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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.

S/VPS/VPC/V
S/VPA/VPSD/VPC/MV/V
VPS/VPA/VPC/V
VPC/MV/V

NPC/N

NPC/PRON

ADJPC/ADJ

L -¥

Sbedys o a5 sl L ey sl
L1y sl (2o, U mals oF slosl Joles 5 (Sl
D05 ol @l S dglie ol Sibes s
Jsles ¢ [8] DepPerTreebank  Siwsly SShos o
Slaws s> e 020,5 eoliiwl [7] PerTreebank 1 (slojl
VeVA dg0 Lo SSbes o g0 opl o bl e
walS Y5 g0 0 bbaler Job 5eSlee Lol el alox
el 50 edorn g LS je I 3929 cdimolis a5 !
L e ol aler ol cpl el ools azs
ol cowlis o 5
5o ) oeld cnl (o aslsd (oS eal )b 5
ol Ghey mdS gl slojle SShes s 5l s
Hbe 4 glojle JLale has o )ssll asles I8
Slom Sy ol 3 Sl (Golagdame 980 (Kol
Slojlo &350 55 Sl 05 o ats W) a5 )
selgd il Gan L 1) oo glae S wd ek
o osly Lioles (F) IS o acled sl (63l
L ZP ssle s o8 S gl oS8 llae [20] oo
Of e b lape 0358 XP aziliz i S5l
oadsodls guled oucld YP a6 055,8 o gl il
abaly oucld (pl G G0 05d o0 glmeial SSG 0
Y 5 XP atus aalS o3 ¢ plprear Xl (Sl
Cooms 53 g 3l J18 YP atis dalS” oS s> lsica
ZP 5l it (rhe SO g S S0 S0
adlo)ls 1 oS plsie a YP 5 XP g aty; olyiea
Sl sl func) ayly aelS” (6 90me s aiile Sledbol
ol el a4 F Sily Sbes s o bl
Seoa slp sy &lsye s ol sl Jes @ )5S


http://dx.doi.org/10.29252/jsdp.14.4.79
http://jsdp.rcisp.ac.ir/article-1-492-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-04-29 |

[ DOI: 10.29252/jsdp.14.4.79 ]

L eyl D (V) Jgazr winylas ol b
sbesly buge 5 cmzpl e 5 S8 o p
f-score aws o lis 1) Glise Gl o ablat
Slp el oy by g 80 Sl e owimog s
Sihes o ollez aldS g5) » p)ssl odsS ale
L alex ;0 bod 29,5 5 oul | >l DepPerTreebank
el oals awglae PerTreebank o Lol jLsls
welgh zl il al> o o aSlnilsl ol atas a5 jsbylen
ol 0 033 (Sily Jl o b Bl el auls
85,5 a4 (Sl Jb 2 sl oaigl Sl 0asll ples
3929 asled bl o ollhs Ko e 4 el onls
3,5

A Cwl pl Coo Chows Cusd  jelate
e 9 W 05 C S ol a5l
LD ighie dlan, ol oy S ol
Sdes b SlelS sl uSe g ol ol €l s
I e B
28l ol e 5 e b sl
s S8 Jpar (¥ i) sl o 50
(UseChainTable b ,&) o b o4 oolasuwl

5o oddsplxil Slallol wads oo oarlive a5 j5bylan
o S99 €Ugor L 5 € Jgaz (g0 Sl g5 o
023 TAEFD Lo aisSl s & cas |, /Y
bugie » s3bj 5l Slollal ool sboirmed il 00
baie JuSél Joao 5l eolawl .jls ablite glacsSTy
RSIRRIA YO NSUNEICHI - N SN
o3l 4 €z Caos s iolowy j0 50 cpl Wi e
(et el 1018 ol 4 oo olew 4o 5 1FIA
Lot ol 4255 M5 Sgre el (Jpaz 5l oolitl
oLl €z Ceow Cond? > g0 ablae sbaesTy,
OiS3l Jgaz 5l eoliul pas Syse e cplply ol
€aly o s ol 5l cal gy raiis
Syl SUb cds cll> g0 o p0 45 0 oolaul

2 Baiasly ooy 0925 56 o 005 o Lo
Clom 58 Jou jleolinul 15U ohg 5 o8l 2
4 by 180 Gl oS (ouyn 1) 4Gz S S
Slojle slotsls cuale 5 slojls o550 sl sgzu
Dy o 03ls mudgi dalsl o 4T Cl o )lb Sllax

Sl @ bgye pow el Nigd oo onilys oz 2l
55 aoly oled ST, 5l skite sl o0k adgs by
L 5l So b ale 50 s920 wly po lel g lal) o
s 9ly b ES1n g0 Gloj (ogde (atuine S
lail o 1al) plaS o 02300 45 Wigd co sl abolice
sl sl sl Glages oo b iz S0 @ (W
Slls oS 8 (AB) C) 5 (A (B Q) ,tslu s s
(A 5(BC) cSTy g0 0B Ly witen ablie o5, S,

ool iales (V) JS5 50 lajlisle cpl ool S 2 B)

YR
S\ /5
X X \
/\ A/ \B C

A B C
sad addgi jlasle Lol sl
g bl sl oo abliio Ty llad Sy (V- JSL5)
FRWRWPr R L2 W
(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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and more)
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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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(green line) and the present rules (red, blue) versus the size of
training data.
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