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CAI TIEN THUAT TOAN TOI UU_ ‘
GIAI BAI TOAN SUY DIEN HAU NGHIEM VO1 MO HINH CHU BE

Duong Thi Nhung, Bui Thi Thanh Xuan”
Truong Pai hoc Cong nghé thdng tin va truyén thdng - PH Thai Nguyén

TOM TAT

Bai toan suy dién hau nghiém cho mdi vin ban déng vai trd quan trong trong md hinh chu dé. Tuy
nhién, trong qua trinh giai bai toan suy dién nay thuong dua vé dudi dang mot bai toan tdi uu
khong 16i vai dir ligu 16n, do d6 né thuong 1a bai toan NP-khd. C6 nhiéu phuong phap duoc dé
Xuat dé giai xdp xi bai toan suy dién hau nghiém nhu phwong phap Variational Bayes (VB),
collapsed variational Bayes (CVB) hay phuong phdp collapsed Gibbs sampling (CGS),... Tuy
nhién cac phuong phap nay hau hét khong dam bao vé chit lugng cung nhu toc d6 hoi tu cua thuat
toan. Vi y tudng st dung thuat todn Online Frank-Wolfe (OFW) va thuat toan Online Maximum
a Posterior Estimation (OPE), chiing t6i d& xuét hai thuat toan cai tién c6 hiéu qua giai bai toan suy
dién hau nghiém véi mé hinh chu dé, d6 1a IOPE1, IOPE2. Bing viéc sir dung bién ngiu nhién,
Xap xi ngau nhién va phan phdi ngau nhién nhu phan phdi Uniform, phan phdi Bernoulli, cac dé
XUit ciia chung toi duoc sir dung dé phét trién cac phuong phap mai ¢ hiéu qua dé hoc cac md
hinh chu d& tir bd suu tap van ban lon. Cac két qua thuc nghiém cho thiy cac phuong phap tiép
can cua ching t6i thuong hiéu qua hon cac phuong phap trude do.

Tir khéa: Suy dién hgu nghiém, OPE, Online Frank-Wolfe, mé hinh chu dé, hoc truc tuyén, xap xi
ngau nhién.
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IMPROVEMENT OPTIMIZATION ALGORITHMS APPLIED FOR SOLVING
THE POSTERIOR INFERENCE PROBLEM IN TOPIC MODELS
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ABSTRACT

The posterior inference problem for individual text plays an important role in the topic models.
However, in solving this problem, it is usually given as a nonconvex optimization problem with
the large datasets, so it is often NP-hard. There are many methods proposed to approximate the
posterior inference problem such as Variational Bayes (VB), collapsed variational Bayes (CVB) or
collapsed Gibbs sampling (CGS) methods, but these methods do not guarantee the quality or
convergence rate. Using the idea of Online Frank-Wolfe algorithm (OFW) and Online Maximum a
Posteriori Estimation (OPE) algorithm, we propose two efficient algorithms for solving the
posterior inference problem in the topic models which are IOPE1 and IOPE2. Using stochastic
bounds, stochastic approximation and probability distributions such as uniform distribution,
Bernoulli distribution, our improvements are used to develop new effective method for learning
LDA from large text collections. Experimental results show that our approaches are often more
effective than OPE.
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1. Md hinh cha dé va bai toan suy dién
hau nghiém

Trong md hinh cha d& Latent Dirichlet
Allocation (LDA) [1], mdi van ban dugc biéu
dién theo dang “bag of word”, tic la mdi van
ban coi nhu mét tdi tir, thir tu c&c tir trong van
ban khong quan trong.

OO @< (OO

M K

Hinh 1. M hinh Latent Dirichlet Allocation
Téac gia Blei va cac cong su [1] dua ra gia
thuyét v& cau trdc an chaa trong tap cac van
ban; Mbi van ban 14 sy tron 1an cua cac chu
de an (latent topics), trong d6 moi chu dé la
mot phan phoi cua tat ca cac tur trong tap tu
dién. Moi van ban trong tap corpus dugc xem
nhu mét tli cac tir, cac tir sinh ra la t6 hop
cua cac chu de ma tac gia muon viet. Moi chu
dé la phén phoi cua cac tir trong tap tu dién.
M0 hinh sinh dugc md ta nhu sau:

- Vi mdi topic trong tap {1,2 ... K}
- Lay miu B ~Dir(n)

Sinh van ban w ¢6 do dai N

- Lay miu @~Dir(a)

- Véi mdi tir wy, trong N tir:

+ Chon mét topic z, ~Multinomial (@)

+ Chon mot tir wy, Vi X4c suat p(wy|B,)
Trong cac budc hoc tham sb trong md hinh
LDA, ¢6 hai buéc chinh la:

- Budc E: suy dién vector ti 18 cha dé 8, cho
tung van ban d, hay con goi la cap nhat cac
tham s6 cuc bd.

- Budc M: cap nhat lai tham sb toan cuc .
Budc E va bude M duoc lap di 1ap lai cho dén
khi cac tham sé hoi tu.

Trong [1] thay vi cap nhat truc tiép ra céc
tham sb cuc bo va toan cuc, tac gia cap nhat
céc tham s6 bién phan cho nd. Trong [6], tac
gia Khoat Théan va Tung Poan dé xuat thuat
toan ML-OPE (cap nhat truc tiép tham so
toan cuc B) va thuat todn Online-OPE (cap
nhat tham s6 bién phan A cho B).

Trong [6], khi lam viéc v6i m6 hinh LDA, céc
tac gia dua ra bai toan suy dién cho vin ban d Ia:

K
0" = argmaxgep, Z d; logz O Brj +
7 k=1

K
+ (a — 1)2 log 0,
k=1

Khi d6 f(0) = Zj dj 10g2’,§=1 Hkﬁkj + (a—
1) YK=1log by .
bit g,(0) = X, d;jlog Yk—1 0kPr;j ;
K
9:(0)= (@=1) ) logby
=1
Nhu vay taco f(6) = g1(8) + g2(0).

Véi md hinh LDA, trong thuc té thuong gap
tham s6 @ < 1 nén khi d6 thanh phan g, la
ham 16m va g, la ham 15i, nén ham muc tiéu
f(6) c6 dang ham DC. Do d6 bai toan tim
cuc dai cua ham f(0) la bai todn NP-kho,
kh()ng cO céc thuat todn lap xac dinh giai
quyét hiéu qua bai toan tbi wu cho f(@) Do
do y tuong cua phuong phap giai xap xi ngau
nhién [3] dwoc dua vao s dung dé giai bai
toan suy dién hau nghiém.

Ldy y tuong tir thuat todn Online Frank-
Wolfe [4], tdc gia Khoat Théan va céc cong su
dé xuat thuat toan ti wu ngau nhién Online
Maximum a Posterior Estimation (OPE) dé
giai quyét bai toan nay [5,6].

Thuat toan 1: OPE (Online Maximum a
Posterior Estimation)
Input: document d and model {8, a}

Output: 0* that maximize f(0) = g,(0) +
92(0) _
Initialize 0, arbitrarily inAg = {x €
RE: YK x, =1,x > € > 0}
fort =1,2,...,00 do

Pick f; uniformly from {g,(6); g,(6)}

2yt
= ;Zh=1 fn

€= argmaxyez, < Fi(0.),x >

0141 =6, + _etzet
end for
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Thuat toan OPE duoc st dung dé giai quyét
bai toan suy dién véc to ti I¢ chu dé 8, cho
tng van ban d, sau d6 thuat toan OPE duoc
stir dung vao trong thuat toan hoc ML-OPE &p
dung cho qua trinh hoc véi LDA [6]. OPE la
thuat toan lap ngau nhién. Tai mdi budc lap t,
thuat toan OPE chon ngau nghién mat trong
hai dai lugng g, (6) hoic g,(8) Véi xac sut
bang nhau, sau d6 tinh trung binh cac dai
lugng da chon duogc tir cac budc trude dé tao
thanh chudi ham xap xi F;(8). Ta co F,(8) -
£(6) khi t - co. Tai mdi budc lap t, OPE cap
nhat 6;,, theo 6, . Khi t » oo thi 6, =
6*trong d6 8* 1a mot diém ding cua £(6).
Nhu vay, thuat toan OPE sir dung y tudng cua
thuat toan Online Frank-Wolfe: xay dung day
cac ham sb F,(8) dé xap xi mot ham muc tiéu
£(6). Céch xay dung day ham sé nay la: tai
mai budc 1ap, chon ngau nhién mat trong hai
thanh phan {g;,g,}, ham xap xi bang trung
binh cua tit ca cac thanh phan da chon tai cac
budec lap trudc.

2. Mt sb y twéng cai tién thuat toan OPE
Ching ti nhan thdy mot dic diém cua ham
f (@) trong thuat toan OPE Ila g,(0) < 0,
g.(8) > 0 véi moi gia tri cua tham s 6. Véi
cach xay dung ham F,.(6) nhu trén, néu tai
budce dau tién chon dugc g, (8) thi F; < f, néu
budc dau tién chon dugc g,(8) thi F; > f .

Hai ddy ham c6 cung cach xdy dung nhung
xuat phéat khéc nhau, ciing tién dén ham muc
tiéu, mot day bat dau tir g;(0) (xuat phat tir
phia dudi f(6) nén goi la ddy L.(6)), mot
day bat dau tir g,(0) (xuit phét tir phia trén
£(6), goi 1a U,(6)). Hai diy ham sé U,(6) va
L.(6) s& c6 twong ung hai diy sb {#}} va
{64} tién dan d&én diém téi wu 6 can tim.
Ching tdi tim cach két hop hai day sé nay dé
dugc mot day sé tién dan dén cuc tri caa ham
muc tiéu £(0). Xay dung hai ddy ham ngau
nhién nhién U,(8),L.(0) xuit phéat tir bén
trén va bén dudi ham £, bao lay ham f va
cung tién dan vé f. C6 nhiéu su lra chon
trong qua trinh xay dung cac bién ngau nhién

U.(68),L.(0) xap xi cho ham muc tiéu £(0)
nhu st dung phan phéi uniform, phan phdi
Bernoulli. Véi viéc xay dung hai chudi ham
ngau nhién U.(6),L.(6) bang phan phdi
Bernoulli véi tham sé p € (0,1) thich hop
tong quat hon phan phéi déu, khi d6 U,(8) va
L.(6) 1a cac xap xi cua f(8) khi t — oo,
Culing véi viéc xay dung hai bién ngau nhién,
ching t0i thu dugc hai ddy sb {6}} va {6}}
xap xi cho day nghiém {6,}. Tai mdi budc lip
chung tdi lya chon 6, bang céch sir dung phan
phdi déu tir 83 va 6}
0, == pick uniformly from {6%; 0.}

Chi tiét cua y tuong nay duoc trinh bay trong
Thuat toan 2, vai tén la IOPEL.

Thuit toan 2: IOPE1

Input: document d and model {B, a}
Output:0* that maximize f(0) = g,(0) + g.(8)

Initialize 0, arbitrarily in Ay = {x €
RE: YK x=1,x > e >0}

fii=gufli= g,
fort =2,3,.. odo

Pick f* Bernoulli
{9:(6); 92(8)}

Up: = %mel fn'

el = argmaxyez, < U{(0,),x >

By =0, +%

Pick f! Bernoulli
{9:(6); 92(6)}

Le:= %22:1 frf

er: = argmaxyes, < Li(0,),x >

with probability p from

with probability p from

e%—et

0ii1 =0, +

0,., = pick uniformly from {0 ,; 0., .}
end for

Tiép tuc cai tién thuat toan OPE theo hudng
ngau nhién hoa, ching tdi nhan thay sir dung
phan phdi déu (uniform distribution) trong lra
chon déy nghiém {6,} thong qua {633, {6}} 1a
don gian, chua khai thac dugc gid tri cua
{6¢3,{6¢}. Vi vay, chiing toi st dung:

S GG CH)
exp(F(61)) + exp(f(6})
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0,:
0,
Chi tiét dugc trinh bay trong Thuat toan 3, voi
tén la IOPE2.

0} with probability q

0. with probability 1 —q

Thuat toan 3: IOPE2

Input: document d and model {8, a}
Output:0* that maximize f(0) = g,(0) + g,(0)

Initialize 0, arbitrarily in Ay = {x €
RE: YK x,=1,x= € >0}
fii=gufli= g,
fort =2,3,... odo

Pick f* Bernoulli with probability p
{9:(0) ; 92(0)}

_ 1yt
=1y
et':= argmaxyez, < U{(0.),x >
u
-6
0t =6, +2

t

Pick f! Bernoulli with probability p
{91(0) ; 92(6)}

Lyi= %ZZ=1 fhl

el:= argmaxxeAK <L.(0,),x>

0ty =0, + et ~
eXp(f(9r+1))

exp(f(0t+1)) + exp(f(8441))

0.,, = 0}, with probability q
0,., = 0., with probability 1—q
end for

Vi viéc dua ra hai cai tién thuat toan IOPE1
va IOPE2 cho bai toan suy dién hau nghiém
v6i LDA, ching t6i 4p dung vao thuat toan
hoc vGi LDA va dua ra thuat todn hoc ML-
IOPE1 va ML-IOPE2 trong thuat toan 4.

Thuit toan 4: ML-IOPE1 (2)
Input: data sequence, K, a,7 > 0,k € (0.5,1]
Ouput: B
Initialize B° randomly in 4,
fort =1,2,..cdo

Pick a set C; of documents

Do inference by IOPE1(2) for each d € C;
to get 6,4, given -1

Compute intermediate topics ftas:

B]ﬁj S z d;04;

Set step-size: p;:= (t+1)7"

Update topics: Bt:= (1 — p )BTt + p St
end for
3. Thir nghiém

3.1 Cac dp do

3.1.1 PJ do khd nang tong quat hda cia md
hinh Log Predictive Probability: Xé4c suat du
doan (Predictive Probability) chi ra kha nang
tong quat hoa cua md hinh M trén mot di
liéu maoi. Dt liéu mai & day 1a mot van ban w.
Vé&i mot van ban méi, ta chia van ban thanh 2
Phan wyps VA Wy, VOI ti 18 Wope: Wy =
80:20. Tiép theo ta suy dién cho phan w,
dé uée luong E(6°%). Sau d6 uéc lugng
Predictive Probability:

Pr(Who | Wops M)
~ ] Z E(027°)E (Biaw)

WEWR k
Log Predictive Probablllty
_log Pr(Wpo|Wops, M)
[Whol
Véi M'1a md hinh dugc tinh d6 do perplexity.
3.1.2 DG do chat lwong chii dé NPMI: Do do
NPMI [2] néi vé chét lugng caa ting cha dé
hoc dugc. V&i cac md hinh chu dé, do do
NPMI danh gia twong dbi tot véi suy dién cua
con ngudi trong mot chu dé. Véi mdi cha dé t,
ta chon ra n tr cO Xac Suit cao nhat
{wy, W, ...w, } va tinh d6 do NPMI cua chu dé
do:

n J-llog——~—"~ P(WUW])
P(WL)P(WJ)
NPMI(t) = 1)22 —logP(w;, w))

Trong d6 P(wl-, w;) 12 Xac suét dé tir w; va w;
cling xuat hién trong mot van ban.

V6i mo hinh M ¢6 K chi dé, ¢ do NPMI
trén mé hinh nay dugc tinh nhu sau:

NPMI = %Z NPMI(t)
t=1
3.2 M6 td thae nghigm
Trinh bay vé céac két qua thir nghiém trén cac
bo dit liéu thuc té cua cac cai tién va so sanh
voi thuat toan OPE.
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Bang 1. Dz liéu ther nghiém

Bé dit liéu

S6 lwong vin ban

Tap tir dién

New York Times

300.000

102661

310.000

Pubmed

—92f

Log predictive probability

|
N

NPMI

a. Vi bo dir lieu New York Times

NPMI

141044

Log pradictive probability

b. Voi bg dir liéu PubMed

Hinh 2. Két qua ciia phirong phép hoc ML-IOPE] véi cdc gid tri Bernoulli p khdc nhau

Thuat toan IOPE1, IOPE2 duoc sir dung dé
ap dung vao thuat toan ML-OPE hoc LDA.
Ta di so sanh céc cai tién khi dugc thay thé
cho OPE trong thuat toan trén. OPE va céc cai
tién 1a céc thuat toan ngau nhién, do do ta sé&
chay cac thuat toan 5 lan, ldy trung binh két
qua céc lan chay va so sanh véi nhau.

Tham s6 cua md hinh:

1 1
K-lOO,a—E,n——

K,sé lan 13p T =50,
k=09 t=1.

Thong qua két qua thir nghiém, ta thay voi
tham sé p cua phan phdi Bernoulli duoc lya
chon thich hop ta thiy thuat toan IOPEL,
IOPE2 hiéu qua hon ca thuat todn OPE (mac
dd OPE di dugc danh gia tot hon cac thuat
toan hién cé nhu VB, CVB hay CGS [5,6]).
Dic biét khi lya chon tham sé Becnoulli p <
0.5 nhu trong thuc nghiém p = 0.3, 0.35, 0.4
thi két qua tot hon OPE rét nhiéu trén ca hai
d6 do Log Predictive Probability va NPMI
voi hai bo dir lieu New York Times va
Pubmed.
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probability

Log pradictive

Il ! ! !
0 2 { 6 g 10 12

a. Trén bo dir liéu New York Times

-10.4 -

Log predictive probalality

8

G 8 10 12

'b§ dit licu PubMed

0 2

b. Trén

Hinh 3. Két qua ciia phirong phép hoc ML-IOPE2 véi cdc gid tri Bernoulli p khdc nhau

4. Két luan

Str dung cach tiép can ngiu nhién, bai bao
dua ra cac thuat toan tbi wu hiéu qua giai bai
toan suy dién hau nghiém dudi dang mot tdi
vu khéng 16i kho giai. Bai bao dua ra hai
thuat toan cai tién 1a IOPE1 va IOPE2 bang
viéc st dung phan phdi Bernoulli cai tién cho
thuat toan OPE v&i tham sé Becnoulli p thich
hop. Két qua tha nghiém trén hai bo dir liéu
Ién 12 New York Times va Pubmed cho thay
cho thiy cac thuat toan dé xuat 1a hiéu qua
so voi cac két qua da co, dic biét khi ching
ta lya chon tham sé Bernoulli p phu hop.
Tham sé p gilp thuét toan thé hién tinh linh
hoat va dong vai tro 1a tham sb hiéu chinh
cua thuat toan.
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