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Abst ract  
 
Collocat ions,  the com bination of speci fic words are qui te usef ul   lingui st ic resour ces for NLP in gener al. The purpose of this paper  is 
to show t hei r usef ulness,  exem pl ifyi ng an appl icat ion t o Kanj i char act er deci si on pr ocesses f or Japanese wor d pr ocessor s.  Unl ike 
recent  trials of  autom atic ext ract ion, our col locat ions were col lect ed m anually through m any year s of  intensi ve invest igation of cor pus.  
Our col lect ion procedur e consi sts of (1) findi ng a proper  com bination of words in a cor pus and (2) recol lect ing si m ilar com binations of  
words,  i nci ted by it. Thi s pr ocedur e, whi ch depends on hum an judgm ent and the enr ichm ent of  dat a by associ ation, is ef fect ive f or 
rem edying the spar seness of  dat a pr obl em , al though t he arbi trariness of  hum an j udgm ent i s i nevi tabl e.  Appr oxi m ately sevent y two 
thousand and f our hundr ed col locat ions wer e used as wor d co- occur rence r est rict ion dat a f or deci ding Kanj i char act ers i n t he 
processi ng of  Japanese wor d pr ocessor es.  Exper im ents have shown t hat t he col locat ion dat a yi eld 8. 9%  hi gher  f ract ion of  Kana- to-
Kanji char acter conver si on accur acy t han t he syst em  which uses no col locat ion dat a and 7. 0%  hi gher , t han a com m er ci al  wor d 
processor  sof tware of  aver age perform ance.   

 1.Int roduct ion 
The m eanings of  words in a natural  sent ence are m utual ly 
bound.  The m ost cruci al  probl em  for any ki nd of NLP is 
to di sam biguate t he m eani ngs of  each wor d i n t he 
sent ence w i th cl ues f rom  word co- occur rence.  I t i s, 
however , well known that it's ver y di fficul t to const ruct  a 
rule syst em  which di sam biguates t hem  ef fect ivel y f or 
unrest ricted or  l ess- rest ricted nat ural  sent ences.  Aut hors 
have poi nted out  t he i m portance of  l exi con- based 
lingui st ic r esour ces f or pr escr ibing t he co- occur rence of  
words such as col locat ions,  i diom s et c., as wel l as r ule-
based r esour ces,  e. g., t he set  of  case pat terns com bi ned 
w ith a t hesaur us or  a set  of  sem ant ic f eatures.  
(Shudo,1989)  
In par ticul ar, col locat ions,  whi ch ar e t he com bi nation of  
speci fic words are qui te im portant lingui st ic resour ces for 
NLP in gener al . The purpose of this paper  is to show thei r 
usef ulness,  exem pl ifyi ng t hei r appl icat ion t o Kanj i 
char act er deci si on processes for Japanese word processor s.   

2.Collocat ion Data 
Our col locat ions wer e col lect ed m anual ly t hrough m any 
year s of  i ntensi ve i nvest igation of  cor pus.  The ext ract ion 
procedur e consi sts of  (1) findi ng a proper  com bination of  
words i n a cor pus and ( 2) r ecol lect ing si m ilar com bi - 
nations of  wor ds,  bei ng i nci ted by i t. Thi s pr ocedur e, 
which depends on hum an j udgm ent and enr ichm ent of  
data by associ ation, seem s ef fect ive bot h t o r em edy t he 
data spar seness pr obl em  and t o r educe t he noi se of  t he 
data, al though t he ar bi trariness of  hum an j udgm ent t o 
som e ext ent i s i nevi tabl e.  No aut om atized,  st ochast ic 
m ethod for the cur rent state of  the art assur es the necessi ty 
and suf fici ency of  dat a, i n spi te of  r ecent  am bi tious 
trials.( Shinnoh,  1995,   Ikehar a, 1996)  
The col locat ions whi ch we col lect ed ar e wor d st rings 
whose speci fic com ponent  wor d i m plies st rongl y t he 
occur rence of  t he r est . For  exam pl e, " ぐっすり眠る
gussuri  nemuru( sl eep soundl y)" i s col lect ed as a 

col locat ion si nce t he occur rence of  " ぐ っ す り
gussuri (soundl y)" st rongl y i m plies t he occur rence of  "         
眠る nemuru( sl eep) " i n t he cl ose posi tion, nam el y t he 
condi tional  pr obabi lity p( " 眠 る sl eep"| " ぐ っ す り 
soundl y")  of  occur rence seem s si gni ficant ly l arger t han 
the case f or or dinary ver b-adver b pai rs. Pr esum ably 
sever al  m i llion sent ences or  phr ases i n pr inted ar ticl es 
such as newspaper s, school  t ext books,  j ournal s and 
dict ionar ies whi ch wer e i nvest igated. W e bel ieve t hat i n 
spi te of  som e ar bi trariness,  t he abi lity of  t he educat ed 
adul t t o r ecol lect  expr essi ons of  hi s/her nat ive l anguage 
and to est im ate thei r frequency is m ore super ior than any 
cur rent autom atized syst em  based on n-gram  m odels et al .  
M ost Japanese i diom s and pr over bs ar e i ncl uded i n t he 
data. The col locat ions ar e cl assi fied i nto t wo cl asses by 
thei r synt act ic f unct ions;  one i s a cl ass of  funct ional  
col locat ions which work like funct ional  words.  The other 
is a cl ass of  concept ual  col locat ions whi ch have 
concept ual  cont ents like nouns,  ver bs,  adver bs,  adj ect ives,  
adj ect ive ver bs.     

3. Funct ional  Collocat ions 
W e have two ki nds of  funct ional  words;  one is the particl e 
(post posi tional ) whi ch i s used t o m ar k a cer tain 
relationshi p bet ween concept s i n t he sent ence,  and t he 
other i s t he auxi liary ver b whi ch i s used t o gi ve t he 
sent ence tense,  aspect , m ood, m ode, speaker 's judgm ents, 
etc. Accor dingl y, f unct ional  col locat ions ar e cl assi fied 
into two types,  as well; one is rel at ional  col locat ion and 
the ot her i s auxi liary predi cat ive col locat ions. 
(Shudo,1979)   The f orm er i s exem pl ified by expr essi ons 
in Engl ish such as "i n or der t o",  "based on",  "accor ding 
to" ,"i n propor tion to",  etc. and the latter, by "i s abl e to",  
"have to",  "i s obl iged to",  etc.   

3.1 Relat ional  Collocat ions 
Approxi m ately one t housand r elational  col locat ions wer e 
col lect ed.  Tabl e 1 shows exam pl es of  t hem . "/ " i n t he 
tabl e shows the word boundar y in the col locat ion.  



に/ついて ni /tui te (about ), 
に/よって, に/おける, に/基づいて,  
の/ように, でさえも, などと/いった, 
だけで/なく, にも/かかわらず, とは/言え, 
に/対して, ばかりで/なく, の/通りに 

 
Table 1: Exam ples of  the relational  col locat ion 

 

なければ/ならない nakereba/ naranai  (m ust), 
かも/しれない, て/いる, たほうが/よい, 
べきで/ある, に/違いない, おそれが/ある, 
すら/ない, とは/限らない,  
ずには/いられない, には/及ばない 

 
Table 2: Exam ples of  the auxi liary predi ct ive col locat ion 

 

3.2 Auxi liary Predi ct ive Collocat ion 
Approxi m ately one t housand f our hundr ed auxi liary 
predi ct ive col locat ions wer e col lect ed.  Tabl e 2 shows 
som e exam ples of  them . 

4. Concept ual  Collocat ion 
Approxi m ately sevent y t housand concept ual  col locat ions 
were col lect ed. Tabl e 3.  shows exam pl es of  concept ual  
col locat ions.  

5. Applicat ion to K ana-to-K anj i Conversi on 
for Japanese word Processor 

5.1. Japanese W ord Processor 
A  Japanese wor d pr ocessor  r ecei ves wor ds,  phr ases or  
sent ences wr itten excl usi vel y i n Kana ( phonet ic) 
char act ers t hrough keyboar d st rokes and out puts t hei r 
equi val ents wr itten i n Kana and Kanj i ( ideogr aphi c)  
char act ers. I t i s a ki nd of  M achi ne Tr ansl ation syst em  
which conver ts sour ce Kana char act er strings into targets 
of Kana and Kanj i m i xed st rings.   Usual ly, t hese st rings 
have no space bet ween wor ds.  I nput  st rings ar e anal yzed 
m orphol ogi cal ly and segm ent ed i nto wor ds ( or 
m orphem es). Then, words which shoul d be conver ted into 
Kanji strings and thei r equi val ent Kanji strings are chosen.  
The m aj or i ssue f or t his t echnol ogy i s concer ned w i th  
raisi ng the accur acy of  the segm entation into words and of 
the sel ect ion of  Kanj i am ong m any hom ophoni c 
candi dates.   Besi des t he sem ant ic f ram ework, e. g., 
thesaur us- based or  sem ant ic f eature-based r est rict ions on 
word co- occur rences,  case f ram e, neur al  net , et c., whi ch 
have been adopt ed i n r ecent  wor ks( Oshim a, 1986;  
Kobayashi , 1987;  Yam am oto, 1992) , we at tem pted t o 
raise t he accur acy of  Kanj i sel ect ion by adopt ing sur face 
level  resour ces,  i.e., col locat ion data expl ained in Chapter 
2.-4. 

5.2 Experi m ent 
W e adopt ed the m inim um  cost  m ethod(Yoshi m ura, 1987)  
com bined w i th V i terbi 's al gorithm (V iterbi , 1967)  i n t he 
disam biguat ion of  segm ent ations.  Fi gure 1 i llust rates t he 
segm entation and conver si on process of  input  string 

ki nd Exam pl e 
Nom inal  赤 の / 他 人  akano/ tani n ( a per fect  

stranger ), 目の/毒, 大掴み, 貰い/泣き,  
ラッパ/飲み, 悪業の/報い,  
環境の/汚染, 額に/汗,  
お手数を/おかけ 

Verbal   おつりが/来る otsuri ga/ kuru 
(be enough to m ake change) , 
相異なる, 汗水/垂らす, 大人びる, 
一息/入れる, 垢/抜ける, 心が/沈む,  
気を/吐く, 座を/占める,  
体を/あけ 

Adject ival  裏悲しい  uraganashi i (m ournful), 
青臭い, えげつない, 途方も/ない, 
態度が/でかい ,  
気が/重い 

Adject ive 
-ver bal  

御機嫌/斜め  goki gen/naname 
(in a bad m ood), 誇らしげ, 
懐が/暖か f utokor oga/  at ataka ( be r ich) , 
愛情が/細やか 

Adverbial  案の/定  anno/ jou (as expect ed), 
いつに/なく, 
目を/輝かせて, 
先を/争って 

Adnom inal  悪しき ashi ki  (bad) , あじな 
Four-Kanji 
-com pound 

我田引水  gaden’ insui  ( ever y m i ller 
draws water to his own m ill),  
不惜身命 

～sur u 公に/する  ooyakeni /suru (m ake publ ic) , 
相手に/する 

O thers  年 端 も / い か ぬ  t oshi hamo/ikanu 
(young) , 如何せん, 間尺に/合わぬ， 
心胆/寒からしむ 

 
Table 3: Exam ples of  concept ual  col locat ions 

 
 
 
"korehanegat otemofukai (This has a ver y deep cause. )".  A  
line denot es possi ble concat enat ion of  candi date wor ds 
(uni tary expr essi on - bunset su) . The num ber attached to  
each wor d candi date m eans t he par tial-m inim um -cost  of  
the st ring of  wor ds whi ch begi ns at  t he t op of  t he i nput  
string and ends w i th t he wor d. A  col locat ion,"根が/深い 
nega/ fukai "  i nterrupted by an adver b " とても t otemo" 
and successi on of adver b-adj ect ive,  i.e.,"とても" -"深い" 
causes t he addi tion of  cost  - 3 and -1, r espect ivel y, t o t he 
basi c cost , +8 of the string "これは/根が/とても/深い" . 
Thus,  the m inim um  cost  (+4) of  "これは/根が/とても/深
い" is obtained as the resul t.   

5.3 Prot otype Syst em  A 
W e first  devel oped a prototype Kana-to-Kanji conver si on 
syst em  nam ed syst em  A whi ch i s equi pped w i th no 
col locat ion data but w ith onl y an ordinary word dict ionary.  

5.4 Syst em  B, C and D 
W e next  r einforced Syst em  A t o obt ain syst em  B by 
addi ng col locat ion dat a. Syst em  C i s a sl ightly m odi fied 
com m erci al  syst em , i.e. W XG Ver2.05 (m ade by a.i. sof t 
co. ) adj ust ed to our exper im ental  fram ework.  System  D is 
syst em  C, addi tional ly equi pped w ith the col locat ion data.  
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                                   ２       ４        ４                                ６                                ８ 
                                  子        レ        羽                                戸                                負 
                                  ２                          ４                          ６                                ８ 
                                  個                    跳    ね                        都                                府 
                                  ２                                ４                                 ６                      ９ ＝８＋１ 
                                  戸                                根                         とととと    てててて    もももも           不 
                                        ２                          ４                                 ６                               ８   
                                   こ    れ                       値                                手                      付    加 
                                        ２                                ４                                ６                              ８ 
                                   凝    れ                        根根根根    がががが                         手    も            負    荷 
                                        ２                                ４                                       ６                             ４=８－１－３ 
                                       是                             値    が                                  喪               深深深深    いいいい 
                                              ２                          ４                                       ６                                    ８ 
                                     ここここ    れれれれ    はははは               ネ    ガ                                  藻            負    か    い 
                                                                                ４                                                        １０ 
                                                                       ネ    ガ    と                                                   化 
                                                     ２                        ４                                                      １０ 
                                         こ    れ    は    ね             画                                                        科 
                                                                                  ４                                                                  １０ 
                                                                                  我                                                               貝 
                                                                                        ４                                                            １０ 
                                                                                    画    と                                                     会 
                                                                                        ４                                                              １０ 
                                                                                    我    と                                                            意 
                                                                                             ４                                                        １０ 
                                                                                    画    と    て                                                    胃 
                                                                                           ４ 
                                                                                   我    と    て 
 
 
 

 

5.5 Input  Data for Evaluat ion 
W e prepared approxi m ately twenty three thousand pai rs of 
input  Kana strings and thei r equi val ent Kana-Kanji m ixed 
strings to be the expect ed output for our exper im ent.  The 
latter i ncl udes addi tional  i nform ation about  each wor d 
boundar y w i th t he accept abl e t olerance.  The aver age 
num ber of  Kana f or each i nput  st ring i s appr oxi m ately 
twenty eight. 

5.6 Experi m ental  Resul ts 
The exper im ental  syst em  per form s t he m or phol ogi cal  
anal ysi s al ong w i th t he cost  cal cul ation, sel ect s t he l east  
cost  segm ent ation and Kanj i candi date as t he conver si on 
resul t and t hen checks whet her i t m atches t he accept abl e 
answer  gi ven w i th t he i nput  st ring. The syst em  gi ves t he 
statist ical  dat a af ter pr ocessi ng al l i nput  st rings,  
cal cul ating i nputs successf ul ly segm ent ed and conver ted. 
The m ajor resul ts are given in Table 4.  
  Com paring Syst em  A w i th B,  we concl ude t hat t he 
introduct ion of  appr oxi m ately 72, 400 col locat ions cause 
an 8.9%  rise of  accur acy rate.  In addi tion, the col locat ion 
data pr ovi de a 7. 0%  hi gher  accur acy r ate f or Syst em  D  
than System  C. 

5.7 Input  Lengt h vs.  Accuracy 

 
 Syst em  

A       
System  

B        
System   

C 
System  

D 

10,978 
/22,923   

13,013 
/22,923   

12,424 
/22,923   

14,027 
/22,923 Conver- 

si on 
47.9%     56. 8%     54. 2%     61. 2%  

18,424 
/22,923 

19,555 
/22,923 

18,620 
/22,923 

19,682 
/22,923 Segm en

-tation 
80.4%  85.3%  81.2%  85.9%  

 
Table 4: Resul ts of  the exper im ent 

 
 
Figure 2 shows t he r elationshi p bet ween t he l ength of  
input  string and the accur acy of  the conver si on of  System  
D. M ore t han 520, 000 di fferent segm ent ations ar e 
m athem atical ly possi ble i n si tuations where t he l ength of  
input  i s t wenty Kana and t he m i nim um  and m axi m um  
length of  a segm ent is one and eighteen,  respect ivel y. On 
the ot her hand,  Fi gure 2 shows t hat t he segm ent ation 
accur acy r ate f or a t wenty Kana i nput  i s 90. 7% . Our  
figures show that com binatorial  expl osi on of  am bigui ty is 
well pr event ed by t he l ingui st ic and t echnol ogi cal  
fram ework of  our  syst em , despi te l onger  i nputs and 
greater dem ands on the syst em . 

Figure 1: An exam ple of  processi ng 



Figure 2: Accur acy vs.  length of  input  (System  D) 

6. Concludi ng Rem arks 
Techni ques usi ng ext ensi ve sur face l ingui st ic r esour ces 
are qui te i m portant f or t he f uture evol ution of  NLP.  The 
prospect  of  the avai labi lity of  large scal e col locat ion data 
for the reduct ion of  am bigui ty raised for var ious ki nds of  
NLP i s pr esent ed i n t his paper , showi ng an exper im ental  
exam ple of  t hei r appl icat ion t o t he Japanese wor d 
processor .  In fact , they work as an ef fect ive rest rict ion for 
word co- occur rence wher eas t he wor d-cl ass l evel  
prescr iption tends towards var ious fai lures.  
  Collocat ions have been col lect ed m anually for m ore than 
ten year s by t he aut hors i n or der t o i m prove,  not  onl y a 
high pr eci si on wor d pr ocessor , but  al so m or e gener al  
Japanese l anguage pr ocessi ng syst em s. M any r esour ces,  
e.g. school  t ext books,  newspaper s, novel s, j ournal s, 
dict ionar ies,  et c., wer e r eferred t o by wor ker s, who t hen 
proceeded t o j udge l ikel y candi dates f or t he col locat ion. 
This pr ocess i s based on our  cont ention t hat l ingui st ic 
expr essi ons are ext ract ed far m ore accur ately and far m ore 
ext ensi vel y t hrough hum ans t han by com put er pr ogram , 
despi te cer tain ar bi trariness i nhered i n hum an j udgem ent 
and t hei r sel ect ion of  col locat ions.  The spar seness 
probl em  of  expr essi on data is cruci al  in the autom atic and 
stochast ic appr oach.  On t he ot her hand,  t he br ain of  t he 
educat ed adul t i s qui te power ful  i n st oring and r etrievi ng 
expr essi ons of  his/her m other tongue by associ ation. 
  W e bel ieve t he next  at tract ive and pr om isi ng f ield of  
appl icat ion f or our  dat a w i ll be l arge vocabul ary 
cont inuous speech recogni tion. 
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