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1. ¥ E[Transition Diagram]
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- 3[Edge]: BME[directed], #RiCHAfFS[symbol(s)] O 0

- NPT REEEB— IR

- MRETENRESS, BEF—TMHAFGFSEa, UEISH—FNSRKRSBEHHE

S amia




2. 855 B&tl[Finite Automata, FA]
- [ENZFRIXEE N [Regular Expression = specification]
- Bl ELIN[Finite Automata = implementation]
- Bafl[Automata]: —MEEE—MERF
- 555 B&i¥l[Finite Automata, FA]: BG5S MNMAEHER
- B EHVETERRE
- BIRESHiricaB
- B 1 TE—RARKSH— P LS/ REBINE
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2. BISBEFML[Finite Automata, FA] 03 B33 BN

- BFEINFAR— N NFHEITHE (52, 154) HER
- B~ MRBIESHER
— Lex tool: REs(specification)®#apFAs(implementation)
- WFEENFAEX , IRFE—FMNFARNDNGESE SEE— 1 REZER08E
i, B@EEMEL ENTFSEERNFABRSFTX, NFRXAI#HEFARS],
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2. B35 HEEIHL[Finite Automata, FA] 03 /55BN
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S&#L[Finite Automata, FA]
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2. 1

- 5. BGEFA
(1) EFBEY = {a, b} £, XNFARNEBESEMHA?
/FﬁﬁLlE=FAa5FI]bEl§"EEEI’_‘J=?.EEE abb ' H=E5E

VP EE.E
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v L(RE) = (a|b)*abb
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2. 855 B&tl[Finite Automata, FA]
- —NBFEEMVE—NRTE: =(. ., ., ), HA:
- . BENRSES
—-  mAFEE
— . —AEEEEZ [transition function], BAMKREN  {PRIETD
FFSEGEH THMERRESES 9
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3. DFAFONFA 03 B358zI

- DFA(Deterministic Finite Automata): ¥1.881E(E{a/45 &0 18] R BELL—Fhik
SARE(TAE)
- BPRENFENMA RN —/ 555
- iZBe¥B[e-moves]
- QB RSERN—5FIEE
- NFA(Nondeterministic Finite Automata): #l288a] LABERLAZ FIRESEFEE
(AEffRE)

- BEEREST, W—MEATLUEZ /) 5k ;33:22 .
- AT LAB ¥ [e-moves] %J -NFA:

- ZFEEE . JLUGEREIPRRERER

¢ MBEHBE LERER N ERI SHETRS, UNFAES




3. DFAFONFA 03 B35 HzI

+ DFATRfI
- HE—HargEnsizimoves]F5l: EARE
NFHE

e S = = |

— BINFRTER . aabb
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A DFA accepts (a|b) “abb




3. DFAFINFA

* NFA={

- B0 08ERmoves: REH— 1T movesFISMRZIRE, BMARES

—- BMIN\ZFERTE: aabb

- RFF: 00wl >2 3 B
a &1 b D Eﬁ
- ABIIFS: 00— 0—>0—»0

start

final state |
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An NFA accepts (a|b) "abb
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1. #EHFE[Conversion Flow]

s 7if2: RE-SNFA—DFA—Table-drive Implementation

@O RE—-NFA
@ NFA—DFA

® DFA—Table-drive Implementation

Lexical
Specification

1
|
|
1
1
|
1
A 4

- E— E— . EE EEE EE EEE EEE EEE S EEE S S S S S EEn S S EEn S S EEn S S S S S mEn S S S S S Eam mEm ma mem m

Regular

I
|
I
I
I
I
|
1 I
Expression,

A NFA |
@, @
/ B @ [ Table-driven
4 DFA > :
Implementation
Automatic

13



2. RE—S>NFA

Lexical
Speciflication

s RE-NFA
—EiIN: FH

JThompsonfdiE&H X
xR ER— P IENRIXRRr

- —PMEZL(NAINFA N
- 73k WAri#iToNT, SRR

- . . e e S S e M S S R S N W e e e e e e

v |
Regular |
Expression!

- Step 1: A IB[FFREs (EA#N)
- Y TFRIETE:
— BINFTIRET, EANFARRIEIRTE
— IBINB— MRS, EANFAREZIRTE
- JFEILa:

- AL

AD——0

R ERFRIAT

Table-driven :
Implementation | |

T o e e mm m mm mm mm mm mm mm mw mm mm mm w mm mm m mm mm w mw mm mw mm mm mm mm mm m mm mm mm —
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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!
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2. RE—S>NFA

- Step 2: WIBHATREs (VFZFN)
- WFRIEr=s|t
— IR, AN FTReiERE

— W FFRIE r=st
— LEEBINFTIRSE LT

— W FRIEXr=s*

start
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2. RE—-NFA 04 $EIRFNFN

5] : BFIENZFRIAT(a|b)*abbiE Bk NFA




& RE—NFA
- 3 BIENZRIEI(a|b)*abbiE L NFA

— X7~

04 ¥R FNSF

—r1=gq:; Start 32 a 3

—NJFrd=r3*:

— X7~

—r2=b: Stan___@ b




2. RE—-NFA 04 $EIRFNFN

3l BIENZRIXAT(a|b)*abbiE L NFA

— ¥tFabb: . a . b . b .

e




fEEZS(2) 04 EEIRFNEAN

 BIENIZFIAT1(0]01)*EE B NFA




3. NFA>DFA Specification

- S N S S W S WS N S MR M M BN S N N I N D M EE W WD EE WD N EN M R RN WS EE WS W WS W W

- WWFEBMNNFAM, FE— L R g
=+ , Regular | |/ ® [ Table-dr |
/I\ Ij/_\%1ﬁ EI\JDFA M Experge:sa:(r)n" il : Im;Ie:Ier:It‘;:irc‘m ’:

T o mm mm mm wm mm m mm mm mm mm o mm mm m mm mm mm mm o mm mm mm wm mm mm mm mm mm mm mm wm mm mm mm mm mm mm mm m

Automatic

- {ENFARIESTER RIRER, g:::; fna s

Y 28 ) M \ﬁ

A DFA accepts (a|b) "abb

° Eﬂ?)fﬁ . NFA—-DFA

start a final state
state Q |
2
start a b b

b

An NFA accepts (a|b) "abb




3. NFA—-DFA
ce-NFA—-DFA

04 ¥R FNSF

— eAB8131&E[e-closure construction] &%

v RE&ERINeABe-closure(l)2IREE

XN REHNES.

= |

(=

THRTERSSUR ZEESFEAmREE

€- closure(l)




3. NFA—-DFA
« 1 BHE.- NFAE?TQEFQMEI'JDFA

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

— Step 2: ITERESEBH-closure, FEMAIS:

v (A, 1) = e-closure({1}) = {1, 2} = B " V- >
, O) — E-C|Osure({3}) — {3, 4 5, 6, 8, 11} = C lﬁﬁ%ﬁﬂjzﬂ:ii_)step _nﬁ

v (B

v (C, 0) = e-closure({9}) = {5, 6, 8, 9,10, 11} =D

v (C, 1) = e-closure({7}) = {5, 6,7, 8,10, 11} = E

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

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

E, 0) = e-closure({9}) = D
v (E, 1) = e-closure({7}) = E

— Step 3: RIEFHFIVRSESE L DFA




« e-closure({0})={0,1,2,4,7}=A

« (A,a)=¢-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)=¢-closure({3,8})=B

¢ (C,b)=g-closure({5})=C

« (D,a)=¢-closure({3,8})=B

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

e (E,b)=¢g-closure({5})=C

- IRBHRIESIRE->ER
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3. NFA—-DFA 04 }EIAFIFE M

* NFA(A & e45#5)—~DFA
— FEE[subset construction] &%
v IEDFARIB MRS MNFAR— M RESES
v fIDFAREN—MRSIERENFAEZA—MBARGS B IAENMAERE




3. NFA—-DFA

- 512 FEEINFA(ARE 5512 ) BB IR B ST ARIDFA
— BJEEDIR S IR A I RH T
— Step 1: FEMIE
alphabet
state VO 1

A A BC
BC AC BC

AC AC BC

— Step 2: RIFEFHVRSESEILDFA




0 | 1
s | P | sz
P | - | Z
sz | P |SzP
Z | P | P
SzP| P |szP

<$A=SZ, B=SzZP, NIAE:

0 | 1
s | P | A
P | - | Z
A| P | B
Z | P | P
B | P | B
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