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AN ALGOL 60 SYNTAX CHECKER FOR THE IBM 7090 COMPUTER

Marjorie P. Lietzke
ABSTRACT

A syntax checker was designed based on the
syntax of Algol as described in the Algol 60
Report (ACM Communications, May, 1960). Since
the definition of the elements of the language
is recursive it was found most desirable to
design the syntax checker as a set of mutually
recursive processors tied together by bulldluy
blocks which perform certain bookkeeping functions.
Because of the recursive nature of the language
and of the syntax checker the problem of recovery
after an error required much attention. A method
was devised which permits most programs to be
checked completely despite errors. The syntax
checker has been implemented for the IBM 7090 as
a part of the SHARE ALGOL processor, and has
operated very satisfactorily. .

INTRODUCTION

The syntax checker. for the SHARE Algol 60 Processor is based on
the syntax of Algol 60 as described in the official report.(l) Only

those restrictions which were ﬁecessary to make the syntax checker

-compatible with the internal translafor written at IBM were included.

As the restrictions are removed from the translator, they will also
be removed from the syntax checker.
The elements of the Algol language are recursive in nature, i.e.,

an expression of any type may contain within itself expressions of the

lReport on the Algorithmic Language ALGPL 60, Peter Naur, et al,

ACM Communications (May 1960).
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same type or of qther'types. An arithmetic expression, for example,

nmay coﬁtain a conditional expression, which in turn contains a

Boolean expressioh. The Boolean expression méy consist of two of

more arithmetic expressions connected by relational operators. This
recursive process may continue to.any level, wifh resulting expressions
éntirely too complex to consider as a whole.

The .only fessible methed..of syntaxiohecking.somethingtthic S
complex séems to be by breaking the large complex expressions down into
the bésic s&ntactic units and examining each unit as it is encountered.
T@is; of course, immediately raises the problem of checking an ex-
pression within another expression of the same type. The direct result
of this is a set of mutually resursive processing'subroutines, one for
.“each syntactic unit of the Algol language. Each processor is capable
of calling itself or any other processor as necessafy. In additi;n to
the processing subroutines, it was neceséafy.to design a group of
subroutines which perform the opera&ion required by the processors
and take éére of necessary bookkeeping. Té diétinguish,betwegn these

two different types of subroutines they are referred to as processors

and building blocks, réspectively, in the balance of this report.

\

DESCRIPTION OF PROCESSORS

The processors are sets of tables which liét the possible or
expected symbéls for each state in a syntactic unit. ZEach symbol-has
associated with it an "action" and a "next state". The "action"
depends on the symbol and the state of the syntactic unit being checked‘

and may range from no .operation to a fairly complex S¢quence of operations,

.
,r;»
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including-the call of other processors. The "next state" also depends on
the current symbol -and state and may depend on’whether a processor in-
voked in’ the "action" part has given a normal‘retﬁrn or an error return.
The "next state".is always another state in the same processor, a return,
or an error return.

The arithmetic expression processor shoﬁn in Table 1 is an example
of a typical processor. When this processor is called, the assumption is
that the first symbol of an arithmetic expression .is under scan and
checking begins at state AREX1l. The symbol under scan is compared with-
each symbol in the table until a match ‘is found or until the entry
”other",_meahing any other symbol, is encoun£ered; Aé this point, the :
indicated action’is taken and control passes to the iﬁdicatéd next
state where comparisoh is resumed. |

The processing of a syntaétically correct arithmetic expression is
shown in Figure 1. This example is not a complete statement, but an ex-
pression which could occur as part of a complete statement. It in turn
contains expressions thus Serving to illustrate the need for and use of
recuréive processors.

A complete list of the syntactic units for which processors vere
designed together with the code name of the processor is given in
Table 2. The complete set of tables for the processors has not been
included in this report since the program listing is completely
annotated. The machine code for the processor given in Table 1 is
shown in'Figure 2.

In general, each of these processors can call directly only the

processors for syntactic units which may properly be used within the unit
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being checked.. The block processor, for example, may call the general
declaration processor or the general statement processor{ It may not
call directly an expression processor or a processor for a farticular
type of stafemént'or declaration. The only exceptions to this rule are
the resume and resume 2 processors. These processors were designed to
continue the synﬁax check after an error has occurred. They operate .
together or separately to recognize and check any syntactic unit.
After eaqﬁ complete unit hag been checked by the resume or resume. 2
processor control is returned to the processor in which the error was

detected. If possible, normal scanning is continued. If the symbol

under. scan is still incorrect in context, the resume processors are.. .. ..

re-eptéred and the next unit is scanned. This process is continued
until the end of the program has been reached. .

In actual testing, thie method of continuing thc checlking haa
" worked. very well. Several redundént error messages may be produced,
but it is usually obvious that they all resulted from thersame error.
In most cases, the entire prégram is scanned énd'all“errors detected;
only in programs whiph contain an extremely high pércentage of errors
does this method'sometimes overlook some errors. Error messages.given
by the syntaxlchecker are listed as comments on tape which is to be
input to FAP, together with the ten source program symbols which

precede the point at which the error was detected.

DESCRIPTION OF BUTLDING BLOCKS E -

The building blocks for the syntax checker are essentially

bookkeeping routines. In using the processors recursively, for examplé,



it is necessary to keep track of each call of a processor in order to
make a proper return when processing has been completed. It is also
neceesary to save the current values of certain quantities on entering
a processor and tb retrieve these values on leaving the processor.
These functions-are performed by five building blocks; recursive entry,
recursive retﬁrn, recursive error return, push up, and-.pull doWn, which
operate on two push down lists. The state pushdown iist contains the

ordered list of the location of recursive entries to processors and the

auxiliary pushdown contains the saved: values of quantities used by the -

\

processors.

A complete list of the building blocks together with a brief &

statehent of the function of each appears in Table 3. Detailed - &

algorithms for each of the building blocks are given in Appendix A.

P

g
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State

Symbol

ARFX 1

AREX 2

ARFX 8

T

" . other

then
other

if

other

else

\

other

real
variable
integer
variable

Table 1

Arithmetic Expression Processor -

Action .

skip (pass on this symbol, get next
symbol) < '

skip v

skip, Boolean Expression.Processor
get type of identifier

skip, Arithmetic Expression Processor

skip’

Error message

skip

skip

skip

Real Exp: = £rue, skip
skip

skip
skip

Error message, Insert (, Arithmetic
Expression Processor, insert)

Arithmetic Expression Processor
skip, Arithmetic Expression Processor

Error message

real exp: = true, skip

skip

Next State

No
Error

AREX 2

AREX 2
AREX 5
AREX 8 .
AREX 3

Error
Return

AREX
AREX
Return-
AREX 6
AREX 9
AREX T

m

AREX 7

return

AREX 9
AREX 4

 AREX 4

. Error

AREX 9

AREX 10

AREX 9

AREX 9

error
return

a.

¥
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Table 1 (continued)

Arithmetic Expression Processor

. Next State
No
State Symbol . Action _Error Error
array Real exp: = true, skip, subscript AREX &
procescor
real Real exp: = -t¥ue, SK1p, subscript AREX k4 LIl
array . processor ' return
integer skip, subscript processor ' AREX & *  error
array , return
Boolean Error message, skip A " AREX &
variable '
Boolean Error message, skip, subscript . - AREX L error
array processor return
Boolean Error message, skip, function state- AREX 4 error':
procedure ment processor : return
other Error message - error
) return
AREX 9 then i AREX 5
else ' B " AREX 7
.Other Resume processor . AREX 9 error
L ) return
AREX 10 ) - ‘ AREX 3
other Resume processor AREX 10" - - error

return
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Table 2

Processors for Syntactic Units of Algol

|l

"Syntactic Unit - ‘ Name of Processor
arithmetic variable , ‘ ARVA
truth value ‘ : TRUVA
subscripted variable - J SUBV1
arithmetic expression | ' AREX1
general expression ' ‘ V i GEX O
Boolean expression ' -A BOLEX
function o | o FUNCL
-standard functioﬁ | | BIFTBL
arithemtic comparison A . COMP1
label processor ’ . o LABEL
simpleAdesignatiohal expression : SIDEX
designaéional expressidn ' ~ DESEX
staﬁemént'v " STATO
assignment stafemenf ' AST1 s
golfo statement ) GTST
procedure.statement o ‘ | PROCD \ '
fér.statement . ) | FSTT
conditional statement - ' I CNST
unconditional statement , ' | UNCS
compound statement | CPST
block : | : BLOCK

comment ‘ CMNT 1

parameter list PARIST

)
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Table 2 (continued)

Processors for Syntactic Units of Algol

Syntactic Unit

Name of Processor

declaration DECLO
type declaration TYDL
array declarafibnv ARDL
switch declaration SWIDL
procedure deélafation fRODL
function declaration . ' FUDL
Epecifier ' ‘SPCFR
parameter delimiter 'PADEt
check parameter type ) PARTYP'
resume RESUM
resume 2 RSMII
sﬁapement end STEND
type TYPE
switch variable declaration | " SWVD
name list declaration " . NAMD
iteration lisf processor B IfLéf

library procedure declaration LBPR



Name

REC

INTERP

RETURN

ERRRT

SKTP

PUTL

QULFY
GET1

DECLAR

FOXL:

ADVNCE

"DOWN

QULFY1

DARRAY . .

DPARAM

-10- SR - ' .

Table 3
Building Blocks for Algol Syntax Checker

'Purpose

Calls any processor recursively:, makes entry in State Push Down
list.

Transfers control on same recursion level within processors. -

Returns control recursively to calling processor when syntactic
unit is correct. , -

Returns control when syntactic unit is incorrect.

Gets next symbol to*check, puts previous symbol away for
translator.

Puts away symbols for translation, gets .no new symbols.

Determines type of identifier from declaratory information
previously processed.

Gets N th symbol beyond one now under scan without dlsturbing
symbols between. A

. Puts declaratory information in tables for future reference.

Chéck labels declared in FOR statement and take care of
necessary bookkeeping on leaving for loop.

Gets next symbol for checking without tranSmitting previous
symbol.

Puts variables in auxiliary pushdown and increocec counters. ‘ ' ’

- Retrieves variables from auxiliasry pushdown as necessary and

decreases counters.

Determines whether identifier whose. type has been found by
QULEFY is a constant or a variable.

Puts declaratory information about arrays in tables, including
subscript count.

Pute epecifier informetion about parameters in tables for
future. use.



Name
CMSPEC
PARPOS
PARCNT

FILA

DELAB
LABUS

FORLA
BENGEL

BEXGEL

- ll- 7

Table 3 (continued)
Building Dlocks for Algul Jyulax Checker

* Purpose

Compress and store specifier and value information about

Find position (1lst, 2nd, etc.) of parameter for value and

specifier entries,

' Check number of parameters used in function or procedure call.

‘Find or generate entry in label table<for'label under scan.

Make entry in 'label table when a labelled .statement is
encountered. :

Make entry in label table when- 1abel is found in go to or in
$witch declaration. :

Take care of necessary bookkeeping on entering for loop.
Take care of -necessary bookkeeping on entering Block.

Take care of necessary bookkeeping on leaving Block.
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" Table k4

Error Meséages from Syntax Checker

Action

Error Message’
ERR 1 state push-down exceeded. No compilation. stop
2 - identifier not declared. Treated as real.
3 last identifier wrong type. -
oy an error hag décu}fed;ﬁhidhrmékes lasf'symbbi'fiieééi. =
5 number of subscripts used differeﬁt'from No. declared. -
6 auxiliary push-down list exceeded. No compilation. stop
T conditional expression after then. Begin, end inserted. : corréct
8 parenthesis and bracket interchanged. Corrected correct
09 array used as a simple variable -
10 wrong type df expression? -
11 statement incorrectly written - -
12 con@ifional stateﬁent not allowed. Corrected. correct .
13 exprcsﬁion wrong type. -
k4 aeclara£ions ouf of order. Compilation will continue. -
15 semicoldn'follo;ed by else.. Corfected. correct
16 ARRAY pushdown exceeded. No compilation.
17 type own instead of own type. Corrected. correct
18 declaration own X, ¥, ... Changed to own real X, y, -.. correct
19 poésible machine, error or error in translator stoﬁ
20 label declared twice‘in same block \ ' -
21 go to L occurred outside. for statement.containing L -
22 label table pushdown exceeded. No compilation. stop
25 processor expects variable name -

A}
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Table 4 (continued)

Error Messages from Syntax Checker

Lrror Message Action
24 the folloﬁing switch labels occur inside -for loops
25 L1 ‘
12
LN
26 may this .lead to an’illegai transfer.

- local variable used in an array derlaration. -
28' 9 the following quantity was declared twice in 1 block -
29 parameter £abie exceeded. No compilation. -
30 value parameter not specified -
31 value or specified parameter not in parameter list -
32 parameter wrong type -
33 incorrect number of parametefs in procedure ‘call. -
37 identifier missing
42 - begins and ends do not match
L3 this use of array correct only as parametér

ERR4L parameter specified twice.

ERRLS

this parameter will not be dynamic



X ( if

- : if then Al else A2 ;
AREX 1 A/T?JEX i AREY. 1 “RETURN . "AREX 4 . BREX 4
on lst -on 2nd from RETURN RETURN
level level ~ Bool. Exp. to 2nd to

AREX 5 »%evel 6 calling
: PR i ) { AREX ' . processor
REK 2 (REX 2 AREX 2 ‘Boolean ) AREX T A
AREX 8 AREX 8 ‘ Expression AREX 6 — AREX 2
Processor ' AREX 1 " AREX'1 AREX 8
on 3rd on 3rd
level level (A??JE(T
AREX 8 ARFX -8 RETURN
. to 2nd
level (AREX T)
RETURN
to 1st
’ level (AREX 2)
ARFX 3

Figure 1. Processing of An Arithmetic Expressicn
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AREX1

AREX5
AREX6

AREXT

” - AREX9

AREX10

PZE
PZE
PZE
PZE
PZE
MZE
PZE
MZE
PZE
PZE
PZE
PZE
PZE
PZE
MZE
PZE
MZE
PZE

 MZE

PZE

PZE
PZE
PZE
PZE
PZE
PZE
PZE
PZE
PZE
PZE
MZE
PZE
PZE
MZE
PZE

- MZE

" FIGURE 2.

YPLUS, ,AL
JUNARY, ,AL

)IF, , A2

)ID, , Al
JLPAR, ,A5
0,,A6
JRPAR, ,AT
0,,A8 -
)PLUS, ,A9
MINUS, , A9
STAR, A9
SLASH, ,AQA
)DIV, , A9
)ARROW, ,A9 .
0,,Al0
)THEN, ,A11l
0,,Al2
)m))Al5
0,,Alk
)ELSE, ,Al5
0,,A16
JREALV, ,A17A
) INTEG, ,ALlT
)ARRA, A18A
JRARRA, ,A18A
)IARRA, ,A18
)RPROC, ,A19A
) TPROC, ,A19
)BOOLV, , A26
)BARRA, , A2T
)BPROC, , A28
0, ,A20
)THEN, ,A21
)ELSE, ,A22
0,,A23
)RPAR, , A2k
0,,A25
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ARTTHMETIC EXPRESSION PROCESSOR

SKIP. .AREX2

SKIP. .AREX2

SKTP,BOLEX. . AREX5 . . AREX9
QUALIFY..AREX8
SKIP,AREX. .AREX3..AREX10
. . ERRRT

SKTP. .AREXY

ERRY . . AREX10 -

* SKIP..AREX2

SKIP..AREX2

SKIP..AREX2

REALEX=1, SKTP..AREX2
SKIP. .AREX2

SKIP. .AREX2 ’ !
. «RETURN

" SKIP. .AREX6 .

. . AREX9
FRRT , AREX1. . AREXT . . AREX9

SKIP,AREX..RETURN. . ERRRT

- FERRkY. . AREX9

REALEX=1,SKIP..AREXY . .ERRRT
SKIP. . AREX4

REALEX=1,SKIP,SUBV1. .AREX4. . ERRRT
REALEX=1,SKIP,SUEVL. . AREX4 . . ERRRT
SKIP,SUBV..AREXL . . ERRRT
REALFX=1,SKIP,FUNCL. .AREX4 . . ERRRT
FUNCTION. .AREXY . . ERRRT
ERR3,SKIP. . AREXk4

ERR3,SKIP,SUBV. . AREX4. ERRRJZ‘

- ERR3, FUNCTION. .AREXY4 . . ERRRT

ERR3 . . ERRRT

. .AREX5

. . AREXT

RESUME. . AREX9 . . ERRRT
. . AREX3

 RESUME. . AREX10. . ERRRT
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APPENDIX ‘A

ALGORITHMS FOR BUILDING BLOCKS

Comment the quantities declared below

enter all building blocks as globals;

Integer SPDPT, 'CLASS, SYMBOL, Bupoi, Loceop, LOCBOP, ID, NS1, BL, LATAB,

LATAE, TYPLOC, TYP, DECPTB, NS, KKK;

Boolean First Entry, NMSOT, ARD, SWDL;

ézzgi State Push Down [1 : 50]
Primary:Tgﬁle [102% : %0967, |
Pritab type bits, Pritab Pointer [1024 : 4096],
Declaration Table [1 : 1000], ' o
’ DEPTHl,.DEPTHE, PEYMB,‘Irro:'Count,"
ARG [1 : 1000],
Buffer [1 : 10],
Symbol Stack [1 : lOO],A
TTT [1: 400], |
Label Table [1 : L400],
NAME [1 : koo],
STAT [1 : 400],
SWBT [1 : 400],

FLT [1 : 400] ;
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Procedure INTERP (Syﬁbol list, Action); Array Symbol list;
Switch Action;
Begin Integef I;
For I :=0, 1+l do
if Symbol list [I] = GTHER then
go_to Action’[I] glgg» .
if Symbol L1ist [T] = CLASS then
g0 to Action [I];A
end

end Interp;

Procedure REC (location, Symbol list, Action); Value location;
label location; array Symbol liéti‘iﬂiﬁﬁa Action;
23532 State Push Down [SPDPT] := location;
- SPDPT := SPﬁPT + 1;
if SPDPT > 50 then begin

ERMESS (ERRL);
gg_ﬁg Badend end State Push Down Exceeded
‘else INTERP (Symbol list, Action)

end REC;

Procedure RETURN (location); label location;

Begin SPDPT := SPDPT - 1;
location := State Push Down [EFDPT] + 4;
' go to location

end RETURN;
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Procedure ERRRT (location); label location;
Begin SPDPT := SPDPT - 1; |
location := Staté Push Down [SPDPT] + 2;
go_to location .

end ERRRT

?Eggggp;g SKIP{ Com@ent GETIALIandVPUj;AL i
are procedures to get a symbol frqm tape or put it on tape;
Begin if First Entry go to SKIPL else

begin Buffer [Bupol] := SYMBOL
Bupoi :=~Bupoia+ 1;
if" Bupoi.> 10 then Bupoi := 1j;.
PUTTAL (SYMBOL);.
end;
SKIPl: if NMSOT then go to SKIP3 else
EggiEMGETlAL:(SYMBOL;'SKIPQ);
Loceop := Loceop + 1;
Symbol Stack [ Loceop] :; SYMBOL;
if Loceqp > 99 then Loceop := 1j
gd_to SKIP3 P6
end;
‘SKiP3$ if Loébop - Loceop = 1 then go to EOFP;

SKIP3P6: SYMBOL := CLASS := Symbol Stack [Locbop]

Locbop = Locbop + 1;
if Locbop > 100 then Lochop = 1;

if Symbol = 1024 then go to SKIP4;




SKIPRT:"

SKIPh:

SKIF2:

SKIFS:

SKIPEND:
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go _to if First Entry then SKIP> else SKIPEND; - -

* CLASS .:=ID;

go_to SKIPRT;

NMSOT := true;
go_to SKIP3;

FIRSY ENLRY :=f'alse;

end SKIP;

Procedure PUT1 (ARG); Array ARG;

begin Integer I;

for I := 1, I+l do
‘begin PUTTAL (ARG [I])
if ARG [I) < O then go to PUIRT

end;

PUTRT: end PUTI;

Procedure QULFY;

Begin

. Typ = Pritab type bits [SYMBOL);

if typ = O thén go to QULF?;
if typ < 8 then begin class ;= class + Typ;
go_to QUIF3
end;
class := class + fypé;

NSl := Argnment.[PTitah Pninter [SYMBOi]];



QULF3:
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if ARD then

begin if DEPTH1 [Pritab Pointer [SYMBOL]] = BL then

end

QULF2:

QULFRT:

Procedure

Begin if

N :

if
if
if

begin ERMESS (ERR 27);
go to QULFYRT
end Local variable in array declaration

else DEPTH2 [Pritab pointer [SYMBOL]] = BL

else go to QULFRT;

ERMESS (ERR2);

Corment Undeclared variable, treated as real{

Pritab type bits [SYMBOL]. := 3;
DEPTHL [Pritab Pointer [SYMBOL]] := BL;

DEPTH2 [Pritab Pointer [SYMBOL]]

PSYMB [Pritab Pointer [SYMBOL]] := -
Error  Count. [Pritab Pointer [:SYMBOL]]. :—
ARG [ Pritab -Pointer [SYMBOL)] :— 0;

go to QUIF3; |

end QULFY;

GETL (N, L); Value N; Integer N;

label L;
< 99 thenlgo to L;

N + Locbop - 1;
= 0 Lhen N :i= 100;

> 100 then N:= N - 100;

NMSOT then go to GETIA .

il
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GET1B:  CLASS := SYMBOL := Symbol Stack[N];
if SYMBOL < 1024 then go to GETRT;
CLASS := ID; go to GEIRT;

GET1A: if Locbop - Loceop < O then begin

if Locbop - Loceop + 99 > N then’

go to GET1B else go to L end

else if Locbop - Loceop > N then

go to GLET1B else go tu L,

GEIRT: end GET1;

-Procedure Detlar;

Begin if Pritab type bits [SYMBOL] = O then go to NYD;

* if BL = DEPTHL [Pritab Pointer [SYMBOL]] then go to
CLAR28;
if BL = DEPTH2 [Pritab Pointer [SYMBOL]] then go to
. CLARRT;
NYD: ~ DECPTB :; DECPIB + 1;
Pritab Pointer [SYMBOIJ := DECPTB;

DEPTHL [Pritab Pointer [SYMBOL]] :

BL;

DEPTH? [ Pritab Pointer [SYMBOL]] :
PSYMB [Priteb Pointer [SYMBOL]] :=

ARG [Pritab Pointer [SYMBOL}] := O;

if  ERROR then

Error Count [Pritab Poi'nter [sYMBOL]] := O;

Pritab type bits [SYMBOL] := TYPLOC;
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If typloc < 8V typloc > 11 then go to DRET
else ARG [Pritab Pointer [symbol]] := NS;
go_to DRET;

CLAR 27: ERMESS (ERR2T);

CLAR2TP2 Error Count [Pritab Pointer [SYMBOL]] := Error Count [Pritab Pointer
. , [sYMBOL]] + 1;

ERROR = true;

g0 _to NYD; |
CLAR28: ERMESS (ERR28);

g0 to CLAR2TP2;

DRET: end DECLARE,

Procedure FOXL H

\

Begin Integer I, J;

for I := LATAB step 1 until LATAE do

begin TTT [J] := NAME [I];
if FL # FLT (1] then go to FOXL3;
if STAT [I] =0 STAT [I] = 3 then gg_gg FOXL3;
gsmf [I] = 1 then begin FIT [I] — FIT [1) - 1;
Eg_EQlFOXLb end then; | n |
FOXL]: STAT [I] := 3;
if SWBT [I] = O then go to FOXL3 else
IQ(K:=J;J:=J+1;. — |

FOXL3: end for;
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FOXIM: if KKK = O then go to FOXIf;

FRMESS (ERR24);

for I =1 step 1 until KKK do
ERR26 (TTT [1]); | -
FOXL5: ERMESS (ERR25);
FOXL6: FL :=FL - 1;

end FOXL;

Procedure Advnce; Begin

VComment'this procedure is similar to SKIP, but does not transmit
the symbol currently under scan for translation. Iﬁ praétice, this was-
accomplished by modifying SKIP, using it,'then'restoring the modificatibns;‘

"SKIPO PLUS 7 := SKIPO PIUS 8 := MOD1;

SKIPO PLUS 7 := MOD2;

SKTIPO PLUS 8 :

MOD3 .

end Advnce;
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