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Ou t l ine
Lang u ag e syn tax

BN F g ramma r s
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So you wan t to des ign a

language...

Wh a t do you do?

Spec i fy s yn tax

Spec i fy s em a n t ics

W r ite a  p ro to t ype in t e rp re te r

G o a l o f t h is l ec tu re - a nd -a -ha lf: w h ir lw i n d

ove r v ie w o f e a ch s t ep , a n d co n ce p tua l to o ls



Syn tax:  te rm ino logy
a la n g u a g e i s a s ub se t o f th e f in i te- leng t h s t rin g s

o v e r  s ome a lp h a b e t o f s ymbo l s

a g ramm a r s p ec i f ie s w h i ch  s t r ings be long  in  te h

a lphabe t

a p a rse r tu r n s a s t r ing in a lan g uage in to a  mo r e

s t ruc t u red  r ep resen ta t i on  (usua l ly a s y n tax tre e )

re le van t to th a t l ang uage



B ackus -N au r fo rm
named  f o r J o h n B ac ku s & Pe te r N au r

U sed  t o spec i f y c o ntex t - f re e  g ra mma r s

( co r r espond to co n text - f ree  l a n g u ag es )

C F G s ha v e fou r p ar ts :
1. term ina ls :  "a tom ic " tex tua l ent i ties,  e.g.  ident i f iers ,

keywo rds , literals

2. n o n term i n a ls : " s t ruc tu red" tex tual ent i t ie s ,  e .g.

i f / then/else  or  val declarat ions

3. p ro d uc t ion s : rules  fo r building  non te rminals

4. a  un iqu e "s tart" p ro d u c t ion



P roduc t io n s
N on te rm ina l on  le f t , s e q u e n c e o f t e rm ina l s a n d

non te rm ina ls on  r i gh t , s e pa ra t ed  b y : : =

ifE x p r : := i f e x p r t h en exp r e l se exp r

Ma y have  c a s es  s e pa ra t ed  b y ba r s :

e x p r : : = bin O pE x pr | una ryO p E x p r | ifE x p r | . . .



E x amp le
c o ns tL i te ra l : := BOOL_L ITERAL | INT_L I TERAL

exp r : := cons tL i te ra l

| IDENT IF IER

| e xp r + e xp r

| no t e x p r

| e xp r = e xp r

| let dec l in e xp r end

| if e x p r t hen e xp r e lse exp r

| ( e xp r )

dec l : := va l IDENTIF IER = e xp r



BNF "a lphabet"?
BN F g ramm a r a lp h abe t =  te rm i na l s = t o k e n s ,

n o t i nd iv id u a l c h a r a c te rs

C an sp ec i fy fo rma t  o f t o k ens u s in g B N F too ,

b u t cum b e rs om e

U su al ly  u s e r e g u l a r e x p r e s s io n s i n s tea d



R egu la r  exp ress ions
reg e xp = an ex p re ss io n tha t m ay  "ma t c h " a

s tr in g ; re cu rs ive ly d e fin ed as:

ba s e case : a  cha rac te r ; a ma tc h e s "a "

i nduc t i ve c a se s :

c o nca t ena t i o n : aa ma tc h e s "aa "

re p e tit io n (K l e ene s ta r ) : a* ma t ches  " a " ,

"a a aa " , "a a a aaaaa " , " "

u n ion (al te rn a t ion ) : a|b ma t c h e s "a " o r " b

I nduc t i ve c a s e s m a y u s e pa rens to e n fo r ce  o rde r

o f o pe ra t o r s



R egexp  exam p les
(a*b)|c

ma tches : " b " , " c " , " a a a ab "

a((b*c*)|d*)

ma tches: " a " , " a b b b bc " , " ac" ,

" a bb b cccccc" , " a d "

a|b|c|d

ma tches: " a " , "b " , " c " , "d "



RE syn tact ic  suga rs
[AB C D E FG ] =  (A |B |C |D |E |F |G )

[ A -Z ] = [AB C .. . . XYZ ]

A ? = "o p tio n a l A "

e .g . , A B ?C = ( AC | ABC )

A + =  "o n e o r m o r e A "

e .g . , A + B  = AA * B

. = "an y  cha rac te r "

e .g . , . * =  " a n y s t r ing , inc lud in g  emp t y s t r ing"

[ ^A ] =  "A n y  cha rac te r b u t  A ."



R egexps  fo r to k ens
Intege r l i t e ra ls :

I N T E G E R = [0-9]+

I d en t i f ie rs :

I DEN T IF E R = [A-Za-z][A-Za-z0-9]+

K eyw o r d s  ( easy ):

I F = if

T H EN = then



Ex t ended  BNF
Sequ ences :

t up leE x p r : : = ( exp r * )

D e l im it ed s e q u ences :

tu p l eExp r : := ( exp r * \ , )

A t - l eas t -one  s equ e n ces :

t up leE x p r : : = ( exp r , e x p r+ \ , )

O p t ion a l s e q u en ces:

v a lDec l : : = va l ID E N T IF I ER = e x p r [ ; ]



Pa rs ing,  lex in g
Lexe r :  s t r in g ->  t ok e n st re a m

Pa r s e r : t o k en st re am -> sy n tax tre e

U sua l ly b u i ld us i ng le xe r g ene r a t o r and p a rse r

g e n e ra to r :

l exe r g en  and  pa r se r g en  ca n t a ke s yn t a x

s p e c if i ca t i on a nd au tom a t ica l l y g e n e ra te c o d e

fo r  each

b i son , y a c c , ja v a c c , sab l e c c , m l -ya c c



S eman t ics rev is i te d
Rev iew : "L ang uage  Construct  X  in a  Nu tshel l"

Syn tax :

if exp r1 t hen expr2 e lse expr3

Dynam ic  seman t ics

eva l expr1 to v

if v is t rue,  eval expr2 to v2 and re turn

else  eval exp r3 to v3 and re turn

Sta t ic  seman tics

const ra ints: expr1 boolean , expr2 and expr3 agree

result type :  t ype o f expr2 and expr3



Forma l  nota tion

(dy n am i c s ema n t ic s o n ly )



Hom ework  3 eval . . .
|  evalE xp env ( I f  (e, e1 , e2 ))  =

case evalExp  env  e of

In teger i = >

ra ise  Fai l "T ype er ror :  non-boolean  used for  tes t . "

|  Boolean  b  =>

if  b then  eva lExp  env e1 e lse  evalExp  env  e2



Summa r y
On e  way to d o lan g u a g e d es ig n :

S pec i f y s y n tax

U se B N F , rege x p s

S pec i f y s eman t i c s

U se opera t iona l s ema n t i cs ( in E n g l ish , o r in )

Im p l emen t p r o to typ e  in t e rp re te r

You  bas i ca l l y k n o w ho w .. .

O pe r a t ion a l s eman t i c s  o f la n g u a g e c lo s e ly

re la t ed to a c t u a l c o d e f o r in t e rp re te r !



Break :  ML p ro jec t

o ve rv i ew



C ase  s tudy : M i c roC
pro g ram ::= d e c l* s tm t*

d e c l : := typ e N am e ID E N T IF IE R [= e x p r] ;

ty p e N am e ::= in t | flo a t

s tm t ::= e x p r ;

| if ( e x p r ) s tm t e ls e s tmt

| w h i le ( e x p r ) s tm t

| { s tmt* \; }

e x p r ::= IN T _ L IT E R A L | F L O A T _ L IT E R A L

| ID E N T IF IE R

| ID E N T IF IE R = e x p r

| e x p r +  ex p r

| e x p r ==  ex p r



A Mic roC  p rog r am

int x = -10 ;

in t y = 0;

wh i le (x =  x +  1 ) {

y = y + x ;

}



M icroC  sem an t ics
We ' l l  jus t  do d ynam ic  seman tics  o f  ass ignmen t  exprs:

I DENT IF IER  = expr

I f an express ion e evalua tes to  a  value v in  an

env ironmen t Env , t hen

the  expression va rNa m e = e evalua tes to v and p roduces

the  upda ted  environmen t E nv' ,  where Env ' is Env w ith

(va rName,  v ) subs titu ted fo r  the o ld b inding  o f varN a m e

U sefu l ins igh t :  exp ress ions  produce  bo th va lue and new

env ironmen t (due to  s ide ef fec ts !)



In t e rp re t e r  HOWTO
1 . D a ta  t ype  f o r  each  s yn t a c t ic f o rm

2 . Lexe r &  pa r se r

3 . D a ta  t ype  f o r  va l ues and  env i r onmen t s

4 . Imp l emen t d y n am i c s ema n t i cs fo r e a c h s y n ta c t ic

fo rm

5 . (Fo r s ta t ica l l y t yp e d la n g uages ) imp l emen t s ta t i c

s em an t ic s  o f e a c h s yn t a c t ic f o rm



Syn ta x d atatyp e s

e x p r ::= IN T _ L I TER A L

| F L O A T _ L IT E R A L

| ID E N T IF IE R

| ID E N T IF IE R = e x p r

| e x p r + e x p r

| e x p r = = e x p r

s tm t ::=  e x p r ;

| if ( e x p r ) s tm t e l se s tm t

| w h i le ( e x p r ) s tm t

| { s tm t*\; }

d a ta ty p e e x p r = In t E xp r o f in t

|  F loa tE x p r o f re a l

|  Ass i gn E x p r o f s t r ing * e x p r

|  Va rEx p r o f s t r ing

|  Add E x p r o f e x p r * e x p r

|  EqE x p r o f e x p r * e x p r

d a ta ty p e s tm t = E v a l S tm t o f e x p r

| IfS tm t o f e x p r * s tm t * s tm t

|  Wh ileS tm t o f e x p r * s tm t

|  B loc k S tm t o f s tm t lis t

d a ta ty p e ty p e N a m e = T I n t |  TF loa t

d a ta ty p e d e c l = D e c l o f t y pe N a m e * s trin g * e x p r

d a ta ty p e p r o g ram = P rog r am o f d e c l lis t * s tm t l ist



Va lues  and  envs.
da tatype  va lu e = In tVa l of  int |  Floa tV al  of rea l

t ype  env ir o nmen t = (str ing  * v a lue ) lis t

(* re turns the  va lue  bound  to  name in e  * )

fun lookupEnv (e :env i ronmen t ,  name :s tring)  = ...

(* re turns the  env i ronmen t  e  w i th  nam e 's  b ind ing  upda ted

to  newVa lu e *)

fun upda t eEnv (e :env i ronmen t ,  name :s tring , n ewVa lue :va lue)  =

...



evalE x pr  has type :

env i ro nm en t * expr -> va lue  * e nviro nm en t

fun evalE x pr (env ,  In tExpr i) = (In tVal i,  env)

|  evalE xp r (env ,  Va rExpr  s )  = lookupEnv (env ,  s )

|  evalE xp r (env ,  Ass ignExp r(id ,  exp)) =

le t

val (v , newEnv )  = evalE xp r (env ,  exp)

in

(v ,  upda teE nv(newEnv , id ,  v ))

end

| . . .

Eva lua to r  (exprs)



evalS tm t  has type:

env i ro nm en t * stm t -> env i ro nm en t

fu n e v a lS tm t(e n v , E v a lS tm t e ) =

le t v a l ( _ , n e w E n v ) = e v a l E x p r(en v , e ) in n e w E n v  e n d

|  eva lS tm t(en v , IfS tm t(e , s 1 , s 2) ) =

le t

v a l (v , n e w E n v) = e v a lE xp r(e n v , e )

v a l v Is Z e ro = c a s e v  o f In t V a l i => i = 0

| F l o a tV a l f = > f < = 0 .0 a n d a ls o f > = 0 .0

in

if v I s Z e ro the n e v a lS tm t(ne w E n v , s 1 )

e l se e v a lS tm t(n e w E n v , s 2 )

e n d

| ...

Eva lua to r  (s tmts)



Eva lua to r  (de c ls )
e v a lD ec l h a s ty p e :

e n v iro nmen t * dec l -> en v i ro nm e n t

f u n  e va lDe c l(e nv , D e c l( t , n ame , e x p )) =

le t

v a l (v , n e wEnv ) =  eva lExp r ( env , e xp )

in

u p da teEn v ( n ew En v , n ame , v )

e n d



Eva lua to r  (prog r am )
fu n  eva l (P rog ram ( d e c ls , s tmts ) )  =

le t

f un e va lDec l L is t (env , n i l)  = e n v

| e va lDec lL is t (env , d ::d s ) =  eva lD e c lL is t (eva lDec l ( env , d ) , ds )

f un e va lS tm t L is t (env ,  n i l ) =  env

| e va lS tm tL is t (env , s: :ss )  = e v a lS tmtL i s t (eva lS tm t ( env , s ) , ss )

va l d ec l sEnv  = e v a lDec lL is t (n i l , d e c ls )

in

e v a lS tmtL i s t (dec l sEnv , s tm ts )

e n d


