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A B S T RAe T 

This thesis describes the implementatio~ of the 

analysis part of a single pass translator for the programmLng 

languaie STANDARD PASCAL. The translation process includes 

syntactic analysis and semantic analysis at the declaration 

level, but excludes code generation. The details of the 

implementation are discribed, with a short descripticin of 

alternative approaches in each section. The source and test 

runs of the program are given in the appendixes A and B 

respectively. 
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o Z E T 

Butez, programlama dili STANDARD PASCAL icin geli§ti

rilen, tek geci§li bir ceviri~inin gercek1e§tirimini anlat1r. 

Ceviri i§lemi, sHzdizimsel ve k1smen anlamsal cHzlimlemeyi 

icerir, aneak kod liretimi gHz Hnline a11nmam1§t1r. Projenin 

detaylar1 he~ bH~limde degi§ik yakla§1m yHntemleri belirtile

rek aC1klanm1§t1r. Kaynak izlenee ve test geci§leri, S1raS1Y

la Ek A ve Ek B de verilmi§tir. 
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LIST OF SYMBOLS 

< ••• > The angula~ brackets are used to distinguish non

terminals from terminals. The element delimited by 

these brackets ~s supposed to be a non-terminal. 

===> + 

For a grammar G, we say that the string v directly 

produces the string w, written 

v ::> W 

if we can write 

v=xUy and w xuy 

for some strings x and y, where U: :=u is a rule of G. 

For a grammar G, we say that the string v produces the 

string w, written 

v -> + w 

if there exists a sequence of direct derivetions 

v~ u ~u -----~ U o 1 n 

where n > D. 

This 'symbol can be equivalently written as; 

v = w or v====? +w 

::= Used as an abbrevation for "defined as". 



I I INTRODUCTION 

This thesis describes a partially completed PASCAL 

translator (BUPASCAL) implemented on the UNIVAC 1106 of 

Bogazi~i University. The program is written in standard 

PASCAL and occupies approximately 60 K words of memory. 

BUPASCAL accepts programs written in STANDARD PASCAL 

as input and generates a listing of its input with the 

associated error messages. After each input program line 1S 

processed, error codes corresponding to the errors fetched 

(if any) are printed with their positions on the line, just 

after the line is printed. For example, errors of line 5 of 

the following statements are printed as; 

1ine~ 

4 

5 

ERROR 14 

ERROR 2 

ERROR 205 

6 

source lines 

J : = 3 

K := L + 

1 2 

M := 11 

3 

POSITION 1 

POSITION 2 

POSITION 3 

if A > 10 then C: = 3 

When the input program is completely processed, 

explanations of the errors detected are printed as follows; 

ERROR EXPLAINATIONS 

**~.ERROR 14 ' ;' EXPECTED 

***ERROR 2 IDENTIFIER EXPECTED 

***ERROR 205 NULL STRING NOT ALLOWED 
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Translator is a misleading term for BUPASCAL since it 

LS actually an analyzer and it does not generate code. In 

addition to error detection and reporting, BUPASCAL collects 

information about the -~dentifiers of the input program, into 

a symbol table. This table is optionally dumped as the source 

listing is produced. 

The major components of BUPASCAL are 

(1) Lexical analyzer described in section II 

(2) Syntactic analyzer described in section III 

(3) Error recovery described Ln section IV 

(4) Symbol tab Ie described Ln section V 



3 

II. LEXICAL ANALYSIS 

A. Definition 

The lexical analyzer 1S a part of a translator which 

reads the source program one character at a time and constructs 

the source program symbols (identifiers, keywords, constants 

and delimeters). 

One may justly ask, why the lexical analysis can not be 

incorporated into the syntax analys~s. After all, we can use 

BNF to describe the syntax of symbols. For example, PASCAL 

identifiers can be described by 

<identifier> : : = <letter> { <letter> <digit>}o 

<letter> :.: = AIBlcl·.· Iz 

<digit> : : = 0111 19 

There are several reasons for splitting the analysis 

of the source program into two phases, lexical analysis and 

syntactic analysis; 

1. Main purpose 1S to simplify the overall design of the 

translator. Considering a large portion of compile-time 

is spent in scanning character~, by seperation we can 

concentrate solely on reducing this time. 

2. The syntax of symbols can be described by very simple 

grammars. If we seperate scanning from syntax recognation 

we can develop efficient parsing techniques which are 

particJ~arly well suited for these grammars. 
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3. Generally speaking, syntax analyzer requires much more 

programming effort than the lexical analyzer does. Our 

aim must be, therefore to ease life for the syntax 

analyzer. So, ~ome cumbersome functions such as keeping 

track of line numbers, producing an output listing, 

ignoring blanks and comments etc. can be performed by 

the lexical analyzer. 

4. Since the lexical analyzer returns a symbol instead of 

a character, the syntax analyzer actually gets more 

information about what to do at each step. Moreover, 

the steps required for the syntax checking will be 

decreased. 

5. Seperation allows us to write one syntactic analyzer 

and several lexical analyzers (which are simpler and 

easier to write) one for each source program representa

tion and/or input device. Each lexical analyzer translates 

the symbols into the same internal form used by the 

syntactic analyzer. 

I . 

A lexical analyzer may be programmed as a seperate pass 

which performs a complete lexical analysis of the source program 

and which gives to the lexical analyzer a table containing the 

source program in an internal symbol form. Alternatively, 

it can be a subroutine called by the syntax analyzer, whenever 

the syntax analyzer needs a new symbol (Figure 2.1). 

source 
program 

----) 
lexical 
analyzer 

go get symbol 
(--------------. syntactic 

---syrrlbol ----) analyzer 

Figure 2.1- Lexical Analyzer as a Subroutine of Syntactic 
Analyzer. 

When called lexical analyzer recognizes the next program 

symbol and ~asses it to the syntactic analyzer. This alternative 

is generally\better, because the whole internal source program 

need not to be constructed and kept in memory. 
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In this thesis, lexical analyzer LS implemented in 

this manner. It is a PASCAL procedure named SCAN. Implementation 

of SCAN will be explained in detail within the rest of this 

section. 

B. The Output Of a Lexical Analyzer 

A lexical analyzer builds an internal representation 

of each symbol. In most cases this is a fixed length integer. 

As opposed to va~iable length strings, which are the actual 

symbols, these internal repr~sentations are much easier to 

manipulate and parse. 

We include in this internal representation a constant 

meaning "identifier" and another for "integer" etc. That is, 

all identifiers have the same internal number to represent 

them. This is natural, because the term "identifier" is a 

terminal symbol to the syntax analyzer, and which identifier 

it happens to be is of no consequence. However, the identifier 

itself is needed by the symbol table management routines, so 

it must be stored somewhere. Similarly, it is enough for the 

syntax analyzer to know an integer is met (whatever its value 

is), but the semantic analyzer should know its internal value. 

The solution is to output two values; the first is the 

internal representation and the second is the actual symbol 

itself or a pointer to it. Thus, the output of the lexical 

analyzer will consist of two fields. 

1. CLASS 

2. VALUE 

This LS the internal representation of the 

symbol scanned. This field is utilized by 

the syntax analyzer. 

: This field gives further and more precise 

information pertaining to the class of the 

recognized symbol. Only a few classes of 

symbols make use of this field and it LS 

utilized by the semantic analyzer. 
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The information placed in the VALUE field is dependent 

on the CLASS field and can sometimes be empty. VALUE field 

may be used in two different ways. First ~se is, in the case 

of identifiers or lite~al constants to keep actual symbol or 

internal values as explained above. 

Second, in some cases further information is required 

to indicate which particular instance of a class, the syntactic 

primitive is. An example of this is the PASCAL <multiplication 

operation> which has five possible instances, -,*,/,div,mod, 

and. Although, the precise mature of the multiplication 

operation does not affect the syntax analyzer, it has to be 

known for the semantic analyzer. 

C. State Transition Diagrams 

Before discussing the implementation of SCAN, I would 

like to mention about state transition diagrams, which I 

believe, is the best way, to show how a symbol is to be 

parsed. Figure 2.2 shows a simple state diagram. 

L 

~{.)O t>OUT 

{iJL'O 
-t>OUT 10 

o 

~CO OUT 

I t>OUT 
OUT 

DELIM 

L-_---opERROR 

Figure 2.2- State Diagrams Scanning Symbols. 
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In this figure, the label D ~s an abbrevation for the 

labels 0,1,2, ..• ,9. That is, D represents the class of digits. 

This is done ta keep the diagram simple. Similarly, the label 

L represents the class ~f letters A,B,C, •.. ,Z, and DELIM 

represents the class of single character delimeters +,-,*,/ 
etc. Note that, character "(" is not in this class, since 

it must be handled in a special manner. 

Several of the arcs have no label on them. These are 

the arcs tobe taken, if the character scanned is one that 

does not explicitly appear on an arc. For example, when in 

state INT, as long as we scan a digit we stay in state INT. 

If a non~digit character is scanned we proceed along the arc 

to OUT. 

The arc OUT indicates the class and value of the symbol 

recognized. That is, by arc OUT we mean that we have detected 

the end of a symbol and we want to leave the lexical analyzer. 

Having provided a transition diagram, there are two 

approaches, to progr~m the lexical analyzer. First is, to 

represent transition diagram in core as a set of tables indexed 

by states and characters and then move within these tables. 

Second approach, is to develop the lexical analyzer 

algorithmically. Here we do not have any explicit tables. 

A transition diagram is viewed as a specialized kind of 

flowchart. States of a transition diagram correspond to the 

boxes of a flowchart. So, according to the arrows connecting 

these states, program structures (loops, if-then-else etc.) 

are designed until an out arc is reached. This approach is 

particularly useful when the program is a lexical analyzer, 

because the action taken is highly dependent on what characters 

have been seen recently. 

The second approach is chosen (except for identifiers 

for which a set of transition tables is u~ed) ~n the 

implementatio~ of SCAN. SCAN uses a case statement based on 

the first chatacter of the incoming symbol, to determine 

which arc to take' from the initial state S. Following characters 
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are handled as described abQve. 

When an ERROR arc is reached SCAN takes the corrective 

action and tries again~ Errors detected by SCAN is referred 

as LEXICAL TIME errors and they will be presented under the 

heading E. 

D. Implementation 

Within this section, the PASCAL procedure SCAN, which 

is the lexical analyzer of BUPASCAL will be explained. 

1. Symbols of PASCAL 

Symbols of PASCAL can be classified into five groups. 

In each case the class field repre8ents the type of syntactic 

primitive, and the value field, if utilized, supplies further 

information. 

i) IDENTIFIERS 

Identifiers can be predefined or user defined. 

Predefined identifiers are 

- Subprogram identifiers such as READ, WRITE, EOLN etc. 

- Type identifiers such as INTEGER, REAL, BOELEAN etc. 

- Const identifiers such as TRUE, FALSE, MAXINT etc. 

In general all identifiers (tonstants,variables, 

procedures, functions, types, fields etc) whether 

user defined or predefined are identified by the same 

class code. The only difference between predefined and 

user defined identifiers is that, predefined identifiers 

are located during initialization into the symbol table. 

But this is not a concern of SCAN. 

Value ~ield is unutilized~ Instead a global string 
, 

variabie keeps the actual symbol, for symbol table 

search. 



ii) KEYWORDS 

These are the syntactic primitives that serve to 

identify the different types of PASCAL statements and 

pragram components. 

9 

They have the same syntax with identifiers, but SCAN 

seperates them from identifiers, by a set of transition 

table~ thus eliminating a need for a search of a table 

of keywords. There are thirty keywords and each 

keyword is represented by a distinc class code. Note 

that, value field is again unutilized. 

iii) LITERAL CONSTANTS 

In this category we include unsigned integers, unsigned 

reals, character constants and string constants. Thus, 

four internal codes are required to indicate the type 

of the constant in the class field. The value field 

points to the location that contains the value of the 

constant in the dynamic constant table. 

iv) OPERATORS 

Pascal operators can be classified into three groups, 

each group requiring a distinct class code. 

1. Relational operators 

These are "<", ">~I, " =" , "<>", "> =" , n< =" and 1n. 

The value field indicates the precise operator 

within the group. 

2. Adding operators 

These are n+" "_" and or and the value field , -
pinpoints the precise operation. 

3. Multiplying operators 

Similar to the previous two groups except the 

, "*" "/" d1'v mode and operators are , , __ , ___ , . 
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Note here that the generalizations in groups (1) and 

(2) are not accurate. The symbol "=" when. ,used in type 

and const statements is not a relational operator. 

Similary "+" and--."-" can sometimes be used as signs. 

This discrepancy 1S avoided by taking corrective action 

during semantics check. 

v) DELIMETERS 

In this category we. include all other single character 

e • g. II II II • II , , "(", II :") 

( """: =") of PASCAL. e. g • •• , 

and double character delimeters 

Each of these delimeters will be represented by a 

unique class code and the value field will not be 

utilized. 

SCAN 1S .a1so responsible to detect and ignore 

seperators which are principally for the benefit of 

the human reader. Seperators are blanks, end-of-lines 

or comments. They have no effect on the meaning of the 

program. 

2. Data Structures to Represent PASCAL Symbols 

At this point, we can present data structures used in 

recognation of PASCAL symbols. These structures are declared 

globally (Table 2.1). 

In these declarations, CLASS and VALUE fields are 

gathered within a record type named TOKENS. The record contains 

three variants which states different uses of VALUE field. 
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TABLE 2.1- Data Str~ctures-for the Lexical Analyzer. 

Ty?r::-
5Y'·3 ()L - (* ~~;SY~~Ol ·C~ASSES.~. .) 

. TJSNT, r~TCONSrt 
·STPi~GCJ~ST, fOFPG~, 

QPFRAT0R = 
{ 

(: STCL J\ SS 
S TPGR MiGE 
C:;ARS TrHIG 

CSTACD~' 
CQ~~S T M! T 

o~LJP, LDA?£~r, 
R?RACV~Tt CCM~A, 

GOrDOT ACR0N 
lRPAYSV! 3EG!NSV: 

JOSY, OOWNTOSY, 
FILFSY, FOKSY, 
GOrOSY, IFSV, 

~FSY,. PACK~DSY, 
RFCOROSY, R£PEATSY, 

rOSY, TYPtSY, 
WHILfSY, WITHSY, 

ASTR, 
.1 tAr) IJ , 
~TOP, 
'~E 0 P , 

RD!V, 
PLUS, 
LE()P, 
E'lOP, 

Asttl .; r~"g peus ." ~;.(0. 
L TOP •• t"1')P 

- (INT3P, REEL STRING, K~Aq) 

!DIV, 
'1INUS, 

SEOP, 
!~OP 

- r.; 7P,' 
- PACK~O AR~AY CSTRGRAN3EJ 0F :4A~ 

- @ CO'4S rA;'4 T • 
- ?ACK::IJ RC:CJ~6 

CASt:: CLASS 
Hl T3R : 

fl'ln '; 

Rr.'t:L 
KHA? : 
5T.:H .... S: 

: CSTCL~SS OF 
(IVAL : l'JTE::;::~ 
(RVAL : K~AL 
(OROCH: l'lTEG~~ 
(SLGTH: ST~S~~~SE 
SV~L : C~ARSTRIN5 

CHARCO,'tST', 
A8QOP, 

L8QACr<F.T, 
Pt:RI0D, 
ASSNOP, 

.CONSTSY, 
ENDSY, 

FU~CTLONS'f, 
r..O.TSY, 

PROGRAHSY, 
THENSY, 

VARSY, 

ANOOP, 
DROP, 
G rap, 

1 . 

(* .~.t='o'LLOwING ErjUMF.~A fEu TYPf.: INDICATES HOoi TH~ VALUE 
FIELD WLLL 3E urILTZ::J; . .) 

TKNCLASS = (NOT\~EOi), O~RTR, OR~O~ES) 

(* ;.ouTPUT TYPE OF SCAN IS T4E FOLLOW!~3 R~:QRO W~ERE 
VARIANTS OP,CSTAOR DENOTES D!FFERE~T US~S OF VALUE 
F" IE: LOt,: --------~ )--- --- -

TOKENS 

VIl.R TOKEN 

_ RfCO;(O 
cuss: SY"!SOL 
CASE T~~CL&SS OF 

QORTe< : ( 

END 

TOKENS 

DPAJKES: ( 
Nor"~~JEO : ( 

OP 
CSTA')~ 
) 

OPERATOR ) 
C S n DO R. ) " 
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3. Algorithm of the Lexical Analyzer 

SCAN uses the f6llowing variables and routines. 

1. CH CH 1S a global variable which will always 

hold the current character of the source 

program being scanned. 

2. IDENTIFIER: is a location which will contain the 

string of characters making up the symbol. 

3. NEXTCHAR 

4. READLINE 

5. PRINTLINE 

is a function to return the next source 

program character. NEXT CHAR will take care 

of reading and printing next source line, 

when it detects end of line, while trying 

to scan next source character. 

is a procedure which reads the next source 

program line into an internal buffer. 

Function NEXTCHAR actually uses this buffer. 

READLINE is called whenever the buffer is 

wholly utilized. 

is a procedure which dumps the above 

mentioned buffer. It also prints the errors 

of the current line (buffer) if there are 

any. 

Figure 2.3 g1ves the transition diagram of whole PASCAL 

symbols. 

SCAN uses the following data structure to implement 

arcs for single character delimeters. 

var CHRCLASS : array (.CHAR.) of TOKENS; 

It will be initialized as 

CHRCLASS C'C'J;CLASS .- LBRACKEr · -CHRCLASS ['@'J .. CLASS · - ARqOW · -CHPCLASS [')'J.CLASS · - PPARENT · -CHRCLASS [' J' J~"CLASS · - RBRACK::T · -CHRCLASS [','];CLASS : = COMMA 
CHRCLASS [ t : ')~ C l. ASS · - COLON ; · -CHRCLASS [ , ; 'J It C L. 1\ S S · - SEMICOlO~; · -
~JI TH CHRCLASS [ '+ ' J DO BEGIN CLASS:= ADDOP OP:= 
WITH CHRCLASS [ • :~. j DO BEGIN CLASS:= Ai)\JOP 0°'-.. -
~J ITH CHRCL6.SS [ , / ' ] DO BEGIN CLASS:= MULIJP OP:= 
WITH CHRCLASS [ , * ' J DO BEGIN CLASS:= MUlOP QP:= 
~1 I TH CHRrLASS [ , = t J 00 BEGIN CLASS:= RELOP OP:= 

PLUS END 
~ INUS END 
RDIV END 
ASTR END 
EQOP END 



TABLE 2.2- Algoiithm of the Lexical Analyzer 

p ") 0'( :: D u !? c: seA" 

I. 

LAcC::L ' 

P R () C ~ 0 U R r:: o r< HIT ! ~ ~ : ~ t: Sl~J •• ; ::: .. ') 
P~.JCf="DLlR~ ;:)C::,~DL ~It. 
~ cJi pj , 1 c r- J F (r PUT) r q £ 'Ij 

T~K(~.ClASS = r::O~?G~ (# SO ~~TU~~ ~~0M SCA~ .) 
~riJ ; 
Cu~lcTrON ,\~XTCr-:AP : CH.iR ; aFGIr. ••• E"iJ ; 

" 

''':H!LE CH=' t jO 
r H : = ',i:: y T C -ia ,~ 

t i' ! .;.. .. • 2 t 
• ,..,. • .. ' ::;' t -

, ( t 

, >, 
• , •• t 

, ( . 

· ...... , · ~ " .~. 
• ~ .a. ! ... 

~.!.., ". 
• ,. '! ~ . 
~ II , • 

IF CH="",' THn .. (* C0'1'1ENT5 *) 
,~t:GiN 

CH := ,'-iEXTCHAR 

FLS;: 11=' (:i1 ='.' THEN 
8:.G ... N 

3J!:l .I. 

TOKF:tj~CLASS := L3'H.Cr<':T 
(' H • - 'j ~- v T C H '" R ,. -E -.IJ W • - ' ... ,- • 

ELSE TO~~N~CLASS := L?a~r::NT 

£ ~i J (* CA S::: L..\ 2. fL' (' .,) 

OTHERWiSt. 

T F ~ ~ ~ 1: ~ ;-C LAS S = (} T H r: K S Y T --I:: \j 

t: ~,l U 

E R ~ 0 ~ (6); (* r L L E'j A L S Y .., :3 0 L "') 
CH := I.JEXTCHAR 
SOT') .I. 

r::~w 
END ; 

13 
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L 

o 

( 

( special- tretment) 

• 

.. 
o 

OUT CLASS: INTCONST 
CSTADDR: fi} CSTADDR 

ERROR 201 

UT CLASS: REALCONST 
CSTADR@CSTADDR 

UT CLASS: REALCONST 
C STADR:@.lCS TADD R 

I _______ ·I>ERROR 201 

l----I~:>ERROR 201 

'--------I~OUT CLASS: REAlCONST 

14 

) . 

co nme nt go to Q) 

• OUT CLASS: LBRACKET 

OUT CLASS: LPARENT 

Figure 2.3- State Diagram for PASCAL. 



1
"····1. :1 
1 

f' 
I I 

i i 
15 

OUT 
CLASS:if length=O ERROR 202 
, i.r \engt h=' CHARCONST 

if le~(h>J STRINGCONST 

• 
OUT CLASS.: PERIOD 

• OUT CLASS: DOTDOT 

) 
OUT CLASS: RBRACKET 

I.. '" 

OUT CLASS: RELOP OP : L TOP 

= OUT CLASS: RELOP OP : LEOP 

) OUT CLASS: RELOPOP~ NEOP 

-
) OUT CLASS: RELOPOP: GTOP 

OUT CLASS: RELOP OP : GEOP 

t--_·...,;;<el;.......---1I J> OUT CLASS : ARROW 

) 

. , 
+ 

/ 

* 

= 

OUT CLASS: R BRACKET 

OUT CLASS: R PARENT 

OUT CLASS: COMMA 

OUT CLASS: SEMICOLON 

OUT CLASS; ADDOP OP: PL US 

OUT CLASS: ADDOP OP: MINUS 

OUT CLASS; MULOP OP: RDIV 

OUT CLA SS : MULOP OP : ASTR 

OUT CLA'SS: LBRACKET 

OUT CLASS; RELOP OP EQOP 

ERROR' 6 go to CD 

Figure 2.3- Continued. 

---------------~~~ ----_._-_. _____ 1 
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All other characters will have a CLASS field of value 

OTHERSY. These are characters that have not been included in 

PASCAL character set, so if met an error message should be 

given. 

Also note that a class code, EOFPGM 1S included within 

the user defined scalar type SYMBOL, which indicates there are 

no more symbols to the syntactic analyzer. 

The procedure SCAN has the algorithm o£ table 2.2 

(Assume result is returned in the global variable TOKEN). 

Treatment of case labels 1n algorithm of table 2.2 

are easy and straightforward. That is, once starting 

character of a symbol is found, it is the task of the 

corresponding case label to complete the syntax of the symbol. 

(Note that, SCAN assures that when it returns, the next 

character will always be scanned). 

Only the case label related to identifiers, is 

specially treated. Identifiers and keywords both have the same 

syntax. So, the keywords of the language couid be initially 

classified as identifiers and the corre~t symbol asserted 

after consulting a table of keywords. Due to the additional 

table search, this method is slower than the direct 

recognition of keywords through state transition tables. 

Thus assum1ng we have two keywordsENDE, ELSE the arc 

labelled L in figure 2.3 will be modified to include keywords 

ENDE, ELSE (figure 2.4. Note that keyword ENDE used in this 

figure is not a PASCAL keyword). 
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® 
II II 

E U 011 P /I 

2 -D{D4CD~/0· L>g~JSS: 
LID 8 --l> 0 UT 

~ CLASS: 
IIE~ LID 

6 --£>0\- L> OUT 
. \!J CLASS: ELSE 

ENOE 

IDENT 

~UD 
L~t'EuJ ~) I __ ~ __ ~ ____ I> OUT eLA 55: I DE NT 

D ........ 

Figure 2.4- State Diagram to Recognize Keywords. 

In figure 2.4 symbols L,D represent the set of letters 

and digits respectively as in fig. 2.3. The label LID means 

letter or digit and L-{"E"} denotes the set of letters 

excluding the character "E". This diagram actually contains 

all PASCAL keywords but for simplicity I assumed only the 

existence of two keywords. 

A set of tables is used to represent this transition 

diagram. The set consists of four arrays indexed by state 

numbers. These arrays are declared as; 

var DEFAULT 

NEXT, CHECK 

BASE 

array [O .• 171J of TOKENS; 

array Lb .. 168Jof INTEGER; 

array [O •• 17l~ of INTEGER; 

BASE a~ray 1S used to determine the base location of 

the entries for each state stored in NEXT and CHECK arrays. 
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DEFAULT array indicates the class of symbol fetched. 

Assuming we are at ·case label 'A' •• 'z, in the procedure 

SCAN, (thus CH contains~ a letter initially) table 2.3 gives 

the algorithm used (BAZ and S are variables declared of type 

integer) • 

To compute the transition for state~S on input character 

~H, the pair of arrays NEXT and CHECK is first consulted. In 

particular, t~e algorithm finds their entries for state S in 

locationBAZ := BASE CS~ + ORD(CH). NEXT tBAZ] is taken to 

be the next state for S on input CH if CHECK CBAZJ = S. This 

procedure is repeated within a loop until CHECK rBAzJ <> S for.· 

some state S. 

When we exit from the loop, the DEFAULT entry corresponding 

to the last state S, shows whether an identifier or a- keyword 

(if so which one) is met. 

For example, suppose state 1 in figure 2.4 is indexed 

5 in numbering states (that (s S = 5 initially). Then a value 

in chosen for BASE C5~ artd value 5 is int~red into 

CHECK CBASE C5.:J + ORD ('N'») and CHECK CBASEt6::J + ORD ('L')]. 

The next states on ,~, and 'L' for 5, are ehtered into the 

corresponding entries of the NEXT array. 

TABLE 2.3- ·Algorithm to Compute Transitions 

~~ :=OROfr.Hl ; : = ~H: X CH R ; 
(~ IN!T!AL STATE FOR BASE ARQAV *) 

B AZ := BASE (SJ + ORD (CH) : 

~~lkE S:§ ~~~~K[~~~3J:DO SEGIN 

. CH 
SAZ 

E. ~~ 0 ; 

:= NEXTCHAP • 
:= BASE (SJ + 6RD 

l* WHILE *) 
(CH) 

T :> K EN : = 0 E F A U L T [S J i 0'" '9' J T H F. N 
I~ CH IN ( 'A' •• 'Z', .~ 

TOKEN •. CL~.SS-:= InUIT: 

( * . .;. -= RETURN • •• . .. *) 
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DEFAULT [sJ. CLASS will be IDENT. The algorithm of 

Table 2.3 will make the right transitions on "N" and "L", 

ptherwise loop will be terminated. Therefore, if input CH is 

any c h a r act e r, but "N "- 0 r "L", we s hall not fin d 

CHECK (BASE(SJ + ORD(CH)J = S and exit from the loop and token 

will be DEFAULT S , which is an IDENT. 

Only, the DEFAULT entries corresponding to states 4 and 

7 in figure 2.4 will contain classes representing keywords 

ENDE and ELSE respectively. 

BASE values are initialized so that BAZ values 1n table 

2.3 for different S values, do not conflict with the existing 

CHECK entries. Sizes of NEXT and CHECK arrays are highly 

dependent on these BASE values, so that they must be chosen 

- carefully. 

Assume that the input string 1S ELSEA. According to 

the algorithm we exit from the loop with DEFAULT class for 

the keyword ELSE. The last if statement in table 2.3 used to 

correct such errors. That is, as soon as we exit from the 

loop the last character scanned is tested. If it is a letter 

or digit, that means we have met an identifier, not a keyword. 

Algorithm of table 2.3 is also used 1n recognition of 

operators such as mod, and,~, div etc. in addition to 

keywords and identifiers. 

The transition tables for the diagram in figure 2.4 is 

shown in figure 2.S. Here it is assumed that ordinal values 

of letters range from 1 to 26, in alphabetical order. That is 

ORD ('A') = 1, ORD('B') = 2, ••. ,ORD('Z') = 26, and so on. 

Base values are all zero except for entry 31. This 1S 

because when S is 31, letter "E" is expected to recognize the 

keyword ENDE and if BASE 31 were 0, baz value 

(BASE(3l:J + ORD ('E'» would correspond to CHECK entry S, which 
, 

have already been utilized. 
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- .:::::: -
27 5 

0 0 

30 5 --- .:::::: 

0 0 

28 27 

0 0 

Figure 2.5- Transition Tables to Recognize Keywords. 

E. Lexical Time Errors 

20 

SCAN is responsible of detection and reporting lexical 

time errors. Lexical time errors of PASCAL are defined as 

follows; 

ERROR 6 : Illegal symbol 

ERROR 201 : error in real const; digit expected 

ERROR 202 : integer constant exceeds range 

ERROR 205 . null string not allowed . 
ERROR 206 .: integer part of real constant exceeds range. 
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The detection points of ERRORS 6,201,205 are shown in 

the transition diagram of fig. 3.3. Errors 202 and 206 can 

be detected during conversion of numbers from character code 

to binary form. 

F. Conclusion 

SCAN is designed as a hand-written lexical analyzer. 

For this algorithm GRIES (2) can be referred. The set of 

transition tables used for identifiers and keywords are 

explained in AHO-ULLMAN(l). 

SCAN can work independent of the machine it is run 

with simple modifications. It is-designed to work in FIELDATA 

character set, because the transition tables used for the 

recognition of identifiers and keywords are initialized us~ng 

FIELDATA character codes. But the algorithm can be made to 

work in any character set, by addition of a single array. 

Conversion algorithms from character code to binary 

form (in case of numbers) are general but errors 202 and 206 

.depend on the word size of the machine. 
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III. SYNTACTIC ANALYSIS 

A. Definition 

A syntactic analyzer (or PARSER) for a grammar G is a 

program that takes as input a string Wand produces as output 

either a parse tree for it, if W is a sentence of G, or an 

error message indicating W is not a se~tence of G. In case 

of translators, W corresponds to programs of a programming 

language whose grammar is defined by G. 

Parsing algorithms can be classified into two categories 

bottom-up and top-down. The terms refer to the way in which 

parse trees are built. A bottom-up parser builds parse trees 

from the bottom (terminal nodes) to the top (root node). A 

top-down parser builds parse trees starting from the root node 

and works down to terminal nodes. In both cases the input to 

the parser is being scanned from left to right, one symbol at 

a time. 

Bo Bottom-Up Parsing 

The bottom-up technique is to start at the string itself 

and try to reduce it to the distinguished symbol. Consider, 

the sentence 35 of the following grammar for integers. 

<N> ::= <D>I<N><D> 

<D> ::= 0·11121 19 

The f i\r s t s t e pis tor e due e the 3 to < D >, y i e 1 din g the 
\ . 

sentential fotm <D>5. Thus the direct derivation <D>5=>35 
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1S constructed as shown in figure 3.la. Next step is to reduce. 

<D> to <N> (figure 3.lb):, This proceeds untll the last tree 

(figure3.ld) has been formed. Note that, in ~uch a paise, at 

each step a handle (le~tmost simple phrase) of the sentential 

form is reduced. 

(N) 

(N) ( N) <N) 
I I I 

(0) (0) (0) (0) (0) (0) 
I I I I I I 
3 5 3 5 3, 5 3 5 

I I 

->35 =>(0)5 ->(N)5 (N) =>(N) (0) 
( a ) ( b) , ( C ) ( d ) 

Figure 3.1- Bottom-Up Parse and Derivation of its Constructs. 

Bottom-up parsers usually tise a stack for reduction 

process. Symbols are pushed on to the stack until the right 

side of a production appears on top of the stack. The right 

side may then be replaced by (reduced to) the symbol on the 

left side of the production, and the process is repeated. 

C. Trip Down Parsing 

Top down pars1ng can be viewed as an attempt to find a 

left most derivation for an input string. For example, 

consider the grammar, 

1) <S> .. = c<A>d 

2) <A> :: = b I a 

and let input\be W = cad. We initially start with the root 

node <S>. Firs~ symbol of W matches the first symbol (which 
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is the terminal c of rule 1. So we advance to the next input 

symbol, a and try to match it with the successor of terminal 

c in rule 1. (which is <A». Since a non-terminal is reached, 

we must first expand i~ before proceeding. Upto here we have 

constructed the following partial tree. 

<A> has two alternatives, among which second one matches the 

input symbol, that is terminal a of rule 2. Thus <A> is 

expanded using the second alternate to obtain the partial tree 

We now consider d, third input symbol, and successor of 

non terminal <A> of rule 1 (since its expansion has been 

completed) which is the terminal d, and this matches with the 

input symbol. 

(5) 

~l~ , 
a 

Since we have now produced a complete parse tree for W, 

we halt and announce succesfu1 completion of parsing. 

Parsing algorithm used ~n 'this thesis, ~s a top-down 

technique. The algorithm is implemented as a PASCAL procedure 

named' PARSE dud it will be explained within the rest of this 

section. 



25 

D. Implementation 

This section describes the parsing algorithm, and 

representation of the grammar. It also describes the problems 

of TOP-DOWN parsing and how they are solved by PARSE. 

1. Graphic Notation of Grammars 

The algorithm is centered upon the relationship between 

an element and its successors, and the element and its 

alternates. To show these relationships schematically, a 

graphic notation is introduced. Consider the following simple 

rule; 

<left hand side> ::= <p><q>l<r><s> 

This rule can be represented as Ln figure 3.2. Arcs 

labelled a show afternates, and arcs labelled s show 

successors. Finally arc labelled d means "defined as". 

(left hand side) 

ld 
(p)_s_1> (q) 

a 

(r )_5_1>.( 5) 

Figure 3.2- Graphic Notation of a Rule. 

Tables used by PARSE to represent the grammar in core, 

use such alternate and successor links. So the graphic 

notation helps us in designing those tables. 

If there is no alternate for an element, we indicate 

this by the absence of an alternate arc in the graph. While 

representing ~n core, alternate link of such an element will 

contain a dumm~ constant denoted by thecongtant identifier 

FAIL. Trying to access an alternate link whose value is FAIL 
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causes an error. Similary to indicate end of successors, we 

use another dummy constant, denoted by the constant identifier 

OK. 

2. Top Down Problems and Their Solutions 

a) Direct left recursion 

Assume we have a rule like <x> ::= <x> Then our 

first action to expand <x> would be to expand <x>. And next 

action would also be to expand <x>, since <x> is always the 

first ru)e of the expansion of <x>. Thus we would be in a 

deadlock creating a loop around <x>. 

Best way to get rid of direct left recursion is to 

write the rules using iterative notation. Consider the 

following rule 

<E> ::= <E>+<T>I<T> 

It can be written as; 

<E> : : = <T>{+<T>} 
N 

where N corresponds to the minumum number 6f iterations which 

could be zero. Iteration can be represented in successor 

alternate graphs easily. In this case, the last element in a 

{ } pair points to the first element in the { } pair, as its 

successor. And the first element's alternate link will contain 

OK value. OK value used in an alternate link shows optionality 

and means end of the expansion of the current non-terminal 

just as an OK value met in a successor link. 

Figure 3.3 shows the graphical representation of the 

rule <E> ::= <T>{+<T>}N' when N is ~. 



(E) 

d 

(T) 5 5 
------~+------~(T) 

5 <]1------

Figure 3.3- Graph of an Iterated Rule (N=O). 
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OK 

If N is greater than 0, the graph gets larger But N is 

usually 0, and there are very few rules requiring N greater 

than 0. Figure 3.4 shows the same graph when N is 1. 

d 

5 5 5 5 < (T) --I>+--I>(T)--I>+--I> T) 
5 <]1--"'---

Figure 3.4- Graph of an Iterated Rule (N=l). 

b) General left recurs Lon 

Assume we have rules like <U> ::= <V>x and <V> : :=<U>y. 

These rules yield <U> ::= <U>yx. There is no simple way of 

getting rid of such rules, except for manually checking. 

c) Backups 

Backup conditions rise when we are expanding non

terminals. That LS, when we met a non-terminal we first go to 

its definitidn, and try to parse it. And if it S definition 

also contains'non-terminals in it S definition we proceed 

similarly until success has been reached at some level. If 
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during this process, a failure occurs at any level, we must 

'back-up to a higher level, to try the alternate of the non

terminal that caused the failure. Backup process may continue 

up to the initial leve~ where we first met a non-terminal~ 

Backups should be avoided because; 

1) It is time consuming and inefficient 

2) If semantics are being performed as each syntactic 

element is identified, then they have to be undone 

3) If code generation is being done, the code generated 

needs to be erased upto a point 

4) Backups make error recovary very hard. 

Backups can be avoided if we impose the restriction, 

NO NON-TERMINAL CAN HAVE AN ALTERNATE LINK DIFFERENT FROM FAIL 

VALUE, on the grammar. Thus in case of match fails, alternate 

link will be referred. If an alternate element exists we 

proceed with the alternate link. If its value is OK (which 

means expansiori is completed) we move a higher level~ But if 

its value is FAIL, an ERROR routine will be called. 

Consider the graph in figure 3.Sa. The definition of 

<repetetive-stmt> does not obey the above stated restriction, 

since the non-terminal <while-strut> has an alternate link. 

Restriction is obeyed, by substituding the definition of 

<while-stmt> into the definition of <repetetive-stmt> (figure 

3.Sb). 

These sort of substitution transformations on the 

grammar may lead to very long rules. But it is worth to do so, 

since only by this way backup problem can be solved 

d) Representing empty strings 

Consider a rule like <x> ::= alblcldlelE where E 

denotes the empty string. The presence of an empty string can 

be represent~~ graphically by'setting the alternate link of 

last element to OK value (figure 3.6). 
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1_ (repetetive-stm't) 

ld~ 
(while-stmt) - (repeaLstmt) 

5 5 
while ---.,[> (expr) --[> do 

(repeat-stmt) 

ld 
5 5 S 

repeat--[> (stmt_list)---[> until ~<expr1 

(a) 

4 _ (repetetive - stmt) 

ld 
while 5 [>(expr) ~ do ~<stmt> (repeat-stmt) 

( b) 

Figure 3.5- An example of Substitution Transformation on a graph. 

(X ) 

l a a a . a ~OK 
~b'~~d~ ace 

., 

Figure 3.6- Graph of a Rule Containing an Empty String. 



Recall that OK value 1n an alternate link, was used 

to indicate end of expansion while discussing iterative 

notation. OK value 1S used similarly her~ Thus, if the 

alternate link of the ~erminal has been tried, that means 

expansion is completed with the empty string. 
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Representations of empty strings in this way may be 

time consum1ng, since all alternate links up to the last 

terminal should be tried. There is no simple way to get rid 

of empty strings and sometimes they are unavoidable. Yet some 

tricks can be used to get rid of them. For example consider 

the following rules. 

<A> : : = «B>J 

<B> : : = c I <D> 

<D> : : = e I E 

These rules can be modified as follows; 

<A> : : = C <B> 

<B> : : = J Ic J I <D> .J 
<D> : : = e 

That would be easier and faster to parse. Graphical 

notations of both grammars are glven in figure 3.7a and 

figure 3.7b in that order. Let input be, w = CJ . In figure 

3.7a when parsing this input, to see <B> is empty we have to 

move down to the definition of <D>.Then we check alternate 

link of the terminal e which is OK. Thus we move up to the 

first level to match J. 

In case of figure 3.7b, for the same input (w=CJ) it 

is the second level and first element where a match is found. 

3. Data Structures to Represent the Grammar In Core 

PARSE uses two static tables to represent the grammar 

1n core. 



(A) .<A) 

~d 
5 t><S> 5 .[:> J. 

Jd 
5 1>(8) [ [ 

I 

(8) (8) 

~d 0 t' a 0 

] ·~C~<D) C 

(0) (0) J; } 
d d J J Q . 

e OK e 

(0) ( b) 

Figure 3.7. An Example to Get Rid of Empty Strings 
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i) SYNTAX TYPE TABLE (TTABLE) 

TTABLE has an entry for each element of the vocabulary 

It is declare~ as; 

type TPRANGE = 1 •• TPSIZE ; {~elements ~n vocabulary} 

var TTABLE:, array r. TPRANGE J of 

record 

case TERMINAL : BOOLEAN of 

TRUE (CLASS SYMBOL ) 

FALSE (POINTER SPRANGE) 
, 

Tagfield TERMINAL is set to TRUE, if the corresponding 

element is a terminal and it is set to FALSE if the 

corresponding element ~s a non-terminal. Field POINTER 

is used for non-terminals, and points to an entry in 

the structure table (second table) where we record the 

definition of each non-terminal. If the graph notation 

is considered,this variant corresponds to the arc 

labelled d. 

On the other hand, field CLASS is defined for terminals 

and is used to communicate with SCAN. In other words, 

this entry records the internal code of the symbol 

required. 

ii) SYNTAX STRUCTURE TABLE (STABLE) 

This table is used represent the rules of the grammar. 

Thus it has an entry for each symbol of a production, 

and for all productions. The table ~sdeclared as; 

SPRANGE = -1 •• SPSIZE; {size of grammar} 

cotist FAIL = -1; OK = 0; 

var STABLE array C SPRANGE,J '~ 

record 

SUCCESSOR, ALTERNATE 

TPTYPE TPRANGE 

SPRANGE; 
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Fields SUCCESSOR and ALTERNATE are used as internal 

pointers in STABLE and they correspond to arcs labelled 

sanda in graph notation. As discussed before,ALTERNATE 

field can tak~FAIL and OK values, and SUCCESSOR field 

can take OK value. 

So subrange type SPRANGE has a lower bound equal to -1. 

Field TPTYPE is a backward pointer to TTABLE. It is 

used to get information about the current element 

being tested. 

PARSE also uses a stack to keep completed parts of the 

parse tree being constructed. Two procedures (POP and 

PUSH) are used to manipulate this stack. An entry is 

~llocatedeach time a non-terminal is met and dealloc~ted 

each time the expansion of a non-terminal is completed. 

4. Parsing Algorithm 

Table 3.1 g~ves the algorithm of PARSE. Variable SPINX 

~s used to index STABLE. It is initially set to 1, that ~s, 

it initially points to the first rule of the grammar. SPINX 

values are pushed on to the stack as long as they index non-

terminal entries. 

When a terminal is reached in the definition, it is 

compared with the input symbol. If they match procedure SUCCESS 

is called. Otherwise ALTERNATE field is tested. If its value 

~s FAIL then an ERROR routine is called. If its value is OK 

then, this means end of expansion and again procedure SUCCESS 

is called. If none of these are true then SPINX is set to the 

value of ALTERNATE field. 

Procedure SUCCESS is called in two cases. Its formal 

parameter MODE is set to 0, if a match occurs and is set to 1 

if value of ALTERNATE link is OK. Function of SUCCESS is to 

advance SPINOC to the successor of current element. It also 
I 

tests whethe~ expansion is completed by testing MODE = 1 or 

successor of the current element is OK. If so, it moves up a 
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TABLE.3.l-Parsing Algorithm 

?~DCEOU~E PARSE ; 

~~8E~BU~~ ~O~H (iT~~ : SP~A~GEI 
~U~CTrnM N1NTEPMI~AL : aOJLEAN 

°fWCFDI'RE SUCCESS {.;I)Jf.: : !'.jTEGEq 
q('Cp,1 _ . 

...... 
• . ! • !' . . ~ . 

tiHl.l.£ (SOBLE ~SPT\iX].SjCr.ESSO~::J{) J? ('110E=U UO 
p EG l~l 

SP 1 ~!X 

3::S"(\I 

.I';(!OF : = l. • • 

SPIhX ::: STAC~ CSTICKT~PJ ; 

DOP (* ~Qvi JD , LEVEL *J 

:= STASL~ CS?I~XJ;SUCC~SSJ~ 

(* succc-:ss *) 

S?!dX := .l. 

~HILE TRUt:: DO 

c.: \j J.: 

WITH STA3L~ (S?I~X) GO 3EGIN 

W HI L £ ~I 0 N T E~ H .I. ~J A L ( T pry p £) !J 0 a ~:; t ~ 
DUSH (S?r.~)(l ; 
SP!NX := TTA3LECTPTYPEJ.p~rNTEq 

(tiD : 

TF TTA9LF[T?Typ~1.rL4SS. = TO~~~.CL'SS 
tHEN (i CJq~E~T ~LE~FNT :: tN~JT SY~30L .) 

2 ':G U. 
SCAN' '* SET jiEXT TC-<E"l -ill 
SUCCESS (0) 

n~[) 

FLS~ IF ALT~p~4rE :: FAIL THE~ 
8EG!~ f~PQQ ; RECOVARY ~NJ 

ELSE IF AL T:.=<:.A T€ :: OK THEN 
SUCCESS (t) 

ELSE SPINX := ALr~~NATF 

, *' F0R£V::'R LOOP *) 

34 
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level by a POP operation on stack. 

Function NONTERMINAL returns true if its argument 

points to a non-term~nal TTABLE entry. STACK-EMPTY is assumed 

to be a global variable set true by the procedure pop when the 

stack becomes empty. 

Table 3.2a g~ves an example grammar, where as table 3.2b 

and 3.2c gives the internal representation of this grammar in 

core. A trace of the algorithm, for this grammar using input 

W = A > B * C 7 is given in table 3.3. The input symbol 7, is 

used to indicate end of string. In this table, existence of 

two functions SUCC and ALT are assumed which return successor 

and alternate values of their parameters. 

E. Conclusion 

Procedure PARSE ~s a predictive parse technique. 

Predictive parsers are efficient ways of implementing recursive 

descent parsing by handling the stack of activation records 

explicitly, and by keeping a set of tables to represent the 

grammar in core. 

PARSE uses two static tables (TTABLE and STABLE) for 

grammar representation. Both tables have the prefix PACKED 

which requests a compact storage representation for values of 

the tables. Sizes of these tables are 97 words and 544 words 

respectively. Thus the space they occupy is not much. 

The complete syntax of PASCAL written ~n BNF obeying 

the restrictions stated in this section is given in appendix 

C • 

Various parsing techniques are explained ~n detail in 

GRIES (2) and AHO-ULLMAN (1). 
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TABLE 3.2- Parse Tables f~r an Example Grammar 

GRAMMAR: 

1) <expression> ::= ~simple exp> RELOP <simple exp> 

2) <simple exp> ::= <term> ADDOP <term> 

3) <term> ::= <factor> MULOP <factor> 

4) <factor> ::= IDENT I «expression» 

( a) 

INDEX EXPLAINATION TERMINAL POINTER CLASS 
1 <expression> FALSE 1 
2 <simple exp> FALSE 4 
3 <term> FALSE 7 
4 <factor> FALSE 10 
5 RELOP TRUE RELOP 
6 ADDOP TRUE ADDOP 
7 MULOP TRUE MULOP 
8 IDENT TRUE IDENT 
9 ( TRUE LPARENT 

10 ) TRUE RPARENT 
11 ~ TRUE EOFPGM 

Contents of TTABLE 

(b) 
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TABLE 3.2- Continued. 

INDEX EXPLANATION - SUCCESSOR ALTERNATE TPTYPE 

***EXPRESSION*** 

1 <simple exp> 2 FAIL 2 
2 RELOP 3 OK 5 
3 <simple exp> 2 FAIL 2 

***SIMPLE EXPRESSION*** 

4 <term> 5 FAIL 3 
5 ADDOP 6 OK 6 
6 <term> 5 FAIL 3 

***TERM*** 

7 <factor> 8 FAIL 4 
8 MULOP 9 OK 7 
9 <factor> 8 FAIL 4 

***FACTOR*** 

10 IDE NT OK 11 8 
11 ( 12 FAIL 9 
12 <expression> 13 FAIL 1 
l3 ) OK FAIL 10 

Contents of STABLE 

(c) 



TABLE 3.3- Trace of ~arsing Algorithm Using tables of 
TABLE 3.2 

STEP SPINX IS TERMINAL? OPERATION 
~--~----------------------

1. 1 No 

2. 4 No 

3. 7 No 

4. 10 Yes 

5 8 Yes 

1. PUSH (SPINX) 

2. SPINX := 4 

1. PUSH (SPINX) 

2. SPINX := 7 

1. PUSH (SPINX) 

2. SPINX := 10 

IDENT IDENT 
? 

1. Current element input symbol 

2. Yes, 

2.1. SCAN {input symbol := RELOP} 

2.2. SUCCESS (0) 

3. In SUCCESS with MODE = 0 
? ? 

3.1. (.;ucc (10) ~ OK) OR(MODE~l) 

3.2. Yes, 

3.2.1. STACK not empty. POP 

3.2.2. SPINX := 7 

3.3. SPINX := SUCC(7) = 8 

3.4. RETURN 

MULOP RELOP ? 
1. Current element input symbol 

? 
2. No, ALT(8) ~ FAIL 

? 
3. No, ALT(8) ~ OK 

4. Yes, SUCCESS (1) 
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STACK 

5. In :SUCCESS with MODE = 1 
? 

5.1. (MODE ~ 1) OR (SUCC(8) 

5.2. Yes, 
~OK) U 

5.2.1. STACK not empty, POP. + 1 

5.2.2. SPINX := 4 

5.3. SPINX := SUCC(4) = 5 
5.4. RETURN 



TABLE 3.3- Continued 

STEP~ SPINX IS TERMINAL? OPERATION 

6. 5 Yes 

7. 2 Yes 

8. 3 No 

9. 4 No 

10. 7 No 

-------------------------
ADDOP __ ? 1onpuREtLOSymP hoI 1. Current element 

? 
2. No, ALT(5) = FAIL 
. ? 

3. No, ALT(5) = OK 

4. YES, SUCCESS(l) 

5. In SUCCESS with MODE = 1 
? ? 

5.1. (MODE = 1) OR (SUCC(5)=OK) 

5.2. Yes, 

5.2.1. STACK not empty, POP 

5.2.2. SPINX := 1 

5.3. SPINX := SUCC(l) = 2 

5.4. RETURN 

RELOP RELOP 
? 1. Current element input symbol 

2. Yes, 

2.1. SCAN {input symbol := ident} 

2.2. SUCCESS (0) 

3. In Success with MODE = 0 

3.1. (Succ (2) b OK) or (MODE? 1) 

3.2. No, SPINX := SUCC (2) = 3 

3.3. RETURN 

1. PUSH (SPINX) 

2. SPINX := 4 

1. PUSH (SPINX) 

2. SPINX := 7 

1. PUSH (SPINX) 

2. SPINX := 10 

39' 

STACK 

+ 3 

+ 4 

3 

+Uj . 4 

3 
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TABLE 3.3- Continued 

STEP;c SPINX IS TERMINAL? OPERATION STACK 

IDENT ? IDENT 
II. 10 Yes I. CU.rrent element input symbol 

2. Yes 

2.1. SCAN input symbol := MULOP 

2.2. SUCCESS(O) 

3. In SUCCESS with MODE = 0 
? ? 

3.1. (SUCC(lO) = OK)OR(MODE=l) 

3.2 • . Yes, 

3.2.1. STACK not EMPTY, POP -+ 4 
3.2.2. SPINX := 7 3 

3.3. SPINX := succ(7) = 8 

3.4. RETURN 

MULOP 
? 

MULOP 
12. 8 Yes 1. Current element input symbol 

2. Yes, 

2.I. SCAN {input symbol := IDENT} 

2.2. SUCCESS(O) 

3. In SUCCESS with MODE = 0 
? ? 

3.I. (SUCC(8)=OK)OR(MODE=1) 

3.2. No, SPINX := SUCC(8) = 9 

3.3. RETURN 

13. 9 No I. PUSH (SPINJ) lU 2. SPINX := 10 

IDENT IDE NT 

14. 10 Yes 1. Current elmt input symbol 

2. Yes, 

2.I. SCAN {input symbol}:1 

2.2. SUCCESS(O) 

3. In SUCCESS with MODE = 0 
? ? 

3.I. (SUCC(lO)~OK)OR(MODE~l) -+ 4 

3.2. Yes, 3 

3.2.1. Stack not empty, POP 
3.2.2. SPINX := 9 

3.3. SPINX := SUCC(9) = 8 

3.4. RETURN 

i 

" ~ 
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TABLE 3.3- Continued 

STEP~ SPINX IS TERMINAL? OPERATION STACK 

15 8 Yes 

16 5 Yes 

-------------------------------
MULOP ~ 

? 1. Current element input symbol 
? 

2. No, ALT(8)=FAIL 
? 

3. No, ALT(8) =OK 

4. Yes, SUCCESS(l) 

5. In SUCCESS with MODE = 1 
? .? 

5.1. (SUCC(8)=OK)OR(MODE=1) 

5.2. Yes, 

5.2.1. Stack not empty, POP 

5.2.2. SPINX := 4 

5.3. SPINX := SUCC(4) = 5 

5.4. RETURN 

ADDOP 
? 

1. Current element input symbol 
? 

2. No, ALT(5)=FAIL, 
? 

3. No, ALT(5)=OK, 

4. Yes, SUCCESS(l) 

5. In success with MODE = 1 
- ? ? ) 

5.1. (SUCC(5)=OK)OR(MODE=1 

5.2. Yes, 

5.2.1. STACK not empty, POP 

5.2.2. SPINX := 3 + 
? ? 

5.3. (SUCC (3) =OK)OR(MODE=l) 

5.4. Yes, 

5.4.1. STACK is empty, 
? 

5.4.2. Input symbo1=~ 

5.4.3. Yes, 

5.5. RETURN 

5.4.3.1. PRINT('ACCEPTED'); 

5.4.3~2. HALT 

3 
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IV I ERROR RECOVERY 

A. Definition 

Programs submitted to a translator often have errors of 

various kinds. A good translator, therefore, should find as 

many errors as possible. 

While discussing parsing in the previous chapter, our 

purpose was to determirie whether a sentence of a given 

language was accepted or not. It was assumed that detection 

of 'the first error stops parsing with an "UNACCEPTED SENTENCE" 

message. Yet, as stated here, even in the presence of errors, 

a translator should be able to continue ~arsing and scan the 

entire program trying to analyze all of it. The term "error 

recovery" is used for the process of determining how to con

tinue analyzing a source program when an error is found. 

Errors are classified as syntactic and semantic 

errors. Syntactic errors are those detectable by the lexical 

or syntactic phase of a translator. Other errors detectable 

by a translator are classified as semantic errors. In this 

thesis semantic errors are limited to errors of declaration. 

Lexical phase errors are outlined in section 3. Their reco

very is simple and performed by SCAN. Recovery of semantic 

errors, here, is defined as to suppress extra error messages 

and is described in Section 5. So this section, describes the 

algorithm used to recover syntactic errors. 

portions 6f the program can be pieced togather and succesfully 

processed. 

R~covery algorithm modifi~s the input, so the correct 
\ 



B. Syntactic Errors 

Typical of th~se are the following; 

the insertion of an extranous symbol 

the deletion of a required symbol 
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the replacement of a correct symbol by an incorrect 

symbol, . 

the transposition of two adjacent symbols 

Note that a replacement error and a transposition 

error can each be treated as special cases of an insertion 

error followed by a deletion error. 

Her e - are a few co mm 0 n e x amp 1 e s 0 f s y n t act ice r r 0 r s . 

1. Missing right parenthesis 

MIN(A,2*(3+B) ; 

2. Missing semicolon 

A: =3_ 

B:=4; 

3 . ":" in place of ";" or "=" in place of 

A:=3: 

B:=4; 

4. Misspelled keyword 

PORCEDURE A; 

5. Extra blank 

(* COMMENT *) 

A = 3; 

B:=4; 

" __ " . -

(1) and (2) are examples of deletion errors, (3) repla-

cement error (5) an insertion error and (4) a transposition 

error. 

/ Quit~ frequently we can not detect that an error has 

occured until long after it has taken place. For example, 

consider the. PASCAL program fragment 
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FORI := 1+K[20] TO 100 DO L:=L+l; 

The obvious error LS a missing blank between the keyword 

FOR and the name I. -No error is discernible, however, until 

the keyword TO has been read, since PARSE treats FORI:=1+K[20] 

as an assignment statement. 

This example shows that the detection of an error may 

occur an arbitrarily long distance after the place where the 

error actually occurred. 

Error recovery strategy tries to change the small por

tion of the program containing the error into a string that 

is legal, by making minimum number of insertions, deletions 

and symbol modifications necessary. Because of the distance 

problem, recovery algorithm may generate several error 

messages for a single error. If we do happen to generate a 

few, it doesn't really matter. ' 

C. Recovary From Syntactic Errors 

At any point of a parse of a source program, the 

program has the form 

xTt 

where x represents the part already processed, T LS the next 

symbol to be scanned, and t is the rest of the program. 

Suppose an error occurs with T. In the TOP-DOWN method, this 

means that the partial tree built to cover x can not be 

extended to cover T. 

At this point we must determine how to change the 

program to "fix" the error. It can be changed most easily in 

the following ways (or perhaps combinations of them.). 

1.' Delete T and try to parse agaLn 

2. Insert a string of terminals q between x and T 

(yielding xqTt) and begin parsing using the head of 
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qTt. This insertion should allow us to process all 

of qT before another error occurs. 

3. Delete some symbols from the tail of x. 

Deleting part of x, we must change the semantic infor

mation accordingly, and this is not easy to do so. Methods 

(1) and (2) will be our main methods of recovering. 

In figure 4.1 the incomplete branch named P corres

ponds to an application of the rule <p>::=<A>; and ";" is the 

incomplete part of the branch. Similarly, the incomplete 

branch named E corresponds to an application of the rule 

<E) :=<T>{+<T>} To complete the branch, we need a single <T>. 
, 0 

followed by a number of "+<T>"s. The incomplete part is 

therefore <T>{+<T>}. 

Incomplete parts of branches play a large Tole 1n 

error recovery; they tell us, in effect, what can or should 

appear next in the source program. 

Now let us suppose that an error occurs during a 

parse; no partially constructed syntax tree can further be 

built. The following recovery algorithm is performed. 

1. A list L of the symbols 1n the incomplete parts of 

the incomplete branches is constructed. 

2. The head symbol of Tt is repeatedly examined and 

discarded (yielding a new string Tt) until a T is 

found such that U~ * ... T ... for some U in L (either 

U=T or U~ + ... T ... ) • 

3. An incompl~te branch which caused U of step 2 to be 

put in L is determined. 

4. A terminal string q is determined such that if insert

ed just before T, the continuation of the parse will 

cause T to be correctly linked to the incomplete branch 

o step 3. 

5. q is inserted just before T and the parse 1S continued, 

~ 

I 



beginning with the head symbol of q as the incoming 

symbol. 

46 

Consider, for ~xample, the parse as indicated by fig. 

4.1. An error has occurred with ")" as the incoming symbol. 

We have L={<T>,+,;}. By step 2 we see That <T>=>+ ... ) ... That' 

is, <T>=><F>=>«E». This notation can be expressed as ")" 

is reachable from the nonterminal <T>. 

D. Implementation 

1. Formal Definition of the Algorithm 

grammar 

I will illustrate the algorithm us~ng the following 

<P>::=<A> 

<A>::= i:=<E> 

<E>::=<T>{+<T>} 
o 

<T>: :=<F>{*<F>} 
o 

<F> : : = i I ( <E » 

At ony step of a parse, one or more syntax trees have 

been constructed, with some incomplete branches. An incomplete 

branch named U corresponds, to an application of a rule 

where xl' .. x
i

-
l 

is the completed part of the branch and 

x .... x the incomplete part of the branch. Figure 4.1 gives 
~ n 

the tree for the sentence i:=i+); of the grammar, stated 

above. In this figure solid lines·show a a partially completed 

tree while the dotted lines show how the branches named 

<P> and <E> might be completed. 
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Figure 4.1- Top Down Tree Before Error Recovery. 
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The incomplete branch which caused <T> to be put ln L 

is <E>: :=T{+T} We must therefore insert a string q to complete 
o 

this branch. To cause the ")" to be associated with this branch, 

qmust include «E>. Since q will be a string of terminals <E> 

must be expanded. Simplest expansion of <E> is the symbol i. 

Therefore q will be (i. Thus, in step 5 qT becomes (i) 

beginning with head symbol "(" and this recovers the error 

(Figure 4.2). 
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Figure 4.3. illustrates how the algorithm works with 

the input i:=(i+);. In this example L={;,),+,<T>}. This time 

")" 1S immediately selected by step 2 eU=")"). 
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The incomplete branch which caused ")" to be put in L 

is <F> : :=«E». To cause ")" to be associated with this 

branch, we must insert a string to complete the branch 

<E> ::=<T>{+<T>} . Recovery algorithm always tries to insert o . 

simplest string possible, and this again is identifier i. 

2. Recovery Algorithm 

The recovery technique described in this section 1S 

quite applicable to our parsing algorithm, since we already 

have incomplete branches kept iri our parse stack. 

St~p 1 of the recovery algorithm requires preparing a 

list of tHe symbols in the incomplete parts of the incompleted 
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branches, to be used by step 2. By the help of the parse stack 

it is easy to prepare this list, but do we need such a list 

explicitly? Actually no! Using iteration, incompleted parts 

can be reached and transmitted to step 2 one by one. Yet, 

since it's convenient to assume the existence of such a list , 
we do it so. 

Purpose of step 2, ~s to search the list, for some 

member U, such that U=9* ... T ... where T corresponds to the 

last scanned source symbol. It is possible that no member U, 

satisfying this condition exists. Then we just discard T, 

get next source symbol and repeat the process with this 

symbol as being T. Finally, the desired member U will be 

reached. A BOOLEAN function named FIND, is declared to per

form step 2. FIND is repeatedly called for each member of the 

1 ist, un·til' a member satisfying the above condition is found. 

Search of step 2 starts from current STABLE position 

(or SPINX) to test symbols of "local" context. Then stack 

must be searched (incomplete branches) to determine symbols 

in the "global" context, 'starting from top of the stack, 

going downwards since it is most probable that the error is 

due to an incomplete branch near the stacktop. 

Steps 1 and 2 are combined into a single step and 

expressed algorithmically in table 4.1. In this algorithm 

FOUND is a bolean variable and STIND is. an integer variable 

used to index STACK. As in table 3.3, SUCC is assumed to be a 

function that returns successor of its parameter. 

Every source symbol discarded means aq illegal symbol 

so an associated ERROR routine is called. When we exit from 

search loop, STIND indicates the incomplete branch which 

accepts last scanned token, T asa member of its definition. 

Thus step 3 oi the formal algorithm is also covered. 
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TABLE 4:1- Recovery Algorithm--Part 1 

REPEAT ~ 
FO~ND := FIND( Sl1CC (SPINXl) ; (* TEST LOCAL CONTEXT *l 
STIND "= STACKTOP • -

l******TEST ~LOBAL CONTEXT* •••• , 
WHILE (NOT FOUND) AN~ (STIND >0) (* STACK NOT EMPTY.) DO 

BEGIN -
FOUND := FIND (SUCe (STACK[STINDJ» 
STIND := STIND ~l 

[NO ; . - . 

IF ~~~I~OUND THEN (* DISCARD T A~DGET NEXT TOKEN .) 
EPROR(6) ; 
SCAN (* GET NEXT TOKEN .) 

[NO 
UNTIL FOLINO i 

So, we come to step 4 of the initial algorithm where 

insertion string q is determined. On exit from the loop of 
. . 

table 4.1. first, the value of STIND is- t'ested. If its value is 

less tha~ the value of STACKTOP, that means there are in

complete branches in between which must be manually completed. 

In other words, ther~ are non-terminals indicated by STACK 

entries between STIND and STACKTOP, each of which, requires a 

terminal string generated for them. This test is implemented 

as a loop which calls a procedure, named STRING, repeatedly 

(Table 4.2). 

TABLE 4.2- Recovery Algortihm--Part 2 

STF:MP := STACKTOP 

WHILE STINn ( STEMP DO 
BEGIN 

STR1NG (STABLE 
STf.MP := STEI1P 

HID . 

[STACK[STEHP1J·TPTVPE) 
. 1 .... 

STRING is a procedure that receives a non-terminal as 

its parameter. It generates simplest possible terminal string 

for the non-terminal~enoted by its parameter and catanates 

it to q.-

Treatment of the incomplete branch where the error is 

found (the \STACK-entry indexed by STIND) will be different,. 
\ . -

In this case a string will be generated (and catenated to q) 
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until the last scanned token T, ~s reached in the definition, 

unlike the way STRING works where, the string is generated 

until the expansion is completed. This last part is accom

polished by a call Wo a routine named INSERT. This routine 

receives successor of the STABLE entry indexed by STACK [STIND]. 

When q ~s completely determined, every symbol in it 

indicates a missing symbol in the position where the error is 

detected. So. for every symbol in q, an error message of the 

form " ....... EXPECTED" is printed. 

3. Description of Routines 

i) FUNCTION FIND 

This function receives as input a structure table 

(STABLE) entry. It will try to reach the last scanned 

source symbol (or T) by moving through the links 

associated qith its input. While doing this, it must 

visit all the successors and alternates of its input. 

But if its input is a non-terminal it must look to 

its definitions successors and alternates also and so 

on. So function FIND is designed as a recursive 

routine. 

Calling sequence of FIND ~s based on its input and 

defined as follows. 

if input ~s a NON-TERMINAL 

else 

call itself with DEFINITION of input; 

call itself with SUCCESSOR of input 

call itself with ALTERNATE of input; 

call itself with SUCCESSOR of input 

By t~is way all the successors and alternates for an 
\ 

STAB~E entry can be visited. Table 4.3. gives the 

complete algorithm of FIND. Here parameter SPINX is 
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the input value. Since there are three distinc calls 

of FIND there must be three stopping criterias to 

control them;' 

a) When calling FIND with SUCC(SPINX) as argument, 
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if SUCC(SPINX)=OK or SPINX>SUCC(SPINX), that 

indicates end of successors for SPINX, so call must 

be prohibited. 

b) When calling FIND with ALT(SPINX) as argument, if 

ALT(SPINX)=OK or ALT(SPINX)=FAIL, that means there 

are no alternates for SPINX, so call is not perform

ed. 

TABLE 4.3- Algorithm FIND 

rUNCT10N FIND (SPINX.: 
vIR FOUND : BOOLE~N 

BOOLEAN 

BEGIN 
FOuND := FALSE • 
~!TH STABLE [ SPI~X 

CASE TE'RMINAL OF 
FAi-SE : 

3EGIN 
Ir 

J, TTASLE C TPTYPE J DO 

END 
END 

END 

UN~Aq~(D (~I~OCONTPLtTPTYPE) T~£N 
FOUNn :=·FINO (POINTER) 

IF NOT FOUND THEN 
IF (SUe ,('> OK) AND (sue > SPINX) TIiEIoI 

FOUI,jD := FIND (sue) . • 

TRUE : 
BEGIN 

END 

IF CLASS = TJ~EN.CLASS 
THEN ~OJ~D ;= TRUE 
E.LSE 

BE31~ IF (ALT <> FAIL) AND (~lT <> OK) THEN 

EN!) 

FOU~~ := FIND (AlT) 
l~ ~OT tOUNO THEN 

IF (SJC <> OK) AND (SUC) SPINX) TMEN 
FOUN~ := FIND (sue) 

(* CASE .) 
(* FIND .) 

: Fr~D := fOUND 

c) Calling FIND with the definition of a non-terminal 

may cause infinite loops, since the grammar is 

recursively defined (directly or indirectly). 

Consider a rule like <exp>: :=il«exp». Call of FIND 

with <exp> may cause another callcof FIND with <exp> 

and so on, since <exp> contains <exp> in'its 
\ 

definition. 
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Thus, in .order not to refer a non-terminal more 

than once, a boolean function UNMARKED is defined 

which retqTnS true if its argument has already been 

tried . 

. ii) PROCEDURE STRING 

This procedure receives an STABLE entry corresponding 

to a non-ter~inal as its input. It wi~l try to generate 

simplest possible terminal string for its input. 

irocedure STRING is also recursively defined, since 

defihition of its input may also contain non-terminals. 

When a successor link with value OK is met (which 

indicates end of expansion) or an alternate link with 

OK value is tried (which shows optionality), the 

execution of STRING will be terminated. Table 4.4. shows 

the algorithm of STRING. To catenate the current symbol 

to the end of q, a procedure named CATENATE is defined. 

TABLE 4.4- Algorithm STRING 

PROCEDURE STRING ( SPINX : INTEGEq ) : 

SEGO~TH STABLE r SPINX J, TTA~lE C TPTY~E J DO 
CA~E TERMINA~ O~ 

END 
EHD 

fALSf : 
BEGIN 

STRl~G (POINTER) 
IF sue <> OK THEN 

STRING (SUC , 
END ; 

TRuiF (iLl: FAll) OR (sue 
THEN 

BEG~~TENATE (Q,CLASS) 
l~ sue <> OK TYE~ 

ST~1~5 (SUC ) 
END 

ELSE 
IF ALT (> OK THEN 

STRING (ALT)-
(* CASE *1 
(* SiRl~G ., 

iii) FUNCTION INSERT 

This routine is the last portion of the recovery algo-
I 

rithm. It receives-the STABLE entry, that contains 
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last scanned source symbol, T in its definition as 

input. INSERT ~srecursively defined as the previous 

two routines .. It generates a terminal string and 

catenates it to q. Execution of INSERT will terminate 

when T is reached. INSERT is designed as a boolean 

function. If it returns false that means a compiler 

error exists. Table 4.5. gives the algorithm of INSERT. 

This algorithm is a simplified one. Actual algorithm 

is much more complex, to take care of. infinite loops 

that frequently occur due to recursive definition of 

the grammar. For actual algorithm refer to appendix A. 

TABLE 4.5- Algorithm INSERT 

L\I) 

Table 4.6 gives the trace of the RECOVERY algorithm 

using the grammar of table 3.2. Input is assumed to be 

w=A>B*)/. This sentence is analyzed exactly same as 

table 3.3. until step 13. So table 4.6. outlines steps 

after 13. 

E. Conclusion 

Erroi recovery requires, we can continue analyzirig 

without too much possibility of generating several error 

, 
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~essages for a single error. If we do happen to generate few, 

it does not realy matter. This can be provided by keeping the 

insertion string q, ~s small as possible. So procedure STRING 

and FUNCTION insert are designed, to minimize t~e length of 

q. 

Sometimes, recovery algorithm causes extra errors in 

the incoming source symbols, because symbols of q may con

flict with the actual purpose of the programmer. 

The recovery algorithm used ~n this thesis is described 

. in GRIES(2). 
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TABLE 4.6- Trace of Recovery Algorithm Using Parse Tables of Table 3.2. 

STEPI SPINX IS TERMINAL OPERATION 

13· 9 NO 

14 10 Yes 

11 Yes 

10 

11 

------------------------------------
1. -PUSH (SPINX) 

l. 

2. 

3. 

4. 

l. 

2. 

3. 

4. 

ident ') , 
current elmt=input symbol. 

? 
No, ALT(lO)';'FAIL 

? 
No, ALT(lO)';'OK 

No, SPINX:=ALT(lO)=ll 

( ) 
? 

current elmt=input symbol 
? 

No, ALT(ll)';'FAIL 

Yes, ERROR, RECOVER 

In RECOVER with SPINX=ll 

4.l. 

4.2. 

FIND(succ(11» 

In FIND with SPINX=12 

4.2.1. Is TERMINAL(12) 

4.2.2. No, UNMARKED (TPTYPE(12» 

4.2.3. Yes, FIND(l) 

4.3. ~n FIND with SPINX=l 

'" 
4.4. In FIND with SPINX=lO 

4.4.1. Is TERMINAL (10) 
? 

4.4.2. Yes, current elmt';'input 
symbol 

4.4.3. No, ALT(lO) <> OK and ALT 
(10) <> FAIL? 

4.4.4. Yes, FIND (ALT(lO» 

4.5. In FIND with SPINX=ll 

4.5.1. Is TERMINAL(ll) 
( ? . ) 

4.5.2. Yes, current elmt=~nput 
symbol 

4.5.3. No, ALT(11) <> OK and ALT 
(ll) <> FAIL ? 

INPUT STACK -----
A>B*)# 

t 

A>B*)# 
t 

9 

4 

3 

I 
I 
! 
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TABLE 4.6- continued 

STEP# SPINX IS TERMINAL OPERATION INPUT 

12 

13 

11 

---------------------------
4.5.4. No, SUCC(l1)<> OK and 

11«SUCC(11)=12)? 

4.5.5. Yes, FIND.(SUCC(ll)) 

4.6. IN FIND with SPINX=12 

4.6.1. Is TERMINAL(12) 

4.6.2. No, UNMARKED (TPTYPE(12)) 

4.6.3. No, SUCC(12) <> OK OR 12 
<SUCC(12)=13'! 

4.6.4. Yes, FIND(SUCC(12)) 

4.7. In FIND with SPINX=13 

4.7.1. Is TERMINAL(13) 

) ) 
? 

4.7.2. Yes, current e1mt~input 
symbol 

4.7.3. Yes, FOUND:=TRUE 

4.7.4. FIND:=TRUE 

{FIND RETURNS TRUE} 

4.8. STIND := STACKTOP 

4.9. q := empty string 

4.10. REACHED:=INSERT(ll) 

4.11. In INSERT with SPINX=ll 

4.11.1. Is TERMINAL(ll) 

-----

( b 1?' ) 4.11.2. Yes, Current sym ° =1nput 
symbol 

4.11.3. No, ALT(ll) FAIL 

4.11.4. No. 

4.11.4.1. q: =CATENATE (q, II (") 

4.11.4.2. (SUCC(ll) <> OK) 
and (12)11)? 

4.11.4.3. Yes, REACHED:= 
INSERT(12) 

STACK 
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TABLE 4.6- continued 

STEPI SPINX IS TERMINAL OPERATION INPUT 

16 

12 

13 

1 

1 

5 

7 

10 

12 

13 

11 

----------------------------------- -----
~.12. In INSERT with SPINX=12 

4.12.1. Is TERMINAL(12) 

4.12.2. No, FIND(12)?{refer 
operation 4.1} 

4.12.3. Yes, SUCC(l2) <> OK 

4.12.4. Yes, FIND(SUCC(12)) 

4.12.5. In FIND with SPINX=13 
FIND returns true, 
immediate success 

4.12.6. In STRING with SPINX=l 

4.12.6.1. Is TERMINAL(l) 

4.12.6.2. No, STRING(5) 

4.12.7. In STRING with SPINX=5 

4.12.7.1. Is TERMINAL(5) 

4.12.7.2. No, STRING(7) 

4.12.8. In STRING with SPINX=7 

4.12.8.1. Is TERMINAL(7) 

4.12.8.2. No, STRING(10) 

4.12.9. In STRING with SPINX=10 

4.12.9.1. Is, TERMINAL(10) 

4.12.9.2. Yes, (ALT(10)= 
FAIL)or(SUCC(10)= 
OK)? 

4.12.9.3. Yes,q:=q IIIDENT= 
(IDENT 

4-return form STRING 
4-

4.2.10. REACHED:=INSERT(SUCC(12)) 

4.13. In INSERT with SPINX=13 
)' . ) 

4.13.1. Current e1mt=1nput symbol 

4.13.2. Yes, return from INSERT 
with input A)B*(ident) 

t 
head of q 

1. current e1ement=input symbol 

2. Yes ... 

STACK 

9 

4 

3 
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V I SYr~BOL TABLE 

A translator heeds to collect and use information 

about names appearing in the source program. This information 

is entered into a data structure called a SYMBOL table. The 

information collected about a name includes the string of 

characters by which it is denoted, its type, its structure 

etc. 

Each time a name LS encountered, the symbol table is 

searched to see whether that name has been seen previously. 

If it is new, it is entered into the symbol table. Informa

tion about a name is entered, by syntactic analyzer while 

parsing declarations.' 

Information collected in the symbol table, is used in 

semantic analysis, ,(that is, Ln checking uses of identifiers 

are, consistent with their declarations) and in code genera-

tion. 

Symbol table can be used to aid,in error detection and 

correction. For example, we can record whether an error 

message such as "variable A undefined" has been printed out 

before and refrain from doing so more than once. , 

In block structured languages the same identifier can 

be used to represent distinct names with nested scopes. In 

such langu~ges, the symbol table mechanism must make sure 

that the in~etmost occurence of an identifier is always found 

first and that names are removed from the active portion of 



the symbol table when they are no longer active. 

Symbol table mechanism, thus should allow us; 

1. Determine whether a given name is in the table, 

2. add a new name to the table , 
3. access the .information associated with a given 

name, 

4. add new information for a given name, 

5. delete a name or groups of names from the table. 

B. Symbol Table Organizations 

61. 

This section describes the ways of representing symbol 

tables in general. 

1. Unsorted and Sorted Tables 

The easiest way to organize a table ~s to add entries 

~n the order they arrive. A search requ~res N/2 comparisons 

on the average, for a match if N ~s greater than 20, and this 

is inefficient. 

Searching can be performed more efficiently if the 

table entries are sorted according to string of characters 

denoting the name. Efficient· search techniques such as binary 

seareh can be used in this case. 

Another method of accessing symbols ~n a table is 

using hash-addressing. This is a technique for converting 

symbols to indexes of entries in the table (the indexes are 

numbered 0,1,2, ... ,N-l where the table has N entries). The 

index is obtained by "hashing" the symbol, i.e. by performing 

some simple arithmetic or logical operation on the symbol. As 

long as, two symbols do not hash to the same index, we have 

no problem. Trouble occurs, however if two symbols hash to 

the same index. This is called a collision, and the hash 

algorithm must take care of iL 
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2. Bloc~ Structured Tables 

Algol-like languages have a nested block and procedure 

structure. The same identifier may be declared and used many 

times in different blocks and procedures and each such 

declaration must have a unique symbol table entry associated 

with it. Given an i~entifier, the problem is then to discover 

the correct symbol table entry for it. 

The rule 1S to look first 1n the cuirent block, then 

the surrounding block and so on, until a declaration of· that 

identifier is found. Such ~ search can be implemented by 

keeping all the symbol table entries for each block contigi

ous, and by using a block list (Figure 5.1). 

BLOCK 

1 

2 

3 

It 

SURROUDING 
,BLOCK 

o 
1 

2 

2 

POINTER 

Figure 5.1- Block Structure~ 

BLOCK 1 

BD.DCK 2 

BLOCK3 

BLOCK4 

One e a n ass 0 cia ted b 10 c k 1 S f 0 un d, sea r chi n g i two u 1 d 

be simple. 

3. Tree Structured Tables 

This organization strategy 1S used in the implementa

tion.The method uses a binary tree to order the entries. ' 

Each node of the tree represents 'a filled entry of the table, 

the root node 'being entry 1. Figure 5.2a shows the table 

f ~dentifier G. Suppose now that the with one entry or ~ , 

identifier D is to be entered. A branch is dr~wn for it to 

the left, since D < G (figure 5.2b) .. Now let the M be 
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entered. Since G < M a branch 1.' s drawn f' , or 1.t to the r1.ght 

from G (figure 5.2c) .. Finally let the identifier E be 

entered. E < G, so w~travel down the left branch from G, and 

to the right of D (figure 5.2b). _ Figure 5.2e~ shows the tree 

after identifiers A, Band F have be~n added in that order. 

G G. G 

~ ~ 
o D M 0 M 

''l 
E 
S~ 
B F 

(0 ) ( b) ( C ) (d) ( e) 

Figure 5.2. Binary Tree Illustration. 

One can implement this, by having two pointer fields 

with each entry, one for the left and one for the right 

branches. 

C. Implementation 

In this section data structures and routines used for 

symbol table manipulation in this thesis will be explained. 

1. Organization of-Sy~bol Table 

As mentioned before symbol table is organized in a 

tree structJre~ manner. Since, PASCAL has a nested procedure 
'\ 

structure, each procedure has its own tree structure to 

store its local variables. In other words, symbol table is 
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organized as an unbalanced bi~iary tree at each level. 

It 1S also necessary to access varia~le of surrounding 

procedure (i.e. global variables). This means access to the 

trees of higher levels. So, keeping trace of levels (with 

their tree pointers) is necessary. This is accompolished by a 

stack.(Section 6.3.4, describes implimentation of this stack). 

2. Data Structures to Represent the Symbol Table 

There are two Basic Tables 

i) STRUCTURE: Used to keep information about the 

attributes of variables. That is, it 

describes the structure of data types. 

ii) IDNTFR Holds the identifiers declared through

out the program. 

Dynamic allocation facilities and variant records of 

PASCAL are ideal to represent these tables. 

Consider table 5.2. possible structures of PASCAL data 

types are g1ven by the enumareted type STRUCTFORM.Similarly 

IDCLASS shows classes of identifiers. 

Field ~AME of record IDNTFR is used to keep the actual 

symbol itself and it is used as a search ke~ Fields LLINK, 

RLINK in the same record are left and right branch pointers 

of the tree. However left and right links are not sufficient. 

Sometimes sequential linking becomes necessary, for example 

in a parameter list (or in a user defined scalar) where the 

parameters (scalar identifiers) must be linked in the order 

which they are declared.IDTYPE is the STP pointer indicating 

the structure of the identifier recognized. 

Variant's of IDNTFR which are dependent on the tagfield 

KLASS are iotroduced to indicate level counters, to differ

rentiate ac6ual-formal declarations and to state values of 

constants. 



TABLE 5.2- Data Structures for Symbol Table 

T'P:: . 

~TRUCTFQRH - (~Et~~~~~~~gi~~~~~~J1l~~:~i~~¥tt~~eX~fA~T); 
'JECLKL~O - (STA~nA?J,~EClAPfQ) 

PAC-<.FJ R~CI)RJ 
:65': t:"J~:-1 : 

SCAdR : 

D,:)C"TEO 
PJ,J ... ~ 
~KD,HS 

R~:J~JS 

STRUCTF:n'" 1~ 
( CAS~ S:AL~L~J : )fCLK!N~ OF 
DFCLA~E) : (F5TCO~ST : toP): 
STA~J.R) : () ) • 
:i °A~G~TYP~' : STP . 

~~~,~AY : LNT~~ER 
;( ~LTyDE STP ) . 
:( ~LS~T ST? ) 
:( °A:~,J : 300ltA~ 

I~XTY?,:,~ElTYPF :~TP 
: ( Q?C~ : 300LEAN 

"5TFL) lr'l? 
D ;.- : V ~ =< - T ? 

D A ::l A .~ L r S T ; ( 
t:".l;l.:.S :( 

,TA'3FIElD ;'( 

t:"ST?~R : Inp 
FILTY?t:" STP 
H :; F T ;: L ) D 10 P 
TA~TY?~ STP 
"SrvaR • ST? ) 

:( NXTV~R,SJ3?E: : STP 
VA~VAl : INTEGER 

65 

600Lt:AN»)) 
.. 
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Now consider STRUCTURE record. Here a tagfield of type 

STRUCTFORM is used. If the FORM is (user defined) SCALAR we 

need to know IDNTFR-pointer of the first enumareted constant , 
(field FSTCONST). If it is SUBRANGE, then we need to know 

RANGETYPE (it must be SCALAR) which points to an another 

STRUCTURE entry. Fields MIN and MAX contain the lower and 

upper bounds of the range respectively. When the FORM is 

ARRAYS we need to know if it is packed, how it is indexed and 

type of its element. Multi-dimensional arrays are represented 

as arrays of arrays, so there is no need to have a field 

indicating how many dimensions the array has. 

Other variants except for RECORDS, I believe are 

clearly understandable from table 5.2. Record structures must 

have their own trees like procedures, since fields of a 

record are in accessible if the name of the record is not 

specified. Thus field FSTFLD of the variant RECORDS should 

point to the root node of the associated tree. Field RECVAR 

is used to point to the TAG information if the record 

contains variants otherwise it ~s NIL. 

A record type may be considered as a road map to an 

area of memory~ It defines how the memory is to be inter

preted. A variant record type provides ~everal differ~nt road 

maps for the same area of memory, and a tag field value 

determines which road map ~s currently in use. So it is 

reasonable .. to consider each variant as a subrecord, activated 

according to the value of tag field. (If there is no tag 

field any of these ~ubrecords can be activated arbitrarily). 

Field TAGFIELDP of variant TAGFIELD is an IDNTFR 

pointer indicating the tag, and is NIL if there is no tag 

field. Field TAGTYPE indicates the type of tag which must be 

a scalar type. Field FSTVAR points to the first variant of 

the record. 
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TABLE 5.3- Symbol Tab le Dump for a Variant Record 

TYPE A - RrCOR!J - N,7Z . RFAL • . 
.iNTEGER C AS£ M . OF, . 

1,2 ( K · REAL ) . · • 3 ( J · INTFGER · £tID . 
• 

**** lDP I. @ · · 
NAMF - , A' IOTYPE - STP1 KLASS - TYPES .- - --

'l'*** STPl, @ · · 
FOIH~ - RECORDS FSTFLD - lOP? Rf.CVAR= STP2 - -

**** !DP2 (;) · · 
tJAM[ - , tJ ' IDTYPE - REALPTR KLASS - FIt:LD - - -

*'*** !DP3 & · · 
NAMr - , Z Z' IDTYPE - REALpTR KLASS - FIELD - - -

**** STP2 @ · · 
F~RH - T~~FfFLD; fA~F1FLOP - ~fPq - -T G TYPE: - IN P R ; S VAR - ~ P3 - -

**** rD~4 (i · · 
NI'.HF - , 11 ' IDTYP't - STP2 KLASS - FIELD - - -

*t** STP3 OJ · · 
Farn' - IJARl~.NT ~I X T V A R - STP~ -
SUBREC = STPS VARVAL - 1 -

*9:** STP4 ~ · · 
FORn = VARfAhT NXTVAR - STP6 -
SIH .. rn:c = S P5 VA~VAL - 2 -

.y:*** STP5 ~ · · 
F OIH~ - P.ECORDS FST'FLO - lOPS t?ECV~R - NIL - - -

**** TOPS @ · · 
N ~\11 F - , K' IDTYP£ - RfALPTR KLASS - FIELD - - -

*9:** Srp6 ~ · · 
F OR t~ - VAqlAt~T . ~JXTVAR - NIL - '. -
SlIUPLC = STP7 VA':?VAL - 3 -

**** ST P 7 (;! · · 
FOIW - PlCOr.US FSTFLD - IOPI:> - -
f( rev Af" - t!lL -

*(l** ID P 6'2 · · 
N~. 11 r- - , J' IDTYPt: - TNTPTR i KLASS - FIELD - - -
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Field SUBREC of variant VARIANT points to the subrecord 

which will be activated if the tag field value is equal to the 

value of the field VARVAL. (VARVAL is unused if there is no 

tag fi~ld). Eventual~y field NXTVARpoints to the next variant 

of the record if there are any. 

To understand fully the representation of a variant 

record it is necessary to examine Table 5.3. In this example, 

variables.IDPl to IDP6 are assumed to be pointer constants of 

type IDP, whereas variables STPI to STP7 are pointer constants 

of type STP. Similarly INTPTR and REALPTR are STP pointer 

constants, pointing to the definition of standard PASCAL 

types INTEGER and REAL (Figure 5.2 gives the linked list 

representation of table 5.3). 

3. PredefiQed PASCAL Identifiers 

The following identifiers are entered to the tree of 

level 0, with their STRUCTURE definitions during initializa-

tion~ 

1. MAXINT 

is a constant whose value is dependent on the machine, 

2. INTEGER 

is a standard scalar type. Its value ranges between 

-MAXINT ••• MAXINT. 

3. REAL 

- is a standard scalar type. Its values are an 

implementation dependent finite subset of real 

numbers. 

4. CHAR 

is a standard scalar type whose values are a set of 

implementation dependent characters. 

5. BOOLEAN 

is a pre declared scalar type which 

ty~e\ BOOLEAN = (FALSE, TRUE); 
--I 

1.S defined as 

I 
; 



Ion . 
W 
I 

t'"" 
1-'-

• ::;l 
:>;' 
CD 
~ 

t'"" 
1-'
til 
rt 

Ion . 
w . 

'A' FIELD 

FIELD 

REAL 

2 

IJ I FIELD 

REAL 
INTEGER 



Therefore FALSE and TRUE are constants of type 

BOOLEAN enumarated as 0,1 in that order. 

6. TEXT 

1S a predefin~d file type which 1S declared as 

type.TEXT = file of CHAR---- --- -- , 
7. NIL 

is a implementation dependent constant used for· 

pointers to indicate null entry. 

8. OTHER IDENTIFIERS 
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These include standard PASCAL procedures and funct ions 

such as READ, WRITE, EDLN, EOF etc. 

4. Local Tree Pointers 

A single dimensional array indexed by level counter is 

used as a stack, to point local trees. This stack is declared 

as; 

var DISPLAY: array [0 .• 20J& IDP: 

TOP 0 .• 20; {level counter which 1S initially 

zero} 

TOP is incremented each time a procedure is met. First 

variable will be entered into the DISPLAY [TOP] • Other 

variables of the procedure will be entered (or searched) 

taking DISPLAY [ TOP] as the root node. 

Similarly TOP is decremented each time a procedure is 

terminated. Thus the tree of that level will be deallocated, 

since it won't be used anymore. 

Current tree is pointed by DISPLAY [TOP] every time. 

Trees of surrounding procedures can be reached by referring 

DISPLAY entries whose indexes are lower than the value of 

TOP. 



5. Symbol Table Manipulation Routines 

1. PROCEDURE ENTERID (IDP~R:IDP); 

Enters identifier pointed by IDPTR (according to the 

algorithm stated in section S.B.3) into the symbol 

table into the innermost level. 
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2. PROCEDURE SEARCHID (KLASS: ~ ~ IDCLASS; IDPTR:IDP); 

Searchs identifier pointed by IDPTR whose class is 

included in the set KLASS. The search includes whole 
symbo 1 tab Ie, that is trees of all higher levels. 

If it fails that means an undeclared identifier is 

met. So SEARCHID enters it to the symbol table by 

calling a procedure DECLARE to suppress extra error 

messages. 

3. PROCEDURE DECLARE (IDPTR:IDP); 

Used to iuppress multiple printout of error messages 

as mentioned above. 

4. PROCEDURE SEARCHSECTION (FCP:IDP; var FCPl=IDP); 

Searchs the tree whose root node is pointed by FCP and 

returns result in FCPl. This kind of search 1S 

necessary for instance in searching fields of a record 

or searching forward declared pointer types. 

5. PROCEDURE ENTERSTDIDS; 

Used to enter predefined PASCAL identifiers at level 

o. 

6. PROCEDURE PRINTABLES; 

Dumps symbol table, separately at each level. 

7. PROCEDURE SEMANTICS (ACTION:INTEGER); 

As mentioned before BUPASCAL makes semantic analysis 

at the declatation level. In other words it enters the 

identifiers declared throughout the program into the 

symbol table, keeps information about them and detects 

associated errors. Thus, purpose of this procedure 1S 

to perform these tasks. Calling sequences for the 

procedures ENTERID, SEARCHID and SEARCHSECTION is 
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controlled by this procedure. 

SEMANTICS is called by the parser each time a terminal 

is scanned or ~ non-terminal is stacked (unstacked). 

Assume that the terminal IDENT is scanned and we are 

processing var declarations. It will be searched within 

the symbol table (PROCEDURE SEARCHID) to see if it is 

previously declared if so an error message is given 

otherwise it will be entered into the symbol table by. 

calling procedure ENTERID. Successive calls of 

SEMANTICS will be, thus by terminals indicating the 

structure of the identifier being processed, for in

stance successive terminal might be the keyword ARRAYSY. 

So associated STRUCTURE record, can be modified to 

have FORM=ARRAYS.Similarly all attributes can be 

determined. SEMANTICS is called when a non-terminal LS 

stacked, to set same flags, to take some initiative 

actions etc. or when a non-terminal LS unstacked to 

reset some flags, to decrement a level counter etc. 

SEMANTICS will be called uSLng current STABLE entry 

(SPINX) as argument. Thus SPINX uniquely determines the 

action to be taken. For non-terminals, SPINX will be 

negated to indicate the non-terminal is unstacked. 

SEMANTICS uses a case statement based on its formal 

parameter ACTION, to perform necessary action. If a 

case label whose value is equal to the value of ACTION 

does not exist SEMANTICS will do nothing. 

D. Conclusion 

The symbol table mechanism of this implementation uses 

dynamic trees. Thus size of the symbol table is not res

tricted. On the other hand searching technique used (binary 

search) has an order of log N (where N is number of nodes in 

the tree) is quite efficient unless the number of nodes is 

very few. 

GRIES (2) and AHO-ULLMAN (1) describes several symbol 
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organization techniques. HOROWITZ-SAHNI (3) explains dynamic 

allocation and deal location of binary trees. 

Symbol table_will be dumped if the option iPRINTABLES 

~s specified. This dump is similar to that of table 5.3, 

except actual pointer constants are used. Variables local 

to a block (program or procedure) are printed just before the 

first "begin" is !,canned (predefined identifiers are also 

included while printing variables of PROGRAM •. i.e. global 

variables). 
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VI. CONCLUSION 

The finalized version of BUPASCAL has been successfuly 

tested on a number of .input programs, four of which are given 

in the appendix. These sample inputs contain arbitrary 

compile time errors to test error recovery capability of 

BUPASCAL • 

. Even though BUPASCAL accepts programs written in 

STANDARD PASCAL as input, it is designed to accept any 

language whose grammar is g1ven by parse tables. BUPASCAL 

uses two static tables (TTABLE and STABLE) for grammar 

representation. The size of TTABLE depends on the size of the 

vocabulary of the language under conside~ation, where as the 

size of STABLE depends on the number of rules used tn define 

the grammar. 

Therefore recovery algorithm 1S also designed, to 

respond to any language. Because of recursive and iterative 

representations of grammars, I believe recovery algorithm was 

the most important and difficult part 6f this thesis. Test 

runs showed that, even the most terrible errors can be 

recovered by the algorithm presented here. 

BUPASCAL does not include semantic analysis at the 

statement level and code generation. But the design of parse 

tables allows subroutines (or coroutines) to be associated 

with the productions of the grammar. These routines are to be 

intended to perform semantic analysis and to generate inter

mediate cdde when called at appropriate times by the syntactic 
\ 

analyzer. When a severe error is detecte~ code generation 
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terminates where as semantic analysis should continue until 

the. whole program is processed. An associated routine ~s 

called each time a syntactic primitive (or terminal) is met 

and each ·time a stack operation is performed. 

Procedure SEMANTICS defined in section 5 is designed 

in this way. In this procedure ACTION values correspond to 

the coroutines described above. This routine can be modified 

to include semantics analysis at the statement level and code 

generation by enlarging the range of ACTION values. (i.e. by 

increasing case 1ab~ls to respond all entries of STABLE). 
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1, 

'*******.*** ••• ** •• **.4."'~*******, •• **** ••• * ••• ***.***.******.**** 
'" * * * 
* '" .> PRQGRAMBUPASCAl CINPUT,OUTOUT} t* 
'" * * PURPOSE .. . * * IMPLE~ENTATrON' Or IN A~ALY?Eq FOR PASC_L; * 
* ST~NQAoD ~~SCAL IS U$E~. * * INPUT t OUTPUT ~ODE IS F1ELJATA; * 
*' DES!3NE~ 3Y .; * 
'" C;::1-1 A T A C - * 
• COMPJT(Q ;. * 
*' UNTV'~C ;.106 * *' DATE;, *' *' - S~pr~M3i::~ 16, 1982 *' *' CENTER ;. • 
• BOSPHO~JUS UNIVERSITY CJ~~JT~R CENTfR • 

* * ~ * 
* * .~***~*******************.*.**~******.**** •• "'.******.*.* ••••••• *> 

L48 ~L 
CONST 

ill.! 

CHARM.a. X 
FIRSTCHAR 
SP'GlSTH 
FAIL 
SPSIZE 
i' A X Rt: A L 
SQRTPEAl 
OISPLLMrT 
MAXLEVEL 

TYP E 

SPtBOL =i 

OPERATOR = 
( 

SH'Gt:?A,'lGE 
STRGINJEX 
SETRA;'~St: 
SPRANGE 
TPRANGE 
'jNONTRMS 
CHSrZE 
DISPRA'~GE 

CSTCLASS 
CH~RSTRlNG 
CH ARA Rl'H v 

(STADO? 
CONS TA'iT 

l* ~AtN RETURN IJ~RESS *} 

- 12; ~UFM~X - 9J ; 
- tj'; LASTCHAR -. '; 
- 1.!3; SETSIZE - z..Z ; = ~J; 31(' - -2 ; 
=~68; TPsr7E :: ?3 ; 
- ~.~9~a455&743itS7951~+307 
- O~67a39U396491129853E+15~ 
- 20; ~HmlIN ::':50110; 
- 28 ; ~ 

MA'XEQR 
MAX SET 
NS~TS 
~~ 0 ACT 

. • MAXMIN 

tDE,NT, 
srp.!r~GCQ\lST, 

? ;.-, '10 ' ... _ u " 

REALCONST, 
"1ULOP, 

RDARENT, 
SEMICOLON, 

COLON, 
CASESY, 
ELSESY, 

FORWAROSY, 
LAaELSY, 

PROCSY, 
SETSY, 

U~JT!LSY, 
OTHERSY 

------

R8R~C.KET, 
DorDOT, 

At<C(AYSY, 
;YlSY r 

FIL::SY, 
SOTOSY, 

OFSY, 
RECO~DSYf 

rOsy, 

Li 
.I. 
oj 

14HIL;:SY f 

AS TR, 
.V"WO, 
LTOP, 
,"'EOP, 

!9 STRGLGT"{ 
<0, " 

STRGLST'"I 
MAX SET • !., 

=F'AIL !". SPS!ZE 
=F AIL !,11 TPSIZE 
=52 It. 93 - 168 -

~DTV, 
C)LUS, 
LEOP, 
E;;)OP, 

; 

. 
• 0 ~. - U •• OrSPLHfrr; -

IoIV, 
'1!NUS, 

GEOP, 
INOP 

- (INTG~, REEL, PSfT, S!~I~S~ KHAR) 
- PACKED ARRAY rSTRSl~D~XJ O~ CHAQ 
- ARRAY [SrKSr~D~XJ OF CHAR 

\Z i CON S TAN T - t 
-- P'!,CK[O RECORD 

INTVAl ~ B10LEAN 
CASE CLASS : eSTelA55 OF 

- t J 
- 71 
- 12 

o 

=5('QO; 

CI1ARCONST, 
ADDOP, 

LB~ACKETt 
PERIOD, 
'\SGNOP, 

CONSTSY, 
ENQSY, 

~UNCTrONSY, 
NOTSY, 

PROSRAI'!SY, 
THENSV, 
IJA~SY, 

0' 

r 

A!\jDOP, 
OROP, 
G rop, 



TKNClASS 
TOKENS 

IDS TO r~~G 
DACi\EJID 
St:TS 

LHiKS 
PAPS£:STACK 

PECL K PiD 
STP 
lOr--
s T~ut TUiH: 

EN) 

~~leR 
PSET 
K"1A~ : 
STi(tNG: 

OOER ATGR 
CSHJDR 

4qQAY r1;.C'4~~4X) o~ CHAR 
- PACK~D lRQAY rl;.CH'~~AXJ OF CHAR 

ARRAY (3.;NSETS J OF 
PACK~J"SET JF S~TRANGE 

- jj PII~SESTACK 
- R;:COKD 

C) T ~ 
oi<r::\i!OUS 

SP~AN:;~ 
lI"lKS 

IOClASS = 
. ( T Y DES ,V;) "! S T , V A ~ S t F r £ L 0 ,P !u~. M S t =- U 'I C t po OC , PRO G ) 

SETOF~~S= S~T OF iJCLASS 
TOKING = rACTUAL,~O~~AL} 
LEVR~N3E. = G',. '1AXL:::vEL 

IDNT~R = P~CK~O qECO~D . 
~A.ME : ~AC~EOID.; LLINK!~Ll~K : lOP 
lrrvPE : STP . NE~T : IJ~ ; , 
I\'''C' • '''T~::(:R • -* :.: V ~ • .A. "f .-. v ~ , 

CASE ~LASS IDCLASS OF 
KO~ST: (vaLU~S =J~STANT); 
VA~S (VKl~J: r)~I~D " 

VLEV ; L~VR'NG£); 
DF<)C,FU~~C : 

(CASE P~DECLKrNO : JECLKINO OF 
STM.:o,~Ri): {}; 
OECLAR£) : 

(PF"L::v : Lfv~~~"{GE;7 
pARa,'1:>T~ : sr=> '.' 
CAS~ CFKl~) : ItKINJ OF 

J 
) 

) 

.. 
• 



Vo.R 

I; 

END &.CTU~L BOOLEAN)}) 

LABELSTATE 
_ =. (P~FEPENCEDfDEFrNEUtU~O~FINE)) 

LAEtLPTR = i L~3EL Aq ; 
FOR~PFPTR= j FORWP~ .: 

LABELT"8 = 
: l"HF:GER 

RECORD 
LA9VAL 
lA8NIlJ 
).,Jl::XTLAB 
STATUS 

UiD ; 

L::VRANGE 
L-:~ 3 E L" T t:! ; 
L!.3ELST~TE 

FQP;.iPF 
R':CORD 

~4A 1-l ~ 
Lr~[ 
NEXT 

P~C!<Eo.n ; 
I"iTEGER : 

! FORWPFpTR 
END ; 

WHERE = (9LCKt~::C) : 
UNIT -

PACKED RECORD 
NAME PAC~~JrJ 
FIRST INTt:3Eq 
ERRS INTE3E~ 
TYP IJCLASS 
EI04 • 900LEA~ ; 
FORWP • FO~~oF~Tq: 
FOR'fiC INTES(!:( 

(NO ; 

{q; Na.~E :JF U"Jl T 
{~ FIRST Lr~:: OF UNiT 
{~ ~ ~F ::~~S 3EFORE THIS 
(~ TY;o,: OF "PHT 
(# A~Y U~JECLARED 10·S ? 
(* LIST JF F~RW.QDS 
c* ~ 01:' =::lQ",4RGS 

u~rT 

(* SCANNER V4RIA3LES A~O D!TA STqUCTU~ES· ., 
(.***.*.**.*********** •• *~ •••••• *.*.***** •• *** •••• ***.) 

SY~STARr : i ~; 3U~M4X; ,. STAQT ::l~ CUQ~ENT SYMBOL .) 
I,J,X,rL,JJ t f* cau~r~~s *) 
CARDeNT, (* CARD COUNT .J 
8UFLGTH, (. NJ OF C4AQS l~ IN3u~ ., 
ABORTLINE :r~T~3~R (. STAQT J~ COM~ENT OR STRING .) 
CH CHAR (. LlST :~_~ r~ IN3uF .) 
CHC~T f* r~3UF CYA~ACTER COUNTER .) 
LGTH r~TESEq f* L~NGTY OF LAST STRING .} 
ACH,ACH~ ASCII • C* ASC!I CHA~ACTERS .) 
LCASE • AQR.Y ['A'.;·'?t} ~F ASCII 
TOKEN TOK~~S 
f\{A~E,. PACK EO 10 

KONSPTR 
nrGITS,LOCHM'S 

DEFAULT 
'!EXT,CHECK 
PASE 

CHPCLASS 
INt' UF 
UNCLOSED 

CSH:JDR 
SET OF CHaR 

ARRAY [1.;171J OF TO~~NS· 
AQRaV [CHSiZEJ OF r~TSSEK 
APRAY cn.;l;l] OF !~TEGER 

AQRAY [CH~RJ OF Tj~E~S 
A~R'Y Cl~.3JF~AX] l~ CHAR 
(CO~MENT, ST~I~SS, ~O~£) 

.. 
• 

(. VARIABLES FOR INDENTING 'ND DEDENT1NG ., 
(~***.*~*.*.**** •• ***.********.~** •• * ••• *******.*** ••• J. 

LNFST , C* C '-fA "':; f"43 'lEST LEVELS .) 
PNEST . 300Li>\N (* CYA'IGI"4S 'JEST LEVELS '" ) 
NESTINCR t (. NEST I'4CR€MENT * ) NESTDECR :. PlTE::)€R {. N::sr )E(;R€MfNT ., 
NEST : INTE3ER ( * N~ST ::JUNTER .) 
PTNL~VEL rNTE3~R ( '" ROUTl"':: LEVEL COuNTER ., 

(* STRUCTuPES FOq ERPOq ~A'lOLI~5 .. .J 
(*.* ••• *~ •••• * •• *.**** •••• ~ •• * •• * •••• *.**.*.* •• **.***.) 

. ! 

ERP:!-IX 
lASTERR 

r. NO OF CURqENT LINE ERRORS 
{~ l~JEX ~F LAST ERROR 



(* PQSrTIO~ OF ERROR 
{« ASSOCIATEQ FRqu~ CODE 

SPqANGF;(* p~SrTrJ~ OF LOST ~1~K 
Lr~KS ;f. ASSOCIATEJ Ll~K 

(RPDIJ?L 
;:-~lPTYSET 
FRPBUF 
ERPIolAR\lCNT 
.... ISS!'~S 
NONTQ"lSGS 
ERPw"~R\! 

A80RT~ES 

STACI<TOP 
Q£CIND t 
DiNO ! 
FOPEVcJ;> , 
Q£COVAPED: 
SAVE , 
LAST . . 
SPINO ." 

LINKS 

iNTEGER 

300LEaN 

LHIKS 
S?R~N3C: 

STABLE : 
A~RAY (SDDAN3EJ OF 

( * 
c* 
( ~ 

( '" ( * 
( ". 

( * { q: 

CUi:t':NT STACKTOP 
,EC0V UY STACK . ~ 

• • I'l)EXES 
LOOP C~NPWL FLAG 
T~U~ F i<ECOVAR (, ... -
TE"I°O~i\~Y 
J;:-t-PJH~Y 
.>iA3L:: r~ot:x 

PACKfJ.R~COR'J 
sue, c* S~CCESSOR FIELD 
AlT :SPRA~GE ;'0 ALT~R~ATE FIELD 
reTYPE: TPRANGf (0 3~CI(~'RJ POINTER 

END 

$Y"180L 

CALlE:D 

· # · • 

· • 

., 
*) 
* ) * ) * ) . ) 
* ) ., 

END ; 
c* SEMANTIC VA~lA8L£S AN') DATA ST~UCTU~ES .*) 
(*****«~u~*¥~***~******~***********.*******.*******.**') 

, 
INT£SER 

LC P ,LC D 1,LCP2,LCPJ, 
cCP,FCPl . IO?; 

ALLOWDOTS 

<* T4~SE A~~ Sf? VARIABLES '* USE~ ~Jq ~UlTr PURPOSES; 
f* ~ESULT IS USED TO KEEP 
(* TYE ~JAL ~OINTER. 
(* Ta SAV~ ST? POINTERS 
(* 
{* TO SAVE lQP POiNTERS 
{* Ta SAVE CONSTANTs 
c* TJ I~J~X aRPAYST 
r* FJ~ LJA~~ 30UNOS 
(* FJ~ u~~~~ BouNDS 
{~ l~OEX O~ USER SCALARS 
!* vaRIA3L~ :OUNTERS 
f* R~CORJ ST~CK !NOEX 
<* TO SAV~ rap vALUES 
C* TO !NJ~X ?ECST 

!* ~ULTLoL~ USE IDENTrFl~R '* T.3lE~OI~TERS._ 
1* ••• 3~JLEANS ••• 
(:it .~ •• U.:hiED ? 

., 
*) 
JOt) 
*) 
.) 
.) 
*' ) 
.) 
*) 
.) 
.> 
*) 
*) 
*) . *, ., 
.) . ) 
.) 
JOt) 



£Ei P IY t ,- V!JiIII , 
PRT[?R 

P':<NTA3LE , 
KOlON , 
PCKD BOOLEAN 
LID 
PROS~l A ~£ 

, , 
!OfN i lFIER . paCKEDIO; . 
FwPTR roO 
LAPprR 
FSTLA3PTR 

G U ~11. T 
STA.::?TLINE 

UNIT ; 
'!NTE3£R 

TNTPTR,R~ALPTR , 
800LPTO,CHARPTR , 
TEXTDTo.NILPTR • 

!N~ID ,RfALlD. , 
TRUlID,MAX!~T10 , 
CHARID,900LID , 
FALSt:ID,TEYTIJ 
HllID 
UTVP?TR 
L!VA;:(DT~ 
UKOr-.S?TR 
UFLDPTo 
llppeDT'? 
UFCTDT'< .LOP 

rOD 

: SYloi50L ; 

f: 
H, 
f • 
( * 
{~ 

C. 
( * 
(. 
f* 

~sP~;SR~I~~D?LrsT ? 

T~ S\.PP'H:S s ERROR ME5SASES 
... ~E~ '4;;C£SS4~Y 
SY"130L T~3LE Ou"? REQUIED? . "I!:' T ? . 
P~CK£D ST~UCTURE ? 
T~>fDO~Aqy' 
N~'1E ~RJ"I 
KEEoE~S 

iOt::NTIFIEP 
PlJOGRUI HEADllllG 

PO IN fER 
POl'1TER 
PO 1'1 rER 
PO IN TER 
PO~NTER 
PO PHER 

::-SY,rsyj, 
LFOR~1 
~lDTQPS : 

: ~QqWoFPTQ;(* rE~oo~4qy 
AQRAY El.;30J OF JlSPQA~3~ ; 

," I SPl a, Y .: 
ARR~Y [OlSPqA~GEJ OF 

'PACKEJ RECOr?D 
FNA>.tE ID": 
OCCUK WHERE 

E~tO ; 
ARRAYST : .~RAY [1 •• 20J Of Sf? 
SEeST ! AR~AY [l;.20J OF 

REC-OR'J 
rsr,lCP 

END -: 
SIGN (NOSIGNtNEStPOS} 
LK I'J!"1 : 10;,\ L'n, 
P~A~ts : A~RAY [1 •• 20J OF 

r<~CORO 
:::-PCKD 
TAG 0 E F I ~i r T I 0 114 
FIRSTFIt:LQ 
VARHE4D 
INTREC 

£: D ; 
rOll T : 
POUT NES~ 

SF) 

:1 
~) 

*> .> ., 
4< J . ) ., 
.J 



(~**** 
'* 

****** 
* 

*' .. 
'* ~~***'* . * 

"'****J 

PROCEOUPE STACKOUMP 
V Po PM! L HI i\ S 

3EG'!N . 
WRITEL~ (- .*DJ~o** ') ; 
~ := STACKTOP : WHILE M <> ~IL DO 

BEGIN WRITELN (' " H i.PTR) ; ~ := M i; PREVIOUS ENO 
WRTT;::"j ~~ t· ****E.'lD D\J~o •• *t j E~O; 

pPoCE6~~~' LNrTSCA~ ~ 
VAP 1,J: INTE3~R 

PRCCEDURt INITRANSt (VAR FILL: A~R.Y CCrlS~ZEJ OF rNTE5~R 
lOW,H13HtV~LUE CHSIZE ) 

VAR ItK,J CrlSLZS ; 

J := VALUE , 
FOR I := LOW TO HIGH'D~ 

3EGI\f 
FILL eI] := J • 
J := J +'1 

c:~o 
r~D r~ INLTRANS~ .) 

!lCi-i := ACHR (97) 
FOP CH .= 'A' TO lZ' JO BES!~ 

LeASE [CrlJ := ACrl ACH:= SUCC (A~Y) ENO 
;::-09 I !:: 0 TO 5 80 

8~GI~~ 
.' EXT C I ] ::: ;;: 1 8 A S E : 1 J ::: J 
CriECK: IJ :=:'1. 

fit: X T [ 
~iE X T [ 

6J 
9J 

.12) 
,J.S J 
J. 3 J 
21J 
24J 
27J 
.3G] 
33J 
36) .sq J 
Lt2J 
4S] 
63J 

.= 68 
:= 65 
:= 7~ 
.- 92 
:=.1.01 
:= 77 
:= 67 

80 
:= 69 
:= ~& 
:= 38 
: =' 93 
:=.00 
:= 9b 
:=.:.22 

NEXT r 
NEXT r 
N::XT [ 
NEXT [ 
:~EXT·[ 
t-iE X T [ 
Nt:'XT [ 
NEXT r 
NE'XT ( 
.'~EX.T [ 
NExT [ 
N€.'XT [ 
NEXT [ 
NE:XT [ 

!NITDAYGE (~FXT,46,50,10SJ 
Hi ITo A ~; G E (~t: Xi, r::; L ,. 5 4 , 1.l. 0 ) 
INIToA"iG( ("IEXT,S:.Jt57,t14) 
TNIT?A~SE (\jExT,58,61,tl~) 
:NTTQANGE (\jEx T ,&4,69,12 4 ) 
!NIT?ANGE (NfXT,69,73,13Q) 

7} := 7'.+ 
10] := 7] ~ 
13J := 9:' : 
!OJ := 95 
19J := 64 
22J := 73 
25) := 15 
2BJ := 31 
31J := a~ 
3,+J := 33 
37J := 39 
4C'! := 97 
43J :=183 
SlJ :=102 

~£XT [ 74J :=.36 ; N~XT ( 75) :=tf3 
~i E: X T ( 3 1] : = j. 2 9 ; N :: x T [ 9 q] : = 1 !) S ; 
NEXT ( 96J :=~57 ; ~EXT [ 97J :=159 

TNITDA~G~ (~EXT,77,aJ7137J 
INIT?A~GE (~EXT,92,85,141) 
IN!TRA~GE (~EXT,g6,93f146J 
INITgA~GE {~ExT,99,lJ4,lS9} 

I'IEXT [lD5J 
~!EXT CIUBJ 
NEXT [1.1.1-J 

NEXT [1'::&] :=1~5 
~i ;; X T [.I. 0 9 J .. - , £:, 7 
~EXT r .1.',2J :=1.35 

"4E'1(T 
NEXT 
\jEXT 
"IEXf 
'1EXT 
\lEX! 
'iEXT 
"IEXT 
~EXT 
NEXT 
'1ExT 
NEXT 
'It,XT 
'lEXT 

[ 8 J 
[ .11) 
[ l~) 
[ .7 J 
I: 20) 
[ ~3] 
( 26] 
[ 29 J 
[ 32 J 
[ 35 J 
[ .58] 
[ 41] 
[ lt4J 
[ 62 J 

:= 99 
:= 76 
:= 72 
:= 94 
:= 73 
:= 56 
:= 79 : = gz 
::: g 5 
: = 9 7 
::: 9.1. 
:= 98--
:=104 
:=.l.t3 ; 

'JEXT I: 76J :=17l 
'1Exr [ 9S] :=145 
"IEXT ( 9$J :=154 



CHECKe 6J ~= 67 ; 
CHEC!,([ 9J:= 61+ 
cHEel< C . 12 J : = 70 
(HEeKE lSJ := ;1 
CHECKe !.$J:=j.:1iJ 
CHECKe 21J:= 8 
CHEeKe 24J := SS 
(HECKe 27J := 79 
(HECKe SO] := 68 
(HEeKe 33J := 85 
CHEeK[ 36] := 10 
CHECKe 39J := 11. 
CHEC~[ 42J := 99 
CHEeKe 45J := I! 

CHEeKe 52J :=J.lJ9 
CHEeKe 55J := 17 
CH E C K [ 5.8 ] : = 13 
CHECKe 61J :=.12;.) 
CHECV[ 64J := 2.i. 
CHECKe 76J :=.>.3i.t 
(HEeKe 39J .= 24 
CHEcve 92J :=;.5 4 
CHECV-[ 9SJ :·=.4u 
rHfC~: 98J := 25 
CHECK[1~4J := 23 
CHFCK~lD7J :=~6S 
CHECf[llGJ :=168 
CHECK[1]..3J :=· ... 16 

6] ::: G 
9J := 14 

.- 3J 
... .., 
-J..-C.J 
lS]:= .; 
.1.8] ::: 33 
21) ::: 53 
241 .= 79 
27-J := 96 

CYECKE 7J:=' 3 
C Y :: CK E 1 J) : = r 
CHEeKE 13) := 89 
C4EeK[ t&J := 94 
Cl-IECK[ 19):= !, 
CHE(KE 22) := 7J 
C'-{[CK[ 25) := 74 
CHECK!: 2SJ:= ~ 
C4ECK[ '!lJ := SJ 
C~E C K r 3 '+) : = 9 
C"'IECKf 37] := 89 
C4ECK[ 40] := 9S 
C4ECK[ 431 :=102 
C4ECK[ 50) := l~ 

C4£CKC 53) :=111 
CHECK[ 56] :=11~ 
CHEeKe 59] :=U.9 
CHECKC 62J := 14 
C'-IECKC 7t.tJ :=13J 
CHECKe sa] := 23 
C4ECK[ 9JJ .-1t;~ 
C4ECKC 933 ;~i52 
C4ECK~ 96: :=t5S 
CYECKCl,C'2J .- 27 
CY::CKClGS] := 23 
CYECKClr)aJ := 25 
CHt:CKC.J.1J.J :=169 

3ASE [ 
BASE [ 
BASE [ 
SASE [ 
iHSE ( 
3A.SE [ 
SaSE [ 
3ASE [ 

7J:= J 
to} := l~ 
U}:= C1 
1&J:= n 
19J := 41 
22}'- r:l 
25J := 73 
Z3J := 91 

FOR T := i9 T~ l7l 00 
SAsE [ I 1 := 1..1 

?AS[[ 66J :::. h t 

PA6£ C 77J ::: ~ • 
qASE [ al]:z 2' 
°A~~ cas]:= 8' 
0115£ [ 39J, 3 
?ASE C 96J := 17 
eASE [ ~9J := 19 
SAS~ [tG3] ;= 36 ; 
~ASE [lC6J := ?3 • 
BASE Cli0J ;= 33 
8AS[ [116J := 96 
PASE (~24] .- 57 
'1ASE [127J ::: 59 
p~s~_ r'<lJ .'= ~i -~ -:-;::4J "'. SASE L:5 := 53 
8ASE (138J := 61 
SASt [142J := 61 
PASE [146J. := 81 
GASE [151J := ~2 
BASE [t5&J :- gS 
PASE [160J .- e4 
eASE 
8AS£. 

r'6~J- ::: 91J 
['1:69] := 93 

a A S r=:- [ 7 it J 
8AS"f [ 15) 
3~SE [R.n 
SASE [ SoJ 
3ASE [ 9.l,J 
3ASE ( 97J 
SASE (lOUJ 
3ASE (184) 
3~SE [j,07J 
3A-SF=: [114J 
3ASE [US] 
3ASE r J.25J 
3ASE [129) 
3ASE [132J 
3~SE [136J 
34SF [,l,4uJ 
B.aSE [143J 
BASE [1.411 
3~SE (152J 
3ASE [..1.53) 
3ASE [l.62J 
3~SE [106) 
3ASE [.I.71J 

: :: , 
:= 2 
: :: '3 
:= lS . - ~ 

::: .1.3 
:= ~; 
:= It 
:= .5a 
:= 4~ 
:= 5a 
:= 51) ; 
:= 41 
:: 63 
:= 54 : = 74 : 
:= 76 
:= &3 
:= 74 
:= 74 
:= 8J :. 
._ 'f=1 
:=102 

8 J := 
... 1 J := 
.4) := 
.L 1] ::: 
iD] ;= 
c:'3) := 
~5 J : = 
29 J := 
323 := 
.35J := 
38 J := 

98 
7S 
7J. 
Q,3 
72, , 

b ; 
78 
91 

C'HECK( 
CHECK[ 
CHECK[ 
CHECK[ 
CHECK[ 
CHECK[ 
CHECK[ 
CHECK[ 
CHECK[ 
CHECK( 
CHECK[ 
CHECK( 
CHECK[ 
CHECK[ 

9 .. 
86 
10 ; 
97 '+ t ] := 

44J :=1"'3 
51J := 1.1 

CHEC~[ S4) := 14 
CHECIo([ 57] :=.1.15 
CHECK[ olJ] := 19 
CHECK[ 63) := 20 ; 
CHECK[ 75J := 20 
CHECK[ 81J := 2L 
CHE(:K[ 91 J := 25 
CHt:'CK[ 94J :=155 
CHECK[ 97] ~= 26 
CHECK[tJ3J :=.l62 
CHECK[!1,j6) :=l64 
CHECK(1I ... 9J :=.166 
SHECK[! .. ?J :=.1.7;. 

?ASE ( 8):= L 
~A'''' ( dJ := 2S SAst ( ... 4J := 43 
~AS£ [ ~1) := 49 
!3ASt: ( 20J := 52 
3ASE. [ 23J := 7l.i 
gAS£: [ 26J := 78 

~ASE 
SASE 
o,A5£ 
3A.SE 
SASE 
3AS£ 
gAS£ 
3AS£: 
3ASE 
34SE 
3ASE 
gASE 
3ASE 
3ASE 
3ASE 
QASE 
9ASE 
3ASE 
3ASe: 
3ASE 
SASE 
SASE 
3AS£ 

[ 75] := 
[ 79] ! = 
( 84) : = 
C 88J := 
C 94] : = 
C 98) : = 
(102) := 
[luS] := 
(lu9] 
[ 145 J 
(1,,0) := 
[ 126 J : = 
[130] :::: 

....-

(133J := 
(137) := 
(14!J := 
(145) := 
[149J := 
( ! 55 ] 
[159] := 
[164J ::' 

.'. -
(16BJ := 
[ 72) : = 

i. 
2 

13 
13 

6 
2 

24 
!.3 ;-
27 
47 
30 
57 
62 
1J,7 
72 
63 
76 
65 
73 
86 
92 
g5 

i 

FOR I := .l TO \71 no 
~ ~ ~o ~L·S~ '.= rr.~_~T jojITH DEF~ULT ::- -I. ,; '.J _".J -' 

\ 
~ITH DEFAULt [ 65J DO 

a~GIN CLAjS := ~ULOP ; o~ := A~JOP END 

, 



i 
i 

j 

L 

wITH DEFAULT 69J DO CLASS : = APRHS\' 
wiTH DEFAULT 73] DO CLASS := 3~:;r:-iSy 
ttJl TH DEF.<\UL T 76 ] 01 CLASS := CAS:SY 
WITH DEFAULT 8 fJ] DO CLASS C:)'1STSV 

~ITH DEFAULT: 82J· 00 
BEGIN· CLASS := MULOP ; 00 := IJIV 

WLTH DEFAULT 
E 

83J C)O CLASS .- JOS'f 
WITH DEFAULT 87J OJ CLASS .- J:JN'HOSY 
WITH DEFAULT r 90J DO CLASS · - ELS::SY ... 
WiTH DEFAULT ( 92) DiJ CLASS · - ["fOSY 
WITH DEFAULT C 95J 00 CLASS · - FIL:SY 
WiTH DEFAULT r 97) DO CLASS :=·FOi(SY <-
WITH DEFAULT [1J1.) DO CLASS · - FQRioI4QOSY · -II :#Tt. OEF~ULr [lug] DO CLASS · - FUN::T!iJ'4SY :M J,. f rt · -(111J WiTH DEFAULT DO CLASS 
WiTH .JEFAULT Cll,2J DO CLASS 

WITH DEFAULT [113J DO 
BEGIN CLASS .- RELOP · -

WlTH DEFAULT [ll9 J 00 
BEGIN CLASS · - MULOP · -

WITH DEFAULT [123J DO 
BEGIN CLASS : = AetQO? 

t·il TH DEFAULT ell,7] DO CLASS 
WITH JEFlULT [ , -; 1 ] OJ CLASS 
I,11TH JfF~ULT [ 122) DO CLASS 
~lTH DEF.~ULT [1213] DO CLASS 
!,lITH JEFAUlT [1J5J 00 CLASS 
',11TH DfF,aUL T [139J JO CLASS 
wITH JEF AllL T [144J JJ CLASS 
'HTH DEFAULT [14'3J 08 CLASS 
t,,:;:TH DEF AUL T [ 15'J 00 CLASS 
~ j -r- T Li O!::FAUlT [1.53] nn CLASS ;s .. ~ • I '-' v 

WITH DEF.A.UL T C 154 J 00 CLASS 
wrTH DEFAULT [157J D·O CLASS 
WiTH DEFAULT [tblJ DO CL;!SS 
:4LTH OEF A.UL T [163J 00 CLASS 
I;;ITH DEFAULT [167] DO CLASS 
WiTH DEFAULf [ 170J DO CLASS 

FO" ! : = "; TO SrQGLGTH CO .. 
lJUr.hf-!YSTR eI] . - , , .-

FQ'P I : = .l. TO CHAR""AX no 
OUi"'MVIO [1] : = • f 

CH := F'IPSTcwA~ 
?fPE.\T 

WITH CHRCLASS [CHJ CO 
CLASS := OTHERSV 

CH := suee (Cy) 

· -· -· -· -
0;:' 

O~ 

0:> 

:= 
:= 
:= 
:= 
: = .-· -· -· -: = · -· -
· -· -
:= · -· -· -· -· -· -· -'. -

UNTIL CH = LftSTCYAQ 
CHPCLASS (CHJ.CLISS := 6TH~~SY 

· - COMM~ · -

GOTJSY 
I~S\' 

:= 11.1;)0 

· - 1"'09 · -
:= J=?Oo 

LA3:::LSr 
NOrSY 
Oi='SV 
PACi(EJSv 
PC?O:SY 
pqD:;~A"'SY 
,qEeJ~JSY 
R~P':ATSY 
SETSY 
T4:::\lSY 
T0SY 
TY?~SY 
U"HL .. SV 
VARSV 
NYIL::5V 
tJIT-l5Y 

CdPClASS ( , , ' J ~'C lAS S 
CHPCLASS ( , ) , J ~. C lAS S : = oPAR::~T 
CHPCLASS (t.' ]~'ClASS · - PER,DJ · -CHPCLASS [ , C' ] ; C l AS S .- L8RA:,(,~T · -
CHRCLASS [ f 'J ' ] ~ C lAS S · - RgRAC;<c:::r · -CHPCLASS [ t :ll f ] ;'C L Ii. S S .- ARRON · -
CHPCLASS ['~'J~ClASS .- ARROJ · -
CHPCLASS C ' ; 'J.CLASS .- SE'Ar:OLO'i .-

t . 

WITH CHRCLASS[ t + f J DO 
PLJS BEG IN CLASS · - ADDOP .'''Ij · -· - ·v · -

WITH C4RCLASS[ t , J DO o!:) · - Mr~!.JS BEG IN C:" ASS "': = AClOOP · -
i>!ITH C4RCLASSI'*'J DC) 

AST~ BEG Ii ... CL.A,sS · - M'JLOP 0;) · -· - · -
\ 

WITH C4RCLASS[ t :: t ) 00 
G::> · - £:J:l Bt:SIN CL.c\ 5S .- RELOP · -· -

~NO 

f\tD 

~ND 

E'1:: 

~ND 

f~D 

· • 

· , 

· • 

· • 

· • 

· , · • 

· • · • 



i ~ 

WITH CHRCLASS['I·] on 
B£sIN C_ASS := HULOP ; o~:= ~JIV END 

LAS T::: R P. : = a ; 
ERRr~x .- D ; 
CARDCNT := a i 
UNCLOSED:= ~O:-fE 
PUFLGTH := ti 

; 

~OR r := l TO 9UFM~X DO 
ERR~UF [ I J := t • : 

fRP~A~N [T~UE} :=' *** E~~o~ ," 
~RRWAR~ [FALSE] := ~ *** WA~~INS ' 

ASORTMES rrqUE] := t *** UN=L~S~J CO~~ENT **~t 
ABORTMES [FALSE) := ' *** UNCL~SED ST~rNG •• *' 
~RPWARNCNT C TRUE] := 0 ; 
~RRWAR~C~T [FALSE] := n 

cOR I :=~3 TO NSErs )0 
£MPTYSET: i ) != [J 

NEST := FALSE ; R~EST := ~ALSE 
RPOUPl := EHPTYSET : 
EST := 0 : NESTI~CR:= 0 : ~ESTJE:~ := 0 

Er.iD ; (*. INIrSC.&,\i *) 



: .. ~ 
j 

(* 

( >I< 

( « 

i?a;s[ 

PPOCEDURE rNiT~ARSE 
VAR r . : I~T~G[R 

INITIAL ! SYM30L 
• . 
t 

PROCEDURE.!~ITSUCC CL,H 
VAR TEMP : SDRANSE • 

PEGIN ~ 

BEGIN 

FOR TEMP :~ L TO H 00 
WITH STA9Lf. C TEMP 

sue : = TEi-to 

SP~AI.JGE) 

~. 
J.] )0 

l~iT GRAM~AR TA3L~S 

FOP I ~= 1 TO SPSiZE DO 
wITH STA3LE ( I ] DO 
. ALT:= FAil 

· . -· . - (DROGRAM YEIJINS> (300V> ; 

!NITSUCC ( ? , 3 ) 

~, - - I' STABLE [ J.J '}O TP TYPE' - 53 ~.i.fH : -wITH STABLE [ Z) 00 TPTYP~ : - 55 -;!;<~TH STABlE [ 3J 1]0 
8£5IN sue - OK : H'TvPE : - O~) ( DEE<'rOu · - -

2) (PROGRAM HEADING) 
::= P~OGRAM IJE~T ( <IJ~NT LIST) } ; 

TNTTsuec ( 5 , 9 } 

'.:.HH STABLE [ 4J DO TPT"PE : = O:() (DROGRAMSY 
t~I;TH STABLE r 5] DO TPTYPE := ()~) ( rOf'lT '-
~l r TH STA8LE r oJ 00 TPTYP~ : = O~) (LPIREI'4T -
'filTH STAt?lE [ 7] iJO TPTYPE : = 5!t 
~' lTH STABLE r 8J 00 TPTYPE : = O>:'D (:)PARENT c. 

',j~TH STABLE r 9J 00 l.. 

SEGIN sue := OK; TPTYPE := o~.) ( SPHCOLON. 

3) <IDENT lIST) ::= rOENT / , rQENT I~I 

f:"iLTH STAPLE r to] DO 
3EGIN sue · - 1.1. ; TPTYP:: : = O~J ( !DENT · -';lITH STA2lE [ tJ.J 00 
3EGIN .... if,..... · - 12; TPTYPE := O~J (COMMa ~u ... · - ) .. 

AL r · - OK · -END ; 
~rTH STA3lE [ 12J DO 

ENO 

~ND 

·~ND· 

aEGIi'~ sue · - 11; TPTYPE := oqa ( !DENT · - END : 

4) <SODY) · . -· . - ()ECLARATIO~S) (R~JTINE DfCLAQATI0NS) 
(CO~POUND 5TATE~E~T) 

~NrTSUCC ( 14, ~S) 

~.I:TH STAPLE [ 
'.d TH 51 ABL( r 
'.JITH STABLE [ 

3EGIN SU:: 

13J DO 
14 J 0 () 
'.5J DO 

:= OK: 

5} <DECLARATIONS) 

TPTYP: := 
TPTYPE := 

TPTYPE := 

~6 
7' . . 
75 

. \ ! : = <LA9El DECL.RATIJ~S> 
(CONSTANT DEFrNrrIO~S) 
(TyPE DEFINrTro~s> 

END 

: . • 

. , 



( *' 

\>: } 

( »< 

HHTSUCC ( 17 , 19} 

WrTH STABLE [: 1&) DO Tf> TYP~ · - , 57 · -WITH STABLE r 17:1 DO TPTYP€: .- 58 .-
WITH STABLE ,. 18 } DO TPTypE := ~J "-
\.lITH STABLE [ 19J 10 

BEG!N SU: · - OK. TOTVP;: · - 70 · - · -
, 

6) (LA3EL OE~LA~ATraN5> 
::= L~3EL IINTCJN5TI 

-(EMPTY> 
TNTCONST/I.lI 

!NIrSUCc 21, 23> 

:.iITH STABLE [ 2JJ )0 
BEG!N ALT : = J~: H'TYP~ := O~J (LA8ELSY 

'4i:TH STABLE [ 21J 1)0 TOTYP:: : = o:n (HHCOr..ST 
'.1lTH STA3LE [ 22J DO 

SE::1IN AL r · - 24; TPTYP:: := O~) (COMMl · -;.JITrl STABLE ,. 23J ::10 '-
BEGIN SUe := 22: TPTYP~ := O~) (INTCONST 

t.i:i:TH STABLE [ 24 J )0 
BEGIN sue · - OK; TPTYP€ : = O~) ( SE""ICOLON · -

71 <CONSTANT DEFr~lTI1~S> 
::= CO~ST / IJE~T - (CO~STANT>/l/ 

(EMP fY> 

!NITSUCC { 26, 32} 

25J ')0 
:= OK; 

25 J 00 
27J OJ 
28] JO 
29] DO 
3uJ DO 

:= t'lK' 
'3~J JO' 
32] iJO 

:= 2-9: 

TPTYPE := 
TDTYPE := 
TPTYP~ := 
TPTVPE : = 
TPTVPE := 

TPTYPF.: : = 
TPTYPE : = 
TPTVPE := 

J:(J (~ONSTSY 
O~) (IQENT 
O~) ('?f.LOo 

59 
0'<) (SE"'rCOLON 

j~J {IO~~T 
Q:fJ (QELOP 

: . - l'iTCONST ~E!.LCJ\jST IDE NT . -8 i <CONSTANT) 
A')QOP I~T:O'lST ~Dncp Pt;ALCu'iST 
AOOOP lQENT S TRIN3CONS T 
CYARC0NST 

i;;rTH STA3LE r 33J DO 
BEGIN sue · - 34: TPTYPE := O~) (I\DDOP · -ALT · - 37 · -
E'~D ; 

I.tl '10 FOR I : = 34 ,. ."<. 
,..; 

'i'i ITI-1 SH3LE [ r J DO sue · - 0.( · -
~ll TH STAPLE [ 31+] 00 

8EGIN ALT · - 35; TPTYPE := O:() ( INTCONS T · -
',JiTH S H,eLE [ 35 J DO 

Br::GIN ALf · - 36; TPTYPE := O~D (?EALCONST · -,WITH STASLE r 3SJ DO TPTYP:: · - Q:{) (IOENT · -
~! I TH STABLE [ 37J DO ( rDnH BEGIN Al T · 38 : TPTYPE · - O~D · - · -
~UTH STA8LE [ 38J DO 

O.() (~EALCONST BEGHI ALT - 39: TPTYPE : = .-
WITH STABLE [ 39J n r\ ' .. u 

BEGIN ALT · - 40; TPTYPE · - O~D (CHARCONST · - · -
',; I TH STABLE r 40) DO 

TPT'fP~ O~J ( HHCONST 8E3IN ALT := 4l: · - ) · -
',..!LTH STA2LE r 41} 00 TPTYPE : = O~) (ST~l.NGCONST) 

9J <TYPE DEFINiTIONS> to ID; E~r -(TY?E> !:= TyoE , ; 111 

INITSUCC ( ~!, 4Q) 

~ND 

/J.I 

END 

END 

END 

END 

· , 

· • 

END : 

END 

END 

EN!) 

':1'40 

END 

END 

END 

ENO 

· • · • 

" • 

· • · • 

· • 



WITH STABLE ,. 42] L, 

BEGIN ALT --· -:,<1TH STA~Lf C 431 
~trTH STABU:: r:: 443 
'tHiH STABLE r' 45] '-
:.11TI1 STA8LE ( 463 
WITH STABLE [ !J7J 

BEG!N ALT · -· -:..11TH STA8LE r 48J 
WITH STABLE [ 49J 

Bt::;!N su;: .-· -
!O) (TYP~ ) · . -· . -

~} 

;JITH STABLE ~ 50] 
Bf3IN ALT · -· -sue · -· -t:!\Q ; 

\dTH STAPLE ~ 51] '-., t=" - ,. •• 
t\·_v .. 1'; sue := 

',.'ITH STASLE [ 52 J 
BE3IN sue .-· -AL r · -· -;:- ~J (-: • 
~_4 _ , 

~!:TH STASLE r 53J '-
3!::'; r ,'i sue : = 

AL r --.-
t: ~··JD ; 

!"~':TH STA2,U: [ 54J 
3:::; Hi ~ft,.... .-_.J i,.. · -At T · -· -
E~~O ; 

;,;1'H S BElE (' 55J 
B~GIN sue : --

:" i T : -A ,_ I -
EN~ ; 

t~r'TH STABLE [ 56) 
S~;IN S"'" · -i.J~ .-

HHTSUCC { 58, 62} 

wITH STA8lE [ 57] 
BEGIN ALI ~-· -!41 TH STA8LE [ 58] 

~jiTH STABLE , 
59J 

WITH STAgLE [ '5 U.J 
t.JI TH STABLE (' 6·' ."" ~t.nH STABLE [ 62J 

BEGIN sue := 

HH rsucc ( 6 4 , oS} 

~rTH s TA8U: I: 63J 
BEGIN ALT · -· -

!'iiTH STA8LE [ 641 
t4 iTH ST.!IBLE [ 65) 

BEGIrt sue -· -
INITSUCC ( 67, 68) 

WITH STABLE ( 66J 
BEGIN AL T · -· -

'·HTH STAl3lE f'" 61J '-

kiITH STABLE [ 68J 
BEGIN sue · -· -

!NITSUCC ( 7fJ, 711 

~llTH STAtlLf IL '" .-, 1 
.J '7_ 

BEGIN AL T\ · -.-
WITH STABLE t 1CiJ 

')0 
JK; TO TYPE: · - O~J (TY°t:SV ) · -QO TP TYP~ .- O~J (TDE"'iT ) · -DO TPTYPE · - O=?J (!;IELap ) --!JO TPTYP~ := SJ. 
)0 TPTYP~ := 
00 

'O~J (SEHrCuLON 

OK' TPTYP:: · - O~J (IDEi'lT ) · -00' TPTYP:: := O=?J (i:?(LQD ) 

DO 
4&: TPTYP:: := 51,!. 

nL ,(OPH 
PACKED SET ~F <Sl~?LE TYPE) 

S~T ~F <Sr~PLE TYP~) 
paCKED .R~4Y r (l~J~X LIST) ] OF 

AR~AY r (l~JEx LIST) J 0= 
PACKED qECO~D <~lELOLlST) END 

qECO~D <~lELD LlST) END 
paCKED ~lLE o~ (TYP~) 

FILE at:" (TYP~> 
<SI~PLE TYPE> 

J::l 
52' 
I"" ... ' 
:>~ 

DO 
OK; 
)0 
53-
57' 

JO 
58; 
54 

DO 
64; 
c;-- :) 

DO 
67: 
56 

DO 
70: 

ao 
6.3; 
00 
00 
DO 
')0 
DO 
OK; 

DO 
66; 
00 
00 
OK; 

00 
69; 
DO 
DO 
OK: 

00 
72: 
00 

TDry?:: · - O~D (A~qO!,J .-

TPTYP:;: := o=?J (IOENT 

TPTY?:: := O~J {':>ACKcOSY 

TPTYP:: : = O~J ("RPAYSY 

TPlY?:: := O~J(QECOQOSY 

TPTY?E : = O~J (SETSY 

TPTYPE 
TPTYPE 
TP TYPE 
TPTVpE 
TPTYP :-

TPTYPE 

TPTYPE 
TPTYPE 

TDTY?:: 

TPTY?E 
TP TYPE 

TPTYP:: 

: = 
: = · -· -: = : = 
· -

.-· -: :; 

:= 

: = : = 
:= 

Q~J (aRR.AYSY 
0·:> J (L3t?ACKEf 

:'2 
O:{) ('(SPACKET 
;)~J (OFSy 

5J. 

Q({) (c~ECOPDSY 
Sit 

J~J 

O~) (St:TSY 
o=?) (:JFSV 

S3 

TPTVPE := O~D (Fll£SY 
TPTYPE := O~) (OFSY 

END 

· • 
c.:ND · • · • 
E~D · • 

<TY?E> 
(TYP~ ) 

· • 

END ; 

r:':NO 

END 

ENn 

END 

ENO 

END 

· • 

· • ; 
· • · • · • 

· • 

· • 
< • 

~NO ~. 

• 



I • 

I 

,,·rTi:!~T~8'!:'. r 7 ,p i~ Ii ... '!:'''!! 'sc..,-,- 1'\. • TP T YP:-0'_ ..... I l, ... · - ~..l .- ...... , · -
wI.TH STA8LE [ 72] 1)0 

BEGIN su: : - ':il( · TPTYP: : - S3 - • -
11) (INDEX LIST) !:= <SIMPLE TYP~) I, <SIMPLE TYP(>/QI 

'dITH STASLE [ 7.3) JO 
2·ESIN SlJS · - 7tt: TPTYP: : = '13 · -

\~ r TH STABLE [ 743 :10 _ 
a:: 5 It .. sue := 75; TDTYP:: · - OiJ (co""~a · -AL r : = ~K 
END ; 

I.iITH STABLE C 753 DO 
3EGIN sue ::: 74; TPTYPE := ~3 

· . -· . - ( (IOENT LIST)} <CONSTANT) 
(CONSTANT> ;. <:J~ST~NT> 

n .. ITSUCC ( 77 f 82 ) 

',lITH STA8lE [ 76J 90 
BEGIN ALT · - '3J; TPTYP:: ~ - O~) ( LP ~Rt:NT · - -

'.IITH SHalE r 77 ] JO TPTYP'.: : - 5 :t -
~ITH STABLE [ 78J ...., i",\ 

"JI,J 

8E3IN sP"" · - :)K ; TP TYP~ : - O~) ( qpARENT 'J ... -
WITH STA8LE [ 79 1 JO 

St:-3IN sue ~ - QK · TPTY?~ : - O=?) ( rDE~T - t -
At r : - 8J -

£ ~,;t G ; 
l\! I. TH STABLE f 8G] JO TP TVP;: · - 5~ · -;,:l.TH STAl1LE [ 8 ~ 80 ... j 

BE3!N AL T ; - OK · TDTYP:: : - :) :{J ( JOTOQT - , -
\d,TH ST-A8LE C 82 J DO 

3E3IN sue : - 01( · TPTYP=: : - 5~ - , -. 

<FI::lO LIST) ::= IOENT I, rD~~T/DI : (TyOE> 
/ ; <IOENT ~lsr> : (TY?E) 101 
elSE (va~rA~T ?A~T> 

!NITSUCC ( 34- f 91 ) 

~ITH STABLE r q~i 
~-

8~GTf" ALI ~= 
WiTH STABLE [ 31fJ 

BEGIN ALT -
l,jJ.TH STAPLE ,.. 8SJ L 

B':S!N sue 
t,;l TH STA3lE [ 36J 
tHTn STA'3LE [ q7J 
t~r TH STABLE r 88J 

3EGIN .ALT -· -
1.~1 TH ST;'8LE r 39J " 

3·ESIN sHe -· -AL r · -· -
E~W . 

• ';.:1 TH STABLE r .... , , -..,.., .' 

WLTH STABL£ r Q .l.J 
SEG!N sue · -· -

1~' <VARIANT PART> · . -· . -

INITSUCC ( 93; 961 
\ 

WITH STABLE I.r- 92) \;.. 

'HTH STABLE '[ 93J 
BE:GtN AL T · -:y!TH .... "F '"' Q l cr ~ r '" , ....... '- r 9i.tJ 

IIJENT I, l)t~TI : <TYPE> ; I 
CASE <vaRTA~r ?~RT) 

~o 
9 J; TPTYPE - J~J (IDENT · -DO 
g6~ 
DO 

TPTY?: : = J~J (':O""~~ 

84; TPTYPE : = 0~D ( IDENT 
DO TPTYP:: · - J~J (COLON · -
00 TP TV P E · - bl. · -00 
OK: TPTYP:: := 0:(0 (S£lA!CuL0N 
DO 
qq; TPTY?E · - J~) ( ID€NT · -
90 

DO TPTYPS := OQJ (CASESV 
r,-,,,,,-
c.:v 
1);<; TPTYPE · - S5 · -

.. DENT 

00 TPTYP~ := O~) (TDENT 
JJ 

TPTYP~ · - Oi) (COLON 95; · -TPTYP~ · - O~) (!DENT DO · -

). 

END 

END 

END 

':ND 

END 

· • 

E"O ; 

.r: I'tD 

END 

t:ND 

t:NO 

END 

END 

. , 

· , · . • 

· • 



I 
I 

, 

( "" 

p'r T~ ~TAP.~F" I" 951 r'\(,\ TPTYP~ · - O~) (:)FSV ~:t : lA9 __ t C 9&:1 'j;) · -
BEGIN su: · -· - 01\; TPT'!'P~ · - c.. " · - J:) 

lS} <VARIANT ~IST} · . -· . - <VARIANT) I 

INITSUCC ( 9S, 99) 

WITH STAeLE [ 97] .00 TPTYP~ : = S7 
WITH STA:::LE ... 98J )0 L 

BESr."4 ALT · - O~~~ 'TPTVP:: · - O~) {SE'"'lCOLON · - · -WITH STABLE r 9'.>' ] QO '-
5~""T;" ...... 0 .... ~'i Sill' 

~ .... : = 98; Toryp:: := S1 

16} <VA:i'tANT) · . -· . - <CONSTA~T LIST> : <r:-IELO PARD 

TNIrsucc (lJt,lU3) 

f}O 

JO 
GO 
}O 
OK; 

17} <FI~LO PARi) ::= } 

WITH STAPLE r.14J so 

TPTYP:: 
TPTVP~ 
TPTYPE 

TPTYPE 

<FIEL!) 

· - S~ · -· - OqJ (COLON · -:.= OqJ (LPARENT 

:= sa 

LIST> ) 

8EGIN sue := O~; TPTYP~:= O~) (QPARENT 
ALT := ... :'5 

BEGIN sue ::: J.K; TPTYPE: = o~o (':(PAREt.T 

131 (CO~STINT LIST> 
• 0 _n~ · ... - (CONSTA~T) /, (:O~STANT)/~I 

INITSUCC (lJt!,L;9} 

INITSUCC (1~lt12(J 
WITH STA9LE [~lUJ JO 

BEGIN All := OK: 
~rTH STA?LE [~lLJ DJ 
~rTH STA?LE [~12J JO 

BEGIN ALl :=114; 
liTTH STAPL!7 [;13J DO 
""'BI:"-'!'H-'st"J-'" ~-':';12' 

~J.;t..I" ..... .-:J..- .. 

W1TH STABLE [114J DO 
WITH STABLE [ilSJ DO 
WITH STAPLE r~lbJ 80 
WiTH STABLE Cil7] DO 

BE31N ALI := OK; 
~rTH STABLE [L1g) 00 

BEGIN ALI :=120: 
WITH STA~LE [~191 00 

B~GIN sue :=~la: 
wITH STA3LE [~2JJ DO 
WlTH STABLE [~21J 00 

S E GIN $ LJ\:: ~ =.i. t 6 ; \ . 

20) <QOUTINE DECLARAT!O~S) 

TPTYPE:= 59 

TPTYPE := J~) (COMMA 

l'?TYP:::= 5~ 

IJE'JT/OI 

TPTYP~ := O~J (VAPSY 
TrTYPE := O~) (IDENT 

TPTYP~ := O~D (CQt.!MA 

TPTYP~ := O~) (IDENT 
TPTYP~ := J~) (~OLON 
TDTYP:::= ~d 

(TYPE> 

TPTYPE := O~) (SEMICOLON 

TPTY?E : = O~) (TOENT 

TPTY?E := :)~) (CO~"I4 

TPTY?E := O~D t!OENT 
TPTY?~ := O~J (COLON 

TPTYP::= ~l 

END 

~ND 

END 

END 

111 

END 

~NO 

END 

· • 

· • · • 

· , • 

· • ; · • 
END ; 

END 



( ';'-

*' l 

INITSUCC (123,1311 
WITH STA?L( [iZZ] 10 

B~3!~ ALT :=125{ 
WITH STA8LE [ ... 23J JO . 
W1TH STARLE r 124J 10 

BE3IN sue :=130: 
WITH STABLE [125J DO 

BEGIN ALI := 'K: 
WITH STABLE C~2&J SO 
WITH ~TABLE (t27J 10 
W~TH STA5LE [.23J JO 
WITH STABLEC129J DO 
~ITH STABLE [13JJ DO 
~rTH STABLE [131J DO 

BE3IN SUC :=133: 
ALT· :=.d2 

TP r'y P E 
TPTYP: 

TPTvP: 

TPTYPE 
'TPTY?: 

H'TYPE 
TPTYP: 
TDTvP~ 
TO TYPE 

TPTYPE 

:= O=?) 
:= O~) 

· - 72 · -
:= :J;') 

· - o~j 
:= 7~ 
: = O~) 
: = O~) : = O~J 
· - O~) · -

(DROCSV 
(IDF:'iT 

(C'U"ICT lONSV 
(IOENT 

(COLON 
(IOENT 
(SEf"ICOLON 

(I='OPioJ~RDSV 

END 

END 

21' <~OPMlL PA~hMETER SECTION) 

22} 

::= ( (FOPMAL ?&R&~:r~~s) ) 

IkITSUCC (!35,13S) 

'dITH SiACiLE r- .i: ") '+ J '1t\ 
- v 

3!:3!N AL T : - 5i\ -
" I TH STABLE r 1 ') 5J JO ';-~ 

~,,tlTH S TAB LE r 136 J '"It'> ,- '-'v 
SfS :!:N SUS : - OK -

r~ITSUCC (13R,t39) 

;~TH STASlE [!37J 80 

· TO TYP ~ · - ;) ~ ) ( LP A ~t." • · -TP TYP'?: · - 7 .) · -
· TP TY? : - 0 :) "' ( =<p .~ Rf. • - - J 

TPTYP~:= 7,* 

<EMPTY> 

NT ~NI) 

NT . ENO 

~ITH STA~LE [~38] 00 
3~Gr~ ALT := DKt TPTYP~:= O~) (SEMICOLON END 

WiTH STA3LF r ~)9J Ja 
3EGIN SU: :=138; rPTvp~:= 1~ ENO 

INITSUCC (1'.fl,1,+9} 

WITH STABL~ [~4~J JO 
BEGIN All :=.42; 

W;TH STA3LE C~~l] JO 
BEGIN Slle := JK; 

~ITH STABLE C~42J JO 
3EG!N ALT :=~46: 

WITH STABLE (~43J JJ 
WTT~ STARLF [144J JO 
~1~~ S+A~L€ [,45J JO 

B£GL'~ sue .! - J>(: 
WITH STABLE C~46J JO 

BEG!N ALI :=~47: 
WITH STASlt 47])0 
WITH STABLe 43J JO 
WITH STABLE 49J JO 

TprYp~ := O~D (OROCSY 

rpryp~:= 5". 

TPTYPE := O~J (~UNCTIONSY 
TPTYPE:= SI; 
reTYPE :: O~) (COlO~ 

TOTYP~ := O~J (IDENT 

TPTYP:: := Q((D (VARSY 
TDTYP~:= 51; 
rpTYp~ := O~) (COLO~ 

EkD. 

END 

END 

END 

END 



.;: ) 

24' <CO~POUNO STATE~E~r) 
::= 3£3!N (STlT~~~~r LIST> E~O 

INITSUCC (lS1,t52) 

wITH STABLE r~501 ~O TPTYPE:= O~J (9EGINSY 
WITH STABLE r~5!J 00 TPTYP~:= 7& 
~rTH STABLE [.52J DO 

BEGIN su~ := JK; TPTYP~::: O~J ((NOSY 

24J (STATEMENT LIST> 

26) 

::= <ST~TEMENT> I <STATEMENT)/DI 

INITSUCC (1?4,tSS,} 

WitH STA~LE [~53J 00 TPTYPE:= 77 
~lTH STA8LE [.54J QO 

5E3!N AlT := OK: TPTY?~:= J~) (SEMICOLON END 
WITH STABLE [~5SJ 00 

BEGIN sue :=j,54; TPTYPE:= 77 END 

(STATEr-'lENT) .. -.. -

TNlrsucc (157,153) 

STABLE C156J';-,!;LT 
STABLE [156J~TDrYPE 

I~TCO~ST : <U~LA3ELlEO Sl.T~HENT) 
(J\LA~ELL~J STATE~E~T) 

lS3 · - O~J (!:'HCONS T · -
TPTYPE · - J~) { CaL ON · -
TPTYPE · - 78 · -

27} (UNLA~ELLE) STATl~ENT) 
::= a~3!N (STlT~~~NT LIST> EhO 

r~ <EXPPESSrON) THE~ <STATcM£NT) 
IF (EXPRESSTO~) TYE~ (STAT£~ENT> 

INITSUCC (160,193) 

ELSE <STU::'1E:!'jT) 
CASE <EXPQESSIJ~} o~ <CASE LIST> END 
WYILE (EX~R~SSiJ~> ~o (STATEMENT) 
REPEAT (STATE~E~T LIST) UNTIL 

<EypqESSIO~D 
FOQ IQENT := (EX~qESSION) TO 

<EXPR~SSIO~> )) (STATEMENT) 
FQ~ IDENT := (E~~QESSIO~) DOW~TO 

<EXPRESSiJ~> 00 (STATEMENT) 
~rTH <RECORJ VA~ LIST> DO (STATEMtNT> 
(Sr~PLE STATE~E~T> 

TO TYPE := O?) (3[GLNSY 
TPTYP:::= 7& 

TPTYPE := OQ) (!FSY 
TPlY?:':·- ~~ 
TPTYP~ := O~J (THE~SY 
TPlY?!::= 77 

TPTYPE := OQJ {ELS£SY 

TPTYP:': := 

TPTYPE := 
TPTYP~ := 
IPTYP:: := 
TPTYPE := 

77 

O~J (CASESY 
j4 

O~) (OFSY 
?3 

· L 

· • 

TPTYPE .- OQJ (ENOSY r:::ND : 



( *' 

WITH ~TAaL~ r 17]] ~9 
bE5!N-Atr'-"" :=-1.1 • TPTYPE · - O~J { \JHtLESY END 

~ITH STABLE (~74JOa' H'TYP:: ! = 34 
t,;l1'H STA8LE [r1S J 00 TPTVP::: : = O~) ('JOSY 
WITH STA?LE l.4,76J :)0 

a E s rti sue · - 01{; TPTYP:: := 77 END · -WITH STABLE ,.. .;.77] 90 L 
BEGIN AL! !. = ~ 81: TPTY?E : = O~) PEPE~T$Y ::NO 

w'ITH STABLE [ 178] 00 TPTYPE := 75 
WITH S TA8LE [ l79 J JO TP TY?:: := J~) ('J'lTlLSY 
~rT~ STA8LE [18U] DO 

BEGIN sue :=- OK: TPTY?E · - 34 END 
WITHiSTA8LE [18!] DO · -

. BEGIN ~LT . :=J.?D-; TPTY?E : = OR) (;:"opSV END 
WITH STA~LE [l82J DO· TOTY?;: := O:{] ( lDENT 
WITH STA3LE [ ... q.3J DO TPTYPE : = O~) ( \SG'fOP 
WITH STABLE [48'+ } DO TPTYPE : = 34 
\,JI TH STABLE [k 8 S] DO 

8EGIN sue :=i37: TPrYPE := O·:{ J (rosy .J 
ALT :=186 

E~~Q: ;~ 
WITH STABLE [ ... 9bJ )0 TPTY?E : = O~) {)OW~TOSY 
'dl TH STABLE L.g7] 00 TPTY?E · - 3 ~ 
'..iITH STABLE [188] DO TPTYP~ · - O~D (DOSY · -WITH S'A~lE [~89] ']0 

3ESIf'.t sue := 1);<; TPTYP~ := 77 END 
l,rLi TH STAELE [ .. 9U) OJ , 

BEGIN Al r ~=..l.~4; TPTYPE · - O~) (~rTHSY tND · -t.!I'H STA3LE [ ... 9J,J 00 TDTvP:: : = ~ . ., 
~f-. 

1·../1 TH STABLE [ ;92] DO TDTYPE : = O~J (OOSY 
WITH STABLE [ .l.9.n OJ 

3~SIN sue [ ... 94] 
0K; TOTYPE : = 77 n'iO 

LJT TW STA8LE !! .-"'\ 
"'~ .. '- .. wV 

SF:SIN sue · - OK: TDTY?~ · - 7g END · - · -
23) <SL~?LE srAT~~ENT> 

29) 

::= 3010 INTClNST 
IJENT ( (ExDR~SSI0N LIST) } 
IJ~NT (VAg TAIL) := <EXPRESS10N) 
<~MPTY) 

LN!TSUCC {196,203} 

{tiLTH STAELE 
3EGTN AL r 

I"JI TH SH.ELE 
BEGIN sue 

t,,! rTH S'iA.?,:,.E 
B£GIN AI .,. 

~ I 

VITH STA8LE 
i3E::iIN ALT 

!~;ITH STABLE 
\.:,rTH STABLE 

BEGIN sue 
i.:,.:TH STA8LE 
I"J l TH SiA3LF 

BEGIN ALI 
j,HTH STASLF: 

BEGIN sue 

<VARIABLE) 

[ ... ~SJ JJ 
:= ... 97; TPTYPE : = O~) (S:)TQSV END 

r ... 96J '}o 
(INTCONST ) END · - DK: TPTYPE : = O~) · -[ ... 97J DO · - OK; TPTYPE · - O~J (lDENT [NO · - · -

[ J,93J DO 
:=211: TPTYP:: · - O~J (LPAR~Nr t::ND · -TPTVPE r- .i,99J t. 

C28uJ -· -C'2D.l.J 
[202J 

· -· -C 203J · -· -
· . -· . -

DO : - q' - -.) 
00 
OK; TPTYP:: : = O~J (9PA::(:NT END 
JO TPTY?:: := 3,L 
DO 
OK; TPTYP:: : = Q:() ( !,SG~r)P END 
'}O 
OK; TPTVP:: 3:t END 

IJENT I~E~T ~ IJENT; <VARIABLE) 
IOENT ( <EXDRESSION LIST> J 
IJENT [(EX?~ESSrJ~ LIST)];<VAR!AaLE> 
IDENT i. (VaRIA3~E) 

INITSUCC (2J5,211) 

"II'H STABLE [2114J 00 TPTYPE : = O~J (TOF;-.jT 
!,lITH STAPLE [2051 00 

O~) (ARROW BEGIN sue :=20·); TP TVP:: · -· -
ALT :=.206 

£~'lD • 
l,Ji TH STA8LE [20&J 00 

lL3RACKET END 3E:;!N AL T :=t09; TP TYPE ' - 0:)) · -
~tl TH STABLE rz07} 1)0 TPTYPS · - ~3 · -
~!ITH STAPLE, [2G8J 00 rp TV? E : = O~J (113 Q ACKET 

WITH STABLE' r 209 1 DO 
O~) (OERrOO ~ND BE:;IN AL T : =- OK: TPTY?:: · -· -

!,J ITH STABLE [,-,10J DO 

; · • · • 

· • · • 

; · • 

;: 

· • 

· , · • · • 



I 
l·; 

: : 

( :it 

3(}) <VAR TAll> 

rNITSUCC (2lJJ2~&} 

WITH STABLE [21.i.J ClO 
BEGIN ALT :=212. TPTYP:: : = O=?D (aRROW sue :::215 
EW1 • -;HTH . STA9LE [212J DO 
BEGIN ALT :=z15; TPTYPE · - :n) (L3 0 ACK1::T · -WITH STABLE (213J DO TPTvPE · - ,3 · -;.JITH STABLE: [ .2 ! ~1 DO TPTYPE : = O~) (~3PACKET I~I Tii STABLE [215J ')0 
9EGIN ALT · - OK; TPTYPE · - O~) ("ERIOD · - · -4!ITH STABLE [216] 00 
8E3!N sue · - OK; TPTYPE · - 3J · - · -

31. <~ECORC VAR LIST) 
::= <VARIABLE) I, <VAQI!BLE)/OI 

INIrsucc (2&8,2L9) 

WiTH STA~LE [217] 80 TPTYPE:= 33 
~lTH STA8LE [218J DO 

BEGIN ALf := OK; TPTYPE:= O~) (CO~Ma 
WITH STABLE [219J JO 

3 c GIN SU: :=,18; TPTvP~:= 3J 

.. -.. -
INITSUCC (22t,22Z) 

<EXPRESSIJ\j) If 

WITH STA2lE [220J QC TPTYPE:= 3~ 
WITH STA9lE [221J OJ 

a~G!N ALI := OA; TPTYPE:= O~) (COMMA 
~rTH STASLE [222J DO 

SEGIN sue :=221; TPTYPE::= 3~ 

33) <ExoRESSrO~) ::= <SIMPLE Exp~ESSrJ~) RElOP 
<sr~PLE Exp~ESSrJ~) 

IH!TSUCC (224,22S) 

WITH STA9lE [~23] ~o TPTYPE:= 85 
W1TH STABLE [224] OJ 

R>:"r.; 1"1 At T • = OK' TPTYPE: = O:() (qELOc 
wrT~-~T~8L~ [2Zg] DO' 

BEGIN SUC :=224; TPTYPE:= 35 

34) (Sr-'?lE EXP.~ESSI0N> 
::= A)]OP <T[qM> IA))JP <TEPM>/OI 

(T[PM) IA]J1P <TE~~) 101 

T\ITSUCC IZ27,229} 

~rTHSTABLE [226J DO 
BEGIN ALI :=227: 

WiTH STABLE [227J DO 
~ITH STA8le (,28J DO 

B~3IN ALT := OK; 
~lTH STA9LE [229J DO 

BEGIN sue :=228; 

TPTYP r:: 
TPTYPE 

TP TV? E 

TPTYP:': 

: = 0:);) (~DOOP : = 3~ 

· - o;t) (4DIJOP · -
· - 86 · -

::= <~ACTOR) I ~JLO~ <FlCTOR)/UI 

END 

t:NO 

t:NIJ 

END 

END 

ENO 

END 

END 

END 

END : 
END 

. 
• 

~ 

f 



INITSUCC(231,2321 

WITH STAPLE [230J80 TPTYP~'- 37 
wITH STA8LE [231J )0 

B1::311-I. All := OK; TPTYPE :='O=?) {"IULOP 
~rTH STA8LE' (232J DO 

BEGIN sue :=231: TPTYP~:= 91 
END 

END 

36) (FACTOR> ::= INTCONST ~E!LCJ~ST STD1NGCONST 
CHARCONST IOE~r «EXPRESSION LIST» 
[ <SUBSET LIST> ~OT <~ACrOR) 
«rXPRESSI1~) IOENT <VAq TA!L> 

INITIAL .- rNTCO~ST 
~OR r := 233 TO 2~2 GO 

wITH SfA3lE : r ] DO 
9EGIN 

sue ._ OK 
, .iF r < 237 THE'N 

8E31N 
ALT .- r + .1. 
rOTYPE := OPJ(1~ITr4_) 
l~lTI~L:=.SUCC {1~ITIAL} 

Et'iD . 

~iTH STA8LE C231} DO 
8F~rN sue :=238: TPTYPE:= O~J (~OTSY 

ALT ;=239 
[1\;'] ; 

~ITH STABLE [238J)0 TPTYPE:= ql 

!NITSUCC (2~Qt?41) 

~ITH STABLE [239J )0 
BE'SIN ALT :=i42: 

wITH STABLE [24JJ )0 
WITH STASLE [24,J 00 

~LTH STA8LE CZ4lJ DO 

TPTY?E 
TPTYPc.: 
TPTYP:: 

TPTYPE 

: - O~J -: = 3'+ 
: =- O~J 

: = ~2 

(LP.A~Ei\tT 

(QPdRE",T 

:> 7) < S U £3 SET L! S T > ,:: = ] <ELfM~NT LIST> J 

~ITH STABLE [2471 JO 
BEGIN sus := OK; TPTYP~:= O~J (Q3RACKET 

AlT :=248 
'END; 

YiTH STABLE [248J DO 
Sf3IN SU: :=249; TPTYP~:= ~1 

vlTH STA8LE [249J DO 
BEGIN sue := OK: TPTYPE.:= oq) (o9DACKET 

38) <ELEM~NT LIST)::: <~LfMENT> It (ELEWE~T/U! 

39) 

TNITSUCC (251,252) 

WITH STA8L~ [25~J DO TPTypr:= 1J 
wiTH STA8LE [25 4 J DO. 

BEGIN ALT := OK; TPTYPE:= O~) (COMMA 
WITH STA8LE [252] 00 

BEGIN sue :=~51; TPTYPE:: ?J 

<ELE~ENT> : : = 

TNITSUCC (2~4f255) 

~JlTH STA8LE ~ ZS3 J 
wiTHSTA8LE [25'tJ 

8~3rN ALT · -· -WiTH STA8LE ( 255J 
BE3IN sue · -· -

<ExPRESSION) 
<EXPRESSION) •• 

00 TPTYPf:' .-. -
DO 

9 .. 

OK: TPTYPE : : O~J 
DO 
OK; TP TV P ~ : = ~:t 

('JOTOOT 

40) <CASE LIST) ::= <CONSTA~T LIST) : <STATEMENT) 

~ND :. 

END : 

END 

END 

~ND . • 

--------,j 



i i 
! 

INITSUCC (257,2SQ). 
~ITH STASLE [256J DO TPTYP~:= S~ 
W1TH STABLE [257J 10 TPTYP~ :='J~J (C~LON 
~rTH STABLE [258J JO 

BEGIN SU~ := OK; TPTYP~:= 77 

411 (EMPTY> .. -.. -

!NITSUCC!267,~68' 

~ll TH STAPLE [266J JO 
'FiLTH STA?LE [ 267J ')0 

8ESI!\ ALI · - OK · -~:r TH STA8LE [ 268J DO 
" • 

3:::GIN sue · =2.57: · 
r1.-! l 5S INS [ If<UlT 
HiSS ING [: LPJ\Run 

J 
J 

tpTYP~ .- O~J (L3RACKET . -
TOTYP::: : = g~ 
TPTYP::: : = O~) (IOE ... r 
H'TYPE : = 0:(0 (LPAREI'tT 
TPTYP::: ~= 33 

TOTYP~ : - ..,' - ., .I. 

TP TYPE: : - J~) ( SEMICOLON -
TOP?:: . - ~l. . -

: - 2 ; ~1!ssr'1S r- TNTCOf'tS - .... · - " ; 'HSSI"lS ~ QPaRE:NT . - '? .. T 

vISSI~iS r L!3=<~CKET J : - I1; ,11 rss I'L3 :P30ACKET -~"~rSSrNG [CO"1"A "1 - i "I. :HSSi'l3 
\~ 1. S S r !\~ s [C(lLJ'~ 
"ISSING [ BE3TNSY 
,"lSS!NG C 00 Ii '-I ro s y 
r'I S S HiS C FI,-E'SY 
rJlSSH~G [ rosy 
~AlSSI~~G [ TH;:~SY 
~'¥SSING 
f~i~sSrNG 

[ OF"SY 
C :'lULOP 

'.4 1 S S r ''is [RE::JEATSY 
MlSS:L'"G [CO"4STSV 
1-t lSSINS [ TVPESY 

FOP I ~:: ·52' TO 93 ao 
.8 ~ 3_1 N 

.., 
J 
'1 

J ., 
) 

:1 -. 
J 

J 
] 
] 
J 

: - .. · - 5 ; ."1 !SSl~jS · -: - 1 7 • !>1TSS.i."IS - .. 
: - 55; "lrSS1'lS ~ 

: - 57 Ii!SS l."JS - • := S5 :-tTS5L\jS • : - -7 'IIss .L:"J3 - ;)~ • 
! - q \1!SSII,JS - ! 'y 1 ~!SSr"l3 .. ~ • : - 21:· "Ir55 11-13 - - , 
: - 2 5 ; v.T<::~ I\lS - .f ....... ~ 

: - 27; MISS i'fS -

TTA8~E [ I ] • TERMINAL ::: F~LSE 
~ONTRMSSS C ! J := 0 

ENJ ; 

r SEMiCOLON 
CASGr .. !)p 
[rosy 
[/:"NlJSY 
CIFSY 
[Dr<OGqA~SY 
CUNTILSY 
C P t::L 0 0 .. AGOOo ... 
ClA~ELSY 
CV,i\t?SY 
[DOTuor 

NONTQ~SGS [S3]:= 1; NONTQMSSS C&1] := la 
~,; 0 N rc~ ~ S G S C 7 n J ::: l a: N 0 ~lT 0 H S :; s r: 6 4 J ::: l 9 

NONTq~S5S [56] := 13; NONTO~S3S C57J := 18 
~; aNT q .'"i S G S [5 8 J : = t 8; NON TOM S S S [;, J ] ::: ! 8 
NONTRMSGS [59) ::: so: NONTQMS~S [87J := 58 
;IO"IT?MSGS [an) := 59; 
FOP r := 0 TO ORD (wITHSY) OJ 

TTASLE [ I J.TER~INAL := T~J~ 

TTABLE [52J.paINTE~:= 1; TTA3L~ :53)~POINTER:= 4: 
"TTABLE (54JiPO!NTER ::: lO~ rTA3LE :S5J.POLNTER := 13: 
TTA3LE [36J.POINTEQ ::: 16; fTA3LE :S7J;POINTER ::: 20; 
T H. :3 L t: [t~ 8 ] ;p 0 PH c~ : = 25;, T T A 3 L E: 5:1] ~'PO iN rEt< : = 33: 

" T T A 3 Le .... · [ b L J " P 0 I'l T c:. q : = '+?; T H ~ L r:: : 61 J .. P 0 i 'H E R ::: 5 J ; 
T TA B L E [6 '+ J • P C I 'Ii T E q : = 8 3; rr A 3 L t: : 6 15 ) ;P 0 r N T F.: R ::: 9 2 ; 
TTA3LE [62J~POINT£q ::: 73; TTA3LE :6~J;POINTER ._ 76; 
TTABlE: [66J."PO!NT';:'~ := 97; TTA3LE C67J."POINTER :=.i.OO: 
TTABLE (68J~POINT~R :=lC 4 ; TTA3LE :6QJ~P01~tER ;::~07: 
TTABl::- r7i'1~oor~Tt.r? :=L.O; TTA3L.r :n)"POI\!TER !=~22; 
T' T A q I :? co.. 7 2~ ;'0 o· '1' ~, T- R : = 13 4,' T r A 3 L.:: : 73 J ;'p 0.( NT E R ! = J. 3 7 : , ..... _'- ·-it·" C. 

END 

END 

END 

S::r-.O 

END 
] · - JoS ; · -] · - 4 · - ; 
J := .L2 , 

• J · - j,4 · - • J · - t>1 · - ; 
J .- 54; · -J := 15; 
J : - 56--J · - 3 ~ · - , 
J · - 53; · -J .- 16; · -J · - 22; · -J · - 24 ; · -J : = 26 ; 
} · - -'Q . · - ,- , 



TfAO' ~ T Ai5tt 
TTA8lE 
TTABlE 
TTABLE 
TTABl£ 
TTABlE 
TTABlE 
TTABlE 
TT.A8LE 

.(lKCOUNT 
oECI!'.JD 
DINO 

j;1Y.Q; 
·-'[!)""l 
:=t59; 
: =2 04 ; 
:=2.17: 
:=223; 
:=230; 
:=247: 
:=253: 
:=259; 

,:= rJ ~ RECOVAREO 
:= 0 ; LAST 
::: n ; E R =? D U-P L 

ff A~!-~ 
A 3 ... ( 

TTA3L~ 
TTA3LE 
TTA3L~ 
TTA3LE 
TTA3LE 
TTA3lE 
TTA3LE 
TTA3lE 

FOP TOP := 0 TO DlSPlIMIT DO NIT~ JlS?lAY [TOP) DO 3EGIN 
F~A"1E ::: NIL ; 
OCCUR := alCi( 

fNO ; 
TDl 1ST 
TOP 

:= FIL€HEAJ5 ; OlDS . -". -
SIGN 
,i,RPLND 
LEVEL 
LKINO 

:-= . -. -
: = : = 
:= 

0 ; 
NOSI3'1; 
J ; 
J ; 
ACTUAL; 

E~D ; C* LNITPARSE .} 

FwPTR := 
S!IJU.l := 
FSTLAl=lPTi<:= 
rtECINX : = 
KCASEINO . -. -

~ D~'lT~6LE · -
~tL 

.-
PRTE.PR .-· -:-ilL PCKD .-· -NIL ALlOWOOTS:= 

J K OL ON · -.-
a F:-tPTY .-· -

PROCEDu?E ENT~~!D (lC~ : lOP) ; FJ~WA~J 
FUNCTION !STRI~S (FSP : STP) : 300~EA~ : !:"OPNARD : 

!:"AlSE 
TRUE 
!:"AlSE 
!:"AlSE 
!:"AlSE 
~AlSE 

. , 

PROC~OUP£ GET80UNO~(FSP : STP: VA~ !:"MrNtF~AX : INT(SEP) 
?POCEOU~E EqRO~ 'ER~NO : INTEGE~1 ; FJ~~4~D ; 

FORWARD 



8~a!N 
~EW (r~TPTR, SCALAR, STANDAR9) 
WITH r~TPTP 3 DO 

3ESIN SIZE := 1 ; ~'RKED':= FALSE E~D 

~EW (INTrD, TyoES } ; 
~ITH INTIa ~ DO gEGI~ 

NA~E := '!NT(3~~ ': 
II r N K : = N 1 L: q L I "4 K • - ... I L ; 
rOTYPE := l"lfOTR -;- NEXT := 'Ill 
UNDCL := Q 

~NO; ~NTE~ID (INTI])': 

~£w (HAXINTI~,KO'lST) : 
wLTH MAXINTrD 3 JO 3EGIN 

NAME := '~AXi'lT t : 

L II OJ K' : = N II ; ~ LIN K : = NIL ; 
iD T Y P E : = l '4 T ::> r q : N £ X T : = 'I i L 
i.HH)CL : = n . 
wITH VALJES 30 aEGIN 

INTVAL := TRUE: CLASS := I~T3q 
rVAL := ''''AXr~T 

C'iL) 
~ND; ENTE~IJ (~AXl~T!O) : 

\[\.J (R'::ALPTR, SCALARt STAhSAqO) 
~lTH REALPTR j 08 

3EGIN SIZE := 2 ; ~lRK£D := FALSE E~D: 

\EW (R~ALiO,TyD~S ) : 
\ITH R~ALID ~ 00 a~GrN 

NAMf := 'REAL • : 
U_ .Ul K : = N.£ L : q L ! ~ K ! = N r L 
reTYPE := R~AL?T~ ; NEXT := 
UNJCL :=.r : 

END; ENTEPIQ (~~ALIJJ ; 

';EW (CYAP if:, TYPES).: 
VITH CHAPiD @ DO 3~3!N 

~a~~ "= 'CHAR 9 : 

, 
~IL 

i L' 'i ~~l; tJ • • - 'J \- I • ...,! I ,.I K • - lJ T L '- ... 1\ .. - - ... _ , ."'\ _. ,'f. • - ... _ • 

iDTYPE := C'-i;~QPT.~ ; NEXT := ~!L. 
UNCiCL := a· 

E~D : ENTERIO (C~A?ID) 

~EW fTQUEiQ, KO~STJ ; 
~EU (FALSEI),K0~STJ : 
'.' E W {3 0 0 L P T R ,$ CAL A q , DEC L AR ED} •. 

wITH 300LPTQ ] 00 3~GIN 
SIZE := i ; ~ARK£J := F~LSE 
FSTCONST := TQU~lJ 

C-;-~ D ; 

"T T~U-Tn ~ n r BEGIN \~ 1 H . . 't. ... i..i-,. '; U , • 
NA!"~ := -TRUE • 
LLP,IK := Nil: RL!NK := NIL 
IOTYPE := 300LPT;( ; NEXT" := 
UNOCL := J ; 

:~L. 

wITH VAlU~S 00 '~ESrN 
INTVAL := TiWE ; 
IV~L := 1 

CLaSS := I'lTSR 

PI) 
~ND ; EN Tr,R!:J (TRUE!)) 

(* S *) 
(* T .) 
(* P *) 

(* I * ) 
(* N oil) 

(* T +: ) 
, * E +: ) 
(* ,. * ) ..J 

{* E *) 
(* R *) 

(* M .. ) 

(* A * ) 
'* X *) 
( * I * ) 
(* T * ) 

(>lr S * ) 
(* T *> 
t* p * ) 

t* R *> 
(* E *) 
(* A * ) 
(* L 4<) 

(* C * ) 
(* H >l<) 
{* • '" 1 
(* P *) 

.( * I:) *) :> 

r* .0 *) 
. (*. 0 *' ) (*' L *) 

( * E *' ) 
(* A *) 
(* N *) 

('" r *) 
(* R *) 
(* U *) 
(* E .) 

-:1 



; 
IfIL 

. -. -

NEW\ tTEXTPT~, FILES) : 
~rTH TEXiPT~ i JO 3EGIN 

$IZE := MAXINT : ~AR~ED := =ALS~ 
. FILTYPE := CHARPT~ 

END ; . 

NEW (TEXTID, TYPES) : 
wITH TEXriD a QO aEGr~ 

NAME := fTEXT 
LlPH, := Nil: RL!NK 
N t: X T =. = 't r L ; 1 Q T Y ? E 
U~·:OCl : = 0 

END: (NTEDlD (r~XTIJ) ; 

N(t.J {NIU'TR, POPlTER} ; 
WiTH NILDTP @ JO aEG!~ 

SIZE := 1 ; ~A~KE) := 
ELTVPE := xIL 

FND ; 

t • 

• -' ~'TL • . -~, , 
:= T~XT?T,:( 

(* 
(* 

'* (* 

r'H3R ( * 

(* 
(* 
(* 

'* (* 
(* 
(* 

(* 
(* 
( * 

F .J 
~ *1 
L *) 
S *) .. 

*) 1:. 

S *) 
T * ) 
0 *} 

T *) 
E 4< ) 
X *l 
T * ) 

S *) 
T *) 
P *) 

t'UJ (NIlID, KQNST) ; 
~lTH NILI~ i JO 3~SI~ 

NA~E := 'NIL " : 
LLINK := ~lL : RLI\K := NIL 
~EXT := NIL . U~DCL := 0 : 

(* N *) 
(* ! .) 
(* L .) 

"rfu "A'l 'J=';;: ;1.('\ ~j:""'" f~ 
-- ~ • -~.~ 0') -~~4. 

INTVA~ := T~UE ; CLASS := I~T3~ 
'*.*.**~* IVAL:= 41LvAL •••••• ***., 

£~·iD 
END: ENrE~!D (~lLIJ) 

;·'U.J {UTyPPT~ } • 
WITH UTyDpT~ i 00 

'lAME := t 
3ESIN 

t • , 
LlI·'{K :=. ~1.LL : 
Nf"XT := ~ill ; 

':rlO 

PlI;~\( := N!L 
UNJSL := 0 

~iDi (U V A P P T ~ ) ; 
~rTH UVAoPT~ j 00 3EGr~ 

N.6,Mr: := ' 

~ND 

LLI~K := ~ll • RLI~K 
NfXT := NIL : UNJCL 

~'C:\<i I U;:-LOPT~ ) ;. 
~ITH UFL~PT~ i DO 9EGI~ 

NAt-lt := ' 
LlINK := NlL QLI~K 
NEXT := NiL UNJCL 

END 

r" E 'd f U K 0 ~l S P T R} ; 
~lTH UKJ~SprR ~ 00 3t:3IN 

t • 
• := l>iIL 

:= J 

. . 
• := '4IL 

:= U 

LJTY?t: 
Kl ASS 

lJry": 
KL~SS 

r')TvO~ 
KLASS 

:= f\;IL ; 
:= TYPES 

:= NIL; 
:= VARS 

: = i~ I L ; 
:= FIELD 

~AG.A~ iI- , 

~Li~K';= Nll : QLINM := NIL; lOfV?E := NIL; 
Nt:XT := NIL : UNJCL := J ; KLASS := TYPES 
wITH VALUt:S J~ 3EGIN 

INTVA~ := TRUE; CLASS := !~T3Q ; 
I\fAL := Q 



'-,-, ' 

NEW (U!="crpT::() ; 
WITH UFCTPTRi 00 3EGIN 

!=;NO 

N A 'I:! E : = • • : 
LLINK := NIL ; '~LI'f1l := ~Il ; r)TY:>~ ::: NIL 
NEXT := ~IL ; JNDCL := 0 : ~lAS$ := FUNC 
PFDECLKI\O := JEClAPED : :>FLEV := J ; 
PARAMPTR := ~lL : PFKIND := !CTJ!l ; 
FDRwDfCl := FALSE 

E~D l* ENTERSTOIJS .) 



:;PAQF 
PROCEDURE P~lNTA3LES (ALL : BOOLE!~ 

VAP I,LIM : DLSP~A~3E ~ 
_ PROCEDURE wAPKS ; 

~~.~APKS SY~BOL TABLE E~TRIES T3 o~~VE~T 
~ .• ~~uLrIPLE PRLNTOUT 

BEGIN 
IF FP <> NIL T4£N 

j,J!TH FP 6i 00 
IF NOT MIRKED THE~ 

.M l R:< E) : =. T X U ~ 
C4SE FORM QF 

SClLAr< 
SU'3RA.NGE 
::>OINTE9 
°aWEP 
ARC?AvS 

3EG!N 

D!PAML!ST 
FilES 
TASFIELD 

3EGIN 

VA;:;!lA,NT 
3EGIN 

. . 

3:::;I~ 

; 
~AR;(Srp 
MARO<STP 
"1A;("(STP 

~AR<Srp 
MAR<STP 

I1lR<:T::I 
"1&R<Srp 
MAR<:r o 
MlR<STP 

'1~R<STP 
"'lAR<ST? 

M~R<ST? 
M&R<Srp 

.> 

?POCEOUP~ MA~<:TP (FP : r1? ; 

aE31~ FP () NIL T4EN 

(PANGETYP€: ) 
(ELTYPC: ) 
(ELSET ) 

(At.l TYPE 
(!NXTVPE 

(F"STF'LD 
(PECV4R 
(FSTPAR 
(FILTVPE 

(TASTYPE 
(F"srvAR 

(NXTVAR 
(SJ?REC 

wITH FP i 00 BEGIN 
, MA~~CT~ ILLINK} : ~A~~Sro (IOTVPE) ; 

'ENO 

~NO 

'END 

'END 

MAPKCTo (QLINK) : 
IF (KLASS IN [PROC,FU~CJ) '~J (PFDECLKINO:DECLARED) 

THEN ~A~KSTP (paRI~prQ) 

BEGIN 
FOR 

Ei~,O 

it: "1A~KS >l<) 
I := TOO DJ~NTO LIM DO ~AqKCro 

(-9< t--IARr\S *) 

CASE FOR", OF 
SCALA;' : 

ID:;)) 
STP) 



SU3!<i\"iSE 

3EGIN . WR!T~ ('SJ3;(!.~:;E t', 'C?ANGE' pr~=· 
QA~~t-TVP~ ~~I"-' ~y~, fM_X-t u.V) f ..l. ·0 '. _, n ,'- ,0, J.", ".. _ , i"1 100" 

3~GI~ WRITE ('SET 
'ELSET PTR =' ~LS~T) 
~OLLOWSTP' (iL~ET) 

£'lD ; 

Ai:?RAYS 

R~CCl;:DS ! 

PA':;(AMLIST 

i3E:GIN 

, , 

. ~RITE (f~AQA4 LIST,', 
'FIRST paRAM~T~R PTR=',FSTPAR) 
~OLLC~CTP (FSToAQ ) 

E"jJ : 

FIL~S 

3ESIN WRITE ('~ILE ,', 
'FILE TyPE PTR=' ~llTYPE 
~OlLOWSTP (F!LTY;~' . 

END ; 

8~3IN wOLTE ('TaG~IEL9 ,t, 
'rASFIELO ~Tq=t,TASFI£LDP, 
',TAGTYPE PTR=·,r.3 TYPE, 
• ~IRST VAQ ~TQ ='lFSTVAR ) = 
=bLLOWSTP (T'3TY~E) :FOLlOWSTP(FS~VAR) 

ENJ ; 

VARIANT 

3fGIN 
~RITE (IVAQ!A~T ,', 

'NEXT vAqr4~T jTR=',NXTVAR, 
',SUBREC: =',SU3 QEC, 
',VARIANT VAlJ~=',VA~vAL) 

~OlLC~STg (NXTVA~ ) : 
~OLLOwSTP (SJ3~~: ) 

[ND 

J 



OTiiER:.IISE· 

EN,) (lQL CASE *), 

EN!) r~ IF 'lI) 

END. (\T FJLLO~ST? *) 

PROCEDURE FJlLONCTP (FP ID~) 
BEGIN 

IF 

TyPES 
KO'IST 

BESPI 

WRIT:: {'TY~~ , } 

~:(lTE ('CONSTA .... r t).: 

IF IJTYPE <> ~IL TH::~ 

ENO : 

IF ISTpr~G (I)TY~~) TH€~ 
WPITE ('STRIN3 ',',COhST VILUf=', 
VALUES.SV~L) ELSE 

!F lOTYPF =rt::AL?T~ TYEN 
~prTE ('R::AL . tl',CONST VALUE=', 
VALUES.qV~L) ELS_ 

IF VALUES.I~TVIL TYEN 
IF IDTyDE= INTPTR T4£~ 
~PITE ('l~T~S~~ ',',CONST VALUE:', 
VJLUES.IV~L) ELSE 
IF IDTyOE .= 3JJLPTR TYE~ 
~PITE (t3~JLES~ ',t,CO~ST VALUE:', 
VALUES.!UIL=! ) ELSE 
l~ IDTfoE : C4A~?TR THE~ 
wRITE (tC~AQA:T~R ',',CONST vaLUE=', 
CHR {VALu::S;rVALl } 
ELSE 
wPITE (' ,CONST vaLu£=·,VALU~S.IVIL) 

fi::flTELN 

2EGi'l 
N~lTE {'VARIA3L~ ,t}; 
i~ V~r\D = ACTUAL T~E~ 

WRITr ('ACTUAL ttl 
ELSE WRITE (f~OO~!L ,t) 
h~ITE ('LEV~L=t, VL~V : 4) : 
I~ VLEV <) I THE~ FJLLOWCTP (~EXT) 

['I/O ; 

Fl~L) : WRITELN (tFr~LJ ') 

PAQA~S ! wRITELN ('p~Ra~ LISTt) : 

PROC,FUNC : 

Bt:Sl'J 
l~ KLASS = PRJC TYE~ ~~ITE (~PROCEOURE ,') 
ELSE w~!T~ ('=u~:TIJ~ ,'); 

IF PFQECLKLND ~ STA~DaRD THEN 
w~rTf f'STANJAqD ,') 

~LSE 3EGtN 
I~ 0F~'ND = ACTUAL T4E~ JRITEf'ACrUAL ,') 

ELS~ w~ITf ('FORMAL f'): 

WRITE {'LEVEL=t,~FLEV} ; 
l~ ~OR~OECL TYE'J ~~rTE (tfFOR~ARD'): 

WRITE (t,paRAMOr~=t,OAOAMPT~} 



~N~~OlLO~STP (?lR~M~T~) 
tol. u 

t:!'tO- . ; 
OTHE~I<ISE 

EJD ; 
FC~LOWST? (IDTYPE ) 
FOLLOWer? 'QL!N~ ) 

END (lit W rr H * ) 
END; <* FOlLO~CTP *> 

8EGIN <* PPINT!3L£S *) 
IF PRNTA~LE THEN aES1N 
WRITELN (' ***~*********************'); 
WRITEL~ {. * SY~BOL TA3LE DJ~o *'1; 
WRIT~LN (' •• *.~*.******.*******.*.*'): 
I.iRITELN; . 

IF ALL TH£N LiM := G 
ELSE 

L r M : = T ~p ; 



300L£,4,r-. 
, 

~ C"UNCTrON CO"1°ARC: (FS01,FSP2 : 5P) : 3,)OLE.A.N 
.~.COMPAR~ PETJRNS TRUE IF FSPl IS CJ~~lTIalE 
f.~~LTH FSP2 . . 

E"ID 

END 
ELSE COMP := FALS~ 

co~p := CO"!? 
CO"1°A~£ 

'1 X T l ::: \l XT 1 
"lXT2 := 'lXTZ 

AND 
P&f.(A.MPTR 
PARAMPTR 
pARAi1PTR 
PAR.\MPH? 
(NXT i i;" 
~XTl. ~; 

AND 
(NXT ... ~i 
NXT2 a. 

1;'~ ~EXT 
~. '1EXT 

~. FSToAR -
i:. FSToAR ) 
11. ANON 
,;\ ~A'jO"j 
DARA .... PTR, 
P4~At-'PTR )) 

turveE t 
LHyPE 1 

AN') 
A~J 
A~1 



COMP := 
E;LSE 

CO~? := 
COMPARE := C~~? • 

END '* COMPAR~ *} 

aEGIN 
STPICY := F.ALSE ; 

FALSE 

COMPTYP[S := COMPA~E lFSP1,FS?? 
END ; 

\ 

\ 



3EGIN 

lCP 

NAM 
LCP,LCP ... 
LLEFT 

OA:o{[D10 
riP 

:' 300LE,UJ" 

:= rO~TR i; ~A~E . 
:= DISPL4v [TOP J;F~l~E 

!F LCP = NIL 
THEN OISPL~Y [ TOo }.FNAME := IO?r~ 
;::LSE 3EGIN 

REP~AT 
LCPl :~ LC~ ; 
IF LCP i. ~AME = NAH T4E~ 3E31N 

IF PRT[QR TYEN ERRO~ (1011 
LCO := LCP ~; RL!N~ ; 
LLEFT := FALSI: 
EN) 

ELSE r~ lep ~. NAME < ~A~ THE~ 
BESIN " 
LCP ::: LCP i; PLIN( 
LlE:FT := FaLSE 
EN) 

ELSE SE:s!.'-i 
LC? := leo ~. Lll~K 
LLEFT := LWE 

E~D <*!F 'i<l 

UNTIL LC? = N!L ; 

IF LLEFT 
ELSE 

. 

0); lLI'i'< 
j)~ C(L:r.~{ 

\oiiTH IJPTR 5l JO 
l L I <~ K ::: NIL, 
R L 1', K ::: I~ I L 

:= u UNDCL 

END; (* ENTE~r) .) 

PPOCEOURE GECLApE rIJoTQ: rD D 
t,JAP LTtJP : D'(SP~A'43: ; . 

a EG Tti 

:= IJ?TR 
:= I,)PTR 

LTOP := TOP; 
~H!LE DISPLAY crOPJ.OCCUP () aLC~ JD TOP := TOP , 
PRTEPR := FALS~ : 
El~iTE.PID CIDPTR) ; 
PRTERR := TRUE: , 
IOPTo ~~ UNDCL := CAQDCNT 
TOP !=LTO? 

END ; 

PROCEDURE SEAPCHIO (F!OCLASS 
LABEL I t 3 • 
VAP lCP : LOP"; 

Iep) 



l 

3 

END ; (* FOR*) 

IF PRr~RR T,ES 3ESLN 
ERROR,.(t04} i 
GUNrr.(104 := TRuE 

NEli (LCP} ; 
IF=" TYPES IN FDCLASS THE"! J ro~ 
IF KONST IN ~rDCLASS TH£~ LCP~ 
IF VARS r~ FIOClASS THEN lcoi 

'IF FIELD 1~ ~IJCLAS$ THE"! LCo~ 
'IF PROC IN FrDC~ASS THE..., Lcoi 

ELSE LCo~ 

LeI' @; NAME := IDENTIFIEq 
DECLARE (Leo) 

Ft'lO ~ (. IF *) 

Fep := LeI' 
END ; (* SEARCHID 4<) 

BEG IN 
NEW (FSP,SU3RANGE) ; 
WITH FSP ~ )0 SE31~ 

SIZE := .I. ; MARKE} := FALSE 
RANGETYPE := FS Pl ; 
MIN :::; PUN; MAX := FM.ax 

END 
DiD ; 

, 

FUNCTION rSTR!\iG fFS? : SIP} ! 30JLEA'IJ 
BEGIN lSTRINS:= FALSE: 

IF FSP (>Nll THEN 
IF FSP @~ FOR~ = ARRAYS T~E'IJ 

IF FSo ~; ELTyoE = CHA~PT~ T~~~ 
IST=(ING := TRUE 

:= UTyoPTR i ELSE 
:= UKONSPTR ~ ELSE 
:= UVAPPTR ~ ELSE 
:= UFLDPTR ~ ELSE 
:= JORCPTR <i 
:= uFCTPTR ~ ; 

PROCEDURE SEARCHSECT10N (FCP 
LABEL 16 ;' 

IiP; Vq FCPl TDP) 

16 

BEG IN 
WHILE FCP <> 

fF "'~p 

-l'-'F ::';:1' 
!"'\.... 

FCP 
i:LS:: 

Fep : = 
fND : 
F'-01 := Fep 

END ;' ... 

FeD ~. LLINK 

FUNCTION L::NGT-1 (FSO : SIP) : I\JTE:;:K 
'·;,;ASSUMES FS~ a; FORM <= SUBRANSE A~J 

~;.FSP (> P£ALPTR 
*1 VAR L~IN,l~AX : INTEGER; 

gFr;YN 
--tF FSP = NIL THE~ L£~GTH := ~ ELS~ gESIN 

S[TBOUNOS (FSP,L~lNjLMAX' 
LENGTH := LMAX L~lN + 1 ::ND 

END ; ~ 

PROCEDURE GETBOUNOS (FSP:STP ; VA~ FMI~,F~AX 

BEG IN 
T~ T ) O· R' (FSP =NIl) rHE~ .r (F'·SD=INTP. R 

BE3IN FMIN:=- ·I1AXINT 
F""AX := t{AX!NT 

INTES£P.) 





lDA3( 

(*******************************************************.********* 
* * ., PROtEDURE SEMANTICS (ACT : INTE5E~)'; C* 
* THIS ROUTINE ~EPFORwS T~E ~E:ASSAqy SEMANTIC * * ACTTON EACH TIHE A TE~MINAL HAS 3EEN ~ARSEO; * 

-. IT ALSO GIVES ASSOCIATE~ ER~Oq ~ESSAGES IF T~~RE * * ARE ANY; * 
* * **.*.*.******************************.****~*****************.****J 

LABEL 122,22:'," . BEGIN' , 
CASE ACT OF 

(************************) 
(* ?Or~TERS *, 
(***** ••••••• ***** •• *****, 

~l4 PR!NTA8LES (LEVEL = 0 ) : 

50 : 

B t:G HJ 
NEW (LSO f POINTER } 
wITH LSP i 90 

8EGIN SIZE:= 1 

RESULT : = LSP 
LiD : 

51 : 

IF Nor REeOVARED THEN 8EGr~ 
Trop := TO=> ; 
~HILE )ISPL~Y [TT0P1.JC:J~ () 3LC~ DO TTOD := TTOP 

, 52 
58 

SEAPC~SECTl~N (~rSPLAY :TTooJ.F~AYEt LCD) ; 
IF LCP :: NIL THEN 

Bf:iTN 
NEW (LC? t TYPES) ; 
WITH LC? ~ DO 8:3!N 

NA~E := IDE~Tl~r~R 
iDTYPE:= LSo 
NEXT := FfiP"'(:{ 

ENO • 
FlliPT~ := LCD 

E~;;) _" 
ELSE IF LCP i. KLASS () TYPES THEN 

ERROR 11J3} 
ELSE LSP~. £LTYP£ := LCo ~. IQTYPE 

(****~******************~) 
(* AQRAY$ ~) 

,.***.*.*.******· •• *.**.*l 
PCKD := TRUE; 
r::ESUlT := 'HL ; 

q 0_,.. '~}l 
~~~ii ACT :: ~73 THE~ LSP2 := NIL 

NEw (lSP, AqR~YS) ; 

wITH LSD )'DO 9EGIN 
A£LTYPE := LSP2 
rNXrYp~ ::: !..JIL 
SIZE := t 

DiD; 

LSP2 .:= LSD 

PCKO 

IF REsuLT () NIL THEN 
IF RF 5ULT i. FORM (=SUSQ.~3~ THEN BEGIN IF PEsulT = RFALPTR T4E~ BEGIN 

F.:RROR (lC9) 
RESULT := NIL T -u ELSE tF RESULT = INTPTR y~~ 
ERROR (149) ; 

END 
aEG!N 

"> • .. 1; 



END 

RESULT := NIL END ; 
IF qESJLT (> NIL T~~~ 3t3r~ 

SEraOU~9S (RES~lT,LMr~,L~AxJ . 
IF ((L~IN(MINMINl OR tL~rN)~A~~lN)} ANry 

({Llo1H-J<)--uAXl'H) O~ (LMAX<)~AXiNTJ) THEN 
BEGIN ,", 

END ;, 

ERROR (173) ; 
WITH RES'lLT ~ )j 

BEGIN ~IN := [J 

IF 

LSP i; INXT~PE := RESULT 
END f* IF *) 
ELSE 
£P~OR (t.l3) 

o END 

61 : 

63 

3ESIN 
~RPIND := ARR!ND • 1 
IF ARI:;(IND·) 20 THEN aEG!~ 

wRITElN ('**TOO MUC~ ~ESTI~3 ~F ~RRAYS **') 
WR,iT;::l~ (·.4:COMPILATIO,\d A30RTED **') i' 
GOTO l11J. 

B!:.G!i'i 
LSP~ := AK~AYST [ARRIN)] 

°EPEAT ' 
wITH lSP~ i DO BEGIN 

lSP2 :=AEl TYPE 
AElTY?E := RESULT 

IF l~XTY~E (> ~IL THE~ 
~IZE := SIZE * LE~GTH (INXTYPE) 

EN) .. 

RESULT := LSPl ; 
L S ? t : = L s·p 2 

UNTIL LSPI = ~IL : 
AORIND := .Rql~D ~ 1 

END : 

c************************) <* RECORDS *) 
(.****.***** •• *********.*1 

PECORO 

BESIN 
OLDS := OLDS + 1 ; 
OLDTOPS (OLOSJ := TOP; 
IF TO~ ( OISPLI~IT THEN 

TOP := TOP + 1 ; 
WITH DIS~Lay CTOP) OJ 3E3tN 

F N A "I E: = "i It. i 
OCCUR := =<EC 

ELSE ERROR (2S~J: 
FRECVAR := NLL ; SAVEDTIG 
Fep := NIL; LSP:= NIL 
LCPl := NIL; LCP2:= NIL 

END ; 

~IJ) 

.- 'HL . -
,f 

L:O 

BEGIN 

END 

· • · - NIL · -

a3.85,89 : \ (**.RECO~O IOENTI~I~RS***) 

BEGI!'l \ 
NEw (l CP 1!=' IELD) A. \:'" Ih,' 
WITH LCP ~ 00 jL~' 



¥AMT:~Dc:~_In~~TIfIER 
4...r..t.t;\...-._'q.~ • 

NEXT .:= NIL 
END' ; 

ENTER!) (LeO).; 

l~ lCPl = ~IL TUEN 
lCP,f;' .- '''''p. 

IF Lcpz(5-~~t rAih LCP2 ~. NEXT ~= LCP 
LCP2 := LCP 

END 

BEG IN ' . 

E i'~D 

iF FeR = ~rL TH~N FCP := LC~l ; 
RfC!NX := R~cr~x + 1 ; 
~IT~RECsT [R~£!~X] 00 3EGl~ 

leD := LCPt ; FST := F:P E~) 

~ITH P~CST r~~CINXJ DO 3~SI~ 
LCD1~= LCP ; FCP := FST £~) • 

~YrLE LCPl () NIL DO WITH LCPt ~ DO gt"r.'IN . 
~WlbTycE := R~SULT 

LCPi := 'tExT 
E ~'4 0 ; 
RECINX := ~ECl~X 1· 
L cPt : = ,'H L ; L S P i"- 'I f , 
LCP := NIL: LC:>2 := "IlL 

:= LSDl 

BEG 1\,1 
PRTERP := F~LSE ; 
S£APCHLD ([TyPES] 
?RrfRP := PJE 

LCP1> 

LID := IDE~TIFIEP 
ENO 

03 {* C ()L 0 N "*) 

~!TH LCP ~ JO 8ESIN 
NAH~ : =LIJ ; 
IDTyPE := NIL NExT:= ~lL 

END 

E~'!O ; 
K.OLON : = T~JE : 

E~'JTERrJ (LCD) ; 
r~ FCP = ~lL TH~~ FCP 
LCP2 := LCP 

• - ~ r 1!1 .- .. v 

(*** (TY~E 10) ~**} 

8EGIN 
SEARCHIO (CTY~£SJ,LCP1) 



Q~ 
"j 

7."96 

:= LCPl i. ID~YPE 

BESP, 
i~ KOLONTHEN KalON := FALSS 
ELSE 3EGI~ 

LCP := NIL; 
IF LCPl = NIL THEN 

"rDE~TrFI£Q := ~IO ; 
SEAPCYIO(CTYPfSJ,lCOl} 

LSP := LC?C j; IOT'(DE 
END ;" 

3EGIN 

END ; 

I~ LSP () ~IL T4EN BEGIN (~r~ COLON ExISTS .) 
IF Lep<t. NIL THEN LCP ~;. IJTYoE := LSP : 
IF (LSPi.FORM <=SU9R~NSEJ n~ (rSTRr~G(LSP» THEN 

3EGI~ 
IF LSD = QEALPTq TH~~ E~~0~ (lU9) 
ELSE !F ISTRING(LSP) T~~~ £~~OR (2d2) ; 

LSP! ~. TAG~IELDP := LC~ 
LS?l i. r~3TYPE := LS~ 
q.jD ' 

ELst t~l?OR 
::: "10 ;! \< IF 
LSP2 .- NIL 
LSP := NIL 

ell 0) 
~q 

LSP5 := NIL : 
SAV[OTA5 := LS:ll 

E r,jU ; 

. 
FRECVAR := LSPS 

8. £G I ~l 
lSPl ~= SAV~DTI5 ; 

(* RESULT IS ~ETUR~EJ ~Y <CO~STA~T) *J 

104 . . 

I~ CO~DTyoES(RE5JLT,LSPl ~. TA~TyDE) THEN 
lSP3 := LSP5; " 
WHILE {LSP3 <) NIL) DO B~SI\ 

IF LS D 3 ~;'VARVAL' = LV~L'J.r\l9.L THt:N 
~RQOq {ISS' : (* DOJ3lS\l~RIA~r .l 

LSP3 := LSP3 ~. SXTVA~ 
END 

tLSE £PROR It,l.1) ; 
NF: Ii (L S P 3, V ,rq r .; NT) : 

~ITH LSD3 ~ DO 9EGIN 
. NXTV4R := LSD5; SUB~EC := LSP2 

IF LVALU;l~TVAL THEN VARVAL := 
ELse tARVAL := Q 

E,NO. ;. 

. 
l.VAlU .. IV~L 

BEGI"l 
IF EMPTY THEN 3~SIN 

9CASE!~D := ?CASEINO 
E 11 P T Y ::: F ~ L S E 
[lID 

ELSE 3EGtN 

W!TH PCaSESCRCASEINDJ,I~TQEC 
F5TFLD := Fep i " 
PPACI{ := PCKD ; 
R£CvAR := FRECVA~ 

~ ']0 3EGIN 

END ; 
WITH RCAS~S 

DCKJ 
CRcaSEINDJ JO B~GI~ 

:= FPCKD : 
:= FIRSTFIELD ; Fep 

FRECVAR 
lSP3 

.- T'r:;"C:~I·"rT!!'\1.J • 
• - A.J!.Ic.., i'II "'02' -"I"T'-FC ::: V A R H E A ) : l S : - I .. , K '-

3EG1N 

~ND 



1U2 

65 

END 

l$PS := LSP! 

WHILE ~SP3 <) NIL DO 
WIry LSP3 i ~o BEGI~ 

lSP4 := SU8Rt"C ; 
SU8REC := LSP2 ; 
lSP3 := LSP4 

END • 
~ITH ~CjSES [~CASfrNDJ )J 

SAVEor4S ~=-~AGOEFINITIO~ RESULT := LS~2 ;. 
RCASEr~D := KCASEINQ = t 
E ~w ( >I< EL S E' *) 

8ESIN 
E~PTY := ~ALSE ; 
RCASEr~o := ~CASEINO • t: 

END ; 
RESULT 
TOP : = 
OlQS : = 

:= LSD ; 
OUHQoS COLDS} 
OLuS ~ 1 

~68 (* SETS *J 

8EGll\i 

END 

, .... .. PES~lT (> NIL THEN 
IF RESULT ~. FOR~ ) SU9RANSE T~EN 

3ESIN EQROR (115) ; RESULT := NIL E~O 
ELSi gES~N . 

IF iK~SUlr=INTPTR) JR (~ESJLT=REAlPTR) THEN 
S£5i~ ERROR fltS) : ~ESUlT := N~L END 

ELS€ 8~3IN _ 
GETdJJ~QS (RESjLr,L~r~,L~AX) ; 
IF (L~IN ( 0) 1R (L~'X ) 72> ·THEN 

3E3I~ ERROR (1&9) ; RESULT := NIL E~D 
END 

EI'.D ; 

NEt..' (lSP , °ONER 1 : 
LSP @~ fLSET := ~~SUlT 
R~SUL T ::: LSP 

;:}11! f* FILE'SY ~} 

\ 8EGIN 
NE~ (l~Pfi='ILC:S j 

WITH LSD i DO a SIN 
SiZE := MAX ~T . 
- J:" ,-, SIlI-7 i- Il TV? ..... !:: J"\ v_ • 

ENO 



END 

(*****~*~**********) 
(* SIMPLE TyoE *) 
(***~***********.*lt) 

76 : (* USER J~FINEJ SCAlA~S .l 

g·EG i~~ 
TTQP := TO·:> ; __ _ 
nHILE )ISPLAy CTJPJ.OCCUR <> 3LCK DO TOO := TOP 1 
N~w (PE:SJLT,SCALA\"{tDECL~R~D) $1 

~ITH R[SUlT a D~ SIZE := t ; 

LCPI := N!L ; LC~T := 0 
IDL!ST .,::: U,SEQSCALAq ; lSP := PESUL T ENe 

7 a . 

33 

BEGP! 

~!TH RESULT i OJ FSTCO~ST := Lcol . TOP .- fTO::> 
END 

34,40: l* INT~GER CONSTANT *J 

3.5 t 3·q : 

~F NOT RECOV.~ED THEN eEGl~ 
r~ SIG~ = ~E3 T~EN 

WITH TOKEN;CSTADP ~ JO 
3fSIN i'HVAL := FALSE: ((V!L := '~!:?VAL END 

RESULT := REALPTR ; 
lVALU := TGKtN;CSTAOq ~ : 
srG~, := NOSIG"I 

END ELSE RESULT := N!L 

36,37: (* IOENT *J 

IF NOT RECOvA~EJ T4EN BEGiN 
ALLownOTS := FALSE : 
SfAPCHLD (CTyoES,KONSTJ, lCo 

IF lCP ~. KLASS = KONST T~E~ 
8EGPi . 

ALLO~OOTS := TRUE' _ 
RESULT := LCP a~ r6ryo~ 
iF SIGN (> NOSrGN r~~~ 

iF S!G~ = NEG T4£'I , _ 
WITH LCP @t lC~ i. V4L~~S_OO 

iF CLASS = I~TG~ T~:N LVAL := 
IF CLASS ~ ~EEL T~EN RVAl := 
ELS:': ERROR (1'15) 

SISN := NOSrGN : 
LVAlU := LCP ~. VALUES 

END 
ELSE 

BEG LN _. _ . 
RFSUlT := LCP a. IDTtOt_i ~ 
If SrGN <> NOSISN T~~N ~~Q~~ {J,05l 



END 

EN9 [LS~ RESULT := N!L 
. . f* STRING CONSTANTS .} 

IF NOT RECOVARED THEN BEGI~ 
LSPI := CHARPTR: 

IF LGH-I = J. T401 
BEGIN RESULT := LSPI 

ELS[ gEGiN ~ 

NEW (RESULT,ARPAYSl • 
ALLJ"j,)OTS := TRUE EN) 

WITH RESULT ~ DO BEGtN 
AELTYDt: := lSPl ; PAC~J := TRUE' 
SIZE := LSTH : iSO' .- ~ll .' 
;P~!T~~U3~ANGE (LS~1~f,L~f~,LNT6TQ) 
l.NX,yDc. := LSP.l 

EhD 
i::~4D 
LVALU := TOK~N.CSTACR ~ 

E~D ELSE DESULT := NIL ; 

gl : IF (NOT ALLOWeOrS) AND (~OT qECJVAQEDI THEN 
ERPQQ (€I) 

ELSE 
P. E S I ~~ 

S~vlO:= ~ESULT ~ 
I~ NOT RECOVA~E~ THEN FVALJ := LVILU 

E:'4D 

IF NOT AlLO~OOTS THEN ERqO~ (&) ~LSE BEGr~ 
ALLO#OQTS := FALSE; 
IF PESJLT <> NIL THEN 3~3r~ 

IF ~ESULT ~. FORM = SU3Ra~3~ THEN 
,:{ESULT := RESULT 1.' RAt-.j3ETYDE 

IF ~ESULT ~. FnR~ <> S~ALA~ T~EN 
3 E G t ~ c: ~ R '1 ~ (148). ; R ~ SJ:.. r : = NIL t:: N 0 

ELS~ LF (N~T LVAlU~r~TVAL) A~J (RESULT <> qEALDT~) 
THEN 8EGt~ '. . 

. ERRO:?( 29>-; R~SULT := N!L 
E~P . 

C·j 0 ; 
r:>?i := SAVj.O;. 

IF (FSP1=PcALPT~) AND (~ESUlT=~~ALPTR) THEN 
8EG1~ ER~JR (3n) ; 

Q2:SULT := NIL 
END : 

IF (FSPt=PESULTJ ANn (RESJLT () NIL) TH~~ _ 
CREAT£Su3RAN3E (LSP,FvaLU.IVAL,LVA~U.1VAL,F~Pl) 

F! '. F 
---ijEGIN . 

- CREAT::SU3\HNGE{LS:l,;;;,;;:ur'iT,IA;l.XINT,FSP!); 

ENO 

IF (FSPI () NILi AN) (R~S'JLT () NIu THEN 
ERt(OR (11''7) 

R'£SULT := LSP 

t:ND ; 

(**.*****.* •• *.~**!~*l 
(* VAP DECLaRATIO~i *) 
(************~****~**) 



VNO := :J ; INC := ., 
LCP~ := ~ll ; LC~2 := ~LL 

IF NOT RECCVlRED TYEN BE3I~ 
i'-iEi<. tLC;O t 'JAqS) • 
V~O := VNO + 1- : 

~ITHlCo 3 DO BEGIN 
NA~E := IJ~NTIFIER . ~~XT :=~lL : 
IOTYP~ := ~rL V~l~)-:= ACTJlL 
VLEv != LEVEL 

::'.iD ; 

['HER!) (LCD) ; 

r~ lCP, = NIL THEN LCD! := LC~ • 
I~ LCPZ L<~p~lL THEN LCP2 ~. ~~xt .- LCP 
L~P2 := ~ .-

ll 4 ,12r : (~ COLO~ ~l 
SAVd := LCPl 

-~, ~ , 1 : c; -"'-' ~ .. -

43,47 

(****~**~*~*******~***l 
(* TyPE O~FrNITrO~S *) 
(u**~*****************) 

(~ TYPE JEFINITIONS *) 

IF ~OT DfcnvA~~D T4~N B£GIN 
N ~ IJ 'j L c.; , T Y :; c: S} .;- , 
~ITH LCD ~ 90 3EGIN 

NA~.AC:: := rOENT.f.!=I£R ; IJTY?E := NIL 
ENG ; SAV~l:= lCP 

fND ELSE SAV~t := NIL; 

~~,48 : IF TO~fN;8P () EOOP T4E~ ~~~J~ (16} 
·';4'S, ~q9 : 

IF SAV11 () ~rL THEN 3fG!N 
L('P .- S~Vl; 
;-;-;'r::-R. f;:: {L~~D-:- • 
_1 _.,?:J I", I, 

LCP i. IDTyPE := RESULT 
LCP := NIL 

;.;HAS A~Y FORAA~D ~EFERENCE ~aJ 
~~;8FEN SAT1SFI[O ? 

",EXT := NIL 



(***.***V**~*.***«*******) 
(* :J~STA~T J~F~~tTIO~S *) 
(*******~***~****.* •• ****) 

2&,38 : 

IF NOT RE:OVAR~J T~£N SESl~ 
N:::W. (lCP,KO\iST)' . 
~!TH lCP ~ )0 3E~IN 

~A~E :~ IJE~~I~lER ; 
IDTyPE := ~lL : NEXT := ~lL 

£"to' SAVl,l:= lCP . 
END ELSt SAVtl := NIL; 

27,31 : 

122 

IF TOKEN;JP <> E~Oo THE~ E~~O~ (is) 

IF SAVl1 () ~iL THEN BEGIN 
LCP := SAVll : 
E'HERIJ {LCPj ; 

~ITH LCD ~ DO BEGIN 
!DTyDE ;= =<ESUlT 
VALJES := LVALU 

E~D LC?:= ~IL 
(NO ; 

'***.*.**.*.* ••• *~.* ••• ) 
{* LA~EL ~E:LA~arrJ~S ~} 
(*************~~*******) 

NEw (LA3.?Tii) ; 
;i I T H t. A 2 ? T .~ :ll D 0 8 E G L. 

LARVAL := TO~EN.CSTAJR ~. !VAL 
LAK~TV .= L~VEL . 
STi~Os ;= J~~rNED :' 
NEXTLA9:= ~STLA3PTP 

END ; 

FSTlABPTR := LA9PTR 

(*****************~~*****) 
(_ RQUTINE JECL.~.rIJ~S .) 
i*.*****~****************) 

lZ( !"FSY := PROCSY 
t2S : FSY := FUNCTIO~SY 

123,126 : 

8EGIN SEAPCHSECTION (DISPLAY [TJ?]i~~.~~ LCP) ; 



F6o~-:= FOP~ A~J (~SY = OROCSV) 
ELSE IF KLASS = FJN: 
rHE~ ~OoW := FOo~ A~O (~sy = FJ~CTLONSY) 
~ L S E F ') R II : = FA L S c: ;, 
IF FOQ~ rYE~1 

{.****** WiTH GUN!r DO 3ESI~ 
FORwC := FO~",S ~ t ; 
LFO'=?ii := FO~ .. P ; 
wHILE LFO~~ ~; ~A~~ (> tJENT~FrER JO 

LFOR~ := LeQoN i; ~EYT ; 
LcOq~ ru. Ll~£ := 1 

E~D****.* •••••••• ***) 
:: L SEE R1{O R (16 Q ) (" 'A J L TrP L E q 0 U T iN£: 10 ... ) END ' 

ELSE F0RW:: FALSE 

"lEW fLSP, PAQAI-4LIST I ; 
wrT~ LSP ~ DO BEGIN 

SIZE := 0 ; HARKE) := FILS:: ; 
ANON := roUE FSTPIR:= ~IL 

END : 

~lT4 LCP ~ DO ~EGIN 
NA~E := IDENTrFrE~ : 
pa~.MoT~ := LSP ; (* S~T 0AqAMETEQ HEAO ., 
rOTYp~ ~= NIL; N:XT := ~IL ; 

PFLEv := LEVEL : =O~~JE:L := FALSE 

ENTE:Pi') fLCP) ; 
::: ~~i 0 ; 

(.Jc**"'**** ...... **** 
I= R£COVAPED THEN 

IF ,FSV = pOOCSY THEN 
FLS':: 

LCP 
L' "'p 

~ , 

:= up~corR 
:=. UFCTPTR 

Ie L~VEL < MAXLEVEL THE~ 
LE:VEL := I..EV::L ,+.i. c* l'lC~ qJIJTt~E LEVEL *) 

ELSE ERROR (251) ; 
~!T~ RJUTI~ES [LEVEL) J' 3ESr~ 

OLDLEV := LEVtL 
OLOrO? := TOo 

l~ TOP ( DI5PlI~rT THE~ 
B(GIN TOP:= TOP + 1 : 

Ei'lD 

NITY J1SPLAY rTO?] JJ 3E3I~ 
OCC0Q := BLCK: (~STA~T OF A ~E~ BLOCK .) 
IF FOFhl THFN 

F~A~E := LC~ ~. ~~XT 
ELSE F~AME := ~lL 

E.,ND . 

ELSE E,:n:O R (2I)U) : 

SA.VS ;= lC e 
S4V6 := LSD 

t:NO ; 

::.1.24, 127 
, 1ti" 

e £G r ~i 
LCP := SAYS 



-'~ 

lCPl := SAV5 ~. FSTPA9 

~HIlE 'lCP! () NIL DO 
wITH LCPt i )0 BEGI~ 

IF KLass :: VARS T~E~ 
ELSE °FL£V := LEvEL 

C"NO ; 

129 : 

PEG I t.i 

END 

S E .A R CHi 0 ([ T y ~E S J , LCD.1.) 
LSP :~ Lcol ~. IOTYPE ; 
LCP :il~ rOTYD£ := LSP 

131 . {~ FQQ~ARJrD *) 

1.33 . . 

WITH L~O~~ ~ JO 8ESI~ 
~lME := LCP @~ ~A~E 
~INE := CIQnCNT i 
~~XT := G0~IT4F0~J? 
GU~Ir;FORWD := lFJR4 

rNO 
t.NO 

PEG l~' . 
'L C P 1 ! = S A V " .j). F S T PAP ; 
~H1LE LCPl <) NIL 00 

'wIT;.; LCP' 3 JO 3[SI'i 

. • 

LL 1 ~) '\ : = \j I L ; q L ! ;'1 ;{ : = 
Le9! := N::xT 

E~O ; 

IIL~V := L~VEL 

AT.TH PQUTL .. Es [LEVEL] OJ 9[SI'J 
LEVEL := OLOLEV 

13q 

lit6 

TOP := OL'HOP 
END 

fNCJ ; 

BEGIN 
IF SAV9 

SAV& 
ELS~AV9 
SAV9 := 

EJ\!) ; 

:: NIL T4 E~l 
~; ~5TPAR := SAV7 

- SAiJ7 

LKIND := ~ODHAL : 

-14-9 : 
?EGIN 

LCPl 

(* SAVl 
!* SAV3 

:= SAV7; 



E~JD 
E,\Q : 

140 . : 3ESIN FSY1. 
'142 : 5EGIk FSYl := ~R~CSY • tJLlSr := PFPADA~ END: 

:= ~UNCTrO~~Y ; l)lIST := P~P4RlM E~O 

EYJ ; 

LCP := SAV7 
l~ [SP (> ~rL TYEN 

~HIlE LC~ () ~!L DO 
~ITY LC~ i DO BE~rN 

iDTY?E := LSD 

!:" i<.. r. • 
\. ;1_ '-

END 
LCP := ~-iFXT 

DFLEV := 0 
t\J 

LCD ~~ PARAMPT~ := Nr~ 
IF LCPl = NIL TH~N 

3~3I~ SAV7::: LCP ; 
Lcol := LCD 

E~W 

ELSE LCP~ @~ ~EXT := L~P 
LCDl. := LCP 
SAV8 := LCP 

~r'~D ; '. 

PF\IAPPM< :' 
3ESTN 

N~W rLCP,V.!RS) ; 
WITH LCP @ 003~~r~ 

NA~E := IOENT1~lER ; I~TYPE := NIL; 
UNOCL := a ; LL.P1K := 'HL ; PLINK := NIL 
~EXT := NIL: VLEV := Q : VKIND := LKIND 

~ "~D 

IF LCPl - NIL T~~~ 
BEGIN SAV7:= LCD 

LC0l, := LCD 
E~fO 

ELSE LCP! ~. N~XT := LCP 

LC'l := LCP ; 
SAVo := LCPl 

E~jD ; 

= NIL ., 





'l;?~r;;:-

pqOCEDUQE ~j~~SET (VA~ CGPRSET :s~~s;r :I~TESfR); F0RWAQD ; 

(*******~*~********************************.********************* 
* * *') PPOCEDtJ~E EPROR (C::0R'lJ! HiTEG::~) : (. 
• TH!S PROC~OU~E COLLECTS EOR~~ A~D ~.R~lNG COD~S * * TO 8E pqlNTED AFTFR E~CH LI~E; * 
« * ·***·*******.***.** •••••• *.******.* •••••• t~***.**.*.************) 

VA.P E;nOPWA:(',J ! 300LEAN ; 
3EG!N 

(·*.~T00 MUCH SEVE~E ~~RORS', 
,;.; CO~P!LATIO~ A3J~TEJ***') 

GOTa ~L. t 
END ; 

IF EPR!I..jX -
'"'HEN E=<RNO 
;"'LSE [((RIN)' 

~A)(E7{i( 

:= 255 
:= EPRINX + 1 

:F SY~STbRT > lAST~R~ THEN 
c.C:: G! .~ .. 

lASTF~q := SY~START 
ERPPOS := £~RoOS + 1 
!F EPiPOS >= ~G 
T;..; f I" . , ., . t R:( q U l=" :: S Y M STAR T] : = , .... 
~LSE. 

t.r:;~sut=: :SYMSHRT]:= ::'iQ (::~;:("OS + ORO (''1')) 

YITH EO~LrST [E~ql~X] DO 
BESIN 

ERPNU"l ::: fRq~1 
DOS ::: :i<RP'JS 

END ; 

.... ADKSt:T {E(:)~l!UoL, (~=?"I0) 
. E ~l 0 ; ('* t: R PO!? >1<) 

PROCECUOE PRrNr~RO~?S 
VAP I .: Ir, .. TESE!:( 

,:- ~, " . _ 't,--- ,. 

WiHTEL~ ; iJRrTElN 

'-IR ITEUJ 
fRR.LNX := U ; 
LASTfRq := J . 

u:o ; {*' 0 R ! N T E P ~ 0 R S "} 

&'),;J, ERR'JUM 
t ***') ; 

3 , 

, 



* • 
. ~*~***.***~*******~*.*****.*****.*.*.******** •• *-***************) 

J := 1 DIV SfTSrZE 
CQDRSET [JJ := COR~SET [J] + [ r ~JJ S~T5IZt J 

(**:*~.~**********~*.*~******D~*~*****~**~.*.*****.*****.******** 
* * *) FL~~TIO~ ~EMSER (CO~qSET ! S~TS : T : !~T~GEQ) :900LEA~ l* 
* THTS PROCEJj~E IS EQUIV~LE~T TO 1~ OPERATION * * S.u t F I) R A ~I n ~ A Y 0 F SET S • * 
* * ******~***********~******«****************.*********************) 

VAP J: INTE3ER : 
3 F.:; ~N 

J := I ryrV SETSIZE ; 
uE M 3fR := (1 ~OJ SETSIZE} I~ CORQSET [ J ] 

FL~CTIO~ UNvAP~E~ {VA7. COPRSET 
~l A q J f ~ :.r ~i T ESE r< ; 

3E;:N 
J := ~ DLV S~TSIZE 
K := M yon S~TSIZE 

~F K IN C09~S~~ [ 
~HEN UNMARK€~ := 
ELSE 

3EG!N 
U ;. I.i AD" E) : = 
CO!:'RSE' CJJ 

EN:.J 
E~~ c* UNI.iAP~~) .1 

, , 
oJ. -

~ALSf 

SET S: '" I~T£GC:~} ! 300LE~N 

C J] + r K J 



{~*~*********~~***~*****.*$~*****~*.** •• *.** •• ****.***.*.******** 
~ ' . 
• ) P90CEDUPE EXPLAIN; f* 
• THLS PROC~JUR~ PRINTS O~T'lLE~ ~XPL!lNATIO~ * 
« OF E~ROq CODES THAT HAS OCCJR~); * 
* * ~******.***.*~****.**.**.~******.*.*****.«.*****.*.*****~*******) 

!,J !tHE:;E~ 

3):"GIN 

PAGE ; 
WRITEL~ It ERROR EX?LA!NATIO~S 'J 

FOr-{ I := J. 
I F ~IO T 

I .
v -.-

TrlE~ '. 

CAS~ J OF ... 
'J 

21 • WRTT~i "t { '**.::R'<Oo , 
~ULOP·A~§U~fD HER~ 

J 

.2 2 t • Ij~ T TEL 'J { '* * * r: R q t R', J iDDBp A~SU~ED HE~E . }: 

: 5t·~-t;.', 
. - ,'" .~, . .~, .... , 

) . 
~ -r~ t : 5,' .... , t • . 

. - t '.. ~ • : :;" ...... , 
t ) • 

: 5,':-,;-.', . \ . 
5~t:.; •• 
- • ,-- - i 
~, .... , 
r- t· " - t 
::t f •••• t 

5 t ' ;; , ;- • f f 

.- t - - t 
J, •• •• , 

- • -- t 
:', •••• t 

5, t ;- • ;' • t t 

~. , 
:> t .'. •• t 

5f'.-'~." 

S,' ~-", •• ', 

5, t .' • '; • ' , 

5 , ' -; i ~ .~ • 

~. • v ... '>t • 

:> t •••• , , 

t 



t 

5.·~·.;.tt 
• 

5,';.;,', , 
~ ,""- ..... . :>, •••• f • 

t - ,~. •. . 
:> t •••• t 

• 

t } 

END; tv EXPLAIN *) 



BEGIN 

MET := FALSE: K := 1 : 
\.in-ILt: (NOT "iEn "1,,0 Ii<, <= 'JKCOJ"iT} Jj 

8EGIN 0 

MET :=ISPINO=lOSTLINKS :KJ.$pr~J}: 
K := K +- .i. 

::F :iO T Mf. T THE.~4 
3fGIN 

QKCOU~T := a(cnU~T • i : 
IF OKC00~T = i T~E.~ 

losrLiNKS COKCOU·;TJ.spno := S!V€oSP t:"LSC:: 0 

LOSTL1~KS :O~COU~TJ.S?I~J := SPINO; 

IF OKCdUNT 
lOSTLINK 

~. 0 c-
o LOSTL 'i 



5PASE 

r··**·****·*·*****·***~··*¥·*~**.** •••• ~.t.* •••• ***** • • *********. 
* • • } PPQCEDuof SCA~ : (* 

• THIS ROUTINE IS THE LEX!C~L A~ALY7ER. THE CLASS • * AND VALUE elF lNy) OF T~E CJ~QE~T SYM90L IS • 
* RETU~~ED IN T~£ RFCORJ VAQrl3LE 'TOKEN'; * 
• SCAN Is A HAND WRITTE~ SC'~~ER EXCEPT FOR * * LO[NTIF[[RS A~J KEYWooDS=O~ WHIC~ ~ SET OF * 
* TPA~JsrTIO~.j TA3LES USEJ. . * 
* * ***.**************~*.***.** •• *****.* ••• * ••••• *.******* ••• *******) 

LA8t::l 
VAP 

~ I\JTEGER; 
R~AL 

a'JOLEAN; 
FHEGER; 

°ROC~JURE °RTSTLrN~ : 
VIR 1 : INTEGER: 

k ~_ r: - I'" ,_ 

( * ( * ( * 
{ Ii' 

. { * 
{ 4< 

( *' ( * 

RETU~~ !onKESS .) 
COU~T~~S .) 
FOR· CONSTANT CONVERSION .} 
FOR C0~STANT CONVERSION *} 
F0~ ~~3.TtVE CO~STA~TS *1 
FJR L100 CONTQOL .} 
E~RJR FLAG FOP CONSTA~TS *) 
FOR 19 ~ECOGNIrrON *) 

') ; AOITE ( , '. CA~JC~T : ~, 
FOR I := 1 TO aUF~AX no· 

I F r /'1 3 U F [ r J I N [f A • ~ .• • Z ' ] THE N 
to1R,LTE: (leas:: r It.SU" : t JJ ) 

ELSE ~RLTE ( I~3UF [ i] I 

,d'ITE:LN 
E t-i 0 : (* P R i J._~ T L .1 N c:: :;;t) 

VAR I: INTEGER 



'2' EG i.l\~ 

L:= gU~LGT~ • 1 : 
~HILE I l<~ BUFHAX } D~ 

8t:.Gi.!\{ 
l"iaUF ClJ := • t 
1 := ! + 1 

r:: f"4!J : 

: C'"JAR 

.- CHeNT + .L ; 

.- IN5UF C::H'::\iTJ 

IF CHCNT >= 3UFL3TH 
THt:"·~ 

NEXTC4AR := 9 1 

t:LSE 

3~'3:r~ 
0EP£AT 

St:GIN 
CHCNT := CHeNT + 1 ; 
~ExTCHA~ INBUF [CrlC~T) 

F:N'J 
f* N;::XTC>·l'AO",,} 

WHiLE ( CH = ~ 'J DO 
3e,:GP: 

iF CHeNT >= BUFLGTH T~E~ 
°i:.~OL .l\JE 

C~CNT := CH:~T • I : 
CH :~ IN3UF [CHC~TJ 

END ; 

SY~START := cHeNT 
FINISHEC := Tqu~ 

• A', t 3 t , , C • t t D t t t t: ' , • F ' f ' 5 ' , • M • t 
'It' '. 'K' '( f 'M' 'N' '0' -;>. 
'''. f. ~,f t) t' f -T' t 'u' .t' I'V" t ,J t', X t' i</,:-:,:'), , , ,~, 

'Y','Z' 
1* tD REc3G~rTl ~ .> 

:= JJ\4~Vl 
;= Qi<l fC 

[ 1 ] := CH 



• U· f' i', t 2 t f' 3' t' q',' 5',' S t, t 7', 
t 3 t t t 9 t : 

? E G PI 'c >:< J! G I T C J N S T ~ N T S *) 
TOKEN.CLASS := INTCO~ST ; 
RVAL := u; ~Ro:= F~LSE ; 

R~P~AT _ 
Cl\JAL := PV~,L * 10 + (O~O (CH) - OR!) (tIJl)} 
eri := NEyrc:~aR 

U~TrL NOT (CH I~ JISrTSl 

i,~ eri = ,; t THt::'4 
=li.~II,J 
- ~CH := NEXTC~A~ • 

I~ (CH :: '.'J o~ (C4 - 'J') 
T!-!EJI 

P[GHI 

Erw 
ELSE 

CHC~T := :~c~r ~ t 
CH := '.' 

n p~' ~ 
--JtOK~N;CLASS := REALCQNST 

IF ~OT rc~ IN DIGITS} 
THEIJ ::R"O=? C 201} 
£LS:: 

3E'3Pl 
R !:: 1 
RFPEAT 

=? := P * to 
:? " A L : = p V ~ l ,* ~a + 

fORD (CHJ~ORO('ct» 
"",-t .:: ~; \:" X T CtH If 

UNTfL ~oT'lcH ~N D1GITS} 

RVAL := RVAL / R 
:: '..J J 

END 



C~ := N>::XrC-IAR 
IF CH = '+ t 
T4E~ CH := ~EXr:~aR 
ELSF 

IF ry - • t 

S";:-"'r- ~ .. -v N 

. , 

S13N 
CH 

:= TqUE : 
:= N~XTCYAR 

R ::: P : 
I;:" NOT ICY I~ Dr3IrSl 
T \.{ 01 E R 1:> a 0 (2 OJ.) 
ELSE 

Rt:PE~T 
R : = ~ * t J + tOR D I CH ) 
e4 := N~XT(;41\~ 

UNTIL ~OT (C~ r~ DIGITS) : 

I:: P ) ""AXl\H 
nEN ERC?O!:? {Z16} 
ELSE 

IF R <> j TY::~ 
S::GIN . 

::X:)O ::: Ti(U~C (Rl 
R : = 1 : FA C : = in 

~C'EAT 
l~ JJJ (EXPO) THEN 

~ := R * FAC ; 
Ie:" c:"AC < S~RTqt:AL 
T4[\1 

3E31'J 

O~D (tu')) : 

F~C := SOP (FAe) 
t:~R := M;\Xi<EAL / 

FAC < Q 

~N,) ; 

c:'~ ') . . 
ELSE E~q := P<uE 

~X?J ::: EXPO DLV l 
JNTIL (~XPJ :: l') OR {(PRJ 

:= RVAL , q 
EL S::: 

IF ~AXREAL I R > RVAL 
THEN RVAl ~= RVAL * P 
t:L.SE EPROR {2G7} 

1;- TOio(E\..jtCL~SS = !NTC~'4ST 
T4Er·f 

:; E S r ~J 
N~W (KO~SOT~,I~T~qJ_; _ 
KONSPTR ~. l~rVa~ :- TRU~ 

~ . .., 
':: S ~ ,- i; ~~~ ~ ~ ~ ~ ~ J ~ ! V ~ L 

~:: TRUNC fRVAL) 
• - KO'.iSPTR ~ 

, 



, 

f • , . 

REPEAT 
'H:.oEA T 

C4CNT := CHC~T + t 
LGTH. := lSTH + l : 

_Cy· := IN~U~ CC4C~Tl • 
T~ NOT ~RR THEN 

STPBUF (L5T~J := INBUF CCHCNTJ 
U~TIL ( tH = .tt.) JQ (CHC~T ) 8UFL5TH) 

OR (L5TH=Sr~SLSTH) 

IF CH - "., 
THEk CH ~= NEXTCHA~ 
::L5E 

3ESI"t 
IF NOT E~R T-i~" 

EClR)>< {2J2} ; 
CH := ,t,. ; 
IF CHC~T ) aUFLGTH THEN 

REAJLI:,E 
ERQ : = PWE 

E."IO 
UNTIL eH (> "'t : 

UNCLOSED := ~O~E 
ST~3uF : LGTH J := t • 

LSfH. := LST,., ~.i. 

iF LSfH IN C J,l J 
T'.J t: N 

~ESI"I 
I~ LSTH = J TH::~ 

8EG1"J L3T4:= 1. 
STR3JF' C'l} := 
ERROR (2J5) 

E N c~. : 

• • • 

TQ~[N.ClASS := CYAQCO~ST 
NE'tJ {¥O~lS"T~) ; 
~ITH KONsor~ ~ JJ ?iGIN 



1 <, : 

· CU 
ENO.' 

E.lS~ 
TQi<PhCLASS 

UJ:) ; 

: = \(.:: x T C H A R 

:= LTOP 

8 EG.i. ~J 

, ( , 

CH i= ~EXTCHA~ 
TOKEN;ClASS := qElOP : 
Ii:' Crl = ,=t 
F!E'i 

Q;'- ~ I',) 
--~T~~FN90P := 3~O~ : 

C4 :=N~XT:~Aq 

~NO 
;::,lS~ 

Ir C4 = '",' 
T:-i::N 

3EGI:-. 
l'NClOS~D 
ASORTLIN::: 

P£PtAT 
REP:AT 

:= cor-pAiNT 
:= C~ROC"'T 

U~TIL NEXTC4 = '.' 
UNTIL l4EXTCrl = fl' 

UNCLOS~:) CH . 
FINISH::O 

E"iD 
ELSE 

TJi\EN~CLASS 



E'JD 
ELSE "._ 

TOKEN.ClASS 
ENO- : 

, $ • 

, , '. f t [ t f t J' t t 31 • , ' .... t , ' ; , , • + ' t 

... ','~','I'f'j','=' : 
~ 

BEGl.N 

:= P~RIOO 

TOKEN := CHRCLASS CCHJ 
CH := ~EYTCHlR 

E\iD ; 

R::r;lN 
---EPROr< {oJ 

CH := NEXTC~Aq 
FINISHEJ := FALSE 

E'"Q 

£'iO {* CASE *) 

{* SCAN "'} 



~PAS:: ' 
'*.~**.* •• **.*~*.*.** ••••••• *~ •• **** •••• ~ •• * •• **.* •••• ******.*.*. 
*' , , * 
.J P~OCEOURE RECOVAR I ~DINX : L~TE5~R , ; f. 
• T4lS P~OCEJUR~ TAKES CO~roOL W~~N I SYNTAX [ROaR • 
• OCCU~S TO ~ECOVAR IT. r~E AL30~ITHM D~PE~aS O~ • 
• LRON·S TECHNl~UE FORTooJOW~ oAqSfRS WiTHOUT * 
• BACKUP.' * 
~ * 
************************.*.********* •• ** •• *.*********.****.*****) 

LA8£L 22,56 

PHEGER 

J 
• St: TS 

t* SUC~SSIV£ STABLE ENTRY 
{*. ]EOE~JS 0N FUNCTION Fr~D '* JEoE~)S ON FUNCT!9N Fr~D 
(* T E'"' p-n ~ A ~ V 
I. LOOP :O~TROL FLAG ,'* TE~PO~~~Y DAoSE STICK 
( * ( . 
( « 
( . 9' ...... 

P01~T~RS 
:ONToOLS INFINITE LOOPS 
:O~T~OLS LNF!~ITE LOOPS 

FUNCTION FI~n (SDr~X : iNTEG~R) 3J0LEAN 
VA~ FOUNJ : aOOLE~N 

~EGl~1 
FOU~D := F~lSE ; 
wITY STA3LE [ SDrNX ], TTl aLE C TO TYPE J 00 

CASE TERMINAL OF 

:= FOU'f) 

lFNOT ~ou~o T~~N 
IF (SJC (> J\{) A~:) (sue> SPl"lX) THE'r-. 
FOUN) := ::INI) {SUC i ; 

FINO 
':ND 

(n CASi. *) 
{* F"~iJ *} 

FALSE: 
Ri:.SPJ 

STRING rpOrNT~~J ; 
r~ sue (> O~ T~EN 

ST~ING' (sue) 



END 

.- Rr:"1"T!',F' 
[qt:cr~OJ.CL~SS"'·' '-' 

["ID 
r=:LSt: 

IF SUe <.> O{ TH~"4 
STRING {S:JC } 

r~ AlT (> OK THE~ 
ST'{P,IG (ALi) 

£4< C"'Sf *) { * . S T r< L~ '3 ' l!r } 

.- CLASS 

+ 1 

~UHCTrJN INSERT (SUCCESSOR : SORA~SEJ 900lEAN 

·POOLEA"4 
IN TE'SE ~ 

:= FALSE . 
:= E!dPTYSET 

~ITH STABLE [SUCCESSOPJ, TTI3LE :TPTyoEJ OJ 
CASE TER'4PIAL OF 

Tw.;E : 
IF CLASS = TOKEN;CLASS 
THEN 

8EGIN 
Q~AC~£D := TRU~ 

l~ (ALT :: FAIL' JO fALT :: OK) 
fl-li.''i SOTO 3.3 
~L<;;C" 

- ~rF FIND (ALT) 
TH E ~~ 

3EGIN 
SAV£J .- ~ECI~~ • 
PEACH!:» := I\lSE'RT {ALT} :. 
IF ~OT REAC~~J rUEN 

a~Gr.'f 
~ECL~J := SAVED ~ t : 
~£COVA~Y~RfCI~DJ.CLASS:=CLASS; 
IF (sJe <) OK> A~D 

(SJC ) SUCCESSOR) T4EN 
R~AC~ED := INSERT (sue) 

8EGl.'II 
REC!~J := qECI~O + i ; 
REc~va~y :~~C!NDJ;CLASS := CLASS; 

IF (Suc< >o.() A'.JiJ (sue >SUCCfSSCR) T1-IE!\J 
REACH:::';} := !NSER r (sue) . 

[NO 



F't~S£O' =?E';I4~:2"\ := .l~SERT (POlI,iTF.R) : 
r N.T ~~A~M~~ TYEN 
, l~ (S!JC <> Oi\) ~N'J (sue) SUCCESSOR) TH 

~EACYEJ ;= INScRr (sue) 

::\) 
ElSI:" 

~LSE STql~3 (DO!NT~q) 



'~PAG:: 

(* ~ECOVAi< ~) 

(*** •• ~***.**** •• *****.***.****** •• **.**.*.* ••• **** •• **.~***.* •• * 
« • 
~ .~ftCw M£v3ER OF THf ~AqSE STACK SrlJ~S .~ r~COMPLETE 3RINCH; • 

.• T~~ SYMSOL T~AT CAUS~O ~qPOP ~UST 3~ r~ rYE INCOHPLETr ~AQT • 
* OF. ONE OF THESE i~COMPL~TE PRIN:~~S,O~ ~T MUST 9E iN ON~ OF • 
*' P""'t,. .i"',~IE:TATE SL:CCESSo-RS OF S°r'I/X" * 
• £~ ~OTf JUST S~!P TH~ CURqENT TO~~N I\J TRY NEXT UNTIL ONE. * is ~OUN~. . • 
~ * 
,~*~.~tt* *.***) 

rh'J 
[~J; iF wET Trl~~ 30ro 56 ; 

L t;j S T L r ,,!\ S ~ c, >< c ') U NT'}" T ': ;>i <:) :,' e ;:> q E v IOU S : = S T A C K TOP 
~lTH L~STLI~~S. [ 1 J DO 

SESI~ 
STAC~TOP := T€~<:) ; 
SPI~X := S~l~J 

0: J ; A L F' L fI S : = C' Po L S ~ 
SP!i'l["\ := SPi"1X 

E ~'4 J ; 

'. 
:= SD,i.'iX ; 
:= S::ll'JX ; 

GGTO L2 
E ~'!D 

CUK::>P0S 
F C L.;!\~O 
C ~i-1 
i "~ 

C U;:':;) t: OJ T 

:= STAC,<;TOD 
:= FALSE 
:= F.!.LSE 
:= STACKTQo 

:= u 

~~ STACMT0P = ~IL TH~N 
3£r;lr~ 

wIr~ STABLE [SPINX], rTaaL~ :TPTYPE~ DO 
~JUNry := CLASS = TJ~~~~:LASS ; 

SUCCESSO~ - SPINY 
~N8 ; 

l="" i~ IJ 
IF ~ JU''i'! TH€N 

3iSl\J 



ENDSUfCESSCR := ST_SlE :CJDRE\T i. PTR).SUC 
CU~PPOS := CJDRFNT ; CU~RE~T := cURqt~r ~;PQEViOUS 

E~Q; CJ~~ENT:= STA:~TOo : 

Ii u II £ {~.j 0 T !='" 0 UNO} A ~j 0 ( C U ~ R :: NT (> N r L} D 0 
8[GIN . 

~!T~ STaBLE [CURRENT ~. ?T~l TT!3lECTPTYPEJ 00 
T ;: (! PC PH E R = 1 .3) () R (i:) J r N T t:: Q = L ? 2}) 4 'I j (:; P I r.. x > = ~ 5 (] ) THEN 

ELSE ~OU~O:= =l~D (~JI~TED) 

l~ '--JOT F:)U:40 
T~EN 

BEGH~ 
t:DF("R (S) 
SeA ~~ 

(&~a~*. ..*.~* 
* • 

~. 

wITU ST&SLl r pTR ] OJ 
IF sue () OK TH~N 

STRH~:; (SUC ) ; 
SlEMP := DR~V!OUS 

~r,~O ; 

suCCEsSOq := sue 
£~10 : 

~~ITFL~ ".~. CGMPILE~ ~RQO~ .~.' 
ST!l.C~(O!;~p 

fJ;~ITEL'j ('*5 0 1'10 :',SPL'i'j); HflLT 

'* * '" * *' *' *****> 



STACKTQ::> 

80 
::3 EG r~l 

~ f~~D 

kITH ST~aLE [ PTR J OJ 
fR~NJ := ~ONTR~S3S CTPTY::>EJ 

IF E~QNO () 0 THEN 
IF U~~~~~~Q. rUSE)MS3S,~~Q~J) TH[~ 

t . .''' K 0 R \ r:. R q ~·d) l 
CU,:(°pOS : = PPEV lOUS . 

'.;fiT lLCU::?RPJS = 'llL 
~~0 ($ DADSE~POQ .J 



3EGIN ~~ ALTFLAG TrlE~ ~FlP ; 
SAV2. .- Si~CKTJP 
Sr1C~TOP := STACKiO D 2. p~EVr~JS 

( '" 

;:..~ L: (~Pl.) S H ~} 

• : = So HiD 
:= STACK TOP 

~j;;nTfi.."! ('\'t~*S:::MHHrCS(',spr\j) 
S£vANrrCSl~SP1ND' ~ 

5,')') . 4<) 

"OC> 
E~~ . r$ ~Hll~ ., 
s~I~D' := STA8LE [S~r~Jl • sue 

E~D {* SuCCESS .J 



{*";'QC** 
'"' « TYb: ?!\;:<SI'iG Al3C=<ITHM uSEO Itl PHS PP,-::'1ENTAT lOr. IS a 

U .. ***t,IC 
'" * * * >/C 

~ TOP~GWN T~CHNI~Ui ~!r40UT B4CKU". iT JEoE~DS ON THE 
* ALG0RITH~ av CH(AT~EM A~D SATTLEY 

,~iTH STA3LE CSopJO j, rp3lE.- - T"TYPE ., :iO 
iF CLASS = T~KEN~Cl'SS 
THE!t) 

?ES,PI 
~QiT~LN (t**.S~~A~T!Cslt,S~r~~:s,·)') .. ) 

SE~lNTICS(SDI~J) 
ii:"=<EC .. UID ) J 
TH ~ \~ 

IF 2y\n = ~ECI~D 
TH~"l 

3[G'i'l 

O~Cl~J := J 
PI'!D := 1 
°ECOVA~EQ := FALSE 

seAl" 
END 

ELSE 
3~SIN 

***.~) 

pr~iD := QI~!O + .L 

ALTFLAS 
O'<C')U\/T 
5JCCESS 

IF RI~9 = ~Ecr~D THEN 
~EC0V~RE} := FALSE' 

TOKE~ := RECOVA~Y [QINOJ 

:= u 
( J ) 

.. • 

: = 1 
:= TRU( 
:= QECOVA~Y (P1NDJ 

ALT~L~3 := TRUE 
( i. ) 



:= ~LT 

~~ITEL~ (t· " EQRJAq\C~T CFalSE} 

·1'~ 

~ 

EXPl~d.~J 

E~J~ (* OF PASCAL INALYZER *) 

'H 1 ) 
- ( t i 
:r { 3 ; 
a: { t j 

c!: ( < j 

n 1} 
'H 3 f 

r; I t) ~ 

'F { .:3:} 
~ ( 1 ) 
~ ( 3 ) 
q: ( 1 ) 
c { ! } 
r. ( ! ) 
¢ ( ~) 
~ ( 1 } 
q:: { 3 } 

~ ( f ) 
T ( ~ ) 
q; ( ~ ) 
'r ( ~ ) 
'Ii ( 3 ) 
't ( • )' 
q; ( 3 ) 
if; ( 1) 
'Ii ( ~ J 
'f , 1 ) 
<; ( 3 ) 
'!"; ( t ) 
't ( ""< ) 
't { "- } 
't ( :) 
:; f ~ ) 
q; ( 3) 

QU1L.;rj <.;4744-t 

::nOCtd I n .i.174 
. ~i..l.!:J ,Jf:'.57'" 

~(0J 15"u10 aSJC23 
'Ii{n) a5102~ JSJ n 2S 

~(2) n51C2~ 05U025 

~(2) ~5nJ3J Q50 n bS 
$(Z) ~50u56 OSUO]7 

~(2) 0501:3 050t07 

~(Q) ~5Jl2J usul,a 
~(2) Q~012J. 050234 

~ (2J ')5'1235 Q5G2,+2 

~(2) 1502~3 0503~3 

~(2) 1SQ3~4 050344 

u7 lUG 78 
G7 .AUS 78 
20 r)£C 18 
07 AUG 78 
J,7 JuL 7a 
23 APt:? ~2 
23 JUL '~J 

18 MAR ~o 

19 ~~AR 80 

30 IUS 79 
.23 ocr 73 

23 APR gz 
23 OCT 78 
l7 JUl 76 
in DEC 79 

21 ocr 78 

23 JUL 90 
2t MAR 130 
11 DEC 79 

2, APR 82 

l~ JUl gO 

2 n "'At? 8Li 

23 JUL °0 

23 A'PR g 2 

27 JU"J 83 

i 

..J ;1, 
J ~ 
l ~ 
.,p!, 
.l3! 
J. ?I 
J. 3'1 

1 ~'i 
I 

lSi 

1,,1 
, "\ .,. 
1 ':'1 
1111 
13! 
L "7! 

1 

1. t I 
, 

.1 "3 1

, 

17' 101 
L ~ 'I 

J. "I 
I 

1'1 



APPENDIX B 

TEST RUNS 

143 



7 

38 
,'I 
.,) .t. 

32 
33 

J:- j~ 

~2 i<:-C:; 

vtR hV,WJcK,FP(E : ~EEK : 
C : DfYS: 5S: ~fEK 

~:?xrTrLN 
E ~;:; ; 

RE T : f 

( • X • j 

IF FPEE <= ~K T~~N WOlTE [OJ') 
~v >= O~K TH[~ kRiTl ('K') 

I F r, C T (to' ? 1'\ > = F R f £) T H ~ '~ 'Ii:{ I T E (' J A C r\ • } 
IF [SA] ( ~J~~ THEN ~~ITE ,t ~J03rT kT" 

, ;;: T T r '- t' 
L . _. ~ 

F JK"0t~S5-~r, 
; ~. . l 

~ 



P~OSR~M TFSTl (!NOUT,OUTPUTl 
,DRI~TAoL~S . 

3 
1+ 
5 
£:, 
7 
a; 

:.;T41S Q~TA IS SAME AS °R03~A~ TEST1 
aUT SY~~OL YAPLE OU~P IS ~J~'~ECU!R~J~*, 

~ . ., 
.J 

1 
2 

.3 
I ~ ., .... 

~S 
**** ••• * •••••••••• **.**** 
« Sy w30L T~2Ll DU~D • 
• *****.***~** ••• **.«****~ 

*' 
TY?E 

PDJCEDUD~ CHECK ; 
Ii ~ R J :. J A. Y S ; 

INT~~\AL :o'!!1~~'i'1~r~i*!*! D 

RET:( '<,L,"I) 

L L r ~n<:: ([ VI L * ~ L 1. 'P( :: 14767 u ~j EXT:: Ht 7 b 7 i+ 10::> T R:: 1 5 n 3 3 b 
CLASS=jS~IA3L~ ,aCTUAL ,LEVEL::! 

«*·~I)~NTI~lER~*** 
I~T~;~AL COJE=~47635 NAM~:: K 

LL!~K= *~!L. ~Lr~~::147~Ll NExT:: «NIl* IJoTP::147653 
CLASS=c0~sr'~T ,CONST VALJE::C 

**~*IJENTIFrFR**** 
I~T~~~Al COJE=l47674 ~A~E = RET 

L L .U' K = J. 4: 763:; R l L '! K::~ NT. L « NEXT:: * ~i.l L * I D P T D:: 1. 4 7 b S 3 
ClASS=VIRrA3L~ ,ACTUAL tL£V~L= ~ 

BEGIN w~rrE (t ') 
FOq- D ::: M TO SU DO 

IF 0 iN SS THEN WRrT~ (tXt) ~LSE WRiTEr 
!:iR""::TEUl 

E\D ; 



STZf=l 

IOPTP=lsaU76 

~*'"1f.STp.ucTURr***tx. 



S 1Z~::2 

.~~*IDfNTLFI[R**·. 
I~TFR~AL CODE::~SJ264 NA4~:: T 

L ll"; K :: ... S G 1 '+ 4 :i L I '! K ::~Oi 1: L.. * ~~ :: x T :: 1 ;) n .) 1 J r. ::; :;) T D :: 1 S 'J :5 3 6 
ClASS::CO~STlNT ,eONST VALUE::l 

«~~*TD~NT~~iER*~** 
iNTERNAL COJ~::~SGI.O NA~~:: wE~K 

lLI~~:: *~IL. RLINK::L5~G60 NEXT:: ~NLL. IDDTP=lSCa7&' 
ClASS=TYPE 



1 

*3< *"'1"1=",, T f ~ T i="R *~** , 
INTER~AL CODt=!~C~~2· ~~AY£= ~0~K 

LlINK= *~IL. RLI~~= *N:L* NEXT=15Qu44 IJDTD=lSGG7b 
CLlSS=V ARIA3L€ ,\crUAL ,L~VEL.=J 

1 

28 
29 
33 

$5:= 

IF F~EE <= 
IF ... 1< >= NeJ 
IF NOT (\"0P 
IF [SA] <= 

, ____ tl R I TEL rJ 
c..:J,;j • 

CH~CK 

F9EE 

I{ T'iFN :,;orTE. (':';'); 
~ TH~~ ~OiT~ (.~') • 
>=FR~t}"'T~E'i ~~l.d: (' JACK'. 

0R~ TH~N ~~ITE (0 =OQ3ET k r .) 



) 

,"t" "I 

Ii<*'i< =7F(":? 
~** ~:(~b~ 

1 
, .t 

**$:: ::,::>R':~ 
**~ :;::"RC-{ 

*** ::'=<RO=? 
**t< C:~R0~ 

**~ ;:-~R;"-< **- ~QR('q 
*-';'Q< ::qRr;~ 

*** ::q2f):( _ .... ::~RO.~ 

* * ~ ::,~ R 0.~ 
*** ::~RO.:( 

JS.6!l4.PJSITTON 

32 

3'4 

S J ~-. .. PJS T J ~\~ 

• ~ .PJS T J'I 
1. .~ • .PClS r G :\f 
1. ~\ , .'PJ S T J \1 

PRCGqA~ A~L[P~O~S rl~?JT OUTBJr, 
.i. 

f~iS SA~PLE RU~ C~~TA!~S aLOT O~ ~~~J~S; 
1 TIS Nor A H fA'! .i. './.:; ;; u L:.. P Q 0 S R &"1 '(:: r 1 r T:; 
') F S .,. .:3 \1 c: r; T " T F S T T -; ~ ::) .- '" :) V A D Y !i! ~ "'\ ~ T r -l 104 
O~ to°A§C~C;R~CALL t,A1-\Q5E~~~1tCLA~~LYSLS 
IS D~~FOR~ED FOD STAJ~~E~TS. 
*) 

ceNST A - 9 ;::, :: t , 

1 

T vPF 
,,~ = R~C0RO 

~'1 : :;~.~.L , 

~ =365~?~?~q9?~?~?J I 

? 

CASE ~ : ~~r~;E2 J~ 

~, * ** 
? **~ 

St.:TS 

*~" t *** 
, *** 

*** ;: );):4* 

~~* 
~*>!< 

"*** ",,,,, 

1,2 : (CAS~ A =~AP 
t L • ( "; ''i C .... ) 

t ["_ t t t • .J " 

, K t , .. },: , 

cc 

T~ x. T 

SACfYPI=: 
? 

SiT -';Wp, ':) 
J. 

(ZZ 
( =-
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APPENDIX C 

SYNTAX OF STANDARD PASCAL 

\ 

\ 



1. <program> ::= <program heading>~body>. 

2. <program heading>: 

::= PROGRAM IDENT «ident list»; 

3. <ident list> ::= IDENT {, IDENT} 
o 

4. <body>::= <declarations><routine declarations>. 

<compound statement> 

5. <declarations> ::= <label declarations> 

<constant definitions> 

<type definitions> 

<var declarations> 

6. <label declarations> 

::= LABEL INTCONST {, INTCONST}; I empty 
o 

7. <constant definitions>· 

::= CONST {IDENT = <constant>;}l empty 
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8. <constant>::= INTCONST I REALCONST I IDENT I ADDOP INTCONST I ADDOP 

REALCONST I ADDOP IDENTISTRINGCONST I CHARCONST 

. 
9. <type definitions>::= TYPE {IDENT = <type>;}l I <empty> . 

10. <type> ::= . IDENT I PACKED <structured type> 

SET OF <simple type> I 
ARRAY «index list>] OF <type>1 

RECORD <field list> END 

FILE, E! <type> 

<simple type> 

11. <structured type>::= SET OF <simple type> I 
ARRAY [<index list>:l OF <type> 

RECORD <field list> END 

FILE OF <type> 



12. <index list> ::= <simple type> {,<simple type>} 
o 

13. <simple type>::= (<ident list» I IDENT <subrange tail> 

<constant> •• <constant> 

14. <subrange tail>::= •• <constant> I <empty> 

15. <field list>::= <fixed part><variant part> 
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16. <fixed part>::= IDENT {, IDENT} : <type> {; <ident list>: <type>} 
o 00 

1 <empty> 

17. <variant part> ::= CASE IDENT <tagtype> OF <variant list> 

18. <tagtype> ::= IDENT 1 <empty> 

19. <variant list>::= <variant> {; <variant>} 
.0 

20. <variant>::= <constant list>: «field part> 

21. <field part>::= )1 <field list» . 

22. <constant list>::= <constant> {,<constant>} o 

23. <var declarations>::= VAR {IDENT {, IDENT}o 

24. <routine declarations> ::= 

<type>}l 1 <empty> 

PROCEDURE IDENT <formal parameter section>; <routine tail>; I 
FUNCTION IDENT <formal parameter section>: IDENT; <routine 

tail>; 1 <empty> 

25. <routine tail>::= FORWARD 1 <body> 

26. <formal parameter section>::= «formal parameters» 1 <empty> 

27. <formal p~rameters>::= <formal parameter>{; <formal parameter>} 
\ 0 



28. <formal par amet e.r > : ::;: 

PROCEDURE <identlist> 

VAR <parameter group> 

FUNCTION <parameter group> 

<parameter group> 

29. <parameter group>::= <identlist>: IDENT 

30. <compound statement>::= BEGIN <statement list> END 

31. <statement list>::= <statement>{; <statement>} 
. . 0 

32. <statement>::= INTCONST: <unlabelled statement> 

<unlabelled statement> 

33. <unlabelled statement>::= 

BEGIN <statement list> END I 
IF <expression> THEN <statement> <else part> I 
CASE <expression> OF <case list> END 

WHILE <expression> DO <statement> I 
REPEAT <statement list> UNTIL <expression> 

FOR IDENT := <expression><for tail> I 
WITH <record-var list> DO <statements> 

<simple statement> 

34. <else part>::= ELSE <statement> I <empty> 

35. <for tail>::= TO <expression> DO <statement> I 
DOWNTO <expression> DO <statement> 

36. <simple statement> ::= GOTO INTCONST I 
IDENT <assignment> I <empty> 

37. <assignment>::= «expression list» I 
<v·ar tail> ::: <expression> 

38. <var tail>::= @ <dot part> 

[<expression list>] <dot part> 

<dot part> 

39. <dot part>: := • <variable> I <empty> 
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40. <variable>::= IDENT <var tail> 

41. <record var list>::= <variable>{,<variable>} 
o 

42. <expression list>::= <expression>{, <expression>} 
o 

43. <expression>::= <simple expression>{RELOP <simple expression>} 
.. 0 

44. <simple expression>::= ADDOP <term> {ADDOP <term>} 
. 0 

<term> {ADDOP <term>} 
o 

45. <term>::= <factor>{MULOP <faCtor>} 
o 

46. <factor>::= INTCONST I REALCONST I STRINGCONST 

CHARCONST I [<subset list> I 
NOT <factor> I «expression» 

IDENT <factor tail> 

47. <factor tail>::= «expression list» I <var tail> 

48. <subset list>::= :J I <element list>.:J 

49. <element list>::= <element> {, <element>} 
o 

50. <element>::= <expression>< range part> 

51. <range part>::= <expression> I <empty> 

52. <case list>::= <case list element> {; <case list element>} 

53. <case list element>::= <constant list>: <statement> 

54. <empty>:: 

\ 
\ 
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