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ABSTRACT
This paper presents three parsing techniques for establishing karaka-vibhakti relations using
Paninian framework for nepali language. It uses the concept of karaka relation between verbs and
nouns in the sentence. The constraints problem reduces to bipartite graph matching problem because
of the nature of constraints and bipartite graph reduces to hopfield network. Upon employing these
three techniques viz. constraint based , bipartite graph matching problem and hopfield networks using
the Paninial framework to the sentences of nepali language an elegant account of the relation between
surface form (vibhakti) and semantic (karaka) roles is obtained. All the three techniques are
demonstrated by forming parsing structure in various nepali sentences.
Keywords: Parsing, Paninian framework, Karaka-Vibhakti, Bipartite matching problem, Hopfield
network.

1. INTRODUCTION
Parsing is a process by which an input
sentence is analysed and assigned a suitable
structure [1-3]. Parsing process makes use of
two components: a parser which is the
procedural component (a computer program),
and grammar which is declarative [4-8].
Various techniques are employed for
parsing in different natural languages like
statistical dependency, graph based, transition
based etc [9-15]. In this paper, we describe
such a formalism, called the Paninian
framework, that has been successfully applied
to hindi language and the same is applicable to
the nepali language also. It uses the notion of
karaka relations between verbs and nouns in a
sentence. From the given nepali sentence after
the word groups are formed, karaka charts for
the verb groups are created and each of the
noun or verb group is tested against the karaka
restrictions in each karaka chart. The notion of
karaka relations is central to the Paninian
model. As part of this framework, a mapping is
specified between karaka relations and
vibhakti (which covers collectively case
endings, post-positional markers, etc.).

Consider following sentences:
S.1 नानीऱे हाथऱे केरा खान्छ |
Naani -Le haathle Kera khancha
The child with hand banana eats
(The child eats banana with his hand.)
S. 2 रामऱे विहान फोन गरयो |
Ram- Le Vihan phone garayo
Ram morning phone did
(Ram used the phone at morning)
S. 3 रामऱे खेत जोत्यो |
Rama -Le khet jotyo
Ram the field ploughed
(Ram ploughed the field)
The default karaka chart for three of
the karakas is given in figure 1. This explains
the vibhaktis in sentences S.1 to S.3. In S.1,
„Naani‟ (The Child) and „Kera‟ (Banana) and
„Haath‟ (Hand) are Karta, Karma and optional
karana respectively because of the presence of
Le, and Le respectively. Moreover sentence
never begins with an optional karana. Note that
„Naani‟ and „Haath‟ are followed by Le
postposition whereas „Kera‟ is followed by
or empty postposition. Similarly in S.2 and S.3
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„Ram‟ is Karta since it is followed by Le
postposition whereas „phone‟ and „field‟ are
Karma due to the presence of postposition.
KARAKA

VIBHAKTI

PRESENCE

Karta

Le or

Mandatory

Karma

laYi or

Mandatory

Karana

Le

obtained. The constraint graph for S.1 is shown
in figure 2.
A parse is a subgraph of the constraint
graph. Two solution graphs are obtained from
the subgraphs of figure 2 as shown in figure 3
and figure 4.

Optional

Figure 1.A Default Karaka Chart

Now consider the following two
sentences.
S. 4 शिकारीऱे भाग्दै गरे को श हिं ऱाई दे ख्यो |
Shikari -Le Bhagdaigareko sinh -LaYi dekhyo
Hunter running lion saw
(Hunter saw the lion while running )
S. 5 रामऱे फऱ खाएर मोहनऱाई बोऱाउिं च |
Ram -Le pahila khaer Mohan -LaYi bolaunch
Ram fruit ate Mohan called
(Ram ate fruit and called Mohan)

Figure 2.Constraint graph for S.1

2. SOLUTION USING CONSTRAINT
GRAPH
As mentioned in [1], [2], the role of
the core parser is to determine karaka relations
and senses of words from the given local word
clusters in a sentence.
For a given sentence after the word
clusters have been formed, karaka charts for
the verb clusters are created and each of the
noun clusters is tested against the karaka
restrictions in each karaka chart. When testing
a noun group against a karaka restriction of a
verb group, vibhakti information is checked,
and if found satisfactory, the noun cluster
becomes a member for the karaka of the verb
group. The above can be shown in the form of
a constraint graph (1). The abbreviation for
karaka is shown in table 1.

Figure 3.Solution graph (corresponding to “child
eats banana”)

Figure 4.Solution graph (corresponding to the
meaning “banana eats child”)

Solution shown in figure 4 is incorrect
because it violates the rules of default Karaka
chart depicted in figure 1. Due to the presence
of –Le before „Naani‟ the noun „Naani‟ must
be Karta and cannot be karma.

Table 1.Abbreviation for karaka
Karaka
Abbreviation
Karta
K1
Karma
K2
Karana
K3

3. SOLUTION USING BIPARTITE
MATCHING GRAPH
Illustration 1: Consider the sentence S. 1
Naanile
haathle
keraa
khaancha
a
b
c
A

Following the rules indicated for
constraint graph in [2] and considering the
direction of the age from right to left, the
constraint graph and its solution graph can be
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(Assuming that the optional karana karaka is
mandatory) we have the bipartite graph

Figure 8.Bipartite graph for constraint graph

Figure 5. Bipartite graph for constraint graph of
figure 2

A matching K of a bipartite graph G =
(S, D, E) is a subset of edges with the property
that no edges of K share the same node. The
matching problem is to find a maximal
matching of G that is matching with the largest
number of edges. A maximal matching is
called a complete matching if every node in S
and D has an edge [2]. There are two maximal
complete matching of the graph of the above
sentence.

Figure 9.Bipartite Solution graph corresponds to
parse

Figure 6.Solution graph corresponds to parse in
figure 3

Figure 10.Solution graph corresponds to parse

4. SOLUTION USING HOPFIELD
NETWORK LEARNING METHOD
FROM BIPARTITE GRAPH
The constraint based problem can be
converted into the hopfield network as shown
in [4]. Equations (4.1) and (4.2) shows the
details. In this representation, only neurons
are used for the
bipartite subgraph problem.
)
Neuron (
( )
expresses the
, and the
output
(
)
( )
of neuron expresses that the
is

Figure 7.Solution graph corresponds to parse in
figure 4

Illustration 2: Consider the sentence S.4,
Shikaarii bhaagdai garako sheya dhekyo
a
A
c
B
Bipartite graph of the above sentence
is given in figure 8.
Two maximal complete matchings of
the graph (figure 8) of above sentence are
depicted in figure 9 and figure 10.
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do not have a clear condition. For example, the
travelling salesman problem and bipartite subgraph problem in which the energy is not zero
even when the solution is optimal. For the
latter case, we have to set a maximum number
of the learning in advance. Learning stops if
the maximum number of learning is
performed. If the learn limit is supposed to be
the maximum number of learning times for the
system termination condition, we have set
learning time
and learn limit
. “A” in
equation (4.4) and (4.5) is set to
Constants
in (4.7), in (4.8) is set to 0.01, temperature
parameter in (4.7) is set to 0.25.
The initial value of
are randomized to either
. The
updating procedure is performed on the
hopfield network with original weights and
thresholds until the network converge to be
stable.
Recording the stable state, use equation
(4.7) and (4.8) to compute the new weights and
thresholds.

partitioned into the subset
respectively [4]. Energy function is defined as
∑∑

∑

(

)

where is constant, the weight from
the
neuron to the
neuron, and the
threshold are given by
(
∑

)
(

)

(

)

(

)

In (4) and (5), the notation
is 1 if
otherwise. The equations of motion is
shown in (4.6)
∑
( )
Here the weights are symmetric i.e.
. The network converges to an
infimum of energy function. Furthermore, if
there are no self-connections (
), by
applying learning rule to the bipartite subgraph problem, we can obtain the changes of
the weights and the thresholds of bipartite subgraph problem from the partial differential of
the energy function equation (4.3) to weights
and the thresholds.
(
(



Compute

the

using

(7)



Change the

for j = 1,…, N and

Compute the
using equation (4.8)
The updating procedure is taken on the
hopfield network with the new weight and
thresholds until the network reaches a stable
state.

)

Illustration I: Consider S.1, the adjacency and
weight matrix (using equation 4.4) of figure 5
given by

)
(

)

(
)
where,
and
are small positive
constants. Now the following procedure gives
solution of hopfield network learning method
for bipartite sub-graph problem.

[

]

and weight matrix

4.1. Working procedure
The following procedure describes the
proposed algorithm for bipartite sub-graph
problem of
graph to be solved
with hopfield network. Note that there are two
kinds of conditions for the end of the learning.
One has a very clear condition, for example,
the
problem in which the energy is
zero if the solution is optimum. Another one

[

]

respectively. The Hopfield network is depicted
in figure 11.
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Here, the first three components of
(
)
and last
three components say
. From
figure 5 in a bipartite graph, there is no edge
among the elements of
.
Non zero entries in
equation (4.9)
assumes that there is an edge among
.
Since
and
there can‟t be any age between
and
. Therefore,
can be
connected
. But it violates the
rule 3 of constraints graph because there are
two incoming edges into the source group .
Hence can either be connected with
Case: I
Let us take
is connected with
then with
the same argument
is connected with
is unambiguous, there is an age
.Output
between
. In this situation, the
solution graph mentioned in figure 6 is
obtained.
Case: II
Let us take
is connected with
then with
the same argument
is connected with
Again the output
is unambiguous, there is
an age between
. In this situation,
the solution graph mentioned in figure 7 is
obtained.
Case II does fails since it violates the
conditions of default karaka chart shown in
figure 1.

Figure 11.Hopfield network with initial weights

Using equation (4.5), threshold vector
.Initial energy is turned
out to be -4 using equation (4.2). Vertices and
their meanings for S.1 are shown in table 2.
Table 2.Vertices and their meanings for S.1
Vertex
Meaning
v1

Naanile

v2

Kera

v3

Haathle

v4

Khancha, K1 (A, K1 )

v5

Khancha, K2 (A, K2)

v6

Khancha, K3 (A, K3)

Taking

initial
vector
In order to get steady state of
(
) component of ,
the linear combination (say s) of vector and
row of
is compared with the
component of . If
then replace by
and otherwise. Updation of weights and
threshold continue until the error between
the two consecutive
reaches the desired
th
accuracy. After 9 iteration, the steady state
solution (
) is attained as shown in
equation (4.9).
( )

Illustration II:
Considering S.5, the adjacency

[

with 9 vertices. As shown shown in illustration
I, the two sets
forms a bipartite graph.
Applying the same procedure, we obtain the
steady state solutions as shown in equation
(4.11) and (4.12).

Similarly, taking another initial vector
, another steady state
solution (
) is obtained as shown in
equation (4.10).
(

]

(

)
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The corresponding solution subgraph
is shown in figure 12.

Figure 12.Solution graph of S.5

5. CONCLUSION
In summary, this paper makes several
contributions:
 It shows that the Paninian framework
applied to nepali language gives an
elegant role of the relation between
vibhakti and karaka roles. A default
karaka chart is demonstrated in section
1.
 It shows in section 2 and 3 how a
constraint based parser can be built
using the framework. The constraints
problem reduces to bipartite graph
matching problem because of the
nature of constraints. Efficient
solutions are known for these
problems.
 The method of obtaining a solution
subgraph by converting a Bipartite
graph to a hopfield network is
demonstrated in section 4. Solution is
obtained by implementing this method.
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