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Gi6i thidu

Gidi thiéu bai toan

M6 hinh markov an (HMM) la gi?

L3 mé hinh théng ké& d3c trung béi tinh don gidn va khic phuc duoc nhiing diém
yéu clia mé hinh Markov khi dbi tuong quan sat cé nhiéu trang thai va xac suit
chuyén d3i trang thai thay di theo thdi gian.

Phuaong phap song song (Parallelization) la gi?

Nh3m muc dich gidm chi phi tinh todn va cé thé mé réng cho cac bai toan trong
thuc té. St dung mét sb6 phan citng chuyén dung nhu GPUs, NPUs, TPUs.

Bai toan suy dién (inference problem) la gi?

Trong bdi canh cta HMM, bai toan suy dién dua trén dit liéu tir quan sat dugc dé
suy luan ra xac suit xdy ra cac su kién trong tuong lai thong qua mot phuong
phap phan tich xac sut nao dé.
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Gi6i thidu

Dong luc nghién cliu

C4c cong trinh nghién clru hién tai tap trung vao viéc ci thién téc dd thuat toan
viterbi théng qua phuong phép song song héa (parallelization) nhung chua dugc
nghién cifu ki ludng ma chi tap trung tdi uu muc tiéu (nhan dang tiéng néi).

Hién tai phuong phap song song hod st dung thudt toan parallel-scan da dugc
ing dung trén thuit toan Bayesian filtering and smoothing dé ting téc téc db
tinh toan tuan tu. Trong bai bdo ndy, tac gia s& tan dung phuong phap ndy va ap
dung né trén mé hinh HMM cho bai toan suy luan (inference problem) véi co ché
tinh toan khac.
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Gi6i thidu

Y nghia thuc tién

M6t s6 (ing dung ctia md hinh Markov an trong thuc té& nhu:
® Nhan dang: tiéng néi, ctf chi, nét mit.
® Theo doi muc tiéu.
® |inh vuc tin sinh hoc: du doan gen.

® Gi3di m3 m3 morse.
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Gi6i thidu

M6t sé vi du vé (ing dung trong thuc té |
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Hinh 1: Ung dung trong nhan dang tiéng néi [12].
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Gi6i thidu

M6t s6 vi du vé (ing dung trong thuc té Il
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Hinh 2: Ung dung trong du doan trinh tu gen [5].
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Gi6i thidu

M6t s6 vi du vé (ing dung trong thuc té Il

Noisy DOT Noisy SILENCE Space between two Letters Space between two words
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Hinh 3: Ung dung trong giai m3 m3 morse [1].
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Cac cong trinh lién quan
Céac cong trinh lién quan |

Cac phuong phap lién quan t3ng téc qua trinh suy dién cia HMM:

Tac gid Phuong phap Uu diém Nhuoc diém

Lifshits Str dung mot luge dé nén Nhanh hon Chi ap dung ting

et al.[g] nhd tan dung cadc miu Viterbi, c6 khd tbc cho gidi m3 va
I3p di I3p lai trong cic ning song song huin luyén HMM.
chudi quan sat dugc. héa cao.

Sand et D& xudt mdt thu vien Ting tdc cic Thai gian thuc thi

al.[13] C++ sir dung single thuat toan, & pha gidi m3 hau
instruction trén nhiéu gidm thdi gian nghiém vin con
bé xt ly dir ligu va thuc thi. chdm, chua gidi

nhiéu cores dé ting tbc
Viterbi, forward, back-
ward va Baum Welch.

quyét van dé thua
trong cac mo hinh
HMM.
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Bang 1: Téng hop cac cong trinh lién quan I.
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Cac cong trinh lién quan

Céac cong trinh lién quan Il

Tac gid Phuong phap Uu diém Nhuoc diém
Nielsen St dung parallel reduc- Can it tuong tdc Cham v6i sb6
and tion dé ting tdc trong giita cic bd xir ly lugng  trang
Sand[11]  thudt toan forward. va thuc thi nhanh thai I6n.

v6i s6 lugng trang

thai nho.
Chatterjee St dung khéi niém tem- D3adm bdo sé tim Gidi han cla
and poral abstraction tir quy dugc Viterbi path TAV xudt hién
Russell[2] hoach déng dé ting téc v6i tdc d6 thuc thi  khi hé théng

thudt toan Viterbi.

nhanh hon Viterbi
va nhanh gip déi
so véi CFDP.

c6 cac chuyén
ddi trang thai
thudng xuyén.

Bang 2: Téng hop céc cdng trinh lién quan II.
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Cac cong trinh lién quan
Céac cong trinh lién quan Il

Tic gid ~ Phuong phdp Uu diém Nhuoc diém
Zhihui et D& xuit tile-based Viterbi Cho thdy hiéu Chua khai thac
al.[3] algorithm bang cach s suit vuot trdi hon song song hoda
dung accelerated hardware, cac phuong phip trong tic wvu
trong d6 phép nhan ma tran  wave-front va suy dién HMM.
dugc thuc thi mét cach song  streaming, nhanh
song. hon Viterbi.
Maleki et D& xuat phuong phap téi vu  Ting tdc dang ké Chua khai théac
al.[10] ma cho phép gidi mot I16p parallel Viterbi de- song song hda

bai toan quy hoach dbng cu
thé b3ng tropical semirings
va ding né dé t6i uu thuat
toan Viterbi.

coder lén 24x véi
64 processors.

trong tac wu
suy dién HMM.
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Bang 3: Téng hop céc cong trinh lién quan II1.
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Cac cong trinh lién quan

Cac cong trinh lién quan IV

Cac thudt todn dudgc st dung cho nhiém vu suy ludn HMM trén GPUs:

Thudt toan Trang thai Quan sat Téc do cai thién
Forward-backward [7] 8 200 3.5x
Forward [9] 512 3-10 880x
Baum-Welch [9] 512 3-10 180x
Viterbi [16] — 2000-3000 3x
Forward [6] 4000 1000 6x
Baum-Welch [6] 4000 1000 65x

Bang 4: Téng hop cac cong trinh lién quan IV.
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Cac cong trinh lién quan

Céac cong trinh lién quan V

Céc cbng trinh lién quan sir dung parallel-scan dé ting téc qua trinh tinh toan:

Téc gid Phuong phap Uu diém

S.Sarkka D& xudt phuong phap dua trén Gidm d6 phiic tap bao
et al.[14] IEKS+sigma-point bang cich sirdung tuyén tinh clia cac
mdt thudt todn duyét dé song song phuong phap uéc luong
héa. trang thai vé logarithm.
F. Dinh nghia cac phan tir, toan tlf cho Gidm dd phiic tap tuyén
Yaghoobi tit c3d cic téng tién t6 va thuit tinh cla cac thuit toan
et al.[15] toan duyét song song, song song héa smoothing tiéu chuin vé
cac phuong trinh Bayesian filtering va  logarithm.
smoothing tdng quét.

Bang 5: Téng hop cac cong trinh lién quan V.

Nhugc diém: lugng tinh todn van con 16n so véi cac thudt toan tudn tu, cin phat
trién particle filter and smoother methods
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Kién thic nén tang

® D 13 sb lugng cic trang théi (states).

® T 13 s lugng cac quan sat (observations).

® O = p(yg|rk) 1a ma trdn quan sit (observation matrix).

® r=(x1,..,op) la tip cic trang thai.

* y=(y1,...,yr) la tdp cac quan sat

® o) = (¢1,...,0r) 12 tap cac ham tiém n3ng (potential) dung dé xac dinh cac
clique cia db thi.

® II = p(zy|zr_1) 12 ma tran chuyén trang théi (transition matrix).

® | =(ly,...,Ip) 13 tAp cac xac suat trudc (prior probabilities) cho cac trang thai.
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Kién thic nén tang

Ciu trac HMM

X1 Xz Xs X4 XT

0, 0, 0, o, o,

Hinh 4: CAu tric md hinh Markov an.

 Diy chuyén cac trang thai:

X =(X1,....X7)
® D3y cac su kién quan sat dugc:

O = (0y,...,07)
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Kién thic nén tang

Dinh nghia bai toan

Gia st mdi bién zp nhan mot gia tri xac suit tuong (ing cho mdi trang théi trong
tap X = {1,...,D} va mdi ham tiém n3ng s& |3 mét ham clia mét tap con clia xp
ma dugc ky hiéu 13 x4, v6i ap = (y1,...,yr) 12 cic chi s6. Phan phdi két hop
clia cac bién ngiu nhién dugc biéu dién theo phan phdi Gibbs nhu sau:

1 T
p(a) = T[ ¥elras), 1)
t=1

Trong d6 Z = >, Hthl Y(Tap) 13 Mot h3ng s6 chuan héa.
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Kién thic nén tang

Kién thiic nén tang

Thoéng thudng, mot bai toan suy dién 1 su tinh toan clia tat ca cic bién.

1 T
plar) = - > I ¢e(@an), (2)

x\z t=1

Trong d6 z \ 2, = (21, ..., Th—1, Thy1, -.., T7) 13 tdng chia tit ca cac bién ngoai
trr xp.
Ngoai ra, mot nhiém vu suy dién khac 13 bai toan tbi dai s6 lugng tuong dong.

T
p*(l’k) = MaTz\k H wt(xat)7 (3)
t=1

Trong d6 t6i da dudc tinh toan dén tit ca cac bién ngoai trir zy,.
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Kién thic nén tang

Kién thiic nén tang

Trong mé hinh Markov 4n, bai toan suy dién dugc dé cap nhu sau:

T ~ p(Tk|TK-1), (42)
Yk ~ p(yrlze), (4b)
Trong d6 ~ ky hiéu cho su phan phéi, chudi 1, ..., 27 13 Markovian véi cic xac
suit chuyén trang thai p(z|zr_1), p(yr|zs) 13 cac xac sut quan sat dugc va z;
~ p(x1) 1a mdt xac suit tién nghiém.
Trong Eq. 1, bai toan suy dién dugc dién gidi nhu sau:

Y1(z1) = p(y1lx1)p(z1), v6i k = L. (5a)
Ur(Tr—1, k) = p(yk|zr)p(xk|TE—1), véi k > 1. (5b)
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Kién thic nén tang

Kién thiic nén tang

Tir (5a) va (5b), phan phdi két hop trong Eq. 1 s& c6 dang nhu sau:

1 T
p(e) = Zii(21) I velain, ), (6)
t=2

Trong d6 o, = (k- 1, k) néu k > 1vaay = (1) néu k = 1.
Chiing ta c6 thé 4p dung cac loai toan tit chung dén Eq. 6 nhu sau:

T
Flag) = %opk (1/)1(351) Hd)t(xt_l,xt)) k=1,..T (7
=2

Trong d6 OP(-) 1a m&t chudi cac toan tir 4p dung dén tit cd cac bién ngoai trir
z,. D& tinh duoc Eq. 7, ching ta c6 thé st dung hai thuat toan 13 sum-product
ho3c max-product cho cac toan tif cdng va |3y cuc dai. Tuy nhién, vi hai toan ti
nay d3 dudc tic gia chitng minh 13 cé tinh két hop nén & nhitng phan sau ching
sé dugc st dung véi thuat toan duyét song song dé song song héa su tinh toan
cho hai thuat toan trén.
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Céc phuong phap dé xuat Thuat toan téng tich cd dién va duyét song song

Thuét toan tong tich cd dién

Ham tiém ning thgng dugc dinh nghia nhu sau:

wlk zp) = Y Pi(z1) Hwt 14(Te—1, 1), (8)

T1:k—1

Ham tiém n3ng ngudc dugc dinh nghia nhu sau:

Ghrlae) = Y HT/)ttH Tt, Tey1), (9)

Tk+1:T t=k
Trong dé 1[)T7T+1($T,33"1;+1) =1. ) )
Chdng ta bay gid cé thé tinh dugc phan phoi bién p(zy) tuong ng dén toan td
cong trong Eq. 7 nhu sau:

plax) = Zlkw{,km)wzj(m (10)

Trong d6 Zi = 3., ] . (w)v] 1 (x).
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Céc phuong phap dé xuat Thuat toan téng tich cd dién va duyét song song

M3 gid thuat toan tdng tich ¢ dién

Input : Cic ham tiém ning () v6i k =1,...,T.
Output: Ham tiém n3ng thing 1/1{,1((%) va ngugc 1/127T(a:k) véik=1,..T.
//Forward pass:

¢{,1($1) = Y1(z1) > Téi uu héa

for k< 2to T do > Chay tuan tu
|0l (@) = T ] @)k k(@ )

end

//Backward pass:

lz)%’T(l’T) =1 > Toi uu héa

for k< 2to7T —1do > Chay tuan tu
| b () = Y, Ukt (@ eV} (Th41)

end

Algorithm 1: Thuit toan tdng-tich c6 dién.
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Céc phuong phap dé xuat Thuat toan téng tich cd dién va duyét song song

Vi du thuit toan téng tich cd dién

Gia st chling ta cé tap cac trang thai S = ('Rainy’: 0, 'Sunny’: 1), chudi c4c quan
sit O = (‘walk’: 0, 'shop’: 1, 'clean’: 2), phan phéi ban ddu = = {'Rainy’: 0.6,
'Sunny’: 0.4} va hai ma tran cho chuyén trang thai va quan sat dugc nhu bén dudi

Rainy Sunny walk shop clean
Rainy 0.7 0.3 Rainy 0.1 0.4 0.5
Sunny 04 0.6 Sunny 0.6 0.3 0.1
Bang 6: Ma tran chuyén trang théi Bang 7: Ma trén quan st dugc

Nhiém vu clia ching ta 13 can di tim ham tiém n3ng thing w{k(:zk) ham tiém
n3ng ngugc Y +(z1) va phan phdi bién p(zy) dua vao cac dif kién trén.
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Céc phuong phap dé xuat Thuat toan téng tich cd dién va duyét song song

Vi du thudt toan téng tich c6 dién

3 buéc forward, ban dau k = 1, ta cé

ol (21) = ¥i(21) = plyf21)p(ar) = [01 0.6] x [0.6 0.4] = [0.06 0.24]
Khik=2dén T =3

?ﬁ{,k(xk) = ¢{,k_1 g (Tp—1, TK) = ¢{,k_1 - p(yk|zr)p(Tr]2R—1)

=l y(@s) = ¥, - Ya(wr,25) = [0.06 0.24] ([0.4 03] x lg:; 8:2]) =
[0.0552 0.0486]
— ] y(w3) = {5 - Po(a, 23) =

[0.0552 0.0486] - ([0.5 0.1] x lm 0.3

o4 0-6D - [0.02904 0.004572]

0.06 0.24
Cudi cling, ta ¢6 dugc ham tiém ning thing d){k(azk) = [ 0.0552  0.0486
0.02904 0.004572
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Céc phuong phap dé xuat Thuat toan téng tich cd dién va duyét song song

Vi du thudt toan téng tich c6 dién

O buéc backward, ban d3u k = 3, ta s& t5i uu héa ¥} 5(z3) = 1.0 1.0}
Khik=T-1=2dén1 '
Oh (k) = Prprr (Tr, Trs1) - VR p(Trg1)

— Y8 5(w2) = Yo 3(wa, x3) - Y 5(x3) = ([0.5 0.1} x [8:1 8:2 ) : {1,0 1,0] -

[0.38 0.26]
— ¢} g(x1) = Prp(w1, 2) - Y8 5(22) =

<[0.4 03] x [0'7 O‘?’D -[0.38 0.26] = [0.1298 0.1076]

0.4 0.6
0.1298 0.1076

Cubi ciing, ta ¢6 dugc ham tiém ning thing wZ,T(xk) =1 0.38 0.26
1.0 1.0
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Céc phuong phap dé xuat Thuat toan téng tich cd dién va duyét song song

Vi du thuit toan téng tich cd dién

Sau khi d3 c6 duoc ham tiém n3ng thing va ham tidém ning nguoc, ching ta sé
tim phan phdi bién p(zy) bang cich ap dung Eq. 10
o) — o] (o )0h (o) 0.06 0.24]x[0.1298 0.1076]
P\Tk) = Z- Tk Tk) =
2 TLRATEITRT 2[0.06 0.24} x [0.1298 0.1076]

[0.0552 0.0486}x[0.38 0.26] [0.02904 0.004572%[1.0 1.0}
2[0.0552 0.0486}x[0.38 0.26} +z[0.02904 0.004572%[1.0 1.0}

0.2317 0.7683
= 10.6241 0.3759
0.8640 0.1360
Vay véi chudi quan sat O = {0, 1, 2} thi ta s& c6 dugc chudi trang thai du doan

dugc 1a {'Sunny’, 'Rainy’, 'Rainy’}.

Parallelization-Hidden Markov Models
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Céc phuong phap dé xuat Thuat toan téng tich cd dién va duyét song song

Thuat toan duyét song song

Thudt todn duyét song song (parallel-scan) hay con dugc goi la téng tién td
(prefix sum) diing dé tinh toan song song tit ca cac téng tién tb clia cic toan tir
két hop. Dua ra mot chudi cac phan tir (a1, ...,ar) vd mot toadn tr két hop hai
ngdi ®, téng tién t6 chia chudi ndy dugc tinh nhu sau:

(al,a1®a2,...,a1®a2®...®aT). (11)

M6t cach tuong tu, ching ta ciing s& tinh dudc tdng tién té cho chudi trén theo
dang ddo ngudgc nhu sau:

(a1®a2®...®aT,...,aT_1®aT,aT). (12)
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Céc phuong phap dé xuat Thuat toan téng tich cd dién va duyét song song

M3 gia thuit toan duyét tuan tu

Input : Cic phan tlr a;, v6i k = 1,...,T va toadn tlf ®.

Output: Tong tién td ay véi k = 1,...,T.

fork< 0toT —1do > Chay tuan tu
| afi + 1] = ali] ® a[i + 1]

end

Algorithm 2: Thuit toan duyét tuan tu.

Gia st ching ta c6 chudi a = {a1,as, ...,ar} va mdt toan tr két hop hai ngdi ®@
thi néu st dung thult toan 2, chiing ta c6 thé tinh téng tién t& clia chudi a véi db
phiic tap O(T'). Tuy nhién, chiing ta cé thé tinh téng tién t& clia chudi nay thong
qua thuat todn duyét song song v8i dd phiic tap chi con O(logT).
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Céc phuong phap dé xuat Thuat toan téng tich cd dién va duyét song song

M3 gid thuat toan duyét song song |

Input : Cic phan tlr a;, v6i k = 1,.... T va toadn tlf ®.
Output: Tong tién td ay véi k = 1,...,T.

for i< 1toT do > Chay song song
| bli] « ali]
end
//Up sweep:
for d < 0 to logoT - 1 do
for i< 0to T -1 by 27t do > Chay song song
| afi + 29 - 1) < afi + 27 - 1] ® afi + 29! - 1]
end
end

ar <+ 0 > 013 phan tif trung |13p cho toan ti ®

LN Nam - TD Chi - TX Léc Parallelization-Hidden Markov Models



Céc phuong phap dé xuat Thuat toan téng tich cd dién va duyét song song

M3 gid thuat toan duyét song song Il

//Down sweep:
for d < logsT - 1 to 0 do
for i< 0to T -1 by 27! do > Chay song song
temp = a[i + 2% - 1]
afi +24-1] = a[i + 29+ - 1]
afi + 2%+ - 1] = temp ® afi + 2¢+! - 1]
end
end
//Final pass:
for i< 1to T do > Chay song song
| a[i] « a[i] ® bi]
end

Algorithm 3: Thudt todn duyét song song.

LN Nam - TD Chi - TX Léc Parallelization-Hidden Markov Models



Céc phuong phap dé xuat Thuat toan téng tich cd dién va duyét song song

Vi du thuat toan duyét song song

Gid sir c6 mét danh sach a = (5, 3, -6, 2, 7, 10, -2, 8) va toan ti +, ching ta sé
st dung thudt toan tim kiém song song dé tim téng tién t6 cho cac phan ti ay,
trong danh sach nay. O buéc Up sweep, i T =8nénd =0, 1, 2.
Véi d = 0, buéc nhdy caa 29+ 13 2.

®i=0a0+2"" - 1] +=a[0+2°-1] - a[l] +=2a[0] =3 + 5 =8

e i=2aR+2% 1] +=a2+2°-1] a8l +=a[2] =2-6 = -4

o i=4a4+2" 1] +=a[4+2°-1] » a[5] +=a[4] =10 + 7 =17

®i=26a6+2"" -1 +=a[6 +2°-1] — a[7] +=a[6] =8-2=6
Lac nay, a trd thanh (5, 8, -6, -4, 7, 17, -2, 6).
Véi d = 1, buéc nhdy caa 2¢+1 13 4.

ei=0a0+2 1] +=a0+2'-1] a8l +=a[l] =-4 + 8 =4

e i=4 a4+ 2 1) +=a[4 +2'-1] = a[7] +=a[5] =6 + 17 =23
Lac nay, a trd thanh (5, 8, -6, 4, 7, 17, -2, 23).
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Cac phuong phap dé xudt ~ Thudt toan téng tich cd dién va duyét song song

Vi du thuat toan duyét song song

Véi d = 2, buéc nhdy cia 291 13 8

®i=0a0+22t - 1] +=a0+22-1] —» a[7] +=a[3] =23 + 4 =127
Ldc nay, a trd thanh (5, 8, -6, 4, 7, 17, -2, 27).
o] trudng hop Up sweep, chiing ta c6 thé xem d3y a nhu |3 cac niit 14 chia mét
cay nhi phan hoan hdo va cic nit bén trong sé duoc tinh bdi téng clia tit ca cac
nit |4 trong cay con clia né theo buéc nhay 1a 2%+ véid = 0, 1, 2 theo thir tu
duyét tir dudi di 1én (sum[u] = sum[Left[u]] + sum[Right[u]] v&i u la nat).

Hinh 5: Up sweep pass
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Céc phuong phap dé xuat Thuat toan téng tich cd dién va duyét song song

Vi du thuat toan duyét song song

O buéc Down sweep, phan tr cudi cling trong danh sich a vira dugc cip nhat
budc Up sweep sé trd thanh 0 va ta ciing s& xét 3 trudng hop chod = 2, 1, 0.
Véi d = 2, buéc nhdy chia 291 13 8
e i=0temp=al0+2%2-1]=a3] =4
a[0 +22-1] =a[0 + 22*1 - 1] = a[3] = a[7] = 0
a0 + 22+ - 1] += temp — a[7] += temp — a[7] = 4
Ldc nay, a trd thanh (5, 8, -6, 0, 7, 17, -2, 4).
Véi d = 1, buéc nhay caa 29+ 13 4
®i=0,temp=af0+2'-1] =a[l] =8
a[0 + 2t - 1] = a0 + 21t - 1] — a[l] = a[3] = 0
a0 + 2+ - 1] += temp — a[3] += temp — a[3] = 8
® i =4, temp =a[4 + 2t - 1] = a[5] = 17
a[4 + 21 - 1] = a[d + 21 - 1] — a[5] = a[7] = 4
a[4 + 21 - 1] += temp — a[7] += temp — a[7] = 21
Lac nay, a trd thanh (5, 0, -6, 8, 7, 4, -2, 21).
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Céc phuong phap dé xuat Thuat toan téng tich cd dién va duyét song song

Vi du thuat toan duyét song song

Véi d = 0, buéc nhay cta 291 13 2
®i=0, temp=al0 +2°-1] =a[0] =5
a[0 +20- 1] = a0 + 2°*! - 1] — a[0] = a[1] = 0
a0 + 29+ - 1] += temp — a[1] += temp — a[1] =5
e i=2temp=al2+2°-1]=a[2] =-6
a2+ 20 -1 =a2 + 29 - 1] — a[2] = a[3] = 8
a2 + 29+ - 1] += temp — a[3] += temp — a[3] = 2
=4, temp=a[4+20-1]=af4] =7
a[4 +2° - 1] = a[4 + 291 - 1] — a[4] = a[5] = 4
a[4 + 29t - 1] += temp — a[5] += temp — a[5] = 11
®i=6,temp =a[6 + 2° - 1] = a[6] = -2
a6 +2° - 1] = a[6 + 29+ - 1] — a[6] = a[7] = 21
a[6 + 20+ - 1] += temp — a[7] += temp — a[7] = 19
Lic nay, a trd thanh (0, 5, 8, 2, 4, 11, 21, 19).
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Cac phuong phap dé xudt ~ Thudt toan téng tich cd dién va duyét song song

Vi du thuat toan duyét song song

o) trudng hgp Down sweep, sau khi d3 c6 dugc mot cay nhi phan hoan hao tur
buéc Up sweep, chiing ta s& thay thé ndt gbc clia cay nay bang mot phan tir
trung 13p 13 0 va cac ndt bén trong s& dudc tinh theo thir tu duyét tir trén xubng
dudi ma trong d6 pre[Left[u]] = pre[u] va pre[Right[u]] = sum[Left[u]] + pre[u]
véi u la ndt va pre[v] 13 gia tri cda ndt v c6 dugc 6 budc Up sweep.

Hinh 6: Down sweep pass
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Céc phuong phap dé xuat Thuat toan téng tich cd dién va duyét song song

Vi du thuat toan duyét song song

Sau khi chay xong buéc Up sweep va Down sweep, & budc cubi cling chiing ta s&
tién hanh 13y danh sich a méi la (0, 5, 8, 2, 4, 11, 21, 19) cbng véi danh sich a
ban d3u 1a (5, 3, -6, 2, 7, 10, -2, 8) thi ta s& c6 dugc danh sach tdng tién té cho
cac phan ti a; trong danh sich a ban dau 1a (5, 8, 2, 4, 11, 21, 19, 27).

o) thuat toan trén, né chi tinh téng tién t& khdng nghich d3o. Tuy nhién, ching
ta c6 kha n3ng tinh tdng tién té nghich dao bing cach dao ngudc danh sach dau
vao trudc khi chay thuat todn duyét song song va ddo ngudc dau ra sau khi da
chay xong.

Dua trén thut todn ndy, tac gid sé dinh nghia ra cic toan tir lién két hai ngdi va
cac phan tir tuong (ing dén hai thuat toidn sum-product va max-product va sl
dung thuat toan duyét song song dé song song hdéa qua trinh tinh todn nh3m
giam thdi gian so véi cac thult toan gbc.
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Céc phuong phap dé xuat Thuat toan téng tich cd dién va duyét song song

So sanh thdi gian thuit toan duyét tuin tu véi song song

D& so sanh su hiéu qua cla thuit toan duyét tudn tu véi song song, ching ta s&
tién hanh tao ra cdc mang ngiu nhién véi kich thudc 13 2 véi n = (1,...,24).
Nhin vao Hinh. 7 chiing ta c6 thé thdy dudc khi kich thuéc mang dudi 2'° thi hau
nhu khong cé su chénh léch vé thdi gian nhung khi kich thuéc mang cang 16n thi
chiing ta s& thiy rd su chénh I&ch vé thsi gian giita hai thuat toan nay.

—— Sequential prefix sum
5 Parallel prefix sum

0 5 10 15 20
Degree(2”n)

Hinh 7: So sanh thai gian thuat toan duyét tudn tu véi song song.
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Cac phuong phap dé xusdt ~ Song song héa thuit toan téng-tich cho mé hinh Markov an

Ta dinh nghia mdt phan ti a; , mét cach dé quy nhu sau:

ao:1 = YP1(x1) = o1 (0, 1), (13a)
Uh-1:k = Vp(Tp_1, T) = Yr—1k(Th—1,Tk), (13b)
arry1 =1 = Yoy (Tr, Tren). (13c)

Toén tir hai ngdi két hop cho thuit toan thing-ngugc (forward-backward) cla
moét m6 hinh HMM véi 0 <@ < j <k

aij @ aje = > Vi j(@s, 2 (), ox) (14)

T
TU biéu thirc 14, mdt phan tir tdng quéat c6 thé dugc viét nhu sau:

ik = Vi (24, 1) (15)
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Céc phuong phap dé xuat Song song héa thuat toan téng—tl’ch cho mé hinh Markov an

BS dé 1 cho phép xay dung thuit toan thing-ngudc dua trén cic toan tir két hop

Toan tlr @ 13 két hop.

Dinh Iy 1: Biéu thirc tiém n3ng thing (forward potentials)

ao = U] (zk), k > 0. (16)

Dinh Iy 2: Biéu thitc tiém n3ng ngugc (backward potentials)

apr 1 = Up(@k), k> 0. (17)

Phan phéi bién (marginal distribution) tré thanh:

1
p(zg) = ZGO:kak:T+1- (18)
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Cac phuong phap dé xusdt ~ Song song héa thuit toan téng-tich cho mé hinh Markov an

Y tudng toan hoc

Qué trinh tinh toan cha tiém n3ng thing (tiém ning nguoc) tuong duong véi quéa
trinh tinh toan tdng tat ca tién t6 (all-prefix-sum) véi toan tir hai ngdi két hop ®
va ph5n tor Qi i+1

ap:1 = ZD{,l(ﬂfl), (192)
ap:2 = ap:1 ® a1:2 = ¢{72($2)a (19b)

(19c¢)
ap:r = a0,1 @ ...  ap—1.7 = ¢{7T(5UT)- (19d)

— Ta c6 thé sir dung thuit toan duyét song song dé tinh toan tiém n3ng thing
va tiém n3ng ngudc cling v6i phan phdi bién trong mét qua trinh song song. Vi
toan tir két hop, ta c6 thé thay ddi thir tu tinh toan bing cach két hop cac toan
tir => chia khéa
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Cac phuong phap dé xusdt ~ Song song héa thuit toan téng-tich cho mé hinh Markov an

Thuét toan téng-tich song song

Input : Cic ham tiém ning v (.) for k = 1...T va todn t0 ®.

Output: Phan phdi bién p(zy) v6i k = 1..T.

for k< 1to T do > Chay song song
| Thuc hién khdéi tao ag_1.x

end

Chay duyét song song d& tinh toan ag., = %Z){k(%k) véi k=1..T

for k< 1to T do > Chay song song
| Thuc hién khdi tao ag.k11

end

Chay duyét song song nghich dao dé tinh toan a7 = T/’Z,T(l'k) vGi
k=1.T

for k < 1to T do > Chay song song
| plak) = g-aokarr1

end

Algorithm 4: Thuit toan téng-tich song song.
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Cac phuong phap dé xusdt ~ Song song héa thuit toan téng-tich cho mé hinh Markov an

Vi du vé& Thuit toan téng-tich song song

Tinh trang tinh yéu & mot thanh phé dudc biéu dién nhu mét xich Markov rdi rac
véi tap cac trang thai S = ("Dang yéu': 0, 'Cé don': 1), chudi quan sat dugc O =
("Vui v&': 0, 'Bi quan’: 1). Cho truéc phan phdi ban dau Y = {'Dang yéu': 0.5,
'C6 don': 0.5}, cac ma trén chuyén trang thai va quan sat dugc nhu sau:

Pang yéu Co6 don Vui vé Bi quan
Dang yéu 0.65 0.35 Dang yéu 0.2 0.8
Co don 0.75 0.25 Co daon 0.3 0.7

Bang 8: Ma tran chuyén trang thai.

Bang 9: Ma tran quan sat dugc.

St dung thuat toan tdng-tich song song d& tinh phan phdi bién p(xy) va rat ra

nhan xét.

Parallelization-Hidden Markov Models
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Cac phuong phap dé xusdt ~ Song song héa thuit toan téng-tich cho mé hinh Markov an

Vi du vé Thuét toan téng-tich song song

batT =2
Pha khdi tao: thuc hién khdi tao ag_1.x v6i k = 1...T mbt cach dé quy nhu sau:
ao1 = ¥1(z1) = p(yrler)p(@) = [0.2 0.3 x [0.5 05] =[01 0.15]
0.65 0.35 0.52 0.245
are = Ya(wr,22) = [08 0.7 l0.75 0.25] - lo.es 0.175]
St dung duyét song song, tinh dugc:
0.1 0.15
0.142 0.05075
Pha khéi tao: thuc hién khéi tao ay.k11 v6i k = 1...T mot cach dé quy nhu sau:

ar2 = o(21,22) = [0.8 0,7} . l0.65 0.35] _ l0.52 0.2451

ap:x = Tﬁ{,k(wk) =ap;1 - a1:2 =

0.75 0.25 0.6 0.175

1.0 1.0
1.0 1.0

a3 = a2:2 = l
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Cac phuong phap dé xusdt ~ Song song héa thuit toan téng-tich cho mé hinh Markov an

Vi du vé Thut toan tong-tich song song (Tiép)

S dung duyét song song nghich dao, tinh dugc:
0.765 0.775
1.0 1.0 ]
Nh& viéc tinh todn song song, ta d3 tinh toan dudc ham tiém ning thing va tiém
n3ng ngudc mdt cach nhanh chéng. Budc cubi cling 13 tinh todn phan phédi bién,
két qua thu dudc nhu sau:

ag:r i1 = Of p(er) =

1 [0 0as] x [o.765 0775
pon) = oot = 3 0.1 0.15] x [0.765 0.775) !

0.1420.05075] x [1.0 1.0] B [0.39688716 0.60311284]
2[0,142 0,05075} % [1‘0 1'0] = 10.73670558 0.26329442

Vay v6i chudi cic quan sat O = ("Vui v&': 0, 'Bi quan’: 1) thi két qud du doén 13
{'C6 don’, 'Dang yéu'}
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Cac phuong phap dé xusdt ~ Song song héa thuit toan téng-tich cho mé hinh Markov an

Phan tich d6 phic tap thuat toan

Str dung hai khai niém work va span dé phan tich d6 phtic tap cia mdt thuét
toan song song.

Ménh dé 1.a) Thuit toan tdng-tich song song cé span complexity 13 O(logT)
e Giai doan khdi tao: O(1).
e Giai doan chay duyét song song: O(logT).
Ménh dé 1.b) Thuit toan téng tich song song cé work complexity 13 O(T')
® Giai doan khéi tao: O(T).
® Giai doan chay duyét song song: O(T).

LN Nam - TD Chi - TX Léc Parallelization-Hidden Markov Models




Céc phuong phap dé xuat Thudt toan Viterbi va max-product song song

Y tudng cla thuit toan Viterbi c6 dién

Thuat toan viterbi dua trén lap trinh dong, muc dich tinh gia tri uéc luong 7.

bang cach cuc dai phan phdi hau nghiém (posterior distribution).

p(y1.T, v1.7)
p(y1.7)

Tuong duong viéc cuc dai phan phdi clia xac sudt hau nghiém:

p(iU1:T|y1:T) = X p(yLT, $1:T)

T
p(yrr, w1r) = ple)p(yi|z1) [ | pyelz)p(azi-1)
t=2
Tiép theo, ta thuc hién |3y vi tri cuc dai clia phan phdi xac suit hau nghiém nay
nhu sau:

*
x1.p = argmax p(yi.r, 21.7)
T1:T
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Céc phuong phap dé xuat Thudt toan Viterbi va max-product song song

Thujt toan Viterbi c6 dién

Gid st Vi—1(zx—1) 12 xac sudt cyc dai cha o7, két thic tai trang thai x5 va
trang théi téi uu z_; 13 mét ham cla zj, dugc ki hiéu dusi dang uj_1 ().

Vi(wg) = max [p(yrlzr)p(Tr]er—1) Vi1 (Th—1)],

ug—1(zr) = arg max [p(yx|r)p(r|ze—1) Vi1 (2r-1)].
Tp_1

Bing cach cuc dai phan phdi xac sudt hau nghiém dé uéc lugng =%, ta dugc:

xp = argmax (Vr(zr)) .
T

V6i diéu kién khéi tao va dudng din Viterbi x%., tinh tir forward va backward:
Vi(z1) = p(x1)p(y1|T1),

Tpo1 = up—1(y)-
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Céc phuong phap dé xuat Thudt toan Viterbi va max-product song song

M3 gid cta thuat toan Viterbi ¢ dién

Input : Cic ham tiém ning () v6i k =1,...,T.
Output: Dudng dan Viterbi z7 ..
//Forward pass:
Vi(z1) = ¢ (x1) \
for k < 2 to T do > Chay tuan tu
Vie(zk) = maxq,_, [p(yrler)p(e|2e—1) Vi1 (25-1)]
up—1(ry) = argmax,  [p(yrlee)p(wr|re—1) Vi1 (2p-1)]
end
//Backward pass:
v = argmax,, Vr(zr)
for k < T to 2 do
‘ Th_y = ug—1(z})
end
Algorithm 5: Thu3t toan Viterbi cd dién.
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Céc phuong phap dé xuat

Phan tich do phic tap

Thuét toan Viterbi va max-product song song

O

D6 phirc tap tinh toan & giai doan forward la: O(D?T).
Do phirc tap tinh toan & giai doan backward la: O(T).
Do phirc tap clia thuat toan Viterbi 1a: O(D?T).

-O>
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Céc phuong phap dé xuat Thudt toan Viterbi va max-product song song

Vi du cho thuat toan viterbi c6 dién

Van dé clia kha [4], kha phan tich cidc cdm xdc cha ban nif truéc khi nhan dugc
thu clia kh4 bao gom S = {'Khéng vui' : 0, 'Vui' : 1} va kh4 coi quan sét cac thu
h6i am bao gom O = {'Khong trd 16i", 'Tra 15i'}. Kha d3t xac sudt cdm xic cla
c6 gai nay la I = {'"Khéng vui' : 0.5,"Vui' : 0.5}. Dua trén cac quan sat cla kha,
kha 1ap dugc 2 bang sau:

Khong vui  Vui Khong tra 16i  Tra loi
Khong vui 0.6 0.4 Khéng vui 0.9 0.1
Vui 0.8 0.2 Vui 0.3 0.7
Bang 10: Ma tran chuyén trang thai. Bang 11: Ma trin quan sat dugc.

Ching ta sé gitip kha phan tich quy luat thay d6i cic trang thai cdm xdc cGa ban
nit bing thuit toan viterbi cd dién dé kha nhin ducc hdi am sau khi gii thu.
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Céc phuong phap dé xuat Thudt toan Viterbi va max-product song song

Vi du vé thuat toan viterbi co dién (tiép)

Pha khéi tao (forward): véi k =1

Vi(w1) = ¢1(z1) = ple)p(yiler) = 05 0.5] x [0.9 03] =[045 0.15]
Thuc hién vong |3p tinh cho k& = 2 (forward):
Budc 1: tinh gia tri @Z)k(mk_l,xk)vk_l(ivk_l)
< p(yklr)p(@rler—1) Vi1 (zh—1) < p(y2|2)p(2|21) Vi(z)(+):

datorn) = llaniteaten) = 0] 07 < [0 030 = 1690 04

sau d6 tinh gia tri clia biéu thiic (x):

balar, 22)Vi (1) = Hg;gg 8;3’2}] x [045 0.15] = Hgﬁﬁ)gg 8185”
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Céc phuong phap dé xuat Thudt toan Viterbi va max-product song song

Vi du thuat toan viterbi c6 dién (tiép)

Budc 2: tinh gia tri Vi (zy) tuong duong max ciia biéu thirc (x):

Va(x2) = [0.027 0.126]
Buéc 3: tinh uy_;(z1) tuong dudng vi tri cuc dai cla biéu thic (x):
ur(z2) =[0 0]
D3t két qua trang thai cudi 13 vi tri cuc dai cla Vp(zr) (backward):

TH = arg max Vr(xr) = argmax ([0.027 0.126]) =1
2

Tuong tu cho trang thai dau la:
x] = argmax([0.45 0.15]) =0

1
Vay v6i chudi quan sat 13 O = {Khong trd I3i : 0, Trd Ii : 1} thi két qud du doan
1a: {'"Khéng vui’, 'Vui'}. K&t qua nay giéng véi mong dgi clia kha.
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Céc phuong phap dé xuat Thudt toan Viterbi va max-product song song

Song song ho4 dua trén dudng dan

D3t a;.; bao gdbm mét c3p dudng din t6i uu tir trang thai z; dén z;, va xic suit
t6i dai clia dudng dan dé. Ta dugc:

- Aij(wiy )\ Ajer(xj, )
Qi = ~ 7a ik = e 20
“ (Xi:j(wz‘,xj) gk Xjn(xj, xp) (20)
Khi d6 toan tir hai ngdi két hop V cho uéc lugng xac sudt hau nghiém cuc dai la:

Qi = Qi V Q-
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Céc phuong phép dé xudt ~ Thuat toan Viterbi va max-product song song

Co s6

Toan tir V 13 két hop.

J
Ayj(zs, 25) = max H Yr—1,k(Tr—1,Tk),
LTi4+1:5—1 -
=i+1
J
Xij(zi,xj) = argmax [[ vr—1r(ze-1,28).
Titlg—1 i1
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Céc phuong phép dé xudt ~ Thuat toan Viterbi va max-product song song

Co s6 IV

ag.T+1 = (¢1(~TT) Hthz ¢t—1,t(9€§_17$f)) )

Trong d6, z7. 13 x4c sut t&i dai hdu nghiém.

Sau khi d3 c6é dugc cac thanh phan can thiét cho qua trinh song song nhung viéc
luu trit cac a;,; tén chi phi bd nhé cao, tir d6 tac gia dé xuat sir dung
max-product d& gidm chi phi luu trit.
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Céc phuong phap dé xuat Thudt toan Viterbi va max-product song song

Cong thirc max-product

D3t Y8 (1), ] (x1) 13n lugt 13 xéc suit t6i dai clia dudng din bt dAu va két
thic tai x;. Ta c6:
1[11{(1‘]@') = AO:k($0>$k)a
V(1) = Aprir (Tg, 2741).

T dinh nghiia (20) ta suy ra dugc bé dé 3 va sir dung dé qui dé tinh cac gia tri dé.
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Céc phuong phap dé xuat Thudt toan Viterbi va max-product song song

B3 d& 3: Xac xudt cuc dai clia forward va backward

Bl (x1) = max k1 (@h1, )0 (x1),

@Z(mk) = Igllfff Yokt 1(Tks xk+1)l/~1z+1(xk+1).
Diéu kién khéi tao: i
P (@1) = ¥a (1),
Py (z7) = 1.

Bang céach cuc dai Qﬁg(xk)zﬂ,’;(xk) ta uéc luong dudc gia tri phan phéi t6i dai hau
nghiém tai budc thr k nhu sau:

v

xy = argmax&l{(mk)zﬁz(:ck), k=1,..,T.

Tk
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Céc phuong phap dé xuat Thudt toan Viterbi va max-product song song

Co s6 VI

D3t ;. 13 x4c suét t6i dai cla n3m trong dinh nghiia d@;.; nh3m muc dich tranh
viéc luu trit dudng din, gidm chi phi luu trit.
Tir dinh nghia trén két hop véi toan tir V ta dugc:

Gk = Q45 V Gk,

Gjofe = H}C?X Ajj(xiy ) Ajug (25, ).
Ham tiém n3ng thgng t6i dai dudc tinh nhu sau:
dor, = Ui (x1), k > 0.
Ham tiém n3ng ngudc tdi dai dudc tinh nhu sau:

apre1 = Vo (k) k > 0.
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Céc phuong phap dé xuat Thudt toan Viterbi va max-product song song

M3 gid cta thuat toan song song max-product

Input : Cic ham tiém ning v (.) for k = 1...T va todn ta V.

Output: Dudng dan Viterbi z7 ..

for k — 1 to T do > Chay song song
| Thuc hién khéi tao ag_1.x

end

Chay duyét song song d& tinh toan ag., = @{k(ack) véi k=1..T

for k —1to T do > Chay song song
| Thuc hién khdi tao ag.x11

end

Chay duyét song song nghich dao dé tinh toan a7 = 'L;IZT(mk) véi
k=1.T

for k - 1to T do > Chay song song
| Tinh z} st dung cong thirc 6 Co sé V

end

Algorithm 6: Thudt todn song song max-product.
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Céc phuong phap dé xuat Thudt toan Viterbi va max-product song song

Phan tich thdi gian chay thuat toan song song max-product

Do phirc tap span 1a O(logT):
e O giai doan khéi tao va két hop & vong 13p cudi 1a: O(1).
® Thuit toan duyét song song: O(logT).

D6 phirc tap work 1a O(T):
e O giai doan khéi tao va két hop & vong I3p cubi 1a: O(T).
® Thujt toan duyét song song: O(T).
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Céc phuong phap dé xuat Thudt toan Viterbi va max-product song song

Vi du cho thuat toan song song max-product

Ta ciing 1ay vi du cta khé va ngudi yéu dé 1am vi du & day, nhung ta st dung
thuat toan song song max-product dé cai thién téc d6 tinh toan muc dich cho kha
biét dugc k&t qud nhanh nhit.

Pha khdi tao: thuc hién khdéi tao ag_1.; v6i k = 1...T (forward):

do1 = v1(z1) = |05 0.5] x 0.9 0.3] = [045 0.15]

012 = draforas) = i) = [0 0] 08 0] < flobe 04

do:2 = G V @1:2 = Max (1/11,2($1, 562)12){(561)) = max (a1, 22)01(21))

= maxg, (“82;; 88;?”) = [0.027 0.126]
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Céc phuong phap dé xuat Thudt toan Viterbi va max-product song song

Vi du cho thuat todn song song max-product (tiép)

Chay duyét song song d3o dé tinh gia tri aj.pp1 v6i k= 1,..T"
o k=T=2
arri1 = Pp(er) = P5(x2) = 1
e k=1
apre1 = Vp(r) = max (¢k,k+1($k, 56k+1)152+1(33k+1))

& Ay = P8 (r1) = maxy, (@51,2(3317@)@(162)) = maxy, (VY2(r1,22))

— s ([[00 03]) 1025 024
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Céc phuong phap dé xuat Thudt toan Viterbi va max-product song song

Vi du cho thuat todn song song max-product (tiép)

Tinh z7 bing cach |4y vi tri cuc dai cha biéu thic @Z,{(xk)@,’;(xk) véik=1,..T.

x] = arg max (&{(ml)dy{(azl)) = argmax ([0.45 0.15] x [0.28 0.14])

1

= argmax,, ([0.126 0.021]) =0

Ty = arg max (zl;g(xg)z/;g(xgn = argmax ([0.027 0.126] x 1) =1
T2 2
Vay véi chudi quan sat 13 O = {Khéng trd I8i: 0, Tra 16i : 1} thi két qua du doén
la: {'"Khéng vui’, '"Vui'}. K&t qua cho phép kha tinh nhanh hon phuong phap
trudce.
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K&t qua thuc nghiém  Phuong phap thuc nghiém ctia bai bao

Phuong phap thuc nghiém |

St dung md hinh kénh Gilbert-Elliot v6i hai dau vao: tin hiéu dau vao by, va tin
hiéu nhiéu sy, ca hai déu I3 tin hiéu nhi phan. Tinh hiéu dau vao by bi I3t bing
toan tir xor bdi mot 16i phu thudc vy,.

Yk = b © vg. (21)

Tin hiéu nhidu s;, ducc dai dién bdi mé hinh Markov an hai trang thai,
"good"hodc "bad". Trang thai "good"cé xac suat I5i thap, con trang thai "bad"cé
xac suat 16i cao. Ta goi:

® ¢,: dai dién cho xac suit clia 16i trong trang thai "good".

® ¢;: dai dién cho xac suat clia 16i trong trang thai "bad".
Ma tran chuyén xac suat ducc dai dién véi:

® po 13 xac sut chuyén tir trang thai d6 16i cao (bad) dén trang thai d6 I5i

thip (good).
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K&t qua thuc nghiém  Phuong phap thuc nghiém ctia bai bao

Phuong phap thuc nghiém Il

* p1 13 xac suit chuyén tir trang thai d6 16i thip (good) dén trang thai do I5i
cao (bad).

® ps 13 xac subt chuyén trang thai cla by.
St dung mot mo hinh két xy, = (s, by) - xich Markov 4 trang thai dé phuc hdi
cac trang thai an:

xr = {(0,0),(0,1),(1,0),(1,1)} — encode:xy = {0,1,2, 3}. (22)

Ma tran chuyén trang thai (transition matrix) m3 héa thong tin trong
(g | 2p—1).

(1 —po)(1 —p2) po(l — p2) (1 — po)p2 Pop2
n- | »A=p)  (=p)(1—p2) p1p2 (1 —p1)p2
(1 —po) Pop2 (1=po)(L —=p2)  po(l—p2)
DP1P2 (1 —p1)p2 p1(1 —p2) (I —=p1)(1 —po2)

(23)

LN Nam - TD Chi - TX Léc Parallelization-Hidden Markov Models




Két qua thuc nghiém Phuong phap thuc nghiém cta bai bdo

Phuong phap thuc nghiém IlI

Ma trdn quan sat (observation matrix) ma hda théng tin trong p(yx | zx).

(1—qo0) q0

| =aq) "0
0= ) (1—qo) (24)

"0 (1—aq)
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K&t qua thuc nghiém  Phuong phap thuc nghiém ctia bai bao

Phuong phap danh gia va cai dit siéu tham sb

Phuong phap danh gia cho mé hinh dé xuét:
e Dir lieu danh gia: Cac trang thai va cac phép do dugc md phoéng véi cac
chiéu dai chudi thsi gian khac nhau tir T = 10? dén T = 10°.
® Tinh toan két qua: L3y trung binh s 1an chay. Déi v6i cac phuong phap tuan
tu, st dung 10 Ian chay. V6i cac phuong phap song song, str dung 100 lan
chay.
® So sanh két qua: Thuc hién danh gid v& m3t thdi gian thuc thi thuit toan,
khong danh gia hiéu suat 16 bdi vi cic phuong phap song song va tuan tu 3
tuong duong vé mit dai s6 va do dé, khong cé su khéac biét vé hiéu suit 15i
clia ching.
Céc siéu tham s6 clia mé hinh Gilbert—Elliott trong biéu thirc 23 nhu sau:
po = 0.03,p1 = 0.1, ps = 0.05, g = 0.01, ¢; = 0.1. X4c suit khdi tao cho bbn
trang thai: p(xz;) = 0.25 véi x; € {0,1,2,3}
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Két qua thuc nghiém = Két qua thuc nghiém

So sanh thai gian parallel sum-product trén CPU va GPU

N R Parallel-CPU sum-product .
3x10 === Parallel-GPU sum-product /
% 2x107t
@
£
=1
C
2
[
g 10714
g
<4
6x1072

102 103 104 10°
Time series length

Hinh 8: So sanh thai gian parallel sum-product trén CPU va GPU.
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Két qua thuc nghiém = Két qua thuc nghiém

So sanh thai gian classical va parallel sum-product

102 4 -
=== Classical sum-product o
=== Parallel-GPU sum-product . 7
ﬂ/
@ 104 Rl
£ i
.
E R
2 e
<D
g 100 4 t/
R
< Ve

102 103 104 10°
Time series length

Hinh 9: So sanh thoi gian classical va parallel sum-product.
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Két qua thuc nghiém = Két qua thuc nghiém

So sanh thai gian parallel max-product trén CPU va GPU

=== Parallel-CPU max-product o
=== Parallel-GPU max-product /

Average run time(s)

102 103 104 10°
Time series length

Hinh 10: So sanh thai gian parallel max-product trén CPU va GPU.
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Két qua thuc nghiém = Két qua thuc nghiém

So sanh thai gian classical viterbi va parallel max-product

=== Classical viterbi .7
=== Parallel-GPU max-product /

Average run time(s)

102 103 104 10°
Time series length

Hinh 11: So sanh thdi gian classical viterbi va parallel max-product.
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Két qua thuc nghiém Két qua thuc nghiém

So sanh két qua suy dién classical va parallel sum-product

3.0

2.5

2.0

—#&— Guessed states of classical sum-product

151 Guessed states of parallel sum-product

States

1.0 A

0.5 A

0.0 A

0 20 40 60 80 100
Time series length

Hinh 12: So sanh két qua suy dién classical va parallel sum-product.
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Két qua thuc nghiém Két qua thuc nghiém

So sanh két qua suy dién parallel sum-product véi trang thai

didng

] ial

§ 154 —e— True states
g ' Guessed states of parallel sum-product
1.0 L
0.5
0.0
0 20 40 60 80 100

Time series length

Hinh 13: So sanh két qud suy dién parallel sum-product véi trang thai ding.
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Két qua thuc nghiém Két qua thuc nghiém

So sanh dudng dan viterbi giita classical viterbi va parallel

max-product

3.0

2.5

2.0 A

154 —A— Viterbi path of classical viterbi
: Viterbi path of parallel max-product

Viterbi path

1.0 1

0.5 A

0.0 A

0 20 40 60 80 100
Time series length

Hinh 14: So sanh dudng dan viterbi classical viterbi va parallel max-product.
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Két qua thuc nghiém Két qua thuc nghiém

So sanh dudng dan viterbi clia parallel max-product véi dudng

dan ding

3.0

2.5

2.0 A

15 —@— True path
: Viterbi path of parallel max-product

1.0 1 L

0.5 A

Viterbi path

0.0 A

0 20 40 60 80 100
Time series length

Hinh 15: So sanh dudng dan viterbi clia parallel max-product véi dudng dan ding.
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Két luan
Két luan

e K&t hgp phan phéi bién tron (marginal smoothing distribution) va uéc lugng
cuc dai hdu nghiém dé dua ra céng thiic tinh song song cho bai toan suy
dién HMM.

® Qua trinh tinh toadn dua trén su k&t hop giita cac toan tir k&t hop hai ngdi va
thuat toan duyét song song nho dé d3 gidm thsi gian tinh toan tir tuyén tinh
xubng con logarit.

® Chirng minh dudc tinh hiéu qua cla phuong phap dé xuat bing cac thuc
nghiém trén CPU va GPU.
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