2. [ENSRIX, NAHEH, RIgEE

P AR

ELIZA: ERBIARIIX R oH BB RIRER?

P RFEELEY, XUTATLEE.

ELIZA: QiER[RHY, SEFHamL?

AP WVFRAT A G AR A

ELIZA: HiFRARBHFENHEZER,

AP RIGEIBER .

ELIZA: ZXEEH iinA HoAth A R g 2

HFP . Ak

ELIZA: fRI¥IALE?

R MR, ARG IR
B4 A1 4(1966)

FHEIRER H ELIZAMRENT), X2 —F R0 B3 2RE 5 0B R 40, v] Lus #7245 (Rogerian)
Oy HR G ST [F1785 5 P 3847 BR [ %HE (Weizenbaum, 1966). ELIZA s&—ANE% R 02, & H
B UE R SR VR ) “FR 75 B X7 2 R A I AT B0 s B A TG o & 3E nfn e, 9 e an SRARAR 21 X O ISRk
FAPA? 7o KPR R ARTEZ AR R T, A ELIZA SEBR BT 2T AT 45840 2 A =0 BV T
&I

IEW1 Weizenbaum Fr$8 H LR, X2 AR Z XTHERA 2 —, Ur ] AR B I8 5 R — T F
. ELIZA FIRE05 NEXHEIEH Th: £ 5 ELIZA B AFFIEMAE, ELIZA BiscHifg 1 AT ol K A
(IR, BAELE b A IR TR IT I E 2 G, VR 2 APAAE{E ELIZA 168 J1(Weizenbaum, 1976), Jf
HEMEEA R, XFERIIRPLEE A (catbots)id & — ANl i & .

28K, AR IE EEA R BB E RS, EEENE, AT LARE R, FiE AT e T R,
AR L Thfe v] LI P R AT N B4R T/, TRAOVIGESE 24 SrpE 2| Rk, 24 ELIZA fi
FARIRALES NS PSRRI TR W 073, £ BRE S Bleg 2o HZEEM .

BAVE R S e B T RIS IEMIRIAA. IEMZRIAATH T R e IRA TR BeAE SO
HFIREU R . B BIR Eliza PR “RFE XY L E ORI R P HE IS 199 51$ 24.99 2 KT
iR .

RIG, BAVE: B — AR STERTEA (text normalization) () fF55, o SCAR TG IE N A Xt
HEMMERH . VO SUAR B 1 FL 3 o T 5 AR e o B0, FRAT RS A0 1 K 2 30 5 AR A
T e MIB AT S0 43 B Y B3] (tokennizing), BIRFiE 4k (tokennization)J{T55 . JCi% HLIR 225 H 2 M0k
Wy bRicAl, (A SR RAE . R A2 (New York)" F1“BE VR (rock 'n’ roll)" & i & 8%, B
AT S K], T B R AT T m” o I i “am”™ B AN . A T AR BRHERY (tweets) B, AT
EAERFCG ORRBERS, SU%# nlproc I EMIFRLE . FLUUiE 5 (B0 H 8 ) E a2 (1% A 4%, Rk
A FFIE A AR A5 B 0 PR

AFTEAL I B —AF 5% 2R TEE JE (Lemmatization), i i€ P Bia] 2 5 A A R R, REEA1#
HANE. Fltn, ¥ sang, sung 1 sings &30 sing . HLia sing J2 X S FUa] (1) 5 IR 2%, T el 2%
A RS DK BT AT I SR LS sing o 1A TSI JEUX T A Bl Bl F A8 2 R S B B 5 £ E T, 17
T (stemming) e iR TEIE SR —Fp 2, HApIRAMTEZEMRKRE ZBRES . AL AR
41 BX(segmentation): {3 1) s BRI 5 S5 2R RN SUAR 7 i BN F

B, AT ZEECRRAM M TS o AT IN— DO S =, AR TR —1



4 2. IENIFRIES, SCARTEML, g &
TAF AN — AT H P g A B (BN . BR . B4 ) R AT R A A7 B AR R . G
R AR, TR AP B IE B R B R AT A S A B AR

2.1. IENZ|iAzE

IENFIEK (Regular Expression, RE)&— ML [THTEXATRRFHFERNIES, el EVEE
FrAEAC I g NN ) 2 — o BRI ENUE S, SCTFACERERASCAR L 3 T B (1 40 Unix T..& grep 84
Emacs)# il b SEHE S . UL, ENREZHTRIE—HF RN 5. S3BATE — MR
A —BE AT RE, AT TR SCRENA R . ENERIE A R I el 14 2 BB E (corpus), 1R
=] i SRR SCA . B REEE T L AN SO B & . filtn, Unix dp 247 TH grep #5%2 — /M ENR
1850, IR 5% LA RV EC N SCRY I R —1T

AT DURHAE R BT IR [0 — 47 v (AN VL RO I (W 2R 2 AN ULEC T, B fOR B 5 — N TEC . ERL T
AN (711 SIS (B i o Ty | B e AW T O e ) 5 B N 15 3 R YT et VWL TR S Y (N E T N
AT BRI IE N R IE S, HiFER, RATAZ BN RE X —5 7.

IENZFRIAXE 28 BATKERHRY R IENERIA;  ASFER IER A T2 7T G GR 7 H A
T4, BE N FE e R A A AL H A AR o A B AR 28 1E D) 3R 0A 3R A% 2 A R IA U R R I B AR {L 1)
fEsETT %

2.1.1. IENFRENRIBE TR

e 8] B IR IE U 3R 20 — RV 7455 . B R 31 R (woodchuck), FAT#t## N\ /woodchuck/. ik
. /Buttercup/ VL FC AL % 745 5 Buttercup (IREAR ) AT Z 45 £ s B 1ZRIA KT grep # IR FlIXFE—AT
FF5 I'm called little Buttercup . #8225 5 A AL & BN 55 (W) 8 — A2 45 7 71 (Wifurgl/),  ILIE 2.1

RE Example Patterns Matched

/woodchucks/ “interesting links to woodchucks and lemurs”

lal “Mary Ann stopped by Mona’s”

Y “You've left the burglar behind again ! ” said Nori

B 2-1: —LERPENRERBER
IENFREAXX KNG NGFBR s 15KEFRE S IAF( s IILENS FBE s, (HAULE KRS 75}
S). X k#E 1/ woodchucks /K AVLHEL 775 5 Woodchucks. FRATTAT LS F 5 #6-5 @ vttt il @t. 5
5 N TR R E T I 55 I HTEL (disjunction). i, B 2.2 SRt/ [WW] 18 w B W
VAT .

RE Match Example Patterns
/[wW]oodchuck/ Woodchuck or woodchuck “Woodchuck”

/[abc]/ ‘a’,’b’, or‘c “In uomini, in soldati”
/[1234567890)/  any digit “plenty of 7 to 5”

E 2-2: ERAES HEEFFRHTE
IEN Rk 50/ [1234567890] /45 e AT — i 207 . ERAR B 7 Bl 7 BEIX 2 ¥ 3 08 20 1) JE B 41 B
gy, ABEATATRES IR (B, $5 €/ [ABCDEFGHIJKLMNOPQRSTUVWXYZ] /3K~ 44 K5 R},
WRAFATTE) . W RAFAE S — H A FF B SCIHRI T 51, AT LUK 5 465 S5 3T 5 (<) — i DLYE 2
i Bl (rang) AT A — AN F 5. A [2-5] /38 € F4RF 24 3+ 4 5 5 FIAE—A . #=/ [b-g] /45 & 745 b,
c, d, e, falighm—4. HAh—LoRFIinKE 2.3 fiox.

RE Match Example Patterns Matched

[[A-Z]/  an upper case letter “we should call it ‘Drenched Blossoms’”
f[a-z)/ a lower case letter “my beans were impatient to be hoed!”
/[0-9)/ a single digit “Chapter 1: Down the Rabbit Hole”

2-3: RAES[IMEFS-kigEeE



2.1 IENERIES 5

JE S DUEERALT S A SRIEE BTSN TR WREALTS A RS [ 25N

F—AT, W REAEIU . B, X/ [ a] /[ILECRR a Z AT B F R (BRI 7). (Y

AT S TS FHE— N 5h, Ak, Wi ek AEHMETH T, @EAERBARNTS. K24
R T — R

RE Match (single characters) Example Patterns Matched
/[*A-Z]/ not an upper case letter “Oyfn pripetchik’

/["Ss)  neither ‘S’ nor ‘s’ “l have no exquisite reason for't”
my not a period “our resident Djinn”

e}/ either ‘e’ or ‘V “look up 2 now”

fab/ the pattem ‘ab’ “look up a*b now”

B 2-4: {AFSRRBERNER
BiE: EHWLUT re: KA, U4 E, |
BAVZ WKL ATk 6, #if% woodchuck 1 woodchucks H ik s?  FRATIABE S FH 7455,
RNEIRTTHES AU RAT s 50 S”, EARFRAIUL s 8L nothing”. Ak, FAVEHRS/? [/, ERRH
[ B F 77 8% nothing”, T 2.5 Fios.

RE Match Example Patterns Matched
/woodchucks?/ woodchuck or woodchucks “woodchuck”
/colou?r/ color or colour “color”

E 2-5: [85? fRigA— N RERA AR S

AT LUA A 18] 5 1) s R T — DR BA B AL AR UL, X MR E AR L D
RV, FRAEENRIEA PRI B, G, %SRS (sheep)HITE S, G S HELUT U TAR
B2 S AL

baa!

baaa!

baaaa!

baaaaa!

ZIEEH— b FIREDWA a WFREHEM, i EES . Rvrm v e m a” 2z KM
—HEERFRIET 2SI, BHEKN Kleene *(&K % “cleany star”). Kleene * £/~ “Fi— AN FFF o IE N
RILAAMB TR KT « Bk, Ja* &R “EREISREZA a BFRE7 o XIGIULAC a 5 aaaaaa,
(B4 ILAS Off Minor, K A#4FH: Off Minor 1] a A% . ik, ILE—NEREAS a BIENIFREX v/ aa */,
T~ NaFiREANEZ N a o MATDESHEERMEN. B, /[ab] */MEEE “FPREZ A asb”
(AR “EAREANL TS ). XK ILHL aaaa 5 ababab 5 bbbb 2 KIFFFH . N THREZ M EF(T
T AEHANE), FATATLAY &/ [0-9] /, X BRANEF I IEN L. KL, B (T4 5) N/ [0-9] [0-9]
*lo CHHAARHZI[0-9]*/17 )

A OB 5 P IRE T R IA AR TN, BRI AT AT — MR 1) 05 V5 Rk 48 8 A F R I  2b —
Ao ZHlat Kleene +, FoR“H — N AF B E MR IA U I — k82 k7. Fltt, RiA [0-9] + /245 E 4
FRAVIIEE Tk, KL, APFITE IR ESF1ES: /baaa*! /8l baa +! /. —EE HEE W
KRRV (. ]), " — NG BA T (B AT BR A8 ILRC @ LA R s 20, Wil 2.6 Bk

RE Match Example Matched
/beg.n/ any character between beg and n begin, beg'n, begun

& 2-6: MASEEEMFN

VR O DO EEHTEE, RSB EAK K ENISOR, Ry SRR, RIS B
iR EE, W5 SRR, AR T TT.



6 2. IEMFRIEA, UGN, EFEE

BEATE T 5 Kleene B — M, RAR“UEMFRFE". Fln, BOsFRA1EA 5 IEA R e 5 (f 4o
aardvark) L IR AT AT (line),  HSAFRAT] DUAE F 1E W 3R 1k 7/aardvark. *aardvark/i#E 47 6 72

SERLFF(anchors) 244 1E N Rk e O B 7445 8 TR R 07 B R IR 205 . B WDE R AT 57
MZETLHESS. FHAK S GTHIFLILE . #R/ "The /SIUEAT 535 The ILIL. Fitk, HAKS HE
A= A& ITRATIIH L, RARTHESHNEE, (EERREANTS. (Hh4 2T grep B Python %13
GBS S MAZEA MR LR 3C? )BT SSETRILE . FIB S 2 VCECLAT - 4% A AR =,
/ "The dog\. $/ VCHEY & 4015 The dog 4T o (FRATUATEIX AT RAHMT, FONIRAIAE . F£oR “H)
M7 AR EEAT )

RE Match

A start of line

\$ end of line

\b word boundary

\B non-word boundary

B 2-7: ENFIANPHEMT
FAMEA WA ES ST \ b VLECHIR A 5, M\ B ULECIEA 5. Bk, /\ bthe \ b /5 #.iA the VLEE, {H
5 A RRAUCHL . AR Bk, T E R R Bm SO FRILEF BT F 1) X
FE TR FETE S e AR E . Biltm, 7\ b99 \ b L ULEL“There are 99 bottles of beer on the wall ]
FRFER QO(K Dy 99 ERIE S A1), M ASULHEC“There are 299 bottles of beer on the wall”H [ 745 £ 99([H
99 BRAEH T 2 JEiH). (HEK5$ 99 Hify 99 VLHL (KA 99 BREE A 5SS )5, mARIRAL Y. F
RIS B 5 ) o

2.1.2. tFEX, S34EFAMT

A7 B R A R BN T WFRRATX cat il dog K5 BB R, EXFEILR, FRATATRE
FRFFE cat Bl dog. HITHATAGEM H /7455 K & “cat or dog” (it 4 FRATTARE L/ [catdog] /? ),
R BT 7 E— A ERERF, ArE(disjunction)#(ERF, N EERS | - B3N /cat | dog /5% FF
§i cat B AT E dog VUAC . A I FRATT 75 248 K e 40 s X AT R A7 o i, Bise R 3R )
. David #Z A R EVEAIELR . W FEREE guppy Ml guppies? FRATANHE & S/ guppy | ies /,
IR IR 745 5 guppy Fl ies. X 7&K W% guppy XKL 54 56 (precedence) T AT EUERIERF |
N T AT B ERAUE H TR B, AT ZAH W E 5 (parenthesis) 38 /ERF: — M2 EiE5( 5—
MRAHES). B RIEERES T, TR A TR — R T A AR, 4038 (pipe) 55 | A
Kleene *. [Htt, 1ixl/ gupp(y | ies)/fa & 1= RS M BSOE T R 4% y fil ies.

FEFESEAERF( AERAVEH A Kleene *IXFERITH AN WIRA M. 5 | #BIEFRFAR, 2L Kleene *
BEAERAGE F T AN 7455, i ANGE T BANE A AT — 17, FATHRZEI# 2N Column 1 Column
2 Column3. EiA/ (Column  [0-9] + | *[GAILEAEFI B ERIS; MR, ERILRCEANF], J5ERITEE
HENTH! XENESOUEH T HATmN s L, mAGEHTENFH. SRS, RAITTUREE
ik3/(Column _ [0-9] + _ *)*/LLUCEC #.17] Column, J&BRE Ak sk, A E 8 TR £ K.

— MEAERFATRRALSE T 55— DRI AR (BRIRA 1A A& 5ok e m AT E ), BiENFRIA
K BRAE R S (operator precedence)Z X &M T IR A . FRG H T 1E MR & K EERFR LR
NG, M\ e P S 4 B e AR A Se 41

s 0

s S )

T HIANE AL RT the “my end$
HTHL |

2 ¥ UE: parenthesis BTG S, FMAES. JEXRMKHESHEARIGZRHES .



2.1 EMERE 7

Rk, BT sedom T 75, [ the * 15 theeeee UL, 1HY thethe ANULHL. KN F 51 I
Fed = TATEG BTl the | any /ULAC the 5 any 1fi A~ & thany 55 theny.

R AT e £ DL A — o7 A4 9 7] . 24 5 0 A “once upon a time"#E T VLA , & % e £ iA [a-z]
*[o T/ [a-Z] * ILFCEA S E AT, Bz RIEAABEICEAT M N2, s TR — A8 oy on.
onc 3 once. TEIXUEFEHL N, 1E ik 2 4H & UCHS H ] DLUCTHEC (0 e K7/ d s AT U o0 i
(greedy), Wi RUEZRATREZ MFERGE .

B2, ATRMEHRER 2 05 M8 SCRBRHIATAE SO UTRC .

BAERF * 2?2 &2 Kleene 25, ‘BIILEC I SCF LT

BAERF +2 2— Kleene 'S, " ULHEL I ST/ AT

2.1.3. =/ EERGIF
REFATE g S — 1~ RE ZH1REHRIEE L E Y the, —AMHTER(EA 5 ) FB 00T fE A2
/the/
— AR, R AE A IR e A, PR RS (RE The). X R FEUE N LR
[[tT]he/

{H2, FRATISR 24 iR i [a] 605 A 218 1SS AR (B 40, other BX theology). PRtk FRATTRE Z 4 ek

AT B2 S P R T A PR ]
Nb[tT]he\b/

R IRATEEAF N\ b /SO S HAT U ERAE . AT REAR XA, A\ b AN R RIZL AL
TN S HETRANT ] Re AR SR LB LN B the”, T £E Tt AT Re AR I 4 Bl (the_BX
the25). A7 E48E AV RS2 fi b, “ the” (LA T7BF:

IPa-zA-Z][tT]he[ a-zA-Z)/

Hi2, XFRRIEE —A A EHE 170, AR the”—id . X2 A IENFRIA K[ a-zA-Z)(F
AT SR S i N the” [ 5L ) MR G 72 the” Z BT D2 — BN (RS AR FBE) F/F . FRAT T LUs i i 2
TE“ the” 2Tl 75 AT TP B AR T BEFARE,  FRAEAT R A3 A AR 5] 7245 S dl G ax Fr 7 100 «

IC|["a-zA-Z))[tT]he(["a-zA-Z]|$)/

TATRNZ P B SRR I TE B P Fh s R -

R PH 1% (False positives), FRATEERICACHIFAFEf, lUi“other” B “there”;

fRBAYE (False negatives), A TEE RN FFFEE, #lU1“The”.

TESCHLE & ANE S RGN, — IR — IR X PR iR . DR, BN FHRR P (R S AR B R 3R
R AR %% 75

& mAG E (B AR FE IR/ B FE )

o T I0  [im] 28 (e R PR B2 b g BB 1)

BATVHAEEE 4 Frh SR i e SORS FEE RN A B3R

2.1.4. BEIRER

K 2.8 BT —iEAEEM N4, el L EEH TREEN. BT Kleene *Al Kleene +, AL
A DM B R B TS, iR e KRS S . IENRE Y (3 I E BRI — 7R
ARSI 3 7. Fitk, /a\{24)z MU a”, PR 24 AN, R z.

RE Expansion Match First Matches
\d [0-9] any digit Party_of 5

\D [*0-9] any non-digit Blue moon

\w [a-zA-Z0-9_] any alphanumeric/underscore Daiyu

\W ["\w] a non-alphanumeric m

\s [ \r\t\n\f] whitespace (space, tab)

\S [Ms] Non-whitespace in_Concord




8 2. IENIFRIES, SCARTEML, g &
& 2-8: BRFHENAZ

RE Match

* zero or more occurrences of the previous char or expression

+ one or more occurmrences of the previous char or expression

? exactly zero or one occurrence of the previous char or expression
{n} n occurrences of the previous char or expression

{n,m}  from n to m occurrences of the previous char or expression

{n,} at least n occurrences of the previous char or expression

{,m} up to m occurrences of the previous char or expression

2-9: AT IHHRIENRIANXIRIEST
WA AR E Bl Bk, /{n, m} AEEM n B m ET—AD R EERE S I,/ {n, Y ARIRHT
—ARIEXEDSHI n k. AT REVCEAER 2.9 .
BJa s FELERE IR T AT IE I IR T RBRAT () AR BRSOk 5 T (16 2 WK 2.10). b i LI 2 BeAT
(newline) A\ n FIHIZFRAT\ to Z5| A SRR TR (B0 %, [Land\), iHEEATRTm ISR (Bl /\
IN*1 N[, and 1\ )

RE Match First Patterns Matched

\* an asterisk “*” “KEA*P*L*A*N”

\. a period “” “Dr. Livingston, | presume”

\? a question mark  “Why don’t they come and lend a hand?”
\n a newline

\t atab

2-10: —EEERFHNTH

2.1.5. EEZRIFIF

AT —A RE B EEZ R B IRATE R 8 — AN AR 7 R 5 B H P sk Web B )&
Wlo F el R 2R B 270 6 GHz 4R A1 500 GB #4442 6] HANMARK T$ 1000 IHLES” . Fdk47 X
K&, BATE T EREE A 6 GHz 5t 500 GB ¢ Mac 5($ 999.99 ()& iA X . EAWHEAI S, A
B NZAT 55 1] 5E — Lo ] B 1 U 3Rk 2

B, RN IENRIER .. XA — NEILHF S RE, JFER—FHTF:

/$[0-9]+/
HE, REMSERFESERMETE ST BR B EAANFERIIIEE. K2 BOEN RS X AT 28 # R B,
FRURIRBX BHSHARREIT R (TEA—/NEMELL, 5% EIE N ZRIA ST 8 Wfef M 30 1
$MTnRE. )
MAEFRAT A T BN ISE T 25, AT/ S A7 2
/$[0-9]+\.[0-9][0-9]/

A A YRS 199.99, HARYFS 199, HAITFHE B[ oIk, HMRERNET LR
/(" \W)$[0-9]+(\.[0-9][0-9])?\b/

wlE—H#! MBI R4S 199999.99 XA, Mg Kot 7! FRATREZRGIZEIT:
/(" \W)$[0-9]{0,3}(\.[0-9][0-9])?\b/

Wi S [ 2 FRATE T EH R A& (5.5 GB); FE: B ? kA s Wik, B/ *IFRR
CEAWEANTR” , FARBESSE 2R

Ab[0-9]+(\.[0-9]+)? *(GB|[Ggligabytes?)\b/
A TE 4] Bolt Bl IENERIASR, AN UL KT 500 GB HIfE &t -

2.1.6. 81X, #BIREF ELIZA
1E U 2Rk 20 21 B H 1% 2 B # (substitution) . 141, Python 1 Unix iy 4 (40 vim 5% sed)H f# FH 1 &



2.1 ElFRER 9
HHEAELT s / regexp / pattern /5t DAIE Rk SO RFAE I 745 £ B4 8 7 — A 45 o
s/colour/color/

AEf% 5| VLR 56 — AN 2C I 2455 BB (R 8 1380 0 IR A .

PR IRATTEAE A 1 T A B B T ARG S, i, # the 35 boxes B i’ the <35> boxes. .
A B — POk R BN R84, DUEIRATRT LR IS I T 455 . D9tk JRATTHE S — MR i
FEFES, FHAESE A SRR 1 24T, B

S/([0-9]+)/<\1>/

F5 5 B E v] DUFR 8 A 457 B BRIE A SCAR R AT IR I il R RATIEE 4R
“the Xer they were, the Xer they will be” [, FRATA BB X AACNHFE R R E . Nk, K
— N X FEEFE S HAERT, RIEEE A X BN B RERN 1, W R FR:

/the (.*)er they were, the \1er they will be/

EXHE, \ 1 BB S5 — DL AR 75758 . ik, XORULES “the bigger they were, the
bigger they willbe” , {HZAILAL “the bigger they were, the faster they will be” .

56 FH 35 5 R AR A7 ik 42 A A7 R Bk O i 3k 41 (capture group). BEAE AT ARALI (BT, 355 45k — M8
), S5 RVLEIAAE (i 7 — N 5 2717 4y (Register) o W RILEC AN AR 455, \ 2 RORULECEE =AM
SRA BTN Z . NI

/the (.*)er they (.*), the \1er we \2/

FULEC “the faster they ran, the faster we ran” , {HAVLEC “the faster they ran, the faster we ate”
FIRE, 28 =AMASRAAAAELE 3 rh, BN SRAAFMELE 4 b, AKBESRHE .

R, &S ENFRA A BANED fe. SATH T X ARIEET3H, DG E BRIERRCR H BT,
IEHENTH TR AR INS . AN, AT ReA BT ST 04, (EABIEF A ik |
il EXMIEOLT, RAVEH AN e/, ZAZEIKaL? - BEFT NSRS, LA(? : pattern)
TR E R

/(?:some|a few) (people|cats) like some \1/

AT LAVLAC “some cats like some cats” , {HAREIULEC “some cats like some a few” .

B 6 047 3 2EL A S P T PR D AL B N (40 ELIZA)H A F (Weizenbaum, 1966). 1148 — 1, ELIZA
T AT A0 RHE RASAL AN IO P 22 5K

P BANTE—FE.
ELIZALl: DMt 75 A —FE?

2. fATEREEIEAT
ELI1ZA2: ##e A48 23— A HARK B F .
M3 4F, B AIERKIXE .,
EL1ZA3: BB AR T .

P4 i AR 2 BHEER AR 3% .
ELTZA4: R¥E#KHT 2I18 K2 AL

ELIZA {9 A7 32 A A — F 51 s ZBk i) 1R R0 s 4, A 4 L 0 AT B 5 A AT F) 2R 2 3
Sre MINTELRKEM. RE, S EHE “MY” WA SBIESC “YOUR” , ¥ “I'M” FEHCh
“YOUARE” , fRULHE, T HILACIF & B A P A X BAT 24 7
s/* I'M (depressed|sad) . */I AM SORRY TO HEAR YOU ARE \1/

s/.* | AM (depressed|sad) . */WHY DO YOU THINK YOU ARE \1/
s/.*all . *[IN WHAT WAY/

s/.* always . */CAN YOU THINK OF A SPECIFIC EXAMPLE/
BT ) DR 2 0N T2 e DR K N 00 il — NS ORI I - U2 2% 2] 2.3
MBS, AL 24 FiR[A] ELIZA fA RESHIVEA(E .-




10 2. IEMFGAS, SCARHITuAL, g

2.1.7. HilEHS

B, AT ERAT R E IR AR R : LESCAR PR FTE, B A L UL, (HAREATULEC G435 (cursor),
DU AT AT DAFEAS X HH B of g AT b 2

X LY HTBE (lookahead) T 5 81 A b — it AR RAAE I (2 A0k W B, UHRAERT(? =
pattern) iy true, {HJE NZ 5 F (zero-width), HJVLECIREF AR o HAERF(? | pattern){FE#E XA VT BCES
R true, (HFUCAEEE BRI . AIRATET R L 5 2% PR A ZEHE R R AR I LR, 38 A
Bl IS . Bilan, B RATEAE — AT I K ULECAE T EL “Volcano” JF k(1) 5in] . FRATTRT LA A 47 m] T HES
HEAT PR

["(?'Volcano)[A-Za-z]+/

2.2. 585

FET IR AL B B 2 1, FRATFER e 4 A4 R . iERATE S E —MRE Bk E (corpus, HE
¥~ corpora), ‘ERAFEHLAT LM CABIE S ES . Flin, AW (Brown) TERERE—E A HRIEREA
£, IXESFEASK B 500 A FERIRERAS, A, BN, EARSE)IGE I A, T 1963-64 1L B
K2 5EUE S (Kucera and Francis, 1967 ). T [ i Af B A) 1 Fh o 22 2 A BAR] 2

He stepped out into the hall, was delighted to encounter a water brother.

WRBNAGAR SFF SN IR, WA 7S 13 N8 B RA TR AR s 55 A B, s
15 AN . BATREWGA (W), Z5 () EMAE R B TAES . b fF 5 TEREYMLR(ES,
f)g, SRS SRR (1) 5, S, 51 5) B CE S, T RS, Bl hniE K bR il BiEE
IHTEGE S ARG AN FATR AR ST S A B R

FLTE BBl (Switchboard) TERHACAE T 1990 4EARAI B AN 2 7] (38 UL 15 HL R 2 1 B B & 2430 M4
1, AR 6 708k, Bt 240 AN/ HE S FIKZ) 300 J54 #iid] (Godfrey 55N, 1992). XA T
TEERHR A bR S AT, ABJRAEE SCERAA] J7 T S ok 7 ARG, & & s S LI IE B (utterance ), &
S )T 3L AH 5G] :

| do uh main- mainly business data processing

X FE B PSR (disfluency) . W IT AR main-FRo8 B, 38T uh AT um 2 2819 SR FR N IE
A HIEFEFTR (filled pause). FATRIZATIX LG /EITTED ? [FkE, IR T AT R
SLE B RG, FATA RER A A B R BRAA .

ERBATH I B RIFARA . B uh B um IEERIAGRM, 78T B VR bR 000 RITRE 205K 1) 5m] /2
AR, BOYEATRT REZR I Ui 1k & IEAE HHT 8 s AR E A, BRI T35 0, BT o H R R R
RN AT AR AR A, SO A RE & IR B35 & 2R . sZbr b, Clark 1 Fox Tree(2002)% M,
uh Al um GARKE L BN AT=ZA 42

KERFFC They MEHER S HIFFIC they & — M ? EXR AR Z(EF R, AT E R E &,
T 18 28 (POS )&l fir 44 SLARPRIA(NET), K5 & — A R - bR B Rk

cats Ml cat Z EKHRILIL X EARE?  KWAMEBAMFE KT cat, HEA AN F K1 . 37 76 (lemma)
A& —2H ELA A RNA - A [F) 32 B R AR ] 3R] R 2. 38 (wordform) e B 1Y 42 3 AR slJR AE T
o X TIRAEIRHEF (BT HAaiE), RAIEHE FRELBIETZER . B2, T2 KBS K,
WIEEEE T

JUERA Z /DA B BERIZRXA A, AT X PRI B 7 . KB (types) 2 1E K EE
AT B ] AR s SRARVE R P B SRRV, TSR A B R IE R R/ V |- FFE (token) 23217 (running)
B LB N I R 3RAT s A i 775, W T B9AR A A) 1 16 ANFFiC Al 14 Fh2E7.

They picnicked by the pool, then lay back on the grass and looked at the stars.

BIATRIGTE F A BAa B, T e 45 F ] R0

Kl 211 BoR 1N — B3R AT B S 15 TR rh v S A SR RUANAFIC KB e . AT BRI ROR,




2.3 1Bk} E 11
BATRI R %, Sehr F2RAEE| V(RIS N Z AR O R, AR IS (4 BITE TS & RS
B ZE )4~ Herdan 52 ff(Herdan 1960)5k Heaps &t (Heaps 1978). ‘& WS 2.1 v, Hrk
B AIERE, HO<B<1.

[V|=kNB 2.1)
BAE L e T BB B R/ANAAR R, HZE/DXT R 241 R IERE, BRITEHZ 0.67 £ 0.75. K
AT LA, SCAS R )V B G O i B i B T B R B P T AR
TS PR 1) ) — R R E R W GRS R R AL R S nT DL B e R ok . R g% H BB A
F I XA T B E I b R (R F L8308 e B 2 M B AR TR ) - 1989 i i - i iA] A5 615,000 MK H »

Corpus Tokens = N Types = |V]
Shakespeare 884 thousand 31 thousand
Brown corpus 1 million 38 thousand
Switchboard telephone conversations 2.4 million 20 thousand
COCA 440 million 2 million
Google N-grams 1 trillion 13 million

2-11: L SEE R SRR AR I RS R
EiE: &AM Google N-grams ¥ #E @& 1300 7 M KA, HE a4 HA240 KWERE, FRAZHFLFE K,
2.3.i88E

MFAREEHI . FAT I — BT R — A REMrE M UREE BER, HREEFH
RrETT 5, ERFERIN ], RpsE e, H T4 E BT RE.

BEARNATR R EEM . X NLP FREH T2MESH, Efl&faH. RIBELRES HZ
(Simons #1 Fennig, 2018), #SASCH, It Lif 7097 FiEE . fE2FE S LA E IR HE,
THRAERAARELENIES £ 2T, BAT AR E NLP S5 LTS TT & 50l 1) # %5 (Bender,
2019). RISV A H 9, e mim T4 KRB T AL E R E 58 S R (RS0, PEEF 3L,
H3C, fECEE), (HIATAER TRRGECICZ I LAMIEF . A, RZBHEGE SIERA 2K, KFEAR
H X BN F AL A A . BRI, a0, anSRIRATIEAE A B SCA(E FHIER £ EiE 5 (African American
Language, AAL)MHRHIE, JUFRAT 200 B A X A ARHER NLP TH . Twitter 57 n] e HAE & 55
N Y 2w A R Thse, 140 iont(R) 3£ i35 B 215 (Mainstream American English, MAE) (] |
don't)Z KAy, B talmbout AHXTS 32 i 5% [ 555 H 1) talk about, #B 2 AN 520 43 16] )75 ] (Blodgett 4%
A\ 2016, Jones 2015).

TP BUERAE — SR 2 8 & RS, XMLy RIS (code switching). 054
B Y A A S ) PN A A O o IR SR R T B R R (3 3 ) B G 5 g AR B 4 1Y 7 491 (Solorio £\
2014, Jurgens Z A 2017):

(2.2) Por primera vez veo a @username actually being hateful! it was beautiful:)

[For the first time | get to see @username actually being hateful! it was beautiful:) |
(2.3) dost tha or ra- hega ... dont wory ... but dherya rakhe

[ “he was and will remain a friend ... don”’ t worry ... but have faith ” |

AL T3 — A YE Ak (genre) . FAT A SVE 0 ZAL B SCAS R RESR B BT IR B 2R /N ER AR /N
FofE. BlECE. 4 E R (Wikipedia) BUREOUA . BATAER A T HEM, WHRFRE. HEHN. &
SEWMATBHL . ST RUTECRALYT H BECRRZ RSO, EWRERE TR G, WBEAREIL . ERSCK
BB E ST

SRS AR (BAEAE B) BN G 2R AR A T I R o PR R, Ak e BrE = A AT LLRC
AT IEAE AL BE 0 SCAS 15 5 R

B, WRMMAREZ, 5 SN AL, X FREES, BANAE KB AE I S RSO,
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B8 5 A B ik, 7EIF R T B R E T E 5 A3 T SRR, EE R B B4
N, BT BWHIETIES . $UE4E(dataset) i F 7 Wil 5008 BT X SEVE4I{E B2 Br ik qf
B ORLEE B # O RS R @ L — A B #E 3R (datasheet )(Gebru % A 2020) 5% % 4 B
(statement)(Bender #i1 Friedman 2018). ¥ %15 & By )adtt, Hitn.

BBl AT AR RE . BEE . R AR 4

B AT ARE AR NS SCAR? Flin, AESE? i8S RS FEE, oA,
ST WARAT L, I IS X1 2

BEE M IEREM RS S (B S HX)?

BHHENMAER: Olln, SCAEEMER SR R4 2

WERRE: FEG 2K WRETFEAR, MAFERFE? &5 % FEEEEE? B 2w AT kb 21
(1), AT DA FH R A e 2 2

HERERE: FREA, EREMDANE M4, AR IIZRN, Bl frErem?

RAT: A A I AR RN R = AR i1l 2

2.4. XHHEHh

FERS SCAHEAT JUTARAT B ARTE 5 A B2 A, 000 SCARHEATITEAL . S8, BAEIAT =/MES, 1F
AT RETEAL IS FE K — #E0:

1 AFE A (2 Be) Al

2 BVE H A

3. HIAT

FER =, BATRIZ L 58 BRI A X EEAE 55

2.4.1. BFEEFCHTIER) Unix TH

AT AN — AN 17 BRI L L A AR I B R AR e A AR VS AL (DL SR B R AR T IR, %2
Church(1994)1J53 %, & RBEFE—A UNIX fir AT FHEETE SE . AP — 2 Unix d7 % tr, TR
G S RN R E AT sort, T REE X AT HATHERE s Al uniq, BT S IR QL AH E]
7.

wltn, iEFRAIMN—A A A sh.txt FF 751 EL T “complete words” 46 . @ i ¥ 4 7 B 7 5 I B4
FF B R O AT R, FRATAT DA A tr FRCAL A (4 A-Za-2" BoR TR, -c kT N AR T RE, -s IR TR S
T 7 8E) R A e— )

tr -sc’A-Za-z’ '\n’ < sh.txt
604 R R

THE

SONNETS

by

William

Shakespeare

From

fairest
creatures
We

DAERATA — 5], AT CAAT AT HERE . SR E R ek id4s unig -, ERr & IF i EEA:
tr -sc 'A-Za-z’ '\n’ < sh.txt | sort | uniq -c

T
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A
AARON
ABBESS
Aaron
Abate
Abates
Abbess
Abbey
Abbot

e, AT U A kS S R S b

tr -sc 'A-Za-z’ '\n’ < sh.txt | tr A-Z a-z | sort | uniq -c

Hfgr 2
14725
97

a

aaron
abaissiez
abandon
abandoned
abase
abash
abate
abated
abatement

BUE, FRATAT DAF Ry AR DL B
-n IR HE Y 5 AR AL B 7 AN T BRI Ry 5
-r LI R SE S 45 A SRR (Mt o B B IR ) HE 7«

tr -sc 'A-Za-z’ '\n’ < sh.txt | tr A-Z a-z | sort | uniq -c | sort -n -r

GERRY], HHABERE R, P T R L B E R T e R, iR, AR, A

27378
26084
22538
19771
17481
14725
13826
12489
11318
11112

2 Unix TR AR 77 (o 2 P 2 S D 0 5 B o
2.4.2. BBiF)TFHCH

the
and
i

to
of

a
you
my
that
in

T B UNIX o] DR G b SR B S 1m] (R R G 5 2., (ER X TR g4k (tokenization) (K217

HR R SCAS 7 3 R PR 55 ) Rt S SRR SR R AL 7 Y o
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S Unix i 2 8 SIS T BT A 87 Fibs 55, (EXET RZHNLP RIFHFE R, AR ZH H AR
FEFRCH . FATEFH AR R ST S — R RDR & S5 =M aHEER, AT E
AN TS AR A ERE N IR S5, F4 mp.h., Ph.D., AT&T Hl cap’n. Fipks
P FIEY 70 75 ZE AR B AE A% ($ 45.55)F1 H 11 (06/02/01) s FRATTAAELRE 12 40 4% 41 43 D9 457 FI“55" [ Bl 177
i . & A URL(http://www.stanford.edu) , Twitter #r %5 (#nlproc) Bk . 1 HF & i -
(someone@cs.colorado.edu).

Rk I 7 HAME ZR IS

EIRE Sl F AL eI A, BRI, S5 H TR NES, &= —1k:555,500.50 .
FEX— i b, 18 F PR P A AT IS E SRR AR BT, W BONRRRE 5, WiusEris. %
AR, S SRR D /ANEUR AR S R E S T S S (R A ), BN, 555 500,50

bric AL n] DU 48 B A 5 k8 e B 3B 3R] (clitic) D 4k T 20, i, K “what're”# e 9 B A £ i “what
are”, F'we're" NN TR we are”. Bt I — N AR — &R, ARESALAFEAE, HRBREEMINE] 5
— AR . — LEIXRE R 4 i DAILAD A BEE S I, B FREE R SCE MG ('ai, 'homme).

Hk TR T, FFic b BEE n] DOR 2 18 3k (%1 W1 New York B¢ rock'n'roll)fFic A6 A #./NFRid s
XTREFEMEM P L RE T . KL, FHc S Semsilion, i Rr, IR SR AR 55 % UIAH Ok
(%5 8 &),

— A FH RS AR HERR A B MA EE (Penn Treebank)fFid fbbritk, F 115 = B0 B E (LDC) K A i
TR BT BB R (B ), 1208 5 et V20 BRI R . AR AR I 2 17 70 B JT (doesn’t 2% does
n't), R E A IR R, O RITE R RS O TR AR, BATERF T Z (8] 2o Al Wi 4
LT REBATRER LA H):

Input: "The San Francisco-based restaurant," they said,

"doesn’t charge $10".
Output: " _ The _ San _ Francisco-based _ restaurant _ ,

_they _said _,

_does nt_charge  $_10_"_

S b, BT AR A TR EAEAR AT AR B B AT AT, Bk e b AEEE . B, A AR dE
ERAT T RN FRE R E MR, XS IE W20 X PN AR5 A A BRES B 3L, #iln, &
212 BoR 7 = A EAREWFRIE X761, Zon el H 32T Python 19 B 281 5 T A A (NLTK) 1
nitk.regexp #Fic b ThAEBEAT #Fic 4k (Bird 25 A 2009; http: // www.nltk.org)

>>> text = 'That U.S.A. poster-print costs $12.40...'

>>> pattern = r'"'(?x) # set flag to allow verbose regexps

.. ([A-Z]\)+ # abbreviations, e.g. U.S.A.

o | WA (-\w)* # words with optional internal hyphens

o | VA +H(\\DH)?%? # currency and percentages, e.g. $12.40, 82%
VAN # ellipsis

e T 20:-20] # these are separate tokens; includes |, [

>>> nltk.regexp_tokenize(text, pattern)
[That, 'U.S.A., 'poster-print', 'costs', '$12.40', '..."]

& 2-12: NLP TE 8 RE LAY Python IRER
BJE: NLTK # T Python B9 NLP T E 4 # RE #iC1k&#7 Python REE. A ¥ W W EE; (2x) UK AR K4 VF Python M ix B A0
= H, ¥ B chapter 3 of Bird % A (2009)

KOV B PRV AT DA B P2 AR (R 8, 1, A8 WA 5 78 AR BT dbm ic (B ) 5145 (n
“The other class”)&k [ % i (f11 they’re )it 75 B 84T A [ I FFiC AL .

EFEMR S, HICHRSCEFERIE S S, SR Cb BT A, IR 5 A A& SR bR 1078 75 11 5
WIS BN, FEF S, B R (T SOOI (hanzi)) . BN A E AR — AN B B IT (FR A
WER), HHEWTUER—DNETRE . IR FKELN 2.4 MR H2, JUEHAA 2o i 5
AR AR B, FEELLN AT
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(2.4) WRIIHEN SRR

“Yao Ming reaches the finals”

1E40 Chen 55 A\ (201745 Hi FOARFE,  IX AT DAHEAR A 3 AN 8] (“r =A% 2 73 1 ):
(2.5) Wk HEN EiR3E

YaoMing reaches finals

S 6 AR (B E R 43 ):
(2.6) Wk B BEAN & TREE

Yao Ming reaches overall finals

wJa, FERSCH, SEATT DASE A g AR R T AR N EA TR, KA T — R T ADTRE
(2.7) Wk B B N & R FE

Yao Ming enter enter overall decision game

Sbr b, T REZHPUNLP ARSI S, R FRF A AT E i AN RCR EAF, BUOR T K2 %
PR S, FALTEEE SN, M, RSB EER, AE KRR WM B (L
2N 2019),

B2, MTHIBMRE, FRAPRARDN, FiFEEH T4 (word segmentation) (1 577% . X T-1E/b
BB T T AR T AN A SO, X ST REX T SCHARG H o X EE F AR B EAE &
T BIIREE R I EHLE 2 ISR SR, JRATKAESE 8 B AIEE 9 B P B,

2.4.3. FFCHRIF YIRS

X SCABEAT FRCAIE A 5 =Mkt . AT LA R EdE B 3 35 R IRATR A - A4 FFid, A2
FFACRE SCA B (TE 18 7 i 284 BB S A IO B0 70 B B 7 A5 (M AE vh SO ) o SR AE AR BEOR 00 B3] (1 5 Ak B o
F14) 2 2 [ 80 ) B A ) A

IEWARATRAE T — =R FBIRIRE, NLP BRI 2 N —MERE(— N IZRE R EE) h 2 2] — 2856 T
S S, ARk g — AN IR R E R . R, i R IRAT I 2R E
A low”, “new”, “newer”Ti A2 “lower”, AN H“lower”— i i BLLE AT B TE R E B, WIRATTH &
GuNg AN FTE W e Ab

N T AL AS AN B A ), BRI AT IE AR AR B B A — A, F AL B R B N
F, MONFHE (subword). T HUIA 0] DUBAE R T F A5, Wl OB A & WAL, 40 i F-est 5L
-er. (WZ e —MiEs R iR/MIEERIT; Flan, HiEC unlikeliest’ 17 2 & un-, likely fl-est. )YEBURTF
W RS, KEZBHFICR R, (HREEFFILREEH HIIE RST8], Fl-er. Fik, BNMEN
D) B3] (51 G lower” )R AT LA ER OB 1 Bl B oa (1 40 low A er) (2R LL 781 o, B R B HL 2 5%
NN TFEEHR A

KEZFFFCM T BE A FH e S ARL 0 Bods . FHd 5 ) 28K H R Ga I 2Bkl (7 B s
T AR FOREL S b 23 B RRCERAR]), R AR — AN (— AAFIR) . FFIC T B AR R GG INTEA), R
BONWNCR P IIFFIC. = MEEG MM F i (Sennrich 25 A 2016), —JGifvk(unigram)ifi 5
% (Kudo, 2018)F1 WordPiece(Schuster #1 Nakajima, 2012); &4 — SentencePiece /&, HH1f
B EAEIE IR AS I SE I (Kudo 1 Richardson, 2018).

FEARTTH, JAS 0 =P b e 1 B 9 — o, RI255 W 4D (BPE) 5% (Sennrich %5 A 2016), WL 2.13.

function BYTE-PAIR ENCODING(strings C, number of merges k) returns vocab V

Vall unique characters in C # initial set of tokens is characters
fori=1tokdo # merge tokens til k times
t, tr «Most frequent pair of adjacent tokens in C
tew <t + tr # make new token by concatenating
VeV + tnew # update the vocabulary

Replace each occurrence of t, tr in C with tvew  # and update the corpus
return V
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2-13: BPE BAFHIFICE IR[EBH

BiE: BFiERESBREANFRRTY, BT EREHMOKRFEIHIL, BB E Bostrom F Durrett (2020) .

BPE ffic 2= A # W\ — MV GG, iiC R @A B2 NE S B, eREIIZEkE, 5%
AN 5 (B0 A7, “B”), RN R PRI & 457 5 °AB”, I FBAB™ B e th kL vh 1) 4
MHABHA”, “B”. EARST NG IE, QUEBSREK I AT, BRI K NS NE, AT kA
AL, Bk, kK 2FEENSEH. FPAEMEILR B IR IGFREM K AR5 k.

T2 AR B N RIS AT (NS BLRIL 5 08, i B R EE B e kg b, DAt — 4
B, WA FREE X N T AN RE R R, b AR R g5 R AT S . i RATE R EAEL
T H 18 AN HAA RFIC LR NN TE R B R, A B A T (A low B 5 X, HiA] new HIBIRL
6 K, MKULRHAE), HARLHEN A 11 7 EE:

corpus vocabulary

5 1ow. ~, d, e, i, 1, n, o, 1, s, t, W
2 lowest.

6 newer.

3 wider

2 new.

BPE 51k i Je Xt A AHARAT S X AT TH 8 BB — Xt e r, BRUNE HIBLE newer” (5% y 6) A1
‘wider"(Jix v 3)4, BILHIL T 9 3. A, BATGIFIXERT T, K er AT, WIFHEXIHEL:

orpus vocabulary

1 ow._ _, d e i, 1, n, o, 1, s, t, w, er
owest
ewer
ider
e w

RE B2 er _, BANEIDFE, RGCLFED], REIRK er BiZf — M, KaNer _:

corpus vocabulary

5 1ow. ~, d, e, i, 1, n, o, 1, s, t, W, er
2 lowest.

6 newer

3 wider

2 new.

BN KM n e(BEN 8)& TN ne:

corpus vocabulary

5 1 ow_ _, d, e i, 1, n, o, 1, s, t, w, er_,ne
2 lowest.
6 newer

3 wider
2

ne w_

nRIEAIGRS:, TN EIR:

SEE, TUABRA RMNTULSEREHr , HBHEHARLR I,
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Merge Current Vocabulary

(ne, w) ,d,e,i,l,n,o,r, st w,er, er , ne, new

(, 0) ,d,ei,l,n,o,r, 8, t w,er, er ,ne, new, lo

(lo, w) ,d,e,i,l,n,o,r, s, t w,er, er_,ne, new, lo, low

(new,er ) ,d,e i, l,n,or,s,t w,er er_,ne, new,lo, low, newer_

(low, ) ,d, e i,l,n,o,r st w,er, er ,ne, new, lo, low, newer ,low

23] 5ERNL G, ARG 288 F T Rc A ARG ) . FRC AT 280U M EE gty AR5 LA
STEATHING 57 O MU R 500 231 T & 9. (RIBk, IR s R AN E O IR B8 P 4
REAEH). F, & BATHEANERA) T 598 5 B 55 SRETRATRH S — AR A0l ) 2
e r AL B o ry SRJE S N KRB R E F er _ A B o er_, IKIESSHE. &
e, R MEEREAE R newer ", BRI — AR EI R H2, —ASERCRETR)
HiE, W lower ", ¥MyiEIFE] low A er_ MIAFFIEH.

8%, FESEPREEY, BPE fEIEE KM NERE g7 T LRk E&IF. 45 B2 RZ A gR
INASEREIRT S, T U R O LR (R SRR ) A A 2B R B AT 4 (parts ) R R IR

2.4.4. BEFEN, AREFERAFE

B L YE K (normalization) AT 25 &0 B /770 B T A iR 20, A B 2R 0 50 (o USA
AT US. 8 uh-huh #1 uhhuh)ie £ 8 —AriE R . REERMEGERET EZR THERE R, (HXMhrdEiln]
REE A MER. X T kT US MG BRREUE S5, RATTRAEFEIRA CHMELR, TRENES
23 7 US B USA.

K/INE 7 & (case folding) /& 5 — F L VE AL . B BT N & A LSS v /N5 = %k % Woodchuck I
woodchuck #AHFIHIR 7R, XX TV 24555 (B s B R OB SR MG IR AR . Mtk ™, Xt
TGRS AHAB AR HKAE S5, (5 BIRIMANLAEEINIE, KNSR R AR, HHiEEANEIT KNG
Pod. XAREN, FFRGIInEE 2 E % (US the country) F“HA 12 (us the pronoun)’ 2 [l f % 53,
FEdbul, I RE I oy HoAdR SR NS P& R .

XITVF2 HORE S SN, BATEA H R Mg s EAR TR AR DAL G, £ Web #
F, FL N vl RE BN T4 5 woodchucks, HA 1) £ 4 ] Rk A5 2R A1 42 & A7 s ¥ woodchuck ]
DU IXAETEAS E R MG 5 (B anfis ) JCHH WL, #1i1, Moscow (5 H#t)—1A7E Moscow, of Moscow, to
Moscow %51 2] 1 &8 AN A I 45 2 -

1] & 3 Ji (lemmatization) 2 i 12 P N 1A R 8 R A7 78 22 (2 B A M FHA AR (LS - am, are fl is X =
AN BAT LR AR 7T be o dinner A1 dinners 3X 54~ #8247 17 7o dinner. KX £ A 1A — AN ial LN R
—AMATG, KAEFRATRE NS R B BT E B A MR L, BlnsE iR, 1R He is reading detective stories iX
1) A) ¥ B oA 20 2 He be read detective story .

WG R S 7 B B IR R AL SR D7 12 B4 A 1R S B A AT . TR —Fh 7 U
WEFL, R P70, T B /N AR B R ——TE R (morpheme) /R 1) . AT LK1 2543 K
% HTF(stem)(iF B rh0ia R, RAE T B O)MIEZ (affix) (FI0&F0 RN & ). B, Bian, HiE
fox I — AR (1A K fox) 2, 1 541A] cats P MEIR AL 163 cat MliFZ&R-s. EAFMENT 1R cats
TR B AT I B R cat fls,  BREOKE PG BEF 1 #4] amaren(B1if in the future they would love’)fi#
FriE & amar(Bl ‘to love” ), HIEAS4FIE N 3PL AR R ERIES.

Porter(J4F)1a T 241 5%

IR IR RE IR E 2 o T IXANEE,  FRATTAG I 2 A B — b o oy S e LR 1 v, B EEFE &
Fia] AR 4 o IX AN TS 20 T RRCAS FR A ) T 43 A (stemming) . B )2 A8 AR R IR R 2 — 2
Porter(1980). Porter a4 #728%(stemmer) . T 40 F B%:

This was not the map we found in Billy Bones’s chest, but an accurate copy, complete in all
things-names and heights and soundings-with the single exception of the red crosses and the written
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notes.
FEAE DL A T H

Thi wa not the map we found in Billi Bone s chest but an accur copi complet in all thing name and

height and sound with the singl except of the red cross and the written note
HIEHET— R ESHN, LIFER(cascade)E N 1Ti21T, HopRXREARNHHEERNT N
FRIE AN s LR & — LR g 7 45

ATIONAL — ATE (e.g., relational — relate)
ING — € if stem contains vowel (e.g., motoring — motor)
SSES — SS (e.g., grasses — grass)

A 2K Porter 18] 43 B 4 B VR AR 51 3 DA A AR (fE F Java, Python %), wLA7E Martin Porter )3
T ERE AIESE M8 (Porter, 1980). 43 A 17 Z 4T & 7 —ial so A RIS ARR, ] 5 138 2 4
WARESIRE . SR, W FEFR(Krovetz, 1993), AlATHIAH S UM I 2 FHESE A 2 4852

Errors of Commission Errors of Omission

organization organ European Europe

doing doe analysis analyzes

numerical numerous noise noisy

policy police sparse sparsity
2.4.5. 9F2E

H)F % (sentence segmentation) & UAMEL 1) — AN EELE, B XEV A TFRAHT
LRZA RN SRS, )T, S RIS ]S AR FE AR AR A L ARl . S — T, A
SNTE AR . A RFR C7 AR FIAFFREAE S bR d (a0 MrEX Inc.) 2 (A1 8 . AR KIS 2
) b= s TR U — NS RIS, EXAE)TFH, Inc. G — M) 5 FRARIE T —A4
BT bRd. B, A7 AR Rt aT LA R g e

W, AR TV TAE 7 32 50 (B T B L2827 20 )i g ) s B 1] R — 350 i 2 1) 114
FhRid . 475 7 8n] DAFE B A) s e i G S5 10—y 7] DU F TR I EhLE8 5 2T 11 (Kiss
A Strunk, 2006 4F), fJE AR EL. B, fE Stanford CoreNLP T. B4+ (Manning %6 A,
2014), A FHRoEE TR, XEMFICRSEES R, U TFERMR SRS, !, or ?)MiAR 5 HAD
TP A AT IE () Wi S BT ), %A FEE R (T, ST b AR 4 5] 5 BdE S ).

2.5. &/VmIEIEE

Y2 BOME S EA SIS A AR AR A K. flln, EPFSEIET, BN T iR
R (1, graffe), FATEFLEA =, H P seAEH—~ 5 graffe ZEURIR . 7215 % AR BL B
W, §ud giraffe(5 graffe A — AN REAR)E 5 _RCF- L grail B¢ graf(E 1146 5 2 17 BEA R AL
H—RBIRE T 348 (coreference), B E P17 45 8 (B 1 AR 245 5 )2 75 51 F [A) — SEAR A4 55

Stanford President Marc Tessier-Lavigne

Stanford University President Marc Tessier-Lavigne

FIRE, XA SRR AR A — DN REAR), P2 E HRESR, "TRLE e e AH K .

SRR B4y AT ROk EAGIX PR OC T A AR B . SR, BT A L TE] Y
/D Ym R B (minimum edit distance) & SO — AN 55 B 408 5y — A 545 R I AR 0 B/ R AR AR 2
E(ndE A MBR . B HEERAE).

#l, “intention”5“execution” Z [E] ) Z2FE N S(MHIFR i, ¥ e B un, ¥ x BNt fHiNc, HuB
Bl n), Wit EE BEEN TR BT, FTRUER S G BIPAS TAF 5 [ X SF (alignment),
N 2.14 fs. GE AT, KSR AT T B A R R OR R . R, AT IR S A A A
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7, N5 EXNF, RIKEHE. EXFRFRE 2D —MERER: —RIEREEIIRNFFS, X
SEERAE S R T8 TR 47 Bf F WO A7 e d RosMibR, s B, i RxdEA.

INTE*NTTION
o o I O O
* EXECUTTION
ds s is

B 2-14: RIEAENFRHBZBNRNREBES

HiE: RE—T4HTRMAFTHERENRATHENBEET R dRTMB, s KT&HE, | £FFN

PATTERT VIO RN A 23 BO AR (A B E . /N 81 2 18] (1) Levenshtein FE B8 2 & &7 5 (1 AL A
T, HAP =AM NS AA 1(Levenshtein, 1966)--FRATE G LT EHUE L A F W, /8
) A N2 . Levenshtein ] intention il execution 2 [H]{I#E 254 5. Levenshtein i #2 H T fth (I Fa A5 )
BARMA, HAPBAEASMIBR IR AL N 1, HAARTFE#H. (XEXLT RITFE#R, HESFA B
2 AR, BRONATAR B 4 80 0] DU — M EA R — MIBR R FR) . fEHLRA, intention i1 execution 2 [d]
f] Levenshtein #5554 8.

2.5.1. mIVRIEIEEEX

FATIAT R B e I G AR PR R 2 BATH] B R B — MR RIS, AR MES T, BATHERA—D
FAFER R — AT R R AR (T )

intention
del ins subst
ntention intecntion inxention

B 2-15: SHFEBEEBHMA—MEREE

B vl RE M iR s TR ERIR K, I BRATARRE R BT # R . SR, VR 2 AN [F) () S B A2 B 26 85 DAAH
FRPIRS (PR )45, IR D B H T A XA, IRATAT A RRIRE B — ARSI HAgE e 1
KIERAR . RATAT LLE A AR (dynamic programming) ki3 — . shA Rkl —RE 14
PR, ZEIVEE o Bellman(1957)42 i, 152K 3R K3 ik 18 i R vk 7 585 1 Il AR 25 6 SR - U 1)
o ARG 5 AL EE v — e i FH 1 BE R T 3hA LRI, 9140 Viterbi B2 (58 8 )R CKY Sy AT T (5F
13 #).

SNAS R ) R B AT, — AN K ) AT DA 3 2 45 5 AN [R) - ) L PR AR R A o . 285 R o i ) 1]
R, ZBARNRER 2.16 FHT R TR E intention 1 execution 2 8] 1 /N R 2, A% — it
FIFE (AT REZ exention)fEIXAN AR 12 L (TEIRE A2 ) TSRt SIAMRIM B 52, W RAE e
F g exention, NI 5IE 4 ELHE M intention F exention K LR . A4 215 M intention
F| exention 7 — KB EEE, IEABATAT LME A e RARE, Wi T BOE R BRI, RIRTFIIAS R
BARIT, IS8T JE -

e/ Nm AR P B SV Wagner F1 Fischer(1974) 6 % , (B 2 NS R BL(ILEE 8 2 1) 7 S i B R 43 ) .
e AR 2 MM BN . A E AR E, KA n MIEER SR XRKE N m it H bR
FREBY, AV D[, j1@ 8 X LR Y [l M gmiEeE s, B X @85 i ANFRR Y T ) N5/
BRI X ATY Z B 4w E 8 D [n, m].
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intention

— delete i
ntention

«—substitute n by e
etention

«—substitute t by x
exention

—insertu
exenution

«—substitute n by c
execution

& 2-16: M intention % execution AIE&1Z
BA AT FHBIERRIR BIK A BT DIn,m), FF&5G T @ik 7 . fEREAR G, 7558
KRNI, HEFRZAFEAT, MNIADFZ/HE 0 NFARAFE M. mREFRFENKEN), WA 0
MNFRR N TFRREEN | DT/ IPEBEBANL j DI, jl2)E, BATVERIE a5 H i s ME
KHFHCORHI D i jlo D [is JIROMEE ISR A BARE FE ) = AN 0T BE R A2 A 0 S /IMELR 1T 5
D[i-1, jl+del—cost (sourceli])
D[i, jl=min< D[i, j-1]+ins—cost (targetljl)
D[i-1, j-1]+sub—cost (sourcelil, target[jl)

% Levenshtein B ESRRRAS, i N FIMH BRI A 53518 1 (ins-cost(-)= del-cost()= 1), & 1A
N 2(Fr T B WA Rl E B A 0), WU D, 105N

D[i-1, jI+1

D[, jl=min< D[i, j-11+1 (2.8)
J 2; if sourcelil# target[j] ‘
“DLi-1, j-11+

0; if sourcelil= targetlj]

Bk R 247 s B 218 £ A R 2.8 F Levenshtein A B 1% 51 45 i+ 5 M intention
execution i 214k R,
function MIN-EDIT-DISTANCE(source, target) retums min-distance
n<LENGTH(source)
m<LENGTH(farget)
Create a distance matrix distance[n+1,m+1]

# Initialization: the zeroth row and column is the distance from the empty string
D[0,0]=0
for each rowi from 1 to ndo
D[i,0]<DIi-1,0] + del-cost(sourceli])
for each column j from 1 to m do
D[0,j]<—DI0,j-1] + ins-cost(targefj])
# Recurrence relation:
for each rowi from 1 to ndo
for each column j from 1 to m do
DIi, jl<MIN( D[i-1,j] + del-cost(source]i]),
DIi-1,j-1] + sub-cost(sourceli], targefj]),
D[i,j-1] + ins-cost(targef{j]))
# Termination
return D[n,m]

B 2-17: s/MREESEZE
BlE: KR AAKNEE KRBT &A% AT E R (Bl vx, ins—cost(x)=1), & UFETFH (LIEMN
FUFHUAMTHEAZHENNEEL) . RANBEUTHRE B FEA KA (sub—cost (x, x)= 0).
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G /N R R BN T B RIS EE P B R RS RIRR A o (R g R B A S — T AR
Bl — NN, B AT AR AN A SR R AN AR T o R N AT R AR AN O A
S AEAIRA A . RS, SN E S T ERR AR F (B 26 ). XS ENLAS BIE
P EE A, HAo AT IERE (A AE S SO IR R ) 16 R 7 75 A TR .
VLY O R B L DU AR SR, RATTAT DU S S nT AL i G PR B AR PR ) B8 AR . ] 2.19
FADDAH B B TCAE R TR AE . BN DI ) SR TS R R AN T4 £ AR — X BRI 55 7 2. an SRS I
(SR oA AR R — AT rh, UM 3 B A 0 I A2 o 2 4N 5] — 270 o A IR P B e s B

Src\Tar # e X e c u t i o) n
# 0 1 2 3 4 5 6 7 8 9
i 1 2 3 4 5 6 7 6 7 8
n 2 3 4 5 6 7 8 7 8 7
t 3 4 5 6 7 8 7 8 9 8
e 4 3 4 5 6 7 8 9 10 9
n 5 4 5 6 7 8 9 10 11 10
t 6 5 6 7 8 9 8 9 10 11
i 7 6 7 8 9 10 9 8 9 10
o) 8 7 8 9 10 11 10 9 8 9
n 9 8 9 10 11 12 11 10 9 8

& 2-18: itEM intention 2 execution Z [B]HI & /)N w5 EEES
Wix: AWK 2. 17 W&, 15 Levenshtein BE®, HABMGHRAN 1, BRHABRARN 2,
Kl 2.19 ik R 7 Wl v SR SRR AR BN . TER P EAT . B0, FRATYT KB/ N e R
%, UAERAS IO A7 S i Fe Et . B ITHS B S m TR B4 7] 24 BT R TS B AT — AN (B AN ) ook . 34T
CATEE 219 R T iXLe g mFRE 1 EHEE . ALp ok a2 m 1R, RO/ ERTRER | LA
HIIZ AN BITHE . 88 08, JATPUT— A E¥ (back trace). fERIFIT, FATNESG — N HICH (B E—17
Mg —80) 46, WETaEHR BB AR FE . 75 5 2 BTk AT A6 B oS 2 (8] (R B4 52 B IR AR 202 B /)
PEESX 55 ZR2] 2.7 BRI i /N R R B8 B0 DA A HR B 9 1 B 003 DL A b o) 5%

# e X e C u { i 0 n
# 0 ~1 2 <3 4 <5 6 ~7 8 9
i P N<=12 N<=1t3 N<t4 N<thH N<1tg <17 N6 ~7 8
n| t2 N<=13 N<14 ~N<1t5H N1t <17 <18 Y7 N<18 N7
t] 13 N<—t14 N<1t5H N<16 ~N<17 ~N<18 N7 ~18 ~N<19 t 8
e| t4 N3 4 N <5 6 ~7 18 N<19 N<110 19
n| t5 P4 N<15 ~N<tg ~N<17 N<18 N<19 N<110 \N<=111 <110
t] 16 15 N<t16 N<17 N<18 ~N<19 N8 <9 <10 <t 11
i| 17 te \N<17 ~N<t1t8 N<1t9 N<110 19 N8 <9 10
o| 18 b7 N<18 ~N<19 N<110 N1 11 t 10 19 N8 <9
nl t9 18 N~—19 N~110 N~—111 ~N~—112 t 11 t 10 19 N8

& 2-19: AREEFITEXFERENREE
Wit: YEGN BT FMAN—MER, RITFARSE AMEFCZMEARNETE P-4, ERHFT ZE, &AT
BHEFRIENF (RN REER), NETAN I, BEHLEE 2, HARETEFFHERTAANFHEZ AH—F T
B B BN AR I A R . ARE GusTield (1997) 2 G Wy &Kt
HIRATH T LY Levenshtein #EBER AL BEIRATHIF 115, Bl 217 I EE RVFERME ERAE SR . 4

o, N T AIEPFS R, BN R R AR A EARAT I R A, 4R EE(Viterbil) S5 BN i L
MIMERY . ZERS U R PIAD T8 2 “ BN ” , MR HE TR &S 55— D74
) “BRMERXTTE” o BATRAEL 8 TXTILHEATE 2 13 iE .
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2.6. 245

AEHG TIEF BB —ADEATHE, ENRER, IR T FHAT ARSI RS, B
FES R ARTEAL . AT BIAA FRE. RATENH T H T AP A R M E R BB 55, LT
FEFRAIIE T AR 10 2 R A

 IEMFRE I 5 BN R K T A .

S IEWFRIA AR OERTT S AWM S | M. ), WEHEC, + M{nm)), ELRF(, $)
AR SR EAETF((,)-

« B RFS AL AR A8 O e R A ] B 1 U A U e A B 1 B

*Porter(Pe) Bk 2 — A B A R T, REREOAT 3G RIEAS. CRREEAR, HaTaex
FLAESSH .

PRI TAT H 1A R /NG R B B 2 — A AT H AR o0 — T R T R D B R N AR R
B LU A MR T, X 2 SR TR 5

513

k

2.7.3CEKFN AR08

Kleene(1951, 19563k T2 R i& - B AR T0, 1 Y6 T IEMIRIEXAE R 3211 Ken Thompson
F2 o R TR T 2 0A T\ B A8 F N SCARH R R 48 (1 N 2 —(Thompson, 1968). filifi4iiE# ed & T —
M4 “glENFRIER/p” , B4R IENFEIEITEI(Global Regular Expression Print, GREP), 't J5 K&
N Unix grep SEHFESF -

SCARFE A N — FF A a7 B o F AT A8 (3R T 23 B 48 2 — & Lovins(1968) .
Packard(1973 )t 1R 5L it 1] T2 B FH T80 NSO R}, ST 1 — ANl 7 IS5 18] S B TR A 22 AT s
HAr, mTRLAEH 28 H T &30 MY 4 19 A 8%, # W Stanford £ i 4 B 4§
(http://nip.stanford.edu/software/tokenizer.shtml) sk Twitter % H (117571 4 il 4% (O'Connor %5 A\ 2010), 5k
Rl T k1% & (http:  //sentiment.christopherpotts.net/tokenizing.html). & 3¢ 34 Fi4b B I HER , %S 0
Palmer(2012). NLTK s& AR D T H, al$E A H 1) Python FE (http://www.nltk.org) AT 28} 453t B (Bird
FN 2009), HA AR SCARRTEACANTERLE 2 DR N IV 2 HE .

A KRR PH(Herdan) & B A4y 5 Wi (Heaps) € M 215 2, 152 Il Herdan(1960, p.28),
Heaps(1978), Egghe (2007) #1 Baayen(2001): Yasseri %5 A (2012)i1i¢ 7 5 HAhiE = 2 4« & 2 [A]
IR AR. HRMEEENEZER, 530075 Gusfield(1997). FATM & M “intention” % “ execution”
%) 9 6 2R 15 (1) 791 e B Kruskal(1983). A & Bl A - B mT L S B ER 25, 04E Unix diff Al
NIST sclite F&/%(NIST, 2005).

Bellman(1984)7EAth ¥ [ 1& Hh ffRE 1 A B2 QT 4 th B A BRI AN AT 1

“...20 tH40 50 FACKT HA W TR AR 13k o B BT, X B TR AN A — RO &S f 2R A TG R .
R, e XA . AR K HX 2EN, £ZMEm.. .. &8, k&N E—1E
ARG R SR UL, B SIES . B ATIE AN ERIZ SURANATREN . RE B LA RE AT A W LT
HE . XA KL, LINABIERR NS T XS E W R A RS
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2.8.43

2.1 Write regular expressions for the following languages.
1. the set of all alphabetic strings;
2. the set of all lower case alphabetic strings ending in a b;
3. the set of all strings from the alphabet a,b such that each a is immedi
4. ately preceded by and immediately followed by a b;
2.2 Write regular expressions for the following languages. By “word” , we mean an alphabetic string
separated from other words by whitespace, any relevant punctuation, line breaks, and so forth.
1. the set of all strings with two consecutive repeated words
(e.g., “Hum bert Humbert” and “the the” butnot “the bug” or “the bigbug” );
2. all strings that start at the beginning of the line with an integer and that end at the end of the line
with a word;
3. all strings that have both the word grotto and the word raven in them
(but not, e.g., words like grottos that merely contain the word grotto);
4. write a pattern that places the first word of an English sentence in a register. Deal with punctuation.
2.3 Implement an ELIZA-like program, using substitutions such as those described on page 11. You might
want to choose a different domain than a Rogerian psychologist, although keep in mind that you would need a
domain in which your program can legitimately engage in a lot of simple repetition.
2.4 Compute the edit distance (using insertion cost 1, deletion cost 1, substitution cost 1) of “leda” to
“deal” . Show your work (using the edit distance grid).
2.5 Figure out whether drive is closer to brief or to divers and what the edit distance is to each. You may use
any version of distance that you like.
2.6 Now implement a minimum edit distance algorithm and use your hand-computed
results to check your code.
2.7 Augment the minimum edit distance algorithm to output an alignment; you

will need to store pointers and add a stage to compute the backtrace.
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