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TOM T A T 
Tat ca th6ng tin ciia chiing ta hi^n nay ducrc so hoa va luu trQ dudi nhieu dang. Tin tiic, blog, web 
pages, bai bao khoa hpc, sach, hinh anh. am thanh, video, mang xel hpi vdi mpt luong luu triJ ldn. 
Vi the tim kiem sg kh6 khan Ta can mdt cfing cu tinh tpan d^ gnip t6 chirc, tim kiem, khai pha 
luomg ldn thong tin do Nhung nha nghien ciiu ve hoc may da phat tnen mo hinh chu de xac suat, 
mot thuat toan thich hgp hudng vac khai pha va giai thich kho diJ lieu v3n ban ldn vdi nhitng 
thpng tin ve chil de Thuat toan mo hinh chil d^ la phucmg phap thong ke ma phan tich cac tir ciia 
van ban goc de kham pha ra cac chii de cua vln ban, each thire ma cae chil de lien ket vdi nhau, 
each thiic ma eac chii de do thay doi theo thdi gian, Mo hmh chii de cho phep chiing ta to ehiic va 
t6m t3t kho dQ lieu s6. Tii d6 giiip viec khai thae va tim ki6m thong tm nhanh chong hon. 
Tu- khoa. Tim kiem thdng tin, hoc may thong ke, md hinh chu di. suy diiii, mo hinh LDA 

GlQl THIEU 

Chii de la tgp hgp cac tir cd moi quan he ngu 
nghTa vgi nhau [3]. Cu the; Chii de la phan 
phoi qua mot tap tu vyng co djnh. Moi chii de 
khac nhau thi co phan phoi khac nhau qua 
Cling bo tir vung. Vi du (Hinh 1) 

Hmh 1: Theo Blei. chgn ra nidi chu de 15 lir vdi 

xdc suat ldn nhdt [3] 

Cac chii de dugc dac ta trudc khi d5 Iipu dugc 
sinh ra. Mat khac mo hinh xac suat gia thict 
r ing cac chu dp duoc sinh ra dau tipn trudc 
khi cd van ban. 

Mo hinh chii de la mgt phuang phap phan tich 
van ban dugc rat nhieu hpc gia quan tam 
trong Iinh vy khoa hoc xa hoi, nhan van... Mo 
hinh chii de cung cap thuat toan ty dgng ma 
hda npi dung ciia tap van ban sang mgt tgp ma 
CO y nghia goi la "chii de". Cac nha nghien 
Cliu bdt dau vdi vipc xac dinh so lupng chii de 
cho thugt toan Chuong trinh se dmh nghia so 
lugng cac chii de va tra lgi xac suat ciia tir 
trong moi chii de. 

' Tel: 0982 266009. Email htlhanh@ictu.edu.v 

M6 hinh chii de dang duoc quan tam vi mpt 

trong cac ly do sau. Thii nhat, dung mo hinh 

chii de se khai pha ra cac chii de, sau dd to 

chiic Igi tgp du lipu theo chu de da kham pha. 

Thli hai, n6 dupc ap dyng cho tap dii lieu Idn, 

Thli ba, mo hinh chii de dugc ap dyng cho 

nhieu logi dii lieu. Tir dii Iipu c6 cau tnic hoac 

khong cd cau tnic, video, hinh anh, am 

thanh... Doi vdi du lipu van ban, mo hinh chii 

dp duoc khai thae rat nhieu. Dac biet trong 

linh vyc tim kiem thong tin. Mo hinh chii de 

CO the dling de bieu dien van ban qua cac chii 

de, phan Idp van ban, hogc diing de xep hang 

van ban. 

M O HINH CHU DE LDA 

LDA la mo hinh phat trien tir mo hinh pLSI 

, pLSI la mo hinh chu de diing de phan tich 

ngii nghTa an [2], 

Y tudng eg ban ciia LDA la tap cac van ban 

chiia nhieu chii de. LDA la mo hinh thong ke 

ciia tap van ban. No dugc mo ta de dang nhat 

bang qua trinh sinh 

Mo hinh LDA la mo hinh sinh. Mo hinh sinh 

dling de giai thich tgp dii lipu quan sat dugc 

qua nhdm dii lieu khong quan sat dugc. Vi 

dy, neu du lipu quan sat dugc la cac tit trong 

van ban, nd cho rang moi van ban la hon hop 

cua so lugng nhd cac chu de va vipc moi tir 

tao ra tuong iing nSm trong mgt chii de trong 

van ban. LDA ciing la mo hinh chii de duoc 
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Blei, Andrew va Michael Jordan dua ra vao 
nam 2003. 

Mpt chii de la mot phan phoi qua tap tir vung 
CO djnh. Vi du chii de "genetics" co chiia cac 
tli ve di truyen hoc vdi xac suat cao va chii de 
"evolutionary biology" c6 cac tu ve sy tien 
hoa ciia sinh vat hgc vdi xac suat cao. Chiing 
ta gia thiet rang nhiing chii de nay dugc ghi ro 
trudc khi dii lieu dugc sinh ra. Cac tir trong 
van ban duac sinh ra theo qua trinh sau: 
(Hinh 2) 

Chpn ngau nhien mgt phan phoi qua cac 
chii de. 

Vdi moi tir trong van ban" 
+ Chgn ngau nhien mot chii de tir phan phoi 
qua chii de. 
+ Chgn ngau nhien mgt tu tii phan phoi 
tuang ling qua bp tir vung 
Mo hinh thong ke nay chi ra rang trong cac 
van ban cd nhieu chu de Trong moi van ban 
CO nhieu chii de vdi ti lp khac nhau. Moi tir 
trong moi van ban duoc nit ra tir mgt trong 
cac chii de. Day la diem khac biet ciia LDA. 
Tat ca cac van ban trong tgp van ban dung 
chung mgt tgp cac chii de, nhimg moi mpt van 
ban CO ti le chii de khac nhau 

Hinh 2. .Vld binh smh van ban lu cdc chu de 

cho tru&c [3] 

Nhu da n6i trong phan gidi thieu, mo hinh 
chii de tu dgng khai pha cac chii de tir mgt tap 
van ban (thgng qua phan suy dien cac bien an, 
trinh bay d phan suy dien). Trong cac van ban 
quan sat dugc thi cau tnic ciia chii de bao 
gom cac chii de, phan phoi cac chii de tren 
van ban, chii de duoc gan qua tir tren van ban 

dugc goi la cau tnic an. Bai toan tinh toan ciia 
mo hinh hda chu de la sii dyng van ban duac 
quan sat de suy dien ra cau tnic cua chu de 
Lgi ich ciia mo hinh chii de hii nguon tu 
chat ma ciu tnic an dugc suy dien tuang t | 
vdi cau tnic chu de ciia tap dii lieu, Cau tnic 
an dling de dien giai cho moi van ban trong 
tap dir lieu va nhung dien giai nay duac diing 
de giiip cho cac bai toan nhu tim kiem thong 
tin (IR), phan lap, fliam dd tgp dii lieu (corpus 
exploration) 

Sau day la mo hinh do thi ciia LDA[] do Blei 
dua ra vao nam 2003 [1]. 

Hinh 3. Md hinh do th} cita LDA 

Trong dd' PTIa cac tir trong tii dien V. Vdi 
moi van ban D, c6 NQ, tir Tiic la D=fW;, W-2, 
-., WND) Tap Z) tgp gomil^vanban, Z>=fD;, 
D2. ,DU 
Cac gia thiet ciia LDA theo qua trinh sinh nhu sau 

- Chon e = Dir(a) 

- Vdl moi tir W„ trong van ban chpn' 

+ Chgn Z„ a multinomial(d) 

+ Chpn tir W„ tir xac suat P(W„\ Z^ p) la phan 

phoi xac suat multinomial cd dieu kien tren Z„ 

Trong do: 

- y9 la cac chii de trong kho dii lieu (la mpt ma 
tran cap k*V, trong dd p,j la xac suat tir thiij 
trong chii de /). p, la phan ph6i mot chii de thii 
J qua tap ttr vung V. 

- dd la ti lp cac chii de trong van ban thii d. B^^ 
la li le chii de thii k trong van ban d. 

- Zd la chii de duoc gan cho van ban d, 2^, la 
chii de dugc gan ciia tir thii «trong van ban d. 
' Wdlk tir trong van ban thii d, Wd,„ la tir diii w 
trong van ban d. 
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LDA va cac mo hinh chii de khac la mot phan 
trong probabilistic modeling. Trong mo hinh 
xac suat ndi chimg, chiing ta coi nhu dii Iipu 
ciia chiing ta hh nguon tir qua trinh sinh (bao 
gom ca bien an). Qua trinh sinh duac dinh 
nghla la phan phoi xac suat dfing thdi qua cac 
bien dugc quan sat va bien an. Chiing ta thyc 
hipn phan tich du heu bang each sii dyng 
phan phoi dong thdi nay de tinh phan phoi c6 
dieu kien ciia cac bien an khi biet cac bien 
dugc quan sat. Phan phoi c6 dieu kien nay gpi 
la phan phoi hau nghipm (posterior 
distnbution). Cac bien dugc quan sat la cac tir 
ciia tip van ban, bien an la cau tnic chii de. 
Bai toan tinh toan suy dien cau tnic chu de an 
tir van ban la bai toan tinh phan phoi hgu 
nghiem (phan phoi cd dieu kien cua bien an 
khi biet tap cac van ban). 
Qua trinh sinh ciia mo hinh LDA tuang iing 
vdi cong thiic phan phoi dong thdi ciia cac 
bien quan sat dugc va cac bien an nhu sau' 

PW^ : , / J . " ' L D ) 

SUY DIEN TRONG LDA 

Tinh phan phoi cd dieu kien ciia cau tnic chii 
de dugc cho bdi cac van ban duac quan sat 
Tacdposterial [3]: 

pi-^lj 
(2) 

Tli so cua cong thiic tren la phan phoi dong 
thdi ciia cac bien ngau nhien, mau so la xac 
suat bien ciia cac quan sat (nd la xac suat ciia 
cac tir trong tgp van ban quan sat dugc), Ve 
mat Iy thuyet, cong thiic xac suat nay dugc 
tinh blng each lay tong ciia tat ca phan phoi 
dong thdi ciia tat ca cac the hien ciia cau tnic 
chii de an. 

So lugng cau tnic chii de la rat Idn (theo ham 
mu). Vi vgy no khd tinh toan (vi so lugng tir 

trong tgp van ban co the len den hang Irieu) 
Do nhieu mo hinh xac suat hipn dai quan 
trong, chiing ta khong tinh dugc postenor bdi 
vi mau so. Myc dich nghien ciiu ciia mo hinh 
xac suat hien dgi la phat trien cac phuang 
phap hieu qua de xap xi chiing. 
Myc dich ciia cac mo hinh chu de la di xap xi 
cdng thiic (2) bang each chap nhgn mpt phan 
phoi thay the qua cau tnic chii de an ma gan 
vdi posterior thuc sy. Thuat toan mo hinh hda 
chii de n6i chung chia lam hai thuat toan: 
sampling-based algorithms and variational 
algorithms 

Sampling-based algonthms: Co gang thu 
thgp mau tir posterior tdi xap xi no vdi mpt 
phan phoi theo kinh nhiem. Thong thudng sii 
dung thuat toan Gibbs sampling (chiing ta di 
xay dung chuoi Markov - bien ngau nhien 
tuan ty, moi bien phy thuoc vao bien trudc, 
ma phan phoi han che ciia n6 la posterior), 
Chuoi Markov dugc dinh nghia tren bien chii de 
an, thugt toan nay chay rat mat thdi gian, mau 
thu thgp tir phan phoi gidi han, sau d6 jtap xi 
phan phoi nay vdi mau duac thu th?^ (thudng 
thi mpt mau dupc tao ra khi mgt xap xi ciia cau 
tnic chii de an vdi xag suat la ldn nhat). 
Variational mdhods: (phmmg phap bien phan) 
Phuang phap bien phan thay the cho thuat 
toan Sampling-based Phuong phap suy dien 
bien phan tot hgn so vdi phucmg phap lay 
mau tren. Phuong phap nay dat mpt hp cac 
phan phoi dupc tham so hda qua cau tnic chu 
de an va sau do tim thanh phan gan nhat vdi 
posterior trong hp phan phoi d6. Vi the bai 
toan suy dien chuyen sang bai toan toi uu 
Thuat toan suy dien bien phan Coordinate 
ascent (Blei) trong LDA va thugt toan online 
(Hoffinan) cd the de dang thuc hipn dugc 
bang tay vdi hang tripu van ban va phu hop 
vdi tap van ban streaming ciia dii lipu text. 
Suy dien bien phan quay trd ve suy dien hau 
nghipm trong toi uu hda. Y tudng chinh la' 
+ Thay the bing mpt phan phoi qua cac bien 
an voi cac tham so ty do (free parameters), 
gpi la variational parameters. 
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+ Toi uu hda variational parameters de tgo ra mpt 
phan phoi ma tien gan den hau nghipm diing. 

- Phuong phap suy dien bien phan thudng 
nhanh hon phuang phap lay mau (sampling-
based approaches) 

Suy dien bien phan ngau nhien Stochastic 
variational inference. 
•+ Dgt dieu kipn Ien tap dir Iipu ldn va xap xi 
hgu nghiem 
+ Trong suy dien bien phan, ta di toi mi h6a 
mpt hg phan phoi de tim thanh vien gan nhat 
(in KL divergence - do sy sai khac giua hai 
phan phoi P va Q) tdi hau nghiem. 

+ Suy dien bien phan thudng dua ve thuat 
toan nhu sau' 

Ph6ng doan cac tham so cue bo cho moi diem 
dii lieu 

Dya vao suy dien cyc bp nay, phdng doan lgi 
cac tham so toan cyc 

Cli Igp lai nhu vay 

Ca hai thuat toan tren thuc hipn tim cau tnic 
chii de Mot tap van ban dugc giii co dmh va 
d ^ nhiem nhu mot hudng dan tdi noi tim 
kiem. Phuong phap tiep can nao la tot hgn 
c6n phu thuoc vao mo hinh cy the. 
UNG DUNG 

Sau khi mo hinh chii de hpc ra cac tham so an 
(cau tnic van ban) thi c6 rat nhieu iing dyng, 
Sau day la mgt so iing dyng trong tim kiem 
thong tin: 

- Ap dyng vao bai toan phan cum cac cau truy 
van dya vao cac chii de da tim duoc. 

- Bieu dien van ban mg miic chu de. 

- Cd hai each tiep can de tinh dp tuong tu 
giiia cau truy van Q va van ban d 

+ Tinh xac suat cua truy van: 

n^Ad)-iil\^Az^)P{z,\d,){A) 

•f So sanh cac phan phoi chu de trong van ban 
(sii dyng dg do sy sai khac: Kullback-Leibler, 
Jenson-Shannon): 

£'«.(^i0=Zn/)iog.,^(5) 

i)„,(P||0)-Z)„(PyO)+D„(£)||/')(6) 

D (̂n0=ŷ (/'1!.W)4O„(OPO|(7) 

- Khd nang phat hien nghla ciia tii trong van 
canh (ggi la word sense disambiguation) 
- Tim tit dong nghia. C6 hai each tinh do 
tucmg tu giiia cac tir. 

\T\ 

n^. I wJ = j / ' ( w , I z.)P(z^ I wJ (8) 

m 
P(w,Iw,)=£(Z>X(9) 

y=i 

Mo hinh LDA la mo hinh pho bien nhat va 
dugc ling dung trong nhieu ITnh vyc. Tiiy voi 
dac diem ciia du lieu ma mo hinh nay dirge 
md rpng gia thiet hoac tich hop them du lieu 
de khai thae thong tin rapt each triet de hon 
nhu sau' 

- LDA dugc ndi long va md rong gia thiet de 
kham pha nhieu cau tnic tinh xao trong du 
lieu text Gia thiet thii nhat cho riing LDA la 
"bag of words", ma thii tu cac tir trong van 
ban khong co thii ty. Trong khi d6 gia thiet 
nay la khong thyc te, nd chi phii hgp neu myc 
dich cua ta la kham pha ddng cau tnic an 
(sourse semantic structure). Cd mot so mo 
hinh md rgng LDA gia thiet riing cac tir la 
khong thay doi (unexchangeably), vi dy [4] 
ddphdt triin mo hinh md n&t long tui tif bdng 
cdch gid thiet rdng chu di duac sinh ra bdi 
cdc lir phu thuoc vdi tir trudc no, [5] phdt 
tnin mo hinh chit di md chuyin giira LDA vd 
HMM Nhiing mo hinh nay rad rpng khong 
gian thara so mpt each dang ke nhimg chi 
hieu suat mo hinh ngon ngii dugc cai thipn. 
Gia thiet thii hai la thd tu ctia cdc vdn bdn la 
khong quan trgng. Trong cong thiic (I) la 
cong thiic cdn lgi bat bien de hoan vi thti tu 
cua van ban trong tgp dii lipu, Gia thiet nay co 
tiie khdng thuc te khi phan tich tgp van ban 
dai (long-nmning) raa no keo dai hang nam 
hogc hang die ki. Vdi nhirng tap du lipu nhu 
vay, chiing ta cd the gia tiiiet rang chu de thay 
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doi theo thdi gian. Mot each tiep cgn cho gia 
thiet nay do la md hinh chu di ddng -
dynaraic topic model [6], Mo hinh ma nd chu 
y tdi thli tu ciia van ban va dua ra cau tnic 
chii de hau nghipm phong phii han LDA. 
Hinh 4 chi ra mot chii de dgng Tot hgn rapt 
phan phoi qua cac tir, mot chu de bay gid Id 
cdc phdn phdi hin tiip qua cac tir Ta c6 the 
tira mot chii de co sd cua tap van ban va theo 
doi xem bang each nao cac chii de nay thay 
doi theo thdi gian 

"Y 
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Hinh 4. Mo hinh chii di vdi gid thiet chu de thay 
ddi theo thai gian 

Gia thiet thii 3 la so lupng chii de la co dmh 
Trong mo hinh chii de phi thara so [7] cung 
cap mpt giai phap tim so lupng chii de qua tap 
dli lieu trong qua trinh suy dien Posterior, va 
hon nua nhiing van ban radi cd the boc 16 
nhirng chii de khong biet trudc. Mo hinh chii 
de phi tham so Bayes duac md rpng cho mo 
hinh phan cap, mo hinh chii de phan cap la 
logi raa ta c6 the tim dugc mot cay chu de, 
cau tnic chii de dac bipt ciia n6 dugc suy dien 
tir dii lieu [8] C6n nhiing md rgng khac ciia 
LDA ma ndi Idng gia thiet cua cac bien. Mo 
hinh chii de tuang quan [9] va Pachinko 
allocation Machine [10] cho biet so lan xuat 
hien ciia chii de de bpe Id moi tuong quan 
giiia cac chu de (vi dy nhu chii dp ve dja chat 
sc CO tuong quan gan vdi chu de hoa hgc hon 
la chu de the thao). Spherical topic model 
[II] cho biet cac tir khong niim trong chii de. 
Mo hinh chii de thua [12] lam mo hinh cd 
phan phoi chu de ragnh va "bursty" rao hinh 
chii de cung cap nhieu mo hinh hipn thuc ve 
so lugng tir [13] 

- Tich hap tiiem dir lipu vao mo hinh LDA, 
cac van ban chiia them thong tin nhu- tac gia. 

tieu de, vi tri dia Iy, lien ket, .. Tuy vao timg 
Ioai img dung va logi dii lieu ma nhung thdng 
tin nay co the thich hgp vdi mo hinh chii de 
C6 mot Iyc lugng nghien ciiu mgnh ve tich 
hgp mo hinh chii de trong metadata. The 
author-topic model la mgt nghien ciiu rat sdm 
ve hudng nay Ti lp chii de dugc gan vao 
author. Cac bai bao vdi nhieu tac gia dugc gia 
thiet de gan vdi moi tir tdi rapt tac gia. Mo 
hinh chii de - tac gia cho phep suy dien ve cac 
tac gia tot nhu vdi cac van ban 

Author-Topic 

Hinh 5. Mo hinh chu de tdc gid 
Rat nhieu tap van ban dupc hen ket (vi dy 
nhu cac bai bao khoa hoc duoc lien ket bang 
each trich dan hogc cac trang web dugc lien 
ket bdi cac hyperlink). Mgt vai mo hinh chu 
de dugc phat tnen de giai thich cho nhiing 
lien ket nay khi udc lupng cac chii de Mo 
hinh chu de quan hp (relational topic Model) 
gia thiet rang moi van ban duoc mo hinh h6a 
nhu trong LDA va cac lien ket giiia cac van 
ban phu thuoc vao khoang each giiia cac ti lp 
chu de ciia chiing. Mo hinh nay vira la mo 
hinh chii de radi, vira la mo hinh mgng mdi. 
Khong giong vdi rao hinh thong ke cua mang 
truyen thong, mo hinh chu de quan hp dua 
vao cac thuoc tinh mit tinh toan trong mo hinh 
hda cac lien ket 

N- V_7 Vjy K \ _ / N 

Hinh 6. Mo hinh chu di quan hf 

Hudng khac ma tich hgp metadata trong mo 
hinh chii de bao gom: 
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+ Cac mo hinh ciia cau tnic hen quan den 
ngon ngii. 

+ Cac mo hinh ma giai thich cho khoang each 

giiia tgp van ban 

+ Cac mo hinh ciia cac thyc the dugc dat ten. 

H U d N G PHAT TRIEN 

Qua khao sat thi mo hinh chii de hoat dpng 
hieu qua khi hgc tren tgp du lieu Idn va trong 
mpt so trudng hgp thi no ciing cai thi§n hipu 
xuat tim kiem. Trong may may nam gan day 
hieu qua ciia mo hinh hpc sau dang dugc ap 
dung vao nhieu ITnh vyc Trong thdi gian tdi 
tac gia se kel hgp mo hinh chu de vdi hoc sau 
de khai thae ve do tugng ty ngii nghia trong 
van ban va mot so bai toan ciia tira kiera 
thong tin. 

KET LUAN 

Qua bai nay chiing toi muon gidi thipu ve rao 
hinh chii de LDA, suy dien trong rad hinh chu 
de, cac nghien ciiu gan day ve cac mo hinh 
chii dp va ling dyng cua mo hinh chii de trong 
tira kiem thong tin. 
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SUMMARY 
T O P I C M O D E L S AND I N F O R M A T I O N R E T R I E V A L 

Ha Thi Thanh*, Trinh Thi Thuy, Ngo Cam Tu 
University of Information and Communication Technology - TNU 

All our infprmation is stored in the fprm pf news, blpgs, web pages, scientific articles, books, 
photos, audio, video, social networking. with a large informatipn SP it is too difficult to search 
infprmation. We need a tool to help prganizatipns, search, explore large amounts of this 
information The machine learmng researchers have developed probabilistic topic model, an 
algorithm to explore and explain the large text data repository with information on topics Topic 
models are statistical methods that analyze the pf the text data to discover the topic of die text, the 
way in which the interlinked themes, the way in which that topic instead change over time Topic 
mPdel allows us tp prganize and summanze data warehouse number. Thus helping to exploit and 
find informatipn more quickly 
Keywords: infomation retrieval, machine learning, topic model, LDA model 
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