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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-3): The frequency of each type of branches (one, two
and more)
i b obaw s el S
\ AID /0

Yf ol folabivas Jlo


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 2025-11-04 |

- 10.29252/jsdp.14.4.79 ]

Glojlw SLULA HS Ay )l SKuly SSLELA HIHL39A Jadus

(&) > e (Jb pl baes o 1,8 055 iy
By glle S S 4 badl ag o (5) oy,
() opply a5l cpl Gl opl Jds el 5500
0 9y L dJUGJ O s as “LSLSA uL?L.u‘ I) Lg‘o..&.cb
adgi (g eS Blal glao T ass o ol |y ans Sl
as ! @) cdle o Ll wogls o sUL cds g o
oolainl 5 Wb oo o al381 (9) oyl 5l oolanl b Uas
aS 2ol (Sl g oiekae oyl aelsd el )
ssise Jolo Jsix ool
Slixe 4 (o) 5 2l, (W) S 5 IS slagSl 5l ool

Sogo 0 a5 el opl

5 1S oo Jos e el i b gloacld ) oolaal
Gl (e 4 (9) 28l (2) > 5 S slagSl sl
Ll S 4 A.g; ‘uw.is\ 0 ) L oucls

Sy gormo asled Ol jo 1t Hoil CudeS (- Jgu)
‘;i‘»'.mgb lizeo 6L§5§J|

(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.

Las ojgel eols yo 1) Saly Lulg, aoys (V) S
Gy Ngd oo Golaie eadzlseiul oelgd o 6Sl
sanlice a5 jsbiylen was oo lis (9) 5 (W) sslgs
S yin Sy Lalyy o390l (slaesls iol8l b g oo
o ot i3l ol Ll 10,5 e Sl ey Cow
abox daiin ojlail a4 (gl 0olo G L loges (! 3l
Oy 2ot () ol Gk hjgal esls yo Laly, TAD
Oy 8l el (et )5 jlogas aSlowyl 008 e )18
Sl ijgel eoly a4 oy 0yl SUL slhas s 4

ol cel hygel oolo iolEl o ls zleol 55,0


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 2025-11-04 |

[ DOI: 10.29252/jsdp.14.4.79 ]

abl, Soonle e L Ly Gelel &) sl
SO Gidgs 5o @) lojle SSLcs ey (Sl
ool 236 Sl (oleel iz (pore

sy 2 Jlesl @ln 1) p)ssdl <85 Lo gl o
IR sn 50 Shisel laesls Sl gyl la il
cos pse dbat ele el wds ol s sl
scl Ly (S Ly, By ool it
P (SKly slogsl az 2 (undg (al 55 Sl 35290
IR G e | st Sy Ly, sl
So b Bk BB slosle lagSIl Glosen Lol toims o
Glojle osSl LBl 5 anly o ialsdl Sty dla,
bohig Ghg) S St 0nl @8) sl 098 Sl o
laol s, cpl o mee,S @l «aodas Ol sl
Iy loacls 5 S5z slosSl 5| eslitnl b puiS o n
) Sdls oof Slellbl ceoibse pas ©)50,0 5 penke
Sty b, gl losels Colyis b eas e Lials
g 2l

ez 09 2l 4 eadail)) o ysSI b5 L
o8y & (Fscore) ma » iy 5 230 136 lie el
|y sgmge TVSIEY il ol 00,5 sy s JAY/Y
oSl 4 o |y Sy T e 2,550 5
olis snaib jl eslital a0 [2] b 5 olis

.MOSA

6-References el —F

&l @l s Sl g s Sz e eslylale (V]

S 45 S 3 )093 hasd Cuz dieoacls

Oy sl Glojlwcsls & 525 S 0 4 Sy

Fojlos Y Al aosls g adle 33l ," b
AYAF A0V V0 axio

[1] Soltanzadeh F, Bahrani M, Eslami M. “A Rule-
Based Approach in Converting a Dependency
Parse Tree into Phrase Structure Parse Tree for
Persian”, JSDP. vol. 12 (4), pp. 95-115, 2016.

ol lojlw SOl o ads” o o idep (lins [Y]

g wle Golo LS 03 has iy an )b
AYA0 AYVAYY aans (Y O)I..o.ai: FA o> aools

[2] Dehghan M H, Faili H. “Generating the Persian
Constituency Treebank in an Automatic Convert-
ing Method”, JSDP, vol. 13 (2), pp.121-137,
2016.

o Bho ey o ol iy alS iy, S idy
Lo (= o ys8 50 (B3l p o al e sl oz
abaxlle 5)50 0oyl sl IS Hlgicas wilgs o g 9,00 042
g8l dlie (6l colin 3590 (Jl (0l b 05 13
2] Ghs 5 olins @il 5 dlie ) 5 ool
o) el e o ny Jlal gl sadds 5l eolaul
15 dat onl gly atan JuiSEl Jouz ) ool el
|y Sgnge 11T elyd Sl gy endas Sl s, LS
3hoadaill o oSl (Adigy Jlne jsbimed imd oo (LES
@ (Gl 5 anaib) (5 pliss ol o )sSl

el i Y/IO o3lail

S 325 4 -0
o 3l (S s o)l ey p blie cpl o
Shadly Sibe e o b glp sezae slapk X!
2Ol @S e ped g o )S DLl glojle Joles 4,
iy o QLB spe sln |y Slllal (o)l ol
Joas aelgd 5l glacgame 3l oolaiwl b (hgy cpl jo .0,S
Sy o) slml g 1y L5 50e glojle sla sl
S8 Sy 5 (Fmaly G o s (5,BLS oS oacls
S5l L g 00 jlucaws wilgs go aelsd ol el slosl
Kgh gl il 09290 (slo sl SShes o

Sy Soossy 2 L b el L
Syl B0 b an ) aelsd g Jleel o )b (s
ol oogaeld b ea0,S 2l o bl glejle SOL
|, (Sly SSbhas,e 1AA s b iy, 650 caclsd
Folse Lo aa; cpl o S oo oo T lojle Jolae
At el 8 gy n 3y50 1) psSIl 2B  5e
S CetP) ws Sy ally sloe S aleny 0g7s Al
BNC o RPCIUN Y| R RV COWE S BN ) P Sove
$ly baie 2SSl Joox 5l eolatul jbies ol
JB b ol sl wlg s plsyen; Jlal
y Gile 0920 230 5 o)ls i yo8dl s (slalalle
oacll bl o ) i )68l S e S o S5
Olas bl w38 (o (Shly 65 G Gl o
Slelbl ol381 L g o plol sl)ls oSl ol aS 38,8
Sl 4y g calils (55880 bl (Kl oSl o o
pled pae Ojee 0 (Jlb ol bcdl cavs Gl oo 65U
Olellbl 8929 pac) (Siwsly SSLes 0 )0 pogae 90 leo

Yf ol folabivas Jlo

&


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

Glojlw SLULA HS Ay )l SKuly SSLELA HIHL39A Jadus

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-04 |

- 10.29252/jsdp.14.4.79 ]

http://cs.nyu.edu/cs/projects/proteus/evalb.
[Accessed: 01- Oct- 2017].

[16] Seraji, M., Megyesi, B., & Nivre, .
“Bootstrapping a Persian dependency treebank”.
Linguistic Issues in Language Technology, vol.
7, no. 18, pp 1-10, 2012.

[17] Steedman, M. The syntactic process, vol. 24.
Cambridge: MIT press, 2000.

[18] Wang, Z., & Zong, C. “Phrase structure parsing
with dependency structure”, In Proceedings of
the 23rd International Conference on Computa-
tional Linguistics: Posters, Association for
Computational Linguistics, pp. 1292-1300,
August. 2010.

[19] Xia, F., & Palmer, M. “Converting dependency
structures to phrase structures”, In Proceedings
of the first international conference on Human
language technology research, Association for
Computational Linguistics, pp. 1-5, March.
2001.

[20] Xia, F., Rambow, O., Bhatt, R., Palmer, M., &
Misra Sharma, D. “Towards a multi-representa-
tional treebank”, LOT Occasional Series, vol.
12., pp. 159-170, 2008.

i JoazllE B Sl yes vl

= 9 S| u‘u)..a ;.M' . olLisls )‘ )‘)9l‘n);

R R PT R VR RN EU/J L S SV

Cxlio g pls‘- olKisls )’| (5 a0 u.,}_g

oode can gac fleiea VWAL Lo 5l olasl ais S A5
ORRoh g N A Jerde ol e Jaie oSl
ok ohilon pliml @l 5)se lagh aie) il

5l cesl Osle laol aelbl, alas

pouramini@gmail.com

Olalas 5 gl pode oK g3

N =iy el 5 L asill, ol s

ST ol zsls 5l YVF Jlw o adbl,

o)l oBils 51V Jlo jo plasl el G oy
4 3950 dndl B ¥ il o8l 51V A Jlo yo g oLl
by bl atsy jo al)l owlis )5 S e 35
Ol alg ol T olfils jo Slen cwlisn)by ats, yo |,
oz e 4l ;o WAL Jlo o plagliaile; bl 4 35 5

Yf 2l f oyl \VAP Jlo

[3] Black, Ezra, et al. "A procedure for quantitatively
comparing the syntactic coverage of English
grammars." Speech and Natural Language:
Proceedings of a Workshop Held at Pacific Grove,
California, February 19-22, 1991.

[4] Bhatt, Rajesh, and Fei Xia. "Challenges in
converting between treebanks: a case study from
the hutb." META-RESEARCH Workshop on
Advanced Treebanking. 2012.

[5] Collins, Michael, et al. "A statistical parser for
Czech." Proceedings of the 37th annual meeting
of the Association for Computational Linguistics
on Computational Linguistics. Association for
Computational Linguistics, 1999.

[6] Covington, Michael A. "An empirically motivated
reinterpretation of Dependency Grammar." arXiv
preprint cmp-1g/9404004, 1994.

[7] Ghayoomi, Masood. "Bootstrapping the Develop-
ment of an HPSG-based Treebank for Persian."
Linguistic Issues in Language Techno-logy vol. 7,
no. 1, pp. 1-13.2012.

[8] Ghayoomi, M., & Kuhn, J. “Converting an HPSG-
based Treebank into its Parallel Dependency-
based Treebank”. In LREC, pp. 802-809, 2014.

[9] Kaplan, Ronald M. "The formal architecture of
lexical-functional grammar." Formal issues in
lexical-functional grammar, vol. 47, pp. 7-27,
1995.

[10] Klein, A., “From dependency to constituency:
Automatic generation of Penn Treebank trees
from LFG f-structures”, M.S. Thesis , Univer-
sity of Heidelberg, Germany, 2009.

[11] Marcus, M. P., Marcinkiewicz, M. A., &
Santorini, B. “Building a large annotated corpus
of English: The Penn Treebank”, Computational
linguistics, vol. 19, no. 2, pp 313-330, 1993.

[12] Pollard, Carl, and Ivan A. Sag. Head-driven
phrase structure grammar. University of Chi-
cago Press, 1994.

[13] Rasooli, M. S., Kouhestani, M., & Moloodi, A.
“Development of a Persian syntactic depend-
ency treebank”. In Proceedings of the 2013
Conference of the North American Chapter of
the Association for Computational Linguistics:
Human Language Technologies, pp. 306-314,
2013.

[14] Schabes, Y., Abeille, A., & Joshi, A. K.
“Parsing strategies with 'lexicalized' grammars:
application to tree adjoining grammars”, In
Proceedings of the 12th conference on
Computational linguistics, Association for
Computational Linguistics, vol. 2, pp. 578-583,
1988.

[15] SekineS. & Collins.M. J, The evalb software,
1997. Available:


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 2025-11-04 |

[ DOI: 10.29252/jsdp.14.4.79 ]

Jemamillg 16 o 8 alul oljT ol& s 5l eSSl L5
Ol ool oLl A8le 5550 caass ladie; ol
Lol G5ly (olidline 5 555 SLj g3l (sl
5wl ojle lagl bl glas
M.Ghayoomi@jihcs.ac.ir

355 ol )5 S Hae g ol aiul
Sl FeeelS qwdige alh, o )
S e 5 VWAL Jlo jo 5l olBisls
Ohgd Ald, jo |y 093 o)l wlid,lS
W, Al og el olBisls 3l eoras
o oKl ele Ciia gac gl Sules
)90 (SR laatn) s Colld Jorde Gl e

5l casl Ole lag) asbll, slas

naseri.amine@yahoo.com

Yf ol folabivas Jlo


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

