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“ELIZA, | am unhappy.”
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ELIZA

User: I am unhappy.

ELIZA: DO YOU THINEK COMING HERE WILL HELP YOU NOT TO BE UNHAPFY
User: I need some help, that much seems certain.

ELIZA: WHAT WOULD IT MEAN TO YOU IF YOU GOT SOME HELP

User: Perhaps I could learn to get along with my mother.

ELIZA: TELL ME MORE ABOUT YOUR FAMILY

User: My mother takes care of me.

ELIZA: WHO ELSE IN YOU FAMILY TAKES CARE OF YOU

User: My father.
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ELIZA

RENIIXRIBAZ—, B—TEHBRETuring LI EZA

« BT EES K2 ATTIT Rogerian psychotherapist
« fiF5515; BEFPECSESHTE

ELIZA, [Weizenbaum 1966]: hitps://web.njit.edu/~ronkowit/eliza.htm|
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ELIZA EX[RIE
BT B S0BIRIR S Bk

« ‘| need X" ->“What would it mean to you if you got X?"
« AEEEMTVLEFANR
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ELIZA EZA[RIE

ET R R NRIRLCES Bk

« ‘| need X" ->“What would it mean to you if you got X?"
« AEEEMTVLEFANR

User: Perhaps I could learn to get along with my mother.
ELIZA: TELL ME MORE ABOUT YOUR FAMILY

User: My mother takes care of me.
ELIZA: WHO ELSE IN YOU FAMILY TAKES CARE OF YOU

User: My father.
ELIZA: YOUR FATHER
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ELIZA i&SiFM

... listeners can act as if they know nothing of the world. ELIZA’s mimicry of
human conversation was remarkably successful: many people who interacted
with ELIZA came to believe that it really understood them and their problems

— [Weizenbaum 1976]
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ELIZA i&SiFM

... listeners can act as if they know nothing of the world. ELIZA’s mimicry of
human conversation was remarkably successful: many people who interacted
with ELIZA came to believe that it really understood them and their problems

— [Weizenbaum 1976]

RN GBAMURZRTHE
« BEEIF. EEERE. BFE. Hla3#hF
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RIRLECS Bk

Unix TH

e grep: ERILECHITED
= “globally search for regular expression and print”
« tr: “ranslate”, FRHREHR, TR

e sort, uniq
» we: “word count”

e sed: BT IIENEIRNEN RGBS
= “stream editor”
* cat, echo, head, tail

[BJR%A: Aol SEIMARAR L ECS FiR?



IEMZRIA
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IEMZFRIAT

IEMZF;iA= Regular Expressions (RE): EXAETHFIEELRFHFBMIES

o {#858 pattern: THFRS
« iBHIEE corpus: BinXA

EF AR RIE"
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IEMZFRIAT

IEMZF;iA= Regular Expressions (RE): EXAETHFIEELRFHFBMIES

o {#858 pattern: THFRS
« iBHIEE corpus: BinXA

EF AR RIE"

eI EHR A T A5

« Natural Language
» natural language

» Natural Languages
» natural languages
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e
BEARFFEH
FE: Unix ENRIARX XS ANE, Windows ~AX 4%

natural language
Natural Language
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BARFRh
AR Unix ENIFRIARXX 9 ANE, Windows X7

natural language
Matural Language

#rEX disjunction
/[nl]atural [Ll]anguages/

/[abc]/
/(12345678907 /

AR RE M TRENRIAMIEE
« BRZTLAEBNGEAD R



SEEIHTEY
ASCII i

/[A-Z1/
/[a-2]1/
/[0=9]1/
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SCEIHTEY
ASCII iF

/[A-2]1/
/[a-2]1/
/[0=9]1/

& 7E negate

/["A-3]/
[[*«1/
f1e”1/
/a*b/

TR RENVECEITRNE — RS IL
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Clprit= =
0 1;RITE

[nN]atural [Ll]anguage?
/colourr/
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B[ IEF T
08k 1;RCE

[nN]atural [Ll]anguage?
fcolou?r/

BEEFH, EREMFIE

!

[EJEY

M D T |

M 0 ~ I~ MR 0 |

+ SRS, SI¥IE?
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EEFH"

0¥

IEIES!

EIEJEIES

M5 5~ I~ R

Kleene *: 03} Z /RITES
SR /
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EEFHT"

0¥

IEIES!

EIEJEIES

M5 5~ I~ R

Kleene *: 03} Z /RITES

/IEEIRE*! /
« IR MTRERAE TERROR: LERERFH
/B> /

EiEE!
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EEFF+

0¥

IEIES!

EIEJEIES

M5 5~ I~ R

Kleene +: 18{Z R [LH

fIE+! /
/[0=91+/
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SCEEE
Kleene PLEE A PAS SEEIF A RB{ER

/[0-9.7[0-9.]*/
/[0-9,]+/

3.14159265357
¥199.98
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EHEC T

BB FF wildcard
o FlON: E—EARTERRN
/beg.n/
begin

beg’'n
begun
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BT

BACAT wildcard
o FlE0: E—EEIRERRN
/beg.n/

begin
beg'n
begun

5 Kleene * 5fic

/ BlFR . ~BlIFR/
FEABHERARTHAI. BiCel. HIESIF
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HE
$EF anchors

/*[Ttlhe .*\.s$/
/“[Ttlhe .* \.$/
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i E T
$ER anchors

/*“[Ttlhe .*\.$/
/"[Tt]lhe .* \.$/

FE \"BTLENSEE, KHEIEE!
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i 7E 1~
H#iZEFF anchors

/*“[Ttlhe .*\.$/
/"[Tt]lhe .* \.$/

FE \"BTLENSEE, KHEIEE!

R VR=MAEA

o TiE20E
« SEEEE
« FREXG
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188 57
S SERREEN, WATRETIMR

/\bthe\b/
/\b98\b/

the Paulaner: ¥9.98, 298 bottles
other food: ¥ 98, 98 dishes
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183857
R HERREENY, RATHEETMHIR

/\bthe\b/
/\b98\b/

the Paulaner: ¥9.98, 298 bottles
other food: ¥ 98, 98 dishes

FEBH7E disjunction

/the|other/



{54 precedence

China, Chinese

/China|ese/
/Chin(a|ese)/
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{54 precedence

China, Chinese

/China|ese/
/Chin(a|ese)/

/Column [0-9]+ =*/
/(Column [0-9]1+ *)+/

Column 1 Column 2 Column 3
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KR

1.13ES: ()

2. 8i5: * + 2 {}

3. FBHIME: “the ends$
4. fTEL: |
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KR

1.3 S ()

2. &8 * + ? {}

3. FBRHME: "the ends
4. HTEYL: |

EARRN: wi<,. REALTE (0 greedy)

Column 1 Column 2 Column 3

/(Column [0-9]+ *)+/
/(Column [0-9]+ *)+2/



Quiz: F&[THg
SO B the”

/the/
« X5?



Quiz: F&HITLHE
¥ SRR E R the”
/the/
« X5?
/[tT1he/

e these?
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Quiz: F&[LE
o XA PER AR the”
/the/
« X5?
/[tT1he/

e these?

/[“a-zA-Z][tT]he["a-zA-2]/

* ETBEE RIS R?
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Quiz: FH[THES
o XA PER AR the”
/the/
. K52
/[tT1he/
e these?
/["a-zA-Z][tT]he[ “a-2zA-Z]/
* EETEEERRER?

/\bthe\b/



* »
FKIRE
{FzFH
False positives (Type l er
rors)

: ?i‘iﬂﬁ%i%ﬁ%
‘ ﬁ_ﬁe};,ﬂthen, other
=]
B accuracy. ¥ prec
ision
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MERIRE
{2FH False positives (Type | errors)

« EHEIRER
= there, then, other

« 125 /H08E accuracy. f5E precision

{iRFH False negatives (Type Il errors)

« RBEELHIEREE
= The
« RS MEE coverage. BEIE recall
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MRIRZEEHI

fzBH: ELHEIRER

Type | BT S

o (RIAMEREAEIZHT: PIRERIEAMNEE
A

fRfA: RBELIERES

Type || EfTE#

« I ARIRZ. WNFEEEFLR
fRIEZHT: AR AN ER
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155512

RE Expansion Match

\d [0-9] any digit

\D [70-9] any non-digit

\w [a-2zA-Z0-9 ] any alphanumeric/underscore
\W ["\w] a non-alphanumeric

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

\8 [“\s] Non-whitespace




155512

RE Expansion Match

\d [0-9] any digit

\D [70-9] any non-digit

\w [a-2zA-Z0-9 ] any alphanumeric/underscore
\W ["\w] a non-alphanumeric

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

\8 [“\s] Non-whitespace

BE: WAFFRESTERNTE?

i
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TTENFT

RE Match
* Zzero or more occurrences of the previous char or expression
+ one or more occurrences 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
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TTENFT

RE Match
* Zzero or more occurrences of the previous char or expression
+ one or more occurrences 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

BE: WIS "
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T

i

RE Match

\* an asterisk """
\. aperiod"."

\? aquestion mark
\n anewline

\t atab




Quiz: Morse Z13
EHNTHAE: p: ..



Quiz: Morse Z13
EHNTHAE: p: ..



Quiz: Morse Z13
EHNTHAE: p: ..
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=31
£ UNIX BT TR

s/regexp/pattern/
s/colour/color/
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=31
£ UNIX BT TR

s/regexp/pattern/
s/colour/color/

BB R

the 35 boxes
the <35> boxes

ERESINE, REER\DF3IHA

s/the ([0-9]+) boxes/the <\1> boxes/

EE: Windows Bs#=F
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S|AAFITEC
\BFHNA—MAE
the Xer they were, the Xer they will be

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

the bigger they were, the bigger they will be
the bigger they were, the faster they will be
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RASAES

g 45440 non-capturing group
(?: pattern )

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

some cats like some cats

a few cats like some cats
some people like some people
some cats like some a few
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Fii5c1EEN
FiiiE lookahead: BRI HBESIERFITEEITH S EiR

" (?=some)
"(?=some).* cats$

AR PR IEAR
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Fii5c1EEN
FiiiE lookahead: BRI HBESIERFITEEITH S EiR

" (?=some)
“(?=some).* cats$

AR PR AR

ERE: ERTERRRPHREHRER

“(?!some)
“(?lsome)a few
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SCiE: ELIZA

Userl: Men are all alike.

ELIZAl: IN WHAT WAY

User2: They’'re always bugging us about something or other.
ELIZA2: CAN YOU THINE OF A SPECIFIC EXAMPLE

User3: Well, my boyfriend made me come here.

ELIZA3: YOUR BOYFRIEND MADE YOU COME HERE

Userd: He says I'm depressed much of the time.

ELIZA4: I AM SORRY TO HEAR YOU ARE DEPRESSED



i

SCiE: ELIZA

Userl: Men are all alike.

ELIZAl: IN WHAT WAY

User2: They’'re always bugging us about something or other.
ELIZA2: CAN YOU THINE OF A SPECIFIC EXAMPLE

User3: Well, my boyfriend made me come here.

ELIZA3: YOUR BOYFRIEND MADE YOU COME HERE

Userd: He says I'm depressed much of the time.

ELIZA4: I AM SORRY TO HEAR YOU ARE DEPRESSED

s/my/YOUR/

s/.* I'M (depressed|sad) .*/I AM SORRY TO HEAR YOU ARE \1/
s/.* I AM (depressed|sad) .*/WHY DO YOU THINK YOU ARE \1l/
s/.* all .*/IN WHAT WAY/

s/.* always .*/CAN YOU THINK OF A SPECIFIC EXAMPLE/



. BN
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o FEBH Z/ME?

fim. &
o IREIEN: |a)3F, REINS0LIRIAIELE
o 1BENRE., MRAZEMIRA: —RAEE

What's the course about?

AREERHREMESLE,



i

aFEFHZ/MG?
frm. &

o REGEN: [a4F. RIS IUARIAIEE
o« HRINE, MAEMEIRG: —MRASR

What's the course about?

AREERHREMESLE,

SIS

o HIAENE: —BABE
« AHEA: BERILE

I do uh main- mainly business data processing
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PRI ER

« 158 word type: 8 MMigRic—X
« fAFiRENECER vocabulary
« 78 (3@3Tt) word token: 3ZAchHINAYEIE14L

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

1613, 14%: the HIMT3IR
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PRI ER

« 1§ word type: 8 TMFgRic—X
« fAFiRENECER vocabulary
« 78 (3@3T) word token: 3ZAschHINAYEIE14E

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

1613, 14%: the HIMT3IR

87t lemma, id#fZ wordform

The Cat in the Hat is different from other cats!



i

LT

HeapsLaw (iBS%) =Herdan'sLaw (E8HZE) @ |V|=kN”

o HE: 67T<B<.75

Tokens =N Types =|V|

Switchboard 2.4 million 20 thousand
Shakespeare 884,000 31 thousand
Google N-grams 1 trillion 13+ million
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b= Py -
a4t
HeapsLaw (iBS%) =Herdan'sLaw (E8HZE) @ |V|=kN”

« BE: 67<B<.75

Tokens = N Types =|V|

Switchboard 2.4 million 20 thousand
Shakespeare 884,000 31 thousand
Google N-grams 1 frillion 13+ million

AE: TESTE (MoIER) ;5 E3IXENE
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EHE

iZHEIEE corpus: 1TEA I LAERAIES.

« ATHLERFE SRS RS

EERA
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BEE
iZHEIEE corpus: 1TEAAILUERANES. 18
o FTFHL235 ) A0SR ENIE SR

ARNXAEH AR RIFFIE

« EEEENRS
e INE=
¢ 5. A

« 5{EEN

AR EABEN —EEFFEMENRS!
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Sl{EIBHE
¥3IEFS PR data statement: ZUE{EHEIHBEE
o SO
« REE, BBA
o K&, IEAR
« IESME, RBREIFR
o REHNRAORIHFI
o KA



A IE AL



XA IENME
YA IEN{ Text Normalization: $£3&aL{EFLEBTERD

« 915 Tokenizing (segmenting) words
« 13X IEM{E Normalizing word formats
« 936 Segmenting sentences

B ERREM NLP 518 —F.
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ETE8051E
EREES R ANES
. I, RS
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ETE8051E
EREES R ANES
. I, RS

Unix TE

e tr

o 55 WENE, HiliEREME
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(£ UNIX TEHE$E 51

tr; BIRFEH

o —c: RTEEFHZIH
o -s! BEEFAERRE—FHUEEFTH, NS TER

tr -sc 'A-Za-z' '\n' < shakespeare.txt

BLEST— T2
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(£ UNIX THEE$E 519

tr; BIRFEH

o ¢! RTEEFHZI
o -s! BEEFAERRE—FHUEEFTH, NS TE

tr -sc 'A-Za-z' '\n' < shakespeare.txt

BLEST— T2

sort | unig -c: #HfF, AIBEEHITH

tr -sc 'A-Za-z' '\n' < shakespeare.txt | sort | uniq -c



(/A UNIX TEEE S
BB UZBANE

tr -sc 'A-Za-z' '\n' < shakespeare.txt
unig -c

tr 'A-Z'

Ia_zl

sSOrtc
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(£ UNIX TEHE$E 51

BHE P AZBANE
tr -sc 'A-Za-z' '\n' < shakespeare.txt tr 'A-Z'
unig -c
BRIR RS HF
« -n! BYFHEF (RRMIARFEF)
e —r: WEH
tr -sc 'A-Za-z' '\n' < ghakespeare.txt | tr 'A-Z'
uniq -c¢ | sort -n -r

« RZSAASENB/MEEE LCBAENIIRE
o RRBENEREFENRITES

Ia_zl

‘a-2

sort

sort |
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BT =10 1989(0) 7

S RSEME named entity: 2iFAY4EER D
e m.p.h., Ph.D., AT&T
e $45.55, 01/02/06

 hitp://mwww.some-uni.edu, someone@somewhere.com
» 555,500.50, 555.500,50
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BT =10 1989(0) 7
S RSEME named entity: 2iFAY4EER D

« m.p.h., Ph.D., AT&T

e $45.55, 01/02/06

 hitp://mwww.some-uni.edu, someone@somewhere.com
» 555,500.50, 555.500,50

i 23 named entity: TH 314

o Xi'an, New York, rock 'n’ roll
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BT =10 1989(0) 7
S RSEME named entity: 2iFAY4EER D

« m.p.h., Ph.D., AT&T

e $45.55, 01/02/06

 hitp:///mwww.some-uni.edu, someone@somewhere.com
» 555,500.50, 555.500,50

i 23 named entity: TH 314

o Xi'an, New York, rock 'n’ roll

MiE 13 clitic contraction

« we're, j'ai, 'hnomme
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BT =10 1989(0) 7
S RSEME named entity: 2iFAY4EER D

« m.p.h., Ph.D., AT&T

e $45.55, 01/02/06

 hitp:///www.some-uni.edu, someone@somewhere.com
» 555,500.50, 555.500,50

i 23 named entity: TH 314

o Xi'an, New York, rock 'n’ roll
Bf$&13 clitic contraction
« we're, j'ai, 'hnomme

#p R/ 3L{RiA%I Named Entity Recognition (NER), X418 (HiE. FiB)
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el 1E ML,
iEIEM{ normalization: BIREFXBRE R80T
o EEFIEERES: USA > US
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el 1E ML,
iEIEM{ normalization: BIREFXBRE R80T
o EEFIRERES: USA > US

HUJHAE case folding
o« XAZE, HBEFFBEEAHIT: US £us
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i IE L
iEIEM{ normalization: BIREFXBRE R80T
« ERAREEZEXR: USA->US
HUJHAE case folding
o XA&DE, BRIEFBEEAHAIT US £us
AR lemmatization: EiIMEREREER

e am, are, is -> be
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i IE L
iEIEM{ normalization: BIREFXBRE R80T
« ERAREEZEXR: USA->US
HUJHAE case folding
o XADE, BREhEFBEEAHAIT US £us
AR lemmatization: EiIMEREREER
e am, are, Is -> be

o i8F stem + [54§ affix
« amaren -> amar, -en, BRI IGFEFRFTEME (3rd PL.)
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i IE L
iEIEM{ normalization: BIREFXBRE R80T
« ERAREEZEXR: USA->US
HUJHAE case folding
o XADE, BREhEFBEEAHAIT US £us
AR lemmatization: EiIMEREREER
e am, are, Is -> be

o i8F stem + [54§ affix
« amaren -> amar, -en, BRI IGFEFRFTEME (3rd PL.)

« BhEhial auxiliary
= wiirden lieben -> lieben, E_FEXE—IEkE (3rd PL)
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8o ras

8+ 44 stemming
« [Porter 1980] Porter stemmer: B2 IIRE5

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 notes.

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
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i
i8i% morphology: 2152 HiaFEI9RY
« i§% morpheme: RFPEEXMETT
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1k
i8i% morphology: 2152 HiaFEI9RY
« i§% morpheme: RFPEEXMETT

o XFRBEBLAILLUAARIER
« EEFHRE: BESHEZHSHIXT

, "BABHFL
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o
i8i% morphology: 2152 HiaFEI9RY
« i@3 morpheme: FiFPERUMNETT
o XRFREBALUANRITR
« EEFHE: BESHBESHSNNT, "B
AN RZIESHIEBREXEERN

« {835 Rechtsschutzversicherungsgesellschaften (39)
= insurance companies that provide legal protection

» IRRERRIPRRIR A E]



o
i8i% morphology: 2152 HiaFEI9RY
« i@3 morpheme: FiFPERUMNETT
o SXRFRELALUANRITR
« EEFHE: BESHBESHSNNT, "B
AN RZIESHIEBREXEERN

« {835 Rechtsschutzversicherungsgesellschaften (39)
= insurance companies that provide legal protection

» IRRERRIPRRIR A E]

« THHEE (B#E8) & Uygarlastiramadiklarimizdanmissinizcasina
« (behaving) as if you are among those whom we could not civilize
« R (AITAHZEIERNE) HHERNTEBHIL (FE]) AZ2—

Uygar ‘civilized’ + las ‘become’ + tir ‘cause’ + ama ‘not able-’
+ dik ‘past’ + lar ‘plural’+ imiz ‘plpl’ + dan *‘abl’
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RELHESPIR, WENE: BREHAFS

ErRBIFEERRIFES
ERAMZREZRMZE
-- (BRE)

BXEREREETR
- (|RF -5 T=-EE—)
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RELHESPIR, WENE: BREHAFS

ErRBIFEERRIFES
ERAMZREZRMZE
-- (BRE)

BXEREREETR
- (|RF -5 T=-EE—)

R EHRE. fA%KiE

mﬁﬁﬁzfﬁﬁﬁﬁﬁ REEZNBILABEZEE—EE
== i

IR AR BRI R
-- (A7F+ - REER)



