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ABSTRACT

This thesis describes the implementation of the
analysis part of a single pass translator for the programming
1énguage STANDARD PASCAL. The translation process includes
syntactic analysis and semantic énalysis at the declaration
level, but excludes code generation. The details of the
implemeqtation are described, with a short description of
alternative approaches in each section. The source and test
runs of the program are given in the appendixes A and B

respectively,



OZET

Bu tez, programléma dili STANDARD PASCAL ic¢in gelisti;
rilen, tek gegigli bir geViriCiqin gergeklestirimini anlatzir.
Ceviri iglemi, sdzdizimsel ve kismen énlamsal ¢bzimlemeyi
icerir, anc;k kod liretimi gz 6niine alinmamistir. Projenin
detaylari her bélﬁmde degiéik yaklaslm ydéntemleri belirtile=-

rek aciklanmistir. Kaynak izlence ve test gegisleri, sirasiy- |

la Ek A ve Ek B de verilmistir.
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LIST OF SYMBOLS

The angular brackets are used to distinguish non-
terminals from terminals. The element delimited by

these brackets is supposed to be a non-terminal.

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

produces the string w, written

V=W
if we can write
§=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
vV===> + W
if there exists a sequence of direct derivetions
v=$>ﬁ5=$'u ————— == [J
where n > 0.
This symbol can be equivalently wriﬁten as;

V.= W 0Or vV=—> +Ww

Used as an abbrevation for "defined as".



I. INTRODUCTION

This thesis describes a partially completed PASCAL
translator (BUPASCAL) implemented on the UNIVAC 1106 of
Bogazici 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 is
processed, error codes corresponding to the errors fetched
(if any) are printed with their positions on the 1ine, just
after the line is printed. For example, errors of line 5 of

the following statements are printed as;

linez source lines
4 ' J := 3
5 K :=L + 3 M =11 ;
1 2 3
ERROR 14 ... POSITION 1
ERROR 2 ... POSITION 2
ERROR 205 ,.. POSITION 3
6 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
***ERRQR 2 : IDENTIFIER EXPECTED
#%*%*ERROR 205 : NULL STRING NOT ALLOWED



Translator is a misleading term for BUPASCAL since it

is actually an analyzer and it does not generate code.

In

addition to error detection and reporting, BUPASCAL collects

information about the -identifiers of the input

a symbol table., This table is optionally dumped

listing is produced.

The major components of BUPASCAL are

(1) Lexical analyzer - described
(2) Syntactic analyzer =-- described
(3) Error recovery -— described

(4) Symbol table -~ _described

in
in
in

in

program,

into

as the source

section
section
section

section

IT
ITI
Iv



A,

I1, LEXICAL ANALYSIS

Definition

The lexical analyzer is a part of a tramslator 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 analysis. 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> ::= AlB|C|... |z
<digit> s:= 01 ... |9

There are several reasons for splitting the analysis

of the source program into two phases, lexical analysis and

syntactic analysis;

1‘

Main purpose is to simplify the overall design of the
translator. Considering a large portion of compile-time
is spent in scanning characters, by seperation we can

concentrate solely on reducing this time.

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

particd&arly well suited for these grammars.



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, -some 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 actuelly 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 tramnslates
the symbols into the same internal form used by the

syntactic analyzer.

A lexical analyzer may be programmed s a seperare pass
which performs a complere 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 | lexical {==-7---=----= Isyntactic
program ‘analyzer —"ngﬁfbﬁ"") analyzer

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

When called. lexical analyzer recognizes the next program
symbol and passes it to the syntactic analyzer. This alternative
is generaliy\better, because the whole internal source program

need not to be constructed and kept in memory.




In this thesis, lexical analyzer is 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 variable length strings, which are the actual
symbols, these internal representations are much easier to

manipulate and parse.

We 1include 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 1s 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 sécond is the actual symbol
itself or a pointer to it. Thus, the output of the lexical

analyzer will consist of two fields.

1. CLASS : This is the internal representation of the
symbol scanned., This field is utilized by

the syntax analyzer.

2. VALUE 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 is

utilized by the semantic analyzer.




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 use is, in the case
of identifiers or literal 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.

D
D > (INT —>0UT

S )— .
’ | LD

L > D —>0UT

DELIM

—PouT

—>ERROR

|

Figure 2.2~ State Diagrams Scanning Symbols,




In this figure, the label D is an abbrevation for the
labels 0,1,2,...;9. That is, D represents the class of digits.
This is done to keep the diagram simple. Similarly, the label
L represents the class of letters A,B,C,...,Z, and DELIM
represents the class of siﬁgle 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 mo label on them. These are
the arcs to -be 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 program 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 épproach,Ais 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 1is
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 used) in the
implementation of SCAN. SCAN uses a case statement based on
the first cha%acter of the incoming symbol, to determine

which are to take from the initial state S. Following characters



“are handled as described above.

When an ERROR arc is reached SCAN takes the corrective
action and tries agains 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 represents 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 (constants, variables,
procedures, functions, types, fields etc) whéther
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 ié not a concern of SCAN.

Value 'field 1is unutiiized, Instead a global string

variable 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

program components,

They have the same syntax with identifiers, but SCAN
seperates them from identifiers, by a set of transition
tables, thus eliminating a need for a search of a table
of kéywords. There are thirpy keywords and each

keyword is represented by a distinc class codé. Note

that, value field is again unutilized.

iii) LITERAL CONSTANTS

In this category we include unsigned integers, unsigned
reals, character constants and étring 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 "<", ">™, "=  Utn o Ms=N0 M=" and in.
The value field indicates the precise operator
within the group.

2. Adding operators
These are "+", "-=" and or and the value field

pinpoints the precise operation.

3, Multiplying operators

Similar to the previous two groups except the

g t (1] .
operators are g ow/". div, mode, and.
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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 1is avoided by taking corrective action

during semantics check.

v) DELIMETERS

In this category we include all other single character

e.g. ".H, H;H’ "(H’ "

(é.g.".'ﬂ’ H:=") Of PASCAL.

Each of these delimeters will be represented by a
unique class code and the vaiue field will not be

utilized.

SCAN is also 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,

:") and double character delimeters




.

TABLE 2.1- Data Structures’

- T¥pe o o :
SYM30L I (* 4, USY4EOL CLASSESews #) -
: TJENT, . ISTCANST, REALCONST, CHARCONST,
L STPINGCONST, EOFPGHY, MJLIPy ADGOP,
BILID, LOARENT, ROAENT,  LBRACKET,
RORACFLT, COMMA, SEMIZILON, PERLOD,
HOTDOT, AR, LF2L2% ASTNOP
ARPAVSY ) 3EGINEY ) SRSESY, .CONSTSY,
205Y, DOWNTOSY , TLSESY, ENDSY,
FILESY, FORSY, FORJA20SY, FUNCTLONSY,
GOTASY, IFSY, LA3ELSY, NOTSY,
OFSY,  PACKEDSY, 3390SY, PROGRAMSY,
RFCORDSY REPEATSY, SETSYy - THENSY,
TOSY, TYPLSY, JNTILSY, VARSY,
WHILFSY, WITHSY, ITHERSY Y
OPFRATAR = : ‘
( ASTR, ROTV, 101V, ANDOP,
[M90, PLUS 4INUS, 0ROP ,
CT0°, LEND, SEOP, 5 TOP,
~ NEGP, . FQ0P, TNop Y
LITEPALS - TCONST om STRINGCONST .
%égxi?0§8‘ = §3L5gN ' :: EEL5°J > H
NELIMETERS = LPARSNT .o ASGNOP :
KEYAWCRNS I A3PAYSY oo WITHSY :

' T ] i D = e Jun: T
SULTIRLARATARYAQ5334T0S = BSIR »v 1433 i
RELATLCHAL_OPERATIRS, S OLTOP + IND®
coTCLASS = (INT32, REEL, STRING, KHAR) ;
STPGRAMNGE = 0., IR :
CHARSTRING = PACKZIN ARRAY. TSTRGRANSEI IF CHAR ;
CSTADDP® = 3 CONSTANT
CONSTAHT = PACKIA RECORD

- CASE CLASS : CSTCLASS OF
INTSR : (IVAL : INTESZR Y
RFEL : (RYAL : RTAL } :
KHA? i (0NRDCH: INTESER ) G
STRTNG: (SLGTH: STRGRANGE ;
_SVAL : CHARSTRING )
Tul g ,
(& ,FOLLOWING ENUMERIATED _TYPE INDICATES HOW THE VALUF |
'FIELD WillL 3F UTILTZZD. | )
TKHNCLASS = (NOTNFEDED, O02RTR, nRADRES) :
(% I,O0UTPUT TYPE OF SCAM IS THE FOLLOWLN3 RECORD WHERE .
YARLANTS 05,CSTADR DENOTES DIFFERENT USES OF yg}Qt
FIFLDQQ ’ - ; S e,
. TOKEN = RECORD
OKERS CLASS : SY430L
CASE TXNCLASS OF
SoRTR 2 oop : 0PERATOR )
DRAJRES : ( CSTADR : CSTADDR ).
SOTNCEDED & () :
EMD :
VAR TOKEN : TOKENS ; i
| |
|

11

<

for- the Lexical Analyzer.




3. Algérithm of the Lexical Analyzer

SCAN uses the following variables and routines.

1. CH : CH is 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 : is a function to return the next source
program character. NEXTCHAR will take care
of reading and printing next source line,
when it detects end of line, while trying

to scan next source character.

4. READLINE : is a procedure which reads the mnext source
program line into an internal buffer.
Function NEXTCHAR actually uses this buffer.
.READLINE is called whenever the buffer is
wholly utilized.

5. PRINTLINE : 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 gives 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 willibe initialized as

HRCLASS ['C'JIsCLASS := LBRACKET ;
EHREIASE Fv5v3ICUASS  iZ ARROW i
CHRPCLASS [')'14CLASS  i= RPARENT
CHRCLASS ['3'3.CLASS  := RBRACKET ;
GRCLSE DB A
CHRCLASS [':'JaCLASS 1z ( :
CHRCLASS [*; "IoCLASS iz SEMICOLON!
W - '‘C*+'7 DO BESIN CLASS:= ADDOP ; OP:= PLUS  END
HITH SHRERAZ2 Fo%09 B0 BEQIN CLASZ:Z An33p | Opic MINUS END ¢
WITH CHRCLASS ['/'3 D0 BEGIN CLASS3:: MULOP : QP:Z RDIV  END -
WITH CHRCLASS ['#%*3 DO BEGIN CLASS:= MULOP ! OP:Z ASTR  END |
WITH CHRCLASS [*='3 00 3EGIN CLASS:= RELOP ; OP:= EQOP  END :



TABLE 2,2~ Algorithm of the Lexical Analyzer

LARZL L
CROCTCURE 2RIMTLINE ;- 3ESIMN ses IXD
PRACFOURE DPEAGL 1M ™ S
CBEGTIN LT OSGF{INPUT) THEN
_ qT”HEN.CLASS $T FO0TPGM 3 (® SO RITURN TRIM SCAN *)
Bord M
SUNCTION NTXTCHAP ¢ CHAR BFGIN eee ENI ; .
BN '

SEGTN (% SCAN %)

L. WHILE CHZ' ' 00 o
FH TZ NZYTCHAR ; (% TGNORE 3LANKS #)

Casg CH 0F

tAe L v : e e . {x INENTIFIEDS
vRaTivye b Iy b (% SUSSRIC ZONSTANTS
v P wass 3 (& FOR THESZI JT_TMFTERS FGL
DA HE T (= THRE ACTIONS 2% COPRESPUN
vt : veue ; L% ASCS SPECIFTEY TN PASCAL
R P osese § tx TPANSTITTON JI145%aAM,
T : (% THIS CASE_LARE PIITS2YED -TO
‘ I T IR G T 1 R4 R AT
3F3TN - '
, TCH 1T NEXTCHAR ;|
IF CH = "%° THEN (% COMMENTS %)
JEeC LN
- AEPE A .
REREAL uy UNTIL NEXTCHAR = 'a°
JMTTIL NEXTCHAR = ')
CH 2 NEXTCHAR ; 32370
Iuh
FLST IF CH =',% THEN
G 4iN ) ‘
TOKF e CLASS = L3RACKET ;
c := NEYTCHAR
END
ELSE TOASHSCLASS := LPARENT
END (% caSg LABEL *(°* &)
OTHERWISE ”
 BEGIN - -
TOKEZMLCLASS 1= CHRCLASS TCHl
1F gcngiCLAss Z. OTHERSY THZN
-".LJI: . )
FRAIGR (5); (&% TLLEGAL SYV30L =#)
CH := NEXTCHAR ;
5070 1L .
ENU
END
Fyn o CASE @)
END HE SRR 9




E | | L

D ~ .
' 2 , - —{>0UT CLASS: INTCONST
’ o . . CSTADDR: @ CSTADDR

: @ - [>ERROR 201

_*_POUT CLASS: REALCONST
CSTADR:@CSTADDR

UT CLASS: REALCONST
CSTADR:@CSTADDR

—[>ERROR 201

———3>0UT CLASS: REALCONST

_'J_‘DCB_\I = ngb(:‘o; ; -{> comment goto @

- -{>O0UT CLASS: LBRACKET

-[>0UT CLASS: LPARENT

Y-

Figure 2.3- State Diagram for PASCAL.
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> out
: CLASS:if length=0 ERROR 202

if length=t  CHARCONST
if lengthyl  STRINGCONST

%x,} >O0UT CLASS : PERIOD
| pOUT CLASS: DOTDOT
L2 1 0UT CLASS: RBRACKET

__NOUT CLASS : RELOP OP :
1) > ‘ OP OP : LTOP

—=—O0UT CLASS: RELOPOP : LEOP

L2 __ouT CLASS: RELOPOP : NEOP

T3 ;OUT CLASS: RELOPOP : GTOP
| = OUT CLASS: RELOP OP : GEOP

>O0UT CLASS : ARROW

1>0UT CLASS : RBRACKET
_[>0UT CLASS : R PARENT

_>0UT CLASS : COMMA

—[>0UT CLASS : SEMICOLON

—{>0UT CLASS: ADDOP OP: PLUS

__150UT CLASS : ADDOP OP: MINUS

_$50UT CLASS : MULOP OP : RDIV

>OUT CLASS: MULOP OP: ASTR

+£>0UT CLA'SS: LBRACKET

i

£>0UT CLASS: RELOP OP : EQOP

> ERROR 6 go to (D

Figure 2.3- Continued.
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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 is 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 of table 2.2

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

Treatment of case 1abéls in 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 could be initially
classified as identifiers and the correct symbol asserted
after éonsulting 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 assuming we have two keywords ENDE, 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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ouT
> CLASS: ENDE

—> 0UT
“' CLASS: IDENT

ouT
1!>CLA SS: ELSE

L".i"E"} j,;é? .. > OUT  CLASS: IDENT

{:>........

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 L/D 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 : array [0..171J of TOKENS;
NEXT, CHECK : array [0..168] of INTEGER;
' of INTEGER;

BASE / : ‘array [0..1713

BASE ékray is 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 tﬁe’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 coﬁpute the transition for state:-S on input character
CH, the pair of arrays NEXT and CHECK is first consulted. In
particular, the algorithm finds their entries for state S in
location BAZ := BASE [SJ + ORD(CH). NEXT LBAZJ is taken to
be the next state for S on input CH if CHECK [BAZ] = S. This
procedure is repeated within a loop until CHECK [BAZzJ <> 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. is § = 5 initially). Then a value
in chosen for BASE £53 and value 5 is intered into
CHECK CBASE £53 + ORD ('N')J  and CHECK CBASEE6] + ORD ( L"),
The next states on 'N' and 'L' for 5, are entered into the

corresponding entries of the NEXT array.

"TABLE 2.3~ Algorithm to Compute Transitions

(« INLTLAL STATE FOR BASE ARRAY *)

HES W C H
éq iz 359+CHAR !
842 := BASE [SJ + ORD (CH) ;
HILE S = 0 BEGIN
WALKE S.2 ﬁF%?KcEA§§J:D ES
. sz XTCHAR . :
: g?z = gzsscr $7 + ORD (CH)
END ; (% WHILE *)
TOREN 5= DERAULTEST iqup,vor a3 ThEN
TOKEN,CLASS := IDEMT ;
Cw ';.: RETURN aee %)
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DEFAULT L£5J. CLASS will be IDENT. The algorithm of
Table 2.3 will make the right transitions on "N" and "L",
otherwise loop will be terminated. Therefore, if input CH 1is
any character, but "N" or "L", we shall not find
CHECK CBASEC5] + ORD(CH)I = 5 and exit from the loop and token
will be DEFAULT 5 , 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 in 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 thése BASE values, so that they must be chosen

carefully,

Assume that the input string is 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 in recognition of
operators such as mod, and, or, div etc. in addition to

keywords and identifiers.

The transition tables for the diagram in figure 254 is
shown in figuré 2.5, 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,...,0RD('2Z") = 26, and so on.

Base values are all zero except for entry 31. This is
because when S is 31, letter "E" is expected to recognize the
keyword ENDE and if BASE 31 were 0, baz value
(BASE[317 + ORD ('E')) would correspond to CHECK entry - 5, which

have already been utilized.
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DETAULT  BASE NEXT CHECK
IDENT | 0 1 0 0
IDENT 0 2 0 0
IDENT 0 3 0 0
IDENT 0 4 31 30
IDENT 0 5 29 28
IDENT | O 6 322 3
IDENT | 0 | =
— T 12 27 5
IDENT 0 13 0 0
IDENT | 0 1% 30 5
ELSE | O = R
IDENT 0 18 | o 0
|DENT 1 19 28 27
ENDE 0 20 0 0

Figure 2.5- Transition Tables to Recognize Keywords.

E. Lexical Time Errors

SCAN is responsible of detection and reporting lexical

time errors.

follows;

ERROR 6 :
ERROR 201 :
ERROR 202 :
ERROR 205 :
ERROR 206 .:

Lexical time errors of PASCAL are defined as

Illegal symbol

error in real const; digit expected
integer constant exceeds range

null string not allowed

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(1). |

SCAN can work independent of'fhe 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 using
FIELDATA chafacter 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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ITT. SYNTACTIC ANALYSIS

A, Definition

A syntactic analyzer (or PARSER) for a grammar G is a
program that takes as input a string W and 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 senteﬁce 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 bottomFup parser builds parse trees -
from the bottom (terminal nodes) to the top (root node). A
top;down parser builds parse treeé 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.

B. 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>|<N><D>
o|1]2} ... |9

<D> =::

The fﬁ;st step is to reduce the 3 to <D>, yielding the

sentential form <D>5. Thus the direct derivation <D>5=>35
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N

is constructed as shown in figure 3.la. Next step is to reduce.
<D> to <N> (figure 3.1b)}. This proceeds until the last tree
(figure 3.,1d) has been formed. Note that, in such a parse, at

each step a handle (leftmost simple phrase) of the sentential

(N
- (II\J>
(D) (D) (D) {D) <?> <c|)>
:IJ,S 5 3. 5 3 5

i

~

W—g —Z
~o7
P
=z
~~

=>135 '—'—'><D>5 =>{N)5 (ND '—"—>(N>(D>
(a) (b) - e (d)

Figure 3,1~ Bottom-Up Parse and Derivation of its Constructs.

Bottom—up‘parsers usually use a stack for reduction
process. Symbols are pushed on to the stack until the right
side of a production éppears 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. Top Down_ngsing

_Top down parsing can be viewed as an attempt to find a
left most derivation for an input string. For example,

consider the grammar,

1) <8> ::= ¢c<A>d

2) <A> ::= b]a

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

node <S> FirsE symbol of W matches the first symbol (which
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N

is the términal ¢ of rule 1. So we advance to the next input
symbol, a and try to match it with the successor of terminal
¢ in rule 1. (which is <A>). Since a non-terminal is reached,
we must first expand it before proceeding. Upto here we have

constructed the following partial tree.

(s>

/|

o <A>

<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’

] .
V|
c (,,4)

a

)

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.
(s)

IR

c(%«)d

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

we halt and announce succesful completion of parsing.

Parsing algorithm used in ‘this thesis, is a top-down
technique. The algorithm is implemented as a PASCAL procedure

named’ PARSE and 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

o 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 1is introduced. Consider the following simple

rule;

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

This rule can be represented as in figure 3.2. Arcs
labelled a show afternates, and arcs labelled s show

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

{left hand side?
d _a

(oY== (q) (Y—25(s)

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

thiskby the absence of an alternate arc in the graph., While

representing in core, alternate link of such an element will

" contain a dummy constant denoted by the constant 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 rule 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 recursiom is to
write the rules using iterative notation, Consider the

following rule

<E> ::1= <E>+<T>|<T>
It can be written as;

<KE> 3= <T>{+<T>}N

where N corresponds to the minumum number of 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
0K vélue. 0K vaiue 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>}y, when N is 0.
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Figure 3.3- Graph of an Iterated Rule (N=0).

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

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

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

(E)

d

S

(T) —pr—2(T) ==t —=(T)
A s

Figure 3.4- Graph of an Iterated Rule (N=1),

b) General left recursion

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,

¢) Backups

Backup conditions rise when we are expanding non-
terminals. That.is, when we met a non-terminal we first go to
its definition, and try to parse it. And if it S definition
also containsknon—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

upto the initial level where we first met a non-terminal.

Backups should be avoide& 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.

BackupsAcan 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.expansion'is completed) we move a higher level. But if

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

Consider the graph in figure 3.5a. The definition of
<repetetive-stmt> does not obey the above stated restriction,
since the non-terminal <while-stmt> has an alternate link,
Restriction is obeyed, By substituding the definition of

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

3.5b).

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> ::= alblcld|e|€ where €
denotes the empty string. The presence of an empty string can
be representéd graphically by setting the alternate link of

last element to OK value (figure 3.6).
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] - <repetetive —stm.t)

d a
~—
{while -stmt) - {repeat_stmt)

2_’ .(whilie-stmt>

3.

b _

id

s s s _,
while —> {expr) —> do —>{stmt )

<repeat—stmt>
d

S s s
repeat ——> {stmt_list) —> until —>{expr)

(a)

(repetetive - stmt)

o

S
while"s—‘><expr) —> 4o >(stmt) {repeat-stmt)

(b)

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

x)
a a - a
i/(]\Ab/\AC/\Ad/\Ae/—AOK
a ,

Figure 3.6- Gr;ph of a Rule Containing an Empty String.
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Recall that OK value in an alternate link, was used
to indicate end of expansion while discussing iterative
notation. OK value is used similarly here, Thus, if the
alternate link of the terminal has been tried, that means

~expansion is completed with the empty string.

Representations of empty strings in this way may be

time consuming, 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>1
<B> ::= c

. <D> ::= e | ¢
These rules can be modified as follows;

<A> 31:= E<B>
<B> ::= 1

<D> ::= e

That would be easier and faster to parse. Graphical
notations of both grammars are given in figure 3.7a and
figure 3.7b in that order. Let input be, w = L3 , 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=LJ) 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

in core.




| ‘(A>

B)

=

C (D)
(D) |
{7 Mok

(a)

Figure 3.7. An Example to Get Rid of Empty Strings

LSy

(b)

1€
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i) SYNTAX TYPE TABLE (TTABLE)

TTABLE has an entry for each element of the vocabulary

It is declared as;

type TPRANGE = 1..TPSIZE ; {#elements in vocabulary}
var TTABLE : array [ TPRANGEJ of
record
case TERMINAL : BOOLEAN of
TRUE : (CLASS : SYMBOL )
FALSE : (POINTER : SPRANGE);

end;

Tagfield TERMINAL is set to TRUE, if the corresponding
element is a terminal and it is éet to FALSE if the .
corresponding element is 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 is declared as;

type SPRANGE = -1,, SPSIZE; {size of grammar}
const FAIL -1; OK. = 03 .
var  STABLE : array £ SPRANGEJ of

record
\ SUCCESSOR, ALTERNATE : SPRANGE;
' TPTYPE :  TPRANGE

end;
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N

Fields SUCCESSOR and ALTERNATE are used as internal
pointers in STABLE and they correspond to arcs labelled
s and-a in graph notation. As discussed before, ALTERNATE
field can take 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
allocated each time a non-terminal is met and deallocated

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

4. Parsing Algorithm

Table 3.1 gives the algorithm of PARSE. Variable SPINX
is used to index -STABLE. It is initially set to 1, that ié,
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 inpﬁt symbol. If they match procedure SUCCESS
is called. Otherwisé ALTERNATE field is tested. If its value
is 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 SPINX to the successor of current element. It also

tests Whethef expansion 1s completed by testing MODE = 1 or

successor of the current element is OK. If so, 1t moves up a

a
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R TABLE.3.1- Parsing Algorithm

PICCEDURE PARSE ;
20 o np - . LA
PROEEBURE BOBn (ircw & spaancey ;  3E
FUMCTION NONTERMINAL : 300LEAN : 9t

DROCFOURE SUCCESS (4035 : INTEGER )
RESIN i . .

s ENB

ENG

L4
L)
[

Teiep}

%E §T¢5LE LSPINXTWSYLCESSORZIL) 07 (420F=z1) vo

LK}
C

-
-t
i}
[ YA RN |
et
b
0

KouDTy THEN .
. 0XEN.CLASS = EOFPSY THEY
! F3Txn
TOMRTTELN (05 ACCE®TEDaw ")
HALT ,
eM)
- CLSE
EFE3TAN _
: WRTTELN (*#eFinD 27 ANALYSISss's
Y,eNT MOPE SYM3OLS ACCIPTED. *)
Al T
END _
SPINY := STACK CSTACKTOPI ;
50P (% “oud uP A LEVEL #)
FND: (% WHILE )
SPINX :z STASLZ [SPIHXJeSUCCESSIR
END 3 (= SUCCESS %)
“3T5TN (% DARSE )
%  SPINX = 1 ;3 (= INITTALZE ROOT NGIE %)
' FHILE TRUEZ 20 ‘ |
WITH STAZLE CSPIN ¥3 D9 3EGLN
 UHTLE MONTERMIMA AL(TPTYPE) DO 3E3TN
: HIL-USH (SPTNX)
SPTNX := TTA3LECTPTYPETLPOINTER
ET?«[J : 7 o o
PTYDE 1SS = TOXZNGLLASS.
*EEgréa%gtEJQ§Eu?‘gtawrNT = IN’JT SY430L =)
og «f
‘G§GAN . (&« GET WEXT TCLEN #)
SUCCESS Q) :
=19 ATE = FATL THEVN
£ IF BLTZRNATE = ! HEY
FLS%E%In LEQDOQ . TRECOVARY ZN?
ELSE LF ALTZ3I4ATE = OK THEN
SUCCESS (1) ,
ELSE SPINX := ALTEINATE
TND (= FUREVLR LDQP )

-

' E\JD;
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level by a POP operation on stack,

Function NONTERMINAL returns true if its argument
points to a non-terminal 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 gives an example grammar, where as table 3,2b
énd 3.2¢c gives the internal representation of this grammar in
core. A trace of the algorithm; for this grammar using input
W=A>B % C # is given in table 3.3. The input symbol #, is
used to indicate end of string. In this tablé, existence of
two functions SUCC and ALT are assumed which return successor

and alternate values of their parameters.

E. Conclusion

Procedure PARSE is a predictive parse technique,
.Predictive pérsers are efficient ways of implementing recursive
descent parsing by handling the stack of activation records
explicitly, and by'keéping 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 represéntation-for values of
the tables. Sizes of these tables are 97 words and 544 words

respectively. Thus the space they occupy 1is not much.

The éomplete syntax of PASCAL written in BNF obeying

the restrictions stated in this section is given in appendix

C.

Various parsing techniques are explained in detail in

GRIES (2) and AHO-ULLMAN (1).
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TABLE 3,2~ Parse

GRAMMAR:

1) <expression>

2) <simple exp>

3) <term>

4) <factor>

INDEX

Tables for an Example Grammar

.
.
n

-
.

<term> ADDOP <term>

HH <factor> MULOP <factor>

I

::= IDENT | (<expression>)

(a)

EXPLAINATION

W 0~ O oW

e
=)

<expression>

<simple exp>

<term>
<factor>

RELOP
ADDOP
MULOP
IDENT

(

).

#

TERMINAL

FALSE
FALSE
FALSE
FALSE
TRUE
TRUE
TRUE
TRUE

" TRUE
TRUE
TRUE

Contents of TTABLE

(b)

POINTER

1
4
7
10
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<simple exp> RELOP <simple exp>

CLASS

RELOP
ADDOP
MULOP
IDENT
LPARENT
RPARENT
EOFPGM




TABLE 3.2- Continued.

EE2E§ EXPLANATION - SUCCESSOR ALTERNATE TPTYPE
*#%*XEXPRESSTON#*#%
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
*KRATERM* %
-7 <factor>’ ' 8 ' FAIL 4
8 ~ MULOP 9 OK 7
9 ‘<factor> 8 FAIL 4
*%XFACTOR*%*%
10 IDENT OK 11 8
11 ( 12 ‘ FAIL 9
12 <expression> 13 FAIL 1
13 ) . OK FATL 10

Contents of STABLE
(c)




TABLE 3.3- Trace of Parsing Algorithm Using tables of

TABLE 3.2

STEP

1. 1 No

4, 10  Yes

5 8 Yes

SPINX IS TERMINAL? OPERATION

1. PUSH (SPINX)
2. SPINX := 4

1. PUSH (SPINX)
2. SPINX := 7

38

STACK

1. PUSH (SPINX)
2. SPINX := 10

IDENT ,  IDENT
1. Current element = input symbol

2, Yes,
2.1, SCAN {input symbol
2.2, SUCCESS (0)

:= RELOP}

3. In SUCCESS with MODE = 0

3.1. (suce (10) % OK)OR(MODELL)
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
. Current element = input symbol
. No, ALT(8) = FAIL
. No, ALT(8) = OK
. Yes, SUCCESS (1)
In SUCCESS with MODE = 1
5.1. (MODE % 1) OR (SUCC(8) % OK)
5.2. Yes,
5.2.1. STACK not empty, POP.
5.2.2. SPINX =4

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

e Heo

vl B W N

Y

W n
&~ W
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TABLE 3,.3- Continued

STEP# SPINX IS TERMINAL? OPERATION STACK
RS ADDOP ,  RELOP
6. 5 Yes 1. Current element = input symbol
?
. No, ALT(5) = FAIL
2

2
3. No, ALT(5) = OK
4. YES, SUCCESS(1)
5. In SUCCESS with MODE = 1
5.1. (MODE % 1) OR (SUCC(5)Z0K)
'5.2. Yes, ,
5.2.1. STACK not empty, POP
5.2.2. SPINX := 1 ‘
5.3, SPINX := SUCC(1) = 2

5.4. RETURN
. RELOP o RELOP
7. 2 ~ Yes 1. Current element = input symbol
/ 2, Yes,

2.1. SCAN {input symbol := ident!}
2.2, SUCCESS (0)

3. In Success with MODE = O
3.1. (Succ (2) Z OK) or (MODE H 1)
3.2, No, SPINX := SUCC (2) = 3

3.3. RETURN
8. 3 No 1: PUSH (SPINX)
2. SPINX := &
| N
\
9. 4 No 1. PUSH (SPINX)
2. SPINX := 7 1 4
3 1
N [
10. 7 No 1. PUSH (SPINX)
2. SPINX := 10 4
3
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TABLE 3.3- Continued

STEP¢‘ SPINX IS TERMINAL? OPERATION ’ STACK

IDENT R IDENT
11. 10 ~ Yes ~ 1, Current element = input symbol
2. Yes

2.1, SCAN input symbol := MULOP
2.2. SUCCESS(0)
3. In SUCCESS with MODE = 0

? ?
3.1. (SUCC(10) £ OK)OR(MODE=1)

3.2, Yes, _
3.2.1. STACK not EMPTY, POP | 4
3.2,2, SPINX :=7 13

3.3. SPINX := SUCC(7) =8

3.4. RETURN
MULOP ,  MULOP

12, - 8 Yes 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(8) Zok)or(MoDEL1) B
3.2. No, SPINX := SUCC(8) = 9

3,3. RETURN
13. 9 ‘No 1. PUSH (SPINJ) -9
2. SPINX := 10 4
3
IDENT IDENT
14, 10 Yes 1. Current elmt = input symbol
2, Yes,
2.1. SCAN {input symbol}:¥
2.2, SUCCESS(0)
3. In SUCCESS with MODE = O
3.1. (SUCC(lO)ZOK)OR(MODEzl) N
3.2, Yes, 5

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

3.3. SPINX := SUCC(9) = 8
3.4, RETURN ‘
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STEP# SPINX IS TERMINAL? OPERATION : STACK

15

16

8

Yes

Yes

v &~ W N

MULOP , #

Current element = input symbol

?
. No, ALT(8)=FAIL

< ?
No, ALT(8)Z0K
Yes, SUCCESS(1)

. In SUCCESS with MODE = 1

b P~ W N
. .

5.1. (SUCC(S)EOK)OR(MODEzl)

5.2, Yes,

A 5.2.1. Stack not empty, POP > 3
5.2.2, SPINX := 4

5.3. SPINX := SUCC(4) =5

5.4, RETURN

ADDOP , #

Current element = input symbol
No, ALT(5)ZFAIL,

No, ALT(5)20K,

Yes, SUCCESS(1)

In success with MODE = 1

5.1. (succ(s)Zok)or(MopEL1)

5.2. Yes,

5,2.1. STACK not empty, POP
5.2.2. SPINX := 3 -
5.3, (SUCC(3)20K)OR(MODEZD)
5.4, Yes, '
5.4.1. STACK is empty,
5.4,2, Input Symboli¢
5.4.3. Yes,
5.4.3.1, PRINT('ACCEPTED');
5.4,3,2. HALT
5.5. RETURN




IV. ERROR RECOVERY

A. Definition

Programs submitted to a translator often have errors of
various kinds. A good translator, therefore, should f£ind as

many errors as possible.

While discussing parsing in the previous chapter, our
purpose was to determine 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 parsing 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.

Errofs 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 declarationmn.
‘Lexical phase errors are outlined in section 3 . Their reco-
very is simple and performed by SCAN. Recovery of semantic
errors, heré, is defined as to suppress extra error messages
and is described in Section 5. So this section, describes the

algorithm used to Trecover syntactic errors.

Recovery algorithm modifies the input, so the correct

portions of the program can be pieced togather and succesfully

processed.




B. Syntactic Errors

Typical of these are the following;

. the insertion of an extranous symbol

. the deletion of a required symbol

.- 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.
Here are a few common examples of syntactic errors.

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: A=3;
B:=4; B:=4b;

4., Misspelled keyword
PORCEDURE A; )

5. Extra blank
(% COMMENT * )

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

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

error.

-~ Quite 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[201 TO 100 DO L:=L+1;

The obvious error is 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[203

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, deletionsg
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 is 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 again
2.¥Insert a string of terminals q between X and T

(yieiding 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-
15 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):é<T>{+<T>% To complete the branch, we need a single <T>.
followed by a number of "i<T>"s. The incomplete part is

therefore <T>{+<T>}.

Incomplete parts of branches play a large role in
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 in the incomplete parts of

the incomplete branches is constructed.

2. The head symbol of Tt is repeatedly examined and
discarded (yielding a mew string Tt) until a T is

found such that U=> *...T... for some U in L (either
U=T or U=> +...T...).

3. An incomplete 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 1is continued,




beginning with the head symbol of q as the incoming

symbol.

Consider, for example, 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

I will illustrate the algorithm using the following

grammar

<P>;::=<A>

<A>::= 1:=<E>

<E>:: <T>{+<T>}o
<T>::=<F>{*<F>}O

<F>:1:= 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

172 °° i-171 n
where xl.;.x. ) is the completed part of the branch and
i-1
%....x the incomplete part of the branch. Figure 4.1 gives
X . (

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.

The incomplete branch which caused <T> to be put in L
is <E>;;=T{+T}0 We must therefore insert a string q to complete
this branch. To cause the ")" to be associated with this branch,
q must 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 4.2. Top Down Free After Error Recovery

Figure 4.3. illustrates how the algorithm works with
the input i:=(i+);. In this example L={;,),+,<T>}. This time

")" is immediately selected by étep 2 (u=")").
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( <-'|-> \\\\ \') ( (.P \\\ \\?
| <l? D) F {a

(a) | (b)

ERROR POINT AFTER CORRECTIPDN

Figure 4.3- Top Down Error Recovery

The incomplete branch which caused ")" to be put in L
is <F> ::=(<E>). To cause ")" to be associated with this
branch, ﬁe must insert a string to complete the branch
<E> ::=<T>{+<T>}o. Recovery algorithm always triés to insert

simplest string possible, and this again is identifier i.

2. Recovery Algorithm

The recovery technique described in this section is
quite applicable to our parsing algorithm, since we already

have incomplete branches kept in our parse stack.

Step 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 1t so.

Purpose of step 2, is to search the list, for some
member U, such that U=%*,,.T... where T éorresponds to the
last scanned source symbol. It is possible that né 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

list, until a member satisfying the above condition is found.

Search of steb 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 indegASTACK. As- in table 3.3, SUCC 1is assumed to be a

function that returns successor of its parameter.

Every source symbol discarded means an illegal symbol
-so'anvassociated ERROR routine is called. When we exit from

seardlloép,STIND indicates the incomplete branch which

accepts last scanned token, T as a member of its definition.

Thus step 3 of the formal algorithm is also covered.

iy
i

i
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TABLE 4.1- Recovery Algorithm--Part 1

REPEAT

FOUND := FIND(SUCC (SPINX)) ; (% TEST LOCAL CONTEXT %)
STIND ;= SIACKTOP , '
{%%k*kxTEST GLOBAL CONTEXThk#xkx)
NHILEGiﬁOT FOUND) AND (STIND >0) (% STACK NOT EMPTY %) DO
FOUND :3 FIND {SUCC (STACKLSTINDI)) ; -
STIND := STIND T2
" END 3 :
IF QEEIEOUND THEN (% DISCARD T AND GET NEXT ToKtN *)
EPROR(6) ;
' NDSCAN [ % GET NEXT TOKLN *)
UNTIL FOUND ;

So, we come to sﬁep 4 of the initial algorithm where
insertion string q is determined. On exit from the loop of
tébha4;1.firét,the value of STIND is tested. If its value is
less than the value of STACKTOP, that means there are in-
complete branches in between which must be manually completed.
In other words, therébare non-terminals indicated by STACK
entries between STIND énd 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

STEMP 1= STACKTOP ;
UHILF STIND ¢ STEMP DO
BEGIN
STRIMNG (STABLh ESTACKCSTFHDJB PTYPE)
STEMP := STEWP - T .
END
STRING is a procedﬁre that receives a non-terminal as
its parameter. It generates simplest possible terminal string
for the non-terminal denoted by its parameter and catanates

it to g«

‘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, is 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 to a routine named INSERT. This routine

receives successor of the STABLE entry indexed by sTACK [sTIND].

When q is 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
assoc1ated qith its input. While doing this, it must
‘visit all the successors and alternates of its inmput.
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 is based on its input and

defined as follows.

if input is a NON-TERMINAL
call itself with DEFINITION of input;
call itself with SUCCESSOR of input

else v
call itself with ALTERNATE of input;

call itself with SUCCESSOR of input

By thls way all the successors and alternates for an
STABLE entry can be visited. Table 4.3. gives the
complete algorithm of FIND. Here parameter SPINX is
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N

l; 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,
if SUCC(SPINX)=0K 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)=0K or ALT(SPINX)=FAIL, that means there
are no alternates for SPINX, so call is not perform-

ed.

TABLE 4.3- Algorithm FIND

FUNCTION FIND (SPINX : INTE3ER) : BOOLEAN ;
UNCTAON LR, 'BBGLEaR 5 ' °°
EEGIg ND := FALSE
§I¥H STABLE [ SPIlx 3, TTASLE [ TPTYPE J DO
CASE TERMINAL OF
FALSE :
3EGIN ‘
IF UNMARKED (TINDCONTRL,TPTYPE) THEN
FOUND ND %:gﬁruo (POINTER) ;
N oUND TH
IF IgT(suc "¢> 0K) AND (SUC > SPINX) THEN
FOUND := FIND (SUC ) :
END
TRUE :
PEe § = TOKENSCLASS
F CLASS = £ !
IheRbeding 'izTTRUE
ELSE S1v
BESIY (ALT <> FAIL) AND (ALT <> OK) THEN
Fouvy = FIND (ALT)
1¢ NOT FOUND THEN
IF (SJZ <> OK) AND (SUC> SPINX) THEN
FOUND  := FIND (SUT )
o END
EN .
END (% CASE #) ; FIND := FOUND
END (* FIND #)

¢) 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>::=i|(<exp>). Call of FIND
with <exp> may cause another call-of FIND with <exp>

: P
snd so on, since <exp> contains <exp> 1n 1ts

definition.
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~

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

l thah once, a boolean function UNMARKED is defined

;j ‘ -~ which retyrns true if its argument has already been
tried. |

D .ii) PROCEDURE STRING

This pfoéedure receives an STABLE entry corresponding
to a non-terminal as its input. It will try to generate
simplest possible terminal string for its input.
Procedure STRING is also recursively defined, since

definition 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 witﬁ

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 naméd CATENATE is defined.

TABLE 4.4- Algorithm STRING

PROCEDURE STRING ( SPINX : INTEGER ) ;

BEGTIN : . TpTy> -
WITH STABLE [ SPINX 3, TTARLE [ TY?E 13 ‘
CASE TERMINAL OF ,

FALSE
TBE

JK)

"
-
=
P
-
L d
o
el
-
w
[ ond
(@]
1]

END (%
EMD ; (*

iii) FUNCTION INSERT

y .

This routine is the last portion of the recovery algo-
\ _

rithm. It receives the STABLE entry, that contains
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last scanned source symbol, T in its definition as
input. INSERT is recursively defined as the previous
terminal string and

of INSERT will terminate

two routines.}It generates a
catenates it to q. Execution
when T is reached. INSERT is

function. If it returns false that means a compiler

designed as a boolean

. error exists. Table 4.5. gives the

This algorithm is a simplified omne.

is much more complex, to take care

algorithm of INSERT.
Actual algorithm

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

NSTRT (SOINX :323AN33) 3 3)2).TAN

;;yigraw 1
TTNITH STAS_T ISOINKI, [TA3LI CT2TY2I3 3D
CASE TIZIIYINAL DF
TRJZ ¢ IF C_a35_7 TICZNGZLA3S T4z (% T IS TAZAID &)
R:424%) = TRJL
Eo3f I5 (ALTIRINATEIOTAILY AND (TIND{A_TERIINATE)) THIN
JTACHTDY 2 INSERT (A_TZ3INATZI)
FLST 3ESIN
SATINATE (2,0-433)
I5 (SJZCZS32R <> 24) AND (3J222533% >32INX) THIN
RIAZHZD 1z INSERT (3J222Z553%)
LND .
FALST ¢ IF NOT (TIND(?IINTZIR)) THIN 3T35IN
STRING (2)INTER) H
[T (3J223330% <> 24) TH4Iv_
RTAZAIY 1= INSEIRT (5J2225SI23) EN)
ELSET I (S5J22ES50R > J3€) AN) (FINJD(SJCCESSIR)) THEN
3JZ3IN STRINS (2JINTZR) _
ITA24T) 2 INSIRT (532C3S5523R%)
IN)
: TLSI RTASAII s INSEIRT (2JINTZIR)
IND (x -CASZ ¢)
NY (x INSIRT ¢) .
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. Conc1u§ion N

Error recovery requires, we can continue analyzing

without too much possibility of generating several error




j messages for a single error. If we do happen to generate few,
o it does not realy matter. This can be provided by keeping the
insertion string q, as small as possible. So procedure STRING

and FUNCTION insert are designed, to minimize the 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 redovery algorithm used in 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.
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STEP# SPINX IS TERMINAL OPERATION INPUT STACK
13- 9 NO 1. -PUSH (SPINX) ASB*)# '
* 9
4
3
ident ’)’
14 10 Yes 1. current elmt=input symbol
2. No, ALT(10)%FAIL
3. No, ALT(10)%0K
4. No, SPINX:=ALT(10)=11
' ( )
11 Yes 1. current elmtiinput'symbol A>B®)H#
' 2. No, ALT(11)3FAIL f
3. Yes, ERROR, RECOVER
4, In RECOVER with SPINX=11
4.1. FIND(sqcc(ll))
4.2. In FIND with SPINX=12
4.2.1. Is TERMINAL(12)
4.2.2. No, UNMARKED (TPTYPE(12))
4.2.3. Yes, FIND(1)
4.3. 1in FIND with SPINX=1
10 4.4, In FIND with SPINX=10
4.4.1. Is TERMINAL(10)
4.4,2, Yes, current elmt;input
symbol
4.4,3. No, ALT(10) <> 0K and ALT
(10) <> FAIL?
4.4.4. Yes, FIND (ALT(10))
11 4.5. In FIND with SPINX=11
4.5.1. Is TERMINAL(11)
4.5.2. Yes, currént elmtiinput
\ symbol
\‘ 4.5.3. No, ALT(11) <>OK and ALT

(11) <> FAIL ?
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STEP# SPINX IS TERMINAL

OPERATION

INPUT
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12

13

11

4.6,

4.7.

4.8.
4.9.
4.10.

4.11.

4.5.4, No, SUCC(11) <> OK and

11<(SUCE(11)=12)?
4.5.5. Yes, FIND(SUCC(11))

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)=137

4.6.4. Yes, FIND(SUCC(12))
In FIND with SPINX=13
4.7.1. Is TERMINAL(13)

) )

?
Yes, current elmt=input
symbol

4.7.3. Yes, FOUND:=TRUE

4.7.2.

4.7.4. FIND:=TRUE

{FIND RETURNS TRUE}

STACKTOP

STIND :

q 1= empty string

REACHED:=INSERT(11)

In INSERT with SPINX=11
4.11.1. Is TERMINAL(11)

?
4,11.2. Yes, Cugrent symboléin%ut
symbol

4.11.3. No, ALT(11) FAIL
4,11.4. No.

4,11.4.1. q:=CATENATE(q,"(")

4.11.4.2. (Succ(1l1l) <> OK)
‘ and (12>11)?

4,11.4.3. Yes, REACHED:=
INSERT(12)
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INPUT

STACK |

12

13

10

12

13

16 11

STEP# SPINX IS TERMINAL  OPERATION

4,12, In INSERT with SPINX=12

4

A2,
4,

12

.12,

.12,

2.

12,

1.
2.

.12.3
4.12.
4,12,

Is TERMINAL(12)

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

. Yes, SUCC(12) <> 0K
. Yes, FIND(SUCC(12))
. In FIND with SPINX=13

FIND returns true,
immediate success

. In STRING with SPINX=1

4,12.6.1. Is TERMINAL(1)
4,12.6.2. No, STRING(5)

. In STRING with SPINX=5

4.12.7.1, Is TERMINAL(5)
4,12.7.2. No, STRING(7)

. In STRING with SPINX=7

4.12,8.1. Is TERMINAL(7)
4.12.8.2. No, STRING(10)

. 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 || IDENT=

(IDENT

réturn form STRING

¥
4.2.10. REACHED:=INSERT(SUCC(12))

4.13. In INSERT with SPINX=13

2. Yes ...

4.13.1. Current elmt=input symbol

4.13.2. Yes, return from INSERT

with input

1. current element=input symbol

A>B%(ident)

1\
head of q

twbm




V. SYMBOL TABLE

A. Definition

» A translator needs to cbllect 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 1s 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, in 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 langdages the same identifier can
be used to represent distinct names with nested scopes. In
such languages, the symbol table mechanism must make sure

that the innermost occurence of an identifier is always found

first and that names are removed from the active portion of
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N

the symbol table when they are no longer active.
Symbol table mechanism, thus should allow us;

1. Determine whether E’giveniname 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

This section describes the ways of representing symbol

"~ tables in general.

1. Unsorted and Sorted Tables

The easiest way to organize a table is to add entries
in the order they arrive. A search requires N/2 comparisons
on the average, for a match if N is 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

search can be used in this case.

Another method of accessing symbols in a table is
using hash—addressiﬁg. Tﬁis is a technique for converting
symbols to indexes of entries in the table (the indexes are
numbered 0,1,2,...,N-1 where the table has N entries). The
- index is obtained by "hashing" the symbol, i.e. by performing
somé 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 it.
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2., Block Structured Tables

Algol-like languages have a nested block and procedure
structure., The same édentifier may be declared and used many
times in different blocks and pfocedureé and each such
declaration must have a unique symbol table entry associated
with it. Given an identifier, the problem is then to discover

the correct symbol table entry for it.

The rule is to look first in the current block, then
the surrounding block and so on, until a declaration of’ that
identifier is found. Such a seerch can be implemented by
keeping all the symbol table entries for each block contigi=-

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

BLOEK SURROUDING  POINTER

BLOCK . /V BLOCK 1
1 0 -
2 1 +—0 IBLOCK 2
3 2 - .
4 2 T BLOCK3
\A |BLOCK 4

Figure 5.1- Block Structure,

Once an associated block is found,sea?ching it would

be simple.

3. Tree Structured Tables

This organization strategy is 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

with one entry for identifier G. Suppose now that the
identifier ﬁ‘is to be entered. A branch is drawn for it to

the left, since D < G (figure 5.2b).. Now let the M be




- Figure 5.2. Binary Tree Illustration.

entered, SincekG < M a branch is drawn for it to the right
from G (figure 5.2¢).. Finally let the identifier E be
entered. E < G, so we.travel down the left branch from G, and
to the right of D (figure 5.2b).. Figpre 5.2e. shows the tree

after identifiers A, B and F have been added in that order.

G G G

(a) b) (o) (d) (e)

One can implement this, by having two pointer fields
with each entry; one for the left and one for the right

branches, ' N

C. Implementation

‘In this section data structures and routines used for

symbol table manipulation in this thesis will be explained.

1. Organization of -Symbol Table

As mentioned before symbol table is organized in a
tree structdre& manner. Since, PASCAL has a nested procedure
structure, eéch procedure has its own tree structure to

store its local variables. In other words, symbol table 1is
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organized as an unbalanced biniary tree at each level.

© It is also necessary to access variable 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 implementation 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 given by the enumareted type STRUCTFORM. Similarly

IDCLASS shows classes of identifiers.

Field NAME of record IDNTFR is used to keep the actual
symbol itself and it is used as a search key. 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.

Variants of IDNTFR which are dependent on the tagfield
'KLASS are introduced to indicate level counters, to differ-

rentiate acﬂual—formal declarations and to state values of

constants.
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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 1is
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 is 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 Variantirecord type provides several different road
maps for the same area of memory, and a tag field value '
determines which road map is currently in use. So it is
reasonable to consider each variant as a subrecord, activated
aécording to the value of tag field. (If there is no tag

field any of these subrecords 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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.
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: INTEGER OF
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s FSTFLD = IDP2

;: IDTYPE = REALPTR
: IOTYPE = REALPTR
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: MXTVAR = STP4 ;
P OVARVAL = 1 ;
: NXTVAR = STP6 ;
s VARVAL = 2 H
; FSTFLD = IDPS ;
s TOTYPE = REALPTR
¢ MXTVAR = NIL
¢ VARVAL = 3 ;
: FSTFLD = IDP6 ;
s IDTYPE = INTPTR

: KLASS

WE

KLASS =
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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 field). Eventually field NXTVAR points to the next wvariant

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 IDP1 to IDP6 are assumed to be pointer constants of
type IDP, whereas variables STP1 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

representétion of table 5.3).

3. Predefined PASCAL Identifiers

The«following identifiers are entered to the tree of

level O, with their STRUCTURE definitions during initializa-

tion.

1. MAXINT
is a constant whose value 1s dependent on the machine,

2, INTEGER ’

"is a standard scalar type. Its value ranges between
—MAXINT a8 0 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 is defined as

type BOOLEAN = (FALSE, TRUE);
el
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Therefore FALSE and TRUE are constants of type
BOOLEAN enumarated as 0,1 in that order,

6. TEXT
is a predefined file type which is declared as

type TEXT = file of CHAR;

7. NIL
is a implementation dependent constant used for

pointers to indicate null entry.

8. OTHER IDENTIFIERS
These include standard PASCAL procedures and functions

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..20] of IDP:
TOP : 0..20; {level counter which is initially

zero}

TOP is incremented each time a procedure is met, First
variable will be entered into the DISPLAY LToP_}. Other
variables of the procedure will be entered (or searched)

taking DISPLAY L TOPd as the root node.

‘Similarly TOP is decremented each time a procedure is

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

since it won't be. used anymore.

Current tree is pointed by DISPLAY Lror} every time.
Trees of surrounding procedures can be reached by referring

DISPLAY entries whose indexes are lower than the value of

TOP.
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5. Symbol Table Manipulation Routines S

1.

PROCEDURE ENTERID (IDPTR:IDP);
Enters identifier pointed by IDPTR (according to the

algorithm stated in section 5.,B.3) into the symbol

‘table into the innermost level.

PROCEDURE SEARCHID (KLASS: set 2£ IDCLASS; IDPTR:IDP);
Searchs identifier pointed by IDPTR whose class 1is
included in the set KLASS. The search includes whole

symbol table, - 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.

PROCEDURE DECLARE (IDPTR:IDP);
Used to Suppréss multiple printout of error messages

as mentioned above.

PROCEDURE SEARCHSECTION (FCP:IDP; var FCP1=IDP);
Searchs the tree whose root node is pointed by FCP and
returns result in FCPl. This kind of search is
necessary for instance in searching fields of a record

or searching forward declared pointer types.

PROCEDURE ENTERSTDIDS;

'Used to enter predefined PASCAL identifiers at level

O'

PROCEDURE PRINTABLES;
Dumps symbol table, separately at each level,

PROCEDURE SEMANTICS (ACTION:INTEGER);

As mentioned before BUPASCAL makes semantic analysis

(at the declaration 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 is
to perform these tasks. Calling sequences for the

procedures ENTERID, SEARCHID and SEARCHSECTION is




controlled by this procedure,

SEMANTICS is called by the parser each time a terminal

is scanned or a 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 1is
previously declared if so an errof message 1is given.
otherwise it will be entered into the symbol table by .
calling procedure ENTERID. Successiﬁe 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 is
stacked, to set same flags, to take some initiative
actionsletc. or when a non-terminal is unstacked to

reset some flags, to decrement a level counter etc,

SEMANTICS will be called using 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




organlzatlon ‘techniques., HOROWITZ-SAHNT (3) explains dynamic

allocatlon and deallocation of binary trees.,.

Symbol table will be dumped if the option $PRINTABLES
is 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 scanned (predefined identifiers are also

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

variables).




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 given by parse tables. BUPASCAL
uses two static tables (TTABLE and STABLE) for grammar
representation. The siée of TTABLE depends on the sizé of the

.vocabularonf the language under considefation, where as the
size of STABLE depends on the number of rules used to define

the grammar,

Therefore recovery algorithm is also designed, to
respénd to any language. Because of recursive and iterative
representations of grammars, I believe recovery algorithm was
the most important and difficult part of this thesis. Test
runs showed that, even the most terrible errors can be
recoVered by the algofithm 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 gramﬁar.fﬂmse routines are to be
inténded to perform semantic analysis and to generate inter~-
mediate c&de when called at appropriate times by the syntactic

4

analyzer. When a severe error is detected, code generation
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terminates where as semantic analysis should continue until
the whole program is processed. An associated routine is
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 labels to respond all entries of STABLE).
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APPENDIX A
SOURCE PROGRAM



PASE

PROGRAM BUPASCAL

s
-3
%
S
%}
*
% PURPOS
% Mo
*® STA
* INP
= DESIGN
* CiM
® COMPUT
% UNT
* DATE &
% T SLP
& CENTELR
& BOS
¥*
&
&
&

AREL F55 U S
aMST

(g

a:i (ks

L
Ci

~ 4 g
Gy 7y e
12

bt I AT

a

[ vl o) e A N Vo le o)
—)

RIDWNTR AN TTHA Ty |
vl B2 Fow D Join s oy T
AN 1T LA e D S0 e
ARIRIRE NI RN Y]

il T b
< g, T8 B HTY
VYR e (T

[ =t

-t

-
o
i

1.4
=
o
s
—

(7]
o
0

OPERATOR

>N

e D)
MG

e I PV OO B

P Ve RV U BV,
i

MWD 2

MM
CHODa P B L O

S BN L R B
[P4]

VA4
T E e e 2 G

AN ERENE NIRRT

Iy
eIaNECD
|

st
o

+

MY
P i g V]
prid
(9]

R B
VR RO
Y T ) Tt

T 3

s

-

QXN
2 N
TRTRY

aYe
O
<

~FT 4t

N

{INPUT,OUTDUT)

-t
o
e T B |

A i 3
rmw

&

- 3= e
k4 I

Lo
Lot V¥ ]
T Y@
(e

FLOATAY

- Mo f”f"‘
o B Ny BRIt |

v —rn WV

Iow im

W g B
. 5‘02 -4

-y

LI R V]
[ ST BN @I o8 vt Bl

"

3
[ 48]

A -~

(vs)

™

1s

(-1 0 4

|13

1¢32

Us UNIVERSITY CO¥2UTER CENTER

(* MATN RETURN ADIRESS %)

P
AV a o B NOATE A8 IR 4 oL
-

L 03 -
E DR AN T

P 0 ORI 3

e

3.0

iR

(A dws 2L QN ¢ o] WY e *RY AW
LR S RTWEVEL TR EE LN X8 2

(9]

e
&=
D A

-
()

A

- g

e
4

"

[ @)

m N
R e e T e i R

07 g DI g 77 B g (750000 O
[y R L ey B FRATE ELIW - o 471
NN Nniin Qo v &
W R E M W W R om e e v W R

s T 4]

&
jand

K
[¥4]
-y
A
-

s i |
e

LGN L L I L
B SR TS S ST

o i
-

[
g
B L 3]
Q0

o

A0 e VN TETD et

oo,
P

€3 b4 X

T
P e

VR
M

P

[ A —f
. e

1 4 DN

o UVEY, ¥ B B ¥ U ]
MO Y e IR

A
<

E

AL >0

Xy

T 3o )

e KR
[N e g

sk O = 50
< &M

g g LN Y Y
[T ANE 247 ot

<<

w v
(/Y ee Cime

o

-

= 30 ; MAXERR
AR Tt .'i MAXSET
£ = 72 ; NSETS

= §§ ;. MOACT

- - 2
3L15795125+337
$7129853E8+154

: =:5000; MAXMIN
ITNTCONST, REALCONST,

TOFPGHM, MULOoP,

L2ARENT, RPARENT,

COMMA, SEMICOLON,

. ARROUu) COLON,

BESINSY, CASESY,
DOANTOSY, FLSESY,

FARSY, FORWARDSY,
IFSY, LABELSY,
PACKEDSY PROCSY,
PESEATSY, SETSY,
TYSESY, UNTILSY,
NITHSY, OTHERSY
SLUS MINUS,
LEQP, GEOP,
£30P, INOP
GT4 ;
514
T H
[ «
bt [
£ :
I4IT;

PSET, STRING, KHaR)
rsT35IN3TXT OF CHaR
FSTRSINDEX] OF CHAR

BOCLEAN i

. CSTCLASS OF

YZ7ER FOR PASCALG

FUNC
PRO

RN

P Lo
P e

R e e A R e

AR R R R R R A A F R A a N A RN R A ARk A e X ek a kg ke x ek qa X

VLR oA It & KT 2
AN AIAWVI D OMO WV

=4 R) €2
35

e meny

-

o,

e mems — R R R AR R KR RN

- A, o A kO e N et

A AL BB B B N B B R R

DO
T
- .

vl
-




AN s am

W . g, .
3]
W
P
-
84
L N
ul o W
v o
[FERN VI VR § oo

0 D
Lid Ny
bt b e 1Y

e TRLVE - e o

o $ AT I 170 A ]

dHeN S 40 %P @
o g
R NS L2 |
Lol T oY -
- O QOin

B e e

*ERS 4V ws B

(o]
6.4 Z
(LW ] g v )
LTV TV . & 4
PN T
e KW B ]

INCRADRES)

RADIES,

o
v

0PRTR,

o
L

5

EN

-~

THKMCLASS

- TO¥

[pdsa
olwx L)
Irrx
[ W] P
(TR 4
L b OO
(o S I S
Lan} 8]
[an L an] [7a]
3¢ >
of '
b 20 28 S )
Yy oy lad
- et Y P

TIEZu

[BYSIE YV
» o
HCHE Y oY el
ot oeg ML)
Lt ld M

AR NE

BT Yo

]
d 07y

ol

g2 AN
N
Y-
a0 U0

“msm smeh

R,20WER ,ARRAYS,
Sy TASFIELD,VARIANT)

Tz
LE

L Vale 00 ol o o

[ o B QR I PN i
ot {3 (D DY
AT
L ST S onl )
(D il 1Y ekt
(VaReaVeRsiroga

oo tntn

o

[ad Lot
Lo ] (o] 8 4
[0 - pou}
s R
L X K]
Je B | e
[#3 bu [e 4NN ¢

L ¥ B S i S o

[Z] _H. (Va1 el Vo]

L.
Choem

-~ LA NN L N LS
o
ZD . -
(ST .
e 44 2072
R L - b
') P R i N X 2T ]
Le b b o L |

R L R T T T

~
.z T v
e ot
).t)} -~ (1)

- (Va3 1Y)

[oe TV SR A ¢ s v ) OD.PGD.D»D.D'D, [

P S TT»AUF»ODT.OWUTHJTY-.M..
.-U.oS&\«SBPBiS»b N AN -4

L > . €
\,UT Sm ek sl SR OB R hn 0 e BE SO FB e B Ne LXRFY LYY

Vel > (o8

. Al =~ Lot -

Cr o <1 L. a =

ek oW = . o BN V4]

“new w0 08 2D (VX [TRp I VY] L
ned ot 12 ) 0. »y ey om0 Hl0 ey )

OO OWSF O > e o et Do Y el af
[ PY Mo -4 £ B ST BV Sy & YTV = o T CRY PO S 0 )
O 27 b LU o0 5 b 030D D e DD e T b e OV
LN O g 3 T O YL U et L D
[SAR TR D I - i - SR VR VRT oW -l o g TON A R 48 VI VI o o -

LAl SSTS R
Lol o S PRE S
Z Y = (DY LY b0

Land s 4]
e va tad
YR w
S 4 &
. =X .
Lo | o
[ TR -4 £y
L )
[T " FRX o) [Ys]

i

[R5 oR ¥y ]
LK g
N EQ

S g Wt g
w6 ee va s
O wy
[F5 B Vo B A
Lagll 70l +
Ziak O
L34 S
DO Ll
[ARN SRR - o

e Nt gt e
L1 e a .8
— )

vy (o]

L - ot
- wd =
3 (Yol ol -
=L i, Vool
G [«
-1 o h ¢
5] Iy - pd

£ND

-
14

UNC,PROC,PROG)

PARAMS,

Lo T LAY

Lo

-~
Wiwvy_J1. J
a4 i gt
L, € ¥ 2=

L W0 Y 5 g8 TR
L e R R W |

LY Ot e

Rt B A 4
S b 3
-ty ot
b O @

o N S R

e
Cria b el i}
X U~
o~
IRRIR]]

Wy gl

(Vg VI ] y
(e i SR L P
Lol ol P -4

e A Y
[ )
[N RS Y T¥Y |

] ik}

.
¥

iop

smce bm
o~ e
. | o) iad
= W
) <=
= -2 -
s AL ) O
ek ol
oo I
-~y [ G I |
= W
e C) 4o ve ve
i X1
- (VAR sl
RO Lo R LY e ]
W ower I T
veoisd v b jrdnd
e
QY L=
[ TE e R
[ T S
Lif tui =
[ B ol o)
(o2 SRR Te el Vo REL I
Dax 4D
[SX B - &
Lok “e D
€ welat Rl d
oot O
[ TED SL SR PR -
[BY B ng S oe R¥ ]
e D ¢
[ I n N & I
o .

o

/

o
~

ONTF

T

[
pr PR R¥s Y on )
e N Vg
L. =g

-2

LY e

— D
L ho
L ) e
J ﬂu..a/.
] oz
- LY )
g o
x [FRAL] vﬁL
s | [6 T B
[ &) >n
1a$ Lot adild
(el v oy
(X " (4
.0 [ PR T g
-~ d 4
(o4 nd orx -

P Al el T
bod #% 05 a0

N T R

P N ¥ o B TRE 4 VR
[SHR8 AT B0 1o AV )
Lo} = €8 Ry, »g =g
=2 Q0.0

LT PR B oy

(s e W
L



S00LEAN)Y I

.
.

(FORWDECL

-

ACTUAL

END

A, e P, gk, P, i, gpn - W A, S g, e, i g ey e, -~ iy W, iy g g e g, - o~ — g~
ety s * 3t LR IR R AR A AR # LB R IR 3 33 * 8 LR
¥ a *
H ) LT thre Im T smYm sm YR e cmon b » ’ 3%
[ *» (0] ¥ +
(1 & Z 1 * N
Z ¥ et " * #* [+
D * 4 [ " 4 * H o
* O - 3t 3 o
(70 I A4 #om [ B N | * o 4 #+ a4
(24 R - 5 b 4 L V17, [ €* [T
r #+ > D0k D)4 L IR IS | |l * 44
Lol oo 4 +#+ w mOu oy L3 [ 1% P <. * O
e ) g el D - L 4 > e i} R4 e 4
Zui  mn - 4t [ Lol S o ¢ [7alVel R - wH [T] % < ++ [aaled
D o i = ZAE (x e gk T P | ) % diad
< Ot [THS S TV ] gl PRE ST PR N S PR) X . L Ll o *
e L jet 11 ¥ % 2 4 [ B N L | (& I e o4 Lot SN 1 S B S | * Ll aad
L ] TRE L o e I ot} ek 4 A S R4 B R 743 (R TR LR SR VY VN O TRY o ol 1Y -3 v
TR 45 4 Lo S | D hel _fnt (D fa P - T LYY I R PV IVV B it o8 VY BN » VY 4
s Pt P IC ar OF L ~re o oren (&) . Wil VU2 O Z@uibie » o
DZAIVL R D% Pl o Y =l Ly« < . N ot o - <y ol Xxor? 4 ¥ ja d
- Lo < S PREN o o4 ¥ L VDI e T r . OFZ WL Z OB UL +* usg ¥
™ (PR [ o VIl oo TN o0 ] Lol 3 I DAWIODTLY Ou oy [t R I e “ g v S VY L TV § (S 3 [ 2o ]
Lt O BIOTON [V 23 (NES] (3R T A o [} LI o I S ] L ol - >
4 . b ] A ek e TV N s Bl =My 2Zg o o el . >
| i bt =L - 4 O Z Iy b T AT im OO L - g e S e o & &2 TH
L oo »>no Laak - 4 L IY A P Ie -y Lo, < 27 R 5 G XV TV Ron [ 3 oy
N P S - o S A e O Y e T b NN [ FAFEYT O% e O8I Lo - g o
fon) A THE T T G Y D# IO T _Jed o= ol o oot Wiy i oLZ2Z2Zo -t % s
b= dwba salyd uen E.s iy S [ o VT PN e by N ) T M
o R tr LR R (o B RN E XX R S B L et o BN o' RV, B S SR ‘N N S Y " ¥ W
- Vol OY Pen T b it N S e e e s S o o e o « Twynie  a s AR e e e o ¥ -~
fiond DL o e Y 0. K L4 €y > X LISAL e R Y (B 3
Lo Wi 0o.v ol b 4+ - C e - L AW ] i B ey [
> (R G I | with a. R LR LYY ey Wy i - e ouw casw ) ol - X [a'ed AL AL ¥ 3 Xy Chrm e o % LTS
bt b L Lt b bl o . o kit ¥ ’ : A (V7 i Lot oY AN o] TR L fad
W - | qub=- s p¥ns] (W] S s (o] L R B 14 e Xt Ll O B e W " L 2
letex FATER - - O ‘e 0O 0y o3 -y [ A o Y.V | o & G - 4 wy sl wy -t [xlE-3 [ g 4 (4
At r&.L‘\L.L O L [an RTW LTE RV) R~ d PR Y ] ot 3 X . Lt e we O bbb DY YD O QO Lt
b gy — LN« L0, (N i 3% e [P (Dt (3" € ey, C= 2 it or Oty orore) Lon [ T9E -2 >
.40, b e ve wu veer w0 () X iaktind L LS L) 883 e} (DY lad g wl b 0y, HOL L) DV e v~ . i Qotxex * <,
L) Lot CY b LICOY bee -t [ TR S & ¥ LA VR TRITY | v 3
LMy . ry - g Al e L Tn - d > % e T Vs YT AT T “ oas [TRTRT! e os w4 N Y g [ TLEE) tod ¥
P ¥ o) LI ol W N o PR # e Pl R T 4 o Ly R VR PRIV ] o % fa
[0 IV ' e o el: 3 LY =1 . N %] - [ T e R 3 .
x ol [®) D e 82 e 4w 40w s [E 3 S Bse we B ua s Cr [¥s] [wS % [ ) ool [ 3
tadem emy, o TN S | e S [ & L ¥ Mgy Crad oD
Ls. LT o ’ ar Ll 3 ) (VeI W I bt o
Od il 1 ol o ol ) dlad b ey e [A NS ) =L % (X Dl E W h 4 o bR R TR LY o % LA
|l K 2 COE O >t [l - 74 (VR V17 - it 4 o L it i ] LW w4 b
i Tt o P A T o A L PN | T Qo wChd ) vl LU YT O Dy QLTI O (a2 S e ] = -y Y Y aq al Vi ek [ S | v #
LGER RTS8« RIS - & o 30U B B V) C a2 Letey ped O Dowmt €3 () e R o ) S o a [on] SR S o I i o vl ++ (S5 & ZEa PY L3 (43
VO U ) (o B VL& ] o M TRVE ] T [Ty P g W e T JVRR S, B T ) CATS I L S<r
B SR ' Y | 1Y & (AW TE] i VR [ R G151 S SRR 8 TE R S S S 4 Y WO S wdlie @ s b b O —-— e e 39}
Wi ondEoLbo 170 I Te LIEY, b i 8 Se  TEE E G i i Y4 RVN EPV B S SO 's SR Vs L B~ T S R | [T TV B S S | oo ot
[ IR S AT & S €] NS LG Lt OO O e WS IO ZW o U G Ll I v (a3 Vg
bt L TR 4 . - rz . D el TR0 T DO DO DE - O il T Z 2Tl il - [ 4
Dt il ol : . e U Q0w OO st ) b (DG ML e Ok D TR E VR

VAR




. i, i g " -y o~ g~ P . — iy P S~ —~ o~ o~

—~— o~ o~ e e R B N R N W W S W
W4 NN % + % * % LR IR -3 3 * 8% * * LR R I IR R - . R X
* T3
emsaEm Ve e .- o om R 3 7y 4%
¥ ¥
”* © ol
o ™ - e
. #* 4 ¥ N x
¥# - 4 Litaln, [T
‘ad x po | #* «, L R E7, TV | 7] el
[ = (@] @] *# (&) +* MmOl v W»v M = 4 [T
[%] Q P ON M x % Q. #* X X o < ]
(a] 7] (8} g Cte . e et L N o vy L 4 Wt X -
wd b4 o 4 + s T I * b @ (4 #* X I3D b= =N AN udiad = ¥
wi z [oYs'd [t relr W L # X6 w o VI Ay R nuno oD L e
e | el xo % 4 2 4 . * | ] i e 4 o T RN UYL > YR B I Vs T Tum R RV Jor. 0 | ) » &
p 2 VI o Q& wo € o vk L. S R ] ot o b= 44 [aa 3 Lol ol o B & . g Sheugor NN Al ol 4 S S P Y Ve
ik QN (% 1s 4 o L Tul O D QO LI Ll ] > tadiad & tad D Q=LA O bt v .2
[l o o L . - [S18) TN vy or# v IO > ok et Bt | ot 3 b W VOO Dx O Libl=e-
A b XA (' b oM M Mz D# O Q 1l wie © e QE NIDDON A ZXmMmmnOULLd U =i
bt B bl €O oo <y L= 1 M o LY W [} o o ol -2 X0k O er DQeO . D F.O,
79V T Y} [79] t2d OZMYT o~ M (ST S S 4 ks b [ 4TV} e} T 0 S VF N Vo Y, B S N 0 s £s 4 o o D W d
0CICI prad Z oy e Led DIH LI WIE e GO 0. -3 Oroved MLl WUy » LI TR
N NAm € O = © b - » b S N A T T THEC. & S Y 1Y 7.2 S & SR S VTR VV EVS LY B 3o Wi 200 S VY NPY RN s Wia e Yo
vy O ] Bt ot [P0 TR 1 TR e v L b Y Y] N om [T VY NN - LhOD S En e ™ 0 e b
ALY, A4 [ Y& (X ®] JO%OQPLO.LF W T ey [oe X T iy e .4 -2 Y B (1, 1" S - G- e DUt Ws < .S o TS IR S|
(Vs 0% o TP 1Y [l (Sl »] >3 ¥ WC owoom [SIVER"Y o0 Rt [ - SV ¥ Yowe B Vo B V4 X V23 8] LI Ut b F oy
% (74 1%] [ X7 A]SV.-JY‘JY «g 3% ) DI E L (SN S ] ol L TN - & SR PV VY 17, TP Q) A m
P i Y 0. K X &) o leX"2) b2l ST Sl o [ . L e O o Ly e e “rp—- O [ 3 TWVLIT O OOOOOTa e3¢y I ey L)
VEF L b 0. =t 0. < o = Yt (D i [ AN oy Sy ) 11 =€ 0 Wit L S e Na ol o S el e TOR THRE B ¥ P S ol S ®
e ITRR- 20 S PRV e PRE 4 g A e PR s - St
% ¥ B N * ¥ 3 o g2t 20 )= _ )<L -4 # LR - . S 3 - 2 L. 3 - DA > o> WA M N BB %W RN MR M B N R
PTG — S ey © iw famk | —— S o S S A [ Covm s A ot Y e S e Wt S St W Vo N Y ot Nt i s S s e S Mot
(L RE] B QLKD) . P e o #
(TR o] S Latle SR e Rl PO AR TSR 2 = i : s LLE DN VAR - te  eene .-
S - [ (2] LIy LI g k-2 e e ca  rurn 14l D) e m . LIS 3 FSYeY S o
[l < iy Lo L (Va2 - [Rgway Cr. g o P o
oy ed o S e (o) L) e A e L w4 7 . d M N w0 4 at
motee 4y BRE B F AN Fa N4 i L. T Oy U [V B 3 SV A ] o1 Y b 5]
o - . o a4 Y VOO Y X o - [w] x o. S Z W s g e %] 4 e
ST 0 e [T} Lfr(r ==y ¢ (¥ o [ S« W 2 [P S RS TP S 5 Y (% Y & MR o M. -~
[S NS 45 4 (a2 N0 O L L e g i [& S 7% T e K SRV | BRI o [o' - oB e TS BT & S B U R S an Yo | Zo™n
[T G § « YR Y € en e . B o W e Y WIC e v LI iy L ¥ Ny V) ek OO
[E RS B ) [T R LT R TIR T Y I T B & TNV T Ls SENETY BENEY) > S G Y ] (1903 1A vem (g hnes VL R I % S oV [G R
! g [T . . : . ot w0 Ll L3 xer o 2 b Lt ol TR S e | O R e G T I T L N U N L S
[N ) L3 e . : #E e D 0. [ ds S SIS g B YT TN - ae -
e te g o 20 (57 SEN R R S oo N STa P ¢ S > [ S PRI TV Lai: SR eV el SUN o~ )
wd ) LAY ew e FT . [INE . L T e E 3 Laad [a W WP ok S WL ST TPV BV o oL
wlha €L re 0L bt ve . [Vel 2 O D d 6 bl w3 [VaRV4 100 o (2 Ve o' [
D A S NI N A TRYY | e ) b o % B R I I IR LTI e Y - & de g i 1) b g 3 - ™0, BT | d
[ @] o QO [ ) P 7 B - 3 [ (&) [} [&] [SRVEE 3 L o A e - (%]
. b 2o el & e LY D [ I o oo tad p W el e ~4 I WD D Iw D> ool s S T
Y TR L B S e} tad & -t O Lt ] V% o LR Vo R o VAR ¢ #oow ooy - L [P 4 o) N (TR A T o U T < a. .o
WAV L AT, Ted Y AL TS 0 % A L e 5 TERTY I o gy e -3 Y R Y0 T S VS 1V B Y e et B 1 TR O T
CITEY wd bty T4 : ps S & SL T o SEL R S MO TN I [k R s - R T I P LR s v ] O IR 1Y YR |
179w J o G VIR L 4 o . QORI X D [ 128 R TTW K RFS [ 0=aaiG 4 T 4 7y #g LR TV RV RV Lo W B i il B 1V [V R LEE N @]
ou ST ol SN S 4 4 vy oI Ga O W . wl (o 200 .m0t w -y . Ol D S Dol Qrbed el 5 G (D0Q G0 o
R o S 0% EVS o S D oI e b0 o id P R e RV I o (6 W o L VT LY < o« S (0 N0 IO T LIl W L)
[Va el VRIS 08 ¥ v - Ll boked 30 200 . VICE G L O 0 L R = PR VAT FR VI Vg o Vo L7 JUUN s SONG NN s [ 2 AR (MG RN <Y




.~ o .

e~ LR B X

L,y S, H P P G g, W g e, g g g i, o~ -
A E N ETEREEEENEE R FE RS EEEEEEEIEER * 4 % ¥*
* *
* *»
»v oo ot * - »
[TY S e (L) &) #* 4 B .
(G Y] x (19 “®r »
o e ved [ * Ty ® o'’ o' ga'de L4
(% B [} # # Lad sl Labat ) [N
Ny k™3 x (o4 o e 3¢ Yo S b ot e e
L ot [+ QY o ad wdd 28 i -~
X oo W [ ] A Y ] gz % : e B oo e B2 R | (%3]
- by L > b=k (IRia: I N [nleYulolale =)
[s NN (P9 Dl e o : o anooot L 4
L o S S PRY S Vi WX O > D w1 Aot
VY X D ke OO0 MO W L QXN o W (] I
ety - DW=\ -t oo ey b W wvtw !
I FY ) 4 b ) O [TV T RV B T N s WP, RV 1040 Sow TS SRS VU 4 (AN S T R4 |
e Wl OO e o Wiadtiib NI B o« b o« 3wl O bl b
) Vg Do @ LIMUID A d vl e ) () L ety e [l A T T .
O AnT TR VoV, R o & I beeauthe Cile QDI 2 dv [ -~ am
[P RTVI" S L [PVTS B QW LYY B 17} NV Borm>  Lm > YOG > - s
LA STV, T o L VoY S R | i B OO Lot b ik b o 4 N T
WRO ) 0 w0 XL O b Ll Y B (A be () b ) e N o et B " o(n
[T T oa Y G TRY SR S T TN T 2 b i R R A B T U Bt Bt B ot B o fvewnn -
P - OO O B Oattd e d 0 BRE ORI Wl w © =t .. n o <ty
Mo Fmbix 0 o a0kl Cunn . oo #E T rE i (PRI T PR TV 0oy = L oo
0. I YO Ty Han 4 o # N : CYCICAIND ¥ 0. [a L 0o. >>wn
BT ™ sl B LSOO O i ol B i Lt - [ [} Lt P
taddb TR 08 (L b PN x..ﬂr..f.& $TC (2 En TR DIDTHIHDD [ Vs [ . [ N Yon
: ¥ 4% o 4 save On 0 N e
L2 S R N 4:#####* LR R N R . L T LS . b - ey e (A se e
B o e Tt i Spa S st N ! St W e i S S s o N st b L R ~ L . Ty | e v~ O ) bt s o
[XY ‘ raew ) ) [%5 TTY TR %
e e [T TV e fo4 YT QL LI o} LA LILLIN S LS &2 V51 o
‘e ‘e ' PR} ) At [ R BN S B+ 8 [ PR}
o Lo W & 44 ‘o s OO alat 22 ..L - M QM ac
z g O. P S My O 24 LE [T T | L 200 W |
wr Cy o) o " o . [} 50 e ool a, ix;a enlid O o aNOO
te W] . "’ e oo bewy e o PO I s e b R P12V I e
rd > [a} m be- R Vs B L vy [ ] [T = R TN n ¥ 22 e SN WU YU R o] O “ Yo = e
o) (%] m L4 Wl o CIea Oe [3F TR e T o LD e
[} -r L] wd wed T LT L N ] (7Y LY ee we B Dlad DL i ety
f20) 0. - 0. S X LD e - SRS foo el b 07y BV TS N
. o - LY} ooy se YR fon [} . - e uy s B TR [l &Y L ot e Pt ) [a b " T -
M e s e e [ s T4 -ty -4 [5S W3- R TY No ol 0 oA S Y e ax 2wl ERRE S ARTY
b b QL b LT e [« 7 B Shes BN A 4 2oy Bend beed W
[on ] 0. 00 Bt Peal S B ] L T4 R ] — g P Lo b, = () ey
wid L 0 S I il L) ow L O 1 el SR TR VR &
oy [o] e T e ) ...,._LKFG R ve us XYY IO
Les (44 - L Wi e b . ") fow) N oy SITAY v ot ST
{7%] Ladid pome a. WO e e Ry & o e e L e O O #C e <L vm U
| 3 O (e} bt e O LR R s B & A o' Self a3 o o € AN S Fa b Sl o 4 Lt b CLL P lp, Smbed Lai
N 4 [5 o+ 2 BES-_SN © wd L e p oo o T SN SB S s WK ST S S VORI WL %) VI LD (D b T
N o SO v &b [a B S - R TR IS D b e 0,0 [ S R AT PRY AT s W ANE Ve W a i a 0 & TR WU X w0 ol [ PRR T U b
U e Y (D2 AR VIR RN TPV [« Y- SHRNETE T4 QN o WA I ORI VT Ny o Vo T2U X o W o "o wn 140 L SRR o' Sy w WIS o ot ridivud Vo N o o L b b
[o¥ e o SO B." aul o] P [ W < 31 SSU Do ot VA BRIV SR TR a - o U AL 0 B- S o SOV [ 300 O B S w0 Y L V4 0 e (D) $bue, wd 3
XY O I R 275 BRI TT0 ot B | S o JVN s s el A Lvs e Bl T : 17 YW Ut £ b e NI . €00
(% 0w (b e wdle ©uib-00 W e B O IO TN L L Gl Ly [P oY b

Ledi, O




TEkERy
*
&
, *
T FTPT S

$PAGE

(Xexxs
Fxww R

LT TN
.o
o] 44
< !
E ﬂh.v . [FYLEY YIS SR NI YEL RS ELEL NT WY 3 L L WY N e smEY
[79)
%] - DD N M0 AN P 80 o MY v LY 22 NaXo 3 N
o z . [ 0 A s N VAR S o A o¥ o 3 ¢ S ol [~ AT L1 LI
o sl g~ —p el ok ol el
[ IR INIRIR I I NI N AN o [ ENT]
™ - e WO bd B4 A HE B4 BH Uk 40 B oW 48 ve 08 TERIE] ad 9% we
[T%] o .
o -~ [om Yo o M Vo T W Lo T M Ko W s R Ly [ Nl
Q. L e X M CIM DO IN D O O A O ~ i
e 4 .. A AN NG NN MY 2 o 0 M NN s R RO
L. Nt . : vl giond
A0 4 [ [SETRR T YW TUF L R0 [0 T T R O[S N [T (W
Z vk z :
* 1 W : 1 L ol S e e e S ] e el o [ oo oot o
[ 34 D DO C I D0 DO D I IC I P B b 3 14 PR 9 .5 24
[T T W -~ Lok e Lo L ad fadtad tad Lad tad Wik g : ladiadisd tad talind
LT a8 FEREIIPEAPSRIEIREZ pr il - P
s - S b () .n
- ¥ 4 -y wt AR RL VR GBI VN PN DE S P b N A S PP TS en mmon
o ot -t e ]
+ s (s ] 2 CE A0 3 00 A e SF YO8 P O [ 2RGY ¢ [TaR T
2 A (5] (h] P e O OR A P P 00 0 Q0 AN TR 2D (D) . (a7 77, NI Y DY
0 o ~0 -t 4 b et ot =t ot el e gpetigmd
OIS o w ™ PRI e tr it e 1l IERERE 1
-y [ e ] - [Vs) i $r BB BF S UL WA KE Se Ne 4 as S e B so & we LIRS
L 0 I » W% | PN B 4 . Pead bt . i e ean oW TR RS
LR A YY) [ i [ [l T aa¥ e U T W U ¥ e W Tan Vsl aa Wy e [ K anlas T
L A Tae ] od bodg [ ] S (D e [l Baa BV, Yo eV Nia To o Il I o (N T2y R [Ca b o o £ N
re { S . L st hal e go] et O DUV MY I 2 L0 [ o a0 ) PR e e
FaS Wi | LY L2 TS fa 34 o (Va1 i oy o o (N el el
A he W + W <y R A d R ld e b e LS e bt L [Tl s o 8. i UV WI'T W oot S IV Vo TN WUV W1 W
ot o 4 i [s0] . e B BT SV R ] LA TS s ek R
e L €Ty N =3 o S Sl o ot ST S o S B B o e L oL I ot S 2
1 = VY] [ TS on IR T D S N B 3 S L N A & LI N TE S T T4 S o
/bt ~ Lo TR I T Y . Ledbaibasdadiadbad e Rt kel battat 8a) Chat pewea . Lty EHROMYED L Ll O
) (XY Yol Lid e ne 2 o L el ) BRI EIERBEET DL WHOWD DD P e oo 8 e
bt RV Y, -y [XTH) [ - e o w & PO o
- T Y T TR Y] PP e P v e Tmam W e sk mem s s m  ITN YD O EERE T 2 a ¥ 3V Ne ) EUSTTT S 4
3 (15 VU I & | «l €Y K] (s A B F- VAR Val Te TV Vel [t eXe R e ) ot
[0 S : S - 4 b2 W = Y E soue [r 27 o WL EANERLTong wi o WVo X< s Bag Yo 5 NN L NN T o Mo Y o CRCNE T ¢ Vs T |
Boee o em gl PRI ¢4 . g I b a0 U [VaR¥al Ve N ] SRV Ty sRYa W o of + o7 o 0% ol o OF o BEN 2oy B SHS LSS O Sa R a VA ToTRERY S0 S So Y s B VA | S =
e LI 4 R [ T TR (84 ™ e =] R B TR D L A T P B I I S S
v o~ O COIR T - e (TTCD et RN R RN NI N RN AR R R T VE FU v e VR I R SO PO { PN VRI TE N I AR N
TN Lo NS 1y -4 -y Pt ] b o T b LB W PE BE HE BA R OB 4 AN GH RE S8 ae WE R T Em S et be e e 4 CLRCT R R o
WE - b . LY e O PR "t o St S e ot L
L o R ST L R0 e W Y4 T [an ® oo ¥ W Ve T T i Tt ¥ W e it ¥ T e W | [mslanEin] [ I e Vi TN
L B S B ) VR P vy - st " [N ]] kel (el el aVIvaTeal it nt o WWR Lo BN N 6.0 ANE Ta% o8} et RildbI Y W e
%] o b Ty Lp . Bl 5 Tas] 15 3% <4 RPN [ o EAVERE FaNELe Rigd oo Rug T oife %5 [ e Yo SN s T o N T s SRS we o 20 BN B i
LT o - 0 : - , I I I ettt aehed
{1} A0 A Yy O 444 1wy (D [0 T W T VO 1 U0 N WO TV S OO0 WO T V0T V000 1 O O 0 [0 3 WO O [WERUR TR T - SR i< S W O T (G
[ & W N VR B T FRY 4 o [FRRE 4 < ‘o [ 183 "ol Fh g o0 OOy €4 Oy ke P ihed
b S N [0 N e TR - L e e el Ty g e e B A e g S et e S e el st Sl o ol e e S S e el et oI 44
CO0 0 e QO w [ Joo o DR DAL D S SR e B D I D e Bk et B3O D S et et bl b B D L
OV L dieods W S To A TV I SR 6 Wi ED D O Ldtadiedbadindind Llap el L bebiad 1adiad TSN R 20 ddiade)  EIINEZ o wdedal 0 O
(o3 R W w>» O i Li | SRR U [ER P e A S S S S G e S Brof ok ot e b g bt Pk o g T T |5
<OWw |79 B ] (3
07l oo ¥y
[ o WERNE o I8 o . [




XY

neod
oy

[R1R]

Laild
-
LA

)

[1% g |

i

(o]

lad

L R N L L TP Y XL LYY

[ BT e R Lo RaVIVe BV Rt 5 BN s Jew § ol g B |

Ot oo e O Ll
-4

IR R N N R I N TR IR AN AN

AT LY A T L AL N T TR L L L A Y Y )

[ o Mo Ve e Tm M T T R Lo i it T o
O vt 3 1 OOV O N UG v 2 et
4 A 4NN N O P I o D

Ld LA LIS LI LA L LY
NN NN NN XN X NN N XX
L) LI LICICICY LILIILIQILILIL)
(TR VRRTU) VUL Te. TH UL TSI VR CR URL ¥ 3 VL TY
1S s wils v il i Wi o i VDN o M b i ¥
CoLOOL LOCIO OIS

So inshsuduta Shtaon Ve Ve dh dive

O e O T LB SO OF A e
WO e D OO

"

. -
IR TR S I NI R TR RN R N

b WY B B $U DY B de G4 YO B0 4s U 0¥

[eaX T sl anY T o NanlanT o K anlual und gl a]
[0 Haa BVe No NaVRVaTs 00 s o liee Log Tan |
et gl et g BN OO TP MY o o U

bt et e b ld b G eiten L i b LI L
IR A A i A o . o
[SESININISIGRABINIGEBLWESYSL M)
W ittt Llad Dl lad L Lt b as Ll )
b s afle e Soe e Gl b ik i) b S s e f
LY LI LI LI LI LILICI LI

R A N Y L N R R R

ol on T Suw To s MW N N o WU o Row U 1o SE |
..357.,3& O P ALY O Wl gl (9 et

H .___::_. IR I NN NN

“B gd bW DB wEA we B as 4w Bl e ws

[ R Wae Uinx ¥ o T 3}.{,333 [mlm]
oY OV OO0 e o e 3 MY D On LD
I RN IV T B T - o o

Lo b Lt Lt bdbdid tad bt LI L
O T T I ol i R .S
L LI ELICIIW LI LI LIWIGILD
[PV TRATEL PRI TN R Vi) PRI U R FRATRI EN Y PR IY)
TIXTITITITITTTXILIX
WL LU WO

Phim smrmem b e

o
L BN R 4§
fa o= g+ (%o Tun Vo N¥ o
CION O 2w
e A B B B S B
- e e St
eaReoRAs To BV Realion ]
a0 oo oD et
- W kow
(Yol Valle 4 S AWV ol e 3
D OO X
LB U IR
L0 LI WL
Ladtek g adiad bl tad
bo S e s S b S

I IV VW

laddad Lo s lad b
A LOUNND W
P S, i sl
L2 A g (A o R ¢
rlu ooy ly & &x
L el N ] e o
bt ol foed o bed i ,L

tw.\.“ e

biped v:i.i?:,_

PRI U IG YD (RS R N YR

2 O (DD N0 D O ok
1;1.12?_2?576657

4 L R e e T
AR IR IR AN IR IR N NI R IR L

SU s U 48 e LB 4b T wk b s e <

o Tion Wam Vi T Wom T Wan Wan B Waw Yo Ty |
2 EIMI U e gk 21 P (OO (N
U OPI OO ) A

W gt et
[ORTI O W T NN T Y W X [ I T W9 )
NN N NN N NN NN NN M
CICILICILICILIOILICILIILY
[FPRY PR VR PRd PRE VRS VRE PRY TR VIR PR PHE VY
TLIXLYXYILITITXXTIIITILIITXX

ESISISINISIRISISYSTEYHIS] H)

BB PU Fn PR RPN bk AR Ea R

Lol . s3- el ool o N AVRVeY SN, STVl ¢ )
En i B Dol g NN 0 BVo NV TEN RANToN IVs |
W gt gt g g gt et -
SRR e e

Bh Be BE Be B s e 00 Su Ak wu B4 D4

[nian N anl anl otV anY aal an N ST o W au T ¥ ot
g XV o e RV I ovte R R BV EaV T o 33 o W}
LN WD P o0 O O O T et

E S B e |
LY W W% W W WY VR AU W | W0 T | W W
b A s b T T i
QO QOO IO WL
Lo deed Dad bt d Lol tad lad e tiad Ladtadad
TITTITIITIT T TTITX
LI LOLILICIILILICILILILD

L R R R T L T T IR AN

(o 8 Soli= ¢ o JREUES 3 R Bie Ta Wyo T0a N o J¥
Clamd v (GNP OV SF 0L OGO D
-4 el B oy R
VERE IR g i b

U8 we ¥ b 66 wé we % oK kb 4 bh we we

Lo T W B F o W Wone B e W T W Tome g W'
COR CO Ay DO L OY 2P P00
LAY LY O P ) O N O TR 4 4

ot ol gt
CALS L LILI LA LA L U  LasaldL
R A R M A A G a4
LI LI VLI LI L
[ERY VER KPS FW; FREVEIFAEERE TWI PO R TEY TN S VR
S Wt oy G e DS a s et o R L S 94
N QIO QL I

PG bk m N D N

~4Y ) OIS 0
[oVF- < Vo1 ol ol

tEIs N i e bt

40 4% b ww wp Gk W

Fon T e Nan To Lo o
o w23 P €M) O
At NN N

[0 RV TN 3 N L0 TOR R W |
tad bt gl tadiang tad
[T e R TalVaR vk VL VR Vel
wf, A% o < <% oL «f
O 0NN 3 00 N o

G MM PR TN Bh e

[ Ro NatT off wel anly o120

vy T PeOn

RVt e

24 80 48 du SW UE wp s

PP ET R ey
[an o Log RY ¢ Ro N oV EFy Rv'y)
et it el U O O

ed b L g

[ VU3 PR3 VR WS VR VU] VRY TR
[T RV RV RV RV, RV RV RV}
o Wl oYl WY e )
[§aRxaRroNsatsatasReates]

P LR T R R, cm .

e T e i 2o Ts ¢ e N» R

et P BT e O

IR AN AR F RN Y]

Gm MEBE $B NG 66 W U8

[t ianlon Ran Nonlon X unlng}
OO TN S e I P
T R FeY RV Fat )

[O W £ ORI X 96 | W I Y ) N

Led il ledaboad tdiad
VI VI U VU
Rl AL RS e s
CE OV O 0 Gy (s

<
fan T

w47

[

¥ T
LX)

[»]

T e

L D D0 O\ « o R R AV EAN TS § e Tap o - SR Yy e RE¢]

UM ettt AWM PN BTG PR TR P R R R K MR S

SO MIMID NN VIR B O (N P (MY L0 MY O )
Laal ol NN O UMD o PO D o o

R R R N R R R A R IR TR IR IR IR IR IN I IR Y

AL AR L R LS R R R T T IT AT I LAY Y B Y I T IT SPR S T R

Lo om o L L s W L R L B o o W Wi Tn Vo W W T T W o

W Os 2 o0 00 ONAD O W E D E0 W0 ot O8 WO 2 00 8

Fefe COMON O D A NINMYM NI 2P o 2 UNDD WD
e et Gt gt red et Pt ot e ed et ged g

b bod o Ll i el G B L DL ) L L s L LI b

Ll bt g S el bl Ledad G Lt b ad L Gl Tadtediad L iag
VI VI VT U U VIS D VU O UHA WHn
COHO O 00U OO D7 0 €Y 0N 00 0 0 (1 00 81 00 0000 7Y Qe

Stk SR IWUEIR PA P SR ML Ul BRSO I SO ¥ bk e S OB Ca v S

Lt AV ATVARN T aTs S Sl wels SN ol sals SN g W SKZ VSR TG S o s 2 o
g MY NN I OO Y PP 00 ONCD

Ll
RN R R N R T N I R NI R R IR I NN N R

WO ad SU BN Ee F% S0 de Sa 4U 49wl bu b4 L0 Vb B b4 s ke NS $u B

mlmlalelulalalalulal alaln el ol e Yaln Tl uly]
R R R T e 1o S S TF Te AV IV, Bew T LN TS RV B
PP OO O L2 E7 Cent Wk OO P VY 28 8 S ADOND LD P

e T L O e R I e B I R
L e et Ly A T T b bt bt b sl s bbb Lt

b Lottt L ke L a0y R L R s bt e Rt Pt bl
T RV T TV RV o RV B R N Vs MY KV RV WV RV UV 174 N WY TWo BT 75 2V, ]

RRE L AR R G R W . A A AL N L e S G

[AaTeeNadTantasRasRasTaaRestasRostaatesNas¥asRasleaRos RealoaYanWaales]

D N R R L B e A A R R T XL

A OO P O D 0 MY P TN o Y el DD S T eD

weed el YOG O U O U0 D A D o et OO

P Ev0gar i) riern BRI e e N

S0 NP 4s S Ua BE B 4G b BN SB KO b KBS SE Be Re WU KU BB HE we ee

U Vo i Ve Vo S o B e Waee W Vo B e L W o W L2 e R o L R L
WP L (D O Y D WD SE P e 2 00 N 0 et ::c.,
e ¥4/

A qpand et it fguindt gt g b d] il g2 g Japn i g et
et r,L Labdidt Il udtd tatdud Lt tdba i ediatd iy

d e dialiar L G L g Sl ld G i s bad i b L biadiod tadigd
NIV VY WS I T T S DD LW WY
R R e O e G A - G o R o - O T O A 4
D...‘ O OO G OO GO 0D DO T OO G0 O Q0 SO0 O (0 0 6 D 10 60

LY -
[
E
T.
-~
fad .
oy ()
g Y
P
11 Lo
e
: 1]
(72 .o
(e
vy (o]
o | <
&
cw
L) (29
[an} o
i |
Y [ arBun
3 [ -8
fat ]
g
wel by U e
e e
ol i )
AN
[ o Ry «y
- A Sy
| PR
~4i T
Oy =t
1" T
bo T ladb
b 23LEY
b bt L}
B TR 5 4
45 -
o -
b pie.




[T N T T T

Do B B
I >0

I N

Wi b ie b Uy
v >
0 atag O
«( (NLILD

e

LT YY)

(Ve R YRVl 7gl
TN
ey ol wyf =y
ond wond e id
QLOLOW

QO
[ Tie T an Yo ]

e
oMo
o kool o ity ]

L td i

Pore o o o
JROE O3 S O |
ot Jce oo Jow
o K -y,
G b e
[V PRI VRITY
DY

B M ity

S T SN S Y

el b
NG Y

i

EnD -

b g

et K
e}
[V
L4 it
[T s]
Lt
st o
b
bt
P

LT Y RN TR TN TN

>
> )
> w
] o
O> > O
b LY 2 1) 3 oL b L)
I TR I >
RN Y Y e
OO 2 OO 00
€I A LW L U

TR RIEIRI NIRRT

Se dn He Ko Cu Bb 2N u be b

VAV D WA NG
I VI AN NN
o o Y, ol oL L o
wdond wndied e o S
LOLLLLL VLY

OOOOHOOOOOO
YOI IS A0

(e Laa R T Ban 1o Fun Nan I nalan]
MY O U P i 00t ()
ool e o We o Yo Nap i ES RS}

ot gk e gt
Gl L G LIS b g

" o Ko e o s i b o

o vond e i e sk aid sd s o]
DDDDDDODHDDD

o ] o ] ey y A, ], g

Lo b, b e b L e bt L
Lt W bt b g b
I DI DAL

B e e i i w1 AW 300 ol
LU S S S o

vJ.,bIE,.,,:LI.i.._i_i
R IR IR T IR LR

L

END

Ivao

™
MY oae
(A}
vt )
e
-
b}
o €2
e
-y
b, 2
Lofbed
N
1}
Ju s

o
&

S dnbe bubm s bk PhOa b bn bbb b
>
3 A e
> 72 B RV, Y ¥ | D
(7o C 3 o Y > U W >

d = ANV O A et Y AN
LI W IO LA > i) 4T
0 b Y LI IO Pt d O O b 17 bkt e
«r Ol w0y Oy L W O 3 2 ot T et
~ FO QOO OO e e e T T TR

VEREIE TR i i i i

$e Bu Ge DA Ne HY Gy GH R AL bt Ao de Bu au Bh

VAV VRN U D WD R D NN VT WY
(g I Vs 1¥0 RV 10, RV RV4 R¥0 NV 1V, RV RV LV RV, RV, RV,
d dnd e dd XA S b d A A DD
U QL L LI L Lt

O GCOOECIEIC D OOCIODC O
£ DI I YYD

Loces W me e T VB T 2 T e e T e W e M e
P et QOLO O SO0 0 28 Pt MY (03
2 IAVIRVIAY Lig g B ke JEVo TN B Vo I s RNo RWo R
ot piaped e e st gt yeneds Wi et et ged gl od
LA TS T I VO Y O VOO J O  DUN Y T [ WO [ T O W X Y O }

L e T e o =l o PR
e el e o ed ed e e e ek e
DODDDDOODINDDIDDD

| ey ] ey o o, e It elf wtf ), o g o)

Lo bbe e le e bbb Lo bbb L e
[PNR VEI VORI PR} PREVEL VRN PRI PRR VA V] Y TW] VEY U8
(Y O D_\U A0

e 0 i W o i e A o Ol i g o s
S S e Sy
b el W o i S o 5 Sl onf e S
TEOHH SRR RO OW IRIR DR OBIE NIt R

X

Co

[ S
[42]

wd 11
(D se

Fe T
Uyt
had
b 1
4

by
. 5

T:m.

Fo2

- L L4

TO CHARM4AY DO -

2= < )
MMYID CLD

g

LE TN

bl WV |

L%}

o b

34
L )
(SN o
(KRN
L Y )

(%30

4 1
(RSN )
L]
(it

RPSTCHAR

-
4

Ty om

[ah]

b
v
age 4
[S]T%]

‘o

B
[1e]
e
Lt
xX

-
.

2]

[3Y

[s ¥}

L X =
Lol e gR |
["2R e 28 14 3 ]

(%)
=X {1

(& ]

had aak ®]
%]

cEmPMIR s R E e b

b
- Lot
edon B4

< CY I LY R L)

T A L O

b O S O s

O ALWIN M e L)

O 0 O o G = 0

OLON

[ AN RN RN RN AR )

R N N Y T T

YN NNV N
[P VALV R Vol VaRVal ValR vy
R e s o - s o 4
PR LUV OO JSS W S e e |
(SIS IBISNANINISES ]
ol ol ol 57 6l ol w'w

PR o Yo T T S o T Fan B
PO WA - §

[ 85 JS% b o8

Twns O

ARy KV N J KW

€ -t

oA 1IN
ool SRR Y G 4

fs e
V1o b

%

fu o
LIS Bx 4 L)
bl
g
e

LA o S N & WY A

L R B L

O _—.ﬁL\.IJ_\..u-.» *n

LI T A A A

[N R WA TR | VW [ W 3 SN R W

VY HA) WY SF )
NIV NN NN
X X <y AL e el e
ot v cond ] s anad d o
LWL LOLWLL

A o
Lo w0 B SN S0 A e o
W&

LURe L

13

I

EN

MINUS

WITH CHQCLﬁssz'#'J Do

‘u

£ND

MULCP

- -

\

CLASS

CHRCL

GIN
5IN

=
BE
£

WITH

END

<
(&
wi

fe

&




RILv

[ iR
Y

e

(T

i~ U
hd 3
[ ¥l
L2 O |
il

[ %)
A i
LI

LT
Fars
ted
3

Em ewam

UFMAX °

C e

[XNARE

P T Ty

RRPGS
HONT

T ve e
PO ,

IS
L

[ V2]
LR R e
R

fon i Tow Bt

IR AR R
e B S s we
. & I
[« TR o

O 3CIE 1)) Y
Lidwow:

RS

’
*

£R20%
WAININSG

* £k
gk

Libd

fe it 4
Lo
24
o (x
o
Lot

-m

(o1 g
1t

e on
10
s
37
Yo

L J o }

(-

L)
[Saks 4

¥

Xy

!
v

i)

(2 4
Cy
w)
[ )
o

L KT st

o
L

d
=

Hllal oe

()
>
.

VIt
O rVlF ve
[Sa R WPl VRN

Cx
(Va2

oy

LA ®)

bew e sue

(19
Ny
2w
i 1%
[ R |
bos 1} X
|l
MYid

ot

LI o 1
e b
o

[ SRR
b
(72}
a7
.
L)
swisy
b
o

T bt

:b. .

I T

I pm o
[ CV s V5
LS -
. wid L2l

o
@

fad




PﬁsEE?UQE LHfT3&QS; . .
VAR T , : INTEGER
| INITIAL & Sywsgr. i .
PROCEDURE . INITSUCC (L,H : SPRANGE) :
VAR TEMP i SPRANZE . SR
REGIN . ; :
CFOR TEMP := L T0 4 0O ‘
¥ITH STAILE £ TEMP - 171 30 |
SUC 1z YEMP = :
EHQ - . 1
' |
BEGIN - i
;***** , " ' EhE K
' E 3
* . - INLT GRAMMAR TABZLFS *
x . . : *®
A X ¥ 2 B kR k)
FO® T . := 1 TO SPSIZE DO
wITH STASLE [ I 7 90
CALT :Z FALL :
(% :
o i1 <PROGRAMD $:2 CPROGPAM HEADJTINSD <200Y> o
TPTYPE :z 53 :
TPTYPE :z 53 :
i TOPTYPE := Q23 (PERIONG ) END
; MG :
| . 1: PROGRAM IDENT { CIJENT LISTY ) ¢
| .
1 Uce (5, 91 . .
STABLE [ 41 D0 TPTYPE :2 023 (PROGRAMSY ) :
STARLE £ 53 290 TPIYPE := 0233 (TIQOFNT ) :
STABLE £ 63 D0 TPTYPE :2 03] {(LPARENT ) :
STAZLE L 71 D2 TPIYPE := 54 :
STABLE € &3 50 TPTYPE := ORD (2PARENT ) :
STARLE € 93 8o : : :
FGIN SUC 1= 0K; TPTYPE := 0R3 (SEMICOLON. } END :
(% ‘
. 3) <IDENT LISTY> ::=z IDENMT / , LDENT /07
® }
YITH STARLFE £ 137 Do S SR
3EGINn SUC += fi: TPTYPT 1z QORI (IDENT . } CEND
WITH STASLE € 117% D¢ " :
3ESIN SUC tZ 12; TPTYPE :z 023 (COMMA Sy :
= ALT = 0K S
MDD
WITH STARLE [ 121 no
BEGIn SuUC := 11; TPTYPE :z 0ORD (ID‘-’NT } ERND
41 <30DYD> 112 CDQECLARATIQNSY <ROUTI ME DECLARATLONSD
CCOMPOUND STATEMEINTY
%} )
P TNITSUCC
g WITH STAR
HITH STaAR
YITH STAR
3EGIN
{ %
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6) CLABEL DESLARATLD
. | tiz

INTTISUCE &Yy 23
*ITH STARLE £ 253
BEGIN ALT 1z
[TH O STABLE 213
TH STARLE € 222
REGIN ALT P
WITH STABLE £ 231
BEGIN SUC I
WITH STABLE L 242
BEGIN SUC [
7) CCONSTANT DEFING
THITSUCC ( €64 12)
HITH STagLe T 253
REGSIN ALT P
TH STARLE [ 253
TH STARLE £ 2772
Tel STARLE L 281
TH STARASLE T 293
H STARLE £ 243
REGIN ALT -
HOSTRRLE £ °3473
TH. O STARLE T 327
3FGIN SUC :z
21 CCONSTAKTS -
JITH STAZLE T 333
8EGIN SUC 1=
ALT s
END
FoRr T ::Z I8 T35 48
WITH STASLE CT1
WITH sTasLE L 341
BEGTIN ALY Hipet
WiTH STARLE [ 353
BEGIN ALT 1=
WITH STARLE [ 357
WITH STARLE L X711
‘ BEGIN ALT o=
WiTH STABLE ¢ 331
SEGIN ALY -
HITH STARLE [ 391
B5EGIN ALT : s
WITH . STARLE [ 4Gl
S BESIN ALT HE
WITH STARLE [ 4312
%) <TYPE DEFINITION
INITSUCC 43, 491

[N FaNT e JoN T J% N ov 140

—

I Q20 LI

L5 WY R UV E |

193]

LI 8 DN DD i T )

CVAR DECLARATIONSD

0 TPTYPE :z - 57

¢ TPTYPE :I 3g

9 TPTYPE iz 53

a .

K; TPTYPS 1= 70 enD
NS

LASEL /INTCONST/ , INTCONST/U/ & /1/
CCERMPTYY

)

i TPTYPE :I 02) (LARELSY } END
0" TPTYPE iz 03] (INTCONST )

J

4 TPTYPS 2 033 (COMMA ) END
2i TPTYPS :z 033 (INTCONST } END
K: TPTYPE :z 03 (SEMICOLGON } END
IONSD

CANST / IDENT = CCONSTANT>/1/

CEMPTY>

A; TPTYPE := 333 (CONSTSY ) END
2’ TOTYPE iz 03) (IDENT )

3 TPTYPE 1z 23 (RELGP }

5 TPTYPE 1z 5%

0 TPTYPE := ORI (SEMICOLON )

K: TPTYPE :z 023 (IOFENT }  END
0" TPTYPE iz 3R] (REL QP )

S9: TPTYPE :1= 59 £ND
INTCONST  REALCINST  TOENT

AD00P INTOONST. . A30C® REALCGNST
AR50P IDENT  STRINGCONST

CHARCONST

S

4; TPTYPE :z 0RD (ADDOP )

7

0

08 suc 1T 04

5

5; TPTYPE := 030 (INTCONST ) END
0

6: TOTYPE := 03D (2EALCONST ) END
3’ TPTYPF i 533 (IDENT )

G .

8: TPTYPE := 0RD (IDENT ) END
0 - )

9: TPTYPE 1= 330 (QEALCONST ) END
{}

0: TPTYPE := 023 (CHARCONST )} END
Y. TPTYPE :z 023 (INTCONST ) END
5" TPTYPE iz 0] (STRINGCONST)

2vor 7 IDENT = KTYPE> ; /1/  <EMPTY)
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] ) SESIN SLC L 12 0K; TPIYRS 1z ag END ;)
o (% g - ,
1 30) CVAR TALL> ©::iT T OCEYPRESSTON LIST) 3 )
i S 3e CVARI&ILED o (YARTARLED
! C_CEXPRESSTIN LIST> 3, CVARIABLES
e S CEMBTYS .
5 Y . .
O INITSUCC (253,2:5) :
CWITH STARLE £2137 0o
 BEGIN AULT " TI212; TRTYPT iz 03D (4RPOW ) :
' sug 12215 '
END TR
WITH STASLE £2121 ng : <
BESIN ALT  :221S; TPTIYPE :2 03) (L3DACKET ) END ;
HITH STABLE C£2133°00° TPTYpE :2 "33 :
“ITH STASLE £2143 33 TPTYPE :2 0323 (23PACKET ) :
WITH STABLE 2153 0o |
SEGIN ALT " T2 0K; TPTYPE := 023 (PERf0p ) END
WITe STARLE rz163 0o
BEGIN SUC 12 OK; TPTYPE :z 23 END
{ %
T1) ¢RECORD VAR LIST> _
212 CVAPLABLED> /, CVARIABLED>/O/
)
THITSUCC (2:8,219) :
“iTH STAZLE £2171 20 TPTYPE :z aj :
WITH STASLE Cz2181 Do - ,
BESIN ALT ©iZ 3R; TPTYPZ :z 033 (coMma }OEND
'ITH STARLF [2197 30 : _
BEGIN SUZ 124187 TPTYPE i1z a3 END ;
(% ’
32) CEXPRESSION _IST>
: P33 CEXPRESSIONY /, CEZXORESSION/G/
&) ,
NITSUCC (221,222) :
WITH STAZLE [2203 DO TPTYPE =z ay ;
WITH STARLFE 2213 00
PEeRINaiT %t 3. terver iz 019 (COMMA - ) END
SITH STARLE C2221 oo
©OBEGIN SUC 1I22i;  TPTYPE iz 34 END
(= , :
33) CEXPRESSIONY :1:3= (SIHPLE EXPRESSIOND RELOP
- CSIMPLE EXPRESSIHNS
«)
INTTSUCC (224,225) ;
VITH STABRLE [2237 00 TPTYPE := &5 ;
WITH STABLFE 2247 93 |
BESIN ALT 12 0OK; TPTYPE := 023 (RELOQS ) OEND
WITH STARLE r£2257 D3 ‘
3ESTIN SUC  :2224; TPTYPE 1z 85 END
¢
34Y CSIMPLE  EXPRESSLIOND _
$)CSIMPLE EXPRESSLOND. o CTERM> /743399 CTERM>/0/
CTERM> /AD00P <TE3w> /G
*)
INTTSUCC (227,229) ;
5 “ITH STABLE [2261 90 * ,
A BESIN ALT  :2227; TPTYPE :z 02D (4DDOP }oOEND
=  WITH STABLE rz2273700" TPTYPE :Z "33 :
WITH STABLE [¢287 D0
‘Tg€§z§5§frtc :Z 0K; TPTYPE := 02 (ADDOP ) END
WITH STABLE [2293 00 - . - .
St gElIN SUC ~ :=228; TPTYPE = 8% ~ END
r 35) CTERM> . 11z CFACTORD / MULO® <FACTOR>/G/

x} . ‘ T _




INITSUCC (231,232) :
ITH STABLE [2331 090 TPTYPE 1z 37 .
MiTH STABLE £23(] 29 ' \ '
] TILM A = 0K IPTYPE ez g5 ¢ .
WITH STABLE [2357 DG TPE 972 (HuLop ¥ OEND
BESIN SUL 17231 CTPTYPE 1z a7 END
?: o 35§A<F§FT5R§ "~?'1urcowsf JEALLINST ST NGCONST
B e S s LalC & {
CHARCONST  IDENT (<EYPRESSTON LIST>).
} | C CSUBSET LIST>  NOT <FACTORD
| o © C CEXPRESSIIND ) IDENT CVAR TATIL>
IMITIAL =z INTCONST ;
FOR _ T :32 233 79 242 po
, WITH STA3LE [ [ 3 go
| BEGIN
| Suc $T 0K ;
| IF T < 237 THEN
| BESIN
ALT 1T L+ | ;
TPTYPE :2 QRI(INLTI&L) !
INITIAL:= SUCC (INITIAL)
End -
END H
WITH STARLE 72373 no
BESIN SUT  :22338; TPTYPE :2 023 (NOTSY ) :
| ALT 12239
| ENT o
i WITH STABLE 02381 20  TPTYPE :z a7 :
) THITSUCC (240,241) ;
“ITH STABLE [23%71 no -

L, BESIN ALT  $I2H2:;  TPTYPE :zZ 033 (LPARENT END
<ITH STABLE r2431°95° 7Tpyyps iz a3 (-0 AREN =N :
<iTH STABLE T28.3 D0 TPTYPE 12 537 (20ARENT ) ;

| iTH STABLE [2423 D0 TPTYPZ 1z 32 :
(= |
E gy 371 CSUSSET LIST> ::z 3 CELEMENT LIST> 3
| #ITH STABLE £2473 20 :
BEGIN SUC 2 0K TPTYPE vz 223 (93RACKET } :
-~ ALT o248 :
TEND
| WiTH STAPLE 2482 50
| BESIN SUC.  :2z49; TPTYPT :z 33 END 3
VITH STARLE r24%3 DO :
BECTH SUC © 2 OK: TPTYPE 1= 0R) (P3RACKET ) FNO
{ % '
sy 380 CELEMENT LIST>::z CELEMENT> /, CELIMENT/Q/
; THITSUCC (251,252) :
WITH STABLE £25:3 20
‘ BECIN ALT 1T 047 TPIYPE :z 033 (COMMA ) END ;
WITH STABLF £2523] 00
BESTIN SUC $T¢54; TPIYPE :z 35 :
" : _
. 39) CELEMENT> 112 CEXPRESSIOND
; g LEHENTOS CEXPRESSIONS &4 CIXPRESSIOND
| €3 o '
| .
‘ TNITSUCC (254,255) :
WITH STABLE C2533 0G0  TPTYPE :z 24 :
WITH STASLE [23543 0O
EESIN ALT 3T 0#k; TPTYPE =2 02 (207TDOT ) END ;
WITH STABLE [2553 00 {
BESIN SUT = 0K; TPTYPE := 24 END
{ % - 7 \ e
40) CCASE LIST> . ::= CCONSTANT LIST> : <STATEMENTD
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SEMANTICS (ACT @ INTESER)- ; {
THIS ROUTINE PERFORMS THE NECASSARY SEMANTIC

ACTION EACH TIME A TEIMINAL HAS 3FEN PARSED:

IT ALSO GIVES ASSOCTATED ERICR MESSAGES IF T
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L 4
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HERE %

ARE ANY4 ' *
*

)

xRk EER *s$$:s=***a;a**t*:x:txax*$¢::t:gv¢ga##tv*ﬁ#*t:*::***#a*#t$

LABEL 1 3
BEGIN 22522 A
CaSL ACY gF L=
‘ (Farak kARG ko E s R k)
b= POINTERS x}
. s s 2 P 1 T e T T S
<14 ¢ PRINTARLES (LEVEL = 0 )
50 ¢ '
BEGIN
NEW {LSP 4, POINTER } ;
“ITH LSP 3 00
BEGIN S512Ff :z i ;o SLTYYSE 1z NIL O END
RESULT s LSP
ExD
1 ¢ (% TDENT PART OF POINTER #)
IF NOT RECOVARED THEM BEGSIN
TTOP  := T02 ; .
KHILE BIDDLQY [TYOPIL00CUR (> 3LCX DO TToP =z TTOP = 1
SEARCHSECTION {DISPLAY TTTOPJ.FNAME, LCP )
TF LCP = NIL THEN .
BESIN
MEW (LCP s TYPES ) ;
WITH LCP 3 0O BE3IN
N&MT T TIOENTIFIER ;
IOTYPE«z LSPE
NEXT tT FEPIR
END
FioT2 :z Le?
EuD _
FLSE IF LECP Fs KLASS <> TYPES THENM
ERROR (137%)
] ELSE L3P 2, ELTYPE tT LEC® 3. IDTYPE
FNT
Pk kg x X waxeghndxk)
R A3RAYS &}
(RkskahpkrastakarhbahkEns)
52 i PCKD :T TRUE ;
58 : BESULT 1z NLIL
573,715
QLEIN .
IF ACT = <73 THEN LSP2 :z NIL ;
MEW (LSP, ARRAYS)
WITH LSP 3 D0_ 3EGINM
- AELTYPE :T LSP ;
- TEETYRE PT NELT . Backn iz mcko
SIiZE iz 1
END
SP2Z 1z LSP g
IF RESULT <> NIL
TF RESULT 2, F
IF PESULT =
ErRROR (1D
RESULT :
ELSETF RES
TERROR (1
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PRCCEDURE MERKSET (VAR COPRSET :SETS;T :INTEGER); FORWARD ;
(#z*##a#gt«t¢#¢#¢*ga¢$v¢:tﬁ#;*sttttt:##«#at&«t#*#t*###vt4¢¢t¢¢¢¢*
* - %
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* : T“LS PROCFOURE COLLECTS EPROR AND WARNING C0DES =
« YR TO BE PRINTED AFTFR EACH LINEs *
& *
t#tuﬂ***#*#ﬂ¢*¥*$*$*#t¥*k#:#**##*tt#tt**ttﬁtt*#*#*##tt###t#t#*#t)
VAR ERRCRWARN : R0O0LEAN : /
IEGIN
| ERRORWARN $= ERRNG > 500 :
ERPWARNCNT IEROOR4ARN]
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END g
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APPENDIX C
SYNTAX OF STANDARD PASCAL




10.

11.

159

<program> ::= <program heading><body>.

<program heading>: ~
::= PROGRAM IDENT (<ident list>);

<ident list> ::= IDENT {, IDENT}0

<body>::= <declarations><routine declarations>

<compound statement>

<declarations> ::= <label declarations>
<constant definitions>
<type definitions>

<var declarations>

<1abe1-declarations>

::= LABEL INTCONST {, INTCONST} ; | empty

<constant definitions>-

::= CONST {IDENT = <comstant>;} | empty

<constant>::= INTCONST | REALCONST | IDENT | ADDOP INTCONST | ADDOP
REALCONST | ADDOP IDENT|STRINGCONST | CHARCONST

<type definitions>::= TYPE {IDENT = <type>;}1 | <empty>

<type> ::= ' IDENT I PACKED <structured type>
SET OF <simple‘type>|
ARRAY [<index list>7) OF <type>|
RECORD. <field list> END |
FILE OF <type> I

<simple type>

<structured type>::= SET OF <Simp1e-type> |

| ARRAY [gindéx list>] OF <type>
\ RECORD <field list> END |

' g}&g_9§'<type> '
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12. <index list> ::i= <simple type> {,<simple type>}0

13. <simple type>::= (<ident 1ist>) | IDENT <subrange tail> |

 <constant> ., <constant>
14, <subrange tail>::= .. <constant> | <empty>
15, <field list>::= <fixed part><variant part>

16. <fixed part>::= IDENT {, IDENT}O:«<type> {; <ident list>: <type>}O

| <empty>
17. <variant part> ::= CASE IDENT <tagtype> OF <variant list>
18. <tagtypé? ::= : IDENT | <empty>
19. <variant 1ist>;:= <variant> {; <variant>}O
20, <variant>::= <constant list>: (<field part>
E 21, <field part>::= )V| <field list>) '
22. <constant list>::= <constant> {,<constant>}O
| 23, <Var‘declarations>::=‘Xég {IDENT {,.IﬁENT}O : <type>}1 | <empty>

24, <routine declarations> ::=

PROCEDURE IDENT <formal parameter section>; <routine tail>;|

FUNCTION IDENT <formal parameter section>: IDENT; <routine

tail>; | <empty>
25, <routine tail>::= FORWARD | <body>
26. <formal parameter section>::= (<formal parameters>) | <empty>

27. <formal p?rameters>:£= <formal parameter> {; <formal parameter>}O
\ , : '




28,

29..

30.

31.

32.

33..

34,

35.

36.

37.

38.

39.

<formal parameter>::=

PROCEDURE <identlist> ] FUNCTION <pafameter group>

- VAR <parameter group> | <parameter group>
<parameter group>::= <identlist>: IDENT
<compound statement>::= BEGIN <statement list> END

<statement list>::= <statement>{; <statement>}o

<statement>::= INTCONST: <unlabelled statement> |

<unlabelled statemeni>

<unlabelled statement>::=

BEGIN <statement list> END

IF <expression> THEN <statement> <else part>

' CASE <expression> OF <case list> END I

WHILE <expression> DO <statement> I

REPEAT <statement list> UNTIL <expression> |

FOR IDENT := <expression><for tail> |

WITH <record-var list> DO <statements> !

<simple statement>
<else part>::= ELSE <statement> | <empty>

<for tail>::= TO <expression> DO <statement>

DOWNTO <expression> DO <statement>

<simple statement> ::= GOTO INTCONST |
IDENT <assignment> | <empty>
<assignment>::= (<expression list>) |

<var tail> := <expression>

<var tail>::= @ <dot part> |
. [<expression list>] <dot part>

\1 <dot part>
i

<dot part>::= .<variable> | <empty>

161
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40. <variable>::= IDENT <var tail>
41. <record var list>;:= <Variab1e>{,<variab1e>}0

~ 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 <fac’tor>}0

46. <factor>::= INTCONST | REALCONST | STRINGCONST |
CHARCONST | [ <subset list> |

| NOT <factor> | (<expression>) |

] —_—

IDENT <factor tail>
- 47. <factor tail>::= (<expression list>) | <var tail>
48. <subset list>::= _1| <element list>

49, <element list>::= <element> {, <e1ement>}0

50, <element>::= {expression>< range part>

51. <range part>::= .. <expression> | <empty>

52. <case list>::= <case list elementﬁ {; <case list element>}
53. <case list element>::= <constant list>: <statement>

54, <empty>:: =
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