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Does Dependency Distance Distribute Regularly?
Lu Qian Liu Haitao

(School of International Studies, Zhejiang University , Hangzhou 310058, China)

Abstract; Universal properties of languages have always been important in traditional linguistics
study. In recent years, studies have increasingly presented a trend which integrates multiple
disciplines and methods, e. g. cognitive science, network science, big data analysis and
quantitative techniques. So far, results of the survey on large-scale cross-language materials have
indicated that human languages have a tendency toward dependency distance minimization. This
tendency suggests that, although human languages differ in pronunciation, vocabulary and
grammar, etc. , their syntax may be bound by universal mechanisms, and their evolution may
also have a universal model.

Dependency distance, which is defined as the linear distance between two words which are
syntactically related, can reflect the comprehension difficulty of syntactic structure. Therefore,

the dependency distance minimization is considered as resulting from cognitive mechanism and the
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effect of "the principle of least effort” on syntactic structure. It also proves that humans prefer to
avoid the use of long-distance dependencies to reduce cognitive cost. As a result, dependency
distance distribution may present a certain pattern. Revealing this pattern will help us understand
how human cognitive mechanism works on syntactic structure.

But the question is which of the probability distributions can fit the pattern of dependency
distance distribution more properly — the power law distribution or the exponential distribution?
To find out the answer, this paper uses the following methods and materials to analyze
dependency distance distribution: 1) Complementary Cumulative Distribution Function (CCDF)
is used to smooth data, to avoid statistical fluctuation, and to lower fitting error; 2) Maximum
likelihood estimation and likelihood ratio test are used to fit and compare five kinds of "heavy tail”
distribution, including exponential and power law; 3) HamleDT 2. 0 dependence treebank is
adopted, especially for language materials which are annotated with Prague Dependencies
Scheme, because this annotation scheme is most similar to the traditional dependency grammar,
and more helpful to find the rules of language structure.

With these methods and materials, this research analyzes dependency treebanks of 30
languages, and summarises the following findings: 1) Complementary Cumulative Distribution
indicates that distribution of dependency distance in human languages proved has certain
regularity; 2) for the majority of 30 languages, the distribution of dependency distance conforms
to certain models, namely, Stretched Exponential Distribution (SED) for "short sentences” and
Truncated Power Law Distribution ( TPLD) for ”"long sentences;” 3) although dependency
distance distribution patterns differ among languages, they all fit, in essence, to a mixed
exponential and power law distribution; 4) the debate over exponential distribution and power
law distribution might mainly be caused by different fitting methods, different languages,
different sentences length and text size, etc. The findings of this research will help us better
understand the nature of the dependency distance minimization. It may also reveal that the
dependency distance in human languages may abide by a certain universal distribution pattern. At
the same time, the findings may contribute significantly to constructing the syntactical synergetic
subsystem in the framework of dependency grammar.

Key words: dependency distance; dependency distance distribution; power law; dependency treebank;

cognitive mechanism; language structure
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@ N. A. Smith & J. Eisner,” Annealing Structural Bias in Multilingual Weighted Grammar Induction,” in Proceedings of the
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El 1 &4 F“1 like red apples” BUMKAEH , Horp “like” &0 FHIAR , 1) F N 7 M P, 4
A ZAAT R R s like — T7IB B9 35 € R (SBV) ., “like — apples” JE W19 8l 75 & &
(VOB) ,“apples = red”TE A E P R (ATT), b TEAH S FR il 5 ia) sl A0 5 I T, 80 BR LA
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SBV ATT

I like red apples
N \Y ADIJ N

1 A]F“I like red apples” B {&k 75 #F
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p(2)=Pr(X =)= Cr* 2)
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EFE T8 85 A (Exponential Distribution, ED) , B4 & B W1 BYHE R 25 4 ok %L .
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TLED SAMNY AT i PLD Wy — 4% B4 3 A~ bR B o300 5 4 P ke 4G 50 25040 2 A5 il DA RE A G
o AR, TR SRR AN R LT S A SR B L 3R I O K AE BE S 40 A DR 7E R i AR
oo RTWAXFIL A TR 22, — T B A BB A BB E (Complementary Cumulative Distribution
Function, CCDF) 15 £ 4 * Lix & o PLD A9 BEL A5 8% IR N T A, IR iR B &
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@ ]. Hajic, J. Panevova &. E. Hajicova et al. ,"Prague Dependency Treebank 2.0,” CD-ROM, Linguistic Data Consortium.
L.DC Catalog No. : LDC2006T01, ISBN 1-58563-370-4, Philadelphia, 2006.



68

T 2 2 4 NSO 2R 5

5 46 &

elements) AL BE . & AT] 32 Hh SUTE o P o L B b o A0 28 5 [ 1 AR L AP IR 5 R R b Ak 27 S

(2) o CAREA 2 v i ) 5 v B ) 5 R AT JC 18] B 19 2 1 5 LA A BE T iR 2%

& 2 HamleDT 2. 0 /R EF 1 BE 1 30 #iEF MHEXEIRSR T

BE IR/ IR RESEORS R 45

Bl R AH 35 Car) 277 423 7 547 36.76 i) WRAE LK
P A W3 (bg) 196 151 13 221 14. 84 RE 5 E SRy
i N $1 3 (bn) 7 252 1129 6. 42 — A7 L5
JNZZ R W iE (ca) 443 317 14 924 29. 70 ] FiB L
HETEIE (es) 1503 738 87 913 17.10 i) AT 251
P} % 1 (da) 100 238 5512 18.19 2 WRAT 25 4
f#i# (de) 680 710 38 020 17. 90 H E B
7 i CeD 70 223 2 902 24. 20 R WA
HLif (en) 451 576 18 791 24.03 e FEIE S5
PUPEF i Ces) 477 810 15 984 29. 89 el S B S5
Z Ve Wi (et) 9 491 1315 7.22 N I 1B G Hk
3 50 1 Cew) 151 604 11 226 13.50 RA KA S5 K
s (fa) 189 572 12 455 15. 22 i AT 551

ES 16 58 576 4307 13. 60 RE WRAF L5
o 7 M 1 (gre) 308 882 21 160 14. 60 BE WRAF L5
EN 38 Chi) 294 509 13 274 22.19 — KAF 554
) 2 FliE (hu) 139 143 6 424 21. 66 boas SIS
HRAE GO 76 295 3359 22.71 RE W AT 451
Hi# Ga) 157 172 17 753 8.85 24 KA 55K
LT3 () 53 143 3473 15. 30 e WRAF 251
fif 22 18 (nD) 200 654 13 735 14. 61 SH e FoRrEa |
% 7T (po 212 545 9 359 22.71 3w i) TR
% O J¢ Wik (ro) 36 150 4 042 8. 94 ] AT L5
i (ru) 497 465 34 895 14. 26 RE WRAT L5
Wi AR T IE (sk) 901 298 57 435 15. 69 RE WRAF L5
9% 3CJE Wi (sD 35 140 1936 18.15 N KA S5+
Fif 175 (sv) 197 123 11 431 17. 24 BA SIS
FAKIRIE (ta) 9 581 600 15. 97 e W A7 45 7y
7% F5 [ 15 (te) 5722 1 450 3.95 — AT 251
+HHIE () 69 695 5935 11. 74 RE WRAF 251

TE <M L EDHB I | 28 5T [ R AR



5 43 Ffi T X . ARATBE A A ML 7 69

ZVERGH®

(—) IRFEBESMAE

AT BIGETE T 30 Fhift & ARy 20 B9 1 BOARAE s AR A D S5 SR AR 2 P s (G
T — SRR R — IR L 25 BRI T A O 11 AT

10" p=

10"E

p(X=x)

10-5 ! 1 1 | 1 1 1 L
10° 10'
rank of DD

2 0MIBESARKANKEFESERSAE

P 2 rp 2 PR AT B8 A 2 SUR RO AR A1 B0 47 A T8 R 78 B R AR 2 M — X B AR AR T 1Y
L. FEXOS BB AR T AR A FE B A/ F 10 B, HoA A 0 B4R KT 10 S5, AR BT 45 A i
2. MAELME X ECBFR T MK O 1 2 10 5, B 2y B R R ih kL 88 5 B LT
B, K2 30 il B I R o0 A Ha 3AT 308 Al A L 33k D8 WA B S oy A BT — E O ML

(Z) kFEBES SR

2 B T MRAEIE B 0 A R L (R T R RE U6 B LA & BB R 4> A A5 A . 55 A RS I 7E O
BARAR T PLD B —4&KHZ . ED & — M4k Mige et — XF Bk An B & FIIE IE M . K 2 ok
B ARAFIE B A A4 A S0 b 42 2 A HL 4 iU A AR FRATTIA N . T LKA R (L8R A T
LR LA 56 5] A B BE RIS Hr 3k . Ferrer-i-Cancho 28 A 38 . A BEFH A 6] A K IR 44 14 /) &5 3k
TIF 58 AR A BE 25 43 A B R 304 ST A 1 19 4 A B 78 mT e SR AN [) g K 18 4 A S AR 1 8 ™ . 3 5
FELRI RGP A OB 2 CRE e A K ) ) RN R A COR TR) A KR A ) 48) T BE A7 7F 25
SR AR SCHE A KRR HamleDT 2.0 A7 PE 3R 30 Ff 5 A0 HEOREIEAT 926 SRR WO #F
B, P R S ) K ) B A I B R AT AN . O T RIS B 2 R A R TR AT SR T
ATV PR R e ) K R0 43 9 BCR B T 30 YA TR S . AT EE AN IE 3 R .

3R T WIRA Jr Z a5 F LA SRR AR 1 20 N KS K50 AT IR A 5 18 i M 1
G BARAT IR B Ay A B AR LAk . B EZE /R T PLD A1 ED, TPLD Ml SED By X 255, mT LA



70

LI 2 OSSR D

5 46 &

A A TFIR AR HEAT LB X AR o, PLD Al TPLD #0058 80 i RCR TE 43X 1 B
M AE A R A Y B0 T A 4 B T A 20 A1 B LR AT 22 1Y

—— RN FEE>30) -m-PLD vs ED(X,,,=1) ~&-TPLD vs SED(X,,,=1)
-9--PLD vs ED(X,, AEfE) —%TPLD vs SED(X,, A&{i{EH)
707
60
50t
. 40t
30t "/
20f 14 o X .
| . (ol 3
s —men B ' 4 3 AT ,
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Pl ORI BE PT T A B 0N B D S O B0 R ROH B e d) %MK 7 M E 3 2 L
MMM BREEZER BRI B ZAMF RIBET 4G HBAKRSH
PR} PEE EF FRRBEBEBARN BEFE KXEREHE
wOLiE e il E w iR E B W EEIE
wOE iH wOE
iH iH
Language

=

B3 30 fiES

=1

P 3 0 A7 B 8 500 2 47 79 2 A A 2 4

I Hiok

S

HMEEESARKHIXE

SRATHLIG R 3 4 2K 05K 3 R .

*3 ZHEBEUNAKTFEBSGERIEEITE

e R

PLD vs. ED

Tmin W AL AE

i G WAL

PLD vs. TPLD

Zoin = 1

8 SED #{ LND TPLD vs. SED

C2

C3

C4

(GENR (NI USRI A=) |

B 37 AF ¥ L A% 0 R 0 1, i ZR

R BB RBWIE R S —R.p~0  —R BRI B I 2 0 g
- B B DS 7 LB U LT i
. 5 i 0 T A W OF L A KA
e BB R R L R B R
IR VL R R BGE. —R.p~0 R SR 1 9 3 BT K
FHIR I+ FILE IR+ R
Hish —R S — —R, p=0 —R B SO Wih, H B, BT
i —RSi+R SRop~0  —REGER 0 R U R
HisH R IR SRR om0 R — N
S R B kR E, BB T R, p0 R o MR LR A IS, HOE
i 07 9 S JE T
WM —R BRI, F M. %E —R.p~0  —R T vb BT i B 22 5
F# —R 4 ~R.p~0 R [ 35

Kl 3 FIEE 3 i ST EE m B A48 R T LR LA
(DX RZEGEF M AT B9 5 — B TE VR AR S #1838 A [ ) K i) A R 8 0 A s IR O o)
7 9 AL ) 18 /) A ) AR A L 8 A B 1) 3 D 7 i /) K B R i (R ) 4 /g 4 ) ] i 1)
T PLD,



5 43 B BT KUE . KA BE A A LD 7 71

(X KRZHOIEF M 78 PLD 5 HABB AR X e, an NEABEM 20, A 1 FHFAIEF,
ISRt R 4R 2800 (. F B p 3l 0. 00, X ULB] TPLD.SED 1 LND %54 A4S e PLD 4
BRRAT .

() RZHGHEF MG SRR, TPLD R 15 A 8K A 19 4] B2 AR A7 10 25 43 A o T 458 /) 114 /)
S B 5E A H SED #EAT 4

(DY x NEACIER, 5 PLD AL, A 7 FiE 5 56 i 1m T ED.{H#5 L) TPLD 5 SED #l &
Kol MAA 25 2238 P T 18 L5 e T SED; i 24 2., 9 1 B A 4 FiE S 44 SED, 75 AR X
o1 450 1) D PR R g BB AR () 5 BBORE AR 40045 A7 B 8 AR RICR 45 AN R T

B) T MALTE (VD Je Wil M2 5 G X = FiE 50 5 MHEXIER LT ES . XRAENE S
M ED 5 SED #38 , {0 T3k JURE F iR S, BT LY AT F A ) 40 KT 30
(4] T SR 5 KATRAL LY Ry 10, R I TG 3 JA0 W7 3¢ 4K 4] 355 A WO ol 0 A1 A TR

ZE LA E W IKFEEE AN T ED M1 PLD Z 6, 3¢ H 5 ED fil PLD # tb, SED #1
TPLD 3 G404 R a7 5 KA I RAF BB 0 A . U Y 20 N 1L REZHOE FER K AN T
10 B, SED #5847 s KT 10 J5 ., TPLD L& 845 .

(Z) ARESKRFEBSHEARE

B SCHBIEFE  FRATTHGE R [ 5 KA IR B o fi R AP fE 22 5. RERIME . RZHEF
R [R]a) K f9 A) F I 3 P B — R T B2 ] SED A1 TPLD 3 79 F 43 7 455760 Sk 4% 34, FL W 3 36 34
P AR X AR AR A . HAh, — 2B F LA 45 R 8 2 Mim T SED. REE K, FR1E LT
VLR AR 5 R G0 A e H A AN R B 28 4 A B A0 (R S S0 JF AR an k. SEBR b R & SED i
J& TPLD, # BE 45 5 4 #4005 2SR RAT R I9TR & o0 A B A

T X AR A B 2 XORE . TPLD ME =R % i R B0 7 e A 43 A oA KIS T 7 20 b fin
R B U T DR AR A3 A i S A B DX I R R AT A R R AR AT R B A
SED R AR .S H BT 1 0, REUE N ED, MM B 5 /0T 1 B A8 15 B m A s R A4
AL JEH RS BN A S A BR B AR T T PLD. H 33X 6 20 A AR 5 AT B A 280, R I E
% Lt PLD B2 47 X — S R RUR AT N B R AT iR . RO FRATLAER 3 oY 2 b 1 BHKAERE
B A fwia F SED B R E T R ULH] SED 5 ED A1 PLD B X &,

FATGE T8 L H I A B 0 25 S 0 DU R S AR B 4 A L 24 LA SED LG B S
B p AR AR AL F AN 1 4 B . B4 BERT L s A S TE R A IS IR 620, HIESH 4
B, 280 p R T 1, ANkt SED R TIKAAEE B /A Bl ED W15 00 ; B & A1 35 m . 241 g &
Wi/ SED IR HCR IR A /00 . X — s 78/ Ui B R R A Ok N S R R 4
A BT L 25 il TR A A AT AR R EL A S R ) R R A [ A L BRI AE R B 4 A B ) 1 n
2 H8 B0 A W ) R A . B 4 L IRATTIE R B H B 5 55 4 =Rk 5 A K Y
K.SHE WA LEEZERER, XFMRAEESEFT PR AL(HEFHNKA N 9,5
T A M A MR 0 R 24 .24 . 15) , BT R IR A 56 IR A TR 5 SCig .

HKNEF ZEMEE T AORE . ATHWIFR R, K2 805 7 5% ) A 5 AR AE 1B B 4 fi
S — AL ED AL 33 — a5 AT A S5 RO i DR AT 30 R L (R A 8 KB B AR A G R
HE B AR SR AN T3 KL 0 T AR G0 I ) VR B 2 R R T R R A s S G R K R AR AR R
A ED, AR5 ED WCSGHE BT PLD 13X — R B0 5T, BT LLHE W, 1 A o A /MK A7 BE B3 09 5 L
AR o T KA B B3 0 o be 2R R I, X AT B T30 35 2R e MR A I B 1) e /N Ak 8 T eI )
Stk A5 BE I B MK B i R AE RO AR B, OF AP E s 2 KAKFE R, SLhr iR



72 LI 2 OSSR D %46 &

H A A I I — 5 T B SR AMAF B B 1 B8 LA ) T o5 e X 28 5 — O T S T R SS I Y
UG S A s o0 UM A — E B R AT DG AR R I A U 2 AR N L A — Bl A Ol &
Ger U A b SR IR YR 2 R ¢ — O T AR A B A A T S 3 A A BDOR [RAR A
PR Y 7 LA 22 80K 5 O3 — T T e KA JEE 3 45 /IR BB TP 45 T A R B R ARAF G R B b T . Xl &
BT AE R AT IS A 4 S B — AR T R Y LR TR R BN AR BT R R B XA AR
AT RLAT TPLD AT B0 a4 o o 58 70 U W1 1< ) A7 2 e /N A T 8 T BE AR B T8 35 1 Ol — i
& AR GE 4 A

25
- il
207 -~-HiE
; - FT i
1.5 -\ __O__ 25 ﬂ‘_‘ﬁ
Q kkg\gu AT
1oF &&ag
)N B0 8800800000a0005 00000 0u00
A
ABAANAD AN DA AL i ]
0.0 L IIIIAII14IAII#A%QIA%#L}*%QAI%*AAIQ_AI‘%é#éI|||l|||||||

1
4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
SL

B4 HERBEFHENERBESED FSH pBAKTUMBESE
Zi LB, JATTAT LAIA Dy 30 i 5 AT B R O3 A AT AT DL S A RO & R 23 A BERLDR
ik .

() SR AR S EHNERE

MG A SCAIE Y FATT e B 3 J0 Y AR A R 2 20 A BIF 50 0 Y 2 B LR =5, B 58 il T3 i
72 0] B8t BT 3 A1 04 JR) PR AN SOAH DG AU T BT A AOKS i AR XE X 73 PLD 1A AR 3T 73 A1 2
] 22 5% . Bilan, XU PLD $L4 DUE (AR A7 BE B 43 AL 9% 5 BH 5 00 1 5 48 F PLD A ED $8
B YLD PP E T (LOISL<30) ™ L4 45 JUHR B A 0w 1 D 2 2850 (B8R T 3w/ — 3 vk % 1 PLD
IV Al AR R 2 ] B 22 5 2 HL A TROYE A2 5 i Ferrer-i-Cancho D2 78 £ M — X 80 A bk F 38 5 W28 4
A i 2R AR R R ke S A R 2K S T, R R TRD I ) K R SR S RS A A TR 1 i R R
HEAE M, Ferrer-i-Cancho i IV ERIES LR WiE (SL=6,9) M{ETEIE (SL=12,18) F i i&
HW R K AT ARRER R B SR IETE 311 AKX L FESIETE 321 A
DX T A R B Ry 4 B0 A 1A Al g U SR B SR A . X U AR A B B 43 A B A
FIRAE— R BRI 7oA AR BRI . S B TR AR BE B 40 A 2 — Fh s ORI IR A
FOREAY, PR ED Fl PLD 78— & F2 B2 B AR A0 M I 88 20 A B 7 23 e s AT 1 il L X il it 3
AT NS B 5 2085 RV A I 15 3 A1 26 OB P O T80 AT 93 BT o A" R e K R JBE e 4 33X o 43 B

BE AN, RN DL 5 AN DU AR T Oy SRR T T A 48 5 AR AH SRR A2 56 R Ar A R B TE DL
WAFRE PE P ARAEBE B R 1 A R R LB K. 2928 47. 9% —56. 6%, (EABAE SCH IR A IRAH
ZEAR AR SBMAT- OC F vh AN R AR A I 2 14 A7 175 000 o PTG 0 590 TG 126 4 0 M 73 HE 7 L 5 190 ABE 3 0 A A
B, ARSCHE BB b RARAE IR 25 03 A O T 0 — DR 0 Ak A B T SE R 25 48 75 AR A BE 25 e /M 1Y
.

TR R AR SO RA I X PLD L5 0 (p B B9 118 . Clauset 5582 7] LR H]



5 43 B BT KU KA BE A A LD 7 73

F1 %% (bootstrapping) Al KS K 50 7158 PLD A 00 B HAZ IR A G A i e ) K 1 R A7 B
BN AR R A LA 45 . R SR A A B A AP 0 1B e /N (AR SCAF 98 19 ) F B KA K Ol 62) , 7 ) F
AR H PE R AN DL R S ARAF B B AT R 43 A 7 [ 22 19 J000 6 5 X 38 P9 3K 4 24 80K T B (i AU
HZ B AR, AR SHLMSEPR I p RN, UL, a3 TF 55 2 A5 7 2 [] A (4R L L 3R BRI & 2 2R
B AR, T BB S Y T E A B B 43 A BIF S v R T A T R B — R R A B T

() MRFELWIENKREFERES T —N RSN

T M R IR AT AR S R R LLR 3 C1 R IIE F MBS e Wik AR A
V) 3R AT O T AT BB 0 A B BIE S L BE 3 PLD 55 ED K AR 22 [8] (4 22 52 P4 A, Ik 4 B

x4 MEFRTIERFEESSERMAERIIER (ru. ARME)

PLD vs. ED PLD vs. SED PLD vs. TPLD PLD vs. LND TPLD vs. SED

GIFS Zmin

R p R P R p R P R P
3 1 —10.74 0.00" —26.88 0.00" —8.92 0.00° —26.88 0.00° —2.37 0.02"
4 2 —9.67 0.007 —12.39 0.00° —7.20 0.007 —12.39 0.007 —2.78 0.01°
5 3 —5.95 0.00"  —6.23 0.00" —4.72 0.01°"  —6.23 0.007 —2.23 0.03"
6 2 —7.51 0.00" —6.56 0.00° —7.54 0.00 —6.12 0.00" —0.95 0.34
7 4 —4.20 0.007" —3.25 0.007 —3.70 0.04" —3.03 0.00" —0.89 0.37
8 5 —1.54 0.12 —1.69 0.09 —1.42 0.12 —1.47 0.14 —0.20 0.84
9 2 —8.41 0.00" —8.93 0.00" —12.53 0.00" —8.47 0.00"  —0.81 0.42
10 8 —0.97 0.33 —5.50 0.00" — — —5.50 0.00" — —
11 8 —1.42 0.16 —1.68 0.09 — — —1.56 0.12 — —
12 9 —2.26 0.027" —2.55 0.01°" — — —2.55 0.01" — —
13 10 —0.95 0.34 —2.57 0.01" —2.57 0.01"
14 2 —2.28 0.027 —11.14 0.007 —12.78 0.007 —10.69 0.00" 8.60 0.00"
15 10 —4.05 0.00" —1.51 0.13 —3.97 0.14 —1.52 0.13 —1.01 0.31
16—19 2 0.95 0.36 —11.58 0.00° —13.52 0.00° —11.09 0.00" 10.04  0.00"
20—28 2 6.57 0.00° —12.10 0.00" —12.60 0.00" 13.84 0.00" 13.83  0.00°
29 15 —0.83 0.00"  —0.95 0.34 —1.05 0.19 —0.92 0.36 0.28 0.78
30—62 2 10.63 0.00" —7.21 0.007  —9.91 0.00" —7.01 0.00" 10.97  0.007"
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R P R b R p
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22 1 —5.95 0.55 —R 0. 00" 12—15 1.35 0.28
23 1 —7.51 0. 86 —R 0. 00" 16 —0.12  0.90
24—62 1 9. 32 0.00" —R 0.00" 17—62 3.06  0.007 (72%)
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