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I t d tiIntroduction

Broad coverage parserBroad coverage parser
Very crucial
IL IL MT systems IE co reference resolution etcIL-IL MT systems, IE, co-reference resolution, etc.

A k h b idAttempt to make an hybrid parser



Levels of Language Analysis
Morphological analysis (Morph Info )Morphological analysis (Morph Info.)
Analysis in local context (POS tagging)
Sentence analysis  (Chunking, Parsing)

Semantic analysis (Word sense y (
disambiguation, etc.)
Discourse processing (Anaphora resolution,Discourse processing (Anaphora resolution, 
Informational Structure, etc.)



Example

rAma ne mohana ko KilOnA xiyA |
Ram  ‘ERG’    Mohana ‘DAT’    book gave

‘Ram gave a book to Mohan’



E l P d O t tExample – Parsed Output

xiyA  ‘gave’y ga e

k2k4k1

KilOnA
‘toy’

mohanarAma



Th d iThe design

Constraint satisfaction problemConstraint satisfaction problem
Inviolable constraints

Rule basedRule based
Violable constraints

Selective resolution of demandsSelective resolution of demands
Repair
Partial Parses



I i l bl t i tInviolable constraints

Structural constraintsStructural constraints
Dependency tree structure

V b l t i tVerbal constraints 
Demand frames (and transformation)

O h b l l i l iOther non-verbal lexical constraints



I l t d PImplemented Parser 
Two stage strategyTwo stage strategy

Appropriate constraints formed

Stage I (Intra-clausal relations)
Dependency relations markedDependency relations marked
Relations such as k1, k2, k3, etc. for each verb

Stage II (Inter-clausal relations & conjunctStage II (Inter clausal relations & conjunct 
relations)

Conjuncts, relative clauses, complex verbs, etc



D d F f V bDemand Frame for Verb

A demand frame or karaka frame for a verbA demand frame or karaka frame for a verb 
indicates the demands the verb makes
It d d th b l ti d thIt depends on the verbal semantics and the 
tense, aspect and modality (TAM) label.
A i i ifi d b t k kA mapping is specified between karaka
relations and vibhaktis (post-positions, suffix).



D d FDemand Frame

It specifies what karakas are mandatory orIt specifies what karakas are mandatory or
optional for the verb and what vibhaktis (post-
positions) it takespositions) it takes
Each verb belongs to a specific verb class

Each class has a basic karaka frameEach class has a basic karaka frame
Each TAM specifies a transformation rule



T f tiTransformations
Basic frameBasic frame

rAma ø mohana ko KilOnA xiwA hE |
Ram gives Mohan a bookg

Transform basic frame based on the TAM
rAma ne mohana ko KilOnA xiyA |

Ram gave Mohan a book
rAma ko mohana ko KilOnA xenA padZA |rAma ko mohana ko KilOnA xenA padZA |

Ram had to give Mohan a book
Appropriate transformation applied



Example

rAma ne mohana ko KilOnA xiyA |
Ram  ‘ERG’    Mohana ‘DAT’    book gave

‘Ram gave a book to Mohan’



Karaka Frame: xe [_wA hE] 
( i )(give)



Transformation Rule – yA 
(TAM)(TAM)



K k FKaraka Frame
rAma ne mohana ko KilOnA xiyA |

yA TAM

rAma ne mohana ko KilOnA xiyA |

T f d f f ft l i th A t f ti

----------------------------------------------------------------------------------------
arc-label       necessity       vibhakti        lextype       src-pos        arc-dir

Transformed frame for xe after applying the yA trasformation

y yp p

----------------------------------------------------------------------------------------
k1                 m                  ne n                   l               c
k2 m 0|ko n l ck2                 m                0|ko              n                   l               c
k3                 d                  se                n                   l               c
k4                 d                  ko                n                   l               c

----------------------------------------------------------------------------------------

0 ne



P d O t tParsed Output

xiyA ‘give’y g e

k2k4k1

KilOnA
‘toy’

mohanarAma

A h k KilO A i A |rAma ne mohana ko KilOnA xiyA |
Ram  ‘ERG’    Mohana ‘DAT’    book gave

‘Ram gave a book to Mohan’



St i P iSteps in Parsing
SENTENCE

Morph, POS tagging,
Chunking

Identify 
Demand
GGroups

Load Frames
&&

Transform

Apply
Fi l PFind Candidates Constraints

& Solve
Final Parse



E lExample:

rAma ne mohana ko KilOnA xiyA |
Ram  ‘ERG’    Mohana ‘DAT’    book gaveg

‘Ram gave a book to Mohan’



Identify the demand group,
L d d T f DFLoad and Transform DF

xiyAxiyA
The only verb

Transformed frameTransformed frame
Use ‘yA’ TAM info.

----------------------------------------------------------------------------------------
arc-label       necessity       vibhakti        lextype       src-pos        arc-dir

----------------------------------------------------------------------------------------
k1                 m                  ne n                   l               c
k2                 m                0|ko              n                   l               c
k3 d lk3                 d                  se                n                   l               c
k4                 d                  ko                n                   l               c

----------------------------------------------------------------------------------------



C did tCandidates
k1

main

rAma ne mohana ko KilOnA xiyA  _ROOT_ |
k2k2 k2

k4



St t l t i tStructural constraints
C1: For each of the mandatory demands in aC1: For each of the mandatory demands in a
demand frame for each demand group, there should
be exactly one outgoing edge labeled by the
d d f th d ddemand from the demand group.

C2: For each of the optional demands in a demandC2: For each of the optional demands in a demand
frame for each demand group, there should be at
most one outgoing edge labeled by the demand
from the demand groupfrom the demand group.

C3: There should be exactly one incoming arc intoC3: There should be exactly one incoming arc into
each source group.



I i l bl t i tInviolable constraints

A parse of a sentence is obtained byA parse of a sentence is obtained by 
satisfying all the above constraints
A bi t h lti lAmbiguous sentences have multiple parses
Ill formed sentences have no parse.



P IParse - I
k1

main

rAma ne mohana ko KilOnA xiyA  _ROOT_ |

k2

k4



P IParse - I

_ROOT_

main
xiyA

a

KilOnAmohanarAma

k2k4k1

KilOnAmohanarAma

A h k KilO A i A |rAma ne mohana ko KilOnA xiyA |
Ram  ‘ERG’    Mohana ‘DAT’    book gave

‘Ram gave a book to Mohan’



I t P i C t i tInteger Programming Constraints

X represents a possible arc from word groupXijk represents a possible arc from word group 
i to j with karaka label k
It t k l 1 if th l ti h th tIt takes a value 1 if the solution has that arc 
and 0 otherwise. It cannot take any other 
valuesvalues.
The constraint rules are formulated into 
constraint equationsconstraint equations.



Constraint Equations

C1: For each demand group i, for each of its mandatoryg p , y
demands k, the following equalities must hold:

Mik : Σj xikj = 1

C2: For each demand group i, for each of its optional or
desirable demands k the following inequalities must hold:desirable demands k, the following inequalities must hold:

Oik : Σj xikj <= 1

C3: For each of the source groups j, the following equalities
must hold:

Sj  : Σik xikj = 1



M lti l FMultiple Frames

If more than one karaka frame for a verbIf more than one karaka frame for a verb
Call Integer Programming package for each 
frameframe

If more than one demand groups (e.g., 
multiple verbs) in the sentence with multiplemultiple verbs) in the sentence with multiple 
demand frames

Call Integer Programming package for eachCall Integer Programming package for each 
combination of such frames



Oth fOther frames

Common karaka frameCommon karaka frame
Attached to each karaka frame
Preference given to main frame if there arePreference given to main frame if there are 
clashes

Fallback karaka frame
required karaka frame is missingrequired karaka frame is missing
Graceful degradation



St I T b i h dl dStage I: Types being handled
Simple VerbsSimple Verbs
Non-finite verbs

wA huAwA_huA
wA_hI
nA
kara
0_rahe, etc.

Copula
Genitive



E l (C l S t )Example (Complex Sentence)

rAma    ne   phala    khaakara       mohana   ko
Ram  ‘ERG’  fruit   ‘having eaten’   Mohan   ‘DAT’
KilOnA xiyA
toy      gave

‘Having eaten the fruit Ram gave the toy to Mohan’



C did tCandidates
X1: k1

X7: vmod
X4: k2 X8: main

rAma ne phala khaakara mohana ko KilOnA xiyA _ROOT_ |

X3 k2 X2: k2X6: k2 X3: k2

X5: k4

X2: k2X6: k2

X5: k4



C t i t E tiConstraint Equations
Verb ‘xe’Verb xe

Mandatory Demands (C1)
k1 x1 = 1
k2 x2 + x3 + x4 = 1

O (C )Optional Demands (C2)
k4 x5 <= 1

Verb ‘khaa’Verb khaa
Mandatory Demands (C1)

k2 x6 = 1
vmod x7 = 1

_ROOT_
C1

M i 8 1Main x8 = 1



C t i t E ti ( td )Constraint Equations (contd.)
Incoming Arcs into Source (C3)Incoming Arcs into Source (C3)

rAma
x1 = 1

phalaphala
x4 + x6 = 1

khaa
x7 = 1x7 = 1

mohana
x3 + x5 = 1

KilOnAKilOnA
x2 = 1

xe
x8 = 1x8 = 1



Solution Graph

_ROOT_

xiyA
main

k2
k4k1

vmod

KilOnAmohanarAma khaakara
k2

phala

A h l kh k h k KilO A i A• rAma    ne   phala    khaakara       mohana   ko KilOnA xiyA
Ram  ‘ERG’  fruit   ‘having eaten’        Mohan   ‘DAT’        toy     gave

‘Having eaten the fruit Ram gave the toy to Mohan’



St i P iSteps in Parsing
SENTENCE

Morph, POS tagging,
Chunking

Identify 
Demand
GGroups

Load Frames
&

STAGE - II

&
Transform

Apply
Fi l PI C l

NO

YES

Find Candidates Constraints
& Solve

Final ParseIs Complex



St IIStage - II
Handles:Handles:

Conjuncts
Subordinating & CoordinatingSubordinating & Coordinating

Relative clauses
Complex predicates

Basic constraints similar to Stage-I
New demand groups
New candidates



St (St II)Steps (Stage II)
Identify New Load FramesIdentify  New

Demand
Groups

Load Frames
&

Transform
Output of
STAGE - I

Find
Candidates

Repair

Apply
FINAL PARSE Constraints

& Solve
FINAL PARSE



E l R l ti ClExample – Relative Clause

vaha puswaka   jo     rAma  ne      mohana   ko        xI    hE prasixXa hE
that   book       which Ram  ERG.  Mohana  DAT.  gave  is   famous    is
‘The book which Ram gave to Mohana is famous’



O t t ft St IOutput after Stage - I

_ROOT_
mainmain

xI hE
k1

i X
k1s

puswakak2
k4k1

prasixXa

vaha
mohanarAma jo

vaha puswaka   jo     rAma  ne      mohana   ko        xI    hE prasixXa hEp j p
that   book       which Ram  ERG.  Mohana  DAT.  gave  is   famous    is
‘The book which Ram gave to Mohana is famous’



Id tif th d dIdentify the demand group

xI ‘give’
Main verb of the relative clause



Identify the demand group,
L d d T f DFLoad and Transform DF

jo ‘which’ transformation (special)jo which  transformation (special)
Transforms the demand frame of the main verb of the 
relative clause

--------------------------------------------------------------------------------------------------------------
arc-label       necessity       vibhakti        lextype         src-pos         arc-dir         oprt
--------------------------------------------------------------------------------------------------------------
nmod__relc       m                   any              n                   r|l                p            insert
--------------------------------------------------------------------------------------------------------------



K k FKaraka Frame
vaha puswaka jo rAma ne mohana ko xI prasixXa hE |

Main verb of 
relative clause

vaha puswaka  jo        rAma  ne      mohana    ko      xI prasixXa hE |
that   book         which  Ram    ERG.  Mohana    DAT.  gave    famous    is

‘The book which Ram gave to Mohana is famous’

T f d f f ft l i th j t f ti

--------------------------------------------------------------------------------------------------------
arc-label       necessity       vibhakti        lextype       src-pos     arc-dir   oprt

Transformed frame for xe after applying the jo trasformation

y yp p p
--------------------------------------------------------------------------------------------------------
nmod__relc       m                 any              n                  r|l                p          insert
---------------------------------------------------------------------------------------------------------

New rowNew row 
inserted after 

transformation



P ibl did tPossible candidates

nmod__relc

vaha puswaka jo rAma ne mohana ko xI hE prasixXa hE |



Output after Stage - IIOutput after Stage II
_ROOT_

main

vaha puswaka

hE
k1

prasixXa
k1s

xiyA hE

vaha puswaka

nmod__relc

k2
k4

k1

mohana rAmajo

vaha puswaka   jo     rAma  ne      mohana   ko        xI    hE prasixXa hE
that   book       which Ram  ERG.  Mohana  DAT.  gave  is   famous    is
‘The book which Ram gave to Mohana is famous’



E l II C di tiExample II – Coordination

sameer Ora  abhay kala          Aye |
Sameer    and  Abhay     yesterday  came
‘Sameer and Abhay came yesterday’



O t t f St IOutput of Stage - I

_ROOT_
dummy

i

sameer Aye
k1

Ora
k7t

dummy main

abhay kala
k7t

sameer  Ora  abhay   kala          Aye |
Sameer and Abhay yesterday cameSameer    and  Abhay     yesterday  came
‘Sameer and Abhay came yesterday’



For Stage – II (Constraint 
G h)Graph)

_ROOT_

main

sameer Aye
k1

Ora

main

k7tccof
abhay kala

k7t
ccof

ccof

sameer  Ora  abhay   kala          Aye |
Sameer and Abhay yesterday cameSameer    and  Abhay     yesterday  came
‘Sameer and Abhay came yesterday’



C did t ACandidate Arcs

_ROOT_

main

sameer Aye
k1

Ora

main

k1

k1

ccof
abhayccof

ccof

sameer  Ora  abhay   kala          Aye |
Sameer and Abhay yesterday cameSameer    and  Abhay     yesterday  came
‘Sameer and Abhay came yesterday’



S l ti G hSolution Graph

_ROOT_

main

sameer AyeOra
k7t

main
k1

ccof
abhay kala

k7t
ccof

ccof

sameer  Ora  abhay   kala          Aye |
Sameer and Abhay yesterday cameSameer    and  Abhay     yesterday  came
‘Sameer and Abhay came yesterday’



P tParse tree
_ROOT_

main
Aye

k7tk1

main

kalaOra

k1

ccof

sameer abhay

ccof
ccof

Output after Stage II

sameer  Ora  abhay   kala          Aye |
Sameer    and  Abhay     yesterday  came
‘Sameer and Abhay came yesterday’



Fi it V b C di tiFinite Verb Coordination

rAma Gara gayA Ora vaha so gayA |rAma Gara gayA Ora vaha so    gayA |
Ram      home   went     and     he      sleep  went
‘Ram went home and slept’Ram went home and slept

_ROOT_

soOra
k1

dummymain main

gayA

rAma
vaha

k1

Gara

k1 k2

Output after Stage I



K k F OKaraka Frame - Ora

Finite

Ora Ora

v_finv_fin sogayA

ccof ccof
ccof ccof



Finite Verb Coordination 
(P T )(Parse Tree)

ROOT_ROOT_

Ora

main

so

Ora

gayA

ccof ccof

rAma vaha

k1

Gara

k1 k2

Output after Stage II

rAma Gara gayA Ora vaha so    gayA |
Ram      home   went     and     he      sleep  went
‘Ram went home and slept’



R l ti Cl C di tiRelative Clause Coordination
rAma ne vaha puswaka KarIxI jo prasixXa hE Ora jo saswI hErAma ne vaha puswaka KarIxI  jo prasixXa hE Ora jo saswI hE
‘Ram purchased the book which is famous and which is cheap’

_ROOT_

imain

KarIxI hE
k1 k1s

mainmain

Ora hE
k1 k1s

maindummy

puswakarAma

k2k1 jo prasixXa jo saswI

Output after Stage I



K k F OKaraka Frame - Ora

Relative Clause

Ora

n

Ora

puswaka
nmod__relcnmod__relc

Ora

l

Ora

ccofccof ccof ccof

v_relv_rel hEhE



Relative Clause Coordination 
(P T )(Parse Tree)

_ROOT_

i

KarIxI 

k2k1

main

puswakarAma

k2k1

d l

Ora
ccof ccof

nmod__relc

jo

hE
k1

prasixXa

k1s

jo

hE
k1

saswI

k1s

Output after Stage II



St (St II)Steps (Stage II)
Load FramesIdentify NewIdentify 

Nodes

Load Frames
&

Transform

Identify  New
Demand
Groups

Output of 
STAGE - I

Find
Candidates

Repair

Apply
FINAL PARSE Constraints

& Solve
FINAL PARSE



Constraint Graph Nodes 
(St II)(Stage II)

Selected from the intermediateSelected from the intermediate 
parse tree (Stage I)
Set I (demand nodes)Set-I (demand nodes)

1. Conjuncts
2 Nearest verbal ancestor of ‘jo’ (usually2. Nearest verbal ancestor of jo  (usually 

just the parent)
3. _ROOT_
4. Children of _ROOT_ other than (1) and 

(2).
Other nodes which are added due to5. Other nodes which are added due to 
nodes in Set 2



Constraint Graph Nodes 
(St II)(Stage II)

Set II (source nodes)Set-II (source nodes)
1. Possible children and parents of 

conjunctsconjuncts
2. Possible heads of the relative clause.

Identification of nodes in Set-II will 
generally trigger the repairgenerally trigger the repair.



St (St II)Steps (Stage II)
Load FramesIdentify NewIdentify 

Nodes

Load Frames
&

Transform

Identify  New
Demand
Groups

Output of 
STAGE - I

Find
Candidates

Repair

Apply
FINAL PARSE Constraints

& Solve
FINAL PARSE



Id tif th d dIdentify the demand group

Ora
Aye



St (St II)Steps (Stage II)
Load FramesIdentify NewIdentify 

Nodes

Load Frames
&

Transform

Identify  New
Demand
Groups

Output of 
STAGE - I

Find
Candidates

Repair

Apply
FINAL PARSE Constraints

& Solve
FINAL PARSE



G l P i i lGeneral Principles
Repair/RevisionRepair/Revision

1. Any node which becomes1. Any node which becomes 
a potential child in stage 2, 
its arc to its existing parent 
is open to revision

sameer Ora abhay kala 
Aye y

• Node 4 becomes potential child (of node
1)

• Its parent (node 2) is open to revision



G l P i i lGeneral Principles

Repair/Revision afterRepair/Revision after 
parse of stage I

2. Any node which becomes 
a potential parent must p p
be re-looked at.

sameer Ora abhay kalasameer Ora abhay kala 
Aye

• Node 2 becomes potential parent (of 1)
• Its child (node 4) is open to revision



Al ithAlgorithm
Identify nodes of the constraint graphIdentify nodes of the constraint graph

From Set 1, and
From Set 2

Remove all outgoing edges from ROOTRemove all outgoing edges from _ROOT_.
Find possible candidates for demand 
nodes present in Set 1 from Set 2

P t did t f fi it bParent candidate for finite verb
Parent and children for conjuncts
Children of _ROOT_

Convert the formed constraint graph into 
integer programming (IP) problem.
Solve the IP equations to get the possibleSolve the IP equations to get the possible 
solution parse. 



A lAn example

sameer aura abhay kala aayesameer  aura   abhay       kala        aaye 
’Sameer’  ’and’    ’Abhay’     ’yesterday’   ‘came’
Sameer and Abhay came yesterdaySa ee a d b ay ca e yeste day

Output after stage I

_ROOT_

dummy
dummy

main
Output after stage I sameer Aye

k1

abhay

Ora

kala
k7t

y kala



Id tif N dIdentify Nodes
_ROOT_

Set 1 nodes
sameer AyeOra

dummy
dummy

main

ye
k1

abhay

Ora

kala
k7t

_ROOT_

Set 1 and Set 2
sameer AyeOra

dummy
dummy

main

y
k1

abhay

Ora

kala
k7t



C t i t G hConstraint Graph
New Constraint GraphNew Constraint Graph

Ora, Aye and _ROOT_ 
are the demand groups

_ROOT_

ccof k1 main
Note: ‘kala’ remains 
attached to its parent 
‘aa e’ (does not sho

sameer AyeOra

ccof k1

k1

a

‘aaye’ (does not show 
up in stage 2)

abhayccof
k1



E lExample

_ROOT_
main

Final Parse Aye

k7tk1

main

kalaOra

k7tk1

ccof

sameer abhay

ccof
ccof



T f l tTypes of complex sentences
Relative clausesRelative clauses

Initial
Final
Medial

Conjuncts j
Coordination

Simple clause
Relative clause
Non-finite
Nominal adjectival adverbialNominal, adjectival, adverbial

Subordination



E l tiEvaluation
Two data driven parsersTwo data driven parsers

Malt (version 0.4)
MST (version 0.4b)

Tuned for HindiTuned for Hindi
Trained on a subset of a Hindi Treebank
~ 1800 sentences 

average length of 19.85 words 
6585 unique tokens. 

Training set = 1185 sentences,Training set  1185 sentences, 
Development = 268 sentences
Test set  = 220 sentences.



O ll fOverall performance

UA l b l d tt h tUA: unlabeled attachments accuracy, 
L :   labeled accuracy
LA: labeled attachment accuracy 



C l b lCore labels



C l b lCore labels
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