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SMT: Strong Minimalist Thesis

Outline:
• Introduction: atoms and molecules of syntax
• SMT Parser: system architecture
• Theory and Computation Model: some highlights
• SMT: motivating optimal simplicity 
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θ-configurations: from atoms to molecules

• A small inventory of 
syntactic atoms, e.g.:
• v (little v)
• R (verbal root)
• appl (Applicative)
• N (nominal)
• A (adjective)
• adv
• INFLφ (inflection)
• C
• neg
• etc.

{n, R}

A -ly

morphemic atoms

R
θ

R

v

R

v
θ

R

A
θ

adv

v

INFLφ

v

C

INFLφ

appl
θ

CQ

INFLφ

Can ask serious questions:
• How complex can a θ-configuration get?
• Are all combinations attested?
• etc.

deverbals
A -ness{
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θ-configurations: from atoms to molecules

• Form molecules (Merge):

• {vR, {Rθ,     IA}}
• pst    arrive traina   (arrived a train)
• pres  llegar trenun   (llega un tren)

• {C, {INFLφ, {vR,  {Rθ,   IA}}}}
•           3sg           pst   arrive traina 
•           arrived            traina 

R
θ

R

v

R

v
θ

R

INFLφ

v

C

INFLφ

IA
propositional domain

clausal domain

• EXT (Externalization) options:
• a train arrived / *arrived a train
• there arrived a train (expletive)
• un tren llega  /  llega un tren
• dos trenes llegan  /  llegan dos trenes

Amalgamation

Minimal Search 
(MS)

IA

pronounce

don't 
pronounce
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θ-configurations: standard molecules

• There's a set of legible 
molecules wrt. INT 
(Interpretation)
• limited set of 

molecules
• information stored in 

LEX (Lexicon)
• mapping from words 

to atoms/molecules 
acquired by hearer

• Unaccusative
• {vR, {Rθ,  IA}}
• e.g. arrive / fall

• Unergative
• {EA, {vR:θ, R}}
• dance / walk

• Transitive (simple)
• {EA, {vR:θ, {Rθ,  IA}}}
• like / kick

R

v
θ

R

R
θ

v

R
IA

v
θ

R R
θ IA

EA

EA
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θ-configurations: standard molecules

• Low applicative
• e.g. gustar (cf. like)
• Él le gusta a ella
• "She likes him"
• {vappl, {IA, {Rappl:θ, {applθ, IA-DAT}}}} R

v

R

v
θ

R

INFLφ

v

C

INFLINFLφ

appl
θ

CQ

INFLφ

R
θ

R
θ

appl
IA-DAT

IA

MS

"I like the book/books"

6



θ-configurations: standard molecules

• gustar (cf. like)
• {vappl, {IA, {Rappl:θ, {applθ, IA-DAT}}}} v

R

INFLφ

v

appl
θ

R
θ

appl
IA-DAT

IA• EXT options:
• Él   le            gusta    a        ella (IA edge of INFLφP)
    he  CL.DAT please DAT  her
    "She likes him"
• Le gusta él a ella  in situ
• Le gusta a ella él  perhaps RP-internal scrambling
• A ella le gusta él  IA-DAT edge of INFLφP
• Le gusta él   pro drop

⇣
CL.DAT

⇣
TNS

⇣
φ

⇣
gustar
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θ-configurations: standard molecules

• gustar (cf. like)
• {vappl, {IA, {Rappl:θ, {applθ, IA-DAT}}}} v

R

INFLφ

v

appl
θ

R
θ

appl
IA-DAT

IA

• EXT options:
• *Él gusta a ella  IA edge of INFLφP
• *Gusta él a ella  in situ
• *Gusta a ella él perhaps RP-internal scrambling
• *A ella gusta él  IA-DAT edge of INFLφP
• *Gusta él  pro drop

⇣
CL.DAT

⇣
TNS

⇣
φ

⇣
gustar

Clitic doubling
obligatory in 

standard 
Spanish
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θ-configurations: standard molecules

R

v
θ

R

R
θ

v

R
IA

v
θ

R R
θ IA

v

R

appl
θ

R
θ

appl
IA-DAT

IA

CL.DAT

R
RAISING TO OBJECT

v

v
θ

R

EA

EA

dance

arrive

like

gustar

expect

ECM verbs:
Internal Merge (IM)

R
θ

v

v
θ

R

persuade
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θ-configurations: some impossible molecules
• Can't stack in the wrong order

• *{IA, {Rθ, vR}}
• Can't build arbitrary large molecules

• *{vR , {IA, {Rθ, {IA, {Rθ, {Rθ, IA}}}}}}}
•  {EA, {vR:θ, {IA, {Rappl:θ, {applθ, ΙΑ-DAT}}}}}

• Note: ∃ non-θ-introducing atoms:
• be prog
• have perf
• be passive 
• le (了) ASP
• can/could etc. modals
• neg
• adv / PP

• Note: serial verbs (mono-clausal) 
• e.g. {EA, {vR:θ, {{Rθ, Rθ}, IA}}} or {EA, {vR:θ, {{Rθ, IA},{Rθ, IA}}}
• argument sharing is required (still can't violate molecule θ-limits)
• uses FormSet (SBO)
• (unpublished) joint work with J. Ginsburg, H. Terada & M. Matsumoto

R
θ

v

R
IA

arrive
v R

θ

v

R
IA

INFLφ

v
R

θ

R
θ

INFLφ

v

appl
θ

R
θ

appl
IA-DAT

IA

v
θ

R

EA
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Clausal domain: molecules

• Form clausal molecules (Merge):
• A train arrived / There arrived a train
• Did a train arrive?  yes-no Q
• Did there arrive a train?
• What arrived?   wh-Q
• Bill likes John

• {C, {INFLφ, {Bill, {vR:θ, {Rθ, John}}}}}
• Did Bill like John?   yes-no Q

• {CQ, {INFLφ, {Bill, {vR:θ, {Rθ, John}}}}}
• Who likes John?

• {CQ, {INFLφ, {who, {vR:θ, {Rθ, John}}}}}
• Who did Bill like?  do-support (EXT requirement)

• {CQ, {INFLφ, {Bill, {vR:θ, {Rθ, who}}}}}

CQ
INFLφ

INFLφ

v

v
θ

R R
θ John

Bill
⇣

pres
⇣

like

C
INFLφ

Who 

Who 

pronounce

don't 
pronounce

don't 
pronounce

MS
MS

C
INFLφ
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SMT: Strong Minimalist Thesis

Outline:
• Introduction: atoms and molecules of syntax
•SMT Parser: system architecture
• Theory and Computation Model: some highlights
• SMT: motivating optimal simplicity 
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John

John

Parser Model: view #1

• Workspace (WS):
• SBO space 
• atoms inserted 

from LEX
• Merge fires! builds 

molecules
• LEX ambiguity = 

multiple WSs (no 
sharing)
• who: wh-noun vs. 

relative pronoun
• man: noun vs. verb

like
θ

INFLφ

v

C

INFLφ
Mary

v
θ

like
pres

John

Mary likes John

MS

3sg

EXT:

pres

like John

Mary

Amalgamation: likes
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Parser Architecture: view #2
• Process view:

LEX 
lookup

+
linear

processing

➠Words
(a sequence)

WS: LEX
   LEX heads: 

unordered

SBOs
Merge

+
FormSet

+
Extra

➠ WS: SO
   convergent: 

single syn. 
obj.

FormSet
⇩

 EXT
+

linear
processing

➠ words
(a sequence)

colorless 
green ideas 
sleep 
furiously

furiouslyv
sleepø
vsleep:θ:pres
INFLv ideas
greenθ
colorlessθ

{C, {INFLv, {furiouslyv, {{ideas, {{greenθ, ideas}, 
{colorlessθ, ideas}}}, {vsleep:θ:pres, sleepø}}}}}

colorless [and] green ideas 
furiously sleep
green [and] colorless ideas 
sleep furiously
…
*Furiously sleep 
ideas green colorless

words2

wordsq…

old example, with a modern 
{…} FormSet analysis
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Parser Architecture: view #2
• Process view:

LEX 
lookup

+
linear

processing

➠Words
(a sequence)

WS: LEX
   LEX heads: 

unordered

SBOs
Merge

+
FormSet

+
Extra

➠ WS: SO
   convergent: 

single syn. 
obj.

FormSet
⇩

 EXT
+

linear
processing

➠
SO2

words
(a sequence)

eagles that fly 
instinctively 
swim

swimø
vswim:θ:pres INFLv
instinctivelyv
flyø vfly:θ:pres
INFLv Crel:that
eagles

{C, {INFLv, {{eagles, {Crel:that, {INFLv, {instinctivelyv, 
{eagles, {vfly:θ:pres, flyø}}}}}}, {vswim:θ:pres, swimø}}}}

{C, {INFLv, {instinctivelyv, {{eagles, {Crel:that, {INFLv, 
{eagles, {vfly:θ:pres, flyø}}}}}, {vswim:θ:pres, swimø}}}}}

eagles that 
fly 
instinctively 
swim
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Parser Architecture: view #2
• Process view:

LEX 
lookup

+
linear

processing

➠Words
(a sequence)

WS: LEX
   LEX heads: 

unordered

SBOs
Merge

+
FormSet

+
Extra

➠ WS: SO
   convergent: 

single syn. 
obj.

FormSet
⇩

 EXT
+

linear
processing

➠
SO2WS2

WS3
…

words
(a sequence)

they are 
flying 
planes ⥣

planes flyø:presp vfly:θ vv:prog:pres INFLv:pl they

planes flyθ:presp vfly:θ vv:prog:pres INFLv:pl they

planes flyingθ beθ vbe:θ:pres INFLv:pl they

{C, {INFLv:pl, {they, {vbe:θ:pres, {beθ, {planes, {flyingθ, planes}}}}}}}

{C, {INFLv:pl, {vv:prog:pres, {they, {vfly:θ, {flyθ:presp, planes}}}}}}
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Parser Architecture: view #2
Chomsky (1955/1975), LSLT Chomsky (2013), POP

Chomsky (1956), 3 models
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SMT: Strong Minimalist Thesis

Outline:
• Introduction: atoms and molecules of syntax
• SMT Parser: system architecture
• SMT Theory and Computation Model: some highlights
• SMT: motivating optimal simplicity 
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SMT Theory Highlights

Three examples:
• M-gap: subject control example
• FormSet: unbounded, unstructured coordination example
• Raising to Object: expect vs. persuade
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Markovian Gap (M-gap)
Chomsky (2021), GK pg.21
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Markovian Gap (M-gap)

θ-configuration

θ-theory: SMT parser operation

• This means perception provides an incomplete WS
• To satisfy θ-theory, we need this SMT parser operation

post-Merge operation 
FormCopy

Chomsky (2021) GK, fn.12
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Markovian Gap (M-gap)

don't 
pronounce

pronounce

FormCopy computed @ 
Interface: c-command

relation (John, John)

Computation:
Merge taken a step 
at a time
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Unbounded, Unstructured Coordination (UUS)
Chomsky (2021) GK, p33
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Unbounded, Unstructured Coordination (UUS)

θ-configurationθ-theory: SMT parser operation

MS

FormSet

John

don't 
pronounce

pronounce

• Initial WS: an incomplete reconstruction
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Unbounded, Unstructured Coordination (UUS)
• Incomplete reconstruction of the WS:

• has desirable 3rd Factor consequences
• Example: [NP The mechanic who fixed the car ] arrived and met Bill
• θ-theory: build the complex NP twice and EM  twice
• θ-theory SMT parser operation only builds it once!

…

…

θ-configuration

θ-theory: SMT parser operation



Unbounded, Unstructured Coordination (UUS)

Computation 
space: 
represented here 
as a graph
• vertex = WS state
• edge = Merge step

For more detail on how FormSet 
works, see:
• Chomsky (2021)
• Chomsky (2024)
• Fong & Oishi (2025)

Initial WS

Single
parse
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Raising to Object: expect vs. persuade
Chomsky (2021), GK, p24
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Raising to Object: expect vs. persuade

IM

EM

EM
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Steps (to the parse): computation graphs

expect persuade
Note: SMT parser does not 

access/compute graphs! 
(Markovian assumption)

• graphs = WS history
• graph = resource intensive
• graphs computed post-parsing

• different computation graphs
• but structurally "identical" parses

SMT: limited resources 
I-Language 

computation should be 
efficient
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SMT: Strong Minimalist Thesis

Outline:
• Introduction: atoms and molecules of syntax
• SMT Parser: system architecture
• Theory and Computation Model: some highlights
• SMT: motivating optimal simplicity 



SMT: Strong Minimalist Thesis

• SMT Parser: respect fundamental constraints

WS
Merge & FormSet: {…} {…}

Minimal Search (MS)
Hierarchical Processing

Linear Processing: […]

Linear Processing: […]

EXT: map {…} ↦  […]

affixation: 
INFLφ ⇋ CL, φ+TNS+R 

stemming: 
unpack inflected verb/noun/adj

LEX
morphology 

+ θ
+ selR

+ 
language 
options
e.g. pro

Input: words

Interface
 FormSet:  (XP, XP)

Output: words

Universal
no parameters/ no statistics

Chomsky (2021) GK, fn.14

2nd Factor:
exposure

language variation/ 
parameter setting

1st Factor:
genetic endowment



SMT: Strong Minimalist Thesis

WS
Merge & FormSet: {…} {…}

Minimal Search (MS)
Hierarchical Processing

Linear Processing: […]

Linear Processing: […]

EXT: map {…} ↦  […]

affixation: 
INFLφ ⇋ CL, φ+TNS+R 

stemming: 
unpack inflected verb/noun/adj

LEX
morphology 

+ θ
+ selR

+ 
language 
options
e.g. pro

Input: words

Interface
 FormSet:  (XP, XP)

Output: words

Chomsky (2021) GK, fn.14

Given surface language 
variation:

must be very rich yet 
highly structured for 

learnability



WS Complexity

Chomsky (2021) GK, p9

WS
Merge & FormSet: {…} {…}

Minimal Search (MS)
Hierarchical Processing

Universal
by design: no probabilistic 

modeling
But how about 
heuristics or rules 
to profitably prune 
this search space?



WS Complexity

• SMT Parser: in serial mode† (not parallel mode), a (linearized) 
proof system:

Two waysThree ways

Not discussed here:
• mathematically and 

linguistically responsible 
ways to optimize this 
search space

†only reason: debugging is easier



WS Complexity

• two WSs, only one converges, WS 2's computation graph shown earlier
• WSs are silo-ed, assume they proceed in parallel (Merge from one cannot access the other)

• LEX access subject to statistics / context relevance, e.g. man as a noun vs. verb; surprisal
*WS 1

3rd Factor:
enforce efficient computation 

in the combinatorial system 
(of SMT):

"usable" language
resource restrictions



SMT: Strong Minimalist Thesis

WS
Merge & FormSet: {…} {…}

Minimal Search (MS)
Hierarchical Processing

Linear Processing: […]

Linear Processing: […]

EXT: map {…} ↦  […]

affixation: 
INFLφ ⇋ CL, φ+TNS+R 

stemming: 
unpack inflected verb/noun/adj

LEX
morphology 

+ θ
+ selR

+ 
language 
options
e.g. pro

Input: words

Interface
 FormSet:  (XP, XP)

Output: words

• Robustness of SBO despite lack of  exposure or level of suprisal

Chomsky (2021) GK, fn.14



SMT = Ultimate Simplicity

• Reason for (forced) simplicity of operations:
• evolutionary time-scale (≈ 300kya is brief): I-Language coinciding with the 

appearance of anatomically-modern humans.



SMT: Strong Minimalist Thesis

WS
Merge & FormSet: {…} {…}

Minimal Search (MS)
Hierarchical Processing

Linear Processing: […]

Linear Processing: […]

EXT: map {…} ↦  […]

affixation: 
INFLφ ⇋ CL, φ+TNS+R 

stemming: 
unpack inflected verb/noun/adj

LEX
morphology 

+ θ
+ selR

+ 
language 
options
e.g. pro

Input: words

Interface
 FormSet:  (XP, XP)

Output: words

• Merge is fundamentally bottom-up
• The SMT Parser eschews all parsing algorithms and mechanisms, 

e.g. CKY, LR, etc.Simplest possible:
WS:  ..,X, ..,Y, ..  ⟼ WS':  ..,{X, Y},..,.. (EM)
WS: ..,XP,.. ⟼ WS':  ..,{Y, XP} ,..   (IM)
XP MS contains Y No sideways,  no parallel Merge, etc.

(Nature doesn't care!)

Must adopt this! 
won't have simultaneously 

evolved two distinct SBOs, one 
for thought and one for parsing



SMT: Strong Minimalist Thesis

WS
Merge & FormSet: {…} {…}

Minimal Search (MS)
Hierarchical Processing

Linear Processing: […]

Linear Processing: […]

EXT: map {…} ↦  […]

affixation: 
INFLφ ⇋ CL, φ+TNS+R 

stemming: 
unpack inflected verb/noun/adj

LEX
morphology 

+ θ
+ selR

+ 
language 
options
e.g. pro

Input: words

Interface
 FormSet:  (XP, XP)

Output: words

• Merge is fundamentally bottom-up
• The SMT Parser eschews all parsing algorithms and mechanisms, 

e.g. CKY, LR, etc.
Minimal Search (MS or Σ):
find 1st matching element and stop (no comparisons/equidistance)

3rd Factor:
ultimate simplicity also

= most efficient
limits "usable" language



SMT: Strong Minimalist Thesis

• The SMT Parser eschews all parsing algorithms and mechanisms, 
e.g. CKY, LR, etc.



: theory & software

• Graduate seminar on Syntax and 
Computation (Fall semester 2026)
• course materials will be freely available
• a (simplified) SMT Parser will be freely 

available
• (A few have it for testing/debugging)
• Currently, a bit uneven:

• some simple parts are quite incomplete, 
others are quite sophisticated

• many more examples to be put online
• adding more theory
• improving the computational model
• work on a theory of EXT (language variation)
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θ-configurations: standard molecules

R

v
θ

R

R
θ

v

R
IA

v
θ

R R
θ IA

v

R

appl
θ

R
θ

appl
IA-DAT

IA

CL.DAT

R
RAISING TO OBJECT

v

v
θ

R

EA

EA

dance

arrive

like

gustar

expect

R
θ

v

v
θ

R

persuadeEA EA

IA

R
θ

v

v
IA R

θ

v

R
IA

R
θ

R
θ

*1 *2



θ-configurations: standard molecules

v

R

INFLφ

v

appl
θ

R
θ

R
θ

appl
IA-DAT IA

MS
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v

appl
appl

θ
R

IA-DATIA

INFLφ

v MS


