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Linguis6c	  Theory	  

Computa6on	  and	  Linguis6c	  Theory	  

•  Principles	  and	  Parameters	  Approach	  (Chomsky	  1980)	  
–  Linguis6c	  principle	  =	  declara6ve	  statement:	  

•  Noun	  phrases	  must	  receive	  (abstract)	  Case	  (Case	  Filter)	  
•  An	  anaphor	  must	  be	  A-‐bound	  in	  its	  Governing	  Category	  (Binding	  
Principle	  A)	  	  

•  Minimalist	  Program	  (e.g.	  Chomsky	  2001)	  
–  Precisely	  specified	  sequence	  of	  (feature-‐driven)	  opera6ons	  

•  Merge:	  external	  and	  internal	  (=	  Move)	  
•  Agree:	  Probe	  and	  Goal	  
	  (interac6on	  between	  uninterpretable	  and	  interpretable	  features)	  



Principles	  and	  Parameters	  Approach	  

Theory	  is	  (rela6vely)	  
unconstrained	  

•  declara6ve	  
principles	  can	  be	  
“coded	  up”	  and	  
combined	  in	  many	  
different	  ways	  and	  
yet	  remain	  “faithful”	  
to	  the	  theory	  

parser	  opera6ons	  
corresponding	  to	  
linguis6c	  principles	   PAPPI:	  Fong	  (1990)	  



Principles	  and	  Parameters	  Approach	  

correct	  parse	  Generate	  and	  
test:	  
33	  candidate	  parses	  
examined	  by	  the	  parser	  

most	  are	  eliminated	  
early	  by	  Case/Theta	  
theory	  sub-‐system	  

Case/Theta	  

Binding	  
Passed	  all	  constraints	  



Minimalist	  Program	  

Theory	  is	  highly	  
constrained	  

•  at	  each	  Merge	  
step,	  opera6ons	  
are	  precisely	  
specified,	  not	  
much	  “wriggle	  
room”	  for	  
implementa6on	  

parser	  opera6ons	  
Correspond	  directly	  
	  to	  linguis6c	  opera6ons	  

Prior	  work	  on	  grammar	  
formalisms	  for	  MP	  theories	  
e.g.	  	  
(Stabler,	  1998)	  
(Lecomte	  &	  Retoré,	  2001)	  



A	  Simple	  Implementa6on	  

•  Take	  a	  theory	  in	  the	  Minimalist	  Program	  	  
– e.g.	  Deriva6on	  by	  Phase	  (Chomsky	  2001)	  

•  What	  is	  the	  simplest	  possible	  computa6onal	  
implementa6on	  that	  we	  can	  get	  away	  with?	  

Simple	  does	  not	  necessarily	  equal	  efficient	  or	  “minimal”	  



Example	  

•  Task:	  sor6ng	  a	  list	  of	  
numbers	  (n:	  size	  of	  list)	  
–  5	  
–  3	  
–  8	  
–  1	  
–  7	  
–  9	  
–  4	  … 	   	  	  

•  Simplest	  implementa6on	  
–  only	  opera6on	  is	  to	  front	  

lowest	  number	  
–  O(n2)	  comparisons	  

•  Quicksort	  	  
–  recursively	  sort	  around	  a	  

pivot	  number	  
–  same	  worst	  case	  but	  

typically	  fast	  with	  O(n	  lg	  n)	  
comparisons	  

Scaling	  is	  important	  in	  sor6ng	  but	  for	  linguis6c	  computa6on?	  



Example	  

•  Phrase	  Structure	  
Grammar	  
–  S	  ⇨	  NP	  VP	  
–  VP	  ⇨	  V	  NP	  
–  VP	  ⇨	  V	  
–  VP	  ⇨	  VP	  PP	  
–  NP	  ⇨	  D	  N	  
–  NP	  ⇨	  N	  
–  PP	  ⇨	  P	  NP	  

•  Use	  the	  grammar	  directly	  
–  recursive	  descent	  
–  bolom-‐up	  

Search	  space:	  Minimize	  the	  length	  of	  the	  deriva6on	  

•  Transform	  the	  grammar	  into	  a	  
finite	  state	  machine	  with	  a	  
stack	  
–  Earley’s	  algorithm	  (as	  you	  go)	  
–  LR(k)	  Parsing	  (offline	  is	  for	  free)	  



Basic	  Computa6on	  
•  start	  with	  lexical	  array	  of	  syntac6c	  

objects:	  {α,..,ω}	  
•  Merge	  “an	  indispensible	  opera>on	  of	  

a	  recursive	  system”	  
•  (external)	  

–  two	  syntac6c	  objects	  (SOs):	  α,	  β	  
–  create	  merged	  SO:	  {α,	  β}	  
–  label({α,	  β})=label(α)	  or	  label(β)	  

•  (internal),	  implements	  Displacement	  
–  SOs:	  α	  and	  	  γ,	  γ	  properly	  contained	  in	  α	  	  
–  create	  SO:	  {α,	  γ}	  
–  label({α,	  γ})=label(α)	  

•  Agree	  
–  ac6ve	  probe	  SO:	  α	  (ac6ve	  =	  

uninterpretable	  features),	  goal	  SO:	  β	  
–  match	  and	  delete	  uninterpretable	  

features	  of	  probe	  and	  goal	  
•  Convergent	  deriva7on:	  

uninterpretable	  features	  must	  be	  
eliminated	  

copy	  

v*:	  φ,	  acc	  
N:	  	  	  φ,	  Case	  



Basic	  Implementa6on	  (1)	  

Definite	  clause	  grammar	  (DCG)	  (simplified)	  
	V([V V N])  --> V(V), n(N).	
	V([V Verb]) --> [Verb].	
	   	   	   	   	   	   	   	  features	  (V)	   	   	   	  features	  (N)	  	  
–  phone6c	  matrix: 	   	  f(pmatrix,like) 	 	f(pmatrix,john)	  
–  (takes	  an)	  argument:	  	  f(arg,+) 	 	 	 	f(arg,+)	
–  uninterpretable	  Case:	 	 	 	 	 	 	f(case,_)	  

% (big V) verb classes	
bV(n('V',[],[V,N])) --> bV0(V), n0(N), {theta(V),theta(N)} report 'theta merge 
V & N'.	
bV0(n('V',[f(pmatrix,Verb),f(arg,+)],[])) --> [Verb], {transitive(Verb)}.	
bV0(n('V',[f(pmatrix,Verb),f(arg,+)],[])) --> [Verb], {unaccusative(Verb)}.	
bV0(n('V',[f(pmatrix,Verb)],[])) --> [Verb], {unergative(Verb)}.	

transitive(like). 	transitive(expect).	
unergative(run).	 	unaccusative(arrive).	

n0(n(n,[f(pmatrix,BNoun)|Fs],[])) --> [BNoun], {bareNoun(BNoun,Fs)}.	
bareNoun(john,[f(phi,3-sg-m),f(case,_),f(arg,+)]).	

variable	  



Basic	  Implementa6on	  (2)	  

Definite	  clause	  grammar	  (DCG)	  (simplified)	  
v([v N v]) --> n(N), v(v).	
v([v v V]) --> v(v), V(V).	
v([v*]) --> [].	
–  features	  (v*)	  

•  uninterpretable	  φ-‐features: 	  f(phi,_-_-_)	  
•  can	  value	  accusa6ve	  Case:	   	  f(case,acc)	  

% v*/vP	
v(n(v,[],[N,V])) --> n0(N), {theta(N)}, v1(V) report 'theta merge N & v'.	
v1(n(v,[],[V,BV])) --> v0(V), bV(BV), {goals(BV,Goals),agree(V,Goals)} 	
report 'merge v & V'.	
v0(n('v*',[f(phi,_-_-_),f(case,acc)],[])) --> [].	

triggers	  Agree	  

f(phi,_-_-_)	
f(case,acc)	  

f(phi,3-sg-f)	
f(case,_)	  



Basic	  Implementa6on	  (2)	  

f(phi,_-_-_)	
f(case,acc)	  

f(phi,3-sg-f)	
f(case,_)	  

•  Agree(v*,N)	  

Opera6on:	  unifica7on	  (Robinson,	  1965)	  
(match	  and	  instan6ate	  unvalued	  features)	  
Probe 	   	   	  Goal	  
f(phi,_-_-_) 	f(phi,3-sg-f)	
f(case,acc) 	f(case,_)	
Uninterpretable/unvalued	  features	  (represented	  by	  variables)	  are	  eliminated	  



Basic	  Implementa6on	  (3)	  

Definite	  clause	  grammar	  (DCG)	  
T([T N v]) --> n(N), v(v).	
T([T N v]) --> v(v), {N a goal}	
T([T]) --> [].	
–  features	  (φ-‐complete	  T)	  

•  uninterpretable	  φ-‐features: 	  f(phi,_-_-_)	  
•  can	  value	  nomina6ve	  Case:	   	  f(case,nom)	
•  EPP	  

t(n(t,[],[N,T])) --> n0(N), {nonarg(N)}, t1(T,_) report 'merge expl & T'. 
% EPP: (1) merge	
t(n(t,[],[Goal,T])) --> t1(T,Goal) report 'move to spec-T’. 	
% EPP: (2) move with maximize matching	

t1(n(t,[],[T,V]),G) --> t0(T), v(V), {goals(V,Goals),agree(T,Goals), 
Goals = [G|_]} report 'merge T & v’.	
t0(n(t,[f(phi,_-_-_),f(case,nom)],[])) --> [].	

triggers	  Agree	  

defec6ve	  T	  
φ-‐incomplete	  
e.g.	  infini6vals	  	  

╳	  



Puwng	  it	  all	  together	  (1)	  



Puwng	  it	  all	  together	  (2)	  



Puwng	  it	  all	  together	  (3)	  



Puwng	  it	  all	  together	  (4)	  



Puwng	  it	  all	  together	  (5)	  

(EPP	  requirement)	  



Puwng	  it	  all	  together	  (6)	  

Opera6on:	  Spell-‐Out	  	  
(not	  currently	  implemented)	  
“John	  likes	  Mary”	  
only	  one	  copy	  of	  John	  is	  pronounced	  
bundle	  
T + v*	  f(phi,3-sg-f)+	  V	  (like) = likes	  



Examples	  

(Chomsky	  2001)	  



A	  Worked	  Example	  

Consider	  the	  deriva6on	  of	  
•  several	  prizes	  are	  likely	  to	  be	  awarded	   	  (=	  4(b)(ii))	  
	  awarded	  =	  award	  +	  -‐ed	  (adjec6val	  par6ciple)	  

?-‐	  parse([be,likely,be,ed,award,several,prizes]).	  
Probe	  [a!case	  ed]	  agrees	  with	  goal	  [n!case	  several	  prizes]	  
Probe	  [tdef]	  agrees	  with	  goal	  [n!case	  several	  prizes]	  
Probe	  [t]	  agrees	  with	  goal	  [n	  several	  prizes]	  
[c[c][t[n	  several	  prizes][t[t][v[v	  be][a[a	  likely][t[n	  several	  
prizes][t[tdef][v[v	  be][a[a	  ed][V[V	  award][n	  several	  
prizes]]]]]]]]]]]	  

ϕ-incomplete:	  uninterpretable	  Number	  and	  Gender	  only	  
uninterpretable	  Case	  
morphologically	  unrealized	  in	  English	  (cf.	  Icelandic)	  

-‐ed	  

Agree(a,N)	  
-‐ed:	  φ,	  Case	  
N:	  	  	  	  φ,	  Case	  



A	  Worked	  Example	  



A	  Worked	  Example	  

Agree(a,N)	  
-‐ed:	  φ,	  Case	  
N:	  	  	  	  φ,	  Case	  

Nota6on:	  !case	  means	  
feature	  is	  	  unvalued	  



A	  Worked	  Example	  

Agree(Tdef,N)	  
Tdef:	  φ	  
N:	  	  	  	  	  	  φ,	  Case	  



A	  Worked	  Example	  

(several	  prizes	  raises	  to	  subject	  posi6on	  	  
	  of	  embedded	  infini6val)	  



A	  Worked	  Example	  

Agree(T,N)	  
T:	  	  φ,	  Nomina6ve	  
N:	  φ,	  Case	  

Case	  for	  –ed	  also	  valued	  
because	  of	  earlier	  unifica6on	  step	  
Agree(a,N)	  
-‐ed:	  φ,	  Case	  
N:	  	  	  	  φ,	  Case	  

Matrix	  T	  

Unifica6on	  presents	  an	  possible	  advantage:	  computa6on	  is	  more	  local	  



Probing	  with	  mul6ple	  goals	  

(Chomsky	  2001)	  
compare	  with…	  



A	  Worked	  Example	  

Spell-‐Out	  
Several	  prizes	  are	  likely	  to	  be	  awarded	  



Another	  Example	  

?-‐	  parse([be,likely,there,be,ed,award,several,prizes]).	  
Probe	  [a!case	  ed]	  agrees	  with	  goal	  [n!case	  several	  prizes]	  
Probe	  [tdef]	  agrees	  with	  goal	  [n!case	  several	  prizes]	  
Probe	  [t!phi]	  agrees	  with	  goal	  [n!phi	  there]	  
Probe	  [t]	  agrees	  with	  goal	  [n	  several	  prizes]	  
[c[c][t[n	  there][t[t][v[v	  be][a[a	  likely][t[n	  there][t[tdef][v[v	  
be][a[a	  ed][V[V	  award][n	  several	  prizes]]]]]]]]]]]	  

Consider	  also	  the	  deriva6on	  of	  
•  There	  are	  likely	  to	  be	  awarded	  several	  prizes 	  (=	  4(b)(i))	  

pleonas6c	  there:	  φ-‐incomplete	  
(Person	  only)	  

Agree(a,N)	  
-‐ed:	  φ,	  Case	  
N:	  	  	  	  φ,	  Case	  

Agree(T,N)	  
T:	  	  	  φ	  
N:	  	  φ	  



Another	  Example	  

Agree(a,N)	  
-‐ed:	  φ,	  Case	  
N:	  	  	  	  φ,	  Case	  



Another	  Example	  

1st	  Agree(T,N)	  
T:	  	  φ,	  Nomina6ve	  
N:	  φ	  
2nd	  Agree(T,N)	  
T:	  	  φ,	  Nomina6ve	  
N:	  φ,	  Case	  

there	  : 	  	  φ-‐feature	  indirectly	  valued	  by	  2nd	  Agree(T,N)	  
-‐ed: 	  	  Case	  also	  indirectly	  valued	  by	  2nd	  Agree(T,N)	  
However,	  T	  must	  probe	  past	  there	  all	  the	  way	  on	  down	  



Another	  Example	  

(there	  raises	  to	  matrix	  subject	  posi6on)	  

Spell-‐Out	  
There	  are	  likely	  to	  be	  
awarded	  several	  prizes	  



Examples	  

(Chomsky	  2001)	  

•  Examples	  (ECM):	  
–  (i)	  we	  expect	  there	  to	  be	  awarded	  several	  prizes	  
–  (ii)	  we	  expect	  several	  prizes	  to	  be	  awarded	  



Example:	  we	  expect	  several	  prizes	  to	  
be	  awarded	  

Prior	  Unifica7on:	  	  
locality	  advantage	  

Case	  



Example:	  we	  expect	  several	  prizes	  to	  
be	  awarded	  

Spell-‐Out	  
We	  expect	  several	  prizes	  to	  be	  
awarded	  



Conclusions	  

•  described	  a	  (non-‐trivial)	  implementa6on	  of	  a	  
probe-‐goal	  system	  for	  Case	  and	  verbal	  
inflec6on	  

•  we	  want	  to	  (1)	  minimize	  #	  opera6ons,	  and	  (2)	  
localize	  goal	  search	  as	  far	  as	  possible	  

•  unifica6on	  for	  uninterpretable	  feature	  
valua6on	  can	  help	  both	  (1)	  and	  (2)	  


