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Abstract
With the development of the Internet environments, more and more language services become accessible for common people. However,
the gap between human translators and machine translators remains huge especially for the domain of localization processes that requires
high translation quality. Although efforts of combining human and machine translators for supporting multilingual communication have
been reported in previous research, how to apply such approaches for improving localization processes are rarely discussed. In this paper,
we aim at improving localization processes by composing human and machine translation services based on the Language Grid, which is
a language service platform that we have developed. Further, we conduct experiments to compare the translation quality and translation
cost using several translation processes, including absolute machine translation processes, absolute human translation processes and
translation processes by human and machine translation services. The experiment results show that composing monolingual roles and
dictionary services improves the translation quality of machine translators, and that collaboration of human and machine translators is
possible to reduce the cost comparing with the absolute bilingual human translation. We also discuss the generality of the experimental
results and further challenging issues of the proposed localization processes.

1. Introduction developed the Language Gtjdvhich is a service-oriented

Machine translation has been an important research topi'EItelllgence platform for language services like machine

for several decades in the area of artificial intelligencetranSIat'on services, dictionary services and so on (Ishida,

With the expansion of the Internet environments, more an&OOG; Ishida, 2008). With the Language Grid, end-users

more machine translation services have been provided b egrgﬁgg'gﬁ dex:ztggs:?;‘ggagi dsf::\e/:gteesng/fl)\?f:du:yerger
companies like Google Yahod, Microsoff and so on. P ’ guag

However, the gap between human and machine translatmyéCeS for their own purposes by adding their own language

remains huge. On the one hand, machine translators ai_gxlr:\i?{it ngrcggﬁg;plzéP\:iig;'ncz:ir;s'?g%n Osseg\é'cfgf t?]r;d
ways have limitations in translation qualities and therefore y y b

are seldom used for translating documents with high rePUrPOSe of improving translation quality using standard

quirement of qualities. On the other hand, bilingual humanCornpOSIte service provide by the Language Grid. More-

translators are not available everywhere for any purpose ger ftk;]e Languatge_t_Grld IS ‘?}ISO _lc_iﬁ&gr;ed tothenaLbIe induc-
any time in the real world, and the cost of translations of "9 Of human activities eastly. erefore, the Language

highly-trained bilingual individuals are always high in both "9 pro""?'esththf poss'b"g'es for improving traditional
labor and time. In previous research, approaches of colla _rot(;?sses n ﬁ anguage ?r_nam. ina localizati

orative translation by human and machine translators havg' M!S fesearch, we aim at improving localization pro-
been studied (Hu, 2009; Morita and Ishida, 2009). Al Cesses by using the Language Grid. Based on various lan-

though most of the previous studies show the possibility opuage servuiels pr;m?_ed on the Language G”O!’ Wﬁ pro-
combining human and machine translators for supportin 0se several localization processes by composing human

multilingual communication, there is little consideration of nd machine translation services. To consider both trans-

I’;\tion quality and translation cost, we also try to combine

how to apply such approaches for supporting profession i ! rol d i | ol ith hine t
translation that requires high business qualities in the re fingual roles and monofingual roles with machine trans-
ation services in the localization processes since mono-

world, e.g., localization processes. . :
S . . lingual translators are usually more available and cost less
To utilize many available language resources that are dis;

tributed on the Internet with different interfaces, we have han b!lmgual roles. In the proposed Iocallzat|0p Processes,
monolingual human roles are introduced to revise the trans-

lation results of the machine translation services, while

‘http://translate.google.com/ bilingual human roles are introduced to check the revision
2http://honyaku.yahoo.co.jp/
®http://www.microsofttranslator.com/ “nttp://langrid.nict.go.jp/

500



Multilingual Term

Dictionary
Morphological Term 2> Code Machine Code = Term
Analysis Replacement Translation Replacement
Intermediate
Code Generation

Figure 1: Composite machine translation service combined with dictionaries

results and also translate the contents that cannot be revise@dnslation services (e.g., any combinations of atomic trans-
by the monolingual revisers. lation services and global dictionaries or user dictionaries
By applying the proposed localization processes of comfor composite machine translation service combined with
posing human and the machine translation services on thaictionary) on the Language Grid for their own require-
Language Grid, we expect that (1) composing monolinguaments. Moreover, it is also possible to combine human
roles and dictionary services improves the translation qualtasks into the composite translation services on the Lan-
ity of machine translators, and (2) collaboration of humanguage Grid.
and machine translators reduces translation cost comparirg§ince users have different requirements over transla-
with absolute bilingual human translations. Further, to testion quality, it is necessary to provide different ser-
tify the above hypotheses, we conduct experiments of localvices/composite processes with different quality for the
ization to compare the translation qualities and costs usingame function. In the Language Grid, language services are
several translation processes, including absolute machingategorized in several classes. For each service class, mul-
translation processes, absolute human translation processgsle services/composite processes are provided for differ-
and translation processes by human and machine translant requirements. For example, the translation service class
tors. includes atomic machine translation service, two-hop ma-
The rest of the paper is organized as follows: Section 2 in¢hine translation service, machine translation service com-
troduce the Language Grid, which is the language servicgined with bilingual dictionary, and so on. Figure 1 shows
platform for this research. In Section 3, localization pro-a composite Japanese-Chinese machine translation service
cesses by composing human and machine translation se#hich is developed with WS-BPEL specification (Alves et
vices are proposed. Section 4 introduces a case study af., 2007) in the Language Grid. The composite service
translation processes with experiments, analysis and digombines several atomic services including Japanese mor-
cussion. Section 5 introduces some related work, followeghological analysis service, Japanese-Chinese term dictio-
by the conclusion in Section 6. nary service, machine translation service and so on. By
o L . . combining dictionary services and other services, the trans-
' anguage Ser\{lce.PIatform for Improving lation quality can be improved comparing with the atomic
Localization Processes machine translation service (Inaba et al., 2007; Ishida,
To provide flexible language services for improving local- 2010).
ization processes, we have developed the Language Grid,

which is a service-oriented intelligence platform. The Lan- 3 | gcalization Processes by Composing

guage Grid has been collecting language resources from Human and Machine Translation Services
the Internet, universities, research labs and companies (cur-

rently about 60 language resources have been collectetranslations were evaluated on the basis of adequacy and
covering more than 50 different languages). All the lan-fluency in previous reports (White et al., 1994). Adequacy
guage resources are wrapped as atomic Web services gfers to the degree to which the translation communicates
standard interface including machine translation servicegnformation present in the original. Fluency refers to the
dictionary services, parallel text services, morphologicaldegree to which the translation is well-formed according
analysis services and so on. Using the atomic Web servicety the grammar of the target language. Although many
we have also developed a series of composite services (Milypes of services/processes are provided for a service class
rakami and Ishida, 2008). All the atomic services and comin the Language Grid, they still have limitations in trans-
posite services are managed in the Language Grid Servidation quality, i.e., machine translation services can never
Manage?. have perfect fluency and adequacy in average even when
The Language Grid also enables users to deploy their owthey are combined with dictionaries or other services for
language services following the standard interfaces. Thereguality improvement. That means automatic service-based
fore, users can flexibly choose atomic translation serviceprocesses are not able to meet users’ requirements in local-
(e.g., Google Translator, J-Server, Parsit, Toshiba, Transluzation processes. For example, composite service in Fig-
tion, Web-Transer, YakushiteNet and so on) or compositeire 1 might be able to deal with the requirement for online
chatting, while it is difficult to use such service-based pro-
Shttp://langrid.org/servicenanager/ cess to write business documents or translate the product
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operation manuals. Therefore, we consider combining maef Japanese-Chinese translation, including atomic trans-
chine translation services and human activities in cases détion service, composite translation service with dictio-
localization processes. nary, collaborative translation processes, and absolute hu-
As for human activities, monolingual roles and bilingual man translation. The language services and composite ser-
roles can be considered in the translation processes thaices are provided by the Language Grid.

combine human and machine translation services. When

there is an existing machine translation service (eithef-1: Hypotheses

atomic service or composite service as described in Secthe localization processes can be improved if the trans-
tion 2), the human activities are possible to be combinedation quality keeps high while the translation cost de-
with the machine translation service by partially substitut-crease. Therefore, both translation quality and translation
ing it, processing the origina| sentences or translation recost should be considered in the localization processes we

sults completely or partially for the purpose of professionalPropose in Section 3. First, the translation quality is ex-
translation. pected to be kept high by including machine translation ser-
In this research, we mainly consider the localization pro-vices comparing with the absolute human processes since
cesses where human roles are induced to process the traifée still have human roles in the proposed processes. Sec-
lation results. In more details, we focus on two types ofond, the translation cost is expected to be decreased since
processes as shown in Figure 2. Figure 2(a) shows a proce$€ include machine translation services and monolingual
that combines machine translator and monolingual humafuman roles in the proposed processes that might be less
tasks, which is mainly used to evaluate how monolinguaexpensive than bilingual human roles.

roles can improve translation quality by machine translaWWe have the following hypotheses for the experiments: (1)
tion services. Figure 2(b) shows a process that combinegomposing monolingual roles and dictionary services im-
machine translator, monolingual human tasks and bilinguaProves the translation quality of machine translators, and
human tasks, which is expected to be used for the localiz2) collaboration of human and machine translators reduces

tion processes. the cost comparing with the absolute bilingual human trans-
lation.
(a) Revisable a Monolingual 4.2. Experiments
) : Settings of translation quality measurement, processes, pro-
Machine Quality Human . . .
Translator Check podss cess instances, language services and human roles in the
| experiments are as follows.

Translation quality measurement. In this research, we

use the two dimensions (fluency and adequacy) that we

e e have introduced in Section 3 to evaluate the quality of trans-
Monclingual

(b) el e lations as the method in the DARPA TIDES Profeat Uni-
Revision
Machine Quality
Translator Check
Human

versity of Pennsylvania, with a five-level score for each di-
Translation

Not revisable

Result
Confirmation

mension. When evaluating the Chinese translation result,

the evaluation criteria of fluency i5: Flawless Chinese,

9 4: Good Chinese, 3: Non-native Chinese, 4: Disfluent Chi-

M) Biingual nese, 5: Ir)comprehensﬂ)l,eand the evaluation criteria of
adequacy ig5: All, 4: Most, 3: Much, 4: Little, 5: Nong.
Processes. We use following processes in this exper-

Figure 2: Localization processes by composing human anfinent. MT is an atomic machine translation service.

machine translation services MT+Dic is a composite translation service with dictionary

as shown in Figure 1.MT+Mono and MT+Dic+Mono

. L are collaborative translation processes by human and ma-
In the two types of processddachine Translatoindicates ; ; : P y hu
chine translation services as shown in Figure 2 (a).

the atomic machine translation service or composite max

. . . : .-MT+Mono+Bi and MT+Dic+Mono+Bi are collaborative

chine translation service provided on the Language Grid : A .
. : . franslation processes shown in Figure 2 (b). Machine
Monolingual human roles are induced to revise the transla;:

tion results of the machine translators, while bilingual hu_translation sefvices are atomic translation services in
. L 9 MT+Mono and MT+Mono+Bi, while composite transla-
man roles are induces to check the revision results and als[o . . . - . .
translate the contents that cannot be revised by the mono'-0 n service combined with dictionary ikIT+Dic+Mono
y andMT+Dic+Mono+Bi. Bi is an absolute human process.

scribing the human tasks using BPEL4People (Kloppmanﬁ?I ™is an absolute hum{:\n process with 'the aid of tools
like translation memory which can automatically complete

e't al,, 2005) to extend the'eX|st|ng machine translation €150 of the translation tasks. The descriptions of above pro-
vices on the Language Grid.

cesses is given in Table 1 in details.
Process instancesFor each process described in Table 1,

4. Experiments and Analysis .
o we run 17 process instances to translate each Japanese sen-
To observe and analyze the effects of localization pro-

cesses by composing human and machine translation ser- énttp://projects.ldc.upenn.edu/TIDES/Translation/TransAssess
vices, we conduct experiments by using several process@a.pdf

WV
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Translation Proces$ Process Description

MT An atomic Japanese-Chinese machine translation service.
MT+Dic A composite Japanese-Chinese machine translation service combined with user
dictionaries.
MT+Mono An atomic Japanese-Chinese machine translation service combined with hu-

man tasks. The human tasks are conducted by a Chinese monolingual people
for revising the understandable machine translation results.

MT+Dic+Mono A composite Japanese-Chinese machine translation service combined with user
dictionaries and human tasks. The human tasks are conducted by a Chinese
monolingual people for revising the understandable machine translation re-
sults.

MT+Mono+Bi An atomic Japanese-Chinese machine translation service combined with hu-
man tasks. The human tasks are conducted by a Chinese monolingual peo-
ple for revising the understandable machine translation results and a Chinese-
Japanese bilingual people for confirming the correctness of the revised results
in MT+Mono as well as translating the unrevised part8/fhi+Mono.
MT+Dic+Mono+Bi | A composite Japanese-Chinese machine translation service combined with user
dictionaries and human tasks. The human tasks are conducted by a Chinese
monolingual people for revising the understandable machine translation results
and a Chinese-Japanese bilingual people for confirming the correctness of the
revised results iMT+Dic+Mono as well as translating the unrevised parts in

MT+Dic+Mono.
Bi+TM A human translation process conducted by a Japanese-Chinese bilingual people
with translation memory software.
Bi A human translation process conducted by a Japanese-Chinese bilingual people

without any Web services or translation memory software.

Table 1: Translation services/processes used in the experiments

tence to Chinese sentence in one instance. The Japan€Banslation quality. Figure 3 is the experimental results
sentences are randomly picked from a description manuain fluency and adequacy of translation ¥, MT+Dic,

for a digital camera in a Japanese company for localizationMT+Dic+Mono. Besides, we also evaluate the transla-
with the average sentence length of 42 Japanese charactetien quality for MT+Mono with the average fluency as
Machine translation services. Machine translation ser- 3.5 and adequacy a8.3. Results of MT+Mono+Bi,
vices used in the experiments include atomic machinéMT+Dic+Mono+Bi, Bi+TM andBi are not listed because
translation service and composite machine translation sefluency and adequacy are both 5 for each instance. The re-
vice as shown in Figure 1. Main language services usegult shows that the machine translation qualitiviis lim-

in our experiments are provided in the Language Grid byited and cannot meet the requirements for localization pro-
wrapping language resources including J-Server Japaneseesses. However, it can be improved by using composite
Chinese machine translation service provided by Kodensht#anslating service by combing dictionaries and other ser-
Co., Ltd’, Mecab Japanese morphological analysis servicices. ForMT+Dic, adequacy of the translation result is
provided by NTT Communication Science Laboratdtjes not less than 3 in 88% of process instances (15 of 17). By
user Japanese-Chinese dictionary service for digital cansombining machine translator and dictionaries, the transla-
eras which covers 18.75% words in the Japanese sentendén quality can be further improved froMT to MT+Dic

for execution. (fluency: 2.8 — 3.2, adequacy: 3.0 — 3.7). Composing
Human roles. Human tasks in the experiments are con-monolingual human tasks with the composite translation
ducted by a Japanese-Chinese bilingual translator and $grvice with dictionaries, the translation quality can be fur-
Chinese monolingual reviser with the cost of 30 units andher improved fronMT+Dic to MT+Dic+Mono (fluency:

15 units per hour respectively. 3.2 — 4.5, adequacy: 3.7 — 4.4). There is also an
interesting observation that adequacy of translation result
4.3. Analysis in MT+Dic (adequacy: 3.7) is even better than that of

In our experiments, we compare the translation qualitied! *MON0 (adequacy: 3.3), which means that collabora-

and costs in different translation processes. To testify thii}/: translation by human and machine translator also has

two hypotheses in Sect.4.1, we analyze the experiment Imitations if the original translation quality is not good.
results in the following two a,spects he result reveals that community dictionary services are

very important to improve machine translation quality. In
one word, the results in Figure 3 give evidence to support

"http://www.j-server.com/ our first hypothesis that composing monolingual roles and
8http://sourceforge.net/projects/mecab/

503



—B-MT(Avg=2.8) —=-MT(Avg=3.0)

—0—MT+Dic(Avg=3.2) —8—MT+Dic(Avg=3.7)
—>—MT+Dic+Mono(Avg=4.5) —»—MT+Dic+Mono(Avg=4.4)
5 5
o 4 > 4
o =
= (<2
ER $ 3
™ <
2 2
1 1
1234567 8 91011121314151617 1234567 8 91011121314151617
Translation Instance ID Translation Instance ID
Figure 3: Comparison of translation quality (fluency and adequacy) for different translation processes
dictionary services improves the translation quality of ma- Process | Human | Time [ Cost
chine translators. From Figure 3, we can also see that theB;j Bilingual(1) 40min | 20.00
improvement is very effective when the original translation” Bj+TM Bilingual(1) 35min | 17.50
quality (fluency and adequacy) of machine translation iS MT+Mono+Bi Bilingual(1) 39min | 16.50
among the level of 2 to 4. Monolingual(1)
Translation cost. Table 2 is the experimental results “MT+Dic+Mono+Bi| Bilingual(1) 36min | 13.00
on translation cost and time duration ftT+Mono+Bi, Monolingual(1)

MT+Dic+Mono+Bi, Bi+TM andBi, which have the equal
translation qualities with fluency and adequacy both 5 andable 2: Comparison of translation cost and duration for
can be used as localization processes. The results shatifferent translation processes

that collaborative translation processes by human and ma-

chine translator NIT+Mono+Bi and MT+Dic+Mono+Bi)

can reduce the translation cost comparing with the human

translation processB{ and Bi+TM) with 35% in maxi-  jnduced but not efficiently executed, the translation cost
mum. However, the time duration of the four processesyf composite process by machine translation services and
do not significantly differ from each other since we simply hyman activities is even higher than an absolute human
add the execution duration of the machine translator angqcess. In the experiments we conduct, the monolingual
human tasks for all 17 process instances when computing,man taskiuman revisioris executed in 88% of process
the execution duration in collaborative translation processeg,stances itVIT+Dic+Mono and MT+Dic+Mono+Bi. To
(MT+Mono+Bi andMT+Dic+Mono+Bi). However, if we  analyze how the execution rate bfiman revisionwould
consider the parallel execution of process instances and higffect the translation cost of the proposed process, we

man tasks, the execution duration are expected to be repnduct further simulations. To keep the translate qual-
duced in collaborative translation proce84T+Mono+Bi ity as fluency = 5.0 and adequacy = 5.0, we use
andMT+Dic+Mono+Bi). In summary, the results in Table \T+Dic+Mono+Bi as the simulation process. We con-
2 give evidence to support our second hypothesis that colyyct the simulation by varying the execution rate)(of
laboration of human and machine translators is possible tghe monolingual human tagkuman revisiomwith other set-

reduce the cost comparing with the absolute bilingual huyings the same as we have described in Section 4.2. For

man translation. example,rr = 25% means that the execution probabil-
) ] ity of human revisiorin MT+Dic+Mono+Bi is 25%. We
4.4. Discussion simulate several casesr(= 100%, 75%, 50%, 25%, 0%)

Generality of the experimental results. Since the ex- for all the 17 process instances. The simulation result is
perimental results described in Section 4.3 are based froshown in Table 3. From the result, we can see that with
an experiment of very small scale, we cannot simply conthe increase ofr, translation cost and translation duration
clude that the hypotheses in Section 4.1 are true for alboth decrease. The casesof = 100% can save 38.5%
cases. Actually, when inducing human activities to keepof translation cost and 15.6% of translation duration com-
high translation quality, the translation cost is affected inparing to the case ofr = 0%, where monolingual hu-
different ways by varying execution rate of human activ-man activity is intended to be induced for revising transla-
ities and machine translation services in the proposed lotion result but actually nothing can be revised and all the
calization processes. In cases where human activities ateanslations are done again by the bilingual human trans-
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Revision rate of translation result MT+Dic+Mono+Bi
rr=100% | rr =75% | rr=50% [ rr =25% | rr=0%
Translation Cost 14.75 17.50 19.25 22.25 24.00
Translation Time 38min 39min 41min 43min 45min

Simulation ltems

Table 3: Simulation results of translation cost and time for different translation revision-rate (

lator. The simulation also acquires the result that the exeand execution duration for analysis. However, we also con-
cution cost and execution duration of the case< 55%  sider the application-specific QoS (fluency and adequacy of
in MT+Dic+Mono+Bi are even more than those i be-  translation) and focus more on it.

cause of the waste execution of composite machine translé&duman activities has been considered in workflow man-
tion services and monolingual human tasks. The simulatiomgement from the perspective of link of organization ele-
is conducted with IBM’'s Websphere Business Modeler Ad-ments and business process (Zhao et al., 2008) and from
vanced V6.2. the perspective of organization management (Zur Muehlen,
Challenging issuesTo cover translation quality and trans- 2004). BPEL4People has been used as specification for hu-
lation cost, composition of human activities and machineman tasks in previous work (Russell and Aalst, 2008; Zhao
translation services can be regarded as a promising agt al., 2008; Mendling et al., 2008). However, our research
proach. Howeuver, it is necessary to consider how to deis the first to use human tasks for improving application-
sign mechanisms to reduce translation cost while keepingpecific QoS and conduct experiments in the language do-
the translation quality. Although the experimental resultsmain in real world for analyzing the composition of human
in this paper might not be supported in a statistical peractivities and machine translation services.

spective, many lessons can be obtained from an empirin the area of intercultural collaboration, machine transla-
cal perspective as a fundamental trial of composing humators have been applied in multilingual communication in
and machine translation services for improving localizationprevious research. From the view of communication anal-
processes. We have also learned several important issuesygfis, effects and difficulties of using machine translation
controlling human tasks that should be considered in thén collaborative work have been discussed (Yamashita and
future. First, although this paper mainly focuses on thelshida, 2006; Yamashita et al., 2009). Moreover, it has
translation quality and translation cost of the localizationbeen reported that combining community dictionaries and
processes that composed by human and machine translaachine translators can improve mutual understanding in
tion services, the design of interaction mechanisms amongultilingual communications (Inaba et al., 2007). Further,
human and translation services, between human activitiesffectiveness of collaborative translation by machine trans-
in a localization process is actually an important issue to béators and monolingual human have been shown in some
considered. If the interactions are not effective, translatiorwork (Hu, 2009; Morita and Ishida, 2009). However, ef-
cost might be increased because of the additional interadects of applying machine translation services in localiza-
tion cost. Second, it is necessary to unify human activition processes with the aid of human activities are rarely
ties and Web services for composition to control human asebserved in this area, which is the focus of this research.
signment, quality control of human tasks, dynamic human

service selection and so on. Third, the dynamic manage- 6. Conclusion

ment of human task execution is also important for reduc-P ibility of binina human and machine translators
ing translation cost of human tasks. Ossibility of combining hu :

has been discussed in previous research. However, practi-
5. Related Work cal efforts of how to support such approaches for improving
In this section, we review some related work on the perJocalization processes in the real world are rarely reported.
spective of both Web service composition and interculturall N main contribution of this paper is to propose an ap-
collaboration using machine translation services. proach of composing human activities and machine trans-
Web service composition has been an important issue fd@tion services for Iocahzauon_processes considering both
past several years in the service-oriented computing arefanslation quality and translation cost.
Recently, QoS-aware service composition has become tHeirst, we propose the approaches of improving localiza-
focus in this area (Zeng et al., 2004; Aggarwal et al., 2004tion processes by composing human and machine transla-
Menasce, 2002; Cardoso et al., 2004). The work of Zeting tion services based on the Language Grid, a language ser-
al. (Zeng et al., 2004) is among the earliest ones for Qosvice platform that we have developed. Then, we show how
aware service composition. The authors propose a multidito conduct localization processes on the Language Grid.
mensional QoS model for Web service composition includ-Further, we conduct experiments to compare the transla-
ing dimensions of execution price, execution duration, repfion qualities and costs using several translation processes,
utation, successful execution rate and availability. In thishcluding absolute machine translation processes, absolute

research, we also use QoS dimensions like execution co§timan translation processes and translation processes by
human and machine translators. The experiment results

®http:/iMww-01.ibm.com/softwarefintegration/wbimodeler ~ show that (1) composing monolingual roles and dictionary
/advanced/ services improves the translation quality of machine trans-

505



lators, and (2) collaboration of human and machine translaY. Murakami and T. Ishida. 2008. A layered language ser-
tors is possible to reduce the cost comparing with the abso- vice architecture for intercultural collaboration. Bro-
lute bilingual human translation. ceedings of the Sixth International Conference on Creat-
Currently, larger scale experiments on localizing commu- ing, Connecting and Collaborating through Computing
nity contents based on the proposed processes are being(c5 2008) pages 3-9. IEEE Computer Society.
conducted within local communities. These efforts are exN. Russell and W.M. Aalst. 2008. Work distribution and
pected to yield a significant impact on the localization in- resource management in BPEL4People: capabilities and
dustry for creating new business models. opportunities. InProceedings of the 20th international
conference on Advanced Information Systems Engineer-
Acknowledgments ing, pages 94-108. Springer-Verlag Berlin, Heidelberg.
This work was supported by Strategic Information andJ. White, T. OfConnell, and F. OfMara. 1994. The ARPA
Communications R&D Promotion Programme (SCOPE) of MT evaluation methodologies: evolution, lessons, and
the Ministry of Internal Affairs and Communications of  future approaches. IRroceedings of the First Confer-
Japan. ence of the Association for Machine Translation in the
7 Ref Americas pages 193-205.
’ eterences N. Yamashita and T. Ishida. 2006. Effects of machine
R. Aggarwal, K. Verma, J. Miller, and W. Milnor. 2004.  translation on collaborative work. Rroceedings of the
Constraint driven web service CompOSition in METEOR- 2006 20th anniversary conference on Computer sup-
S. In 2004 IEEE International Conference on Services ported cooperative workpage 524. ACM.
Computing, 2004.(SCC 2004). Proceedingages 23— N Yamashita, R. Inaba, H. Kuzuoka, and T. Ishida. 2009.
30. Difficulties in establishing common ground in multiparty
A. Alves, AArkin, S. Askary, C. Barreto, B. Bloch,  groups using machine translation. Pmoceedings of the
F. Curbera, M. Ford, Y. Goland, A. Guizar, N. Kartha,  27th international conference on Human factors in com-
et al. 2007. Web services business process execution puting systemsages 679-688. ACM.
language version 2.@ASIS Standardl1. L. Zeng, B. Benatallah, AHH Ngu, M. Dumas,
J. Cardoso, A. Sheth, J. Miller, J. Arnold, and K. Kochut. J. Ka|agnanam' H. Chang, I.B.M.T.J.W.R. Center, and
2004. Quality of service for workflows and web service NY Yorktown Heights. 2004. QoS-aware middleware
processesWeb Semantics: Science, Services and Agents for web services compositionlEEE Transactions on
on the World Wide Wet(3):281-308. software engineering0(5):311-327.
C. Hu. 2009. Collaborative translation by monolingual X. zhao, Z. Qiu, C. Cai, and H. Yang. 2008. A formal
users. InProceedings of the 27th international confer-  model of human workflow. InREEE International Con-
ence extended abstracts on Human factors in computing ference on Web Services, 20Q8ages 195—-202.

systemspages 3105-3108. ACM New York, NY, USA. M. zur Muehlen. 2004. Organizational management in
R. Inaba, Y. Murakami, A. NadamOtO, and T. Ishida. 2007. workflow app"cations_issues and perspectivd}s‘for-
Multilingual communication support using the language mation Technology and Managemeb3):271-291.
grid. Lecture Notes in Computer Sciend®68:118.
T. Ishida. 2006. Language grid: An infrastructure for inter-
cultural collaboration. IHEEE/IPSJ Symposium on Ap-
plications and the Internet (SAINT-Qages 96—100.
T. Ishida. 2008. Service-oriented collective intelligence
for intercultural collaboration. IHEEE/WIC/ACM Inter-
national Conference on Web Intelligence and Intelligent
Agent Technology (WI-IAT '08yolume 1, pages 4-8.
T. Ishida. 2010. Intercultural collaboration using machine
translation.|EEE Internet Computinglanuary/February
2010:26-28.
M. Kloppmann, D. Koenig, F. Leymann, G. Pfau, A. Rick-
ayzen, C. von Riegen, P. Schmidt, and I. Trickovic.
2005. Ws-bpel extension for people—bpel4peoptant
white paper, IBM and SAP
DA Menasce. 2002. QoS issues in Web servicksEE
Internet Computing6(6):72—75.
J. Mendling, K. Ploesser, and M. Strembeck. 2008. Spec-
ifying separation of duty constraints in BPEL4People
processes. ldlth International Conference on Business
Information Systems (Bis 200§)age 273. Springer.
D. Morita and T. Ishida. 2009. Collaborative translation by
monolinguals with machine translators. Pnoceedings
of the 13th international conference on Intelligent user
interfaces pages 361-366. ACM.

506



