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1. BNk ALl

IENRE L E SR

IEMFRIZX (Regular Expression, fiiFRregex) & — 0 H T VLA A4
EFRFRIIES . fE3CARLE T, ENEREX 2 A A LAEL, v
DL IRAT AR B, IR0/ . HAZOAESS 22 8 L — 4Rk 4
RFAN TR B AR, @ X, AR A Jh A SR AT
R Bk, RIEERE.

( : ) regular |
/regex?/
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1. BNk ALl

IENIFRIEAFEAERAE

IEMZTE G — RV FRNFFS AR, $ATAE R ILEC R A .
Fa B B A O - AT UL IC

FERFHEA: KL EITHE (Concatenation)KiFEATILAL .«
A DA ] B A — > IE D ik R A 4k — B E A 81

Biltn, EHROCARTREA “HIEH” X B4

import re

text = "WAIA R HALHAT 7 IR EHESN, WIpEHARERE. -
# & SLIENZR%
pattern = r"miigEH"
# i re. search R AR ILHL
result = re.search(pattern, text)
if result:
print (£"VLHCART): {result}")
else:

print ("W A ULEE")
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1. BNk ALl

B, FERSCR TR T R R T KA.

text = "WATHMEN & HINGEED), BT T BFERS. "

# 5 SENERIE
pattern = r"#if|) 5"

# il re. findal DRERFTA ULAC

matches = re.findall(pattern, text)

print (£"VCECE] 1)1 : {matches}")

IENRAA e8| R | Ron “B07 BRE, VLECSCAR
CHEET B TS ERE. re.findall() 4R [E A LA A ZE B .

#3):. A% re.match. re.search. re.findall (X 5l;

zjzhang (HZNU) 2025-02-01



1. BNk ALl

TS T

IEM R IR T AR EEM A RE R R TR, (H45H P aehs Rygih
VL2 M7 5F, FARFEM ARG B R ULl — A/ R — AN 245

m FRE: TS [| € LFERFE, ILREATIEE —NFER/. 1
wi, [ww] SULEE w B Wi

n FREE: FHETR - © AR . B, [a-z) TRAE—A
/INEFERE, [0-9] DLEAT R — AN KT

s BEFMTE: HH EATFHFENE N7, BrLRESTAE
ST B, [ta] ICEAEATIE a #75.

Regex Expansion Match First Matches
\d [0-9] any digit Party._of_5

\D [70-9] any non-digit Blue._moon
\w [a-zA-Z0-9_] any alphanumeric/underscore  Daiyu

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

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

\S ["\s] Non-whitespace in_Concord

1 TR 4
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1. BNk ALl

By, ERSCARHPALL 77 B Ik

text = "ATIEAEIAT 2T IR M EIE8.

# 7B XEMZik

pattern = r"[J #H]\w+?"

# ffifre. findal KA T A LA

matches = re.findall(pattern, text)
print (£"VLHECE| 115 : {matches}")

# DLRCRIRIAE - [z, A, R T

@ PFRONIETEERLE,  UURCTH 2 &AM AT 8 ;. @ Python
3 reEELBRINE FH T Unicode3CHF, \wili & XUAULEL Unicode “ Hia]
57, QIR SR, AEFEAR ST

FE: AP TR IENREXY r' [\u4ed0- \uofff]'
23] N BURSSORE KRR RBUL T LT N
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1. BNk ALl

BHIATRE | — NP RR IR R EEA *. 4.
? H {n,m}:

m * LRCHT— NP RREZ R (B, a* LR EANEEZA a);

m +: VCECHT— DN —IREBEZ R (B, a+ SIERE—AEEA a);

m 7 JUECHT— R IRE— X (B, colou?r 2XULHC color B colour);

m {n}: DLECHT — AR n 0 (B0, [0-9]{3} ILACIALF =14k
o

Regex Match

* zero or more occurrences of the previous char or expression
+ one or more occurrences of the previous char or expression
? zero or one occurrence of the previous char or expression
{n} exactly 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: i A
3 £ 2025-02-01

zjzhang (HZNU)



1. BNk ALl

B, EFSCRPAA CR BRI

# 8 EMIZRIAR
pattern = r"\w{,2}\u{,2}"

# T re. findal 1RAIR T4 ULHAC

matches = re.findall(pattern, text)

print (£"VEECEI 115 : {matches}")
# [Ty, HETIIRCR ORI AR T

text = "X KIRCRAER I, HARKENSRZ.

IENERIER e \w{ 2} F\w{ 2} " ERCA P A& “ &2 AT

FEHIH R Z AT BT R
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1. IEMRIE A A

2 Shy

T

Emﬂfz%iiiﬁqjﬁﬂ/?ﬁU#%ﬁﬂ%?ﬁ, X e 17 AR E ) D Re
o TURAER AT (R T 9075,
(%?m% DU %5 £ T 46 2
m § CETEAE): ULHRSEAF 15 e
m \b: VLHE—ANEBIRIA T (EIZE M. 43 A7)
u \B: JLAAEEAIAIA .
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1. BNk ALl

import re
text = "IXFAFRILY R T HWSE, MR
pattern = r"iX. A"

result = re.search(pattern, text)
print(result.group()) # fith: "X A

pattern = r" XA A"
result = re.match(pattern, text)
print(result.group()) # fiith: "XZFAF "

pattern = r"B3E. $"
result = re.search(pattern, text)
print(result.group()) # fitH: "3, v
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1. BNk ALl

\bULHE—A L 5, BIULAC 5 3m] AN R BAm 47 2 [ AL (anas
By bR,

text = "RXF ALY RE TS, BAAEE.
pattern = r"JI/%5\b"

result = re.findall(pattern, text)
print(result) # fih: [k55 ']

\BULHC AR Fimil 5, RIVLECAE PR 54 5 BAA] 54 22 18] AL o

pattern = r"\BJK"
result = re.findall(pattern, text)
print(result) # fHith: [J
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1. IEMRIE A A

o RSN

IEM R A n DUE FH BHE S () Rk RE kAT 90 4H . 7 AT LA

ORI HAF IR A, W LU N A G R, MBS 251 .
m O B EESAIES . BN, (abe)ILELFERFE abe;

w TR (A EE S0 IR Rk kAT 4 21, IR DRSS P 25

TRAFN—AH. B, (abc)(def)2xVLAL abedef, FfKf abe Al def 43 AR A7
FIPIHIRA

import re

text = "AF AR ERFEIEK30%, LI,

< NHEBHRAHERUIE K S15%, HMERIRE. ¢

pattern = r"/Aw ([A-Z]) ] ([\ude00-\u9fffl+)" #

—  DLACZA 5 4 AL Gtk

result = re.findall(pattern, text)

print(result)

# Mt [oar, FEMRERAERK ), (B, "HEBHEK T O]
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1. IEMRIE A A

N 3755 e B

IENIZRIE KA B ARG BEAE S AT Z ML, W 5
o SRR ARSI TR A AR SR, B RIILA K
7Y
w BHARE: (IR ZRIE AT SO, 9 ks SO (0 R 28 i
IR H I o g —#g e
w HRIIE: T RAIESCAR SR GRPER A, Flnd 7 ifh. ik
(LR
TN E SAEA R g A2 1 5 A T HE A AR RSEI 750 7E Unix
ARG, grep ar ST IR NRIE AT CAE R T H . £ Python
H, re BEHURAE T IEMIZRE A LB, SoVEH Pl AR S UL . 4
RN PR A
2.3 M IEMRIE AR KAIES %5 k& H 2 S4T5GB/ T 771455
#HE FF B8 e SO SR 5
e, fEE2. CEBB[I]. WTIARR, #40, B5005): Eibr.
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VB 0

TBRIE (corpus) /i T HARIE S AH (NLP) LRl ©HE1IZ—
HAERKMR . LIRS QU FIARE 1) SCARBE S 55, TENLPHEFT
o TEREAMUGREIE TR, AR E S AR E T B
B SRFIE . RE, 1ERE M S IR B X NLPAT 55 1 R 2256
HE,

Text Data Hierarchy
= =
= =

Corpora Corpus Document Token
[ 3: HRHE K R4

zjzhang (HZNU) 2025-02-01



m IBE RN R I A7007HE S, MINLPEIE KL A KBS
B L FF R AR 1 IX 175 950 7] e S B0 VR A A0 B A S I B R
M, FRARAONLPE VLN GEAS AT Z MAE . Bk, EREIERIER, B
HFREZREFT LM, FREREREREARIES RS, il
B S I 740 R SRS F Y

s EREPHGREES: ARERETSCAREIESHEH AR, 6
W, FrEARIE. UL EARB . ARSI S S AT N AE A
e WERIE T RANE S8 . B, fEHT SORHTRE, B 90 Ak $E
EEIRERE, 5 RAAREZE R,

n IERESPRES AOFE: 1BRENIE S 52 33005 % 85 1F
HHAE S N DRHIERI ST . X SRR RRERS . PER. FhiE. o224,
AT SE— B R L RmiE S RE T . BRI R 2 N VRFAE XS 1
TR, A BT Rk E 43 BT AR R A AR R P R

w BERERASEEEE: B ESNN, BEEN R, B A
R RN S5 R A o 5 ) 2 A2 AR TR S SCAS BRI ) 35 B (g s i, 3
ffp e 5 BN TA] AR ) 4 s R B

n EREMNNBSHEERR: N T HAERER R EAAEE, ERE
B AR ARG B BB, B ARAE R ZE USRS . TR RYE . UsidE
AR B TALEL ., VERERE LR s o kT U R
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3. CATAL B

SCA AL
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3. SUARTIAb R

BT HAIE: AT SEUL A S IR ABIG 25, S
PEPLEBER RS S SSCA IS OO . i AR S R 2 0 X,
GBI U P R A b TS AR LR
ERHERAW ) TR . BATHLE S ARSI, 47 Bl
T RESI, AR RS R 2 R AT R AR 1L

FSCTAE: £iA. R, OREL . AR AR R
SESCA BT BB B, AT A R 7 AR RSO
A

o R RN B AT IR S
AT A7 5 7 SRR TR A A
G ARBOUALE AL L 22 O T

zjzhang (HZNU) 2025-02-01



77 1]

zjzhang (HZNU)



Tokenization 1) 7 #1772

43 (Tokenization) f& AR UL S 2 —, HRURHEL:
By SCARIA g A B SURT R (Etoken), 6 B R 3G 2
TS . A AR B BT AR T S

B T SRR SR i SUI S, 3 A BB R S A

TSI AR SR T NI (Fil. FRHRTED K
A, e UL T B S R A M. TR T,
HIBPEATE U, A A BLANL PR A (58 1 5235 L 38 K
IRAEHRRE J1, o E AR A B UM LA 218 5 05 I BT S 28

Unfriendly

Un friend ly

I8 4: i (subword)4>i]
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4. 431

Byte-Pair Encoding (BPE) /7%

BPEJE — i T4ttt i BRI LR85k, Tz BT IR
BOE S RUIZRT . BPERZEA B ARl & I SO i i H W45
XF, B R T TR BT, BRI R T

m 555, BPEMW S FRFITAG, 45 B A SCA ) 7 45 40 9 Bl ST i token

(token learner);

w RJE, BPEGLUFSOARTRH WL 7774, FEREA & IF K ftoken,

B LB TUE BN IE (token learner);

m 5715, BPEAE AIIX L3811 570 #EAT SCA K 731 (token segmenter).

IR, SEIESCARYI I N, R E IR I B IR (R,
token 7 > B I ) Tr AEH AT & T 1R AE

BPEMIALALE T REM AL A & 97 (OOV, Out-of-Vocabulary), BRI
FEIN R T A I 3] o 3R AR G s i 3w 23y BE /N ) 2 0 1A
HI6, BPEREWEA AU AL X LRI,  IF Hg iR iR
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4. iR

4l

function BYTE-PAIR ENCODING(strings C, number of merges k) returns vocab V
V<—all unique characters in C # initial set of tokens is characters
fori=1tok do # merge tokens k times

tL, tr <—Most frequent pair of adjacent tokens in C

typw 1L + IR # make new token by concatenating

VeV + tyew # update the vocabulary

Replace each occurrence of 77, tg in C with zyzy # and update the corpus
return V

The token learner part of the BPE algorithm for taking a corpus broken up
into individual characters or bytes, and learning a vocabulary by iteratively merging tokens.
Figure adapted from Bostrom and Durrett (2020).

[€ 5: BPE¥-i# 4} %1% (token learner part)

merge current vocabulary

(ne, w) —,d,e,i,1,n,0, 1,5, t,w, er, er_, ne, new

a, o) _,d,e,i,1,n,0,r, 5, t, W, er, er__ ne, new, lo

(lo, w) —d,e,i,1,n,0, 1,5, t,w, er, er—, ne, new, lo, low

(new, er_) _,d e i 1l,nor,s, twer er_ ne new lo, low newer__

(low, _) _,d,e,i,1,n,0, 1,5, t,w, er, er_, ne, new, lo, low, newer__, low__

P

Fel 6: BPET-ir) 43 1] 5VEIZ 1T/~ 1] (token learner part)
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4. 4%

115 ¥-1i (Word V.S. Subword)

TENLPAES A, GV IC (token) AMUAFESERER T H4H], WA HER
—ANEE S (BIFiaD . 0T RZHUES, H8] (word)fFE Atokenil
JEfE, (EXT TG TS, WANEER G R, W FEERES
CHnFT A8 154 B, F18 (subword)ZriA BAF LN EEL, F-1d] 4
TEE PRREC R B R (AT, AR JE40) SRSZEHUHE TV ) S 4h
BT, MIMHE ENLPRE R &bk,

FESLPRN I, W2 BRHINLPACRL, WNBERT. GPTSE, i/
T BPEBHAth -+ 17] 43-18] /7 ¥ i) tokenization . 1 SEAR IR i 15 5 1] 43 il v 5
ANEIERAT, AR AR . A R BUR 2 E I REAE T E A RS

SFEEAFE S P ER. B, 30 HiBRRESES A
i FH A A B B, R G R BERR IR 1K) Al B2 R IR A B L A . XTI
BB, JEH T A 3 T AT e 1A U tokenization R, DABIIRIE &
T i 4% b X e V5 A B B A B A G 5 -
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5. /N AR IR

T/ N R B
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5. /N AR IR

/NG R A FH T R AN A R TRIAR AL RS () — A B b v
BRAEEEA . MRS, AR RO S — AR
Pt s MEVER S . XS THEERE. WEE IR SCA AR
FEEELZNNLPALS#A EER A

w IBEIAR: EEE BN, SN E B R T R R

K] TR (R ARBLEE 5 BAE TE R 2R

n AR SR: HoNgiEeE sl DU T SO 2 8 AR TEAY 4
AR A T s SGRNE R HITE LR 5
w ERGERR: 7RIS AR R R R B IR AR X R, N

PR SR T — i B A TR R AU (9 i

B, fEPFERIEF, BRIEHFPRAN T “coffie”, TMHRATEHLE
— A5 2 AL IERf R CEBan “coffee™) . /NmbE R B HEfL 7 —Fb
J7F R PEA R L B ] B 42200 P N, A OB 1) B 3R] T g 2
FIESEE R,
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5. /N AR IR

B /N PR T

/NG A R S U AR S AR E LA
m JEAN (nsertion): TE— 7R8I —FH
m MIEE (Deletion): MIFR—F4F;
m & (Substitution): ¥ —MNFERFEEN T — A FERF
MBS AT R R, ST T, A, BRI
AR # 2L (Levenshtein FRES). /N BE B RIS — AN 245 Fr it
X LR AR N T — AN H B e B s MR -
Levenshtein B0 11—/ EAE R RVl AN EREAE, BiiiEss
T — BRI — AN, PR & g AR 92,
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5. /N AR IR

BN AS I SR A foe /N R

1. EXREEHBK

TE X —A B D[], R R XEIRT S TR N Y
BT T B B/ N AR R B . R X IR S, RN YR
FFRE] . WIHEALET

- D[0)[j]: FRoaHe = I B XA YT 77, B4R, AT
O AR NBRAE (R Y & — DT

- D[[0]: Tk XN FRFES N7/ 8, B, ITRERIER
SRR E MR X[ h i — 257D,

2. BHEAR

MR A A AT 5 Dl [ M . BHEA R T -
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5. /N AR IR

ENAS I R e /N B S 1)

Dli—1,5+1,
Dli,j—1]+1,
Dli, j] = min
2, if source[i] # target[]]
0, if source[s] = target]j]

D[i—l,j—l]—l—{

- Dli— 1,4 + 1 R4 XI5 i AW s

- Dli,j— 1] + 1 RonfE XPIR BN YIS AN 745

- Dli— 1,5 — 1] + cost(X[d], Y[j]) TR XI5 N F/F5 YIS A
TR, 52

3. BHIHE

MR 1 4 A OB AT D[] B, TS 45U .

PALevenshtein #F B THE ], DL R,
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5. /N R R

ALevenshtein AR THRONH], DL ERFIELRELT;

function MIN-EDIT-DISTANCE(source, target) returns min-distance

n<— LENGTH(source)
m<—LENGTH(target)
Create a distance matrix D{n+1,m+1]

# Initialization: the zeroth row and column is the distance from the empty string
D[0,0]=0
for each row i from 1 to n do
D[i,0] < D[i-1,0] + del-cost(source[i])
for each column j from 1 to m do
D[0,j] <« D|0,j-1] + ins-cost(target|j])

# Recurrence relation:
for each row i from 1 to n do
for each column j from 1 to m do
D[i, j] < MIN( D[i—1,j] + del-cost(sourceli]),

D[i—1,j—1] + sub-cost(sourceli], target[}]),
Dli,j—1] + ins-cost(target|j]))

# Termination

return D[n,m]

The minimum edit distance algorithm, an example of the class of dynamic
programming algorithms. The various costs can either be fixed (e.g., Vx,ins-cost(x) = 1)
or can be specific to the letter (to model the fact that some letters are more likely to be in-
serted than others). We assume that there is no cost for substituting a letter for itself (i.e.,
sub-cost(x,x) = 0).




5. /N R R

TH & HiAlintention fllexecution 2 [H] [f] Levenshtein FEES (A844);

Src\Tar | # e X e c u t i 0 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 1 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

J3TPAL] Computation of minimum edit distance between infention and execution with
the algorithm of Fig. 2.17, using Levenshtein distance with cost of 1 for insertions or dele-
tions, 2 for substitutions.
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5. /N R R

fiiFLevenshtein B (A244), & HiialintentionMlexecution Z [
RNRRERE (A2 5), RO TR NH S —%ET,

# e X e c u t i 0 n

0] +«1 =7 3 —4 «~5| «6 =17 ~8| «9
1R 2 (Rt 3| Rt 4| Rt S| et 6|7 6 « 7| «8
12| Rt 3[Rt 4| Rt S| Rt 6] R 7[R 8 17 "« 8| N7
13| et d | Rt S| e 6| et T| e8] KT 8 9| 18
+4] R3] <4] =5 6| 7| 8| x49[x10| 19
15 1Rt S| et 6| Rt 7| et 8| Rt 9 [~ 10 | xRt 11 Kg 10
16 15 [Re 6| et 7| et 8| R 9 8 «9 « 10k 11
17 16 |Ret 7| "1 8| R 9|xet 10 +9 8 «~ 9|« 10
18 1T R 8| Xt 9 [t 10| Rt 11| 110 19 8| «9
nl+9 18Rt 9| Rt 10 | Rt 11 Rt 12| 111 110 19 8
When entering a value in each cell, we mark which of the three neighboring
cells we came from with up to three arrows. After the table is full we compute an alignment
(minimum edit path) by using a backtrace, starting at the 8 in the lower-right corner and
following the arrows back. The sequence of bold cells represents one possible minimum
cost alignment between the two strings, again using Levenshtein distance with cost of 1 for
insertions or deletions, 2 for substitutions. Diagram design after Gusfield (1997).

ol i A K R R

zjzhang (HZNU) 2025-02-01



@ VR

zjzhang (HZNU) X i 2025-02-01



1. N2 Python I ik 20K W 225 SCRRSE H 2 S RF 5 GB/T 771445
#HE BSOS Ok AS 3

Authorl, Author2. Title of the article[J]. Journal Name, Year, Volume(Issue): Pages.
Authorl, Author2. Title of the paper[C]. In: Proceedings of the Conference Name, Year,
pages.

2. %5 PythonfHS sE I A H 2h & BE Il 1157 Levenshtein & .
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THE END
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