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Overview

e Pitman-Yor processes
= Two-parameter Poisson-Dirichlet process PD(d, 0)
(Pitman and Yor 1997)
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Background
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Pitman-Yor and DP

e HPY (Hierarchical Pitman-Yor process, Teh 2006)
--- HDP (Hierarchical Dirichlet process, Teh & Jordan 2004)
EREpN

e Pitman-Yor process - - - Dirichlet Process (DP) O O O
e JO,00000:
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2. Pitman-Yor process [0 [0 ?

3. OO Pitman-Yor process [ [ ?

4. Gibbs SamplingOD D0 000 0dOOO
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Dirichlet process (DP) (Ferguson 1973) 0 0O ?
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Stick-breaking process

e JO0OODODOODO G~DP(a,Goy) DO0DODOOODOODO?
— Stick-breaking process (Sethuraman 1994)
e 0 1(MUIODOO)OOO,00000O000O
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o JUOUUUO mwg: OO 53(1—52)(1—51)
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Stick-breaking process (2)

e 00O, G ~DP(a,Gy) O
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Polya urn scheme of DP

e G~DP(a,Gy)0DDOODOO x=21,29,...,2, 000000
00,00 0000007
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Polya urn scheme of DP (2)

e OO, 00O MacKay O Dirichlet smoothing O 0O OO OO OO

(SVM 2004)
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Polya urn scheme of DP (3)

e JUUODODO?
o O 00U,

p(wi|w;) = o (11)
> iy + i)
o U 1000, |+
o%
i|w;) = 12
p(w;|w,) S (g + ) (12)

- 00,1 (o;=0.001000)
- 3J3+o,24+o,1l 4+, ==« ...0000L0L0ML.

e 0O (1,2,3,..)000000O000O0DO,0000O000O0OO
O0ooaQg-?
— o Kneser-Ney smoothing (Kneser and Ney 1995)

o Pitman-Yor processes (Teh 2006, Pitman and Yor 1997).
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Pitman-Yor process PD(d, 6)

e Stick-breaking process:
o Fork=1,2,...,00,
B, ~ Be(l —d,0 + kd). (13)

e kULOOOOOOLO,OLOLOOLOLOLOLULDLOUOUO
o JOODUO0OOOOODUO(DO)bOODOOoOOoOoOon
(heavy tail)
e Polya urn representation
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Hierarchical Pitman-Yor Processes

e Base measure Go 0, 000000 PD(d,60") OO0

O 3-gram . G3 ~ PD(d3, 05

(
o 2-gram : Gy ~ PD(ds, 05|G

o 1-gram : G; ~ PD(dy, 6,
o O-gram : Gy ~ uniform.
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Polya Urn scheme of HPY

9+dt

HPY (d,6))
p(|x, +

Gn—l (15)
k=1
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16
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OO (Kneser and Ney 1995)
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Chinese Restaurant Process of HPY

e I, HULDOULHODODOUOLODLODOOOLDOOLOLOOUOODOO
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Chinese Restaurant Process of HPY (2)

e JUUOOOOODODOUOUOOOO?

o JUUOUOUULDOLOObOoood,ddboobottdd
HRERERERERERERE

o bbbttt otdotd, bbbt
Juoogdootgdog

e JOODOO =(n-1)-gram O [
o JOUO0O0O,000D0DO0O0O00OOOOOO0DOobDOOn
oooooo
— gudbooddbodbo,dobddbodboboddn
00 [OoO00]
- t(w) 00000
e JOODUOOODOOOOO =0-gram O [
o JOO0O0OUOO,000000O000O (Base measure)

o JUOUouououod, o RHMMUIOUON

Introduction to Hierarchical Pitman-Yor Processes — p.15/22



Inference of seating arrangements

( (t) to

_ HGO(w)Cow" H dl | H H 1 . d|u| (Cuwk: 1) (18)

U u w

* c.uk . Frequency of word w at table £ in the n-gram context
e tuw - Number of tables with word w Iin the n-gram context u

e Gibbs sampling:
Fort=1...T,
For w € randperm({all counts in the model}),
1. Remove a customer w from the restaurant.

2. Add w to the restaurant at a random table following
the Pitman-Yor process.
o When a new table is selected, choose a dish by
sending a proxy customer to the parent restau-
rant.
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Inference of hyperparameters

e Through Data augmentation (adding auxiliary variables x,, y.;,
and Zuwkj),

f 9| (1 — @4,) 0 —2 7 tu—1
= HGo( ) H = — 1) || DA

’L ]. Yui
u- Cuwk—1

H H H H J— 1 S 1 _d|u|)1 Zuwkj (19)

w k 1 j 1 Zuwk]

e Therefore, posterior for hyperparameters are

ty. —1 Lo Cuwk:_]-
anBe(1—|— S‘ S‘ 1_yui)7 1+ S: Y;: Zuwkj))a
ju|=n 1= tl 1 lu|=n w k=1 j= 1
O ~ Ga(an + S: S: Yuir Bn + Z log xu) g%

ful=n i=1 jul=n
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Implementation

[®] ~furorkingram/fsic pxs052

prs:” fwork /meranf/srck L Shoyln -h [ 9:20AM]
usage: hpylm -n [order] -t [iteration] [-1 interval] [-d] train.dat [test.dat]

$Id: hpylm,c,v 1,7 2006707714 13:49:48 dmochiba Exp 3
pxs T fwork /ngramn/srct [ 9:208M]

struct ngram { [* c_uxx */
ngram *par ent;
ngram **chi | dren;
rest aurant **words;

I nt nchil dren;

nt nwor ds;

nt ncounts:

nt nt abl es;

nt | evel;
nt i1d;
}
struct restaurant { [* c_uwx */
I nt 1d;

| nt nt abl es;
| nt maxt abl es;
| nt ncounts;
I nt *tabl es;
ngram *cont ext;

} . Introduction to Hierarchical Pitman-Yor Processes — p.18/22
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Small Experiments

e “Austen” language modeling in FSNLP
o http://nlp.stanford. edu/ fsnl p/

o 6. “Statistical inference: n-gram models over sparse data”
P.191-

e Modified Kneser-Ney smoothing, SRI LM Toolkit

% ngram -order 3 -Im austen3.arpa -ppl austen.test.dat
O zeroprobs, logprob=-186076 ppl= 135.906 ppll=167.651

e HPY Language model, Gibbs
% hpylm -h
hpylm, Hierarchical Pitman-Yor language model.
$ld: hpylm.c,v 1.17 2007/03/19 09:11:05 dmochiha Exp $
usage: hpylm -n [order] -N [iteration] train model
% hpylm -n 3 -N 50 austen.dat austen.n3
Gibbs 50 : iteration 725242 | 725242.. ETA: 0:00:00 (6 sec/sweep)

done.
% hpyppl -N 50 austen.n3 austen.test.dat

loading language model from austen.n3 ..

Gibbs 50 : iteration 725242 | 725242.. PPL = 130.936
perplexrty — 130936 Introduction to Hierarchical Pitman-Yor Processes — p.19/22




Seatings Integrated out

e co UOO (OO)O t,, 00D DODODODOOOOOOOOOO
Joog,
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u w

o O UUUOM eupe U OOO, OLOO cu UODOO O
o sq(c,t) O type(—1,—d,0) 0000 Stirling OO
1. Sd(0,0):Sd(l,l):l
2. sq(c,0) =54(0,t) =0
3. sqle,t) =sq(c—1,t—1)+ (¢ — 1 —dt)sq(c — 1,1)
(0<t<c
0o,

e PoOlyal OO OO OOOOd
(D_r ax) Fnk+ozk
p(x|a Z/poppadp—
(xla) = [ p(xlp)p(plar) <zkak+nk1;[
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Prediction and Inference with seatings integrated out

o UL UOULLOUOUOLOLDUOULOLDUOUUDLD cyw, tuw U
Juooguuogud,

w‘u Zzp W, Cyw uw‘u) (24)

C’LL'LU

B ZZP Wty Cupy Luww )P (Puw | U, Cuaw ) P(Cuw| 1) (25)

Cuw uw

— Zp Cuw’u Zp w‘u Cuw uw) ( uw’uacuw)- (26)

Cuw

o p(cuw|w) 00 pltuw|u,cuw) 000 — LBPOOOOOODO
o 0000, plcuw, tuw|v) D0 O00D0D0D00 (OO)

o 0000 e, 000000,00000000
— Gibbs 0 O, (cywr, tuww) 0000000000000 0OO
J0O0000O00ooOoooo.
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Future Works

e Topic modeling with HPY n-gram.
o How to combine HPY n-gram with EM? (HMM)
o JODOODODO sy(e,t) 000

e Mittag-Leffler distribution, Gamma process, Levy measure, ..
O, b0doododbd

e Dependent Dirichlet process (DDP) (Griffin & Steel 2004)
o JOO0OO0OODOO0OOOOOOOOOOODOOOOON.

Introduction to Hierarchical Pitman-Yor Processes — p.22/22



	Overview
	Background
	Pitman-Yor and DP
	Dirichlet process (DP)
(Ferguson 1973) ¤È¤Ï?
	Stick-breaking process
	Stick-breaking process (2)
	Polya urn scheme of DP
	Polya urn scheme of DP (2)
	Polya urn scheme of DP (3)
	Pitman-Yor process {small ${
m PD}(d,	heta )$}
	Hierarchical Pitman-Yor Processes
	Polya Urn scheme of HPY
	Chinese Restaurant Process of HPY
	Chinese Restaurant Process of HPY (2)
	Inference of seating arrangements
	Inference of hyperparameters
	Implementation
	Small Experiments
	Seatings integrated out
	mbox {Prediction and Inference with seatings integrated out}
	Future Works

