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=

[ Syntax: the form or structure of the expressions, statements,

and program units

] Semantics: the meaning of the expressions, statements, and

program units
(] Syntax and semantics provide a language’s definition

— Users of a language definition

e Other language designers
* Implementers

* Programmers (the users of the language)
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The General Problem of Describing Syntax: Terminology

1 A sentence is a string of characters over some alphabet

1 A language is a set of sentences

(1 A lexeme is the lowest level syntactic unit of a language (e.g.,
*, sum, begin)

(1 A token is a category of lexemes (e.g., identifier)
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2 : lexeme, token, id

a3H#H 3*E(lexeme)
- EZ=0l===AtE

d E2(token)
- JIINCOZ REEE EA G
— Ex) index =2 * count + 17;

U id(identifier)
— = AtE (lexeme)0| H+Y,&+=H, 2HAE S= 0|2

— Ex) index, count
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1

ide| =8A IS

4 id (identifier)E 2tE= 3

<id> —> <letter> (<letter>| <digit>)"

<letter>->a|b|c]| ... | z
<digit>->01|1]|2] ...... | 9

0 7% (or LtA)(derivation)

<id> => <letter> (<letter>| <digit>)~

=> i (<letter>| <digit>)~

=> in (<letter>| <digit>)~

=> ind (<letter>| <digit>)"
=> inde (<letter>| <digit>) "
=> index (<letter>| <digit>)~
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— Ex. ©0{(L) = 0(10)°
olat el = {0, 1}
olat 2 XY = 01010

Z2) 010102 0(10)°0ll Z5H=I1?
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T H8o &=
QA0 M|
— Ao 2a=E=S MH6te & X
— =& =80l 2ol AN It Il (derivation) =

=) S=>0
£=S=>510=>010
£=S=>510=>S1010=>S1010...10=> 01010 ..... 10

=> 0(10)"
[t2hA L={0,010,01010, ......, 0101010 .... 10}
= 0(10)"
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d2 SRE0l U5

Ho

Qd 29 XI57 28 (CFG: context-free grammars)
— 1950 E O =8t Noam Chomsky Ol 2/ oH A JHE
— MA A0 Uet A2 = 2HLZ2 4K 7& HHZE &2
(Chomsky 2| Hierarchy, 1956, 1959)
— 2 )Y AN Jl=0l m=st 2JHA] =&
« 87 Y (regular grammers) (type3)
« =W A7 & H(type2)

1 BNF(BNF : Backus-Naur Form) (1959)
— John BackusJt 122t (Algol 58 J| =)
— 0| £ Peter NaurJt ==& (Algol 60 J| =)

— BNF=E &R A7 =80 =&
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BNF Fundamentals

U In BNF, abstractions are used to represent classes of
syntactic structures--they act like syntactic variables (also
called nonterminal symbols, or just terminals)

1 Terminals are lexemes or tokens

1 A rule has a left-hand side (LHS), which is a nonterminal,
and a right-hand side (RHS), which is a string of terminals
and/or nonterminals
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Unrestricted G. (type 0)

text Sensitive G. (type

Context Free G. (type 2)

Regular G. (type 3)

@) ororuyer
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CFG

d Context-Free Grammar (CFG)2 &

— A->B ({J| A, A= nonterminal@| & g,
B; nonterminal 1} termlnalOl 4 (4 Lt 2 = arbitrary string
ot

(Et, empty string2 ol E0HKA| £ S

d nonterminal® &g ={A,B,(, ...... , 7}
terminalse _1 2|2 AZ X2 E4

[0
b

QEX.E->E+E
E->E*E
E->(E)
E->id

) OrosLot
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Regular Grammar (& #2Y)

QIR 2HO| SX

A -> (B | B : right-linear G
=& A->BB| B:left-linear G

HIIA, A2 B = O 3tLI2 nonterminal,
B= 0J4 0| &2 terminal2 14 (F, empty = & &)

 Ex 1) right-linear Ex 2) left-linear
S->0A S->S810|0
A->10A|¢

dEx 1)1 Ex2)= 22 string 0(10)' E MHE
8




BNF (CFG1 J|s4& =€, ZI|E8CtLIS)

Q7% Ea
— LHS,RHSZ 1 &

« LHS(left-hand side) : &t

2l = B 0l € (nonterminal symbol) & £ &
(nonterminal= BNFO| A &=

]
2t25 2 LIEHH D, CFGOIA = U2 X2 LE

EHE)

« RHS(right-hand side) : EH0| € (terminals) 2 =EH0IE€ =2 28 & A E
g HS

« HOIE2 == &2 inal= BNFO| M= Z& S8l 0|

LIEtLH ), CFGOIMN = A2 At =2 S22 A2 LIEHH)
4 Ex
<id_list> ->id | id, <id_list>

<if_stmt> —> if <logic_expr> then <stmt>
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BNF J|2 At

Q st Olofe B nElsz 44
O A& JlS(start symbols)2 80| Z&&E S8 =(H0OIE J|=
0 28 6= UsS 4K = 24 ELEL ES2pP=CH LHEHHTH
QG=(N,T,S,P)

— N: =H0l2 =2 & & (asetof nonterminals)

— T:HOIE =2 & & (asetof terminals)

— SEeN: Al& J| S (start symbol)

— P: 84 A& =2 & & (production rules)
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BNF 772!

£ Il Ol &2l RHSE 28 JIs

<stmt> -> <single_stmt>
| begin <stmt_list> end

Q A (recursion)E AE5H) | & &

<id_list> -> id,
| id, <id_list>

0 HERAE 0

Ex1)x,y z
Ex 2) fool, foo2, index, result
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Regular G. 2} CFG

Q JdieUsSu 20| E&o0rE

<id_list> -> <id> | <id>, <id_list>
<id> -> <letter> (<letter>| <digit>)"
<letter>->a|b|c]| ......... | z
<digit> => 0| 1| 2] veereree. 19

d Lt ES2 Usd 20l &

<id_list> ->id | id, <id_list>

a 0l=?
1. <id>, <letter>, <digit> = regular G. O|C}. O] 2d £ lexical analyzer0l 2|oll token2 &
Ol Al =l LY.
2. 0| tokenO| syntax analyzer2| inputO| = C}.
3. syntax analyzer(jl 2 2 &t & 2 CFG = O|C}.

=, syntax analyze 0| A = <id>Jt 0| 0] &4 &l token(=terminal) @ = 2l 4]

—
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Example : = &

<program> — begin <stmt_list> end

<stmt_list> — <stmt>
| <stmt> ; <stmt_list>
<Stmt> — <var> = <expression>
<var> - A | B | C
<expression> — <var> + <var>
| <var> - <var>
| <var>

0 “begin A =B+C; B=Cend”2| 2&0| 28 G122 FH A4 & =01?

@) w g
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2. THEHN =808 X7l Z&LH, XELHSZE A= S HE
. OE 2t CHH o] Z2 HE 2 & & Eli(sentential form)c2t &
- 2 HAUA SN SN 7RIS A
" & '.-331|-J =St =80Ig et HE 132 S et = Al
Ex.
S=>*XYZ, X->y,y, ..y,
S=>*y.y, ..y, YZ

. ()
A XSS o

4, ZHEE0 =EHO|IE0| &L X HOCHKREESE
= Oleist 2 S E & (sentence)ct &
= SA2HOLES0HEE
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x| XHE (leftmost) 77 = 2 X 2 H(rightmost) =7 &

Q = XS R & (leftmost derivation)

- 2 =8 gHlllA JHE &S0l /XIS =60/20] & HES
Flol Al =L

OI

Lﬂ

A X RH 2 & (rightmost derivation)
- A S EHI0AN Ot =0l /IXlet =E01E0| #& HE=

Foll A 8L

-\‘,..‘Ir‘:'l:. ﬂ o a}
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E EH (leftmost) 57 T 2F = 2 E(rightmost) 7 & (Gl Al)

<program> — begin <stmt_list> end

<stmt_list> — <stmt>
| <stmt> ; <stmt_list>
<Stmt> — <var> = <expression>
<var> > A | B | C
<exXpression> — <var> + <var>
| <var> - <var>
| <var>

d “begin A = B+C; B=C end”ct= S & 0| A
- A S MA CHet X SEEBY A
- A S MH et ZIREHSEEEY A

Hanyang University — Concept of Programming Languages [ 2024 ] -23-

ey CHEC U
ol HANYANE UKIVERSITY



Z| ZHE (leftmost) S & (011 Al)

<stmt_list> — <stmt>

<var> ->A | B | C
<expression> — <var> + <var>

| <var>

| <var> - <var>

<program> — begin <stmt_list> end

| <stmt> ; <stmt_list>
B G1 |<stmt> — <var> = <expression>

© ¢ JpA|<program> => begin <stmt_list> end

(Z| ZFEH =>begin <stmt> ; <stmt_list> end

=>begin A
=>begin A
=> begin A
=> begin A
=> begin A
=> begin A
=> begin A
=> begin A

=> begin A

=>begin <var> = <expression> ; <stmt_list> end

= <expression> ; <stmt_list> end
= <var> + <var> ; <stmt_list> end
= B + <var> ; <stmt_list> end

+ C ; <stmt_list> end

+ C
+ C
+ C
+ C
+ C

I

I

I

; B

B
B

; <stmt> end
; <var> = <expression> end

<expression> end
<var> end

C end
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Z| L (rightmost) & (0l Al)

<program> — begin <stmt_list> end

<stmt_list> — <stmt>
| <stmt> ; <stmt_list>
<stmt> — <var> = <expression>
<var> > A | B | C
<expression> — <var> + <var>
| <var> - <var>
| <var>

=18 | < program > => begin <stmt_list> end

(Z<th => begin <stmt>;<stmt_list> end

=> begin <stmt>;<stmt> end

=> begin <stmt>;<var> = <expr> end
=> begin <stmt>;<var> = <var> end
=> begin <stmt>;<var> = C end

=> begin <stmt>;B = C end

=> begin <var> = <expr>;B = C end
=> begin <var> = <var> + <var>;B = C end
=> begin <var> = <var> + C;B=C end
=> begin <var>=B + C;B=C end

=> beginA=B+(C;B=Cend

(& 3 §~ Pl '-|J.-IL
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=& 7 (0Al)
&
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G2

<assign> — <id> = <expr>
<ids—> A |B|C

<expr> — <id> + <expr>
<id> * <expr>
( <expr> )
<id>

Q“A=B* (A+C)"2 E& 0 Uigt = 2 2 RE=E 20ict
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Z| ZHE (leftmost) S & (011 Al)

<assign> — <id> = <expr>
(LI | .

<expr> — <id> + <expr>
<id> * <expr>

( <expr> )

<id>

S = 1P| < assign > => <id> = <expr>

(Z|ZFHED => A= <expr>
=> = <id> * <expr>
=> = B * <expr>
=> = B * (<expr>)
=> = B * (<id> + <expr>)

=> = B* (A + <expr>)
=> = B* (A +<id>)
=> A= B*(A+()

£ ot %; I} ot
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| L (rightmost) & (0l Al)

<assign> — <id> = <expr>
(LI | .

<expr> — <id> + <expr>
<id> * <expr>

( <expr> )

<id>

7= | <assign > => <id> = <expr>

(Z<Eh => <id> = <id> * <expr>

=> <id> = <id> * (<expr>)

=> <id> = <id> * (<id> + <expr>)
=> <id> = <id> * (<id> + <id>)
=> <id> = <id> * (<id> + C)

=> <id>=<id>* (A + C)

=> <id>=B* (A + ()

=> A=B*(A+()

£ ot %; I} ot
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