LDA #2¢ )\F

Rickjin(#r&#E), version 1.0

2013422 H 8 H



Contents

0.1

0.2

0.3

0.4

0.5

0.6

0.7

TR o 2
PIETIIGammabB®L . . . .. L 2
0.2.1 Gamma BREGEAIL . ..o oL 2
0.2.2 Gamma BREJRF . ... ... 7
0.2.3 M ITiaAAEGamma 79048 . . ... 10
NiHBeta/Dirichlet 73T . . . . ..o 13
0.3.1 HEMWHER—NHBeta 2040 . . . ... Lo 13
0.3.2 Beta-Binomial 385 . . ... .. ... ... ... .. ... 17
0.3.3 Dirichlet-Multinomial 3t%¢ . . . ... ... ... ... .. 21
0.3.4  Beta/Dirichlet 7MA—MER . ... ... 24
MCMC FGibbs Sampling . . . . . . . . ... . 24
0.4.1 BEFUBRL . ... 24
042 HREERIFRM . ..o 27
0.4.3 Markov Chain Monte Carlo . . . . ... ... ... .... 31
0.4.4 Gibbs Sampling . . . . .. ... L oL 34
B N 37
0.5.1 Unigram Model . . . . . .. .. ... ... ... ..., 38
0.5.2 Topic Model FIPLSA . . . ... ... ... . ....... 42
LDA SCARZBE ..o 44
0.6.1 UFERRHII ... 44
0.6.2 WFIRIFRAME . ... 46
0.6.3 Gibbs Sampling . . . . ... ... . 0oL 49
0.6.4 Training and Inference . . . . . . . ... ... ... .. .. 52
7 53



0.1 HF&

fEMachine Learning ', LDA 2 P54 I ) {8 FR: Linear Discrim-
inant Analysis fllLatent Dirichlet Allocation, 7FIX s 35 s3] 3= 2 )\ E )
s Jad. LDA 22— MNESCAFBIP AR A A, R TSVD, PLSA 454
A, AR TR T S0 B AR SO SCor b 2 — MR R, R A
M, IR ol K R R s 2, B Gamma B%L, Dirichlet 7347,
Dirichlet-Multinomial 3t#g, Gibbs Sampling, Variational Inference, Ul IH-33C
AR, PLSA 5, DIKLDA SCARHERL

K SCE I EE bR, @RS 75 2] BAFLDA SR h, F 8T R —
SO R AR TR L A AR TE AR, HLAR o)L BdR SR Uy )
(R AR, R RN, 7 SR BRI AR A AN R A fR S A1
(RER I HHEES ) XA,

SCERREHE B CO\E PITS, BO \E RS B . AL 0T RUR BAT
L, AR AR A AN T AR TR A B B AR A S BRAR Y
RIS Ath 2 G T2 1\ e R AT AR P8, XKD AR 3 3R KB IR A
P Frickjin, 5L & AR zhihuijin@gmail.coms

0.2 MHIFAIGammaiF#y

0.2.1 Gamma BFRIEEIC
FEHUA R, BRATTER S S N — MK A SR AT K Gamma bR

I(z) = t*letdt
0

T A3 R B v, T DAHE S 3K AN BRI Gn S 1R 38 A R
I'(z+1) = al'(z)
TOERAZIEY, T(z) REOT LY ROE R T e S B B, B B
I(n) = (n 1)
221 7 Gamma R G, ZFEUCKE—EHAMWASEN
1 XN RKAFIX AP I — AR, B 8 i R 2 15

2. N g T uR B I, AN AE 153X A of H i 2 O3 20 (n) = n! T
JD(n) = (n — 1)!



BOER T 2R, ORI A D SR TR 2 Gamma B8 £ IR 1) 7 2
YIS T T E —E NS, X)L UR RS — 2 2,

17284F, FFAE P RRTE % R ECH AR R, LA 1 150l HE A8 R T
o N G At 40 308 A, %y, 4,9,16, - ol U I Kin?
HARIIARIE, BIEn A S mg, XA @A AR R Af e . EDW I
gt T AR B — 4 P W I 2Rl y = 22 Ik BT I A (n, n?)IX 25,
NI AT AR AR AR E o XA 30 B S8 & — R BHEE AR T 4R A B R
FIFHI, 2,6,24,120,720, - - -, BATATLATFE2Y, 31 S5 AT LLUFS2.5108 2 FATHE
I — 28 (n, ! ) 0 5 AE AR AR S b, RASE AT DUE B, 2% 5 ) H — 40l 1 ik g
AP 2k

THE FACTORIALS

n: 1 2 3 4 5 6 7 8
nl: 1 2 6 24 120 720 5040 40,320

Figure 1: 11t (n, n!) 1) i<k

B R TCTE MR IX AN ), TR AR T U8 R DU R A 56 5 1
JE R UIEA], d T BR324 I AP B IR IS FZE — e, At R 1R 40 73X AN )
Wl TIRRPL T-1729 58 MIMRRE T IXAN R, I SECTT KA, 2
Kbz HA7224
SIS R Yen I 35 AR TR S ) 2 P e R DB, A ok B,
W, n# & FREL Wm — oo, H
1.2.3..-m - |
ATm@tn) —mo1em Mty =

TR IEA T3 TR 7 AT DAl € SUEFR RS2 8k . B, Hln = 2.5,




m g R, et BT DU RS 12,51
WP AR AR AR A B! AT LU R (0 — AN 5T ek

(6 G G sl = S
FBRMUE R, 52 7460 7 LA

. 1-2:3--.m L

mlgnoo(1+n)(2+n),“(m+n)(m+1) =n! (2)
Jein] AEE R

1-9-3---m

(1+n)2+n)---(m+n)

(D +2)m (m+1)"
1+n)2+n)--—-m (m+1)(m+2)--(m+n)
(m+41)"
Wﬂﬂxm+m (m+n)

m+1
—n!
Hm+k (m — o)

(m+1)"

=1.-2.3...n

=n!

Frh(1)s (2)2N A0 AT,

R TT 40 22 N — L6 5] B )1 TF AR il — 287k 58, B/ R S A AR T,
RRFr AR A KA A W S 5 990, Mn = 1/2 WEHiE, () RTH5, 3EE )5
LA E

1 2-4 4-6 6-8 8-10

Gy: 3.3 5.5 7.7 9.9

SR AT 0 IF 1 I3 44 1 Walllis 23 28 06T, Wallis 7616654 4 FIHR (0 7 1 4502k
B ey = /o1 — o) TR (1 3 B S L~ [ T A P B 0%, 45591 6
Frltn PR,

2-4 4.6 6-8 8-10 7

33557 9.9 4

TR, BRI Wallis 24 20850 T 1 F — MRS f 25 5
(1)!:;zi
2 2

WA i 407 #0  FLARE PLELE (R0 5K, AR R MR TR RS A e
ﬁE ANEN, B BARE M, RCRE R R A B RIS L, R
Hmm SR, RIRECT LA SO S T IR s 1R I KU AR, 2
SURZLAE AR DA ELEiTR R D W@Miﬁ*E&%T@mﬁﬁﬁ%ﬁ@mﬁ
ﬁ ﬁIEﬁ%ﬁ@mﬂT%P% EOAEEOA TR RV SURIER SRS VE ORIV YT SN



Figure 2: K&K Kbz

(=g, 7 PAMAEAIR 40 (R SRR b xR ez IR gl A AR s
AR 2

WA 2 () TR, RBCERM S, A 135 0 884 RR A OC
0o BBEERE A MIn! — € AT LRI R T, TR R IT 46 221K 3n!
RIENBIP A BARWallis (191 AR 30 BeAT A W K, Wallis 52 A H]
A 0 7 S S, (EEWallis 24 30 HE S FEEE A Bt 2 78 A R
[y wt(1—x)ide, ZWallis KRR, BRI % B0 R 09— BB R4

J(e,n) = /leeu ~ o)da

Uekbn IEHEE e NIESCEL MR HRAD ik, w13

J(e,n) = 6Z1J(e+1,n7 1)
A ERIEACAN, AT LR
Jeun) = 1-2...mn

(e+1)(e+2)---(e+n+1)
TR R AN EE AT

n!:(e+1)(e+2)..-(e+n+1)/1xe(1—ar)”dac
0

LR, B T — R R, e = f/g FHHASf = 1,9 = 0, RJEXS L
WALV AR (R PR T SS R AL g 25, HEANAE, A 2R 0 [F) 27 T i
SO ), TR B G R (v e O 4 2R
1
n! :/ (—logt)"dt
0

5



WL D A R IE K TR T Wi SR RA M — N4t = e 5t n] AFS 23R
1% W Gamma EREE R
n! = /00 ue” “du
0

T ML SR e S B SEHR b, FRAT TS 2] Gamma PR — B C
! -1 e
I‘(x):/o (—logt) dt:/O " e dt

(=)

Figure 3: T'(z)

Gamma EREHKE] T, RAKREESE AW, M{TGamma & & X
HT(n) = (n— 1), FBHELKFERIM. WRBATRHEIE T, Gamma &
BoE Pt Bt ke

o0
F(m):/ t e tdt
0

KA AT LMERT (n) = n! TR BRHLE 5 Gamma k& HUE SGE ORI E PR,
WHETT(n) = nly AERFLAFI AR, JE2HE 5 T Gamma B8 AL 5E
X, AT (n) = (n— 1) Mk G #EEESEECE 500 Gamma pREHE—BIRA
WFFE, AT IXANE X, TR E SO O T BE R sE. A7 80E 5O,
—AN AT AR IR D BB AT T A N AR

1
B(m,n) = / ™1 = 2)" da
0

XA BREINAERR A Beta B2 WA Gamma pR L) & SGEHGH ET (n) = (n—1)!,
il




AR ESEHN AR W WIHEIT (n) = n! KEX, 2

1
E(m,n) —/0 2™ (1 —x)"dx
JUES)
L(m)I'(n)
F'm+n+1)
R ZRAMB(m, n) S, MR H AR T £ A U S .
YT 2 M Gamma RIS, HERFD B

e Philip J. Davis, Leonhard Euler’s Integral: A Historical Profile of the

E(m,n) =

Gamma Function
e Jacques Dutka, The Early History of the Factorial Function

e Detlef Gronnau, Why is the gamma function so as it is?

0.2.2 Gamma ERIHE

Each generation has found something of interest to say about the
gamma function. Perhaps the next generation will also.
—Philip J.Davis

Gamma BAENETEAETF IR 2 HA KT, i m i, $hikE,
BURWURFR T MI4ER 55 XA SR BHEBUREC A 3T T R AT, FEMER
WAL, RE G A HAIZA BRE D%, Gamma bR EAE B 3fe
(), o e A FIStirling AR — 458

T(z) ~ V2me “a"" 2

86, Gamma BRI LG SUAESEHOR |, T B4R BI85 P L

IRl |

Figure 4: & Vi L1 Gamma pF%L



Gamma REHIRZWH, EAMEMER(1/2)! FITHRA R, R IR
Z A B . e S8, BATRCR A R —F B SRR T4
AT Gamma PRECERATAT DL SR HCF B0 8 SCE PR 2 S EAE, TR AT 5L /2
B 50 R RE IR o0V Ry 3 B 3008 S A mT AT 2 BB FRAT12E 5 e — T 1)
Hr T4

first derivative nx"",

second derivative n(n-1)x">,

third derivative n(n-1)(n-2)x"">,

k-th derivative n (n —1) (n - 2) - -(n —k+ l)x"fk = (n i;()' X"

Figure 5: ™ &K T4

Tk ST U e ik, T2 Gamma eRECRIA N
I'(n+1) "
Tn—kt1)
TRET B, TATT LA SR NI B S5 UR. Bln, Mn =1,k =
5 AT LIS L S HCh
N(1+1) L1-1/2 2V
T1-1/2+1) Nz
TRZ% 5 R EI T — i s 30 f () 3 Taylor 2808 IF il LRI W W8, T
Sl Ha™ (50 B 32, FRAT T DL 22alE SO 2 R B0 20 B 4. ANl
B AU S X R e 7R B UK, AR T R E L, (HE X
A BRHEBHCA KRN T, IR T ECE S A — T
Fractional Calculus, 7EXFHEAR 5>, 050 i S AU B AT Roe X, 1
XA T Gamma BREL
Gamma FRECFIRRLH £y VIR, WL
dF( )

1 1
= (1+§+§+“'+5—10gn)

L TuﬁiﬂGamma PR AT 5@5: () AT VIR,

C(s) = +—+§+



¢ BRI S T 8e384 IR 2 AN R B A e B A KRR o Ul 2
FRABAEGCRE 10004 J5 WL, ALK 1A (R 25— A 1) iU 2 2R B AR BRI W] 17 2

logI'
8+

Figure 6: logI'(x)

U\Gamma PR B AR AT AT LA B8 i — M e, AN, log T(x)
B, Mot BRI EAE R e B

EIE0.2.1 (Bohr-Mullerup) WA f : (0,00) — (0, 00), Hik &
L) =
2 fa+1) = ()
3. log f(z) &R
MAf(x) = T(x), WHAAT (z) & ME—l 2 LLESAT IR %L
1 R BRI Digamma PAEY,
_ dlogT'(z)
V(@) = dx
ii{ﬁfé*ﬁﬁi%ﬁ’]@%& TEW e K Dirichlet 7347 AH G [ S BB ARSR AN T
i, AT B SIX A . Digamma pECEA WF —NE P R
1

U(r+1) = U(a) +

PREL () FHER B H By DLRC BRECEAT VIR R, 2

d"logT(z)

W () = W (), 7T LLE]

U(1) = 7 U(2) =17

9



2
Uyi(1) =¢(2) = Eﬂl’z(l) = —2¢(3)

P A Gamma bR /R ECE R IR AN, EAECE BN, A
RERE 1% — AN BEREARL AR 4F 1 BRAR, A5 SOE W IR Z], RATIR 2 852 4
SRR D BRG] T AR 2 I U FO S AT 9T, 55 B 4% K Philip
J.Davis 5 TR RAE LN HGamma BHEHI L E: “Leonhard Euler’s Integral:
A Historical Profile of the Gamma Function”, S HXGamma pAZ—LREPE R
L P s AT TARVEAN WA, X CFE RS T Chauvenet Prize(36 E 477 4
MR P HC R B e 4 ) o

0.2.3 N4 %%/ Gamma 7%

Gamma HRETEMR G PATEILL, RZ S0, AR WGt
22K (t 3, X2 3, F 434 BetaZ3Ais Dirichlet 43 i % B 28 58
A Gamma PR B 5% AR R AR B LK AR (M6 40 A1 /2 B 3% 1 Gamma
BREE A B Gamma 43 4. X Gamma PR E SUM— N, win] LA

N o .
o le—x
T dr=
/o T !

T, BBV PR B AR R, A BB R P Gamma, 724
{1 R £

xa—le—x

I'(«)
WA — A e = e, HiA3 2] Gamma 3 (1) — B

Gamma(z|a) =

ara—1_—0
Gamma(t|la, §) = Btr(;(;t

Hra #r Kshape parameter, F= 2 gk T 7040 M Z& TR 1M 8 #X Arate param-
eter B Finverse scale parameter (% i Mscale parameter), 3 Bl 247 £
Bt

Gamma 73 AT EREZRE G TH St 2 — AN 7 ARK, AR 24t i fle % D)
KFRe IREIIAHIN? AT AR M Gamma 43 AT J34MGamma 5341 7F 4 56
503 A s AR ORI, A8 DU S Ge vk 0 A b i)z I AR e A 1 56 5. 4
FACGE v o0 A LR OC R L NSRS TP I AR 8 R 00 E, I FRE o) A1
Poission/3fiiv  IE&ME X HBUES S AA#H ] LUE Gamma 3 AR N #Fk
HIN A AT 20 B = 1R R E UM Gamma 7347,

10



Figure 7: Gamma(t|c, 8) 734 14

Gamma 71 i 4% flPoisson 70 Ali. Poisson it FE &K A ZFVIHIEER. RATE
2y RIGamma 43 A7 i HE 3 35 & F1Poisson 70 A AE Hr I8 B m ) — 5%
Mo ZHCNAPoisson 73041, MERE N

)\k -
Poisson(X = k|\) = I:'
fEGamma FHAi (B E Do =k + 1 193]
zhe™® ke
Gamma(zla =k +1) = T D) ==

P LLIX AN o A iy T X Eod— 301, A2 Poisson 2042 S HLY, Gamma 43
AREIELSL), T LAE AN Gamma 4347 f&Poisson 70 A 75 1E SEEUEE L (134
R AR

P E 2 b — B S AR AR I 2 XA ) AN N A TR A
LT AT N I A R BEHEGamma 43 Aii FllPoisson 43 4ii 5 % B & i
Mo TRATLEME R ZE v b #5235 Poisson(\) 22 A5 o LA & 30 4> 47 B(n, p)
finp = A\,n — oo Z&AF FHIBIR M. WERARKN I moSE M E %2, nEe
SHIE IR AR BN B X ~ B(n, p)ih L~ —AMR AT IR

P(X <k)= k'(nnl'cl)'/p (1 — )" F gt (3)

XA R SO [ 3 T2 AT M Beta 73 Al Z (W] )9S &, AEWIIFANHE, BT
U >4 B B 0L P PO ARE T AN A S 2% (R0 M 20 W IR T i it
UEHTe T IX AR M Beta 70 AT AT 58 IR, DT LUK AS BV AL A R

11



ABE N —A Ty, JH#Beta/Dirichlet Z3Ai I IR EAT. AL FRATTEY I S 7K
) IEANEFREAL FATEE A M — et = £ 155

n! L n—k—1

n! " r T\ b1
L
k‘!(n—kz—l)!/np(n) ( n) n
x x
n n

-], (e

= /n Binomial(Y = kln — 1, E)dm (4)
np n
EZEMGE IR B (n, p), AN TES 24 I3 A B(n — 1, 2) IR AL,
BTl n] LS

Binomial(X < kln,p) = / Binomial(Y = kln — 1, %)dx (5)
np

Sefr by, XPG)RWIAESFnp = \n — oo TR, WA B(n,p) —
Poisson(\), TAUHB(n —1, %) — Poisson(x),JT A3 5
Poisson(X < k|\) = /OO Poisson(Y = k|z)dz (6)
A
B AL Possion 73 AT JETT, T RAGE

© .k, —x

Poisson(X < k|\) :/ Poisson(Y = k|x)dx :/ Tdm
A A -
JIT LA AT 30— B i A R 1 4% 5
o k, —x
Poisson(X < k|N) z/ T dr (7)
A k!

P FoRBATGR S or Al e i, S RIS A PLEN — 0 FHURIR, 72
M Poisson gy A 7t B 4 /b K AERA FAF MR, XN — 0 Bt A T REA F 1K
AT, FIUP(X <k) — 1, TRENEE

ook, —x ook, —x
1= lim re dx :/ &dﬂﬁ

TEXABN R T f(z) = 2o 0 SRR B — AR AT R, XA
I AP Gamma S0 A, BANI4REEAT LA AT k! BB A3, TR E]

k!z/ 2Fe ?dx
0

12



TIEIRAG R T K Lo MBS 575

B, FATN I AT — AN S K, RIS R 20073 A3 1R B i 2 Possion
AR, T IR R A, S T Gamma /A6, [FIREE %
ik Gamma BREC T SEPR B DL BEHES IR RS T 34— B 0 R R
IMGamma pRELR AT,

B Sk BATE F (7)AEH AR A, B RN T Possion 43 4ii flGamma 73 Afi
MIOC R, IXANAI(3) 2 i B 1 35043 A7 i Beta 73 AT ¥ 08 &R H A 58 4 AH A 1)
gitt). (7)) N — T2

A ke

X de =1

Poisson(X < k|\) —I—/
0
FATATLLE 2, Poissonsy A (1 HE 4 S AR B EUH Gamma 734 I3 281 o 0f7
HAMPR R
JLB) A7) XA T H S PR A G B LI (R SER S E) XA
SRR S, AN R T 2] A e v 4 A ) R B AR B A AT IR
W7, BORBEUE A UNAT, AH 2 S8k UG Tk W] g Py AN 45 22 A 4
RIE).  EURRIRR ISR U], A I Atk XA S A ] DUR 471
MR BEEAT AR A5 B DA B HE S I R e 45 R 5 K — 80 Gamma #6120
FGamma 73047 (P E#E, ibGamma A0 AL ((7)2Z2PIEMER L1
—AEEE, 18K Possion-Gamma, duality, 147 LL )\ Possion 7 At AT#ES, ik
IXER K Z A Possion I FEA—EMIATH. )

0.3 TAIHBeta/Dirichlet5 o

0.3.1 HBEmHE¥N—IAiRBeta 9%

GETE A USRI L 1R, AR BA A BARATHL G I _Eag, 8L
I A A0 A B B SR P00 K AT — R BE A ELATUE 77 LB “ARATTIASE
USR], MR, AR — DR, BTl DOE, IS RS 5L
ke WORMIMIMIAR ST, JAT—BEG, BT — MM fRBHE— N
AU IR B N0, 1) 2 R I BEALE, RELAESZ10R, BT BI04, IRAE
BTRIVBRAT 4, S ANEIL0.0 SN 7 IR AZ B A 55 ?
MECARIA ISR — T, X A eakdid i~

13



Algorithm 1 Ji#k1
1. X9, X9, ,XnirisUniform(O, 1),
2. {8Xn AMREHAR SR AT EREINPS X ), X2) -, X
5 WX BSR4

R AR T 2, A A AR, R
Geitsd, AN AANZEA FEFRZ RS, LTI EENMER S A # AT
LI A1 53 A Uni form (0, 1) HR AR G H K

Figure 8: % Hi /& &

¥ BTN Sn = 10,k = 7, WA IRATEEK H X 7y 19010 ML
L, TR I A 5 PR B AR 0 25 MO8 Il B e ) SR 3 — S
Xy B A AT AW ? IMEATZR T —F X () VEAE— DX [z, 2 + Az] FIHE
WKk MR A

Pz < Xy <z + Ax) =7

1[0,1] X4 =80, ), [z, x + Az], (z + Aw, 1], TATEH BT LG,
e ANEH A ANEAE T X 8] [z, 2 4+ Az, XA DT Y REX ) 2
PR, W0, ) P NAZAEE — 1 NG (2, XX PN Z A — kDML A

14



Rt BAVEHEWT—MFE LR ESR N FHTE

E={X; € [z, + Ax],
Xie [0,1’) (7’:27 7k)a
X,e(x+Az,1] (j=k+1,---,n)}

k-1 _
X A)C ( l . x)n k
0 | | |
I ( | I ) |
k-1values X x+ Ax n-‘( values
‘Yl > "Yk ‘Yl ‘XI]HI 21t ‘an
Figure 9: F4-FE
JUES)

P(E) =[] P(x3)

i=1
=211 -2 — Ax)"FAx
=211 — 2)" F Az + o(Az)

o(Ax) KAz F T 75 e AR, B T AFEKHA A 5, Mn D EhfH—
MVEAE [, x + Az] XA A RFIBGE, R o — NP AR — 1N EAE0, 2) [
(DAL, RIS BN IS n () A
G BRI T — AETE, B DB A AN B AE T X [z, 2 +
Ax],
E' ={X1,Xs € [z,z + Ax],
X;€(0,2) (i=3,- k),
X;e(x+Az,1] (j=k+1,---,n)}

JUES)
P(E') = 2" 2(1 — x — Az)"*(Ax)? = o(Ax)

15



k=2 2 -
X (Av)  (1-x)"*
0 1
m
k-2 values X x+ Ax n-i( values
‘YS [ ‘er 4Y1 > AYZ ‘X71(+1 >0t ‘Xvn

Figure 10: ZH{FE’

ML LT BAVR A S, REE A [r, o + Ax]A @S A, U
XS R o(Ax), F7E

k—1
BRBL, T LX) (56 3 B O
) = Aligo Pz < X(]Zf x + Ax)
= n<z: 1) 2F1 1 — z)nk
= (k:l)?(!nk)!xk_l(l —z)" % 2 ecl0,1]
FIH Gamma pEEL, FATTATLAIE f(2) RIEH
fla) = ot gy gy

T(R)T(n—k +1)
A AF AT Y Gamma B E AT PAAUAR 22 B2 o B84 5 1l 4 31 SE AR 5N,
BAHE ERP e =k, 8=n—k+1, TG
F(“ + 5) a—1
7@) = Fayr )"

XA — R X B Beta 04! W BLIERE, #Eo, BEUAE S B R(R, IX A
O B U A B L,

U, FATTIE] BB LK R, X = 10, k = TIXAS BARR 92, B d4 i
TN 8 B4 A IR AR 45 I A e B 4R 1.
10!

flz) = (6)!(3)!m6(1 —z)® z€(0,1]

(1-a)! (8)

16



SR BRI, FRATREMLE] — R P R AR, IRANE, RE IRk
A%, BERMSAE U TP, BRIl IRIES FRRAHLE,
PRt A2 1540, 1] 2 1] (R BEALE, AR5 Bl DU JRARIR5 A B (i dg— A, A
FMETRIEANLL, HEAGHE/N, R TRAREERT R T RSB TR oE 2 . 7 X
A FRAT T 1% 5 2 % D W 2

0.3.2 Beta-Binomial 4
BERKIE A, g BERMe—TF, wi

Algorithm 2 Jfxk2
1 X1, Xa, o, X SUniform(0,1), HF ¥ B X MO ¥ 4 i
HX0), X9y, Xy, FATESEMp = Xy s
2 Y1, Ya, Y iUniform(0,1), Vit tamy AMp/s, ma M Hp K
3: W P(p|Y1, Ya, -+, Vo) (50 Ai SEAT 4

Fp = X EX0, Xa- -, X HORSRKN, RUIYIGEE, 01254
HAFp = X FEX1, Xo, -+, X0, Y1, Yo, -+, Yo SUni form(0,1) X (m +n) A
T U RS+ my KIY, T RHR E— NS, B p = X,
MR % 5 BR B Beta(plk +my,n —k+1+mo)o FZI DU HERE 1325, R
AL Bt PR 4

1 p = X RRMERMISE, RAHES Hp 05750 () = Beta(plk, n—
e+ 1), B o 6%

2. BARY; P Ama A Hp/s, mo AN Eep K, YViAH S T 2 T mik DS R SES,
Pt bhmy IR Z 3053458 B(m, p) ;

3. FESE TR ABHER B (ma, ma) ATR)S, p SR ATAEA f(plma, ma) =
Beta(plk + mi,m — k+ 1+ ms3)

FATIFNTE ULy 2 Hefli v I REA L R
FESH+ HEMOMIR= RESH
LA_E DU 73 A o R ] 20 R A IR At

Beta(p|k,n — k4 1) + BinomCount(my, ms) = Beta(p|lk +mi,n—k+ 1+ ms)

17



Figure 11: DIZ%H| 55K

b (my, mo) X "I AT B(my + mo, p) KITHEL B, X TR
Ha, B, BATHWTR KRR

Beta(p|a, B) + BinomCount(my, ma) = Beta(p|la + mq, 8 + ms) (9)

AN 52 b F IR i 5t /2 Beta-Binomial #£8, IANILHI R D2, B
PR S oA I iz, S HU JE 56 20 A7 NS 56 70 A1 #8 BE PR F¥Beta 73 A1 () 1B
X EPTEAARMN AL, BATTREME A5 5650 73 A7 T 2 HR WA 1) 28
X, XA AT DLIE SR J 50 40 A EATRRRE, (RN M S5 AR 4 3 e i
T AEICHE Hhofb 78 (1) TR AR 2 A V) B R

MEATALL EIEFERT LA 2], Beta 4040 1S 8o, BHE AT LI fR A Py 21T
B, ERANSEE TR AT (pseudo-count ). 5&T-LL_EBHE, FRATTHL AT LA
i Beta(pla, B) 5 i T Ak A

Beta(p|1, 1) + BinomCount(a — 1, 8 — 1) = Beta(p|a, ) (10)

J0ob Beta(p|1, 1) IR AU form(0, 1)

6 (10)2k BT 55 o L e A DI 07 B 6 3 2K AT 40 5 1 A
B — A7 49753 B0 T T 44 ) I 6 9 48525y p, A H L I 2 T ) 20
By By, my, W45 e (B IR AL, pI A T LR =
T AN DUIF 7 25 3 H0 00 KK T W R S RS 84950 M — T A, 9 LA %
Yep ~ Uniform(0,1), FARA T~ M H (ma, ma) ZJ5, I8 IT0F5 4
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K~ ()5 5050 A

P(p|m17m2) =

P(p) - P(m1, ma|p)

P(ml, m2)

_ 1-P(mi,ma|p)

[ P(my, malt)dt
(o )p™ (1 = p)™>

Ty (1 — tymedt

mi

pm (1 —p)me

(1 — tymed

THEAL RN 5 503470 IE U J2& Beta(plmy + 1,ma + 1),

Beta(1/3, 1)

Beta(20, 20)

Beta(4, 4)

Beta(2/3, 2/3)

Beta(2, 1)
Beta(1, 1)

|

N\

1 1
0.5 0.6 07 0.8

Figure 12: F 4% 5 H Beta s> 1ii

]
0.9 1

Beta 7} A AR 55 B A 0 e R, 2k BE N a AR, B bl
MU A B BT, B R B rTLOR g e DU HE, Ao
il 2RI ) Betasr A, & 1S & — MMk E ¥ Beta 77 fiiDemo, i iy
Z ¥, B AN EEBeta AT S FITER. . 1T Beta /- A BEEIUA Wit 2 £ (1)
TEAR, PRI e 7R Ge vk B 40 F0 D357 o B b e )2 A2 A

FELE—AN AT 3050 A 4 T Gamma 73 A IR, A8 7
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1
P(C<k)= k,(n_nll_l),/p th(1 —t)""*ldat, C ~ B(n,p) (11)
WAERZF AT LLE R, feilije WAt R, A 15 Bs L2 Beta(t|k +
L,n — k) P ATMEER A Gy XA AR E— /N IR A 4 ey, R 3RAT
R FE R JBE TR )it R AL PR At 3 B e R A T UE W

PO L SR s A, BB ML X, X, - - - ,Xnii(}Uniform(O, 1),
AN WA SR 2 X, < p, 5 MR R, T8 D 3 p. CHI T
RSN IIREL, TR-C ~ B(n,p).

P X
(k+1) -
0 ! ‘ 1

._‘ |
P 1-

Figure 13: DISSHISEEG i 22 )RR
BARIATA U R 37 oL
P(C < k) = P(X(p41) > p)

WA X (1) U GEit i, 5k + LRIE. 853 A1 387 DUSS A SR BRI
B2 kiR, FIARRER + 1 KBRS TR DRI SE5G, AT 26
B> aEn— kIR, FTEA A PRSI ). T X (1) ~ Beta(t|k+1,n—k),
T

P(C <k)=P(Xs1) >Dp)
1
= / Beta(t|k + 1,n — k)dt
p

n! 'k —k—1
= - 1— n
mm—k—1nét< Or

I Je BATT TR 2 BE AR, A SRR A%t (AN BEALE 7, BE RS RAR
F2NNTETHETREE T2 AR A% 2 0 A8 53 A 1 0 L AR I 2 f
Lf

Beta(x]9,7) = (1 —-2)% z€(0,1]

(3)1(6)!
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B, RXUSEH T, BERTTAURE T« XA TR PRk R TRI T
BRI, BATEFK I FRALBE G20 FAER20 N BEHLEG R[4
PAE BT RRBLIRIIBORAT A, TX A I 2% e 55 0 Wi 2

0.3.3 Dirichlet-Multinomial 4

X1 B RAAS NG R )i AR A, e e st

Algorithm 3 k3
1: X1, X9, - ,XnﬁmcfiUniform(O, 1),
2. HEFEA RIS R X (1), X oy - X,
3: ] (X (k1) X(k1+k2))5/‘JH§é/EI\ﬁ¥ﬁZEli:’f_[‘/A;

FEARUT AR AR IR, AT LA T IR M5 (O T 3
22N AR ITERFR, AT 233 221 + 20 + 23 = LIHHF 2, szE’}E%)

x1 Ax x2 Ax
g— | |
[ ] [

0 ki-1values k2-1 values n-k2-klvalues 1

x3

Figure 14: (X( ) (k1+k2) )E]’JH?E% \%ﬁf'&%“

P<X(k1) S ($1,(E1 + Ax),X(k1+k2) S (1‘2,252 + A:U))

-2
:n(n—1)< " ) Mimdghe—lgn—hi =k ()2

k1 —1,ks — 1
_ n! k=1 k=1, n—ki— kQ(A:L_)Q
(klfl)!(kgfl)!(nfklfka)' 1 2 3
T RIMHFFIX 1y X (o)) VBB 511
_ n! ki—1 ko—1_ n—ki—ko
f(x1,$27x3)— (kl—l)'(kQ—]_)'(n—kl—k2) Z‘l 1‘2 J}S

_ I(n+1) LRl ke =1 n—ki—ks
(k)T (k2)D(n — ki — ko +1)71 72 73
K Dirichlet f# 7] 2% — MRk v] LA, AN 0 A0 2 Sk A2 34E B :Uf¥ Dirichlet
AT Dir(xy, v, w3lky, ko,n — k1 — ko +1)e Dy = k1, a0 = kg, a3 =n — ky —
ko + 1, T A B US4

F(O[l + (6% + O[3) a1—1_as—1_ az—1
P(ay)l(az)l(az)™ " 72 77 "

f($17$271'3) =

21



XA B U 34EDirichlet 4341, BIMEQ = (a1, ag, az) IEH EIFE D
SRS, DL BRI B S

MIEA ERATWEAEE 1, Dirichlet 734 & Beta 0 AL 4EEE_ERJHE, b
MBeta 73 —FEH 2 — AN HARRR, %ERET LURILH Z MBS,

for} =01 {or} =1 {ar} =10

Figure 15: AN[Ala N Dirichlet 7347

AT BE I AR 2, FATT AT DL HE— Rk, MEE & A2 lem AN AL
HY1, Y, -, Yo Ui form(0,1) Ff ik BE S35 VEIRATY AN (X (k1) Xy 1)) LE
WERMEADN. TR W Mika
Algorithm 4 Jifxk4

1 X1, Xg, -, Xy SUniform(0,1), #F & 5 o/ MO F % i

HX(1), X2) 5 Xm

2 2p1 = X(k,), P2 = X(ky4ko) P3 = 1 —p1 — p2 (M Epa & T XA FRIA SR
FR), AVESEN G = (p1,p2, p3)s

3 Y1, Ya, Y SUniform(0,1), Yith i £1(0, p1), [p1, p2), [p2, 1] ZANX [ )
N H My, ma, ms, m =mq + mg +m3;

a: SR AP (1Y, Yo, -+, Vi) HI AT AT 40

KT OTE, AL
= (mi,ma,ms), k= (ki,ka,n—k —ky+1)
EH%ES& I:':] E‘J'f)ﬁ‘;@w ﬁﬂ‘]ﬂ u?&fi?giuplaPQ%EXhXQ’ te 7Xna Y171/2a U 7Ym
1rlfszm‘form(O, 1) Em + n NP BN T Hky + my, ko + mo KIEL, T2
JaW A P(p|Y1, Y, -+, Vi) NAZ&ZDir(plky + ma, k1 + ma,n— k1 — ko + 1+
mg),EﬂDir(ﬁ]E—i-ﬁ”L)o F I8 UL ST HERR (132 4, BRATT IR AR vy DA DL I R 4 1T
mr:
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1. BAVERWBHG = (p1,p2,ps), LRk Dir(plk):

2. B ARYIE 210, p1), [p1, p2), P2, 1= A B AN B 20 5 Ty, ma, ms,
P, = (ml,mg,mg) H&M%Iﬁﬁ%ﬁMUZt(m|ﬁ)

3. TELE T ok AXHRIL I AINmIG, 7 RG4S 4 Dir (plk + )
DA DR r 43 6 a5 ) 7 0 TR ) ik gt A
Dir(plk) + MultCount(im) = Dir(plk + m)
Ad = kAad NBEEE AR SHAES, T M LUIE A R R
Dir(pl@) + MultCount (i) = Dir(plé + 1) (13)

DL E T sebr ERA I & Dirichlet-Multinomial 338, MMM L Fid
A LAFE F], Dirichlet 4347 S Ba#h vl LLEAR W HE v 5. 2840 T Beta 571,
AT ] LU Dir (@) VE U0 R 73 i

Dir(p)1) + MultCount(m — 1) = Dir(p|@)

BEART = (1,1, , 1) FASR,  EalTRATT vy LA ABL bt Sl DL et 307 (3 30 555 BE4T
e FFRE

DAL AR A B ATT3 T LAAE: S v O 4 B2 4k 4, B X (1), X o) -+, X(n)
4. 5. LAETEZ AN, TR B TE & 4 U Dirichlet 43 45 flDirichlet-
Multinomial J:#HE. — M E ¥ Dirichlet 4345 & XU~

. o Zk 1 %)
Dir(pld) = (14)
mr(pla Hk ; ( 1:[
T8 pRIN, 2 550 A1 & XK
N K
Mult(7i|p, N) = (ﬁ) 117 (15)
k=1

M Mult(7|p, N) FlDir(pla) XA A2 &R

Beta-Binomail H:HifIDirichlet-Multinomail FtHe#E AT DA alike g2 177 R
HATUEW], AT A AN Pl — MR IR X AN L e &R, FE2
AL B A LG Z8 2 ] LI I 21 1R HAA R M e 2 0 A2 1
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0.3.4 Beta/Dirichlet 2% 8I—/MER

p ~ Beta(tla, 5), M
1

E(p) = / t x Beta(t|a, B)dt
0

_ YT+ B) e Bl
= [t a0
)

_ (OL+B ! a _ f\B-1
= ) J, 00

AT LIRS X N BIME R Sy Al Beta(tlo + 1, 8), X FRXA MG, BATE

"Ta+B+1) 0 1,
|| T 0 -0 e =1

L EXFAE@)TERA, 155

C(a+p) T(a+1I(B)
T()D(3) T(a+p+1)
T(a+B) Tla+1)

FNa+8+1) T'(w)
T a+p (16)

UL, X T Beta SN IRENLA B, HI{E A LA S5 R AT Dirichlet 734

WHENL R, WG ~ Dir(#]a@), FFEATLAED]
E(p) =

E(p) =

(eD] aK )
s

(Zz 1% Zfil o7 Zfil o
PLEPASSEIRIRE S, A IRAITE G T MLDA B4 5 75 2 XA 4518

(17)

0.4 MCMC #Gibbs Sampling

0.4.1 FEALFE

B ATLASE 0L (B 3 48 v ABE400) T VA — MR I 1) 0 44 2 S8 < 2 07 1 (Monte
Carlo Simulation). IX/N77VERK A T-20MH 204048, 519 )3 1) 2 s
Wk VI OG, LA KA, GRS R, BaEiK . K. e,
Nicholas Metropolis, 73 [l 7% W $i B W7 ] 58 50 56 % it 50 4 A8 ) o 1 vh 3%
BRSO (R, TR A ST ARAEL R ik AR R R TSR AT S AR ST

AR I GETH BN TT V0 b o U K S R R, BiMetropolistit 4 4 S245F
REINE, FRRPEEXNWY, WSS V) OGN, I LAXAN dr

24



Figure 16: BEHLEHL S THEAL

Z I, ARPRBCR K 245852, AT B SOKR Z it C2e e S A
T, AHRBA KR, BURSE RP AN, W LUBWH 8L, fidY
T E 3 4 B SER B2 580 R DU R, GErh RFE I iR s
Hep AR e, (HRAEvH AL BLELAT,  BENUECA i) AR i, BrEL
BITIRARBATSEHIME. BT TS LA =20 Ja i I TR A R BEAL
BB ARAR PN SE TR Bo o8 T8 2 T 5 SR AN AT AT BN W] REAR 11 1) A,
SR DI N R A

Figure 17: SR P I7E

GV B AT — A B ) UL 4 E — MR M Aip (), FATIATAE T
SR AR IFEA. — i 5 22 A Uni form (0, 1) RIREASE A 75 5 A2 1k
(5o i e e 7] 4% 5 A2 4% T LA JOH REAL A, BT T 0 1k S04 1[0, 1] 1]
FI R BENLEF i, XL B P GE 3R bR M 20 53 Al Uni form (0, 1) 2R
WA RARFE . XA P BRI S AT LU I ZE v PR 0, vl BAge 2 1
FLHIBEHLEAE -

1 B AT LM A A A, TG R A T IR L B U A A, R DL



=Y

L}
1
22 23 (1) M)

Figure 18: “E MDA FEA

TUniform(0,1) FIREAAE R 9140 1E 25 4 A o) LU i 2% 44 i Box-Muller 4%
ek

EH0.4.1 (Box-Muller T#8)  WIRBEHLALEU,, Us #37 HU,, Uy ~ Uniform|0,1],

i

Zy = v/ —2InUjcos(2nUs)
Z1 = v/ —2InU;sin(27Us)

W, Zo, 70 s LR MKRIEE 45915
SR IUAE S LG, WHEEA, Gamma A5, ¢ S, F 4
A, Beta 41, Dirichlet 41158, b #5T LI S B BCF A 1,
(MG 5 50 N8 A, T2 MO 40 0 495 5005 e
Ak, KT UBH G, St Sheldon M. Ross ) (S 45l
SRR S,
RHRADEAR BRI AFER, Hip(e) IR, Bdip(x) A
UMM, BEASO PR AR T, B B F L
Lop(e) = 2 iip(a) BB, (R FEOBU
[ p(z)dx
1.
2. pla,y) S HEM TR, AN RHOR S SRR, R 405
Tip(xly), p(y|z) W vH AR XS] 5 anRp(x) A& e, X R 5 56 i i)

.

WIS 5t 75 A 28 B A 2% 1R B LSRN 1 7 VSR AL e AR, T AT o
B S A MCMC (Markov Chain Monte Carlo) #1Gibbs Sampling &2 il /&
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B —Fh, XA T IRAEBUAC T e o A oo ) 2 A 2 T X AN S
2, BATE SO0 FBE PR A IR R BT A TR DR,

0.4.2 SR#ERHEFRIH
PR R 8 SUIR i A
P(Xip1 = 2] Xe, Xy, +) = P(Xp1 = 2| X2)

WU IR AL A LT 1 MRS

AV KE L B — DRI 1. AR E AL A TR
32 FJZ(lower-class)s )2 (middle-class)s |2 (upper-class), F&A1H1,2,3
DRARERX =R A FATRIIE — DN BB JZ (1 5 52 (1 [
Fol o AR B 2o IR — AN NN & T 2300, a4 i % 1
J& TR RN R 2 20.65, J& T 2R IR 20.28, & T LR BN i3
72£0.07. Fz b, WNSREITAL, BB ZE AR AT

T
State 1 2 3
1 065 028 0.07
L 2 015 067 0.8
3 012 036 0.52

AR RT3, MR EC N

0.65 0.28 0.07
P=110.15 0.67 0.18
0.12 0.36 0.52
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BTSN T2, PR F R0 A LA R 4 A ] By —
[mo(1), m0(2), mo(3)]s T 2 AT E T 42 By 45 A L 44 Sy = o, A ATTH 9

T 73 A LB ity = m P = moP?,

BTy = Tpo1 P = moP%

.......

FEn AT IO S A A

BB A 5 oo = [0.21,0.68,0.11], WIFRATTT BLEF B ATnAtA 14

ARG WR

FnfN TR

=

FJ=

0

© 00 = O Ut s W N =

—
o

0.210
0.252
0.270
0.278
0.282
0.285
0.286
0.286
0.289
0.286
0.286

0.680
0.554
0.512
0.497
0.490
0.489
0.489
0.489
0.488
0.489
0.489

0.110
0.194
0.218
0.225
0.226
0.225
0.225
0.225
0.225
0.225
0.225

BATRIMNETRNTTU, READATREE A T, AR ? AT

B MV S fiim = [0.75,0.15,0.1] kA,

LUEN

FnfN Tz

=

SR AT AN I 23 ARG

FJ=

0

© 00 = O Ut b= W N =

—
o

0.75

0.522
0.407
0.349
0.318
0.303
0.295
0.291
0.289
0.286
0.286

28

0.15

0.347
0.426
0.459
0.475
0.482
0.485
0.487
0.488
0.489
0.489

0.1

0.132
0.167
0.192
0.207
0.215
0.220
0.222
0.225
0.225
0.225



WAV, BIEEIRNMII R, AT XS T o AR 2, PIRE EA
[F R AE 2 I A, B A WSR2 40 Al = [0.286,0.489, 0.225], A& 1t
WS AT R R oy Ao TG IXULIIX AN T A 6 B2 PR R S R A
ME PYUE. ATV — TP
0.286 0.489 0.225
PP =p =... =P —... = 1028 0.489 0.225
0.286 0.489 0.225

WATRIL,  Zn 88 KRR, XA PR BRI AR — 47 #2358 il 8L
Flr = [0.286,0.489, 0.225] XA, HARK), XMEON IR LTATIX
AN CEEAAT R, TR 2 0 FCRE I L AT 2, D6 T 15 RS M SN 1
U I B

EIL0.4.2  WER—ANEEIN Y IR R A MR A P, B AT AR
BN, W4 lim P AFER SR, i lim P = n(5), &A1

_ﬂ'(l) 71'(2) . 77(])
7T(1) 7'((2) 7-(-('])
m(1) =(2) w(J)
2. 7(j) = ZW(Z)Pz
=0
3. m RGP =7 WME—IJEH R
s,

W:[W(1)77T(2)a"'77(]‘))"'}7 Zﬂ—i:l
=0

TR R T BOBE IR T8 23 A1 o
XA O SUE BEAEH 2L, BT BIMCMC (Markov Chain Monte
Carlo) AZ#R XN EBEABREME). CHMUEVIAHNE 2, — &I
BEALIE R ERAS T U ANGHIEW], P BLERAT AN I S5 B EN] T, HEXANE
PSR RAE T o FRATDRXAN 5 BRI P 48— LR B ]«
1. %€ BErp O [OBE FPIRASANERA R, AT L&A 655 241
2. B “HER XM IRATAITEMRE T, B IRATER K2
B PR R A 0T
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3. PIAIRASG, jREEIFARSR T LLE D HEAE B (Py; > 0),10 k48 7T LA
AT BRI P R 2K 5 (P > 0)o E FRBE [ AF: ] P A IR 2 2 1) 35 SC
FEFRAFAE o, AP H AT — A TL R I BE AR T %

4. TATHX,; RonT?e 5 KRk Bk 5500 5 Db PIRES, ﬁD%HILH;O Pl = 7(j)
1715, REGAUFWLL e B s — AN 4ig. T

=0
= P(X, =i)P;
=0
AW LB R A Er(j) = > 7(i)Py
1=0

MABTEERE R I3 Alimg ok, BATHE S IRHE EACIRS A2, IC X MR 2 A
Ay, WA
XO ~ 7T()({L‘)
Xl' N’]Ti(l'), 7TZ(£L') :7T7;,1(.’E)P:7T0(.’E)Pn
1 T FE ST SKF 2 B, MR A A (A P R T () B B 2B O
oy FRBEWCE, Ty
XO ~ 7'('0(1‘)
X1 ~m1(x)

Xy ~mp(x) = m(x)
Xn+1 ~ 71'(1‘)

Xpro ~ ()

BTUAX, X1, Xngo, -~ w(x) #E ] 0A O BEALAZ &, R ATT AN,
R FATIN A BARIIYI U IR o THIR U S FBE H2 M 3 e RS B Ak 4 »
IABAFE = DR S, 1, 20, -+ Ty Ty -+, T S IRBERICEAT
Ty Ty, AR PRI i () BIFEAS
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0.4.3 Markov Chain Monte Carlo

X T 45 € (AR 26 53 Aiip (), FRAT) A5 B2 68 A (8 44 1 07 XA B e % B 19
Ko HT L IRBERMCSL B AE 0 AT, T & MR IS AR 2 W R FRAT]
REAL I — N A0 B PR o IROBE, A0 A3 1% 5 IQHE I~ 8 20 A 48 47 22 p(a),
A LAT AT — D HEE R Swoth KT E S ICEE -, 158 N8 )7
g, 1,22, Ty Togr -+, WR G CEEAE HinP O &M T, Tt ATmt
13380 T (z) WIFEART,, 2ppr o

XA Wb B ARV AE 1953 5E W MetropolisiH B T, A THFSUR F RS P Fa
PEJ5T, Metropolis 2 18 T 9 HE 2% rpri WL IR K 22 8 73 A1 ISR AE el il 1 IR
TRT Y REN SRR P 71k, BMetropolis&H ik, 78 10 vH H AL L g f
SEBLe Metropolis % B NG MRAE T ik, JFR A T — RIIMCMCIs ik,
B LOATTHE & R R BEATUASE AL 2 AR T K e Metropolis )X b 1 SCH R 7
(GErh 2P R Y Metropolis Sk lage vty — -1k d i+ e i 2
MHEEZ —.

TATE T RAHMCMC 592 & Metropolis 592 1 — NSk A8, B
FHfIMetropolis-Hastings 592, tH E—" 8 FFE B EATE R T, & CEEW
WSS T - e e R AR P Y, B AE T 1 P AR A 1 DB 1) A A2 o]
I8 3 T R B P AT AP RS o A 16 I S FRATVEE I 3 Aiip(2)e W] BEABFIX — 50 ?
FRAT BT 4 ) e B

EIR0.4.3 (WBTFRREM)  WiRAER IS B H FE PRI Al () T
2

w(4) Py = m(j) P} for all i,j (18)
Mz (x) F& 5 REEREARR A, NBEAR 0 40 BT 4 4 (detailed balance con-
dition).

FLSIXAN 7 B ST 20 W11, TRk A SO AR S A 1 P B85 SOl o TATAAT
PSR, j, AN R th £ 305 R RIS, RSN %l
HFURAN AR, P DR BRI BT Sr (4) 2 A E W, T () 22 1 FOEE )
PR B ERIE AR, A BOP R AT 1

TP =m

4

BT 2 BErP = a0, Bl Ao Ai.
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B B oA LA A B B I D QT E (g3, )42 % AR vt 5 51 IR
AR, WAL A q(j]0) A (i — ), SR, BRI

p(i)q(i, j) # p(i)q(4,)
WA BRI hp(x) AKATREE XA [RBEM AR . 3.
10 50 5 R — A s, SN BOP RS ar e ? B, A5 N —
Aali,§), Tl 174
p(i)q(i, j)a(i, ) = p(j)a(d, i)y, 1) (19)
BT 2FERI (i, 5) LA SRR E 2 SRy FR i, 2B RRIE, Bl TmT LA
a(i,j) = p(7)qe(d,7) ad,i) = p(i)q(i, j)

T2 (19) s 7. BTy

p(i) (i, )i, 7) = p(5) 4(s Dalj: i) (20)
—— ———
Q' (i,9) Q3%

T ARk BAT B AR FEQI — MRSl i) o [CRE, &k T RA
FEFEQ'H) T IREE, MQ S L 2 A B A 218, tht 5 IREEQ - A 73 A 3t
Zp(x)!

TENGEQ MR SN a(i, j) N2 2, WY BE R ST LLBR AR b 75 sk
M5 ICHE B, MORESE Lha(i, 5) MIBEZR LB BPIRES ) %, AT A a(i, 7)1
MRS XA AL, TRAFZIH IS REEQ A MEE N q(i, j)a(i, §).

q(i, J,) q(i.j)
1—a(i, j) a(i. j)
1 Mt 78 PR
| 1 L
0 t t+1 -

Figure 19: 5 KL 2R

B Caa N HEBHEEQU N ITR Aq(i, 7)), LLL LRI P4 —
T FATIATE] TR B TR Aip () O 5
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Algorithm 5 MCMC RFE5%
1 WA BRI 4GRS X = 20
2. Mt =0,1,2, -, JEALL NIRRT RAE

o AN Z L [IRERIRS N X = 4, Kby ~ q(z|24)

o MIEI A KA fu ~ Uni form|0, 1]
o Wy < a(zy,y) = p(y)q(ay) WKz, — vy, WX =y

o BALRZHA, X =2y

R p(2), q(xly) BEEIFE BB G, FH5 B RMEX AN A IE
Sy, DL RRIERRARL, TR AR B — M ) SR A A p () ISR AR A
%, TMig(z|y) BRATE —ANEL: T JOMER A B3 A

DL EMIMCMC RFFEVE DRI TAE T, AN e — AN/ i) .
0 RAEEQIEFE RS M R P 92 Kau(d, 1) TTREMR /DN, IXFRE AR FE b o [ B 2%
oy IR M, R4 KRR B, IR AL AT RO i D T A FRIRAS A ) 246 2 KK
MImIa], WS EFRR o Aip (o) R BE RS B INEIR T — S e ?

Bika(i,j) = 0.1,a(d,i) = 0.2, LIS L MEBCFR L&, T2

p(i)q(i,j) x 0.1 = p(j)q(j,i) x 0.2
W BUE NG e X I )

p(i)q(i,§) x 0.5 = p(j)q(j,i) x 1
B, BAOMEE THEXE, MABTRELEIFEET B! X8 KBATT LA
FHOPARRSAF(20) X Wali, §), a(j, i) [FIEBIBOR, A7 P 5 B K — AN oK
B, XFERATIR = T R B2 FrCARRATT A DL

.. . bl 7
o - 20055,
T, &bt FIRMCOMC RAEEE P2 R o, AT 3 T
HFH P R WL Metropolis-Hastings 5.5,
X T Ap(x) FRA G IE F R FREQ A1 Hw L 41 B Ra 4k 14

p(x)Q'(x = y) = p(y)Q'(y — )

Pekbe FEAZRZE YR, W TR RRp(x), WA e 2R gtk

p(x)Q'(x = y) =py)Q'(y = x)
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Algorithm 6 Metropolis-Hastings KAEH7E
1 WA IREEWIAIRAS X = 20
2. Mt =0,1,2, -, JEALL NIRRT RAE

o AN Z L [IRERIRS N X = 4, Kby ~ q(z|24)

o MIEI A KA fu ~ Uni form|0, 1]

o« WRu < a(e,y) = min{ZO0D Tk g % e, — oy,
WX =y

[ Emﬂﬁ%&%@, E]]Xt+1 = Tt

B4 L _EFIMetropolis-Hastings .75 —FH %K.

0.4.4 Gibbs Sampling

YT dE s T, BT Ra AR o < 1), BL EMetropolis-
Hastings HE R AE & BEE K] — DN HEBHE QM Z Fa = 1
We? JMEHEE HERIEIE, BH MR ip(x, y), %58 FRA R 5P
/l\,‘{—:—'\A(331,y1),B(-'171,y2)7 BRI

p(z1,y1)p(y2|71) = p(z1)p(y1|z1)p(y2|z1)

p(z1,92)p(y1|71) = p(w1)p(y2|z1)p(ys|z1)
FRYESE

(w1, y1)p(y2|r1) = p(1, y2)p(y1lz1) (21)
el
p(A)p(y2|z1) = p(B)p(y1|x1)

FFLLEEX, BROEIN, fr =) XL Ty BEL L, wWREHL
143 Aiip(y |21 ) WA AT AR I AN 550 2 ) 1 36 B M3, T2 AT Ar] P AN 5 2 ) 11 B
B 2 MEBCT- R M. FFER, WRFEAIEy = v XLAHZL BAERBEA
RA(z1,y1), Cag, yr), AW X

p(A)p(z2ly1) = p(C)p(z1]y1).
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A=(x,0)  C=0xm)

Y

X

Figure 20: ~V-[fii b o [CRERE R H I 1R Fay it

TR IRATAT LU A 3T B AR RO R T R R T Q

Q(A — B) = p(ys|z1) MR z2pa=zp=2
Q(A — C) = p(xclyr) MR ya=yc=wu
QA—-D)=0 He

AT R IEQ, FAMRA SRS - i EAT M X, Y, Wl 2 405
R
PX)QX =Y) =p(Y)QY — X)

TRIXA et (a] b o (G K SR AR Aip (e, y)e TR AN BV B FR
JJGibbs Sampling H3%, PP K Gibbs B /645 H .

Algorithm 7 —4EGibbs Sampling 5.7k
1 BEAWIERIE X = 20Y0 = yo
2: Wt =0,1,2,--- JHIRRFE

L Y1 ~ p(ylze)

2. wip1 ~ p(@|yt1)

DU ESRAE R, B s, 1 [RE 10 B % B0 B0 45 (0 W A AR A Al ol
My, TRAEEFEA (v0, yo), (xo, y1), (21, 91), (T1,92), (22, 92), -+ HIK
Bl SlE, mARBIIREA Zp(z, y) FIFEA, TSI HTBIET BOFR A burn-in
period. FAMEIH—F, FATTE BIZEH_ERIGibbs Sampling 532 K#R /& AR bR
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T T T T T T T
3 2 g [ 1 2 3

Figure 21: —#4EGibbs Sampling 5y%k7 1 1 [CEEFE S

AR AL, AR IX SR A R ER 1. e M nT BAE, 7RI 1,
A CALE 2l Ayl 2 T BEATL 3L — AN AR bR, ARG A PE LA e B, B IRBE R
ARSI, R AN AR Bl S — PO B TR
PL B R VIR A Z e B s dEts e, 1D, Wi, 4 24
T5Ex1, LA MHESIIREAL, B NSO R4 1F RIFE & B )
p(x1,y1)p(y2[x1) = p(x1,y2)p(y1]x1) (22)
eI LR REQ A Aip(y|xa) & Mo R UL T — M AR BRF 115
el B, AR 25 5 S UE X A7 AL b Sl 0 AL 4518 It RAn g 2% i) v
X WER I Aip(we, o, - -+, ) WTEAUNR 8 SUEE R R [

LW RUEDRES A (21, 20,y 2n), BIREERBI SR, HAEEW &M
brbh i i B WY B, IXHE AR B Sl A5 A B8 00 WA, B RS MR bl 4k 1 A
%p(mibh,"' s Li—1, Lit1," " 7$n) JE X s

2. HE TovEny A AR AR AT OB, RS R R AT 1 N 0.

TRIATAT LIHEGibbs Smapling HEMRFE e fp(z, y) HE)FIRFEn 4
fip(a1, xo, -+ 2p)

DA ESERSE, A3 B HUE R D iip(e1, 2o, - ) A, AR
FEARTEAIRNT,  (H I TRATIEAL SR A2 KA1 B AR AT 5 45 58 MR 0 A1,
FEANERAUSL, FIRER), AELLESEET, ARARBhE HORAE AL 20, W] LAAE
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Algorithm 8 n4tGibbs Sampling 5%
1 PENLYIGE 2 s i =1, n}
2 XﬂLt - 07 ]-a 23 T ﬁé%%tﬁ

L2~ p(a )P, 2, 2l

9. xét+1) Np(xg\xgtﬂ),xét), L ng))

3. -

4 o plaglaf a0l a))
5. -

6. oY~ pralat ™t ()

AERRARE et SINBERLYE, X IR AEREQ AR P AN kAR A
S AARRIE PE M REAR, 1R E I % (1 Gibbs Sampling FET,  AARElACHt
TN TER RS, BRI 2, AR AR E AR BR AN R RO

21,

0.5 XAREHE

FATH & A h R A AE R ISR, WURAE A SCARAF it ) SO
AR Bk R SCRS R SER B2 A P I I P d = (w1, wa, -+ wn)o

= | I N
W W

doc, 21 22 e W2nz

Figure 22: 48 m Fi ORI E kA

GETE SCAEAEI) H 0 A0 1 ) X LU 5 TR R PR ] 702 2 ] 2
Mo GEVH A BNATTRIR o %5 b7 AR R, NS5 2 (K B A TR VR SOAR SR ATT
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Tu%ﬁznz*/\ﬁiﬁ’]t?ﬁTiE*#@%%Kﬁﬁ?ﬁzﬁizﬁ’l FA 21 e B
UERL ffﬁhﬁ?@nﬁ/\wﬁkﬁﬁﬂﬁﬁﬁaﬂ]m
/l\ﬁ%, W&Eéﬁﬁiﬂiﬁﬁéﬂh HATIA B I L e AT Bk AN R
Hphk— i, S0 ipiAs 2

L b HAT A AR
2. b WA PR LA 1 1

A W R R T AT L SR, T R A T AR R AR
TR S H 5 A R BRSNS A4, i ol AT & Bl AN ] 2E
RUFYB T, LA T DAL 5 AR U PR L3 AT 7 242 35 71

Figure 23: b7 %+

0.5.1 Unigram Model

B AT ] e — 3 HYV Aoy, v, oy, A B f7] # { Unigram
Model L PA ki e 42 AT AR 30T SRR U 7 2B SCAR

Game 9 Unigram Model
1 b A, R AV AN, RN AN, & A TR
Ay
20 BRI —UREBLT, W PR TR SR R R A AN R R SO AT AN,
A ST Rl BB A AN

A XA ME T SN R D = (p1,pas -+ L pv), PTEAERRIRER
BT AT AP I e (1) VUSSR 5286, B DUSE A St o A T4 A A2 —
AP BCT, AL 2 — AN VIR, BRATHEHRX AV T 1) S5
WAL N w ~ Mult(w|p).
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&
n W ||
W -

ﬁ w ~ Mult(w|p)
Figure 24: bapfdiV AN

R S0k d = 0 = (wy,wa, - -+, wy), FICREHE A LR
p(w) = p(wy,wa, -+ ,wy) = p(wr)p(wz) - - p(wny)

TSRS SRS 2 0 TR AT A S, T L R A R SR =
(@, B, oy W), WL M R

pW) = p(uwr)p(wz) - - - p(win)

fEUnigram Model "', FRAMRBE T SCA 2 (A2 M7 T A 1K), 1 SCRY )
AR BN AT A ), TR SRS AR S T AN, B T 2], ]
I RGO R T, IXFF (WA B R Oy 1l R84 28 (Bag-of-words).

BB R R R SUE N, FEFTA TN A WER A TGRS/, IR
R En;, Ai = (n1,ng, - ,ny) IELF N2 I

N 14
o) = il ) = () Lot
k=1

I, VER R
1%

pOW) = p(u )p(iia) - - p(wi) = [[ o
k=1

R, BAUREZER)— MEF AL AT P S 8y, Bt A i
XA AR Z 2K, RG22 SR IARIR K R, T ek
ARG T KA P(W), TS Ep A THE i

n;
Di = N
XA R, DO ek IR GE 2 K A AR L, AT IR B4
AL VBB LA A ME— AN [ BT RS A S . AR VL IR R
—UIZHHGE AR R, DA EBIR T B oA e e R, e AN REL
Apt, T DLHE I DU RO AR, Bt A DA B R E Bl Rk )
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Game 10 Ul M- Unigram Modelfi 1%

1 EWA—ANRAELH AT, BiA &SR, T
HV A

2. B NIRRT AT R, SRR XN AT, AR5 A
T BRI AT 1) 3] 5

ERAEANME T HL, SRR LS 2, AR T REE, ff
LR D, TR A S, 2T IR BT A — %
I Aip(p), RADAFE NS Ep SR A

Prior of JJ w ~ Mult(w|p)

Figure 25: DIl £ F [ Unigram Model

A b D 32 YR (R AR (R B 1B 2 T RDA = A (R AR ] T B 2
t T 3RATTIEAENTE FA 2R T RN 87 i DUREAS B #8 2 T R p AT A 1),
SURAE FH AIREZE B 56560 2 Aip(P) K W ag s AR —A BRI B p, B 7
A MR IEp OV ), JIT Lhdse 255080 7 A4 IR 2 3 2 0 R — AN 7 B AR I 4
PR BEAT AR 23 IR A

pOW) = / pWVIP)p(5)di
TE VU M I REZE R, SEALSE I8 Aip(p) Wil AR 2 FhIESE T, R3]
p(7i) = Mult (|7, N)

SEBr ERAEV A Z I KIBEER,  FT LSR5 73 A1 (10— PUB I 1R 3k
T 22 YU AR N R 3R ) A EﬂDmchlet > A

Dir(pld) = Hpo"“ Y a=(a1, - ,ay)

AL, A(Q) H2H— ﬂc.'TDW( ), Bl
v

0= [ o
k=1
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p ~ Dir(pla) w ~ Mult(w|p)

Figure 26: Dirichlet 5646 I ) Unigram Model

~p(wn |F)=Mult(w, |7)

Figure 27: Unigram Model fJHE % KI5
[ o5t i — /N5 A4 Drichlet 43 A1 10 —28 5, SR F B — Rt
Dirichlet 53+ ZIMHHEIEIE— ER S ADirichlet 27
Dir(pld@) + MultCount (i) = Dir(pla + 7)
TR, FE4E T B 5PN 8K AT Dir(pl@) W, 3 A3 BB K 6 5
Wi ~ Mult(7i|p, N) 25030, Prel o vhs, B Tt U 5 5650 A1 2

\4
N\ . — -\ ]- nk+ak—1 —

12 DU AR ZE R, S8l e? PRI CE R/ TR ER
Gy, T LA BRI 7 SO AE S 50 0 A AR KA R, BUE i S S 5 A A
NI, R ESCR R, BRATBCE YA S EOO A VHE. A AN
)AL, BT MERS AN Dir(pln + &), Tt

+ o ng + Qg ny + oy
E(ﬁ) = = ) sty
(Zf_l(m +on) S (s + o) S (n + Oéz‘)>
W E WA E— A p;, TRATH R A S Hpl v
b= n; + oy (24)

S (ni + o)

41



%18 7EDivichlet 405 IIMIEL R SR FAE LR IDY AL, XM T
B O SCRAR TR : 45/ 2 MU A8 (R L I 6 2 50 00 O - ORI S
O BRI S P B LU,

2B, ATAT AL SOARE L Ay

(W) = / pWVIPp(FIE)d7

,
_ / [1 »y Dir(5ld)dy
k=1

- (25)

0.5.2 Topic Model fiIPLSA

A_F-Unigram Model J&—AMR SRR, AR b (R B0 ke ad a7 o,
RN Sz B A ANl R R 22 BE EL AR, AT AT S A (R R e 2

AT LUEF HF G AR i B F . R8s — 5 S,
AL e T EE LA . Bk R AR TE T A EA DG SR, 1]
40% SRIBTET . 30% WRIEHERSE. 20% HRiBTHENL. BT 10% ki8I
{1 3 7 .

o WRITEFE Y, WATAESBMBIMIACRE: KA A1 BRI A
By ik

=N

o B

o IR LT, WATAZBBILUN — L83 MR, BA, HE, Tk, i
Wl. JSZ. HRBEREE.

o RICUHHHL, WATAESMBINIAL: WAFE. B, . —HbRl. X5
Bk BRI

AT PrLhRe oy AR BT Eeqn], 2 RO I e m] 70 N 1) R IR AR e
AT DUR BARIE 2, — 0 SCEH 2 2 A R s mifE—A> 380K
R AT LU 5532 2 RBURH O (R A% B e T 54 R ik
LT3R DML AR H Hoffmn. 171999 4F45 Hi [ PLSA (Probabilistic Latent
Semantic Analysis) #5805 Se HEAT T WA 9 = 4. Hoffman A4 — & 3C
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Fi(Document) 7] LAt 224> 328 (Topic) Y& 1M B 111 4F4Topic #f5 A2 il F 1)
BRI, SO P RN A A ) Topic ZE M. T B2 985 L
ATopic ¥

maths computer science ) wine

o4

==

q‘uﬁ‘.“p‘&a“ @g@yﬁf* fﬁf yfﬁfﬂﬁ ég@s"’é\ Eﬂee“dff

Figure 28: Topic &t /& Vocab _F[FMEE 53

P NS R0 5 SCE AT #n] DLk & BAg iAT 2k, FeAi 4k se]al 3 F
W BB, B ALEPLSA A, Hoffman Ak b7 & 34 FR A0 307 X K )
KA AT
Game 11 PLSA Topic Model
L B WA T, 2R doc-topic B 1, FF 4 doc-topic B T H K 4
I, BEANH A2 Ntopic %5 — 2 Etopic-word #% 1, % Mtopic-word
WAV AN, AR RN

doc-topic topic-word

2. b3 K Aopic-word # 1, M TH AT, diT A1 FIK
3 PERCERERR SO T, b 5 A IR SC R G MR E i doc-topic BT,
SR A AN SRR A SR 3]

o PLIFIX/Ndoc-topic #1532 Mopic STz

o EFK Atopic-word BT 4T M2 IMIBAS, B AT, TR
Bl —n]

PA_EPLSA A [ SR A ) i R T LN EAR (3R s
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Doc —> Topic s> | \Word

P

L .3

3F ¥ B I

Figure 29: PLSA U SCRS AR i 72

FATET LR BLAE LA B U X R, SRS RN SCRY 2 T 2 ey m AT 4
[G] — A SCRY P R 9R] 0 2 ST AT AT e 1Y), 3B A& — P bag-of-words AR, iRk P
MK “topic-word # 7, AT LIIC NG, -+, Br, KT 005 Mk TR 11
BIC = (dy,do, - dar) IR SRS s #0254 — MRS SE I doc-topic 0, »
AT R (TR M0y, - Oage AT I, FAVBBREA ilw #E— AN
X N Bl topic-word B¢ F T, T &EPLSA XM A, SHmbs SCd,, %5
A1) 1) A2 SO 26k

K

K
p(w|dm) = ZP(UJ|Z)p(Z|dm) = Z‘pzwemz
z=1

z=1

JIT LA SRS 10 A2 FE 5 4

n K n K
p(@ldn) = [T D2 plwil2)p(zldm) = T] D 2wl

i=1z=1 i=1z=1
T SCRS 2 A LAY, BRATTB A 5 5 AR AR R SRARPLSA iX
“NTopic Model [RJRERRIC &L, BRI HOFA TR, wT LG]S4 IMEM 5%
BEATSRAF R i de e, P T B TR KSR AR I AR A SR A, A7 KR ]
2% Hoffman [15URIESC, IRALKE L AN

0.6 LDA XA

0.6.1 iEX

KT FIRPLSA #ER, DU IR B AR A B WA, doc-topic 810y,
Mtopic-word # TG MR P KIS, SHFEIEHLR, BARRKA LK
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I AWE? T, BRI X Unigram Model ) VUi,  FeAi 14 w] LAt S 7294
AN S ECHTIN b 5E 5 A TP LS A X [ vt A& ot 2 240 g — A DL 4 (1)
We I e T @0, # KT I 0 22 T4 A, T LA G 3 43 A ) — AN AT FO e % ik
f&Drichlet 7347, T2IATHIFE] TLDA (Latent Dirichlet Allocation)#:%!,

Doc ||- Topic ||- Word
Bo~Dir@ g~

s @ @
@ P @
o ﬁk ke[l,K]

Figure 30: LDA

FELDA R by S 45 AT AR B SRS 28 B i 2

Game 12 LDA Topic Model
1 B PIIR TRIBET, B MR TR doc-topic BT, 5 AR TR
FEtopic-word %13

doc-topic topic-word
2. bR BEAL IS AL P LA T K AN topic-word BT, 451
B K;
3. RERAE R — RS BT I SCRY R, B e R — N R 7 BE AL EL— 1 doc-topic
BT, ARG BT IR AR SR 1]

o FHFiXdoc-topic T .15 F|— topic YT 2

o EFEK Mtopic-word BT H 45 N2 AN, BT, TRm
Bl —/N ]
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BUEHRL R 17 M RSCRS, BT IR iword IR R (ftopic I F 465

(W, -+, W)

s
|

Z= (%4, ,%m)

Ho, iy s 5im R SR, 2, RRIXAE T M topic 4%

9999

Figure 31: #EME G FE T fiword Fltopic

0.6.2 HIEHIENRE
o FET M2 [ R TR 7%, DA B 7R pysite et 2t P i 7%

O n®
@— B -

kell.K 1 € [1, N
m € [1, M]

Figure 32: LDARIMAIRIR

XA P T LLAMi A T2 ) P R«

1@ = O = 2y, XN FRRRAE A R m 5 SCRY I, 56BN
T T A doc-topic -0, SRJEBIFIXAMB T LB T SOk e A
W topici 7 zm n s
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2. B = B = Wik = 2z, AR S AT 304 L B R
SRS I A i 7E E S TSR K Avtopic-word B T3, 1, BHhik g e
Bk =z OB BT HEATHAE, R A iword wyn, s

BRARLDA 55 3 2L 02 B IX N B RE. LDA BERAEIL T K AMtopic
AERE R M RSO R, BT A bag-of-words #EAY, A7 sedy i il R
AT HMAZ AT ). Bk, LDA AR, M OGS ORISR T M AT
K Dirichlet-Multinomial JL3E45#); K topic 23X N T K /NMA7 [ Dirichlet-
Multinomial JLHEZ5 . Br DLBRAELDA Pir 75 22 (1) I A3 3005 il J2 PR A Dirichlet-
Multiomail Jt8g, &S HEY TR, WAERMTEANA T, KEHBLDA
FSEIR S e 43 M+ K ANDirichlet-Multinomial JEH045 ).

B — AW, BATEES — 6, — 2, ®omEmEm 55 SoR
(9 T 4G 1) % I8 fitopics, B4RA — 0, XF N T-Dirichlet 3 fii, O — Zm KM
FMultinomial 434, JTPAREAAR & — Dirichlet-Multinomial F:HE45 ),

—

a Om Zm

Dirichlet Multinomial

A A #HBayesian Unigram Model /N5 E A% Dirichlet-Multinomial JL%E
iR T ST AR TN (25) K, AR BATS 2
oo Al +a
i) = =

Hriii, = (n&, -+ 0y, nl) FoRFmE ORI 5k Atopic 2R IR A
¥, ¥4, FAIDirichlet-Multiomial JtHE&E K, oA 1EFIZ 50, 11515

Dir (O |7 + &).
T T BE R MR SCR topics AE BO FEAH BB, BT LERATIAG 2IM AN AH
F ST I Dirichlet-Multinomial EHuZh#), A FeAT AT LLAS 2% ANk Hrtopics

M
p(#l@) = ] p(Enla)

ATy + )
A(d)

I
M=

(26)

3
&

Hur Ak, FA1HME SRS 2] T M A Dirichlet-Multinomial 35 45#),
B EANK A Dirichlet-Multinomial JLHELERILEME JLWE ? 76 b7 34 B 2 /i iR
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MIBELDA TR P, b7 0 58 58 A A BE S8 il SCRY,  FRAR BN — R SCRY.
SRS HR AREAN 1] () 2R AR B B B, B IR N doc-topicti T 15 Eltopic,
2P — " topic-word B F 15 Blword, FEIRA BGAE R SCRS R A — N 1] 1R i
X AL DA 2 AR AT I, i SRRk — 3L N AN, W) By —
HFEIR2NIKEL T, e rIPdoc-topichk T Mtopic-wordft 1. {HSLfr L —Lk
Pl (U 2 o] DASS # (1), - FRATT AT ASE O (1) T B2 2 N ORI 1 IR IR . HTIN IR

Hdoc-topictt 15 215Kl BT A 15 i topics, 2R J& 3 115 21 FY AN 1A i topic Jw
T, AN R Plitopic-word B TN word. T H& LW AEDILDA i &% 1 i)
foc, W LAEEM R4 B i R kAT

Game 13 LDA Topic Model 2

1 ERAWRIEFIET, B NMa TN doc-topic BT ZANE T RN
FEtopic-word %13

2: A BEAL I NG AN AR ST I T K A topic-word #E 1, 45 M1
FK;

3 BRIRAE B RRB I SRS W, b 58 B — AN B LA E — A~ doc-topic
BT, ARG EE XN doc-topic BT, A REAN A AL —Mopic SiTz;
San b AL AR R SORY, AR BB R AR 1] I topic S, {HIE IR R AR
EE.

40 WCSKBR, BRI AR SCR IR Mopic Sz, EFEK A topic-word
WF T H IR, BT, T4 N word;

DA bR S AR i T v R BT 1] B topic, SR X REANITE S E topic 4%
A iword.  FETERL R BT R I topic DA RTISE T, LM P Nword 1)
AR AR 1), TR TR R AT AR He, R EAA A Rl topic 1
A —

=/

W = (w(1)7... ’u_j(K))

=/

= (Zay, - 2(K))

oo, i RIS 3k Mopic ZERIN, Z R T2 Hitopic
G, T EAZ ) A B
R TR B 8 AR = B = Wik = s FEk = 2
BB R, V84 oP AL T A Hitopic kA2 I 462 T2 B, A AT 1
NSO, T AR AT AR R 7% SRS IR, P T % R [ — A topic
i&%ﬁo%%mTﬁﬁﬁﬁ@Wﬁﬁm,@m%ﬁ,%ﬁﬁawkﬁﬁ
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T Dirichlet 73 A4ii, @ — W(gy AT Multinomial 73417, Fr LU & 8
/MDirichlet-Multinomial JLHE45H];

B Bk W)
Dirichlet Multinomial

IR A BT (25) 50, FAiTAr LATG 3

-,

L oa L AGk+8)
(W |B) = A
A(B)
Hrhiy, = (n,(cl), e ,név)), n;(f) RINEE Atopic P2 MR Hword ¢4 13

—2, FHDirichlet-Multiomial JLHE45H, ATG B G, 1G55I
&
Dir(@|ix + B).
M5 kL K AN topics A2 lewords L R2AH B AT, By LLERATIAS 2 K AN HA
BT [ Dirichlet-Multinomial JEHEgsAay, M FAT AT LA 2 AN R i) 28 B

K "
= H A(nkij_) (27)

4(26) F(27) TREMIEH

= =,

SN~—"
| |

p(W, 74,

p(W|Z,
K . M N N

AL P RF 5 KR TIANE 2, [0 By, 1, #HIn RoR, 2 R hrit
17X 4y, k FhsAtopic gi's, m Fhsk CR4m 5.
0.6.3 Gibbs Sampling

AT WG Aip(w,Z), JTHeMIMCMC Sk sh vl LURFE/ER T T2 kA1)
" LL2% B AT Gibbs Sampling SEVEX XA 7 A HEAT KA. 28R th Tw 2 WLl
B CmEdE, RAZERESHARE, P BT IR AR 7 i p (2] W).
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TEGregor Heinrich AP IR A 4 FILDA BRI ST Parameter estimation for
text analysis 1, 23T (28) X FGibbs Sampling 22U, /N7 o F AT
AR5, 2 FE T Dirichlet-Multinomial JEHEk#E § Gibbs Sampling
A, IXFEX T BT o R L R A A

WRHEEZ 1) 550 16 B ftopic FATTIE Az, Hoi = (m,n)&— >4k
bR, T S m R SR ) SN 1], FRATTH - R B R AR A . B4
¥ fGibbs Sampling FVE M BEK, AL R AR — AN Al At 08 1) 54153
fip(zi = k|z—i, W) o B CEMWM B w, = ¢, W DIk, A4 5
(GE

-

p(z; = k|Z—i, W) o< p(z; = k,w; = t|Z-;, W—;)

Mz =kw =t R MBI HEm kORI kN topic, BT A BSR4t
S szhn B R4 R B0 F P Dirichlet-Multinomial L8454
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Figure 33: doc-topic-word #f2ME %

0.6.4 Training and Inference
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What I cannot create, I do not understand.

— Richard Feynman
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