BO GIAO DUC VA DAO TAO
TRUGONG DAI HOC MO DIA CHAT

BAO CAO HOC THUAT

MO HINH MARKOV AN
VOI BAI TOAN MTT

ThS. Nguyén Thi Hang

Ha Noi - 01/2022




BO GIAO DUC VA DAO TAO
TRUGONG DAI HOC MO DIA CHAT

BAO CAO HOC THUAT

MO HINH MARKOV AN
VOI BAI TOAN MTT

Xac nhan cia bo moén

Ha Noi - 01/2022




LOI MO DAU

Théng ke 1a khoa hoc vé cac phuong phép tong quét xit Ii cac két qua thic nghiem
va ¢6 nhiéu ting dung to 16n trong thyc té, gitip con ngusi rat ra thong tin tit dit lieu
quan sat, nham giadi quyét cac bai toan thuc té trong cuoc song. Khoa hoc théng ké
déng vai tro khong thé thiéu trong bat ct cong trinh nghién citu khoa hoc nao, nhat
la khoa hoc thyc nghiém nhu y khoa, nong nghiép, hoa hoc, va ngay ca xa hoi hoc.
Dé phat hién ra nhitng quy luat diang sau nhiing con s6, ngudi lam théng ké phai tién
hanh cong viec suy luan théng ke. Hiéu mot cach don gian, suy luan thong ke 1a qua
trinh tim ra cac quy luat tu dit lieu thuyc té. Bao cao dé cap dén viéc sit dung cac suy

luan théng ké vao bai toan quan sat da muc tieu MTT.

Bao cao hoc thuat dé cap dén viéc nghién citu 16p mo hinh MTT ma trong dé cac
muc tieu duge quan tam la 16p muc tiéu ndo dé trong s6 cdc muc tieu cé thé cé cla
mo6 hinh MTT. Truong hop 16p muc tiéu dude quan tam 13 16p con thic su cia 16p tat
cd cac muc tiéu c6 thé cé ctia moé hinh, thi cac thuat toan vé MTT da dugc cong bd
cho dén thoi diém hien tai khong thé ap dung duge va hién chua cé phuong phap giai
nao duge cong bo. Bio cao da dua ra phuong phéap tiép can d6 1a sit dung mo hinh

Markov an dé gidi quyét.

Béao cao dugc chia thanh ba chuong:

e Chuong 1. Téng quan vé bai toan MTT

Noi dung chuong nay bao gom cac kién thitc co ban lien quan t6i bao céo : Muc
1.1 1a muc "Gi6i thieu mé dau"; muc 1.2 1a muc phat biéu va xay dung mo hinh

toan hoc cho bai toan MTT dugc nghién cttu trong bao cado nay.

e Chuong 2. M6 hinh Markov an véi bai toan MTT

Tiép theo Chuong 2 sé trinh bay cac kién thic lien quan dén mo hinh Markov
an HMM; céac két qua nghién ctu mé rong cac két qua trong HMM cho muc tiéu

nghién citu MTT.

e Chuong 3. U’ng dung mé hinh Markov an vao bai toan MTT



Chuong 3 trinh bay céc két qua nghién citu md rong trong HMM cho MTT va la
ting dung cac két qua nghien ctu d6 vao viee gidi bai toan MTT; Ung dung céc

két qua nghién citu d6 vao viéc gidi bai toan MTT .

Ha Noi, ngay 08 thing 01 nam 2022

Ngudi viét bao céo

ThS. Nguyén Thi Hing



Chuong 1

Téng quan ve bai toan MTT

1.1. Giéi thiéu mé dau

Trong thyc tién c¢6 nhiéu 16p mo hinh MTT. o) chuong nay béo cao danh dé nghién
cttu mot 16p MTT ¢6 nhiéu tdng dung va thuong gap trong thuc tién. Dicu dic biet &
day la cac phuong phap truyén théng va thong dung da dugce cong bd dé xit 1y cac mo
hinh MTT khong ap dung dugc cho 16p mo hinh MTT nay. Ching ta néu mot sb6 vi

du trong thyc tién:

Vi du 1.1.1. Trong chién dich "Dién Bién Phu trén khong" tai Ha Noi thang 12 nam
1972, do lugng tén Iita SAM-2 han ché khong dt dap ting yéu cau chién dau. Bo Tong
tham muu va v Quan chiing Phong khong - Khong quan quyét dinh tap trung tén Iita
SAM-2 va khong quan dé danh B-52, cAc muc tiéu khéac (cac loai may bay khac clia
My) chi d6i pho bang hoa lyc phong khong thong thuong. He théng ra da trong truong
hop nay c6 mot hé théng chite nang phai xtt Iy mo hinh MTT ma trong d6 dbi tuong
quan tam chi 13 cac muc tiéu may bay B-52; L6p muc tiéu can quan tam nay 1a mot

16p con trong 16p tat ca cac muc tieu cé thé c6 déi véi he thong ra da phong khong.

Vi du 1.1.2. Véi hé thong phong thi trong chién tranh hat nhan c6 mot hé thong chiic
ning trong dé6 mo hinh MTT c6 nhiém vu phai quan tam xéac dinh cac muc tiéu c6 thé
mang dau dan hat nhan (tén Itta mang dau dan hat nhan, may bay chién lugc mang

bom hat nhan, ...) trong s6 cdc muc tiéu cé thé c6 trong khong gian phong thi.
Nhu vay ching ta gap mot 16p mo hinh MTT ma trong dé ddi tuong quan tam

3



theo déi va xac dinh khong phai 1a tat ca cdc muc tiéu ma chi 13 mot 16p con trong s
d6. Trong truong hop 16p muc tieu dude quan tam 1a 16p con thyc sy clia 16p tat ca
cac muc tiéu c6 thé c6, thi cac phuong phép, cac thuat toan xi 1y véi MTT da duge
cong bo khong con phit hgp nita. Bdo cao da dé xuat phuong phap tiép can bang cach
stt dung mo hinh Markov an dé giai quyét 16p mo hinh MTT nay. Cac két qua theo

huéng nghién cttu dé duge trinh bay trong bao cédo nay.

1.2. M6 hinh toan hoc bai toan MTT

1.2.1. M6 hinh toan hoc bai toan MTT

Gia st ta quan sat cdc doi tuong (hay con goi 1a muc tiéu) di dong nao dé trong
mot mién khong gian va trong mot khodng thoi gian nao dé. Ky hiéu R 13 mién khong
gian ma ta can quan tam, 6 day R C R", v6i R 1a khong gian trang thai ctia muc
tieu, n, 1a s6 chiéu clia véc to trang thai clia muc tieu. R duge goi 1a mién quan sat.

Ky hi¢u [1,T], T > 1, T € RT, 1a khoang thoi gian ma ta can quan tam. [1, 7] duge
goi 1a khoang thoi gian cia qué trinh quan sat. Do cac thoi diém quan sat: ¢, to, .. .,
th; 1 =1t <ty <...<t,=T,Ilaroirac, néen khong mat tinh téng quat, khi néi dén
thoi diém thit i (¢;), chiing ta c6 thé quy uéc: T € Z*, t; € ZT va dong nhat t; = i,
i=1,2,...,T; trong d6, t; = 1 1a 1an quan sat dau tién va ¢, = T 1a lan quan sat cudi
cling cia qua trinh quan sat.

Cac muc tiéu xuat hién, bién mat mot cach ngau nhien. Cac muc tiéu xuat hién
& vi trf ngdu nhién c6 phan bd déu trong R. Cac muc tiéu xuat hién chuyén dong va
bién mat mot ciach doc lap véi nhau. Cac muc tieu gid FA duge xem nhu 13 mot loai
muc tiéu va ciing tuan theo cac gid thiét (vé muc tiéu) nhu cdc muc tieu khac.

Ky hieu XF, t € [tf,tﬂ, k= 1,2,... la trang clia muc tiéu thtt k tai thoi diém ¢
(tF va t% 1a thoi diém xuat hien va bién mét tuong ting).

Ky hieu M la 16p muc tiéu ma mo hinh MTT quan tam.

S6 muc tieu can quan tam cé trong R tai thoi diém ¢ ky hieu 1a M,, khi do6 ta co:

M; = My(w) = Card{X[|k € M}.



S6 muc tiéu khong thude 16p muc tiéu quan tam cé trong R tai thoi diém t ky hiéu
1a Gy, khi do:
Gt = Gi(w) = Card{X]|s ¢ M}.
Mot cach hop 1y va tu nhién, ching ta gid thiét:
+ M; = M;(w) 1a bién ngau nhién Poisson véi tham s6 A, A, > 0.
+ Cac XF, k € M, xuét hién véi xac suat py,, 0 < p, < 1.
+ G; = G4(w), 1a bién ngau nhién Poisson v6i tham s6 Ay, A, > 0.

+ Cac X}, s ¢ M, xuat hién véi xac suat p,, 0 < p, < 1 (trong cdc mo hinh thuc

té thuong p, # p,, va tham chi p, > p,,).

Luu y: Gié tri p,, v& A, (tuong ting p, va Ay) ¢6 moi lien hé toan hoc do dinh ly
gi6i han dia phuong (phan bd B [n, p] dan t6i phan boé P(\) khi n — o0).
Ky higu:
YO ={Y/|j=12,...,n}

la tap cac gia tri quan sat dugc tai thoi diém ¢, t = ¢, ta, ..., ta; ny 12 s6 lugng céc két

qué quan sat dudc tai thoi diém ¢, chinh xéc vé mit toan hoc:
ny = C’ard(Y(t))
14 mot bién ngau nhién va
ny = n(w) = My(w) + Gy(w)
Vi My(w) va Gi(w) doc lap, M(w) ~ P(\y), Gi(w) ~ P()\,) , nén

e = np(w) = P(Ay, + Ag).

MBbi gia tri quan sat c6 thé la gia tri quan sat thu dude tit muc tiéu nao d6 hoac cé
the la gia tri quan sat do muc tiéu gia gay ra.
Yéu cau ctia bai toan MTT la: Hay xac dinh s6 lugng muc tiéu c6 trong 16p M tai

moi thoi diém ¢ trong mién thoi gian quan sat trong R, nghia 4 xac dinh M (w).



1.2.2. Mo hinh xap xi

Trong mo6 hinh toan hoc ctia bai toan MTT, vé mit toan hoc bién ngau nhién n; c6

phan phoi Poisson v6i tham s6 (A, +Ay). Do do, tap gia tri cian,; 1a N = {0,1,2,... }.
Khi do6 ta co:

A+ )R
hm P [nt = k] e hm u . ef()\m‘i’)\g) — 0
k—+o0 k—+o0 k!

Do vay, v6i € > 0 tiy ¥ bé, ton tai N* = N(g) € NT sao cho

Plny < N(g)] >1—¢, Vt€[1,T]

Hoan toan tuong tu, vi M, c6 phan phdi Poisson véi tham sb A, A, > 0 nén:

k
lim P[M;=k]= lim (Am)

k—4o00 k—+o0 ]{}'

et =)

Nén véi e > 0 tuy ¥ bé, ton tai M* = M(e) € N* sao cho:

PIM, < M(e)] > 1—¢, ¥t € [1,T]

Ta dua ra gia thiét sau day:

Gia thiét 1.2..1. 3 M*, N* € N* sao cho:

o My(w) < M*( mod P), Vt € [1,T]

o ny(w) < N* ( mod P), Vt € [1,T]

Luu y: Ty theo do chinh xac yéu cau md M* va N* dudce chon tuong tng. Song
M* va N* cang chon véi gia tri 16n thi do phtic tap tinh toan trong 16i giai cang cao.
Bai toan MTT dugc phat biéu trong muc 1.2.1 v6i dieu kien tuan theo Gia thiét
1.2.1 duge goi 1a mo6 hinh xap xi hay mo hinh gan ding. Mo hinh nay sé 1a d6i tuong

quan tam nghién cttu trong bao cao nay.



Chuong 2

Mo hinh Markov an vdéi bai toan

MTT

2.1. Mo hinh Markov an HMM (Hidden Markov
Model)

Xét mot quy luat ngdu nhién ndo d6 thay doi trang thai theo thoi gian. S6 trang
thai clia quy luat ngdu nhién nay 1a hitu han va khong quan sat dude, nhung biét rang
modi trang thai d6 gan lién v6i mot hién tugng ngau nhién khac quan sat duge. Vé mat

toan hoc, chiing ta c6 thé toan hoc héa cong viec dé nhu sau:

e Xét mot qua trinh ngdu nhien S-gia tri Xy; S ¢ day duge gia thiét 1a Card(S) =
M < +o0. Khong mat tinh tong quét, ching ta ky hiéu:

S =1{8,,Ss,....Su}

S sé duge goi la khong gian trang théai cia qua trinh X, (X; 1a qua trinh nhan
gid tri trén S; vA sau nay lien quan dén gid thiét Markov thi chiing ra sé xét X,
la qua trinh Markov).

e Ky hiéu ¢, 1 trang thai ctia qua trinh X, tai thoi diém ¢, ¢ € [1,T]. Khi do, ¢,
nhan gia tri trong S. Céac trang thai ¢ = 5;, 1 < 57 < M, S; € 5, la khong

quan sat duge nhung né co6 lien két mat thiét (phép tuong ting “1-17 hay c6



thé goi la phép nhiing) v6i mot bién ngdu nhién quan sat duge V-gid tri véi

Card(V) = N < 4+o00. Khong mat tinh tong quét, ching ta gia st rang:

V ={v,v9,...,un}
Céac phan tit vy, vy, € V, 1 < k < N, 1a quan sat duge va V duge goi 1a khong
gian cac gia tri quan sat. Ky hieu O, 1a gia tri quan sat dugc ctia hé théng &

trang thai S; tai thoi diém ¢, ¢ € [1, 7], thi phan phdi ctia bién ngdu nhién quan

sat duge V-gia tri tuong ting véi trang thai ¢; = S; cho bdi phan phoi

B = {b;(k)}

Cac nghién cttu vé Mo hinh Markov an (HMM), cho dén thoi diém hien tai, dugc
cong bb déu gia thiét ring HMM phai thoa man ba gid thuyét sau day:
a/ Gid thuyét ve tinh Markov

Qua trinh an X, c6 tinh Markov, c¢6 nghia la:

P [qt-i-l = S]|q1 = Si1aq2 = Siz? s qi1 = Sit_pCZt = SZ} =
=P [gi1 = Silq: = Si] = ai; (1)
va a;; (t) duge goi 1a xdc suat chuyén tit trang thai S; sang trang thai S; &
thoi diém (bude thi) ¢.

b/ Gid thuyét vé tinh diung (thuan nhat)
Plgi1 = Sjlae = Si] = Plasr = Syl = Si] = ag,  Vt, 1.

Hay né6i mot cach khac 0 (1) = ag;, Vit

a;; dude goi la xac suat chuyén trang thai sau mot buée, A = [aij]lgi’jSM

dugc goi 14 ma tran chuyén trang thai sau mot bude. Lé duong nhién, trong



¢/ Gid thuyét vé tinh doc lap quan sdt
Gia thiét nay yéu cau vé miat thong ké quan sat hien tai doc lap vdéi cac
quan sat trude d6. Vé mit toan hoc diéu dé cé nghia la: Gid sit véi HMM

c6 day quan sat O = 010,...07 (lng y6i day trang thai @ = ¢i1¢o...qr) thi:
P[0|Q, HMM] =[] P [Oilq, HMM]

t=1
e V6i HMM ngusi ta can phai xac dinh phan bd trang thai ban dau ctia mo hinh.
Ky hieuw: 1T = {m;,1 <i < M} v6i m; = P[q1 = S;] va goi II 1a phan phdi trang

thai ban dau.

Trong do:
m >0, 1<i<M

M
Z?Tizl
=1

V6i nhitng diéu bo trg da dua vio nhu trén, bay gio ching ta moé ta thanh phan

cau tric, qué trinh hoat dong va nhiing van dé (bai todn) co ban ctia HMM.

Cac thanh phan cia HMM

1/ Tham so chi so ligng trang thdi ciia mo hinh

Xét xich Markov an X; hitu han trang thai nhu da mo ta & tréen c6 M trang
thai. Khi d6, M dugc goi 1a tham s6 chi s6 lugng trang thai ctia mo6 hinh Markov
an. Mac du cac trang thai 1a an song mot cach tong quat giita cac cac trang thai
trong qué trinh mo hinh hoat dong theo thoi gian c¢6 ton tai mot quy luat ma
mo hinh chuyén tit trang thai nay sang trang thai khac. Vé mit toan hoc, quy
luat dé 1a quy luat thay déi theo thoi gian ctia qua trinh an X,. Dic biét néu
yeéu cau mot trang thai bat ky co thé dat duge tit bat ky trang thai khac thi dé
la mo6 hinh ¢6 tinh ergodic. Cling nhu trén, ching ta ky hiéu tap cac trang théi
riéng biét l1a

S =1{8,,Ss,....Sm}
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2/

3/

4/

va ¢; 1a trang théi ctia mo hinh & thai diém ¢, ¢ € [1, 7). Khi d6, ¢; nhan gid tri
trong S, va S dudc goi la khong gian trang thai.

Tham so chi s6 lugng cdc gid tri quan sdt

Ky higu N la s6 cac biéu tugng (gia tri) quan sat c6 thé cé lien quan dén cac
trang thai cia mo hinh. Ching ta ky hiéu tap céc gia tri quan sat riéng biét la:

V = {'Ul,’UQ, ...,UN}.

Quan sat thu dugc tai thoi diém ¢ ky hieu la O,. Nhu vay, O, nhan gia tri trong

V va tap V dugce goi la khong gian cac gia tri quan sat.
Phan phéi zdc sudt chuyén trang thdi

A = ay]

1<ij<M

trong do, o
8 aij:P[Qt+1:Sj|Qt:Si]> 1<4,5 <M.

V6i HMM ma mot trang thai bat ky c6 thé dat duge tit mot trang thai bat ky
khac chi sau mot bude thi a;; > 0, Vi, j. Trong truong hop ngudc lai ching ta co
a;; = 0 v6i mot hay mot sb cap (i, 7). Lé duong nhién yéu cau A phai la ma tran

ngau nhién, nghia la:
M
> =1
j=1

Trong bao cao, dé tuong minh hon, lien quan dén trang thai, cting véi ky hieu

A5 = P [Qt+1 = Sj‘Qt = Sz’]

doi khi con ky hiéu
Y . Agrqer1 = P [Qt—i-l - Sj|qt = Sz]

c6 nghia la cliing véi a;; ta cling con dung ag,q,,, va ching c6 cing y nghia nhu

biéu thitc néu tren.

Phan phoi zdc sudt ciia cac quan sat khi hé thong d trang thdi: S;, 1 < j < M 1a
B :={b;(k),1 <k < N}, trong doé: bj(k) = POy =vg|lg: = 5], 1 <k <N, 1<
j< M.
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5/ Phan phoi cia trang thdi ban dav I = {m;, 1 < i < M} trong d6, m; =

Dé tien trong trinh bay, k¥ hiéu bo ba phan phéi A, B, II 1a A:
A= (A, B,1)

Nhu vay, khi xac dinh duge M, N va A c6 nghia la ta da xac dinh dugec mot mo

hinh Markov an va HMM nay ciing diing ky hicu la A.

Van hanh cia HMM theo thoi gian

Gia stt quan tam trong mién thoi gian [1,7), T > 1, T € N*.

Gia stt da cho mot mo hinh Markov an (HMM) A. Khi do,
1/ A xéc dinh trang thai ban dau ¢; = S; theo phan phdi II.
2/ Dat t = 1.

3/ A xac dinh quan sat O, = v, theo phan phéi B (cu thé la dong thi : {b;(k), 1 <
k< N})

4/ Chuyén trang théi tit ¢; sang ¢,,1 = S; theo phan phdi xac suat A.
5/ Dat t =t + 1 va quay lai Buée 3
Qua trinh sé dung lai khi ¢t =T

Nhu vay, HMM cho ra mot day quan sat: O = 0105 --- O v6i T 1a s6 quan sat.

Cac van dé cd ban khi nghién citu HMM

Mo hinh HMM ma bao cao vira trinh bay la mo hinh HMM véi thoi gian roi rac,
hitu han trang thai va khong gian cac gia tri quan sat hitu han va c6 tén goi la Mo
hinh Markov an rdi rac.

Céc cong trinh nghién cttu vé HMM dudc cong bb cho dén thsi diém hién tai c6
thé chia thanh 3 huéng sau:

+ Huéng mé rong sang nhitng 16p mo6 hinh Markov an méi nhu: HMM ergodic,

HMM dang Bakis; HMM trai-phai; HMM c¢6 mat do quan sat lién tuc, HMM tu

hoi quy,....
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+ Huéng nghién citu mot vai dang bién thé trén nhitng cau traic HMM. Huéng nay
chtt yéu véi muc tieu ap dung cho nhitng mo6 hinh toan hoc can giai quyét cu thé.

+ Huéng nghién cttu gidi quyét ba bai toan co ban doéi véi HMM.

Béo cao xin trinh bay cu thé hon vé huéng thit ba nay.

Khi cho mot mo hinh HMM 1a A va cho mot day quan sat sinh ra bdi HMM do6 1a:
020102"'OT.

Co6 ba bai todn co ban duge dit ra la:

+ Bai todn 1: Cho day quan sat O = 010, --- Op v mo6 hinh Markov an A. Hay
tinh P(O|A).

+ Bai todn 2: Cho day quan sat O = 010, --- Op viA mo6 hinh Markov an A. Hay
xac dinh day trang thai tuong tng Q = ¢1¢a...qr t6i uu nhat.

+ Bai todn 3: Cho day quan sat O = 010, - - - Op. Lam thé nao dé diéu chinh céac
tham s6 ctia mo hinh A = (A, B,1I) sao cho v6i mo hinh duge diéu chinh thi

P(OJA) dat cuc dai.

Trong pham vi nghién citu ciia bdo cdo, chiing ta quan tam dén Bai toan 1 va Bai

toan 2.

Bai toan 1 13 bai toan danh gia, tinh xac suat. Véi cac cong trinh da duge cong bod
dé giai bai toan nay thi ngudi ta thudng ding “thuat toan tién-lui” (Forward-Backward

Algorithm).

Bai toan 2 1a bai toan ma trong dé ta tim ra phan an clia mo hinh. V6i cac cong
trinh da dugce cong bd dé giai bai toan nay thi ngusi ta st dung thuat toan Viterbi
(Viterbi Algorithm).

V6i muc dich 1a xay dung cong cu dé giai bai toan MTT duge phat bidu ¢ muc
3.2.2 thi cac thuat toan tién-lui (Forward-Backward Algorithm) va thuat toan Viterbi
(Viterbi Algorithm) da duge cong bo 1a khong thé ap dung duge béi 16: dbi voi bai
toan MTT thi day s6 lieu quan sat tién dan theo thdi gian va dén dau thi phai xit 1y
ngay t6i d6. Tai thoi diém xtt Iy hien tai chi ¢6 day s6 lieu qua khit tién dan theo thoi
gian cho dén thoi diém hien tai chit khong thé c6 s6 lieu quan sat trude ciia tuong lai.

Do d6 bién luii 1a khong ton tai va vo nghia.
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Mit khac doi véi HMM cac gia thiét a/ (gia thiét vé tinh Markov) va ¢/ (gia thiét
vé tinh doc lap théng ké clia cdc quan sat) 1a bat budc khong thé bé qua. Nhung gid
thiét b/ (gia thiét vé tinh thuan nhat) c6 thé mé rong ra cho trusng hop khong thuan
nhat. Sy md rong nay chi anh hudng dén viéc gidi bai toan co ban s6 3 (Bai toan 3).
Sy 4nh hudng nay lién quan tric tiép dén co ché dieu chinh HMM va tht tuc hoc may
(machine learning) trong tng dung HMM vao bai toan nhan dang. D6i v6i muc dich
giadi bai toan MTT ching ta chi can diing dén Bai toan 1 va Bai toan 2 ma thoi. Bdi
nhing 1y do d6 béo cao sé trinh bay mot sd két qua dong géop méi trong 1y thuyét
HMM.

2.2. Thuat toan tién va thuat toan Viterbi cai tién

Trong muc nay bao cao xay dung thuat toan tién (Forward Algorithm) va thuat
toan Viterbi céi tién (Modified Viterbi Algorithm). Thuat toan Viterbi céi tién thuc
chat 1a thuat toan Viterbi nhung chi st dung bién tién va thuat toan tién. Ca hai thuat
toan nay dudce xay dung tréen HMM khong thuan nhat. Lé dwong nhien HMM thuan
nhat 1& truong hgp riéng cia HMM khong thuan nhat.

Xét HMM véi cac thanh phan cau tric nhu da néu trong muc 3.3, nhung phan phéi
xac suat chuyén trang thai phu thudc vao thoi gian (khong thuan nhat theo thai gian).
Nghia la,

P [Qt+1 = Sj|Qt = Si] = az‘j(t>

Do HMM rdi rac nén cac moc chuyen trang thai la cac mbc thoi gian roi rac nghia
lact; =1 <ty <ty <..<t,=T,bsi vay dé tien 10i trong trinh bay cling véi a;j(ty)
chiing ta c6 thé ding gon hon 1a a;;(k).

Trong muc tiép sau (muc 3.5) gid tri a;;(k) sé duge chi ra cong thic giai tich cu

the doéi véi HMM dung cho bai toan MTT.

Ky higu:

A(k) = [aij(kﬂlgi,jg]\/[a k=1,n—1

A={AQ1),AQ2),---, Aln = 1)}
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M6 hinh Markov an A = (A, B,1I) dugc goi 14 md hinh Markov an khong thuan
nhat.

Véi HMM khong thuan nhat ching ta cé cac két qua sau day:
2.2.1. Bai toan co ban thi nhat va thuat toan tién

Xét mo hinh Markov an khong thuan nhat A = (A, B, II).

Vi A 1a mo6 hinh HMM 1di rac, nén cac thai diém ¢ duge xét trong [1, 7] 1a cac thoi
ditmroiracl =t <ty <--- <ty <---<t,=T.B6i vay, v6i t = ¢;, thi ciing v6i
quan sat Oy, doi khi ra ky hiéu gon 1a Oy; cting v6i trang thai ¢, doi khi ta ky hiéu
gon la g

Tai thoi diem t = ¢, bat ky, t, € [1,T], véi A ta c6 day quan sat

0=0,0,--0, (2.1)

Bai toan co ban thtt nhat 1a di tinh xac suat clia ddy quan sat O khi HMM khong
thuan nhat A da cho. Nghia la tinh P(O|A).
Cong thitc gidi va thuat toan giai bai toan 1 duge cho thong qua bd dé va thuat

toan sau day:

Bo dé 2.2..1.
k
P(OIA) = Z {H (g, —1q,(5 — 1) g, (OS)} (2.2)
V(q192---qx) \s=1
trong do ky hiéu hinh thic:

Qgoqi (0) = Tg -
Chatng minh. Xét mot day trang thai bat ky c¢d dinh nao do:

Q= q1q2---Gk (2.3)

4 day, ¢; 1a trang thai ban dau.

Khi d6, xac sudt ctia diy quan sat (2.1)) khi cho day trang thai (2.3 sé la:

k

P(0|Q,A) =[] P(Oslgs, A). (2.4)

s=1
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Trong (2.4) da sit dung gia thiét doc lap théng ke clia day quan sat (2.1)), tit d6 ta

k k
PO|Q.A) =[] P(Oslae. A) = ] ba. (0). (2.5)

s=1 s=1

Mat khac: P(Q[A) = g, g14,(1) Agogs(2)---ag, 1, (k— 1), v6i ky hiCu: agyq, (0) := 7,

ta co:

Tt cong thiic va ta co:
P(OIN) =) P(O|Q.A) - P(QIA)

vQ
k
=> {H Qg 1q,(s = 1) - bqs<os>}
vQ s=1
k
= Z {H g, 1q.(s — 1) - bqs(OS)}
Y(q1q2..-qx) s=1
B6 dé dugc ching minh. O

Cong thic 1) c6 thé dién giai tudng minh nhu sau: O thoi diém ban dau ti(s=1),
m6 hinh § trang théi ¢ = ¢;, v6i xac suit I, (=: a4 (0)) va tai thoi diém nay véi
trang thai ¢; do6 ching ta quan sat dugdce gia tri quan sat O = Oy, v6i xac suat by, (O).
Su thay doi tit ¢, t6i £, (vAn tat tit s sang s + 1: (s = 2)) mo hinh chuyén tit trang
thai ¢ = ¢, sang trang thai ¢o = ¢, v0i Xac suat a,,4, (1) va & trang thai g nay ching
ta quan sat duge gia tri quan sat Oy = Oy, v6i xac suat by, (0s). Qua trinh ci tiép tuc
cho t6i cudi khi tit t,_; chuyén sang thoi diém ¢, =t (s = k — 1) mo hinh chuyén ti
trang thai g1 = q;,_, sang trang thai ¢, = ¢;, vl xac suat a,,_,4 (k — 1) va § trang

thai ¢, nay ching ta quan sat duge gia tri quan sat O, = Oy, v6i xéc suat by, (Ok).

Dé tinh cong thitc (2.2) ching ta thay ring néu tinh triyc tiép thi do phic tap ciia
thuat toan c6 cap cta 2tM* phép toan. Trong HMM thuan nhat ngudi ta dua ra thuat
toan tién-lui (Forward-Backward Algorithm) dé tinh cong thiic (2.2) véi t = T. Déi
véi HMM vé6i muc tieu 4p dung dé giai bai toan MTT thi thuat toan d6 khong ding
dugc. 0 day bao cédo dua ra thuat toan goi la thuat toan tién (Forward Algorithm) dé
tinh cong thiic v6i Vt € [1,T] nhu sau.
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e Thuat toan tién

Ky hieu o, (i) = P(O105 - - - O;; ¢, = S;|A); nghia 1a o, (i) 1a xac suat clia phan dau
cia ddy quan sat cho dén thoi diém ¢, va tai thoi diém ¢, d6, trang thai ¢, = ¢, = S;,
S; € S. Khi d6 «, (i) duge goi 1a bién tién.

Xac suat P(O|A) duge tinh theo bién tién . (i) theo thi tuc quy nap nhu sau:

1/ Buée khdi dau:
041(7:) = T bl (01)7 1 S 1 S M.
2/ Bué6c quy nap:
M
ar1(j) = [Z ar (i) aii(7) | - b; (Or41);
i=1

1<7<t—1=t,—1,1<j<M

3/ Két thic:

M

P(O|A) =) au(i) = > ()

i=1

Cot 161 va trung tam ctia thuat toan 1a bude quy nap. Sy tinh toan & bude quy nap

dugce tinh toan mo ta qua Hinh vé 2.1:

T T+1

o (i) a'r+l(j)

Hinh 2.1: Luéi tinh bién tién
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Hinh 2.1 chi ra cach ma trang théi S; dat dugdc tai thoi didm 7+ 1tu M trang thai
c6 the S;, 1 <4 < M, & thai diém 7. Vi a, (i) 1a x4c suat clia bién c¢6 ma diy quan sat
dau 1a 010, - - - O, va trang thai cia HMM & thoi diém 7 1a S;. Tich s6 (i) - a;;(7) 1a
xac suat ctia bién 6 ma 010, - - - O, la day dau clia cac quan sat va trang thai S; dat
dugc tai thoi diém (7 + 1) theo con dudng di qua trang thai S; ¢ thoi diém 7. Tong
clia tat ca cac tich nay theo tat cad M trang thai S;, 1 <i < M, c6 thé c6 & thoi diem
7 chiing ta thu duge xéc sudt ctia S; ¢ thoi diem 7+ 1 v6i tit ci cac quan sét bo phan
di kem trude d6. T d6 ta tinh duge xac suat a,41(j) voi he & trang thai S; va gia tri
quan sat 1a O;41 & thoi diém 7 + 1.

Tt sy phan tich va minh hoa trén, ching ta da chi ra tinh ding dan ctia thuat

toan.

2.2.2. Bai toan co ban thi hai va thuat toan Viterbi cai tién

Bai toan ¢ ban thit 2 déi véi HMM muc dich 1a phat hién ra phan an ctia mo hinh
nghia 1 di tim diy trang thai hgp 1y nhat, day trang thai toéi wu tuong tng véi day
quan sat da cho.

Van dé quan trong dau tién 1a tieu chuan thé nao la hop 1y nhat? Thé nao la toi
uu?

C6 hai dang yéu cau nhu sau:

e Dang 1 :

Cho day quan sat: O = 0,0, - - - O, sinh ra bsi HMM khong thuan nhat A. Hay
tim trang thai ¢; = ¢ t6i uu theo nghia cuc dai xac suat

e Dang 2:

Cho day quan sat: O = 0,05 - - - O, sinh ra béi HMM khong thuan nhat A. Hay

tim day trang thai Q* = ¢jq5 - - ¢ cia A t6i wu theo nghia cyc dai xac suét

a/ Phuong phép tim 161 giai cho dang 1.

Day la bai toan tim trang thai t6i wu rieng biet ¢, = ¢ tai thoi diém hien tai ¢.
Ching ta xay dung bién:
(1) = P(q, = S;|O, A). (2.7)
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b/

Dé dang biéu dién 7;(i) qua bién tién oy (i) theo cong thiic sau:

= 2.8
va 7;(4) 14 mot phan phdi xac suét
M
(i) =05 Y (i) =1,
i=1
Tit cong thite (2.7) ching ta thu duge 15 giai:
g; = arg max (i). (2.9)

e Thuat toan Viterbi cai tién 1

Theo thuat toan tién ctia muc 3.4.1. chiing ta dé& dang ding thuat toan tién dé
thu dugce v,(i) thong qua cong thiic (2.8) va tit dé thu duge ¢ qua cong thiic
9)

Phuong phap tim 1si giai cho dang 2.

Dé tim ra day trang thai t6t nhat Q* = ¢i¢ - - - ¢ khi cho trudc diy quan sat
O = 0,0,...0; cia A, bao cao dé xuat thuat toin sau day va goi 1a thuat toan
Viterbi cai tién 2 d6i véi HMM khong thuan nhat. Sé di goi 1a “thuat toan Viterbi
céi tién” vi vé mat k¥ thuat kha tuong dong véi thuat toan Viterbi da dudc cong

bé ddi véi HMM thuan nhat, song n6 chi sit dung thuat toan tién va bién tién.

Dinh nghia dai lugng :

0-(1) = max  P(qg1q2--¢r—1Gr,qr = Si; 0109 -+ O|A) (2.10)

q192...9r—1
nghia 1a 0, (i) 14 xac suat 16n nhat doc theo day trang thai don cho dén thoi diém
7 va két thuc 6 7 tai trang thai S;. Tt (3.13) ching ta ¢6 cong thitc quy nap cho
d-(j) theo cong thic sau:

(57(]) = { max (57_1(i> : CLij(T - 1)} : b](OT) (211)

1<i<M

Dé tinh ra dugc day trang thai can tim trong qua trinh quy nap theo cong thic

(2.11)) ta phai gitt lai d6i s6 (trang thai) dat cuc dai trong (2.11)) d6i véi méi 7 va
j. B6i vay cung véi 0, (i), thue hién quy nap cuing véi dai lugng ¢;(j) nhu sau:

e Thuat toan Viterbi cai tién 2
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1/ Budc khdéi tao:

2/ Bué6c quy nap:

(ST<]) = { max 57-,1(7;) . Clij(T — 1)} . bj(OT), 2 <7< t, 1 < j < M.

1<i<M
Yr(j) = arg max {6,1(i) - ay(r —1)}, 2<7 <8, 1<j< M.
3/ Két thuc:
P* = max {0:(i)}
gi = arg max {5(i)}.

4/ Truy ngugc

q: = wTJrl(Q:J,-l)a T=1— 17t - 27' o 71'
Két thtc thuat toan ching ta xac dinh duge day trang thai toi uu

*

Q' =q¢ q
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Chuong 3

U’ng dung m6 hinh Markov an vao

bai toan MTT

3.1. B6 trd phuodng phap tinh cac xac suit co ban
trong xay dung HMM tuong tng v6i mo6 hinh
MTT

Gia st (Q, F, P(+)) 1a khong gian x4c suat; B € F, P(B) > 0.
Ky hieu F2 = {AN B : A € F}, khi d6 F? 1a o-truong va FB C F. Xét
PP(-)=P(|B)={P(B)} ' P((NB), -€F (3.1)
V6i P(Q\ B) > 0, thi P(-N B), - € F khong phai 14 do do xac suat. Néu dugc

chuan héa bdi hé s6 chuan héa D = P(B), theo cong thitc (3.1)), thi PP(-) sé tr thanh

do do xac suat trén khong gian xac suat (B, FZ, PB(.)).

Chiing ta quan tam hé sé chuan héa D trong truong hop rdi rac.

a/ Trudng hop tong quat: D = P(B) = [dP
B

b/ Trusng hgp roi rac

Dinh nghia 3.1.1. Bién c6 ngau nhién C,C € F, P(C) > 0 dugc goi la bién co
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nguyén ti, néu:
C=CUCy, Cie F,CiNCy=02,i=1, 2,
tht min { P(C4), P(Cs)} = 0.
Gia stt B ¢6 phan hoach khong qua dém dugc cac bién c6 nguyén tii, nghia la:

M
B=|JB, BiNB; =2,Vi#j

i—1
trong d6 B;, i = 1,2, ..., M, 1a cac bién c¢d nguyén tit, M < +oo.

Khi dé6 hé s6 chuan héa D sé duge tinh theo cong thiec:
M
D=P(B)=) _ P(B).
n=1
Vi du 3.1.1. Xét Z 1a bién ngau nhién nhan gia tri trén N.
P(Z =n)=p,, ¥Yn €N
> =1
Vn

V6i B=[Z<M]; B;=1[Z=1],i=1,2,..,M, 1a cac bién ¢d nguyén tii. Khi d6

ta ¢6 hé s6 chuan hoa:

D=P(B) = n
PE()=D7'P(-NnB). (3.2)

Céch tinh xédc sudt c6 dicu kien theo cong thiic (3.2)) sé duge ap dung dé tinh céc
xac suat co ban khi xay dung HMM trong phan tiép theo.

3.2. Ung dung HMM giai bai toan MTT

Trong muc nay ching ta xét bai toan MTT da dudc phéat biéu trong muc 3.2.2.
Chiing ta xay dung HMM nhu sau:
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1/ Tham s6 M va khong gian trang thai.
Chiing ta lay: M = M* + 1.

Khoéng gian trang thai:
S = {507 Sl? teey SM*} )

trong do6, S; 1a bién c6: “C6 ding i muc tieu thuodc 16p M trong mién R tai thoi
diém quan tam tuong tng”, i = 0,1, ..., M*.
2/ Tham s6 N va khong gian cac gia tri quan sat.
Ching ta lay N = N* + 1.
Khong gian cac gia tri quan sat:

V= {UOavla "'7UN*} )

trong do, vy, 1 bién c6: “Co ding k gia tri quan sat tai thoi diém quan tam tuong
ung”, k=0,1,...,N*.

3/ Phan phdi x4c suat chuyén trang thai
A:[azj], OSZ,]SM*,
trong do,

A5 = P[th = Sj|€’tk_1 = Si]

i )\mz 3 g L
:Dl' Z DO( )6)\m.C%l+lii.0;‘(1_pm)l‘p7+lZ

(2
I=max{0;(i—j)}
& day cac hang s6 chuan hoa D, va D; dugc tinh theo cong thic:

M* )\ml . —1
DO:{Z( z'!) ¢ m}

1=0

-1

M* ,L .
)\m ! — j+l—1 j4+1—1
Dy = Z Z Dy - ( ; ) € )\mcjj\ﬁﬂ—i ) C’f(l _pm)lp]njl

7!
=0 1=max{0:(i—3)}

& day chiing ta dimg C™ 1a ky hiéu t6 hop chap m ctia n:

n!
m o __
' = m!(n—m)!
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4/ Phan phdi x4c suit clia diy quan sét khi he thong & trang thai S; tai thoi diém
t.
B=1{bj(v,)}, 0<k<N*0<j<M*
trong do,
bj(ve) = POy = vlq: = S}

0 Vi k < g
(A + Ag)F
k!

& day D, 1a hing s6 chuan héa dugc tinh theo cong thic

N* —1
A +2)" i)
DQ = {Z T &

k=j

D, - e~ OmtA) 61 k>

5/ Phan phoi trang thai ban dau
trong dé

)\ A
Wi:P[QI:Si]:DO'( m) e

7!

Nhu vay ching ta da xay dung dugc mot HMM cho bai toan MTT dugde phét bicu
trong muc 3.2.2. Chung ta ky hieu HMM nay 1a A7y

Ap dung thuat toan tién va thuat todn Viterbi cai tién dude trinh bay trong muc
3.4. cho Ayppr v6i Iuu ¥ 14 mo hinh thuan nhat chi 1a truong hop riéng ctia truong hop
khong thuan nhat véi

An)= A, Vn.

Khi d6, khi biét cac gia tri ny,, ny,,..., ng, (ny, = ng), theo thuat toan ching ta xac
dinh duge s6 muc tieu tuong tng la m;,, my, ..., m; (m;, = m;), véi t; =t 1a ky hiéu
thoi diém hién tai.

Thuat toan tién va thuat toan Viterbi cai tién duge dé xuat trong muc 3.4. 1a thuat
toan giai tuong minh dé dang cai dit trén may tinh cing nhu cai dat trong cic "con
chip vi x1t I§" trong thiét bi nhing chuyén dung. Khi d6 véi hé chuong trinh cai dat
thuat toan, ching ta chi can so lieu dau vao ny,, ng,,...,n, ching ta sé ¢6 dau ra la m;,,
my, ..., m; va xac suat P* tuong ting mot cach tudng minh.
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Két luan

- Bai toan MTT trong muc 1.2.2. chi u6c lugng sé lugng muc tiéu tai cac thoi
diém quan tam. Van dé mé ¢ day la néu quan tam t6i quy dao ciia cac muc tieu dé
nhu trong bai toan MTT tong quat duge nghién cttu trong chuong 2, thi lieu c6 theé st
dung cong cu HMM duge khong? Tac gid cling da tién hanh nghién cttu van dé nay,
song mudn ditng HMM thi céc trang thai ciia HMM lién quan dén bé anh xa tit ¢ diém
tai thoi diém ¢;,_; sang j diém tai thoi diém ¢, (nhu dang anh xa dé quy dugce néu ra
& Chuong 2). Véi husng di d6 viee tinh xac suit chuyén trang théi a;;(k) sé phic tap
tuong duong vé6i viec tinh xac suat hau nghiém. Hién tai chua c6 két qua nao dugc

cong bo theo huéng bai toan mdé nay.

- Mot van dé nit duge dat ra la: Loi gidi toi wu theo dang 1 ¢6 nam trong day clia
15i giai t6i wu theo dang 2 hay khong? Day 1a van dé rat ¥ nghia song dang tiéc la tat
ca cac cong trinh da duge cong bé cho dén thoi diém hién tai ngay ca doéi véi HMM
thuan nhat ciing chua c6 10i gidi béi 18 161 gidi toi wu chua chiac da duy nhat. Day ciing
13 huéng nghién ciu tiép theo.

Nhu vay, Chuong 3 cta bao cdo da tap trung nghién cttu 16p bai toan MTT véi yéu
cau ude luong s6 lugng muc tieu ctia 16p muc tieu dude quan tam tai méi thoi diém.
Véi 16p bai toan nay, bao cdo duing phuong phap tiép can theo huéng st dung HMM.

Cac két qua thu duge cia chuong nay 1a:

1/ Dé xuat "thuat toan tién" va "thuat toan Viterbi cai tién" ddi véi HMM khong
thuan nhat.

2/ Xay dung HMM tuong thich véi bai toan MTT duge nghién ctu trong chuong 3.

3/ St dung céac thuat toan duge dé xuat v HMM tuong thich dé gidi bai toan MTT

da néu.
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