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?r=]t CUQyi

1 “1”LLVwQ %u}}=B x@ q=@ |x} RHD 6

1 xtOkt 1»6
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Qox} RHD pOt 1»1»6
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . “1”LL Qox} RHD |=RH=

3 x} RHD p=wQ 2»6

3 x} RHD pwOH CN=U VwQ 3»6

5 x} RHD pwOH QO pN=OD 4»6

6 “1”LL |woW}B Qox} RHD CN=U p=wQ 5»6

6 u} QtD ˆ

;
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LL(1)VwQ %u}}=B x@ q=@ |x} RHD
Top-Down Parsing:LL(1) Method 6

xtOkt 1»6

“xW} Q” CNQO |q=@ R= x} RHD CNQO ’u}}=B x@ q=@ |x} RHD QO ’s}OQm xQ=W= p@k pYi QO xm Qw] u=ty
x@ ?U=vt |=yp=wQ |v=wN=Qi =@ ’|DWoR=@ |rwRv |x} RHD VwQ "OwW|t xDN=U “=ynQ@” u}}=B CtU x@
"Owtv|t ‹TQ=B› =Q Q_v OQwt |xDWQ w OQm|t O=H}= =Q x} RHD CNQO ’|DWoR=@ w wD QO wD CQwY

H
p=Ft

Qt=Qo |=Q@ |DWoR=@ |woW}B u}}=B x@ q=@ |x} RHD QO

type → simple

| array [simple] of type

simple → integer | char | num dotdot num

|xDWQ w

array [ num dotdot num ] of integer

CQwY x@ =yp=wQ |v=wN=Qi CNQO
type()

type()

simple()

match(integer)

match(of)match(])simple()

match(num)match(dotdot)match(num)

match([)match(array)

%O};|t CUO x@ Q} R CQwY x@ x} RHD CNQO w
type

type

simple

integer

of]simple

numdotdotnum

[array

N

1



xtOkt 2

ltm x@ ’|DWoR=@ |=yp=wQ R= xO=iDU= |=H x@ ’u}}=B x@ q=@ |x} RHD ’LL(1) x@ swUwt VwQ QO
|=yp=wQ QO OwHwt C=aq]= u; QO xm OwW|t s=Hv= (Parse Table) x} RHD pwOH s=v x@ pwOH l}

"Ovm|t R=}v|@ |DWoR=@ |=y|v=wN=Qi R= =Q =t xH}Dv QO w OwW|t Om |DWoR=@
ltm x@” |DWoR=@ Q}e CQwY x@ xm CU= |DWoR=@ |rwRv VwQ u=ty LL(1)VwQ Qo}O CQ=@a x@
|rwRv VwQ \}=QW u=ty ’VwQ u}= R= xO=iDU= \}=QW u}=Q@=v@ "OwW|t |R=UxO=}B “Q=QmD |xkrL l}

"OW=@ LL(1) O}=@ xO=iDU= OQwt Qt=Qo ’Qo}O CQ=@a x@ "CU= |DWoR=@

Qox} RHD pOt 1»1»6

"Ovm|tCi=} QO ’CU=yumwD u=ty xm (Scanner) QoW} wB |HwQN R= =Q OwN |OwQw ’(Parser) Qox} RHD
pwOH "Ovm|t CU=wNQO QoW} wB R= =Q |Oa@ umwD get next token ‘@=D j} Q] R= xrLQt Qy QO Qox} RHD
pmW” OyO|t Q=Qk Qox} RHD Q=}DN= QO =Q x} RHD pta |ovwoJ w u=@ R Qt=Qo OQwt QO sRq C=aq]= x} RHD

"“1»6

• Input parsed from left to right

• Leftmost derivation

• 1 token of lookahead

source

code
Scanner Parser

Stack

Parsing TableLL(1) Table
Generatorgrammar

token

get next token

tree

Qox} RHD |twta Q=Owtv %1»6 pmW

xmCU= (pushdown automaton: PDA) |=xDWB uwD=twD; pOt u=ty pY= QO ’Qox} RHD pOt
"Ovm|t pta uDt R= pkDUt |=yu=@ R |xOvQ}PB u=wva x@

LL(1) Qox} RHD |=RH=

"CU= <RH Q=yJ |=Q=O LL(1) Qox} RHD ’pOt j@=]t ’OwW|t x_Lqt 2»6 pmW QO xm Qw] u=ty

"OwW|t sDN $ x@ u; |=wDLt xm (Input Buffer) |OwQw Qi=@ •

"CU=yxv=}=B=v w =yxv=}=B R= |@}DQD |w=L xm (Parser Stack) Qox} RHD |xDWB •

"M [X, a] %CU= |Oa@ wO |x}=Q; l} xm (Parsing Table) x} RHD pwOH •

"OwW|t pQDvm u; \UwD Qox} RHD xm (Parsing Program) x} RHD |xt=vQ@ •
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3 LL(1) VwQ %u}}=B x@ q=@ |x} RHD

INPUT a + b $

LL(1)

Parsing Program

LL(1)

Parsing Table

STACK X

Y

Z

$

Output

S → T

T → XY Z

· · ·

Output:

LL(1) Qox} RHD pOt %2»6 pmW

x} RHD p=wQ 2»6

|x_Lqt =@ s=o Qy QO xm CU= |tD} Qwor= ’p=wQ u}= "OwW|t Om x} RHD p=wQ ?r=k QO Qox} RHD |xt=vQ@
"Ovm|tXNWt =Q ?U=vt (action)Vvm ’|Q=H umwD w xDWB |q=@ QYva

LL(1) Parsing Procedure

push($S)

repeat

a← lookahead

X ← top(Stack)

if X = $ and a = $ then accept()

if X = a and a 6= $ then pop(); a← nextToken()

if X = A and a 6= $ then pop();push(reverse(M [X, a]))

else error(M [X, a])

x} RHD pwOH CN=U VwQ 3»6

pwOH "OwW|t Om x} RHD pwOH ?r=k QO ’X=N Qt=Qo l} OQwt QO x} RHD p=wQ |=Q@ sRq C=aq]=
x@ =yxv=}=B =Q u; |=yuwDU w =yxv=}=B=v =Q u; |=yQ]U xm CU= |Oa@ wO T} QD=t l} LL(1) |x} RHD

"OvyO|t p}mWD xDWQ |=yDv= O=tv |xwqa

M : N × (T ∪ {$})→ P ∪ {error}

%OwW|tXNWt Q} R |xOa=k Q=yJ =@ pwOH u}= CN=U VwQ
M [A, a] = α if a ∈ First(α), A→ α ∈ P, α 6⇒∗ ǫ

M [A, a] = ǫ if a ∈ Follow(A), A→ ǫ ∈ P

M [A, a] = α if a ∈ First(α) ∪ Follow(A), A→ α ∈ P, α⇒+ ǫ

M [A, a] = error if otherwise
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x} RHD pwOH CN=U VwQ 4

H
p=Ft

%s} Q}o|t Q_v QO =Q Q} R Qt=Qo

E → TE′

E′ → +TE′ | ǫ

T → FT ′

T ′ → ∗FT ′ | ǫ

F → id | (E)

%s}yO|t s=Hv= =Q First ‘@=D |x@U=Lt =OD@= ’LL(1) |x} RHD pwOH O=H}= |=Q@

First(E) = First(TE′) = {id, (}

First(E′) = First(+TE′) ∪ {ǫ} = {+, ǫ}

First(+TE′) = {+}

First(T ) = First(FT ′) = {id, (}

First(T ′) = First(∗FT ′) ∪ {ǫ} = {∗, ǫ}

First(∗FT ′) = {∗}

First(id) = {id}

First((E)) = {(}

First(F ) = First(id) ∪ First((E)) = {id, (}

%Follow ‘@=D |x@U=LtTBU

Follow(E) = {), $}

Follow(E′) = {), $}

Follow(T ) = {+, ), $}

Follow(T ′) = {+, ), $}

Follow(F ) = {+, ∗, ), $}

%Ow@ Oy=wN Q} R CQwY x@ x} RHD pwOH ’pwOH CN=U |=Q@ OwHwt Oa=wk x@ xHwD =@

id + ∗ ( ) $

E TE′ TE′

E′ +TE′ ǫ ǫ

T FT ′ FT ′

T ′ ǫ ∗FT ′ ǫ ǫ

F id (E)

"CU=]N ‘wkw |=ypLt |xOvyOu=Wv ’|r=N |=yxv=N ’pY=L pwOH QO

N
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5 LL(1) VwQ %u}}=B x@ q=@ |x} RHD

H
p=Ft

|xDWQ x} RHD ’p=Ft u}=

id + id ∗ id

%OyO|t u=Wv LL(1) |x} RHD p=wQ R= xO=iDU= =@ |r@k p=Ft |x} RHD pwOH =@ =Q

Stack Input Output

$E id + id ∗ id$ E → TE′

$E′T id + id ∗ id$ T → FT ′

$E′T ′F id + id ∗ id$ F → id

$E′T ′id id + id ∗ id$

$E′T ′ +id ∗ id$ T ′ → ǫ

$E′ +id ∗ id$ E′ → +TE′

$E′T+ +id ∗ id$

$E′T id ∗ id$ T → FT ′

$E′T ′F id ∗ id$ F → id

$E′T ′id id ∗ id$

$E′T ′ ∗id$ T ′ → ∗FT ′

$E′T ′F∗ ∗id$

$E′T ′F id$ F → id

$E′T ′id id$

$E′T ′ $ T → ǫ

$E′ $ E → ǫ

$ $ accept

"OyO|t s=Hv= =Q ?U=vtVvm ’|Q=H umwD w xDWB |q=@ O=tv x@ xHwD =@ x} RHD p=wQ ’xrLQt Qy QO
"OyO|t u=Wv =Q |OwQw |xDWQ O=H}= |=Q@ Qt=Qo Oa=wk R= xO=iDU= ?}DQD |HwQN

N

x} RHD pwOH QO pN=OD 4»6

LL(1) OwHw =@ |y=o "TmaQ@ w Ow@ Oy=wN pN=OD |=Q=O u; |x} RHD pwOH ’OW=@v LL(1) |Qt=Qo Qo =
"OQm sy=Qi LL(1) VwQ =@ =Q u; |x} RHD u=mt= ’x} RHD pwOH KqY= =@ u=wD|t ’Qt=Qo l} uOw@v

H
p=Ft

%CW=O Oy=wN OwHw pN=OD u; |x} RHD pwOH QOTB ’CU}v LL(1) |]QW Q=DN=U |=Q@ Q} R Qt=Qo

S → if E then S S′ | other

S′ → else S | ǫ

E → expr
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u} QtD 6

if then other else expr $

S if E then S S′ other

S’ else S ǫ

ǫ

E expr

"CU= pN=OD |=Q=O M [S′, else] |xv=N xm OwW|t x_Lqt

"s}vm|t ?=NDv= =Q else S |xv} Ro ’then u} QDl}ORv =@ else Qy j}@]D |=Q@ %|OQwt l}vmD

N

LL(1) |woW}B Qox} RHD CN=U p=wQ 5»6

%s}vm p=@vO =Q Q} R |xrLQt GvB |DU}=@ LL(1) |woW}B Qox} RHD O=H}= |=Q@ ’|Ov@‘tH l} QO

Qt=Qo uOw@ LL(1) |UQQ@ “1

uOw@v LL(1) CQwY QO LL(1) pO=at Qt=Qo x@ p}O@D “2

Oa=wk |=yCU=Q CtU w =yxv=}=B=v |=Q@ First ‘@=D |x@U=Lt “3

=yxv=}=B=v |=Q@ Follow ‘@=D |x@U=Lt “4

“|DWoR=@ Q}e Qox} RHD |=Q@” LL(1) |x} RHD pwOH CN=U • “5
“|DWoR=@ Qox} RHD |=Q@” match() p=wQ ffi p=wQl} xv=}=B=v Qy |=Q@ %sRq |=yp=wQ uOQm Om •

u} QtD ◭

%O} Q}o@ Q_v QO =Q Q} R Qt=Qo "1

S → (L) | a

L → L, S | S

"O} Qw; CUO x@ jwi Qt=Qo =@ pO=at LL(1) Qt=Qo l} “;
"O} R=U@ LL(1) Qox} RHD l} pY=L Qt=Qo |=Q@ “?

%O}yO u=Wv Q} R |=yxDWQ |wQ Q@ =Q jwi Qox} RHD Q=DiQ “A

(a, a) (a, ((a, a), (a, a)))

%O} R=U@ Q} R Qt=Qo |=Q@ LL(1) Qox} RHD l} "2

bexpr → bexpr or bterm | bterm

bterm → bterm and bfactor | bfactor

bfactor → not bfactor | (bexpr) | true | false
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7 LL(1) VwQ %u}}=B x@ q=@ |x} RHD

%Ovm|t O}rwD =Q {a, b} |=@ir= |wQ Q@ s_vt |=yCQ=@a Q} R Qt=Qo "3

R→ R + R | RR | R∗ | (R) | a | b

"O} R=U@ jwi Qt=Qo =@ pO=at sy@t Q}e Qt=Qo |=Q@ LL(1) Qox} RHD l}

LL(1) ’OW=@ lQDWt OvwW}B |=Q=O u; Oa=wk R= |m} pk=OL |=yw}D=vQDr; xm |Qt=Qo O}yO u=Wv "4
"CU}v

"OW=@ sy@t Ov=wD|tv ’OW=@ LL(1) xm |Qt=Qo O}yO u=Wv "5

"OW=@ LL(1) Ov=wD|tv ’OW=@ AJ R= |DWoR=@ xm |Qt=Qo O}yO u=Wv "6

R}=tDt |xv=}=B l} =@ xv=}=B=v l} w}D=vQDr; Qy u; QO xm (ǫ) |yD Oa=wk uwO@ Qt=Qo Qy O}yO u=Wv "7
"CU= LL(1) xQ=wty ’OwW R=e;

"OQ=O pO=at LL(1) Qt=Qo l} ’s_vt Qt=Qo Qy xm O}yO u=Wv "8

%Q} R switch-case Q=DN=U |=Q@ "9

switch(id)

{

case num1:

stmts

case num2:

stmts

...

default:

stmts

}

xDW=O case QDW}@ =} QiY Ov=wD|t switch Qy xmv}= K}[wD "O}yO x�=Q= LL(1) Qt=Qol} “;
id w stmts xm O}vm ZQi |DL=Q |=Q@ "CU= QN; QO default l} |=Q=O QFm =OL w OW=@

"OvDUy xv=}=B
x} RHD ’O} Qw;|t CUO x@ xm |=x} RHD pwOH ltm x@ w LL(1) VwQ x@ =Q Q} R |xDWQ “?

%O}vm (parse)

switch(id){ case 1: stmts default: stmts }

u=}=B
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