
Qr}=Bt=m |L=Q] pwY=

13|xt=vTQO
|Oqwi s_=m

http://kazim.fouladi.ir

1388 %pw= CU=Q} w
1393 %swO CU=Q} w





?r=]t CUQyi

1 wLv =@ xOWC}=Oy |xtHQD w Q=OxY}YN |=yQt=Qo 13

1 xtOkt1»13

1 wLv =@ xOW C}=Oy |xtHQD2»13

2 wLv =@ xOW C}=Oy |=yh} QaD3»13
3 . . . . . . . . . . . . . . . . . . wLv =@ xOW C}=Oy |=yh} QaD |=ypmW 1»3»13
4 . . . . . . . . . . . . . . . . . . . . . . . . . |=xY}YNfflS |=yh} QaD 2»3»13
4 . . . . . . . . . . . . . . . . . . . . . . . . . |=xY}YNfflL |=yh} QaD 3»3»13
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . |FwQwt |=yxY}YN
7 . . . . . . . . . . . . |@}mQD |=yxY}YN R= xO=iDU= |=Q@ h} QaD |U} wvR=@ 4»3»13
7 . . . . . . . . . . . . . . . . . . . . . . . =yxY}YN |@=} RQ= |R=UxO=}B 5»3»13
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . |oDU@=w |=yh=Qo
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . |@=} RQ= ?}DQD
9 . . . . . . . . . . . . . . . xNQJ uwO@ ,=O}m = wLv =@ xOW C}=Oy |=yh} QaD 6»3»13
9 . . . . . . . . . . . . . . . . . . . . . |=xY}YNfflS |=yh} QaD |@=} RQ=
10 . . . . . . . . . . . . . . . . . . . . . |=xY}YNfflL |=yh} QaD |@=} RQ=

11 xtHQD |=y=t*W4»13

;



?

13 . . . . . . . . . . . . . . . . . . . . . . . . . . . xtHQD |=y=tW |L=Q] 1»4»13
13 . . . . . . . . . . . . . . . . . . . p}=Bt=m u=tR QO xtHQD |=y=tW |@=} RQ= 2»4»13

16 u} QtD ˆ

Kazim Fouladi <kazim@fouladi.ir>, 2nd Edition, Fall 2014



w Q=OxY}YN |=yQt=Qo
wLv =@ xOWC}=Oy |xtHQD

Arrtibute Grammars and Syntax Directed Translation

13
xtOkt 1»13

"Ovm|tx@U=Lt =Q sRq |i=[= C=aq]= |}=vat p}rLD ’OW xDN=vW |wLv Q=DN=U xm |t=ovy •
|=yQt=Qo x@ R=}v”CU= x} RHD OQ=Ov=DU= |=yl}vmD |}=v=wD R= GQ=N ’OwW x@U=Lt O}=@ xm |D=aq]= •
xDiQo Q_v QO ‹wLv› u=wva x@ C=aq]= u}= ’u}=Q@=v@ "“uDt x@ T=UL |=yQt=Qo Ovv=t QDq=@ Kw]U

"OwW|tv

"CU= \w@ Qt xt=vQ@ |=vat x@ ’C=aq]= u}= •

"OwW|t xO=iDU= =yO=tv pwOH |=wDLt p}tmD |=Q@ ,qwtat xt=vQ@ |=vat x@ \w@ Qt C=aq]= •

"s} Q=O R=}v |R=UxO=}B Q=m w R=U w |}=tvR=@ Q=m w R=U x@ ’|}=vat |=y|UQQ@ s=Hv= |=Q@ •

“wLv =@ xOW C}=Oy |=yh} QaD” Q=OxY}YN |=yQt=Qo %|}=tvR=@ Q=m w R=U –

xtHQD |=y=tW %|R=UxO=}B Q=m w R=U –

wLv =@ xOW C}=Oy |xtHQD 2»13

%wLv =@ xOW C}=Oy |xtHQD pY=
"CU= “x} RHD CNQO |va}” u; |wLv Q=DN=U x@ xDU@=w |OwQw |xrtH l} |=vat

uDt R= pkDUt Qt=Qo =@ xm u=@ R l} |=yQ=DN=U |xtHQD |=Q@ =Q |tR}v=mt ’wLv =@ xOWC}=Oy |xtHQD
%Ovm|t sy=Qi ’CU= xOW h}YwD

"OwW|t xO=O C@Uv |}=y(Attribute) xY}YN ’Qt=Qo O=tv Qy x@ •
Qt=Qo Oa=wk x@ xOW xO=O C@Uv (Semantic rule) |}=vat Oa=wk \UwD =yxY}YN Q}O=kt •

"OwW|t x@U=Lt

%OwW Q} R G}=Dv ?Hwt Ov=wD|t |}=vat Oa=wk |@=} RQ=
&Om O}rwD •

&=yO=tv pwOH QO C=aq]= GQO •

&|}=vat |UQQ@ s=Hv= •

1



wLv =@ xOW C}=Oy |=yh} QaD 2

&=]N s=}B QwOY •

. . . •

%OQ=O OwHw Qt=Qo Oa=wk x@ |}=vat Oa=wk j=Yr= =@ \=@DQ= QO swyit wO

%(Syntax Directed Definition) wLv =@ xOW C}=Oy h} QaD •
“Q=OxY}YN Qt=Qo ” OR=U|t u=yvB =Q |R=UxO=}B C=}�RH R= |Q=}U@ xm |}q=@K]U h}YwD

%(Translation Schemes) xtHQD |=y=tW •
|}=vat Oa=wk |@=} RQ= ?}DQD |R=UXNWt %|R=UxO=}B x@ QDW}@V}=Qo =@ |i}YwD

H
p=Ft

|xtHQD "s} Q}o|t Q_v QO =Q |[=} Q |=yCQ=@a Qt=Qo ’wLv =@ xOW C}=Oy |=yh} QaD K}[wD |=Q@
"OyO|t C@Uv val s=v x@ xY}YN l} xv=}=B=v Qy x@ ’wLv =@ xOW C}=Oy

attribute calledval.

PRODUCTION SEMANTIC RULE

L → En print(E.val)

E → E1 + T E.val := E1.val + T.val

E → T E.val := T.val

T → T1 ∗ F T.val := T1.val ∗ F.val

T → F T.val := F.val

F → (E) F.val := E.val

F → digit F.val :=digit.lexval

N

wLv =@ xOW C}=Oy |=yh} QaD 3»13
%u; QO xm CU= uDt R= pkDUt |=yQt=Qo R= |t}taD wLv =@ xOW C}=Oy |=yh} QaD

"OvQ=O OwN x@ ?UDvt |(Attributes) =yxY}YN R= |=xawtHt Qt=Qo |=yO=tv “1
(Semanric rules) |}=vat Oa=wk x@ =yxY}YN Q}O=kt |x@U=Lt |=Q@ Qt=Qo O}rwD Oa=wk “2

"Ov=xOW xO=O C@Uv

QO xm ’CU= (Annotated) xOW |U}wvx}W=L |x} RHD |=yCNQO ’|Ov@pwtQi u}= |HwQN
"CU= xY}YN Qy |=R= x@ Or}i l} =@ OQwmQ ‘wv R= xQo Qy u;

“"OyO|t u=Wv =Q X Qt=Qo O=tv |=Q@ a |xY}YN X.a ’p=Ft |=Q@”

|xOa=k \UwD ’xOW xO=O |x} RHD CNQO R= xQo l} QO Qt=Qo O=tv l} R= xY}YN l} Q=Okt •
"OwW|t h} QaD xQo u; QO xOW xO=iDU= O}rwD |xOa=k x@ xDU@=w |}=vat

%OW=@ xDW=O OwHw Ov=wD|t R}=tDt |xY}YN ‘wv wO •
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3 wLv =@ xOWC}=Oy |xtHQD w Q=OxY}YN |=yQt=Qo

% (Synthesized Attributes) |@}mQD |=yxY}YN “1
"OwW|t x@U=Lt =yv; OvRQi |=yxQo |=yxY}YN Q=Okt |wQ R= =yv; Q=Okt xm

% (Inherited Attributes) |FwQwt |=yxY}YN “2
"OwW|t x@U=Lt =yv; Or=w w O=Rty |=yxQo |=yxY}YN Q=Okt |wQ R= =yv; Q=Okt xm

wLv =@ xOW C}=Oy |=yh} QaD |=ypmW 1»3»13

pmW x@ |}=vat Oa=wk R= |=xawtHt x@ A→ α O}rwD |xOa=k Qy

b := f(c1, c2, . . . , ck)

w CU= ‘@=D l} f u; QO xm OwW|t xDU@=w

OwHwt |Qt=Qo |=yO=tv |=yxY}YN ck ’. . . ’c2 ’c1 w CU= A R= |@}mQD |xY}YN l} b “1
=} ’CU= O}rwD |xOa=k QO

|=yO=tv |=yxY}YN ck ’. . . ’c2 ’c1 wCU= α QO Qt=Qo O=tvl} R=|FwQwt |xY}YNl} b “2
"CU= A |=yxY}YN =} α QO OwHwt |=yQt=Qo

|wer Qop}rLD \UwD xm OvDUy |@}mQD |}=yxY}YN |=Q=O xv=}=B |=yO=tv OwW|t ZQi %QmPD •
"OwW|t sy=Qi

|xv=}=B=v |@}mQD |=yxY}YN |=Q@ (Dummy) |[Qi |Q}O=kt “print Ovv=t” ‘@=wD |v=wN=Qi •
"Ovvm|t h} QaD ’O}rwD |xOa=k AJ CtU

H
p=Ft

|xtHQD "s} Q}o|t Q_v QO =Q |[=} Q |=yCQ=@a Qt=Qo ’wLv =@ xOWC}=Oy |=yh} QaD R= |=xvwtv u=wva x@
"OyO|t C@Uv val s=v x@ |@}mQD |xY}YN l} xv=}=B=v Qy x@ ’wLv =@ xOW C}=Oy

attribute calledval.

PRODUCTION SEMANTIC RULE

L → En print(E.val)

E → E1 + T E.val := E1.val + T.val

E → T E.val := T.val

T → T1 ∗ F T.val := T1.val ∗ F.val

T → F T.val := F.val

F → (E) F.val := E.val

F → digit F.val :=digit.lexval

N
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wLv =@ xOW C}=Oy |=yh} QaD 4

(S-Attributed) |=xY}YNfflS |=yh} QaD 2»3»13
|=yxY}YN R= =yvD xm CU= wLv =@ xOW C}=Oy h} QaD l} S-Attributed h} QaD l} •

"Ovm|t xO=iDU= |@}mQD

x@ u}}=B V}=t}B l} =@ Ov=wD|t S-Attributed h} QaD l} QO |}=vat Oa=wk %|@=} RQ= ?}DQD •
"OwW |@=} RQ= x} RHD CNQO (Post-order) ?}DQDTB =} q=@

H
p=Ft

"CU= S-Attributed h} QaD l} R= |=xvwtv Q} R |[=} Q |=yCQ=@a Qt=Qo
attribute calledval.

PRODUCTION SEMANTIC RULE

L → En print(E.val)

E → E1 + T E.val := E1.val + T.val

E → T E.val := T.val

T → T1 ∗ F T.val := T1.val ∗ F.val

T → F T.val := F.val

F → (E) F.val := E.val

F → digit F.val :=digit.lexval

%CU= Q} R CQwY x@ 3 ∗ 5 + 4n CQ=@a |=Q@ xOW |U} wvx}W=L |x} RHD CNQO
Definition. The annotated parse-tree for the input3*5+4n is:

L

E.val = 19 n

E.val = 15 + T.val = 4

T.val = 15 F.val = 4

T.val = 3 * F.val = 5 digit.lexval= 4

F.val = 3 digit.lexval= 5

digit.lexval= 3

N

(L-Attributed) |=xY}YNfflL |=yh} QaD 3»3»13
|xY}YN Qy Qo = OwW|t xO}t=v L-Attributed h} QaD ’wLv =@ xOW C}=Oy h} QaD l} •

%x@ OW=@ xDU@=w =yvD A→ X1 . . . Xj . . . Xn O}rwD |xOa=k QO Xj R= |FwQwt
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5 wLv =@ xOWC}=Oy |xtHQD w Q=OxY}YN |=yQt=Qo

w X1X2 . . . Xj−1 |va} Xj AJ CtU |=yO=tv |=yxY}YN “1
"A |FwQwt |=yxY}YN “2

V}=t}B l} =@ Ov=wD|t L-Attributed |=yh} QaD QO |FwQwt |=yxY}YN %|@=} RQ= ?}DQD •
"OvwW x@U=Lt x} RHD CNQO “u}}=B x@ q=@” w (Pre-order) ?}DQDV}B

|FwQwt |=yxY}YN

O}it ’CU= xOW Qy=_ u; QO xm |vDt x@ Q=DN=Ul} |oDU@=w u=}@ |=Q@ |FwQwt |=yxY}YN •
"OvW=@|t

=yvD xm OwW |U} wvR=@ |=xvwo x@ wLv =@ xOW C}=Oy h} QaD l} xm CU= Q}PBu=mt= xW}ty •
w |@}mQD |xY}YN ‘wv wO Qy R= xm CU= QD|a}@] ,qwtat =t= ’OQ}o Q=m x@ =Q |@}mQD |=yxY}YN

"OwW xO=iDU= |FwQwt

CNQO |xO=U ?}DQDV}B V}=t}B l} \UwD Ovv=wD|tv |FwQwt |=yxY}YN %|@=} RQ= ?}DQD •
%OvwW |@=} RQ= x} RHD

OOQo|t x@U=Lt u=OvRQi |FwQwt |=yxY}YN u; =@ xm |@}DQD ’|@}mQD |=yxY}YNhqN Q@ –
"CU= syt

xDU@=w CU=Q w AJ CtU |=yO=Rty x@ Ov=wD|t u=OvRQi |FwQwt |=yxY}YN ’‘k=w QO –

"OW=@

H
p=Ft

|@}mQD |xY}YN sy u; QO xm s} Q}o|t Q_v QO =Q ‹‘wv uqa=› Qt=Qo |=Q@ wLv =@ xOWC}=Oyh} QaDl}
%OQ=O OwHw |FwQwt |xY}YN sy w

PRODUCTION SEMANTIC RULE

D → TL L.in := T.type

T →int T.type :=integer

T →real T.type :=real

L→ L1, id L1.in := L.in; addtype(id.entry, L.in)

L→ id addtype(id.entry, L.in)

"OwW|t u}}aD uqa= QO |O}rm |xtrm l} =@ xm OQ=O =Q type |@}mQD |xY}YN T |xv=}=B=v •

|xY}YN xmCU= xOW xDU@=w L.in := T.type |}=vat |xOa=k x@D → TL O}rwD |xOa=k •
"Ovm|t |yOQ=Okt =Q L.in |FwQwt

"CU= xOW R}=tDtT}Ov= =@ L ‘wkw OQwt wO L→ L1, id O}rwD |xOa=k QO •

N

"OvwW |@=} RQ= ?}DQDTBV}=t}B l} =@ Ovv=wD|t |@}mQD |=yxY}YN •
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wLv =@ xOW C}=Oy |=yh} QaD 6

xO=U |ktaV}=t}B =@ Ovv=wD|t ’OvDU}v xDU@=w CU=Q CtU u=O=Rty x@ xm |FwQwt |=yxY}YN •
"OvwW |@=} RQ= “?}DQDV}B”

H
p=Ft

CQwY x@ ’p@k p=Ft x@ xHwD =@ real id1, id2, id3 |OwQw |=Q@ xOW |U} wvx}W=L |x} RHD CNQO
%CU= Q} R

D

T.type = real L.in

real L.in , id3

L.in , id2

id1

⇓

D

T.type = real L.in= real

real L.in , id3

L.in , id2

id1

⇓

D

T.type = real L.in= real

real L.in= real
, id3

L.in , id2

id1

⇓

D

T.type = real L.in= real

real L.in= real
, id3

L.in= real
, id2

id1
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7 wLv =@ xOWC}=Oy |xtHQD w Q=OxY}YN |=yQt=Qo

"OwW|t xOQ@ EQ= x@ L |=yxQo Qo}O \UwD CNQO u}}=B x@ q=@ R= L.in •

"Ovm|t GQO =yO=tv pwOH QO =Q xU=vW ‘wv addtype p=wQ L |xQo Qy QO •

"CU= xOW xO=O u=Wv |ktaV}=t}B =@ =yxY}YN |x@U=Lt ?}DQD •

N

|@}mQD |=yxY}YN R= xO=iDU= |=Q@ h} QaD |U}wvR=@ 4»3»13
|=yxY}YN =yvD xm OwW |U} wvR=@ |=xvwo x@ wLv =@ xOW C}=Oy h} QaDl} xm CU= Q}PBu=mt= xW}ty
"OwW xO=iDU= |FwQwt w |@}mQD |xY}YN ‘wv wO Qy R= xm CU= QD|a}@] ,qwtat =t= ’OQ}o Q=m x@ =Q |@}mQD

H
p=Ft

%“Qt=Qo |U} wvR=@” =yQ}eDt R= |DUQyi ‘wv uOQm p=@vO |=Q@ |FwQwt |=yxY}YN R= xO=iDU=

⊲ D → TL

⊲ T → int | char

⊲ L → L, id | id

⊲ D → L id

⊲ L → L id, | T

⊲ T → int | char

D

L j

L i ,

T

int

D

T L

L , j

i

int

N

=yxY}YN |@=} RQ= |R=UxO=}B 5»3»13
|oDU@=w |=yh=Qo

=O}B =yxY}YN |@=} RQ= |=Q@ |@}DQD xm CU= |QwQ[ ’wLv =@ xOW C}=Oy h} QaD l} |R=UxO=}B |=Q@
"OW=@XNWt u; |wQ Q@ x@U=Lt l} s=Hv= s=ovy QO O}=@ xY}YN Qy Q=Okt =Q} R ’OwW

=@ wLv =@ xOW C}=Oy |=yh} QaD |@=} RQ= |=Q@ xm CU= |m}vmD u} QD|twta |oDU@=w h=Qo
|=yxQo |=yxY}YN u=}t |oDU@=w ’|oDU@=w h=Qol} "OwW|t xO=iDU= |FwQwt w |@}mQD |=yxY}YN

h=Qo u}= QO "OyO|t u=Wv =Q x} RHD CNQO l} hrDNt

"OQ=O OwHw xQo l} xY}YN Qy |=Q@ •
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wLv =@ xOW C}=Oy |=yh} QaD 8

b x@ \w@ Qt |xQo x@ c x@ \w@ Qt |xQo R= p=}l} ’OW=@ c |xY}YN x@ xDU@=w b |xY}YN Qo = •
"(b← c) OwW|t Q=QkQ@

|xOa=k O}=@ =OD@= CQwY u}= QO ’OW=@ c |xY}YN x@ xDU@=w b |xY}YN Qo = %|oDU@=w |xOa=k
"b x@ \w@ Qt |}=vat |xOa=kTBU w OwW =QH= c x@ \w@ Qt |}=vat

|@=} RQ= ?}DQD

"CU= xDU@=w ’|oDU@=w h=Qo R= xOW jDWt |m} SwrwBwD ?}DQD x@ ’|}=vat Oa=wk |@=} RQ= ?}DQD
%(Topological Sort) |m} SwrwBwD ?}DQD •

|oDU@=w h=Qo QO p=}l}mi → mj Qo = xm |Qw] x@m1,m2, . . . ,mk CQwY x@ |@}DQD Qy
"OW=@ mi ≺ mj CQwY u}= QO ’Ow@

"OyO|t x}=Q= |}=vat Oa=wk |@=} RQ= |=Q@ Q@Dat?}DQDl} ’|oDU@=w h=Qol} |m} SwrwB wD?}DQD Qy •

H
p=Ft

u=Wv =Q CU= xOW sUQ u; wLv CNQO xm |[=} Q CQ=@al} =@ Q_=vDt |oDU@=w h=Qol} ’Q} R pmW
"OyO|t

:=

+

*

id

id

const id

(y)

(3) (x)

(z)

:=

+

*

id

id

const id

(y)

(3) (x)

(z)

N

QO ’u; R= |m} SwrwB wD ?}DQD l} uDi=} TBU w |oDU@=w h=Qo l} O=H}= =@ Ovv=wD|t =yxY}YN
%OQ=O |DqmWt OQm} wQ u}= =t= "OvwW |@=} RQ= p}=Bt=m u=tR

|vwtR; x@ u}=Q@=v@ &OQwN|t CUmW VwQ u}= ’OW=@ (cycle) xNQJ |=Q=O |oDU@=w h=Qo Qo = “1
"s} Q=O R=}v xNQJ OwHw sOaX}NWD |=Q@

"CU= Q}ou=tR VwQ u}= ’|oDU@=w h=Qo CN=U p}rO x@ “2

l} =@ Ovv=wD@ =yxY}YN xm |=xvwo x@ wLv =@ xOW C}=Oy h} QaD |L=Q] %u} Ro}=H OQm}wQl}
=yQr}=Bt=m QFm = QO VwQ u}=” "Ovm |Q}owrH |oDU@=w h=Qo CN=U R= Ov=wD|t ’OvwW |@=} RQ= C@=F ?}DQD

“"OwW|t xO=iDU=
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9 wLv =@ xOWC}=Oy |xtHQD w Q=OxY}YN |=yQt=Qo

xNQJ uwO@ ,=O}m = wLv =@ xOW C}=Oy |=yh} QaD 6»3»13
CU= |Q=m w R=U (Strongly Non-Circular SDD) xNQJ uwO@ ,=O}m = wLv =@ xOW C}=Oy h} QaD

"OQm C}@FD Qr}=Bt=m CN=U u=tR QO =Q =yxY}YN |@=} RQ= ?}DQD u=wD|t u; =@ xm

"OvDUy xNQJ uwO@ |=yh} QaD R= |Y=N |=yCr=L ’=yh} QaD ‘wv u}= •

%R= CU= CQ=@a xNQJ uwO@ ,=O}m = h} QaD ‘wv wO •

S-Attributed |=yh} QaD –
L-Attributed |=yh} QaD –

(S-Attributed) |=xY}YNfflS |=yh} QaD |@=} RQ=

uwO@ ’OvwW |@=} RQ= |OwQw p}rLD u}L QO q=@ x@ u}}=B Qox} RHD l} =@ Ovv=wD|t |@}mQD |=yxY}YN
"OW=@ R=}v |oDU@=w h=Qo CN=U x@ xmv}=

"Ovm|t |Q=Oyov OwN |xDWB QO =Q |@}mQD |=yxY}YN Q=Okt Qox} RHD •

\w@ Qt |=yxY}YN |wQ R= A x@ \w@ Qt |xY}YN ’OQ}o|t CQwY A→ αVy=ml} x=oQy •
"OwW|t x@U=Lt ’CU= xOW Qy=_ xDWB |wQ Q@ xm α x@

l} |xDWB VQDUo =@ |oO=U x@ Ov=wD|t S-Attributed h} QaD l} |=Q@ sHQDt l} ’u}=Q@=v@ •
"OwW |R=UxO=}B LR Qox} RHD
%Qox} RHD |xDWB VQDUo |=Q@

"Ovm |Q=Oyov =Q |@}mQD |=yxY}YN Q}O=kt Ov=wD@ =D OwW|t xi=[= xDWB x@ |i=[= |=yOr}i –

%val w state %OQ=O Or}i wO xDWB ’Qt=Qo O=tv Qy |=R= x@ xY}YNl} Cr=L u} QDxO=U QO –

state val

Z Z.x

Y Y.x

X X.x

. . . . . .

"OwW|t xO=O u=Wv top QoxQ=W= =@ ’xDWB |rai |q=@ –
"OvwW|t x@U=LtVy=m Qy R=V}B ,=k}kO |@}mQD |=yxY}YN –

%OwW|t x@U=Lt A |xY}YN A→ XY Z Vy=m s=Hv= R=V}B %p=Ft |=Q@

A.a := f(val[top], val[top− 1], val[top− 2])

H
p=Ft

|=yCQ=@a |=Q@ =Q S-Attributed |=yh} QaD ’LR Qox} RHD |xDWB VQDUo |ovwoJ |xOy=Wt |=Q@
%Ovm|t =QH= =Q Q} R Om Qox} RHD ’=yxY}YN |@=} RQ= |=Q@ "O} Q}o@ Q_v QO |D=@U=Lt
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wLv =@ xOW C}=Oy |=yh} QaD 10

PRODUCTION CODE

L → En print(val[top − 1])

E → E1 + T val[ntop] := val[top] + val[top − 2]

E → T

T → T1 ∗ F val[ntop] := val[top] ∗ val[top − 2]

T → F

F → (E) val[ntop] := val[top − 1]

F → digit

"top := ntop %s} Q=OVy=ml} s=Hv= R=TB "OwW|t|yOQ=Okt ‹xDWB O}OH|q=@› =@ntop Q}eDt •

"ntop := top− r +1 %CW=O s}y=wN ’OQ}o|t CQwY |α| = r =@ A→ αVy=ml} |Dkw •

%OwW|t p=@vO Q} R CQwY x@ ’|OwQw |xDWQ l} |=Q@ wLv =@ xOW C}=Oy |xtHQD Ov};Qi

Input state val Production Used

3 ∗ 5 + 4n

∗5 + 4n 3 3

∗5 + 4n F 3 F → digit

∗5 + 4n T 3 T → F

5 + 4n T∗ 3

+4n T ∗ 5 3 5

+4n T ∗ F 3 5 F → digit

+4n T 15 T → T ∗ F

+4n E 15 E → T

4n E+ 15

n E + 4 15 4

n E + F 15 4 F → digit

n E + T 15 4 T → F

n E 19 E → E + T

En 19

L 19 L→ En

"CU= xOW u} Ro}=H =yv; =@ Q_=vDt |Qt=Qo |=yO=tv =@ xDWB |=yCr=L •

"CU= xOW xO=O u=Wv u; |ak=w Q=Okt digit umwD |=H x@ •

N

(L-Attributed) |=xY}YNfflL |=yh} QaD |@=} RQ=
=t= CU= |FwQwt |=yxY}YN sy w |@}mQD |=yxY}YN pt=W sy L-Attributed |=yh} QaD

"CU}v |oDU@=w h=Qo O=H}= x@ |R=}v =yv; |@=} RQ= |=Q@

Kazim Fouladi <kazim@fouladi.ir>, 2nd Edition, Fall 2014



11 wLv =@ xOWC}=Oy |xtHQD w Q=OxY}YN |=yQt=Qo

Ovv=wD|t xW}ty xm OvDUy wLv =@ xOWC}=Oy |=yh} QaD R= |=xDUO L-Attributed |=yh} QaD •
"OvwW |@=} RQ= x} RHD CNQOV}=t}B Q=@ l} =@

|=yxY}YN |=Q@” ?}DQDTB |=yV}=t}B?}mQD =@ =Q L-Attributed |=yh} QaD ’Q} R sD} Qwor= •
%Ovm|t |@=} RQ= “|FwQwt |=yxY}YN |=Q@” ?}DQDV}B w “|@}mQD

Algorithm L-Eval(n: Node).

Input: Node of an annotated parse-tree.

Output: Attribute evaluation.

Begin

For each childm of n, from left-to-rightDo Begin;

Evaluate inherited attributes ofm;

L-Eval(m)

End;

Evaluate synthesized attributes ofn

End.

xtHQD |=y=t*W 4»13
QDW}@ wLv =@ xOW C}=Oy |=yh} QaD x@ C@Uv ’(Translation Schemes) xtHQD |=y=tW

"Ovm|tXNWt =Q =yxY}YN w |}=vat Oa=wk |@=} RQ= ?}DQD =Q} R ’OvDUy QwLt |R=UxO=}B

u; QO xm CU= uDt R= pkDUt Qt=Qo l} ’xtHQD |=tW l} %h} QaD

&CU= xOW xO=O C@Uv Qt=Qo |=yO=tv x@ |}=yxY}YN “1

QO w Ov=xOW QwYLt {} xDU@ w R=@ |=yOqwm ; u}@ (Semantic Actions) |}=vat |=yVvm “2
"Ov=xDiQo Q=Qk Qt=Qo O}rwD Oa=wk CU=Q CtU R= |WN@

"OvW=@ xDW=O |@}mQD |=yxY}YN sy w |FwQwt |=yxY}YN sy Ovv=wD|t xtHQD |=y=tW •

xOW |U} wvx}W=L |x} RHD |=yCNQO %OwW|t OQwNQ@ xv=}=B O=tvl} Ovv=t |}=vat |=yVvm =@ •
u; =@ Q_=vDt |xOa=k x@ \w@ Qt |}=vat |=yVvm |w=L xm OvW=@|t |v=OvRQi pt=W xQo Qy |=Q@

"OvDUy

|=y=tW xJQo =” OvDUy xO=iDU= p@=k L-Attributed |=yh} QaD |@=} RQ= |=Q@ xtHQD |=y=tW •
"“OvDUy |QD|twta |=ysR}v=mt xtHQD

H
p=Ft

%O} Q}o@ Q_v QO =Q (Type declaration) ‘wv uqa= L-Attributed h} QaDl} |=Q@ xtHQD |=tW
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xtHQD |=y=t*W 12

D → T {L.in := T.type} L

T → int {T.type :=integer}

T → real {T.type :=real}

L → {L1.in := L.in} L1, id {addtype(id.entry, L.in)}

L → id {addtype(id.entry, L.in)}

%CU= Q} R CQwY x@ real id1, id2, id3 |OwQw |=Q@ |}=vat |=yVvm =@ x} RHD CNQO

D

T {L.in := T.type} L

real {T.type := real} {L1.in := L.in} L1
, id3 {addtype(id3.entry, L.in)}

{L2.in := L1.in} L2
, id2 {addtype(id2.entry, L1.in)}

id1 {addtype(id1.entry, L2.in)}

%Owtv |@=} RQ= =Q =yxY}YN u=wD|t pw= » jta CQwY x@ jwi CNQOV}=t}B =@

• D → T {L.in := T.type} L

• T → int {T.type := integer}
• T → real {T.type := real}
• L → {L1.in := L.in} L1, id {addtype(id.entry, L.in)}
• L → id {addtype(id.entry, L.in)}

Parsing and dependency graph:

input stack production used

int p, q, r

p, q, r int

p, q, r T T → int

, q, r T p

, q, r T L L → id

q, r T L ,

, r T L , q

, r T L L → L, id

r T L ,

T L , r

T L L → L, id

D D → TL

D

T L

L , r

L , q

p

1

2

3

4
5

6

7
8

9

int

10

type
in

in

in

N
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13 wLv =@ xOWC}=Oy |xtHQD w Q=OxY}YN |=yQt=Qo

xtHQD |=y=tW |L=Q] 1»4»13
QO xY}YN l} Q=Okt xm s}W=@ u�t]t O}=@ ’s}vm |L=Q] xtHQD |=tW l} s}y=wN|t |Dkw •

"OW=@ xO=t;Vvm l} |=QH= s=ovy

%CU= |@}mQD |=yxY}YN |w=L =yvD |}=vatVvm xm CU= |v=tR X=N Cr=L l} •
"OwW xO=O Q=Qk O}rwD |xOa=k |=yDv= QO O}=@Vvm CQwY u}= QO

H
p=Ft

Q} R |}=vat |xOa=k w O}rwD |xOa=k

T → T1 ∗ F T.val := T1.val ∗ F.val

%OyO|t CUO x@ =Q Q} R |xtHQD |=tW

T → T1 ∗ F {T.val := T1.val ∗ F.val}

N

%CU= xHwD p@=k xtHQD |=y=tW |L=Q] |=Q@ Q} R Oa=wk

=Q Q} R |=yC}OwOLt O}=@ ’s}W=@ xDW=O |FwQwt |=yxY}YN sy w |@}mQD |=yxY}YN sy Qo = •
%s}vm p=ta=

|Wvm QO O}=@ ’O}rwD |xOa=kl}CU=QCtU QO ‘k=w O=tvl} |=Q@ |FwQwt |xY}YNl} “1
"OwW x@U=Lt ’OQ=O Q=Qk O=tv u; R=V}B xm

OQ=O Q=QkVvm u; CU=Q CtU QO xm O=tvl} R= |@}mQD |xY}YNl} x@ O}=@vVvml} “2
"OyO ‘=HQ=

|xty xm OwW x@U=Lt Ov=wD|t |v=tR =yvD ’AJCtU |xv=}=B=v |=Q@ |@}mQD |xY}YNl} “3
|=yDv= QO ,qwtat \w@ QtVvm "OvW=@ xOW x@U=Lt ’Ovm|t ‘=HQ= =yu=O@ xm |}=yxY}YN

"OwW|t xO=O Q=Qk O}rwD |xOa=k

xtHQD |=tW l} w s}vm ‘wQW L-Attributed h} QaD l} =@ xm OQ=O OwHw u=mt= u}= xW}ty •
"Ovm|t =[Q= =Q jwi C=}YwYN xm s}vm O=H}=

p}=Bt=m u=tR QO xtHQD |=y=tW |@=} RQ= 2»4»13
|@=} RQ= =@ x@=Wt p}=Bt=m u=tR QO Ovv=wD|t =yxY}YN ’Ovm|t |wQ}B jwi Oa=wk R= xm xtHQD |=tWl} QO

"OvwW |@=} RQ= S-Attributed |=yh} QaD
=Q |}=yp}O@DTBU ’s}vm|t R=e; u; QO xOW x}@aD |=yVvm =@ xtHQD |=tWl} R= %|rY= |xO}=

"OvwW Qy=_ Oa=wk CU=Q CtU |=yDv= QO =yVvm |xty xm s}vm|t p=ta=

|yD x@ Vy=m =@ =Q “CU= M Ovv=t xv=}=B=v l} ‘k=w QO xm ” (Marker) O}OH Q=PoCtqa l} •
"s}vm|t |iQat xOW x}@aD |}=vatVvm Qy |=Q@

"OwW|t j=Yr= M → ǫ O}rwD |xOa=k |=yDv= QO |}=vatVvm •
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H
p=Ft

%O} Q}o@ Q_v QO =Q Q} R |xtHQD |=tW

S → aA {C.i = f(A.s)} C

S → bAB {C.i = f(A.s)} C

C → c {C.s = g(C.i)}

%s}vm|t xi=[= Q} R Oa=wk =@ =Q M2 wM1 Q=PoCtqa wO

S → aAM1C

S → bABM2C

M1 → ǫ {M1.s := f(val[top])}

M2 → ǫ {M2.s := f(val[top− 1])}
C → c {C.s := g(val[top− 1])}

xO=O CW=ovM2.s =}M1.s |@}mQD |xY}YN x@ C.i |FwQwt |xY}YN xm OwW|t x_Lqt •
"CU= xOW

=Q} R” OQ=O Q=Qk val[top − 1] QO C.i Q=Okt ’OwW|t xO=iDU= C → c x=oQy ’Oa=wk x@ xHwD =@ •
C → c |xOa=k R= xO=iDU= R= TB xDWB |=wDLt w CU= ‘k=wM2.s =}M1.s QO uwvm = C.i

|q=@ QYva u}twO Q=PoCtqa wO Qy QO w OQ=O =Q bABM2c =} aAM1c Cr=L wO R= |m}
"“CU= top− 1T}Ov= QO |va} xDWB

QO ’CU= aAM1 CQwY x@ xDWB Cr=L ’OwW|t xO=iDU= M1 → ǫ |xOa=k |Dkw u}vJty •
val[top] |wQ R= ’CU=A.s R= |a@=D wCU= C.i u=ty xmM1.s |@}mQD |xY}YN Q=Okt xH}Dv
O}vm xHwD” CU= ǫ |xOa=k R= xO=iDU= R=TB xrY=iq@ xDWB |q=@ O=tv A =Q} R ’OwW|t x@U=Lt

"“OwW|t =QH= xOa=k R= xO=iDU= R=TB ,=k}kO |}=vatVvm

bABM2 CQwY x@ xDWB Cr=L ’OwW|t xO=iDU= M2 → ǫ |xOa=k |Dkw ’x@=Wt Qw] x@ •
R= ’CU= A.s R= |a@=D w CU= C.i u=ty xm M2.s |@}mQD |xY}YN Q=Okt xH}Dv QO ’CU=
R= xO=iDU= R=TB xrY=iq@ xDWB |q=@ O=tv u}twO A =Q} R ’OwW|t x@U=Lt val[top− 1] |wQ
"“OwW|t =QH= xOa=k R= xO=iDU= R=TB ,=k}kO |}=vatVvm O}vm xHwD xQ=@ wO” CU= ǫ |xOa=k

N

%L-Attributed Qt=Qol}ZQi =@ q=@ x@u}}=B |x} RHDu}L QO =yxtHQD|@=} RQ= |=Q@ "|twta Oa=wk
s}vm|t |iQat M1, . . . ,Mn O}OH Q=PoCtqa n ’A→ X1 . . . Xn O}rwD |xOa=k Qy |=Q@ •

"OwW|t u} Ro}=H A→M1X1 . . . MnXn |xOa=k =@ =Q xOa=k u; w

%s}v=O|t =Q A w Xj |FwQwt w |@}mQD |xY}YN Qy u=mt ’u}=Q@=v@ •

"OwW|t xQ}NP Xj x@ xDU@=w Qox} RHD |xDWB QO val pNOt QO Xj .s “1
"OwW|t xQ}NP Mj x@ xDU@=w Qox} RHD |xDWB QO val pNOt QO Xj .i “2

"OwW|t xQ}NP Qox} RHD |xDWB QO |R=UxQ}NP pLt R=V}B xrY=iq@ val pNOt QO A.i “3

"Ow@ Oy=wN sy LR(1) Qt=Qo l} u}vJty ’Q=PoCtqa =@ LL(1) Qt=Qo Qy %1 x_Lqt •
$$OW=@ pN=OD |w=L Ov=wD|t ’Q=PoCtqa =@ LR(1) Qt=Qo l} %2 x_Lqt •
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15 wLv =@ xOWC}=Oy |xtHQD w Q=OxY}YN |=yQt=Qo

H
p=Ft

Example. Computing the inherited attributeXj .i after reducing withMj → ǫ.

top→

(top-2j)→

(top-2j+2)→

Mj Xj .i

Xj−1 Xj−1.s

Mj−1 Xj−1.i

. . . . . .

X1 X1.s

M1 X1.i

MA A.i

• A.i is in val[top − 2j + 2];

• X1.i is in val[top− 2j +3];

• X1.s is in val[top−2j +4];

• X2.i is in val[top− 2j +5];

• and so on.

N

wLv CNQO
u; QO xm CU= (Parse Tree) x} RHD CNQO R= xOQWi V}=tv l} (Syntax Tree) wLv CNQO

"Ov=xOW xDW=Po Q=vm =yxv=}=B=v

E

E + E

E * E 4

2 3

* 4

2 3

+

Parse Tree Syntax Tree

“CU=Q” u; =@ pO=at wLv CNQO w “AJ” x} RHD CNQO R= |=xvwtv %1»13 pmW

Kazim Fouladi <kazim@fouladi.ir>, 2nd Edition, Fall 2014
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u} QtD ◭

|=yxDWQ |=Q@ =Q xOW |U} wvx}W=L |x} RHD CNQO ’Q} R wLv =@ xOW C}=Oy h} QaD R= xO=iDU= =@ "1
%O} Qw; CUO x@ Q} R

(3 + 4) ∗ (5 + 6)n “;
1 ∗ 2 ∗ 3 ∗ (4 + 5)n “?

attribute calledval.

PRODUCTION SEMANTIC RULE

L → En print(E.val)

E → E1 + T E.val := E1.val + T.val

E → T E.val := T.val

T → T1 ∗ F T.val := T1.val ∗ F.val

T → F T.val := F.val

F → (E) F.val := E.val

F → digit F.val :=digit.lexval

|xDWQ |=Q@ =Q xOW |U} wvx}W=L |x} RHD CNQO ’Q} R wLv =@ xOW C}=Oy h} QaD R= xO=iDU= =@ "2
%O} Qw; CUO x@ real id, id, id, id

PRODUCTION SEMANTIC RULE

D → TL L.in := T.type

T →int T.type :=integer

T →real T.type :=real

L→ L1, id L1.in := L.in; addtype(id.entry, L.in)

L→ id addtype(id.entry, L.in)

D w C ’B ’A |xv=}=B=v Q=yJ R=l} Qy "s} Q=O =Q A→ BCD O}rwD |xOa=k xm s}vm|t ZQi "3
|=Q@ "CU= |FwQwt |xY}YNl} xm i w |@}mQD |xY}YNl} xm s %OvDUy xY}YN wO |=Q=O
Q=oR=U S-attributed h} QaD l} =@ Oa=wk u; =}; “;” %O}vm u}}aD Q} R Oa=wk xawtHt R= l} Qy

#OvDUy Q=oR=U L-attributed h} QaD l} =@ Oa=wk u; =}; “?” #OvDUy

A.s := B.i + C.s “;
A.s := B.i + C.s; D.i := A.i + B.s “?

A.s := B.s + D.s “A

O}rwD =Q “OvwW|t =OH x]kv l} =@ xm ” |QUm w K}LY VN@ pt=W |} wOwO O=Oa= Q} R Qt=Qo "4
%Ovm|t

S → L.L | L

L → LB | B

B → 0 | 1
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17 wLv =@ xOWC}=Oy |xtHQD w Q=OxY}YN |=yQt=Qo

|xDWQ |yOyO Q=Okt S.val xm O}vm |L=Q] L-attributed wLv =@ xOW C}=Oy h} QaD l}
"OwW 5.625 |yOyO OOa O}=@ 101.101 |xDWQ |xtHQD ’p=Ft |=Q@ "Ovm|t x@U=Lt =Q |OwQw
s=Om QO Q_v OQwt C}@ Ovm XNWt =D O}vm xO=iDU= L.side |FwQwt |xY}YN R= %|}=tvy=Q

"OQ=O Q=Qk x]kv CtU

xDW=OvAJ R= |DWoR=@ pY=L Qt=Qo xm |=xvwo x@ O}vm |U} wvR=@ =Q Q} R wLv =@ xOWC}=Oy |xtHQD "5
"OvDUy xv=}=B 1 w 0 w =yVvm d w c ’b ’a =Hv}= QO "OW=@

A → A {a} B | AB {b} | 0

B → B {c} A | BA {d} | 1

l} u=wva x@ =Q =yl} w =yQiY R= |=xDWQ Q=Okt ’Q} R “xtHQD |=tW” wLv =@ xOW C}=Oy |xtHQD "6
%Ovm|t x@U=Lt C@Ft |} wOwO K}LY OOa

B → B10 {B.val := 2×B1.val}

| B11 {B.val := 2×B1.val + 1}

| 1 {B.val := 1}

B.val |=Q@ |y@=Wt Q=Okt =t= OW=@v AJ R= |DWoR=@ xm O}vm |U} wvR=@ |=xvwo x@ =Q h} QaD u}=
"O}=tv x@U=Lt |OwQw |xDWQ pm |=Q@

+ |=yQorta =@ |Ovwv=}t |[=} Q |=yCQ=@a p}O@D |=Q@ wLv =@ xOW C}=Oy |xtHQD |=tWl} "7
"O}vm |L=Q] |OvwUB |[=} Q |=yCQ=@a x@ 9 =D 0 s=kQ= R= pmWDt |=yOvwrta w ∗ w

octal” CWy |=v@t QO Ovv=wD|t O=Oa= u; QO xm O} Q}o@ Q_v QO O=Oa= |=Q@ =Q Q} R Qt=Qo "|Q=}DN= "8
"OvW=@ “d OvwUB =@ xOW xO=OV}=tv decimal” xO |=v@t QO =} “o OvwUB =@ xOW xO=OV}=tv

based-num → num base-char

base-char → o

base-char → d

num → num digit

num → digit

digit → 0 | 1 | . . . | 9

"O}yO x}=Q= OOa Q=Okt u}}aD |=Q@ “wLv =@ xOW C}=Oy h} QaD” Q=OxY}YN Qt=Qo l} “;
"O}vm sUQ 123o |=Q@ xOW |U} wvx}W=L |x} RHD CNQO l} “?

u}}=B x@ q=@ Qox} RHDl} =@ x} RHD u}L QO Ovv=wD|t =tW \UwD xOW |L=Q] |=yxY}YN =}; “A
#OvwW x@U=Lt

CNQOV}=t}B Q=@l} =@” single-pass CQwY x@ =yxY}YN |x@U=Lt |=Q@ Om x@Wl} “C
"O}yO x}=Q= “x} RHD

u=}=B
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