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1. (+t4agiaiEZor[Lexical Analysis]?

- FERIEFRFAR, RIS BEHEIEEEXAIRIEFTS (token)

AY|

- BN RIEF, HWH: token/EAl Sourc‘f Code
— tokenZERx: <XE5, EHEHE> ceyword(fon)|fidam . ;exicaIAnaIysis
CREF. ARG, BE. ERHE symbol() |[symbol() | g e anive
. id(i) id(i) yntax Analysis
—_ tOkenZEIZI'fTJ'l:I 1EI£*L*J . SymbOI(:) SymbOI() Syntax Tree.,, .
v/ Ovar, $num num(0) symbol(=) Semantic Analysis
symbol(;) Id(x) Syntax Tree|
main( ) id(i) symbol(*) Intermediate Code
symbol(<) ||num(5) Generation
num(10) symbol(;) IR}
symbol(;) Optimization
1d(i) IR |
symbol(++) Code Generation
symbol()) '

Target Code 3



1. (+t4agiaiEZor[Lexical Analysis]?

- FAWmREFFR, RBIFoBEHEIEEEXAIRIEEFTS (token)

AY|

-
* 1 *
_ i/f (si)lr=n=p}§ example */
v ZFFECf (i == )\n\tz = 0; \nelse\n\tz = 1; \n’ z=0;
- BitR: EFHEUSH—Hiokens el
- B
@ BERIERE: /* simple example */
@ 1R3pltokens: ‘if (0 == Ll

® RBltokensFREHIZKE: (keyword, ‘if’), (LPAR, (), (id, ‘') ......
— i (keyword, i), (LPAR, ‘(Y), (id, ") ......




2. H24 2w ([token]?

* Token: i, Sw/IVEMEIT
— FEHRtoken3EF] :
v &Zianoun, z#fialverb, R idadjective, ...
— JRIZIES P RYtoken3EHl

v #l=Fnumber, Xigkeyword, Hwhitespace, friRfFidentifier, ...

« P tokenZE BRI N — N FRFEBEE S [a set of strings]

— number: FEFHHNFFRFE
— keyword: —HEERFREF(“for”, “if”, “else”, ...)

— whitespace: HZTMEblank, #IEfFtab, I{TFnewlineBrLHYIEEFS
— identifier: AP BEXHNERRBIERZTR




3. 1850 1: o1a[Tokenization/Scanner]

EED e BRIRICE TokenizationBgidfEEEScanner
- BWAFFEX 5o AtokenFF|
— XJtoken#{T53 3Kk ——tokenzE3l
v idAZ[lexeme]: tokenzEHISCH, Hlan: ‘z’, =, ‘1

v BEETENMFtokenzERl . Hlalkeyword, identifier, whitespace, integerZ

- BEIATtokenSWIENIE E SR [Syntax Analyzer] (tBFRParser)
— parser{k#itokenz&KIRFIAE (HE, XEFSHIRFHLESNAR) .

<ld, ‘Z’>
z=1 <Op, ‘=">
<Num, ‘1’>

Character Lexical Analysis Token Stream Syntax Analysis
Stream (Scanner) Token = <class, value> (Parser)

6



3. 1A Hr: it [Design]
St MBRIEIEStoken3Ehl

o 2\ 0
TE X tokens: 5l * |dentifiers: getBalance, weight,....
— IR B B AV I - Reserved words: if, else, while,...

v A . : 14, “abc”, ‘a’,...
— K TFIES. parserfUigit Constants: 10, 3.14, “abc”, ‘a’,
« Operators: +, -, *, /, <<,...
« Punctuation: (, ), ;, :,...
Keyword, identifier, whitespace, integer

« IRBIBFLL =R R B TR tokenZE 3l

v “if (i == j)\n\tz = 0; \nelse\n\tz = 1; \n”

if (ij==]j)| ‘=="or ‘="? = RISICEC/EN
Zz = 0;

else keyword or identifier? = &iflkeywordZ®
z=1;

—



3. 18501 : LI [Implementation]

- TIE B R 1S
_ RBIFH R oken s

— iBEltoken B{EEEIAIZ=
« —MtokenEZ— 1t (class, lexeme)
 ERLENA

— #80: whitespace, commentsZE
» AR tokenXFRTLTZ X, NWAlLAENWMAFRFEHITRKNERIGRY
IR BIFRIC
- {HtokenZE BT gEB I X [ambiguous]

—




3. 18501 : I [Implementation]

P&
- C++ #&iRiB/%X: Foo<Bar>
— C++ iEiA: cin >> var
- N

v  Foo<Bar<Bar>> gj[g): ‘>>’

v cin >> var B ERMEERNARIES?

RIS R TIRIERT

- "MBIF[look ahead]” BILA
- EEEE AN LT EEE

- BRAZEStTEEparserfIRIER:  "ETIERER

- ANRtokeniEH/IE N
— tokenizingA[ £ FGparserfzia

R 22 iH PRI Y

Template <typename T>
T getMax(T x, Ty) {
return (X >y) ? x:vy;

}

Int main (int argc, char* argv(]) {
getMax<int>(3, 7);
getMax<double>(3.0, 2.0);
getMax<char>(‘g’, ‘e’);

return O;

}

cin >> var

RYIB5 B —IR>Ehk,

=, XMIZERNHIMA> -

A] B X o018 A NE A :




3. 1 EDHT: B2

T

- BHRIANFFSE

5o fERtoken

— RBIF MtokenfIZER|

- NEEIG 3
SEES

=]

If (i ==))
z=0;

else
z=1;

“[EI&E[look ahead]”

- NiZzREm) "MFIE[look ahead]” BIEE (XZRBINEZFME)

if (I ==))
z=0;

else
z=1;

\o

‘if! ‘(! Gi! £== J Gj, G)! ‘\n! ‘\t, ‘Z, i=, ‘0! ‘;!
‘\n! ‘else, ‘\n! ‘\t, ‘Z! £=! ‘1,

<keyword, if> <LPAR, (), <id, i>, <op, ==

\

/

10
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L. 1@EE

e —Eh SIS
—*I:I:| 1E_| If%)b/B —> RegularDefinition
— FIAI([Expressions] |

v ITEMIZFE A [Regular expression] RegularExpression

v IENZEM [Regular definition]

- 1Bx
v IE#ISZE[Regular grammar](38U325%)

=pp]!

|
g}

A4

NFA

N

DFA

A4

ReducedDFA

[T
1 ha

v TRENB S Eafl[Deterministic Finite Automata (DFA)]

v ABERNES EHotL[Nondeterministic Finite Automata (NFA)]

RegularGrammar [€—




2. IENJZRiAT([Regular expressions, RES]

- EMIZAR
—- R EMR
- AT ENXtoken class

- HEREIREX (BBRIAEREL)

- ALINREB @ &Rk TokenizersE (EAHEIELR)
- RZSLMEF AT




2. IEMIFRIX[Regular expressions, REs] 02 iAliEHliG

- IEREE: IEAITUFTBERIARNIES &S
@ efNORY EAIEMZ, IEEMEL(e)={e}, L(D)=0;
@ XWF{Eacy, a@> ERIIEENMTIN, ERERTHIEMNEIL(a)={a};
® BREFsEEY LRIEMTN, MEIRTHNIEMRSESBIAL(FIL(s), BBA
ATt EB R IE VA MBI TR RAVIEAEE ;

IEFZ, IEFISS Btk () >

(r) L(r)=L ((r))=L(r) Hea: '~ 1 ' |’ #PEREES
r|s L(r | s)=L(r)U L(s)

/IIIII'

I—I

res L(rs)= L(n) L (s) ab'cjd  a(b))cld
e L) =(L(N)° (a(b))c|d

((a(b?))c)|d
@ NHAERRERLA=PEXNFANTEY LRIEMRIV, NEHXEEMRI

FIiRTFETEY ERIEME.
—




2. IENJZRiAT([Regular expressions, RES]

. 5l
- $3={a, b}, T EMIEMLFIEMIIERES:

IERL IERLEE
a {a}
alb {a,b}
ab {ab}
(a|b)(a|b) {aa,ab,ba,bb}
a* {¢ ,a,aa,...{E& 1 af}
(a|b)* {¢ ,a,b,aa,ab ...... FrEHaflbABRLAYER)

—



2. IENJZRiAT([Regular expressions, RES]

o IENIERIXTVAIENIE R
rls=s | | REIRE
—rlsIn=0]s)t | At
—(rs)t=r(st) “LOER)" MEeE
—r(s|t)y=rs|rt
—(rs)t=rt]st PEE
—Er=re=r e " MIEFTE
—r|r=r “| " HOMMERE  re=elr|rr]...

—



2. IEFMIZixz{[Regular expressions, REs]

- BARIA
— At least one: A* = AA”
— Option: A? =A | ¢
— Characters: [a,a,...a,] = a,|a,|...|a,

4

— Range: ‘a’ + ‘b’ + ..+ ‘727 E][a-7]

— Excluded range: complement of [a-z] £ [*a-Z]




2.

- 5l

EMIZE kX [Reqular expressions, REs]

Regular Expression

Explanation

*

a
o+

(alb)(alb)
(alb)’
(aalab|balbb)’
[a-zA-Z]

[0-9]
0([0-9])0
1°(0le)1”
(0]1)"00(0]1)

0 or more a’s (g, a, aa, aaa, aaaa, ...)

1 or more a’s (a, aa, aaa, aaaa, ...)

(aa, ab, ba, bb)

all strings of a’'s and b’s (including €)

all strings of a’s and b’s of even{fZi length
shorthandi@% for “albl...z|A[B|...|Z”
shorthand for “0|1/2]...|9”

numbers that start and end with O

binary strings that contain at most one zero
all binary strings that contain ‘00’ as substring

18



2. IENZRiAI([Regular expressions, RES]
- B& . (alb)" # (a0") BEFMN? i

(alb)” = ?
(L(alb))" = (L(a) U L(b))" = ({a} U {b})" ={a, b}’
={a, b}° + {a, b} + {a, b}* + ...
={g, a, b, aa, ab, ba, bb, aaa, ...} (EF&H a#l b HEAIZFE)

(@b = ?
(L(@'b?)" = (L@)L(b7))
= ({e, a, aa, ...{g, b, bb, ...})
= L({g, a, b, aa, ab, bb, ...})
=g¢+{g a,b,aa, ab, bb, ...} +{g, a, b, aa, ab, bb, ...} + {g, a, b,
aa, ab, bb, ...}3 + ...
={g, a, b, aa, ab, ba, bb, aaa, ...} (FFEH a b HEEAI=EEE)




2. IENZRiAI([Regular expressions, RES]

- B S

— Keywords: ‘if' 8@ ‘else’ =@ ‘then’ 3 ‘for’

v RE =7f + ‘e’I"'s’e’ + ... = ‘if + ‘else’ + ‘then’ + ...

— Numbers: IS FZFE

/ digit - ‘O’ + ‘17 + ‘2, + ‘3, + ‘4, + i5’ + i6’ + ‘7’ + ‘87 + ‘9’
v HENXinteger = digit digit*, 15[A)‘'000° &/ Ninteger?

— Identifier: A& FEEEFHNFFTE

vVietter=‘a’+ b+ ... 2+ ‘AN +‘B + ...+ °‘Z =[a-zA-Z]

v ATENMRE = letter(letter + digit)*, 1BHARER

— Whitespace: HZ1&. #8174, HIFRGAHEMRDN
V(AR + )

A AV
5 CIESH

JE=F5

TR0 MG ?

IR

20



2. IEFMIZixz{[Regular expressions, REs]

s IWIEIES FHIRES  https://docs.python.ora/3/howto/regex.htmi

Symbol

\d Any decimal digit, i.e. [0-9]

\D Any non-digit char, i.e., [*0-9]

\s Any whitespace char, i.e., [ \tin\r\f\v]

\S Any non-whitespace char, i.e., [* \t\n\r\fiv]

\w Any alphanumeric char, i.e., [a-ZzA-Z0-9 ]

\W Any non-alphanumeric char, i.e., [*a-zA-Z0-9 |

: Any char \. Matching “.”

[a-f] Char range “a-f] Exclude range

a Matching string start $ Matching string end
(--.) Capture matches

—


https://docs.python.org/3/howto/regex.html

2. IENJZRiAT([Regular expressions, RES]

« IENIZFRIRTNvs. IEM S ;% [Regular grammar]

_ mmumst EAE

(1] d)* . <HRRRPo| | | <R
mAES H . <FEEF>o | d| | <FEEF> |

Ra-z=HE, dA0-OEE  d <FBHEF>

TAISEE dd* <TFRFESEH>—d | d <TREEE>

RURIERIRRY, BrRILIAEAL

IECECIE S E B B 21 E AR AR SRR E I BAF
LB SR BERR.

—




fE =253 (1)
SIS PIRRAF I EMZEIAT
(_|letter)(_|letter|digit)*

Jn

HCIBE S F TG FRIENRIXT(
0]([1-91[0-9]1%)

1]
I'I'

H 2 RS20 ZiH HI R B IE N ZRIA T
(0]1)*0

i
(.

—
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1. ®HaE|[Transition Diagram]

» L [Note]: K&

ARSI B

- BHRENE— MRS R— N EIETER

SIE)OREL

W SR MER TA AR

1A gE R ERYIEIR

- #154K % (Start/Initial State): A8—1, —iRAKRBEAERIIEILRT

~ T2k 7%E (Accepting/Final States): BILIEZ4, AWNEER

1

. #[Edge]: BE[directed], HEBE™E(symbol(s)] A O
- MN— T IRSIERB—MINE

- MRLETFENRES, HF—TMHAGTSRa,

S 9ardiz

NEIFHE—FMNSIREETFT

H

25



2. B35 8atl[Finite Automata, FA] 03 F55H

- IENZFRIXTLETEN [Reqgular Expression = specification]
- BEIHIESLH[Finite Automata = implementation]

- Batil[Automata]: —PHlERE—TMERF

- 555 8a01l[Finite Automata, FA]: BG5S TINEHNER
BHENNETHIRE

- BISHRCHR
- BT E—RARRSHA— PRSI RENRS

—



2. B35 8atl[Finite Automata, FA] 03 55BNt

- BFEMNFAR—MNFRBRITHE (85, 54) WER

- B—MRBIESHRR

— Lex tool: 1BREs(specification)i#pkFAs(implementation)

- WTFEENFHFEX, IRFE—FMNFANDEERBIE—1"RES0rYE

K, HzBRLRBB LTS EERNFAFHREFF X, NWFRxJ#HFAIRS,
g a

BRI FAKES (U
v BN, FRx#EEAIES ¢)‘~
>

N

a,b
baab#gFAESS
abcd#FAIE4E

- FAFRBERIXRIES I AZFAESHNFERES
_ L(FA) = L(RE)




2. B85 Hantl[Finite Automata, FA] 03 H53 Bz
- 5 BAEFA

(1) #MATE=RHBREERHFARES
- 0 4 1
e A0
« 11110 v4e
. 11101 X
.+ 11100 X

« 1111110 g
(2) EFHER)Y = {0, 11 £, XTMFARNESEHA?
- FE31 1" FIR—1 0’ L(RE)=1"0




2. B85 Hantl[Finite Automata, FA] 03 H53 Bz

- 5l BHREFA
(1) EFERS = {a, b} £, XN FARNESEHA?
v FhEHEF " afbREKRHRFIR * abb ' BIFFFH

_Y_

(2) ERHENREAREXMNMES
v L(RE) = (a|b)*abb

Sta“__@ * () b@ b

b
—



2. B35 8&tl[Finite Automata, FA]

s — 1P BFBEMNER—1ThITH: M= (52,850, F), H
-S: BENRSES
- I WAFER

— & = EEEEZ [transition function], BASMRESHY U {38

I
A
L

BEEAH T NSRS ES a
s e s: mmRsmeRs —O)
~res: gERs/errsnEs O 5. A-p

30



3. DFAFINFA 03 B55HEN

- DFA (Deterministic Finite Automata): #1287E{E{AI45 ERT B R EELL—Fhik
SIFERE)
- 8BRS TFETMARIIN — 5L
- ZBeE®[e-moves]
- REBTRSEN—5FIEE
- NFA(Nondeterministic Finite Automata): #Hl288]LARIRLAZ MR STFTE
(AEfRTE)
- EATERET, WE—MAANTIUES 1 i LR R S
N YINFA: §: Sx X — 2%
- LR el e-moves] ¥fe-NFA: 8: S x (2 U {g}) - 25
—- S50EE . TLUGEERIFERER

¢ MRHBE LI EEH A LR SEETRS, UNFAES




3. DFAFINFA 03 B55HEN

* DFARAI

- OE— IR moves]Fh: EASBBRRSHIES, SLIELAR
NFH e

— EWINZFFER: aabb

- RINFE: o 1;.1_b- zi.,;; jr

start final state
»
'@ b p
a a

A DFA accepts (a|b) "abb




3. DFAFINFA 03 B55HEN

* NFAR/AI
- BZ/7 0 g8lmoves: HEFG— T movesFIESHFEZE, EHANES
— EWINZFER: aabb

> a b D
— IS e BB
> a 3} b b EE
_ Z:EJZIJJ}?'_ﬁU . 0 =) =) = 0 =0
start a final state
state

An NFA accepts (a|b) "abb
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1. &R [Conversion Flow]

A

@O RE—-NFA
@ NFA—DFA

s FifE2: RE->NFA—-DFA—Table-drive Implementation

® DFA—Table-drive Implementation

Lexical

Specification

__________________________________________

, I
: ! A NFA |
9 9
Regular ' |/ \ @ [ Table-driven
. " DFA . :
Expression: Implementation
Automatic

- e o o o o o o

35



2. RES>NFA 04 SEHRFNZE M

« RESNFAXHAThompsontyEE kL [ Secification
_@N: TEEIF— TSR | | Awmb,
_ AI~|_ AN <~ <2 E R :u"ar i /" \\\\ AP :
M —MEZL(NAINFA N R —— ! ora [0 Taearien |
- A WriiToth, oEHARERNFREA S tomats

- Step 1. L IB[RFREs (EFHMN)
- XFRIA e

— EINFTIREST, TEANFARYTISRIRES . £
— ENE—NEFIRESE, fEANFARESIIRE /'@
- XFFEEKa:

—




Thompson

Ken Thompson

Kenneth Lane Thompson (born February 4, 1943) is an American pioneer of
computer science & Computer Chess Development. Thompson worked at Bell
Labs for most of his career where he designed and implemented the original
Unix operating system. He also invented the B programming language, the
direct predecessor to the C programming language, and was one of the
creators and early developers of the Plan 9 operating system. Since 2006,
Thompson has worked at Google, where he co-developed the Go programming

language.

Other notable contributions included his work on regular expressions and early
computer text editors QED and ed, the definition of the UTF-8 encoding, and his
work on computer chess that included the creation of endgame tablebases and
the chess machine Belle. He won the Turing Award in 1983 with his long-term
colleague Dennis Ritchie.

In the 1960s, Thompson also began work on regular expressions. Thompson had developed the CTSS
version of the editor QED, which included regular expressions for searching text. QED and Thompson's
later editor ed (the standard text editor on Unix) contributed greatly to the eventual popularity of regular
expressions, and regular expressions became pervasive in Unix text processing programs. Almost all
programs that work with regular expressions today use some variant of Thompson's notation. He also
invented Thompson's construction algorithm used for converting regular expressions into nondeterministic
finite automata in order to make expression matching faster.!'2!

37



2. RES>NFA 04 SEHRFNZE M

- Step 2: WBASFREs (JFFFN)
~- NFRiXRr=s|t
— EIRNFTRES, AN FTe R

— W FFRIAT(r=st
- LHEENMFIRSEIERE

- Y TFREr=s* gt )
— BIRDFTRE, 410 FHeER -




2. RES>NFA 04 SEHRFNZE M

« 5] : BIENIZRIAZC(alb)*ab b LB NFA

- FRIREER:




NEA 04 SEBF0FAM
2. RE—

« 5] : BIENIZRIAZC(alb)*ab b LB NFA

— X3

Fri=a; star - SFra=b; sar b
T ) —>@

— X3

:r3=a|b: _XT_I':_:I‘4=|‘3*;




2. RES>NFA 04 SEHRFNZE M

« 5] : BIENIZRIAZC(alb)*ab b LB NFA

— ¥JFabb: b b
; D——

— 2%




fE=E 53] (2)
FIEMZFEIAT1%(0]01)* 5 EENFA

— XF1*: £
—QOOC
3

42



3. NFA-DFA Specifcation 04 BSIRFISHA

——— . ———————————————————————————————————

- ST FENNFA M, FE— g A
PNEHEHZEMHIDFA M’ Bt | N B
""""""""" Automatic

- (ENFARIBIBRERBEN, = . ~° ’ e
B HE LA FAL 3881 WA:(E;( 1 w

A DFA accepts (a|b) "abb

start a final state
state () |
start 0 a @ b @ b

b

« #17M: NFA—DFA

An NFA accepts (a|b) "abb




3. NFA—-DFA 04 SEIAFNFN

e e-NFA—-DFA

— ell8131E[e-closure construction] &%

v REEEINeABe-closure() BRASEIFHAERSSURZ(EE S MmEE
FXAPIREHES.

€- closure(l)




3. NFA—-DFA
- Hl1: waEeE- NFAi’éTﬁ&EJZ£1;|E’JDFA

— Step 1: ITEVBIRSHe-closure:
v g-closure({0})={0}=A

— Step 2: HERSEBR:-closure, FEMIS:
v (A, 1) = e-closure({1}) = {1, 2} = B
v (B, 0) = e-closure({3}) = {3, 4,5, 6, 8,11} =C
v (C, 0) = e-closure({9}) = {5, 6, 8, 9, 10, 11} =D 0

v (C, 1) = ¢-closure({7}) = {5, 6, 7, 8, 10, 11} = E 0
v (D, 0) = e-closure({9}) = D ’@

v (D, 1) = e-closure({7}) = E ° e @ 0 1

v (E, 0) = e-closure({9}) = D

i ] 1
v (E, 1) ﬁz—: closure({7}) = E_ SRS @
~ Step 3: RIEFHRSESELDFA 1(




« g-closure({0})={0,1,2,4,7}=A

« (A,a)=¢e-closure({3,8})={1,2,3,4,6,7,8}=B
« (A,b)=e-closure({5})={1,2,4,5,6,7}=C

« (B,a)=¢-closure({3,8})=B

« (B,b)=¢-closure({5,9})={1,2,4,5,6,7,9}=D
« (C,a)=¢g-closure({3,8})=B

« (C,b)=¢e-closure({5})=C

e (D,a)=¢-closure({3,8})=B

« (D,b)=¢-closure({5,10})={1,2,4,5,6,7,10}=E
« (E,a)=¢e-closure({3,8})=B

e (E,b)=¢g-closure({5})=C

- IRBMNESIEE-->ER

46



3. NFA—-DFA 04 SEIAFNFN

* NFA(A & e45#2)—~DFA
— FEiE[subset construction] &%
v IEDFARSE MRS MNFAR— M IRRESES
v (IDFAREBERN—TMIRESIERENFAIEA—MEARFSEA X EINMERE

—I




3. NFA—-DFA

* 52 BHEEINFA(R S 5512 LR F{THIDFA
— BRI S I IEIE M RH T
— Step 1: FEMAIE
alphabet
state 0 1
A A BC

BC AC BC
AC AC BC

— Step 2: REFEFRSESELDFA TR L2 IEIRTS!




fEE 5] (4)
- B TEIRINFA(RE e &10) R F M HIDFA

&A=SZ, B=SzP, NI5:

0 | 1 0 | 1

s | p | sz s | p | A 0.1
P Z P Z
Sz | P |szP Al P | B
Z | P | P Z | P | P
SZP| P |SzP B | P | B




4. DFA{t & [Reduction] 04 RIS

155 EESRRE, SHEMRE
- ZRE . NFRRSHETEZIARIRE
- FMRE: IPORSSHFMRIREE:
vV 1 —EHEFAERESHIU R [E A R RSB ZRIRE,
vV 2. EIEEFRE—NTHRERAGS, REsSHRSUBIERBFMNIVREE,

1. BCFIACEARESZIE

2. BEFIACKIFT BN SEMEIZEIF N
« BCon'0’>AC,ACon‘0’> AC
« BCon ‘1> BC,ACon ‘1"> BC

ZG: BCHIACERFMIAE, BaH.

o




4. DFA{iEI[Reduction]

- 1 FEEDFALE

— Step 1:
v {S,A,B} {C,D,E,F}

— Step 2: IEXFERAFENMKE
v {S,A,B}=>{SHA,B}=>{SHA}B}
v {C,D,E,F}

— Step 3: $D{%*{C,D,E,F}
v {S}{A},{B}.{D}

BINES D RRAFESHESE

b
ab
S/AB
AC B ab
BIAID|S |[A|B al|'b
CCE/|A|CB S A B
DFD |B|AD A C B
EIFID CF|C|E B A | D
FICIE |DE F| D||CFDE|CF|DE

51



4. DFA{iEI[Reduction]

- 512
— Step 1: &

. B HEEDFALE

NS AFESHNESE

v {1,2,3,4} {5,6,7}

— Step 2: =

SHFERAFHIRE

v {1,2,3,4}=>{1,2}{3,4}
v {3,4}=>{3}{4}

v {5,6,7}=
v & {1

— Step 3: $1KF% (1,2},

64L%{6,7}

v {1}1L{3},{4},

{5}.{6}

>{5}{6,7}
2H3H4H5H6,7}

My
©)

ab alb ab ab
16/3(|16|3|/16/3|/1/6|3
2 7\31||2|7|3||2|7|3||2|7|3
3/11/5(|3/1/5(3/1/5(3(1|5
44 6|44/ 6(44\6|/4\4|6
5 7|3||5|/7/3||5|/7|3||5|7|3
64/1/64(1(6/4/1(6/4|1
74\ 27\ 42,7427 4|2
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5. DFA—Table-drive Implementation

Lexical
. . Specificati
- DFARJ B, Table-drive Code B S T BTN \
| & 4 NFA
. O @ i
L L | PP | implementation
Table-driven Code: T Adomatc
' DFA() { :
. state = “S”; |
- while (done) {
bhab : ch = fetch_input(); |
alphabet | state = Table[state][ch];] ! o
| if (state == X[) lic] - Q: which is/are accepted?
State O 1 : i e "\ . :
: } print(“reject”); : 11 X
> T U . if (state € F) 000 X
T T U ' printf(“accept”); l
- else 001 V
U T X : printf(“reject”); i

54
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R R FE[Conversion Flow]

s FifE2: RE->NFA—-DFA—Table-drive Implementation

@O RE—-NFA
@ NFA—DFA

® DFA—Table-drive Implementation

Lexical

Specification

__________________________________________

, I
: | A NFA |
9 9
Regular ' |/ \ @ [ Table-driven
. " DFA . :
Expression: Implementation
Automatic

S s o o e o o o

55



6. —E3T18
« XFTable-drive Implementation
- RIBE2—M S [efficient]
v (NEBHFZEO(S x Y)
o FHaZRMSize
v (XFEBSHEORAKE)
o RSFLIRAINEY
- RIEEWIMNS
v pros: fEETERVRESIEA TERE MR R
v cons: HEMIAFREXE, csHBAXETE, BRAZHIRSHAZSEWARTS
REEABE (RBEER)

56



- X T EEZE[Space Complexity]

— NFA:
v AN ZE R S NS, BRigAN
vV FEERE: O(N)

— DFA:
v IRNFABENMRE, NDFA—EEXNPMREHENFEF
v fEFE&E: 2N-1
vV DEEHRE: 0(2V), EFNANFAFRRIBIAENE FBERIRNTIEE)

—



6. — it 04 FSIRFIEA

s FRIEEZE[Time Complexity]
— DFA
v BEO(IX)E, EFIX|IRBAKE
v B—Z®ZE0(1)BEATIE
« EIRRESESHBAAC, WERTIS,c], BEFIRPREAT[S, ]
v REIEZFERO(X])
— NFA
v REO(IX)E, EFIX|IRBAKE
v B—E£E%E0(N2)EE, ERNARSRNTE
s JEPRSE—HBERS, BN
« JWTFHANC, BMEFHAET[Spotential, c], &EZNX, BRXEHEZEFRZEON)I
B8 (RERRSEE, MEBEHREIIER, KEAN)

v IHBEZ=EI0(|X][*N?) BRSSO
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wiEiie

Lexical
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03
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Finite
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YEIRFISEFN

Transformation
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05 ialik etk

1. SEFRSCIR
» Lex: RE > NFA > DFA > Table

Lex

Regular L NFA -+ DFA » Minimal ’

expressions DFA

- R E B MAZD raatRitiEDFATIAZNFA
- A= e BURE [Trade off space for speed]

—



2. LexX

Lex
Specification
foo.l

lex.yv.c

mput text

lex.yy.c

a.out

sequence of tokens

61



2. Lex 05 ialiZ D Hr3Ele

* Lex®5B G-

lex

1 %]

2 #include <stdio.h>
3 #include <stdlib.h>
4 int lineno = 1;

5 %}

6

7 letter [A-Za-z]

8 digit [©-9]

9  id {letter}({letter}|{digit})*
12  number {digit}+

—



2. Lex 05 iAliZ P SEE:

- Bl RIRIEIFRTC, ITR3PNFA
— 534 NFAESH 11 NFA

— IINFF AR 5675 —— 020
a { action, | w
abb | action, ) :> ‘ln:: —&

a*b+ { action, } : ’
start
‘o -




2. Lex 05 ialiZ D Hr3Ele

ptnl a
ptn2 abb
ptn3 axb+

{ptn1} { printf("\n<%s, %s>", "ptnl", yytext); }
{ptn2} { printf("\n<%s, %s>", "ptn2", yytext); }
{ptn3} { printf("\n<%s, %s>", "ptn3", yytext); }

8%
int main(){
yylex();
return 0;
} 'rootPaa5ldde@éc76:~/test# echo "aaba" | ./mylex
<ptn3, aab>
$flex lex.| EHERT; @5
$clang lex.yy.c -o mylex -l TootPaabldde@é6c76:~/test# echo "abba" | ./mylex

<ptn2, abb>
<ptnl, a>




2. Lex

* NFA
— i\ : aaba
v e-closure(0) = {0, 1, 3, 7}
v SH—EBESESNENNRES

a
v IRA8: ar*b+PILEEELIN abb
« aabBl A& a“b+
o PRIFI KBTS
a = a_-..
none

S HATHE TN F-]

aaba ‘ (a*b+, aab), (a, a)
e




2. Lex 05 ialiZ D Hr3Ele

 DFA start
— N : abba
v IRAFS: 01372475868
v $k7%&68: abblILERLIS
« abbRINEIR




2. Lex 05 ialiZ D Hr3Ele

a | action, }
« BB ZTILECAYRTREME? abb | action, )
_ SRBERKIEE a*b+ | action, }

v f5l: B Naabbb, F&ptnl, ptn2flptn3, ENEEKIEE ——ptn3

- AN ERES
v l: #iNabb, F&ptn2fiptn3, ESEHIAIPtn2




2. LexX

» AUAJLEC K F [keywords]?
- B3R ARBEFEUZRLENREN, ARFBIIRERRFIENRENZAE,
L {1BE B 8 SR 5EHK
v S EBEMRYFA
- 3ik2: FERAERNIENZREAIVRBXBEFIIRRFT, EBERSHRIXEFTE
[keyword table]i#{TX %
v BSHEREAFA
v BERFEZFIINNREIK
- BiE2EEH




i
2

= Vel

DFA;

= /ML




E=EF1REEW
c BRREK:
- XHipR: ES5-UR-BF=FFI,;
- MBI pdfXE;
- F5Mk. BFhRIYE]; EAFER, WHBEXRKpdER, BHiEEEER
IEEEANIEEAE, EERERPHZRER, BFRWwordFEE M pdiiEaL;
- RRABEEIE (F=FE/F) &;
— 1233ddl: 3825HEE12:00;
- BERT: AR

—



