Syntactic Control of Language Models by
Posterior Inference
&
Syntactic and Semantic Control of Large
Language Models by Sequential Monte
Carlo

R Kt
e st BCEMT FT AT/ E X E B3P

daichi@ism.ac.jp

& 7cimNLP, 2026-8-30(H)




Syntactic Control of Language Models by Posterior Inference

Vicky Xefteri Tim Vieira Ryan Cotterell Afra Amini
{vxefteri, ryan.cotterell, afra.amini}@ethz.ch tim.f.vieira@gmail.com

ETH:zurich

(ACL 2025 Findings)

SYNTACTIC AND SEMANTIC CONTROL OF LARGE
LLANGUAGE MODELS VIA SEQUENTIAL MONTE CARLO

Jodo Loula*! Benjamin LeBrun*® Li Du*® Ben Lipkin! Clemente Pasti* Gabriel Grand!
Tianyu Liu’> Yahya Emara’ Marjorie Freedman® Jason Eisner® Ryan Cotterell?
Vikash Mansinghka?! Alexander K. Lew'!"” Tim Vieira*> Timothy J. O’Donnell*3*:3

'MIT 2ETH Ziirich 3McGill *Canada CIFAR Al Chair °Mila Johns Hopkins 7Yale S3ISI
genlm@mit.edu

(ICLR 2025)

Research Organization of Information and Systems ;:%j'i

The Institute of Statistical Mathematics @



[

('

all

I 7 EATCHN?

Ryan Cottrell 58 D

EWD DIEFDTLEKT...

Research Organization of Information and Systems §

The Institute of Statistical Mathematics &

)



BE DX EATIEH?

e —_D &%, Sequential Monte Carlo;% (SMC,

Particle Filter & HWS) ZLLMO T d—F 1 V7 IC

EXSY 3¢

e Particle FilterZNLPIC{E> =D d. ZnFADTEHFE R
(NIPS 2005) > X TId2011FELIE U b it T LR L

o & 5(d. NeurlPS 2023MDVikashDFmX ICBEERIC
B % T TWBIEKRT (VikashldCSHICHTE)

\

Sequential Monte Carlo Steering of Large
Language Models using Probabilistic Programs

Alexander K. Lew Tan Zhi-Xuan Gabriel Grand Vikash K. Mansinghka
MIT MIT MIT MIT
alexlew@mit.edu xuan@mit.edu grandg@mit.edu vkm@mit.edu

Research Organization of Information and Systems £3&

The Institute of Statistical Mathematics h

i



Syntactic Control of Language Models by Posterior Inference

Vicky Xefteri Tim Vieira Ryan Cotterell Afra Amini

{vxefteri, ryan.cotterell, afra.amini}@ethz.ch

ETHzirich

(ACL 2025 Findings)

tim.f.vieira@gmail.com

Research Organization of Information and Systems ;:%j'i

The Institute of Statistical Mathematics @



all

X DD Y XY

EAEED User:
° %E@jz}fjﬁﬁ%jﬁfﬁ ‘ s(esr (NP (EX ?)) (VP (VBZ ?) (ADVP (RB ?))
LT. #NZF5LDIC (NP (DT 2) (NN 7))))

System:

éz}jz'g'% 9 17 « (S (NP (EX There)) (VP (VBZ is) (ADVP

(RB always)) (NP (DT a) (NN chance))))

(Controlled generation) o =099, p = 2.95¢ 1]
— = « (S (NP (EX There)) (VP (VBZ is) (ADVP
® -T}SIZTII-IXE\ EEE%&%\ (RB never)) (NP (?I a) (NN reason))))
== = 0.99, p = 8.66e 1
IDEERE, FULWSED “” P = 8667
/_ BZ EEEE/] Hﬁﬂﬂi |$@ GPT4 baseline:
| ﬁ * (S (NP (EX There)) (VP (VBZ is) (ADVP
%JT IN (RB clearly)) (NP (DT a) (JJ big) (NN

o 70I:|7\\_ —_ 7\\:55 C“@ problem)))) [¢ = 0,p = 1.90e 4]
= A
ARBDK DI, EEADERIEFRTHIETIEERL

Research Organization of Information and Systems 3g&

The Institute of Statistical Mathematics & 'J|



LLM D ] 1]

o LLMOFTI—T a7 lE. 7OV Ml THlfE
TEB LIRS

o GPTA4IC. BEUIBXARZHF OXZERNRIT 5K DIC
STU kSR

Metrics 0-shot S5-shot 1-shot (gold)
correct length 42.05  43.37 65.89
exact match 17.55  19.54 31.78
structure match  20.53  25.16 44.37
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Task Potentials Examples
Dogr Dexp Prompt Output
Write the STRIPS goal condition (:goal (and
Goal Inference STRIPS Plan simulation for the planning problem (arm-empty) (on-table
parser described below [...]. The b1 [...]
STRIPS initial condition is: [...]
Here is a sample dataframe: [...] 1t =
. Error-checking I’d like to add inverses of each _result =
Python Data Science - with test cases existing column to the dataframe df.join(df.apply(lambda
SOL Alias and Here is a datab.ase schema: [...] SELECT T2.name,
Text-to-SQL table-column For each stadium, how many COUNT(*) FROM concert
parser checking concerts are there? AS T1[...]
SMILES Incremental Given the following list of
Molecular Synthesis molecule molecules in SMILES format, CC1=CC2(0C=N)C(=0) [...]
parser . X ...
validation write an additional molecule [...]
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1. Extend. For each incomplete particle z(*), sample 2" ~ (. (- |2')) and update () (%) 7!
() ()
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exp (L ¢

T 1 N) i.i.d. . w ) w ) .
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