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fANdboD -þE�yAyAm^ a�vyboD, ek, mh�vp� Z
, sopAn,vt
t�.
a�vy, nAm Ekm ?̂

‘ek-y pd-y apr -pd�n sh k, sMb�D,’ iEt a�vy,.
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udAhrZAT
m^ ,rAm, g}Am\ gQCEt.aE-mn^ vAÈ�
‘rAm,’ iEt gmn - E�yAyA, ktA
 ,
‘g}Amm^ ’ iEt gmn - E�yAyA, km
 ,etAd� f, sMb�D, a�vy,.

id\ sMb�DâAn\ kT\ jAyt�?
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WHERE is the information about the relations coded?

pd-y pd�n sh sMb�D, E/EB, þkAr{, aEBDFyt�.

• aEBEht(v�n ,

• EvBÅA (uppd�n , EnpAt�n 
 ), ev\
• sAmAnAEDkr�y�n
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vAÈ -s\��qZ -smy� EvBEÄ - EnDA
rZ\ srl\ BvEt.

Analysis Process is non-deterministicpr�t� vAÈ - Ev��qZ -smy� n{k - Ev��qZAEnsMBA&ymAnAEn.

t-y kArZ\ Ekm^ ?

t/ kArZ�ym^ .

• EvBEÄ -aT
 -an�k(vm^ ,
• þ(y�k-y pd-y n{k - Ev��qZAEn
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a) EvBEÄ -aT
 -an�k(vm^

kt�
krZyo-t� tFyA (anEBEht� ) (pA.s� . 2.3.18)

an�n s� /�Z km
EZ þyog� kt
Er ev\ krZ� �yo, aEpt� tFyA EvBEÄ, drFd� [yt�.

t-mAt^ Ev��qZ -smy� , km
EZ þyog� , t� tFyA EvBEÄm^aADArFk� (y etd^ pd\ kt�
pdm^ iEt vÄ� \ n fÈt�.

km
EZ þyog� t� tFyA�t\ pd\ ktA
 vA krZ\ vA BEvt� m^ah
Et.
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udAhrZAT
m^ ,
rAm�Z bAZ�n vAEl, h�yt�.

aE-mn^ vAÈ� k�vl\ EvBEÄ\ d� «A rAm, ktA
 ev\ bAZ\ krZ\iEt vÄ� \ n fÈt�.

t/ tAd� f -âAnboDnAy yo`ytA âAnm^ aEp aAv[ykm^ .
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b) pd-y n{k - Ev��qZAEn

ek\ vAÈm^ p[yAm,.

rAm, vn\ gQCEt.aE-mn^ vAÈ� pd - Ev��qZm^ an�n þkAr�Z BEvt� m^ ah
Et.

rAm, = rAm p�\ 1 e.v. / rA dAn� adAEd lV^ u.p� . b.v.pr-m{pdFvn\ = vn np�\ 1 e.v. / vn np�\ 2 e.v.gQCEt = gQCt^ (gm� ft� ) p�\ 7 e.v. / gQCt^ (gm�ft� ) np�\ 7 e.v. / gm� lV^ þ.p� e.v. pr-m{pdF
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a/ �O a�vyO þEtpAdEyt�\ fÈt�.

• rAm, iEt gmn - E�yAyA, ktA
 ,vn\ iEt gmn - E�yAyA, km
.

• vy\ iEt rA -DAt� - EnEd
£ - E�yAyA, ktA
 (a�yAãt ),vn\ iEt rA -DAt� - EnEd
£ - E�yAyA, km
 , ev\ ,gQCEt i(y/ sEt sØmFv-t� t, E�tFyA�vy� p� n, t/ E�tFy - E�yAyA, aAkA°Avt
t�.aTA
t^ aE-mn^ udAhrZ� aAkA°Ap� (y
BAvAt^ E�tFyA�vy,(yÄ� \ fÈt� Ek�t� sADArZtyA (yAgEnZ
y, n srl,.
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Prioritizing Multiple AnalysisydA n{k -a�vyAEn vt
�t� tdA Ek\ t�q� a�vy�q�pOvA
py
sMb�D, -TAEpt�\ fÈt� vA ?
a�vyboDAT� aAkA°A -yo`ytA -tA(py
 -sEàED -âAnm^aAv[ykm^ .

eq� 
t� q�
 aAkA°A ev\ sEàEDâAn\ s½Zk\ þyoÄ� \ fÈt�.
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ydA yo`ytAâAnAT� pdAT
-y âAnm^ aAv[ykm^td{v tA(py
âAnAT� &yAEØ -an� mAnm^ -s\-k� (yAEdn{kEvD -âAn-y aAv[yktA BvEt.

tAd� f\ âAnm^ aE-mn^ smy� t� s½Zk� nAE-t.

y�Ep yo`ytA -tA(py
 âAnABAvAt^ kAEn
nsMBA&y - Ev��qZAEn (yÄ� \ n fÈt� aEp t�aAkA°A -sEàEDm^ aEDk� (y t�qAm^ pOvA
py� t� df
Eyt�\fÈt�.
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ekm^ udAhrZ\ p[yAm,.

fkV\ yAn\ gQCEt.

aE-mn^ vAÈ�ev\EvDm^ aE-t pd - Ev��qZ\ -

fkVm^ = fkV 1 np�\ e.v. / fkV 2 np�\ e.v.vnm^ = vn 1 np�\ e.v. / vn 2 np�\ e.v.gQCEt = gm� lV^ kt
Er þ.p� . e.v. / gQCt^ (gm� ft� )np�\ 7 e.v. / gQCt^ (gm� ft� ) p�\ 7 e.v.
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a/ qX^ EvD - Ev��qZAEn sMBvE�t

1. fkVm^ iEt gmn - E�yAyA, ktA
,vnm^ iEt gmn - E�yAyA, km
.

2. fkVm^ iEt gmn - E�yAyA, km
,vnm^ iEt gmn - E�yAyA, ktA
.
3. vnm^ iEt gmn - E�yAyA, ktA
,fkVm^ iEt vn-y Evf�qZm^ .
4. vnm^ iEt gmn - E�yAyA, km
,fkVm^ iEt vn-y Evf�qZm^ .
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5. fkVm^ iEt gmn - E�yAyA, ktA
,vnm^ iEt fkV-y Evf�qZm^ .
6. fkVm^ iEt gmn - E�yAyA, km
,vnm^ iEt fkV-y Evf�qZm^ .
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a/ aA�O �O a�vyO ktA
 ev\ km
 �yo, aEpkArk -sMb�DO d� [yt,.

t� tFyAt, aAr<y qX^ py
�t\ k�vl\ ek\ ev kArk -sMb�D,aE-t. apr -kArk-y a�yAhAr\ krZFym^ .

t/ aEp p� n, pÑm� ev\ qV^ -a�vy� vn\ Evf�qZ -!p�ZBAst�.
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s\-k� t -BAqAyA\ y�Ep fNd-y �m-y n ko_Ep s\k�t,vt
t� tTAEp Evf�qZAn�tr\ Evf�	ym^ iEt �m,sAmA�y!p�Z an� B� yt�.

tT{v sAmA�yt, þTm\ kt�
 -kArk\ tdn�tr\ km
 kArkm^i(yEp �m, þAy, g�pAW�q� d� [yt�.

tTA aAkA°A ev\ sAmA�y -�mm^ an� s� (y a�vy-ypOvA
py
-y EnZ
y\ kt�� fÈt�.
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HOW is the information coded (explicitly or implicitly)?

kFd� f, sMb�D, a�vy� df
nFy,.

y, sMb�D, þ(yy�n sA"At^ uQyt� s ev sMb�D,-vFkrZFy,. n t� prMpryA.
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udAhrZAT
m^ ,
rAm, d� `D\ pF(vA fAlA\ gQCEt.aE-mn^ vAÈ�,

rAm, iEt Epb^ -DAt� - EnEd
£ - E�yAyA, ktA
 etd^ âAnm^

‘smAnkt�
kyo, p� v
kAl�’ iEt s� /ADAr�Z BvEt, n k�nAEpþ(yy�n.at ev aE-mn^ s�dB�
 rAm, iEt pd-y pF(vA an�n pd�nsh sMb�D, þTm sopAn� n dý £&y,.
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Another criterion for prioritizing Multiple Analysis
aE-mn^ udAhrZ� a�yA ekA sm-yA vt
t�.

d� `Dm^ ev\ fAlA\ �O aEp E�tFyA - EvBÄO -t,.tdA �O aEp Epb^ -DAt� - EnEd
£ - E�yAyA, ev\gmn - E�yAyA, km
 BEvt� m^ ah
Et.t-mAt^ �O sMBAEvt -u�r� sMBvt,
• d� `D\ – Epb^ -DAt� - EnEd
£ - E�yAyA, km
fAlA\ – gmn - E�yAyA, km

• d� `D\ – gmn - E�yAyA, km
fAlA\ – Epb^ -DAt� - EnEd
£ - E�yAyA, km
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a/ aEp s½Zk� yo`ytA âAn-y aBAvAt^ E�tFy -a�vy\(yÄ� \ n fÈt�.sEàED -aA�y�Z a�vy� pOvA
py� þAØ�\ fÈt�.
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Taking into account all the above consideration, now, we

propose a mathematical model to get the a�vy of a

sanskrit sentence mechanically.

Let each word in a sentence be represented as a node in a

graph. The relations between nodes are represented by

the directional labelled edges.
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Given a graph G with n nodes representing n words of a

sentence, the task is to find a subgraph of G which is a

directed tree.a

aA Tree is a graph in which any two vertices are connected by

exactly one simple path.
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Each node consists of one or more cells, each cell

representing one morphological analysis of the word

represented by the node.

We break the problem into three parts:

• For a given sentence, draw all possible labelled

directed edges between cells of one node to that of

the other.

• Identify a subgraph T of G such that T is a directed

Tree.

• Prioritize the solutions, in case there are more than

one possible directed Trees.
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Task 1:

Let a 5-tuple (i,j,R,l,m) represent an edge labelled R from

the mth cell of the lth node to the jth cell of the ith node.

In other words this 5-tuple represents a relation R from

the mth morphological analysis of the lth word to the jth

morphological analysis of the ith word.

Let C[i,j,R,l,m] = 1, if such a relation exists, else = 0.
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Based on the available information in a given sentence in

the form of aEBEht(v, EvBEÄ, and sAmAnAEDkr�y, the

cost matrix is populated with 0s and 1s.
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Task 2:

Following constraints are imposed on the matrix C

• A word can’t satisfy its own expectancy. i.e. a word

can’t be linked to itself. Or in other words there can

not be self loops.
∑

j,R,k C[i, j, R, i, k] = 0

• A word can fulfill only one expectancy. i.e. a node

can have at the most one incoming arrow. This also

ensures that a word can have only one valid analysis

per solution.
∑

j,R,k,l C[i, j, R, k, l] = 1
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• If a word has both an incoming arrow as well as an

outgoing arrow, they should be through the same cell.

∀i∀j
∑

R,l,n C[i, j, R, l, n] +
∑

a,b,R,k!=j C[a, b, R, i, k] ≤ 1

• If there are more than one outgoing arrows through a

node, then they should be through the same cell. i.e.

there can be only one valid morph analysis per word,

per analysis.
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• There can not be more than one outgoing arrows

with same label from the same cell, if the relation is

a kaaraka relation. i.e. there can not be two words

satisfying the same kaaraka role for the same verb.

• If all the nodes are plotted in a straight line, then

they should not intersect each other. i.e.,

if C[i,j,R,k,l]=1, then

∀v∀yC[u, v, w, x, y] = 0,

if i < x < k and u < i or u > k
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Task 3:

The solutions are prioritised using the conditions

specified below.

• For each of the analysis, the distance is measured as

d =
∑

i,R,j diRj,

where

– diRj = |j − i| ∗ wtR,

if C[i,a,R,j,b] = 1 for some a and b.

diRj = 0 otherwise.

– wtR = 100, if R marks a relation with an upapada,

= 10, if R marks a relation with a verb,

= 1, otherwise.
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This takes care of

• aAkA°A (kArk relation is preferred over thesAmAnAEDkr�ym^ )
• sEàED,
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DEMO
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Some real life problems:

g� h�n l#mZ�n sFtyA 
 sEht, rAm, vn�n vn\ g(vAbh� dkA, ndF, tF(vA
 Br�Aj-y fAsnAt^ E
/k� Vm^an� þA=y vn� rMym^ aAvsT\ k� (vA d�vg�Dv
s¬AfA, t�/y, rmmAZA, s� K\ �yvsn^
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Some real life problems:

g� h�n l#mZ�n sFtyA 
 sEht, rAm, vn�n vn\ g(vAbh� dkA, ndF, tF(vA
 Br�Aj-y fAsnAt^ E
/k� Vm^an� þA=y vn� rMym^ aAvsT\ k� (vA d�vg�Dv
s¬AfA, t�/y, rmmAZA, s� K\ �yvsn^

k� t� /y,?
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Some real life problems:

g� h�n l#mZ�n sFtyA 
 sEht, rAm, vn�n vn\ g(vAbh� dkA, ndF, tF(vA
 Br�Aj-y fAsnAt^ E
/k� Vm^an� þA=y vn� rMym^ aAvsT\ k� (vA d�vg�Dv
s¬AfA, t�/y, rmmAZA, s� K\ �yvsn^

rAm, vn�n vn\ g(vA ... t� /y, �yvsn^
Is it not violation of smAnkt�
kyo, p� v
kAl�?
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Some real life problems:

g� h�n l#mZ�n sFtyA 
 sEht, rAm, vn�n vn\ g(vAbh� dkA, ndF, tF(vA
 Br�Aj-y fAsnAt^ E
/k� Vm^an� þA=y vn� rMym^ aAvsT\ k� (vA d�vg�Dv
s¬AfA, t�/y, rmmAZA, s� K\ �yvsn^
Should the anvaya of g(vA be with tF(vA
 or �yvsn^ ?
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Some real life problems:

g� h�n l#mZ�n sFtyA 
 sEht, rAm, vn�n vn\ g(vAbh� dkA, ndF, tF(vA
 Br�Aj-y fAsnAt^ E
/k� Vm^an� þA=y vn� rMym^ aAvsT\ k� (vA d�vg�Dv
s¬AfA, t�/y, rmmAZA, s� K\ �yvsn^

vn�n vn\ a/ kArk sMb�D, k,?
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D�yvAd,
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