!leter is the 
ent!"J I1.."..li10 of the. called module, up to eight cha.racters in length. T'.ais 
method of implement:-:.tion incidentally mea.ns tmt- the procedure identifier 
usoc1 in the calling module need not be -the same as the procedure 
idontifi~r of the'called module. 

l::mmple:-

Calling module 

I BEG In' I Il~TEG'.cR' x; 
'I'.EAL' 'PROCEDURE' FORGE (:~, B, C) ; 

, 'INTEGER' A,B,C; 
'ENTER' l'vlODULE1; 

x:':: FORGE(4,3; 2) 
'END' 

C,,,lled module 

'llliG IN' , IlEAL I , P110aGDtr.ff!.!::' 1.NVIL (U , V, W); 
I I:N'TE(fBR' U, V, W; 
ANVIL:= WiUrV; 

'END' 

Compiled with en-try I1f1L1e MODULE1. 

The ca.ll of the procedure FORGE in the calling module is in fact a call 
of the independently compiled procedure ANVIL, whooeentry name is MODULE1. 
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11. LIBR::..R:[ PROCEDURES 

JQl st~ndnrd input-output procedures, ~.2 in nunber, nay be used \ilthout 
the specifico.tions described in S:Jction(1p), as T..1r'.y all 9 standard functions 

.ABS, SIGH, SQRT, SIN, COS, ,tJ1CTol.N, LN, EXP end El:1TIER. . 
The full list of the .12 standn.rd in:pl1t-output procedures appears in the 
Algol Reference M..'1.nui11. If tr..clse }1rocedureS ere used \"J"i'lihout 
specification, then the conpilor y;:nl eutoDatico.lly supply specifications 
of the sto.ndo.rd libl:'C'..ry ve:rsiohs. If hO\1ever tllC user does not desire 
tb use the sta~dard libro.ry version of onc of these ~rocedurcs, then he 
Dust supply t~e Algol spccificntion giving thc cntry n..1J.1e 9f the nodule 
he ~Qshcs to use instend, ~s in SCction 10. . . • , 

The lilterI:lediate (J)de specifications of the sto.ndm.'cl proceduressuppliod: 
by the conpilor appear as the fil~'1.1 iteos in the gcnerntcd Interocdinte 
Codc, and tllCy hn.vc· the forn.'1t: - . 

PE ( 1 , L) , D, N 
Ei~TER (nodulc entry llt."..l1e) 
RETUPJ~ • 

In the special cnseof thc four proced.ures FOPJ!L:i.T, lJ3S, SIGN, and EliTIER, 
the Internedic..te Code specificntions gen~rated by the conpiler use tho 
pa:rc..Tletcrlcss Intcrncdinto Cocle opera.tions romJfAT, ABS, SIGN, and ENTIER 
in pIece of ENTER (nodule cntry na.no). .This is bcceuse' the four nc.ned 
proccdures a.re inpleLlcntcd In. t110ut recoursc to independently con:;:>iled 
:lodules. The uscr, of course, ::1.'"W still pre-onpt this systen by supplying 
a specification of a nodule he prefors to the standard versiohs that would 
othorcrise be built into his object yrogrru~. ~ 
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12. THE INTERtiEDIATE CODE OPERt~'l:~2LlACE 

If t~le option ROUTE is specifiod on the / / Cm.TI?ILE c3rd for cm Algol 
nodule (soo PS !1 .• 13.5 (5J/7400) o.,l1d Algol Referonco Monual Part 2), . 
then theI.n:liornedio..te <::bo.o 0lJero.,tion . 

TR.:.CE (8 ch:l.:r~c tor iden tifior in 6 bytos in po..cked l\.J3S fom) 
·is. c..;cn~n:[\ted in. tile follmiilJ.,:; posj.-t;ion,s:-

a) 1o..bols 

At evor.! use of 0.. labol on the loft-hand side (a "clecl<1ro.. tion".) 
tho operation TRACE .is genoro.:i:;oct with tl1e identifier of the label 
itsolf 8.S pa.ranetor. 

e.g. 11 : ~IH2: 'END' 

'would be trc..nslo..ted into 

11: 
IJ(l+l}:' 

TRil.CE ('"' ~ &J I.J.... IJ 11 ) 
., TRJ~CE ( U IJ IJ L.I FIN2 ) 

BEIID (n) 

in ~1hich e.g. tho par.:' . .!:1etor IJ1 c.ppeo..rs in packed 11lgo1 basic syobol­
forn o..s ~~~>6~~~~>6 5C h 

b) Procoduros 

kW 1028 

At ever.lprococture dec 1 0..1."0.. tion the operation TRll.CE is genera too. ,7i th 
the identifier of' the procedUJ:e i tsolf o..s .parar.lotcr. 

'PROCEDURE' STRUlI(X);. • • • 

i70uld be tro..llslo..ted into 

Pp : PE (k,1),n,N 
TRll.C]) ( IJ..,..... s'r-~~m!i) 

• 
• 
• 

This operation TRJ~CE perni ts :->,11 explicit run-til:l0 listing of lr..bels 
pa.ssod and p:rocedures ontered to be nado. 
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13. THE INTElliiiEDIATE CODE OPERf~TIONS FAIL .!'JIDL~ 

When Pho.se 1 ~ detects:J.r. error concli tion c.t the point of error in c.n 
Algol source progr~Q, e.g. c. nis-spelt bc.sic s~iliol, then the Interoodic.te 
Code operc.tion. 

Fl:..IL(r) 
is genorc.ted, i1here r is the seriC1.1 nunbor of tho cur-.cont 
the rth fc.ilure detected so fc..r). Phc.so 1~ tl10n recovers 

. "in th t21C translation c.,nd genero..tion of Intoruedin.to Code. 
of fc.il opero..tion is cc.lled o..n inDerlio..to fc..ilure •. 

fo..ilure (i.e. 
c.nd proceeds 
This typo 

~1cn Pho..se 1~ detects afo..ilure condition later then the o..ctuc.l point 
of error (e.g. an identifior not declo..red), thon the Internodio..te C1de 
operation 

LFli.IL (r, skeleton operation) 

is generc.tod.LF1~IL sk .. nds for lo..to fn.ilure. r h8.s the sene nenning as 
o..oovo. I Skeleton opcrc.tion l is c. one-byte i tel:!" ,;hose purpose is to give 
tho succossor pass, Ph['..so 2~, infor ~c.tion o..bout the type of operation tl'k ...... t 
lID,S present be foro Ph8.se 10 found it 2"~.ece8Sc.ry to bo..ck-trc..ck nnd plo.nt 
LF1I.IL. The [lothod of doing this, c.nd t:10 '.7hole problen of skeleton . 
cl1o,ining, is de::,l"!:; r;ith in the docu,lento..tion of Phc.se 1~. The five 
possible skeleton oporc.tions c.re: 

kW 1028 

Ra 
Aa 
SO 
Fa 
PO 

Result oporo.tion 
Address operc.tion 
Sto..teDont operation 
Function operation 
Po.rc.noter operation 

T;RR) 
Till".) 
P; - c.. pnrc..netorless procedure call) 
CF) 
PRl\.) 
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1t1.. DICTIONl' .. RY OF INTERMEDI1lTE CODE OPERt..TIOHS 

Opcro..tion I 
Ul1cIlonic 

ASS 

AST 

BE 

BEND 

BEX 

CBFA 

CE1ID 

CF 

CFF 

CFFZ 

CFZ 

CIFA 

CP 

CRFA 

CS1K 

CTF 

CTFF 

CTFFZ 

CTFZ 

DFI 

DSI 

DUI,iIirY 

EIS 

ElTTEi1 

EJ:TTIER 

ESL 

FAIL 

kW 1028 

St~1do..rd fUnction ABS 

Actual ParaI1etors terninal l1"1rlecr 

Avoid Step 

Block Entry 

Block End 

Boolean Expression nnrker 

Copy Boolean Fo~~al Array 

Conditional End Markor 

Cnll Function-

Oall Fornnl Function 

Call FO~Lml Function Zero 

Call Function Zoro 

Copy In teger Fo~ci:1['.1 Arrny' 

Copy Renl FOl."T.lal Jl:rray 

Controlled Statci.1ent 1ie.rker 

Call Type Flli1ction 

Co..Il Type Function FOInal 

Call Type nmction Fornal Z()ro 

Cnll ~Jpe Function Zero 

DecrODent For Index 

Decroscnt Suitch Index 

DurJT"~r operation 

End IDplici t . Subroutine DC.rker 

HoxadeciD.n.l Pnro..Gotors 
Operation 
Vo..luc 

C1 

19 

~F 

~~. 
,f65' 
FC 

ID 

6B 
FD 

8~ 

9~ 
98 
88 

1C 

69 
FE 

81 

91 

99 
89 
~E 

08 

FF 

1A 

None 

None 

g 

n 

n 

None 

None 

None 

None 

(k~ p),1r 
(le, s), 11 
(le, s), 11' 
(k,p),lI 

None 

None 

None 

None 

(le, p),.,.,.. 

(k, s ) " '1l"'. 
(k,s),lI 

(k,p),1r 

g 

g 

Hone 

None 

&1tcr independently conpilod procedtlre ~7 Entry Name 

Stand~rd function Entier 

End Sr:i tch List uarker 

CODpilntion Failure 

None 

Hone 

r 
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~peration 
•. ..nemonic 

FBE For Block entry 

FI-1 For Index minus one 

FINISH Finish marker for end of In.termediate 
Oo:de. 

I 

FrTIT Folr statement Initialise 

FORT.'iAT Input-Output Procedure FOBHAT 

IFJ 'If False Jump 

INDA Index Address 

INDR 

LFAIL 

fliBSF 

~-SF 

I;IR.SF ' 

lTEG 

Index Result 

Late compilation failure 

Make Boolean Storage Function 

Make Integer Storage Function 

I:Iake Real Storage Function 

Negate (unary minus) 

PEA Parameter Boolean Array 

, PBF Parameter Boolean Function 

PE Procedure Entry 

PEST Parameter End String marker 

PFFB Parameter FOnfu~1 Function Boolean 

PPFI Parameter FOI'IrLJ.I Function Integer 

, PFFR Paral.'leter Formal Function Real 

PFST Parameter :F'orrnnl String 

PFSW Parameter Formal Switch 

~R Parameter Fornnl Procedure 

PIA Parameter Integer Array 

PIF Parameter Integer. Function 

FPR Parameter Procedure 

PRA Parameter Real Array 

PRP Parameter Real Function 

PSR Parameter Subr utine 

PST Parameter String 

PSW Parameter Switch . 
RETUR11 Return from procedure call 

K/AD u 42 

Hexadec~nal Parameters 
Operation 
Value 
~6 n 

CS 

C5 
B2 

6C 

753 
1B 

63 

62 

61 

F1 

CF 

D3 

9i~ 

CC 

DB 
, DA 

D9 

DE 

DF 

D8 

CE 

D2 

D~ 

CD 

D1 

D1 

D6 

D7 
532, 

None 

None 

None 

g 

b 

b 

r,t 

(k,s) ,a 

(k,s),a 

(k,s),a 

'None 

(k,s) ,­

(k,p),~ 

(k,L) ,m,N 

(none) ,m,N 

(k,s),-rr' 
(k, s),-,y­

(k,s),-;,\­

(k,s);­

(k,s) ;­

(k,s), ~ 

(k,s),­

(k,p), ~~ 

(k,p),"t'\" 

(k,s) ,­

(k,p) ,'1"( 

g 

'string' 

(k,l) ,­

Uone 
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Op~ration Hexo..decinal Parn;,:1C tors 
l''ine;]onic Operation 

Vr>.luo 

SI • .PP S'.7i tcll A,pro[l.ching 18 (k,l) 
SIGH Standerd function SIGN C2 None 
ST Store F8 None 
STA Store Also 1!'9 None 
STEP S1~P Barker in step-until elonent ~B None 
STFA Store Fron Address~ (for statcnents). • FE None 
STN Special purpose Store used in for. 

------ statef.1onts FA None 
ST"LTN Stop Until 

, 
~fl g 

TBA T:;.~ce Boolean Acldress i~.3 (le,s) 
TRu~ T::::.leo Booleo..n Array Address 53 (k,s),b 
TBCF Ta~{G :30010o..n Constant False 3B None 
TBCT Taleo Boolec.n Constnnt True 37 None 
TBR T2l:o Boolee.n Result 23 (le,s) 
TFB Tc.leo Forr.1nl Boolcan 2B (le,s) 
TFBA Tc.lco Fornt:'..l Booloo..n Address ,~_B (le,s) 
TFI Talee Fornal Integer 2A (k~s) 
TFLl Talee ForD.<.'l.l Integor Address 4·A (le,s) 
TFLN Take FOrtln.l Labol (by Na,]o) !l9 (k,s) 

--------

TFLV T2.!(:o Foroal Lnbel (by Vc.luo) !l8 (le,s) 
TFR Take Fo r::.1!J.l Real 29 (le,s) 

-.-~ 

TJ!"R.l'l. Te.ko Fornc.l Real Address ·1·9 (le,s) 
TFS Talce For'lal Switch 78 (le" s) 

. TIll. Tnleo Integer Address 42 (le,s) 

TLill Take Integer Array l .. ddress 52 (le,s),b 
• TIC Take Integor Constant 32 cons tent 

TIC~ T:.11~o Integer Constant Zero 36 None 

TIC1 Tnke Integor Constant Ono 3L None 

TIR Te:.l~e Integer Result 22 (le,s) 

kW 1028 ENGLISH ELECTRIC LEO MARCONI •. ; 
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Operation Hexadecinnl Paro,Ileters 

Mnc;:lonic 
Qporation 
V2..1ue 

TL 'l'alw Le,bel A~ (k,l),n 

rPJ~ Take Real Address ~.1 (k,8) 

TRAA Talce Real Array llddress 5'1 (k,s),b 

TRi:..CE Tr2..ce 9t1 .. . identifier 

TRC T8Jw Renl Constant 31 constant 

TRR Take Raal Result 21 (le,s) 

UJ Unconditional Junp B:1 g' 

PLUS + E,0 !lone 

hIINUS • E1 None 

MULT x E2 None 

DVDE / E3 ·:None 

IDIV • E4 None .-
EXP t E5 None 

GT > E8 None 

GE 2. EC None 

= = El? None 

NE ! EE None 

LE ~ ED None 

LT < E9 None 

NOT 
..,.., F~ None 

A1'J) A F/l None 

OR V F5 None 

llJIPL ::l F6 None 

EQUIV =: F7 None 
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. HA. Po.rr.f.1etcr Notation 

1 

g 

p 

k 

(k,L) 

(kip) 

n 

·N 

. Constant 

'string' 

0. 

b 

r 

. S4 
t 

kW, 1028 

l'th User's lc.bel (p~l). NUl:1berod in order of declc.ration. 
(2 bytes) 

g'th genorc.ted label (~~). (2 byt(3) 

pIth procedure label (~~). N~~bered in order of declarc.tion •. 
(1 byte) 

hierarchy nu~ber (~~k). (A, bits) 

k and 1 packed into tuo bytes ,;:i t11 /t, bits for k and 12 bits for 1.. 

St~'..ck addross. k nnd s pecked into ti70 bytes rd th ." bits for 
k and 12 bits for s, uhore s is the nunber of ';;ords along 
the notiono..l steek fron the stert (s=~) of '~ho stack for 
the current hierarchy k. 

k c.nd L packed into tuo bytes yd th /I. bits for k and 12 bits 
for L, ~ ... here L is the nUllber of Hords of first order uorking 
storo.ge (including par.?neter space and link data) for the 
hierarchy k and its constituen~ blocks, 

k o..nd p pecked into ti/O bytes \7i th .4. bits for k anc!. 12 bits 
for p. 
nlth block level"in curront (or destinat~on) hierarchy 
(1s.n). (1 byte). 

1T'th entry in Level Per~~eters (b) (~1TJ (2 bytes) 
NU:lber of \7o~cls along notional st.:l.ck for SOde hiernrchy k 
frorl S=O to s= end of p.:u'c1.'!Jcter space. (1 byte). 

Tot,J.l block nesting depth y;i thin cu;rrent hierarchy. 
( 1~N) ,( 1 byte) 

1 uore for integer or boo lean constants, containing the 
explicit constmlt. 2 \Tords for rea.l consto.nts, contnini'ng' 
the explicit constant. 

Ba.sic sY::lbol respresentn tion (unPC.ClCDd - i. e. 1 byte per 
syubol) of the string, including the opening and closing 
string quote syrlbols. 

A ono byte space 

Nunber .of arrays in an arTO:Y sog-nont (1 byte) 

NU':::lbor of dinensions of [m array (1 byte) , 

r'th failure for this DodQle 
• 

SpeCial 10c[1.tion us eel , in for stc..te!lents. SOQ soction BA • 

Typo of operation nOIl roplnced by tho curront LFAIL operation, 
c.ccording to tho follo'\rl.ng code:-
RO X' 2~ t Rosul t operation l 
AO X'4~' Address operation . 
SO X'6~' Statewent operation . (1 byte) 
FO X18~1 Function oporation 
PO' x'c~r Po.ro.aeter operation 

ENGLISH ELECTRIC LEO MARCONI 
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Entryname 

Identifier 
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Report No. K/ AD u 42 Sheet No. .49 

Up to 8 EBCDIC characters, left-hand justified 
and padded out with spaces (X 1/10 I) as necessary. 

Up to 8 Algol Basic Symbols packed into 6 bytes, 
each Basic $y.mbo1 occupying 6 bits. The significant 
6 bit items are right-hand justified in the 6 byte 
field, padded out with zeros if necessary. 
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~ .. 
o 
N 

"' 

fTl 
Z 
G) 
r 
U> 
:r: 
fTl .. 
~ 
::0 o 
r­
rn 
o 
~ » 
:0 
() 
o z 

~l 0 
Dig. 1 
~. .-

0 l'UTISH 

1 

2 HO 

3 

~. .i.' .. O 

5 
6 SO 

7 nIDR ----f--- .. --_. 

8 Cl!' or 
FO 

9 CFl<' 

J..~ TL 

B 

C PO 

D PPR . 
E + 

F HOlr 

.... 

) 

I I 
, t . 

I 

1 2 3 4 5 6. 7 

P..ETUill~ PE BE DEED FBE El~'l'.t!a{ 

.. I 1 EIS I 
'rIlil. '.L'IR 'fER 

'I'l1C TIC I 'rrc~ TBCT 

I 
. 

Tlli~ TIL TEA 

TH..i.'Ul TIlui. "TBLl . 

I'1HS:E IJISP MBSF 

CTF I ~ I 
CTFF TlliiCm 

-
UJ' IFJ I 
~'U3S SIGH I FOi·'"rrf ..l.: __ L.,;. .... .1. 

.. 

IPTIF'. PIF PBF .\ psn PST I DS'7 L ,.~-

1- \7 .' .r X .- tt 
l-1Ee- lu\ID OR 

} niPL l EQJJIV 

.. 

8 9 ft 

DSI ESL ~TUN 
SL.PI /U?P 

TFl1 TFI 

b~IC1 
TFRli. tTFL';. 

CIDI'll.. CIFL 

TFS 1 
I CFZ . CTFZ 

CFF2 CTFFZ ·1 

TFLV TFLlJ 1 

ENTI~FlUT .. 

PFPF PFFR "-'~FFI' 

> < 1 
ST ISTA STl! -

) 

! 

B C D E F 
, 

i .. I 
1 

DFI A5T 1 STEP. .J 
LFAIl CP C·I STLm :7.: .. IL I .1. 

TFB I 
I 

l'BCF! I 

TPI.3.~~ I 
I 
I 

CBI'A Il\TI)i'.i. 

t I -

i 
I 

.' ·1 .t i .. - .. 
r I I 

I 1 : 

.. -
FIS1 i~iES'l I'RL ]?I~· .. PBL...,;, ___ 

PFFE . iJrST IPFS]' 

/-" 
- . 

I. = 

. ~ 
\2. ~ . 

~-

STFA BEX .\CBPJ COM DillvilvlY 

I 

-'-

W . 
! iJj 
!m 

I~ 
IQ 
IQ 
'~. !p 
'Ill 
.~ 

10 
'0 
~p, 

I~ 

:0 
('t) 
u o 
::l-
z 
? 
~ 

'-.... 
1; 
~ 
.;::.. 
I\.) 

en 
=> 
(l) 
(0 .... 
z 
? 
Ul 
o 
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ALGOL" :.lEPl1ESEN'rATIOH 
-E\..gc 9...l::t.iBq._f. ____ + __ ._.[c~____ _ AIQ~~..cr.YL ------.. ------1 
A-~ 
a-z 
~-9 

10 (subsc:Cigt ten) 
.. 
~etc 
t 
< 
[I 
, (open string) 

'1-(striilg space) 

+' , 
1'\ 

) 

j . 
/.CloS'e st:Cing·) 

= 
v 

. . 
(string ta.b) 
+ 
> -
{string ~ew line) 

1= 

: A-g 
· A-~ 
· ~-9 
; '1~' 
, · . 
'm~UJ'etc 
'*-lH 
'LT' 
'NOT' 
( 
,< ' , ( , 
'-' 
'/' 
'LE' 
'A1'ID' 
) 
; 

i ,>, 
i ,), 
/ 

~ IEQ' 
, 'ORI 
, 
"* 
'GE' 

. 'HIT'L' 
: := 
. . . 
I I 

i+ 
: 'GT' 
i'EQ.UIV' 
I 
! 
i-

, 'NE' 
(s "c:cing p-:..ge 

~~n~~) 
change 

I 

I 

I I 
I 

I 

kW 1028 

@ 

/\ or ** 
< 
-: 

U 

-
// 
<= 
& 

/) 

-
I o:cJ 

>= 

? 

> 
0/0 

~ or -,= 
$ . 
'ENTER' 

. 

-

. .,~ 

N.E - is the 'break' 
;r-'underline' chnrnctel 

I 

I , 
I 

• I 
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