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@ CsDL vin ban
© Tién x{ ly va biéu dién van ban
Q Latent Semantic Indexing

e Do luding do tin cay clia mot hé théng truy tim van ban
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CSDL van ban la gi?

@ CSDL véan ban chira céc tai liéu & dang van ban.

° Ngu6r] dit liéu van ban: sach, bao, tap chi, cac meta-data,
phu dé phim, nhan dang chir tu déng, ...

@ Mot tai liéu cé thé chi la mot cau, mot doan van, mot
chuong sach hay ca quyén sach.

Le conseil de ministres s'ousvre en

Corse sur fond de colére des

nationalistes
wrmnt

N CErae, @ s tark cw matin
ticndas Sarkazy & vou b marpus
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Vi du vé CSDL van ban

DoclID | String
ad Jose Orojuelo’s Operations in Bosnia.
do The Medelin Cartel's Financial Organization.
a3 The Cali Cartel’s Distribution Network.
dy Banking Operations and Money Laundering.
ds Profile of Hector Gomez.
s Connections between Terrorism and Asian Dope
Operations.
a7 Hector Gomez’s: How he Gave Agents the Slip in
Cali.
ds Sex, Drugs, and Videotape.
dy The Iranian Connection.
dio Boating and Drugs: Slips owned by the Cali Cartel.
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Hé tim kiém tai liéu van ban
@ Ngudi st dung can tim mot vin ban vé chi dé T.
@ Hé tim kiém van ban sé tim trong CSDL céc van ban cé

lien quan dén chl dé T, sau dé xép hang theo muc do lién
quan dén chl dé T va tra két qua cho ngudi dung.

Yéu ciu tii
lidu ¢én tim

—
4—

Tiilifu2
Tiilién 3

Thilign 2

Xéphangeactai . | po
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So dd hoat déng tim kiém van ban

*  Giao tiép ngwsi ding |

ding cin Xt Ii vin han

Xﬁhcﬁntruy Dénh chimye —+ Quinli CSDL
-—

‘
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Chi muc tai liéu van ban

DéE viéc Iuu trir, tim kiém, s&p xép céc tai liéu van ban cé hiéu
quad, ta can phai tao chi muc cho ching.
@ Viéc tao chi muc cho vin ban bao gém viéc xac dinh cac y
(ch( dé) chinh chtra trong van ban.
@ Viéc tao chi muc dugc thuc hién bang cach lién két van
ban vdéi mot tap céac tir (word) goi la tle chi muc (index
term) hay khéa chi muc (index key).
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Cac budc tao chi muc CSDL van ban

@ Tién x( ly c4c tai liéu van ban nham muc dich loc ra céc tur
chi muc (index terms).

@ Tao cdu trdc cho céc tu chi muc st dung céc cau truc dir
liéu da chiéu, bang bam, hay céac tap tin nghich dao.

@ Chon trong sb gan cho cdc ti chi muc.

@ Xay dung mé hinh dé so sanh céc tir chi muc.
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Qua trinh tién x{ ly van ban gdm céc budc:
@ Cat van ban thanh nhiing tUr, loai bd khodng trang va cac
ky hiu la.
@ Loc bd cac tur thong dung (stop words) c6 trong van ban.
@ Quy nhiing ti c6 trong van ban vé nhiing t gbc.
@ Dém sb tli c6 trong van ban dé lap bang tan sé.
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Tach tr va loai bo tir thong dung

@ Cat van ban thanh mét day céc tir, bd khodng trang va qui
doéi chtr hoa thanh chir thuong.

@ B0 hét tht ca ky tu la va dau cham; chi st dung céc tir cat
dudc la nhirng tir va ki tu thudc bang chi cai.

<

Loai bo tir thong dung

o Tir thong dung cac tlr, nhém tir ma néu bd di sé khong anh
hudng den ndi dung hodc két qua tim kiém trén van ban.

@ D& hiéu qua hon trong céc thao tac xi¥ Ii, cac chubi trong
tr théng dung dugc 16 chiic & dang bang bdm nham toi uu
thoi gian truy xuat va xu Ii.

A
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Pua vé tir goc

@ Mét ti sé& c6 nhiéu bién thé khac nhau.
e Vidu: drug, drugged, drugs; stop, stopped, stopping; child,
children; . ..
@ D& quy cac tUr vé ti gbe (stem), ta cé thé sit dung tU dién
hodc mot chuong trinh x{¥ ly tu déng.
@ Cac chuong trinh x ly tu déng (vi du: Porter Stemmer 2)
sé dua trén cac luat dé quy mot tir vé tir gbc.
@ sses — ss ; ies — i ; ational — ate ; tional — tion

Mttp://tartarus.org/~martin/PorterStemmer/
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Vin ban géc:
Many large organizations are nothing but data processing engines.

Insurance companies, banks, financial services companies, and the IRS are
all organizations that live in a sea of data. Most of what they do is process

data.

Van ban sau khi tach tu:

|Many||large"organizationﬂarennothing]|but||data|h)rocessing||engines|.

,
lorganizations [that|[live] El [of]data]. Most] [ofJwhat]they]| @ [process|
[datal

[[nsurance|[companies|,| banksl, [financial| [services| [companies
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B khodng trang va ky tu la, di chir hoa thanh chit thudng:

Imany]large|organizations|are|nothing|but|datalprocessingjengines|
linsurance|[companies| [banks] [financial|[services|[companies|
fin][al[sea][of[data] [most]foffwhat/[they] [do] [ig [process]

B céc tir théng dung:

|many|largeforganizationsjarejnothing|but|datajprocessingjengines
linsurance][companies| [banks] [financiall[services|companies fthe|
a e e [ o i

lorganizations \dajltprocessinﬁ engines| [insurance] [companies| [banks] [financial|

[services| fcompanies| @ lorganizations|
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Pua vé tir gbc:

organizations data|jprocessing|engines| [insurance] lcompanies| |banks] |financial|
— T E e

lorganiz| [process|engin | insur| [compan | [bank]| [financ | [servic|[compan |

Tinh tan s6 xuét hién cac tu:

[ bank| 1 |[compan| 2 || data] 3|| engin| 1|| financ| 1 || insur| 1]
| irs[ 1][ live| 1||organiz| 2 |[process| 2 ||  sea| 1|[ servic| 1]
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Bi€u dién van ban st dung bang tan sb

@ Sau qua trinh tién x{ ly van ban, mbi van ban con lai mot
tap cac tir chi muc va tan so xuat hién cua tir dé trong van
ban.

@ Tap hgp toan bd cac van ban trong CSDL sé tao nén bang
tan so.

@ Trong bang tan so méi van ban duoc biéu dién dusi dang
mot vector tan so.
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Bang tan so6

Bang tan suat (FreqT) la bang dung dé biéu dién sy xuét hién
cla tlr trong tai liéu (tur / tai liéu).
@ Mdi dong trong FreqT biéu dién mot tu.
@ Madi cot trong FreqT biéu dién mot tai liéu.
e Mai gid tri Freq(i,j) trong bang cho biét s6 Ian xuét hién
clia tlr t; trong tai liéu d}.

Goi D 1a mot tap gdbm n van ban va T |a mot tap gdbm m tr c6
trong cac van ban cta D. Bang tan so FreqT, ganvdi Dva T,
la mot ma tran kich thudc (m x n) thoa:

FreqT(/, /) = s6 lan xuét hién tir {; trong vin ban dj
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Vi du vé bang tan sb

String

ds Sex, Drugs, and Videotape.
dy The Iranian Connection.
dio Boating and Drugs: Slips owned by the Cali Cartel.

Term/Doc

o

sex
drug
videotape
iran
connect
boat
slip
own
cali
cartel

cNeNeNoNeNe N Nl o
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_|k_L_|k_L_Looo_Lo_?~
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Mét vi du khac vé bang tan so6

Xem xét bang tan s6 sau:

Term/Doc a; > d3 dy d5 d6
f 615|390 | 10| 10| 18| 65
b 15 4| 76217 | 91| 816
f3 2 8 | 815 | 142 | 765 1
ly 312 | 511 | 677 | 11 | 711 2
13 45| 33| 516 | 64 | 491 | 59

@ d, d; la tuong ty nhau, béi vi su phan phdi clia cac tir
trong d; tuong tu su phan phoi cac tu trong db.
o C& hai déu c6 nhiéu ti t;, &, it tUf b, t; va mot tan sb vira

phai tur ts.

@ d3 va ds cling tuong tu nhau.

@ d; va dg khac nhau.
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Bang tan so6

@ Tuy nhién, viéc dém mat cach don gian cac ti khéng chi ra
dugc muic dd quan trong clia c4c ti trong van ban.

o Vidu: mot tir ¢6 sé 1an xuat hién nhu nhau trong 2 van ban.
Tuy nhién, trong van ban cé do dai ngan hon thi ti sé cé y
nghia quan trong han = khai niém tf (term frequency)

o Vidu: mét tir xuat hién trong rat it van ban sé co y nghia
quan trong hon mot tir xuat hién trong rat nhiéu van ban =
khai niém idf (inverse document frequency).

= D& danh gia miic do quan trong clia cac tU trong tai liéu,
ngudi ta khong chi dua vao sb 1an xuat hién cla cac tur
trong van ban (thong tin cuc bd) ma con dua vao ca nhiing
thong tin toan cuc cla hé théng (CSDL van ban).
e phuong phap tinh trong sb tf-idf
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TF-IDF

Viéc tinh trong sé cac phan ti cla tai liéu trong FreqT dugc
tinh theo cong thuc:

_(_Fi N
%= (55 ) 109 (or)
Trong do:

e N laténg sb tai liéu.
@ DF; la sb tai liéu c6 xuét hién tir .
@ Fj latan sb xuét hién cla tur i trong van ban j
Ta co:
o TF = (Z?"'kj) (term frequency) thé hién trong sb cla tUr i
trong van ban j.

e /DF = log (DLF,) (inverse document frequency) thé hién su
quan trong clia ti i trong CSDL.
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Vi du vé TF-IDF

Vi du:
@ Trong tai liéu dy c6 100 U, c6 xuat hién 3 tU car
— tfcar7d1 = 0.03

@ Gia sir CSDL cé 10.000.000 tai liéu va tUr car c6 xuét hién
trong 1.000 tai liéu — idfoar = 4
@ Vay tf —idf., 4, = 0.03 x 4 =0.12
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Vi du vé TF-IDF

Vi du:
@ Trong tai liéu dy c6 100 U, c6 xuat hién 3 tU car
— tfcar7d1 = 0.03

@ Gia sir CSDL cé 10.000.000 tai liéu va tUr car c6 xuét hién
trong 1.000 tai liéu — idfoar = 4

o Vay tf — idfsy 4 = 0.03 x 4 =0.12

Vi du: ban hay tinh céc gia tri tf-idf cho bang tan sb sau:

term d1 d2 d3 df;
car 27 | 4|24 | 18.165
auto 3/33| 0| 6.723
insurance | 0 | 33 | 29 | 19.241
best 14| 0|17 | 25.235

cho biét téng sb tai liéu 1a 806.791 tai liéu.
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XU ly cau truy van

@ Gia st ngudi st dung dat cau truy van Q: Tim 25 van ban
cO lién quan nhiéu nhat dén giao dich ngan hang va ma
tay.

@ Cau truy van Q trén thuc hién truy tim van ban cé lién
quan den 2 tu khoa ma tu goc la: drug va bank.

@ Néu ta xem cau truy van Q ciing la mot van ban, khi dé ta
cé thé ap dung cac budc cat tur, loai bd khoang trang va ky
hiéu la, loai bo tir thong dung, quy vé tir goc, ... = Qcd
thé biéu dién dudi dang mot vector cot.

@ Chiing ta can tim cac cot trong FreqT gan vdi vector cot
gan vai Q.
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Po do tuwong dong

L& do do dung dé danh gia muic do gibng nhau cla 2 tai liéu. |

Ta c6 céc do do tuong dong sau:
@ Do do khoang cach gilra cac tw (term distance) gilra truy
van Q va moét van ban d, dugc cho bai:

M
J > _(vecq(j) — FreqT(j. r))?

=1

© Do do khoang cach cosine (cosine distance): day la do
do khoang cach thuong dugc st dung trong CSDL van

ban.
Y11 (vecq(j) x FreqT(j.r))
VI veca(j)? x /S FreqT(j,r)?)

Trong d6 vecq(i) chi s6 Ian xuét hién clia tir ¢ trong truy van Q.
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M hinh tim kiém véi toan t* Boolean

@ S dung cac phép toan Boolean gilta cac dong co chira tir
khoda.
e Google hé trg cac phép toan AND (mac dinh), XOR (tU
khéa OR), NOT (ky hiéu -)
@ Vidu: tin AND hoc ; tin OR hoc ; tin -hoc
@ S{ dung céc trong s6 dé xép hang tai liéu tim dugc.
@ Tuy nhién, viéc tim kiém chinh x&c trén céc tir khéa thuding
khéng mang lai két qua tot.
@ Ngudi ta thuding phai mé réng cau truy van dé dap Ung
yéu cau cla nguoi dung.
e Vidu:

. F N
Q= (0.5+O.5>< ZF/) x log (DF,)
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Tré ngai cla viéc tim kiém chinh xac

@ Su dong nghia: tim kiém trén tir khoa car sé khong thu
dugc nhirng tai liéu ndi vé auto.

@ Su da nghia: tim kiém trén tir khéa Apple sé tra ra ca cac
tai liéu ndi vé cay tao va ndi vé may tinh.

= 6 thé sl dung ky thuat chi muc ngir nghia tiém an (LSI)
dé khac phuc.
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Latent Semantic Indexing

@ LSI 1a mot ky thuat chi muc va truy xuét dif liéu st dung ky
thuat phan tich gia tri riéng (SVD) dé xac dinh cac moéi
quan hé gitra cac tur (terms) va khai niém (concepts) co
trong mot tap van ban phi cu tric.

@ LSI dya trén nguyén ly la cac tir dudc s dung trong clng
ng(t canh thudng cé xu hudng cé nghia gibng nhau.

@ Dac diém néi bat clia LS| la kha nang rut ra cac ndi dung
khai niém tlr van ban thong qua viéc thiét 1ap moi két hop
gilta cac tir xuat hién trong cac ngi canh giong nhau =
LS| 1am 16 ra cac cau trdc nglt nghia tiém 4n nam bén dudi
cla viéc st dung tu trong van ban.

1http ://en.wikipedia.org/wiki/Latent_semantic_indexing
Nguyén Thanh Binh, D& Thanh Nghj Ch.3 : CSDL van ban 26/38


http://en.wikipedia.org/wiki/Latent_semantic_indexing

Ky thuat SVD

Ky thuat SVD la nén tang clia LS.
SVD bién déi ma tran tan suét FreqT (kich thudc m x n, hang
ma tran la r) thanh tich clia 3 ma tran:
@ ma tran tu - khai niém (term - concept) T, la ma tran truc
giao kich thuéc m x r.
@ ma tran gia tri riéng S, la ma tran chéo khéng tang kich
thuGe r x r.

@ ma tran khai niém - tai liéu (concept - document) D, la ma
tran truc giao kich thudc n x r.

FreqT =T x Sx DT
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Nhac lai vé ma tran

@ M6t ma tran M dugc goi 1a truc giao néu
M' xM=1I

00
@ Ma tran M co kich thudc (m x m) dugc goi la ma trdn chéo
neu véimoi 1 < i, j<m:
i#j—M(i,j)=0
500 0 00
o Vidu:A=|0 4 0 B=|0 10
0 0 1
@ Ma tran M co kich thudc (m x m) dugc goi la ma tran
khéng tang (non-increasing) néu véi moi 1 <, j < m:
i< j— M(i,i) = M(j,j)

oVI'dl_.IZC—[1 1]

o Vidu: Ala ma tran khong tang.
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Vi du vé SVD

Cho ma tran:

FreqT = [ 1.44 52 ]

92 144
Hay phan tich SVD ma tran trén.
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Vi du vé SVD

Cho ma tran:

144 52
F'eqT_[ 92 1.44]

Hay phan tich SVD ma tran trén.

FroqT— | —86 —75] [217 0 ] [-75 —66
9"=1_75 66 0o 73 _66 .75
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Rut gon ma tran

@ Sau khi p dung SVD Ién ma tran FreqT, ta c6 thé chi can
gitr lai k gia tri riéng 16n nhat trong ma tran S. Thong
thuong k = 100..300 va k < r.

@ Viéc gill lai k gia tri riéng I6n nhat trong S sé& bao toan cac
thdng tin nglt nghia quan trong nhat trong van bén,,déng
thoi loai bo nhiéu va cac hiéu ing khéng mong muon khac
trong ma tran goc FreqT.

@ Viéc chi gil lai k gid tri riéng 16n nhét trong S ciing ddng
thoi gitip 1am giam rat dang ké kich thudc clia 2 ma tran T
vaD (mek va Dn><k)-

@ Tatinh lai ma tran tan suat mai:

FI'GQTk = Tka X Sk><k X Dr7)-><k
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Vi du vé rit gon ma tran

Gia st ma tran FreqT cé SVD:

uf @ u.ﬁ u.{ u£ o b} b b'g b 1\
5 S ) 0 16 0 0 0 < 5
ay ay oay oay  di b b:,_ 1)3 !)j\

o]
]
]
=]
=]
=1l
—t
o
N
(o g
<
S

Chung ta gili lai 3 gia tri riéng 16n nhét:

1 | 1

Mo 0 0\ (bbb b
2 @y el % 1 1 5
R R I N R e
VoM M 0 0 12 bbb b

ayt oay ouy
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Phan tich

@ Thong thuding, trong mt CSDL van ban, s6 lugng tir m va
s6 lugng van ban n la rat I6n.

e trong tiéng Anh, sb lugng tir m c6 thé 1én dén trén 100.000
tlr (bao gom cé tén riéng). )

e trong mot CSDL véan ban, so lugng van ban n ¢ thé co trén
1.000.000 van ban.

@ Vi ky thuat SVD trén, LSI cho phép tim mot tap con tuong
doi nho k khai niém sao cho van gilp phan biét dugc n van
ban tot nhat.

@ Trén thuc té, ngudi ta nhan thay LS| hoat dong hiéu qua
voi k =~ 200.

@ Uu diém: mdi van ban ltc nay dugc biéu dién bang mot
vector cot cé kich thudc 200, thay vi kich thudc m.
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Phan tich

@ Théng thudng, k dugc chon la 200.

@ Kich thudc clia bang tan suat goc thuong rat I6n. Cho di
chi x{ ly trén mot CSDL van ban nhd, ching ta van dé
dang dat dugc m = 10.000 tir va n = 1.000.000 van ban.

@ Kich thudc clia 3 ma tran sau khi rit gon sé chiéu la:

o Kich thuéc ma tran dau tién Ia (m x k) ~ (10.000 x 200)
e Kich thudc ma tran suy bien la (k x k) ~ (200 x 200)
e Kich thudc ma tran cubi 1a (n x k) ~ (1.000.000 x 200)

@ Nhu vay, ching ta chi x ly va tinh toan trén khoang 200
triéu 6 ma tran, thay vi x{ ly trén mot ma tran co kich thudc
(m x n) ~ (10.000 x 1.000.000) hay 10 ti 6.
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4 budc cua LSI

@ Tao bang: tao ma tran tan suat FreqT.

@ Phan tich SVD: tinh cac phan tich gia tri riéng (T, S, D) tU
ma tran FreqT.

© Xac dinh tap vector: véi mdi van ban d, ta ¢ vec(d) la
vector tuong (ng clia van ban d trong ma tran D.

© Tao chi muc: luu trir tp cac vec(d) va lap chi muc béi
mot trong nhiéu ky thuat chi muc.
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Hiéu qua tim kiém théng tin

@ Khi tim kiém mét cau truy van do ngudi dung gé vao, két
qua tra vé& khong han Itc nao ciing nhu y ngudi ding mong
mubn.

@ Cac két qua c6 thé roi vao nhiing trudng hop dic biét nhu':
van ban co lién quan nhung khong tim dugc, van ban tim
dugc nhung khéng lién quan.

Toan bd cac s _
van ban Cac vin ban Cac van bin
¢ lién quan tim dwge
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Precision va Recall

Gia su:
@ D la tap hitu han cac van ban.
@ Ala mot thuat toan cé tham sb dau vao 1a chudi chii dé T
va trd vé mot tap van ban T.

- s6 tai liéu tim diing
Precision =

s6 tai liéu tim dudc
0 tai liéu tim dudgc ¢6 lién quan dén chi dé T trong T

s6 tai liéu tim dudc trong T

sb tai liéu tim ddn
Recall = : £

s6 tai liéu diing trong CSDL

_ 50 tai liéu tim dugc 6 lién quan dén chi dé T trong T

s6 tai lidu c6 lién quan dén chd dé T trong CSDL
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Vi du vé Precision va Recall

Trong mot CSDL van ban co:
@ 1000 van ban
@ 600 van ban lién quan dénchii dé T

Ap dung mét gidi thuat truy van van ban, ta thu dugc:
@ 750 van ban
@ 450 vin ban lién quan dén chiidé T

Ta co:
450_ o
450  __,
R = 600_75A>

Nguyén Thanh Binh, D& Thanh Nghj Ch.3 : CSDL van ban 37/38



Tai liéu tham khao

[@ V.S.Subrahmanian.

Chapter 6 - Principles of Multimedia Database Systems
Morgan Kaufman Prbbess, 1998.

[} Nabil R. Adam.
Bai gidng Multimedia Information Systems
Rutgers University, 2003.

Nguyén Thanh Binh, D& Thanh Nghj Ch.3 : CSDL van ban

38/38



