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EEE—| A i ic S og | ¥h5% | BUIRAY | fhjEg
B pirres Fice W= " lEkmEREs Ex

X //

L1 iE)ZH’J Ell_ 1.:.}2*5%']5#]%)(\ ﬂ%fi%
B 5EHIS: syntax-directed
BB R SR FELNE LAt H
B HEEER., ZEBTRF
O EEFISEENSSMSE: BLEMT, BTmME
B QERSATLEE

KE: (WIERIEH) ) EEHISHENE 2




4.1 18RSI SR EX

3% k) $ 9 2 L
AR, BARE R

B PEAR AR B 5 B M 69 R P
SEMEL. LEMEZEX




iRiah FRITEX YHAZLEA S

18 5EHI =S89 E X (Syntax-Directed Definition)
JETTIS S SRS ﬁlﬂiiﬂ‘w%«%ﬁx%\} :}%s&@%x%wﬂ
B AN EA 5 R 035 AR & &9+ S ALY
B HFALEEEXAS ah—aBHBAAb=1(c,Cyy ..., C )BT FE LAY
EFfRHF, bFec,C,, .., REFAEXLEFTHWEN
v bRLEE R M (synthesized attribute): = RbRAKEMH, c,,C,,...,C, ZF
A XEHRLEFTHERERANELC &R
— BTERHHEFER, e TR LiFR
v bRHFEB M (inherited attribute): 2 RbZ =4 XA FREANLEF XM
B, ¢,y ck ;%Aé’a,%'ti REHRLEFTHER
— HAFHER, KEEATHEEERTH, AERXRA LR T/HE

skE: (RIFREH) ) BEHSHENF 5




University of Science and Technology of China

) 6l 55 1 FRBZLL %S

TERAAEFHEART={0,1 2} LR F S —Nik:
S—>DSD|2
D>0]|1

B—/NEEdlgre ), AircExsa TAELAELEK

st SAe DA R
S'—> S print(S.val) Z:,*%g?ég; J
S—»D,5 D, Swval=(D,.val==D.,.val)and S,.val
S—H?2 S.val =true
D—>0 D.val =0 S.val: SX N[ 5 2 75 A2 [A] S E
D— 1 Dval = 1 D.val: DXJ M [ £ 1 EUE

R SR B RGEBIEREE 2 X—S BIEEN

skE: (RIFREH) ) BEHSHENF 6



@) EEpit EREEHSENX tOAELLXS

(
= £ X & L AN Lé;?f]
L > E n<d #4742 | print (E.val
E—->E+T E.val = E,.val + T.val
Eo>T E.val = T.val
T—>T,*F T.val = T .val * Fval
ToF T.val = F.val
F— (E) Fval = E.val Jif A J
F o digit Fval = digit lexval — 221 &

R SR B RGEBIEREE 2 X—S BIEEN

2 .. bison-examples.tar.gz F$fjconfig/exprl.y, expr.lex

skE: (RIFREH) ) BEHSHENF 7


http://staff.ustc.edu.cn/~yuzhang/compiler/proj/bison-examples.tar.gz

22N . VY
C)) iEFEfEIRHY (annotated parse tree) YAz LELxS

R R M EE T SRR B
8+5%2 n (N4 ¥AT )0 Z B RBATH, B EIRE EITH18
g REZaEEAE

L T FLEENEME
cval=1g 0 (it K A3 21
E.val :8/ 1 *\/al = 10
T.val =8 T.val =5 * F.vallz 2
Eval =8 F.vall =5 digit.lexval = 2
| o
digit.lexval = 8 digit.lexval =5

skE: (RIFREH) ) BEHSHENF 8



) R IR FOAZLLK S

int id, 1d, id

I - m X AN
D—>TL L.in = T.type

T— Int T. type = integer

T— real T. type = real
L->L,id | L.in=L.n;
addType(id.entry, L.in)
L— id addType(id.entry, L.in)

type — TH 424 &M
iN—LAEAREN, mE A ABREBLRRATNE
addType - X BIZ EmBFFEAPHFRAFFEL

skE: (RIFFREEM ) EEFSHEE 9
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University of Science and Technology of China

Intidy, i1d,, id,
e (B&R) , BT HS AN

- ~

T.type5 iF\teger

| ,4’ | ~N o
1 - I =
- I‘t - - |
IN L.In=Integer :
’f’ I N\
\”’ I \§\~
L.in=integer , id,
|
|
i |
1d,
HE: (RITEEMH) EBEHISHEET

[ R ¥ B X AN

D—->TL L.in = T.type

T— int T. type = integer

T— real T. type = real

L—> L, id L,.in=L.in;
addType(id.entry, L.in)

L—id addType(id.entry, L.in)

10



,= Eﬁ‘@ﬁ(dependence graph) ‘#@f@é'&“}‘fé

=g R B XA W
E’EW*&@ Do TL L.in = T.type
. . . T— int T. type = integer
[ ﬁiﬁg*ﬁ'ﬁq’ééﬁ %/éa‘rim]’f&ﬁ*%%;ﬁ@@ T— real T. type = real
intid,, id,, id. 8RB (L&) e eanty, Lin
) D N L— id addType(id.entry, L.in)
T 4 type/_\m‘s L 6
: / - 'V \\\\ |
int in7 L 8 , id; 3 entry
- < I -~ ~
: 9{1 0 . % TRAEN: NP ENGE
In . ! 10, 2 entry BEX PENEMa
\A/‘[ MABMEARIES : MEEHEXa
id, 1entry B BRI EIEY.bEE, NWITEIEM

KB, (HITEEH)) BRI ST Y.oTR g R X. aBy T = A5 11



v

R B

& X ERE] (dependence graph) ‘#@f@é'&“}'ﬁé

o =

Syt Q
e, R
Cnce and Te

intid,, 1d,, id,
AT (ﬁ%)g@ﬁﬁ@ (R&)

_ - ~- L—-> L, id L,.in = L.in;

T 4type in5 L 6
I -~
|
|

| .
- - -
-

id; 3 entry

int in7 L 8
|

«/x"/ RRTON =S B M
' 3 D> TL L.in = T.type
n? II_ 19 | Id2 2 entry T— int T. type = iynpteger
\’:/ T T— real T. type = real
Id1 1 entry L—> L, id L,.in = L.in;
addType(id.entry, L.in)
L— id addType(id.entry, L.in)

skE: (RIFREH) ) BEHSHENF 12
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v

R B

& X ERE] (dependence graph) ‘#@f@é'&“}'ﬁé

N

o &

S, ey
“ice and T

Intidy, i1d,, id,

A (R&) RHE (EXR)
,,,,, P L id

///\,f\\ addType (id.entry, L.in)
T 4type in5 L ¢

int in7 L 8 , Id;  3entry
— eI T > & R & X A
ing L 10 ! id, 2 entry DoTL | Lin=Tupe
— int . type = integer
\J/ T . yp - g
O — real T. type = real
Idl 1 entry L— L, id L,.in=L.in;
addType(id.entry, L.in)
L— id addType(id.entry, L.in)

skE: (RIFREH) ) BEHSHENF 13



©))s BIEESH L BIEEN pidnih LER

SRMEE X

AL A B MEEEH F X

LEMENX (BEEEALZR®E)

W REANFEEX ASX,. X1 XX SRR XA o H 0 B RAN RSB
RARX; W BRAE Y, 128 RIRH:

B EXTX ELFFTX, Xy eeey X BB

B AMHRKE M

[ ABABATAEF 0 T Xt H ALK

SERIEEXELRMEEX

skE: (RIFREH) ) BEHSHENF 14
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® #
) FRAZLLK S
1958
R WPy & E 1 IA University of Science and Technology of China

B #hFMEERF(topological sort): ZDAGH) £ & &9 —Fr HEFmy,...,m,, FAHmMEm,
a3, NaEHEFTmtTm
?ﬁﬁnm SR ES i,
B AL HER AL EL, 2, 3, 4, 5, 6, 7, 8, 9, 10 = integer:

a5 = a,;
addType(id,.entry, ac);

- -~
- -~
- ~
~

- - a; = as;
- - _ =~ addType(id,.entry, a,);
T 4 tMS L 6 %= 2 7

: / L \\ addType(id,.entry, a,);

init in7 L 8 ) id; 3entry
n? - 10 ’I id; 2 entry sy T v AR
\J/' I Lﬂl-:.)(*)..ﬂ]ﬂ'{lvl'%
|d 1 entry Y b X AL SRS

KE: (RIFRE M) TEFSHENE 15



l=' ETRIXEF

FEBLLAX S

rsity of Sci and Technology of Chin

B BMERF

1) Mieim N\ AT

2) €5 MR A

3) & w7 HES

4) BwILHFORFITH A K

skE: (RIFREH) ) BEHSHENF
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O iEsuRniE S E Rk L3

BT A E
WA ANBE T &, HXHZMNGERITHE RS, ZFEK
— R LM —& ik
BTN 7%
(iFBFINE) BEAL (B HRE) &N &+ H A5
— R TFIMHEN T &
ZEE AN 8 75 3%

(HEREAE) FAABZENG LIS Gt BATAHIL) , (GEFktE
SRBLE) 38 SR 58 ST A FT S AT 5 4 PR
— AT ANARN TS

skE: (RIFREH) ) BEHSHENF 17



42 SEMENXMNBTmM EIHE

B AL (GRS R)

B ERHS R vs METE
SEMELWAaTmLitH




1E;£W(syntax tree) FEAZLEAL% S

WRER ER ARG R
FNERRT—ANEENE, FHFFPXETREEINFOAIFL S
245 ;

If B then S, else S, 8+5 %2

If-then-else +
/ ' 8/ .
B Sy 2 5/ \2

Bk 8T AR TN, TR Tk

skE: (RIFREH) ) BEHSHENF 19



Q) IBEHSEN: WEELH b LA

[ = w X AN
E—E, +T| E.nptr=mkNode( ‘+’, E,.nptr, T.nptr)
E>T E.nptr = T.nptr
T—>T,*F | T.nptr =mkNode( ‘*¥’, T,.nptr, F.nptr)
To>F T.nptr = F.nptr
F— (E) ~.nptr = E.nptr
F—id ~.nptr = mkLeaf (id, id.entry)
F — num ~.nptr = mkLeaf (num, num.val)

2 .. bison-examples.tar.gz $fconfig/asgn2ast.y, asgn.lex

skE: (RIFREH) ) BEHSHENF 20
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FOAZLEL*XS

University of Science and Technology of China

SEFRNITRIREGRAR
p, = mkleaf(id, entrya);
P, = mkleaf(num, 5);

p; = mkleaf(id, entryb);

L
Taay
LT
LT
L
"mg
LT
LT
LT
Taa,
LT
Taay
L
L
"uy

T.nptr P, = mknode(™', p,, P3);
........................... | Ps = mknode('+', Py, P.);
T.nptr——, % | F’.npltr
':-;”P”—ﬁl\ : d
| : * , |
I /
. L
numi 5 id 1 |

!
RS RFOBAO

skE: (RIFREH) ) BEHSHENF 21




ey s ‘# @ é’# é XK A: é

z= ity o Science anlTechnology o Chi
MEEANNEER opArsy) [ B0

E—E, +T {E.nptr = mkNode( ‘+’, E,.nptr, T.nptr); }

E>T {E.nptr = T.nptr; }

T—T,*F {T.nptr = mkNode( ‘**, T,.nptr, F.nptr); }

T>F {T.nptr = F.nptr; }

= > (E) {F.nptr = E.nptr; }

= 5 id {F.nptr = mkLeaf (id, id.entry) ; }

= s num {F.nptr = mkLeaf (num, num.val) ; }

BZABMNTHANE T FAXERNEL, ETFRABEREITH

skE: (RIFREH) ) BEHSHENF 22



42 SEMENXMNBTmM EIHE

B AL (GRS R)

B ERHS R vs METE
SEMELWAaTmLitH




3

(2P ' > ‘
)\ G a—AVE 1] FHBZLLKE
g N\l Y & E E University of Science and Technology of China

i SCA
E.nptr = mkNode( ‘+°, E,.nptr, T.nptr)
E.nptr = T.nptr

T.nptr = mkNode( ‘*’, T,.nptr, F.nptr)

T.nptr = F.nptr

F.nptr = E.nptr
F.nptr = mkLeaf (id, id.entry)

I o |
BRFSRPTaAD BrGFSEFIFAD

skE: (RIFREH) ) BEHSHENF 24



©)) SEHAE FR.Lite FOAZLLKS

ARITIBE
LR B4R IE e — AR AR B 24 B A
Z A XA SXYZ83E LN &

" - Aa=1t(XXx, Yy, 212,
7 77 | makas:
Y O|Yy top
X | X.x — |A |Aa
& state val

H

skE: (RIFREH) ) BEHSHENF 25



v

R B

‘*ﬁ@’\ . 1 » k ]
©)) BT RS YRR LL%S
Bl 3%t 5B 6035k 5 R LR R M AL

S

e, o
“ice and Tec

= A 5 H OO N
top —— L—>En print (E.val)
|4 |47 E—E,+T |Eval=E,.val +Tval

Y Yy EoT E.val = T.val
X XX T—>T,*F |Tval=T,val * Fval
ToF T.val = F.val
F— (E) Fval = E.val
& state val F > digit _ |Fval = digit.lexval

2 L: bison-examples.tar.gz # fJconfig/expril.y, expr.lex

skE: (RIFREH) ) BEHSHENF 26


http://staff.ustc.edu.cn/~yuzhang/compiler/proj/bison-examples.tar.gz

©)) BT RS YRR LL%S
Bl 3%t 5B 6035k 5 R LR R M AL

S Q
e, R
Cnce and Te

[l - ¥ R K
L>En print (val[top—1] )
top E — E,+ T |E.val =E, .val +T.val

E>T E.val = T.val
T—>T,*F |Tval=T,val * Fval
X | XX ToF T.val = Fval

F— (E) F.val = E.val

F — digit |F.val =digit.lexval

<
<
<

[y

5 state val
E: BRIALE fe 2 top B SR I SENT IR IR 7518 A EH AT G 2218

skE: (RIFREH) ) BEHSHENF 27




. FRE X
©)) B L aoEHE YRR LL%S
Bl 35 3 6035 k4 5 2 LB BB AL

o
g™

S
%,
Zeng,

= A AR
L>En print (val[top—1] );
top E>E+T val[top-2] = val [top—2] +val[top];

E>T E.val = T.val
T—>T,*F |Tval=T,val * Fval
X | XX ToF T.val = Fval

F— (E) F.val = E.val

F — digit |F.val =digit.lexval

<
<
<

[y

5 state val
E: BRIALE fe 2 top B SR I SENT IR IR 7518 A EH AT G 2218

skE: (RIFREH) ) BEHSHENF 28




©)) BT RS YRR LL%S
Bl 3%t 5B 6035k 5 R LR R M AL

S Q
e, R
C0ce and T

= A AR
L—>ENn print (val[top—1] );
top E o E1 + T |val[top—2] = val [top—2] +val[top];
— |/ |Z.Z
E>T
AL T— T,+F |Tval = T val * Fval
X [ XX ToF T.val = Fval
F— (E) Fval = E.val
s F — digit |F.val =digit.lexval
% state val

E: AR E 57 a3 top B B R BT AR P AE 18 SCBIMEBAT JE =8

skE: (RIFREH) ) BEHSHENF 29



X

©)) BT LAERE toA LAk S
Bl RSB 4035k 4 B 2 BRI R AD

K

Tence

= AE R AR
L>En print (val[top—1] );
top E — E. + T |val[top-2] = val [top-2] +val[top];
—|Z |Z2 .
E—>T
Y Y'y T> T1 % [ |val[top—2] = val [top—2] x val[top];
X XX ToF T.val = Fval
F— (E) Fval = E.val
. F — digit |Fval = digit.lexval
% State val

HE: AR E 357 2% top RIB B JFOR BT AR I 7E 18 SBIME BT JB =8

skE: (RIFREH) ) BEHSHENF 30



X

©)) BT LAERE toA LAk S
Bl RSB 4035k 4 B 2 BRI R AD

K

Tence

= A AR
L>En print (val[top—1] );
top E — E. + T |val[top-2] = val [top—2] +val[top];
—|Z |72 s
E->T
Y Y'y T> T1 % [ |val[top—2] = val [top—2] x val[top];
X X.X TS F
F— (E) Fval = E.val
. F — digit |Fval = digit.lexval
% state val

HE: AR E 357 2% top RIB B JFOR BT AR I 7E 18 SBIME BT JB =8

skE: (RIFREH) ) BEHSHENF 31



v

R B

S 2 . ’ ff * '
©)) BT RS YRR LL%S
B 353553 6035 k) R SRR A

S Q
e, R
C0ce and T

= A AR
L>En print (val[top—1] );
top E — E. + T |val[top-2] = val [top—2] +val[top];
—|Z |72 s
E>T
Y Y'y T> T1 % | |val[top-2] = val [top—2] x val[top];
X X.X TS F
F— (E) val[top-2] = val [top-1] ;
. F — digit |Fval = digit.lexval
% state val

E: HRIALE R A top B B R SR BB AT IR FR7E 18 JBIEDIT JB 48

skE: (RIFREH) ) BEHSHENF 32



or

B T AR toA LAk S
Bl RSB 4035k 4 B 2 BRI R AD

[ = ¥ R E
L—>En |print (val[top-1]);
tO | 2| = | -2 I ,
0 o E — E, + T |valltop-2] = val [top-2] +val[top]
E>T
Y Y.y T>T,*F val[top-2] = val [top—2] x val[top];
X | XX T—oF
F— (E) |val[top-2] =val [top—1] ;
. F — digit
% state val

E: HRIALE R A top B B R SR BB AT IR FR7E 18 JBIEDIT JB 48

skE: (RIFREH) ) BEHSHENF 33



FOAZLEL*XS

é Blsonéﬁubison'example& Config/expr.y University of Science and Technology of China
%{ input : | input line
#include <stdio.h> ;
#include <math.h>
%]} — exp :NUMBER {$$=9%1;, }
2 %*%Eaﬁﬁi—gimﬁ ] |exp PLUS exp  {$$=$1+3$3; }
%union { — |exp MINUS exp {$$=9%$1-3%3; }
float val; |exp MULT exp  {$$=9%1*%3; }
} | exp DIV exp {$$=%1/3%3; }
%token NUMBER | MINUS exp %prec MINUS { $$ =-$2; }
%token PLUS MINUS MULT DIV EXPON |exp EXPONexp  { $$ = pow($1,$3);}
| LB exp RB {$$ = $2; }
%left MINUS PLUS ;
%left MULT DIV %09%0
%right EXPON 7=BFexp, Number ] yyerror(char *message)
HOENX (B valis { printf("'%s\n"",;message);}
%type <val>exp NUMBER Int main(int argc, char *argv|])
%% { yyparse(); return(0);}

skE: (RIFREH) ) BEHSHENF 34
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CY) 6 55 2 FRBZLL %S

ATFTELEE—ANEEFHFHEZL, ASHLELSEEval & TELAPSEAEH
— it H] F 9 4E
)4, #HrA101.1018f, S.val =5.625 (7 A4 L ik)
#2224+ 0+204+ 20+ 0+ 28R H, HLEMDEEELIRGTHETA,
AEBRARE R EHNBEF IR EGIEH

S»>L.L|L ////I\\

L>LB|B
B—0]1 /k( B //\

L B //\
| |

B

skE: (RIFREH) ) BEHSHENF 35
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University of Science and Technology of China

v
.
: E
1958
= £
% &
% s
% &
o =
S o
e ad 1o

AT &ELEEF—NEERFHREXL,

=3t Ry 1E.
%%, #rA101.1018, S.val

FSty4z 4 Ekval &8 FTasLikPST A8y

=5.625 (¥ LM L&)

EFIEEAEABEAXx2+0)x2+ 11 H. ZAETRRBLER T I AL,

TR AL x2+0)x2+1)/28,

S—>L.L|L
L>LB|B
B—>0]1

K= :

N E ARG A AIHEHA K

///1\\

/\
/\
| I
B

(IXRIEH) ) TEEH SRIENE 36



CY) 6 55 2 FRBZLL %S

University of Science and Technology of China

AT ELEE—ANBERFHRL, ASHLEEEval & TEL&EFSH LM
= H R Y E
B4, #rA101.1018, S.val =5.625 (7T A2 L k)
R R0 Ik RN LR BOR T @ e X

S L.RIL L/T. RN
7\ /. \

L>LB|B . - - .

R—>BR|B 7\ /7 \

B—>0|1 LI B B Ff
B B

skE: (RIFREH) ) BEHSHENF 37



University of Science and Technology of China

CY) 6 55 2 FRBZLL %S

ATELES —NEERFHRL, ASHLZEGEMval £H THRLEPSEAEN

Z St H R A9E.
Blde, #yA101.1018F, S.val =5.625 (7T A& Lik)
S—>L.R S.val =L.val +R. val
S—>L S.val = L. val
L—>L,B L.val =L,.val x2 + B. val
L—>B L. val = B. val
R—>BR, R.val=R,.val/2+B.val/2
R—>B R.val=B.val/?2
B—>0 B.val=0
B—o>1 B.val=1

skE: (RIFREH) ) BEHSHENF 38



rsity of Sci and Technology of Chin

L;WIJ B8R 3 FOHELL*E

HHEFREAAXTERAANCRETOFERREANBER FEL, Hldn,
7b+%n*7(£/ﬂ =
(@*(b+c))*d)TAEEFRa*x(b+c)=*d

RMEE:

B REETHREE, REALENRT BES
B IR AXPHURET, RELEZWIET

skE: (RIFREH) ) BEHSHENF 39



1§IJ & 3

FOAZLEL*XS

University of Science and Technology of China

FHESEHEE, &

ﬂ[\
iy &

LB BT B INE S

S"->E print(E.code)
E>E+T
If T. op == plus then
E.code =E,.code||“+”||“(”||T.code||*)”
else
E. code = E,. code || “+” || T. code;
E. op = plus
E—->T E.code=T.code; E.op=T.o0p

KE: (WIERIEH) ) EEHISHENE

40



University of Science and Technology of China

;m@ FRBELL %S

KEHSHERE, A
To>T,*xF
If (F. op == plus) or (F. op == times) then
If T,. op == plus then
T COde —_ 66(” || Tl. Code | 66)” | 66*” || 66(” || I: COde || 66)”

ﬂ[\
iy 8

LB BT B INE S

else

T.code =T,. code || “*” || “(” || F. code || «)”
else If T,. op = plus then
T.code =“(”|| T,. code || «)” || “*” || F. code
else
T.code =T,. code || “*” || F. code;
T. op = times

KE: (RIFREMH)) FEEHSHENE 41



ngJ B8R 3 FOHELL*E

rsity of Sci and Technology of Chin

FZESEHERE, ARELENBEEMES
T->F

T.code=F.code; T.op=F.op
F—id

F. code = id. lexeme; F.op=1d
F—->(E)
F.code =E.code; F.op=E. op

skE: (RIFREH) ) BEHSHENF 42
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rsity of Sci and Technology of Chin

EEREAPHINRES, RELENFES

E, TAFRAA% AL Mleft opferight opp A&k T A A RAMEF K LR
e —Azh B tself opkTAFEHLFIRER

B — N4z 8 Mcodek TRA TRIETHNRAE

SRR 1Fe2k Fhefe RO E R, AR Tid(E)MRLEL, AR TEMK
B E A EHIT R AH R

skE: (RIFREH) ) BEHSHENF 43
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g - University of Science and Technology of China

o &
St e
“ice and T

S'>E

E. left op =0; E. right_op =0; print ( E. code )
E->E +T

E,. left_op = E. left_op; E,. right_op =1;

T.left op=1; T. right _op = E. right_op;

E.code =E,.code|| “+”|| T. code ; E. self_op = 1;
Eo>T

T. left_op = E. left_op;

T. right_op = E. right_op;

E.code =T. code; E.self op=T. self op
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T>T, *xF
T->F

F—oid
F. code = id. lexeme; F.self op=3
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C))f & 3
F—>(E)
E. left op =0; E. right_op =0;
F.self op= if (F.left op <E. self op)and (E. self op >=F. right_op)
then E. self opelse 3
F. code = If (F. left_op <E. self op) and (E. self_op >=F. right_op)

then E. code else “(” || E. code || )
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