sk AR

AR AR T XA, T, KL, HMAE. MHFe
EEEANR, I &S mfot kRN RE 4
BB F;, ARTFEEZFI LA AaARELA, L&
AR FE e B SN e 4R AT F T IR . AR AT R AAA A
¥IRIGFEB. A4, BEEAPHLEAAR, KA
e —EdFEEFEERE R X GRA

R AL 1 R G
B AR5 4%
B e ChinaHadoop

IS PR
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DB 7Y 28




O

O
O

B Ak AT 6 Faqs

B faxtk. ZfzH(/2 8% 4)

Ak & N =t #7

N ot 7 M % 6 k& ik

B A0 mEERSEANBE LN

B L ARMAEA

D-separation

B f#Mze=i LA

B Markov Blanket

™ %49 40 & AR

B RA(ZH+tig)M4: L4554
Chow-Liu% & : & K&K £ AP MSWT

BEXMFT AT LS ETnE 3/62
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23] HBHYTE

taztH, XA ELHE, XXH, L34 L, Kullback
#, Kullback-Leible# 5 %

EP(X). X)) AX P I g @ Nk oA, N patqeg
Aa 2t K &
p(x)

0] () 00 ——=
D(plla) Zp ng() Ep(xﬂgq(x)

7

B Al TRETANEANEETY “BF
B —& 4, D(pllq) #D(qllp)

B D(pl[@)=0. D(q|lp) =0

ERERETR AR E TS 4/62 mlJl§E+|3n
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Eg . _’___ %:%\

ANMMNEEX, YHEIHEL, 2LAX, Y
€ B oo Fedk 2 oA A= G 40 2t H o
1(X,Y)=D(P(X,Y) || P(X)P(Y))

1(X,Y) =Y p(x,y)log—P&Y)
)= 2 P09 )

nnnnnnnnnnnn
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Eg . |:|:L,\i

A A AT IFio K mEAGHE L HIEFEX
# 15 8. ;F%/ififéu%éﬁﬁi/;:o

2L HaEA %R EZELEDGEEB A
g(D,A), 2 ALADW%BHHD)SL # 4=
Atz 514 TD@ 4% 54 HH(DIA) = £,
3[1:

B g(D,A)=H(D) - H(D|A)

B 2%, X040 %#3EEDF K EAG LI L.

« JJLQE—}FE

IIIIIIIIIIIIII

BEXMFT AT LS ETnE 6/62




RS

N o+ #r(Bayes) 2

P(B[A)

P(A[B)P(B)

Y P(A[B))P(B,)

Bt A1 % P(A‘B): PFS&B))
SR N P(A)=> P(A|B,P(B)

BEXMFT AT LS ETnE 7/62
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DU A S B Plaro)- D'(”f :

#EBHAD, A LHAFHE L LRA.
A2 ...... A ke mE, gP(AD)

max P(A | D)= max P(D'P?g;’(‘\) _ max(P(D] A )P(A))— max P(D| A )

:>maxP(A1 | D) — max P(D|Ai)

B £-ANEX: NetHax;
B £oA%R: #4427, M FaEaqALPD)REFH, &
A va— A F

B F=/NFk 2 84rA. A At 7,340 % fa 5
(Ri&4z), MJERE—~NF R EH=ITHMKo

BRI AR AR E TS 8/62 mllli—}ﬂn
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DIRTER AT B v B

O 8x SdePASA &tigid, 3X ktiko — B4 F AL
e E, PRMEAC0S, AL AEGHHF,
et 403; MABLIF UM~ MHE, SEF
%o*ﬁ%ﬁaﬁﬁkﬁM$o

PG-)-2  PG=0)->
O #. P(A=1G=1)=08 P(A=0/G=1)=0.2
P(A=1G = o) 03 P(A=0G=0)=07
P(G=1A=1)="
5

PG =1A=1)- z( = ~16 - 1>F;§) y 0%

. O.8><—+O.3x—
ieG 8 8

=0.8163

BRI AR AR E TS 9/62 mllli—}ﬂn
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FH— 1L

—

$1.00
\,---_/____\‘

=

The “Win” envelope
has a dollar and four

beads in it

The “Lose” envelope

has three beads and

Nno money

Interesting question: before deciding, you are allowed to see one bead

drawn from the envelope.
Suppose it's black: How much should you pay?

Suppose it's red: How much should you pay?

BB AL SIS

VL& 5 PR

ChinaHadoop.cn



EEIE S

[ -

Cl. C2R T A% &/ Mz 4o

P(R), PB) .k F4 7 frsk. Z kg,
P(R)=P(R|c1)*P(cl) + P(R|C2)*P(C2): 4 4% A\ &,
P(c1l|R)=P(R|c1)*P(cl)/P(R)

B P(R|cl)=2/4

B P(R|c2)=1/3

B P(cl)=P(c2)=1/2

do F AT xRk, M EHALELE G E RO

do FHF| 23K, M fEHALE LG ERIT

ERERETR AR E TS 11/62 muli%ﬁﬂﬁ
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A ENT, ENATEAAETLE
£

B At BN FOaL P-4 8, LN
Rk, #i, GHFTEIS—BnstAeE
“mER S S "

B AT SRS TS 12/62 &5



DI R 4%

eENAREL G FFAGENE S, RERAT LA
#ztodla—NAGET, KAXNT Nt A %
N <t # M %-(Bayesian Network), X %4 & % 7 @
#! (directed acyclic graphical model ,DAG), # —#¢
mEALY, REREAGEIEH, tR—aAK
A E KX X A N A1 1 5 oA
(Conditional Probability Distributions, CPD) # 44 &

ERERETR AR E TS 13/62 mllléi%*éﬂﬁ
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DI R 4%

—BmE, Mt HRALEOHQATRBAPOF L ATFH
NEE, CMNTRETARINGES, XNBEET. £
bo Bl ¥, EHANT LOGE LR ALANENE E
RAAAR£4(NEEM L) 2ANT L is—
NEFhEBEA—R, AFHFP-NF LA A
(parents)”’, % — AR “F(children)”’, & ¥ &4 7~
4 — N AR
GEANGLEARAABTRNE, 5402 TF RS,
R R ok R

IS PR

4/ ChinaHadoop.cn
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— 1B S Y DI 4%

p(a, b, c) = p(c|a, b)p(bla)p(a)

BB AT S E T E 15/62 IR
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1z DINTEr 48
Hr—Atik s 2 A ML LS

p(mlz LI TK) — p(mKlmlz sy :EK—I) . p(ﬁ:Z‘ml)p(ml)
n
P(..Xl = Ty enn, .}\;*,,_ = .I-'n_) = H P(.Xhl = X; I -Xi-i-l — Ljd1ys ey« X r” = ,I.‘n)
1=1
BB AR ST 16/62 g



—~ "IEE” B DI AR L

IR

ALk

B X]AeX2% Z.

B X6FoXT7 faX4% % 6 54 T 1 Z

x1,X2,...X7 € 6~ o~

p(ml)p(mg)p(mg)p(m4\$1, Lo, $3)P($5|3?1: $3)P($6|$4)p($7\$4: 355)

n]
=2

N
S g
syl
Hir

BEXMFT AT LS ETnE 17/62



X — > SE PR DIRTHr X 4% 5 534

P(S)

P(C|S) P(B|S)

S8%

-

-
IR = R

0
0
1
1

142+2+4+4=13 vs 2°

B AT SRS TS 18/62 I & 5Pz



DIRTERNZ%: $TENHLEPEIZ A

Spool
Process OK
Local Disk
pace Adequate
orrect
e >
Print
Data OK

ocal Cable
et Cable / Connected
rmter On f’%
S
PTinter Memor
Print Output
O 17*1+1*2 + 2*22 + 3*%23 + 3*24=909
0 226=67108864
1513 sy e e =R 19/62 I 5 PR

ChinaHadoop.cn

Qutput O orrec
Driver

etting

Net/Loca

Printing

Correct
Local Local Port
Path OK ~__




Jl_l\n-l-fvﬁlmg% . %ij:&
P(E)

P(B)
001 Earthquake 002

B E |P(AB,E)

T T .95

T F .94

F T .29

F F 001

P(J|A) A [P(MJ|A)
F .05 F .01

R AR ST E 20/62 U ;—T;p_;



DINTERMZE . ZR

AAAAAA

1:1[P x. | parents(x. ))

P(j,m,a,a,é)

=P(j|a)P(m] a)P(a b, é)P(B)P(@)
=0.9x0.7x0.001x0.999x0.998
~ (0.00063

SHHNE T gﬁq;:/\/z}zp -{? [ HE

ERERETR AR E TS 21/62 m UL & 5 PR
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DI ER M 42 B 2 UL E X

0 BN(G, ©)
B GCHGARA
G d: Mt g
Gyl & &5 018 & crig
O: AL BELFTGHLESL
s & Xtg &% P(X|parent(X))
P(S, C, B, X, D) = P(S) P(C|S) P(B|S) P(X|C,S) P(D|C,B)
O B%: &5 58t 46A2 LERELE?
B GANgsmELKGNE: &L dparentga &M, £ 4 4o
parent ¢ <T Jx /4 # 8 41 £ K: KM*(K-1)

O # &4 & @parentztiz & 4 RT 3 M E (54 0%)

BB AR LS S 22/62 mm

) ChinaHa
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Hir



FF7RHY DIATH
> 0-® -0 -0

4 S R — 5 AR%, #HRED R ALAY
B A, ”BEAT %A, BAL. L ALRE

B A

B AL 4R

return(((holdrand = holdrand * 214013L + 2531011L) >> 16) & Ox7fff) :
B pLSA £ A% 4 A

ut
3]
]\j)rg

™
S i:
Hir

B AT SRS TS 23/62 L e



2 4

AT DIRT R 48 571 E SRS —1

EAEA, #: P(ab,c)=P(c)*P(alc)*P(b|c)
A& P(a,b,c)/P(c)= P(alc)*P(b|c) ¢
& # P(a,b|c)=P(a,b,c)/P(c)

#%: P(a,blc)=P(alc)*P(blc)

bp: mCh 2@ 54T,

a, bt ra 7 (blocked) # 1% z
B A1z tail-to-tail a b

ERERETR AR E TS 24/62 mlJl§E+|3n
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i U T4 F 5 S IS 2

P(a,b,c)=P(a)*P(c|a)*P(b|c)

a c b a c b
P(a,blc)

P(a, b, c)/P(c)

P(a)*P(c|a)*P(b|c) / P(c)
P(a,c)* P(blc) / P(c)

P(alc) * P(b|c)

bp. fcCéhz 9414 T, a, bikra#(blocked), &4
B %4412 2. head-to-tail

BB AT S E T E 25/62 mlllﬁi—'?ff's
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2 4

A 3T DIRTEr 48 71 7E S IR AL —3

P(a,b,c) =P(a)*P(b)*P(c|a,b)
> P(ab,c)=> P(@*P(b)*P(c|a,b)

— P(a,b) =P(a)*P(b)

fHCh 4o tg £ T, a, bikraér(blocked), £
¢ 7z t5: head-to-head « b

ERERETR AR E TS 26/62 mmé%aulln
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5511 AR X =15

Serial S Diverging

XAF X

Knowing S makes L and B
independent (common cause)

Converging B

L

Knowing T makes
A and X independent
(intermediate cause)

NOT knowing D or M
makes L and B

independent
(common effect)

HEERET R AR E TS 27/62 VL& 5 PR
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Lt E S BERE

D-separation: H & 4%

A FieE0as s A, B, C, 2 AE 2AP4E
Ea 0B i4sonir, 2&KA, Bi#e
Z., W B & FTA %12 4 3k m # (blocked), Bp % 2
T 5 AN 2

B Af.Bt# “head-to-taild!” 4= “tail-to-tail#!” %424t & 2C;
B AfB# “head-to-head®!” %z F & FC,k ACH F 4b;

4o £ A BR i% % D-separation, A,BA afig #: 4 D-
connected.

IS PR

4/ ChinaHadoop.cn
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Battery

Gas#eRadio & % z #5542 4= Battery#.?
Ignition<.? Starts#.? Moves#.? (% IIIDD)

Ir-l
“LIJ]
S |

BB AL SIS 29/62 m Clh oop.c



1R 43 5T DN 2%

O—0O— - —O
# D-separation<T 4o, fAXi%2 6 54T,
Xi+1 ¢ 9 Fox1,x2...x1-1 5122 2., Bp:
Xitl¢g > HF KK R AXIH £, ottt ¥ &4
iz, XM RERFGRAUTELY, o
D R A A A

.P[:Xﬂ+1 — I|X.|:|._, Xl_,Xg_, s _,Xﬂ_) — .P(Xﬂ+1 — I|Xn_)

e T 30/62 &5



Z Zy

HMM e

%3 &4 244 (HMM, Hidden Markov Model) =T A 4z
A, AEEies. NLP. A #4548, # R =9 %
AT S AR R SRR B R A A H ok

HMMA £ F ot L4, A d—-NRERGD
AR EMMIAEXRRTANGKEMIE T, BdA
ANKEE K= DA &G Z 4 Lo g 7] 6 id 42
RLAMAMAMMAEXRGREGST, HAKES
5, BANKEER—~NO, &shE A 6D AL
7, A o5 7]

B 57695 NeE THME— /N3]

B 2155 4Tidis Azt 4o 247 DNA.

B AT SRS TS 31/62 &5



Markov Blanket

— ANgt & ¢yMarkov Blanket & — N£ 4, 4
ENGELFPHGE S ML 2HEMT, 54 S
Sz TR LE S

Br . — gk & ¢gMarkov Blanket £ ¢, ¢4
parents,childrensx Z spouses(z F &7 & 44
parent)

IS PR

4/ ChinaHadoop.cn
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# € 2242 : Serum Calcium(e B £ E)%
F2.75mmol/Le $ & & iz, % 8 &%
M4 LSk, ZHNRELE T
PR Db £ FEB, 255 BTt

JI_I\I:I'I'J{E'XXI?% B %42, 35050 n6E 04Tk
im,ﬁﬁié@g@w@%ﬁ&o

http://www.wiki8.com/xueqginggai 131584/

B s £4, RCancerey “L A 247 (Markov
Blanket)

Eﬁilm%ﬁﬁﬁﬁéﬁiﬁﬁﬁﬁ#%zi Z: P(S’ng)/ 62 P(SlC) * P(LlC) jclhl.n;%a?ooff?



http://www.wiki8.com/xueqinggai_131584/

DURTHr X 2% B F iR

¢t P(7a 8|z K)
ol PrK|EmE)
Zak ¥ maXcIassP(% AIE-&7)

/

Attt AfiE, 22Nt ML Hieit 44
G5B E QLK X122 E BN LE

%o 12 Fo 4B K 4% 5 4 1 K 2 Ao

74 Mot e M Lof) 2 6 & & 454t £ 4 Fo B L2 5

WAHART, THREAEZMS, st k4o BTHE L4

WMERSHME, AGHEF| S, B Xt oLtQ

| .

B AT SRS TS 34/62 g
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S
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F X S5RLMH370

201443A8a, & k& A4 23 MH3704%# (04
£777-200ER) £ 41 4 B.0:41 A £ Motk T 42 b =0 s
% 21194, BHAMH3T0 2% ¢ £ 4. £ 2
2140 K S — R EAAZTEFFT L L2 S5 A A
L

2015%7A29a 4+ % %9 Rt B(l'ledela Reunion)
A e 2 & %, 2015%8A6a, L xHES ﬂf
ZEEAE LAMAMHIT0. Ak EEASeH, “A
B3I HMAA, . .EEETLHAAMHIT0A #
@R ETTT B A.. 4am4&ﬁﬁxbxiéé%l B — 5@
ji$'41mﬁ°;/<’6ﬁVAo i

B AT SRS TS 35/62 g

5 m
S i:
Hir
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MH37085 [ 8 [X 1

"]‘X\#&j% }é, ' NG \
Uﬁ k 2 3‘3(1 Fa U% 0 _ ’: T, QR

ED s RN P

P A
AL DR &
1% F °T #8 & 3,2 |
1 A B ER P % HBE

-\ _
éfﬁﬂ} % ;ﬁ' } k') BHEBMMHIT0ORNERESER
* £ PR T B

B A SRS TS 36/62 & 7 P



1853 4T

WMH3705& /5 i % E sk 447 A (X0.Y,), & 24 % 4

9] /&, 4o AT H & 0 6 T A6 B R

VAXo,Yo) A B e, sAXEL E &) AH0° , & a4t A £ 4

AEGE 2444, F#28 A&B01 AHAFK, o

43600400 4t af MAtE, & EATNE K2

BEEFKRLERLSAE, #1814 (X,Y,) %5 @d

é@#g}u;“%pdo dE[O,BGO]; %}“—K;’éOl;

% 7136004 69 2 4 1T @ g 1o

B ik BV A A BAL R4 T #4x B (XY, 6
£ xk#fa R @R M AEER

ety

BB AL SIS 37/62 m jclhlina a

Im
S i:
Hir



=5
¥ ~% SR
. = «  HRRETE \
y =
/ - - »
[ g T | , -
. “a 1 y - - % ¥ B i s
W B 2 M g e SR |
|1 a2 3 PO
~Z,s 8 7\ crar ) | Pall . R e
¥ AN L 4 e g e z
22N P\ | o
\ i (TR | -

‘“ SReE [1H1370) %ié?éuﬂll“:b{%u?
A #BAE S ARANHZL, HAETF KRR, HE
T —af 2|42 TR, 9%
w AR LA AE R R Ar &, AVI*AtH 2R,
@ 7k A. ¥R IR, Lo
B #=4% 2 xRFR, 24 i1T@T, BmEhE AN
BT K Soin 2 2R LR AR R E hmEP,.
B PAFERRFR, 944 mF, A, ANXN@G =4

4 15 (5 1),

ER, 9 5nmE A R, =R XP
B xrkFik, A EMN2 6T ESKRR,...R,

B A SRS TS 38/62 &%=



MH3707R] gE [X 13},

CCMV 13
7 Il

M S70 Rz sE Il S 512

8H6H
EHAr

A
S i:
Hir
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HIRBRIRBR U SLLG

O 4% % 4% 45 & . Direct/Sin/Random
g ¥

| s 0 2 o

s, 7 P Ay ul Y/




save _1image = True
style = 'Direct’ # Sin/Direct/Random
m, n = 58, 100

COde directions = np.random.rand(m, n, 8)

if style == 'Direct’:
I directions[:,:,1] = 10
elif style == 'sin’:

X = np.arange(n)

y d = np.cos(6®np.pi*x/n)

theta = np.empty like(x, dtype=np.int)

theta[y d > 8.5] = 1

theta[~(y d > 8.5) & (y.d > -8.5)] = @

theta[~(y d > -8.5)] = 7

directions[:, x.astype(np.int), theta] = 10
for 1 in np.arange(m):

for j in np.arange(n):

directions[i, J] /= np.sum(directions[i, J])

print directions

loc = np.zeros((m, n), dtype=np.float)

loc[m/2, n/2] =1

loc_prime = np.empty like(loc)

loc_prime = loc

fig = plt.figure(figsize=(8, 6), facecolor="w")

im = plt.imshow(loc/np.max(loc), cmap="coolwarm’)

anim = animation.FuncAnimation(fig, update, frames=1@ee, interval=5@, blit=True)
plt.tight layout(1.5)

plt.show()
B AT SRS TS 41/62 &%=



AN, W6 ST E A L — a2 A
T B sk e dn & 4 A € Rivde, GG AEE
% (4B M fo o) & R k)6 2 Lo

HTREH A L= N2 GERAE, WHI
t—=Natz| 2 E, B, LA EALA,
@%:Tu&m“%%ﬁﬁ”ﬁ*%¢ﬂk&i
zTnﬁﬁixTﬂﬁﬁ FiE BBEE KA
2 “BR4aE ks “HEET RAE
HRALELEE, &mwﬁﬁ%%éﬂk&io

B L &8 F A GILE, EMEARL TS

(Occam‘s Razor).
B gz ANARLE,

BEXMFT AT LS ETnE 42/62
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DIRTET X 48 B $2) 12

& kvt A& ANF F ¢gD-separation €5 5 3 | X, & £,
82 0-H ek 2. 457 N ot A %o
H okt AE
B BT T~ NALMA: X, X, %,
B xFi=1%|n

O AR%F iR X st S

L XX X P&X 6 K4, ##%:

P(X;|Parent(X; )= P(X,[X,, X, - X, ,)

EAME T, LRBIET 2B GELER,
P(Xy, X, - X, )= TP(X|Xs, X, - Xy )= T [ P(X;|Parent(X; )

ERERETR AR E TS 43/62 muli%ﬁﬂﬁ
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[TTth

Suppose we choose the ordering M, J, A, B, E

P(J|M) = P(J)?

BB AT S E T E 44/62 IR
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kel

1
(T

Suppose we choose the ordering M, J, A, B, E

CED>
Clomols>

P(J|M) = P(J)? No

ELH% Ix—)gl %ﬁ Tﬁ*&ﬁ?ﬁ%’vﬁﬂﬁ% 4 5/ 62 m ]Cllhll nal—ll:a%p .;IFIE



1
(T

kel

Suppose we choose the ordering M, J, A, B, E

CED

NP =

Burglary

P(J|M) = (J)? No

P(A|J, M) = | J)? P(A|J,M)= P(A)? No
P(BJA, J, ﬂ--[) B|A)?
P(BJA,J, M) = ( )?
BT AT SN E 46/62 m ]clhl.n;%a?mfg



=F
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(T

E =1

Suppose we choose the ordering M/, J, A, B, E

@‘@

Earthquake
J|M) = (J)? No

P(.

P(A|J, M) —‘1|.])? P(A|J, M) =P(A)? No
P(BI|A, J, M) P(B|A)? Yes

P(B|A, J, M) P(B)? No

P(E|B, A, J, M) = P(E|A)?

P(E|B, A, J,M) = P(E|A, B)?

HEERET R AR E TS 47/62 VL& 5 PR
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(T

545

Suppose we choose the ordering M, J, A, B, E

E

J|M) = (J)?
AlJ, M) = P(A|J)? P(A|J,M)=P(A)? No

A, J, U) P(B|A)? Yes

A, J, M) = P(B‘)? No

|B,A,J,M)= P(E|A)? No 1+2+4+24+4=13
E|B,A,J,M)= P(E|A,B)? Yes

NDUDU;—

BB AT S E T E 48/62 VL& 5 PR
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ke B (S A+ 4E) M 4%

Discrete (Subsidy? and Buys?); continuous (Harvest and C'ost)

Subsidy? @
N
(Cost>

Buys?

Option 1: discretization—possibly large errors, large CPTs
Option 2: finitely parameterized canonical families

1) Continuous variable, discrete-+continuous parents (e.g., C'ost)
2) Discrete variable, continuous parents (e.g., Buys?)

HEERET R AR E TS 49/62 I 5 PR

ChinaHadoop.cn



ZF2h B IR

Need one conditional density function for child variable given continuous
parents, for each possible assignment to discrete parents
i Subsidy?
P(Cost =c|Harvest =h, Subsidy? =true) N
— N(ash + b, 07)(c) ; ;
1 1 (¢ — (ash + b))\’ | |
= exrp | —— | |
o 2T P173 o i |

Mean C'ost varies linearly with Harvest, variance is fixed

Most common is the linear Gaussian model, e.g.,:

Linear variation is unreasonable over the full range
but works OK if the likely range of Harvest is narrow

BRI A E TR E 50/62 mlll§E+Fn

ChinaHadoop.cn



ZfHEREER, X1 REEERY

Probability of Buys’ given C'ost should be a “soft” threshold:
1 T T T T T

08 | o e,
? | . |
5 | Subsidy? ;
S 06f | |
= : :
4, . !
%4 : :
2 1 1
a 1 I
= | |
02 1 :

1
| Buys?
. T L e S

0 2 4 6 8 10 12
Costc

Probit distribution uses integral of Gaussian:
¢(x) =1 N(0,1)(z)dz
P(Buys?=true | Cost=c) = &((—c+ pn)/o)
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Sigmoid (or logit) distribution also used in neural networks:
1
1 + exp(—2=<£)

P(Buys? =true | Cost=c)

Sigmoid has similar shape to probit but much longer tails:
1 . . . . .

Subsidy?

NGO

08 | l i
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P (smoking| dyspnoea=yes ) = ?
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P(s|d=1) = P,Sf;;’ - P(s,d=1) -

d:LZb;x,cP(S)‘Ii?‘—S}P(b‘S)I:(X‘CaS)VP(d‘Cjblz
\ l

) ; ; P(b‘s); EP(C‘S)P(X\C,S)P(d\c,b)J

‘\\ // f(S?Zb, x)

Variable Elimination
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True distribution P(X) Tree-approximation P'(X)

—)

D(plla) Zp( )log g:)) Ep(x>log%

BRI A E TR E 56/62 mlll§E+Fn

nnnnnnnnnnnnn




R ERNAEN @R T ENEER

Theorem [Chow and Liu, 1968]

Given a joint PDF P(x), the KL-divergence D(P,P’) is minimized by
projecting P(x) on a maximum-weight spanning tree (MSWT) over
nodes in X, where the weight on the edge (X, X ; g is defined by
the mutual information measure

P(x;,x,)

I(X;;X,)=) P(x,,x;)log POVP(: )

d
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O sz F 26P(X), 2T A «iA, +FE %A 24PXiY]);
O #RAFELS B2 BEL>H, HHEZANLLGLEE
1(X1,Y]), #4el(Xi,Y))#k A4 % mANgk b &4 6 34
OO+ & & k45 4 A4 (Maximum-weight spanning tree)
B anm#éiKsE: nNEE(4£4) 0412
B b#HEARAREGYL
B CHIT-NERRGY, # AL NFP;, EKteNE, A
oAk Ko TM, EHK KA
B d 4 tAdfsctsAFEATN-IE LML 2 2 R)
O #®#BpEELLEAHARK ABEItTFR2LGT 4,

O % 4 At o B3 A48 R P (X) 4o & N o H5 M 464 3% A4 £ P(X)
€9 4a 2t KR Ao
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Mt: Chow-LiuE:x

1. From the given distribution P(x) (or from data generated by P(x)),
compute the joint distributioR(x, | x;) for alli # j

2. Using the pairwise distributions from step 1, compute the mutual
information(x; X' )  for each pair of nodes and assign it as the
weight to the correspondmg edgéX,, X ;)

3. Compute the maximum-weight spanning tree (MSWT):
a. Start from the empty tree over n variables
b. Insert the two largest-weight edges

c. Find the next largest-weight edge and add it to the tree if no cycle is
formed; otherwise, discard the edge and repeat this step.

d. Repeat step (c) until n-1 edges have been selected (a tree is
constructed).
4. Select an arbitrary root node, and direct the edges outwards from
the root.
5. Tree approximation P(x) can be computed as a projection of P(x) on
the resulting directed tree (using the product-form of P'(x)).
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M. Jordan, J. Kleinberg, ect. Pattern Recognition and
Machine Learning, Chapter 8. 2006

Irina Rish. A Tutorial on Inference and Learning in
Bayesian Networks

David Heckerman. A Tutorial on Learning With
Bayesian Networks 1996

Hans-Andrea Loeliger. An Introduction to Factor Graphs,
MLSB 2008

Frank R. Kschischang, Brendan J.Frey, ect. Factor graph
and sum-product algorithm. 1998

http://www.eng.yale.edu/pjk/eesrproj_02/luckenbill html
/node4.html(sum-product)
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