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i.

INTRODUCTION

The design of the Intermediate Code generated by FPhase 14 of the S4/50
Algol Compiler is based on that of the Object Program produced by the
Whetstone KDF9 Algol Translator (as derined in 'Algol 60 Implementation!
by B. Randell and L.J. Russell, Academic Press, 1964). There are however
differences consequent upon (i3 the three-pass structure of the S4/50 Algol
Compiler, which is designed to generate machine code as the end product, and
(1i) the altered method of handling the run-time stack, now based on the ideas
of the ATLCOR-ILLINOIS 7090 Compiler.

This document has a scope restricted to a definition Qf-thdse 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 with detailed aspects of the various Phases
of the Compiler and of the generated object program.
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1, IAEELS

inemonic labels appearing in the Pocition Identifier Table have the
following significauce:-

G --~- internally gencrated labcls
“TL —--— user's ovm labels
Pp —-—- procedure labels

These labels arc entered in the P.I.T. when and cnly when they occur as
declarations (left-nand labels).

Throughout this document these labels, in both their left - and right'-
hand incarnations, have been written explicitly into thie 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 P.I.T.

Right-hend labels in the intermediate code are pointers to the
appropriate entry in the P.I.T., and occupy two bytes. Denoting this two-
byte pointer by p the label operations, with their parameters, are:-

'

™% (k,p),n . (Take label)
U7 (p) ' .
ete. (Unconditional Jump)

Parameters such as (k,p) - written in the examples explicitly as e.g,
(k,G5) = denote that k, p are packed into 2 bytes with 4 bits for k, 12 bits
for p. ' This implies a maximum limit of 4096 labels in any module.



1.2

1 A) Note on Use of Labels and Switches

The translation of a designational expression into intermediate code
will not 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, SIUDR, and TFS have the run-time effect
of stacklng the resulting label

FrSk
N ' Address

b) Elsewhere:

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

i1)  The operations TFIN, TFLV, SINDR, and TFS, at run-time, all
‘operate on the previocusly-stacked label, effecting an immediate trensfer of
control using an implied GTFA.

" The operations GTA, GTFA therefore do not appear in the intermediate
code.

This convention leads to some simplification of the intermediate code,
as illustrated in the following example.



‘ " 1.3

Example :-

'IP' A "THEN' 11 'ELSE' S 2]
(A boolean, I1 label, S switch)
a) Within actual paraueter b) Elsewhere

expression, or switch

BEX BEX
mBR (k,s) _ TBR (k,s)
187 (G1) - . IR (61) .
oL (k,I1),n ' _ : 1T (k,I1)yn
us (62) ' GL: SAPP

Gl: SAPP - ' TIC (2)

| TI¢ (2) SINDR (k,S)

SINDR (k,S)
G2:

Case (a) is the normal Whetstone form of the translation, case (b)
is the abbreviated form made possible by the convention described above.
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2.1

2.  BLOCKS

Within a hierarchy, block structurc is represented in the Intermedlate
Code (I/C) by:- .

BE (n) (BE = Block Entry)

BEND (n) (BEND = Block End)

= 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 WP
z;bxklng pointer) into word n of the Block Index List.

BEND The run-time action of BEND is to replace WP by the contents of word "
(n-1) of the Block Index List.




3ol

3. PROCEDURES

3A) Procedure Structure

uJ (Gg) )
* Pp: PE (k,r)d), m, ¥ §
) ——— pérameter list operations )
g Declaration
)
g ———— procedure body
) )
RETURN g
Gg: )
APP (x,m) g
% v ¢
é ——— actual operations % Call
)
Gg': CF '
where X = hierarchy number,
L = 1lst order working storage for whole hierarchy (including link
data and parameter space).
m = HNo., of words of parameter snace,
N = maximum block depth within this hierarchy
T = index number of the procedure ( th entry in list (a) of the

level parameters).Tr= 1l-16 for formal procedures.

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



_ 342
BB) Calls of TMunction Designators, :nd Procedure Statements

The call operations for the various kinds of procedure are:-

CF = Call function CrzZ (k) - Call function zero
CTF - Call type function CTPZ (k,m) - Call type function zero
CPF (k,s) - Call formal Function CFFZ (k,s),7T - Call formal fuaction zero

CTFP (k;s)

Call type formal function CTIFFZ (k,s), T Call type formal function

ZeT0.

The operations CF; CTF require no parameters, since they are always
preceded by an APP operation whose parameter (Tv) gives the necessary
information. In the case 'of calls of procedures which have no parameters
(CFZ, etc) this information (M) has to appear as a parameter to the call
operation itself., <7 is a pointer to the rth entry in level parameter table
(a), which contains among other thirgs a pointer to the entry for the
procedure in the Position Identifier Table.

A function call which invokes 'a procedure as a function designator uses
one of the operations .

CTPF, CTFZ(k,m), CTFF(k,s), CTFFZ(k,s),m.

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

CF, CFZ(x,m), CFP(k,s), CFFi(k,s),TT.
Use of a CF type operation (procedure statement) will imply a following

REJECT operation. The effect of tliis implied REJECT is to delete the unused
or superfluous result accumulator on exit from the called procedure



A

3C)

Paremeter List Operations

The only operations necessary arc:—

CRFA - Copy real formal array
CIFA - Copy integer formal urray
CBFA - Copy boolean formal array

CA - Check array

Cp - Check parameter

' 303'

Arrays by value

A1l arrays by name

All other quantities by
name or by value



3D)

Actual Operations

At a procedure call the generated actual operaticns are:-

PSR (Gg)
PRA (k,é),-
PIA (k,s),-
PBA (k,s),-
PSW (k,yp),-
PPRAT,~,~
PIFTTy)—y=
PRFAT, -, -
PBF 1Ty ==
PST (<stringd)
PIC (const)
PRC (const)
PBC (const)
PI (k,8),-
PR (k,s),~
PB (k,s),~-
PL (k,p),n

Parameter subroutine

Par.
Par,
Par,
Par,
Par.
Par,
Par,
Par.
Par,
Par,
Par.
Par.
Par.
Par.,
Par,

Par.

real array
integer: array
booléan array
switch
procedure
integer function
real funetion .
boolean function
string

integer constant
real constant
boolean constant
integer |
real

boolean

label

'=! indicates a 1 byte space.

PISW
PFER

. PFFI

PFFR
PFFB

PPST

PFIR
PIRR
PFBR
PFIN
PFLV

(ky8),=
(k,5)177
(ky8), T
(k;S)’7T.
(kys)qu
(kss):"

(k,s),—
(k,s),-
(ky8) 4=
(kys)"
(ky8),-

Par,.

Par,
Par,
Par.
Par,

Par.

Pare.

Par.

Par..

Par.

Par.

formal
formal
formal
formal
formalv
formal

formal
Tormal
formal
Tormal
formal

3e4

switch
procedure
fn.integer
fn.real
fn.poblean‘

string

integer

real

boolean
label (neme)
label (value)

The label parameter to PSR is the label of the next actual operation
‘The subroutine
heralded by PSR is always terminated by ex EIS (End Implicit Subroutine)

or of the CF -~ type operation, whichever is appropriate.

operation.

PSR is used for any actual parameter whose evaluation requires

more than one intermediate code operation (expressions, array elements,

designational expressions).
ordinary I/C operations.

The body of an 1
(TRA, TPAB, CYFZ etc

mglicit subroutine containg



Actual Operations

3.5

-~ General Structure of Procedure Call

G2:

APP (Xk,T7)

PSR (61)

EIS

PRF’!T,-,-—

PBF Ty =y«

PSR (G2)

EIS

PFIR (k,8),-

CF

NN NN

L T W

i \
'Actual parameters' marker

T = procedure no., (0-15 i formel
procedure)

APP absent if no parameters.

Implicit subroutine

Implicit subroutine

Procedure caIl,




Actual COperations - Example of a Procedure Call

? (i, 4, 'TRUE', X +7Y, C, 'IF' I =g ‘mEEN' R1 (ELSE' R2,
S, Q,<PINGY, F, B[1,4]); T{@); J

" The following types are assumed for the variables occurring in
thece actual parameters:-

A ‘ : real
X real
Y real K formal
¢ real array
—
[~ I integer
R1 label
R2 - label '
S gwitch
Q intcger procedure
- B procedure  formel
B integer array
. T switch
" —~ )
.
~ :



Gl:

£7P (k,17)
PER (k,s),-
PIC (4)

IRy (true)
Ps2 (G1)
T2 (k,8)
72 (k,s)

PSR (G2)
TEX

TIR (k,s)

. TIC g

187 (63)
L (k,R1), n
U7 (64)

1L (1z,R2), n

EIS
PST (kyp) -

PST (KFIHGY)
PFPR (Xk,8),1T
PSR (G5)

TIAA (k,s)
TIC1

1IC (4)

IiDR

EIS

P

Ve’ N N’ N N N S N s NG

S’ N N N N

i S~ S N S

actual parameters marker
A

4

true

L+ Y

Rl or R2

S.
9

i
< PINGY
"

B'El;4}

w
=3



G5

GG

PSR (c6)

SAPP

Tc (2) |
SINDR (k,T)
EIS

CF

N~ N N N N

3.8

z (2]

Call procedure P



3E) Use of Formal Paraneters
a) By Value

39

The straightforward operations TI:il, TRA, etc are used, the
address paraneters to which point to the oppropriate formal accumulator.
Tiis is becausé parameters by value are regarded as local variables to

the procedure.

b) By Name

TFAB (k,s)

3 (k,s)

748 (k,s)

CFF (x,s)

CFPZ (k,s),1T
CTPF (i, s)
CTFFZ (kys), T

c) Labels
TFLL (k,s)
TFLV (k,s)

d) Arrays

SN e’

Addresses of arithmetic formal
veriables

Values of arithmetic Fformal
variapvles

Address of formal boolean’
Value of formal boolean
Formal - switch

Fornal procedure

Forual procedure zero
Typé'formal procedure

Tyne formal procedure zero

By name .

By value

Arrays used as formal parameters (by name or by value) require
ne special operations, since the array pareneter is the.array word.



4.1

4, SWITCIES
44) This inplementation depends on the fact that the complement of the

switeh index is handed over, from the call to the declaration of the switch,
in a register. : . :

The overall structurc of a switch is as follpws:-—

Us (61) - o)

G2: DSI (GB) - -~ Dcerement switch index , %
EIS - - Ixits to the point of call )

with a label result g

G3:  DSI (c4)

Switch
Declaration
)
EIS )
G4:  DSI (G5) §
EIS g
G5: ESL - - JFailure, switch index )
' out of range ' 'g
Gl:
SAPP - = Switch Approaching )
§
. Switch
SINDR (k,G2) - - Switch index result Call

)

W.B. ihe first DSI operation at a switoh declaration mist be labelled.



442

4B) Switeh elements and_Array elementc as Actual Parameters

If an ectual papsueter in a procedure call is written as e.g.

s [2]

it roy not be kown whether S is a switel or an array until later in the
translation, It is therefore necessdry to allow space for either
interpreta’icn Ia the I/C. g

Th> alternative final. translations are:-

gyijgh'element ~array element
SAPY )
UMY ) corresponds to TRA (k,s)
TUIMY ) '
SZHDR (k,62) corresponds to ( 'INDR
' ( DUMMY
( DUMMY
S (k,s) corresponds to ( INDR
DUMITY

DULRTY



Gl:

G2:

b)

Gl:

G2:

G3

G4

5.1

CONDITIONAL STATEMENTS

The implementation of conditional statements in I/C is illustrated
following examples:—

TP A 'TIEN' B 'ELSE! C

BEX - - - " Boolean expression marker
-— - A

IFJ (G1)
- - - B

Us (62)
- - c

tIF' 'IP A 'THEN' B 'ELSE' ¢ 'TEAN' D 'ELSE' E

REX
BEX

o A
IFT (G1)

- e s B
T (G2)

o s C
175 (63)

e D
UJ (G4)

AU E



6.1

6. FOR STATELENTS
64) General:

A for statement Lo converted into ¢ normal block, which opens with

the I/C operation

and cloces

The first order working storage of the for block' is

I. =
10T

~
\

The value 10 arises from the need for six
- of the various for list elements.

addreus (k,n)
( ,n+l)

u (x,0+2)
" (kyn+4)
d (k;n+6)
i (k,n+8)
" (k’n+9)

with

FEE (n)

EEND (n)

given by

10 + first order working storage required by the controlled

statement.

' !
)arametero which control the runniag
Theoe )arame+er are -

the for index
: the text index
(initially TI =

T (integerg :
TI  (integer
’ m)

S1 ) various paremeters needed

S2 % for the implementation of step
S3 wntil elements (g.v.)

S4  (integer) ) .

spare s for alignment

'The two I/C 6perations DFI (Gg) (Decrement For Index) and AST (Gg)
(Avoid Step) are introduced, the expansions for which in 1/C would be:

EDFI (Gg)

é TIA (k,n+l)

TIR (k,n+l) (T (k,n + 38)
( TICI ( T
( —~ AST(Gg) ( :: _
( st A ( 177 (Gg)
E TICH '
( 177 (cg)



Y
€8,

= o

T o

G5

Siructurs_of for stetement with 3 elements

I3 n

)
T o= 84 = 3

Wl == address of controlled
variable v 7S SR SARE
S = value of controlled
variable v g
Fle = FL + 1
7 = FL
DT (G63) TR
)
) TR ERY
)
3
us (G2 Y w b
DFL (34)
g
ST
UJ (a2)
DL {GE)
)
)
) - e e
2
ST )
§
)
)
- UT (1) o 8

EEND (n)

602

(18 = Ton of Stack)

Decrement TI and jump if £ £

First for list element
(resulting value stored in
pre-stacked address of v)

jump to controlled s*ctoment

Second for list element

Third for list element

Controlled statement

Return to GL for next
element, or to continue
current element.



6C) WHILE DLEMENT

e.zs 'FOR' V: = A 'WHIIE' T 'DO' C ;

5B (n)
Pl: = S4: = @
Gl: TS: = address of V
S3: = value of V
Fl: = FL + 1
TI: = FI
DFL (G3)
ST
BEX §
)
17T (G1)
Fl: = FI - 1
UJ (G2) *
G2: ;
)
)
)
us (G1)

G3: BEND (n)

* This instruction is omitted if the
elemente.

6'3

& = = Bvaluate value of A

~ = - Store into V

- =« ~ Dvaluate B

- - — IElement exhausted

- - - To prevent passage to next element
until current element is exhausted

- - - To controlled statement

- = = Controlled statement

currcant element is the last (or only)



6D) SIEP UNTIL ELENEIT

G4:

G5:

(]
(@)Y

* Label %2 present 1f there was a previous

Step & uatil C
DT (63)
AST (G4)
Sl: = A
"S: = S1
S4: =1
52: = B
UJ (Gh)
2: =B
Sl: = S3 + S2
TS: = S1
ST
BEX

sign (82) x (81-C)
TICH

>

177 (66)

S4: = @

UJ (61)

FI: = FI -1
Ug (G7) **

DFL (G3)

To next DFL or BEND
Juiy if S84 £ O

Junp around step

Ve = Sl =V + S2 or A

Laitialise marker S4
Hlement exhaustved

To controlled statement

fText element

DII.

*% Instruction UJ (G7) omitted if this is the last (or only) element.

6.4



67 )

645

Exanmple of a for statement

IFOR! A : = 1 'STEP' 2 'UNTIL' 10, 1, A + 2 hwmizt A tzel 10
. 1Do! I!=A

This statemnent is assumed to occur in block 3 of hierarchy 2,

and the steck addresses are asswaed 1o beiw-

A §2;l4§ éreal)

I 2417 integer)
a3z (2,13) (integer)
7T (25l9g ginteger
S1 (2,20 integer
s2 (2;22) (integer)
S3 22, 2.) éreaﬂ

S4 2,26) integer)

The translation ist-

GLl:

0
F3
I

S4: =g

14) address of controlled
24§ variable A
14

=
L5
[

\

195}
H
2]
W
]

value of controlled variable A



FIRST ELERENT
DISTEP'E'UNTIL!'F:.

G4

TIA (2,19
TIR (2,18
TIC1

+

STA

ST

TIA (2;18§

DrI (G2)
AsT (6%)
TIA (2,20)
TIC1

STA

TIA (2,26)
TIC1

ST

TIA (2,22)
¢ (2)

ST

UJ (G4)

TTA (25203
TIA (2,22
TIC (2§
STA
TRR (2,24)
+

STA

TICT

TIR (2,22)
TICH

>

FI: = TI: = FL + 1

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

Sl: = D, TS: =SL = D
Sd: =1
S2: = E

Jump around step

S2: = B, TS: = E

Il

S1: S3 + 52,"TS: = 81

Controlled variable V: = S1

+ 82 or D

6.6

=V



G5:

G6:

SECOND ELEMENT:

G2:

THIRD ELEMENT:

D'WHILE'E!'DO'F:

G8:

177 (65)
WEG

TIR (2,20)

TI¢ (10)

X
TICH

>

1F3(G6)
TIA (3,10)
TICH

ST

UJ (G1)

TIA (25183
TIR (2,18
TIC1

ST

ug (67) .

DFL (G8)
TIC1

ST

uJ (e7)

DFL (G9)
TRR (2,14)
TIC (2)

ST

6.7

TS: = sign (S2)

sign (82) x (81-C) 0 2

S4: =0
element exhausted

Fl: = FI - 1
To controlled statement

Controlled variable V: =1
To controlled statement

\

Controlled variable Vi= D?: A+ 2



BEX
TIR (2,14)
TIC (10)

IFJ‘éGl)
TIA (2,18)
TIR (2,18)
TIC1

ST

CONTROLLED STATEMENT:

GT:

G9:

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

UJ (61)

BEND (4)

Jump if element exhausted

FI: = FI -1

I :=A
Return for next element

6.8



"T.1

Te Ovm Variables

) Identified as hierarchy -l_(i.e. k for an own variable is 4 bits
of all ones),

Own variables at run time reside at the end of the program's (or
modulefs) constant space. Space for all own variables used in a progranm
is reserved immediately on entry to the program.



Where . RO «silgol
uses the operat

RSP (k, )8 .
I|HSF (k,S/, 3 98),3—
LBSF (k,s), a LOBSF (k,s) a

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

IMDA, INDR remain unchanged, and are parameterless.

Purther, to assist the optimisation of accessing elements of 1
dimensional arrays, the operations

TRAA (k,s) Take real array address
TIAA (k,s) Toke integer array address
TBAA (k,s) Take boolean array address

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

(84)

}_l



9.1

9. NOTE O SEGMENTS AND MODULES

The standard function
FETCH (<IDENT));

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

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

'PROCEDURE! P(A); 'REAL' A;
'EXTER! < IDEWT) , <LANGUAGE);

where {IDENTY is the identifier of the module to be entered, and
<{LANGUAGE) specifies the language in wiich the module was written.

The call of this module will be written in the usual ways, as P(X);
The fetch operation for a segment must have been performed in
the program dynamically before any call of a constituent module of the
segment, unless it is already in store by virtue of having been linked
with a prior segment or program.

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

The action of the routine ENTER is to enter the environment
module for the body concerned, if this body is in a language other
than Algol, and to hand across the address (provided by "linkage editor")
of the body being called. = The environment module arranges the
information available (stqck, etc.) ir. the form required by the body,
plants a return address into a place reccognised by.the body, and transfers
control to the body.

After the body has been obeyed its normal return mechanism will
transfer control back to the environment module, which then resets the
information available into the form required by the Algol base program,.
and finally performs an ordinary procedure return to the point of call of
the body by working on the ‘links in thc Algol stack.




10. DICTIONARY OF INTERIEDIATE CCDI OPERATIONS
Operation

ACA Avoid Own Arroy

APP Actual Parameters

AST Avoid Step

BE Block Entry

BEND Block End

BEX Boolean Expression

CA Check Array

CBFA Copy Boolean Formal Array
CF Call PFunction

CET Call Formal TFunction

CFPZ Call Formal Function Zero
CFZ Call Function Zero

CIFA Copy Integer Fofmal Array
CP Check Parameter

CRFA Copy Real Formal Array
CIT Call Type Ranciion

CTFF Call Type Punciion Formal
CTFFZ Call Type PFunctiion Formal Zero
CTI'Z Call Type Function‘Zero
DFT Decrement For Index

DSI Decrement Switch Index

DUMMY Dummy

10.1

Parameters

p

ko



Operation

EIS

IEDR
LBSF
HMISE
MOBSE
MOISF

MORST

IR
'PFER
PFFB
PTFL

PITR

Ind Implicit Subroutine
Tnd Switch Lis®

For Block Entry -

Finish

If Palse Jump

Index Address

Index Result

Make Boolean Storage TFunction

Make Integer Storage Function

Meke Own Boolean Storage Function

lake Own Integer Storage Function
Make Owh Real Storage Function
Make Real Storeze Function
Negate

Parameter Boolean

Parameter Boolean Array
Parameter Boolean Constant
Parameter Boolecan Function
Procedure Entry

Parameter Formel Boolean Result
Parameter Formal Function Boolean
Parameter Formal Function Integer

Parsmeter Formal Function Real

10.2

Parameters

(k?s)?a
(kys),a
(k,s)?a
(k?s)?a
(k,s)?a
(k,8),a
(k,8),-
(ky8),-
constant
MTymy-
(k,L),m,N
(k,8),-
(k,s),TT
(k,s)?ﬁT

(kys)}qu



Operation
PFiR
PFILa
PRLV
PFER
PRFST

PRSW
PFER

PI

PIA

PIC

PL
PPR
PR
PRA

PRC

PSR
PST

Pow

Parameter
éarameter
Parameter
Parameter
Paramneter

Parameter

- Parameter

Parameter
Parameter
Parameter

Parameter

" Parameter

Parameter

" Parameter

_ Parameter

Parameter

Parameter

Parameter

Parameter

Parameter

Return

Formal Integer Result

Formal Label (Name)

Formal Label (Value)

Formal Real Result
Formal String
Formal Switch
Formal Procedgée
Integer

Integer Array
Integer Constant i
Integer Punction
Label

Procedure

Reel

Real Array

Reel Constant
Rgal Tunction
Subroutine

String

Switeh

Switch Approaching

Switch Index Result

10.3

- Parameters

(k,s),—

A(kss)s-

(k?s),-
(k?s)?—
(,8) -
‘(k?s),-
(ky8), 7T
(ky8),-
(ky8),-
constant
(L
(yp),n
173—’—.
(k,s),—
(ky8) -
constant
Thy=s -
.P
'string'

(kvp)y‘

(k,p)



Operation

TBCF
TRCT

IBR

TICH

TIC1

Store

Store Also

Take Boolean Address

Take Boolean Array.Address
Take Boolean Constant F;;se
Take Boolean Conétaqt True

Boolean Result

=
g.
(1]

Take Formal Adcress Boolean

Take Formal Address Integer

Take Formal Address Real

Take Formal Boolean

Take .Formal Integer

Take Formal Lavel (Name)
Take Formal Label (Vaiue)
Teke Formal Real

Take Formal Switch

Take Integer Address

Take Integer Array Address

Take Integer Constent

Take Integer Constant Zero

Take Integer Constant One
Také,Integer Result

Take Label

10,4

Parameters

(k;S)

(ky) .

(k;s)

(k?s)

| (kys)

(kss)
(k,S)

(k?s)

(k,8)

(k,8)
(k,s)
(i s)
(x,8)
(k,s)

constant

(kss)

(k,p),n



10.5
Operation Paraméters
* TRA Take Real Address (k',s),
TRAA Take Real Array Address (k,8)
| TRC Take Real Constant constant
TRR maké Real Resu.l‘b‘ (k,s)

uJ Unconditional Jump P

t/1

19%% 1
tap!
16t

'WE'
lIE'
|LT|
'FOT!
'AID!
I'ORY
'TIPL

TEQUIV!

FATL Compilation Failure r



N\

P

(k,p)

'(ELS)

(k,L)

constant
t 7 - !
string

- (minus sign)
L

g

10.6

PARAIETER NOTATION

p'th entry in Position Identifier Table (lgp) (2 bytes)
k and p packed into 2 bytes with 4 bits for k and 12
bits for p, where k is the hierarchy number and p is
the packed form of the p defined above ( O<k) '

k and s packed into 2 bytcs with 4 bits for k and 12
bits for s, where s is thc number of words up the stack
from the start of the link data for hierarchy k. (Stack Address).
k end T packed into 2 bytcs with 4 bits for k and.12 bits for
L, where L is the number of words of first order working
storage (including parameier space and link data) for the
hierarchy and its constituent blocks.

n't? block level in currert (or destination) hierarchy. (1 byte)
(1cn

r'th entry in list (a) of the Level Parameters (1 byte) (1gm)
Humber of words of parametcr space (1 byte)

?ota% block nesting depth within current hierarchy. (1 byte)
KN ‘

1 word for integer or boolean constants,
2 words for real constants.

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

One-byte  space
Humber of arrays in an array segment (1 byte).

rith failure for this module ; (1 byte).
(1<r)



11.1

11, BIT PATTERIS FPOR THE INTERMEDIAT CODE OPERATIONS

CLASS SUB-CLASS - TYPE OPERATION JTUMERIC
000 000 00 FINISH 000
000 000 01 PE 001
000 000 10 RETURY 002
000 001 00 BE 010
000 001 01 BEHD 011
000 001 10 LR 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 [ox APP . 061
000 111 00 CP 070
000 111 01 - CA, 071
000 111 11 - FAIL 073
001 000 00 RO 100
001 000 01 TRR 101
001 000 10 TIR 102
001 000 11 TBR 105
001 010 01 TFR 121
001 010 10 TFL 122
001 010 11 TFB 123
001 100 0l TRC 141
001 100 10 TIC 142
001 101 10 TICH 152
001 101 11 PRCT 153
001 110 10 TICT 162
001 110 11 TBCF 163
010 000 00 A0 200
010 000 01 TRA 201
010 000 10 TIA 202
010 000 11 TBA 203
010 010 01 TFRA 221
010 010 10 TFLA 222
010 010 11 TFBA 223
010 100 o1 TRAA 241
010 100 10 TIAA 242

010 100 11 TBAA 243



CLASS

011
011
011
011

11
011
011
011
01l
011
011
011
011

100
100
100
100
100
100
100
100

101
101
101
101
101

110
110
110
110
110
110
110
110
110

110

SUB-CLASS

000
000
000
001
001
001
010
010
010
011
100
101
110

000

000
010
010

100 -

101
110
110

000
010
010
100
100

000
000
000
000
001
001
001
010
010
010

TY R

10
1%
CL
10
11
0L
10
1L
00
00
0O
00

00

00

0C

.01 .

00
oL

N
v

00

0oL
10

oC
0L
10
11

10
11
(028

10 -
11 .

LIRSE
MISF
MBST
VORSF
MOISE
MOBSE
CRPA
CIFA
CBFA
TIIDA
IITDR
SINDR
TS

PO or CF
cTe

CI%

CTFZ

CFRF

CTTp
CIRZ
CTFFZ

T

TFLV
ey
ud -
IRd

PO
PR
PI
PB
PRC
PIC
PBC
PIFRR
PFIR
PFBR

11.2

WULERIC

501
302
303
311
312
313
321 -
322
523
330
340
350
360

400
401
420
421
440
441
460
461

500
520
521
541
542

600
601
~602
603
611
1612
613
621
622
623



11.3

CLASS SUB-CLASS TV 2R OPERATION NUMERIC
110 011 oL PRA 631
110 011 10 PIA 632
110 011 . 11 PBA 633
110 100 ' 00 PPR 640
110 100 - 01 PRF 641
110 100 10 PIF 642
110 100 11 PBT 643
110 101 00 PIPR 650
110 101 ol PFFR 651
110 101 10 PFFI 652
110 101 11 PFFB 653
110 110 00 PSR 660
110 110 L PL 661
110 110 10 PFIN 662
110 110 11 PFLV 663
110 111 00 PST 670
110 111 o1 PFST 671
110 111 10 PSW 672
110 111 11 PPSW 673
111 000 00 & 700
111 000 0L - 701
111 000 10 * 702
111 000 1 /o 703
111 001 00 /1 710
111 001 0L 1kt 711
111 010 00 el 720
111 010 oL tLT! 721
111 011l 00 1GE! 730
111 01l oL 1IE! 731
111 011 10 IHE! 7%2
111 01l 1L = 733
111 100 00 IOT? 740
111 100 0L IVEG! 741
111 101 00 TAD! 750
111 101 oL 1OR! 751
111 101 10 1TIPL! 752
111 101 1L TEQUIV! 753
111 110 00 ST 760
111 110 oL STA 761
111 110 10 BEX 762

111 111 L DUMMY 773



11.4

Reversing Fields, order of operations becomes:

Operation Decimal Operation Decimal Operation Decimal - Operation Decimal

FINISH 0 cP 56 PFFR 110 PIFL 174
RO 1 PST 62 'OR! 111 JIMPL! 175
AO 2 PE 64 APP 112 TIC1 177
FO or CT 4 TRR 65 CTFFZ - 116 PFIN 182
7L 5  TRA 66 PL 118 BEX 183
‘PO 6 LRSF 67 STA 119 PSW 190
+ 7 CTP 68 CA 120 TBR 193
BE 8 PR - 70 PFST 126 TBA 194
Y 15 - 71 RETURN 128 MBSF 195
DST 16 BEND 72 TIR 129 B 198
CFZ 20 MORSF 75 TIA 130 / 199
TFLV 21 PRC 78 MISF 151 MOBSF 203
1GT! 23 e 79 PI 134 PBC 206
INDA 27 ESL 80 * 135 TFB 209
1GE? 31 _TFR 81 FBE 136 TFBA 210
AOA 32 TFRA 82 | MOISF 139 - CBhA 211
INDR 35 CRFA 83 PIC 142 PFBR 214
CFF 36 CTFZ 84 TFL 145 AST 216
PPR 38 TFLN 85 TFIA 146 PBA 222
INOT! 39 PERR 86 CIFA 147 - 223
EIS 40 1Tt 87 PFIR -150 TBAA 226
SINDR 43 PRA 94 DFL 152 PBF 230
PFPR 46 IIE! 95 PIA 158 TBCT 233
1AND! 47 TRC 97 INE! 159 PFIB 238
SAPP 48 TRAA 98 TIC 161 IEQUIV! 239
DTS 51 CTET 100 TIAK 162 TBOF 241
CFPZ 52 uJg 101 1FJ 165 PFLV 246
PSR 54 PRP 102 PIP 166 PTFSW 254
ST 55 INEG! 103 TICH 169 DUMMY 255
total 117

A new operation FAIL has been added whose decimal representation is 248



12.1

12, The Intermediate Code.Operation FAIL

ny syntactic failure detected b, Phase 10 results in

a) a failure message to a listing device, and
b)  the compilation of the intermedicte code operation
FAIL ()

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

The translation then continues (including the generation of intermediate
code).

- Phase 20 translates this operation into an entry into the run-
time failure routine. The result is that at run-time the first of these
entries to the failure routine to be dynsmically encountered causes the
listing of a failure wmessage and the termination of the run. = The failure
message will include the identifier of thie module in which the failure
occurred,

The justification of this process is that the user in many cases
will be able to obtain satisfactory results from nis run before the error
condition is encountered.



$4-50/70 ATGOL

REPORT 2, THE INIERIMCDIATE CODE

AMENDIMENT T,

17th JUNE 1966

page 3.4

The parameters To the
have been changed to:
PPR k, %, -
PIFP k, W, -
PRF k, m, -

PEF k, 7w, -

These operations are

four operations PPR, PIF, PRF, and PBF

also used on pages 3;5, 3.7, 10.2, 10,3,

L W Moore,



	R01
	R02
	R03
	R04
	R05
	R06
	R07
	R08
	R09
	R10
	R11
	R12
	R13
	R14
	R15
	R16
	R17
	R18
	R19
	R20
	R21
	R22
	R23
	R24
	R25
	R26
	R27
	R28
	R29 (damaged in original)
	R30
	R31
	R32
	R33
	R34
	R35
	R36
	R37
	R38
	R39
	R40
	R41
	R42

