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Abstract: We propose a new tree sampling algorithm for Bayesian probabilistic con-
text-free grammar (PCFG) called Split Position Slice Sampler. Split Position Slice
Sampler is developed based on Beam Sampling method that is a fast MCMC sam-
pling algorithm for Bayesian Hidden Markov Model, and adapted to Bayesian
PCFG. This tree sampling method can be combined with Metropolis-Hastings sam-
pler to constitute an efficient grammar sampling algorithm for Bayesian PCFG. Be-
cause this algorithm does not involve any approximation, more efficient inference is
achieved without losing accuracy. We evaluate our approach by comparing with an
existing method in a small artificial corpus.
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1.1. Motivation
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2 Background

2.1. PCFG
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2.2. Bayesian PCFG
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2.4. Metropolis-Hastings Sampler
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2.5. Beam Sampler

Beam Sampler |%, Bayesian HMM 72 O 538
MCMC 7V F Y XL THY, HMM D/37 A — 2 4
B LIE LW S 2 BIREHETE(Z 055
Forward-Backward) & Slice Sampling @ F5 % & 5
% Z & TEEEE LTS, HMM D78 D Gibbs
Sampler | %, FHRFAIDOFEIVIREEZ AZZ A 7D &~
73BT 5723, Beam Sampler (345 D
PRAVIREB 2RI 7 ) 7 50 TIER L, B
HURTENE Z R LEERAVIREESI 2 O & DD L b
T 5N TIThiL 5729, Johnson & D FiERER/ T

A — X B ORIFORIEDMFER X35 . £ 72 Slice
Sampling (2D < MBEE (X T A ¥—) K
IZDOWTEAL,

1. ATEY > 7L SR TIREEERB SNV A T A
Y=Y T

2. REEBSMEATA AT HI LT, KA
WU B ATRE 7 IR REE R 2 W5 &

3. MBI TR IRV RRAVIREES 2 7L

EWVWOFIRTY TV T5ATH. ZITATAREIT,
KGR & IR DMEFRINTIBNT AT A =D LD D
DHEZBET DX 0% “MEIK” BETHY, X7
A AN TSR T 7 v ansd. ZOF
JIEIZ & 0 BRI CEET R ZREEBHDI S T2 DI12F
FEHEIZATOID. Beam Sampler (2331 5 7041 D A
TAABIOPARATGA AN MDY T Tk
VWO ALVERFIT PV ALVER Cix 72 <, Slice Sampling % 12 H
L2t DT, ENEERBY TV o TOFRHE TH
5. D7 Beam Sampler |LEFFE 72 /3T A — H HE
E &V D v a TEEHE T Ve iEOMWE MR
LicgE@mEbiciB LI=FETHD L0z D,

3 Method
3.1. PCFG ~DATGARY TV T DEA
Fx O T 7 v —F1% Johnson ©H D FiEIZ Beam
Sampler DA ZHEAT 5 Z & TamElb 2 X5
DTHD. Beam Sampler TH 7L & T BRI EE
HL PCFG IZB T HHECARICHT= Y, Beam Sampler
THWTW A EIRYEFHEEIT Johnson H D FETIEN
MR ZHEL, MXKREY T T8
EMTHD. T ZH D Slice Sampling % PNAIHER D
FHECHI 970 Beam Sampler 23 PCFG ~ & i F 7]
BETH S. Johnson DT /LT Y X LM

1 PR 2 A
2 HESTREYL Ty
3. HESOA% AcceptReject

LWV FIRTHEAE SN TWoDITR L, BEFIEZ

1. ATAY—%HTY T

2. AR EATA ALT, WHlHEEEORB/IE
V% SAEHRIE R A 2 )5 | &

3. WEeREY YT

4. HESUK%E Accept/Reject



EWV) FIETHER SN Z LD, LrL PCFG
& HMM O T /L DiE\ )5 Beam Sampler % & D F

FHHLELY ELTHT AT Y XATIHETE .

R & 725 D%, Beam Sampler (Z351F 5 HijlElDH
IMAZBIT D BRL OREBBRBHERN O AT AV
—DEES TV 7T HEND FRE THD.
HMM TIIERFLNZDONWT AT A S —nZnEhEl
DYTHNTEY (Figurel) , Zh % PCFGIZED
FFEBEHL LD T ENHfEREREROK L, OF
NEZHDETOWIARD ) — FALEICOWVWTAT
AV —ZBATLHLENVHITEAERD. ZOWARIR
DY TN HTZDDBRELRTHY, AT H%—
DY T NATKE T2 DIE, HEXADE ) — RTHW
DN SERRIOMERETH D, Lo L Z DA,
AIEIOY T, FTbHLOE DOEIAN LT
TOEBNDATAY—2EDHZ LN TE V. It
b, U E LTELRIESURE, NESE
RETORNMI—R—XIET D720 ) — N &R
LTELT, oTIDOLIREETATA I —%
WMALE Y E LSS, BCORATAY—%H T

U2 7T HIITERB LY 720 S TH b (Figure 2).

CTHIIn AP OHEERE LRSS, BIOKIT 2n-1
D 7 — R U=, — N REREz X
n(n+tD)2 HDOEANREHD LD ZENDBEND.

3.2. Split Position Slice Sampler
TDIDHANIAT A Y —ORLEICET DH7- 72
Jb—/L & LT, Split Position Slice Sampler &\ 9 fZ=

Ug_.9

Figure 1.  HMM D728 @ Beam Sampler [Z31F 5 A T A H—
BN 1 DORRIVIREESY T v, RS BYRYFHEIEICEA
SNDATAP—HNERL, BMPTOMEEZRLTND. &
I OIREEEB MR 2 AV, BINETENED R BTG 2
2FAY—uEk 7 7350 BHANTER L THD.

BRETLH. ZORRNITBIT D AT A I —I2 Al
FBRIZBWT, REMICKELE 2T 5 i
BN EHBTHATAF—u b, HECARD “HE
B YT D AT A Y — v o2 IS TR
% (Figure 3). #&8E MZHHIGET DHESCR B 7 —
RIEWICHEET D728, w20 Tl Beam Sampler
FRRIZ, RIEIOESIRY v oxtind b/ — R
BV THW LN SUERRIOMRIEL b & I2fiz
wdD. —J, TNEFNOKIETLEOME “0E
B OLEDD L, WSUROKE ) — RUSD ) — R,
TR HRIE ) — RIZST 120 “ER #HY
THZENbND., ZInb, “DERT 2HEYST
HATAY—vIiL, HRPO SR 2N
%3 7 — ROSCEHA OMEEN SELND
(Figure 4). Z OFIETIINMIFERFE OB, Kkt
NPSN DT IAZ BT DEEICERO visFIH S D
TEZRDN, VTN SNTESTRIZBIT 54
— RFTIL, Z2O0VTRNDRTA P —IZLVIESLN
T2 SCEBAIR AV DI, BRI TRz & XA
FAY—OEHITR. T, BATREXT A
—3& FHE AV n, FEE -1 THY, BEOR
DOFFD /) — e 8T 5720, B3 —xb—%En
k2. Z OF AT~ 1% Split Position Slice Sam-
pler & 5. LR Tl Split Position Slice Sampler % F1]
RALIESXARDY > 7 ) 773 X ADERE
72 FlEZ R

Hedat 51 S IZK T D RIEI O SORY 7 iz
W, s, A8 L7 SUERBIOMRE AL 7, , #EC
AROGYER JISHBT D ERRI ORI E p, &7E
#FT5H. BRIO) 1L, £HCrE0LEIC)=1,
BOKEIC)=0 L7225 ThH 5.

PCFG ~~ Beam Sampler % Hffl|Z5E FH L 72456
I 1 DOMIAY v 7, A NIHEFRRITEA S

NDATAY—%RL, BRBZORMEERLTND.

BHRARY T RT A =2 HATERVEABFET S

Figure 2.



1. Sampling u, v step
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