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Dog is an Catis an Olympics
Documents : 2 S Al bots Flying cars
- S 15 st ® beat Dota are driven
Dogs are Cats are around the —— byenls
loyal ... evil ... corner .. JREpERS - y
Topics Animals Sports Tech
Words dog animal loyal cat evil Olympics corner Al beat Dota players flying cars driven
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F—iEFN vs. ERASE

= Al Next-word Topic modeling
o JBmIREEE ETXY prediction
0 AR "BaS"
o BFER. YlssEhE. BIKH=sA
>

s ERREY
. Eilﬁlé%iﬁ)‘(ﬁﬁ |
0 }AIEEQEEEE—— uy J?;‘Eém" Credit: Dall-E 3
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= EE

LSA(I) 27K : Latent Sematic Analysis (Indexing)
5 : ZIERNAE , 8 wordfidochIiERs

( Deerwester,1990 )

>RG4\
- ftik&ﬂ%g i 27 babilistic L S ic Analysis (Index)
\ . probabilistic Latent Semantic Analysis (Inaex
o -> =R QBTN i - EFaE—ASY , AETASHHADIRR
a -> WER{E MO C ESS } Topic model ...
a -> E”Eéj‘%&{*t LDA 27K : Latent Dirichlet Allocation
7% : UHEMECHRAOSMEFL (fEEE5R )
B C ( Blei,2003 )
£7%R : Hierarchical Dirichlet Process
HDP % : BafAEtopicAI MK
( Teh.2005)
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Outline

» Bja][m 2T EFER £ 6
» HIEERXEEL (EM)

s HEEREBTEIE X 2T (pLSA)

» BENFIRE D (LDA)
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\ ER1a)[a] &% 8)(word vector space)

= ENMRIK

0 FERIENEHIBRRRA— T EE, mE;E%%TjZ$éIE/J1§MW'§'
« AENES—MEERFTHRE, RENEERIERETRIEREHIRIRE
= HEEEERFXYM RIEHINEZ SR HSEEYE

Bag of words

vector
Dog 0
need 2

Raw Text
Cat 1
A dog in heat needs >

more than shade " than 0
it 1
heat 2
needs 0
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‘ =Ry | a1

= EX
0 BENDNARRIEED = {dy, dy, ..., dy}, ARMTRIENES
W ={wy,wy, ..., wy}

o BFERIENAPREIE R ARE-XAHEE (word-document matrix)

=, 1e1EX
= g0 ERRw RSN, P HHIRYSREEAE S
. A SOAERHIE IR x BRI, -
T = J 7 =1,2 n
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‘ =Ry | a1

\N|/ N
- *1’7’] NI, 11 ERiA]
The Neatest Little Guide to Stock Market Investing
2. Investing For Dummies, 4th Edition

5. The Little Book of Common Sense investing: The Only Way to Guarantee Your Fair Share of Stock
Market Returns

4. The Little Book of Value Investing

5. Value Investing: From Graham to Buffett and Beyond

6. Rich Dad’s Guide to Investing: What the Rich Invest in, That the Poor and the Middle Class Do Not!
7. Investing in Real Estate, 5th Edition

8. Stock Investing For Dummies

9. Rich Dad’s Advisors: The ABC’s of Real Estate Investing: The Secrets of Finding Hidden Profits Most
Investors Miss
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‘ =Ry | a1

H == iﬁ_l -SZZIK%EBE Index Words Titles

T1|T2|T3|T4 | T3

Q é}Eﬁ'EaiﬁlwiES’ZZlidj P HHINAYIER book 1] 1

2 BI-XCHY; 4781

dummies 1

a ‘EE'fE/TE_/\ﬁFE )Ib%EBE estate

quide| 1

investing| 1 1 1 1 1

market| 1 1

real

rich

stock| 1 1

value 1 1
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‘ =Ry | a1

= ERTR]-SANFE[E
o GEEIRw A, I ARE

0 BRARER-A AR (TF-IDF)

tf;; Df
TFIDF;; = o _logﬁ
*] l

: BRRw AN, R I AISRES
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t (polysemy)
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‘ =Ry | a1

= 5l ANEE
0 — 1Az XM (polysemy) e
= XA d SdL,BUEAANE, BXEARN |

%Q'*E 1111 aircraft
0 gia_yll\gz(syno nymy) computer

= XK d;5d,BUES, BEXARER apple

B fruit
produce

2025/10/13 Generative Models: Fundamentals and Applications



EAEEZ 8 (topic vector space)

s P SCANRE AR UE R LMAILE R & B iERE RN E

0 — PN NA—REBE

NNz AR

= IEAALARE

I o

=

NER, MREDNAANEDRIL, BBARERNE

NIERHYERIAERR

o [ENiE (A0 "airplane” 5 "aircraft") BJLARRE—MER
0 ZNia (A "apple”) BILARTAERIER
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B33 vs. EER RS

Word vector space Topic vector space
e ’,’.-- ----,‘_‘\
. -~ T / apple
Xalrplane g airplane N X cothputer
/ Vo ;
aircraft { aircrafgt \ J
\\ X l‘ \..,‘.‘ "J
N i [ —
s.\\ ’,f
r"‘ h\‘\
/~ apple N\
apple / A
X ] X fruit |
\ !
fruit oy Produce
computer N - -
xproduce X

Credit: Dall-E 3
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IR A = %S| A]

0 BENDNNANESD = {dy, dy, ..., dy}, URMANERRENESW =
{fwi,wy, ..., wy}

0 RIRFTE X AR SB KNG
o BIREMERA— N EXTERRESW LHMERERR, FRAERRE,
B
L1k
t, = tzs" ., k=12,..,K
| UMk

0 KNERRESKA— MAREEZAT
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IhRl A 2 %55

= ERa]-15R0%Ef%F (word-topic matrix)
Q K’Piﬁ%ﬂﬁ%éﬂﬁk—/l\%ﬁﬁ

t21 U2z tog
T =ty ty, .., tgl =] 5 7. %

(T11 12 Uik |

Iy1ty2 tyk.
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Outline

» Bal[m 2T A G EZS 6
o HIEERXEEL (EM)

s HEEREBTEIE X 2T (pLSA)

» BENFIRE D (LDA)
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HIZR S AUHEIR

o ERIRBANEMFERTE, FAEEEEAMLEEITSEL
s IR AMEE (Exception Maximization Algorithm, EM)
o —MEAINEE, BTN EREENMERIER S ZUSIR S G

0 BTIARRERE. 25, BaiUiE

EicRE ISIN 4
\/
JESRW
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HiZR S AUHIR

» SCf: =REHREY
o fEmmA. B, C, IFEfE=n, p, g
o SCHUREMA, WNRARIFENEENETRB, ANFEHETRC, WNERBECEL
HERNAT, BUGERA0
o JENTIHITNRRIE. BIN = 10, BRIFIUNIESER :
1,1,0,1,0,0,1,0,1,1
o AR WfAfEET, p, q?
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HiZR S AUHIR

» SO =REMiEE
o (A dMEfEET, p, q7?
= FARIEORFRTEMREEPRIRIISE, pFlq
« AHYERTNZTE, FIRWNERIMEICEy;
» ZETIEETRE, ICREHNIEPHHAEMER, SFIRMNSRIMEICE

P(Y|6) = X, P(Y,Z|6)

=Yz P(Z|0)P(Y|Z,0)

=nmp’(1—p) Y+ -m)q”(1 - )"
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HA=E

=

X

« SC5: =mEmhiRs

N L A= RS

o AR REER, FEFEEE, §8n, p, q?
N i

max L(0) = maxlog [T;=; P(y:16)

= mealeivzllog[npw(l —p)17Vi+(1 —m)qYi(1 — q)17Vi]

o EROKRITRELCRENE, SRIEEE TR,
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HiZR S AUHIR

= RNEEEEE P(Y]6)
FHOR S

" STTEEL

L(0) = log [1iL, P(y:16)
=log [1iL1 2., P(y1, 2;10) = XL, log Y., P(y;, 2;|6)

/

= P(Y,Z|9)

0 XIEUPRRRZY

L.(8) =log [T\L, P(y;, 210) = il log P(y;, 216)
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HIZR S AUHEIR

Log-likelihood: Complete vs Incomplete Data
log of sum
def incomplete_loglik(pi, p, q, Y): ﬁ___#___&wEUDWWHEE—‘-_"

mnw=e ] e ———— —— =

for y in Y: =50
prob = pi * (pry * (1-plaek(l-y)) + (1-pi) * (geeky * (1-g)ax(l-y)) sum of log

11 += np.log(prob + 1e-12) Easierto o
return 11

=100
def complete_loglik(pi, p, q, Y, Z):
=9
for y, z in zip(Y, Z):
if z == 1:

-150

prob = pi % (pkky * (1-p)*k(1-y))
else:

Log-likelihood value

prob = (1-pi) * (gxky * (1-g)*x(1-y))
11 += np.log(prob + 1le-12)

-200

return 11
—— Complete data loglLc (sum of log)
== |Incomplete data logL (log of sum)

0.0 0.2 0.4 0.6 08 1.0
0 (parameter)
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HIZR S AUHEIR

= EM Ji%: EREIVHITREZE Z
0 ROLESEOERURANITEERIRIMEITHE
o HEE (EZP) © RiEOTRIRTRZ(E
0 A (MZ) @ BIUAZ, X5t + DRERISEUGITHE ™

e”

B E ISIN 4
'\_/
ESRV
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:gﬂtﬁ =

=+ HX

s EME5L

o EXX

= 2K IlogP(Y,Z|0)

N L A= RS

AREEETE, ZixBWNE

» FEMKlog P(Y,Z|0)XFP(Z|Y, 6H)AIEAEE

Q(6,6%) = Ez[logP(Y,Z|6) |Y,0"]
=Y, P(Z|Y,0%) logP(Y,Z|0)

0 QEREL: SeRHURAIRILULAlog P(Y, Z|0) XT1EAEMNETEY

MSRISEN0 NI ARUN SR Z R R o P(Z|Y, 61 RIHAE
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HHE2

=

X

= EMESXL
0 M

o SRIRK, BORRAHQEREISEISEAIRREHEo
0 KSR MLE

7N

=N

0t*1 = argmaxy Q(8,6%)

0 EXFEEREITMAP

0t*1 = argmaxy Q(6,60%) + log P(0)
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HiZR S AUHIR

= SO =rEmhiER
o BN WZ5ER1,1,0,1,0,0,1,0,1,1

0 TRBISEENIES® = (r@,p©®,q®) = (0.5,0.5,0.5)
o EX:

Q@0,6Y) =Y, P(Z|Y,0%) 1logP(Y,Z|0)
» BRINEEEy, 2 BHiEmHBERIAIMEE oy,

ui = P(z; = 1ly;, 6)
_ P(y;,z; = 1|0)
Pz =110 )+pP(yi,z; = 0|0)
_ npYi(1—-p)t Vi
— apYi(1-p)tYi+(1-m)qYi(1—q)' Vi

Observed
outcome

QOutcome Outcome
of coin B of coin C
Zi = 1) Zi= O)

BiR: P(zilyi 6)
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HiZR S AUHIR

s SO =REHiEEY

B>

(t+1) B T[(t)(p(t))yl(]_ — p(t))l_yi
Hi — 7O (p®)Yi(1 — pO)1=YVit+ (1 — 7O)(g®)Yi(1 — gO))1-Vi

Q(6,0Y) =%,P(Z|Y,08%)1ogP(Y,Z|6)

—> = N Y loglmpYi(1 — p)tYi)

+(1 = ) log[ (1 — m)g¥i(1 — g) 7]}
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HAEE R KR

|:2

= S5 =mEhiRR

i

0 M REEQ (0, 61) X TFoHImE 0

7T(t+1)=lz:N ‘ugt+1)
N£Lu-, "

N (t+1)
(t+1) _ Zi=1H; i
p _ N (t+1)

=1

t+1
i=1 (1 - I«lg )

l

)y

(t+1) —

q

=1 i

N (1 _ ‘ugt+1))
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HiZR S AUHIR

o IRKAEIT: AR

» EMEBiA: QFRE (ZEEUE)

L(8) =logP(Y|0) =log )., P(Y,Z|0)

Q8,0 =% ,P(Z|Y,0 10ogP(Y,Z|0)

= AR AT AEMERBEEUSEIIXT W EHRAIR KA ST ?

0 EMEZREBE

A1

RN ESHRRIRTEU AR ZE

L(6ttY) > L(6Y)
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= ERH

- %\CIL'(ZL')/TEE%_

HiZR S AUHIR

~z; Y EEER D R EN

L(®) = XL, log|Y,. P(y;,216)]

P(y;, z;|0
— Zlivzl log [Zzi q:(z;) O:Il i )l ) Jensen"&=
N ) 7, 20| M Nm) < SMONF(ai)
= Zi:{zzi q:(z;) 10g{ p— _] ‘

0 EMITEUUPARETS: BREQ 6, q)

Q(6,q9) = §V=1[Zziqi(zi) loglp(yi’zile)] ] SNSRI TRRESL(,

qi(z;

= ZIL'V:llECIi IOgP(Yi:Zim) + H(ql)J

qi)
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HIZR S AUHEIR

= UERA
0 NI SRR TFRRZIL(9, q;)

p(¥i.z;|0
LO.a) = Z%(Zi)logl(q.(z.)')
p(zi|yi.0)p(y:|0)
= qi(z;) log
;1( ) qi(z.)
Zzlyl
— ZZ(_[L( )1 & ql —I-Zq? zz
= —KIL (¢i(z:)||p( Zi|yis 9)) +10gp(yl-|9)

p(y;10)
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HA LS

=

« AR

0 BN BITEG

INGA ]

/

i

HHY T FRRRZIL (6, q;)

s Yq,(z) = P(z|y;,0), KLBUETTAO, BREIL(, q)BNEKXE

L(6,q;) =logP(y;|0)

0 ROEBURIENSHHYEIHE

Q

1. =
EX: [ E%

>

5% qf (z) = P(z;|y;, 6Y)

L(6%, qi) =log P(y;|6Y)

L(8Y) = 3N log P(y;16%) = X, L(6%,qf) = Q(6%,q%)
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HHE2

=

X

= ERH

7N

=N

o M {HiTE&EER06, gb)
TEUASARREU R

0 BN HqRIE, S50EX, S0FkX

Q(6,4") = I, [E e log P(y;, z:16) + H(qf)|

L2553\
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HiZR S AUHIR

= 1EEH
0 AELTESt+ URENSE0

9t+1

= argmaxgQ (0, ot) = argmaxgQ (0, qt)

> L(6") = Q(6™*1,q") = Q(6%,q") = L(6Y)
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HIZR S AUHEIR

*.1

/ — L(8) (true log-likelihood) y
/ — = Q(6]6') tangent at 6= —0.50

— = Q(f6'*!) tangent at 8!*1 = 0.84
_5 L i i

—4 -2 0 2 4 6
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Outline

» Bal[m 2T A G EZS 6
» HIEERXEEL (EM)

s HEEREBTEIE X 2T (pLSA)

» BENFIRE D (LDA)
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IR S =HE

= NME—RIENX, FILIZE
0 RRTHESW/EAT. XTFTERRENIEX (EFESIW/ETIZIRIEE 0 i# PPT)
o BSRIIE

= &5 30% 525D

= HE52(UEFIER, D ARHHERS
o F5E 14, 150 16 FR LIRS
0 BIRREIMN (LeERTIEEEHIRZ)

= 3R, BiclE. REIBEE
o SEEITE

0 @Aﬂﬁ% 10 ﬁj\%q:', 'Ij'\L/E\; 2 ﬁj\%q:' e i
0 EBNSREIMESICIHRSWMR, T HEEERRE BN N EIIE [
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IEREEENSH (pLSA)

o F R EREINT N AS

S TER DRI H EFI A

Allr

" 5
0 FARTEFR G (topic)
0 BMBERIRRNAERMIER, 1EREREIE, MNMEEIRE-ATEIE
AL S
0 BRIREB N NAH—MERASHRE, BNMERA— EiED

IH

i
S
s
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HEREIELEN DM (pLSA)

s SO IERFERK
o RIR—HEK N EERNER, BV eV E
. BMFEE—E RS E—EKEN "A-ER SHFHKAVEN "EE-8i7 %

?
/\/\Qﬁ/\
- S5—MER, SR AEE BT i
ST, SENEMAESS, R P
ERERNRATNR E- R 8 .

¥, IR FISFEESRIEIE

2% i

B
A b
k% i <

o Ll
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ERBIEENAHT (PLSA)

s SCAI: 35S FRERK

o E: 0.5, £5F: 0.3, 33&: 0.2}

Q

0 BBEINANESFERE: 0.5, EIf: 0.3, EE: 0.2)

0 EFRUNANAS TS 04, Dl 0.2, £F: 0.4)

0 RBEIRANENTEE: 0.5, "% 02, ¥Hl: 0.3) o>

) AT S R B A
5 6 AV BBE R 1B N

2% Zid

N

izl
3 i <)
o S b

o\ s
&
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HEREBIEEN SHT (pLSA)

A): RIS {KRFIRI FUREFAFE
S1iENVAYER RIFUHEER?
Q 321%1 :j(?—j(?—ﬂ:\ﬂ.li

PO K2 ) s
= PO = K2)2P(3iA = 4l)
= (PG = HHE)P(HIA = RE|IEE = HH))?
w POIE = 28356) POAT = gl [ER = £0350)

=0.00375
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HEREBIEEN SHT (pLSA)

n =XUITR

0 NAED ={dy, dy, ..., dy) SCAS . TRRL, BAAE] T YR AR
o BREW = {wy,wy, ..., wy} P(z|d) P(w|z)
4 iﬁ%ﬂ_jglgz — {Z1) ZZ) '")ZK}

= B
o P(d): ERNARIHER

» HEXKBEXTIEARTENRGD T
a P(z|d): XABIERS T
o P(w|z): 1ERRRYERIRS TR

= HZIT 5
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oA VZIKIEL‘:EI\ZFE\

Q éé.\fﬁ—ﬁ\SZZIK’EE

& (corpus), BNMNANTIEETMERA,
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2, RIS NSRRI, LR
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0 ERREEEN
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MR ZHIE
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= BRLTE
0 FHHEIMERIR
- BIMEFIAATERNT, BAWS AR
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- TOEETUNER, SOEETREE, o
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L

» MAERIKERL SOy RIRUERE— M

0 IEEERZ, #K:
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= SEpRIREY
o AIIRYESTE -

0 BNME

4

E

AE SRS (w, d) BIHIUREL n(w, d)

EEHYA

= RiGIREER -

P(X) =] Pw.a)y"
(w,d)

= HA, n(w, )FREIR wiESs dFRIEIUREL, BUREDI N x L

2025/10/13

Generative Models: Fundamentals and Applications

59



HEREIELEN DM (pLSA)

n EpTEEY
o MR- SAT (w, d) ORI

P(w,d) = P(d)P(w|d)
= P(d) ) P(w,z|d)

= P(d) ) P(z|d)P(w]z)
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» HIEAY

EN 31T (pLSA)

o BRI TSRS (w, d) ROLTUSRAER
o BERAERIER:

E

P00 = T Pl

(w.d)

5N (w, d) BUMEERLAS

== W Ays|==

BRE

P(w,d) =

Y P(z)P(w|z)P(d|z)
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HEREBIEEN SHT (pLSA)

/_

a

o HIERY

/_

i tEES

:my

=AY

SHIIRE
|

HEBIRATVEN L

=2

P(w,d) = P(d) X, P(z|d)P(w|z)

= 2., P(d)P(z|d)P(w|z,d)

=>Y,P(z,d) P(w|z,
=).,P(w,z,d)

d)

=

P(w,d) = Y., P(z) P(w|z)P(d|z)

= 2z P(2) P(w,d|z)

=).,P(w,z,d)
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HEREBIEEN SHT (pLSA)

- PR S H IR A ARBIE
0 HEpkTREL

7

s ZIEAS- BRI AR E I RE

» BREEEWSNAZEDZIFRIFREY (@) —

= JEXIFRIRES

o HIEEY
s AN - BRI SRR AR
» BRI EWSXNATEJEXTFREY
s XFRIREL
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HEREBIEEN SHT (pLSA)

= =E

a

m

:}ﬁ;

=E

%

LS Ky

s EMP(z|d), P(w|z)
s SENEL O(NK + MK)
0 HPISCHRK <« M

o HEIRE
u /-ZE)Z P (W, d)
= SENEL O(MN)

|:2

P(z|d) P(w|z)

2025/10/13

Generative Models: Fundamentals and Applications

65



HEREBIEEN SHT (pLSA)

= JUAEX
0 D P (w|d) A LIBMAESERM — 1) BRI RERR

Y P(wid)=1, 0<P(wld)<1, i=1,-,M
=1

o FRIX(M — 1) B4 N Ba BRaife

VA
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ERBIEE

= JUAIENX

a *EE P (w|z) R ET BRI R A,

FEATLA

0 FRIXKA R BHYS

(M—-1)E

Mot (pLSA)

A KA R

P(w|d) = ZP(z|d (w|z)

ZP(ZId) —1

AT I IE R SR AL
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HEREBIEEN SHT (pLSA)

o TRADKEE: RKUSAMGT
0 ERKMERIA)-SCARHEINEL

0 XIEULSRERER

SRS

max P(T) = max 1_[ P(w, d)"w:4)

(w,d)

P ('wz , dj )n (i d;)

n (wi,dj) logP(wi, dj)

M= M=

I
—

™M= 1[]= E:ja

I
[ury

K
n (w;,d;) |log P(d;)+ logZP(wi | z) P (2 | d;)

k=1
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EEREIEENSHT (pLSA)

« REDKERE: EMEE
o B2 1TEQRREL
= SEEHIEINIEUIAREI AT BRI S ThRIRRE
0 TEHWE: P(w, dj, z) = P(dj)P(wilz)P(z|d))
0 A=2BURE: 1EEARNHER P (2w, d))

Q = Z {Z 1n(wi,dj) log (P(dj)P(WiIZk)P(Zk|dj))}P(Zk|wl-, d;)

k=1 \i=1j=
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ERBIEE

n 1REUKER: EM

2%

B2 QiRitAQ
« ALUNEIRRERRTHEHP (d)

Mot (pLSA)

Q' = ZZR%MZ

1i=1 7=1

P(zk|wi,

d;)log|P(w;|zk)P(zk|d;)]

o FEEDTIEERP (2, |w;, d;): Bayes rule

P(wi|zx) P(zk|d;)

P(zk|wi,dj) — K

Z P(w;|zg) P

(zk|d;)
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s [REUKER . EMEA
a Mz TRKILQBREL

Mot (pLSA)

= FIHRRDTEP (Wil 2 )FIP (2¢ | ;) RAN
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ERBIEE

» REKE:. EMEXA
MZZ: K Q RET—Hi&RRH A
s EXAMNEEIRREIA

Mot (pLSA)

M K
A= Q+ZTk(1—ZP wz|zk))+2p3( — sz|dj))
k=1
g 4%521&@5 HERZAD BIRTP (W; |2, )FAP (2, | d)) K (RSEL, FSEHEFTO
Zn(wz, VP (zk|ws, dj) — T P(wi|2x) =0, 1=1,2,--- M; k=12--- K
j=1
Z:n(wz )Pz |wi,dj) — pjP(z|d;) =0, 37=12,---,N; k=12,--- K
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ERBIEE

= [REUKER . EM
0 M TR Q' A

=hA
&

Mot (pLSA)

N
Z n(w;, d;) P(zk|w;, d;)

ZZ (Wi, d;) P2k |wpm, d;)

M

Zn(wiadj)P(Zkudj)
P(Zkldj) — =

n(d;)
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IEREEENDH (pLSA)

BN WHRREG A W = {w,we, - ,wn }y XARES N D ={dy,ds,--- ,dn}>
WEEGN Z = {21,209, 2k} MBI {n(wi,d;j)},i = 1,2,--- ,M,j = 1,
2,---,N;

it P(wi|zr) A P(2k|d;)o

(1) WEZSE P(w;|z) M P(zi|d;) MIHIEGAE

(2) IEAAHATEL N E &, M 2D, HEMGEO k.

I

B % P(zg|w;, d;) = Kp(wi|zk)P(zk|dj)
S~ P(wilz) P(zxld))
k=1
M % .
n(w;, d;)P(z|w;, d; M
P(wiz) ; | e | Zn(wz‘,dj)P(zkmi,dj)
Wil|Zk) = N L oy
S S nlu ) Pty | | D) en

2025/10/13 Generative Models: Fundamentals and Applications



I

IEREEENDH (pLSA)

S . N
= SL: 9N, 111EE
1. The Neatest Little Guide to Stock Market Investing
2. Investing For Dummies, 4th Edition

5. The Little Book of Common Sense investing: The Only Way to Guarantee Your Fair Share of Stock
Market Returns

4. The Little Book of Value Investing

5. Value Investing: From Graham to Buffett and Beyond

6. Rich Dad’s Guide to Investing: What the Rich Invest in, That the Poor and the Middle Class Do Not!
7. Investing in Real Estate, 5th Edition

8. Stock Investing For Dummies

9. Rich Dad’s Advisors: The ABC’s of Real Estate Investing: The Secrets of Finding Hidden Profits Most
Investors Miss

Code of this demo is available at: https://github.com/fengdu78/lihang-code
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I

IEREEENDH (pLSA)

s SO 9PN, T11EE
o A
s ERR-NANEERG

- EEMEK=2

0 WIS

\

=l

‘I?P(Wile)ﬂ:IP(Zkldj)

Code of this demo is available at: https://github.com/fengdu78/lihang-code

Index Words

Titles

T

T2

T3

T4

Ta

TE

T7

TE | T9

book

dads

dummies

esiate

quide

investing

market

real

rich

stock

value
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BERBEIBE N DM (PLSA)

o LI 9PIIAE, T14E

S if

P(w;|zy)

P(Zk|dj)

H13]

array([[0.64238757, ©.85486094,
.38136674, 0.81525232,
.72010476],
.6337431 , ©.79442181,
.20277986, ©.40513752,
.173390991])

©.18905573,
©.74314243,

©.96755364,
©.51164374,

0.24047994,
©0.32465342,

0.22924392,
©.73750246,

0.41230822,
©.19798429,

0.99367301,
0.22300907,

array([

[7.
[5.
[1.
[1.
[1.
[1.
[1.
[1.
[5.

14884177e-01,
38307075e-02,
00000000Le+00,
00000LLe+00,
00000000e+00,
66511004e-19,
00000000e+00,
04149223e-02,
96793031e-03,

2
S
3
1
5
1
8
S
9

.85115823e-01],
.46169293e-01],
.40624611e-11],
.12459358e-24],
.00831891e-42],
.00000000e+00 ],
.02144289e-15],
.89585078e-01],
.94032070e-01]1])

Code of this demo is available at: https://github.com/fengdu78/lihang-code
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Outline

» Bal[m 2T A G EZS 6
» HIEERXEEL (EM)

s HEEREBTEIE X 2T (pLSA)

» BTEIKFFRE DT (LDA)
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BIEIXFIeE 7 (LDA)

- I DASRIR A SE ARSI AR, ERER A

s RIKENNAHIEEN— 1N ZIT R, 81 EA

2812 —

ZIND R
0 1S VIS D
o0 BREo fmAviciE o

I 5 E
I 5 E

> ED

i
i

I i

N 9\
)= )
= =

2025/10/13 Generative Models: Fundamentals and Applications

81



BIEIXFIeE 7 (LDA)

= LDA vs. pLSA

o BJ3_EBVAE vs. AE

o pLSA 5 AE:
= I MNEAZ ST B RIAHTE AR
= [REERBERAGUE, MARDHIN—ED

o LDA 5 VAE.:
= BHEINT—MEZERER DT
= MRS TRRE=CIEIHEA, FEIERERREENE
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BRI EST (LDA)

» N ATEE A EIKF e E T Th?
0 RS RIE D mERE SN
o HHeseia: IKFRE DR

EX 20.1 (BHSH) FEABMMMEE X = (X1, Xy, -, Xy) $98BER
TR

P(Xy =0y, Xo="Ngz - 5:Xk =Rp)=

n! "
= — ] (20.1)
i_

¥ p=(p1,p2,---,px)> pi =0,i=1,2,--- ,k, Zp—l Zn—n | AR REALE
% X IRAAAEH (n,p) 93 A5H, it X ~ Mult(n p)-
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BRI E ST

s NARESHBNERITFE:
a E‘ﬁ;‘gﬁﬁ T ER D VIR R e BB ol o o e A S 1 ER 1]
“=
0 Zfa, BT ERSHRVIKFIRE ST iR Z MER
NS
o 9i<l= S TFE—NMERADERERFY, FINE—
\?E* ‘EJZE 18, *WM’JEJZ—/\E ﬂf 5, BIER A
0 BEEXMNMIREEMFTEXA

=l

7

72, BRES

-I‘E;EEEI =

TIARRAYE

*h, BIREZMA

%

2|
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s HEREFER

0 RN E o @

» LOVEREWNTE .\ K

. DGESERETE N
0 BENETHERIKIEER o

o 5B (HR) FrES, 1R @—N

RAFRTESAIREL
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= ERERE
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a B IKFITEE

0 @it B MEERERIRD T
O . SEMANIARHIERL D TR

53 TR S
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Q Zmn: SEMAPNAREN DRI NASERT
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BRI E ST

s NNE

CERELE

Hi% 20.1 (LDA BIXARERE L)

(D XNFiE8 2, (k=1,2,--- ,K):

N2 T A S EL o, ~ Dir(8), 1E 88 $17 5040 p(w|2i);
(D MNTFUAw,, (m=1,2,---,M):

N T AT B4 0,, ~ Dir(a), VERSCARRIE BT p(z|wo,)s

(3) X T XA w,,, BFIHAE wyp (M =1,2,--- . M, n=1,2,---,N,,):

(a) AR 2., ~ Mult(6,,), 1A 516 W 1 e
(b) AR Wy ~ Mult(p,, )
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BRI E ST

- -ZIK,%EI\ZFE\
o LDAFERHT=15%E

BIFESW = {wy, ...,wy)}

IBRERZ = {24, ..., 2}

NAEESD = {wy, ..., wy},

Q Wpe— TBRIERFIW, = (Wt oo Winn o, Wiy, }
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BRI E ST

o JESRAERLEAIE: BAOTE
W,

= BEHLERKMERRERIT D p(wlz), k= 1,..., K OmuOs

= Dfp(wlz ) RIS, HEEH 0,

= S, IRINESEVI PRI =BT D Th
m %%ﬁfﬂk = (<Pk1»---:§0kv)x%_/l\vg&ﬁ§, HE'JQOkv%B_TiE@ZkEEE%ﬁWUE"JTE%
« HEESHPBEE— I KERE

= FTBIERHISERIELE— 1K X VAR = {¢k}r-1
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ETENRFE

A VZIKIEL‘:EI\ZFE\

0 ML

SRR 1ERR S

730

o FENERMANARNER S fip(zlwy,), m =1, ..., M
o D pClw)BRNEIS T, HSE096,,

5 cinyth, HESENa

2400, IRMIKF 52

@f

5

%éﬁ@m - (le' R HmK)/TEE_ﬁ\Kg&rE_I%, HEF'Hmk i%ﬁ?ﬁjiwmgz}ﬁiﬁﬁzkﬁgw%
HEESBR— 1 KEERE
P SIAIIS S BAIR— M x K 48R0 = (6,1},
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BRI E ST

A VZIKIEL‘:EI\ZFE\

/_

S9N ES G R

D—

. STEw, REE— AW, TS EENTE p(zlw,,) O

LR ETERHERIE S0 p(wlz,) iRTE

X ARRNER D p(zlwy,) ~Mult(6,,) FEVLER— AT
Nz = (2m1 Zma, o1 Zmn,y)

Q Zp: XA m FERIE | RRERS T

IRIEBAYERIRI DD p(wlzi) ~Mult(ey) BEHIER—TERIERR
TW = (W1, Wiz, -, W)

0wy BTEIRYEER, AN m BYSE @ PNERIE)

®

@,
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n ERRIRE

USRAR

BRI E ST

0 EXERHERMGLT (MAP)

p(0,p,z|lw,a,B) =

p(w,z,0,p|a,B)

p(w|a, B)
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= LDARE

BRI E ST

NS VL 3F E A Fe 3T E H B HYBR Sl ER 53 7D

K M N..
p(w,z.0,¢l0,B) = | [ p(erlB) [ pOmlc) || p(zmnl0m)p(wmn|2mn. ¢)
m=1 n=1

k=1

o MNTEwER RIS X ATHRIEERFES

=

100

2

56

ARE

o ~ai==K ()

R EZRTE N AFRNER TS

= {OmIm=1 R TE XANER D THHISEN
= {Pr)i=1 T ATETRRAIRIF D THHYSEN

o *D B %ﬁ’%ﬁk&
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= SEMAPNARRIBRSHER S \/m AT LAZR TS
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lﬂvvmaznwgﬂugﬂa’ﬁ):::[IZK¢%MBMKHWJOO:[IZKZWWJHWJP
k=1 n=1

(Waial Zrin, @)

WL Ew,, =B M AR ERIF 75

=hine=—1
t;fiiéiéz

RARBM DA FHIRE TS

0 [REEE, RRBEM NN AHNER T THHISEL
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BRI E ST

. BE0, FIQBTERM FBEMA IR RIS

Nm

(Wl 2) = ]|

n=1

|

K

k=1

Zp(zmn = k|0, )p(wmn|99k)]

- BEHTBATE R T B AR AT

(wlao $)=I] [ porl5) [ (6o
p kl:[1/p ¥ /p

n=1

Z P(zmn =10m ) p(Wpn |‘PI)]

=1

dgm] dpk

- BEBHI ARSI e AR R

K
p(wla,0)=T[ [ oleel)
k=1

m=1

1 [p6alo T

Nm

n=1

K
[Z p(zmn = l|9'm )p(wmn | ‘PI)

=1

]dam
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BRI E ST

» RARIOHEER . FREEROKAR

Xk

p(w,z,0,¢|a,p)
p(w|a, B)

p(0,p,z|w,a,B) =

K

11

M N..
p(2k|B) 1] p(Omle) || p(zmnl0m)p(Wmn|zmn ©)
m=1 n=1

k=1 =

K M N K
H /p(@kW) [H /p(9m|a’) H [Z p(zmn:”gm)p(wmnl@l)] de] dyg
k=1 m=1

n=1LIl=1
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BRI

o TREDKER

SOHTHEEA
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= SIRBIERESEE RS E (MCMO)

= EEBEV R AT AT SR B RYR IO R
0 TSEMESE

= BEETRY AT EREERY SRR E
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35T FERT

o RIKREEREMERD p(x, 2)
0 xEMNEE (20E)

—

» BiREFIRENFREHERDS fop (2]x)
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= YN
0 FIERD T q(2) IEREEERD T p(zlx), FIKLEUE KL(q(2) || p(zlx)) it
BRERIRIE

0 WIREEIREIS p(zlx) EKLERNX T&=IEND g (2), NWaJLARXANN D
T p(z]x)

p(z|x)

/ KL(g"(2) || p(z|x)
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D(q(z)|p(z|x)) = Eq [log q(2)] — Eq [log p(z|z)]

= Eq [log q(2)] — Eq [log p(, z)] + log p()

= log p(x) — {E, [log p(z, )] — Eq [log q(z)]}
0 D(q(2)]Ip(z]x)) = 0lERKIZ

——> | logp(z) = Ey log p(w,2)] — Eq [log q(2)]
o UEER5R ELBO

L(q) = E, [logp(z, z)| — Eq [log q(z)]
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\

‘I‘R/ \]:Elllﬁ

= %0 |logp(x) = L(q) + D(q(2)|Ip(z]x))
o logp(X)BE=

K ﬂ&JxEI/JE_/J\'ﬂ./: o] LUEd uHE F RIS AR ECI

A, TR RKARUEE FR&EAMRYIRIER
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A

35T HERTT

= TP q(2)
a Y937 (mean field)
« BEREZ@XN e EEEEEETA COREKMHT T2 | BiERE

0 KLESUERS iE'ﬁ/J\PGEJZW‘»EJ.:."F??%ﬁ%?&ﬁﬁ%&zzi’giﬁEI’\JEE%, REisE I {RIx

o mES
q(z) = q(z1)q(z2) - - - q(2n)
S/ — n
ﬁﬁﬂﬁ Q = {q(2)|q(2) = HCI(Zi)}
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A

35T FERT

o BOHERTEER:

0 ENTLSDMq(2) | a(z) = q(z1)a(z2) - q(zn)

- EI:EEJL'IIEM_F?%

L(q) = E, [log p(z, )| — E, [log q(z)]

0 FETEGECILE, SRMIEHE TR
BRSNS (2), 1ERRYRD TP (z|x) BN
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EMEE

s TS EMEDE

0 _ﬁ_/ \];Ellkﬁl:

0 RIRREE

/\E I\/I%—,f

1 S A TSRS

= XZEWNZE (FEE)

s Z2f

=]
SR E

= OS]

0 BRAMERENEHERIRTEUUZA logp(x|6)—

o BRMtESD TR

o p(x,z|0)

BEITIA VAR AL

L(q,0)

Eq[log p(z, 2|0)] -

q[log q(z

)]

L

=N

XETE

AEEME

AN
/1

XE

SARIHE, Bf
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Thanks!

Questions?
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