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5 Feh At bGP R E X XFFRE R EE X
Je BRI ARG+5 -2, N H AB5+2—
E>TR

R — addop T {print(addop.lexeme)} R, | €
T — num {print(num.val)}

E=TR=num {print (8)} R
= num {print(8)}addop T {print (+)}R
= num {print(8) }addop num{print(5) {print (+)}R
... {print(8)H{print(5)H{print(+)}addop T {print(-)}R
... {print(8)H{print(5)H{print(+)Hprint(2) H{print(-)}

SKE: EEHISFHEE

REREMEAR B

BIEE!

s

{&H



O LBHEYREBEHER ¢OMELLE Y

EONALF =] E sub 1 .val E ‘ val

ps-point size (4K & 4); ht-height(42 &-/& %)
(Rl =V m X AN
S—>B B.ps = 10; S.ht=B.ht
B—B,B, B,.ps = B.ps; B,.ps=B.ps,

B.ht = max(B,.ht, B,.ht))

B — B, sub B, B,.ps =B.ps; B,.ps = shrink(B.ps);
B.ht = disp (B,.ht, B,.ht)

B — text B.ht = text.h x B.ps

SKE: EEHISFHEE 5
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S—> {Bps=10} A R & X
B {S.ht=B.ht} S B B.ps=10; S.ht=B.ht
B—>B, B, B,.ps=B.ps; B,.ps = B.ps;
B— {B,ps=B.ps} B.ht = max(B,.ht, B,.ht )
Bl {Bz_ps — Bps } B — B,sub B, | B,.ps=B.ps; B,.ps = shrink(B.ps);
B.ht = disp (B,.ht, B,.ht )
Bz {Bht — maX(Bl'ht1 Bzht ) } B —> text B.ht = text.h x B.ps
B—> {B,ps=B.ps}
[31 EE%EEEN»AKZEEBIEﬁEED
: « A ARSI R B RERITZ
sub { B,.ps =shrink(B.ps) } e
B, {B.ht=disp (B,.ht, B,.ht)} . BRSNS S AR

- FENEEHEER GG RIEREER

B—text {B.nt=text.hxB.ps ] R R B A A

SKE: IEEHISHEE 6
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[ B A
) S N hB .T_‘=— £ = O E > E +T| E.nptr=mkNode(‘+’, E,.nptr, T.nptr)
%]ii‘flﬂ = éﬁ LLX% E—>T E.nptr = T.nptr
T —>T,*F| T.nptr=mkNode(‘*’, T, .nptr, F.nptr)
T—>F T.nptr = F.nptr
A7 OO\ n F — (E) F.nptr = E.nptr
FZ: EE J_:E -I'IZI X %Ijl" )\u F—id F.nptr = mkLeaf (id, id.entry)
E->TR R.i = T.nptr ; E.nptr = R.s fonum | Fnplr = mileaf (mum, num.va)
R—>+ TR, R,.1=mkNode ( ‘+’, R.l, T.nptr); Rs=R,.s
R—o>e R.s=R.i
T->FW W.I = F.nptr ; T.nptr = W.s
W—*FW, | W.i=mkNode (‘*’, W.I, F.nptr); W.s =W_.s
W— e W.s=W.i

SKE: EEHISFHEE 7
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R ETE=TR=TH%
T==FW=1dW=I1d*FW
= 1d * numW=>i1d * num *F W
=1d*num*i1d W
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E —> T {RI — Tnptr} T -+ T —+ T —+ vee | E>E +T| E.nptr=mkNode(‘+’, E, .nptr, T.nptr)
— E->T E.nptr = T.nptr
R R {E'nptr — R'S} T->T,*F T.nifr=mk§ade(‘*’, T,.nptr, F.nptr)
—> + T—>F T.nptr = F.nptr
T {R..i = mkNode ( ‘4, R.i, T.nptr)} (=2 nwr=sut
1" J " ’ p F—id F.nptr = mkLeaf (id, id.entry)
Rl {?S — Rl.S} F —>num | F.nptr = mkLeaf (num, num.val)
R— ¢ R.S=R.I : :
tRs=R1J U 0 I A 2 K
To> F {W.1 = FEnptr} : SRS _
W {T nptl’ — WS} t%F%%X%ﬁ"ﬁ_zﬁﬁ, %'TF
W —s ' ’ ESMZELE/FFTZAHH

F {W,.I = mkNode ( ‘*’, W.1, F.nptr)}
W, {W.s= W .S}
W g {W.s = | }

FRFEERBYABAL

i I -
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7’:7735': KRR AT R M & T M B8iEST RHRAL (LLXE)

FEERR > +TR | e OIS TE
void R() {
If (lookahead =="+") { [l First(+TR)
match ('+'); T(); R();
}
else if (lookahead == ¢)’ || lookahead == ‘$’) ; // Follow(R)
else error();

SKE: EEHISFHEE 11
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syntaxTreeNode * R (syntaxTreeNode * i) {

15k A& B VEAE R B8k, 426 B AR IR O

syntaxTreeNode *nptr, *il, *s1, *s; void R() {

_ if (lookahead =="+') {
char addoplexeme; match ('+'); T(); R();

- —_— I | }

It (lookahead =="+") { else if (lookahead == )’ || lookahead == ‘3" ) :
addoplexeme = lexval, else error( )
match("+"); nptr = T(); y ’

11 = mkNode(addoplexeme, i, nptr);
sl =R (il); s =s1;
}

else if (lookahead ==")" | =="'$") s=1; R0 s
else error(); U
return s; T . nptr
\ + : addoplexeme

SKE: EEHISFHEE 12
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=) AELBHEN FEBLLL %S

1§IJ PascaliZ s 89X = = ¥, %= m, n: integer
D—>L:T L.in = T.type
L—>L,id]|Id L..in = L.in, ...
T — Integer | char T.type =...

% ERFRXAELE M Z L

FENERAER, BANLEME, AEFIA—K

SKE: EEHISFHEE 14



2)) IELBHEN: BB YEAZLA S

1§IJ Pascaléy Z 8, 4=m, n : integer
D>L:T L.in=T.type GEELEMEZL: &MHEENER™ L)
L—>L,id]|Id L..in = L.in, ...
T — Integer | char T.type =

FHERERFTEHREY, i'iﬁukfﬁ/l’i)a ""J

DoidL (SE&M= L) - \
L—,idL|:T | L
7N
T — integer | char , id\L
PN
7
Integer
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D—oidL {addtype (id. entry, L. type);}
L—>,idL, {L.type=L,. Type;
addtype (id. entry, L,. type) ;}
L>:T {L. type = T. type;}
T — integer {T.type = integer;} _d/D\L
T — real {T. type = real;} !
7R
AN
S

Integer

X 2 & »
® 3
=y
] 2
A s
2, &
Cence and e

or
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E
R
T

P RIANEIERERRIAI

—-> TR
—+ T {print ()R, |- T {print (=")}R, | €
— num {print(num.val)}

B ELEPRNEHeWITLIEALR, LENARINFE TR BIRTIEL L

FMR &, HRRZEREEAEXM o et E3% (BREN=DEZLEME)

E—>TR
R>+TMR;|[-TNR,|¢&
T — num {print (num.val)} [

M — g {print (‘+°)}

VACCS 33k # 7 ik F A T A 89 X ]
N — g {print (‘*-°)}

%, BPA Ak ESEXSIE G Ae AKX
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bison-examples: config/exprL.y

input :...
| input{ lineno ++; printf(""Line %d:\t"", lineno);} line { printf(""*"); } ;
O $$RRA4ERLHS(left-hand side) FSHNBENE, $1, $2... 4% FRHS(right-hand side) P FFS#Y
EMME, ABIrlinekiE I3 31 [Lyreduce:
O BisonBzh A iR 2 M EGEERAZIMESIAN /* yyn is the number of a rule to reduce with. */
2 FEEcRIFRICIE R LT, X RIcase 3514 %(_REDU CE PRINT (yyn);

src/exprl.tab.c switch (yyn) { ... T
- case 3: Dl asiEs

*Li *
/* Line 1806 of yacc.c */ /* Line 1806 of yacc.c */

: . i . #line 32 ""config/exprL.y"
#line 36 "'config/exprL.y . N o o 1 _
{ printf("*"): } {;lneno ++; printf("'Line %d:\t"", lineno);
break;

break;

SKE: EEHISFHEE 20
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(@3 s A E At LEY
Bl & tds BT )

5 intp,q, r
D—->T {L.in=T.type}
L

T— int {T.type = integer}
T— real {T. type = real}
L—> {L,.in=L.in}

L,, id {addtype (id.entry, L.in )}
L— id {addtype (id.entry, L.in )}

Y8 K By PR
& A FEATAR T

SKE: EEHISFHEE 22



Q) BRBIEES T pidnih LER

B &tds B T ) 5
19"' Int p’ q’ I T. t”Q” in\\;.L
Do T {h=Ttype} , Pe //,.\\
] in o« -7 4 T
L Int L

T— int {T. type = integer} - ',// | \\
T— real {T. type = real} L ) ~q
L—> e A= |

L,, id {addtype (id.entry, )} P

L—i1d {addtype (id.entry, )} N Y L L

g1 Sk AR By P ) 2o T B RR,
AR R e R Y
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Bl Btis BT RN

[l SO VL VIR - B =4

D—>TL

T— Int val[top] = Integer

T— real |val[top] =real

L— L., id | addType(val[top], val[top-3]) ;
L— id addType(val[top], val[top-1]) ;

w9 AR B PE By

g1 B 4K AR By P B 3 T BRR,
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bison-examples: config/exprL1.y

line ... 1g8RAlinenoANiE (B ]
| NUMBER { ... PTERIEE FRARRTIEL

$<val>lineno =$1; // valZ%union¥ & BA &5 A {2 X &
/] $<val>$ = $1; Il %35 XD AVERA R I8 & b F it

LS ERIE X EXI ML
RYRRICI PR AR an 2

} [lineno]
exp EOL { ...
printf(**Line %d: %g\n", (int) $<val>lineno, $3);

SKE: EEHISFHEE
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bison-examples: config/midrule.y
exp:a la 2{$<val>$=3; }{$<val>$=%<val>3+1;}a 5
sum_of the five previous values

{
USE (($1, $2, $<fo0>3, $<foo>4, $5));

printf (*'%d\n"’, $6);
}

“Cnce

sum_of the five previous_values:

{

$$ = $<val>0 + $<val>-1 + $<val>-2 + $<val>-3 + $<val>-4;

}

$<val>0, $<val>-1. $<val>-2, $<val>-3. $<val>-4% %%k =# Fa 5.
{$<val>$=%<val>3 + 1;}. {S<val>$=3;}. a 2. a IX&EHFFaiEA

SKE: EEHISFHEE 26
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(@3 v s A E At LEY
&2 &4z B R Al

S — aAC C.i=As éiﬁjé}ﬁfqa
S —» bABC Ciz=As d

Coc C.s=g(C.i)
AFICZIE|FJRERB, WATEERAB, C.i MER2MAIHE
BhARCIE AL, HAF4EE T ATA

S —> aAC Ci=As

S - bABMC M.i=As; C.i=M.s
Coc C.s=g(C.I)

M—> € M.s = M.I

SKE: IEEHISHEE 27
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BABMEREESRMERIEH \
S — aAC C.i=f(As) ARy P L
C—ocC C.s=g(C.1)

FTRANGESARE

¥ ARt AR, fef(AS)8 A48 B ARt dE AL K13t shiT

S —5 aANC N.l=A.s; C.i=N.s
N—og N.s =f (N.I)
C—ocC C.s=¢g(C.1)

SKE: EEHISFHEE 28



2)) LEtEEX e T Lite tEAsLARS
f?']é%!c HERRIETEQN | ™ & K EOON O#M W

E sub 1 .val S—>LB B.ps = L.s; S.ht=B.ht
Loe Ls=10 #B.pstEARH, T 35H
el va s p?_? B, &
B—B,MB, | B,ps=B.ps; M.i=B.ps;
S—>B B,.ps = M.s;B.ht = max(B,.ht, B,.ht)
B—B,B, M—e M.s = M.i
B— B, subB, EB—> B, sub B,.ps =B.ps; N.I= B_.ps;
B — text 2 B,.ps = N.s; B.ht = disp (B,.ht, B,.ht))
N—eg N.s = shrink(N.I)
B — text B.ht = text.h x B.ps

SKE: EEHISFHEE 29
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feng,
“1ce and T

5 & FHEMRIETEQN | 7™ £ K iE X # W
E sub 1 .val S—>LB B.ps = L.s; S.ht=B.ht
= \ﬂ L—o>¢ L.s=10 3{%.B.psﬁ]\il%t-lﬂ, fEF5| H
1 B—>B, MB, B,.ps = B.ps; M.I1=B.ps;

S—>B B,.ps = M.s;B.ht = max(B,.ht, B,.ht)

B—B, B, Mo e M.s = M.i BL4E05 T B A7 & n] il

B—B, sub B, ElB_) B, sub B,.ps =B.ps; N.i= B_.ps;

B — text 2 B,.ps = N.s; B.ht = disp (B,.ht, B,.ht))
N—eg N.s = shrink(N.I)
B — text B.ht = text.h x B.ps

SKE: EEHISFHEE 30



Q) LBttEX A T bite bOAZLL %S

) B HeRRETEQN | 7 4 A E X M W
E sub 1 .val S—>LB B.ps =L.s; S.ht=B.ht
= & Lo>e L.s=10 %B.pﬂ_?}\ﬁqﬂ, fE€F 5 H
1 B—>B, MB, B,.ps =B.ps; M.I=B.ps;

S 3B B,.ps = M.s;B.ht = max(B,.ht, B,.ht)

BB, B, M —> & M.s = M.i B4l T JB A B T Bl

B — B, sub B, EIB—> B, sub B,.ps =B.ps; N.i= B_.ps;

B — text 2 B,.ps = N.s; B.ht = disp (B,.ht, B,.ht)
N g N.s = shrink(N.i) & tF&EII8E
B — text B.ht = text.h x B.ps
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X

C))EQN : BT/_LitEascm

o
"8

FOAZLEL*XS

University of Science and Technology of China

e,

e

PS/& PE AR AR R AR TN AL B

[l = ¥ w X A N
S—> LB S.ht =B.ht
TN L>e L.s=10
M's B B — B, MB,
IO B.ht = max(B,.ht, B,.ht)
text & B sSub N s B [yoe Ms=M.i
| | B — B, sub
text e text |NB2 B.ht = disp (B,.ht, B,.ht)
N> e N.s = shrink(N.i)
Aetext)3 £ s BE, By B—text |B.ht=texthxB.ps

SKE: EEHISFHEE
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¢))EQN : BATFm.LitEayscm FOMZLL%S
N A R R
L s B S—> LB val[top—-1] = val[top]
T Loe L.s =10
e B Ms B B — B, MB,
IO B.ht = max(B,.ht, B,.ht)
text & B sSub N s B [yoe M.s = M.i
| | | |B—>B,sub
text e text |NB, B.ht = disp (B,.ht, B,.ht)
N g N.s = shrink(N.i)
Atext)a 2 i BE, BaY B—text |B.ht=text.hx B.ps

pSA& PEARAE R R T/ B
B.ps=L.s; S.ht=B.ht

SKE: EEHISFHEE
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N A R R
L s B S—> LB val[top—-1] = val[top]
| TN L val[top+1] = 10
e B Ms B B— B, MB,|B, ps=B.ps; Mi=B.ps;
IO B,.0s = M.s:B.ht = max(B,.ht, B,.ht )
text ¢ Bsub N s B [voe M.s = M.i
| | | |B—>B,sub |B, .ps=B.ps; N.i=B.ps;
text e text |NB2 B,.ps = N.s; B.ht = disp (B,.ht, B,.ht )
N> & N.s = shrink(N.i)
Atext)a 2 i BE, BaY B—text |B.ht=text.hx B.ps

PS/& PEAR LR AR TAL B

SKE: EEHISFHEE
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S X N
/ . = A R BEOX O O# W
L s B S—> LB val[top—1] = val[top]
| TN Loe val[top+1] = 10
e B Ms B B — B. MB, |val[top-2]= max(val[top-2], val[top] )
1 2 i )
text e B sub N s B M— g M.s = M.i
| | | |B—>B,sub |B, .ps=B.ps; N.i=B.ps;
text e text |NB: B,.ps = N.s; B.ht = disp (B,.ht, B,.ht )
N—oe¢ N.s = shrink(N.i)
B — text B.ht = text.h x B.ps

SKE: EEHISFHEE
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S—> LB val[top—1] = val[top]

TN L—>e val[top+1] = 10

M's B B — B, MB, | val[top-2]= max(val[top-2], val[to
o /I\\ 1 MB, | val[top-Z] (val[top-2], val[top] )
text & Bsub N s B |p_ val[top+1] = val[top-1]
| | | |B— B, sub
text e text |NB: B.ht = disp (B,.ht, B,.ht)
N> & N.s = shrink(N.i)

B — text B.ht = text.h x B.ps

M.I = B.ps; M.s=M.i

SKE: EEHISFHEE 36
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Vs N [l = ¥ w X A N

L %S B S—> LB val[top—1] = val[top]

| /| \ L o ¢ val[top+1] =

g B M s B B — B, MB, | val[top-2]= max(val[top-2], val[top] )

I VAN N

text & B sub N s B

M- g val[top+1] = val[top-1]
| | | B — B, sub |val[top-3]=disp (val[top-3], val[top] )
text € text NB,
N—eg N.s = shrink(N.I)

B — text B.ht = text.h x B.ps

B.ht = disp (B,.ht, B..ht )
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N A R B B W
L s B S—> LB val[top—-1] = val[top]
| /| \ L—>e¢ val[top+1] =
e B Ms B B — B. MB, |val[top-2]= max(val[top-2], val[to
| | y |\\ 1 2 top-2] (val[top-2] [top] )
text & B sub N s B [p_y¢ val[top+1] = val[top-1]
| | | B — B, sub |val[top-3]=disp (val[top-3], val[top] )
text € text NB,
N—eg val[top+1] = shrink(val[top-2])
B — text B.ht = text.h x B.ps

N.I = B.ps; N.s =shrink(N.I)
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N A R R
| s B S—> LB val[top—-1] = val[top]
| /| \ L—>e¢ val[top+1] =
e B Ms B B — B, MB, | val[top-2]= max(val[top-2], val[to
| | y |\\ 1 2 top-2] (val[top-2] [top] )
text & B sub N s B [p_y¢ val[top+1] = val[top-1]
| | | B — B, sub |val[top-3]=disp (val[top-3], val[top] )
text € text NB,
N—eg val[top+1] = shrink(val[top-2])
B — text val[top] = val[top] x val[top-1]

B.ht = text.h x B.ps

SKE: EEHISFHEE 39
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