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Gidi thiéu

Cac mo hinh do thi
Suy dién

Ung dung
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e MO hinh hoa

e Cac dac trwng can mé hinh hoé

e COng cu xac suat



Mo hinh hoa: tai sao ?

e Don gian hoa



Mo hinh hoa: tai sao ?

A

B

e T[rwc quan hoa

O réng: chuwa biét
O dac: da biét



Mo hinh hoa: tai sao ?

An trém Pong dat
P =0.001 P=1e-7
A

B

AB |0 1

e Dinh lwong hoa

P(A,B,C)
= P(A)x P(B)x P(C|A, B) o4 Jos

0 1e-4 |1 0.8



Mo hinh hoa: tai sao ?




Mo hinh hoa: tai sao ?

e Truyvan/Suy dién
3 )
Néu khung anh roi, kha nang an trém = ? 80%
Néu khung nh roi va déng dat, kha nang an trom = 2 0-1%



Cac dac trweng can mé hinh hoa

Tinh khéng chac chan

An trém Pong dat
P =0.001 P=1e-7
A B

e S vat, hién twong co
thé xay ra hoac khéng
Xay ra
o Tat nhién / ngau nhién



Cac dac trweng can mé hinh hoa

Tinh cau truc

e Suw vat, hién twong co *

mai lién hé v&i nhau
o Nguyén nhan / két qua
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Cdng cu xac suat

Tinh khong chiac chan = Phan b xac suét

Tinh cau tric = Poc lap xac suat

ALBI|C
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Podc lap xac suat

e Biéncddoclap P(A,B)=P(A)xP(B)
Al B P(A|B) = P(A)

Q N\

-
(o
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Podc lap xac suat

e DAc lap cé diéu kién

A | B I T P(A,B|C)=P(A|C)*P(B

P(A|B,C)=P(A

C)
C)
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Cac md hinh do thi

e Quy wdc trén mé hinh do thi

e Mang Bayes (d6 thi cé6 hwéng)
e Mang Markov (d6 thj vd hwéng)
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M6 hinh do thi

e Bién © dinh cla do thi

e Cac mbi quan hé < canh '

o Co hwéng hoac vé hwéng

e Quy wdc vé moi quan hé / doc °

lap xac suat gitra cac bién

e Dang ham cua phan bd lién hop
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Mang Bayes

e Do thi DAG: ) (o)
o Co huwong
o Khong co chu trinh °

e M0i dinh chi phu thudc vao G0 (o)

cac dinh cha me
Xa L x> | x3 X1 L Xo x4 L x5| x3???

X1, X2 L Xq,X%5 | X3 x; L x| X3 227



Mang Bayes

o Xac suat lién hop P ()

P(x1, X2, X3, X4, X5) = P(x1)P(x2|x1)P(x3|x1, X2)
P(xalx1, X2, x3)P(X5| %1, X2, X3, Xa)

= P(XI)P(Xz)P(X3IX1:X2) °

° P(x2)
° P(x3]x1, x2)
()

P(x4|x3)P(x5|x3) P(xalx3)  P(x5l|x3)

e S0 lwong tham so (bién nhi phan)
31 >1+1+4+2+2=10
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Mang Bayes

e Xac suétlién hop =tichcac "™ (x) (x)"*

xac suat co diéu kién (nut cha) oL
P(x1, X2, X3, X4, X5) =

P(x1) x P(xz) x P(x3] X1, x2) (x) (o)

X P(X4|X3) X P(X5|X3) P(x4lx3)  P(x5lx3)

e DO thi nhan tir x (%) ®
(%) (%)
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Mang Markov

e Do thi voé hudng Q’Q

o Canh vd hwong °

o Co thé cé chu trinh ° Q




Mang Markov

e Tinh Markov cuc bd: Madi dinh Q’Q
chi phu thudc vao céc dinh ké o

X1 L Xq, X5 | Xp, X3

20



Mang Markov

e Tinh Markov toan cuc: Hai Q’Q

tap dinh doc 1ap néu bj chia cat

b&i cac dinh da biét ONO

X1, X2 L Xg,x5 | X3



Mang Markov

Dinh ly Hammersley-Clifford:

1

P(x1, "+ . Xp) = 2W123(X1,X2:X3)W34(X3, X4)W35(X3, X5)

= tich cac ham trén cac do thi

con day du (clique)




e Truy van md hinh dé thi

e Suy dién chinh xac

e Suy dién xap xi
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Truy van mé hinh do thi

~n r&
Cau hoi: An trom Pong dét
p . ] L P =0.001 P=1e-7
Neu khung anh roi, kha nang an trom A B

P(A =1|C =1)=?

Néu khung anh roi va dong dat, kha C
nang an trom 1 |04 |0.99

P(A=1|B=1C=1)=?
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Truy van mé hinh do thi

P(A=1,C=1)
P(C = 1)
PA=1,C=1)=P(A=1B=0,C=0)+P(A=1B=1C=1)

P(A=1|C=1)-=

P(C=1)=P(A=1B=0,C=1)+P(A=1,B=1,C=1)+
P(A=0,B=0,C=1)+P(A=0,B=1,C=1)

Nhanh hon, ap dung tinh phdn phéi cia phép nhan

AxB+AxC=Ax(B+C()



Truy van mé hinh do thi

Cho mé hinh d6 thi
1

P(x1, "+ . Xp) = 2W123(X1,X2:X3)W34(X3, X4)W35(X3, X5)

Tinh P(x4|Xxg)
e Xx,:tap cac nut can truy van
e Xx.: tap cac nut da biét gia tri




Do thi nhan to

1 B
P(x1,-- ,x5) = 2W123(X1,X2:X3)W34(X3, X4 W35(X3, X5)
Néu biét x, = 1
1
P(x1, X2, Xa, X5| X3 = 1) = i%z:&,(xh x2, DW34(1, x4)@35(1, x5
1
= glliig(xl;}fa)%(xﬂr)%(xa)

— D06 thi nhan t&r moi

@_




Do thi nhan to

Tinh P(x4|xg) & db thi c

© Tinh P (X 4)& do thi méi




Thuat toan Tong - tich

Trén do thi nhan tir dang cay @:h o
Tinh P(x4) O
e Chinh xac
e Hiéu qua
e Y twdng: tinh phadn phbi — gom céc nhén

t(r thanh tin nhan phat trén céc canh do thj
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Thuat toan Max - tong

Trén do thi nhan tir dang cay
Tinh maxx , P(X4)

G o=
P

e Lay logarit: Tich cac nhan tor — Tong

e Tinh phan phdi ctia phép codng:

max(a+ b,a+c)=a+max(b, ¢c)
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Suy dién xap xi

Trén do thj tong quat

e Tong - tich, max - tong @j‘ )
c6 thé 1ap vé han

e Suy dién bién phan: EM, mean-field, ...

e Suy dién Monte-Carlo: Gibbs, Metropolis

e Heuristic: lan truyén tin nhan nhw thwong
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e Tin sinh hoc

e Truyén tin (ma hod, giai ma)

e XU ly anh/am thanh / video, x& ly ngén ngi tw nhién
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Poan chwrc nang protein

Mang twong tac
protein (PPI)
e BietP,...P coF

nay khong.
H6i Q,, ... Q _cOF

Khong ?

.«

o
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Poan chwrc nang protein

Deng (2003) @ II

max P(Q |P)

P(Q.P)- @
exp {GN1 + ﬂNm O Q

+YNj1 + Noo}
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Poan chwrc nang protein

P(Q.P) = a?

N.:sO nutco F

N, : sO canh ndi nut ¢d F va nut
khdng co F

N, .: s6 canh ndi nut ¢ F

N,,: SO canh noi nut khong cé F



Ma LDPC (Gallager)

H: ma tran kiém tra chan 1é 111100
G: ma tran sinh m3 O ]_ 1 O10
x: di¥ liéu can truyén 1000 1

xG: di¥ liéu + bit kiém tra

10010 1
[101]010111 [101011]
001110




Ma LDPC

101011

N

- - w) = o

=2 =

1 1100
011010
110001

W1234(X1, X2, X3, X4)
W235(X2, X3, X5)
W126(X1, X2, Xe)

37



Ma LDPC

e Truyén video: DVB-S2 / DVB-T2 / DVB-C2
e Chuan WiMAX: IEEE 802.16e
e Mang khong day: IEEE 802.11n

Ngoai ra: ma Turbo - lién lac lién hanh tinh

(cling dung thuat toan tong - tich)
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