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Generative modeling

Data set Generation

- £

x ~q() z~p()

B DISTRIBUTION DIFFERENCE MINIMIZATION

miI;i(Ilglize Dxi(q() I p(+))



Difference between two distributions

KL Divergence: Dy (q(-) | p(-)) := Eyz g, [logq(m)}

p(x)

x non-negativeness
* asymmetry

* likelihood maximization

Dri(q() [p() = Epng)[loga(z)] — Epny( [logp(z)]
Log likelihood

mini(rglize Dri(q() Ip(r) — maﬁglize Ey g [logp(7)]
pL- .



Example of LLM pre-training

Token ID | 1246 | 455 | 848 | 1734 | 149 | 1004 3416 19826 | 16
Token It is | great | to be a Tennessee Vol !
z ~ q()
B AUTOREGRESSIVE MODELS
q(z) q(w1) q(@e | 21) q(x3 |21, 22) - - g0 | 21, 02, 0y T 1)
B LIKELIHOOD MAXIMIZATION
maximize Zn: By ~q(-|2109earr) [108D(Tk [ 21,2, ..o Tp—1) ]

p(+)

k=1




Latent variable model

Data set Generation

- £

(:C’ Z) ~ p('? )

z — latent variable

B JOINT DISTRIBUTION DIFFERENCE MINIMIZATION

mi}rol(i.g;ize Dy (q(-,-) o))



B JOINT LIKELIHOOD MAXIMIZATION

max(in)lize E(z2)~q(.,) [logp(z, 2) ]
(-,

B LIKELIHOOD MAXIMIZATION

ma;ii(gnize E;~q() [logp(@)]

¢

maximize Equ(.)[log/p(x,z)dz] or maximize Equ(,)[log

p(-) p(*)

Intractability w/o ‘knowing’ latent variables
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Evidence (likelihood) lower bound (ELBO)

. o p(z,2)
ELBO : ELBO(p) := E; gy Ezng(|a) [k’g a(z ) ]

B LOWER BOUND
Ey~q() [logp(z)] = Eg e q() log/p(x,z)dz]
B [ p(x,2)q(z | 2)
= Equ(,) _log/ q(z[w) dz

- [ p(z, 2)
= E,oq0) _logEz~q<-|x> [q(z!x)”
p(

gg(:ii))} ]

Z Earg() [ Eanglo) [10

.= ELBO(p)



Joint distribution difference = negative ELBO

Dri(a(-) () = —ELBO(p) + Eqg() [logg()]

B EQUIVALENCE

Dr(q( ) [Ip(5) = E@zy~g() [log

negative ELBO

min(in%ize Dy (q(, ) | p(-,+)) — max(in)lize EBLO(p)
Py P



Latent gap

Joint KL divergence minimization: ~ mininize Dri(q(--) Ip(-5-))
Joint likelihood maximization: ~ maximize Eg.)~q(.) [logp(z, 2)]

ELBO maximization: ~ maximize ELBO(p)

B LOWER BOUND

ma>;i(.r;aize Eyngy[logp(@)] > ma;c(i.rhr)lize ELBO(p)

Lower bound may have a large gap?



Latent KL divergence

. B p(z, )
ELBO : ELBO(p) :=Eyny()Ezng(|a) [log q(z | z) ]

B LATENT GAP

Eagty 1089(0)] = Euvy | [ atel0)logpa)a:]
= Euqq) [/q(z\x) logﬁ((:ii))dz]

p(z, 2) (=
= E,oEsmoi1a | o
q() q(- | )[ gq(z!m) (=

|

|
= ELBO(p) + Esvq() [Drela(-[2) [ p(-[2))]
Latent KLaivergence

)

]

q

x
+ log .




Sufficiency of ELBO maximization
Joint KL divergence minimization:  mininize Dri(q(-50) o)

Joint likelihood maximization: ~ maximize Eg..)~q.) [logp(z, 2)]

ELBO maximization: ~ maximize ELBO(p)

B CHAIN RULE FOR KL DIVERGENCE

D) 19(+) = Eosy e [1og

)
q(z)gq(z | x)
z~q(-)z~q(| [ 08 ( \x)]
= Dri(q() I p(-)) + Bz gy [Drila(-[2) | (- [2)) ]

= Dx(a() [[p())



Sufficiency of ELBO maximization

Joint KL divergence minimization: ~ mininmize Dri(q(-50) o)

Joint likelihood maximization: ~ maximize Eg.z)~q(.) [logp(z, 2)]
ELBO maximization: ~ maximize ELBO(p)

B CHAIN RULE FOR KL DIVERGENCE
minimize D (g(,) () = minimize  Dia(q() [[p(-))
maxi(r)nize Eg g [logp() ]
(-



Summary

B LIKELIHOOD MAXIMIZATION

Likelihood maximization = KL divergence minimization, latent variable model

B EVIDENCE LOWER BOUND

Joint likelihood maximization = joint KL divergence minimization = ELBO
maximization, sufficiency of ELBO maximization



