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da nhan dugc nhicu sy gitp dé va dong gép quy bau. Dau tién, nghién ctu
sinh xin dugc bay té long biét on sau sic téi tap thé huéng dan: PGS.TS.
Than Quang Khoat va TS. Nguyén Thi Oanh. Cac thay co da tan tinh huéng
dan, gitp dd nghién cttu sinh trong suét qué trinh nghién citu va hoan thanh
luan 4n. Nghién citu sinh xin chan thanh cdm on Bo mon Heé thong thong tin
va Phong thi nghiém Khoa hoc dit liéu, Vien Cong ngheé thong tin va truyén
thong - Truong Dai hoc Bach khoa Ha No6i, noi nghién citu sinh hoc tap da
tao diéu kieén, cho phép nghién cttu sinh c6 thé tham gia nghién citu trong
suot thoi gian hoc tap. Nghién citu sinh xin chan thanh cdm on Phong Dao
tao - Truong Dai hoc Bach Khoa Ha Noi da tao diéu kién dé nghién citu sinh
c6 thé hoan thanh cac thi tuc bao vé luan an tién si. Cudi cling, nghién ctu
sinh xin gii 10i cAm on sau sic t6i gia dinh, ban be dong nghiép da luon dong
vién, gitip d6 nghién ctu sinh vust qua kho khian dé dat duge nhitng két qua

nghién cttu nhu hom nay:.
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MG DAU

1. B6i canh nghién ciu

Nghién citu vé hoc may, nghién cttu sinh nhan thay qua trinh gidi mot bai
toan trong hoc may thuong gom ba bude chinh: buée mo hinh héa, bude hoc
va buée suy dién. Trong d6, mo hinh héa 1a tim mot mo hinh thich hgp cho
bai toan can gidi quyét, hoc 1a qua trinh t6i wu cidc tham s6 ctia mo hinh va
suy dién 1a buée dy doan két qui dau ra ctia mo hinh diya trén cac tham s6 da
huan luyén. Ky hiéu « 1a tap cac tham s6 ctia mo hinh, khi d6 buéc hoc chinh
14 qua trinh u6c luong tham so, tiic 1 tim tham s6 x sao cho dit lieu sén c6 va
mo6 hinh khép véi nhau nhat. Viéec t6i wu tham sd, hay con goi 1a qué trinh hoc
tham s6, 1& ¥ tudng chinh clia cac bai toan hoc may nhim tim duge moi tuong
quan gitta cac dau vao va dau ra dya trén dit lieu huan luyén. Mot phuong phap
u6c lugng tham s6 thong dung duge sit dung trong hoc may théng ké chinh 13
phuong phép wée lugng hop 1y cuc dai MLE (Maximum Likelihood Estimation)
[1, 2]. MLE thuc hién chil yéu dya trén cac dit lieu quan sat va thuong lam viéc
t6t trén cac mo hinh c6 dit lieu huan luyen du 16n (3, 4, 5, 6]. Gid st = 1a tap
cac tham s6 clia mo hinh va D 1a tap dit lieu quan sat, khi d6 uée lugng MLE

chinh 1& qua trinh t6i wu tham s6 x theo xéac suat:
x* = argmax P(D|x) (0.1)
T

trong do6 xac suat P(D|x) duge goi 1a likelthood ctiia tham s6 z. Phuong phap
MLE dugc xay dung dua trén ham likelihood va tim kiém gia tri t6i vu ctia @ dé
xac suat P(D|x) dat cuc dai. Nhu da dé cap, MLE chinh 13 tim cach giai thich
hap 1y cho céc dit lieu quan sat duge. Do xac suat P(D|z) thuong nhd, dé tranh
sai s6 tinh toan, ngudi ta thuong dung logarit tut nhien ctia ham likelihood dé
duwa ham muc tiéu vé dang thuan tién hon. Khi d6, bai toan MLE dua vé dang
sau:

x* = argmaxlog P(D|x) (0.2)
xr

Néu ching ta xem xét bai toan MLE (0.1) dudi goc do ctia bai toan t6i
wu v6i ham muc tieu P(D|z) thi bai toan MLE (0.1) c6 thé dugc gidi biang
cac phuong phap t6i uu thong dung nhu phuong phap nhan tit Lagrange [7],
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Gradient Descent (GD) [8], Stochastic Gradient Descent (SGD) [8, 9] hay bang
phuong phép Expectation-Maximization (EM) [2, 10, 11]. Tuy nhién, phuong
phap MLE dugc biét dén véi xu huéng pht hop véi dit lieu, nén hién tuong qua
khép c6 thé tré nén nghiem trong hon déi v6i cac mo hinh phic tap lien quan
dén dit lieu trong thé gi6i thuc véi s6 chieu 16n nhu dit lieu hinh anh, tiéng noi
va van ban. MLE thuong lam viéc khong hiéu qua trong trucng hop cé qua it
dit lieu huan luyén [12, 13, 14]. Ngoai ra, viéc cyc dai héa ham likelihood ctia
MLE la khong dé dang khi dao ham cta né la khé gidi, cing nhu khong phai
lic nao ciing c6 thé giai duge MLE tryc tiép bang cac phuong phép tich phan
giai tich.

Khéc phuc nhuge diém ctia MLE, ching ta c6 thé uéc Iugng tham s6 mo hinh
theo mot cach tiép can khac, d6 1a sit dung phuong phap cuc dai héa ude luong
xac suat hau nghiem MAP (Maximum A Posteriori Estimation) [15]. Khac vdi
MLE, phuong phap MAP khong nhitng dya trén dit lieu huan luyén ma con dya
trén nhiing thong tin da biét ctia tham s6. Ubc lugng MAP chinh 1a t6i vu tham

s6 x theo xac suat co diéu kien:

x* = argmax P(x|D) (0.3)

€T N— e’

Posterior
trong d6 xac suat P(z|D) dugce goi 1a zdc sudat hau nghiém (posterior probability)
cia tham s6 . Thong thuong, ham t6i uu trong (0.3) rat kho xac dinh tryc tiép
[16, 17]. Vi vay, dé giai bai toan MAP, chiing ta thudng sit dung quy tic Bayes
P(D|z) x P(x)

P(D)
va dua bai toan MAP (0.3) vé dang:

P(z|D) = x P(D|z) x P()

x* = arg m;xx[P(D|w) x P(x)] (0.4)

trong d6 xac suat P(x) goi 1a zdc suat tién nghiém (prior) ciia tham s6 x. Theo
cong thiic (0.4) thiy rang xac suat hau nghiem P(z|D) ti l¢ thuan véi tich cia
thanh phan likelihood P(D|x) va prior P(z) va khi P(z) 14 prior lien hgp thi bai
toan MAP (0.4) tré nén dé giai hon [18]. Nhu vay, viéc chon prior phit hgp gitp
cho viéc t6i wu bai toan MAP dudc thuan lgi hon. Trong mot sd truong hop,
ham muc tiéu ctia (0.4) kha nhé, sai s6 tinh toan c6 thé xay ra. Tan dung tinh
chat don diéu tang ctia ham logarit, nguoi ta thuong lay logarit ham muc tiéu
ciia (0.4) va viét lai bai toan MAP (0.4) dudi dang:

x* = arg mﬁx[log P(D|x) + log P(x)] (0.5)
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Nhu vay, diém khéac biet 16n ctia MAP so véi MLE 1a ham muc tieu ciia MAP
c6 them thanh phan phan phoi tiéen nghiém P(x) ctia . Phan phdéi nay chinh
la nhiing thong tin ta biét truéc vé z. Thong qua (0.5), thay raing MAP c6 vai
tro 1a ki thuat hiéu chinh ctia phuong phap MLE véi log P(D|x) 1a phan ham
chinh, log P(x) 1 phan hiéu chinh. Theo quan diém ctia suy dién Bayes, MLE la
mot trudng hgp dic biet cia MAP [19]. MAP 1a mot phuong phap ¢6 kha nang
giip mo hinh tranh hién tugng qua khdp, dac biet MAP thuong mang lai hiéu
qud cao hon MLE trong truong hop c6 it dit liéu huan luyén.

Uéc luong MAP c6 vai tro quan trong trong nhiéu mo hinh thong ké véi cac
bién an hay cac tham s6 khong chic chdn. C6 rat nhiéu nghién ctu lien quan
dén ude lugng MAP [20, 21, 22, 23, 24] hay ting dung ctia MAP vao cac bai toan
nguge cia Bayes vo han [25], xt 1y anh [26, 27], phan tich van ban [28, 29, 30],
tham chi trong vat ly lugng tit [24]. Theo hiéu biét ctia nghién ctu sinh, ude
lugng MAP dugce st dung nhiéu trong mo hinh do thi xac suét [31, 16, 14, 17].
C6 nhiéu cach tiép can dé giai bai toan MAP nhu suy dién bién phan [32, 33]
hay phuong phap lay mau MCMC [34, 35],... Mot hudng tiép can khac 1a xem
xét bai toan MAP (0.5) dudi géc nhin ciia bai todn t6i wu todn hoc:

" = arg mqe}x[f(a:) = log P(D|x) + log P(x)] (0.6)

trong dé ham muc tieu c6 dang f(x) = log P(D|z) + log P(z). Khi dé c6 thé &p
dung cac phuong phap t6i wu ngau nhién dé giai ching [36]. Trong mot s trudng
hop bai toan MAP c¢6 thé duge giai hieu qua bang cac phuong phéap téi wu 1oi
ngay cd ¢ trong truong hgp so chicu 16n [8, 27]. Mic do kho gidi clia bai toan
(0.6) phu thudc vao dic diém ctia ham muc tiéu f(zx). Trong thyc té, khi lam
viéc vdi cac mo hinh hoc may thong ke, ham muc tiéu f(z) thuong rat phrc tap,
kho phan tich va thuong 14 ham khong 16i c¢6 the tén kém vé mit tinh toan khi
danh gia [28, 37, 38].

Bai toan MAP khong 16i thuong hay xuat hién gan lién véi cdc mo hinh hoc
may lam viéc v6i dit liéu 16n nén cac phuong phap giai ding thuong khong kha
thi. Vi vay mot huéng tiép can pho bién va hiéu qua hon cho bai toan MAP khong
16i nay chinh 1& cac phuong phép xap xi. Theo tim hié¢u, mot s6 phuong phap xap
xi nhu phuong phap Variational Bayes (VB) [39], collapsed Variational Bayes
(CVB) [40, 41], CVBO [42], Collapsed Gibbs Sampling (CGS) [43], Concave-
Convex procedure (CCCP) [44], Stochastic Majorization-Minimization (SMM)
[45], Frank-Wolfe (FW) [46], Online-FW [47] hay Block-coordinate Frank-Wolfe



[48] c6 thé dugce ap dung dé giai bai todn udc lugng hau nghiem. Ngoai ra,
phuong phap Particle Mirror Decent (PMD) [49] va HAMCMC [50] cing da
duge dé xuat cho bai toan udc lugng phan phéi hau nghiem day du. Cac phuong
phap dé cap c6 thé coi la cac phuong phap suy dién tién tién. Tuy nhién khi
nghién cttu va phan tich dac diém cta chiing, nhan thay trong cac phuong phap
dé cap vAn con mot s6 nhuge diém ton tai. Vi du, mot s6 phuong phap da néu
chi ap dung dudc cho mot mé hinh cu thé hodc ching chua dap tng dude cac
tieu chuan quan trong nhu sy hai tu, téc do hoi tu, tinh linh hoat hay tinh hieu
chinh. Chiing to6i chua nhin thay bat ky phan tich ly thuyét nao vé kha nang
suy dién nhanh ctia cdc phuong phap nhu VB, CVB, CVB0 va CGS. Mac du
phuong phap CCCP va SMM dam béo hoi tu dén mot diem dimg ctia bai todn
suy dién, tuy nhién toc do hoi tu cia CCCP va SMM chua dude xac dinh doi
v6i bai toan khong 16i tong quat [44, 45]. FW la mot phuong phap tong quéat
gidi bai toan t6i wu 16i. [51] va [52] da chi ra ring thuat toan FW c6 thé dugc st
dung hiéu qua dé suy dién cho cdc mo hinh chit dé. OFW la mot bién thé ngau
nhién ctia FW cho cac bai toan 16i. Mot dac diém quan trong ciia FW va OFW
chinh 1& chiing c6 thé hai tu nhanh va cho nghiém thuwa. Tuy nhién, han ché clia
ching 13 chi 4p dung cho cac bai toan 16i, chua dap ting cho cdc mo hinh khong
16i trong hoc médy. Thuat toan PMD [49] va HAMCMC [50] déu dya tren lay
méau dé uéc luong phan phoi xac suat hau nghiem, trong d6 PMC c6 téc do hoi
tu O(T~'/?) trong khi HAMCMC c6 téc do hoi tu O(T—/3) vé6i T 1a s6 budc lap
cia thuat toan. Thuat toan Online Maximum a Posteriori Estimation (OPE)
28] da dugc dé xuat dé giai bai toan MAP trong cdc mo hinh do thi xac suat
véi toc do hoi tu 1a O(1/T). OPE la mot thuat toan toi wu ngau nhién duge cai
tién tit thuat toAn OFW [47] dé giai bai toan MAP khong 16i va c6 toc do hoi
tu nhanh vuot qua nhiéu thuat toan ngiu nhién hién c6 khi giai bai toan MAP
khong 1.

Mic du uée lugng MAP ¢6 nhiéu wu thé so v6i MLE trén phuong dién c6
thé lam viéc vé6i dit lieu huén luyeén it, c6 kha nang hieu chinh, tuy nhién, tim
dén cac phuong phap hiéu qua giai bai toan MAP 1a viéc kho khan. Va nguyéen
nhan chinh dan dén khé khan ctia bai toan MAP nam & ché ham muc tiéu
f(x) = log P(D|x) + log P(x) trong nhiéu truong hop la ham khong 161, kh6 tim
duge cyc dai, dan dén gidi tryc tiép bai toan MAP khong kha thi [37]. Ching
ta phai d6i mit v6i thach thic 16n: Lam thé nao dé gidi hiéu qud bai todn MAP

trong cdc mo hinh do thi xdc sudat khi ham muc tiéu la khong 10i? Khi do, bai



toan MAP (0.6) c6 thé 14 khong kha thi. Do vay, dé xuat ra cac thuat toan hicu
qua dam bao vé 1y thuyét va thiyc nghiem dé gidi bai toan MAP khong 16i thu
hit sy quan tam dong thoi ciing 1a thach thitc clia hoc may thong ke.

2. Dong luc thic day

Tt bdi canh nghién citu da duge phan tich § trén, nghién citu sinh nhan thay
vai trdo quan trong ciia bai toin MAP trong hoc méay théong ké ciing nhu cac
thach thiic vé viéc phat trien cac thuat todn hiéu qua cho bai toan. Mac dit cac
nha nghién ctu van khong ngiing cai tién, dé xuat cac thuat toan dap tng tot
hon cho cdc mo hinh hoc méy ngay cang phic tap nhung van con mot khoang
cach rat 16n gitta hieu qua thyc té clia cidc thuat toan dat dude va mong mudn
cia con ngudi. Rat nhidu thuat toan dé xuat chua dam bao cac tieu chuan nhu
vé su hoi tu nhanh, tinh pho dung, tinh linh hoat hay kha nang hiéu chinh khi
ap dung cho cdc mo hinh thuyc té phitc tap va thyc hién trén cac bo dit lieu
16n. Do vay, nghién citu cac phuong phap gidi hieu qua bai toan MAP khong 161
trong hoc may thuc sy c6 ¥ nghia, nhat 14 dat trong bdi canh cac mo hinh hoc
may phat trién ngay cang phiic tap v6i nhiéu tham s6 hon va thudng lam viéc
trén cac dit lieu quan sat 16n, tit dé6 doi héi ngay cang cao vé chat lugng ciia cac
thuat toan giai.

Nhan thiic duge diéu nay, nghién ctiu sinh dit ra bai toan can nghién ctu
ctia minh 1a: Nghién cttu dé xuat cic thuat toan ngau nhién hiéu qui giai bai
toan MAP khong 16i xuat hién trong cdc mo hinh do thi xac suat duge cho duéi
dang:

x* = arg m;xx[f(w) = log P(D|x) + log P(x)]

trong d6 ham muc tieu f(zx) 13 ham khong 16i trén mién rang bugc Q. Khé khan
clia bai toan dat ra ¢ day chinh la ham muc tiéu f(z) khong 16i, c6 thé xudt
hién nhiéu diém cyc tri dia phuong/diém yén ngia, dong thoi f(z) 1a ham nhiéu
bién ¢6 s6 chiéu 16n, c6 thé gap khé khan trong viéc tinh truc tiép dao ham cac
cap, do d6 bai toan MAP khong 16i c6 thé tré thanh khé giai [36, 53, 54, 55].
Nghién ctu sinh dat ra muc tiéu 1a dé xuat dude mot s6 thuat toan téi wu
ngau nhién dé giai hieu qua bai toan MAP khong 16i ddm bao cac tieu chi nhu

sau:
(i) Céc thuat toan ngdu nhien ddm bao chat lugng veé 1y thuyét va thyc nghiém,
(il) Céc thuat toan c6 tdéc do hoi tu nhanh,
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(iii) Cac thuat toan cé tinh linh hoat, tinh téng quéat v kha nang hiéu chinh
tot. Tit d6 c6 the ap dung cac thuat toan do rong rai trong nhiéu moé hinh

trong hoc may.

Dé trién khai dude cac muc tiéu dat ra, nghién cttu sinh da lua chon dé tai " Mot
50 phuong phdp ngau nhién cho bai todan cuc dai héa wdc suat hav nghiém khong
107 trong hoc mdy" cho luan an ctia minh. Sy thanh cong clia dé tai gép phan
giai quyét tot hon bai toan uéc luong MAP khong 161, dong thai ¢6 thé md rong
ap dung dé giai tot cac bai toan toi wu khong 16i thusng xuét hién trong nhiéu

mo hinh hoc may.
3. Cac dong gop chinh cua luan an

V6i muc tiéu trién khai thanh cong dé tai, cac nghién ctu ctia luan an tap

trung chinh vao cac dé xuat sau day:

e Dé xuat bon thuat toan t6i wu ngau nhien OPE1, OPE2, OPE3 va OPE4
giai bai toan suy dién hau nghiém trong mo hinh chii dé c6 ban chat 13 bai
toan to6i wu khong 16i thong qua viéc stt dung phan phéi xac suat deu két
hop v6i dung hai chudi bién ngau nhién xap xi cho ham muc tiéu ban dau,

trong do cac dé xuat c6 dam bao vé co sé Iy thuyét va thuc nghiem.

e Dé xuat thuat toan toi wu ngau nhien GOPE gidi bai toan MAP khong 16i
trong mo6 hinh chti dé thong qua sit dung phan phdi Bernoulli véi tham s
p € (0,1) thich hgp. Tit d6, 4p dung GOPE dé thiét ké thuat toan ngiu
nhién Online-GOPE hoc mo hinh chta dé hiéu qua.

e St dung ngau nhién Bernoulli v6i tham s6 p € (0,1) thich hop, két hop
v6i duiing hai bién ngau nhién va nguyeén 1y tham lam, nghién cttu sinh dé
xuat thuat toan ngau nhien BOPE giai bai toAn MAP khong 16i tong quat.
BOPE dugc thiét ké ddm bao cac tiéu chi quan trong clia mot thuat toan
t6i tu mong muon nhu ddm bio téc do hoi tu nhanh, cé tinh linh hoat dé
dang mé rong duge cho cac moé hinh khac, ¢6 tinh hiéu chinh giap mo hinh
tranh dugce hién tugng qua khép. Ching toéi da ap dung thanh cong thuat
toan BOPE vao mo hinh cht dé LDA, moé hinh thong dung dé giai quyét
bai toan phan tich van ban va mo hinh CTMP trong hé goi ¥.

Cac thuat toan dé xuat trong luan an c6 uu diém vugt troi so véi cac thuat toan

da c6 khi xét trén mot so tiéu chi quan trong nhu: Thuat toan c6 ddm bao co



s 1y thuyét cho sy hoi tu hay khong? Toc do hoi tu 1a bao nhiéu? Thudoc nhém
thuat toan ngau nhién khong? C6 kha nang linh hoat dé dang mé rong ap dung
cho cac mo hinh bai toan khac hay khong? C6 kha nang hiéu chinh hay khong?
Chi tiét két qua doéi chiéu so sanh dugc tong két trong Bang 3 dudi day:

Phuong phap suy dién Téc d6 hoi tu Ngau nhién Linh hoat | Hiéu chinh
VB [39] - - - -
CVB [40] - - - -
CVBO [42] - - - -
CGS [43] - 5 - -
CCCP [44] - - — -
SMM [45] - - - -
PMD [49] o177 6 - -
HAMCMC [50] OT173) Co - -
OPE [28] O(1/7) Phan phdi déu Co -
OPEl, OPE2, OPE3, OPEA4 0(/T) Phan phéi deu Co -
GOPE, BOPE O(1/T) Phan phdi Bernoulli Cé Cé

Béang 3: So sanh ly thuyét cia cac phuong phap suy dién trén cac tiéu chuan nhu téc do hoi tu, tinh
ngau nhién, tinh linh hoat, hiéu chinh. 7" biéu thi s6 lan lap va ’-’ biéu thi "khong xéac dinh". Ching
toi phat hieén ra ring BOPE chiém wu thé ndi troi khi so sanh véi cac phuong phéap suy dién khac.

4. B6 cuc cua luan an

Véi cac thuat toan dé xuat da néu é muc trén, luan an dude két cau thanh 4

chuong véi bé cuc nhu sau:

e Chuong 1 trinh bay vé mot s6 kién thitc co sé lien quan dén luan an nhu
bai toan MAP khong 161, t6i wtu ngau nhién, mo hinh xac suat do thi, cac
phuong phap suy dién trong mo hinh xic suat do thi, mo hinh chi de, thuat
toan to6i tu ngau nhien OPE. Day 1 nhitng kién thitc nén tang cho viéc phat

trien cidc dé xuat ctia nghién citu sinh xuyén sudt trong luan an.

e Chuong 2 trinh bay mot s6 dé xuat phuong phap t6i wu ngau nhién cho bai
toan suy dién hau nghiém trong mo hinh chii dé v6i ham muc tiéu khong
16i. Chuing toi da st dung chién Iuge ngau nhién héa ham muc tiéu bang
phan phdi xac suat déu két hop véi hai bién ngau nhién, dua ra bén thuat
toan ngau nhién mdéi dat tén 14 OPE1, OPE2, OPE3 va OPE4. Cac dé xuat
mdi, dac biet 1a OPE3 va OPE4, dam bao hiéu qua veé toc do haoi tu va tinh
tuong thich cao so véi cac tiép can truée d6. Tinh hiéu qua nay dugde chiing

minh vé mat 1y thuyét va thuc nghiem.
e Chuong 3 trinh bay thuat toan cai tién méi GOPE gidi bai toan MAP khong
10i trong mo hinh chii dé thong qua khai thac phan phéi Bernoulli v6i xac
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suat p € (0,1) phu hgp. Thuat toan GOPE dam béo tdc do hoi tu O(1/T)
v6i T 1a s6 budce lap clia thuat toan. Hon nita, tham s6 Bernoulli p gép phan
lam thuat toan GOPE c6 tinh linh hoat thich nghi t6t trén nhiéu loai dit
licu. Sy hieu qua cia GOPE dugc chiing minh day du trén hai phuong dién
ly thuyét va thiec nghiem véi hai bo dit lieu van ban 16n.

e Chuong 4 trinh bay thuat toan cai tién mdéi BOPE. St dung ngau nhién
héa Bernoulli két hop véi chién luge hai bién ngau nhién dé xuat thuat toan
ngau nhien BOPE giai bai toan MAP khong 16i tong quat. Su hiéu qua cia
BOPE dudc lam 16 trén nhicu phuong dién Iy thuyét va thuc nghiem. Uu
diém ctia BOPE ciing dudgc chi r6 trén cac tieu chi nhu su hoi tu, téc do hoi
tuy, tinh linh hoat, tinh hiéu chinh. Dong thoi nghién citu sinh da ap dung
thanh cong BOPE vao mo6 hinh LDA hay dugce sit dung trong phan tich van
ban va mé hinh CTMP st dung trong bai toan hé goi .

V6i két cau 4 chuong, luan an da trinh bay tron ven céac thuat toan dé xuat dé
gidi bai toan MAP khong 16i trong hoc may. Nhu vay, cac noi dung trong luan

an da dap tng dudce cac muc tieu de ra.



Chuong 1
MOT SO KIEN THUC NEN TANG

Chuong nay trinh bay vé mot s6 kién thiic co s6 lien quan ctia luan an bao
gom: tong quan vé bai toan cuc dai héa xac suat hau nghiém, mo hinh do thi
xac suat va cac phuong phap suy dién, t6i uu ngau nhién, mo hinh cht deé va

mot s6 thuat toan hoc trong mo hinh chu de.
1.1. T6i vu khong 16i

1.1.1. Bai toan t6i uu tong quat

Mo hinh hoc may thuong duge mo ta bdi bo cac tham sd va bude hoc chinh
la di tim tham s6 t6i wu cho moé hinh, tit d6 dan vé mot bai toan t6i wu tham
s6. Nhiem vu ctia mot thuat toan tdi wu trong hoc may chinh 1a tim gia tri "t6t
nhat" cho tham s6 ctia mo hinh. Gia sit tap hgp cic tham sé mo hinh duge ky
hiéu bang x, ham danh gia cia mo hinh thuong dugce ky hiéu 1a f(x). Bai toan
tim tham s6 "t6t nhat" duge dua vé bai toan t6i wu c6 dang miny f(x) hoic
maxy f(x). Nhu vay, hoc mot mo hinh hoc may chinh 1a gidi mot bai toan toi wu
toan. Do do6, téi uu toan hoc, dic biet 14 tdi uu khong 16i da trd thanh trung
tam cta hoc méay [36].

Dinh nghia 1.1 (Tap 16i). Mot tap Q C RP dugc goi la mot tap 10i néu
Ve,ye Qual<a<l=az+(l—a)yc.

Dinh nghia 1.2 (Ham 16i). Mot ham s6 f xdc dinh trén tap loi Q duge goi la
ham 1o trén Q néu
flaz+ (1 —a)y) <af(x)+ (1 —a)f(y) Ve, ye Q va 0 < a < 1.
Cha y rang:
(i) Mot ham s6 f xac dinh trén tap 16i Q dugc goi 1a 16m néu — f 1a 161 trén Q.
(i) Cho f va g 1a cdc ham 16i trén tap 16i C va D tuong tng. Khi d6 cdc ham
s6 af + Bg (Ya, 8 > 0) v max{f, g} ciing 16i tréen C' N D.
Xét bai toan téi wu tong quat

min f(x) (1.1)

xeN
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trong d6 ham muc tiéu f(x) 1a ham tron va khong 16i trén mién déng Q C RP.
Khi = R thi bai toan (1.1) dua vé bai toan t6i uu khong rang buoc c6 dang
min f(x) (1.2)

xERP

Do maxxecq f(X) = mingeq[— f(X)], nén bai toan cuc dai hoa

max f(x) (1.3)

xeN

duge xem xét tuong tu nhu bai toan cuc tiéu hoéa (1.1).

Dinh 1y 1.1 (Diéu kién t6i wu bac nhat). Cho ham f xdc dinh va khd vi trén RP.
Néu =" € RP la nghiém cuc tiéu dia phuong cia bai todn (1.2) thy Vf(z*) = 0.

Dinh 1y 1.2 (Diéu kién t6i wu bac hai). Gid s ham s6 f khd vi lién tuc hai
lan trén RP. Khi do:

o Néu =" € RP la diém cuc tiéu dia phuong ciia ham f tren RP thy V f(z") =0
va V2f(x*) =0 mita xdc dinh duong.

e Ngugc lgi, néu Vf(x*) = 0 va V2f(x*) = 0 zdc dinh duong thi =* la diém
cuc tiéu dia phuong chat cua f trén RP.

D6i v6i bai toan toi wu 161, nghiém t6i wu dia phuong ciing 1 t6i wu toan cuc.
Do d6, t6i uu 16i da dugc nghién ctu rat day da trén khia canh 1y thuyét va
tmg dung, dong thoi c6 nhiéu thuat toan hieu qua duge dé xuat dé giai ching.
Nguoc lai, gidi cac bai toan t6i wu khong 16i thuong gap nhieu khé khan baéi
tinh da cuyc tri ctia ham muc tiéu. Véi moi 16p bai toan téi wu khong 16i thuong
c6 mot s6 phuong phap gidi phu hop di kem. Mot trong nhitng cich tiép can
phtt hgp va hiéu qua hién nay chinh 14 nhém phuong phap dya vao thong tin
dao ham, trong d6 c6 cac phuong phap bac nhat chi dira vao thong tin dao ham
cap mot, vi du nhu phuong phap GD hay SGD va cidc phuong phap bac hai st
dung dao ham cap hai nhu phuong phap Newton va cic bién thé [36]. Phuong
phap bac hai thuong cho két qua t6t hon nhung chi phi tinh toan dao ham cap
hai thuong ton kém va tham chi khong tinh duge. Chinh vi vay, bai toan t6i uu
trong hoc may thuong hay st dung phuwong phdp ngau nhién bac nhat, ddm bao

dt don gidn va do chinh xac can thiét khi 4p dung.

1.1.2. T6i vu ngau nhién

Cac phuong phéap toi wu tat dinh kinh dién thuong chi 4p dung tét cho bai

toan t61 wu 101 va cac b dit ligu huan luyen nhé [9, 36]. Do d6 khi ddi mét véi
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cac bai toan t6i uu khong 16i, cac phuong phap tat dinh thuong kém hiéu qua.
Céc phuong phap téi wu ngdu nhién nhu SGD [56] ra doi da khac phuc nhugc
diém ciia t6i wu tat dinh.

Muc dich ctia mot hé thong hoc 1a tim tham s6 t6i wu thong qua téi wu hoa
mot ham danh gia, gia st di tim gia tri cuye ticu ham ham ki vong i ro J(W)
nhu sau:

J(w) £ E,Q(z,w) £ /Q(z,w)dP(z) (1.4)

trong d6 w 1 bién can tim dé cyc tiéu héa ham i ro J(w), z 14 cAc quan sat
da biét va Q(z, w) la ham mo ta do rii ro clia hé théng véi quan sat z. Thong
thuong ham phan phdi ctia dit lieu P(z) 1a khong biét trudc, nén chiing ta phai
xap xi ham ky vong rti ro J(w) bdi ham rii o thuc nghiém Ji(w) dua trén L

quan sat z,, n =1,2,.., L nhu sau:

ll

L
J(W) ~ Jp(w) & ! > Qzn, w) (1.5)
n=1

Dé cuc tiéu héa ham jL(W) ta c6 thé st dung thuat toan GD cap nhat gia tri

cia w sau mdi vong lap theo cong thie:

L
. 1
Wil = Wi + pt Vw JL (W) = Wi — Ptz Z VwQ(Zn, W) (1-6)

n=1
Khi t6c do hoc p; dii nho, thuat toan hoi tu vé cuc tiéu dia phuong. Tuy nhieén,
ching toi thay riang, mdi lan cap nhat tham so6, thuat toan GD phai duyét qua
tat ca cdc quan sat mot lan, diéu nay gay ton kém vé mat thoi gian va bo nhé
khi lam viéc vé6i dit lieu 16n. Thuat toan téi uvu ngau nhien SGD da khiac phuc
duge nhuge didm nay [56]. Y tudng ctia SGD la thay V. (w) bing mot ham

ngau nhién R(z;, w) théa man
EQ () R(zi, W) = V(W) (1.7)

v6i z; 1a mot quan sat ngau nhién lay theo phan phdéi déu titr tap quan séat. Khi
do, ta c6 R(z;, W) = VQ(z;, w). Viec thay thé nhu vay 13 mot xap xi nhiéu t6i
dao ham dang. Tuy nhién, véi tdc do hoc p; phut hgp théa man dieéu kien [9, 56]:

Zpt—H}o,Zpt2<oo (1.8)
t=1 t=1

thi SGD hoi tu téi mot cuc tri dia phuong theo cong thiic cap nhat nhu sau:

Wil = W — it VwQ(Z4, Wy) (1.9)
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trong dé z; 1a mot quan sat duge chon ngau nhién trong tap quan sat.
Diéu nay cho phép thuat toan lap di lip lai gitta viec 1ay mau dit lieu va diéu
chinh cau tric an dua trén cac mau duge lay. Mot chudi p; théa méan diéu kien

trén hay dugce sit dung c6 dang nhu sau:
pr=(+1)" (1.10)

trong d6 t = 1,2,...,T (v6i T 1a s6 lugng vong lap can thiét). Tham s6 7 > 0 1a
goi 1a trong s6 tieu bién (decay weight) va x € (0.5,1) 1a tham s6 quén (forgetting
rate). Tham s6 7 va k c¢6 thé diéu chinh thii cong sao cho thuat toan hoc thu
ducdc két qua tot nhat.

Mot luu ¥ 1a thay vi viec lay ngdu nhién mot quan sat, ta ciing ¢6 thé thuc hien
lay ngdu nhién B quan sat, ttc 1a 1y theo mau nho6 (mini-batch) {z1,2i2,..,2:8}-
Cong thitc cap nhat khi stt dung mau nhé kich thuée B nhu sau:

iB

1
Wip1 =W —pip l; VwQ(2p, W) (1.11)

Phuong phap nay st dung bo nhé it hon cach tiép can t6i wu "batch" thong
thuong.

Do t6i wu khong 10i rat thuong gap trong hoc méy, nén ngay cang c6 nhieu
nghién ctu vé cac thuat toan giadi bai toan khong 106i trong hoc may. Thuat
toan SVRG (Stochastic Variance Reduced Gradient) va Proximal SVRG (Prox-
SVRG) [57] c6 thé 4p dung cho bai toan c6 ham muc tiéu la tong hitu han cac
ham khong 16i. Tuy nhién, SVRG va Prox-SVRG ¢6 han ché 1 c6 thé khong hoi
tu dén nghiém toan cuc. Thuat toan CCCP (Concave-convex procedure) [44]
ciing duge tng dung rong rai cho bai toan khong 16i. CCCP bién doéi bai toan
khong 16i thanh tong ctia cac ham 16i va ham 16m sau d6 tuyén tinh héa ham
16m. Tuy nhién do phitic tap cia CCCP 16n vi phai giai mot bai todn quy hoach
toan phuong trong méi vong lip. GOA (graduated optimization algorithm) [58]
ciing dugce pho bién cho bai toan téi wu khong 16i nhung lai déi mat véi viec tinh
todn tryc tiép cac dao ham. Tac gid Hazan va céc cong sy [59] dé xuat thuat
todn GradOpt (Graduated Optimization) c6 kh& nang hoi tu dén nghiém t6i uu
toan cuc véi tham s6 (a, o) thich hgp. Hazan ciing chi ra GradOpt nhanh hon
mini-batch SGD. Céc tac gia trong [60] dé xuat SVRG-GOA va PSVRG-GOA
dé giai bai toan khong 16i dua tren GOA, dong thdai chi ra GradOpt c6 mot s6
han ché nhu hoi tu cham do viéc gidm ctia toc do hoc, diéu kién trén ham muc

tieu 1a chat khién cho viéc ttng dung GradOpt bi han ché. Ngoai ra, mot so6 thuat
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toan t6i wu da va dang ap dung hiéu qua trong trong hoc may va hoc sau nhu

Adagrad [61], RMSProp [62], Adadelta [63], Adam [64], RSAG [65] Natasha2

[66] Y

NEON2 [67]. Bén canh viéc dé xuat cac thuat toan méi hiéu qué cai tién

vé téc do hai tu, cac nghién ctu vé viec thoat khoi diém yén ngua trong toi wu

khong 161 ciing 1a duge quan tam bdi Dauphin va cac cong su [68, 69] hay Rong

Ge va cong su [53, 70, 71]. Theo tim hiéu ctia chiing toi, dé ddanh gid su hiéu qud

ctia mot thudt todn tos wu, thuong xem xét thuat toan dé trén rat nhiéu khia

canh:

(1)

(iii)

(iv)

Thuat toan a4p dung thanh cong trén 16p bai todn nao: bai toan 16i/khong
161, ¢6 rang buoc/khong rang buoc? Vi du cac phuong phép tat dinh kinh
dién nhu GD, subgradient hay proximal GD, accelerate proximal GD &p
dung thanh cong trén t6i wu 16i v6i mau nhd, nhung khong hiéu qua khi
lam viéc v6i dit lieu 16n va ham khong 16i. Mic dit nhém ngiu nhién nhu
SGD c6 toc do hoi tu cham, dat O(T—1/2) cho bai toan téi wu 16i va O(T—1/4)
cho bai toan khong 10i sau T budc lap, lai thich hop cho bai toan t6i wu gan
v6i cac mo hinh c6 dit lieu 16n. Hodc khi lam viée v6i bai toan t6i wu ¢6
rang budc ngudsi ta thuong hay st dung phuong phap Online Frank-Wolfe
(OFW) va céc bién thé ctia n6 [46, 47, 72].

Toc do hoi tu ctia thuat toan dat dugc 1a bao nhieu? Vi du, téc do hoi tu ctia
phuong phap GD 1a O(1/T) khi gidi bai toan t6i wu 16i va 1a O(T~1/2) khi
giai bai toan t6i wu khong 161, phuong phap OPE c6 tdc do hoi tu O(1/T)
khi gidi bai toan khong 16i sau T budc lip.

Thuat toan thudoc nhém tat dinh hay ngau nhién, ngau nhién bac khong,
bac mot hay bac hai? Vi du GD va Frank-Wolfe (FW) thudoc nhém tat
dinh bac nhat, phuong phap Newton thudc nhém tat dinh bac hai, SGD
va Stochastically Controlled Stochastic Gradient (SCSG)[73] thuoc nhém

ngau nhién bac nhat, con Natasha2 [66] thuoc nhém ngau nhien bac hai.

Co6 cac gia thiét vé tinh tron clia ham hay dao ham hay diéu kién phuong
sai ctia dao ham bi chin hay khong? C6 nhiéu phuong phap can dén gia
thiét vé tinh tron ctia ham muc tiéu hay gradient théa diéu kien Lipschitz,
tham chi can dén gia thiét ham tron bac hai. Vi du, GD hay SGD déu c6 gia
thiét dao ham lién tuc va thoa diéu kién Lipschitz, Natasha2 hay NEON2

[67] can dén diéu kien ham tron bac hai.
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(v) Chat lugng nghiem tim duge clia thuat toan d6 da dat dén mic do nao?
Két qua tim duge diém dimg hay nghiém t6i wu dia phuong/toan cuc ciia
ham muc tiéu? Theo hiéu biét ctia ching t6i, thuat toan GD, SGD, SVRG
chi c6 kha nang tim dén nghiem xap xi clia diem ding, trong khi Natasha2
va NEON2 c6 thé tim dén nghiem xap xi t6i wu dia phuong déi véi t6i wu
khong 13i [66, 67].

1.2. M6 hinh d6é thi xac suat
1.2.1. Giédi thiéu

Mo hinh d6 thi xac suat [16, 74, 75] st dung do thi dé bi¢u dién phu thudc
c6 dieu kién gitta cac bién ngau nhién mot cich tric quan, trong dé c6 céc dinh
14 céc bién ngdu nhién, cac canh biéu dién sy phu thudc 1an nhau ctia cac bién
ngau nhién, cd do thi biéu dién mot phan phdi dong thdi clia tat ci cac bién
ngau nhién d6. Mo hinh do thi xac suat 14 mot cong cy manh mé c6 nhiéu ting

dung trong hoc may, thi giac may tinh, x1t Iy ngdn ngit tu nhién va sinh hoc

tinh toan.

Hinh 1.1: Mot vi du vé mot mo hinh d6 thi xéac suét. Mii tén biéu trung cho su phu thudc xéc suét:
D phu thudc lan lugt vio A, B va C trong khi C' phu thudc vao B va D.

Trong rat nhiéu mo hinh théng ke, khi s6 lugng cic bién ngau nhién 16n va
c6 nhiéu sy phu thudc clia cac bién, do thi xac suat 1a cong cu hitu hieu dé biéu
dién toan bo mo hinh. Mo hinh do thi xac suat duge st dung rat pho bién trong
hoc may théng ke do c¢6 nhiéu wu diém:

e Mo hinh ngdu nhién c6 thé duge biéu dién mot cach truc quan bing hinh

anh, giup dé tu duy va st dung;

e Viéc nghién citu tinh chat ctia moé hinh c6 thé thuc hién trén do thi, qua
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d6 nhiéu tinh toan suy dién c6 thé thuc hién hiéu qua hon nhd cac cong cu

toan hoc ctia ly thuyét do thi.

Phan loai c6 hai nhém mo hinh do thi xac suat chinh la mang Bayes bic¢u dién
quan hé tuong quan c6 chiéu (nhan quéd) thong qua mot do thi c6 huéng (goi
13 mo6 hinh do thi ¢6 hudng) va trusng Markov ngau nhién chi biéu dién quan
hé tuong quan ma khong néu ré quan heé nhan qua (goi 14 mo6 hinh do6 thi vo
huéng).

Nghién ctu vé mo hinh do thi dude xem xét chit yéu theo ba phan chinh:
biéu dién (cach xac dinh mo hinh), hoc va suy dién (hoc 1 lam thé nao dé khép
mo hinh v6i dit lidu trong thé gisi thuc) 6 lién két chit ché véi nhau. Dé cac
thuat toan hoc va suy dién hiéu qua, moé hinh sé can phai dugc bieu dién day
du. Hon nita, cac mo6 hinh hoc yéu cau buée suy dién nhu mot chuong trinh/thi
tuc con. C6 hai cach tiép can suy dién trong mo hinh do thi xac suat, do6 la suy
dién theo xac suat bién va suy dién theo xac suat hau nghiem MAP. Mot so
nghién cttu chi ra rang suy dién trong cac mo hinh do thi xac suat thuong 1a
kho [14, 17, 31, 38, 54] va suy dién c6 kha thi hay khong phu thudc rat nhieu
vao cau tric do thi xac suat d6. Mic dut suy dién MAP khong phai 1a bai toan
dé giai trong truong hgp tong quat nhung thay rang suy dién MAP dé giai hon
suy dién tong quéat theo nghia suy dién MAP c6 thé duge giai trong thoi gian
da thiic trong khi d6 suy dién tong quat thuong thudc loai bai toan NP-kho.
Phuong phap Variable Elimination (VE) [76, 77, 78] thudoc nhém phuong phép
suy dién chinh xéc, don gian va tong quat trong cadc mo hinh do thi xac suat,
ching han nhu mang Bayes va truong ngau nhién Markov. Thuat toan VE c6
thé duge stt dung dé suy dién cuc dai héa phan phoi xac suat hau nghiem cta
cac bién. Tuy nhién, thuat toan VE c6 do phtc tap tinh toan ham mi. Trong
truong hop suy dién chinh xac khong kha thi, ching ta van c6 thé nhan dugc 15i
giai thong qua cac phuong phap suy dién xap xi [14, 16, 17, 79]. C6 ba phuong
phap xap xi dién hinh dé suy dién bién an tit mot phan phéi trong cdc moé hinh
do thi xac suat, do 1a phuong phap suy dién bién phan (Variational Inference)
79, 80, 81], phuong phap lan truyen ki vong (Expectation Propagation) [80, 82]
va phuong phap Monte Carlo [83].
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1.2.2. M6t sd6 phuong phap suy dién
a. Phuong phap suy dién bién phan

Gia stt mot mo hinh mang Bayes c6 tap cac bién an ki hieu 14 Z, cac bién
quan sat ki hieu 1a X. Muc tiéu la di tim mot xap xi cho phan phéi hau nghiem
P(Z|X). Ta c6 biéu dién logarit ctia ham phan phéi bién tai X nhu sau:

0g P(X) = [ Q@yion

= L(Q) + KL(Q[[P)

P(ZIX)
Q(2)

)>)dZ - /Q(Z) log( \dZ (1.12)

Ching ta gia dinh céc bién an Z I bién ngau nhién lien tuc nén ta ding dau
tich phan, néu c6 bién nao la rdi rac thi ra chi viéc thay tich phan bang tong
cac gia tri roi rac ctiia bién dé. Dai lugng KL(Q||P) 1a mot do do khoang cach
gitta hai phan phéi @ va P (Kullback-Leibler divergence) thuong dugc sit dung
trong 1i thuyét thong ke. Mot tinh chat ciia do do KL 1 tinh chat khong am:
KL(Q||P) > 0 — log P(X) > £(Q). Chinh vi vay dai lugng £(Q) dudc goi la
ham can duéi ctia ham logarit phan phdi trén dit lieu log P(X) (goi tat 1a "log
complete-data"). Ching ta c6 thé lam cic dai ham can dudi bing cach t6i uu
theo phan phéi Q. Dé dang thay dudc cuc dai ciia ham can dudi chinh 13 ham
log complete-data khi dai lugng KL bang 0 tiic 14 Q(Z) = P(Z|X). Tuy nhién
nhu da biét thi phan phdi P(Z|X) khong thé tinh todn duge, do d6 ta can phai
gi6i han mién khong gian ctia phan phoi Q(Z) thay vi xét trén toan bo mién
khong gian ctia n6. Khi d6 ching ta tim phan phdéi @ trén mién khong gian mdi
gan véi P nhat (coi nhu mot xap xi ctia P) v Q ¢6 the tinh toan duge. Nhu vay,
bai todn dit ra la xap xi phan phdi hau nghiem P(Z|X) bang phan phdi Q(Z)
bang cach cic dai ham can dudi theo Q va cé dicu kién rang buoc cla Q.

Suy dién bién phan chinh I& tim cach rang buoc phan phéi @ bang cach phan
ra phan phoi nay thanh tich ctia nhiéu phan phéi nhé hon. Gia st cac bién an
Z c6 thé dugc chia thanh M nhém khong giao nhau biéu thi béi Z; (i = 1, .., M).
Khi dé:

Qz) =[] Q(z) (1.13)

Phuong phap bién phan nay xuat phat tit mot khung xap xi trong vat 1y dugc
goi 1a "mean field theory" [84].
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b. Phuong phap Markov Chain Monte Carlo (MCMC)

V6i cach tiép can uée luong cac bién an bing cach xap xi ham phan phéi hau
nghiém, phuong phap suy dién bién phan di tim mot phan phoi xap xi véi phan
phéi d6 nhung dé tinh toan suy dién ra cac bién an. Ngugc lai, phuong phap lay
mau tinh ki vong ciia cac bién an xap xi dua trén cac mau dudc lay ra tit ham
phan phdi x4c suat hau nghiem.

Lay mau co ban: Gid st ta c6 M mau {x1, 29, .., 237} duge lay mau doc lap
tit phan phoéi P. Khi d6 ki vong ciia mot ham f(x) theo phan phdi P sé c6 thé
dugc tinh xap xi bang:

M
Ep(f) ~ 5= > £ (1.14)
=1

Mot van dé dat ra la lam sao c6 thé lay mau tit phan phdi P. Ta xét mot vi du
don gidn d6 14 mot phan phdi véi bién ngau nhién z roi rac nhan K gia tri trong
{1,2,..,K}. Taco Plx =1)=0; v6ii=1,., K va Zfil 0; = 1. Ta thyc hién phép

lay mau nhu sau:
e Lay mot s6 y ngau nhién phan phdéi déu trong khoang (0, 1),

e Chia khoang (0,1) thanh K khoang si,ss,..,sx c6 do dai tuong tng la

01,0, ..,0k. Kiém tra xem y thuoc doan ndo. Gia st y thudoc doan Sj,
e Mau lay duoc 1a = = j.

D6i v6i cac phan phoéi don gian nhu Gauss, Gamma hay Dirichlet viéc 1dy mau
thuong don gidn theo mot cong thitc da c6, con trong truong hop phan phéi P
phtic tap thi phuong phap thong thuong khong thuc hién duge. Phuong phap
lay mau MCMC dugc cho 1a hiéu qua trong truong hop bién ngau nhién ctia P
c6 so chiéu 16n va phan phdi P c¢6 dang phiic tap vi du nhu phuong phap Gibbs
Sampling [85].

c. Phuong phap Gibbs Sampling

Phuong phap Gibbs Sampling (GS) [85] la mot trudng hop dic biét cua
thuat toan lay mau Metropolis-Hastings [86]. Gia si ta ¢6 phan phdi P(z) =
P(z1, 29, ..,zyy) ma ta mong muoén lay mau. Phan phoéi nay kho tinh toan, tuy
nhién, xét cac phan phdi ctia mot bién khi biét céc bién con lai thi lai c6 thé tinh
toan dugce vi chi ¢6 mot chieu, titc 14 xét cac phan phoéi P(zlz_;) véii=1,..,M
va z_; = (21,.., Zi—1, Zi+1, --, 20 ). Phuong phap Gibbs Sampling duge trinh bay
trong Thuat toan 1.1.
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Thuat toan 1.1 Phuong phap Gibbs Sampling téng quat

Dau vao: Cac phan phdi Q(z4n|z_dn)
Dau ra: Cac miu duge lay tit phan phdi Q(z4)
Khéi tao 2 véin=1,2,., N
1: fort =0,1,..,00 do
2:  Lay mau z((;lﬂ) ~ 632(,zdl|z(glt2)7 z(gg), . z((;]z,)

4= (t+1 i+1) (¢ t
3:  Lay mau Z((12 )~ Q(zdg|z§l1 )7 2(23), . ZL(sz)
T s (41 t+1 t+1) (¢ t
4:  Lay miu zéi )~ Q(zdi|zc(11 ), --»Zg(ziq)v zgill, . z((ﬂz[)
Ca x4l t+1) _(t+1 t+1
5:  Lay mau zéﬁ )~ Q(sz|z((ﬂ+ )7Z¢(12+ ), ..,Z((i;_)l)
6: end for

Thuat toan nay c6 ngudn goc tit MCMC. Bo gia tri khéi tao z(9) chinh 1a biéu
dién cho trang thai xuat phét trén chudi Markov (mdi bo gia tri biéu dién cho
mot trang thai trén chuéi Markov). Méi lan 1ay mau z; mdéi 1a mot bude di ngau
nhién thuc hién chuyén trang thai trén chudi Markov. Khi d6 phan b6 xéc suat
ve kha nang di dén cac trang thai sé thay doi. Cit thuyc hien bude di ngdu nhien
nhu thé, phan phdi nay sé tién dan tién dén mot phan phéi on dinh chinh 1a
phan phdi P(z), tiic 1a cac mau cang & cac vong lap sau clia phuong phap GS sé
cang gan vdi cac mau diang duge 1ay mau ti P(z). Chinh vi vay, phuong phap

GS thuong bd qua cdc mau ¢ mot sd vong lap dau tien.

1.3. Bai toan cuc dai héa xac suat hau nghiém
1.3.1. Gié6i thiéu bai toan MAP

Chang t6i quan tam t6i bai toan cuc dai héa uée luong xac suat hau nghiem
MAP khong 16i trong cac mo6 hinh do thi xac suat. Udc lugng MAP c6 vai tro
quan trong trong nhiéu mo hinh théng ké véi cac bién an hay cac tham s6 khong
chac chan. Ban chat, bai toan MAP c6 dang

x* = argmax P(z|D) (1.15)
T N—

Posterior

trong d6 bidu thitc P(x|D) dudc goi la zdc sudt hau nghiém cia . Y tudng cla
MAP la chon tham s6 @ sao ching gan véi tham s6 thuec clia dit lieu nhat c6 the
[87]. U6c lugng MAP cung cap mot cach két hgp thong tin tién nghiem trong
qué trinh huan luyén, dac biet hitu ich dé xit Iy cac bai toan dit ra véi dit lieu
huan luyen it va thua. Sy khac biét gitta udc lugng MAP va MLE 6 gia dinh vé
phan phdi tien nghiem thich hgp ctia cac tham s6 x can ude lugng [10]. Ching
t61 nhan thay cac gia thiét hop Iy va tri thitc tien nghiem c6 thé gitp cai thien
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tinh chinh xédc ciia qua trinh suy dién. Thong thudng ching ta khoé xac dinh mot
cach triyc tiép ham téi uu trong (1.15). Vi vay, chiing ta c6 thé sit dung quy tac
Bayes dé dua bai toan MAP vé duéi dang:

" = arg mjx[P(D|w) x P(x)] (1.16)

Phan phdi tien nghiém P(z) chinh 1a nhing thong tin biét trude vé =. Diém
khac biét 16n nhat gitta hai bai toan t6i vu MLE va MAP 14 viéc ham muc tiéu
ctia MAP c6 thém phan phoi tien nghiem P(zx). Do d6, néu chon dugc phan phdi
tién nghiém phut hop thi viéc t6i wu bai toan MAP trd nén dé gidi hon.

Trong nhiéu truong hgp, vé phéi ctia (1.16) 1a cac xac suat nho, dan dén hien
tugng khuéch dai sai s6 tinh toan. Khac phuc diéu nay, ching ta thuong phat
biéu lai bai toan MAP duéi dang tuong duong bing cach lay logarit ctia vé phai:

" = arg max(log P(D|x) + log P(x)] (1.17)

Thong qua biéu dién (1.17), chiing ta c6 thé thay ring MAP chinh 13 mot hicu
chinh ctia MLE véi log P(x) déng vai tro nhu phan hiéu chinh. Do d6, MAP c6
thé gitip mo6 hinh tranh hién tuong qua khép va MAP thuong mang lai hieu qua
cao hon MLE trong truong hdp ching ta c6 it dit lieu huan luyén.
Bai toan MAP (1.17) ¢6 thé duge xem xét dudi dang bai toan t6i uu toan
hoc:
x* = arg mgx[f(zc) = log P(D|x) + log P(x)] (1.18)

Khi d6 f(x) = log P(D|x) + log P(x) dong vai tro la ham muc tiéu ctia bai toan
can t6i wu. Mic do khé giai ctia bai toan MAP phu thuoc vao dic diém cia
ham muc tiéu f(x). Trong mot s6 mo hinh [27], ham muc tiéu f(z) c6 dang lam
16i, nén bai toan MAP c6 thé dudc giai hieu qua bang cac phuong phap téi uu
161 ngay ca & trong truong hop s6 chiéu 16n [8, 88]. Mot kho khian ciia MAP
chinh 13 ham muc tiéu f(zx) = log P(D|z) +log P(x) 1a ham khong 16i, ¢6 thé gap
khé khan khi tim cue dai, dan dén gidi tryc tiép bai toan MAP khong kha thi
128, 37].

1.3.2. Mot s6 phuong phap tiép can

Trong théng ké Bayes, MAP 1a uéc lugng diém cho mot dai luong chua biét,
chinh 1a mét (mode) ctia phan phdi xac suat hau nghiem. MAP lien quan chét
ché dén MLE nhung trong ham muc tiéu c¢6 bo sung thém tri thiic tien nghiem.

Do dé, uéc lugng MAP c6 thé xem la mot hiéu chinh ctia uéc luong MLE,
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hay MLE la mot truong hgp dic biét cia MAP khi khong xét t6i tri thiic tién
nghiém. Theo hiéu biét clia ching t6i, c6 mot sd cach tiép can dé giai bai todn
MAP nhu sau:

e Thong qua cac phép phan tich, khi mét ctia phan phéi hau nghiem duge
cho duéi dang "close-form" va day la truong hgp prior lién hgp.

e Thong qua cac phuong phap s6 nhu phuong phap gradient hodc phuong
phap Newton. Tuy nhién, chting thuong yéu cau cac dao ham bac nhat
ho#c bac hai phai tim dugc bang phuong phéap giai tich hodc bang phuong
phép so.

e Thong qua viéc 4p dung thuat toan Expectation Maximization (EM).
e Thong qua cac phuong phap Monte Carlo.

Dé giai bai toan MAP, chiing ta c6 thé ap dung cac phuong phap giai ding nhu
phuong phap Variable Elimination (VE) [76, 77, 78]. Tuy nhién, theo tim hiéu
ctia chung t6i thi thuat toan VE c6 do phic tap tinh toan ham ma [17]. Nguoi ta
thuong 4p dung cac phuong phap xap xi dé giai bai toan MAP. Mot s6 phuong
phép suy dién xap xi da duge dé xuat nhu phuong phap VB [39], CVB [40, 41],
CVBO [42], CGS [43], CCCP [44], SMM [45], FW [46], OFW [47],...Theo hiéu
biét ctia ching toi, phuong phap VB, CVB hay CGS dudc st dung dé uéc luong
toan bo phan phoi xac suat hau nghiém trong khi bai toan MAP 1a tim uéc
lugng diém. Ngoai ra, chiing ta c6 thé tiép can cac giai bai toan MAP (1.17)
theo cach nhin ctia t6i wu. Khi do6, ching ta c6 thé st dung cac phuong phap
t6i wu hien dai dé giai bai toan MAP. Trong mot s6 trusng hop, bai toan MAP
(1.17) c6 dang la bai toan t6i wtu 16i va c¢6 thé duge giai tét biang cic phuong
phép t6i wu 16i [27]. Trong cdc mo6 hinh do thi x4c suat, ching toi thuong nghién
cttu bai toan MAP trong truong hop c6 s6 chiéu 16n. Do d6, do kho ctia bai toan
MAP phu thudc vao do phiic tap ctia ham muc tiéu f(x) = log P(D|x) +log P(x)
rat nhieu. Néu ham muc tiéu f(x) khong 161, viéc gidi bai toan t6i wu khong
16i (1.18) trd nén kho khan vi ¢6 thé giap hién tugng c6 nhiéu diém cuye tri dia
phuong hosic xuat hién diém yeén ngya [70, 65]. Cac phuong phap t6i wu phd
bién nhu gradient descent (GD), stochastic gradient descent (SGD) hay phuong
phap Newton c6 thé méc ket trong cac diém cyc tri dia phuong toi [9, 89).
Theo hiéu biét ctia ching toi, su hiéu qua ctia cadc phuong phap suy dién

thuong duge danh gia trén mot sb tieu chi quan trong nhu: Thuat toan c6 dam
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béo co s6 1y thuyét cho sy hoi tu hay khong? Téc do hoi tu ctia thuat toan 1a
bao nhiéu? Thuat toan thuoc nhém ngau nhién hay tat dinh? Thuat toan co
kha nang linh hoat (tic 1a ¢6 dé dang mé rong ap dung cho cac mo hinh khac)
hay khong? Thuat toan c6 kha nang hiéu chinh khong? Nhu vay, tim ra cac
thuat toan mdi hidu qua dé gidi bai toAn MAP (1.18) trong trudng hop f(x)
12 mot ham khong 16i 14 can thiét bdi vi bai toan (1.18) néi chung 1a NP-kho
28, 37, 55.

Chung toi thay rang, néu phan phdi xac suat trén « va D c6 thé duge mo
ta bang cac ham giai tich, thi bai toan MAP dua vé bai toan cic dai héa ham
f(x) = g1(x) + g2(x) trong do6 g1(x) =log P(D|x) va g2(x) = log P(x). Do do, bai
toan (1.17) duge dua vé bai toan t6i uu nhu sau

x* = argmax[f(z) = g1(x) + g2()] (1.19)

Chiing ta c6 thé tiép can gidi bai toAn MAP (1.17) dudi dang bai toan téi wu
khong 16i (1.19). Khi dé, chiing ta c6 thé sit dung cac phuong phap t6i uu ngau
nhién hién dai cling v6i cac cai tién thich hop dé gidi ching [36]. Mot minh hoa
cho huéng tiép can nay chinh la thuat toan OPE [28] dugc dé xuat dé giai bai
toan MAP trong cac mo6 hinh do thi x4c suat. Chung toi nhan thay OPE dam
bdo toc do hoi tu 1a O(1/T) vugt qua cac thuat toan ngau nhién duong dai dé

gidi bai toan MAP khong 16i trong cac mo hinh do thi xac suat.
1.4. M6 hinh chu dé

1.4.1. Giéi thiéu vé moé hinh chu dé

Khadi niém chi dé : Mot chii dé c6 thé hiéu theo nghia thong thuong, ching
han chi dé vé thé thao, van héa hay chi dé vé chinh tri, gidgo duc,..Can ct vio
nhitng tit xuat hién trong van ban ma ta c6 thé xac dinh van ban dang noi veé
van dé gi. Vi du néu trong van ban chita cac tit: tong thong, chi tich, bau ci, ci
tri, dai biéu, nghi vién, quoc hoi, tranh ci ... thi van ban dé duge xem la mot
van ban néi vé chinh tri chit khong phai la thé thao. Nhu vay mot chu dé duge
xac dinh bdi mot tap hop cac tit dong thoi xuat hien dé lam ndi lén chi dé do
trong mot vin ban. Dé moé hinh héa bing toan hoc, ta gia st ring mdi tit trong
tap tit dién déu xuat hién trong mot chi dé v6i mot xac sudt nao do. Nhiing
ti ma c6 xac suat trong cht dé dé cao thi céc tit d6 sé 1a dac trung cho chu dé
dé6. Trong khi d6, nhing tit xuat hién v6i xac suat nhd thi ta co thé bé qua, coi

nhu ching khong thude chit dé dé. N6i mot cach ngan gon hon, méi cha dé dude
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biéu dién bing mot phan phéi cac tit trong tap tit dién. Va phan phdi ciia céc
tit trén moi chit dé 1a khac nhau dé phan anh riang cac chii dé dé la khac nhau.

Mot mo hinh phan tich cac chtt dé ndm trong mot tap vin ban nham muc
tieu hoc ra cac chii dé an nay. Bing viéc xem xét cai van ban dudi goc do to
hop ciia céc chii dé an, ching ta cé thé rat ra cac dic diem cla tap van ban, tit
d6 c6 nhiéu ting dung nhu x4c dinh cac noi dung dic trung ndm trong tap van

ban, phan cum céc van ban trong tap van ban.

Topics Documents Topic proportions and
assignments
gene 0.04
i O CH Seeking Life's Bare (Genetic) Necessities
e COLD SPRING HARBOR, NEW YORK— are noe all ehae fae apas eapeciall
-../.- : -

— I
life 9.02 \\
evolve .81 - X
organism 8.81 . H
data 8.02
number  8.82
computer 8.01

b
= |
\_/—

Hinh 1.2: Mb t4 tric quan mdt moé hinh cht dé.

Hinh 1.2 14 mo t& triyc quan mot mo hinh cht dé. Céc chi dé (topics) duge
biéu dién bdi phan phdi trén cac tit, nhitng tit c6 xac suat xuat hién cao nhat sé
la dac trung cho chti dé d6 (4 chtt dé mau khac nhau nhu trong hinh). Mot van
ban 1a t6 hop clia cac chit dé an véi ti lé dong gép clia cac chit dé khac nhau. Vi
du van ban trong hinh vé c6 chti dé mau vang chiém ti 1é cao nhat, tic 1a kha
nang van ban nay néi vé chii dé nay la rat cao. Hinh vé nay con thé hien mot
miuic ¥ nghia dé6 1a miic cac ti. Moi tut trong vin ban dé duge gan vao mot chi
dé nao do6 (cac tur 1a cac hinh tron véi mau tuong tng la phép gan tu d6 thuoc
vao chit dé mau do).

Hoc cau triic an ciia dit liu, moé hinh phan tich ngit nghia an (Latent Semantic
Indexing - LSI) [90] va probabilistic Latent Semantic Indexing (pLSI) [91] 1a 16p
cac phuong phap hoc c6 cac van ban va tir vung duge anh xa sang mot khong
gian méi goi 1a "khong gian ngit nghia an" hay dugc goi la cac "cht dé an". Hai
mo hinh LST va pLST déu ¢6 s6 lugng tham s6 trong ma tran [van ban x chu de]
ti 1é v6i s6 luong van ban cé trong tap van ban, viéc ti 1é tuyén tinh clia tham
s6 mo hinh véi kich thude dit lieu sé dan t6i gia tang kich thuée luu trit ctia mo
hinh. Ngoai ra ca hai phuong phap déu c6 dinh s6 luong van ban dugde hoc nén

khong c6 kha nang phan tich van ban mdi xuat hién hosic phai hoc lai tat ca ti
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dau, dong nghia véi viec mo hinh LSI va pLSI khong c6 tinh tong quat héa cho
dit lieu va dé& dan dén hien tuong qua khép (overfitting). Dé khic phuc nhiing
han ché nay, mo6 hinh chti dé an Latent Dirichlet Allocation (LDA) [39] ra doi

va ¢6 tng dung hiéu qua vao rat nhiéu bai toan phan tich dit lieu.

1.4.2. Mo hinh Latent Dirichlet Allocation
a. Cac khai niém va ki hiéu
e Tap tit dién gom V tit 1a don vi tao thanh vin ban.

e M&i van ban dugce ki hieu la d. Mot vin ban duge biéu dién dudi dang vecto
dém d = (dy, ...,dy) trong d6 d; 1a s6 lan xuat hién ctia tit j trong van ban

d.

e Moi van ban 1a mot tap hop clia cac tir. V6i van ban d, tap cac ti trong
van ban dé la wg = {wg1, wys, .., wgn } trong d6 wy, 1a tit thit n trong day cac
tit clia van ban d véi N 1 s lugng tit trong van ban d. Mai van ban ducc
biéu dién theo tti tit (bag-of-word) chi quan tam t6i cac tit xuat hién ma
khong quan tam tdi thit ty xuat hién ctia né trong van ban. Tap di lieu C
gom M van ban {di,ds,..,dy}.

e Don hinh A = {x ¢ RE : 2 > O,Zszl rp = 1} vd A 13 phan trong cla
A

b. M6 hinh sinh

LDA 14 mo6 hinh do thi xac suat trong dé qua trinh tao ra cac van ban sé
duge mo hinh héa bing mang Bayes: mdi dinh trong mang biéu dién cho mot
bién ngau nhién va mdi canh ndi hai dinh nao dé sé biéu dién cho méi quan he
xAc suat gitta hai bién ngau nhién d6. Cac van ban 1a dit lieu c6 s&n, quan sat
duge, ching dude sinh ra tit mot qué trinh tao van ban dudc biéu dién trong
mo hinh. Chinh vi vay, m6é hinh LDA con dugc goi 1a moé hinh sinh. Ta gia
thiét ring mdi van ban d dudc tron ngau nhién béi K chi dé an véi ti lé cac
thanh phan dugc biéu dién béi véc to ty 16 chit dé 64 = (041, 0o, ., 04k ), mdi chii
dé an k, (k = 1,2,..,K) la mot phan phdéi xac suat trén tat ca cac tit clia tap
tit dién. Ching ta biéu dién phan phdi nay béi mot véc to phan phéi chi dé
Br = (Bt Bras -, Bev), trong d6 By, 1a xéc sudt xuat hién cla tir thi j (theo th
tu tu dién) thuoc vao chit dé k. Qué trinh sinh cia mo hinh LDA dudgc mo ta

nhu sau:
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e Sinh ra phan phdi xac suat clia cac tit cho mdi chi dé

1. V6i méi cha dé k trong {1,..., K}

— Lay mau B, ~ Dir(n)
e Sinh ra N tu cho mot van ban

1. Sinh ra véc to ty lé chti dé ctia vin ban d: 8, ~ Dir(a)
2. V6in=1,2,...,N (sinh lan lugt tir thit 1 dén tu thu N):

— Chon mot cht dé z4, ~ Multinomial(@,) (z4, 1& bién nhan mot trong
cac gia tri 1,2,... | K

— Chon ra tt wg,, ~ Multinomial(3,, )

Viéc gia thiét rang véc to ty leé chu dé 8,4 va phan phdi cht dé 3, déu dugce sinh
ra tit phan phoi Dirichlet v6i hai tham s6 tuong tng 1a a va 1 v6i muc dich 1a dé
tang tinh tong quat hoa ctia mo hinh, tranh hién tugng qua khép (cai tién hon
so v6i pLSI). 0 day n va o duge goi la cac tri thiic tién nghiém hay goi la prior
ctia phan phéi Dirichlet. Mo hinh LDA dugc biéu dién bing dd thi xac suat nhu
Hinh 1.3. Céc ki hiéu mii tén biéu dién xéc suat c6 diéu kien. Cac tit w 1a doi
tuong c6 thé quan sat duge nén sé dude to6 dam. Trong d6 a va 5 1a hai sieu
tham s6, cac bién B3, 0, z va w 1a cac bién ngau nhién mong mudn udc luong.

Nhu vay mo hinh LDA gom c6 ba phan mutic:

® O @ () Py
N AN N
(e} Hd Zdn Wi, n \T Bk T]
A M K

Hinh 1.3: M6 hinh cha dé 4n LDA
e Miic toan cuc: siéu tham s6 n vi o dic trung cho mo hinh, bién 3 biéu dién
céc chi dé dac trung cho tap van ban,
e Miic van ban: bién 6 xac dinh cho méi van ban,

e Miic tir: Cac chii dé ma méi tit c6 thé thudc vio z cling véi cac tit quan sat

dugc w,

trong d6 miic vin ban va mtc tit ta c¢6 thé goi chung 1a mic cuc bo. Cac bién

phan phdi chii dé B, ty lé chii dé 6, bién chii dé z dugc goi 1a cac bién an biéu

24



dién cho céc cau tric ngit nghia an can khai pha tit tap vin ban quan sat dugc.
Nhu vay, bai toan hoc mé hinh LDA chinh 1a di u6c lugng céc bién an nay khi
da biét cac tir clia cac van ban. T mo hinh do thi x4c suat, cong viéc nay chinh
13 wéc lugng mot phan phdi hau nghiém, c6 ban chat 1a phan phoi c6 dieu kien
clia cac bién an khi da biét céc bién di lieu va cac siéu tham sb:
P(0,z,w,B|a,n)

P(0,z,B\w,a,n) = 1.20
(02 B 01 = = pigfas) 20
trong do:
Pwa) = [ [ 37 P 0.200.0
BJo
N K
P(8,2,w, Bla,n) = H (8l0) [ | P(2anl00) P (wanzan. B)) T | P(BiIn)
d=1 n=1 k=1

Viéc tinh toan tryc tiép phan phdi hau nghiém theo (1.20) 1a khong kha thi theo
[37]. Vi vay, ta can phai tinh xap xi phan phéi hau nghiém nay dé c6 thé suy

dién ra céc bién an.
1.4.3. Suy dién hau nghiém trong mé hinh cht dé

Theo hiéu biét ctia chiing toi, van dé chinh ctia cac moé hinh dd thi xac suét
la tinh phan phéi hau nghiém ciia cac bién an vé6i dieu kien da biét cac bién
quan sat va siéu tham s6 ciia mo hinh. V6i mo hinh chti dé LDA, phan phdi hau
nghiém chinh 1a P(0,z|w, o, 3) cho mdi vin ban d. Bai toan tinh phan phdi xac
suat nay goi 1a bai todn suy dién. Bai toan suy dién c6 hai vai tro quan trong

nhu sau:

(i) Tinh duge phan phéi hau nghiem gitp biéu dién ngit nghia an trong moi
van ban. Véc to @ biéu dién ti lé cac chii dé trong van ban, z biéu dién chi
dé ctia cac tit trong vin ban. Nhu vay c6 thé hiéu duge van ban nay néi
vé chii dé gi, va cac cht dé d6 duge gan cho moéi tit trong van ban nhu thé

nao?

(ii) Tinh duge phan phéi hau nghiém 1a bude quan trong trong qué trinh hoc
tham s6 ctia mo hinh. V6i cac moé hinh ¢6 tham s6 an, viéc hoc duge tham
s6 clia mo hinh thong qua thuat toan EM, trong d6 buéc E 1a budc tinh
phan phéi hau nghieém clia cac bién an, buéc M la cap nhat tham s6 cho
mo hinh dua vao cac bién an tinh dudgc tit buée E. Do dé, bai todn suy dién
la bai todn cot 10i clia cdc mo hinh chi dé. Toc do clia thuat toan suy dién

anh hudng rat 16n dén toc do hoi tu cta thuat toan hoc.
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Tuy nhién, phan phéi hau nghiém trong cac mo hinh chti dé thuong khong tinh
duge dudi dang cong thitc tuong minh, do d6 khong thé bicu dién né va udc
luong cac bién ngau nhién bang céc cong cu giai tich. C6 hai cach chinh dé giai

quyét bai toan nay la:

e Xap xi bang mot phan phoi dé tinh hon, ho#ic 1ay mau ngiu nhién tit phan
phéi dé dé uée luong cac bién ngau nhién ta mudn uée lugng. Dé xap xi
phan phéi hau nghiém trong mo hinh LDA, cic tac gid da dé xuat cac
phuong phap suy dién bién phan Variational Bayes (VB) [39], Collapsed
Variational Inference (CVB va CVBO0) [40, 42]. Phuong phap xap xi nay
dua trén bat dang thic Jensen dé udc luong can dudi clia phan phéi dang

xét, sau dé cuc dai héa ham can dudi nay dé tim mot phan phéi gan nhat.

e Liy mau ngau nhién, thuat todn lay cadc mau ngiu nhién theo phan phdi
dang xét, sau d6 udc luong cac bién ngau nhién dya trén tap mau nay.
Dién hinh cho ldy mau ngdu nhién la thuat toan Collapsed Gibbs Sampling
(CGS) [92].

Trong mo hinh LDA, phan phéi hau nghiém ctia bién an cho mdi vin ban d la:
P(0,z,w|a,3)
P(w|a, 8)

Phan phdi nay 14 khong tinh duge vi P(w]a, 8) khong biéu dién duge dudi dang

P(0,zlw,a,3) =

tuong minh [39]. Muc dich chinh clia viéc tinh phan phéi hau nghiem 1a udc
lugng ki vong ctia bién ngdu nhién 6 va z. Bién 0 bicéu dién ti lé cht dé clia van
ban, bién z biéu dién viéc céc tit trong vin ban dudc gan cho cac chii dé nao.
Phuong phap VB [39] xap xi phan phdi bién phan bing mot phan phoi dé tinh
hon Q(8, z|y, @) véi ciac tham s6 can tim 1 v vA ¢. Phuong phap 1ay mau ngau
nhien CGS [92] lay mau tryc tiép bién ngau nhién z theo phan phéi P(z|w, a, 3),

sau d6 uéc lugng ti lé chi dé 6 clia van ban dya trén cac mau lay dugc.

a. Phuong phap Variational Bayes

Phuong phap Variational Bayes (VB) [39] 1a mot trong nhitng phuong phap
suy dién dau tien dé giai bai toan suy dién hau nghiém véi mo hinh cha dé. Bai
toan hoc trong LDA chinh 13 u6c lugng phan phdi dong thoi P(z, 8, 3|C) khi cho
bdi tap dit lieu C. Tuy nhién, bai toan suy dién véi mo hinh chi dé 1a khong kha
thi trong mot s6 trudng hop xau [37]. Dé khac phuc tinh khong kha thi, phuong
phap VB gia thiét ring cac bién an 1a doc lap. Dac biét sit dung phan phéi phan
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Thuat toan 1.2 VB: Variational Bayes
sziu vao: Vian ban d va tham s6 mo hinh {\, o}
Pau ra: ¢
Khdi tao ¢ ngdu nhién
for 1 =0,1,..,00 do
A= a+ Zdj>0 gi)jk.dj
Bjk o< exp (k). expY(Axs) — (D, Akt)]

end for

ra @ don gian hon dé wéc lugng cho phan phdi dong thai P(z,8, 8|C), trong do6

Q(2,6,8) = [ [ Q(zada) [ [ @(0ala) HQ BilA)

deC deC

Vi vay, bai toan hoc duge dua vé bai toan ude lugng tham s6 bién phan {¢, v, A}
bang viéc cyc dai héa ham can duéi trén likelihood P(C|a,7), vi du:

max Eg .09 log P(2,0,8,Cla,n)] + H(Q(z,0,3))

trong d6 H(z) ky hiéu cho entropy ctia z. Chu ¥ rang VB gia thiét rang B, ~
Dir(Ag). Phuong phap VB suy dién hau nghiém cho moét van ban thong qua uée
luong P(z,0|d, 3, ). Phuong phip VB dugc mo ta chi tiét trong Thuat toan
1.2.

b. Phuong phap Collapsed variational Bayes

Phuong phap Collapsed variational Bayes (CVB) [40] st dung

Q(2,0,8) = Q0,827 A) | [ Q(zdlba)

deC

dé xap xi cho phan phéi P(z,0,3|C). Khi d6 bai toan dua vé
max Eg,)0(0,8)z)l0g P(2z,0,8,Cla,n)] + H(Q(z)Q(0, B|z))

Chung ta tién hanh cuc dai t6i da héa ham muc tiéu lien quan dén Q(8, B|z)
trude va tiép theo béi Q(z) cho dén khi hoi tu. Phuong phap CVB c6 thé dua ra
xap xi t6t hon VB béi vi duy tri sy phu thuoc gitta z va (6, 8). Y tudng tir lay
mau Gibbs, phuong phap CVB khai théac cac token riéng ré trong cac van ban
dé suy dién. Trong khi VB duy tri phan phdi bién phan v = (71, ., 7x) cho méi
van ban, CVB duy tri v cho mdi token. CVB lam viéc t6t hon VB. Khi dung
phuong phap CVB suy dién cho mot van ban d cu the, ching toi thay ring CVB
trén thyc té uée luong P(z|d, a,n) don gian hon P(z,0|d,a,n) trong VB. Tuy
nhién, suy dién hau nghiém bang CVB khong phai 14 cuc bo cho mot tai lieu cu

thé v yeu cau mot sé cap nhat cho cac bién toan cuc. Suy dién hau nghiem bsi
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Thuat toan 1.3 CVB: Collapsed Variational Bayes

Dau vao: Vin ban d va tham s6 mo hinh {N, a,n}
Dau ra: ¢

1: Khdi tao ¢ ngdu nhien.

2: for 1 =0,1,..,00 do

3:  for Vdi token thi i, z; trong van ban d do

4 /\Ei = O“"Zt;ﬁi Pt
5: Vk_zl = Zt;é‘i thk(l — ¢tk)
7 o =2 N .

. — Vki_i _ V’;Zi Vkﬂ
T S T e T
9: bjr o< v, (N +m)(ag' + V) lexp X

10: end for
11: end for

Thuat toan 1.4 CVBO0: Mot bién thé nhanh ctia CVB

Dau vao: Vin ban d va tham s6 mo hinh {N, a,n}
Dau ra: ¢

1: Khéi tao ¢ nghu nhién

2: for [ =0,1,...00 do

3:  for Véi token tht i, z; trong van ban d do

4 )\;i =a+ Zt;ﬁi Otk

5 N =N + din

6 a’ = Zt Nl:zll .

T: Gk X vy (N +n) (e + V)~
8 end for

9: end for

CVB dugc trinh bay chi tiét trong Thuat toan 1.3, trong d6 Ny; déng vai tro
tuong tu véi \y; trong phuong phap VB.

c. Fast collapsed variational Bayes

Phuong phép fast collapsed variational Bayes (CVBO0) [42] 1a phién ban cai
tién ctia CVB. Ban cap nhat cho ¢;; trong CVB sit dung khai trién Taylor bac
hai. Tac gid Asuncion va cong sy [42] da dé xuat chi st dung thong tin bac
khong cho viec xap xi dé thuyc hién viéc cap nhat ¢;, don gian hon dang ké.
Thuat toan CVBO0 suy dién hau nghiém cho mot van ban dugde trinh bay chi tiét
trong Thuat toan 1.4.

d. Phuong phap Collapsed Gibbs sampling

Ban dau, collapsed Gibbs sampling (CGS) duge dé xuat bdi [92] cho viec hoc
LDA tit dit lieu. Gan day, CGS dugc dieu chinh thanh cong cho bai toan suy
dién hau nghiém trén mot van ban [93]. Thuat toan CGS tién hanh uée lugng

P(z|d, o, n) 1am cho suy dién cuc bo hon, tic 1a, suy dién hau nghiém cho mot
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Thuat toan 1.5 CGS: collapsed Gibbs sampling

Dau vao: Vin ban d va tham sé mo hinh {N, a, n}
Dau ra: ¢
1: Khdi tao ¢ ngdu nhiéen.
2: Loai b6 B burn-in sweeps
3: for [ =1,..,5 mau do
4:  for Vdi token thit i z; trong van ban d do
Apt=at Y Iz = k)

5

6 Pjk Vi " exp[t(Az,) — (04 Akt)]

7: Lay mau z; tit phan phdéi Multinomial(¢,)
8

9

end for
: end for

van ban khong can phai sita doi bat k¥ trén bién toan cuc. Dic diém nay tuong
tu v6i VB, nhung rat khac véi CVB va CVB0. Chi tiét thuat toan CGS dugc
trinh bay trong Thuat toan 1.5.

1.5. Thuat toan OPE

Xét bai toan suy dién hau nghiém déi véi ting van ban d trong mo hinh chu
de. Dé uée lugng ty le chii dé @ cho mot vian ban, c6 mot cach tiép can khéc
chinh 1a cyc dai héa phan phdi hau nghiem MAP cia 8. Uée lugng 6 cho mot
van ban la:

0* = arg mmax P(O|w,a,B) (1.21)
Tuy nhién, day 1a bai toan t6i wu khong 16i kho giai [37], do d6 khong c6 thuat
toan truc tiép giai bai toan nay, tic 1a kho tim dude cuc tri toan cuc. Dé giai
bai toan tdi wu khong 16i, cac tac gid st dung phuong phap téi uu ngau nhién
dé tim nghiem xap xi cho bai toan. Va mot thuat toan t6i wu ngdu nhien gidi
hiéu qué bai toan suy dién hau nghiém nay chinh la thuat toan OPE [28].

Dé u6c luong ti lé chit dé @ € Ax cho mot van ban d, ching ta can giai bai
toan sau:

0" = P, 0
arg max P(d, 6|8, 0)
Theo cong thitc Bayes co:
0* = arg max [log P(d|0,3) + log P(6]a)] (1.22)
OcAk

Cho vin ban d, xac suat dé tit j xuat hién trong d c¢6 thé duge biéu dién

K
P(w = jld) =) P(w=jl: = k)P(z = k|d) = Zﬂk]ek
k=1
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Vi vay log likelihood cua d la:

log P(d|0, 8) =log | [ P(w = jld)* =) " djlog P(w = j|d) = Zd logZ@kﬁk]
j j
Mat do xac suat ctia phan phdi Dirichlet K chiéu v6i tham s6 o 1a P(0]a) o
Hszl 02! Do do, véi gia thiét vé qua trinh sinh ctia LDA, bai toan (1.22) tuong

ing vGi bai toan sau:
K
0" = arg Inax Zd logZGkﬁkj (a—1) Zlog@k (1.23)
k=1

trong d6 « la tham s6 ctia phan phdi tien nghiém Dirichlet.

Mit khac, mitc do kho giai hay dé giai ctia bai toan (1.23) phu thudc vao
gia tri ciia tham s6 a. V6i a > 1, bai toan (1.23) ¢c6 ham muc tieu 1a tong hai
ham 16m, nén bai toan (1.23) duge gidi tot bang cac thuat toan t6i wu 1oi vdéi
thoi gian da thitc. Cac tac gid trong [52] da dé xuat chuyén bai toan (1.23) vé
bai toan t6i wu 16i bang cach c6 dinh tham s6 o = 1, khi d6 ham muc tieu

) = >, djlog Zle 0r0k; c6 dang ham 16m. Khi dé ching ta bé di tri thic
Dirichlet ctia 0, thay vao d6 € 1a bién ngau nhién c6 phan phoi déu va mo hinh
LDA c6 thé suy bién thanh mo hinh FSTM [51]. Tac gia trong [52] ding thuat
toan Frank-Wolfe [94] dé t6i wu ham 16m f(@) trong truong hop nay. Mac dit
dit ¢6 dinh tham s6 o = 1 lam thiéu tinh tong quat ctia mé hinh c6 thé dan dén
hién tugng qua khép. Tuy nhién, [52] cling chi ra mot s6 tinh chat tha vi cia
thuat toan suy dién nay, do 1a tao ra nghiém c6 tinh chat thua va thuat toan
hoi tu vé6i bac tuyén tinh.

Vai tro ctia tham s6 o trong mo hinh LDA ¢6 thé hiéu nhu sau: khi o < 1 phan
16n phan bé xac suat & cac dinh ctia don hinh, tao ra hau hét van ban thuoc
mot sd luong nhé cac chit dé. Ngugce lai, khi o > 1 hau hét cac van ban thuoc
hau hét cac chi dé. Vi vay, trong thic té, khi sit dung mo hinh LDA, nguoi ta
thuong chon a < 1 dan dén ham muc tiéu ciia (1.23) la khong 1om [92, 42]. D6
1a 1y do tai sao bai toan (1.23) khong khé thi trong trudng hop xau. Xét ham

muc tiéu cta (1.23) c¢6 dang:

K K
6) = Z d; logz 0B — (1 — @) Zlog@k
j k=1 k=1

c6 dang 1a hiéu ctia hai ham 16m. Bai toan (1.23) dua vé bai toan quy hoach DC,
mot 16p bai toan t6i wu khong 16i dién hinh. Do d6, bai toan (1.23) thuoc 16p
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bai toan khong 16i kho giai [37]. Déi v6i bai toan khong 161 ¢6 rang bude nhu bai
toan (1.23) thi tim dugc nghiém t6i wu toan cuc la rat kho. Trong truong hop
tim dudc nghiém thi da phan nghiém d6 chi la diém cuc tri dia phuong hosc 1a
diém ding.

Chiing ta c6 thé st dung mot sé ki thuat phd bién nhu phuong phéap nhanh
can [95], thuat toan siéu phang cit, hay gan day 1a thuat toan DCA [96] dé giai
bai toan quy hoach DC tong quat. Tuy nhién, cac thuat todn nay khong hicu
qué khi duge 4p dung cho bai toan suy dién hau nghiem (1.23), ban chat mot
bai toan t6i wu khong 16i. Lay tu tudng ctia thuat toan Online Frank-Wolfe [47],
cac tac gid trong [97] da dé xuat thuat toan Online Frank-Wolfe (OFW) giéi bai
toan suy dién MAP khong 16i v6i mo hinh LDA. Chi tiét ctia thuat toan OFW
dugc trinh bay trong Thuat toan 1.6.

Thuat toan 1.6 OFW: Online Frank-Wolfe cho bai toan suy dién MAP

Dau vao: Vin ban d va tham sé mo hinh {3, a}

Dau ra: 0 lam cue dai ham f(0) = 32, d;log Y1, 0By + (@ — 1) i log O,
1: Khdi tao 01 trong Ak
2: fort=1,2,..00 do
3 Lay f; c6 phan phdi deu tir {3 d; log S OkBr; (= 1) log Ok}

4: Ft = %22:1 fh
5. i = argmax; VF;(6;);
1
6: a .= —
Vit
7 9t+1 = ae;y + (]. — a)0t
8: end for

Céc tac gia trong bai béo [97] da ching minh duge téc do hoi tu cia thuat
toan OFW it nhat 1a O (\/LT) v6i T 1a s6 bude lap ciia thuat toan. Cac téc
gid trong [28] tiép tuc dé xuat thuat toan cai tién mdi la Online maximum a
Posteriori Estimation (OPE). OPE c¢6 nhiéu uwu diém so v6i cdc dé xuat trudce

d6. Chi tiét cia OPE dugc trinh bay trong Thuat toan 1.7.

Thuat toan 1.7 OPE: Online Maximum a Posteriori Estimation
Dau vao: Vin ban d va mo hinh {3, a}
Dau ra: " la cue dai clia ham f(8) = Y d;log S, 0Bk + (o — 1) Y log 0y
1: Khéi tao 0 thuoc A = {x e RE : S8 23 = 1,x > ¢ > 0}
2: fort=1,2,..,00 do
3 Lay f; c6 phan phdi deu tir {3 d; log S OkBrj; (= 1) 5 log O}
4 Fy = % 22:1 In
5 epi=argmax, x, < F/(60:), x>
6: 0t+1 = Ht + 7et;9t
7: end for
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Ky hiéu
K K
01(8) == "djlog ¥ OB . 92(0) == (a— 1)) logty
J k=1 k=1

Ham muc tiéu f(0) = ¢1(0) + g2(0). OPE hoat dong theo cach thic nhu sau: tai
modi buée lip ¢, xay dung ham ngiu nhién F; xap xi cho ham muc tieu f(6),
tién hanh cap nhat 6 dya trén ham xap xi nay theo cong thitc cap nhat clia
Frank-Wolfe. OPE la thuat toan ngau nhién ap dung cho ham khong 16i. Vi tinh
chat ctia ham khong 16i, diém dimg c6 thé la diém yeén ngua hoiic cuc tri dia
phuong. OPE dua thém tinh ngdu nhién vao dé hi vong thuat toan nhay ra dugc
khoi cuc tri dia phuong va diém yén ngua ma khong phu thuoc vao diém khéi
tao.

Cach xay dung ham F; khac biét so v6i cac thuat toan khac. Tai budc lap
t, ham F; = %22:1 fn, v6i f;, c¢6 phan phdi deu tu {32, djlog Zszl OrBrj; (o —
1) Zszl log 0. }. Nhu vay, tai méi buée lap, OPE khong c6 tinh chat 1a gia tri tai
diém 6; ctia ham xap xi va ham muyc tiéu biang nhau, ma day xap xi ngdu nhién
F, hoi tu vé ham muc tieéu khi thuat toan hoi tu. Goi a; va b, lan luct 1a sb lan

chon dugc ¢1(0) va g2(0) sau t vong lap. Ta co:

2
Fy = ;(atgl + bg2)

at — bt
t
Co6 thé thay, tai méi bude lap ¢, OPE lam viec véi ham xap xi F, 1a tong cia

F—f=

(91 — g2)

ham muc tieu f(0) va nhiéu ngau nhién %= (g, — go) tién vé 0. Dai lugng nhiéu
nay lam cho OPE hoat dong t6t hon véi cac ham muc tieu khong 161 vé6i dit lieu
thuc té. Viec chiing minh sy hoi tu ctia thuat toan da dugdce chi ra trong [28]. C6
thé tong két cac wu diem vuot troi ciia thuat toan OPE nhu sau:

e T6c do hoi tu ctia thuat toan nhanh;

e Viéc xap xi ham muc tiéu dang bang mot diay cac ham ngau nhién, véi
mong mudn tang xac suat dé thuat toan di t6i mot nghiem téi wu cuc bo

hoiic it nhat ciing thoat khéi nhitng diém yén ngua "saddle point";

e Nghiém thu dugc ctia bai toan mang tinh thua. Day 1a mot wu diém 16n khi

dbéi mat v6i bai toan co sb chieu 16n.
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1.6. Mot s6 thuat toan ngau nhién hoc LDA

LDA [39] 14 m6 hinh chti dé dién hinh c6 nhiéu ting dung, dic biét trong phan
tich van ban. Do d6, nghién ciitu cac thuat toan hoc mo hinh LDA 1a quan tam
cia nhiéu nha nghién cttu [39, 40, 98, 93]. Nhu ching toi da trinh bay, muc tiéu
cia ching t6i 1a di uéc luong dude cac bién an 3, 0, z dua vao ham phan phoi

hau nghiém P(z, 8, 8|w,a,n). Cac bién an nay c6 the duge chia lam 2 miic:

e Miic bién cuc bo: sé la cac dai luong dai dién cho bién an & mic van ban

nhu z va 6,

e Miic bién toan cuc: la dai lugng dai dién cho bién an ciia ca tap vin ban dé
1a phan phdi chua dé g.
Huéng tiép can ngau nhién dude coi 1a hiéu qua doi véi cdc mo hinh hoc may
thuong lam viéc v6i dit lieu 16n [9, 36, 99]. Do dé trong luan an nghién ctu
sinh quan tam tdi cac phuong phap ngau nhién hoc mo hinh cht dé LDA. Cac
phuong phap hoc ngau nhién cho LDA dugc thiét ké theo tu tudng ciia phuong
phap lap, ma mdi vong lap thuong gom 2 budc:

e Bué6c 1: Thyec hién suy dién bién cuc bo cho ting van ban khi da biét bién

toan cuc.

e Bud6c 2: Thue hién cap nhat lai bién toan cuc theo thuat toan téi uu ngau
nhién.

Stt dung cac thuat todn suy dién nhu Variational Bayes (VB) [39], Collapsed
variational Bayes (CVBO0) [42], Collapsed Gibbs sampling (CGS) [43], cac phuong
phap ngau nhién nhu Online-CGS [43], Online-CVBO0 [100], Online-VB [32] da
duge dé xuat dé hoc mo hinh LDA. Céac tac gia trong [28] sit dung OPE lam
c6t 161 suy dién va luge do hoc tryc tuyén [9] da thiét ké thanh cong hai thuat
toan ngau nhién hoc moé hinh LDA, dit tén 1la ML-OPE va Online-OPE. Céc
tac gia trong [28] da ching minh duge sy hiéu qué ctia hai thuat toan ML-OPE
va Online-OPE so véi cac thuat toan hoc duong dai trong mo hinh chta dé. Chi
tiét ctia ML-OPE va Online-OPE dugc trinh bay trong Thuat toan 1.8 va Thuat
toan 1.9.

1.7. Két luan chuong 1

V6i lya chon dé tai nghién cttu va dé xuat cac phuong phap ngau nhien giai

bai toan cic dai héa xac suat hau nghiém trong hoc may, nén trong chuong 1
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Thuat toan 1.8 ML-OPE hoc LDA tur dit lieu dong/d ligu 16n
Dau vao: Dit lieu, tham s6 K,a, 7 > 0,k € (0.5, 1]
Dau ra: 8
1: Khéi tao 8° ngiu nhien trong mién Ay
2: fort=1,2,...,00 do
3:  Lay mini-batch C; clia tap cac vin ban
4:  Suy dién bing OPE cho mdi vin ban d € C; nhan dudc 6,4, cho béi g1}
5. Tinh toan Bt nhu sau:

By o< Y dyba
deC,

6:  Thiét lap téc do hoc py = (t +7)"

7. Cap nhat 8 := (1—p)B"" + p 8’
8: end for

Thuat toan 1.9 Online-OPE hoc LDA tur dit liéu 16n

Dau vao: Tap huan luyén C v6i D van ban, K, a,n,7 > 0,k € (0.5,1]
DPau ra: A
1: Khéi tao A° ngiu nhien
2: fort=1,2,...00 do
3:  Lay mAu nho C; bao gom S van ban,
4: St dung thuat toan OPE dé suy dién hau nghiém cho mdi vin ban d € C;, véi bién toan cuc
B o AL trong bude trude, nhan duge chit dé hén hgp 64. Sau d6 tinh ¢, nhu sau:

Gajr X OarBrj

5. Voimdi k € {1,2,..., K}, bién toan cuc trung gian i cho C; béi

N D
Mg =1+ o > djdan
dec,

6:  Cap nhat bién toan cuc bing A
A= (1= p)A "+ p A
trong d6 pr = (t+7)7"

7: end for

ching toi da trinh bay cac kién thic lién quan tryc tiép va gian tiép dén deé tai.
Cu thé, ching toi trinh bay khai quat vé bai toan MAP va mot s6 cach tiép
can gidi bai toan MAP, tiép theo trinh bay mot sd kién thitc co ban vé t6i wu
ngau nhién giai bai toan t6i wu khong 16i thuong hay gap trong hoc may. Dong
thoi cac kién thic co s6 vé mo hinh do thi xac suat, cac phuong phap suy dién,
mo6 hinh chi dé,... da dudce ching t6i dé cap day du trong chuong nay. Cac noi
dung tim hiéu va duge trinh bay trong chuong 1 14 tién dé cho cac nghién citu vé
cac thuat toan ngau nhién giai bai toan MAP khong 16i duge dé xuat trong cac
chuong tiép theo. Mot s6 kién thiic lien quan trong chuong 1 dugce chiing t6i trinh
bay trong bai bao "How to make a machine learn continuously: a tutorial of the
Bayesian approach" dang trén ky yéu ctia hoi thao qubc té Artificial Intelligence

and Machine Learning for Multi-Domain Operations Applications, SPIE, 2019.
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Chuong 2

NGAU NHIEN HOA THUAT TOAN TOI UU
GIAI BAI TOAN SUY DIEN HAU NGHIEM
TRONG MO HINH CHU DE

Trong chuong nay, nghién citu sinh dé xuat mot nhém thuat toan ngau nhien
theo cach tiép can toi wu khong 16i dé giai bai toan suy dién hau nghiem trong
trong mo hinh chit dé, mot minh hoa dién hinh cho bai toan MAP khong 16i.
Bai toan suy dién hau nghiém trong trong mo hinh cht dé 1a mot bai toan quan
trong khi phat trién mo hinh chii dé vao cac tng dung thuec té. Dong thoi, nghien
cttu sinh da md rong cac thuat toan dé xuat nay cho bai toan suy dién Bayes va

bai toan toi wu khong 161 tong quat.
2.1. Gidi thiéu

Trong khuon kho luan an nghién cttu vé cac phuong phap ngau nhién giai bai
toan cyc dai héa xac suat hau nghiém khong 16i, trong chuong nay, ching toi
xem xét bai todn suy dién hau nghiém trong mo hinh chii dé LDA [39]. Day 1a
mot minh hoa cho bai toan MAP khong 16i trong cac mo hinh do thi xac suat,
do6i tugng nghién ciu ciia luan an va duge trinh bay trong muc 1.3 chuong 1.
Nhu chiing to6i da trinh bay trong muc 1.4 déi v6i mo hinh chii dé, bai toan suy
dién hau nghiem déng vai tro cot 16i khi phat trién cdc mo hinh chti dé. Chiing
toi nhic lai bai toan MAP déi vé6i ting van ban d trong mo hinh chi dé LDA

chinh la bai toan:
K K
0" = arg nax Zdj logz 0rBkj + (v — 1) Z log 0}, (2.1)
7 k=1 k=1
trong d6 tham s6 o < 1. Ky hieu:

K K
g1(0) = Zdj logZHkﬁkj , 92(0) == (a—1) Zlog 0,
J k=1 k=1

Khi d6 bai toan (2.1) dua vé dang:

0" = arg max (f(6) = g1(6) + 92(0)] (2.2)
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/\/\ £(6)
N~ 1o
F(6) f(6)
(@) Fi(6) = 01(6) (1) F1(6) = 92(0)

Hinh 2.1: Hai truong hgp khdi tao cho bién xap xi ngdu nhién

Chung toi nhan thay OPE [28] gidi hiéu qua bai toan (2.2). Nghién ctiu cac dic
diém ctia OPE chiing t6i nhan thay:

o Thanh phan g(8) = 3 d;log 31 0By < 0 la log likelihood va ga(8) =
(a—1) Zszl log 0 > 0 la log prior clia van ban d.

e Ham muc tiéu f(0) = ¢1(0) + g2(0) bi kep gitta hai ham ¢; va g9, tiic la
91(8) < f(0) < g2(0).

Xét thuat toan OPE, trong lan lip dau tién, néu chon Fy = ¢; thi F} < f, dan
dén day cdc ham ngau nhién xap xi F} tién vé f tut phia dudi, hay F; 1a mot can
duéi ctia f. Ngudce lai, néu chon Fy = go trong lan lip dau tién thi Fy > f, do d6
day cac ham ngau nhién F; tién vé f ti phia trén, hay né la mot can trén clia
f (Ching t6i mo ta minh hoa trong Hinh 2.1).

Diéu nay goi ¥ cho ching t6i nghi dén hai day ham c6 ciing cach xay dung
nhung xuat phat ban dau khac nhau, ciing tién dén ham muc tiéu: mot day bat
dau tit ¢1(0) (phifa duéi ctia ham muc tiéu f(0)) va mot day bat dau ti go(6)
(phia trén ctia ham muc tiéu f(0)). Méi day ham sé c¢6 tuong tng mot day s6
tién dan dén nghiem 6 can tim. Ta tim cach két hop hai day s6 nay dé dudc
mot day s6 tién dan dén cyc tri cia ham muc tieu f(6). Chi can xay dung hai
day ham ngau nhién ma khong phai can nhiéu hon, vi hai day ham s6 xuat phat
tir ben trén va bén dudi ham f(@), bao lay ham f(6) va tién dan vé f(6). Néu
xay dung nhiéu hon hai day ham thi diém xuat phét ctia cac day ham sé khong
nhiéu rieng biét nhu hai day trén va dudi, dieu nay khong con nhiéu ¥ nghia

trong viéc xay dung bién trén va bién dudi ctia ham f(6).
2.2. Dé xuat méi giai bai toan MAP trong mé hinh chta dé

Nhan thay OPE 14 mot thuat toan suy dién hiéu qua cho bai toan MAP trong
mo hinh chii dé. Hon nita, ching t6i c6 thé cai tién OPE theo huéng ngau nhién
héa dé nhan dugc céc bién thé t6t hon OPE ban dau. Dya trén § tudng cia
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OPE, chung toi dé xuat mot s6 thuat toan cai tién mdéi sé duge trinh bay trong
muc nay.
Xuat phat tir thanh phan g;, xay dyng day ham {L;} nhu sau:
1. Khéi tao f{ =0q, khi do = g1;
2. V6it =2,3,... lya chon:
(a) Lay f! c¢6 phan phdi déu tu {g1, g2};
t
(b) Ly = %Zh:l fllz

Chuoi ham {L;} dong vai tro 1a can duéi ctia ham muc tiéu ding f(0). St dung
phuong phap lap, tit day ham {L;} thu dugc day s6 {0'}, (t =1,2,..) nhu sau:

6%—075
t

9i+1 =0 +
trong d6 el := arg maxgen, (L}(0;), x).
Tuong ty, xuat phat tit thanh phan g2, xay dung diay ham {U;} nhu sau:
1. Khdéi tao fi' := g2, khi d6 F| = go;
2. V6it =2,3,... lwa chon:
(a) Lay f* c6 phan phoi déu tit {g1, g2};
(b) U= %Z}Ll Iy

Chudi ham {U;} dong vai tro 1a can trén clia ham muc tiéu dung f(0). Bang cach
stt dung phuong phap lap, tit day ham {U;}, ta thu dugce day s6 {6}}, (t=1,2,..)

nhu sau:
eé — Ot

i1 =0t +

trong do e} := arg maxgea, (U/(6:), ).
Nhu vay c6 hai day ham ngiu nhien {U;} va {L;} cing xap xi va tién vé ham
muc tiéu f (minh hoa trong Hinh 2.2a).

Dé tang tinh ngdu nhién cho thuat todn dé xuat, tai mdi bude lap, nghiem
gan diang 6; dugce chon diya vao hai day {6“} va {60!} bing céc phan phdi xac
suat thich hgp.

(1) Cai tién thi nhat: Sau khi xay dyng hai day {69} va {6.}, tién hanh lya
chon nghiem xap xi 6; & lan lap thi ¢ theo phan phéi déu tit hai nghiem
xap xi trung gian {8, 6L}, tic 1a

1 1
PO =6;) =3, P(6; = 6}) b
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(a) Xay dung bién trén va bién dudi ctia ham  (b) Ludn lya chon diém tét hon trong mdi budc

muc tiéu f(6) lap

Hinh 2.2: M6 t4 y tuéng co ban cai tién thuat toan OPE.

Thuat toan 2.1 OPEL: Sy lya chon déu tit hai bién ngdu nhién

Dau vao: Vin ban d va tham s6 mo hinh {3, a}
Dau ra: 6" la nghiem cyc dai hoa cita ham f(0) = 3°, d;log >1; 0By + (@ — 1) Yp; log b,
1: Khdi tao 64 thucf)cKZK .
2 fl =30 djlog Yy OkBrys fi = (o= 1) X, log by,
3: fort=2,3,...,00do
Lay f{* ¢6 phan phéi déu tit {3 d;log Z,[f:l 0k Brj; (0 — 1) Zszl log 6.}
t
Ut = % Zh:l fh
e == argmax,x, (U/(0:),x)
0?_,'_1 = Ot + S ;Bt
Lay f{ c6 phan phéi déu tut {3 d; log S 0kBryi (@ — 1) 0 log 0y}
t
th =3 fh )
10: ey = argmax, x, (L1(0:),x)

i—6
11: 055_,'_1 =0 + %
12: LAy 6,41 c6 phan phdi déu tit {0}, ,0.,}
13: end for

thu dugc thuat toan OPE1. Chi tiét cia OPE1 dudgc trinh bay trong Thuat

toan 2.1.

(2) Cai tién thit hai: Sau khi xay dung hai day {6*} va {6}, tién hanh lya

chon nghiem xap xi 6;  lan lap thit ¢ tit 8 va 0 dua vao gia tri clia ham

muc tieu f(8%) va f(6l). Nghiem 6; & bude lap thit ¢ duge Iya chon ngiu

nhién tit % va 0% theo phan phdi Bernoulli v6i xac sudt ¢, tic la:
PO, =60))=q, P(0;=06)=1—¢q

dugc tinh bai
exp f(6})

exp f(8}) + exp f(6})

gt ‘=

Ching toi thu duge thuat toan cai tién OPE2. Chi tiét cia OPE2 dugc
trinh bay trong Thuat toan 2.2. Cach lya chon nghiem xap xi 6; trong moi
buée lip & cai tién OPE2 da duge lam min hon so vé6i bién the OPE1 khi

ching toi stt dung nhiéu thong tin ctia ham muc tiéu f vao trong sy lya

chon nghiém 6, thay vi sit dung phan phéi déu nhu trong OPEL.
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Thuat toan 2.2 OPE2: Lam min sy lya chon nghiém tit hai bién ngau nhién

Dau vao: Vin ban d va tham s6 mo hinh {3, a}
Dau ra: 6" la nghiém cyc dai héa ctia ham f(0) = > djlog Z§=1 0kBk; + (a—1) Zszl log 6y,
1: Khéi tao 61 thudoc Ax

2 fli= 32 djlog Yy OBy 5 fi = (o — 1) Y4, log O
3: fort=2,3,...,00 do « X«
Lay fi* c6 phan phoi deu tit {3°; djlog >y, Ok Bry; (o — 1) 3o, log Oy}
t u
Ur =730 fi /
e} = arg max,  x, (U, (6y),x)
0L, =0, + %
Lay f; c6 phan phéi déu tit {3 d; log S OBy (@ — 1) S log 6y}
t
Li=3h 1 fh )
10: e} :=argmax,.x, (L;(6;),x)
l_
1 0 =0, + %
12: Liy 6,4 theo phan phdi xac suit {P(8,41 = 0},1) = @, P(0141 = 0..,) =1 — q;} trong d6
Xac suat ¢q; duge xac dinh béi

exp f(eg—&-l)
exp f(0}1) + exp f(0),,)

qt ==

13: end for

(3) Cai tién thit ba: Sau khi xay dyng hai day {0} va {0}, ching toi tién
hanh Iya chon nghiem xap xi § buée lap ¢ 1a:

0; := arg max f(0)
0c{0}.0:}

thu dugc thuat toan OPE3. Chi tiét cia OPE3 dugc trinh bay trong Thuat
toan 2.3. Y tudng ctia Ia chon nghieém trong OPE3 dya trén cach tiép can

Thuéat toan 2.3 OPE3: Luon lya chon nghiém t6t hon trong mdi budc lap

Dau vao: van ban d va tham sé mo hinh {3, a}
Dau ra: 6" la nghiém cyc dai héa ctia ham f(0) = > djlog Zszl 0kBk; + (a—1) Zszl log 6y,
1: Khéi tao 61 thudoc Ax

2 fli= 30 djlog Yoy OuBry 5= (o — 1) Yoy log b
3: fort=2,3,..,00do « «
Lay fi* c6 phan phoi deu tit {3°; djlog > OxBrj 5 (o — 1) 375 log Ok}
t u
Ue =330 I /
e} 1= arg max, cx, (U, (6y),x)
0y, =0, + %%
Lay f! c6 phan phdi déu tit {32, djlog 25:1 0xBrj; (a—1) Zszl log 6.}
Ly= 7% She1 fh )
10:  el:=arg max, x, (L(0:),x)
1
1 0 =0, + %
12: Léy 0t+1 = arg maXGe{eéﬁrl,eiJrl} f(@)
13: end for

tham lam. O méi 1an lap, chiing toi luon so sanh hai gia tri f(6%) va f(6Y),
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sau do6 lay nghiém xap xi lam cho ham muc tiéu f(0) dat gia tri 16n nhat:

0; :=arg max f(0)

c6 nghia la, néu f(6}) > f(Oi) thi lya chon 6, := 0}, ngugc lai chon 8, := Hi.

(4) CAi tién thit tu: Nhu ching toi da trinh bay, cdc cii tién OPE1, OPE2 va
OPES3 sit dung hai bién ngau nhién tit phan phoéi déu két hop véi lya chon
nghiém xap xi trong mdi bude lap diya vao hai day sé {6%} va {#}. Ching
toi 6 mot ¥ tudng khac, d6 1a xap xi ham muc tieu ding f(0) bdi mot ham
xap xi ngdu nhién F(0), trong dé F;(6) 1a t6 hop tuyén tinh ctia hai bien
ngau nhieén U; v Ly v6i tham s6 t6 hop v € (0,1) dude lya chon thich hop:

Ft(O) = I/Ut(e) + (1 — V)Lt(e)

va tién hanh tim nghiém 6; tuong tu nhu OPE. Chung toi thu duge OPE4
va dugce trinh bay chi tiét trong Thuat toan 2.4.

Thuat toan 2.4 OPE4: Stt dung t6 hgp tuyén tinh ciia cac bién ngAu nhién
Dau vao: Vin ban d, tham s6 t6 hop v € (0,1) va tham s6 moé hinh {3, a}
Dau ra: 6" 1a nghiem cyc dai hoa ciia ham f(6) = > djlog Z,i{:l 0kBk; + (a—1) Zszl log 6y,
1: Khéi tao 67 thuoc Ax
2 fl =30 dilog Yoy Oy 5 fi = (00— 1) Thy log b
3: fort =2,3,..,00 do
Léy f# theo phan phéi déu tit tap {3, d;log Y4, OkBrji (v — 1) Yy log 01}
Ur=3 S bt Fi
Lay f; theo phan phéi déu tir tap {3 d; log S OkBrj; (o —1) S0 log 6y}
L= % hes I
Lap t6 hop tuyén tinh Et =vUi+ (1 —v)L;
e; = argmax, x, < F;(0;),x >
10: 0111 =0+ etzet
11: end for

2.3. Cac thuat toan hoc ngau nhién cho mé hinh LDA

Tac gid trong [28] da st dung OPE dé thiét ké cac thuat toan hoc nhanh
mo6 hinh chi dé: thuat toan ML-OPE cho phép hoc mo hinh LDA tu dit lieu
dong/dit lieu 16n, con Online-OPE hoc mo6 hinh LDA tit cac tap di lieu 16n.
Cac thuat toan nay st dung OPE dé thuc hién suy dién hau nghiém cho céc
van ban riéng 18 va s6 dd tryc tuyén [101, 32] dé suy dién ra cic bién toan cuc
(chit dé). Do d6, ban chat ngau nhieén xuat hién trong cd hai giai doan suy dién
cuc bo va toan cyc. Luu ¥ rang suy dién MAP cho cac bién cuc bo ciia OPE da

dugce chitng minh c6 ddm bao 1y thuyét vé toc do hoi tu nhanh. Do d6, ching

40



toi tién hanh thay doi thuat toan 16i suy dién OPE bing céc cai tién méi nhu
OPE1, OPE2, OPE3 va OPE4, sau d6 dua vao trong thuat toan hoc ML-OPE
va Online-OPE [28] va thu duge 8 thuat todn hoc ngdu nhién méi dé hoc mo
hinh LDA. D6 la: ML-OPE1, ML-OPE2, ML-OPE3, ML-OPE4, Online-OPE,
Online-OPE2, Online-OPE3 va Online-OPE4. Chi tiét cac thuat toan dudgc mo
ta trong Thuat toan 2.5 va Thuat toan 2.6.

Thuat toan 2.5 ML-OPE1(2,3,4) hoc LDA tit dit lieu dong/d ligu 16n
Dau vao: Tham s6 K, a,7 > 0,x € (0.5,1]
Dau ra: 3
1: Khéi tao Y ngdu nhien trong mién Ay
2: fort=1,2,...00 do
3:  Lay tap nhé C; clia tap cac van ban
4 Thyc hién suy dién bang OPE1 (OPE2, OPE3, OPE4) cho mdi van ban d € C; nhan dugc 64
cho béi g1 A
Tinh toén cha dé B° nhu sau: B,ij X Y gec, djfax
6:  Thiét lap téc do hoc py = (t + 7)~", cap nhat 8" := (1 — p,)B" ' + ptﬁt
7: end for

@

Thuat toan 2.6 Online-OPE1(2,3,4) hoc LDA tur dit liéu 16n

Dau vao: Tap dit lieu huin luyén C v6i D van ban, K, a,n,7 > 0,x € (0.5, 1]
Dau ra: A
1: Khéi tao A° ngdu nhién
2: fort=1,2,...,00 do
3: LAy mAu nhé C; gdm S vin ban.
4:  Sit dung OPE1 (OPE2, OPE3, OPE4) dé suy dién hau nghiém cho mdi van ban d € C;, cho bsi
bién toan cuc B o A'7! trong budc trude dé6 dé nhan duge chit dé hén hop 4. Tinh toan
¢, theo:

Gajr X OarBrj

5. Voimdi k € {1,2,.., K}, bién toan cuc Aj, cho C; béi

. D
Akj =1+ 5 Z d;Pajk
dec,

6:  Vdi p; = (t +7)~", cap nhat bién toan cuc
)\t = (1 — pt))\t71 + ptj\

7: end for

2.4. Danh gia thuc nghiém

Trong phan nay, ching toi tién hanh céc thuc nghiem dé kiém tra hiéu qua
thuc té clia cac cai tién méi clia ching toi dé gidi bai toan MAP trong LDA.
Vi OPE, OPE1, OPE2, OPE3 va OPE4 c6 thé déng vai tro la thuat toan suy
dién cot 16i trong cac phuong phap hoc v6i mo hinh LDA, do d6 si hieu qua clia
cac bién thé méi duge danh gia thong qua danh gia sut hieu qua clia cac phuong
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phéap hoc tuong ting.

2.4.1. Cac bo du liéu thuc nghiém

Chung toi tién hanh thiyc nghiém cho cac cai tién trén hai bo dit lieu 16n: bo
New York Times (NYT) bao gom 300.000 bai tin titc va bo PubMed (PUB) bao
gom 330.000 bai bao tit trung tam PubMed!. Chi tiét ctia hai bo dit lieu dugc
mo ta trong Bang 2.1.

B6 dit licu Sé van ban S6 thuat Sé’Vél’l ban S(‘)? van ban | Do dai van
; ; ng® huan luyén | kiém tra ban TB

New York Times 300,000 141,444 290,000 10,000 325.13

PubMed 330,000 100,000 320,000 10,000 65.12

Bang 2.1: Hai bo di liéu thyc nghiém

2.4.2. D6 do danh gia thuc nghiém

Ching toi da sit dung hai do do thuong dudc ding trong mo hinh chia de,
do 1a Log Predictive Probability (LPP) [43] va Normalised Pointwise Mutual
Information (NPMI) [102]. LPP do ludng tinh du doan va khai quat héa cta
mot mo hinh déi véi dit lieu méi, trong khi NPMI danh gia chat lugng ngit nghia
ctia mot chii dé rieng 18. Do do LPP va NPMI cang cao cang tot, the hién thuat
toan hoc cang hieu qua. Chi tiét vé cach tinh cac do do nay dudgc trinh bay trong
Phu luc A va B.

2.4.3. Két qua thuc nghiém

Bai béo [28] da phan tich rat ky luéng va chiimg minh dugce thuat toan suy
dién OPE thuong c6 hiéu qua tét hon mot s6 phuong phap suy dién duong dai
nhu VB, CVBO0 hay CGS trong quéa trinh suy dién. Do d6, trong phan nay, ching
toi tién hanh thiyce nghiem danh gia sy hiéu qua clia cac thuat toan méi dé xuat
thong qua so sanh véi OPE. Dé dam bao cac két qua so sanh la cong bing, nén
trong thyc nghiem cac tham s6 tu do duge thiét 1ap nhu trong bai bao [28] cho
mdi bo dit lieu va mdi phuong phép hoc, cu thé nhu sau:

e Tham s6 mé hinh: Thiét lap s6 chit dé K = 100, tham s6 Dirichlet o = +
va sieu tham s6 n = +. Cac tham s6 nay thudng duge st dung trong céc
mo6 hinh chu deé.

LCac bo dit lisu duge 14y tir http://archive.ics.uci.edu/ml/datasets
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e Tham s6 suy dién: Lua chon s6 buéc lap ciia thuat toan suy dién 7' = 50.
Ngoai ra, khdo sat sy anh hudng ciia s6 lan lip T dén cac thuat toan suy
dién va thuat toan hoc, ching to6i cling tién hanh thiyc nghiém véi cac gia
tri khac nhau cia T € {20, 30,40, 50,100}. Trong thuat toan OPE4, ching
toi c6 khao sat tham s6 to hgp tuyén tinh v nhan céc gia tri 16i rac trong
{0.01,0.10,0.20,...,0.90,0.99}.

e Tham s6 hoc: Lua chon kich thuéc mini-batch S = |Cy| = 5000, thiét lap
siéu tham s6 x = 0.9 va 7 = 1 thich nghi t6t cho cdc phuong phap suy luan

hién cé.

Dé tang do tin cay va su on dinh trong cac két qua danh gia, v6i méi bo dit
lieu, ching toi tién hanh thyc nghiém cho mdi phuong phap hoc trén mot bo dit
licu 5 lan va lay két qua trung binh. Thuat toin OPE4 c6 sit ¢6 mit clia tham
s6 t0 hgp v va hieu qua cia OPE4 phu thuoc vao gia tri tham s6 v dudce chon.
Dé xem xét anh huéng ctia tham s6 t6 hop hai bién ngau nhién v trong OPEA4,
chiing t6i da thay ddi gia tri ctia v trong {0.01,0.10,0.20,..,0.90,0.99} va ghi lai
két qua thuc hien cia OPE4 tuong ting véi cic gia tri clia tham s6 v dude lia
chon. Chi tiét két qua thuc nghiem ML-OPE4 va Online-OPE4 v6i cac gia tri
khac nhau ctia v trong khoang tit 0 dén 1 dudec mo ta trong Hinh 2.3 va Hinh
2.4. Thong qua két qua thiyc nghiém trong Hinh 2.3 va Hinh 2.4 cho thay chat

ML-OPE4 on PUBMED ML-OPE4 on NYT
—8.01
—9.31
-8.4/ o
&—8.8‘ ’ -»= p=0.01
- -9.91 v=0.1
-9.21 100l f - v=0.2
-9.61! ' ' ' ' ' ' ' ' ' | -m v=03
0 15 30 45 60 0 15 30 45 60 -m- v=0.4
Online-OPE4 on PUBMED Online-OPE4 on NYT —¥— v=0.5
v=20.6
—9.61 v=0.7
o v=0.8
o —10.01 v=0.9
_104] / v=0.99
0 15 30 45 60 0 15 30 45 60
S6 van ban (x5000) S6 van ban (x5000)

Hinh 2.3: Két qua thuc hién ctia OPE4 véi tham s6 v duge lira chon khac nhau trén do do LPP.
lugng ciia OPE4 c6 thé t6t hon khi lya chon duge tham sé to hop v phit hgp.
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ML-OPE4 on PUBMED ML-OPE4 on NYT

6.0

= 4.5] —%- 1»=0.01
% v=0.1

3.0 -
- v=0.2

1.5¢ ‘ ‘ ‘ | v=0.3
15 30 45 60 -m- v=0.4

Online-OPE4 on NYT —¥— v=0.5

; v=0.6

6.0 ke p=0.7
S 45/ v=0.8
= —4— v=0.9
3.0 —- »P=0.99

0 15 30 45 60 0 15 30 45 60

S6 van ban (x5000) S6 van ban (x5000)
Hinh 2.4: Két qua thuc hién cia OPE4 véi tham s6 v dugc Iga chon khéac nhau trén do do NPMI.
Chiing t6i nhan thay thuat toan OPE4 phit hop véi tham s6 v ¢6 xu huéng gan

gia tri 0.5 doi véi bo New York Times hay gan gia tri 1 v6i bo PubMed. Cac gia
tri phit hop ctia tham s6 t6 hop v dude trinh bay trong Bang 2.2.

Phuong phap hoc | B6 do | B6 New York Times | B6 PubMed
ML-OPE4 LPP v=0.6 v =0.99
ML-OPE4 NPMI v=04 v =10.99

Online-OPE4 LPP v=0.3 v=038
Online-OPE4 NPMI v=0.5 v=209

Béang 2.2: Gi4 tri ctia tham s6 td hop v phit hgp nhat véi timg phuong phap hoc trén céc bo dit lieu
khéac nhau.

Chtng toi tién hanh thic nghiém cac thuat toin méi dé xuat OPE1, OPE2,
OPE3 va OPE4 (vé6i gia tri tham s6 v phtt hgp duge lya chon trong Béng 2.2)
va so sanh véi thuat toan OPE duge de xuat trong [28]. Chi tiét két qui duge
mo ta trong Hinh 2.5 va Hinh 2.6.

Cac bién thé OPE1, OPE2, OPE3 va OPE4 nham tim kiém tham s6 0 t6i da
hoéa ham f(6) trén mot don hinh bing cach sit dung hai bién ngau nhién. Sau
do, két qua ctia né dudge st dung dé cap nhat cac tham sé hoc ctia mo hinh.
Cach hoc tiép can theo thuat toan hoc ML-OPE cap nhat tham s6 8 truc tiép
con tiép can theo thuat todn Online-OPE lai cap nhat tham s6 bién phan .
Chat luong ctia tham s6 0 tim dudc béi cac thuat toan suy dién anh hudng truc
tiép dén chat lugng tham sd B va A trong mo hinh LDA.

Hinh 2.5 cho thiy OPE1 va OPE2 hoat dong kém hon hon cic thuat toan
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ML-OPEx on PUBMED ML-OPEx on NYT
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Hinh 2.5: Két qua ciia cdc thuat toan mdi so sanh v6i OPE thong qua do do LPP. Do do cang cao
cang t6t. Ching t6i thiy ring mot s6 thuat toan méi dam bao t6t hodic tham chi t6t hon OPE.

ML-OPEx on PUBMED los ML-OPEx on NYT
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Hinh 2.6: Két qua ciia cAc thuat todn mdi so sanh véi OPE trén do do NPMI. D6 do cang cao cang
t6t. Ching t6i thay ring mot s6 thuat todn méi ddm bao t6t, tham chi t6t hon OPE.

con lai. Cach hoat dong ciia OPE1 va OPE2 khong lam tang tinh ngdu nhién
clia cac xap xi. O méi 1an lap, c& OPE1 va OPE2 déu ngiu nhién chon nghiem
0; mot trong hai gia tri trong 6* va ). Nhu vay, d6i véi cac lan lap lien tiép,
n6 khong dam bao la chon duge gia tri nghiém lam cho ham muc tiéu f tang.
OPE3 da khac phuc van dé nay. Thuat toan OPES3 luon Iita chon nghiém 6; sao
cho gia tri clia ham muc tiéu f tang. Tic 14, chat lugng clia tham s6 8 duge tot

hon, nén chat lugng ctia tham s6 3 trong thuat toan hoc duge tét hon. Xac suat
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dir doan thu duge béi OPE3 cao hon két qua tuong ting ctia OPE1 hoac OPE2.
Tuong tu nhu OPE3, OPE4 véi tham s6 t6 hgp v phit hop da cho két qua tot
hon cac bién thé khac. Ngoai ra, theo két qua mo ta ¢ Hinh 2.5, ta thay do do
LPP ctia cac phuong phap khac biet khong nhieéu. Béi vi LPP phu thudc vao
chat Iugng ctia tham s6 B ciia phuong phap hoc ML-OPE va Online-OPE. Két
qua mo ta trong Hinh 2.5 thé hién chat luong ctia tham s6 @ chua dugce cai thien
nhiéu trong qué trinh suy dién. Nguge lai, Hinh 2.6 cho thay do do NPMI dugc
cai thien dang ké bdi cac bién thé OPE méi nay. Chiing t6i phat hién ra ring
OPE1 thu dugc két qua kém nhat, OPE2 va OPE3 t6t hon OPE, con OPE4
(v6i tham sb t0 hgp v phit hgp) cho két qua t6t nhat. NPMI duge tinh tric tiép
tit tham s6 @ hoc dudc.

Dé dang nhan thay chat lugng clia tham s6 @ dugc cai thien dang ké vé6i cach
xay dung cac xap xi méi clia ham muc tieu f tt OPE2 va OPE3, dic biét 1a
OPE3. OPE4 dugc chi ra la hiéu qua hon khi tham sé t6 hop v dugce lya chon
phtt hgp nhat. Bang cach thém tham s6 v thich hop, OPE4 da tang chat luong
ctia mo hinh béi vi trong 1y thuyét hoc may mo hinh cang phitc tap thi do chinh
xac ma noé dat duge cang cao.

Ngoai ra ching toi ciing tién hanh mot s6 thuc nghiém dé khao sat sy anh
hudng cua cach chia tap dit lieu (kich thudce cac mini-batch), sy &nh huéng ctlia
sO bude lap T trong cac thuat toan suy dién, ciing nhu so sanh thdi gian thuc
hién clia cdc thuat toan. Chung toi thiét 1ap tham sé theo nghién cttu [28]: S6
chit dé K = 100, tham s6 Dirichlet & = & vad n = +; tham s6 hoc x = 0.9 va
7 = 1. Chung t6i st dung thuat toan hoc Online-OPE3 dé thuc nghiem khao séat
st thay doi ctia kich thuéce mini-batch |Cy| va s budce lap T clia thuat toan suy
dién OPE3.

Chuang t6i khao sat anh hudng ctia viéc lya chon kich thude mini-batch, chiing
toi tién hanh thiyc nghiém Online-OPE3 trén hai bo dit lieu New York Times va
PubMed v6i Ita chon kich thude mini-batch lan Iuot 14 5000, 10000 va 25000.
Chi tiét két qua duge mo ta trong Hinh 2.7 va Hinh 2.8.

Theo két qua mo ta trong Hinh 2.7 vA Hinh 2.8, ching toi nhan thay thuat
toan Online-OPE3 thuc hién véi cach chia bo dit liéu theo kich thuéc mini-batch
14 5000 cho két qua tot hon truong hop kich thuée mini-batch 14 10000 va 25000.
Diéu d6 hoan toan phu hop véi tu tudng clia cac thuat toan hoc "online" 1& lam
viéc ngau nhién trén cac mau nhé ciia bo du lieu 16n, tic 1a ngudsi ta chia bo di

lieu thanh nhiéu mini-batch nhé va tién hanh huan luyén trén ting mau nho.
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Hinh 2.7: Két qua do do LPP ciia thuat toan hoc Online-OPES3 trén hai bo dit lieu New York Times
va PubMed véi céc cach chia kich thuéc mini-batch khac nhau. Do do cang cao cang tot.

12 11.442
10.904 mEm Mini-batch= 5000
s Mini-batch= 10000
10 EEE Mini-batch= 25000
8
7.088  7.07
Z 6
=2
4
2
0

New York Times PubMed

Hinh 2.8: Két qua do do NPMI ctia thuat toan hoc Online-OPE3 trén hai bo dit lieu New York Times
v PubMed véi céc cach chia kich thu6c mini-batch khac nhau. Do do cang cao cang t6t.

Con khi chia bo dit lieu thanh cac mini-batch kich thudce 16n, cach thitc hoat
dong ctia thuat toan c6 xu huéng theo cach hoc "batch" ¢6 dién kém hieu qua
[9, 9.

Theo hiéu biét ctia ching toi, chat lugng ciia nghiem xap xi thu duge phu
thudc vao s6 buée lap T ciia thuat toan suy dién. Tuy nhién, néu lya chon s6
bude lap T qua 16n sé lam mat nhiéu thoi gian thyc hién, ngugce lai khi 7' qua
nhé sé lam gidm chat lugng nghiém thu duge. Chang toi tién hanh khao sat s6
buée lap T € {20, 30,40, 50,100} trong thuat toan suy dién OPE3 thong qua thuc
nghiém thuat toan hoc Online-OPE3 trén hai bo dit lieu New York Times va
PubMed. Két qua dugc chi tiét trong Hinh 2.9.

Theo Hinh 2.9, ching t6i nhan thay do do LPP va NPMI cia thuat toan hoc
Online-OPE3 c¢6 bién dong khi thay doi sé buéc lap T trong thuat toan suy dién
OPE3, nhung sy bién dong trén cdc do do (dac bigt 1a LPP) khong qua 16n.
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Hinh 2.9: Két qua do do LPP va NPMI ctia thuat toin hoc Online-OPES3 trén hai bo dit lieu New
York Times va PubMed khi thay déi s6 budc lip T trong thuat toan suy dién OPE3. Do do cang cao
cang tot.

Dong thoi khi tang s6 bude lap T (vi du T = 100) cling khong phéi luon dam
bdo tim dugc nghiém 6 phit hop nhat. C6 thé 1y giai cho diéu nay 1a do céc
thuat toan OPE, OPE3 va OPE4 c6 toc do hoi tu nhanh, nén khong can thuc
hién qua nhiéu buéce lip da thu dude nghieém du t6t va on dinh. Theo Hinh 2.9,
ching t6i thay lga chon T = 50 da dam bao két qua cac do do tot ciia thuat
toan hoc Online-OPE3 ma khong ton quéi nhieu budce lap.

Chiing t6i ciing tién hanh do thoi gian thuc hién thuat toan hoc: tinh téng
thoi gian thyc hién buée E va buée M cho moi thuat toan hoc Online-OPE,
Online-OPE3 va Online-OPE4. Két quéa chi tiét duge mo ta trong Hinh 2.10 va
Bang 2.3.

B6 di lieu Phuong phap hoc | Thai gian | D6 do LPP | D6 do NPMI
New York On!ine-OPE 1022.21 -9.32 10.50
Times Online-OPE3 1737.18 -9.28 11.44
Online-OPE4 1298.88 -9.30 10.93
Online-OPE 402.23 -8.17 6.01
PubMed Online-OPE3 832.69 -8.07 7.09
Online-OPE4 636.45 -8.15 6.11

Béang 2.3: Bang théng ké thoi gian thiyc hién va do do ctia thuat toan hoc Online-OPE, Online-OPE3

va Online-OPE4 (v = 0.3) khi thyc nghiém trén hai bo di lieu New York Times va PubMed.
Chung t6i thuc nghiém trén hai bo dit lieu New York Times va PubMed véi

s6 lugng van ban duge 1ay 1a tuong duong nhau, nhung do dai clia cac van ban

trong bo New York Times (trung binh khodng 325 tit trén mot van ban) 16n
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Hinh 2.10: Két qua do do LPP va NPMI tuong tng véi thai gian thuyc hién thuat toan hoc Online-OPE,
Online-OPE3 va Online-OPE4 (v = 0.3) trén hai bo dit lieu New York Times va PubMed.

hon trong bo PubMed (trung binh khoang 65 tir trén mot van ban) rat nhicu
nén thoi gian thyce hién thuat toan trén New York Times nhiéu hon PubMed.
Hon ntta, trén cuing mot bo dit lieu, thoi gian thyce hién Online-OPE3 la cao
nhat, cao hon Online-OPE4 va Online-OPE 13 thap nhat. S6 di Online-OPE3
mat nhiéu thoi gian vi s6 phép toan tai méi vong lap ciia OPE3 thuong gap doi
ciia OPE. Tuy nhién, tong thsi gian thuc hién cac thuat toan hoc khong l6n
nén su khéac biet dé khong dang ké va hoan toan cé thé chap nhan danh déi khi
chat lugng do do LPP va NPMI ctia Online-OPE3 thu dugc t6t hon hén so véi
Online-OPE.

2.5. Su hoi tu ctia cac thuat toan dé xuat

Tt cac két qua thuc nghiém & trén, ching t6i nhan thay OPE3 va OPE4 hieu
qud hon OPE véi hai bo dit lieu thuc nghiem khi 4p dung vao thiét ké hai thuat
toan hoc v6i LDA. Vi vay, ching toi tap trung vao phan tich sy hoi tu ctia thuat
toan OPE3 va OPEA4.

Dinh ly 2.1 (Su hoi tu cua thuat toan OPE3). Xem zét ham muc tiéu f(0)
trong bai todn (2.1), cho trudc van ban d, tham s6 B va . Xét thudt todn OPES,
vdi zdc suat 1, ta co:

(i) Vi 0 € Ag, diy bién Up(0) va Li(0) hoi tu tdi £(0) khit — +00;

(i4) Day nghiém wap xi {0;} hoi tu tdi diém ding/diém cuc tri dia phuong cia

ham muc tiéu f(0) khi t — +oco.
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Chatng minh. T bai toan (2.1), ta thay ham muc tieu f(8) 1a ham khong 16i.
Tieu chuan dudc st dung dé phan tich hoi tu rat quan trong trong t6i wu héa
khong 16i. D6i véi cac bai toan tdi wu khong 161 khong rang buoc, gradient clia
ham muc tiéu |V f(0)] (@) — 0 dua
dén hoi tu dén mot diém ding. Tuy nhién, tiéu chuan nay khong thé dudc st

dung cho cac bai toan tdi wu khong 16i ¢6 rang buoc. Thay vao do, ta st dung

tieu chuan "Frank-Wolfe gap" trong [72]. Ky hi¢u

K K
0) = dilog> OB . 92(0) = (a— 1)) logh,
J k=1 k=1

Dau tién, ta xem xét day {U;}. Goi a; va b 1a s6 lan 1y duge thanh phan g va
g2 tuong ting sau ¢ lan lip dé xay dyng day {U;}. Ching ta thay a; + b, = t. Ky
hiéu S; = a; — b;. Chung ta c6

2
U = ;(atgl + brg2) (2.3)
—f= (91 — 92) (2.4)
—f'= 7(9’1 ~ ) (2.5)
Vi f* duge chon theo phan phdi déu tit {g1, g2} nén
1 1
E(f) = 91 + 592 = §f
t t ¢
2 un 2 1 B g z B
E(Ut)ZE(Z;fh)—Z; 225_{2 =

Vi vay U(0) 1a mot uée lugng khong chéch cua f(6). V6i moi bude lap t cua
OPES3, lay f# c6 phan phdi déu tir {g1, g2}, tic la
1 1

S P =) =3

P = g1) = .

Thyc hién tuong ting gitta f va bién ngau nhién X; c6 phan phdi deu tu

{1,-1}:

P(Xi=1)=5; P(X;=-1)=
Su tuong tng nay la anh xa mot-mot. Vi vay, S; = a; — by ¢6 thé duge biéu
dién dusi dang S, = X1 + --- + X;. Ap dung luat logarit lip LIL [103], ta c6
S; = O(y/tlogt), dan dén % — 0 khi t — 4o00. Két hop véi (2.4), ta c6 day
Up — f v6i xac suat 1, dong thoi tur (2.5), day dao ham U} — f" khi t — +oco. Su

hoi tu thu duge cho moi diém 6 € A.
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Xem xét

20 (),

2 (g1(01) — g2(81), € — 0;) + (f'(8y),

e}f—Bt

(U1(0:), =

Ta c6 g1 va g2 1a cac ham Lipschitz lién tuc trén Ag. Vi vay ton tai mot hang

s6 L sao cho:

(f'(2),y —2) < fly) = f(2) + Llly = 2I*, ¥ y.2 € A

Do vay xét:

el — 0,

(00, %

)= (f'(6:),0% 1 — 61)

< f(01) — f(8y) + L0}, — 04 = f(OF,1) — f(6:) + L||

L0y

Ta c6: 0411 := arg maXgegu | g |} (), vi vay
f(0i11) < f(Oe41)

V\l 6? va 915 tth)C AK, nén ](gi(@t) — gé(@t),e% — 9t>

trén v6i moi t. Vi vay ton tai mot hang s6 ¢; > 0 sao cho

— 6,]|? déu bi chan

ei’ —0; S c1L
Wi, 0 < 2 po) - 00+ AF (2.6)
Lay tong ctia (2.6) v6i moi ¢, ta c6
+oo ol
Z (U1(0)), e} — ;) < ch + F(B100) — F(0) + Z 1 (2.7)
t=1

B&i vi £(@) bi chan nén f(0i) ciing bi chan. Ghi nhé rang S; = O(y/tlogt)
[103], vi vay >, cl|tS§| hoi tu véi xée suat 1, va 37 L ciing bi chan. Do do,
vé phdi ctia (2.7) 1a xac dinh. Ngoai ra, (U/(0,), el) > (U}(0;),0;) v6i bat ky ¢t > 0

bdi vi eff = argmax, x, (U;(6:),x). Do vay, ta co:

“+00
1
0<> S (U[(61) e — 61) < oo (2.8)
t=1

Noéi cach khac, day Z;Lof (U} (6,), e — 0;) hoi tu t61 mot hang hitu han. Ta thay
(U[(6:), e — ;) > 0 v6i t bat ky. Néu ton tai mot hang s6 c; > 0 thda man
(U[(6y), e} —0;) > co v6i t khong xac dinh, khi do day Zjof LU (6,), et — 6;) c6
thé khong hoi tu dén hing hitu han, diéu nay mau thudn véi (2.8). Vl Vay,

(U{(6y), el —0;) — 0 ast— +oo (2.9)
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B6i vi U] — ' khi t — oo va f/ 1a lien tuc, két hgp véi (2.9) ta co
<f/(0t), eff — 0t> —0ast— 4+ (210)

Stt dung tiéu chuan "Frank-Wolfe gap" trong [72], tit (2.10) c6 6, — 6* khi
t — +oo. N6i cach khac, 8; hoi tu t6i nghiem téi uu 6* cia f(6). O

Dinh 1y 2.2 (Sy hoi tu cta thuat toan OPE4). Xem xét ham muc tiéu khong
10i f(8) cia bai todn (2.1), cho trudc van bin d, tham s6 B va «. Xét thuat
todn OPEJ, vdi zdc suat 1, ta co:

(i) V6i 0 € Ak, day ham zap xi F,(0) hoi tu ti £(0) khit — +oo,

(i) Day nghiém xdp xi 6; hoi tu tdi diem toi wu cuc bo/diém dimg cia ham
f(0).

Ching minh. Ky hiéu

K K
6) = djlog OB, 92(8) = (@ =1) > logty
J k=1 k=1

Goi a; va by 1a s6 lan xuat hien thanh phan ¢; va ¢» sau ¢ budc lap dé xay dung
day ham xap xi {U;}.
Vi f* dugce lya chon theo phan phdi déu tit {g1, g2} nén

BIf) = Bl = 501+ 302 = 5/
2 d 2
=E[; ) fil= tZth Z f=f

h=1 —
Tuong tu, goi ¢; va d; 14 s6 lan xuat hien thanh phan ¢; vd g2 sau t buée lap
dé xay dung day ham xap xi {L;}. Vi f/ dugc lya chon theo phan phdi déu tit
{gl, gg} nén:

BIfY) = Bl = 501+ 302 = 5/
t t t

BlL) = B =23 Bl =TS 5 =1
h=1 h=1 h=1

Do vay
EF]=vEU]+ (A =v)ElL] =vf+1-v)f=f

Ky hieu S} = a; — by , S = ¢ —dy va Sy = max{|S}|, |S!}
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Ta co

2
Ui = ;(atgl + brg2) ar + by =
2
Ly = ;(Ctgl + dtQZ) o +di =t
Su St
—fz—t(m—gz) Ly — Zf(91—92)
S S!
—f'= ( ) Li— 'Zf(g’l—gé)

Do Ft = VUt + (1 — I/)Lt thu dlIQCZ

Fo—f=v(U =)+ (1 =v)(Li = f)

U l
=10 - )

St Sl
F ===+ 1 -v)=")(o — g2)
Vi vay, F; la mot uée lugng khong chéch ctia ham muc tiéu dang f. Ap dung
luat LIL [103] ta c6 Sp = O(vElogt) va S! = O(y/flogt), dan dén 55 — 0 va
l z S
% — 0 khi ¢t - +00. Vi vay, chiing t6i ket luan rang day U; — f va day dao ham
U, — f khi t — +o00. Tuong tu, xem xét véi day L; — f, va day dao ham L} — f

khi ¢t — 4o00.
Xem xét
(F(00. 500 = (10— 100, <% 4 (10, <0
Su g e Ht ’ €t — 015
<(V7 + (1 —v)=")(41(0¢) — g2(64)) )+ (f(6), ; )

Chiing ta c¢6 g1 va go 1a ham Lipschitz lien tuc trén Ag. Vi vay, ton tai mot

hang s6 L sao cho:
(f'(2),y—2) < f(y) = f(z) + Ly — 2||*Vy, 2 € Ak
© Oty (110,), 001 — 04) < F(Bus1) — 1(8) + L0 — 00
= FB1) — 110 + L) 2

Vi e; va 0, déu thuoc Ax nén (g} (0:) — g5(6:), er — ;) va |le¥ — 64]|? bi chan. Do

do, ton tai mot hang ¢; > 0 sao cho:

(2.11)

e — 0
(FI(8), %) < o
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Lay tong hai vé ctia (2.11) véi moi ¢, ta c6

& 1 = S R c1L
} . 1
;;(F{(at%et—eﬁ S;C1t—2+f(9 >_f(61)+;t_2 (2.12)

B6i vi £(0) bi chin nén f(o*) bi chan. Ching ta thay S; = O(W ) theo tai
lieu [103], vi vay day Z;L 1%t 2t hoi tu vl xéc suat 1 va tong Zt UL cling bi
chin. Vi vay, vé phai ciia (2.12) 1a hitu han.

Boi vi e; = argmax x, (F/(6:),x) nén (F{(6:),e;) > (F/(0:),0;) v6i bat ky
t > 0. Vi vay thu dugc:

0< Z %(Ft’(et),et — 0t> < +00 (213)

No6i cach khac, day Z:rof L(F}(6:), e, — 6;) hoi tu t6i mot hang s6 hitu han.
Ta thay (F/(6:),e; — 0;) > 0 v6i bat ky ¢t. Néu ton tai mot hing s6 c3 > 0 thoa
man (F}(0;),e;—0;) > c3 v6i t nhan gia tri vo han, khi dé chudi Z:rof 1(F}(6,), e—
0;) khong thé hoi tu t6i mot hang hitu han, diéu nay trai nguge véi (2.13). Vi
vay
<Ft/(9t)> ey — 9t> — 0 khi t — 400 (214)
B6i vi F} — f' khi t — oo va f/ 1a cac ham lién tuc, két hop véi (2.14) ¢6
<f/(0t)7 e — 015) — 0 khi t = +00.

St dung tiéu chuan "Frank-Wolfe gap" [72], ta c6 6; — 0* as t — +o00. Nhu vay,
6; hoi tu theo xac suat dén diém dimg/cuc dai dia phuong 8* of ham muc tiéu

1(). u
2.6. Mé rong thuat toan dé xuit cho bai toan tdi wu khéng 16i

Phan tich dic diém ctia OPE3 va OPE4, ching t6i nhan thay c6 thé sita
doi OPE3 va OPE4 dé& dang dé giai bai toan tdi wu khong 16i tong quét co
dang nhu trong (2.2), tic la giai bai toan tdi da hoéa ham muc tiéu c6 dang
f(z) = g1(x) + g2(z) trén mien rang buoc Q. Do d6 budc tim e; trong OPE3 hay
OPE4 sé 1a mot bai toan quy hoach tuyén tinh cé thé giai dudgc. Xét bai toan
t6i rtu khong 16i tong quat:

max[f(z) = g1(x) + g2(z)] (2.15)

z€e)
Chi tiét ctia thuat toan OPE3 va OPE4 tong quat dé giai bai toan (2.15) dugc
trinh bay trong Thuat toan 2.7 va Thuat toan 2.8.
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Thuat toan 2.7 OPE3 giai bai toan tdi wu khong 16i tong quat

Dau ra: z* la nghiém cuc dai héa ctia ham f(z) = g1 () + g2(x) trén mién Q
1: Khdi tao o1 thuoc
2 fi = gqi(@); fi' = ga()
3: fort=2,3,..,00do
Lay f# c6 phan phdi déu tir {g1(z) ; g2(x)}
t
Ut = %Zh:l fh ,
ay 1= argmaxgeo (U, (t), T)
u ai —x¢
Ty =T+
Lay f! c6 phan phéi déu tit {gi(x) ; g2(x)}
i
Li=2%4 1 fh

10 al = argmaxgecq (L (z,), )

a,—x
11: :ciH =y

120 @yyy = ATGMAXGe (gu | ot ) f(x)
13: end for

Thuat toan 2.8 OPE4 giai bai toan tdi wu khong 16i tong quat

Dau vao: Tham s6 t hgp v € (0,1)

Dau ra: z* la nghiem cyc dai héa ctia ham f(z) = gi(x) + g2() trén mién Q
1: Khdi tao o1 thuoc

2 fi = gi1(x) ; fi' = go(x)
3: fort=2,3,..,00 do

4 L&y f# c6 phan phéi déu tit {g1(x) ; go(x)}
t u

5 U= 7 = I o

6: Ly f! c6 phan phdi déu tit {gi(x) ; go(x)}
i

T Le=330 0

8:  Lay Fy:=vU; + (1 —v)L,

% ay = argmaxaen(F) (). @)

10: .’Et_,_l =X + %

11: end for

Su hoi tu cia OPE3 va OPE4 trong trusng hop tong quat nay cé thé ching
minh tuong tu nhu Dinh 1y 2.1 va Dinh Iy 2.2 bdi cac qua trinh ching minh
khong bi phu thudc vao ham thanh phan g (x) va g2(x) cu theé.

2.7. Két luan chuong 2
Chitng t6i tong két mot s6 két qua dat dude ciia chuong nhu sau:

e Trong chuong nay ching toi da dé xuat bén thuat toan toi vu méi OPEL,
OPE2, OPE3 va OPE4 dé giai bai toan suy dién hau nghiém v6i mo hinh
chti dé an LDA, trong d6 OPE3 va OPE4 thuong hiéu qua hon thuat toan
OPE. Do vay, OPE3 va OPE4 da dugc ching t6i nghién ctu mot cach

nghiém ttc va day da trén hai mat 1y thuyét va thuc nghiem.

e Cac cai tién khai thac theo huéng tiép can ngau nhién héa thong qua viec

xem xét ham muc tiéu 1a cac xap xi ngdu nhién, st dung phan phoi deu

95



phit hop v6i xu thé tiép can phuong phap ngau nhién gidi bai toAn MAP
khong 16i;
e Hon nita, OPE3 va OPE4 hoan toan ¢ thé md rong dé dang dé giai bai
todn quy hoach DC [104], mot 16p bai toan t6i wu khong 16i kho gidi
min[f(z) = g(z) — h(z)]

e

bang cach dat tuong ing g, := g va go := —h.

Cac két qua trinh bay trong chuong 2 dugc ching to6i trinh bay trong bai bao
"Stochastic bounds for inference in topic models" xuat ban trong ky yéu hoi
thao qubc té ICTA nam 2016 va bai bao "Some methods for posterior inference
in topic models" xuat ban trén tap chi RD-ICT ctia Bo thong tin truyén thong
nam 2018.
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Chuong 3

TONG QUAT HOA THUAT TOAN TOI UU GIAT BAI
TOAN MAP KHONG LOI TRONG MO HINH CHU DE

Trong chuong nay, nghién ctu sinh tiép tuc dé xuat thuat toan GOPE theo
huéng ngau nhién thong qua stt dung phan phdi Bernoulli hop 1y va xap xi ngau
nhién dé giai bai toan MAP khong 16i. Su hiéu qua ctia thuat toan GOPE dugc
xem xét trén ca hai mit 1y thuyét va thuc nghiem, trong dé st dung GOPE la
thuat toan suy dién cho bai toAn MAP trong cac mo hinh chu deé.

3.1. Giéi thiéu
Xem xét bai toan uéc luong MAP trong cdc mo hinh do thi xac suat:
x* = argmax [log P(D|x) + log P(x)] (3.1)

Ky hiu g (x) := log P(D|x) va g2(x) := log P(x), bai toan (3.1) dudc dua vé bai

toan t6i uu c6 dang:
X" = argmax [f(x) = g1(X) + g2(X)] (3.2)

trong d6 ham muc tiéu f(x) duge phan tich thanh tong ctia hai thanh phan
g1(x) va go(x). Bai toan (3.2) 1a khoé giai khi ham muc tiéu f(x) 1a ham khong
16m.

Mot vi du dién hinh cho bai toan (3.2) chinh I bai toan MAP trong mo hinh
chii dée LDA:

K
= arg max Zd logz 0k Ok + (o — 1) Zlog 0y, (3.3)
k=1

trong d6 o 1a tham s6 clia phan phdi tien nghiém Dirichlet. [37] da chi ra ring
bai toan (3.3) thuoc 16p NP-kho6 khi tham s6 o < 1. Trong truong hop o > 1,
d& dang chi ra rang bai toan (3.3) 1a t6i wu 1om, khi d6 c6 thé duge gidi quyét
trong thoi gian da thitc. That khong may, trong thic té mo hinh LDA, tham s6
a thuong nhoé, tic a < 1 [42, 92], khién cho bai toan (3.3) tré thanh bai toan toi
uu khong 16m (non-concave). D6 la 1y do tai sao (3.3) khong khé thi trong céc
truong hop xau.
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Chuong 2 da xem xét bai toan (3.3) vdi cac cai tién OPE1L, OPE2, OPE3 va
OPE4, dac biet OPE3 va OPE4 13 hai thuat toan hiéu qua nhat. Ching toi tiép
tuc tiép can theo huéng ngau nhién hoa dé dé xuat cac thuat toan hicu qua giai
bai toan MAP khong 16i. Dong thoi dam bao thuat toan dé xuat cé tinh linh
hoat, dé dang md rong cho bai toan khong 16i khic xuat hién trong hoc may.
Ching to6i nhan thay phan phéi Bernoulli 14 phan phoi rdi rac don gian nhung
tong quat hon phan phéi déu va cé nhiéu tng dung trong thuc té. Day 1a mot ¥
tudng dé ching t6i cai tién thuat toan OPE va dua ra thuat toan méi dam béo
tinh tong quat va hiéu qua hon dua trén phan phéi Bernoulli va xap xi ngau

nhién.

3.2. Thuat toan Generalized Online Maximum a Posteriori Es-
timation

Xét bai toan MAP (3.3) v6i mo hinh chu deé:

K
= arg max Zd logZ@kﬂkJ (a—1) Zlog@k
k=1

Chung toi gi6i thigu thuat toan méi dat tén 1a GOPE (viét tat ciia Generalized
Online Maximum a Posteriori Estimation) dé giai bai toan MAP (3.3).
Ky hiéu

K K
- Zdj logzekﬁkj , 92(0) = (@ —1) Zlog 0y,
J k=1 k=1

Khi do

K K
0) = Zdj 10g29k5kj +(a—1) Zlog O = 91(6) + 92(0)
j k=1 k=1

véi g1(0) va go(0) tuong ting 14 thanh phan likelihood v& prior.

Nhu da biét, OPE hoat dong bang cach lya chon ngau nhién thanh phan
likelihood g1 (@) hay prior g2(8) tai méi budce 1ap ¢ theo phan phdi déu (x4c suat
Ita chon thanh phan g;(8) va g9(0) la nhu nhau va bang 1/2):

fi := uniform{gy, g2} ,Vt = 1,2

sau d6 xay dyng day ham xap xi F;(0) ctia ham muc tiéu dung f(6) theo cong
thiic:



sao cho dam bao F; — f khi t — co. 0 day thanh phan likelihood ¢;(8) dai dien
cho tri thitc ta quan sat duge vé doi tuong 1a van ban, thanh phan tién nghiém
(prior) go(@) dai dién cho tri thiic ta biét truée vé van ban. Véi cach thyc hien
ciia OPE, vé mit trung binh, F, c¢6 ti lé likelihood va prior bang nhau. Tuy
nhién, trong thuc té, khi suy dién vé mot doi tugng ndo dé, con ngudi co thé
diing nhiéu hon thanh phan likelihood néu ta quan sat duge nhiéu thong tin vé
déi tuong, hoac dung nhiéu hon thanh phan prior néu ta biét it thong tin vé doi
tuong. Day 1a mot suy dién rat tu nhien. Dé trién khai ¥ tudng dé, ching ta c
thé sit dung phan phéi Bernoulli v6i xac suat p dé hiéu chinh ti lé ctia thanh
phan prior va likelihood thay vi sit dung phan phdi déu nhu trong OPE. Tiic 13,
chiing ta an dinh xac suat dé chon dugc thanh phan ¢ 1a p va xéac suat chon
duge thanh phan ¢o 14 1 — p v6i p € (0,1), biét ring phan phéi Bernoulli tong
quat hon phan phdi deéu.

Muc tiéu cai tién ciia ching toi 1a dé xuat thuat toin méi khong nhing gii
lai nhitng ddc tinh t6t cia OPE ma hiéu qua hon OPE. Vi vay, ching toi c6 ¥
tudng thay thé phan phoi déu trong Iya chon mau bang phan phéi Bernoulli v6i
xac suat p € (0,1) thich hop sao cho ham xap xi F;(0) van hoi tu vé ham muc
tieu f(0).

Gia sit cho trude xac suat Bernoulli p € (0,1). Trude hét, dé ddm bao ham
xap xi F;(0) — f(0) khi t — oo, tién hanh hi¢u chinh likelihood ¢;(8) va prior
g2(0) ban dau nhu sau:

Khi d6 G1(0) va G2(0) tuong tng la likelihood va prior hiéu chinh theo tham
s6 p cia phan phoi Bernoulli. Tham s6 p dude st dung dé hiéu chinh ti lé clia
likelihood va prior trong thuat toan suy dién. GOPE dudc trinh bay chi tiét
trong Thuat toan 3.1.

Ky hiéu 7' 1 s6 budce lap tdi thiéu thuc hién thuat toan GOPE. Béi vi GOPE
12 thuat toan ngau nhién nén vé mit 1y thuyét luon xem xét trong ngit canh
T — oo. Tai budc lap thit ¢ trong Thuat toan 3.1, ching toi 1ay f;(8) tuan theo
phan phdi Bernoulli cia hai thanh phan likelihood va prior da dugc hiéu chinh
va F4(0) 1a ham xap xi can xay dyng. V6i moi budce lap ¢, (t = 1,2,..,T), ching
toi 1ay f; c6 phan phdi Bernoulli v6i xac suat p € (0,1) tixt {Gy , Go}. Ta thay T
lan 1ap tuong tng chinh 1a thyc hién T phép thit Bernoulli v6i xac suat p € (0, 1):

P(fi=G1)=p, P(fr=G2)=1—p, Vt=1,2,..,T
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Thuat toan 3.1 GOPE: Generalized Online maximum a Posteriori Estimation

Dau vao: Vin ban d, tham s6 mo hinh {3, a} vA tham s6 Bernoulli p € (0, 1)
Dau ra: 0" la diém cyc dai ctia ham £(0) = g1(0) + g2(0)

: Khéi tao 8, trong mién Ay

Gy = %; Gy = 1”_21)

:fort=1,2,...,T do

Lay f; c6 phan phoi Bernoulli tit {G1, G2} véi xac suat p trong do6

{P(fi =G1) =p; P(fi = G2) =1—p}

ey

Fi(0) =10 1 fa

e; = arg maXmGZK <Ft/(0t)7 $>
Oi41 =0, + 27
end for

Theo 1y thuyét thong ke, hieu qua dat dugce tot hon khi s6 phép thit Bernoulli
(tttc 6 lan 1ap) T tang (it nhat 14 20) va tham s6 p lua chon khong qua gan 0
hoac 1.

Gia st tién hanh thuyc hién thuat toan GOPE vé6i it nhat T budce lap. Xét tai
buée lap thu ¢, (t=1,2,..,7):

1. Thuec hién ¢ phép thit Bernoulli xac suat p € (0,1):

{P(fa=G1)=p, P(fa=Go)=1—-p} Vh=1,..,t
Ta co: E[fy]=f, Vh=1,..,t.

2. Xay dung mot day ham xap xi ngau nhién:

t
1
Fy izghzgfh

Ta c6: E[F] = E[7 22:1 fn] = f. Nhu vay, F; la trung binh mau cia céac
ham mau {f1, fo, .., fi} vd F; ddm béo hoi tu dén ham muc tiéu f khi ¢t — oco.

Diéu nay dugc chi rd trong phan chitng minh Dinh 1y 3.1.

Tham s6 p déng vai tro diéu chinh ty lé ctia thanh phan likelihood va prior
déng goép vao ham xap xi F;. Néu p 16n thi kha ning Iya chon duge thanh phan
likelihood G nhiéu hon Go trong xay dung F;. Nguge lai, néu p nhé thi kha
nang sé lita chon duge thanh phan prior G nhiéu hon G; trong xay dyng ham
F;. Ching ta st dung dic diém nay dé lya chon p phit hop nhat cho thuat toan
GOPE trong méi bai toan ap dung. Ta thay OPE chinh 1a mot truong hop dac
biet cia GOPE khi tham s6 p duge Iga chon 13 0.5, nén OPE khong c6 tinh linh
hoat khi 4p dung cho nhiéu bai toan va nhiéu bo dit lieu khac nhau. GOPE c¢6
kha nang thich nghi tot véi cac bo dit lieu khac nhau thong qua viéc diéu chinh
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Thuat toan 3.2 Online-GOPE hoc m6 hinh LDA tir d liéu 16n
Dau vao: Tap dit lieu huan luyén C v6i D van ban, K,a,n,7 > 0,k € (0.5, 1]
DPau ra: A
1: Khéi tao A° ngdu nhien
2: fort=1,2,...,00do
3:  Liy mAu nho C; gom S van ban.
4: St dung BOPE dé suy dién hau nghiém cho mdi vin ban d € C;, cho bdi bién toan cuc
B o AL trong budc trude d6 dé nhan duge chit dé hon hop 0,4. Tinh toan ¢? theo

Gakj < OarPr;j
5. V6imdi k € {1,2,.., K}, bién toan cuc A cho C; béi
- D
Aej =1+ 5 Z d; Pdjk
deCy

6:  Cap nhat bién toan cuc R
A= (1= p )X 4 oA

trong d6 py = (t+7)7"
7: end for

gia tri ctia tham s6 p € (0, 1). Diéu nay sé duge thé hién 16 hon trong phan thuc
nghiém. Ching toi sé chi ra rang GOPE duy tri lgi thé chinh ciia OPE la su
dam béo vé chat lugng va tdc do hoi tu, hon nita dem dén mot sy tong quat cao
hon OPE nho dong gop ctia phan phéi Bernoulli. Cac dac tinh to6t nay khong
duge xac dinh doéi véi cac phuong phap hién c6 khi ap dung cho bai toan suy
dién hau nghiém trong cdc mo hinh chu de.

GOPE doéng vai tro 1a bude suy dién c6t 161 khi hoc mo hinh LDA. Chung toi
st dung GOPE thay cho OPE trong thuat toan hoc Online-OPE [28] va nhan
dugce thuat toan hoc ngau nhién méi dit tén 1a Online-GOPE. Online-GOPE
dugce trinh bay chi tiét trong Thuat toan 3.2.

3.3. Su hoi tu cua thuat toan GOPE

Trong phan nay, ching toi dua ra bang chiing ve su hoi tu cia GOPE. Day
ciing 14 mot diém manh ctia dé xuat béi rat nhiéu thuat toan dé xuat trude day
m6i ding lai 6 minh chitng sit hieu qua ve thic nghiem ma chua dua ra cac ddm

bdo vé mit 1y thuyét.

Dinh ly 3.1 (Sy hoi tu ctia thuat toan GOPE). Xét ham muc tiéu f(0) trong bai
toan (3.3), cho trudc van ban d, tham s6 mo hinh {8, o} va tham s6 Bernoulli
€ (0,1). Xét GOPE, vdi zdc sudt 1, ta co:

(i) Véi bat ky 6 € Ay, day ham Fi(0) hoi tu tdi f(0) khit — +oo;
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(ii) Déay nghiem zdp xi 0y hoi tu tdi diem dung/cuc dai dia phuong cia ham
muc tieu f(0) vdi toc do hoi tu la O(1/t).

Chiing minh. Viéc ching minh Dinh 1y 3.1 duge dya vao [28] va Dinh 1y 2.1 va
Dinh 1y 2.2 trong Chuong 2. Chiing t6i chitng minh rang GOPE ciing hoi tu t6i
diém dimg/cuc dai dia phuong clia ham muc tiéu.

Nhéc lai mot s6 ky hiéu: B(t,p) ky hiéu cho phan phéi nhi thitc v6i tham s6
t va p, N(u, o?) ky hieu cho phan phdi chuan véi tham s6 p va o, E(X) 1a ky
vong clia bién ngau nhién X, D(X) la phuong sai clia bién ngau nhién X.

Theo tim hiéu, v6i cac bai toan t6i uwu khong 16i khong rang budc, véc to dao
ham ciia ham muc tiéu ||V £(0)| dude dung 1 tieu chuan dé danh gia sy hoi tu,

béi vi (8)|| — 0 duta dén sy hoi tu dén mot diém dimg. Tuy nhién, tiéu chuan

nay khong thé dude st dung cho cac bai toan téi wu khong 16i c6 rang budc.
Thay vao do, chiing toi sit dung tiéu chuan "Frank-Wolfe gap" dé cap trong [72].
Nhic lai

G1(0) :== g1(0)/p ; G2(0) := g2(68)/1 —p

1a likelihood va prior hiéu chinh tuong ing. Nhan thay:

f(8) = g1(0) + 92(0) = pG1(0) + (1 — p)G2(0)

Tién hanh thyc hién ¢ phép thit Bernoulli, trong d6 tai phép thit thit b, (h = 1, .., 1)
lay f;, 6 phan phoéi Bernoulli tit {G1, G2} trong do:

P(fn=G1)=p; P(fp=G2)=1-p

Goi a; 1a s6 lan lay dugc G sau t bude lap. Khi d6 b =t — as 14 s6 lan lay
duge Gg sau t bude lap. Khi d6 a; ¢6 phan phoi nhi thitc v6i tham s6 ¢ va p, tiic

a; ~ B(t,p) va c6 cac dac trung:
Elas] =tp , Dlas] = tp(1 —p)

Diat S; = a; — tp. Theo tinh chat ctia phan phdi nhi thic va dinh 1y Moivre-
Laplace [105], ta c6 S; — N(0,tp(1 —p)) khi ¢t — co. Hon niita, v6i xac suat 1, day

%—>Okhit—>oo. Ta co
1
Ft = E(atG + (t — (It)GQ)
S,
F—f= t(Gl Gy) (3.4)

St

Fi—f'=—(G1 - Gy)
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Tu (3.4) thu duge Fy — fkhi t — +oo véi xac suat 1. Theo GOPE ¢6 cong thiic
nghiém xap xi dude tinh theo luge do lap:

— 0,

€t
0111 :=0; + "

tuan theo lugce do lap: 8,1 = ¢(0;) trong d6 ham ¢(8,) = 6, + ‘Zt%et. Theo nguyén
Iy 4nh xa co Banach, ta c6 day nghiem {6,;} hoi tu vé diém bat dong 6* nao do.

Dong thoi c6 danh gia:

-0 e — 0 1
R
Nhu vay 6; — 6" v6i toc do hoi tu 1a O(1/t).
Xét:
-0 e, —0 e, —0
(F/(8), Z=—=1) = (F/(8:) — f/(8:), 1) + (£/(6:), “—)

S e, — 0
3 (G1(8:) — Gh(8:). er — Br) + (f'(81), =——)

Chu y rang ¢1(0) va g2(0) 1a cAc ham Lipschitz lién tuc trén Ag. Vi vay, ton tai

hing s6 L sao cho:
(f'(z),y — 2) < f(y) = f(2) + Llly — 2||*Vy, 2 € Ag
o Ot (11(00), 0101 — 00) < F(Bus1) — 1(61) + Ll|Oser — 04" =

= (Ou) ~ 10 + 5lec — 04

Vi €; va Ot déu thUOC Vé ZK, nén |<G/1(0t) — G’Q(Bt), €t — 0t>| va ||€t — 9t||2 bl Chén
trén véi t bat ky. Vi vay, ton tai mot hang s6 ¢; > 0 sao cho

0; St

Gt;> <c ‘g + f(O1+1) — f(0:) + ak

Lay tong hai vé ctia (3.5) véi moi t, ta co:

t 1 t IS ¢ L
ICTARETIES 3t By f01) - 00 5 (39)

Khi t — +oo, f(0;) — £(0%) do sy lién tuc ctia ham f(8). Két qua (3.6) c6 nghia

~

la

)—l

+oo —+00
" c1L
h§ = (F}(61).en — 0) < § 61 +f (6) — f(61) + ;1 % (3.7)
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Stt dung [28] va theo luat s6 16n, ta c6 > ;7 h;' hoi tu theo nghia xac suat.
Ngoai ra, so6 hang Zth 7z la bi chan trén. Vi vay, ;3 +(F} (6),), e, — 6)) cling
bi chan trén.
Béi vi e; = arg maxgen, (F) (6;), ), nén (F/(0;),e; — 0;) >0
Néu ton tai tog > 0, c3 > 0 sao cho (F/(0;),e; — ;) > c3Vt > to, khi d6
L T (F(6r),er — 6;) > > = Dong thoi vi 70, 1+ khong bi chin trén, nén
T LUFY(0y), en — 1) — oo, diéu nay mau thuan véi két luan & tren.
Do do6, (F/(0:),e: — 6¢) — 0 khi t — co. Mat khac,

(G400 ~ Gy(0.) e~ 0)

Sy

(F{(6:),e; — ;) = (f'(6:) +

= (f'(01),er — 1) + ( (G1(0) — G3(6y)), €1 — 6y)

Bdéi vi % — 0nen (f(6;),e;—86,) — 0. Ap dung tieu chuan "Frank-Wolfe gap"
ta thu dugc 0* 13 diém dimg hosc 1a diém cuyc dai dia phuong ctia ham muc tieu

1(6). u
3.4. Danh gia thuc nghiém

Trong phan nay, chiing t6i sé diéu tra hieu qua ciia GOPE vé mét thiyc nghiem
khi giai bai todAn hau nghiém v6i mo hinh chti dé LDA vé6i cac bo dit lieu 1én
thu thap tu thé gidi thiye. Dieu tra hieu qua ctia GOPE thong qua hiéu qua clia
Online-GOPE so v6i cac thuat toan hoc khac sit dung cho mo hinh LDA.

3.4.1. Cac bo diwt liéu thuc nghiém

Chang to6i tién hanh thuyc nghiém cho cac cai tién trén hai bo dit lieu l6n
bao gom cac tap van ban dai: bo dit lieu New York Times (NYT) bao gom
300.000 bai tin tic va bo PubMed (PUB) bao gom 330.000 bai bao tir trung
tam PubMed!. Chi tiét ctia hai bo dit lieu duge mo ta trong Bang 2.1 da ducc
trinh bay trong Muc 2.4.1 trong Chuong 2.

3.4.2. b6 do danh gia thuc nghiém

Déanh gia chat luong clia cdc phuong phap hoc trong LDA, ching toi si
dung hai do do thuong dugc ding trong mo hinh chii dé, d6 1a Log Predictive
Probability (LPP) [93] va Normalised Pointwise Mutual Information (NPMI)
[102]. Chi tiét vé do do LPP va NPMI dugc trinh bay trong Phu luc A va B.

LCac bo dit lisu dugc 1y tir http://archive.ics.uci.edu/ml/datasets
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3.4.3. Thiét lap cac tham sb

e Tham sé m6 hinh: Chung toi thiét lap s6 chi dé K = 100, tham so
Dirichlet o = % va siéu tham s6 7 = . Cac tham s6 nay thudng duge st

dung trong cac mo hinh chu de.

e Tham sb suy dién: Ching t6i lua chon s6 budc lip ctia thuat toan suy
dién 7 = 50 va tham s6 Bernoulli p trong thuat toan GOPE dugc Iya chon
trong tap {0.10,0.15,...,0.85,0.90} cho mo6i bo dut liéu va trén méi do do.

e Tham s6 hoc: Ching t6i lita chon kich thuée mini-batch S = |Cy| = 5000,
thiét lap siéu tham s6 x = 0.9 va 7 = 1 thich nghi t6t cho cac phuong phap

suy luan hién co.
Ching toi tién hanh hai nhém thiyc nghiem:

(i) Xem xét vai tro ctia tham s6 Bernoulli p trong thuat toan suy dién GOPE

thong qua thuat toan ngau nhién Online-GOPE hoc mo6 hinh LDA;

(ii) So sanh hiéu qué ctia thuat toan GOPE so véi cac thuat toan suy dién khac
nhu VB, CVB hay CGS thong qua so sanh thuat toan hoc Online-GOPE
véi cac phuong phap hoc LDA nhu Online-VB, Online-CVB, Online-CGS
va Online-OPE.

3.4.4. Két qua thuc nghiém

Dau tién, ching toi xem xét sy anh hudng ctia tham s6 p trong GOPE. Bdi
vi p € (0,1) va tham s6 Bernoulli p khong nén chon qua gan véi 0 va 1, nén
trong cac thiyc nghiém nay ching t6i chon tham sé Bernoulli p 1di rac trong tap
{0.10,0.15,...,0.85,0.90} va tién hanh thiyc nghiém Online-GOPE trén hai bo di
licu New York Times va PubMed. Két qué thuc hién thuat toan Online-GOPE
khi thay ddi tham sé p duge mo ta trong Hinh 3.1.

Theo Hinh 3.1, chung ta thay rang do do LPP va NPMI clia thuat toan
Online-GOPE thay doi khi tham s6 p dugc lua chon khac nhau. Online-GOPE
dat hieu qua tét nhat tren bo New York Times v6i do do LPP khi Iya chon
p = 0.35 va v6i do do NPMI khi lya chon p = 0.75, Online-GOPE dat hiéu qua
to6t nhat tren bo PubMed v6i do do LPP khi lya chon p = 0.4, va v6i do do
NPMI khi Iya chon p = 0.45. Dong thoi ciing cho thay, c¢6 nhitng gia tri ctia p
lam cho GOPE dat hiéu qua thap hon, do d6 can tranh lya chon gia tri p d6 khi
ap dung. Két qua nay ho trg cho y tudng clia chiing t6i vé nhitng déng gép ciia
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Hinh 3.1: Két qua thuc hién Online-GOPE véi tham s6 Bernoulli p duge lya chon khac nhau trén hai
do do LPP va NPMI. Gi4 tri do do cang cao cang tot.

thanh phan likelihood va prior trong suy dién ty lé chii dé cho mot tai lieu. V6i
cac tap dit lieu khac nhau c6 gia tri p phit hop khéac nhau, néu muén cé dude
hiéu suat to6t nhat vé sy khai quat hoa hodc ve chat luong ngit nghia ctia cac chi
deé, ching toi c6 nhiéu gié tri p khac nhau dé chon. Do d6, GOPE rat linh hoat
do6i véi cac bo dit lieu trong thé gidi thyc. V6i GOPE, gia tri nao cla p 1a phit
hop tiuy thudc vao thanh phan likelihood va prior chiém ty lé bao nhiéu trong
ham tong, ma thanh phan likelihood phu thudc vao do dai ctia van ban. Trong
hai bo dit liéu thic nghiém cua ching t6i, do dai trung binh ctia mét van ban
trong bo New York Times khoang hon 300 ti, trong khi do dai trung binh cua
van ban trong bo PubMed khoang 65 tit. Diéu d6 giai thich tai sao c¢6 cic gia
tri tot nhat khac nhau ciia p cho mdi tap dit lieu khac nhau. Mot diém tha vi
ma tham s6 Bernoulli p dua t6i chinh 14 né déng vai tro nhu tham s6 hiéu chinh
ctia thuat toan. Cac thic nghiém trén cho thay anh huéng ciia gia tri p lya chon
dén két qua bai toan. Tu do, ching t6i khuyén cdo v6i mdi bo dit lieu c¢6 nhiing
diic trung khac nhau thi c6 thé phai lua chon p phit hgp khéc nhau méi dat hieu
qua tot nhat.

Trong cac thuc nghiém tiép theo, chiing t6i so sanh két qua thuc hién cta
Online-GOPE véi gia tri ciia p duge Iya chon tot véi cac thuat toan khac duge
thiét ké dé hoc LDA nhu: Online-VB, Online-CVB0, Online-CGS va Online-
OPE. Céc két qua dugc hién thi trong Hinh 3.2.
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Hinh 3.2: Két qua do do LPP va NPMI ciia cac thuat toan hoc Online-OPE, Online-VB, Online-CVB,
Online-CGS va Online-GOPE trén hai bo dit lieu New York Times va PubMed. D6 do cang cao cang
t6t. Chting t6i nhan thiy Online-GOPE thudng cho két qua tét so véi cac thuat toan hoc khac.

Cac thuat toan hoc Online-GOPE, Online-OPE, Online-VB, Online-CVB va
Online-CGS & trong Hinh 3.2 déu hoc cac chtit dé qua phan phdi ciia cac tit 3
hoic cac tham s6 bién phan X. Theo két qua trong Hinh 3.2, ching toi thay
Online-GOPE khong chi thuc hién t6t hon Online-OPE ban dau ma con tét hon
cac phuong phap hoc duong dai. Ching toi c6 thé 1y giai diéu nay vi Online-
GOPE la thuat toan hoc ngau nhién phut hop véi dit lieu dau vao 16n. Sy khac
biét gitta cac thuat toan hoc 1a do cac thi tuc suy dién bén trong. Online-GOPE
hiéu qua chinh 1a do thuat toan suy dién GOPE t6t hon cac thuat toan suy dién
khac nhu OPE, VB, CVB hay CGS. Xét vé ban chat, GOPE dat dudc hiéu qua

cao la do st ¢c6 mat ctia tham sé Bernoulli p phit hgp.
3.5. M3 rong thuat toan giai bai toan téi vwu khéng 16i

T thanh cong ctia thuat toan GOPE khi ap dung cho mo hinh chu deé, ching
t6i nhan thay hoan toan cé thé md rong thuat toan GOPE cho bai toan tdi wu
héa khong 101 (3.2):

¥ = arg HlBX [f(z) = g1(x) + g2(7)]

Y tudng vé cach xay dung ham ngau nhien xap xi trong GOPE ¢6 thé dugc
stt dung khi ham muc tieu f la tong ctia hai thanh phan f = ¢; + ¢o. Trong méi
budc 1ap, chon thanh phan g; hay ¢go tuan theo phan phéi Bernoulli v6i xac suat
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€ (0,1). Chiing ta c6 thé diéu chinh tham s6 Bernoulli p phit hop véi cac bai
toan khac nhau. Tinh ngdu nhién Bernoulli c6 thé gitip céc thuat toan nhay ra
khoéi cye tri dia phuong. Chi tiét ctia thuat toan GOPE mdé rong cho bai toan
khong 16i tong quéat duge trinh bay trong Thuat toan 3.3.

Thuat toan 3.3 GOPE md rong cho bai toan khong 16i téng quat

Dau vao: Tham s6 Bernoulli p € (0, 1)

Dau ra: z* la diém cuc dai clia ham f(x) = g (x) + go(x) trén mién
: Khéi tao x; trong mién Q

- Gy = %; Gy = lgfp
:fort=1,2,...,T do

Lay f; c6 phan phoi Bernoulli tit {Gy, G2} trong dé

{P(ft = Gi(x)) = p; P(ft = Ga2(x)) = 1 — p}

=W oy =

Ft = %2221 fh
a; = argmaxgco(Fy (), )

P ai—
Ty =@y + Tt
end for

Dinh 1y 3.2 (S hoi tu clia thuat toan GOPE cho bai toan tdi wu khong 16i tong
quat). Xét ham muc tiéu f(x) trong bai toan (3.2), cho trudc tham s6 Bernoulli
€ (0,1). Xét GOPE, vdi zdc sudt 1, ta co:

(i) Vi bat ki « € Q, day ham Fi(z) hoi tu tdi f(z) khi t — +oo;

(i) Day nghiém xdp wi x; hoi tu tdi diem ding/cuc dai dia phuong cia ham
muc tieu f(x) vdi toc do hoi tu la O(1/t).

Viéc chiing minh Dinh 1y 3.2 tuong tu nhu Dinh 1y 3.1 do qua trinh ching

minh khong phu thudc nhiéu vao dang ham muc tiéu f(x) cu thé.
3.6. Két luan chuong 3

Trong chuong nay ching toi da thanh cong trong viec dé xuat GOPE gidi
hiéu qua bai toan MAP khong 16i trong mo hinh chit dé dam bao hoi tu nhanh
duge dam bao bang co sd 1y thuyét va thuc nghiem. Hon nita, ching t6i nhan
thay:

e Trong thuat toan GOPE, viéc chia ham muc tiéu f ban dau thanh hai phan
g1 va go tuong d6i dé dang va c6 thé chia theo nhiéu cach. Dieu dé thé thuat
toan GOPE dam béo linh hoat.

e Cach thic thyc hien GOPE khong c6 qui nhiéu rang buoc trén ham muc

tieu f neén c6 thé ap dung t6t v6i ham muc tieu 16i hosc khong 16i;
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e Thuat toan GOPE c6 thé ap dung t6t cho bai toan quy hoach DC ¢6 ham
muc tiéu f 1a hieu ctia hai ham 161 f = g—h vi c6 thé dit g1 := g va g9 := —h,
nén ham f duge viét lai dudi dang f = g1 + g2 ¢6 dang trong thuat toén
GOPE;

e Thuat toan GOPE c6 thé ap dung dé giai bai toan hiéu chinh
0" = argmin £(0) + \R(0)

trong d6 R(O) 1a phan hiéu chinh, A 14 hé s6 hiéu chinh, thong thuong
A € (0,1) khi dat g1 := £(0) va g2 :== A\R(0)
Cac két qua trinh bay trong chuong nay duge ching toi trinh bay trong bai bao
"A flexible stochastic method for solving the MAP problem in topic models"

dang trén tap chi qubc té Computacion y Sistemas trong danh muc SCOPUS
va ESCI nam 2018.
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Chuong 4

NGAU NHIEN BERNOULLI CHO BAI TOAN MAP
KHONG LOI VA UNG DUNG

Trong chuong nay, ching toi tiép tuc nghién ctu bai toan udc lugng MAP
khong 16i trong cac mo hinh do6 thi xac suat. Chung toi sit dung ngau nhién héa
Bernoulli véi x4c suat p € (0,1) két hop véi hai bien ngAu nhién dé thiét ké thuat
toan t6i uu ngau nhien BOPE gidi hieu qua bai toan MAP khong 10i, tit d6 ap
dung thanh céng thuat toan BOPE vao bai toan phan tich vin ban va bai toan

gol y.
4.1. Giéi thieu

MAP la phuong phap uéc lugng thong dung trong hoc may thong ke [106].
Xét bai toan MAP ¢6 dang sau:

" = arg maz}x[log P(D|x) + log P(x)] (4.1)

trong d6 P(D|x) ky hiéu la likelihood ctia quan sat D, P(x) chinh la prior ctua
bién an x va P(D) la xac suat bién ctia D. Ham muc tiéu clia bai toan MAP
chinh la:

f(x) =log P(D|x) + log P(x)

T (4.1) ching ta thay wée lugng MAP c6 vai tro clia mot ki thuat higu chinh.
Ham muc tiéu ctia bai todn gom hai thanh phan: phan log P(D|z) dudc xem nhu
ham mat mat chinh, con log P(zx) dudc coi nhu thanh phan hiéu chinh. Bén canh
nhitng 10i thé ctia uéc luong MAP nhu gitp tranh hién tuong qua khép, ching
ta co thé phai déi mit v6i khé khan khi bai toan MAP la khong 16i va khong
khé thi trong truong hgp xau [37].

Ching t6i nhan thay c6 mot sé phuong phap xap xi dé giai bai toan suy dién
nhu Variational Bayes (VB) [39], collapsed Variational Bayes (CVB) [40, 41],
CVBO [42], Collapsed Gibbs Sampling (CGS) [43], Concave-Convex procedure
(CCCP) [44], Stochastic Majorization-Minimization (SMM) [45], Particle Mirror
Descent (PMD) [49], HAMCMC [50], Block-coordinate Frank-Wolfe [48]. Day c6
thé duge xem nhu cac phuong phap suy dién tién tién. Tuy nhién, chiing t6i ciing
nhin thay mot s6 phuong phap méi chi duge thiét ké dé sit dung cho mot sé6 mo
hinh cu thé [39, 46], hosic chiing chua dam béo céc tiéu chuan vé sy hoi tu, toc

do hoi ty, kha nang linh hoat va kha nang hiéu chinh.
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Doéng goép clia luan an 1a dé xuat mot thuat toan té6i wu ngiu nhien BOPE
thong qua stt dung ngau nhién Bernoulli va hai bién ngau nhién. Theo hiéu biét
clia ching toi, bai toan MAP trong nhiéu mo hinh xac suat trén thuc té c6 ban
chat khong 161, do d6 né thudce 16p bai toan NP-kho [37]. Thuat todn mdi cia
chiing t6i c6 ban chat ngau nhién va vé mat 1y thuyét hoi tu dén mot diém cuc
dai/diém dimg dia phuong ctia MAP. BOPE c6 thé dé dang dugc stt dung trong
céc boi canh nhu t6i wu khong 16i. V6i wu thé nay, BOPE khac phuc duge nhicu
nhudgc diém clia cic phuong phap suy dién hién cé va vugt qua cac tieu chi nhu
hoi tu, ngau nhién, téc do hoi ty, linh hoat hodc chinh quy. Két qua 1a, mot
khung chung dé giai quyét cac van dé MAP khong 16i duge dé xuat. Hieu qua
cia BOPE da dugc nghién citu trén hai khia canh 1y thuyét va thyc nghiem.
Chiing toi chitng minh rang BOPE hoi tu véi O(1/T), day 1a téc do hoi tu tot
nhat cho bai toAn MAP hién tai. Ngoai ra, ching toi trinh bay cach sit dung
BOPE trong bbi canh rong hon, bao gom t6i wu héa khong 16i. Chung t6i ciing
phat hién ra rang BOPE c6 vai tro ctia mot phuong phap hiéu chinh. Chtng
ta stt dung BOPE la thuat toan suy dién dé thiét ké phuong phap ngiu nhién
Online-BOPE hoc cac mo hinh chit dé 6 quy mo 16n. Hiéu qué ctia thuat toan
BOPE vé mat thuc nghiém dugc ching t6i chiing minh théng qua trién khai
tiing dung BOPE vao hai bai toan phan tich van ban v6i cac bo dit liéu 16n va
bai toan hé goi y. Hon nita, ching t6i tin tuéng rang véi cac uu viet cia BOPE,
chiing toi c6 thé ap dung rong rai BOPE vao giai quyét cho céc bai toan khong
16i phiic tap khac xuat hién trong hoc may.

4.2. Thuat toan BOPE giai bai toan MAP khéng 16i

4.2.1. Y tudng xay dung thuat toan BOPE

Trong phan nay, chiing toi giéi thieu thuat toan BOPE dé giai bai toan MAP
(4.1) trong d6 muc tiéu f(z) 1a ham tron va khong 16i trén mién doéng Q:

x* = argmax(log P(D|x) + log P(x)]
el

Y tuéng cia BOPE kha don gian. BOPE dé xuat dé giai bai toan (4.1) theo tu
tudng ciia phuong phéap lap. Khi s6 1an lip tién dén vo cuing, BOPE sé tiém can
dén diém cyc dai/diém dimg cuc bo clia bai toan (4.1). Chi tiét vé BOPE dugc
trinh bay trong Thuat toan 4.1.

Thuat toan BOPE thu dugc bang cach phan tich ham muc tieu f(z) ban
dau thanh hai phan ¢; va go, sau d6 stt dung phan phdi Bernoulli dé xay dung
hai day bién ngau nhién ctia ham muc tiéu. Ky hiéu ¢i(x) = log P(D|z) va
go(x) = log P(x). Gia su rang gi(x) va ga(x) c6 dao ham lién tuc trén mién €.
Chiing t6i stt dung phan phoi Bernoulli v6i tham s6 p € (0, 1) thay thé cho phan
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Thuat toan 4.1 BOPE giai bai toan MAP khong 16i
Dau vao: Tham s6 Bernoulli p € (0, 1)
Dau ra: z* la diém cyc dai ctia ham s6 f(x) = log P(D|x) + log P(x) trén mién
1: Khéi tao x; trong 2
. log P(D|z) . . log P(x)
2 Gi(z) = 27 Go(x) = 52
3 fli=Gi(x) va fi = Ga(x)
4: fort=2,3,...,00 do
5. Lay f} c6 phan phdi Bernoulli tit {G4(x), G2(x)} trong do

P(fl =Gi(z) =p; P(fl = Ga(x)) =1—p

1t
Lii= 2 h—1
al = argmaxgeq < Li(zy), T >

—x¢

I
Lay f{* c6 phan phoi Bernoulli tit {G1(x), Ga(x)} trong do

P(f{ =Gi(x)) =p; P(f = Ga(x)) =1—p

1 t
10: Ut Eai Zh:l f;:
11:  a} :=argmaxgeq < Uf(x:), x >
120 xpy ) =wy 4
13 @pyy = ATGMAXGe(pn | gl ) f(zx)
14: end for

phéi déu don gidn trong OPE va xay dung hai day xap xi cho ham muc tiéu
ding f(x), trong d6 mot diy xuat phat tir g1(=x), goi 1a day can dudi {L;}, mot
day khac xuat phat ti go(x) goi 1a day can trén {U;}. Véi tham s6 Bernoulli
p € (0,1) cho trudc, tién hanh hiéu chinh likelihood g v& prior go nhu sau:

Grla) = 212, Gy = 21

Khéi tao f! := Gi(x). V6i moi bude lap t (t = 1,2,..,T), lay f! tuan theo phan
phdi Bernoulli v6i x4c suat p € (0,1) tit tap {G1(x), Gao(x)} trong do6
P(fi = Gi(@)) =p, P(fi =Ca(e) =1-p, t=2,3,...

Thiét lap day
¢
1 !
L = n ; In

va giai bai toan quy hoach tuyén tinh trén Q:
al ;= argmax < Lj(x;), x >
e
sau d6 xay dung so do lap:
ai — Xt
t
Tiép theo, xay dung day {U;} tuong tu nhu day {L,;}. Thiét lap khdi tao f@ =
Go(z). V6i mdi bude lap ¢ (t = 1,2,..,7), lay f* c6 phan phdi Bernoulli véi xéc

L.
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suat p € (0,1) tut tap {G1(x), Ga(x)} trong do6
P(fi =Gi(z)) =p, P(f' =Ga(z)) =1-p, t=2,3,...

Khi do6 thu ducc
t
1 U

va giai bai toan quy hoach tuyén tinh trén Q:

a} = argmax < U/(x;),© >
ze)

xay dung luge do lap
ay —x;
t
Dé dang nhan thay L; va U; chinh 1a trung binh ctia cac mau ngau nhién va

u —

ching déu ddm bao hoi tu dén ham muc tieu diang f(x) khi t — co. Diéu nay
dugc chi r6 trong qua trinh chiing minh cia Dinh 1y 4.1.

Mat khéc, kham pha thay rang tham s6 Bernoulli p déng vai tro diéu chinh
ty 1é likelihood va prior dong gop vao day L; va U;. Tai moi bude lap, sit dung
hai day ngau nhién {L;} va {U;} giup c¢6 nhicéu thong tin hon vé ham muc tiéu
f(x), vi vay chiing ta ¢6 co hoi tim dén nghiém t6i uu ciia f(z) nhanh hon. Véi
day {L;} thong qua lugc do lap thu duge day nghiem xap xi {z!}, con vé6i day
{U;} thu duge day nghiem xap xi {z¢}. Khi d6, trong méi budc lap, st dung
nguyén ly tham lam, ching ta so sanh hai gia tri f(z¥) va f(x!) clia ham muc
tieu va lira chon diém lam cho ham muc tiéu f (x) dat gia tri cao nhat 1a nghiem
xap xi tai budc lap thi ¢:

iy :=arg  max  f(x)
we{xy, o}
Thuat toan BOPE st dung phan phéi Bernoulli tong quat hon phan phéi déu
va dong thoi tao ra ba day s6 {z¢}, {xl} va {z;} phu thuoc 1an nhau dé tim dén
nghiém t6i wu {x;} tai budc lap thi ¢.

4.2.2. Su hoi tu caa thuat toan BOPE
Dinh 1y 4.1 (Sy hoi tu cia BOPE). Gid st rang g1(x) va g2(x) c6 dao ham lien

tuc trén mien dong Q. Cho trudc tham s6 Bernoulli p € (0,1), vdi zdc suat 1,
day nghiém {x;} thu dugc bdi Thuat todn 4.1 ddm bdo hoi tu dén diém cuc dai
dia phuong hodc diém dimg x* ciia ham muc tiéu f(x) vdi toc do hoi tu O(1/T)
trong do T la so bude lap thuc hién.

Chatng minh. Gia st rang ham muc tieu f(z) 1a khong 16i trén mién rang buoc
Q. Theo hiéu biét ctia chiing toi, tieu chuan duge sit dung cho phan tich hoi tu
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clia cac thuat toan to6i wu 1a rat quan trong doi véi t6i wu khong 10i. D6i véi cac
bai toan t6i wu khong rang buoc, ||V f(x)|| thuong dudc sit dung dé danh gia su
hoi tu, bdi vi |Vf(z)| — 0 dan dén hoi tu t6i mot diém dimg. Tuy nhién, tieu
chi nay khong sit dung duge cho cic bai toan t6i wu khong 16i ¢6 rang budc.

Thay vao dé, chiing toi sit dung tieu chuan "Frank-Wolfe gap" trong [107]. Tién
hanh hiéu chinh thanh phan likelihood va prior theo tham s6 Bernoulli p tuong
ing nhu sau:
Gi(z) = gi(z)/p; Ga(x) == g2(x)/1 —p

Khi do

f(®) = g1(x) + g2(x) = p.G1() + (1 — p)Ga(x)
Dau tién, xem xét day {U;}. Dat f{ := ga(x). V6it = 2,3,..., 00, f* c6 phan phdi
Bernoulli tit {G1(x), Go(x)} trong do

{P(fi' = Gi(®)) = p; P(fi' = Ga(®)) = 1 - p}

va nhan duge Uy := 1 22:1 fit. Gol ay vau by = t —ay 1a s6 lan lay duge thanh phan
G1(x) va Ga(x) tuong tng sau ¢t bude lap. Do do, ta co:

Up — %(atGl +(t—ar)Ga) (4.2)

Nhan thay a; 14 mot bién ngau nhién c6 phan phdi nhi thiic v6i tham s ¢ va
p, tic la a; ~ B(t,p). Khi d6 ky vong E[a;| = tp va phuong sai D|a:] = tp(1 — p).
Theo dinh 1y Moivre-Laplace [105, 108], khi t — oo thi a; xap xi phan phdi chuan
véi ky vong tp va phuong sai tp(1 — p) hay a; — N(tp,tp(1 — p)).

Dat Sy = a; — tp. Ta c6 Sy — N(0,tp(1 — p)) khi ¢ — co. Vi vay, 5 — 0 khi t — oo
v6i xac suat 1.

Ui~ 1 = 2(G1 - o) (43)
!/ / S / !/
Ui = ' = (G} = GY) (4.4)

Do vay, U; 1la mot u6e lugng khong chéch cua f(x). Ta co % — 0 khi t — +o0.
Két hop véi (4.3), thu duge day Uy — f v6i xéac suat 1. Tu (4.4), ta ¢6 duge day
dao ham U} — f’ khi t — 4o00. Sy hoi tu nay c6 duge véi bat ki z € Q.

Xem xét

<UL{<$75)7

u_

) = (Ulwe) = (), ) + {7 (),

= —(G(xy) — G/Q(a:t),a,ff —xy) + <fl($t)7

ay — >
t

a; — ¢
t

U
a; — It LTt Lt

)

Nhan thay g; vA go 1& Lipschitz lién tuc trén mién Q. Vi vay, ton tai mot hang
sO6 L sao cho

(f'(2),y —2) < fly) = f(2) + Llly = 2[*, ¥y, 2 €9
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ay —x¢

(f' (),

)= (f'(x1), ®' ) — x¢)

t
— Lt
< f@i) = fl@e) + Lzt — 2l” = flai) — f@) + L|| I?
Ta 6 41 = argmaxgegn | oty f2), V1 vay
f(@iiq) < f(meg1)
Vi a¥ va z; thudc vao mién Q, nén [(G)(xt) — Gh(xr),al — x4)| va [|a¥ — x4]|? bi
chan v6i bat k¥ ¢ nao. Do vay, ton tai mot hang s6 ¢; > 0 sao cho
ail —x; S, a1l
W), H2) < o0 plan) — plan + (45)
Lay tong hai vé ctia (4.5) v6i moi ¢, thu duge
<1 < 1S Xl
1 1
; (Ui, af — ) < ; ey (@) = [1) + ; - (4.6)

Béi vi f(x) bi chan nén f(xri) cling bi chan. Mat khac Sy = O(/tlogt) theo
[103] Vi vay Zt L c1 ‘f;' hoi tu v6i xac suat 1 va Zfof t% cing bi chan. Do vay,
vé phai clia (4.6) 1a hitu han. Ngoai ra, (U/(x;), a) > (U/(x;), ;) v6i bat ky ¢ > 0

béi vi af = arg max,eq(Uj(x:), ). Vi vay, chung ta thu dugc:
0< Z Ut wt — ZBt> < 00 (47)

N6i cach khac, chudi tong Zjof }5 (U/(x¢),ay —x;) hoi tu t61 mot hang hitu han.
Nh6 rang (U](zx;), a¥ — x;) > 0 véi bat ky ¢. Néu ton tai hang s6 ¢ > 0 thoa man
(Ul(x1), al —x¢) > co v6i bat ky gid tri ndo ctia ¢, thi chudi Z;Lof HU(z¢), al — z¢)
khong thé hoi tu t6i hing hitu han. Diéu nay mau thuin véi (4.7). Vi vay:

<Ut(a:t) — iBt) —0ast— +oo (48)
B6i vi U] — ' khi t — oo va f/ 1a lien tuc, két hgp véi (4.8) ta co
(f'(x¢),a} —x) — 0 khi t — 400 (4.9)

Ap dung tieu chudn "Frank-Wolfe gap", tit (4.9) thu duge @, — «* khi ¢ — +oc.
N6i cach khéac, «; hoi tu theo xac suat téi diem dimg z* ciia ham muc tieu
/(). o

Chung toi da chi ra rding BOPE va OPE it nhat hoi tu véi toc do O(1/T) trong
khi PMC hoi tu véi O(T~/2) va HAMCMC hoi tu véi toc do O(T~1/3) trong do
T 1 s6 lan lap. Hon nita, BOPE tong quat va linh hoat hon OPE thong qua sit
dung ngau nhién Bernoulli, tic 1a khi thay déi gia tri tham sé Bernoulli p, chiing
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t6i nhan duge cac bién thé khac nhau ciia BOPE. Khi d6 tham sé Bernoulli p
gitp diéu chinh sy déng gop cua likelihood hay prior trong BOPE. Nhu vay, c¢6
thé can c vao mo hinh va dic diém dit lieu dé lua chon gia tri tham s6 p phit
hop dé thuat toan dat hiéu qua t6t nhat.

4.2.3. Vai tro hiéu chinh cua thuat toan BOPE

Trong hoc may, khi xay dung mo hinh ho#ic t6i wu tham s6 mo hinh, ching
ta thuong hay gap hién tugng qua khép. D6 1a hién tugng mo hinh tim dugc
qué khép véi dit lieu huan luyen. Viec qua khép nay c6 thé dan dén viec du
doan nham va chat lugng mo hinh khong con tot trén dit lieu tuong lai. Vé co
ban, hien tuong qua khép xay ra khi mo hinh qua phtc tap dé mo phéng dit
lieu huan luyén. Diéu nay dac biet xay ra khi luong dit liéu huan luyén qua nhd
trong khi do phiic tap cia mo hinh qua cao. Mot trong nhiing phuong phap don
gian dé lam giam hodic tranh hién tuong qua khép hieu qua chinh la ki thuat
hiéu chinh, tiic 1a thay déi mo hinh mot chit dé tranh hién tuong qua khép xay
ra va cai thién tinh tong quat clia né. Gia sit can t6i wu ham danh gia f(x) theo
bai toan sau:

x* = arg max f(x)
xr

Khi bai toan dit ¢ dicu kien xau hodc c6 thé xay ra hién tuong qua khép, ching
ta c6 thé sit dung k¥ thuat hieu chinh bing cach bd sung thém mot thanh phan
hiéu chinh R(z) vao ham muc tiéu f(x) ban dau:

x* = arg mﬁx[f(a:) + AR(x)]

trong d6 A 1a tham s6 hiéu chinh.

Chiing toi thay riang udc lugng MAP déng vai tro 13 mot phuong phap hiéu
chinh ctia w6c lugng MLE, béi vi trong ham muc tiéu cia MAP da cong thém
thanh phan prior log P(z) clia bién an = vao thanh phan likelihood log P(D|x)
cua quan sat D:

¥ =arg mmax[log P(D|x) + log P(x)]

Do d6 MAP hiéu qua hon MLE va khac phuc duge hién tugng qua khép va dit
licu it ctia phuong phap MLE. Thiét ké thuat todn ngiu nhien BOPE giai bai
toan MAP khong 16i dugc trinh bay trong Thuat toan 4.1, ching to6i kham pha
ra vai tro quan trong ctia tham sé Bernoulli p € (0,1) gép phan dua BOPE tré
thanh mot thuat toan c6 kha nang hieu chinh. Pay 1a mot 1oi thé ndi bat va
khac biét cia BOPE ma khong nhin thay trong cac thuat toan truéc d6. Kha
ning hiéu chinh t6t ciia BOPE dugc ching t6i lam 1o trén hai phuong dien 1y
thuyét va thyc nghiem. Ve mat 1y thuyét, tinh hiéu chinh ctia BOPE dugc ching
toi lam r6 thong qua Dinh 1y 4.2.
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Dit g1(x) = log P(D|x); go(x) = log P(z. Khi d6 bai toan MAP khong 161 (4.1)
c6 dang:

v" = argmax|f(z) = g1(z) + g2(@)]

Dinh 1y 4.2 (Tinh hiéu chinh cia BOPE). Gid st cho trudc tham s6 Bernoulli
p € (0,1), zét thuat toan BOPE gidi bai todn MAP khong loi (4.1). Khi dé,
thuat toan BOPE dua vé toi wu ham muc tieu mdi c6 dang f(x) + R(g1, g2, p) v0i
R(g1,92,p) = h(t,p)(@ - gf%?), trong dé h(t,p) — 0 khi s6 vong lip t — oo.
Nhu vay, BOPE la mot kij thudt hiéu chinh vdi R(gy,g2,p) la thanh phan hiéu

chinh va tham so6 Bernoulli p la tham sé hiéu chinh.

Chatng minh. Xem xét BOPE dugc trinh bay trong Thuat toan 4.1. Xét day xap
xi ngau nhién {U;}) dugc xay dung nhu sau:

1. Cho gia tri tham s6 Bernoulli p € (0,1). Tién hanh hiéu chinh nhu sau:
Gi(z) = yo1(z) va Ga(z) = t502().

2. Lay f* la bién ngiu nhién tuan theo phan phéi Bernoulli v6i xac suat
p € (0,1) cho trudce, lya chon tit tap {G1(x), Ga(x)} trong do

P(fi=Gi(z))=p, P(f{' =Ga(x))=1—-p, t=2,3,...

3. Khi d6 thu dugce xap xi cho ham muc tiéu f(z) 13 day ngau nhién

Nhu vay, ban chat U; 1a trung binh ctia ¢ bién ngdu nhién f{, f¥, .., f.

Dit a; va by tuong tng 14 s6 lan xuat hien thanh phan Gi(x) va Ga(x) trong
day ham U; sau t budc lap. Khi d6 a; + by =t va Uy = H(a,G1 + bGa). Ta ¢6 a; ¢6
phan phdi nhi thic v6i tham s6 ¢t va p. Hon nita, theo luat s6 16n, ta c6 a; xap
xi phan phéi chuan véi ky vong Ela;] = tp va phuong sai Da;] = tp(1 — p) khi
t — +oo0. Thay vi tién hanh t6i wu tham s6 tryc tiép trén ham muc tieu ding
f(zx), thuat toan BOPE tién hanh cyc dai héa ham xap xi U(z) (tuong tu cuc
dai hoa ham L(x)).

Dat Sy = ay — tp va f(x) = q1(x) + g2(x) = pGi(x) + (1 — p)Ga(x), day ham
U(z) duge viét lai nhu sau

V@) = f(@) + 2 (Cr(x) ~ Cala) (4.10)

Theo phuong trinh (4.10), ham U; 1a tdng clia ham muc tiéu ding f() v thanh
phan %(Gl(w) — Ga(x)). Nhu vay, ham U; la ham muc tiéu hiéu chinh, con thanh
phan 2t(Gi(z) — Ga(z)) 1a phan hiéu chinh bd sung thém vao. Theo luat LIL
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[103] va chiing minh ctia Dinh ly 4.1, ching t6i thu duge 5t — 0 khi ¢ — co véi
xac sudt 1, nén thanh phan 5t(Gi(z) — Ga(z)) dim béo tién vé 0 khi t — co.
Theo cach thic xay dyng thuat toan BOPE, ching t6i c6:
St

at—tp_at

¢ ¢ TP

trong d6 E[%] = p va D[%] = 212 Khi d6 E[5] = 0 va D[5] = 22 _, () khi
t — oo. Ngoai ra, khao sat ham g(p) = p(1 — p) v6i p € (0, 1), ching toi thay g(p)
dat cuc dai khi p = § va khi p — 0 hodc p — 1 thi g(p) = p(1 — p) — 0. Hon niia,
khi d6 ching toi c6 duge day ham xap xi:

i) = f(a) + (2 = p) (12— 22,

Dit h(t,p) = % — p, ta c6 h(t,p) tién ve 0 khi ¢t — co. Khi do6:

— 0 khit — o

m%m@—MMw%?—”@U

1—p
Nhu vay:
Ut(x) = f(.’.l?) + R(gthap)

trong d6 R(g1, go,p) = h(t,p)(% — gf%?) doéng vai tro 1a thanh phan hiéu chinh
vOi h(t,p) = ¢ —p tién vé 0 khi t — oo. Nhu vay, thanh phan hiéu chinh R(g1, g, p)
phu thuoc nhiéu vao gia tri ctia tham s6 Bernoulli p € (0,1). Do d6, xét vé ban
chat, tham s6 Bernoulli p € (0,1) déng vai tro 1a tham s6 hiéu chinh gép phan
dua thuat toan BOPE tré thanh mot phuong phap hiéu chinh hiéu qua dé giai

bai toan MAP. ]

4.2.4. M3 rong cho bai toan tdi wu khong 16i tdng quat

Xét bai toan t6i wu khong 16i tong quat c6 dang

2" = argmax[f(z) = g1(@) + g2(x)) (4.11)

Nhan thay, BOPE don gian nhung hiéu qua, hon nita BOPE dugc thiét ké khong
phu thuoc nhiéu vio dic diém ctia ham muc tiéu f(x). Do do, ching ta c6 thé
mé rong BOPE dé giai bai toan t6i wu khong 16i tong quat. Chi tiét ciia thuat
toan BOPE tong quat dugc trinh bay trong Thuat toan 4.2.

Chiing t6i ciing da lam ré vu diem vugt troi ciia BOPE so véi cac thuat toan
suy dién truéc day khi xét trén mot s6 phuong dién tiéu chi quan trong nhu:
Thuat toan c6 ddm bdo co s6 1y thuyét cho sy hoi tu hay khong? Téc do hoi
tu 1a bao nhiéu? Thuéc nhém thuat toan ngau nhién khéng? C6 kha nang linh
hoat dé dang mé rong ap dung cho cac mo hinh bai toan khac hay khong? Cé
kha nang hiéu chinh hay khong? Chung toi ciing tién hanh xem xét BOPE va so
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Thuat toan 4.2 BOPE tong quat giai bai toan téi wu khong 16i

Dau vao: Tham s6 Bernoulli p € (0, 1)

Dau ra: z* la diém cyc dai ctia ham s6 f(x) = g1 (x) + go(x) trén mién
1: Khéi tao x; trong mién
2 Gi(z) = 2@ Gy(x) .= 22

p 1-p

3 fli=Gi(x) va fi = Ga(x)
4: fort=2,3,...,00 do

5. Lay f} c6 phan phdi Bernoulli tit {G4(x), G2(x)} trong do
P(fi = Gi(x)) =p; P(f{ = Ga(x)) =1 —p
6: Lt = % EZ:I ffll ,
7. al:=arg maxXzeq < Ly(xzt), x >
8 @l =m +
9: Ly f/ ¢6 phan phdi Bernoulli tit {G;(x), G2(x)} trong d6
P(fi =Gi(x)) =p; P(f' = Ga()) =1—p
0: Up:=1300  fe
11:  a} :=arg maxgeq < U, (x), >
120 xpy = w4 B
130 @y = AIgMAXge g gl 1y f(x)
14: end for

sanh véi cac phuong phap suy dién khac nhu VB, CVB, CGS, FW, OPE,v.v...
Chi tiét két qua ddi chiéu duge ching toi tong két trong Bang 4.1.

Phuong phap suy dién Téc do6 hoi tu Ngau nhién Linh hoat | Hiéu chinh
VB [39], CVB [40], CVBO [42] - - — —
SMM [45], CCCP [44] - - - -
CGS [43] - Cé - -
PMD [49] o(T—1/2) Co — —
HAMCMC [50] o(T—1/3) Cé - -
OPE [28] o1/T) Phan phéi déu Co -
BOPE | O(1/T) [ Phan phdi Bernoulli |  C6 Cé

Béang 4.1: So sanh vé mat 1y thuyét ctia cdc phuong phap suy dién trén cac tiéu chuan nhu tdc do hoi
tu, tinh ngiu nhién, tinh linh hoat v& tinh hiéu chinh. Ky hieu T 1a s6 1an lip va -’ biéu thi 'khong
xac dinh’. Ching t6i phat hien BOPE c6 wu thé vugt troi so véi cac phuong phap suy dién duong dai

khac.

4.3. Ap dung BOPE vao mo6 hinh LDA cho phan tich van ban

Trong phan nay, dé lam ré hieu qua ciia BOPE trén khia canh thuc nghiém,

chiing toi 4p dung BOPE dé giai bai toan MAP trong cac mé hinh cha dé. Mo
hinh cht dé 13 mot cong cu manh mé duge st dung rong rai trong khai thac di
licu van ban, do d6 ching toi st dung BOPE & c6t 16i suy dién tit d6 thiét ké
céc thuat toan hoc ngau nhién hiéu qua hoc cdc mo hinh chu de.
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4.3.1. Suy dién MAP cho ting van ban

Chiing toi tiép tuc xem xét bai toan MAP ddi véi tiing van ban d trong mo
hinh chu de:

K
0" = arg Inax Zd logzekﬁkj (a—1) Zlog@k (4.12)
k=1

trong d6 tham s6 a < 1. Ky hiéu:

K K
6):= dilogy Oibrj . 92(8) = (a— 1)) logfy
J k=1 k=1

Khi d6 bai toan (4.12) dua vé dang:

0" = arg max (f(6) = g1(6) + 92(0)] (4.13)

Quan sat chung toi nhan thay:

o Thanh phan g(8) = 3 d;log 31" 0By < 0 I log likelihood va ga(8) =

(a—1) Zle log 0, > 0 1a log prior ciia van ban d.
e Ham muc tieu f(0) = ¢1(0) + g2(0) bi kep gitta hai ham ¢; va g, tic la
91(8) < f(0) < g2(0).

Khi d6 chiing t6i ¢6 thé ap dung BOPE dé giai t6t bai toan (4.12). Chi tiét
ciia BOPE dé giai bai toan MAP trong mo6 hinh chii dé LDA dugc trinh bay
trong Thuat toan 4.3.

Thuat toan 4.3 BOPE giai bai toan MAP trong mo hinh cht dé LDA

Dau vao: Vin ban d, tham s6 Bernoulli p € (0,1) va tham s6 mo6 hinh {3, a}

Dau ra: 6* 1a diém cyc dai héa ctia ham f(8) = > djlog Zszl 010k + (e —1) Zle log 6y,
1: Khéi tao 8, trong mién Ay
2 G1(0) = >, dj log 355 Ok By L Ga(6) = (a=1) 3 F ; log by

P 1-p
5 fli= Gy(0) and fP := G2(0)
4: fort=2,3,...00do
5. Lay f! c6 phan phdi Bernoulli véi xac suat p tit tap {G1(0), G2(8)} trong dé

P(fl=G1(0))=p, P(fi =G2(0))=1-p

Ly = % 22:1 1

el = argmax, x, < Ly(6y),x >

0141 = 0; + @

Lay f¥ c6 phan phdi Bernoulli véi xac suét p tir tap {G1(0), G2(0)} trong do6

P(f=G1(0))=p, P(f{f =G2(0))=1—-p
10 Ug=130

11:  ef = AIGMAXpeR, < U,(0,),x >
—9

1. 0L, =0, + %

13: 04y = argmaxee{9t+l 0r. 1} ()

14: end for
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Chiing toi tiép tuc chi ra trong phan nay sy don gian ciia viéc stt dung BOPE
dé thiét ké thuat toan hoc nhanh LDA. Cu thé hon, dua trén Online-OPE [28],
ching t6i thiét ké Online-BOPE hoc LDA tit tap dit lieu 16n theo cach truc
tuyén. Chi tiét vé Online-BOPE dugc trinh bay trong Thuat toan 4.4.

Thuat toan 4.4 Online-BOPE hoc m6 hinh LDA tu di liéu 16n

Dau vao: Tap dit lieu huin luyén C v6i D van ban, K, a,n,7 > 0,x € (0.5, 1]
Dau ra: A\
1: Khéi tao A% ngdu nhién
2: fort=1,2,...,00 do
3:  Lay méu nho C; gom S van ban.
4: St dung BOPE dé suy dién hau nghiém cho mdi vin ban d € C;, cho béi bién toan cuc
B oc A7 trude d6 dé nhan duge chii dé hén hop 64. Tinh todn ¢, theo

Gdjre X OarBr;j

5. V6imdi k € {1,2,.., K}, bién toan cuc A cho C; béi

. D
Mg =N+ 5 > didan

deC,

6:  Cap nhat bién toan cuc )
At = (1 — pt)At71 + ptA

K

trong d6 py = (t+ 1)~
7: end for

Thuat toan Online-BOPE st dung BOPE dé thuc hién suy dién MAP cho
cac van ban rieng 18 va luge dd tryc tuyén [9, 32, 99] dé suy dién cac bién toan
cuc (chi dé). Do d6, ban chat ngdu nhién xuét hién trong cd hai giai doan suy
dién cuc bo va toan cuc. Suy dién MAP vé cac bién cuc bo cia BOPE c¢6 dam
béo 1y thuyét vé toc do hoi tu nhanh, giup thuat toan hoc Online-BOPE tot
hon cac thuat toan hoc hién c6. Ching toi tién hanh thiic nghiem véi thuat toan
hoc Online-BOPE trén nam bo dit liéu 16n va so sanh két qua ctia Online-BOPE
véi cac phuong phap hoc khac nhu Online-VB, Online-CVBO0, Online-CGS va
Online-OPE.

4.3.2. Danh gia thuc nghiém

Phan nay duge danh cho viéc diéu tra cac hanh vi thuyc té cia BOPE va su
hitu ich khi stt dung BOPE dé thiét ké thuat toan hoc ngdu nhién méi hoc céc
mo hinh chi dé 6 quy mo 16n.

Cédc thudt todn suy dién: Chang toi tién hanh so sanh thuat todn suy dién
BOPE véi cac phuong phap suy dién duong dai nhu: Variational Bayes (VB)
[39], Collapsed variational Bayes (CVBO0) [42], Collapsed Gibbs sampling (CGS)
[43], Online maximum a Posterior Estimation (OPE)[28]. Mot sé nghien citu
trude day nhu [42, 43, 109] da chi ra CVBO va CGS c6 hiéu qua t6t cho bai toan
suy dién. Do dé, chiing c6 thé dugc coi la phuong phap suy dién tien tién nhat.

81



B6 di lidu Kich thudc bo dit lisu | Do dai van ban TB | Tir dién V
New York Times 300,000 325.13 102,661
PubMed 330,000 65.12 141,044
Yahoo 517,770 173 24,420
Twitter 1,457,687 10.14 89,474
NYT-Titles 1,664,127 5.15 55,488

Bang 4.2: Bang mo t4 nam bo di lieu thyc nghiém

Cdc phuong phdp hoc: Chiing t6i tién hanh cac thiyc nghieém dé diéu tra tinh
hiéu qué ctia Online-BOPE khi so sanh véi cac phuong phép hoc ngau nhién
khac nhu: Online-CGS [43], Online-CVBO0 [100], Online-VB [32], Online-OPE
[28]. Online-CGS 1a mot thuat toan lai, trong d6 CGS dugc sit dung dé wée tinh
phan phdi bién cuc bo (z) trong tai lieu va VB dude stt dung dé ude tinh phan
phoi bién toan cuc (A). Online-CVBO0 1a phién ban tryc tuyén ctia thuat toan
"batch" trong [42], trong d6 suy dién cho mot van ban duge thuc hién béi CVBO0
con Online-VB 1a mot thuat toan hoc ngau nhién ma suy dién cho mot vian ban
dugce thuc hién béi thuat toan VB.

a. Cac bo du lieu thuc nghiém

Chang toi tiép tuc xem xét hieu qua cia thuat toan BOPE vé mit thuc
nghiém. Trong cac thuc nghiém, ching t6i sit dung nam bo di liéu van ban 16n
thuoc 2 nhom: dit lieu van ban dai (bao gom cac van ban nhu céc bai béo c6 do
dai van ban khong qui ngan thuong tit vai chuc dén vai tram ti trén mot van
ban) va dit lieu vin ban ngan (bao gom cac van ban c6 do dai van ban rat ngan,
trung binh chi khodng 5-10 tit trén mot van ban). Mo ta chi tiét cho ting tap
dit licu dugce hién thi trong Bang 4.2.

e D1t lieu van ban dai: Ching toi sit dung hai bo dit liéu van ban dai: PubMed
bao gom 330.000 bai viét lien quan vé siic khde tit PubMed Central va New
York Times (NYT) bao gom 300.000 bai tin ttc ctia thoi bao New York
Times!. Cac van ban ciia cac bo dit lieu nay 1a cac bai bao nén do dai cla
cac van ban thuong 16n (tr vai chuc dén vai tram tir trén mot van bén).

e Dit lieu van ban ngan: Ching toi stt dung ba bo dit liéu 16n gom cac van
ban ngin dé danh gia [110]: Yahoo question bao gom cac cau héi tit mang
hoi dap ctia Yahoo; Twitter Tweets bao gom cac bai tweets tit mang xa hoi
twitter; NYT-Titles bao gom cac tiéu dé clia cac bai bao trong td thoi bao
New York Times?. Cac bo dit lieu nay dugc tién xt Iy bang cach ma hoa,
loai bo céac tur ditng, loai bo cac tit ¢6 tan s6 thap (xuat hieén trong it hon 3
vin bén) va x6a cac van ban cyc ngan (duéi 3 ti).

IHai bo dit lisu nay dugc 1ay tit ngudn http://archive.ics.uci.edu/ml/datasets
2Ba b6 di lieu ngdn dugc lay tit ngudn: answer.yahoo.com, twitter.com va www.nytimes.com
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Cac vian ban ngin dat ra nhitng khé khan khac nhau ddi véi cidc bai toan
phan tich van ban [110, 111, 112]. Do d6, viéc st dung cé van ban dai va van
ban ngan trong cudc diéu tra ciia ching toi sé cho thay ré hon hiéu suat ctia céc
phuong phap mdéi dé xuat so véi cac phuong phap ddi sanh. D6i véi méi tap dit
licu, chiing toi ldy ngAu nhién 1000 van ban dé kiém tra va sit dung phan con

lai dé huan luyén.

b. Thiét lap tham sb

e Tham s6 mo hinh: Ching toi thiét lap s6 chu dé K = 100, siéu tham s6
a = 4 va tham sb Dirichlet n = %. Céc tham s6 nay thudng dudc stt dung
trong cac mo hinh chu dé. Sy Iya chon (a,n) nhu vay da duge quan sat 1a

hoat dong t6t trong nhiéu nghien cttu trude day [92, 32, 100].

o Tham s6 suy dién: Chiing toi chon tham s6 Bernoulli p € {0.1,0.2,..,0.8,0.9}
va sb lan ldp clia thuat toan suy dién la 7 = 50. Nhiéu nhat 50 lan lip dé
BOPE, OPE va VB thuyc hién suy dién. Chung to6i sé ding thuat toan VB
néu si cai thien ctia giéi han dudi khong tot hon 1074, 50 mau da dugce sit
dung trong CGS trong d6 25 mau dau tién bi loai b6 va s6 con lai duge st
dung dé xap xi phan phdéi hau nghiem. 50 lan lap dugce st dung dé suy dién
trong CVBO0. S6 lugng mau/lan lap d6 thuong di dé thu duge két qua suy
dién 6t [43, 100].

e Tham so hoc: Ching toi thiét lap kich thuéc mini-batch S = |C;| = 5000,
k=0,9, 7= 1. Sy lya chon cac tham s6 hoc nay da dugc tim thay dan dén
hiéu suat canh tranh ctia Online-VB [32] va Online-CVBO0 [100]. Do d6, n6
da dugc st dung trong thuc nghiém ciia ching toi dé tranh su thién vi c6
thé xay ra. Chung t6i da st dung cac gia tri miic dinh cho mot s6 tham sb
khéc trong Online-CVBO0.

c. Do do danh gia thuc nghiém

Chuing toi tiép tuc st dung hai do do Log Predictive Probability (LPP) [43]
va Normalised Pointwise Mutual Information (NPMI) [102]. Néu LPP do luong
tinh du doan va khai quat héa ctia mot mo hinh déi véi dit lieu méi thi NPMI
danh gia chat luong ngit nghia ciia mot chu dé rieng 18. Do do LPP va NPMI
cang cao cang tot thé hién phuong phép hoc cang hi¢u qua. Chi tiét vé cach
tinh cac do do nay dugc trinh bay trong Phu luc A va B.

d. Két qua thuc nghiém

Theo hiéu biét clia ching toi, thuat toan suy dién dong vai tro quan trong
trong cac thuat toan hoc LDA. Do vay danh gia hiéu qua ctia thuat toan suy
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Hinh 4.1: Két qua ctia Online-BOPE véi gia tri tham sé Bernoulli p khac nhau trén bo dit lieu New
York Times va PubMed véi do do LPP va NPMI. Do do cang cao thé hien mo hinh cang t6t.

dién BOPE sé dudce xem xét gian tiép thong qua hiéu qua cta thuat toan hoc
Online-BOPE.

Trudce tién, ching toi tién hanh xem xét vai tro ctia tham s6 Bernoulli p trong
BOPE. Chiing to6i chon gia tri cia p roi rac trong tap {0.1,0.2,..,0.9} va thuc
hién thuat toan hoc Online-BOPE trén nam bo dit lieu. Chung t6i phat hién ra
rang p anh hudng rat nhiéu dén hi¢u suat ctia thuat toan hoc (hay ban chat la
thuat toan suy dién) trén ca hai loai dit lieu 1a van ban dai va van ban ngan.
Két qua ctia Online-BOPE trén bo dit lieu New York Times va PubMed dudc
chi ra trong Hinh 4.1.

Theo Hinh 4.1, ching toi thay rang hai do do LPP va NPMI ctia thuat toan
hoc Online-BOPE thay ddi theo gia tri ctia tham sé Bernoulli p, diéu d6 phan
anh tham s6 Bernoulli p c¢6 tac dong dén hieu qua cia BOPE. Dac bieét, st khéc
biet d6 duge thay roé hon trén tren do do NPMI va trén bo PubMed. Cé thé 1y
giai su khéc biéet tréen PubMed r6 hon New York Times la do anh hudng ctia do
dai van ban trong moi tap dit licu. Mac dit New York Times va PubMed déu 13
cac bo dit lieu van ban dai, tuy nhién bo PubMed c¢6 do dai trung binh cta cac
van ban chi khodng 65 tit/van ban trong khi d6 do dai trung binh ctia cac van
ban trong New York Times khoang 325 tit/van ban. Nhu vay b PubMed ¢6 do
dai van ban ngadn hon bo New York Times kha nhiéu. Nhu vay thay doi tham
s6 Bernoulli p gép phan diéu chinh ty lé thanh phan likelihood va prior trong
ham muec tiéu cta bai toAn MAP can t6i uu.

Theo cac nghién citu truée day [28, 113], moé hinh LDA thuong khong lam
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Hinh 4.2: Két qua ctia Online-BOPE véi gia tri tham s6 Bernoulli p khac nhau trén do do LPP va
NPMI va trén cac bo dit lisu van ban ngén. D6 do cang cao cang tot.

viéc tot trén cac dit lieu ngan, tham chi xiy ra hién tuong qua khép. Véi cach
thiét ké ctia BOPE, chiing t6i chi ra ring Online-BOPE c6 thé gitp LDA lam
viéc tot hon trén cac dit lieu NYT-Titles, Twitter tweets va Yahoo question. Day
1a ba bo dit lieu c6 trung binh do dai van ban ngan, chi khoang 4-10 tit/van ban.
Chi tiét két qua dugc trinh bay trong Hinh 4.2.

Thong qua Hinh 4.2, chiing t6i cho thay rang tham s6 Bernoulli p ¢6 tac dong
16n dén hiéu qua ctia Online-BOPE, dic biét 1a trén bo dit lieu van ban ngan.
Thuc nghiém trén bo dit lieu NYT-Titles, Twitter va Yahoo question, chung t6i
thay khi chon p ¢6 xu huéng gan 1, chang han nhu p = 0.9 trong thuc nghiém thi
Online-BOPE thuong cho két qua cao hon. Day la mot ggi ¥ dé chiing ta chon
tham s6 Bernoulli p phit hgp cho BOPE. Dong thaoi, diéu nay hoan toan phu
hop v6i co s6 1y thuyét ciia thuat toan BOPE da duge chiing minh & trén. D6 13
khi lam viéc véi cac bo dit lieu ¢6 do dai van ban ngan, ching ta can phai khai
thac triet dé thanh phan likelihood (trong trudng hdp nay cac van ban ngan
nén thanh phan likelihood khong chita nhiéu thong tin vé clia dit lieu quan sét),
dong thoi p 16n gitp cho thanh phan hiéu chinh dt nhé gitp cho thuat toan hicu
qué va tranh duge hién tugng qua khép.

LDA c6 thé phit hop véi cac bo dit lieu van ban 16n bang cach st dung tbi uu
hoa ngau nhién [114, 32]. Tuy nhién, LDA ¢6 thé that bai khi d6i mat véi cac bo
dit lieu c6 lugng tit dién 16n nhung do dai vin ban ngan. Ching t6i danh gié hieu
qué ciia BOPE udc lugng MAP trong cac mo hinh chii dé thong qua Online-
BOPE dé hoc LDA st dung hai do do LPP va NPMI. Hon nita, ching t6i so
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Hinh 4.3: Két qua clia cac phuong phap hoc ngdu nhién trén New York Times v PubMed. D6 do cao
hon thi t6t hon. Ching t6i nhan thiy Online-BOPE thuong cho két qua t6t nhat.

sanh Online-BOPE véi cac thuat toan hoc khac nhu Online-VB, Online-CVBO,
Online-CGS va Online-OPE. Tat ca cac thic nghiem duge tién hanh trén cd hai
loai dit lieu van ban ngan va vin ban dai.

Vi du lieu van ban dai: Chung toi so sanh Online-BOPE v6i Online-VB,
Online-CVBO0, Online-CGS va Online-OPE trén hai bo dit lieu New York Times
va, PubMed. Két qué chi tiét dugc mo ta trong Hinh 4.3.

Theo Hinh 4.3, ching toi thay ring do do LPP va NPMI ctia cac phuong
phap hoc déu tang theo s6 lugng van ban da hoc. Ly gidi cho van dé nay chinh
12 m6 hinh LDA thuong stt dung gia thiét vé sy dong xuat hién ctia hai tit trong
cung mot van ban, do dé6 LDA phu hgp vé6i dit liéu thong thuong nhu New York
Times va PubMed. Tuy nhién, c¢6 su khac biét rat 16n vé do do LPP va NPMI ctia
Online-BOPE so véi cac phuong phap hoc khac nhu Online-VB, Online-CVBO,
Online-CGS va Online-OPE, nhat 1a trén bo PubMed. Diéu nay giai thich rang
v6i tham s6 Bernoulli p pht hgp thi BOPE dic biét phit hop véi cac bo dit lieu
v6i van ban khong qua dai tic 1a c¢6 thanh phan likelihood va prior khong qua
chénh léch. Béi vi tham s6 Bernoulli p kiém soat va diéu chinh ty 1é likelihood
va prior cho phu hgp trong uéc lugng MAP.

Vi dit liéu van ban ngan: Ching toi tiép tuc diéu tra tinh hiéu qua ctia Online-
BOPE trén tap cdc vin ban ngin nhu Twitter, NYT-Titles, Yahoo (xem Hinh
4.4). Chtng t6i cho thay ring BOPE gitup Online-BOPE t6t hon cdc phuong
phap so sanh trén cic vin ban ngan ¢ mot s6 khia canh nhu tinh dy doan, tinh
tong quat v ngan chin su qué khép.

86



NYT-TITLES TWITTER YAHOO

-7.6]
—8.01
[a W
o
- 13 { —-8.411
. .01 {‘
-8.8{1 ~———————
-9.61 K , — | —8.41 1 , , , i , , )
0 100 200 300 0 100 200 300 0 30 60 90
101 =
44
_ 51 @_—;' 4+ //—"
s
21 ]
> oi 2
011 5] o<{;
0 100 200 300 0 100 200 300 0 30 60 90
S6 van ban (x5000) S6 van ban (x5000) S6 van ban (x5000)
== Online-BOPE Online-OPE =@ - Online-VB =&= Online-CVB0O =¥ - Online-CGS

Hinh 4.4: K&t qua clia cic phuong phap hoc ngu nhién trén cic bo dit liéu van ban ngin: NYT-Titles,
Twitter v Yahoo. Chiing t6i thay Online-BOPE thudng cho két qua t6t nhét trén ci hai do do LPP
va NPMI.

Ching t6i quan sat thay su qua khép ctia Online-VB va Online-CVBO trong
Hinh 4.4. Cu thé ching t6i thay do do LPP va NPMI ctia Online-VB va Online-
CVBO bi gidm theo s6 lugng vin ban hoc trong khi do do LPP va NPMI cla
Online-CGS, Online-OPE va Online-BOPE van luon tang theo sé luong van ban
hoc duge. Diéu d6 c6 nghia la kha nang tong quat ctia mo hinh gidm khi hoc
bdi Online-VB va Online-CVB va trén ba bo dit lieu van ban ngan, dic biet 1
NYT-Titles va Yahoo.

Chung to6i tién hanh huan luyén mo hinh trén mdéi bo dit lieu 5 lan (5
epochs) va ghi lai két qua thyc hién thuat toan hoc trong Hinh 4.5. D61 véi
moi tap dit liéu, ching to6i da thyc hién Online-BOPE véi tham s6 Bernoulli
p € {0.1,0.2,..,0.9} sau d6 ghi lai két qua t6t nhat (ky hieu 1a Online-BOPE-max)
va két qué toi nhat (ky hieu 1a Online-BOPE-min) va so sanh v6i Online-VB,
Online-CVB va Online-CGS.

Chiing toi phat hien dugc chat luong ctia Online-BOPE van tot sau 5 epochs.
Tuy nhién, hién tugng qua khdép ctia Online-VB va Online-CVBO0 xay ra cang
nhiéu. Do do LPP va NPMI ctia Online-VB va Online-CVB0 ¢6 xu huéng gidm
manh theo s6 vin ban huan luyén, nhat 1a do do LPP, tic la kha ning tong quat
clia mo hinh gidm dan theo s6 van ban hoc va s6 epochs. Tt Hinh 4.5, ching
toi ciing thay hién tugng over-fitting xay ra nhat trén bo NYT-Titles va Yahoo.
Day 13 hai bo dit lieu ¢6 do dai van ban rat ngan, trung binh chi khodng 4 dén
5 tit trén mot van ban). Chiing toi c6 thé 1y giai két qua trong Hinh 4.4 va Hinh
4.5 nhu sau:
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Hinh 4.5: Két qua ctia cac phuong phap hoc ngiu nhién trén cac dit lieu vin ban ngin: NYT-Titles,
Twitter v Yahoo sau 5 epochs. Chiing t6i phét hién ra réng Online-BOPE cho két qua t6t nhat.

e Nhém Online-VB va Online-CVBO0 ¢6 bude suy dién 1a tat dinh, mac du
thuat toan suy dién CVB0 c6 mot chit xap xi "nhiéu" trong cong thiic cap
nhat Ngk, tuy nhién muc dich chinh ctia thuat toan suy dién nay doé la tim
ra ¢% theo cong thic da cho;

e Nhom Online-CGS, Online-OPE va Online-BOPE c¢6 budc suy dién tuong
ing 1a CGS, OPE va BOPE tiép can theo huéng lay mau ngau nhién hosc

stt dung phan phoi ngau nhieén.

Nhu vay, nhom thuat toan suy dién ngau nhién cho két qua vuot troi hon han so
v6i nhom suy dién tat dinh, dong thoi khong gap hién tugng qua khép. Hon nita,
Online-BOPE cho két qua cao hon Online-CGS va Online-OPE. Dat dugc diéu
do6 1a do BOPE da ké thita nhiing dic tinh tot cia OPE nhu dam bao 1y thuyét
vé su hoi tu nhanh, su 6n dinh, khong lam thay déi bién toan cuc khi thuc hien
suy dién véi tiing van ban riéng 18. Phan phoi Bernoulli véi tham s6 p € (0,1)
va hai bién ngau nhién gitp thuat toan c6 tinh tong quat tét, tinh tuong thich
v6i cac bo dit lieu va mo hinh cao hon, dong thdi gép phan day nhanh téc do
hoi tu. Mot wu diém ctia BOPE chinh 13 sy dong gép ciia phan phdi Bernoulli
v6i tham s6 p € (0,1). N6 dong vai tro 1a tham s6 hiéu chinh giap BOPE c6 vai
tro ciia mot ki thuat hiéu chinh gitp thoat khoi hién tugng qua khép hiéu qua
nhat.
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4.4. Ap dung BOPE cho bai toan hé ggi ¥

Chung toi da thanh cong khi ting dung BOPE dé gidi bai toan MAP trong
phan tich van ban, dac biet khi phai d6i mit véi cac bo dit lieu vin ban ngan.
V6i muc dich lam ré hon hiéu qua ctia BOPE khi c6 thé ap dung trén nhiéu mo
hinh, chtng to6i tiép tuc diéu tra BOPE khi tng dung gidi bai toAn MAP trong
mo hinh CTMP (viét tét ctia Collaborative Topic Model for Poisson distributed
ratings model) [115]. Biét rang CTMP 1a mot mo hinh lai ¢6 nhiéu wu thé vugt
troi trong bai toan hé goi y.

4.4.1. M6 hinh CTMP

He théng goi ¥ (recommender system) 14 mot he thong c6 kha nang goi § cac
san pham (items) ma né cho ring phit hop déi v6i ngusi ding (user) dua trén
mot so tieu chi ndo d6. Vi duy, dya trén lich st giao dich ngudoi dung hodc nhiing
ngudi dung c6 nhitng hanh vi tuong tu, hé goi v sé tinh toan va dwa ra du doan
vé do phit hgp clia san pham nao dé va dua trén nhiing két qua dé dua ra nhiing
gdi ¥ cho nguoi dung. Cac thanh phan co ban ciia mot bai toan goi ¥ bao gom:

e Mot luogng hitu han U ngudi diing va I san pham.

e Cac thong tin vé ngusi dung: hd so ca nhan, tudi, giéi tinh, s thich,...

e Céc thong tin vé sdn pham: tén sdn pham, mo ta, danh muc, thé loai,...

e Ma tran tuong tic R giita ngudi diing va san pham, cic tuong tac & day

14 céc hanh dong ctia ngusi dung déi véi san pham, vi du nhu: xem, chon,

mua, hodac danh gia san pham,...
Hai huéng tiép can truyén théng dé xay dung hé goi ¥: Loc dua trén noi dung
(Content-based filtering) va loc cong tac (Collaborative filtering). CTMP [115]
14 mot mo hinh goi ¥ xay dung duya trén ¥ tudng két hgp st dung noi dung mo
t& san pham trude khi dua vao phan ra Poisson. Viéc thong tin mo ta san pham
cia mo hinh CTMP dugce khai thac thong qua moé hinh LDA va tan dung nhiing
wu diém ctia phuong phap phan ra Poisson phan cap. Ching toi sé sit dung céc
ky hiéu sau trong phan nay:

e U, J: S6 lugng ngusi dimg va san pham tuong tng trong bo dit lidu.

e w;j = {¢/})_;: Biéu dién "bag-of-word" cho item j trong d6 ¢/ bicu thi tan

suat clia tit v trong noi dung/mo ta clia muc j.
e V: Kich thuéc tit dién clia noi dung san pham.

e D= {ruj,wj}g’:“q’j:l: bo dit lieu xép hang ngam dinh 7,; va noi dung muc

(w;). Xép hang duge biéu thi bing ma tran R = {r,;}y«s, cho biét xép hang
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Hinh 4.6: Mo hinh Collaborative Topic Model for Poisson distributed ratings (CTMP).

ma ngudi dung v da dua ra cho muc j. Méi xép hang r,; c6 thé c6 gia tri
1 (cho biét ring ngudi ding u thich sén pham ;) hosic 0 (chi ra ring ngusi
dung u khong thich diéu d6 ho#ic don gian 1a khong biét vé mat hang 7).

e K: SO6 chu dé

o B={B kxy: Bicu dién cht dé. Méi chti dé k 13 mot phan phdi trén bo tit
dién, va né duge biéu dién béi véc t0 Bx = {Br v (3, Biw = 1, B > 0)

e 01 Bicu dién noi dung san pham & miic chi dé. Véc to 0; = {0k} 1a
mot phan phoi trén cac chu de (Z/§=1 01 = 1,0;% > 0), la mot biéu dién

khac ctia noi dung san pham trong khong gian chi dé.

Cac hée théng dé xuat thuong sit dung phan hoi tit ngudi ding dé dua ra goi
¥ vé cac san pham. Cac phan hoi c6 thé duge cung cap ré rang hodic ngam dinh
béi ngusi diing. Mot s6 hé théng cling stt dung noi dung van ban, ching han nhu
mo ta san pham hoiic noi dung tin tic, dé hiéu them vé sé thich ciia ngudi ding
va sau d6 dua ra goi ¥ chinh xac. Cac hé théng dua trén bo loc cong tac chi yéu
chi st dung phan hoi ctia ngusi dung, trong khi dé mot hé théng két hop co thé
stt dung c4 phan hoi va noi dung. Nhém tac gia trong [115], da xay dyng mo
hinh CTMP (Collaborative Topic Model for Poisson) dya trén y tudng két hop
hai m6 hinh CTR [116] va CTPF [117] nham tan dung nhitng vu diém cta ca
hai mo hinh va han ché t6i da nhitng nhuge diém ctia titng mo hinh. CTMP la
sit két hop gitta ki thuat mo hinh héa chi dé (sit dung LDA) dé sinh noi dung
cho méi san pham va phan tich Poisson dé biéu dién cho dit liéu rating roi rac.
Chiing ta c6 thé dé dang nhan thay viéc st dung mo hinh héa lay ¥ tudng tit mo
hinh CTR va phan tich Poisson lay ¥ tudng tit mo hinh CTPF. Mo hinh sinh
ctia CTMP cu thé nhu sau:

M5 hinh sinh ciia CTMP cu thé nhu sau:

1. V6i mdi ngudi dung u, 1lay 1, trong dé n,;, ~ Gammalf(e, f)
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2. V6i moi item j:
(a) Lay véc to ty le chi dé 8, ~ Dirichlet(«)
(b) Véi ti thit n ctia sdn pham j:
i. Lay chi s6 chu dé z;, ~ Categorical(8,)
ii. Lay w;, ~ Categorical(8;,,)
(¢) Lay nhan t6 an pj ~ N(8;, X k)
3. V6i mdi cap user-item (u, 5), 18y ry; ~ Poisson(nl ;)
Hoc CTMP: Chiing ta da biét tinh todn chinh x4c phan phdi hau nghiem
clia cac bién an:

Pe’ Y 7Da767A767
P<37H’777’D704aﬁ7kveaf) = ( ILL 77 ’ f)

P(Dlas B A, [) (4.14)

la khong kha thi, nén suy dién chinh xac 1a khong thé. Cé hai cach tiép can
chinh: wéc lugng diém bing cach ude lugng t6i da xac suat hau nghiem (MAP)
hoac hoc Bayes day du bang cac phuong phap gan dang nhu lay mau MCMC
va phuong phap bién phan [75]. Trong qué trinh hoc mo hinh CTMP, ching ta
phai cap nhat véc to ty ¢ chit dé ¢;. Theo [115], tinh uéc lugng diém ciia ty 1¢
chu dé dia phuong 6; tit ham muc tiéu:

v A
9(6;) = (a = 1) Ekjlog B+ ) ¢ log (ij %%) = S0 =il (4.15)

Chung toi phat hién ra rang ham muc tiéu g(¢;) khong phai la 16i khi o < 1.
Trong [115], céc tac gid da st dung OPE [28] dé tim t6i wu 6;. Luu ¥ ring OPE
la mot thuat toan t6i wu héa lap, 1a bién thé ngau nhién ctia thuat toan Frank-
Wolfe. OPE cung cap lgi thé dang ké cho tinh toan, véi téc do hoi tu nhanh
O(1/T) va chat lugng da duge ching minh. Ky hiéu:

5 A
g1=(a—=1)) logb+ Y _clog (Z ijﬁky> 92 =505~ will3
k v k

khi d6 ham muc tiéu g(d;) trong (4.15) dugc viét lai dudi dang g = g1 + go.

Nhu da dé cap ¢ trén, ching to6i nhan thay BOPE c¢6 nhiéu wu thé vuot troi
hon OPE. Vi vay, chiing toi ¢6 thé 4p dung BOPE dé hoc 6; trong mo hinh
CTMP thay thé OPE da thyc hieén trong [115]. Chi tiét ctia thuat toan hoc
CTMP dugc trinh bay trong Thuat toan 4.5.

4.4.2. Panh gia thuc nghiém

Nhém téc gia trong [115] da st dung thuat toan OPE dé hoc tham sb 6,
trong mo hinh CTMP. Chiung t6i da chiing minh duge thuat toan BOPE cai
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Thuat toan 4.5 Hoc CTMP bang phuong phap Coordinate ascent

Dau vao: Dit lisu quan sat w,r, tham s6 Bernoulli p € (0, 1) va siéu tham sda, A, e va f
Dau ra: Udc lugng 6, p, Duj, Shpuk, Tteyr, and B
1: Khéi tao: Khdi tao 0, 3 bing cac wéc lugng tuong ting tit LDA [39].
2: repeat
for j=1:Jdo
Cap nhat 0; bang thuat toan BOPE
Cap nhat p; theo nhu bai bao [115]
end for
for u=1:U, k=1:K do
Cap nhat tham s6 bién phan theo nhu Bang 2 trong bai bao [115].
Guj x expllog pik + Y (shpur) — log(rtey)] Vi néu ry; >0
10: shpur, +— e+ Zj TujOuj
11: rteyr +— f + Zj Tuj
12: ﬁky X Zj C]V-ij ,Vk, v
13:  end for
14: until hoi tu.

tién hiéu qua hon OPE trén nhiéu phuong dién nhu tinh linh hoat, c6 kha ning
tong quat hoéa va hiéu chinh cao. Do d6 trong phan nay, ching toi danh gia hieu
qua thuc nghieém ciia viéc st dung thuat toan BOPE dé hoc tham s6 g; trong
mo hinh CTMP (goi la CTMP-BOPE) thay thé cho thuat toan OPE trong mo
hinh CTMP ban dau (goi la CTMP-OPE). Chiing toi tién hanh danh gia thyc
nghiém trén bo du lieu CiteUlike va MovieLens 1M va danh gia hiéu qua mo
hinh thong qua hai do do: do chinh xac (Precision) va do bao phti (Recall) khi
so sanh véi cdc mo hinh khac. Ching to6i thiét 1ap tham so tién nghiem Gamma
e = f = 0,3 trong tat ca cac thuc nghiem.

a. Cac bo du liéu thuc nghiém

Chting minh sy hiéu qua ctia thuat toan BOPE khi 4p dung vao suy dién
tham s6 6; trong mo hinh CTMP, ching toi tién hanh thyc nghiém mo hinh
CTMP tréen 2 bo dit lieu CiteULike? va bo dit lieu Movielens 1M*. Chi tiét hai
bo dit lieu duge trinh bay trong Bang 4.3.

e Bo CiteULike: Bo dit lieu vé quan Iy tai lieu tham khio khoa hoc. Bo
CiteULike chtta cac noi dung mo ta dai, trung binh khoang 66.6 tir trén
mot mo ta.

e BO MovieLens 1M: Bo dit liéu danh gia phim ctia ngusi dung. B6 Movielens
chita cac noi dung danh gia ctia ngudi diing 1a cac mo ta ngan, trung binh
chi khoang 4.7 tit trén mot mo ta.

3Bo dit lisu dugc 14y tir http://www.citeulike.org/faq/data.adp
4Bo dit lisu dugc 14y tir https://grouplens.org/datasets/movielens/1m/
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Bo dw liéu Sé ngudi diing | Sé san pham | S6 xép hang | Do dai TB mé ta
CiteULike 5,551 16,890 204,986 66.6
MovieLens 1M 6,040 3,952 1,000,209 4.7

Béang 4.3: Théng ké cac bo dit lieu thyc nghiem. Do thua thét bidu thi t¥ 1é clia céc san pham khong
c6 bat ky xép hang tich cyc ndo trong mdi ma tran xép hang R.

] STT ‘ Tham s6 c6 dinh | Tham s6 Bernoulli p ‘ Tham s6 khao sat ‘
1 A =1000, K =100 p=09 «a € {1,0.1,0.01,0.001, 0.0001 }
2 a=0.01, A =1000 p=0.9 K € {50,100, 150,200, 250}

3 A =1000, K =100 p=0.7 «a € {1,0.1,0.01,0.001, 0.0001 }
4 a=1, K =100 p=0.7 A € {1, 10,100, 1000, 10000}
5 a=1, A=1000 p=0.7 K € {50,100, 150, 200, 250}

Bang 4.4: Cac kich ban khéo sat thyc nghiém ciia ching t6i. M6 hinh CTMP phu thudc vao tham s6
tién nghiém Dirichlet o, tham s6 X va s6 chti dé K.

b. D6 do danh gia thuc nghiém

Cac duy doan duge danh gia theo do do Precision va Recall cho tat ca nguoi
dung trong bo thyc nghiem, duge do tit dé xuat top —M. Deé xuat top —M chiia
cac san pham c6 xép hang du doan ndm trong sé6 M cao nhat. Dé thuan tien,
Precision va Recall tai top-M dudc viét tat lan luct 1a pre@QM va rec@M dudgc
dinh nghia:

1 (&

QM = — —=

prec i Z i
u

QM = L g u

rec =7 M,
u

trong d6 M¢ 1a s6 san pham chinh xac xuat hién trong dé xuat top —M cho
ngudi ding u va M, 1a s6 san pham ma ngudi ding v da danh gia tich cuec.
Ching t6i dung cach danh gia chéo va ghi lai do6 do Precision va Recall trung
binh trén toan bo ngusi dung.

c. Két qua thuc nghiém

Mic du cac tac gia trong [115] da chi ra mo hinh CTMP t6t hon mo hinh
CTF va CTPF, chiing t6i nghién cttu CTMP va nhan thay cé thé cai tién CTMP
t6t hon nita biang cach ap dung thuat toan BOPE dé suy dién tham sb 6; trong
mo6 hinh CTMP thay vi thuat toan OPE. Dong thoi chting t6i xem xét tinh hieu
qua ctia BOPE thong qua viéc khdo sat anh hudng ctia tham s6 tién nghiém
Dirichlet a, tham s6 A va s6 chu dé K trong mo hinh CTMP.

Ching t6i c6 dinh tham sd A\ = 1000, s6 chii dé K = 100, khao sat tham s6
tien nghiém Dirichlet « € {1,0.1,0.01,0.001,0.0001}. Két qua thiic nghiem dugc
mo ta tit Hinh 4.7 dén Hinh 4.10.
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s alpha=1 alpha=0.1 alpha=0.01 alpha=0.001 alpha=0.0001

Precision (%)
H NN W W
U O U1 O

e 1.6 k el
255075100 2550 7510

255075100 255075100 255075100 255075100 255075100
Top Top Top Top Top
-%=- CTMP-OPE —e— CTMP-BOPE

Hinh 4.7: Anh huéng ciia tham sb tién nghiém Dirichlet ov dén mo hinh CTMP khi st dung OPE va
BOPE suy dién va tién hanh trén bo CiteULike. Chiing t6i thiét lap tham sé6 A = 1000, s6 chu dé
K =100 va tham s6 Bernoulli p = 0.9. D do cang cao cang tot.

Thong qua cac Hinh 4.7-4.10 chiing t6i thay vai tro ctia tham sé o gitp kiem
soat do thua ciia chit dé hén hgp 6 cho mdi noi dung. Nhan thay CTMP tuong
ddi on dinh khi thay ddi o € {0.1,0.01,0.001,0.0001} trén ca hai tap dit lieu véi
hai thuat toan suy dién OPE va BOPE. Ching to6i thiét 1ap mo hinh CTMP
xac dinh v6i tham s6 tién nghiem Dirichlet a = 1, tham s6 A = 1000 va s6 cht
dé K = 100, thi khi d6 stt dung thuat toan suy dién BOPE cho két qué t6t hon
OPE trén hai do do va trén hai tap dit lieu. Day 1a bang ching vé hiéu qua cia
thuat toan BOPE khi ap dung trong cac hé thong goi v.

Ching toi thiét 1ap tham s6 tién nghiém Dirichlet a = 1, 86 chii dé K = 100 va
chon tham s6 Bernoulli p = 0.7, sau d6 thay do6i tham sé A € {1,10, 100, 1000, 10000}.
Két qua thuc nghiem duge trinh bay tit trong Hinh 4.11 va 4.12.

Luu ¥ rang A la mot tham s6 dac trung cho dao dong ctia 1 quanh 8. Qua
Hinh 4.11 v& 4.12, ching t6i thay rang khi thiét 1ap siéu tham s6 a = 1 va
K =100, m6 hinh CTMP t6t hon vé6i trusng hop A = 1 va A = 10, trong trudng
hop A = 1000 hosic A = 10000 thi mo hinh cho két qua xau di. Dong thoi ching
toi thay rang véi cac A thyc nghiem thi CTMP-BOPE luon cho két qua t6t hon
CTMP-OPE, tham chi trong truong hop xau A = 1000 hay A = 10000.

Dé diéu tra anh hudng ctia s6 chii dé K dén mo hinh CTMP, ching toi thiét
lap tham s6 tien nghiém Dirichlet o = 0.01, tham s6 A = 1000 va chon tham sb
Bernoulli p = 0.9, sau dé thay doi s6 chi dé K e {50,100, 150,200}. Nhitng két
qué thiyc nghiém nay duge mo ta trong Hinh 4.13 va Hinh 4.14.

Chiing toi tiép tuc tién hanh diéu tra sy Anh hudng clia s6 chii dé K khi thiét
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alpha=0.1

alpha=0.01 alpha=0.001 alpha=0.0001
3.5 2 4.2
X 3.0
525
L)
§2.0<
& 1.5]
< 241
>
=181
©
012/
o
6<
25 50 75100 25 50 75100 25 50 75100 25 50 75100 25 50 75100
Top Top Top Top Top
-%- CTMP-OPE  —e— CTMP-BOPE

Hinh 4.8: Anh huéng ciia tham sb tién nghiém Dirichlet ov dén mo hinh CTMP khi st dung OPE va
BOPE suy dién va tién hanh trén bo CiteULike. Chiing t6i thiét lap tham sé6 A = 1000, s6 chu dé
K = 100 va tham s6 Bernoulli p = 0.7 trong BOPE. D& do cang cao cang tot.

alpha=1 alpha=0.1 alpha=0.01 1 alpha=0.001 21alpha=0.0001
S 201 18 18 18
C
:g 161 151 15 151
9]
912/ 121 121 12
[a
25 50 75100 25 50 75100 25 50 75100 25 50 75100
40+ 401 40+
S F | 32 |32 32/ '
530 24/ 24/ 24/
10} ]
o 20 16/ 16/ 16/
25 50 75100 25 50 75100 25 50 75100 25 50 75100 25 50 75100
Top Top Top Top Top
=%~ CTMP-OPE —e— CTMP-BOPE

Hinh 4.9: Anh huéng ctia tham sb tien nghiém Dirichlet o dén mo6 hinh CTMP khi stt dung OPE va
BOPE la thuat toan suy dién va tién hanh trén bo dit lisu MovieLens 1M. Chung toi thiét lap tham
sd6 A = 1000, s6 chit d& K = 100 va tham s6 Bernoulli p = 0.9. Do do cang cao cang t6t.

lap tham s6 tién nghiém Dirichlet o

1, tham s6 A = 1000 v& chon tham sb6

Bernoulli p = 0.7. Chiing t6i thay doi sé chii dé K e {50, 100, 150, 200, 250}. Céac
két qud thuc nghiem nay dude mo ta trong Hinh 4.15 va 4.16.

Thong qua Hinh 4.15 va Hinh 4.16 thay rang anh hudng ciia s6 chi dé K 16
rang hon so v6i o va X trong mo6 hinh CTMP. S6 lugng chii dé an K thé hién sy

95



alpha=1 alpha=0.1 alpha=0.01 alpha=0.001 alpha=0.0001

= 20 201 201 201
= 20-
S 161 16 16 16
@ 15
0 121 12/ 12/ 12/
o 10<
25 50 75100 25 50 75100 25 50 75100 25 50 75100 25 50 75100
401 401 40 40
301 301 301 301 d
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R I o ¥ LA I o ¥ AN 1 } AN [ § AN
25 50 75100 25 50 75100 25 50 75100 25 50 75100 25 50 75100
Top Top Top Top Top

-»- CTMP-OPE —e— CTMP-BOPE

Hinh 4.10: Anh huéng ciia tham sb tien nghiem Dirichlet o dén mo hinh CTMP khi st dung OPE
vd BOPE la thuat toan suy dién va thyc nghiém trén bo dit lieu MovieLens 1M. Ching to6i thiét lap
tham s A = 1000, s6 chit dé K = 100 va tham s6 Bernoulli p = 0.7. Do do cang cao cang tot.

A=100 A =1000 A =10000

> O
v O

w
o

Precision (%)

=
ol

~ ~~- *a
Ranl TN 1_5< ol T, P

25 50 75100 25 50 75100 25 50 7510

30+

20+

Recall (%)

10

25 50 75100 25 50 75100 25 50 75100 25 50 75100 25 50 75100
Top Top Top Top Top
—%- CTMP-OPE —e— CTMP-BOPE

Hinh 4.11: Anh huéng ctia tham s6 A dén mo hinh CTMP khi st dung OPE va BOPE la thuat toan
suy dién va thyc nghiém trén bo CiteULike. Chtng t6i thiét 1ap tham s6 tién nghiém Dirichlet o = 1,
s6 chit dé K = 100 va tham s6 Bernoulli p = 0.7. Do do cang cao cang tot.

phtic tap ciia mo6 hinh va phu thudc vao tap di lieu. Qua cac Hinh 4.13, 4.14,
4.15 va 4.16, ching toi thay rang CTMP-BOPE thuong t6t hon CTMP-BOPE.
Theo Hinh 4.15, CTMP-BOPE dic biét t6t hon CTMP-OPE khi lia chon tham

s6 Bernoulli p = 0.7 va s6 chi dé K = 200 hodic K = 250 va trén bo di lieu
CiteULike.

96



A=1 A=10 A =100 A =1000 A =10000
= 20 20 201 201
5
’Z’ 16 161 16 151
o
Y12 121 121
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25 50 75100 25 50 75100 25 50 75100
451 401
S 401 40 401 sl
=30 301 301 301
] 20.
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Hinh 4.12: Anh huéng ctia tham s6 A dén mo hinh CTMP khi st dung OPE va BOPE la thuat toan
suy dién va thyc nghiém trén bo MovieLens 1M. Chiing t6i thiét lap tham s6 tién nghiém Dirichlet
a =1, 6 chit d¢ K = 100 v& tham s6 Bernoulli p = 0.7. D6 do cang cao cang t6t.

K=100

K=150

K=200

Precision (%)

N W bk U1 O

e,
~—

N W s~ U1 O

N WA~ U1 O

—~

N Wk U1 O

20 40 60 8010

20 40 60 80100

301
241
18
12

20 40 60 80100

Top

Top

-+- CTMP-OPE

e 8
20 40 60 80100

Top

—eo— CTMP-BOPE

20 40 60 80100

20 40 60 80100
Top

Hinh 4.13: Anh huéng ctia s6 chit dé K dén mo hinh CTMP khi st dung OPE va BOPE lam phuong
phap suy dién va tién hanh trén CiteULike. Chiing toi thiét 1ap tham sb tién nghiém Dirichlet o = 0.01,

tham s6 A = 1000 va tham s6 Bernoulli p = 0.9. Do do cang cao cang tot.

Mo hinh CTMP dugc dic trung béi cac tham s6 tién nghiém Dirichlet o,
tham s6 A va s6 chtt dé K. Khi cac tham s6 nay thay déi ching ta nhan ducc
mot mo hinh CTMP khéc. Diéu tra su thay doi ciia mdi tham sé nay ching toi
tién hanh c6 dinh hai tham s6 con lai. Két qua thic hien mo hinh CTMP-OPE
va CTMP-BOPE dugc cho duéi day. Trong cac thyc nghiém nay ching t6i cb
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K=100 K=150 K=200
211

20 40 60 80100 20 40 60 80100 20 40 60 80100 20 40 60 80100
Top Top Top Top
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Hinh 4.14: Anh huéng ctia s6 chit dé K dén mo hinh CTMP khi s dung OPE va BOPE lam phuong
phép suy dién va tién hanh trén bo MovieLens 1M. Chiing t6i thiét lap tham s6 tién nghiém Dirichlet
truéc o = 0.01, tham s A = 1000 v& tham s6 Bernoulli p = 0.9. D6 do cang cao cang t6t.

K=100 K=150 K=200 K=250
6.0 6.0 6.0l
4.5 4.31 4.5
3.0 A
3.0, 3.0\
1.5 Treed 15 Tt

0 255075100 255075100 255075100

321 321 321
24l 24/ 24/
n 161 161
. 81 81
255075100 255075100 255075100 255075100 255075100

Top Top Top Top Top
-+= CTMP-OPE —eo— CTMP-BOPE

Hinh 4.15: Anh huéng cia s6 chit d&@ K dén mo hinh CTMP khi st dung OPE va BOPE la phuong
phap suy dién va tién hanh trén CiteULike. Chiing toi thiét lap tham s6 tién nghiem Dirichlet o = 1,
tham s6 A = 1000 va tham s6 Bernoulli p = 0.7. D6 do cang cao cang tot.

dinh tham s6 Bernoulli 1a p = 0.7 trong thuat toan BOPE.

Thong qua Hinh 4.17 va Hinh 4.18 ching t6i thay stt dung BOPE lam cho
mo hinh CTMP c¢6 sy khéc biet nhiéu hon khi thay doi tham sb tien nghiem
Dirichlet o so v6i OPE ban dau. Diéu dé c¢é dudc chi c6 thé 1y giai 1a do su ¢
mit ciia tham s6 phan phdi Bernoulli p va chién luge hai bién ngau nhién trong
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K=50 4 K=100 K=150 K=200 K=250
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Hinh 4.16: Anh huéng cia s6 chit d&@ K dén mo hinh CTMP khi st dung OPE va BOPE la phuong
phép suy dién va tién hanh trén bo MovieLens 1M. Chiing t6i thiét lap tham sé tién nghiém Dirichlet
a =1, tham s6 A = 1000 v& tham s6 Bernoulli p = 0.7. D6 do cang cao cang t6t.

CTMP-OPE CTMP-BOPE

—~3.51 4.0

X 01

— 3.0/

C ]

52.5 3.2

[%)]

'S 2.0 2.4

Q

a 1.5 ‘ ‘ ‘ ‘ ‘ 1.6 ‘ ‘ ‘ ‘ ‘
20 40 60 80 100 20 40 60 80 100

§20’ 241

= 16/ 18

© ]
T T T T T 67 T T T T T
20 40 60 80 100 20 40 60 80 100

Top Top
—_— a=1 a=0.1 ¥ a=0.01 —a- a=0.001 —— a=0.0001

Hinh 4.17: C6 dinh A = 1000, s6 chii dé K = 100 va thay d6i tham s6 tién nghiém Dirichlet o €

{1,0.1,0,01,0.001,0.0001}. Chiing toi thitc nghiem trén by CiteULike va tham s6 Bernoulli dugce chon
p = 0.7 trong BOPE. D6 do cang cao cang tot.

thiét ké BOPE. Theo nhu cac két qua & trén, nhan thiy v6i tham s6 tién nghiem
Dirichlet a = 1 cho két qua thuong tot, nén ching toi ¢ dinh o = 1 va s6 chil
dé K =100 va khao sat tham s6 A.

Theo Hinh 4.19 va Hinh 4.20 ching to6i thay lia chon tham s6 A = 1000 hozc
A = 10000 khong t6t bang A = 1 hosic A = 10. M6 hinh c¢6 do do thap khi hé s6 A
qué 16n, chédng han A = 10000. Dong thsi, BOPE v6i tham s6 Bernoulli p = 0.7
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Hinh 4.18: C6 dinh A = 1000, s6 chii dé K = 100 va thay d6i tham s6 tién nghiem Dirichlet o €
{1,0.1,0,01,0.001,0.0001}. Chiing t6i thyc nghiém trén bo Movielens 1M va tham s6 Bernoulli duge
chon p = 0.7 trong BOPE. Do do cang cao cang tot.

CTMP-OPE CTMP-BOPE
£ 3.0
C
S2.4]
u
9]
1.8
o
1.2

3181
T12
(0]
[a's

6,

25 50 75 100 25 50 75 100
Top Top
—— =1 A=10 --%- A=100 —m- A=1000 —— A=10000

Hinh 4.19: C6 dinh tham s6 tién nghiém Dirichlet o = 1, s6 chii d&8 K = 100 va thay ddi tham s6
A € {1,10,100,1000,10000}. Chiing toi thuc nghigm trén bo CiteULike va tham s6 Bernoulli dugc
chon p = 0.7 trong BOPE. Do do cang cao cang tot.

lam cho do do cia CTMP-BOPE c6 su khéc biét 16n khi thay déi A va hon nita
cho két qua cao hon hdn CTMP-OPE, dic biét trén bo CiteULike.

T Hinh 4.21 va 4.22 chting to6i thiy do do ctia mo hinh t6t hon khi K = 250.
Chil ¥ rang v6i mdi bo tham s6 tién nghiém Dirichlet o = 1, tham s6 A va s6
chii dé K cho chiing ta mét mo hinh CTMP cu thé.

Ching t6i phat hien mo hinh CTMP st dung BOPE (duge goi 1la CTMP-
BOPE) thuong hoat dong t6t hon CTMP stt dung OPE (dugce goi 1la CTMP-
OPE) trén cé hai do do Precision va Recall. Day 1a bang chiing tryc quan vé céc

100



CTMP-OPE CTMP-BOPE

o

Precision (%)
= = N
N O

(o]

45
S
= 301
©
O
(O]
x 15
25 50 75 100 25 50 75 100
Top Top
—_— A=1 A=10 v A=100 -—=- A=1000 —— A=10000

Hinh 4.20: C6 dinh tham s6 tién nghiém Dirichlet o = 1, s6 chii d&8 K = 100 va thay ddi tham s6

A € {1,10, 100, 1000, 10000}. Chiing toi thyc nghiém trén bo Movielens 1M va tham s6 Bernoulli dugc
chon p = 0.7 trong BOPE. Do do cang cao cang tot.
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S
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S
23.0
g
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321
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T 16
Q
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Top Top

—— K=50 K=100 --%- K=150 -—=— K=200 —4— K=250

Hinh 4.21: C6 dinh tham sb tién nghiém Dirichlet o = 1, A = 1000 va thay ddi s6 cha dé K €

{50,100, 150, 200, 250}. Chting toi thuc nghiém trén bo CiteULike va tham s6 Bernoulli duge chon
p = 0.7 trong BOPE. D6 do cang cao cang tbt.

uu diém ctia BOPE véi viéc stt dung phan phéi Bernoulli va hai giéi han ngau
nhién khi so sanh véi cac phuong phap da dé xuat trude day.

4.5. Két luan chuong 4

Trong chuong nay, ching toi da trinh bay vé thuat toan BOPE thong qua
khai thac tinh ngdu nhién ctia phan phéi Bernoulli dé giai bai toan MAP trong
mo6 hinh do thi xac suat. BOPE van ddm bao chat lugng va toc do hoi tu giong
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Hinh 4.22: C6 dinh tham sb tién nghiém Dirichlet o = 1, A = 1000 va thay ddi s6 cha dé K €
{50,100, 150, 200, 250}. Chuing toi thuc nghiém trén bo Movielens 1M v& tham s6 Bernoulli duge chon
p = 0.7 trong BOPE. Do do cang cao cang tbt.

nhu OPE, dé la dac diém quan trong nhat trong s6 cac phuong phap suy dién
hién dai. Thong qua cac két qua thiyc nghiém, ching to6i da chiing minh BOPE
c6 hieu qua trong bai toan phan tich van ban va bai toan hé thong goi . Ching
toi chiing minh duge tham s6 Bernoulli p trong BOPE c6 vai trd quan trong
giip BOPE c6 nhitng wu diém ndi bat nhu tinh hiéu chinh va tinh linh hoat t6t,
lam viéc duge trén nhiéu loai dit lieu van ban, dac biét 14 van ban ngan. Hon
nita BOPE gitip hé thong gidm hay tranh hién tuong qua khép. Véi bang chiing
dua ra vé mat Iy thuyét va thuc nghiém, ching toi xdc nhan rang BOPE 1a mot
ing cii vién tot cho bai toan MAP khong 16i va hoan toan mé rong cho bai toan
t61 uu khong 16i tong quat. Mot s6 két qua dé cap trong chuong nay da ducc
chiung toi trinh bay trong bai bao "A fast algorithm for posterior inference with
latent Dirichlet allocation" dang trén ky yéu hoi thdo quoc té ACIIDS 2018 va
trong bai bao "Bernoulli randomness in MAP estimation, and its application to
text analysis and recommender systems" chuan bi giii dang trén tap chi quoc té
uy tin.
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KET LUAN

Trong luan an ching toi da nghién cttu vé bai toan cyc dai héa xac suat hau
nghiem (MAP) khong 16i thuong xuat hién trong hoc méay. Qua d6 ching toi
da tim hiéu céc cach tiép can giai bai toan MAP khong 16i. Trén co sé do, luan
an da de xuat dude mot s6 thuat toan ngau nhién gidi hieu qua bai toan MAP
khong 10i trong mot s6 mo hinh xac suat. Sy hiéu qua clia cac thuat toan dé
xuat duge xem xét day du trén cd hai khia canh 1y thuyét va thuc nghiem. Cac
thuat toan dé xuat dudc ching minh ddm bao hoi tu véi toc do nhanh thong
qua cong cu y thuyét xac suat thong ke va Iy thuyét t6i wu. Thong qua thuyc
nghiém trién khai bai toan suy dién hau nghiém trong mo hinh chii dé trén nam
bo dit lieu 16n va trién khai bai toan MAP v6i mo hinh CTMP trong hé goi ¥,
ching toi ddm bao rang cac dé xuat hieu qua cao hon va c¢6 kha ning ap dung
tot so v6i cac phuong phap duong dai. Thong qua nghién ciu ki ludng vé mit
ly thuyét va thyc nghiem da ching minh dude tinh wu viet ciia cac thuat toan
de xuat.

A. Két qua dat dudc ctia luan an

V6i két cau luan an gom 4 chuong, cac két qua chinh dat dude ciia luan an
¢6 thé duce téom tat nhu sau:

(1) Luan an dé xudt mot nhém thuat toan t6i wu ngdu nhién dat ten 1la OPEL,
OPE2, OPE3 va OPE4 duya trén phan phoi déu cing véi két hop hai bien
ngau nhién dé giai bai toan suy dién hau nghiém véi moé hinh cht dé, trong
d6 OPE3 va OPE4 1a hiéu qua nhat. Sy hoi tu ctia OPE3 va OPE4 dudc
chiing minh nghiém tic bang cong cu giai tich, 1y thuyét xac suat va toi uu.

(2) Chung toi tiép tuc dé xuat GOPE bang stt dung phan phoi roi rac Bernoulli
va Iy thuyét xap xi ngau nhien dé giai bai toan MAP khong 16i. Thuat toan
GOPE c6 tinh linh hoat va tdng quat do c¢6 mit cia tham s6 Bernoulli
p € (0,1) dong vai tro 1a tham s6 hiéu chinh ctia thuat toan. Chung toi da
danh gia sy hiéu qua ctia GOPE khi a4p dung cho bai toan MAP v6i mo
hinh chii dé day du trén hai phuong dién 1y thuyét va thuyc nghiem véi di
lieu dau vao 16n va cao chiéu.

(3) Dé xuat thuat toan BOPE la mot thuat todn ngdu nhién hi¢u qua c6 tinh

tong quat, linh hoat cao vuot troi hon cac thuat toan khac, dic biet 1a hieu
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chinh. Thong qua khai thac ngau nhién Bernoulli va cac bién ngau nhién,
chiing toi da thu dugce thuat toan BOPE cho bai toan MAP khong 16i trong
cac mo hinh do thi xic suat. Dong thoi BOPE dude ap dung thanh cong
vao bai toan phan tich van ban va bai toan hé goi ¥.
Véi cac deé xuat ching toi thay rang cac dé xuat dap tng toét cac yeéu cau clia
thuat toan t6i wu cho bai toan khong 16i xuat hién trong hoc may: cach van hanh
thuat toan don gidn, thich nghi t6t v6i nhiéu mo hinh thuyc té, c6 toc do hoi tu
nhanh da dugc khang dinh thong qua co sé 1y thuyét va so sanh thuc nghiem.

B. Dinh huéng phat trién

Cac thuat toan toi wu ngiu nhién dé xuat dé giai bai toan MAP khong 16i
duge ching toi nghién ctu dem dén mot cach tiép can méi mé: sit dung xap xi
ngau nhién, cic phan phdi xac suat ngau nhién, dua ham muc tiéu tat dinh ban
dau tré thanh dai lugng ngau nhién c6 thé tinh toan hieu qua. Nhan thay céch
tiép can nay phit hop va thuc sy hiéu qua, diac biet khi cic bai toan MAP khong
10i trong hoc may thong ké thuong c6 ham muc tiéu phtc tap, xuat hién trong
cdc mo hinh v6i dit lieu 16n, cao chiéu. Do d6 trong thoi gian t6i, chung toi tiép
tuc tap trung phét trién cac thuat toan sau va rong hon, theo cac hudng:

e Trién khai rong trén nhiéu mo hinh bai toan khac trong hoc may c6 dang
khong 16i hay bai toan quy hoach DC khé giai;

e Nghién ctu cac tinh chat wu viet clia cac thuat toan dé xuat nhu tinh tong
quat, tinh hiéu qua va kha nang hiéu chinh. T d6 nghién cttu thuat toan
toan dién hon trén hai mat 1y thuyét va thyc nghiém;

e Ap dung thanh cong vao mot sé bai toan ting dung nhu phan tich vian ban,
hé gai ¥y, bai todn nhan dang trong xit Iy anh,... Dong thdi phat trién céc
nghién cttu khong chi lam viéc trén cac dit lieu van ban ma c6 thé mé rong
trén nhicu loai dit lieu da dang v phitic tap hon dap tng tét hon cac nhu
cau clia cac bai toan thuc té.
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Phu luc
A. Do do Log Predictive Probability

Do do Log Predictive Probability (LPP) cho thay tinh dy doan va khai quat
cua mo hinh M trén dit lieu méi. Viéc tinh toan phép do nay dugc thuc hién
theo bai bao [43]. Dbi véi moi tai lieu trong bo dit licu thuc nghiém, chia ngau
nhién thanh hai phan rieng w, va wp, v6i ty 1é 80 : 20. Tiép theo, suy luan vé
Wops dé c6 duge ude tinh E(6°%%). Sau d6, xap xi xac sudt du doan la

K

P(WhoWope, M) =[] D EOF*)EBa) (A1)
(

wewho) k=1

Log Predictive Probability = log (A2)

trong d6 M 1a mo hinh can do. Udc tinh E(B;) o« A cho cac phuong phap hoc
tap duy tri phan phdi bién phan (A) theo cic chi dé. LPP dugc tinh trung binh

tit 5 lan chay ngau nhién, mdi lan thuc hién kiém tra trén 1000 tai lieu vin ban.
B. D6 do Normalised Pointwise Mutual Information

Do do Normalised Pointwise Mutual Information (NPMI) gitp ching ta thay
duge sy gén két ho#ic chat lugng ngit nghia ciia céc chu dé rieng 1é. Theo [118],

NPMI t6t v6i danh gia vé tinh c6 thé hiéu clia cAc mo hinh chii dé. Véi mbi chit

deé ¢, lay tap {wi,we,...,w,} clia top n thuat ngit véi xac suat cao nhat. Sau doé
tinh:
9 n j—1 log PJ(:’(U’)];EH))
NPMI(t) = ——— LA Bl
®) n(n—l)ZZ—logP(wj,wi) (B1)

trong d6 P(w;,w;) 14 xac sudt dé term w; v w; xudt hién cling nhau trong mot
van ban. Udc luong nhitng x4ac suat nay tit tap huan luyén. Trong cac thuc
nghiém, chon top n = 10 ti ngit cho mdi chii dé. Toan bo NPMI ciia mo6 hinh
v6i K chi dé duge tinh trung binh nhu sau:

K
1
NPMI = ; NPMI(t) (B2)
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