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4.1 Lexg4 5]+

TEABIFRRT A E Flex.py X A TIRC

# calclex.py

#

# tokenizer for a simple expression evaluator for
# numbers and +,-,%*,/

import ply.lex as lex

# List of token names. This is always required
tokens =



"NUMBER',

"PLUS’,
'"MINUS',
"TIMES',
'DIVIDE',
"LPAREN",
"RPAREN",
)
# Regular expression rules for simple tokens
t_PLUS = r'\+'
t_MINUS = r'-"'
t_TIMES = r'\*'
t_DIVIDE = r'/"'
t_LPAREN = r'\('
t_RPAREN = r'\)’

# A regular expression rule with some action code
def t_NUMBER(t):

r'\d+'

t.value = int(t.value)

return t

# Define a rule so we can track line numbers
def t_newline(t):

r'\n+'

t.lexer.lineno += len(t.value)

# A string containing ignored characters (spaces and tabs)
t_ignore = " \t'

# Error handling rule

def t_error(t):
print "Illegal character '%s'" % t.valuel[@]
t.lexer.skip(1l)

# Build the lexer
lexer = lex.lex()

AT FElexerLE, RBBEATE— A, HiEEAinput)H%E. RE, EEIEMtoken() 5 ARFKBAFCF
5, TEHNRBERTXMEE:



# Test it out

data = """
3+4 * 10
+ -20 *2

LN A |

# Give the lexer some input
lexer.input(data

# Tokenize

while True
tok = lexer.token
if not tok: break
print tok

# No more input

BFHIT, BAEIMTEL:

$ python example.py
LexToken(NUMBER,3,2,1
LexToken(PLUS, "+',2,3
LexToken(NUMBER,4,2,5
LexToken(TIMES, "*" 2,7

LexToken
LexToken
LexToken
LexToken
LexToken
LexToken

NUMBER,10,2,10
PLUS, '+",3,14
MINUS,"-',3,16
NUMBER,20,3,18
TIMES, "*',3,20
NUMBER,?Z. 3,21

Lexersth ERS ZHIER, FRATLAIE EEAIEIAS BOX

for tok in lexer
print tok

Hlexer.token() 75 75 IR B FIFRIC 2 LexTokenZK B RISL 5], #HE tok.type , tok.value , tok.lineno
# tok.lexpos B!, THEHHRBRERT WA E)X LM :

# Tokenize
while True
tok = lexer.token
if not tok: break # No more input
print tok.type, tok.value, tok.line, tok.lexpos



tok.type M tok.value BMRIFIFCAZHEREFE. tok.line f tok.lexpos BMEERETHR
N EESR, tok.lexpos FRFRICHEN T ARREBNENRE.

4.2 Fric%ER

TED TRV TR F—MIEHTIR, XNFIRGFTEARNFC SRS, ARBITESMRIE, Bt
fefiteRyacc.pyfE AR &R

FLENGITFH, BXHFRERFCIIRN:

tokens =
"NUMBER'
"PLUS'
"MINUS'
'"TIMES'
'DIVIDE'
"LPAREN'
'RPAREN'

4.3 tRic By AL

SR —MENFREXMNRETR, §MHNEZLC FLFR, RRNZFEPENFRCHFIEX . X
FEERRE, TLEXBXEE (F£Pythond{E Hraw stringsEtb &K A EM P S IENFRE)

t_PLUS = r'\+'

X2, RRE FENSE, BIRFEIIRPPOEDFERRYE. WRFERITHIENE, RUWAUE
B—T50%. B, TENRNLESTFE, FEGLENTAFRELKPythonfyE A :

def t_NUMBER(t
r'\d+"
t.value = int(t.value
return t

MRFEATTENE, ENREXERGTENCEFRE. TEBETEES —LexTokenEFIM S5, %L
BIBE— t.type HEM (FRFBEFRR) RRRFICHEEZFR, t.value EFFicE (LEAISSFRHF

) , t.lineno FRHBIEBFEMARHIELNTT, t.lexpos RRIFICHENTiHARERIBAVNEN R

%o BUIAMBAT, t.type BRM_FAKNTENGZENEERBS . FTEAAUER A GEEEBSIXLEE. B
&, WRIXFEM, NZREZERtoken, T, FFRIEEERER

flexAEY, lex.pyf re HRIRAEANER, EMERLXNTEMNENXNNE, BAARBOANZERETE



NP

1. FPERTDEEXHFFCAN, R MR EIRFF AORIIA

2. AFHRZEBEXNIFCANZEREENAKERFE, ARMA KHEAN)

3. IRFFNAEN FREHLERLEN. b, MREFBARS =M=, REEMHR=MFLLE. NRAF
FFERREXEHMFERNIE, BIIEERKOENEMA, AJABBRRZ A B ATAEXR
2, AL RHEGIRNTeeE .

ATRBREY, REZE—PBE—MHNRLERXLERR, FEGZEERERRNEN:

reserved =
"if! "IF'
"then' "THEN'
'else’ "ELSE'
'while' "WHILE'
tokens = ['LPAREN", 'RPAREN' '"ID'"] + list(reserved.values
def t_ID(t
r'la-zA-Z_][a-zA-Z_0-9]*'
t.type = reserved.get(t.value,'ID’ # Check for reserved words
return t

EXAEMETARRB D ENZCR N8, FEEMRAERRE. TR REZEENRETFHRSRMHIMN, 5
o, MRFETEXHS:

t_FOR
t_PRINT

r'for'
r'print’

B2, XL N BRI ITA DOX EEF RFFSLREE, Lkl forget’ TFE 'printed’ , XBEBERZE
REEM.

4.4 fricHYE

Fic#lexikOfE, ENMEHRFEEvalueBIEH. EEBEAT, valueRLEMNSIFRX A, FL L, valued]
AR A Python X FFRIZE B, fBlgn, HHEWIRRFHRE, RAURNEEREFRAFNEZT, 1%
ZROBEAEFSRAINNE, JUETEXEFES:



def t_ID(t

# Look up symbol table information and return a tuple
t.value = (t.value, symbol_lookup(t.value

return t

ﬁ%&amE TEEFHEMBEMRREE, FAAyaccpylE AsZE R iFcHvalue B, HEEMBEM
BrER. MREREZFHEME, AJLUKITH. FH. IEXNRIMGMELAvalue.

4.5 EFFric

BEFGERZENIFE, RERREvalueRiTT, BRIXH:

def t_COMMENT(t
r'\#.*'
pass
# No return value. Token discarded

AFFCERRRM "ignore * RIREHALUXEIER:
t_ignore_COMMENT = r'\#.*'

WREZMIARTEER, BWERTEREXHN, BATTEEBREEFHMLEMLERES (JER
BEIBIAF, My fFHRaENRKLREENFEXNKE)

?T%fu{iﬁﬂﬂ [

BINERT, lex.pyXfT5—FHA. ENlex pyRATKMEM AT IS EITRHFARFBIEAXARH—HB
72) o AN, ABEE—MFIRINANRIZRITS:

# Define a rule so we can track line numbers
def t_newline(t

r'\n+'

t.lexer.lineno += len(t.value

FEXNNE, HaTlexerdfE t.lexer HJ lineno BUHEXNT, MAZTHEENERT, BAERSE
TR ]

lex.pytB R B ISR, B, NEFESHICRET B MFEXYRMNlexposBIEH, X, BMATRERITE
SERT . Bl SHBIFHITHRIERERSIE:



# Compute column.
# input is the input text string
# token is a token instance
def find_column(input,token
last_cr = input.rfind('\n',0,token.lexpos
if last_cr < 0
last_cr = 0
column = (token.lexpos - last_cr) + 1
return column

®, HEINEERATHERLETXHNHERUE, IUARELERER.

4.7 BBRFERF

t_ignore FMMIELEAHFIK, Flex.pyPTiRE ARZE TN, BEARRITHAERFTENTHF. BRA
MBNEXE t_newline() XHMMURTHAERDNERE, FIFEM t_ignore REBIRMEFMIAE
otriiee, RAMLEEBNENT, SHREHRICLAET .

4.8 FHFFF
FEFR AT EIREERPEX —PiteralsTEME], Fian:

literals = B VA
A

literals = "+-*/"
FHEHFHFEEENFR, ®REFFARFEAFRL, FRCH type M value #EFHFAZ. A, F@E
FRHEEEMENXZ EHEER, REWNREHRNZIXLEFRFALE, BAXERNPRLEFRS.
4.9 sHIRLIE

B, EiRESFHBRIEEEF /TR, t error() FARAEXEFHR. XMBERT, t.value 887
FETIEARBEUAENHATE, EZRTNGITFPH, SHRAETEEXHEN:

# Error handling rule

def t_error(t
print "Illegal character '%s'" % t.value[@
t.lexer.skip(1l



EXAMFIFH, BMNAREFRMNBETSENTR, FEABIEA t.lexer.skip(l) BI—PFH.

4.10 {9 F{E Hlexer
e ¥ lex.lex() 5 FAPython A & 534 B2 BUA B £ TSCHRRIIENFRIA T, keliElexer. lexer—BE 32T, AR

DT ET LA RIZ B lexerX & :

1. lexer.input(data) E & lexerFl% A\ F &5
2. lexer.token() JR[El F—"LexTokenZK B MIFRIZ LB, MNRFHITEIMAF RN BT KHRE None

HEEEEex()REFREMlexerig FIER EREO, REHRAILAGE T EIXFERERE S
A lex.input() 1 lex.token() :

lex.lex
lex.input(sometext

while 1
tok = lex.token

if not tok: break
print tok

FEXMEIFH, lex.input()Mlex.token()ZHRRLE AR TTE, FlextER, input()Ftoken() T3 A HPE EIRHTE!
ZEilexerS RN TTE Lo REFFAEXHA, RAXMEAOTREIMEETANGERAR (FFE: Bk

EI4? )

4.11 @TOKEN:ZE {22
EEX—RIIBEMIL SRS RO ENRAR, Fim:

N

A—ENAP, RS

digit = r'([0-9])'
nondigit = r'([_LA-Za-z])'
identifier = r'(" + nondigit + r'(" + digit + r'l' + nondigit + r')*)’
def t_ID(t
2?7777

# want docstring to be identifier above.

EXANFIFH, RMNBLEIDHMANSIBLEENEANEE. R, ERAXEFFEILEME, A THRRED

[GER, RAILAFEH@TOKENZE{fHzs:



from ply.lex import TOKEN

@TOKEN(identifier
def t_ID(t

FipER ALK identifier XKEXE| t_ID() AISHEFRFEH LLElex py EE TR, —MEFNMNBIARER
BT R E:

def t_ID(t

t_ID doc__ = identifier

IR @TOKEN#(FEHEEPython-2. 450 LHIKRA. WRIRFERZIAPythonfIF A MM, (£ LEMNS
%
4.12 fRALEs

TIREMRE, RAREFREFEAPythonfIfLiER (Fb2A, FR-oETHiTPython) o A, XHRIIE,
Wmsz%I%%$,Lﬁﬁxwm%%ﬂﬁ,Tu I 7£ B lexer B BT 1E{E Foptimize £ IN :

lexer = lex.lex(optimize=1

EE, FAPythonEMRENIZIT, X, lex.py2EHATER T EIE—Mextab.py3XfF, XNMXHEE S
B IEN KA FIED TN BRSO R. RE, lextab.pyAl A S A Ak lexer. XFTTEARKRK
ETESTTEFN BRI E, WA UEPythonfIf =R T I k.

BEENERNXHZ, FRUTSE:
lexer = lex.lex(optimize=1,lextab="footab")

EREERXTHT, TEIRNZIXxSHEZERRZENEIREE. Bit, BIXREHRRLIFESERLATR
BRI EH.
413 AR

MRBEIFN, A RUElex()iEFTAEIINR:
lexer = lex.lex(debug=1

XRATHE—EERNER, SFEAMMAN. RENENFREXIMPE2 TR ESEMNRC.



BRICZSN, lex.pyBE—MEEMNERE, MEZFNGSTSEMANTHETEE, EXFaSTSHIEE
HISC &

if __name__ == '__main__"

lex.runmain

BETREREANNIFS, EBRLERENSRIFIRKESI.

4.14 EAth 73 zE XaaE R

LEMBGIT, EEADTHREBEELDAIPythontZRFPIEERN . WRIFEFIMCHMNEI REMRR, £H
module XBF S BN, IRATBEE—NEHNER, B THRICHMN:



# module: tokrules.py
# This module just contains the lexing rules

# List of token names. This is always required
tokens = (

"NUMBER",

"PLUS',

"MINUS',

'"TIMES',

'DIVIDE',

"LPAREN",

"RPAREN",

# Regular expression rules for simple tokens

t_PLUS = r'\+'
t_MINUS = r"-'
t_TIMES = r'\*'
t_DIVIDE = r'/'
t_LPAREN = r'\('

t_RPAREN = r'\)’

# A regular expression rule with some action code
def t_NUMBER(t):

r'\d+'

t.value = int(t.value)

return t

# Define a rule so we can track line numbers
def t_newline(t):

r'\n+'

t.lexer.lineno += len(t.value)

# A string containing ignored characters (spaces and tabs)
t_ignhore = " \t'

# Error handling rule

def t_error(t):
print "Illegal character '%s'" % t.valuel[@]
t.lexer.skip(1l)

N, MBFEEMTRNERTERANS, M EXEERT)



>>> import tokrules

>>> lexer = lex.lex(module=tokrules)
>>> lexer.input("3 + 4")
>>> lexer.token()
LexToken(NUMBER,3,1,1,0)
>>> lexer.token()
LexToken(PLUS, '+",1,2)
>>> lexer.token()
LexToken(NUMBER,4,1,4)
>>> lexer.token()

None

modulei Iuth AT ATE E S BURYSLf, fian:

import ply.lex as lex

class MylLexer:

# List of token names. This is always required
tokens = (
"NUMBER",
"PLUS",
'"MINUS',
"TIMES',
'DIVIDE',
"LPAREN",
"RPAREN",
)
# Regular expression rules for simple tokens
t_PLUS = r'\+'
t_MINUS = r"-'
t_TIMES = r'\*'
t_DIVIDE = r'/'
t_LPAREN = r'\('
t_RPAREN = r'\)’

# A regular expression rule with some action code
# Note addition of self parameter since we're in a class
def t_NUMBER(self,t):

r'\d+"

t.value = int(t.value)

return t

# Define a rule so we can track line numbers
def t_newline(self,t):
r'\n+"'



t.lexer.lineno += len(t.value

# A string containing ignored characters (spaces and tabs)
t_ignore = " \t'

# Error handling rule

def t_error(self.t
print "Illegal character '%s'" % t.valuel[@
t.lexer.skip(1l

# Build the lexer
def build(self, **kwargs
self.lexer = lex.lex(module=self, **kwargs

# Test it output
def test(self,data
self.lexer.input(data
while True
tok = lexer.token
if not tok: break
print tok

# Build the lexer and try it out

= MylLexer
m.build # Build the lexer
m.test("3 + 4" # Test it

HMEREXlexer, REZCIRBELMSLHE, MARBEEATG. XEAAN, lexerfITERBHEGE (bound-
methods) X% fEABEFEPLYIER k.

Lhlex() A FERAmodulelt iRy, PLYfER dir() 753k, MNEHHEREFGSEE, RATEEZELOXNSR
B dict B, (FFF: THREEAMFEEIMER,  dict XNFEAREREE)

RiE, IRFABRERGFNERME, BRRETAKEMEAEXER, lexersA]AEAGTEX, Fiu:



import ply.lex as lex

# List of token names. This is always required
tokens = (

"NUMBER',

"PLUS",

'"MINUS',

"TIMES',

'DIVIDE",

"LPAREN',

"RPAREN",

)

def MyLexer():
# Regular expression rules for simple tokens

t_PLUS = r'\+'
t_MINUS = r"-"'
t_TIMES = r'\*'
t_DIVIDE = r'/'
t_LPAREN = r'\('
t_RPAREN = r'\)’

# A regular expression rule with some action code
def t_NUMBER(t):

r'\d+'

t.value = int(t.value)

return t

# Define a rule so we can track line numbers
def t_newline(t):

r'\n+'

t.lexer.lineno += len(t.value)

# A string containing ignored characters (spaces and tabs)
t_ignhore = " \t'

# Error handling rule

def t_error(t):
print "Illegal character '%s'" % t.valuel[@]
t.lexer.skip(1l)

# Build the lexer from my environment and return it
return lex.lex()

4.15 MRS HE 4P



ERENESITEET, (RAJREREHF—LRTS. XTREEEEINIRE, FESRMEMMAT. HW, RRR
ABEIRIF NUMBER HRICEIHE I N

—F RS2 REE:

num_count = @

def t_NUMBER(t
r'\d+"'
global num_count
hum_count += 1
t.value = int(t.value
return t

MBRRAERERETE, B—MECREENAEElexerst R AR AJLUBNT Y Bi+RIC Hlexer B 148 :

def t_NUMBER(t

r'\d+"'

t.lexer.num_count += 1 # Note use of lexer attribute
t.value = int(t.value

return t

lexer = lex.lex
lexer.num_count = 0 # Set the initial count

FEXHFEHPNTERELYENEFEEZ MexerEFIERT, BEHT. AEXELEUFERTEER 7T EBXY
SHEEFREN. lexerfIATBBEME (7T lineno) #BZlexIFkir &R (lexdata. lexpos) . EHitt, RERL
lexFFLkap ZEMEMBR M.

MREARERBlexer R ME, RATEEXRElexerdE, & ATE A2 BB

class MylLexer

def t_NUMBER(self,t
r'\d+"'
self.num_count += 1
t.value = int(t.value
return t

def build(self, **kwargs
self.lexer = lex.lex(object=self, **kwargs

def __init__(self
self.num_count = 0@



WMRIFNN A= SRR S lexerfISE B, HEAFELEFRZRES, LEANXATREERTHEEN.

WS AT A ERERE, b, FEPython3m/:

def MyLexer
nhum_count = 0

def t_NUMBER(t
r'\d+"
nonlocal num_count
hum_count += 1

t.value = int(t.value
return t

4.16 Lexer=[%

MRBHERIE, lexersTR A UE I clone() /755 REH:

lexer = lex.lex

newlexer = lexer.clone

Slexertiefgfs, EHMEEBHBRNRBRMAEMATDRE, T,

Hlexer A] AR Z — AR RV LT

B, FMZIEERER. XEMERATRFER: SIRERSHNMBITS S RIFSRT N IR F5HE @R E
R, REJBERWEAINGRS, (KA LlcloneFHEHEFIM, WERAESSIE MG ELE, "Tlclone—LE

lexersR AL IR AN [E] A% A XX o

O R EREF I Alex lex()NAERET, PLYRSEFBWREMNNARIITRIELEN. HlexerZ A
HEABOEN, FEIRXIFAERINRVIRT. RAERFEIEHEIENexera = Riflexeralix L

WA, tean:
m = MylLexer
a = lex.lex(object=m # Create a lexer
b = a.clone # Clone the lexer

4.17 Lexerf WERIRTS

lexerB—ERNIEHESFEBITER:

e lexer.lexpos . XR—PMRIFIMANMRMUENERE. WRFEBXMENE, XSHET—
™ token() WIFAITH. EAMCHMNTIERER, XMERFRRLEFHERNE—NF R



B, IRXMEEHMUAEE, T—MREMIREEMFTRALE FIRTE

e lexer.lineno . RAHEIITS. PLYREFEHAXNEMENERE, AKTAEITXME. NMRIFEE
REITSHIE, MBEBACHMRE (4.6 (TSHUERR)

e lexer.lexdata . HullexerfUIAFH, XNFRHFEHME input() FENHAFEHR, FXREARE
EMERNEUE, RIERIEBRSET4.

e lexer.lexmatch . PLYWEBIARPythonfy re.match() J5 ESZIAHBIFRCERERIEHIMatchXy
xR, TNEEREEXTEMEF. MRFRENXHEESHENE, RAULUBEX DX RIREBIXLSH
HE. FE: XTMEEREERCMNEX T EF A B

4.18 EFFE MM B FME

ESRNITRNARERF, FRRSUNIREZR/BERE AN, tm, REEEIRERCSHAFEEN
FHEf L e — N AR ERIRE S TTZE. PLY A FlexerE RBRREZ Bf#H. §SMRSATUEE—%EE
MEFHARC AR . XEETGNU flexB“BoffF 4" REIMA, K FflexiER
http://flex.sourceforge.net/manual/Start-Conditions.html#Start-Conditions

EFEHIexfRE, RATELEER. B fFlexiEZRHPER "states” RME:

states =
'foo', 'exclusive'
'bar', 'inclusive'

EMERREZER MRS foo’ M 'bar’ o IREAUARMFEE: HME N -BFH . #
fBRRPRS = ERlexerfT AR ERTEHKNE: RARBLRAX MRS TEXHRUNIFEA 2RE; €
FRERSRHEXEZ MRS TR MBBANMRNES, #, AZELEXMRNEHNIFCESIR
@o

—BERFZE, FERUNGEREZEGRRER:

t_foo_NUMBER r'\d+"' # Token 'NUMBER' in state 'foo'

t_bar_ID r'la-zA-Z_][a-zA-Z0-9_]*"' # Token "ID' in state 'bar'

def t_foo_newline(t
r'\n'
t.lexer.lineno += 1

—MRCAAES DRSS, REFSIRESRESEFHH:

t_foo_bar_NUMBER = r'\d+' # Defines token 'NUMBER' in both state 'foo' an
d 'bar'


http://flex.sourceforge.net/manual/Start-Conditions.html#Start-Conditions

R, EEMRESTEHERNERRTER ZHER ANY

t_ANY_NUMBER = r'\d+"' # Defines a token 'NUMBER' in all states

AEZFRESBNERT, RCWRBRE—MFRIPRES INITIAL , BEW, TERPERZFNMN:

t_NUMBER = r'\d+'
t_INITIAL_NUMBER = r'\d+’

FEZRAY t_ignore() M t_error() WAILARIRISXKEX:

t_foo_ignore = " \t\n" # Ignored characters for state 'foo'
def t_bar_error(t # Special error handler for state 'bar'
pass

TESITERIAE INITIAL RETIE, XPMRETEETHRERIANERCHNENX . XN FAFEFERR
HAPXKE, IRE2ERN. ALNEEF, NRFBERXTIRES TR MIPRE, F
F begin() 7k

def t_begin_foo(t
r'start_foo'
t.lexer.begin( ' foo' # Starts 'foo' state

£ begin() YHEEANIHIRZS:

def t_foo_end(t
r'end_foo'
t.lexer .begin("INITIAL' # Back to the initial state

IRASHY TR AT LAfE FA Ak :

def t_begin_foo(t
r'start_foo'
t.lexer .push_state('foo’ # Starts 'foo' state

def t_foo_end(t

r'end_foo'
t.lexer.pop_state # Back to the previous state

HIRERRRSRSTAERHEAN, MIXUNBELOEZRIAPRESH, RS IERE B



ENBITFEEFW. BRRFEES P OTFEEEM—HCREBPRBERLRENHASHNAES EEMHS:
XEWE, HBIRRES ({ , FREEREZRRN '} UENAERS. HREFHEH. EHE
FHENFREXLFAATRE, XREFRAKXESAURE, MEATUEERE, FHESTH. Hit, KE7HR
MILEE—PHIN 1} BT XEIRAT L BIexARZS kg :

# Declare the state
states = (
('ccode', "exclusive'),

),

# Match the first {. Enter ccode state.
def t_ccode(t):

r'\{'

t.lexer.code_start = t.lexer.lexpos # Record the starting position
t.lexer.level = 1 # Initial brace level

t.lexer .begin('ccode") # Enter 'ccode' state

# Rules for the ccode state
def t_ccode_lbrace(t):
r'\{'
t.lexer.level +=1

def t_ccode_rbrace(t):
r'\}'
t.lexer.level -=1

# If closing brace, return the code fragment
if t.lexer.level ==
t.value = t.lexer.lexdata[t.lexer.code_start:t.lexer.lexpos+1]
t.type = "CCODE"
t.lexer.lineno += t.value.count('\n")
t.lexer.begin("INITIAL")
return t

# C or C++ comment (ignore)

def t_ccode_comment(t):
r'C(\*C.I\n)*?2*/)1(//.%)!"
pass

# C string
def t_ccode_string(t):
rUON"CCANNNN] TN\ * 2\

# C character literal
def t_ccode_char(t):
rUN"CIANNNNT TN *2\ !



# Any sequence of non-whitespace characters (not braces, strings)
def t_ccode_nonspace(t
r' IANSN{\IN"'\" ]+

# Ignored characters (whitespace)
t_ccode_ignore = " \t\n"

# For bad characters, we just skip over it
def t_ccode_error(t
t.lexer.skip(1l

XANEIFAH, T 1 { FRlexeridRTRAMNE, HEHAFIPIRE 'ccode’ « —RFIF N ARLTE
BETRAEA, XLEHNIZERERL (REME) , MRBEFAESEFES, t_ccode rbrace #iNUk
SHPMENRE (FIALERNARNEE) , HREF, REPIFCEES 'ccobE’ , StER, AE
S ATRVIRZSIR B B HIE RS o

4.19 H{th o) 3

o lexerFEMANR— N FHE. FERZENBMBELBHNT, XRLOSEMEEMNEM. XEWRE,
lexerIL FE IR RE FASRAD IR st Esocketie XETEEFF re HEIRAIPRH]

e lexerZ# FUnicodeF fFHEIAFRMCHITE AN, B35 A\ F BB 2 Unicode

o WMREIREEM re.compile() FEIRME flag , {#H reflags it
In: lex.lex(reflags=re.UNICODE)

e HTlexerE£IBAPythonSHI, HRERAFEE EBURTPythonfy re #EiR, EIfFE ZRTREMN S
T o HEBEWRERENBASUHRRAFRIRAET. MRBEMMELE, RATUHARSIHEHIPython, HE
FIAIESTEE, HEHACES SlexerF MKy BiER.

MRFELE— D FEMRED IR A Eyacc.py, REEHE THEXK:

o FERM— token() FEFRREIT—FRIE, MREBAHMFRIET, NIRE None o
e token() FFEMIUREI— tok XWH, BF type M value EM. MRITSHERIEEMIE, 5
WEHEBFEEX lineno EM.

5 & & th &

yacc.py FISRIIE S HITIE A DT EREFIFZAT, HDIUR—EEZNGE MR B, 8% BEH
BNFSEZUR&KIE. HlaN, WREBEOFTEBNFARRRA, REIZELES TLTZXHOE:



expression : expression + term
| expression - term

| term
term term * factor
| term / factor
| factor
factor NUMBER
| expression
HEXANER, & NUMBER , + , -, * , / HFSHIRARER, YNEBFAFA. £

fl term , factor FMNIFRER, EIH—RIAZEFREMMMNFSEHR, ARBRIEEZRN.

BEEA—MUELZHSBENZAREERMESNEX .. EEEFHSEET, FSRARTEAESD
AN EEREER. 85— MEABRS, SIEREBREFTRMT 2. LW, YT ERAEMNSTX,
BELIA-NERNTERE, NZSHTEXHE:

Grammar Action

expression® : expressionl + term expression@.val = expressionl.val + term.val
| expressionl - term expression@.val = expressionl.val - term.val
| term expression@.val = term.val

termd terml * factor term@.val = terml.val * factor.val
| terml / factor term@.val = terml.val / factor.val
| factor term@.val = factor.val

factor NUMBER factor.val = int(NUMBER.1lexval
| expression factor.val = expression.val

—MIERIEEIESHENG T AR SERNR. SRHSHEINERRTHSH RS (LWLl
M val BM) , BEXITHA—HREFS I SENRBEHETTERTRE.

Yacc A TR ZE BHILRA AR B MBEH-IFANSITE. LRAFTAZ—FE Tl LHEA: B
RAAMAEEAN, SSARBEMNE, HNNTAREHMELHT, SARNIEERFSHHRERN
ENRNEEFFS. (J349)

LROMDEA—MX LI : FT— ISk, REEERINFSHEH#NS (FEE T PRHERAF
S) , BSCERRRMANMELE R . BENEATUERFSNFMHPER, TENHFRIATHREY £
EEXMSCE, KM 3 + 5 * (10 - 20 ) XPRERX, SRRKFRALR



Step Symbol Stack Input Tokens Action

1 3+5* (10 - 20 )% Shift 3

2 3 +5* (10 - 20 H)$ Reduce factor : NUMBER

3 factor +5* (10 - 20 H)$ Reduce term factor

4 term +5* (10 - 20 H$ Reduce expr : term

5 expr +5* (10 - 20 )$ Shift +

6 expr + 5* (10 - 20 H$ Shift 5

7 expr + 5 * (10 - 20 H$ Reduce factor : NUMBER

8 expr + factor * (10 - 20 H$ Reduce term factor

9 expr + term * (10 - 20 H$ Shift *

10  expr + term * 10 - 20 H$ Shift

11  expr + term * 10 - 20 H$ Shift 10

12  expr + term * ( 10 - 20 )% Reduce factor : NUMBER

13  expr + term * ( factor - 20 )% Reduce term : factor

14  expr + term * ( term - 20 )% Reduce expr : term

15  expr + term * ( expr - 20 )% Shift -

16  expr + term * ( expr - 20 )% Shift 20

17  expr + term * ( expr - 20 $ Reduce factor : NUMBER

18 expr + term * ( expr - factor $ Reduce term : factor

19 expr + term * ( expr - term $ Reduce expr : expr - term
20  expr + term * ( expr $ Shift

21 expr + term * expr $ Reduce factor expr

22  expr + term * factor $ Reduce term : term * factor
23  expr + term $ Reduce expr : expr + term
24 expr $ Reduce expr

25 $ Success!

(FFE: actionBEHERIShiftat 23tk sn{E, @ #3; Reduce!IZ)

EPMREXMNEREFR, —PMHEXNESIRSNAERFTSRE T T—TRZMT 4. WRT—IMFRIEER
kE—MBEREE (FER) —82 (B ENEMIFHRNIX—R) , BAXMRCEIZFEEK. MRE
TR I A] LAA R — D R B ARRIE AN, —RBAT T34y, AFEAERX TN/ SREBX -4/ 5.
HFALZER, HEMNTADERSHIT. IRBAFCEAEBHBRRITIANIE, MeXEBEER,
DB RIRHITHEHNAEIRRE .. 2Tt ESIRTHERE ZINBARER, 78R T. FEIENE,
XEETF—1EREMVLIN, BREMSEEUHSI TR PTROGELLRESR, BT AXXHITIE
EE. A, XMESENMYHETRBBEAT AR LENGFFR, BiTstEELROSIRCERDIHE
H, MAZZBEHMN expr : expr + term 3%,

6 Yacc

ply.yacctERSCIE T PLYHI 2 #TThEE, ‘yacc’ ;2 ‘Yet Another Compiler Compiler’ HIZEEFH R
BTHEEAUNXTANZF.



6.1 — 1 IF

RIS RF RS FENEREARERMIEESH, KRBT

# Yacc example
import ply.yacc as yacc

# Get the token map from the lexer. This 1is required.
from calclex import tokens

def p_expression_plus(p):
'expression : expression PLUS term'
pl@] = p[1] + p[3]

def p_expression_minus(p):
'expression : expression MINUS term'
pl@] = p[1] - p[3]

def p_expression_term(p):
'expression : term'
p[@] = p[1]

def p_term_times(p):
"term : term TIMES factor'

p[@] = p[1] * p[3]

def p_term_div(p):
'term : term DIVIDE factor'
p[@] = p[1] / p[3]

def p_term_factor(p):
"term : factor'

pl@] = p[1]

def p_factor_num(p):
'factor : NUMBER'

p[@] = p[1]

def p_factor_expr(p):
'factor : LPAREN expression RPAREN'
pl@] = p[2]

# Error rule for syntax errors
def p_error(p):
print "Syntax error in input!"



# Build the parser
parser = yacc.yacc

while True
try
s = raw_input('calc >
except EOFError
break
if not s: continue
result = parser.parse(s
print result

L}

EXDMFIFH, §MEERNWE XK —1Pythonl757%, TFEMMXEF R EMIR T AR ETXXIXX
%, TTEANEASI T RMNAIEXITH. SO EES— 18N p 28, p 2 1E3BEIRLE
EENFSHFS, pli] SEEAFSHNNRRAT:

def p_expression_plus(p
'expression : expression PLUS term'
# A A A A

# pla] p[1] p[2] p[3]

p[@] = p[1] + p[3

Heh, pri] MEASFRZESITERBX p.value BUHMMNE, NFEEXERFNE, BEPAN

H p[0] MMERE, XEMETUZEMEE, SR8, XSEIFER TR EPythonffE#EH . STHNE
KPSLHl. AXNBIFH, FAMKRBXHE—1FESL: NUMBER AFCHERGFHEEEE, MERNUNTH
HERIXEREMNENFRZEER, HEBER.

AR EXEOBN THRERAEX-XEMNp(-117FRTp(3]1. FATHNRAXSERS

fryaccH E XIS — MEEMNBEIA FEBN XM FHAE—PHIN expression M)
BiiaM N oiras)32y, mMEBFLTEMBA, oML LE, RENERERE (X MEKIEHRMA
B p[0] ) o EE: WABEE yacc() HfEM start KEFSERIEERIBIN

p_error(p) MNATFMKIELER. FALEELERET S
AT HESTEE, FEEM yacc.yace() ke RNTTEALEEENIRMER, REHEREFRRHENX

EMELRA TR F—XMIT yacc.yacc() , REBRTiHE:

$ python calcparse.py
Generating LALR tables
calc >

HAFAITRMESEENFHEER (TERESAEMBENERLT) , 2WRUSASIERN—TY



parsetab.pyfIS . BRIk Z 5N, SER—MIEIR XX fparser.oute EEE TRAHITH, yaccEHZI A E
EET, FeEHER S ITERMparsetab.py>X 4, & Nyacce Mparsetab.py R MESTER. £ MR\ L
EHEIX B B9 S B AT DAY

MRARASCEFBEMBIRAIE, yacc.py=FE£IFERES, METREMEFE. —ET SN E RHEIR
W

o TEEEEX (HEAXHHAEBMERZFTNTTA
o TXOUEAFAERBR-IFLFIAL-IF LR

o BETIHIRMSOE

o RATRIEMERYT (NKTITELSS)

o RIEMBIMNIZFRE

o REXHMNFRIC

THEHILD B S EIFANIT IR E AR

EMFIFRRETDRBR T AAMITHE yace() FACIENSITE. RATEHHRNIEM parse() , 7
KAFFREANSHHETITATE. ERSITRENEERAN, FEOMEMOTHNER, XMERME
AN pro] ME.

6.2 IFiEEMNEFHF

MBIEEAMBI0IE, THUAFE—T5ER. B0, EEHEHIT R M

def p_expression_plus(p
'expression : expression PLUS term'
pl@] = p[l] + p[3

def p_expression_minus(t
"expression : expression MINUS term'
pl@] = p[1] - p[3

EERERANTTE, AR TEXHEE—NIEER:

def p_expression(p
""'expression : expression PLUS term
| expression MINUS term'"'
if p[2] == "+'
pl@] = p[1l] + p[3
elif p[2] == "-'
p[@0] = p[1] - p[3

BZ, THENXHEFREUUEZZMEEAN. L, RXESHEEZEN (REWURSSERRX)



def p_binary_operators(p
""'expression : expression PLUS term
| expression MINUS term
term term TIMES factor
| term DIVIDE factor'''

if p[2] == "+'

p[@] = p[1] + p[3
elif p[2] == "-'

p[@] = p[1] - p[3
elif p[2] == "*'

p[@] = p[1] * p[3
elif p[2] == "/'

pl@] = p[l] / pl3

MRFAENMNEERLNES, BAKREEZANEHAZIAEER (W, FEXNTEAER) « &
R, BXEETRSEEESR. A, HRERT, AILERlen()7EX S, tL:

def p_expressions(p
""'expression : expression MINUS expression
| MINUS expression'''
if (len(p) == 4
p[@0] = p[1] - p[3
elif (len(p) == 3
pl@] = -p[2

MRESBATHIMERE, RN ZERBRXLESF—HE—MEIMNERARSFERLE. Bh, 8XK0E
LR ZLEMNEWME IR R, Khr EEEM T 2R LMIME (SR 2 LE R FER
MU T) « IEMRWEXBERNTTE, ALUHRZRFFH.

6.3 FHEF

WREE, TEEEINNERERREINFETH, fim:



def p_binary_operators(p
'""expression : expression '+' term

| expression '-' term
term term '*' factor
| term "/" factor''"'
if p[2] = "+'
p[@] = p[1] + p[3
elif p[2] == "-'
p[@] = p[1] - p[3
elif p[2] == "*'
p[@] = p[1] * p[3
elif p[2] == "/'

FRHLIE + BHEERABRSIS. Rk, FERBEINTHEXRMEX Elex> Hliterals 55 £ :

# Literals. Should be placed in module given to lex()

literals = ["+', "-" "*" "/"
FHNFRFREZENTR. HIt, & <= HF '==' HBEAEEN, ReER—BRAAERN (5
;ZD t_E = r'==' )o

4 =

yacc.pyFJ AR AR, ST HEIXFEFM:

def p_empty(p

"empty :
pass

MAEAUERAZERE, RE R empty Ml — M SEH:

def p_optitem(p
'optitem : item’
' | empty'

AR IRACEFEAERRE 2, RERTNER. AW, RLKIAA— ‘empty’ FNIFFAERER
K=, BERGRERE, HERFNARME.
6.5 MEIEIRFS

BINBERT, fEyaccHME—FMUZEBBERN (TMEMN) - AILLA start FRAREXFITH:



start = 'foo'

def p_bar(p
'bar : A B'

# This is the starting rule due to the start specifier above
def p_foo(p
'foo : bar X'

AstartiriR A B F A A RHER K 2L R9IE EM I 2 B/ NR 2 R34 A Bstartf S 1E fyacclI S 4

yacc.yacc(start="foo'

6.6 I = W%

FEFFF, NRAEXNSCEHEIR A—MEFR N IE T Z X005 A, ERZEAT, XHEMEFHRX
ERES, HERNH. —NEHNBRMEFRIEERENZEXFMN:

expression : expression PLUS expression
| expression MINUS expression
| expression TIMES expression
| expression DIVIDE expression
| LPAREN expression RPAREN
| NUMBER

TEMR, IHNCERFAEXMMN. EM0F, MRFBEBHFR/E 73 » 4 + 57, BRIEFUAS
AFHRHIER, REERF "(3 * 4) + 57 T2 "3 * (4 + 5)" W7

MR fEyace.py PHEHE XL, St "BHIALAR HF EANELHR o EDTBRITEHERK
TSR RIE RS AR RS IAN B IALHE. FII1, WF 73 * 4 + 57, 5
FR N ER XA TR

Step Symbol Stack Input Tokens Action

1 $ 3 *4 + 5% Shift 3

2 $3 * 4 4+ 5% Reduce : expression : NUMBER
3 $ expr * 4 + 5% Shift *

4 $ expr * 4 + 5% Shift 4

5 $ expr * 4 + 5% Reduce: expression : NUMBER
6 $ expr * expr + 5% SHIFT/REDUCE CONFLICT 7777



AEXNMIFH, O RIFOSH IR, ARMMILEE: —ZFEMR expr : expr * expr 324y, —&¥
FRIE (+7 BKERgdtik. MMIEEXN T EEN ETXERCEM S HEEIEN.

BRINMBAT, MAENBHIEFAPRAEETFARHRLE. A, S FEENGF, 2sRiEs
o+ gk, MAZRMIEN. BERERZEAT, T REEEEN

(8 "if-then” M "if-then-else” ) , BXNTEARAREIRXEZEANEN. BL L, T LEEHGF,
B o+ HERERDEIRN, NYEWE expr * expr 34, RAFRENMERES T ME.

ATRRZXOUE, THENFRENSCE, yacepyRIFAFRCEMEENERNEE . FERTHIXHFE

fi— precedence TE:

precedence =
'left', "PLUS', "MINUS'
"left', 'TIMES', 'DIVIDE'

XHERNEX PLUS/MINUS PR EAMHRMNMSTEMALES M, TIMES/DIVIDE REBEMEBMILEM
E4EE M. fEprecedence A, FRICHILARMKEIE. Hitt, XN FRHXRPE TIMES/DIVIDE (fthf1E:
B fin Aprecedence) BIftStZk=F PLUS/MINUS o

AFAREAM T BFRANMERMESENENE, L, XFLEENGF, K2FE:

PLUS level = 1, assoc = 'left'
MINUS level = 1, assoc = 'left'
TIMES level = 2, assoc = 'left'
DIVIDE level = 2, assoc = 'left'

B X LB IENEEZM NN M R MES TR L, XEERRANNEEFNINERMESIERE:

expression : expression PLUS expression # level = 1, left

| expression MINUS expression # level = 1, left

| expression TIMES expression # level = 2, left

| expression DIVIDE expression # level = 2, left

| LPAREN expression RPAREN # level = None (not speci
fied)

| NUMBER # level = None (not speci
fied)

HEIBHIALRRET, TR AE KRS RYE T @RI AR — XOOXA:

o WRIHIMFFCHMLER S THRIVAMMMER, BitHRIFrc
o WMRETMMNNMAERER, HITIFL
o MRIABMAFC ST NMMERAER, WRFCEELEEH, WEL, [N, WREAHEENUBZ



i
o MBRBMERATUSE, BRI FRHRIIFLARMITHH

Eban, Hf#EMTE] "expression PLUS expression” XMEZERT, T— 1 FRIEZE TIMES , HEPEHIT
¥, BN TiMEs ABLL pLUs BRI R; HEMTE| "expression TIMES expression” , |
—MRIEE PLUS , MAPEHITIAZ, EA pLus MIRERIKRTF TIMES .

MRAEF A= FRARBASRIANARG, yacc.py§RSWMEB LRI PRI EHER (R, &%
parser.outiX METR X i E —EE8)

{5 FprecedencetE EMM B AR ST R — 1AM, BN EHEFHNRERTEET LT 6w, &

B "3 + 4 x -57 HI—tl -+ o HEFELH, —TEERNYARERENMER. A, ER(IH
precedence EX H, MINUS MITEIERENET TIMES o AT RXNEH, precedenef Nt o] A€
2 "EPRE

precedence =
"left', "PLUS', 'MINUS'
'"left', '"TIMES', 'DIVIDE'
"right', "UMINUS' # Unary minus operator

EEEXHF, BATAXARR—TER:

def p_expr_uminus(p
"expression : MINUS expression %prec UMINUS'
pl@] = -pl2

FEXMGIFH, sprec UMINUS EETEUAMMAER ( MINUS HITESER) . B uMINUS FEREIMEER
R FATEZOE A o

W, UMINUS FRIEHIGIFEIE ARTIREZ. UMINUSEEARAZM AIRICHARIEENN, RNYERE
R precedencesk R HIFFIREI S N RFo MR %precERy, REESIFyace, RBERIARFERAX A G AR
FraRmiIft ek, mARIEERMER.

WA LA fEprecedenceskisE "IEKEL”  XRMBIEAFEHERNZER. LW, BUNRFEZFLERKEZHE
B o< o>, BEBEAFEXE a<b <c, REFHREEMNINT:

precedence =
"nonassoc', 'LESSTHAN', 'GREATERTHAN' # Nonassociative operators
"left', "PLUS', 'MINUS'
'left', 'TIMES', 'DIVIDE'
"right', "UMINUS' # Unary minus operator



RS, HRAEN a < b < ¢ i, KFEEEFEEER, AFLWEEN a < b HFRERK.

MNTARENFSER, FESHEEIANATURENSM~4E 13289/0329045%R » IHEHAREERTE, MA
ERAMNREELIANEERNKER. FAN/F34HR JIFE2ERNMFSESEETE AL
LS, MEX—R EJARE, b

assignment ID EQUALS NUMBER
| ID EQUALS expression

expression : expression PLUS expression
| expression MINUS expression
| expression TIMES expression
| expression DIVIDE expression
| LPAREN expression RPAREN
| NUMBER

EANBIFH, T TEXAFRNRGF=E)TL/NIZHR:

assignment ID EQUALS NUMBER
expression NUMBER

tegn, WF 7a = 57 , HWRAHMEN LM assignment : ID EQUALS NUMBER 3%, 255
329 expression, FHIIARK assignment : ID EQUALS expression o

MEELHNE, ARERNEFFEZMNZBHERDIFANNIAHR. MRERFAVALHE, yace() &
WEPFTENHEEER

WARNING: 1 reduce/reduce conflict

WARNING: reduce/reduce conflict in state 15 resolved using rule (assignment -> ID
EQUALS NUMBER

WARNING: rejected rule (expression -> NUMBER

TEMEEFFMRE T ARMFAEEZAN, B2, HLEEEREEGAERTSHIXHERRS. BELIG
W, RA]REH B E1E AN FMparser.outiEiX SXHHIN R

6.7 parser.outifFif 314

FRALRA T E A IRER B /VAZ AR TN/ AN A RE2 G REREPRE. ATHENER, yacc.pyFEERK ST
T < el S —MNER S parser.out:

Unused terminals



Grammar

Rule 1 expression -> expression PLUS expression
Rule 2 expression -> expression MINUS expression
Rule 3 expression -> expression TIMES expression
Rule 4 expression -> expression DIVIDE expression
Rule 5 expression -> NUMBER
Rule 6 expression -> LPAREN expression RPAREN
Terminals, with rules where they appear
TIMES 3
error
MINUS 2
RPAREN 6
LPAREN 6
DIVIDE 4
PLUS 1
NUMBER 5
Nonterminals, with rules where they appear
expression 11223344060
Parsing method: LALR
state 0
S' -> . expression
expression -> . expression PLUS expression
expression -> . expression MINUS expression
expression -> . expression TIMES expression
expression -> . expression DIVIDE expression
expression -> . NUMBER
expression -> . LPAREN expression RPAREN
NUMBER shift go to state 3
LPAREN shift go to state 2
state 1

S' -> expression

expression
expression
expression

> expression
> expression
> expression

PLUS expression
MINUS expression
TIMES expression



expression

PLUS
MINUS
TIMES
DIVIDE

state 2

expression
expression
expression
expression
expression
expression
expression

NUMBER
LPAREN

state 3

expression

$

PLUS
MINUS
TIMES
DIVIDE
RPAREN

state 4

expression
expression
expression
expression
expression
expression
expression

NUMBER
LPAREN

> expression

V V.V V V V V

LPAREN

shift
shift
shift
shift

exp
expression
expression
expression
expression
NUMBER

LPAREN exp

shift
shift

> NUMBER

>
>
>
>
>
>
>

usi
usi
usi
usi
usi
usi

reduce
reduce
reduce
reduce
reduce
reduce

expression TIMES

expression
expression
expression
expression
NUMBER

LPAREN exp

shift
shift

DIVIDE expression

go to state 6
go to state 5
go to state 4
go to state 7

ression RPAREN
PLUS expression
MINUS expression
TIMES expression
DIVIDE expression

ression RPAREN

go to state 3
go to state 2

ng rule
ng rule
ng rule
ng rule
ng rule
ng rule

Ul U1 U1 U1 U1 Ul

expression
PLUS expression

MINUS expression
TIMES expression
DIVIDE expression

ression RPAREN

go to state 3
go to state 2



state 5

expression
expression
expression
expression
expression
expression
expression

NUMBER
LPAREN

state ©

expression
expression
expression
expression
expression
expression
expression

NUMBER
LPAREN

state 7

expression
expression
expression
expression
expression
expression
expression

NUMBER
LPAREN

state 8

expression
expression
expression
expression

>
>
>
>
>
>
>

>
>
>
>

expression MINUS . expression
expression PLUS expression
expression MINUS expression
expression TIMES expression
expression DIVIDE expression
NUMBER
LPAREN expression RPAREN

shift
shift

go to state 3
go to state 2

expression PLUS . expression
expression PLUS expression
expression MINUS expression
expression TIMES expression
expression DIVIDE expression
NUMBER
LPAREN expression RPAREN

shift
shift

go to state 3
go to state 2

expression DIVIDE . expression
expression PLUS expression
expression MINUS expression
expression TIMES expression
expression DIVIDE expression
NUMBER
LPAREN expression RPAREN

shift
shift

go to state 3
go to state 2

LPAREN expression . RPAREN

expression . PLUS expression
expression . MINUS expression
expression . TIMES expression



expression -> expression

RPAREN
PLUS
MINUS
TIMES
DIVIDE

state 9

expression
expression
expression
expression
expression

$

PLUS
MINUS
TIMES
DIVIDE
RPAREN

PLUS
MINUS
TIMES
DIVIDE

state 10

expression
expression
expression
expression
expression

$

PLUS
MINUS
RPAREN
TIMES
DIVIDE

TIMES
DIVIDE
PLUS
MINUS

->
->
->
->
->

shift
shift
shift
shift
shift

an
an
an
an
an

DIVIDE

to
to
to
to
to

d go
d go
d go
d go
d go

state
state
state
state
state

expression

N A~ U O

expression TIMES expression

PLUS expression
MINUS expression
TIMES expression

expression
expression
expression
expression

reduce u
reduce u
reduce u
reduce u
reduce u
reduce u

shift
shift
shift
shift

DIVIDE

rule
rule
rule
rule
rule
rule

sing
sing
sing
sing
sing
sing

and go to
and go to
and go to
and go to

expression

w w w w w w

state 6
state 5
state 4
state 7

expression MINUS expression

PLUS expression
MINUS expression
TIMES expression

expression
expression
expression
expression

reduce u
reduce u
reduce u
reduce u
shift an
shift an

DIVIDE

rule
rule
rule
rule

sing
sing
sing
sing
d go
d go

expression

N NN

2

to state 4
to state 7

reduce using rule 2
reduce using rule 2
shift and go to state 6
shift and go to state 5



state 11

expression
expression
expression
expression
expression

$

PLUS
MINUS
RPAREN
TIMES
DIVIDE

TIMES
DIVIDE
PLUS
MINUS

state 12

expression
expression
expression
expression
expression

$

PLUS
MINUS
TIMES
DIVIDE
RPAREN

PLUS
MINUS
TIMES
DIVIDE

state 13

expression

$
PLUS
MINUS

V V. V V V

V V. V V V

expression PLUS expression

PLUS expression
MINUS expression
TIMES expression

expression
expression
expression
expression

reduce
reduce
reduce
reduce
shift
shift

using
using
using
using

DIVIDE

rule
rule
rule
rule
go
go

expression

N

1

to state 4
to state 7

reduce using rule 1
reduce using rule 1

shift
shift

go to
go to

state ©
state 5

expression DIVIDE expression
PLUS expression
MINUS expression
TIMES expression

expression

expression

expression
expression . DIVIDE
reduce using rule
reduce using rule
reduce using rule
reduce using rule
reduce using rule
reduce using rule
shift go to
shift go to
shift go to
shift go to

expression

O NG O O O

state 6
state 5
state 4
state 7

> LPAREN expression RPAREN

reduce using rule 6
reduce using rule 6
reduce using rule 6



TIMES reduce using rule 6
DIVIDE reduce using rule 6
RPAREN reduce using rule 6

XHEFREIPARRES, RRTEMEAFFCHETRNAS, XE2MECENNEBER. SETHMARR
ICR, DS mE— R, FRIILEMRN. SORSERET S ARTEEER N A AIE
EEMNF, o BRRUFSWERUEBNMMIE, MEH, ITELIRET, BARSIERHFLS
BRSERHE S HR. HEW BH/EH 5 134/3454R B, HZBEARNETESRM, mEX
7

I TIMES reduce using rule 2
! DIVIDE reduce using rule 2
I PLUS shift and go to state 6
I MINUS shift and go to state 5

BEEEXENNFEE—LEF, BERBRIABOHARNER. MiZEFANZE, TEMENHBIHIIEY
HREERTH, BEHCHRRATESTIER, W—DEMEZE Hparser.out.

6.8 AL IBIE L TRIR

MRREEN S TERAT =M, REBEBEZEREREEN. —RMs5, RAFELTREBEIERNER
M FEHELE, Bk, REFEZERSHER, RUBNREHSKE T, —RMENFRATRENERRS
BAP. XE—EEMIES RIFRIETA, BIINC,C++,Java. FEPLYH, fEIEESTLEREIMEIR,

HIRSWARNE (SIS ASSEOREUE P EIRR[ERNING) « A, XN, 2sBs#ARE
B, XPMEXEBEAREREED T oM. LROTSMNERREES MR ERIGHREFMEM, yace.pyle

HAEIRVLF SUnix THIyaccR L, FrARA] AMIE IO Reilly AR A «Lex and yaccy HIF AL E| T Z RO
To

LR L ERY, yace.pyfRRIN T BT

o FRERFEN, AREXM p_error() FASHWIAR, HENIRCSEASEEAN; WRHER
ERANBEXHERIERR, ZAWSEE N None . fEE, SWEEHFHAR “HiZRE” R, B
X TARE™4% p_error() AR, BFIERINBHINMINE, REEHEFEEEEREL.

o MR%E p_error() HEBIREMEMNEMNIE, XNSFEBERNITCSWEBEIE —MFHMN error
FRICo

o MRSHBIRZMIFCESARE error MIE, RIHNKRTTMNIFITEREER.

o MEBNDIRENE, SRS HAETBRY, HMEHWIBRSH B T.

o WNRIMKHIEEMNIES error FRiC, error FRICEHBH.

o WMRILHIKINZE error FriE, ZEMNFRCKEZEE, BEEIBIFCEBSE error HETA.

6.8.1 {RiEerroril Nk EFHERE &

REMLEIEEEZNECEEEEEIMNEES error #RI8. B, BRIBEFRHIBESE —1TXT print B



EAREERN:

def p_statement_print(p
"statement : PRINT expr SEMI'

AT REABERERFER, RATURIN—SREIMYIEER N -

def p_statement_print_error(p
'statement : PRINT error SEMI'
print "Syntax error in print statement. Bad expression"

X+ (exprifizf) , error FREEMEAEARZ ML SZANIFC (HSESEMIBERNFR) . —BHKE
P, MNEHLE, X# error FRICHTIFTAT -

XFRENREBNIRA "F i sE %7 error FFCHNET R RMMARRIMCHBRESNAE, MRE
HEMFFCHRT B RCAe.

BEEMN—NMEAR, BE error A2EAEEMNUNRE—rC, BIXH:
def p_statement_print_error(p

'statement : PRINT error'
print "Syntax error in print statement. Bad expression"

XEEN, B—PSEHEERNFCSEEZANZZRY, EMESEREEEHERFCHERLT, REE
SE*%.

6.8.2 FEM Ik S E

S—PMHERRETTEER A “EYRN” ZEXT, FEEFFRNFE, BEFRBEI—PaENREN

A
pa]

EMRERREBEE p_error() FERBEIN. FIW, XNFEEFREFFLCE, BEIXIIAE
By, TEESTHRIVIRRE:

def p_error(p
print "Whoa. You are seriously hosed."
# Read ahead looking for a closing '}'

while 1
tok = yacc.token # Get the next token
i1f not tok or tok.type == "RBRACE': break

yacc.restart



TERXNTABBENMFHRNOFE, FEMOTRERIIEZ T !

def p_error(p
print "Syntax error at token", p.type
# Just discard the token and tell the parser it's okay.
yacc.errok

 p_error() JIEH, A=A BEMTTERERSFRRAITH:

e vyacc.errok() ENFEELITEMREER B EEER . X2FSAE=4E error FRIE,
FHEEBEANTM error IHHEE, MAT—MEEBRSBR™4% p_error() HH

e vyacc.token() XNTEATHEET—IMRC

e yacc.restart() XNFEEMFLURMENOTE, HEBSMSRAERBRE

FER: B=1JAEREEE p_error() HIERA, THAERMETHTT
p_error() FAMALUREINFE, XEREBEFIRMMRCERNT—DMFRICROS S XN TFHFEE
F—LAFIRARIC N R B A, tLa:

def p_error(p
# Read ahead looking for a terminating ";"

while 1
tok = yacc.token # Get the next token
i1f not tok or tok.type == 'SEMI': break

yacc.errok

# Return SEMI to the parser as the next lookahead token
return tok

6.8.3 M= bt $5iR

MRBFEME, FEXANTTLESNESFTEEEARERE. X E@EIHE SyntacError REMEIAY:

def p_production(p
"production : some production ...
raise SyntaxError

raise SyntaxError fRIxMIRKRFUNEHETAIFRCEZIEIRINC— . B, JIMRXAMNIE, xE—T
MICBEE LA, HBIN T —MREE @ error #rid, Az AMEREL, REFLAHBE error FriC
BN ENSTRSRNENEEEIRNBERRTE MM, p error() HE#HIARH.

FRIRBRRENEENSE, M2 p_error() HEAEXMBEATASIBEAH. WRAEBEILRER, WK
EME, SyntaxError fHIEHIFAEXHSCI



X PIhEER A T #yacc FH9YYERROR £ HI1T 2

6.8.4 (EIRRE S5
SNFBEWIES, FH error MNHBRSIRCITAESESENTFE. XERNRALUEREERITRE—
ANIEXTE SRS FIAREE S AT B AU IR IR . EMRE R RE— L+ D EHRNE AR EH, XEFRAEEE
BEXBABHA, BIHRSENES S,

;L= Y e
6.9 1TSS L E RV ER BER
BRI 2 M R R R E)L. RINMERT, PLYREREHRIHTEMMNE, XEEE
A LLIX R E):

e p.lineno(num)iR Bl Enum PN FSHIITS
e p.lexpos(num)iR @ Enum M FSIRNE LB Bi%

90 :

def p_expression(p
'expression : expression PLUS expression'

p.lineno(1 # Line number of the left expression

p.lineno(2 # 1ine number of the PLUS operator

p.lineno(3 # 1ine number of the right expression

start,end = p.linespan(3 # Start,end lines of the right expression
starti,endi = p.lexspan(3 # Start,end positions of right expression

70N

AR lexspan() TEARSREMERUEZRRE M SHEIEME.

2, PLYYFIERSHNITSHUBENRERER, E2EE2RTLEN. G, RUNEERRESFEA
175, FEEAUUNEAXBIFMCHER,

def p_bad_func(p
"funccall : fname LPAREN error RPAREN'
# Line number reported from LPAREN token
print "Bad function call at 1line", p.lineno(2

KR, ATREMRE, RANBERENEITSEEELENREHRITRE, X218
N p.set_lineno() SEEIMY, fin:



def p_fname(p
"fname : ID'
pl@0] = p[l
p.set_lineno(@,p.lineno(1

NFEATHATHAN, PLYRRREBITSER, MRFEEAEMEMSBEINMEZTETS, REZHR
TS REEN L.

6.10 #9i5 R & AR
yacc.py’R I IEIE AN TR, R, RN ECRELHBETLR.

— MR ABENEE T ER NG MNEENN QB THREFH, HEBRT(]. BRZPAUITHNAFE, TEHZ
— M

def p_expression_binop(p
""'expression : expression PLUS expression
| expression MINUS expression
| expression TIMES expression
| expression DIVIDE expression''

\l

p[@] = ('binary-expression',p[2],p[1],p[3

def p_expression_group(p
"expression : LPAREN expression RPAREN'
p[@] = ('group-expression',p[2

def p_expression_number(p

"expression : NUMBER'
p[@] = ("number-expression',p[1l

S—MITETURARNENMRAT R RINEIESNE, HWES p(o]



class Expr: pass

class BinOp(Expr
def __init__(self,left,op,right
self.type = "binop"
self.left = left
self.right = right
self.op = op

class Number(Expr
def __init__(self,value
self.type = "number"
self.value = value

def p_expression_binop(p
""'expression : expression PLUS expression
| expression MINUS expression
| expression TIMES expression
| expression DIVIDE expression'''

pl0] = BinOp(p[1],pl2],p[3

def p_expression_group(p
"expression : LPAREN expression RPAREN'
pl@] = pl[2

def p_expression_number(p

'expression : NUMBER'
pl@! = Number(p|1l

XM ANFLRAELEEFEX LR E SR KARE. KIBER. MREMIHNHT REITEE.

AT EHREG, ATEE— B AT REM, Bl



class Node
def __init__(self,type,children=None,leaf=None
self.type = type
if children
self.children
else
self.children
self.leaf = leaf

children

def p_expression_binop(p
""'expression : expression PLUS expression
| expression MINUS expression
| expression TIMES expression
| expression DIVIDE expression'''

p[@] = Node("binop", [p[1l],p[3 pl2

6.11 R AXENE

yacclE M DT RAR R A EM UM AFTHITEIE. RIRBEDTHN:

def p_foo(p
"foo : AB CD"
print "Parsed a foo", p[1],p[2],p[3],p[4

TERSERSABCHDET KA BT AIRAMNNIE, EhEMEHIT /N NRREEEAN. RN,
REEAST I RIIT L5, G TEXFAEMN:

def p_foo(p
"foo : A seen_A B C D"
print "Parsed a foo", p[1],p[3],p[4],p[5
print "seen_A returned", p[2

def p_seen_A(p
"seen_A :"
print "Saw an A = p[-1 # Access grammar symbol to left
pl@| = some_value # Assign value to seen_A

(1]

AEXNMIFH, TN seen A FHEABHESTREIZEHIT. p[-1] ERNEESI TR LRR
£ seen A EAMINFS. EXMHIFH, BAFS. GEMBBIMAN—F, EHRAXITARETEY
A p[0] MERERERLE.

ERRAXNETRESSEBHIFLANR, i, THEESREHRN:



def p_foo(p):
"""foo : abcd
| abcx

def p_abcd(p):
"abcd : A B C D"

def p_abcx(p):
"abcx : A B C X"

AE, MREXFHHEA—MRALEE:

def p_foo(p):
"""foo : abcd
| abcx

mman

def p_abcd(p):
"abcd : A B C D"

def p_abcx(p):
"abcx : A B seen_AB C X"

def p_seen_AB(p):
"seen_AB :"

SR RHIA4mM, RERFNFE N NabcdflabexEIC, S iresEE AT AR iRabedF A& HE, HWATLAAR
HEabex i N #e k2= fiseen_ABYI 2.

BRASNEN— R AT 2TSNES], tEARbTEEXERT. XNTCIES:

def p_statements_block(p):
"statements: LBRACE new_scope statements RBRACE"""
# Action code

pop_scope( ) # Return to previous scope

def p_new_scope(p):
"new_scope :"
# Create a new scope for local variables
S = new_scope()
push_scope(s)

HEXMIFH, new _scope TEAMARITH, BAERES{(Z BT AIARZEERNBHFSRIER



fi75E. statements block —5EK, RBAUBSEHEHERASNERNRERE (L%, pop scope() )

6.12 Yacch)E ft

NN DT ERELALR, FHSLRIE®RXFIZIT yace(): yacc.yacc(method="SLR”) JFXE:
LRLREHI A ITRARAZLLSLRIAF & BITHMREEEARNX A, BARBE—HFN. BT
LALREE &, FTIAEZHIRTFERINEE.

FINERT, yacc.pyfkfilex.pyF=EmMtric. A, AJLBE—NENARNEFRCER I

#: yacc.parse(lexer=x) XNMGFH, xBIAE— 1 LexerlyR, EE/DWWH x.token() FEH
RIKEFRIC. MR AT RIRMHLS yacc.parse() , lexeriBMEH x.input() T
EINERT, yaccEAIER TER TR (S4E K parserout>XHFMEMAKRR) , F

F yacc.yacc(debug=0) ZHIFXIER.

K& parsetab.pyfIX % : yacc.yacc(tabmodule="foo")

I parsetab.pyHIEKBER: yacc.yacc(tabmodule="foo”,outputdir="somedirectory”)
REMRSER: yacc.yacc(write tables=0) . FE: MRZERHSTERER, yacc() BES
IRIZITHREEFBMES TR (XEREFZNIHEBURTIEESCHFAIIE)
HESTIEFHEFEENARES, FH: yacc.parse(debug=1)

e yacc.yacc() FESRESWENE, MREEBE—NEFFAIFEZIIH:

p = yacc.yacc

p.parse

IR yacc.parse() FERBEFNSRHEIENOITENR L.

o ATAMAMLALRDTRMANFAHEA, EHERNSTRSBWEFNER. AT EERERANK
BEEXFANEER VAL RANBHITMDERE, AETRRN A XEFHERK. ERITREEER
HeE, BEREXN EEMRNFRESHIEEZ. N TEXNRES, RCIES, A LENVRE
AR TR A BEE 1L $E30-60F0, IHM Lo

o HTLROMIEZETHITRMN, DIFIMNMERERAEE LBURTEEANMER. RANMIAIERIAA
DB INEEM NN EFE,

7 ENMBEMRE SRS
EROATERET, TR BES MBS E.

KEBMUTEARASFOR. AT, REE/NOCHERBRAEERNSE(hooked up) T B, fRIE
¥ lex() M yacc() REIPNXNRIREFLR:

lexer
parser

lex.lex # Return lexer object
yacc.yacc # Return parser object



BE, BRI, WR4 parse() FE— M IEHMlexers|FH:

parser.parse(text,lexer=lexer

MRRFX—H, PTBRESFEARTLEMNlexertTR, XATEEREIRFBEN.
T RS AIE AR 3 AR AT UG B X e XS S o TETRABE AR, FRICHlexer BIEFS AV 24 A fl & M ) B9 38155
ESOER

def t_NUMBER(t
r'\d+"

print t.lexer # Show lexer object
TEIBEREH, lexerMparser BRI RN R AIAESS N R FNIEAZXTR

def p_expr_plus(p
"expr : expr PLUS expr'

print p.parser # Show parser object
print p.lexer # Show lexer object

MRBHE, lexerdI R Mparserxy REBA] LA iNE LB M. F0, REZEARRETIRES, TR
parser &M MEZMEN, FEFEHAZIE].

8 {# FAPythonf L L=

HFPLYMEFEHRBER, EEBITFIAESIES L IUBT EBEX THPythonB 52 (R
B-Ox(E-O0ET) - AN, WRIFEXFIEE optimize R

lex.lex(optimize=1
yacc.yacc(optimize=1

PLYRTAE TORIAT, FEPythonffEILisist THT. (BIRUAMRIE—RHITEAEPythoni E st Tk
15, —BIRESTRAEESMTRER RS, FEPythonfti e THIT, PLYSEFLRIFIA IR
BREXTE.

B B THITPLYRZHREEROENF. (FREZRGEEFEER, THFERLAEL TX
H#. (AL BRI E%E KNG IFEI4iF 75 A9 B 50ATE (FTERERXFMAT)



9 BRI

Bt —NMRRRTRME HNEE. PLYRHT —LEEMOHRE S, X2BITPython# Logging A
B, FEMSTAX—EH:

9.1 iAiX lex() 1 yacc() &

lex() MM yacc() LW HFRNENL, AIAETL debug FRIRSLH:

lex.lex(debug=True
yacc.yacc(debug=True

ERT,ﬂﬁTﬁ%ﬁhE%R,N$ymc), T2 Hparser.out > . Xt AT UB IS 12
L\hmwmgﬁﬁ$ﬁ%%hﬁo XAMFIFIE N T X ER S B SRIER

# Set up a logging object
import logging
logging.basicConfig
level = logging.DEBUG
filename = "parselog.txt"
filemode = "w"

format = "%(filename)10s:%(lineno)4d:%(message)s"”

log = logging.getlLogger

lex.lex(debug=True,debuglog=1og
yacc.yacc(debug=True,debuglog=1og

MRRRFE— N BEXHlogger, KEMIFEREETABEL 2R RIES . BENZRKIARESS
N DEBUG , INFO ,Z(¥& WARNING ="1Z%%l.

PLYE’]%H-LE'E%H% 'TE \ IL)T#CDTE{/\, Tl//{}\}\ errorlog "*i&ﬁlﬂ%/\ﬂuﬂ‘f%

lex.lex(errorlog=1log
yacc.yacc(errorlog=1log

MRERETEFEEEER, REBRTAERAGTRATIERINEMEENSR, HaJLlERlexflyacciB BN E
B Nulllogger Xf%. fin:

yacc.yacc(errorlog=yacc.NullLogger



9.2 iZfTRTIAIR
AR ERTEEdebugi N, FILUBUEIE A ITSSNEITINIAIRIIEE. X PDEIAIIASEE (RARMNIEIK 6
EFEREX) , AL’ logger XH. fa0:

log = logging.getLogger
parser.parse(input,debug=1og

MREANBENRNE, RAERREEANTIRINEREFATNREL. 1INFO RBIARSERAAE
&B; DEBUG LA RBRAOMKMIES . BHNFCHEMFMES. ERROR H3ERATEEHAIER
EESEFSH

MFETERNEH, FREZAESHR, WERHEROIAHR, B HEERTERFRE.
10 11AJ 2k ZE

PLYZ & B F fexample B R B2 LM EERNRA. N FELENARBEUARLRSITRNSSIAT, MMk
FESRERXNPERF .



