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Abstract

To be unamlguous abat a Chines
geogrphic nane reresenied in English text
as Pinyin, one needso recover the name 1
Chines charactersWe preent our aproad
to this backtranditeration problem based on
proceses such asbilingual geographic name
lookup, name ®gggesion usng place name
character and pair frequencies and
confirmation via a o©llection of mondingual
namesor the WWW. Evaluaion dhows that
about48% to 72% of the carect namescan
be receoered aghe top canddak, and82%to
86% within top tn, depending on the
proceses empbyed.

1 I ntroduction

Names referring to ertities aan be ambiguows becaise
different ertities may have beengiven the same name.
When one ertounters foreign place @ames within
English texts, further complication aises becaise the
English alphaket may not represem the retive writing
uniquely or adequately, ard trarsliteration has to be
employed. This is true for Chinese placenames. In this
information age, docunents on Chinese events such as
news dories commentaries reviews, aralysis, can
originate from various saurces and languages aher than
Chinese. Auhors may refererce (hinee place ames
but not necessary accanpany it with the actiad Chinese
characters It is therere seful to buld an auomatic
algorithm to decode @h a dace mme in Endish and
map it to the orignal Chinese claracter represtation
Chines language isvritten asa contiguoustring of
ideografns  (characerg without white gpace
Gedqyraphic names of most cities, povinces,mourtains,
efc are wo to four charactrslong. Border rgionshave
longerplacenames Unlike person nanes thereis not a
preferral cloed set for family namecharactersAny of
the over 6K GB-enmded character istheaetically
admisible aspart of aplacename. Wien one rders to
themin English text, one neeals to represen them using
English aphabet — a proces of romankaion. Two
main systens exst for this process: Pigin, official in
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Mainland China, and Wde-Gles convenion, poplar
in Taiwan (see e.g http://www.romarization.com).
Their objective is tospell out the pronurciation of the
Chinee characters with alphabets Unfortunately,
although written @ines is by and lage uniform
(except for a few hunded chaacers that have
smplified vs traditional forms), spoken Qiinese can
vary from regon to region with different dialecs. The
Pinyin system was introduced by the FRC govenment
in the 1950s. It atempts to dandardie te
represemation accading to the dficial Beijing
Potunghuadialect (Northern China Mandann) for the
whole couwtry. The WadeGiles system i an oHer
conventon desgned by autors of the sme namesn
the late D" ard ealy 20" century, ard is popular in
Taiwan and eme pars of South-Eas Asia.

There are also other haphazard romanization
conventons in different regions where Chine is used.
For exampé, Hong Kong has its own British colbnial
history and Sathern (GuargDong) dialect, and entity
namesare often pelt differently. The reresntation
‘Hong Kong itself is nether Pinyin na Wade-Gles. It
should have been ‘Xiang Gang’ in the former, and
‘Hsiarg Kang’ in the latte. This is also true for
‘Singapore’. In this investigation, we will mainly focus
on te Rnyin convation. THs is used by mos of the
Chines (PRC) and there habeen disussion in Taiwan
to adopt it eve though tereare $ill political obgacles
arourd thisissue. There isevidence that thisystem is
gaining pqularity in the US. as the defaul choice
(Library of Gongres 2000).

This paper nvestigatess methods of recowring a
Chinese place ame in GB-encoding (the character codes
used for simplified Chinese characterswhenits English
Pinyin is given. We have previoudly built a system
PYName (Kwok and D&y 2002) b badk-tranditerate
Chines persn names This paper exendsit to provide
similar functionality for placenames. It is atool to help
reduce arbiguity in cros languagegeogaphic etity
reference, ath would be useful for cros language
information retrieval. The organization of this paper is
as follows: Secion 2 discuses some propelies of
Pinyin place namesSection 3 disusses the ug of
frequencies © help backtransliteration. Sectiomn 4
degribesGeoName, our gstem b map Englsh Finyin
place namedo Chines chaacters Section 5 contains



some evaliaion of Geonane, and ®cfon 6 condins
our conclsion and futire work.

2  Pinyin Place Names

The mappig from Chinese character to Pinyin isiore
or les unique becaws the majority ¢ Chines
characershave anly onesound (with some eceptons.
Given a Mnyin, however, there ca be mary
homoghonic cardidaie chaaders depenling on which
sound it is When one encountergich a Pinyin entity
ambiguity canarise. Eve if the context gecifies the
place pecisely there is still uncertairty as toits criginal
characterrepresertation. This is tue for all ertity types
renderednto Pinyin unkss they are vell known. As an
example, the capitalfaChina, Beijing, originatesfrom
the characters

0 O Bei; 0 O jing.
However, when backtransliterating from the English,
the following are sme of he posible mappngs

Be O {0 MImMmOo..}

Jng{0 M MMM M mmo..}

Candidaks like: 0 O M O M O0O... are all posble
place rmmes inadlition to the interded one. In fact,
these twoare highly fertile Pinyin: ‘Bei’ mapsto 23 and
‘jing’ maps to 20, leading to atotal of 460 possilde rairs.
Many of the pairs of course may notbe used asplace
names

It is posible © diminish the above mbiguity by
capturing ale the bne ofa Pinyin character as done
in mog Chine® input ystems that accept Ryin as
input The $mplest convention hasfive tones One tone
can be asgned to each chaster repreented asinyin,
ard this canseprate the mapped charactes into tonal
sets. However, mos printed or ekctonic texts such as
newspapersor newswires do not have bnesasigned.
Our system asumesinputtexts have naonalindicaion,
and ® can be adaptl to online text procesing.

Chinese pace names ae nostly two to three
characerslong Four-chaacker namesexist and bnger
ones are mssble. Unlike peroon nanes where he
family name baracter isselected froma fairly closed
set, character wes is practicaly unredricted for places
This means that when mapping a Pnyin repregnation
into its ariginal Chinese érmat, ame canresult in x"y
cardidates wherey is the average nunber of possible
single charactermappings for eachof x syllables To
further complicate tte issue, place ames in Pinyin can
be €paraetd with white spaces or not. For exampeg, the
repregenttion for 0 O [ aplace rear Beijirg, canbe
written as: 'Qin Huang Dad, ‘QinHuanglxo’ or
'‘Qinhuanglao. The first item <hows the original
character one byne separaed by a white gace.The
second fem is a mmposte Pinyin deroting tat the
three ndividual Pinyin shodd be teatd asa sngle
ertity. Each individual Piryin character however is
initialized with a cajital letter. The thrd itemis like the

second compate but withou capial letter exceptfor
the fird character. (Foexanple, on3/25/@B, the New
York Times reported a coamine expbson at
‘Mengnanhuarg’ empbyingthis style.) All three $yles
can be foad in texts. The first two indicak ungue
segmenttion of he Anyin characers The hird dyle
however pregens the addiional problem of
segmentation: howto reover the chaacterscomectly.
The dring 'Qinhuargdao’ may be broken up as 'Qin
huangdao, 'Qin huang da o', ‘Qin hu arg dao’, etc.
becaus it so hagpensthatthe listed compnents-- call
them syllables - are all ledgtimate Piryin. Thus, the
‘Qinhuarydad composte can beeithera three-,four- or
five-character entity. One can imagne the exporential
increa® in candidatesf eachPinyin g/llable mapsbad
to ~10 possililities, for exanple. Trere is afourth style
that employs an aposophe to indicate wlable
separation in cas of extremeambiguity sich as Xian
(O province) and Xi’an (O O the city). This is very
useful, like dyle one or wo. Unfortunagly, none of
these is randatory.

3 Mapping Pinyin to Chinese Character

Backtranditeration is a difficult problem as
exemplified in (Knight ard Grael 1997, Chen, etal.
1998. We limit ourselvesto text input of glace name.
Let E=eeg € .. g be a given Englis place name with
Pinyin g/llables e, 1<=k<=N It may have oginated
from a Chinese draracterseguence C= ¢, ¢, C,.. ¢, with
probability: P(C|IE) = PEIC)*P(C)/PE). PE) can be
ignored and RE|C) is reducel to a poductof P(e]q) if
independece of ¢ with e, and ¢ with ¢ (j°.k) are
asumed. Since madsChinee characterdhiave unige
Pinyin, we also set P(g|c) to a ®nstart, leaving the
unkrmown P(Q. If one hassufficient bilingual traslation
of placenames, the neglectedprobability P(g|c) canbe
edimated.

Hence RCIE) is roughly reduced @ P(C) up b a
condant. Themod probale Chines charadr sequence
correpording o the input Pinyin E is therefore eqial to
the oneargmax P(Q, or PC) can be usd to rank
cardidates C. Toestimate P(C), we irtially used a
bigram malet P(C)~M(c)*P(c,|c)*P(c)c). * P(c,lG,..)
which turns aut to be less effective than the following
heuristic agproach Instead of probability, we work
with occurrencerequencies of the dring itself, bigrams
and sngle charaars The functon for rankng is

9(Q = a*log [f(O)+a] + = a*log [f(cc)+a]

+Xal og [f(c)+a] (1)
where f() is frequercy, ard the sims run over all
congcutve bigramsand snglescomposgng the gring G
and g i=1,.3 are cadants, which are &rger for longe
strings A factor is not couned f its f(.) is zero. When
string C hasbeenseen béore, its effectis largerif the
length of Cislonger. If C doesnot exigt, its conponent
bigram anl sngle charactefrequenciesdetermne the



ranking value ¢C). It is generaly true tat for a
character sing matchirg some dictionay enties or
previous use, the longer the length, the more legtimate
it is.

The isues raieed in Setion 2 are addresd as
follows. Many Rnyin of the tird gyle do kad ©
unigue ggmentation. For those tat do rot, all posible
segmenttions are capired, but they ae rted longes
spelling 'quence(and minimum syllables first: e.g.in
the previousexanple, ‘Qin huang dad is preferredover
‘Qin hu arg dao. The cadidates(c, c, c... ) for Eqnl
are limited to all posside combinations of charactes
that exist in the training dat and can be mapgerom
the sgmented Pinyin. Becaus of limitation o
hardware, air probotype curently limits the number of
Pinyin gy/llables to four in order b cut down on the
number of candiates for cerin input

4 GeoName

GeoNane is desgned to accpt a Rnyin placename and
suggest Chinee GBencoded candlidates for it.
Backtrangdliteration is an ambiguous and inacarate
proces. Also, nonstandad romenizaion exists
historically for many common placesiames. The g/stem
does ot yet have the camhility to extract sich names
from rumingtex, bu requresthat eacmame be erered
on a ®parate lire. Eat Pinyin name is subjected to
segmentation and character mapping ard a ®t of
cardidae GB-encoded Qiinese rames is prodwced as
discused in Secion 2 ard 3. GeoNane amploys a
threestepprocess toeffect kack-transliteration: 1) talde
lookup on a klingual place nane list; 2) sugyest nanes
basd onfrequency usage of place chractersand pairs 3)
confirmation via web retrieval or a mondingud
geographic list. The following siub-sectios presen
details of our approach

4.1 Bilingual Place Name List

Geqyraphic ertities terd not to change much over time,
and the nunber of placesis relatively fixed, wunlike
peron name for example. Thus, it is a good drategy to
prodwce a bokup table tomap place ames betveen
Chinese ard English. It will give accuate traslaton; it
can hande 1:m mapings well when a Chinese name
may be represrted differenly due o different systems
of romanization, ard is very efficient in real time
computation. The dsadrantages aethat it is dfficult to
locate soh a L-list, it will not be complete, elatively
fixed, ard it canna sugged possble rew names that are
not on the list. We think such a list is an importart
comporert of ary system that ties todo this kind of
mappings, astherewould always be many well-known
placesthat have non-standard orpecuiar romanization.
From ftp://ftpserver.ciesin.columbia.ed/pub/dai/China
/CITAS/gb_code/ we locatedsich a h-list that cantains

abou 4K unique Chines place ames. This we call
List-A. Using the English Pinyin askey, a direct hit on
this listwill provide most probably the carect trarslation
for the input. The first bit (A-bit) of a 3bit tagwould be
set to 1, thus 100. The tagis attacked to eacltardidate.

4.2 Place Name Suggestion

The total nunber of B-encoded chracers is abou
6,00Q bu arownd 2,500 areltte most often used. $nce
we limit our domain to geographical names here, we can
callect such names in mondingual Chinese tek ard
estimate the probabilities for single ard paired Chinese
charactersuse in this context. W employed similar
methodsin our PYName system for persn names and it
worked reasnably well. However, unlike persn names
wheremany people nay sharethe same name characters
geographic names tend to be relatively more unique, i.e.
not too many placeshave similar charactersin our

training cata. Thus,the effectiveness d usng frequeng
to suggest GB-encoded pace names bagd ona gven
Pinyin name in English is more limited. This is
compounded by the difficulty of finding a sufficiently
large rame list. The mein advantage d the probabilistic

mapping exercise is to be abé to sugged new names as
cardidatesby composng with charactersard rank them
accordimg to how charactersappear inthe mondingual

name list as dscussedin Sectim 3.

The ranking formula in Egn.(1) has © be estimated
from same training data. We failed to find sufficient
downloadable ®inexe place m@mes and employed
BBN's IdertiFinder (Miller, et.al. 099 that krackets
location ertities in runring text. The cdlections used are
from the TREC and NTCIR experiments. Locaion
names were identified and exracted. e resilt is abou
80K “approxmate place ames’ called Lst-B. The
software is not perfect aml many entries are rot place
names, or contain several names together. But the data
canstill sewe its prpose.

4.3

To improve the accuacy of cardidate raking obtaired
in Secion 4.2, we further use a proces of confirmation.
The hypothesis is that if a GBencoded place ame
cardidate has keensea before, it has a tigh probability
of beirg correct. Eacltardidae reme is compared to tie
mondingual Chinese name list consisting of (List-A U
List-B). If it exists, the secad hit (B-bit) of the 3bit tag
is st giving 010.

However, assuggesed bebre, rame lists are € dom
complete. To mitigate this problem we also utilize the
Word Wide Web for corfirmation. The basc idea & to
tread WWW as another name colledion, but a dynamic
one. The Emglish Pinyin name istreated as query and
sent to a garchergine (such asGoode). By using the
advanced ®ard optionto return GB-encoded docurents,
eachcardidate @ the Rnyin is searcled in the docunents

Name Confirmation



to corfirm whether it has been used asa sub-string. I
true, the third C-bit of the tag is set giving 001. Another
benefit of using the WWW is to resdve same
dialectbased problens. As an example, boh ‘Hong
Kong ard ‘Xiang Garg' as Pinyin place fames have
beenfoundonweb docunents with the Chinese name [0

O corfirmed. However, we do have to pay a price on
performance, $nce web warches are relatiely slow.
Another draw bad is that, web corfirmation is effective
only on popuar, well-known names. Otherwise, damain
specific name lists canbe wsed if available.

Thus, al cardidaies are tagged ard rank value
assigned. Qur curent grategy is to rank cardidaes by
the 3-bit tag first, followed by minimum syllable number,
and then by g(C) of Eqnl. If a canlidate & confirmed
somewhere, epecially on our bidist, it will be a good
translation Otherwise, $orter rames are preérred.

4.4 System Description

Fig.1 bebw is a flowchart of GeoName $howing how the
different functions are ted togeter. Seps2, 5 anl 6 for
bi-list lookup ard confrmation can be embled or
disabled. Athoughour man focusis on Rnyin input,
GeoName doe$ave imited supportin Step 3 for oher

J—

1. Englsh Anyin
place name

2. HAnyin  syllable 3.
segmenttion; get all Bilingual
possible GB character tabe
combinations. lookup

\/

[ 4. Merge candiaes ]

6. WWW
confirmaion

5. Monoingual
Chines name
list confirmation

\/

7. Evaluate probability ; rank
according to tag, name
characterlength, probability

Fig.1. GeoName System Flowchart

romanizaion systems sich as Wade-Giles and Hong
Kong Rnyin. The ystem allows selecion if the input
romangaion convenion is known. A table cawerts
Wade-Gles spelling into PRC Finyin. For Hong Kong
style elling, anoher sble onvers it direcly into GB
character. Eample backtrandliterations are iown on
the GUI sreenof GeoNane in Fig.2. The T ard 3¢
names are correct at ranl, the 2% a rank 2

5 Evaluation of GeoName

To evaluate the performance of GeoNane, we need to
ted a %t of Chines place ames in English Pinyin ard
compare tle ouput from GeoName with the krown
Chinese charactersfor ead name. In esence, we need
arother bi-list for testng, independert of the List-A that
we usedfor training. Bilingual lists ake dfficult to obtain.
Evertually a bilingual map (Map ofPeoples Republic of
China 2001) with both Chineee axd Endish names
printed was locaed. The tst set conssts of 162
non-capital ciy names rardomly selectedfrom the map,
six from ead of the twenty-sevenprovincesexcluding
Tawan (whee same names ae in Wade-Giles
convention). The rank postion of the correctChines
name for eachPinyin returned fom GeoNane was noted
within top tery else t is cansidered a failure. We tested
four settings of the tag values viz.: 000 (ory frequency
predction), 00L (frequerncy and web confrmation), 010
(frequercy ard mondingual list confirmation), ard 111
(full function). A tahulation of the rumber of corect
names foundvs. rank position is stown in Table 1

Rank >
1 |2 |3 |4|5]|6 |7 |89 ]10]|10
tag = 000
78 [22] 13]3 |4 [4]6] 1] 1] 1]29
tag = 001
95 [20]7 |7 ]2]1]2]1] 0] 2]25
tag = 010
88 [24] 111 [4 |2 [ 3] o] o] 1]28
tag =111

116 [10]2 [3 [3 1] 2] 2] o] 1]22

Tablel: Number of Correct Candidatesin Top Ten

The reslt with tag=000 (wsing frequency ony for
cardidae suggestion) shows that 78 camlidaes ou of
162 @48%) arecorrectatrark 1, ard 13 (82%) comrect
within top 1Q Both runs with tag=001 (add WWW
corfirmation) or tag=010 (add rondingual List-A U
List-B confirmation) improves over tag=000 resits,
espedaly a rank 1, bringing this percentage to 59% and
54% respectively. Web confirmation is expensive in
procesing time, ard may be \eriable depemling on the
state & the Web. Mondlingual list confirmation is useful,
eecially when ore has a list that is more region-specific




to the desired input names. The best resut is returned
when all the proceses are enployed ircluding checking
on the bilingual List-A. Apparertly many of ou input
names apear on this list, ard it leacs to simple
tabledookup for the backtranditeration This is probably
not suprising becawse tte blingual map is ot large
(2x3'), and it would only show the nore well- known
cities Thus for the tag=111 run, it is seenthat the correct
cardidaes atrark 1 increag o 116 (71.6%), ard if up to
rark 10 candidates are hcluded, 18 (864%) of the
correct rames are idetified.

Conclusion

We have desibed GeoName, a gstem b back-
trarsliterate Erglish Pinyin geographic names to
Chines charaars bagd on blingual list lookup
monolingual place name chacter frequeng and Wb
confirmaion. Evaluaion usng Anyin city namesshows
that nearyy 72% of the name suggesed are correcat
rank 1, ad ove 86% of carect namesare ncluded n
the top ten canddats.

The ealuaion is small involving only 162 city
names One needs larger scale sudies with more
obsurenamesor namesacualy in us. Thereurces
we enployed are rather limited. We intend to improve
our taining daf, as well as our formuh for name

suggesion. Bilingual reouraes are difficult to locate.

We are expbring how to use the Web asa gianic
bilingual name st in order to improve ar system
further.
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