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fll%EX3tibbLWll’Wl  : ‘dlRH8N~q.bi

Language Design : Syntax *

progrm PG

begin

end. END

nlsa%mrainu~~~ea~  nmipwh%  (the syntactic description of

a programming language) i;nisra”l~Ja~1Jj;t*~w~~i310j~  uClauTZ%dma3u LLSJ

uaafmuiw ~1531~  q adl< (and along with each come various strengths

and weakness) fmtn”& twili!  3a.3  2 ih n”a  : nishihaanuumwl  tkw
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A B C D E F G H I J K L M N O P Q R S T U V W X Y Z

a b c d e f g h i j k l m n o p q r s t u v w x y z

0 1 2 3 4 5 6 7 8 9

<<=>),#dVA>3

t-x++,.;: ' 1( ( ) C 1 ?I (blank)

A B C D E F G H I J K L M N O P Q R S T U V W X Y Z

0 1 2 3 4 5 6 7 8 9

=+a t / ( ) , . S ' : 6 (blank)

32 CT 314



ASCI I  CHARACTER SET

btls  I.23 bits 4.56.7

0 0 0 001 0 1 0 011 1 0 0 101 110 111

NUL DLE SP 0 @  P ~ p 0 0 0 0

SOH D C 1 ! 1 A 0 a a 0001

STXDC2”  2 B R b r 0010

ETX DC3 # 3 C S c s 0011

EOT DC4 $ 4 D T d f Olcm

ENQ  NAK % 5 E U e u 0101

ACK SYN 8 6 F V f v 0 1 1 0

BEL ETB ’ 7 G W g w 0111

BS CAN ( 6 H X h Y 1000

HT EM ) 9 I Y i v 1001

L F SUB * : J 2 f z 1010

VT ESC + ; K [ k ( 1011

FF FS < L \ I I 11Oa

CR GS - = M 1 m I 1101

SO RS > N - n  - 1110

SI  us i 7 0 ___0 DEL 1111-
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a,l/ 2-3 b $%%lfl7~  EBCDIC

EBCDIC CHARACTER SET

bits 0.1.2.3 bits 4.5.6.7

oooo  oool 6010 0011 0100 0101 0110 0111 loo0 1001 1010 1011 1100 1101 1110 1 1 1 1

NUL DLE  DS SP  & - 1 1 \ 0 cm0

SOH  D C 1  S O S I * i - A J 1 0031

STX DC2 FS S Y N b k s B K S 2 0 0 1 0

E T X  T M c I 1 C L T 3 0011

m ” D M U 4 0 1 0 0d

e ” Y E N V 5 0101

f 0 w F 0 W 6 0 1 1 0

9 P x G  P x 7 0111

P F RES BYP PN

HT NL LF RS

LC BS E T B  U C

DEL IL ESC EOT

GE CAN h a v H 0  Y 0 1000

R L F  E M i r z I R z 9 1001

SMM cc SM c ! : : I 1010

VT CUl cu2 cu3 s , # 1 0 1 1

FF IFS DC<  * % @ 1100

CR Kis * EN0  NAK ( ) _ ’ 1 1 0 1

s o IRS ACK + > = 1110

SI IUS BELSUBI -l ? ” E O 1 1 1 1
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APL KEYHOAKD

SPACE

The APL keyboard.

2.2 lhJad&  (Vocabulary)

“d4za.2a3wh”  samiwp1~13~  W~JIGJ  tdmaa&Finasu  ttaz63$d7snauti3

a8U4bbanx.  (The "vocabulary~  of a programming language is that set of

characters and words from which programs are constructed.) ~?&Jt~U
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program P;

var x, y : integer;

begin

read(x);

Y := x t 2.5;

write(y)

end.

p r o g r a m  P ;

VU X :

integer y (

kegin read 1

end write :=

2.5 t .

(The set of tokens for a programming language is defined in

such a way that permits efficient recognition by a compiler (a  process

called "lexical analysis") and clear expression by a programmer.)

Gia+h  i%h.hAGniw  (an efficient recognizer) ~37~~ihmmttm

Thnm aant& TnGhhm.m aadh  uixuids=~nn Tnth %I  hik.&iah-

n'lllll&f& (in a single pass over the program text)
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X

Y

Alpha

*?ietalinguistic  device %%l6

(1)  jdk¶Jnrunn~$-i%l+  (~h&Laad)  (Backus  Naur form (BNF)) - DhlU

syntax 3a9nlwl  Pascal

(2)  Meta  language - &IiB  syntax i1ad  COBOL

(3)  Syntax diagram - aihu syntax BaJ Pascal

(4)  Descriptive definition - a&W  syntax Y?E19n7’IJl~iinqw,  FORTFUN
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x l

SUM

..-. .- MUIF&  ;~&TU<TL$U  ("is defined as")

E 1 ?Wl8iYJ items nla'lU3.2a&J~  %tZan  items %i~Jb&i  0 Oh7

winamni&Ill  ("any sequence of 0 or more of

the items enclosed.")

C l WUIGJ "either 0 or one concurrence of the items

eixlosed.  " c.I-

I WI&  Ga ("or") bnaiaj~~n’lakau  (in the exclusive g

sense ) u

ng B N F  &?a d%anIl  =iwtn”~v~J20  a$llG~,2~a  tt~am1aJii30  : : = FI1.U

iao  hYimas+?a7hatnw  ttzwda  $$htd avm:ku6aa  I ttaaa-ma3mn~Tno  c 1

:.4 BNF rule always has a single token class name on its left,

followed by ::=, followed by a sequence of token class names and/or

symbols, separated possibly by I and grouped possibly by C I.)

m"XE.ilJ fq BNF ~-&79$ Gm.mii@in~ii  asI3 mm& Tnt&hrtnn

"letter"

letter ::= alblcl...lzlAIBICI...IZ
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digit ::= 0111213141516171819

identifier ::= letter {letter  I digit%

natural ::= digit Cdigit.1

integer ::= C+  l-l natural

number ::= integer I [+I-1  . natural I integer . natural
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115~  umua4  Tn~&&  9 fi~iiuaia4

statement ::= unlabeled-stmt I

lakE?l : unlabeled-stmt

unlabeled-stmt ::= simple statement I

structured-stmt

simple stmt ::= assignment-smt I

procedure-stmt I

goto-stmt

structured-stmt ::= compound-stmt I

conditional-stmt I

repetitive-stmt I

with-stmt

compound-stmt ::= begin statement f; statement) end

conditional-stmt ::= if-stmt I case-stmt

if-stmt : : = if expression then statement I

if expression then statement else statement

assignment-stmt ::= identifier := expression

expression ::= simple exp I simple exp relop simple exp

relop ::= = I <>  I < I <=  I >= I >  I in

simple exp ::= Ct I -1 term I simple exp a&lop  term

ad.dOP ::= t I - I or

term ::= factor I term mulop factor

mulop ::= * I / I div I nod I and

factor ::= identifier I number I (expression) I

function designator I set I not factor
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(A  string of tokens (from the language character's set) is a

syntactically correct program (or statement or expression, etc.) in

the language if it can be "derived" using the BNF'  rules that are appro-

priate to the class (program, statement, expression) in the question.)

verb-phrase

verb object

I
noun-phrase

article noun

I I
BIT BOY

CT314 4 3



sentence ::= noun-phrase verb-phrase

noun-phrase ::= noun I article noun

verbphrase ::= verb I verb object

object ::= noun-phrase

noun ::= BOY KG I GIRL

article ::= A IANITHE

verb ::= BIT SAW I WFXYTE

I
word

token

CT 314



article noun verb article noun

i, I
BIT

mkA;i  2 b5Gufl$aJ  aln "article nounw  bw7ab ha&~  n138A.b  aoJfUJ

noun-phrase ::=  noun I article noun

aaa~~l?~a~a;on~J~u

noun-phrase noun-phrase

/\ /\
article noun verb article noun

object ::= noun-phrase

verb-phrase ::= verb object

aklaa~u~~~~u

verb-phrase

/-\

noun-phrase

/'/
article noun

I I

vekb object

I
noun-phrase

I\
article noun

I I
BIT BOY
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sentence ::= noun-phrase verb-phrase

identifier doP identifier

I I I

simple-exp

I
t&m

identifier

factor

I
identifier addop identifier

SUM :=

flpilJ  q i?ta &l
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factor ::= identifier

term ::= factor

simple-exp ::= term

simple-exp

identifier

term

factor

I I
identifier identifier

I T I
SUM t X

CT314 4 7



assigr

identifier

UnF

6 :=

?nt-stmt

“L
expression

I
simple-exp

iI\
simple-exp addop term

I
term

factor

I
identifier

t

factor

identifier

X

factor

I
identifier
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2.4 ,,l5o~u-,aaln~~aJijPl~aoJ  COBOL

(COBOL  syntax description)

SELECrT  file-name ASSIGN TO device-name
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Giaa$1.3  tilUbbYY  i)1flyla1El  q P11Sb&fl  iiGJ79;

SELECT MYFILE  ASSIGN To SYSIN- --

SELECT MYFILE  ASSIGN TO SYSIN

WXERSE  4 AREARS

SELECT MYFILE  ASSIGN TO SYSIN

OFUXNIZATION  J$ INDEXED

ACCESS  m JSJ RANDOM

F!.EcxRDKEY1ssoc1AL-SECURITY-NO
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(Thus, the syntax diagram is no more powerful as description device

than BNF; it is an alternative which many prefer because of its des-

criptive quality and its simplicity.)
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BNF ts’wlil  ~Xl1nktl%ll~lm  (context-free grammar)
,:ci
uudRa  hllMlWiiSj;

ia~lMu”alnu~~~u~Ylja~~~~~~~~~~~~~~~~  &L&  r&G~~~&u47.l-unrzi  abiaia-

knW&  ‘fIhJlljnLLa’CNGNl~2~  BNF (that is, if a langauge  has some syn-

tactic requirement that is sensitive to the context in which a

construct is written in the program, then that requirement cannot be

cedure names, and so forth - together with their attributes.)

m'an&4  mi5i33~3Nind  aalin  b&ak&&7nThan~.w  Pascal niGi&2

program P; Symbol Attributes Declared?

var x : integer;

begin P proc-name Y

read(x)  ; x integer-var Y

Y := x + 2.5;

write(y)

9 N
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table is also an adequate ad hoc device for enforcing the context-

sensitive requirement that all variables in a declaration have

mutually unique names.1

2md-i~  niahxiCmx&G&  ~l%ia~~io;~wal~ainu~~~~~ (syntax error)

VW x : integer;

scope aasu6wviz  (each instance) TIEI,S&I  &IID~&%% “nun-s~h  (any other

instance)

~aaFh¶ f1lP41  Pascal

program P;

var x, .y  : integer;

procedure 4;

var x : real:

CT314 53



hegin

:

:

end Eof Q3;

begin

:

:

end Iof P3.

~a~a~lii~~n~~JI~aJ'Lu3lnE17~~  Gb il~70oJnl50~6mal~filna~t~Ja1n~-

%6& (Another important issue in syntax is the problem of eliminating

syntactic ambiguity.) k&32ti nl~i~a;~aiaJi;lnauraJainu~lliiu~  Kud-ianav

6iaWll33h  ~JdllJl5flnSs71EI  1i~~~sii=d~~3&11l (a language is syntactically

ambiguous if it containsa  construct which can be parsed in two or

more different ways.)

Gi3DilJ n'lii'JnlIf1  FORTRAN

Do 10 I = 1.5

:
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if;fjY----l
expression then statement

I I

I Ix=0 if-stmt

if&!-statement else statement

I
y = o

I
sl

if-stmt

,/IA
if expression then statement else statement

I I Ix=0 if-stmt s2

if expression then statement

I
s2
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if x=0 then begin if y= 0 tben sl else s.2 end

if x = 0 then begin if y = 0 then  sl end else s2

if x = 0 then if y = 0 thfm  sl else s2 endif  endif

if x = 0 then if y = 0 then sl endif  else s2 endif
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Statement grouping Pascal PL/l Ada

complete program program P; P: PRDC; procedure P is

begin : begin

: END P; :

end end P

Looping while e do Do WHILE(e); while e loop

begin : :

END: end loop;

end

Selection case i of

:

end

SELFKT;

:

END;

select

.:

end select,;

Compounds, begin

:

end

DO;

:

END;

begin

:

end

Conditionals ifethen

begin

e n d

IF e THEN if etben

Do; :

: end if;

END;
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pascaltype PL/l equivalent WIKIL  equivalent FORIRAN  equivalent

I??81 FLOAT COMP-1 REAL

integer FIXED BIN CQMP-2 INTEGER

Boolean BIT(l) PIC 'S'B LOGICAL

CharadRr cHARAcrER(1) PIG 'X' CHARACTER *I
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expression ::= Ctl-lterml

expression addop term

addop  : : =  t I - l o r

term ::= factor I term mulop  factor

mulop ::= *I/  ldivlmodland

factor ::= identifier I number I (expression)

GkmilJ  1 a+b*c

expres,,-----‘p~;  1
term

I I /I\
term t term mulop factor

I I I I
factor factor * identifier

I
identifier

I
b

C
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tatb)  * c

expression

I
term

ter/  ' 1mulop factor

/I\
(- expression )

I* I
identifier

I
C

/ I\
expreksion -P term

I I I
term + factor

I I
factor identifier

I I
identifier b

I
a

I
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ciaaEi1,  3

a - b - c

expression

1-t \
expression addop term

expre(/  ' \ !
I

addop term factor

I I I I
term factor identifier

factor identifier

a
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2.9 aindUh6  ~ITW%WIU  rraani4ao~ull~~-lun~~~~d~~~~Jq-

(Syntax, Semantics, and Compiler Design)
I

s57vhn-&~  nirnonuGiatdwph3J 6 ih  t s”a~&~hm tkwwuwa7  t iTiuwia”Jn3a~au

5dlL&J (At the heart of language implementation is, of course, the

design of effective compilers for the languages. Compiler design is,

of course, a complex subject  and deserves a full course in itself.)

source program

SYNTACXC  ANALYSIS

<A]->  object program
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LL1IllaT-l~isI

1. i)JaanuLIu  BNF syntax h&iil~~  if %IU-III+I  Ada ~f+&%&w~~w~~  bria

n~awuK&iwi-d  SmsYia~nu3u~u~  7mwi-m

if x = 0 then if y = 0 then sl else s2 endif  endif

2. ilwm370  iimhia2~~  kpl’l5  a~nu3x~ti~7wun7~um~

(a)ltb*ctd

(b) 1

Cc) (ltb) * (et-d)

3. wt~mj'Lilihil  BNF syntax ?~w&N~  iiinau %miml iiwaf  %I i;niT

nz:?iu  liimki  2 %iibuGmiiu~uld

expression ::= term I expression t expression

term ::= factor I term * term

factor ::= identifier I number I (expression)

4. W~&IU  syntax charts %&~ww~EI~&~&J  BNF productions i=hsSJU

"expression" %JiilWM@~~?MlJ~~

5. 341&u  Pascal procedure %a+%  (recognizes) iia%Gnnsr%hm'l~

ikiauusnrih  "identifier" yh.7  &lai  i;ii  %%Gu h&i illiii,  Ii

procedure 5 zJ& diGin05aii.3 (empty string) uia r&M  Tkl&J

procedure fil&b&aiiu  ihGuEiaLaa  (number)

6. a~?2  BNF syntax %kWwi%  %UUn~  fm37u~lddka~d

(a) if a < b t c then a := 0 as an if-stmt

tb)  a := b - c t d as an assignment-stmt

(c) begin x := 0; y := 0 end as a compound-stmt

7. Ynikxmn~~~~&~  ldllii5Yd7x:jiuj~  m&iu  ~~21rnhl7u~62~1 wnwcw

"sentence" L-Kl~  %w%fq BW %kll~hunf

(a)  THE GIRL BIT THE DOG

(B) THE DOG WROTE

8. Wt&Ul&U  izmv&?&Luni33Ji7j  1 'lUTll3atfts2  Pascal, FORTRAN,

COBOL kw PL/l LL6z Tiwm8”n~  in~i~anat&w&
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9. syntax vinlEi$  uiJdau%fih.  %ri,9&lJ  B~I)J  $~IJ 9 h Ada

<loop> ::= C<iterator>l<basic  loop>

<iterator> ::= while <exp> I

for <var>  in <subrange>

<basic loop> ::= loop <stmts>  end loop

<stmts> ::= <stmt>I<stmr>I
I9,

hi% <exp>, <var>. <stmt>  LLlt:  <subrange>  m&k  expressions,

variables, statements LLW subscript ranges h Pascal &lW%l

syntax $ il;llb&W  %L&  @a?N  Ada %k~luVU1U  adauiiu  @0aJ Pascal

khi4  mneu  aSa~~~J~Ur~na"illUB0~9~

for i := 1 to 10 do

begin

<stmt>;

<stmt>

end
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