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MO HINH CHU BE VA 1'NG DUNG TRONG TiM KIEM THONG TIN

Ha Thj Thanh’, Trinh Thi Thiy, Ngé Cim TG

Tyeing Dan hoe Cong nghé thong tin va Truyén théng — DH Thai Nguyén

TOM TAT

Tét ca théng tin cla chiing ta hién nay dwoe s6 hoa va e kit dudi ntuéu dang. Tin tire, blog, web
pages bai bdo khoa hee, sach, hint anh Am thanh, video, mang xd hé1  vé1 mot luong lwu e 1on.
Vi thé tim kiém s@ khé khin Ta cdn mét cdng cu tinh toan dé grip t chirc, tim kiém, khat pha
lwong lom théng tin do Nhitng nhi nghién ciru vé hoc mdy d phét trién md hinh chu dé xéc suét,
mét thuit toan thich hop hwdng vac kha phi v& giai thich kho dit iéu vin ban lon vén nhimg
théng tin ve chil d& Thuét todn mé hinh chu dé 14 phuong phap théng ké ma phan tich céc tir cia
vin ban ghe dé kham pha ra céo chil dé cia van ban, cdch thirc ma cie chi dé lign két véi nhau,
cach Lhm: ma cde chu dé do thay dé1 theo thor glan. M6 hinh chu dé cho phép chiing ta td chire v
tom tht kho dir Léu s8. Tir do gilip vigc khai thac va tim kidm théng tm nhanh chéng hon.

Tir khéa. Tim kidm thing an, hoc may thong k2, md hink chit d8, sy didn, mé hink LDA

GIOI THIEU

Chiti d2 13 tip hop cic tir c6 mbi quan hé ngit
nghia véi nhau [3]. Cu thé: Chu @ 1a phan
phédi qua mét tip t ving cb dinh. M3i chi d&
khac nhau thi co phan phéi khic nhau qua
cung bd tir vung. Vi du (Hinh 1)
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Hinh L: Theo Bley, c.hpn ra mdi chi dé 15 tirver
xdc sudt lém nhdt [3]

Cac chu dé dvoc dic ta trude khi du liéu duge
sinh ra. Mat khic md hinh xac sudt gia thét
thng céc chy dé duoc sinh ra dhu tién trude
khi cé van ban.

M5 hinh chu d& I3 mét phuong phap phan tich
van ban duge rdt ohidu hoc gia quan tim
trong linh vir khoa hoc xd héi, nhan van... M6
hinh chi d¢ cung cdp thudt toan ty ddng ma
héa ndi dung cla tdp vin ban sang mét tdp ma
coy ng}na gm la "chi d&" Cac nha nghien
ciru bit dhu vai vige xae dinh s6 lvgng chi de
cho thuat todn Chucmg trinh s& dinh ngh:a. s6
lugng cac cha dé va tra lar xac suit cua tix
trong mdi chu dé.

* Tel- 0982 266009, Emarl: huhanh@ictu.cdu.vn

M3 hinh chu @& dang duce quan tim vi mét
trong cac 1y do sau. Thy nhat, ding md hinh
chu dé s& kha: phé ra cac chu a8, sau 4o té
chirc lai tép dir ligu thee cha dé ¢4 kham phd
Thir hai, nd dwge ap dung cho tép dit ligu lon.
Thit ba, md hinh chu d& dugc ap dung cho
nhiéu loa dit higu. Tir dit lidu co ciu tnic hoic
khéng cé cdu tric, video, hinh anh, 4m
thanh... D&i véi dit ligu van ban, md hinh chi
@& duoc khai thic rit nhidu Pic biét trong
link virc tim kiém théng tin. M6 hinh chi &
¢6 thé dang dé bidu dign vin baa qua cac chii
&8, phan lop van ban, hodc dung d¢ xép hang
van ban.

MO HINH CHU BE LDA

LDA la m§ hinh phét widn tir md hinh pLSK

pLSI 1a m6 hinh cha d& dung dé phén tich

ngir nghia in [2],

Y tuéng co ban ciia LDA I tip cac vin ban
chira nhiéu chii d&. LDA la mé hinh théng ké
cha tp vin ban. N6 dwge mé t4 d& dang ohét
bing qua trinh sinh

M@ hinh LDA la mé hinh sinh. M4 hinh sinh
dung dé gai thich tap dir héu quan sat duge
qua llhévm dit liéu khéng quan sat duge. Vi
du, ndu dis lidu quan sat dirge 14 cée tir trong
van ban no cho ring méi van ban la hén hUp
ciia 88 legng nho cée chi d& va vide mé tir
ta0 ra tuong tmg nm trong mét chi dé trong
vin bin. LDA ciing 12 mé hinh chu ¢ duoc
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Blei, Andrew va Michael Jordan dua ra véo
nam 2003.
Mot chu d& 1a mét phin phdi qua tip tir vung
8 dinh. Vi du cha dé “genetics" cb chira cic
tir vé di truyén hoc véi xac suft cao va chi @&
“evoluttonary biology" <6 cac tir vé sir tién
hoa ctia sinh vat hoc véi xac suft cao. Chung
ta gia thiét ring nhiing chu 82 nay dwoc ght 13
truée khu di liéu duoe sinh ra, Cac tir trong
vin ban dugc sinh ra theo qua trinh sau:
{(Hinh 2)

Chon ngdu nhién mt phan phdi qua cic
chii dé.

Vi md: fir trong vn ban-
+ Chon ngiu nhién mot chu dé tir phin phéi
qua ch dé.
+ Chon nglu nhién mét tir tir phin phéi
twong ting qua bd t vimg
M5 hinh théng k& ndy chi ra ring trong chc
vin ban ¢6 nhidu chi dé Trong méi vin ban
¢4 nhiéu cha dé vér 1 1§ khac nhau. M1 vir
trong mdi vin ban duoc rit ra tir mot trong
cic chu d. iy la didm khac biét cia LDA.
Tét ca cdo van ban trong tip vén ban diing
chung mdt tap cac chit dé, nhung md: mét van
ban cd ti 18 chu d& khac nhau
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Hink 2. \16 hunk simh 5n ban e chu dé
cho trude 3]
Nhr 3 néi trong phin giGi thiéw, md hink
ohii d& tr domg khai pha cac chit d& tir mot tip
vin ban (théng qua phin suy didn cac bién 4n,
trinh bay & phan suy di&n). Trong cac vin ban
ql:a.n sat duge thi clu tric cua chu d& bao
gom cac chi ¢, phan phét cac chu dé trén
van ban, chi d& dwoc gan qua tir trén van ban

16

duoc goi 14 cdu tric 4n. Bai toan finh todn cia
mé hinh héa chi 42 1a s dung vin ban duge
quan sit ¢ suy diZn ra cu tric cia chi dein
Loi ich cﬁa md hinh chi dé bit ngudn ti i
chit ma cu tric dn duoc suy din tucrng
VUI cdu triic chy dé cua tAp dir Héu. Chu trig
an dung d& difn gidi cho m&: vin ban trong
tap di 1iéu va nhimg dién giai niy duoc dimg
d¢ gitip cho chc bai toan nhu tim kiém théng
tin (IR), phén lép, tham do tap dit lidu (corpus
exploration)

Sau ddy 1 mé hinh d6 thy cia IDA[] do Blei
dura ra vao niim 2003 [1].

" Par-word
Proseriets o arwont

Por-acument
toplc proportiong|

Minh 3. A5 hinh d thy ciia LDA
Trong do° W la cac tir trong tix dién V. Véu
mbi vin ban D, cé Np, tir  Tirc la D=(W,
., War) Tip D tap gbm M vin ban, D=(D,,
Dy, Dig.
Cic gi4 thift cia LDA theo qué trinh sinh nhy sau

- Chon 6 = Dir(e)

- Vé1 mé1 tir W, wong vin ban chon’

+ Chou Z, = multinomial{6)

+ Chon tlr W, tir xéc suit P(W,| Z,, §) 1a phin
phéi xéc sut multinomial c6 didn kién trén Z,
Trong do:

- £ 1a c4c ch ¢ trong kho dif lidw (1a mot ma
trin cip k*V, trong 6 f, 14 xdc sudt tir thit)
trong ch &8 7). /12 phén phéi mébt chi dé thir
Jquatip tlr vimg V.

- 054 ti 1& cac chi dé trong vén ban thir 4. O
1a ti 1& chir dé thit & trong van ban d.

- 2,12 chit d& dwoc gan cho vin ban d, 24 18
chu @& dwgc gan cua tlr it # trong vén ban 4.
- W, 14 tir trong vin ban thir d, Wy, 1 tir thir n
trong vin ban d.
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LDA vi céc mé hinh chi @€ khac 12 mét phén
trong probabilistic madelmg. Trong md hinh
xac sudt noi chung, chiing ta coi nhy dit ligu
cia chiing ta bt ngudn tir qué trinh sinh (bao
gbm ca bidn 4n). Qué trinh sinh duoc dinh
nghia 12 phan phéi xac subt déng théi qua cac
bién dugc quan satva bién 4n. Chimg ta thye
hign phan tich dit hidu bing cach sir dung
phin phdi ddng thei nay dé tinh phan phéi co
didu kién coa cic bién 4n khi biét cic bifn
duoce quan sat. Phan phéi cé didu kién nay goi
la phin phéi hau nghiém  (posrerior
distribution). Cac bién dugc quan sat 13 cac tr
clia tip van ban, bién 4n 14 cdu tric chu dé.
Bai toan tinh toin suy difn cdu tric cha d& 4n
tir vin ban la bai toan tinh phin phéi hiu
nghiém (phin phdi c6 diéu kién cia bidn 4n
khi biét tip cac van ban).
Qua trinh sinh cia md hinh LDA tuong tng
véi chng thirc phan phéi ddng thei cla cic
bién quan sat duge va cac bidn 4n nhur san
PBors s Ly W)
« n
=I1z8] 1ate

(12,2020, 1830000, Buss 20a)) M
SUY DIEN TRONG LDA
Tinh phin phéi cé didu kign cda cfu tric chi
& dugc cho boi cac vin ban dioc quan sat
Ta ¢ posterial [3]:

PUB, 1 Brs 1 | W)

- PBixr Bis Zons Wip) . @
plw,

Tik 56 cita cdng thirc trén 1a phin phéi déng
thoi cia cac bién nghu nhién, miu sb 1a xac
sudt bién ciia cac quan sit (né 1 xac sudt cha
chc tir trong tép vAn ban quan sit dwoc). V&
mit Iy thuydt, cong thirc xac suit nay dugc
tinh bing cach l4y tdng ciia tt c4 phan phéi
déng thoi cia tht ca cac thé hién cia cdu tric
ch dé dn.

4 lwomg cén tric chi d2 1a rét lén (theo ham
mii). Vi vy n6 kho tinh toan (vi 5 hurong tir

trong tip vin ban 6 thé In dén hang trigu)
Do nhidu md hinh xac sudt hién dai quan
trong, ching ta khong tinh dugc postertor béi
vi miu s6. Muc dich nghién ciru clia mé hinh
xac sudt hién dai 14 phét tridn cic phuong
phap hisu qua 3 xép xi ching.

Muc dich ctia cac md hinh chi dé la di xdp xi
cdng thirc (2) bfmg cach chép nhin mdt phin
phéi thay thé qua cdu tric chi dé dn ma gin
véi posterior thue sur. Thudt todn mé hinh hoa
chu d& no1 chung chia lam ha: thuat toan:
sampling-based algorithms and variational
algorithms

Sampling-based algorithms: C3 ging thu
thip man tir posterior 161 xfp xi no vé1 mdt
phéin phéi theo kinh nhiém. Théng thudng sir
dung thuft toin Grbbs sampling (ching ta di
xfy dung chudi Markov — bién ngiu nhién
tudn ty, mi bién phy thude vao bién trude,
mi phén phdi han ché cita no 14 posterior),
Chudi Markov duge dinh nghia trén bién cha d&
An, thudt toan ndy chay rdt mdt thoi gian, miu
thu thip tir phin phét g6 han, sau 86 xfp xi
phan phéi niy véi miu dwoc thu thap (thuimg
thi mét mAu dugc t2o ra khi mot xAp xi cia chu
triic chib d& 4n véi xac sudt 14 19 nhét).
Variational methods: (phueng phap bién phan)
Phuong phap bién phin thay thé cho thudt
toan Sampling-based Phwong phap suy dién
bién phan t8t hon so véi phuong phip ldy
miu trén. Phuong phap nay ddt mdt ho cic
phén phéi dwoc tham 8 héa qua cu tric chi
& 4n va sau o tim thanh phan gin nht véi
posterior trong ho phin phéi do. Vi thé b
foan suy didn chuyén sang bai toan tb1 wu
Thuft toan suy dién bién phan Coordinate
ascent (Blei) trong LDA va thudt toan online
(Hoffman) co thé d& ding thuc hidn duge
bing tay voi hing triéu vin ban va phi hop
i tdp vin ban streaming cdia dir 1i€u text.
Suy din bién phén quay tro vé suy dién hau
nghigm trong ¢5i wu héa. Y tudng chinh 14

+ Thay thé bing mdt phin phéi qua cic bién
an voi céc tham sb ty do (free parameters),
g01 14 variational parameters.
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+ Téi ru hoa variational parameters dé tao ramdt
phén phéi mé tién gdn dén hau nghiém ding,
- Phuong phap suy difn bién phan thuong
nhanh hon phwong phap ldy miu (sampling-
based appreaches)
Suy didn bién phin ngiu nhién Stochastic
variational inference.
+ Pzt didu kign 1n tdp diF Lidu lom va xdp xi
hau nghiém
+ Trong suy didn bién phan, ta di ti wu hoa
mét ho phan phéi dé tim thanh vién ghn nhat
(in KL divergence - do sy sai khic giita hai
phiin phét P va Q) tdi hiu nghiém.
+ Suy dién bién phan thuomg dua vé thudt
toan nhu sau
Phong doan cac tham s8 cuc bd cho mBi diém
dir ligu
Duya vio suy difn cuc bé ndy, phéng doan lai
chc tham s6 toan cyc
C1 lap lai nhir vay
Ca hai thut toan trén thuc hién tim ciu tric
chi dé Mot tdp van ban duoc gifr ¢6 dinh va
dam nhiém phu mét hwong dan toi noi tim
kiém. Phuong phap tidp cAn nao la tdt hon
con phu thudc vao mé hinh cu thé,
UNG DUNG
Sau khi mé hinh chu d& hoc ra céc tham s in
(cu tnic van ban) thi ¢ rét nhidu tmg dung.
Sau diy 12 mt s6 {mg dung trong tim kiém
thong tin:
- Ap dung vao bai toan phin cum cic cau truy
vén dwa vao cac chu dé di tim duoc
- Bidu dién vn ban mo mirc cha dé.

- C6 hai cach uep can & tinh d3 twong tw
glua céu truy vén gvavanband
+ Tinh x4c sudt cua truy van:
P@IA)= T1 Plw, 14) ()

v, €0

.
P, 14)= 35 o 12,002, 14) @

=
+ So sénh cac phéan phéi chi dé trong vin bin

(sir dung d¢ do su sai khic: Kullback-Leibler,
Jenson-Shannen);

18

b,(PiO)- zp(;)loL.QL’ ©

Ds(P1Q) =D (P1Q) + Do (P P (6)
DAPIQ):%JDulP 104 0,@ 14017

- Khd nang phat hién nghia cta 1 trong vin
canh (goi la word sense disambiguation)

- Tim tir déng nghia. €6 hai cach tinh 4
tuomg tur gita cAc tir.

o .
P(wW, W) =ZP(w, 12,38z, 1w,) (8)

P(w, [w,)= Zase @

M3 hinh LDA la md hinh phé bién nhit va
duoc tng dung trong nhidu linh vwe, Thy véi
dic didm cua dit 1Bu ma md hinh nay drge
ma rong gia thiét hodc tich hop thém dir lign
@ khan thac thong tin mét cach tridt a8 hou
nhu san’

- LDA duoc n6: long va mo rong gia (hidt &
kham pha nhidu cu tric tinh vao trong dit
liéu text Gia thiét thir nhét cho ting LDA 12
“bag of words”, ma thi tw cdc tir trong vin
ban khdng ¢6 thi ty. Trong khi d6 gia thidt
nay la khéng thye t, no chi phit hop néu myc
dich cia ta 14 kham pha dong cAu tric in
(sourse semantic structure). €6 mét s§ mb
hinh mé rng LDA gi4 thift ring cac tr 12
khoéng thay ddi (uncxchangeably), vi du [4)
a5 pheit trién mo hink ma néy long 1 tiz béng
cdch gé thée rdng chi dé duoc sk ra bor
cdc tir phy thudc véi tir rude né, (5] phat
trén mo hink chii 38 ma chuyén gitta LDA v&
HMM Nhitng mé hinh nay mé rgng khéng
gian tham s mét cach dang ké nhung chi
hidu sudt m6 hinh ngdn nglt duee cai thién.
Gia thiét this hai 1a thir ter ciia edc van ban 14
khng quan trong. Trong cfng thire (1) la
cong thire con lai bit bién d& hoan vi thir tw
cila vin ban trong tap di ligu. Gra thidt ny cd
thé khong thuc té khi phén tich tdp vin ban
dai (lonv-running) ma né kéo dai hang nim
hodc hang thé ki. Voi n}umg tap da ligu nbv
vay, ching ta ¢ thé gia thiét ring chi a8 thay
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dbi theo thisi pian. Mt cach tiép can cho gia
thiét nay do 1a mé hink chi @ dpng -
dynamic topic model (6]. M6 hinh ma né chi
¥ t6i thir tu eia van ban va dua ra ciu tric
chii dé hiu nghi¢m phong phi hon LDA.
Hinh 4 chi ra mét chu ¢ dong Tét hon mét
phén phéi qua cie tir, mdt chi d€ bay giv la
cde phin phdi bén tép qua cac 6 Ta cé thé
tim mét chit d co s& cua tdp van ban va theo
déi xem bing cach nio cac chu g8 nay thay
d8i theo thoi gian

Ha
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Hinh 4. Mo hinh chi dé voi gid thids chii &€ thay
dor theo thé gian

Gia thiét thir 3 13 s8 hmng chu & la ¢ dinh
Trung mé hinh chu dé phl tham sb [7] cung
cap mot giai phap tim 54 lu'o’ng ch dé qua tap
dif liéu trong qua trinh suy dién Posterior, va
hon nita nhimg vin ban md co thé béc 16
nh\.mg chit dé khong bidt tnrée. M hinh chi
¢ phi tham so Bayes duoc md mng cho mé
hinh pha.n cAp, md hinh chu d& phan cap la
loa.l ma ta cé thd tim duoc mdt cdy chu dé,
cdu tric chi d& dic bidt cda né duoc suy difn
tir dir liéu [8] Con nh\rng md réng khic cia
LDA ma ndi long gia thiét cia cac bién. M6
hinh cha dé twrong quan [9] va Pachmko
allocation Machine [10] cho blet sé I1&n xudt
hién clia chi d¢ d& boe 16 mér mong quan
gifra cac chin dé (vi du siher chit d8 vé dia chat
SE cd tuong guan ghn voi chit &€ héa hoc hen
la chii dé& thé thao). Spherical topic model
[11] cho mét cac tr khong nam trong chit dé,
M5 hinh che dé thua [12] lam md hinh cé
phén phm chu de ma.nh va “bursty” mé hmh
chu d& cung cap phidu mé hinh hién thye vé
6 lugng tir [13]
- Tich hop thém di¥ i§u vao mé hinh LDA,
¢ac van ban chira thém théng tin nhu tic gia,

tiéu d&, vi tri dia 1y, hién két, .. Tay vio ting
loai img dung va logi dir liéu ma nhimg thong
tin ndy ¢ thé thich hop véi md hinh chu d&
€d mbt luc lwong nghién ciu manh vé tich
hop mé hinh chi d& trong metadata. The
author-topic modcl 13 mét nghién ciu rit sém
v& heéng nay Ti 18 chi & duoc gin vao
author. Cac bai bao vé1 nhidu tac gia duge gia
thiét dé gin ver mdi tir 161 mét tac gia. Md
hinh chui d8 - téc gia cho phép suy didn vé cac
tac gia t&t nhy voi cdc van ban

Author-Topic

a0

& 363
’ EAPY

(=}
Hinh 5. M8 hinh chit d¢ tdc gid

R4t nhiéu tdp vin ban dwoge lién kbt (vi du
nhu cac bai bao khoa hoc duoc lién két bing
céch trich dan hogc cac trang web dirge hén
két bdn cac hyperlink). Mt vai mé hinh chi
dé duoc phat mén dé giai thich cho nhimg
hén két ndy khi udc lwong cac chu d& Mo
hinh chii d8 quan hé (relational topic Model)
pia thiét ring m3i vin ban dwoc m hinh hda
nhu trong LDA va ¢c lidn két gitta cac van
ban phu thudc vao khoang cach gilra cac ti 1€
chit dé cia ching. M hinh nay vira 12 mé
hinh cha de méi, vira 12 mé hinh mang méi.
Khong gmng voi mo hinh thong ké cua mang
truyén théng, mé hinh chu dé quan hé dwa
vao cé¢ thude tinh nit tinh toan trong mé hinh
héa céc ién két

{

Hinh 6. M6 hinh chi dé quan ké

Huéng khac ma tu:h hop metadata trong mé
hinh chui dé bao gdm:
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+ Cic md hinh cia ciu tric lién quan dén
ngon ngit.

+ Cac mé hinh ma giai thich cho khoang cich
giita tip van ban

+ C4c mé hinh ciia céc thyc thé dwgc dat tén.
HUONG PHAT TRIEN

Qua khao sat thi m6 hinh cht dé hoat dong
hiéu qud khi hoc trén tap dit ligu ln va trong
mot 0 truv:mg hop thi no cun}g cdi \‘hien hiéu
xut tim kiém. Trong méy may nam gin day
hiéu qua cia mo hinh hoc siu dang duoc ap
dung vao nhleu linh wye Trong thai gian t6i
tac gid 58 két ho'p md hinh chit d& v hoc siu
d2 Khai thac vé 86 uong ty ngu nghia trong
vin ban va mét s6 bai toan cua tim kiém
thong tin,

KET LUAN

Qua bai na}' ching t51 mudn gidi thidu vé mé
hmh chi d€ LDA, suy dién trong md hinh chi
@, cac nghlen citu gan day vé cac m6 hinh
chi de va img dung ciia m hinh che dé trong
tim kiém théng tin,
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TOPIC MODELS AND INFORMATION RETRIEVAL

Ha Thi Thluh Trinh Thi Thuv, Ngo Cam Tn
Universily of | -TNU

nnd Co

All our nformation is stored 1n the form of news, blogs, web pages, smcnhﬁc articles, books,
photos, audio, video, social networking . with a large information So 11 is too difficult to scarch
iformation. We need a tool to help orgamzanons, search, explorc large amounts of this

information The machine learming h

| i,

have d P

topic model, an

algorithm to explore and explain the large text data repository wnh wiformation on topies Topic
models are statistical methods that analyze the of the text data to discover the topic of the text, the
way in which the interlinked themes, the way in which that topic instead change over time Topie
model allows us to organize and summanze data warehouse number. Thus helpimg to exploit and

{ind information more quickly

Keywords: infomanon retrieval, machine learning, topic model, LDA model
Ngay nhin bdi:23/10/2016; Ngay phén bién:04/11/2016; Ngay duyét ding: 31/5/2017

" Tel. 0982 26660, Emant: htthanh@icte.edi.vn
20



