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A—aAla
L(G)={a,(a),((2)),(()))...}

E=(E) =((E)) =... A—AaB L(G)={Boniny 4, n>0}

L(G)={} A—0AP L(G)={a"Bln & %L, n>0}
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(LRI IS Stmt-sequence—nonempty-stmt-sequence | €

nonempty-stmt-sequence —

stmt-sequence—stmt ; stmt-sequence | stmt stmt ; nonemply-stmt-sequence | stmt
stmt —s

stmt —S

L(G)={s, s3s, 85838, ...}
L(G)={g, s, s, S;8;8, ...}

stmt-sequence—stmt ; stmt-sequence | €
stmt —S
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statement—if-stmt|other
if-stmt — if ( exp ) statement

| if ( exp ) statement else statement
exp —0|1

L(G)={other,
if (0) other,
if (1) other,
if (0) other else other,
if (1) other else other,
if (0) if (0) other,
if (0) if (1) other else other,
if (1) other else if (0) other else other,
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LT RIEE

statement—if-stmt|other
if-stmt — if ( exp ) statement

| if ( exp ) statement else statement
exp —0|1
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statement—if-stmt|other

if-stmt — if ( exp ) statement else-part
else-part — else statement | €

exp —0|1
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exp—exp op exp|(exp) | number
op =+

| (number — number) * number

exp=>exp op exp

=(exp) op exp

=(exp op exp) op exp
=(number op exp) op exp
=(number - exp) op exp
=(number - number) op exp
=(number - number) * exp
=(number - number) * number
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exp

(1) exp=exp op exp
(2) —=number op exp exp op exp
(3) —=number + exp

(4) =number + number
number + number
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Parse TreeRY45 5 fn &

1 exp
(1) exp=exp op exp
(2) —number op exp
2exp 3op dexp (3) =number + exp

(4) —=number + number

number + number

1 exp

exp=>exp op exp
=exp op number
= exp + number

=number + number
number + number 14
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exp=>exp op exp

=(exp) op exp

=(exp op exp) op exp

=(number op exp) op exp

=(number - exp) op exp

=>(number - number) op exp I exp
=(number - number) * exp
=(number - number) *
number

(s5exp ) = number
(30-5) * 27

8 exp 7 op 6 exp

4 exp 3 op 2 exp

number - number 16
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@ Abstract Syntax Tree (Syntax Tree)
@ —FFH 5 Token S &M T RS F B

@ )

typedef enum {Plus, Minus, Times} OpKind;
typedef enum {OpK, ConstK} ExpKind;

typedef struct streenode
{ ExpKind kind;
OpKind op;

struct streenode *Ichild, *rchild;

int val;
} StreeNode;

typedef StreeNode *SyntaxTree;
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statement—if-stmt|other
if-stmt — if ( exp ) statement

| if ( exp ) statement else statement
exp —0|1

Statement

if ( ep ) statement

0 other

if-stmt

else statement

other
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|if (0) other else other l

statement—if-stmt|other
if-stmt — if ( exp ) statement else-part
else-part — else statement | €

exp —0|1

if ( exp ) statement

0 other

Statement

if-stmt

else-part

else statement

other
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|if (0) other else other | I:>

0 other other

typedef enum {ExpK, StmtK} NodeKind;
typedef enum {Zero, One} ExpKind;
typedef enum {IfK, OtherK} StmtKind;
typedef struct streenode
{ NodeKind kind;
ExpKind ekind;
StmtKind skind;
struct streenode *test, *thenpart , *elsepart;
} StreeNode;
typedef StreeNode *SyntaxTree; 21
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@ MEESFHAERE (Tokens) :

& ME—Hi X . —FiParse Tree?

¢ H et 2/ Parse Tree?
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stmt —s
@ stmi-sequence
stmt 5 stmt-sequence
S ; s
stmt ; stmt-sequence
: . S stmt
S 22
B Else|o]
statement—if-stmt|other
if-stmt — if ( exp ) statement statement

| if ( exp ) statement else statement
exp —0|1

: - if-stmt
|1f (0) if(1) other else other ‘

if ( exp ) statement else statement

0 if-stmt other

if ( exp ) statement

0 24
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2 Elseld] & S EElselo] @ ) fZ)
statement—if-stmt|other if (x 1= 0)
if-stmt - if ( exp ) statement statement if (y == 1/x) ok=TRUE;
| if ( exp ) statement else statement else z = 1/x:
exp —0|1
if-stmt ;
|if (0) if(1) other else other ‘ fstm B BOTHEAN:

+elsed 40 B T HRIEHI B F elsellL AL AUifE 4

it ep ) statement statement — matched-stmt | unmatched-stmt

0 if-stmt matched-stmt — if ( exp ) matched-stmt else matched-stmt
| other

unmatched-stmt — if ( exp ) statement

it ( exp ) statement else  statement | if (exp) matched-stmt else unmatched-stmt

1 other other 2s exp =01 26
0y st sz —_— N
B Else(a] @ fi R 24 5] TRZZR XIS
‘ if (0) if (1) other else other | statement stmt-sequence—stmt ; stmt-sequence | stmt
stmt —S
unmatched-stmt : seq .
if ( exp ) statement < . .
0 matched-stmt
3 el 5 S S S
if ( exp ) matched-stmt else matched-stmt
$;8;8 $;8;8 $;8;8
1 other other ,, 28
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4]- E.tﬁﬁ?ﬁ*ﬁﬁ*i*ﬂiit Start — Expr
Expr — Expr + Term | Expr — Term | Term
@ Parse Tree iEjEH Term — Term * Int | Term/ Int | Int
@ Abstract Syntax Tree #ZRiEVEN
2-2%2
@A E (Tokend#)
B HEMARTS (—1Token) St
W B CHRERERD
B HEY RGN
@ SRl BRI
@ [313]
29 30
Start — Expr Start — Expr
Expr — Expr + Term | Expr — Term | Term Expr — Expr + Term | Expr — Term | Term
Term — Term * Int | Term/ Int | Int Term — Term * Int | Term/ Int | Int
Start Start
2-2%2 1 2-2%2
Expr
Expr Expr- Term
Start — Expr Expr — Expr - Term
31 32
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Start — Expr
Expr — Expr + Term | Expr — Term | Term
Term — Term * Int | Term/ Int | Int
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Start — Expr
Expr — Expr + Term | Expr — Term | Term
Term — Term * Int | Term/ Int | Int

Start
1 2-2%2
Expr
/I\ Term - Term
Expr - Term
Expr — Term
Term
33
Start — Expr
Expr — Expr + Term | Expr — Term | Term
Term — Term * Int | Term/ Int | Int
Start
1 I B2, .
Token 2-2%2
Expr
/I\ 2-Term
Expr - Term
Term

35

Start
1 2-2%2
Expr
/I\ Int - Term
Expr - Term
l Term — Int
Term
Int
34
Start — Expr
Expr — Expr + Term | Expr — Term | Term
Term — Term * Int | Term/ Int | Int
Start
1 I e, .
Token -2%2
Expr
2-Term
Expr Term
Term
Int 2
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Start — Expr Start — Expr
Expr — Expr + Term | Expr — Term | Term Expr — Expr + Term | Expr — Term | Term
Term — Term * Int | Term/ Int | Int Term — Term * Int | Term/ Int | Int
Start Start
1 2%2 1 2%2
Expr Expr
2-Term 2 —Term * Int
Expr - Term Expr - Term
l l Term — Term * Int
Term Term * Int
Int 2 Int 2
37 38
Start — Expr Start — Expr
Expr — Expr + Term | Expr — Term | Term Expr — Expr + Term | Expr — Term | Term
Term — Term * Int | Term/ Int | Int Term — Term * Int | Term/ Int | Int
Start Start
1 1 I B,
Expr Expr Token
2 —Int * Int 2 —Int * Int
Expr - Term Expr - Term
l /I\ Term — Int l /I\
Term Term % Int Term Term % Int
Int 2 Int Int 2
39 40
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Expr — Expr + Term | Expr — Term | Term
Term — Term * Int | Term/ Int | Int
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Start — Expr
Expr — Expr + Term | Expr — Term | Term
Term — Term * Int | Term/ Int | Int

Start
1 JC Bt
2
Expr Token
2-2%2
Expr - Term

Term Ter

b

Int 2 Int 2

a2

Start
1 I e,
*2
Expr Token
2-2*]Int
Expr - Term
Term Ternt
Int 2 Int2
a1
Start — Expr
Expr — Expr + Term | Expr — Term | Term
Term — Term * Int | Term/ Int | Int
Start
1 2HF
Expr A
2-2%2
Expr - Term
Term Term * Int 2
Int 2 Int 2
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Start — Expr Start — Expr

Expr — Expr + Term | Expr — Term | Term

Expr — Expr + Term | Expr — Term | Term
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Term — Term * Int | Term/ Int | Int

TEVER: Start AN Start

2-2%2 1 2-2%2
Expr

Expr Expr + Term

Start — Expr Expr — Expr + Term

48

47
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Start — Expr
Expr — Expr + Term | Expr — Term | Term
Term — Term * Int | Term/ Int | Int

Start — Expr
Expr — Expr + Term | Expr — Term | Term
Term — Term * Int | Term/ Int | Int

AR Start
1 2-2%2
Expr
/I\ Term+ Term
Expr + Term
Expr — Term
Term
a9
Start — Expr
Expr — Expr + Term | Expr — Term | Term
Term — Term * Int | Term/ Int | Int
AR Start
1 I B
-2%2
Expr Token
2+ Term

Expr Term

Term

Int 2
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HIER: Start
1 IC Bt
2-2%2
Expr Token
/I\ Int + Term
Expr + Term
l Term — Int
Term
Int
50
Start — Expr
Expr — Expr + Term | Expr — Term | Term
Term — Term * Int | Term/ Int | Int
HIER: Start
1 E#
2-2%2
Expr
/I\ Int + Term
Expr + Term
l Term — Int

Term

Int

52
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Start — Expr Start — Expr
Expr — Expr + Term | Expr — Term | Term Expr — Expr + Term | Expr — Term | Term
Term — Term * Int | Term/ Int | Int Term — Term * Int | Term/ Int | Int
B Start AR Start
1 = 1 =3
2-2%2 2-2%2
Expr Expr
/I\ Term+ Term Expr + Term
Expr + Term + Term
Expr — Term Expr — Expr + Term
Term
53 54
Start — Expr Start — Expr

Expr — Expr + Term | Expr — Term | Term

Expr — Expr + Term | Expr — Term | Term
Term — Term * Int | Term/ Int | Int

Term — Term * Int | Term/ Int | Int

TEVER: Start AN Start

=
2-2%2 1 2-2%2
o

Expr Expr - Term

Start — Expr Expr — Expr - Term

55 56
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Term — Term * Int | Term/ Int | Int
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Start — Expr
Expr — Expr + Term | Expr — Term | Term
Term — Term * Int | Term/ Int | Int

Start
1 2-2%2
Expr
/I\ Term - Term
Expr - Term
Expr — Term
Term
57
Start — Expr
Expr — Expr + Term | Expr — Term | Term
Term — Term * Int | Term/ Int | Int
Start
1 I B2, .
Token 2-2%2
Expr
/I\ 2-Term
Expr - Term
Term

59

Start
1 2-2%2
Expr
/I\ Int - Term
Expr - Term
l Term — Int
Term
Int
58
Start — Expr

Expr — Expr + Term | Expr — Term | Term
Term — Term * Int | Term/ Int | Int

Start
1 It Bt .
Token -2%2
Expr
2-Term

Expr Term
Term
Int 2

60
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Start — Expr Start — Expr
Expr — Expr + Term | Expr — Term | Term Expr — Expr + Term | Expr — Term | Term
Term — Term * Int | Term/ Int | Int Term — Term * Int | Term/ Int | Int
Start Start
1 2%2 1 2%2
Expr Expr
2-Term 2 —Term * Int
Expr - Term Expr - Term
l l Term — Term * Int
Term Term * Int
Int 2 Int 2
61 62
Start — Expr Start — Expr
Expr — Expr + Term | Expr — Term | Term Expr — Expr + Term | Expr — Term | Term
Term — Term * Int | Term/ Int | Int Term — Term * Int | Term/ Int | Int
Start Start
1 1 I B,
Expr Expr Token
2 —Int * Int 2 —Int * Int
Expr - Term Expr - Term
l /I\ Term — Int l /I\
Term Term % Int Term Term % Int
Int 2 Int Int 2
63 64
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Start — Expr
Expr — Expr + Term | Expr — Term | Term
Term — Term * Int | Term/ Int | Int

Start
1 JC Bt
2
Expr Token
2-2*1Int
Expr - Term

|

Term Term  *

Int 2 Int 2
66

Start
1 I e,
*2
Expr Token
2-2*]Int
Expr - Term
Term Term Int
Int 2 Int2
65
Start — Expr
Expr — Expr + Term | Expr — Term | Term
Term — Term * Int | Term/ Int | Int
Start
1 2HF
Expr A
2-2%2
Expr - Term
Term Term * Int 2
Int 2 Int 2
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OEEEYT +B EM T4 = FE1EIR

@ =4 Term—Term * Int
@ nTREM AT D IR

Term |:> Term Term
= /I\.

* Int Term * Int
|:> XK
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4.2 ZLEI#8I B LM T~ 2H7a%

@ LL(1)4Hrik

@ X TR TS, BB SCR DUNER 734 )

69

4.2.1 EMRIGER IR E

B EEEEA B B e
#Term — Term * Int 4 P — Pa|p
“Term — Int $BALAPTT L

B 1BEh: @ BEA:
#Term — Int Term’ & P —pP’

#Term’ — * Int Term’ ¢ P —oP|e
$Term’ —¢

SAEZETLENHAN : P>P FHip=>+tp 70

OiEMREZE AR

Original Grammar
Fragment

@ Term — Int Term’
@ Term’ — * Int Term’
@ Term’ — / Int Term’
@ Term’ —¢

@ Term — Term * Int
@ Term — Term / Int
@ Term — Int

71

@ Term — Term * Int B Term — Int Term’
@ Term — Term / Int @ Term’ — * Int Term’
@ Term — Int B Term’ — / Int Term
@ Term’ —¢
Term
/I\A N
Term = Int Int Term’

Term  * Int * Int  Term’

Int * Int Term’

€ 72
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Bl KA

W 54.3
#S — pNq
#N — a|Bc|e

B K S L X pNg T NN % AN G 15
#8S — paq|pBeq | pq
#N — a|Bc|e

74

QIHMRICE LB )T E L

@ X SEGHI TR A SR RTHF

@ 1% BRI EN AN A G R P K IR AT
#for(j=1; j<i-1; j++)
RPN AL CEAAAAE)
GBS T P H A 18 A

@ bR IR AR SO (BN MBR T AR 4 7T) .

FREA RN SOEGAE PP
e 5

75

201. JHR TR AR LIS

CRINE
4#S — Sa|Ab|b|c
#A — Bc|a
4B — Sb|b
for i:=1 to m do /*V*/
for j:=1to i-1 do
replace each grammar rule choice of the
@ 512: form P, — P;B by the rule P, —0(; |
#S — Aa|b

Q,f)...| 0B, where P; —0| OLy|...| Otyis
A~ Ac | Sd | € | the current rule for P;

THERP, B@E?%Eﬁﬂ

76
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B A—Ba|Aa|c P,=A |8 A—BaA’|cA’ 4.2.2 JHFR @
@ B—-Bb|Ab|d P,=B @ A—aA’|e
— Sl et A o A R B A7
1= y ;
’ P T T R (21 3 R 792
B HIRA LB 23 LS =E v e
@ A—BaA’|cA
@ A—aA’|e for i:=1 to m do /*V*/
W i=2,j=1 for j:=1to i-1 do
@ AL ABH replace each grammar rule
@ B—Bb|BaAb|cAb|d choice of the form P; — P, by
- the rule P, —0(;p| 0,B...| &, B,
@ LB BB A I where P; —04| 0|...| Olis the
[ B_’CA’bB’ | dB’ current rule for Pj
4.2.2.1 P4 B3RS R E 5 # Choice Points
- AT I > S Mz D2 g
bl R XE 9 B Torm SEVEHERIoh 14 BT )4 A
#Start — Expr @ 0E =R
¢ Expr — Term Expr’ $Term’ — * Int Term’
#Expr’ — + Expr’ E-TE #Term’ — / Int Term’
¢ Expr’ — -Expr’ E’—+TE’|-TE’Je $Term’ — ¢
#Expr’ — ¢ T SFT
. - ) N vy 2
#Term — Int Term T *FTFTle B R4~ Token Kk 7E
$Term’ — * Int Term’ F(E)| i & # N —Tokens *, Hl Term’ — * Int Term’
@ Term’ — / Int Term’ & 7 F—Tokensz /, i Term’ — / Int Term’
$Term’ — ¢ & HEHN? H Term” — ¢
79 80
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@ Sk

N — if then
N — if then else

@ BUE N ZEEM T 4TS5, if 2 Token
@ A RE S i AN 2R 5

81
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R E RERETF

@ iE AT K AR B e AR
N — if then N’
N’ — else

N — ¢

@ B3N NToken aiflf, HAME—[Kik+e!

82

H—HMIER
@ fREXF —MF S HIELR G, .
N — N; 04
N — N, 0,

@ R — AR TN, f N, SR BRS—
NEZERF BRMART T —/MFS (Token)
U R

@RI, 24 N,ERN, feiES dielt

& XA AR Tro, Mo, BET i

83

B5E (FIRSTE) &

@ te FIRST (o) if £ can appear as the first
symbol in a derivation starting from o

@ FIRST(o)={a|a =>* a..., aeV;}
SRR, Fo=>*e, Weec FIRST (o)

@ Start with concept of N deriving ¢
@ Two rules
#N —¢ implies N derives ¢
#N —> Ny |...| N, and for all 1<i <n, N;
derives ¢ implies N derives ¢

84
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SRS ES

for all nonterminals N
set N derives ¢ to be false
for all productions of the form N —¢
set N derives ¢ to be true
while (some N derives ¢ changed in last iteration)
for all productions of the form N — N, |...| N,
if (for all 1<i <n, N, derives &)
set N derives ¢ to be true

85

(203 5] @51 B iR

EGHIFEESED: A— o). o,
WA LAHE i FIRST(q,), i=1,...,m
RS TR <=, j<=m#H
FIRST (o;) N FIRST(0;) = ¢

MERE BARSMRE TSRS HRNFS B
IS (BTV HAHERA

T2, WEENT LTS RA, FFE AR
S (Token) Haif RAuemE—HiE AR RiEe, , BN
ac FIRST( o)

86

5. JEEREH E—~TE’
E—+TE’|-TE’ |
E = TE’ = FI'E’ = ir’gr = T—FT
T—*FT | /FT |
E F—(E)| i
i € FIRST(TE?)
i e FIRST(FT’)
i € FIRST(i)

FOLLOW(A)
= {a|S =>*aAaf,
a€Vy, a,pEV*}

i+i i €
87

4.2.2.2 HFR BRI L

W B
BEAE—AN L LR TE R E FEREAHR
B SCEEET . REALART

HA— BB,y |y, mn=1
Hp Ay A LTk

B2 mT LA M S ks

A= 84|y, |17,

A= BB,

88
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4.2.3 F ORI 5175 R

@ LHiTokenja, HATIELLRTAHA, HAM
WA~ ]| 0y]... |0,
#3i (acFIRST(a,), VK HMWA—~>a; )
#Vi (ag FIRST(wy)), HIi(eeFIRST (1)),
H aeFOLLOW(A) Nk A# A~ a,)

W E AR LR EIL, Wak b B —FETERE

'laeo

89

(1) FIRST(B)FAFOLLOW(A)it &

BEXEG, V=VyuVp, 0eV*, S, AcVy

FIRST(0)={a| o =>*aB, ac V,BeV* )
A, FHo=>*c, llece FIRST(x)

FOLLOW(A)={a | S =>*0AaB, acVy,a, e V* }

90

FIRSTE&E B4 R

¢t EFIRST( )
FIRST (S ) € FIRST (SB)

#:N =>*¢Jll] FIRST (B) < FIRST (NB)

=L N —~SBKa¢r % FIRST(SB)SFIRST (V)

YL ¢ AL,
gzﬂﬁ%fﬁ » PR

N
HI & G5 R AN

RAFRLGRT, S R AL
FR RIS

91

HETE X

Request: What is FIRST(7erm’)?

Term’— *Int Term’
Term’— /Int Term’
Term’ —¢

LYRGAT

First(* Num Term’) € First(Term”)
First(/ Num Term’) < First(Term’)
PER F%rst(*) c F_irst(*Num Terrr,z M)

1) 1€ First(?) Flrst(/.) C First(/ Num Term’)

2) First(S) € First(SB) * EFirst(*)

3) N=>*g [asr / EFirst(/)

First(B) S First(NB)

4)N— SBKasr

First(SP) € First(N)
92
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AP i

First(* Num Term’) € First(Term”)
First(/ Num Term’) € First(Term’)
First(*) € First(* Num Term’)
First(/) € First(/ Num Term’)

* € First(*)

/ EFirst(/)

LRFMREE

fift

First(Term )= {}

First(* Num Term’) = {}
First(/ Num Term’) = {}
First(*) = {}

First(/) = {}

VIS E TR {3

Pk QAR HEIAS)
RO

93

LRFMREE

AP i

First(* Num Term’) € First(Term”)
First(/ Num Term’) € First(Term’)
First(*) € First(* Num Term’)
First(/) € First(/ Num Term’)

* € First(*)

/ EFirst(/)

fift

First(Term )= {}

First(* Num Term’) = {}
First(/ Num Term’) = {}
First(*) = {*}

First(/) = { }

VIS E TR {3

Pk QAR HEIA)
RO
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AP i

First(* Num Term’) € First(Term”)
First(/ Num Term’) € First(Term’)
First(*) € First(* Num Term’)
First(/) € First(/ Num Term’)

* € First(*)

/ EFirst(/)

HRFMREER

fift

First(Term )= {}

First(* Num Term’) = {*}
First(/ Num Term’) = {/}
First(*) = {*}

First(/) = {/}

VIS E TR {3

Pk QAR HEIA)
RO

95

HRFMREER

AP i

First(* Num Term’) € First(Term”)
First(/ Num Term’) € First(Term’)
First(*) € First(* Num Term’)
First(/) € First(/ Num Term’)

* € First(*)

/ EFirst(/)

fift

First(Term’)= {*,/}
First(* Num Term’) = {*}
First(/ Num Term’) = {/}
First(*) = {*}

First(/) = {/}

IS E TR {3

Pk QAR EEIAS)
RO

96
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ARFHERE X
fi#
LIRS AT First(Term’)= {&,*,/}

First(* Num Term’) = {*}
First(* Num Term’) € First(Term”) First(/ Num Term’) = {/}
First(/ Num Term’) € First(Term’) First(*) = {*}

First(*) € First(* Num Term’) First(/) = {/}

First(/) € First(/ Num Term’)

* EFirst(*) VIS E TR {3
/ EFirs(/) Pk QAR HEIAS)

m CRFARED

BEEIN—%: Fa=>¢, e EFIRST(x)

97
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KB IR L HFISRTEMERE X
OMIEFIRST(X), X E VUV,

W OESFRATHN, EEHLRER, HelE
—FIRST4 A 1k

$#XEVy, NXETFFIRSTX)
$#XeVy, HfiX—ao, WaETFIRST(X)
$#XEVy, 4 X — ¢, Ne/& TFFIRSTX)
$#XEVy, HX — Y..., AYEV,, Il
FIRST(Y) \ {e} £ 7 FFIRST(X)

98

KFISRTSHIENREE (80
@MIEFIRST(w), 0=X,X,...X,

#FIRST(X,) ' JEe st % I AFIRST(a)

4 #¢ €FIRST(X,),

WFIRSTX) T ket Z INAFIRST(o)
4 #¢ €FIRST(X,), e EFIRST(X,),
MFIRST(X )M I JEe st &= M AFIRST(o)
& i, #He€ FIRST(X), i=1..m, m<n,

FIRST(X,, )14 It Z MAFIRST(o), 24
m=ni U Fe M AFIRST(a)

99

SKFIRST& B R B X a0A

for all nonterminals A do First(A):={};
While there are changes to any First(A) do
for each production A — X, X,...X, do
k:= 1; Continue := true;
While Continue = true and k <= n do
add First(X,) \ {€} to First(A)
if & is not in First(X,) then Continue := false;
k:=Fk+1;
if Continue = true then add {&} to First(A)

100
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1 S — I | other
I—-if(E)SL
L —elseS |t
E—-0]|1
S—1 First(S)={other,if}

S — other First(S)={other}

I—-if(E)SL First(I)={if}

L —else S First(L)={else}

Yinliang Zhao (&4R=) Xi'an Jiaotong University

MERAZemERN, WIEFRBIELLSE
fFABFIRSTE I E 1L H %

for all nonterminals A do First(A):={};
While there are changes to any First(A) do
for each production A—X,X,...X, do
add First(X,) to First(A);

102

L—¢ First(L)={else,c}

E—-0 First(E)={0}

E— 1 First(E)=(0, 1} 10
FOLLOW%

B AT JE 4575 A, FOLLOW(A)Z—/ £ 45 75
MRS, nTRES#,

SAANSCETHIEFT S, W#)E T FOLLOW(A)

#1777 £ B—~oAB
j FIRST(B) \ { e} c FOLLOW(A)

4574774310 B~oAB He € FIRST(B)
i FOLLOW(@B) c FOLLOW(A)

103

HEFOLLOWSE KB %

Follow(start-symbol) := {#};
for all nonterminals A #start-symbol do Follow(A):={};
While there are changes to any Follow sets do
for each production A — X, X,...X, do
for each X; that is a nonterminal do
add First(X;, X, ,,...-X,) \ {€} to Follow(X,)
/* Note: if i=n, then X, X,,,..X, =€ */

if € isin First(X,,,X,,,...X,) then

i+1
add Follow(A) to Follow(X;)

104
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1

4) B, BREISLEG, RGINEANFELLFAR

FOLLOW(A)
E - TE’

E’— +TE’|-TE’|¢

T—FT’

T'— *FT’|/FT’je

FIRST4E K .
FIRST(E) = FIRST(T) = FIRST(F) = { (,i}

FIRST(E’) =
FIRST(T’) =

{+,¢

{*,8

F —(E)|i

105

Follow

@ #& TFOLLOW(S)

@%ﬁEB—)OLAf) ,
M FIRST(P) \ {} A,
4 FFOLLOW(A)

QOFEHB-AP B
ec FIRST(B) )
FOLLOW(B) C
FOLLOW(A)

Grammar rule Pass I

Pass 11 Pass III

E - TE’ Follow(E)={#}

Follow(T)={#,)}

T—FT’

Follow(F)=?

F —(E) Follow(E)={#,)}

F—i
T — *FT° Follow(F)=?
T'— [FT’ Follow(F)=?
T —e
E’ — +TE’ Follow(T)={#,),+,-}
E’— -TE’ Follow(T)={#,),+,-}
E Dt 107

First£
OMIEFIRST(X),
XEV,uVy | @Q#EFIRST(w), =X X,.. X, |
Grammar rule Pass 1 Pass 11 Pass 111
E - TE’ First(E)={(,1}
T—FT First(T)={(,i}
F —(E) First(F)={(}
F—i First(F)={(,i}
T'— *FI’ First(T")={*}
T— /FT’ First(T")={*/}
T’ —e First(T*)={*,/,&}
E’ — +TE’ First(E*)={+}
E - -TE’ First(E)={+,-}
E’—¢ First(E")={+,-,&}
106
FOLLOW & Hy#43&
@ #& FFOLLOW(S) |
y QF FEB—AB,
H®O&: FOLLOW(E)={#} W FIRST() \ {e} &2 F
HOE: FOLLOW(A)

HE—-TE’H FIRST(E’) \ {e¢} € FOLLOW(T)

] FOLLOW(T) = { +}

HT—FT'H FIRST(T’) \ {£} € FOLLOW(F)

N FOLLOW(F) = { * }

HF—(E)H FIRST()) € FOLLOW(E)

M FOLLOW(E) = {#,)}

FIRST(E’) = {+, &} FIRST(T’) = { *, &}

108
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FOLLOW& 4t

@ % HB-0oAP EecFIRST(P)
Il FOLLOW(B) < FOLLOW(A)

E—TE’4 FOLLOW(E) € FOLLOW(E)

E—TE’H E’—¢ & FOLLOW(E) € FOLLOW(T)

FOLLOW(T) = { +}
T—FT’AFOLLOW(T) € FOLLOW(T’) A FOLLOW(F)={*}
FOLLOW(E) ={#,)}

T—FT’ HT’—efH FOLLOW(T)SFOLLOW(F)

109
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BB R

E—-TE’

FIRST(E) = FIRST(T) = FIRST(F) = { (,i} E’—>+TE’ls

FIRST(E’) = { +, &} T—FT’
FIRST(T’) = { *, &} T'—*FT’le

FOLLOW(E) = FOLLOW(E’)={),#}
FOLLOW(T) = FOLLOW(T*)={+, ), #}
FOLLOW(F)={*,+,),#}

110

4. 31B)A T IE T IIEF

B LL(1)3C#
& ETFICTRICE. T X
S ANEFAIEN;
$§~’HF%?§%‘ KIERPIMEE R & RFRE A

SR CEF T —ANELETA, HENEMEEERF
¢, WA FIRST(A)WNFOLLOW (A)=¢
@ LL(1) 27
#L: AWZEZLAHEBMAR;
+L: %Eﬁ@,
$1: MWEZEF —/ Token

111

Recursive Descent Parser

@ Predictive Parsing + Hand Coding

@ One procedure per nonterminal

@ That procedure examines the current input
symbol

@ Recursively calls procedures for RHS of
chosen production

@ Procedures return true if parse succeeded,
false otherwise

112
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Bl: SCRIFAGRR LRI TIZR

E - TE’
E’— +TE’je
T > FT

T'— *FT’je
F —(E)| i

113
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PROCEDURE E;
BEGIN

T;E”
END;

E—-TE

PROCEDURE E”;

BEGIN

IF SYM=“+"THEN

BEGIN
ADVANCE;
T;E

END

END;

PROCEDURE T;
BEGIN

F;T”
END;

E’— +TE’ |

T—FT’

114

PROCEDURE T7;
BEGIN

IF SYM=“*”THEN
BEGIN

ADVANCE;

F;T”

END
END

T’ > *FT |e

PROCEDURE F;
BEGIN
IF SYM=“i” THEN ADVANCE
ELSE IF SYM=*(’THEN
BEGIN
ADVANCE ;
E;
IF SYM=“)" THEN ADVANCE
ELSE ERROR
END
ELSE ERROR
END

F—(E)]i

115

PROCEDURE E;
BEGIN

T;E”
END;

116
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PROCEDURE E;
BEGIN

T;E”
END;

PROCEDURE T;
BEGIN

F;T”
END;

117

PROCEDURE T;
BEGIN

F;T”
END;

PROCEDURE F;

BEGIN

IF SYM=“1~ THEN ADVANCE
ELSE IF SYM=*“(’THEN
BEGIN

ADVANCE;
E:
IF SYM=*)~ THEN ADVANCE
ELSE ERROR
END
ELSE ERROR
END 118

PROCEDURE F;
BEGIN
IF SYM=“i1~ THEN ADVANCE
ELSE IF SYM=*(THEN
BEGIN
ADVANCE;
E;
IF SYM=*)~ THEN ADVANCE
ELSE ERROR
END
ELSE ERROR
END

PROCEDURE T;
BEGIN

F;T”
END; 119

PROCEDURE T;
BEGIN
F;T”

END;
PROCEDURE T7;
BEGIN

IF SYM=“*”THEN
BEGIN
ADVANCE;
F;T”
END
END 120
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i1+ i2* i3 ﬁﬁi\iﬁ:

T

PROCEDURE E;
BEGIN

T;E”
END;

PROCEDURE E~;
BEGIN
IF SYM=“+"THEN
BEGIN
ADVANCE;
T;E”
END
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END: 121

PROCEDURE E~;
BEGIN
IF SYM=“+”THEN
BEGIN
ADVANCE;
T;E”
END
END;

PROCEDURE T;
BEGIN
F;T”

END; 122

PROCEDURE T;
BEGIN

F;T”
END;

PROCEDURE F;
BEGIN
IF SYM=“1~ THEN ADVANCE

ELSE IF SYM=*(’THEN
BEGIN

ADVANCE;
E;
IF SYM=*)> THEN ADVANCE
ELSE ERROR
Iil END
ELSE ERROR
END 123

PROCEDURE F;
BEGIN
IF SYM=“i1~ THEN ADVANCE
ELSE IF SYM=*(*THEN
BEGIN
ADVANCE;
E;
IF SYM=*)~ THEN ADVANCE
ELSE ERROR
END
ELSE ERROR
END

PROCEDURE T;
BEGIN

F;T
END; 124
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i1+ iz* i3 ﬁﬁi\iﬁ:

PROCEDURE T;
BEGIN
F;T”

END;
PROCEDURE T7;
BEGIN

IF SYM=“*”THEN
BEGIN

ADVANCE;

F;T”

END
END 125
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i1+ iz* i3 ﬁﬁi\iﬁ:

T

E' g T *
lll

PROCEDURE T7;
BEGIN
IF SYM=**"THEN
BEGIN
ADVANCE;
F;T”
END
END

PROCEDURE F;
BEGIN
IF SYM=“1~ THEN ADVANCE
ELSE IF SYM=*(’THEN
BEGIN
ADVANCE ;
E-

. IF SYM=*)" THEN ADVANCE
F g i ELSE ERROR

PROCEDURE T7;
BEGIN
IF SYM=**"THEN
BEGIN
ADVANCE;
F;T”
END
END

EE!E ERROR
END 126
BY)A TR i FHISSE

B RS N — AR IE TR

W BETRER: B—MRERE, —HEIERE
Mg SRABLE, By REEN,
FHi&Eltrue, FREBICILATE. FU, &[E
false, fRFFIRREEEMMIEHAZ.

128
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L Term — Int Term’
if(token=Int n){ '“yﬁf—+*lntTaTﬁ
token = NextToken(); 'RXHI—»/lntTawn
return(TermPrime()) Term’ —¢

}else return(false)

if(token=*)| | (token=/){
token = NextToken();
ifT (token=Int n) {
token=NextToken();
return(TermPrime())
} else return(false)

}else return(true) 120

Building A Parse Tree

@ Have each procedure return the section of
the parse tree for the part of the string it
parsed

@ Use exceptions to make code structure
clean

@ In general, can adjust parse algorithm to
satisfy different goals - typically, produce
abstract parse tree instead of concrete parse

tree
130

23 4 BB AN

Term — Int Term’
Term’ — * Int Term’
Term' — / Int Term’
Term' —¢g

o RiEEM

Term
/\ Term
Int2  Term’ /[\

Term  * Int 4

*  Int3 Term’ /I\

* Int4 Term’ Int2 * Int 3

|

€
131

Building Parse Tree (Concrete Tree)

[
if(token=Int n){
oldToken=token; token=NextToken();
node=TermPrime();
if(node=NULL)return oldToken;
else return(new TermNode(oldToken,node));

Jelse throw SyntaxError
H)

if(token="*) | | (token=/){
first=token; next=NextToken();
if(next=Int n){
token=NextToken();
return(new TermPrimeNode(first,next, TermPrime())
Jelse throw SyntaxError
Jelse return(NULL) 132
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Building Parse Tree (Concrete Tree)

"]
if(token=Int n){
oldToken=token; token=NextToken();
node=TermPrime();
if(node=NULL)return oldToken;
else return(new TermNode(oldToken,node));
Jelse throw SyntaxError
"]
if(token="*) | | (token=/){
first=token; next=NextToken();
if(next=Int n){
token=NextToken();
return(new TerummeNode(ﬁrst,next,Termane()
Jelse throw SyntaxError N
Jelse return(NULL) . 133
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Building Parse Tree (Concrete Tree)

"]
if(token=Int n){
oldToken=token; token=NextToken();
node=TermPrime();
if(node=NULL)return oldToken;
else return(new TermNode(oldToken,node));
Jelse throw SyntaxError
"]
if(token=%) | | (token=/){
first=token; next=NextToken();
if(next=Int n){
token=NextToken();
return(new TermPrimeNode(ﬁrst,next,TermPrime()m
Jelse throw SyntaxError “
Jelse return(NULL) . 134

Building Parse Tree (Concrete Tree)

"]
if(token=Int n){
oldToken=token; token=NextToken();
node=TermPrime();
if(node=NULL)return oldToken;
else return(new TermNode(oldToken,node));
Jelse throw SyntaxError
"]
if(token=*) | | (token=/){
first=token; next=NextToken();
if(next=Int n){
token=NextToken();
return(new TermPrimeNode(ﬁrst,next,TerrnPrime()
Jelse throw SyntaxError -
Jelse return(NULL) . 135

Building Parse Tree (Concrete Tree)

"]
if(token=Int n){
oldToken=token; token=NextToken();
node=TermPrime();
if(node=NULL)return oldToken;
else return(new TermNode(oldToken,node));
Jelse throw SyntaxError
"]
if(token=*) | | (token=/){
first=token; next=NextToken();
if(next=Int n){
token=NextToken();
return(new TermPrimeNode(ﬁrst,next,TermPrime()m
Jelse throw SyntaxError -
Jelse return(NULL) . 136
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Building Parse Tree (Concrete Tree)

"]
if(token=Int n){
oldToken=token; token=NextToken();
node=TermPrime();
if(node=NULL)return oldToken;
else return(new TermNode(oldToken,node));
Jelse throw SyntaxError
"]
if(token="*) | | (token=/){
first=token; next=NextToken();
if(next=Int n){
token=NextToken();
return(new TerummeNode(ﬁrst,next,Termane()
Jelse throw SyntaxError "
Jelse return(NULL) i 137
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Building Parse Tree (Concrete Tree)

"]
if(token=Int n){
oldToken=token; token=NextToken();
node=TermPrime();
if(node=NULL)return oldToken;
else return(new TermNode(oldToken,node));
Jelse throw SyntaxError
"]
if(token=%) | | (token=/){
first=token; next=NextToken();
if(next=Int n){
token=NextToken();
return(new TermPrimeNode(ﬁrst,next,TermPrime()m
Jelse throw SyntaxError “
Jelse return(NULL) d 138

Building Parse Tree (Concrete Tree)

"]
if(token=Int n){
oldToken=token; token=NextToken();
node=TermPrime();
if(node=NULL)return oldToken;
else return(new TermNode(oldToken,node));
Jelse throw SyntaxError
"]
if(token=*) | | (token=/){
first=token; next=NextToken();
if(next=Int n){
token=NextToken();
return(new TermPrimeNode(ﬁrst,next,TerrnPrime()
Jelse throw SyntaxError N
Jelse return(NULL) 139

Building Parse Tree (Concrete Tree)

"]

if(token=Int n){
oldToken=token; token=NextToken();
node=TermPrime();
if(node=NULL)return oldToken;

else return(new TermNode(oldToken,node));

Jelse throw SyntaxError
"]
if(token=*) | | (token=/){
first=token; next=NextToken();
if(next=Int n){
token=NextToken();
return(new TermPrimeNode(ﬁrst,next,TermPrime()m
Jelse throw SyntaxError A
Jelse return(NULL) wao
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Building Parse Tree (Concrete Tree)

"]
if(token=Int n){
oldToken=token; token=NextToken();
node=TermPrime();
if(node=NULL)return oldToken;
else return(new TermNode(oldToken,node));

Jelse throw SyntaxError
"]
if(token="*) | | (token=/){
first=token; next=NextToken();
if(next=Int n){
token=NextToken();
return(new TerummeNode(ﬁrst,next,Termane()
Jelse throw SyntaxError A
Jelse return(NULL) Wa1
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Building Parse Tree (Concrete Tree)

"]
if(token=Int n){
oldToken=token; token=NextToken();
node=TermPrime();
if(node=NULL)return oldToken;
else return(new TermNode(oldToken,node));
Jelse throw SyntaxError
"]
if(token=%) | | (token=/){
first=token; next=NextToken();
if(next=Int n){
token=NextToken();
return(new TermPrimeNode(ﬁrst,next,TermPrime()m
Jelse throw SyntaxError A
Jelse return(NULL) < w42

Building Parse Tree (Concrete Tree)

"]

if(token=Int n){
oldToken=token; token=NextToken();
node=TermPrime();
if(node=NULL)return oldToken;

else return(new TermNode(oldToken,node));

Jelse throw SyntaxError
"]
if(token=*) | | (token=/){
first=token; next=NextToken();
if(next=Int n){
token=NextToken();
return(new TermPrimeNode(ﬁrst,next,TerrnPrime()
Jelse throw SyntaxError A
Jelse return(NULL) wa3

Building Parse Tree (Concrete Tree)

"]

if(token=Int n){
oldToken=token; token=NextToken();
node=TermPrime();
if(node=NULL)return oldToken;

else return(new TermNode(oldToken,node)); I

Jelse throw SyntaxError
"]
if(token=*) | | (token=/){
first=token; next=NextToken();
if(next=Int n){
token=NextToken();
return(new TermPrimeNode(ﬁrst,next,TermPrime()m
Jelse throw SyntaxError A
Jelse return(NULL) w44
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Building Parse Tree (Concrete Tree)

if(token=Int n){
oldToken=token; token=NextToken();
node=TermPrime();

if(node=NULL)return oldToken;
else return(new TermNode(oldToken,node)); %

Jelse throw SyntaxError
"]
if(token="*) | | (token=/){
first=token; next=NextToken();
if(next=Int n){
token=NextToken();
return(new TermPrimeNode(ﬁrst,next,TermPrime()w
Jelse throw SyntaxError A
Jelse return(NULL) las

BEREFEmMRIEEN

Term — Int Ternm’
® TermPrimeENTEEN | 1ony  * Int Term'
SR/ DRI T Term’ — / Int Term’

& BRI — N R52 2 R4 A Term' ¢

@ (root, incomplete) = TermPrime()

4 Called with token = *
Term

4#Remaining tokens =3 * 4 /I\

Incomplete — Term = Int 4
& Int 3 147

Yinliang Zhao (&4R=) Xi'an Jiaotong University

Building Parse Tree (Concrete Tree)

"]

if(token=Int n){
oldToken=token; token=NextToken();
node=TermPrime();
if(node=NULL)return oldToken;

Jelse throw SyntaxError
"]
if(token=%) | | (token=/){
first=token; next=NextToken();
if(next=Int n){
token=NextToken();
return(new TermPrimeNode(ﬁrst,next,TermPrime()m
Jelse throw SyntaxError A
Jelse return(NULL) la6

Building Parse Tree (Concrete Tree)

)
if(token=Int n){
oldToken=token; token=NextToken();
node=TermPrime();
if(node=NULL)return oldToken;
else return(new TermNode(oldToken,node));

Jelse throw SyntaxError
H)
if(token="*) | | (token=/){
first=token; next=NextToken();
if(next=Int n){
token=NextToken();
return(new TermPrimeNode(first,next, TermPrime())
Jelse throw SyntaxError
Jelse return(NULL) 148
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Building Parse Tree (Abstract Tree)

)
if(token=Int n){
node=new TermNode(token, NULL,NULL);
token=NextToken(); TermPrime(node); return node;
Jelse throw SyntaxError
[~
if(token="*)| | (token=/){
node.op=token; token=NextToken();
if(token=Int n){
node.right=token; token=NextToken();
if(token="*) | | (token=/){ oldNode = node;
node=new TermNode(oldNode, NULL,NULL);
TermPrime(node); }
return node;
Jelse throw SyntaxError

Jelse return node 149
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Building Parse Tree (Abstract Tree)

"]
if(token=Int n){
node=new TermNode(token, NULL,NULL);
token=NextToken(); TermPrime(node); return node;

Jelse throw SyntaxError
[F]

if(token=*) | | (token=/){
node.op=token; token=NextToken();
if(token=Int n){
node.right=token; token=NextToken();
if(token=*) | | (token=/){ oldNode = node;
node=new TermNode(oldNode, NULL,NULL);
TermPrime(node); }
return node;

Jelse throw SyntaxError m

Jelse return node
i 150

Building Parse Tree (Abstract Tree)

"]
if(token=Int n){
node=new TermNode(token, NULL,NULL); <
token=NextToken(); TermPrime(node); return node;

Jelse throw SyntaxError
"]

if(token=%) | | (token=/){
node.op=token; token=NextToken();
if(token=Int n){
node.right=token; token=NextToken();
if(token=*) | | (token=/){ oldNode = node;
node=new TermNode(oldNode, NULL,NULL);
TermPrime(node); }
return node;

Jelse throw SyntaxError

Jelse return node f
i 151

Building Parse Tree (Abstract Tree)

"]
if(token=Int n){
node=new TermNode(token, NULL,NULL);
token=NextToken(); TermPrime(node): return node;

Jelse throw SyntaxError
[F]

if(token=*) | | (token=/){
node.op=token; token=NextToken();
if(token=Int n){
node.right=token; token=NextToken();
if(token=*) | | (token=/){ oldNode = node;
node=new TermNode(oldNode, NULL,NULL);
TermPrime(node); }

return node;

Jelse throw SyntaxError

Jelse return node
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Building Parse Tree (Abstract Tree)

"]
if(token=Int n){
node=new TermNode(token, NULL,NULL);
token=NextToken(); TermPrime(node); return node;

Jelse throw SyntaxError
[F]

if(token=*) | | (token=/){
node.op=token; token=NextToken();
if(token=Int n){
node.right=token; token=NextToken();
if(token=*) | | (token=/){ oldNode = node;
node=new TermNode(oldNode, NULL,NULL);
TermPrime(node); }

return node;

Jelse throw SyntaxError

Jelse return node
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Building Parse Tree (Abstract Tree)

"]
if(token=Int n){
node=new TermNode(token, NULL,NULL);
token=NextToken(); TermPrime(node); return node;

Jelse throw SyntaxError
[F]

if(token=*) | | (token=/){
node.op=token; token=NextToken();
if(token=Int n){
node.right=token; token=NextToken();
if(token=*) | | (token=/){ oldNode = node;
node=new TermNode(oldNode, NULL,NULL);
TermPrime(node); }

return node;

Jelse throw SyntaxError m

Jelse return node
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Building Parse Tree (Abstract Tree)

"]
if(token=Int n){
node=new TermNode(token, NULL,NULL);
token=NextToken(); TermPrime(node); return node;

Jelse throw SyntaxError
[F]

if(token=%) | | (token=/){
node.op=token; token=NextToken();
if(token=Int n){
node.right=token; token=NextToken();
if(token=*) | | (token=/){ oldNode = node;
node=new TermNode(oldNode, NULL,NULL);
TermPrime(node); }
return node;

Jelse throw SyntaxError

}Jelse return node fi
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Building Parse Tree (Abstract Tree)

"]
if(token=Int n){
node=new TermNode(token, NULL,NULL);
token=NextToken(); TermPrime(node); return node;

Jelse throw SyntaxError
[F]

if(token=*) | | (token=/){
node.op=token; token=NextToken();
if(token=Int n){
node.right=token; token=NextToken();
if(token=*) | | (token=/){ oldNode = node;
node=new TermNode(oldNode, NULL,NULL);
TermPrime(node); }
return node;

Jelse throw SyntaxError

Jelse return node
{156
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Building Parse Tree (Abstract Tree)

"]
if(token=Int n){
node=new TermNode(token, NULL,NULL);
token=NextToken(); TermPrime(node); return node;

Jelse throw SyntaxError
[F]

if(token=*) | | (token=/){
node.op=token; token=NextToken();
if(token=Int n){
node.right=token; token=NextToken();
if(token=*) | | (token=/){ oldNode = node;
node=new TermNode(oldNode, NULL,NULL);
TermPrime(node); }
return node;

Jelse throw SyntaxError

Jelse return node
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Building Parse Tree (Abstract Tree)

"]
if(token=Int n){
node=new TermNode(token, NULL,NULL);
token=NextToken(); TermPrime(node); return node;

Jelse throw SyntaxError
[F]

if(token=%) | | (token=/){
node.op=token; token=NextToken();
if(token=Int n){
node.right=token; token=NextToken();
if(token=*) | | (token=/){ oldNode = node;
node=new TermNode(oldNode, NULL,NULL);
TermPrime(node); }
return node;

Jelse throw SyntaxError

Jelse return node

Yinliang Zhao (&4R=) Xi'an Jiaotong University

Building Parse Tree (Abstract Tree)

"]
if(token=Int n){
node=new TermNode(token, NULL,NULL);
token=NextToken(); TermPrime(node); return node; S

Jelse throw SyntaxError
[F]

if(token=*) | | (token=/){
node.op=token; token=NextToken();
if(token=Int n){
node.right=token; token=NextToken();
if(token=*) | | (token=/){ oldNode = node;
node=new TermNode(oldNode, NULL,NULL);
TermPrime(node); }
return node;

Jelse throw SyntaxError m

Jelse return node fi
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Building Parse Tree (Abstract Tree)

"]
if(token=Int n){
node=new TermNode(token, NULL,NULL);
token=NextToken(); TermPrime(node); return node;

Jelse throw SyntaxError
[F]

if(token=*) | | (token=/){
node.op=token; token=NextToken();
if(token=Int n){
node.right=token; token=NextToken();
if(token=*) | | (token=/){ oldNode = node;
node=new TermNode(oldNode, NULL,NULL);
TermPrime(node); }
return node;

Jelse throw SyntaxError

Jelse return node
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Building Parse Tree (Abstract Tree) BEFESEI/NG
"]
if(token=Int n){
node=new TermNode(token, NULL,NULL);
token=NextToken(); TermPrime(node); return node;
Jelse throw SyntaxError

@ He, BIILE, AP RK

) FRIEYS:
ifttoken=") | (token=/){ @ FETerm(OfMTermPrime()
node.op=token; token=NextToken(); @ NextToken ()

if(token=Int n){
node.right=token; token=NextToken();
if(token=*) | | (token=/){ oldNode = node;
node=new TermNode(oldNode, NULL,NULL);

TermPrime(node); }

@ TermNode()fTermPrimeNode()

return node;

Jelse throw SyntaxError

Jelse return node

4.4 TN HRIEF 4.5.1 Tl HriEF TIE 2
@ G T S AR
@ SR T 4> A R ANARSE I A T TR
w ﬁﬁﬁ?’i;@fﬂ B@%&ﬁ*ﬁﬁf?lﬂqﬁ(ﬂﬂﬁﬁﬁ}? Token Stream

Top—Down
Parser

TR 73 HTRM
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IRl

B AR: SEESTHTokens, LikmF#
W HRIERH#, BRHNE—RFILERS.
FRIamF, #RMISSEiEE:
W TR ZHKAMIA, al, HFacEV; AEVy
B BE: WRIEHHrR N TR B E IS

165

T 53 # 32 R B B E

B BEXHLRRTNTS, akZniToken, NI
W #X=a=#, HHEIE, B BRIhMSERAT;
B EX=a=#, NWX#EHE, aBhHTF—4{Token;
B EXEVy, NMESRITLEMIX, al, ZTERK
AUXAHZLHHF=ER, HAHERR
#40: MIX, alA=4ERXX—~UVW, IIXHt, H
W. V. UkKift:; MY BEEME
RS,
$HEMIX, al W RE R, WIS R,

166

id+id*id s> #3211

DRER
E—TE’
E’—+TE’|¢
T—FT’
T —>*FT’¢
F—(E)|i
id + * ( ) #
E |E~TE E—TE’
E’
E'—+TE’ E—: | E'—s
T | T-FT T—FT’
T T—: | T—*FT T—e | T'—e
F | F—id F—(E)

167

id + * ( ) #

E—-TFE’ E—-TE’

E'—+TFE’ E—¢ | E—¢
T—FT T—FT

¢ T—e |T—*FT T—e | T'—¢
F| F—id F—(E)

E | id + id * id#

# I 168
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id+id*id 5> #r i3 2 7~ 451
id + #* ( ) #
E |E—~TE’ E—-TE’
E E'—+TFE’ E—¢ | E—¢
E->TE’
T |T—FT T—FT
™ T—e |T—*FT T—e | T'—¢
F| F—id F—~(E)
T « -
E id + id * id#
# f 169
id+id*id 5> #r i3 #2 7~ 451
id + #* ( ) #
E |E—~TE’ E—-TE’
E E'—+TFE’ E—¢ | E—¢
E->TE’
T |T—FT T—FT T->FT’
™ T—e |T—*FT T—e | T'—¢ i X
F|F—id F—(E) F=>id
id -
T’
E id + id * id#
# f 171

id+id*id 5> #r i3 #2 7~ 451
id + * ( ) #
E |E—~TE’ E—-TE’
E E'—+TFE’ E—¢ | E—¢
E->TE’
T |T—FT T—FT T->FT’
™ T—e |T—*FT T—e | T'—¢ z
F| F—id F—(E)
F -
T’
E id + id * id#
# f 170
id+id*id 5 #r i3 #2 7~ 451
id + * ( ) #
E |E—~TE’ E—-TE’
E E'—+TFE’ E—¢ | E—¢
E->TE’
T |T—FT T—FT T->FT’
™ T—e |T—*FT T—e | T'—¢ i X
F|F—id F—(E) F==id
T, « -
E id + id * id#
# 1 172
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id+id*id s> #3211

id

id+id*id 5> #r i3 2 7~ 451
id + * ( ) #
E |E—~TE’ E—-TE’
E E'—+TFE’ E—¢ | E—¢
E->TE’
T |T—FT T—FT T->FT’
™ T—e |T—*FT T—e | T'—¢ i X
F|F—id F—(E) F-=id
T ->¢
E - id + id * id#
# 1 173
id+id*id 5> #r i3 #2 7~ 451
id + * ( ) #
E |E—~TE’ E—-TE’
E E'—+TFE’ E—¢ | E—¢
E->TE’
T |T—FT T—FT T->FT’
™ T—e |T—*FT T—e | T'—¢ i X
F|F—id F—(E) F-=id
T ->¢
E’->+TE’
T |
E id + id * id#
# f 175

E |E—~TE’ E—-TE’
E E'—+TFE’ E—¢ | E—¢
E->TE’
T |T—FT T—FT T->FT’
™ T—e |T—*FT T—e | T'—¢ i X
F|F-id F—(B) F==id
T ->¢
E’->+TE’
+ -
T
B’ id + id * id#
# 1 174
id+id*id 5 #r i3 #2 7~ 451
id + #* ( ) #
E |E—~TE’ E—-TE’
E E'—+TFE’ E—¢ | E—¢
E->TE’
T |T—FT T—FT T->FT’
™ T—e |T—*FT T—e | T'—¢ i X
F|F-id F—(B) F==id
T ->¢
E’->+TE’
T->FT°
F .
T’
) DK id + id * id#
# f 176
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id+id*id s> #3211

id+id*id 53 #r i3 2 7~ 151
id + ( ) #
E|[E~TE E—TE
B E—+TE E—¢ | E—c
E->TE’
T|T—FT T—FT TFT"
e T—¢ |T—*FT T—¢ | T—¢ :
F|F-id F—(B) F==id
T ->¢
E’->+TE’
T->FT’
id |« F->id
T’
E’ id + id * id#
# f 177
id+id*id 54 T2 1
id + ( ) #
E|[E~TE E—TE
B E—+TE E—¢ | E—c
E->TE’
T|T—FT T—FT TFT"
e T—¢ |T—*FT T—¢ | T—¢ :
F|F-id F—(B) F==id
T ->¢
" E’->+TE’
. T->FT’
F F->id
T T’ ->*FT’
E’ id + id * id#
# N 179

id + # ( ) #
E [E-TE E—-TE
B E—+TE’ E—e| E—e
E->TE’
T|T—FT T—-FT TSFT?
T T—¢ |T—*FT T—e | T—¢
F|F—id F—(E) F->id
T ->¢
E’->+TE’
T->FT’
F->id
T =
E’ id + id * id#
# N 178
id+id*id 9 #rid 2 7~ 5
id + # ( ) #
E [E-TE E—-TE
B E—+TE’ E—c | E—c
E->TE’
T|T—FT T—-FT TSFT?
T T—¢ |T—*FT T—e | T—¢
F|F—id F—(E) F->id
T ->¢
E’->+TE’
T->FT’
L0 F->id
T T ->*FT’
E’ id + id * id#
# f 180
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id+id*id 53 #r i3 2 7~ 151 id+id*id 53 #r i3 2 7~ 151
id + ( ) # id + ( ) #
E|[E~TE E—TE E|[E~TE E—TE
E E—+TE E—¢ | E—c E E—+TE E—¢ | E—c
E->TE’ E->TE’
T|T—FT T—FT TFT" T|T—FT T—FT TFT"
e T—¢ |T—*FT T—¢ | T—¢ — e T—¢ |T—*FT T—¢ | T—¢ —
F| Foid F—(®) Lo F|F—id F—(®) Lo il
T->¢ T ->¢
E’->+TE’ E’->+TE’
T->FT’ T->FT°
id |« F->id F->id
T T°->*FT’ T |« T°->*FT’
E’ id + id * id# F->id E’ id + id * id# F->id
# f 181 # f 182
id+id*id 547 id A2 Rl id+id*id TR R I
id + ( ) # id + ( ) #
E|[E~TE E—TE E|[E~TE E—TE
E E—+TE E—¢ | E—c E->TE’ E E—+TE E—¢ | E—c E->TE’
T->FT’ T->FT’°
T |T—FT T—FT Foid T |T—FT T—FT Foid
e T—¢ |T—*FT T—¢ | T—¢ , e T—¢ |T—*FT T—¢ | T—¢ ,
T->¢ T->¢
F| F—id F—(E) F| F—id F—(E)
E’->+TE’ E’->+TE’
T->FT’ T->FT’
F->id F->id
T ->*FT’ T’ ->*FT’
F->id F->id
E |« id +id * id# T->¢ id + id * id# T->¢
A A ’_
# 4 |e= E’->¢
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id+id*id 5 #7 i 2 7151 PR
id + : C 1o |+ B SHTRIE AFEER, RS —AMEER;

BB TH B-TE ¥ &Tﬁﬂ:?ﬁ KGR H IS L4ET A Tokenl/L
B E—+TE E—¢ | B—c E'>TE:
T[TFT T e L & BIGE WAL, TR T
T T—e¢ |T—*FT T—¢ | T—¢ s TLEM UM ATokenE TR, FHAERHN
F|Fid F—(E) o ;;E, FAERA R AL BRI (TR 2k

- %) s

o u a i

T ->*FT’ & 2 «l:l ﬁTIT_B‘Ea
F->id & i@ﬁzefzélfﬁ PASME L
id + id * id# T->
m = f E’->¢ 186

o S5 43
P e — 152 WERMATE
1 E E-TE E—-TE
E E—+TE’ E—¢ |E—¢
id P P N
F i e ) SN S Ll S 485 5 SO G I TR 4347 M
T T T—¢ T—*FT T—¢| T'—e
- F| Foid F—(B) @ 5T kA A XA a BHTLLU D
€
E # X% Tffa €FIRST(a), {A—alEEMIA, a]
E->TE’
+ g q TI;T:‘”:’ ’1‘%8 (S FIRST((X): JH\IJTEA%(XDH% M[Ay b]7 b =
E e FOLLOW(A)a & b=#;
T . E'->+TE’
T->FT’
T E id F->id
, T >*FT°
E € T € F->id
E:: 188
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511

W CAIS0EG:
E — TE T'— *FT’ | /FT | ¢
E — +TE'|-TE'|e F —(E)|1i
T — FT
# KGRk o FIRSTA ;
RGN E A 47T AVFOLLOW 4 ;
& R LG PN 2 M 35

189
Grammar Pass 1 Pass 2 Pass 3 Pass 4
rule
E - TE’ | Follow(E)= | Follow(T)= | Follow(T)= | Follow(E’)=
{#} :Jrs': {Jrs's)s#} {)a#}
T—>FT’ Follow(F)= | Follow(F)= | Follow(T")=
1’*~ : {*7/9+>_)5#} {+7_7)7#}
F —(E) |Follow(E)=
D.H#}
F—i
T'— *FT° Follow(F)= | Follow(F)
T— /FT’ Follow(F)= | Follow(F)=
T —e
E’— +TFE’ Follow(T)=
E’— -TE’ Follow(T)=
E’ —e¢ 1

Grammar rule Pass 1 Pass 2 Pass 3
E - TFE First(E)={(,i}
T—-FT First(T)={(,i}
F—(E) First(F)={(}
F—i First(F)={(,i}
T— *FT° First(T”)={*}
T— /FT First(T”)={*,/}
T—e¢ First(T")={*/,¢}
E — +TE’ First(E")={+}
E - -TE First(E)={+,-}
E —¢ First(E)={+,-,¢}
190
Follow(E)={),#}
FIRST(E) = FIRST(T) = Follow(T)={+,-,),#}
FIRST(F) = { (1} Follow(F)={*/;+,)#}
FIRST(E’) = { +, -,8} FO“OW(E,)={),#}
FIRST(T") = { *, /;¢} Follow(T*)={+,-) 4}
( i ) + - * / #
E E—-TE’ E—TE’
E E—¢ FE—-+TE FE-—--TE E—¢
T T—-FT" T—FT
T T—¢ | T—e | T—¢ T—*FT|T—/FT  T—¢
F F—(E) F—i
XtFA—a,
Vae FIRST(a) (M[A, al:= ‘A—a’)
g€ FIRST(a) —~ Ybe FOLLOW(A)U{#}(MIA, bl:= ‘A—0a’) 192
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Q—-SQ’
Q—~Q
—>E

S—s

1512

S
Q Q-SQ
S S—s

Q’

0

FIRST(Q) =
FIRST(S) = {s}
FIRST(Q’) = { 5,¢}

{s} Follow(Q)={#}
Follow(S)={;, #}
Follow(Q’)={#}

193
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S — I | other 1513: FIRST(S) = { if, other }
I—~if(E)SL FIRST(l) = { if }
L—elseS |z FIRST(L) = { else,}
E—-0]1 FIRST(E) = {0,1}

FOLLOW(S) = {#, else} FOLLOW(l) = {#, else}
FOLLOW(L) = {#, else} FOLLOW(E) = {)}

if other else 0 1 #
S S~ S—other
I |—if(E)SL
7 L—else S e
L—e¢
E E—0 E—1

194

Parsing Stack Input Action
#S if(0)if(1)other else other# S—I

#1 if(0)if(1)other else other# I—-if(E)SL
#LS)E(f if(0)if(1)other else other# match

# LS)E( (0)if(1)other else other# match

# LS)E 0)if(1)other else other# E—0
#LS)0 0)if(1)other else other# match
#LS) )if(1)other else other# match
#LS if(1)other else other# S—I

# LI if(1)other else other# I—-if(E)SL
#LLS)E(f if(1)other else other# match
#LLS)E( (1other else other# match
#LLS)E 1)other else other# E—1
#LLS)1 1)other else other# match
#LLS) )other else other# match
#LLS other else other# S—other
#LLother other else other# match
#LL else other# L—oelse S
#LSelse else other# match
#LS other# S—other
#Lother other# match

#L # Log 105
# # accent

4.6 LL(D) 5k N

@LL (1) 3k
SMTRMAS 2 HEE XA
WLL (1) SCykmgest:
& EGRLLDK, WXHFGRE AN IERSE5F
APATATRA AR =2 A -> o B, A

(1) FIRST(a) NFIRST(B) = ¢

(2) #p=>*¢, N FIRST(A) N FOLLOW(A) = ¢

196
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B LT T~ PR AL 38

B RRIL IR
W —BRIERE, TREBREDHT T X,
B RERD>—MHIRT B IR (error

cascade problem) ;

@ AR IR LR .

B HIERIE TR
SIRIMA S5 AHT M A\ Token NILAL;
S RTYIFELTA, 4375 ATokenba, {8
M[A,alh =,

197

B IERYEIE
8 BTN A
B
8 B TUh T

¢ Pt A Tokeni E 2B 2R HTETEH
b3/
B HAPFSE
+FOLLOW(A)
+FIRST(A)

198

KELS

B P81-8245 1% 5 51,2,4

B ENE (5T -2 ENEEE T8 -
AR SOER S — B TR ITRF, W
HMERAMBEER . TR, ifBUEFHRER
EXHNNEHREAR I, B EENER A
T, WRE R, e HREEX
WA SEERAE A .
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