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Abstract

In this paper, we present a novel
approach using LDA (Latent Dirichlet
Analysis Blei, David, Andrew, Michael,
and Jordan, 2003to analye synonym
groups appearing in fixed frames
containingChinese ¢cativephrasessuch
as fainoun phrasey(/x” i) shangxia/etc.

b i /ohianetc], and to understand noun
meanings related tthe syntactic forms
of locative phrasesWe mappedthe
different noun phrases to thewllocating
synonym groupsbefore we geneated
similarity comparison among different
combinations We colleced locative
phrases usindll monosyllabiclocative
words and 5 locative compound
formation patternfrom Sketch Engine
and we aligned these compoundswith
Chinese Synonym Forest (Methu, &
Gao01983) before clusteringh Hive Plot
(Krzywinski, Birol, Jones,and Marra,
2012)visualizerwas constructed in order
to help understand the relationship of
locative nouns antheir synonym groups.
The results shoad not only the semantic
meaning wihin a locative phrase, but
also the corresponding semantic
meaning amonglocative phrases.

Introduction

Locative phrase express thelocaive and

directional informationin relation toa certain
object or entity.In Chinese, locative phrase

have the folbwing structurg(Li and Thompson,
1989 pp 390:
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zainounphrase~ (locative particlg
@

Within this structurethe locative particlecan be
monosyllalic or disyllabic compounding with
prefixes like y #ndz h @ well as suffigs like
b i ,Uhian, andtéu. (See Table 1).

Many scholars have donesearchon locative
phrases to understand the language context
through frame referencgHsu andTai, 2001;
Liang and Wang 2010) and image schema
(Liang ard Wang 2010;WangandHsieh 2011),

but not on crossomparing the differerbcative
wordswith their suffix/prefix combinations.

Tablel Combinations of Chinese Locative
Nouns

IS - -
Suffix Prefix
\~ blnl ~ LA~ . @l v o~ |m oz~
z shang| z z z Nz mz
v Xxia \ \Y \ Ny my
A qgian | A A A N Ao m
a hou | & a a N & m &
h ay | h h N/A N/A N/A
B you B B N/A N/A N/A
1Y N/A N/A
ewai | e e e N e me
. ddhg | . . . N m,
adx | a & a NG m &
¥ nan Bl Bl v N m
~bn - - - N m-
r néi N/A N/A N/A Ny m
9 zh @n| NA N/A N/A N/A mg

In this study, wecollecteddata fromthe Chinese
Giga-word corpus (Ma, and Huang 2006 in
Sketch Engineto retrievethe combinations of

! Giga-word corpuscontains2466840news
articlesinTai wanos
XIN.
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Chinese locative noswnin Table 1, and we

categorizd eachcompoundnto synonymgroups ‘

according to the categories provided by thg )
Chinese Synonym Forest (Megt. al. 1983) QAO‘QO—"O N O
disregarding the padgf-speech informatiof. o b0 | Zin Wan B n
Then we adaed the LDA (Latent Dirichlet D K

Analysis, Blei,et. al. 2003) methods to clugter Figurel A graphical model representation of the
each synonym group to extract meaningfyeny pirichiet allocation (LDA)(Nodes denote
groups of comblnatlon_eXIS'lng in our _data S€l. random variables: edges denote dependence between
Insteadof a network view, we us Hive Plot andom variables.Shaded nodes denote observed
(Krzywinski, et. al. 2012) to visualize the random variables; unshadedodes denote hidden
comparison result of each locative noumandom variables. The rectangularo x es ar e fdpl a
combination. The graphicaldecomposition of not ati on, 06 whi coh denote repl i
conceptcategoriesn locative phrases, hopefully,
would benefit the anadys of Chinese locative In large corpis experimers, LDA topic model
nouns. can explain why some parts of the data are

similar by obsening different sets ofvarious

w o r dpsobabilities in topics, such as arts,
2 Methodology budgets, children and education word groups

(Blei, et. al., 2003).

2.1 Latent Dirichlet Allocation
The LDA model involves drawing samples from 2.2 Chinese Synonym Forst

El).iric.?)le:. dist_rriﬁytionsthar&d ) fro _dm:JItino(rjnigI The Chinese Synonym Foresbr( Chilin W
istributions 1his MEhod 1S WIGEyUSed 1N 4 e et al,, 1983) is a collection 05300

biomedical studies and can profilegenes . .
(Flaherty, Giaever, Kumm, Jordaand Arkin, Chinese synonyns. In th!s synonym forest,
ynonyms were categorizedinto 3 levels

2005)by considering DNA sequences are simplg’ ) .
)by g g P ierarchical groups The bpp level of this

4-letter combination (AT, G, and C). The . : U
formally probabilistic generative processs nierarchyis the upper concepabeled fran iAo

defined (Blei and Lafferty, 2009) as: to fiLo mcIU(_jl_ng human Obj.e(f‘t time space
1. For each topik, draw a distribution over abstract e_zntltles characterlstlg_ movgn_w(_erﬂ
words . ~ Dir (a) psychological phenomenowrondition activities

d ) relationship auxiliaries, and honorifics (see

2. For each documeiat Appendix ). Within each top level, there are
a) Draw a vector of topic severaimiddle and specificsynonymgroups, and
proportiong, ~ Dir (b). eachone has its own group codepresenting the
b) For each word, hierarcical  information and  synonym
i Draw a topic assignment relatiorship symbols =0 means asemantic

i {1 K) equalgroup f#0 means semantic uaqualbutin
B G the same groupand i@o is a self-enclosedand
. Draw a word independengroup. The extended versioof the

w, , ~ Mult (f ),Wd,il' {1...v} Chinese Synonym Forest by théiT IR Lab
expended theoriginal 3 level hierarchiesto 5,
deletedrarely usage words, anthcludedmodern
words from news corpus. Table Znext page)
shows several examples fromthe extended
version(hereafter Chilin)
In Table 2, we can see that each synonym group

z,, ~ Mult (f,) z

d,i

whereK is aspecified number of topic¥ is the
number of words in vocabularpir(U is a K-
dimensionalDirichlet; Dir(b) is aV-dimensional

Dirichlet, and z,, is thei-th word in thed-th

document has a uniquecode the initial capital letter
represents the tolevel conceptthelast symbol
>The locative suffixes and prefixesealso represents the semantic relationship within a
interfered bythe concept combination in locative synonym group, and thaher letters or numbers
phrasesBecause lack of padf-speech in between represent the position of a word in a

information in Chinessynonymforest, wecard  synonymhierarchy
not create explicit formation for locative phrases.



Table3 Statistics of Collected Data

Table2 Samples oExtendedChineseSynonym ~ bOnl~ “_ A4~ g vz
Forest(The synonym meanings are translated By, gang T 11 788 51 | 1557 | 15559
the authors.) vxa | 6 | 169 | 3 | 8273 7547
Synonym Groups f/lyer;cl’,]rl‘r{;‘ Taan | 3 | 1085 154 | 31618] 1259
Aa01BO3#] L L obedient & hou 9 1028 | 215 | 22051| 3751
civilians Lyl 9 1086 | 97 0 0
Aa01C05@ N students g wai 28 | 1254 | 154 | 4370 | 1918
Bp20BO3=e X K He signboard* . ddhg | 139 33 0 0 424
[BgozBO7H#  * H v sonic wave a X3 147 66 3 0 874
[Bgosro1@ ? fire 4 nan | 118 20 0 0 390
[pdsace= K = X var | prand* o0 | 199 | 78 | 0 0 | 731

This synonym list has two major problems while
applying it in computation algorithm first, 2.4 Clustering using LDA and Hive Plot

e o oo oS e Pusefrs (198L437) pits ou fauch of
meaning; secondbecause Chinese compound%h.e I.eX|caIamb|guny of verbs and_ prepos[tlons is
havemany sense a wordcan be found in many eliminated because the semantic loadspsead
synonym  groups such that K hungzi more evenly throughout the lexicon to the other
: . . lexical categorie® Here, we differentiate
(a_stensked In Tablg 2)originally - means different uses of dcative phrases through
@ignboardof hotebandit alsocommonl_y means observing their groups of nouns in a fixed frame.
darancb_ (a metaphor when referring  to In order to find themeaning corresponding to

Despise th bl i b he locative nounsappearingn the fixed frame
namg. Despise the problems presenting a Ov‘fzéi noun phrase ¥ /X B o shangxidletc.

Ch”(ijr;. is the statef-art collection of synonym bi /Bhianetc] in all combinations in Table 3
wordlist.

above we us@ LDA to clusterin the nouns
appearing in each combinatidy first mapping
eachnounto its synonym grougn Chilin. Before
we usé Chilin, we needed totranslate the

2.3 Statistics of Collected Data

We useé 11 directionalwords z shangv xia,
9 gian, @ hou, / | & wai,. ddhg d x
v nan, ~ b, and 5 prefiedsuffixes b
bith, 5 miant téu ¥ y®, ™ z b oto
collect data fronthe ChineseGiga-word corpus
and the resultof locative nouns disregarding
the presents ofai, can be found iTable3 below
The reason of excluding z u& you , néi,

9 z h @islpcausehese words cannot be found

in all 5 prefixes/suffixes.
Because the Chinese Gigerd corpus is a news

corpus, we found that not all the combination

can be foud. The usage oftéu is significantly

lower than other formations in every locativ
word and statistics showshat the usages of
shang xia, gian, hou, | , Wai asprefixesof b i ,U
as well asd@ n, g nan, bl ias suffixes ofyY
cannotbe found in news cqius. Evendd n, gg

nan,
information are barely found usirigi Esnsuffix.

b i as media addressing directional

original synonym list which is in simplified
Chineseinto traditional encodingln order to
avoid any translation probles) we use
Simplified/Traditional Chinese conversidable
with  maximum matching phrases for the
conversion In our study,in order to rérieve the
patterns in Table 3ye usedzai asa keyword to
locate anyfixed locative phrase Thus, the
pattern we ardooking for is [zai noun phrase
(y /¥ h $hangdxia/etc. b i /onianetc]. To locate
this pattern, we searched for occurrencegaf
within the left window sizeof 3 from all locative
3ompoundsWhenmappingeach compoundnto
the synonym group codesome compounds may

e locaedin morethan onesynonym groupWe
enlisied all synonym group codes before doing

DA process, because LDA topic model
considering eachvocabulary entry (here is

3 Simplified / Traditional Chinese conversion tabtes be
retrievedon Wikipedia source code web site:
http://svn.wikimedia.org/svnroot/mediawiki/trunk/phase3

cludes/ZhConversion.php


http://svn.wikimedia.org/svnroot/mediawiki/trunk/phase3/includes/ZhConversion.php
http://svn.wikimedia.org/svnroot/mediawiki/trunk/phase3/includes/ZhConversion.php

synonym codejo bemultinomial distribution to
eachspecifictopic (seein 2.1). While clustering
eat mapped locative phrassontainingseveral

translated synonym group codes into topics, ea e

topic (or cluster) also presents raultinomial

distribution While clustering we set the

minimumdata seto 5 to filter out xia tou andxg

tou, and commanded LDA to cluster each
locative phrasein to 5 topics with parameters
chunksize at 10% of dataseturing 20 passes

The selected resuglasfollows:

Table4 Selected Results of LDA model at 5
clusters

Cluster for?

#10.166*3Ka + 0.122*1Kc + 0.120*2Kc + 0.082*1Bn +é
#20.250%1-Cb + 0.144*1/Nca + 0.139*1Kd + 0.073*2Cb + é
#30.150*2Kb + 0.141*1Kb + 0.097*3Kb + 0.089*3Di + é
#40.152*1-/Nb + 0.102*2Ka + 0.069*2Gb + 0.064*1/Nab+ é
#50.321*1-Di + 0.134*1-/Nc + 0.130*2Di + 0.098*2.Jd+ é
Cluster for v

#10.167*3Ka + 0.116*2Ka + 0.082*1Di + 0.079*1:-Hi + é
#20.176*1-Kd + 0.141*1Bo + 0.141*2Dn + 0.060*2Kd + é
#30.175%1-Kc + 0.114*3Kd + 0.107*1Bp + 0.078*2Kb + é
#40.149*2Kc + 0.146*1Kb + 0.089*1/Na + 0.057*2Ka + é
#50.155*3Jb + 0.138*2Bn + 0.105*1Bn + 0.089*3Kc + &

nouns, and we analyzed the coefficient within
each generatingroups

filter

[prefix/sufiix]
iE:

i

A

EA

"

s
&

1
4
i

Using Filter.. Showing 852 relationships among §8 concept

Figure 2 The Hive Plot viewer for Locative
Clusters Red Single links from psychologcal
activitiesto bilh, téu, andmian

In Figure 2, we ugkthe Hive Plot tointegrate
information of LDA clusters and Chilin
hierarchy within an interactive diagramfor 5

LDA creates 5 clusters according to thdatterns of locave noun formatioa The upper
percentage ofthe existing synonym groups left drop-down bar shows thsel_ect fgn(_:tlonand
Because all information, including parts ofthe bottom text providethe basicstatisticsof the

speech, were inputted into LDA, & part of current diagram.There_ are 3 axesn each
speech is considered more prominent by LDA (42gram the upward axis is the pattern we dise
in 0.152*1-/Nb above where the initial is markedn LDA (the top two nodes areggixes and the
with a /o), the part of speech will be listed aé_ast three are suffixesjhe right-downward axis

one of the most important features of a particul
cluster. The elements without tli#d represent
the Chilin synonym group codes.

However, heresults in Tablel arehard tous to
recognize the pattesnof correlation between
synonym groups angars of speech inocative
nouns. Therefore we adaetl the Hive Plot
(Krzywinski, et al, 2012) method to costruct a
network viewer for comparisonby using each
coefficient weight larger than 0.08-igure 2).
Furthermore, we alsmcorporatedhe synonym
groupoccurring frequency intahe Hive Plot
diagram if this occurring frequencyratio is
higher than 0.005 ithin each patternAs the
occurring frequency representdshe most
prominent patternn eachlocative phrasethe
LDA topic coefficients are able toshow the
significant difference among topicswith each
locative prefix/suffix formation

In our study, weused GENSIMi{ e h T & k bilh, and

Sojka 2010) library to perform the LDA
clustering of the essential synonym groups

appearing in different formations of locative

48 the mapped (subpynonym groups(green

nodesf or P.O.S tag(pink nodes)in the LDA
topicsor high occurringrequency nodesand the
left-downward axis is the uppével synonym
groups(red nodesiand the initialletter of P.O.S
tags (the coarse categories @Ng /G etc.)
(brown nodes) corresponding to thenodes
locating inright-downward axis.

Each node irthe upward axigepresents single
LDA clustering processg, which processs all
locative nouns matchinthe node labele.g., all
patterns containindpiCh) , and the links(grey)
represent theggregatedoefficient (weighting
of each clustered topicWhile uses put the
mouse on any node, the ovayer will showthe
information about the mous®s/er node including
the meaning othe node andhe targetnodes it
links to. In Figure 2, currently it shows the
psycholoy »  hasthreelinkstoward to  tou,
mian, as well aone link toward

4 Subsynonym groups refer to the lower subordinate
synonym groups under each synonym group in Chilin.



psychologicalactivities . The linkage In Figure3, we can sed¢ime/spaceand abstract
represents a general idea of common usag#tity are all connect to every prefixes and
(occurring frequencyyvhich LDA clustersregard  suffixes andfitoward ta illustrate the links from

as significant difference among topics fthis 3 the node which your mouse pointing on to-sub
patterns of locative noun formatian categories, and theop-ward dimension is the
nodes ofprefixes and stikes which can be

3 Results compounded witHocative nouns(z shangv
xia, ¥ qgian, @ hou, / | & wai,.. d¢hg d
3.1 PrefixedSuffixesof Locative Nouns xQ ¥ nan, - bN), such agiz  o(shangmian),

In order to understand the locative phrases, it f"d1" v oy ¥a).
necessary to provide some of the meanings of the ] ) ) ]
prefixes/suffixes in this sectiorNoun phrases When expressing location information  dfie
are appearing in the fixed framezdi~ (yYz h ¢ Synonym groupobject (in Figure 4) the data
shangxid/etc. b i /Giianetc] may occur withs ~ Showed thanouns compounding withll prefix
prefixedsuffixes b biCh, & mian paterns b|u_1, mian, téu) andthe suffix pattern
tou, ¥ y®, m z b Q Each prefix/suffixword of y \ére'5|g~nlf|ca}nt,~ becau‘sethesei pljysmal
. - . . features likefiedg®, fisurfac®, and fitopd can
has its specific meaning according to

http:/iwww.zdic.net/ Bith me a redge, fargin, only be found irthe physicalexistenceof objects.

ide. bordey. mian meansiface: surface: plan _And the connection ot hi$ not presenting in
side, bordes, mian meansiiace, surtace, piane, g ure 4, becauFe:Jf less frequent and not

?ldie,r dslrrler'mo%t;;u];%izgsn hn?eaadn’ S t Oojgnifica fﬁ LA cgjstersSimilar toobjectthe
t h ,%y : Y a6 yrony .d?o%pEaﬁe characteristis isanupper

erelore, consi, 2 ﬁ)up of sﬂapeoabp aerarlac olorftaste for
meansfimar ks preceding pRIGRF Conas I o haiule® mord
following phraselt,_ himher , t h.eWh_en ir§umita91<9es and othersfor abstracteverts.
these prefirdsuffixes form compound with Therefore, all prefix patterns iCh, mian tou)

locative wordssuch aszdi, they can be usgto can be use while expressing the locative

describethe locative information otime/space . . ; .
i ' informationrelated tophysicalobjecs. As to the
andabstract entity(Figure 3) as well asobject prefix formation ofz h i§ usually modifies the

andcharacteristicgFigure 4) for example. features of abstraatvens. More examples like

humanandmovemenére presenting in Figure 5.

88 This m:;:le is HhgE i A Al
This node is Refg#mzRa toward to: 205 - B, HEEE, BGR, #E - ¥ Vel f 3
R toward to: KRS, 2R, Br, 3o, @, M - WOk, =N ;| /
N as well as to: 22, BA, 38, @ as well as to: 2z, P\, 38, . 96
Figure3 PrefixegsuffixesConnected tdhe N )\\ ‘( M\G
. This node is
SynonymGroups oftime/spaceandabstract woward to: 74, B, B toward to; PRAFFE,

as well as to: Bl, W, B as well as to: &

entity.

Figure5 Connections ohumanandmovements

When referringto directional information about
human linkage tosubsynonym (green nodes)
groups such asoccupationor social positions
(labors, land lord, loyal families and etc.)were

(

This node is ¥ L, N
B cowers oo k. ke, M, B9 - Stk . seen. @taalsoshowthatonly y ,You, andmian
B, 5Py, BH, =& HE BE &9, 8- This node is &% . . . .
i - #i, coward to: T, 8k, arefound incorpora Considering the meaning of

as well as to: By, ¥, /i, 98 aswellas to: 2, 8. .9 @| tQ andm|an, it i s cl ear to

Figure4 Connections obbjectand sensesf human Another interesting finding is
characteristictoward to prefix/suffix axis. the linkage of activities to head movements

f

nd


http://www.zdic.net/

(kissing, blinking, listeningbiting € and c.)
andto mian

3.2 Directional Words

In this section we analyzel 11 directional words
(excludingz u, You, néi, z h Gutgncluding two
forms of / | ;¥f. Table 1) and wealsousel

the same setting in 3.Qusing LDA model to
create 5-topic clustes and combining most
frequent synonym growgo plot Hive diagram)
After mapping all noun phrasesnto Chilin

synonym groups, we ude Hive Plot for
interactive investigaton and we enligd the

selected results in Figufe

This node is BLfkGUKE
= toward to: 5%, SR, MERE, £MBK, H
A%k, ®ik,

as well as to: &, F, B, o, &, %, % %%%b

@)

(@

(b)

N
D\
\\

A,

©

O DD DI i D Ot T-PoE O D2

f)(
Figure6 Results oftcomparingdirectionalwords
(a) focugson phenomenosondition (b)

focuseson psycholog; (c) focugsonhuman (e)

focusesonappearancg(f) focusesonsin
activities

In Figure 6, we show differences when
comparing directional words in the LDA resjlt
We selead some interesting patternsfor
discussion, as follows. in Figure 6(a),
phenomenoitondition (including subsynonym
groups)is not conneatd to dZhg, xi, nan, bi,
becauset is awkwardto address any direction of
a phenomenoror conditig in (b), psycholoy
nouns exclusively use/ | ¥nde wai, such
asfa 0 (discover something inside..)
andfid x 0 ™ e o (besides supporting)n (),
humannours onlyshowthe usage off qian fid

L m 4 d(before citizens)In Figure6(e), if we
obsenred the nodes orthe right-downward axis,
we can find even more interesting usagd
directional nounsFor exampleonly ¥ gian and

& hou, such asfid = ™ 4 o (before event
clear) andfida = m ¢ &after event clear;an
be addressingppearancgsubsynonym groups
areless fertile, bare dense sparse and etc.), as
well as the only usage «fin activitiesand|,Y
such asfia n 2 0 (in offences
ordinancg, can be found in nevs corpora.
Unfortunately, we camot enlist all 1,509
relationships among 104 concept Hive Plot of
all directional wordsThe above are just some
interesting observations.

3.3 Combination of Directional Words and
Patterns

It is possible to dig ineach fomation of
directional word and  prefiedsuffixes
combination We usel the same method to create



Hive Plot for each directional wordand

prefix/suffix formation patternWe combinedall

statisti@al results of LDA and the occurring

frequencyof synonym grops using the same
directional word. Similarly, in this paper,we

justselecedsome finding for discussion

(A) Time/space

In Chilin synonym groupstime/spaceis the
upperlevel groups oftime (its subsynonym
groups including A.D., B.C, end of year, fou
s e a s and ®té.)and space(its subsynonym
groups including:position, direction, neighber
hood, surrounding etc.) Our datashowed very
interesting results while compariegch opposite
direction in pais (Figure 8)

In Figure7(a), we canseeshangis used inthe
suffix patterns £ hajdy Yandxia is usedwith
the prefix bilh and suffixy .Yif we consider the
semantic senses @ith i iedge, ma r
b or dexample likeRhd /7 v 0 (To the
following), it seems thatxia bith shows a
distancecloser to an observed painOn the
contrary, when addressirghang data showed
that most usesignored the distance with
regarding to the observation poiht.addition in
(b), we can se¢ ahdwai are totally different.
When expresag time/spacan wai, just like all
other directional noungjién, hou, dd n, g3 nan,
bN)i they are connected to every prefix/suffi)
pattern. As tol, Yho matterits subsynonym
groups ardime or space we can find only one
linkage to mian which meansii f a c e ;
plan e ; si de, suchiaside nsi ono
(during that time)

This node is BE R

toward to: KRy, 2=,

as well as to: F, Filh, BT
N

(a) focugsontime/spaceand comparinghang xia

This node is FE G2
toward to: Frf, 20,
aswellas to: |k, 2k, Bk

This node is ByRgAIZRE
toward to: By, =M
ell as to: 28k, DSk, S, SMB, ShiE ﬂ-ﬁ

This node is RERAIZERY
toward to: BeRd, 2Rl
vell a5 to: 3¢, 3EH

(b) focuses on time/spaceand comparing érﬁc
wai

Figure7 comparingime/spacen pairsof
directionalwords with opposite meanings

(B) Psychology

In Chilin, psychologyhasonly two subsynonym
gEPuUPA, psychqlogical, activities and psycho
logical status However we can only found
psychological activitiess connectedn collected
corpora.In Figure 2,we found thatnouns in
psychologysynonym group are usually used
with bilh, téuy andmian, and wecould only find
5 linked grapk in every locative noun and
pattern combinatio(Figure8).
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