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Abstract

There are two major types of treebanks: dependency-based and constituency-based. Both of them have
applications in natural language processing and computational linguistics. Several dependency treebanks
have been developed for Persian. However, there is no available big size constituency treebank for this
language. In this paper, we aim to propose an algorithm for automatic conversion of a dependency treebank
to a constituency treebank for Persian. Our method is based on an existing method. However, we make
modification to enhance its accuracy. The base algorithm constructs a constituency structure according to a
set of conversion rules. Each rule maps a dependency relation to a constituency subtree. The constituency
structure is built by combining these subtrees. We investigate the effects of the order in which dependency
relations are processed on the output constituency structure. We show that the best order depends on the
charactersitics of the target language. We also make modification in the algorithm for matching the
conversion rules. To match a dependency relation to a conversion rule, we start with detailed infromation
and if no match was found, we decrease the details and also change the method for matching. We also make
modification in the algorithm used for combining the constituency subtrees. We use statistical data derived
from a treebank to find a proper position for attaching a constituency subtree to the projection chain of the
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head. The expremental results show that these modifications provide an improvement of 16.48% in the

accuracy of the conversion algorithm.

Keywords: Natural language processing, Treebanks, Dependency structure, Phrase structure.
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(Figure-1): Dependency structure and its corresponding
constituency structure for a sample sentence.
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(Algorithm 1) The base algorithm for DS to PS
conversion.

procedure CONVERT(D S Node)
persistent: Rules, a set of conversion rules
PSTree + newPSNode(DSNode)
if DS Node has no child then
return PSTree
else
for all left Child of DSNode from right to left do
childTree « CONVERT(Child)
rule + RULES.FIND(DSNode, Child)
Tree « INSERT(childTree, rule. PS Patlern)
PSTree «+ ATTACH(Tree, PSTree,” Left”)
end for
Repeat the loop for each right Child of DSNode from
left to right
return PSTree
end if
end procedure
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(Figure 3) The steps for converting a sample dependency structure shown in Figure 1 to its constituency equivalent.
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(Figure-4): Adjoining (top) versus insertion (bottom) to
attach a dependent’s subtree to the projection chain.
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(Algorithm-2): Attachment of a dependent’s subtree.

I Verb Phrase Adjunct
2 Verb Phrase Complement

procedure ATTACH(T ree, PSTree, Side)
r Ihﬂnl-l'r + ;?.‘T"I-J'!'I"_ !JF'”‘I.I"I"II.I'IFI(‘]I.'H mn
attached + false
for all Node in Chain from bottom to up do
if There is no subtree attached above the Naode on this
Side then
if CANBEUNDER( Node, T'ree. Root) then
PS5Tree +— Apioms(Tree, _\-mfr]
attached «— true
end if
end if
end for
if Not affached then
Attach PSTree on Side of Tree
PSTree +— Tree
end if
end procedure

procedure CANBEUNDER( Phrasel, Phrase2)
if Phrasel is 7S" OR Phrasel equals Phrase2 then
return trie
end if
il NOT [V seChainTable then
return false
end if
persistent: ChainTable a collection of extracted projection
chains
listl + All chains in ChainTable where Phrasel is
above Phrase2
list2 + All chains in ChainTable where Phrasel is
below Phrase2
if list] . Count >lst2.Count then
return frie
else
return fols«
end il
end procedure
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(Figure-6): The pattern for extracting conversion rules from a
constituency treebank.
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(Table-1): Samples fo projection chains in the projection
chaing table.
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(Figure-7): A crossing branch between the original structure
and the output structure.
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(Table-2): The results of using “The projection chain table”
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(Figure-8): The order of the attachment of the subtrees for a
sample sentence according to “Frist Left Side” navigation of
dependents.
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(Figure-9): Two possible ways to combine the subtrees on the
left side.
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(Table-4): The results of conversion algorithm based on
different rule matching methods.
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(Figure-11): The results of the accuracy of the algorithm on test
data versus the size of training data.
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training data.
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