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4 . 1  b-ldd4”idaK;I  nm nmilhmm

(Lex~calstructure  of programminglamages)

4[~5J~jiJaw;;aaJnl~iq~5LLn5~  wman’J TnrJ&iJaa&  Ga Tnt&

7lSJiiA (The lexical structure of a programming language is the
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4.2 Iaw-wd&ihim  u~~~-~~uuuLLu~~~-LuI~

(Context-freegrammars andBNFs)

b%l~al~~~UUn~U7~~DJ~a~~n~~  mx  BNFs ia~~aneils  %‘um~i~~nqxt

%A ~%~EIFI&IJ~IU  Eisvxdias  a noun phrase LLG a verb phrase w&h

a period %Wwrmamrn~nm~~~

1. <sentence> ::= <noun-phrase><verb-phrase>.

&I%&XJ%I%J&W~EN  noun phrase MS verb phrase $42

2. <noun-phrase> ::=  <article><noun>

3. <article> ::= a I the

4. <noun> ::= girl I dog

5. <verb-phrase> ::= <verb><noun-phrase>

6. <verb> ::= sees I pets
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"the girl sees a dog." &J?

<sentence> -> <noun-phrase><verbphrase>.

-> <article><noun><verbphrase>.

--->  the <noun>< verb-phrase>.

-> the girl <verb-phrase>.

-> the girl <verb><noun-phrase>.

-> the girl sees <noun-phrase>.

-> the girl sees <article><noun>.

-> the girl sees a <noun>.

-> the girl sees a dog.

cngia 1)

cnqlia  2)

cnga”a  3)

(f@a  4)

cngio 5)

Cng$a 6)

(n$a  2)

tnga”a  3)

tn$a  4)
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<beginning><article>  ::= The I A
I pl

mm  n74bah  aa  ~&A&G

<sentence> -> <beginning><noun-phrase><verb-phrase>.

qia 1 hi)

-> <beginning><article><noun><verb-phrase>.

cflgia  2)

-> The <noun><verbphrase>.  ~MJ~"JIJ%III  n"a%k)

-> . . .

(A  typical simple example of the use of a context-free

grammar in programming languages is the description of simple

integer arithmetic expressions with addition and multiplication

given in Figure 4.1.)

<exp> ::= <exp> + <exp> I <exp> * <exp>  I

(<exp>) I <number>

<number> ::= <number><digit>  I <digit>

<digit> ::= 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9

$ 4.1 A simple arithmetic  expression grammar
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YanaaJiTw~lt  islJT+  T& wiywlaJi;w~lt  i$.lJ$@l  %~UiaY~~a7~~~blijia~~~n  Giu

wmran  Go wap phi nmrmm~ iiamxhrm~~an  n73LSan  <number>

w~al5iaia~a?~rki~J~iu  (string) ail.3  terminals

Tdm&  b n@ n-r3 L Go& Irang <number > l7?~w”afiafh  pi%

(generate) i%iuaa~ ~ia%&&?u !ka$lJbdu  lm0  2 3 4  t-p6lJ  &3?

<number> -> <num.ber><digit>

-> <number><digit><digit>

-> <digit><digit><digit>

--Z Z<digit><digit>

-> 23<digit>

--> 234

<program> ::= <program-heading>';'<program-block>'.'

<program-heading> ::= program <identifier> I program

<identifier> '('<program-parameter>')'

<program-block> ::= <block>

.<program-parameters> ::= <identifier-list>

<block> ::= <label-declaration-part>

<constant-definition-part>

<type-definition-part>

<variable-declaration-part>

<procedure-and-function-declaration-part>

<statement-part>
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<label-declaration-part> ::= label <label-list>  ';'  I <empty>

<label-list> ::=  <label-list> ','  <label> I <label>

. . .

yJ 4.2 BNFS lJ1ad-m  dl71~unl1)l  Pascal
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(Syntax  establishes structure, not meaning. But the

meaning of a sentence (or program) must be related to its

syntax. 1

hm9+-&nq9+  &99J-xTsd a subject Lb% a predicate %JL&

mlIJ&li~JR2lmall8  bW'bl"+l subject  (the "actor") tta3:: predicate

(the "act ion” ) UB~WIJIUWJIUB EIS~~X%IR

s u b j e c t 9lnG  ~an~mau~uaad~abn  Lk3&lvpaei"L+Giiaei  a noun

phrase i&k %M~~GG~A~  aad7a%miwGmq~ noun phrase b27d

&ttwsd~tt=m  tti;G~36Ga  s u b j e c t

%uYhaJt&a?iM  %9A2aerlnariaaJi3+waf  L&lIT1Ih4



&L%%%  n%!wnmu~~  n-mmi!  IEN ni-d~Jiaunlw  (The parse

tree describes graphically the replacement process ina derivation.)

%X&N &~%%i  h& darh "the girl sees a dog."

lsenten.T \
<noun-phrase> <verb-phrase>

/\ /\'
<article> <noun> <verb> <noun-phrase>

I I I /\
the girl sees <article> <noun>

I I
a dog

<number>

/ \
<number> <digit>

<number> <digit> 4

<digit> 3

2
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11a&Ki%ll  dlG¶J  3 t 4 * 5 ldpa

Acei@ \
<exp> t <exp>

I\
* <exp>

<digit> <number) <number>

3 <digit> <digit>

4 5

3/t\*

4 "5
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else <statement>

,Frq\\

if <condition> then <statement> else <statement>

<if-statement>

/ I \
<condition> <statement> <statement>
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(Ambiguity, Associativity and Precedence)

different derivations can lead to the same parse tree.) b&~.~ad~

%Mnlmla~Y  taa  234 %MGaa”il$LLia bmam~&n  a$n~~w~~  < d i g i t >  a&&.$&w

t-&Y;

<number>  -> <number><digit>

-> <number> 4

-> <number><digit>  4

-> <number> 34

<exp> -> <exp> * <exp>

->  <exp> t <exp>  * <exp>

iunu  <exp> pu-xh  <exp>  t <exp>  )

-->  <numbr> t <exp>  * <exp>

-> . . .
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<exp>

/I \
<exp>

+ i’i”‘\
<exp> i(c <exp>

I I

<exp>

/I\
<exp>

/IV

<exp>

<exp> t <exp>

I I
3 4 5

(p%nJ )



<exp>

/ I-\
<exp> t <exp>

<exp>

/I\
<exp> t <exp>

<ex( 1 \ / I- \ 1t <exp> <exp> t <exp> 5
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<exp>

<exp/  ' \+ <term>

3 4
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<term> + <exp>

3 <term>  + <exp>

4 5

<exp> ::= <exp> + <term> I <term>

<term> ::= <term> * <factor> I <factor>

<factor> ::= (<exp>) I <number>

<number> ::= <number><digit>  I <digit>

<digit> ::=0111213l41516171819
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(IBM% andsyntaxdiagrams)

alnngla~lfl%~  GiaioGLLia

<number> ::=  <number><digit>  I <digit>

nafl"ll%i  (generate) ac%~~~~~uaU  ~hSGhl~~b~)"d~fl~  K.9:  :

<number> -> <number><digit>

-> <number><digit><digit>

-> <numher><digit><digit><digit>

. . .

-> <digit> . . . <digit>

(arbitrary repetitions of

digits)

7wh3  Gklaiiu  “9

tC?xp> ::=  <exp>  + <term> I <term>

ri9fY?lik  fh& Vi;ak..p  b 3U il& 761 term uwnh&dfl~~&~WW  rrtrr hi?

<exp> -> <exp> -e <term>

-> <exp>  + <term> t <term>

-> <exp> + <term> t <term> t <term>

. . .

-> <term> + . . . t <term>
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<if-statement> ::= if <condition> then <ststement>  I

if <condition> then <statement> else <statement>

2~~~&uhmi7  LiYa  uiikwaan~ao  m3hm  6~:

<if-statement> ::= if <condition> then <statement>

Celse <statement>]
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<exp> ::= <term> E+ <term>%

<term> ::= <factor> i* <factor>)

<factor> ::= (<exp>) I <number>

<nmber> ::= <digit> {<digit>3

<digit> ::=0111213141516171819

:ll 4 . 4  fuJ  EBNFS  dla%iiwTli~luafu~lJ~l~
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uwun1ua1m~~  l~M~l~ll~M~lLJ611~l~M~qTaTU~~T3lYIrunqraulnsr;l  &u%l~

SiUBEN terminals LkW nonterminals &l.lTb&lU~~1~8  ?rNflg

(Syntax diMram is a useful graphic4  representation for a

grammar rule, which indicates the sequence of terminals and

nonterminals encountered in the right-hand side of the rule.)

kx&JbdU uwkmwam&&B  tlaq <noun-phrase> ttlv (article> 'la9

laein4&i~7Z~nq~  lG3in 4 . 2 -n”J-nW~J%
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c

Figure 4-5 Syntax Diagrams for a Sjmple-Expression Grammar
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<compilation-unit>

<definition-module>

<program-module>

$ 4.6a

. .-

..-

..-
I .-

..-

..-

<definition-module> I

CIMPLEMEWATIONl<program-module>

DEFINITION MODULE <identifier>';'

{<import-list>)C<definition>)

END <identifier>'.'

MODULE <identifier>

[<module-priority>l';'C<input-iist>3

<block><identifier>'.'

. . .

. . .

Wv-miw  EBNFs ih+niui  Hodula-2
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definition-module

definition-module

program-module
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4.6 tmihni4~  i fi4iaOfn42m8  us tFl~a&i?l~

Warsing  techniques and tools)

~aain4d  %J~&I&EI+II!  BNF, EBNF  sss”a  ttwuniwalndufh~

OZYIU  &~mnJ  ht& 3Jym”aJ  tT?JalnuXaJh~  Ium+lT9J4ttn4u

(A grammar written in BNF, EBNF', or a syntax diagrams

describes the strings of tokens that are syntactically legal in

a programming language.)
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procedure sentence;

begin

nounphrase;

verbphrase;

end;

procedure nounphrase;

hegin

article;

noun ;

end;

procedure article;

begin

if token = 'a' then

Gettoken

else if token = 'the' then

Gettoken

else mError;

end;
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<exp> ::= <term> It <term>)

'LU EEW 1l.GGY  recursive-descent code &I$

procedure exp;

begin

term;

while token = 't' do begin

gettoken;

term;

end;

,> end;

G&A aJL&Jnn7  h EENF  mu left recursion removal TLW%  n75Tt&

(loop)

‘lunixmiitaiw  ~~I~L~~~~~Iu~LIPI?I liiZlty7~du~u  hfm43~mia-i

~~~~~~~~~~~~~~~~~~~~~~~~~~~~  uwvnq

<exp> ::= <term> 8 <exp>

tiuiiub~aw% iill  recursive-descent code

procedure exp;

begin

term;

if token <> '8' then Error

else begin

gettoken

exp;

end;

end;
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;%ymhh  =!aufq BNF %JUSIJ  -=ba%4b~5?~~53r:L%~/Ur6  tdu BNF

thGYiav~adJ - if &I?

<if-statement> ::= if <condition> then <statement> I

if <condition> then <statement>

else <statement>

k$bh~a~~~n  uh%t&m% (code) %%~nss ~w~~a~~~~&f1&4~~

Z prefix L6YaGU adda~n1aJ  "lu EBNF flfJa"a:  tn"uu6au  -JJlLdV~  uw

lnl~?uanJn~Jr~an  fibJhnan  %mi1;la?hA

<if-statement> ::= if <condition> then <statement>

[else  <statement>1

flq%iu~ iQJTklTRun%J~~ recursive-descent code LGIiiPli-jl%w'

fw:9iu  iiama-7a.k - if ++64

procedure ifstatement;

begin

if token <> 'if' then Error

else begin

gettoken;

condition;

if token <> 'then' then Error

else begin

get token;

statement;

if token = 'else' then begin

gettoken;

statement;

end;
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end;

end;

end;

n44~%~DJnlSt&IIA  h~mt%~‘l?  (optional parts) i1a4  BNF  rules

h EBbiFs  Tmo ti31  p r e f i x iaman  ttwn74%2J  t&i  (: 7 ts”un-81  left

factoring LLBSL  Ut&&t  U&V&I recursive-descent parsing37  8 6&A

fq EBNF  W%I  syntax diagrams &~J&IJE~~u~~I~?  ih recursive-descent
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p r o c e d u r e  e x p ;
b e g i n

t e r m ;
w h i l e  T o k e n  - (+I d o  b e g i n

GetToken;
t e r m ;

e n d ;
e n d ;

procedure  t e r m ;
b e g i n

f a c t o r ;
w h i l e  T o k e n  - 1.8  d o  b e g i n

GelToken;
f a c t o r ;

e n d ;
e n d ;

p r o c e d u r e  (actor;
b e g i n

il T o k e n  - ‘(1 t h e n  b e g i n
GetToken;
exp:
i f  T o k e n  - 1)’ t h e n  GetToken
e l s e  E r r o r

e n d  e l s e  n u m b e r ;
e n d ;

p r o c e d u r e  n u m b e r ;
b e g i n

d i g i t ;
w h i l e  T o k e n  i n  [101..‘91] d o  digil;

e n d  ;

p r o c e d u r e  d i g i t :
bsgln

if T o k e n  I n  [*0’..‘9@] t h e n  GetToken
e l s e  E r r o r ;

e n d ;

p r o c e d u r e  p a r s e :
beg In

GetToken;
rxp;

and;

&we  4-7 Sketch of a Recursive-Descent Parser for Simple
Arithmetic Expressions

C T  3 1 4 1 6 3
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Kl
#include  <stdio.b,
#Incluoa  l cfyps.h>
K>

Ktoksn NUMBER

74%
conxnand : exp <prilltf

; I* a l l o w s  p
(Wd\nn,Sl
rinting  o f

1;)
the result l /

exp : exp I+@  t e r m  {SS  - S
I  t e r m  {St  - $1;)

1

t e r m  :  t e r m  @a* tactor  {St
I  f a c t o r  <St  - $1;)

+ $3:)

- $1 * $3;)

l a c t o r  :  N U M B E R  ttS - $1:)
I ‘(’ rxp ‘)’ <ss - $2;)

v o l d  maln(void)
(yyparseO;t

Int  yylex(vold)
tint c ;

whi  lO((C - petchar - -  8 9);
I*  e l i m i n a t e s  b l a n k s
i f  (isdigit(

tyylval - 0 ;
w h i l e  (isdigit(c 1

tyylval - 1’
c - getch’a

ungetc(c,stdln);

‘I

)
O*yylval  + c - rot;

;)f0

rctur
if (c --
I*  makes
r e t u r n ( c )

)

n(NUNBER);)
r\n’)  r e t u r n  0
t h e  p a r s e  s t o p

vold yyerror  ( c h a r  l s )  I*  allws  f o r  p r i n t i n g
e r r o r  mrrsago  *I

Figure 4-8 YACX  Input  for Simple Arithmetic Expressions
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u..exics  versus Syntax versus Semantics)

1au1fl-rfi Zi~,u?llm  753ll  fl17&%. n’7iTW?%lJq  ~ihml~l  --hwmJd1a

79aGiGhm~  hhna~  thht&  ‘tmdflq1aein-d

(A context-free grammar includes a description of the

tokens of a language by including the strings of characters that

form the tokens in the grammar rules.)

hlFilJlh  %‘aauin4&i~i~.9nq’d.  mdw”a8”o  4 . 2  %lt& ;a  m’l1U

n?.&ncp  %.tf; "a", "the", "girl", "dog", "sees", "pet" ttasGa

&mar: “. ” ikuh  Iauinf  Gwwa$  xhaut&  ad1341~1  h ka”n 4 . 3

Tnt& A~JI&  &+mr&hu,u  “t” tmz ****f  -JJ L & 91 ( I @  LLax  *I)  I* LLW::  L 82

Tm 0 c9 9 TE.IB~~&I~LWW  BEN n-&$ttuu L& a”amm8as  white-

space &rj-r%3 ?u  Go  4.1 r$&%w”t% r;ianmnna~~  (scanner) ki&iL 4u

6amh&9  ~amad uun6im-msml2wmsr$

IjS”YbnWBaJ~Yit~u  ¶mad~~ idu  dlFlJ~ ‘ZnamAa%l1aa;  wmu%

ldd iGim9~  am Xhas=  hn”ahaas tt&m&~ %$tiI~tdnn~w4  aas  2iaY

Finmx rdu tmlh  0 . . 9

(Some typical token categories, such as constants and

of characters in themselves,

of characters, such as the

identifiers, aye not fixed sequences

but are built up out of a fixed set

digits 0 . . 9)
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<exp>  ::= <term>{+  <term>1

<term> ::= <factor>i*  <factor>3

<factor> ::= (<exp>j I NIIMBER
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(Predef  ined identifiers are identifiers that have a fixed

meaning in the language, but this meaning can be changed be

redeclaring  them within a program.)
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1. Add subtraction and division to the

(a)  BNF

(33)  EBNF

and Cc)  syntax diagrams of simple arithmetic expression

(Figures 4-3, 4-4, and 4-5) Be sure to give them the

appropriate precedence.

2. Add the mod and power operation to

(a)  the arithmetic BNF or

(b)  EBNF.

Use "6 for the mod operation and n for the power operation.

Recall that mod is left-associative, like division, but

that power is right-associative. (Thus Z-2-3  = 256, not 64)

3 . Unary  minuses can be added in several ways to the arithmetic

expression grammar of Figure 4-3 or the grammar from

Exercise 1. Revise the BNF and EBNF for each of the cases

that follow so that it satisfies the stated rule:

(a)  At most one unary minus is allowed in each expression,

and it must come at the beginning of an expression, so

-2 - 3 is legal (and equals -5)  and -2 - C-3)  is legal,

but -2 - -3 is not.

(b)  At most one unary minus is allowed before a number or

left parenthesis, so -2 - -3 is legal but - -2 and

-2 - - -3 are not.
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Cc)  Arbitrarily many unary  minuses are allowed before numbers

and left parentheses, so everything above is legal, but,

for example, 2 - t3 is not.

4 .

(Draw parse trees and abstract syntax trees for the

arithmetic expressions) :

(a) ((2))

tb, 3+4#+5+6*7

CC) 3?k4+5*6+7

id) 3 +R  (4 t 5) * (6 t 7)

(e) (2 t (3 t i4 t 5)))

5. ~&A~I%+?%I~~  &&WT  %s%i%Wmu%@~~ %%I%~IFI  (IS  it possible

to have a language without any reserved words? Discuss.)

6. A number is defined in the grammar of Figure 4-3 using a

left-recursive rule. However, it could also be defined

using a right-recursive rule :

<number> ::= <digit><number>I<digit>

which is better, or does it matter? Why?

7. Given the following BNF : m

<exp> ::= (<list>) I a

<list> ::= <list>, <exp>  I <exp>

(a)  Write EBNF  rules and syntax diagrams for the language.
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(b!,Draw  the parse tree for ((a,  a), a, (a)).

(CJ  Write a recursive-descent recognizer  for the language.
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