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Abstract. Today most OSS products are developed according to the “bazaar” style of software development. Certain products (e.g., Linux, Apache, PostgreSQL) favorably compare with proprietary software products and are widely prevalent in our daily life. On the contrary, a large number of OSS products and communities result in failure or stagnation due to various factors. This implies that “bazaar-like” software development might not be a critical success factor of OSS products and communities. What is the difference between successful and non-successful “bazaar-like” software development? To answer this question, in this paper we develop a hypothesis, the condition of “bazaar” in a successful OSS community with a long history changes over time in evolving to adapt itself and its products to the rapidly changing external environment and try to test the hypothesis by conducting a case study of the Apache HTTP Server community which is a representative of “bazaar-like” software development communities. From the results of our analysis, we have found that in the first half of the analysis period (1997-2002), the community tended to accept non-core developers’ opinions (patches) in the same way as core developers and emphasized to evolve the products, while in the last half of the analysis period (2003-2007) the community tended to place much value on providing quality services and the community has shifted the condition from fresh and/or vital to stable or mature.oday most of OSS products are developed “bazaar style” but only a few products (e.g. Linux, Apache, PostgreSQL, and so on.) are known and used in our daily life. Like those successful products have long history and favorably compare with proprietary software products. In this paper was written to answer the hypothesis that successful OSS community with a long history changes their “bazaar style” over time in evolving to adapt oneself to the rapidly changing (computing) environment.           used by the successful, mature Apache Http Server project. As the results of the case study, we conclude that “bazaar style” in Apache changes. Specifically, 検討中 
1. Introduction
As globally distributed software development becomes more common in a software development companiesy, the development style of open source software (OSS) has been drawing more attention from researchers and practitioners [6, 7, 8, 12cite, cite, cite]. Typical OSS such as Linux and Apache areis traditionally developed in a geographically distributed environment. A better understanding of OSS development would be helpful for distributed software development in a software development company.
The development style of OSS is widely recognized as “bazaar-like” software development which has been conceptualized by Eric Raymond [Raymond199911]. In “bazaar-like” software development, anyone can participate in a community where an OSS product is collaboratively developed through the iInternet. That is, “bazaar-like” software development is used as a metaphor to represent the openness of an OSS development and community to the public, assimilating the concept of ~~~ a bazaar where people can choose and buy what they want. Using communication media (e.g., mailing lists and bulletin boards) and development support tools (e.g., configuration management systems and bug trucking systems), participants including not only developers but also users share, discuss, and implement a variety of ideas with each other, and then release OSS products to the public. In the form of participation in software development, OSS development differs substantially from traditional proprietary software development in a company, which is called “cathedral-like” software development.
Most of current OSS products are developed according to the “bazaar” style of software development. Certain products (e.g., Linux, Apache, PostgreSQL and so on) favorably compare with proprietary software products and are widely prevalent in our daily life. So, we consider that they play an important role as a part of social infrastructure. While socially successful OSS products exist, a large number of OSS products and communities result in failure or stagnation [10Ohira2005MSR] due to various factors, (e.g., discord among participants, low market demand, low number of downloads, appearance of superiorsame kinds of the sameuperior products, and so forth). This implies that “bazaar-like” software development might not be a critical success factor of OSS products and communities. If so, how could certain products and communities such as Linux and Apache achieve a great success and survive in a free competitive market for more than a decade? Our study is motivated to answer this question.
In order to answer the research question above, we firstly suspect that OSS products and communities keep coevolving to adapt to a continuously and rapidly changing external environment such as market needs, competitors, and appearance of new technologies. In this paper we develop thea hypothesis that thea condition of “bazaar” in a successful OSS community with a long history changes over time in evolving to adapt itself and its products to the rapidly changing external environment and try to test the hypothesis by conducting a case study of the Apache HTTP Server community, which is a representative of “bazaar-like” software development communities. From the case study, we would like to provide a new perspective on a key factor of OSS development. In what follows, we introduce related work on the “bazaar” style OSS development and organization models of OSS communities in Section 2 and present our hypotheses in Section 3. Section 4 describes our case study of the Apache HTTP Server community and then Section 5 shows the result of the case study. We discuss lessons learned from the case study in Section 6. Section 7 summarizes the paper and states our future work.
2. Related work
The literature on OSS has made considerable efforts to better understand practical open software development [2, book13, 13book2, conf1, conf2]. Mockus et al. [8apache vs. mozilla] investigated various claims on the nature of OSS development through the case study of Apache and Mozilla. One of the findings in [8Apache vs. Mozilla] is that both the Apache and Mozilla communities have a small number of core developers (10 to 15 people) who control the code base and create approximately 80% or more of the new functionality. German et al. [45] also reported similar results for the Ximian project. These facts provide us a clue that OSS communities might not be supported by a fully open, liberalized “bazaar” but rather by some sort of centralized mechanism (e.g., authority).
An organizational structure of an OSS community has been illustrated as an “Onion” model [1, Ye200314, Crowston2006], which has becoame a widely -received view of participant’s’ roles in an OSS community. If OSS products are created according to fully open “bazaar-like” software development, a process of role changes between the roles (promotion or demotion) in an OSS community must be more flexible than that in a business organization. To understand thean actual process of role migration and advancement in OSS communities, Jensen et al. carefully observed three OSS communities (Mozilla.org, Apache.org, and NetBeans.org) and confirmed the existence of a complex process of role migration and advancement, which cannot be captured by a simple, onion-like multiple tracks of roles modeled for an organizational hierarchy in an OSS community. They also confirmed that the important roles in a community (e.g., project manager) areis not already available to community members from the general public.
Nakakoji et al. [9] classified the evolution patterns of OSS products and communities into three types (exploration-oriented, utility-oriented, and service-oriented) and discussed relationships of co-evolution among OSS products and communities.

 Exploration-Oriented and Utility-Oriented OSS projects experience rapid evolution, mostly in linear fashion [75]. As the projects mature into Service-Oriented ones, the speed of evolution will slow down to a stable growth. A new round of rapid evolution will start again if the stable OSS system inspires new ideas or new requirements, giving birth to New Exploration-Oriented or Utility-Oriented OSS projects, which will again mature into new Service-Oriented ones. This process is similar to the biological evolutionary process…
Inspired by the studies above, we were motivated to investigate if OSS products and communities comply with “bazaar-like” software development and if the management policy of community participation changes over time as products mature. Especially, since the previous studies did not strongly focus on time-series an analysis of using time-series, quantlitative data, we would like to analyze itdo that and to provide empirical evidence for new understanding of open source-style software development..
3. Temporal Changes in “Bazaar”
This section describes our hypotheses on temporal changes in “bazaar-like” software development. 
3.1. Openness ofin an OSS Community
The basic hypothesis in this paper is that a condition of “bazaar” in a successful OSS community with a long history changes over time in evolving to adapt oneitself and its products to the rapidly changing external environment. The previous studies described before seems to support the hypothesis to some extent, because they imply that OSS products are not developed in a fully open, liberalized “bazaar” but rather under control of a centralized system (decision making by core members). So, what is the openness of “bazaar-like” software development in an OSS community? We consider here that the openness of “bazaar-like” software development is determined by easinesse of community participation and acceptability of contributions from noncorenon-core members. The easeasiness of community participation would be ensured inby most of OSS communities, because anybody can subscribe to mailing lists, report bugs, and send a patch to developers in general most OSS communities. By contrast, the acceptability of contributions from non-core members might not be guaranteedpromised, because all of the user’s’ feedback, bug reports, and patches are not necessarily accepted and used to changereflect on the quality of OSS products. Therefore, we use and analyze the acceptability as a measure tofor knowascertaining the openness of OSS communities (i.e., thea condition of “bazaar”).
3.2. Hypotheses
We would like to test the basic hypothesis by using time-series analysiszing of the acceptability of contributions from both core and non-core members in OSS communities. To do so, we developed more concrete three hypotheses as follows.
[H1] A community with a (small/big) difference in lowthe acceptability between core and non-core members will (acquire/lose) noncorenon-core members over time.
[H2] 
[H3] A community with a (small/big) difference in the acceptability between core and non-core members will (increase/decrease) in number of contributions from non-core members over time.Contributions from noncore members will decrease over time in a community with low acceptability
[H4] 
As [4, 8] indicated, a small number of core members greatly contribute their efforts to create quality products. The acceptability of contributions from core members would be consequently higher than from non-core members. On the contrary, the acceptability of contributions from non-core members would depend on results of decision making among core members. If core members ignore a contribution (e.g., bug report) from non-core members, non-core members are not likely to continue to devote their efforts to the community. We consider that a community where core members treat contributions from non-core members in the same way as core members will attract non-core members and motivate them to contribute to the community. [H1] and [H2] are based on this consideration of community participation and contributions from non-core members. 
In this paper the acceptability is defined by the number of contributions that are reviewed by core members. In particular, we focus on patches posted to a developer mailing list as contributions and derive the acceptability by counting the number of patches reviewed by core developers. For instance, if all the patches posted by core and non-core developers are reviewed as equals, the difference in the acceptability between core and non-core developers will be small, which implies that the community would regard contributions from core and non-core members as equally important and therefore the condition of community would be open. If only the patches posted by core developers are reviewed and the patches posted by non-core developers are ignored, the difference in the acceptability between core and non-core developers will be large, which implies that the condition of the community would not be open to the public (i.e., non-core developers).
The acceptability changes overt time, depended on a state of the external environment.
3.3. A measure to test
前述の仮説を検証するためには，貢献に対する受容性を測るための指標が必要となる．いくつか考えられるが（例えば，ノンコアメンバからのバグレポートがどれくらい利用されたかなど），本論文では，送られたパッチがどれくらい受け入れられたかを利用する．その理由は？？？


4. Case study
This section describes our case study of the Apache HTTP Server community which has been developing a web server software product with the biggest market share. We first briefly introduce the Apache HTTP Server community and then describes the target data source for analysis, and explain metrics measured from the data source. Finally, we provide the criteria to define a core cide to bedeveloper and non-core developer.
4.1. Apache HTTPttp Server community
The Apache HTTP Server community was built by some of developers who implemented patches for the earliest web server (called “NCSA HTTPd”). The developers extended functions and fixed bugs through communications with e-mails and then released version 1.0 of the Apache HTTP server in 1996.  The community has been continued up to today and released versions 1.3, 2.0 and 2.2.
The same As inas many other OSS products, the Apache httpdHTTP server is also developed according to the “bazaar” style of software development. Anyone can participate in the community and help the improvement of the product through the Iinternet. For instance, the community allows any Ddevelopers to post a patch to a mailing list at anytime. The patch is discussed by other developers and then applied to the Apache HTTP server by the developers who have commit permissions to the repository forof software documents and source codes.
In the Apache project, the commit permissions areis shared by the developers, who contribute to improving the product for many years, such as software document maintenance and bug fix. These developers are called “core-developers”. On the other hand, “non-core developers” do not have the commit permissions due to a short duration of their participation, small contributions, or other reasons. However, the non-core developers still can post a patch to a mailing list and discuss other patches as canwell as the core-developers since the development style in the Apache project is “bazaar-like” software development.
4.2. Data Sources（分析対象データ）
In this paper, we chose the developer’s mailing list in the Apache community as our target data source. It has been archived monthly since March 1995. We analyzed the mailing list for 11 years from Jan. 1, 1997 to Dec. 31, 2007. The number of message logs during the period was 93,669. 
The developer’s mailing list is mainly used for discussing changes to the source codes of Apache and related issues including technical topics and bug fixes. Anyone interested in working on Apache development can join this mailing list. 
4.3. 	Classification of Basis to decide to be a core developerand non-core developer（ コア開発者の決定基準）
In this paper, we classify each developer is classified into a core developer or a non-core developer year by one year. A non-core developer in one year can be classified as a core developer in another (later) year, since a non-core developer may be promoted to a core developer. For the classification of developers in the Apache community, in this paper We considered the possibility that a developer had been a non-core developer one year but the developer was a core developer one year later. Therefore, wwe establish the criteria in this paper as followsto whether the developer was the core developer or not.

If there is a developer’s commit log in the CVS repository, then we the developer is classified the developer asinto a core developer, since the core developers haves commit permission to the repository and a commit log with a committer name is generated when committing files to the repository. Therefore, in this paper, if there is at least one developer’s commit log in one year, the developer (i.e., committer) is classified as ainto core developer in that the year. Otherwise, the dDevelopers that are not core developers is are classified asinto non-core developers. For instance, iIf there is a developer’s commit log in 1995 and not the developer’s in 1996, then the developer is classified as into the a core developer in 1995 and the a non-core developer in 1996.

5. Corrected data and Analysis methodology
5.1. Measurement of mMetrics measurement（収集する指標）
In order to test the two hypotheses described in Subsection 3.2, we measured the following metrics from the development mailing list every year: (1) the number of core and non-core developers (i.e., the number of email senders), (2) the number of contributions from core and non-core members (i.e., the number of patches), and (3) the acceptability of contributions from core and non-core members (i.e., the rate of patches reviewed by other developers).
The number of developers is counted from the number of posted emails in the development mailing list. The developers are classified into core and non-core developers, based on the criteria described in Subsection 4.3.  The number of contributions is derived by extraction of emails with a string [PATCH] in the subject of an email. This rule relies on a previous study of Rigby et al. [12], which reported that developers in the Apache community posted attached patches with a string [PATCH] in the subject of an email. Emails with patches of the total number of 93,669 emails in total were 3,061. Furthermore, if other developers respond to a posted patch in the mailing list, the patch is regarded as reviewed. [12] randomly sampled 100 replied emails with patches and confirmed that non-reviewed emails were less than 5%.
「急激に変化する（コンピューティング）環境に適応するために自身を進化させる中で，長い歴史を有しかつ成功しているOSSコミュニティのバザールの状態は，時間とともに変化する」という仮説を検証するために，コア開発者とノンコア開発者それぞれの各年における”修正パッチがプロジェクトのメンバーからレビューを受けた割合”を比較する．バザール状態が変化するのであれば，時間とともにバザールの特徴，オープン性が変化すると考えた．具体的に説明すると，ノンコア開発者が投稿した修正パッチが，コア開発者の投稿した修正パッチと同程度にレビューされていれば，そのプロジェクトは新しい考えを取り入れようとしており，オープンであるといえる．しかし，コア開発者の投稿した修正パッチだけがレビューされ，ノンコア開発者の投稿した修正パッチがレビューされなくなっていれば，そのプロジェクトはバザールの特徴，オープン性を失っていると考えられる．
そこで，本稿では，（１）修正パッチがプロジェクトのメンバーからレビューを受けた割合に加えて，（２）修正パッチの投稿者数，（３）修正パッチの投稿数を収集した．（２）修正パッチの投稿者数と（３）修正パッチの投稿数を収集した理由は，（２）と（３）がApacheプロジェクトにおける開発の活発さの変化を知る上で基本の指標であると考えたためである．
データの加工手順
We build lists of core developer’s name and e-mail address by one year according to the basis in Sec. 4.3. Then, if the name and e-mail address in the developer’s mailing list satisfies the name and e-mail address in the list, the e-mail is classified into core developer’s e-mails. Otherwise, the e-mail is classified into non-core developer’s e-mails. Finally, we measure (1) the number of XXX, (2) the number of XXX, and (3) the percentage of XXX in each core developer’s emails and non-core developer’s emails.
 
5.1.1. Core developer list（コア開発者名簿の作成）
To determine whether each e-mail in the mailing list is sent by core-developer or not, we build lists of core developer’s name and e-mail address. By one year, we build the list (like Table 1) of the developer who committed to the CVS archive.
As shown by the row “No.1” in Table 1, there was the name and the e-mail address of sender in the log of CVS archive until 1997. However, there was only the e-mail address in the log from 1998. Therefore, as shown by the row “No.2” in Table 1, we covered a deficit of name part by using the log until 1997 and referring to project members list in Apache project. Unfortunately, when we do not get the name of the sender, we use the e-mail (like the row “No.3” in Table 1) as nameless e-mail.　Note that there was certainly the e-mails address in the log between Jan. 1, 1997 to Dec. 31, 2007.

	1
	Mizuki Yamamoto 
	yamamoto@hyperreal.org

	2
	Masao Ohira
(by reference to web page)
	ohira@daedelus.apache.org

	3
	-
	kamei@daedelus.apache.org



5.1.2. メールの仕分け
コア開発者名簿を用いて，以下の条件に合致するメールを，コア開発者が送信したメールとした．それ以外のメールを，ノンコア開発者が送信したメールとした． 
1	コア開発者名簿にメールアドレスが存在し，名前がある場合
1 – 1		コア開発者名簿の名前とアカウント名が一致した場合
1 – 2		名前が完全一致したが，アカウント名が異なった場合
1 – 3		名前が完全一致しなかった場合は，両方のリストに姓名があるかを確認し，片方にしか姓名が存在しない場合，両方のリストの名とIDを比較し，完全一致すれば開発者名簿から削除する
2 	コア開発者名簿にメールアドレスは存在するが，名前がない場合
IDが両方とも一致すればコア開発者として開発者名簿から削除する
（←これは妥当なのか）

ここで，上記手順の留意すべき点を述べる．本来はコア開発者名簿の名前とメールアドレスが完全一致した場合を条件とするべきである．ただし，Apacheでは、その条件で一致する件数は0件であった．調査したところ，コア開発者はCVS用のメールアドレスとDEV用のメールアドレスを持っていたため，その各々のメールアドレスのドメインは完全に異なり、メールアドレスの一致をとることで個人を特定することはできなかった。たとえば，以下の通り．


Dev. Mailing	List	From: ”Mizuki Yamamoto” <yamamoto@naist.jp>
CVS archive 		From: ”Mizuki Yamamoto” <yamamoto@hyperreal.org >

ただし，コア開発者のCVS用メールアドレスとDEV mailing list で用いるメールアドレスを調べたころ、ドメインは異なっても、名前、メールアドレスのユーザID部分が同じということが多い傾向にあることがわかった。よって、ヘッダから“名前”< yamamoto@ >というようにメールアドレスからドメインを切り取った，アカウント名のみを用いて，条件1-2などを実行した．
5.1.3. 各指標の計測方法
ここで，修正パッチ=[PATCH]メールという旨を述べる．

DEV mailing list archive のから，タイトルが [PATCH] から始まっているものだけを抜き出し，送信者が，４-３で作成したコア開発者名簿，またはノンコア開発者名簿にどちらかに属するかで，コア開発者が送ったパッチメール，ノンコア開発者が送ったパッチメールに分けカウントした．そして，メールのタイトルを利用して，「Re:タイトル」というものが存在するかどうかで，レビューの有無を分析した．
6. Result
6.1. Number of developers
 (
Fig. 
1
. 
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number of 
developers
)[image: ]FFig. 1 shows changes in the number of core developers and non-core developers. The x-axis shows time and the y-axis shows the number of developers. The number of non-core developers rapidly increased until 2002 and decreased until 2007. On the other hand, the number of core developers increased steadily (15 to 50 developers). This result can be seen as the total growth of the Apache community.
igure1 shows changes in the numbers of core developers and non-core developers. The x-axis shows time and the y-axis shows number of developers.
The number of non-core developers increased threefold during 1997 and 2002.This result indicates growth of Apache community. On the other hand, while the number of core developers increased by 2002 as non-core developers, the core developers were few and little changes throughout the whole period compared with the non-core developers.













6.2. Number of patch mails
The Fig. 2 shows the number of patch mails sent by core developers and non-core developers. The x-axis shows time and the y-axis shows the number of patch mails. The total number of patch mails during the analysis period was 3061. The core developers sent 1820 (about 60%) of the total number of patch mails.numbers of patch mails sent by core developers and non-core developers are shown in Figure2. The x-axis shows time and y-axis shows number of patch mails. In addition, the total number of patch mails was 3061, 1820 (about 60%) of these were sent by core developers.
[image: ] (
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)In the early periods (1997-1998), most patch mails (about 86%) were sent by about 20 core developers. This result indicates most defects were detected and corrected by the core developers in the early periods. In the middle periods (1999-2002), non-core developers began to send many patch mails, while the number of patch mails sent by core developers significantly decreased. The total number of patch mails has decreased since 2002, and eventually only 52 were sent in 2007.n the early periods (1997-1998), most patch mails (about 86%) were sent by core developers, but these periods had few core developers as about 20.This result indicates most defects were detected and corrected by core developers in the early periods. In the middle periods (1999-2002), while number of patch mails sent by core developers significantly decreased, non-core developers began sending many patch mails. However, the total number of patch mails decreased since 2002, and eventually the patch mails were sent only 52 in 2007.






6.3. Review rate
We now focus on the review rate (percentage of patch mails that reviewed by other developers). Fig. 3 shows the review rates of core developers and non-core developers.The values written at the top of Fig. 3 show the p-value calculated by chi-square test. Bold letters indicate statistically significant (P < 0.05) differences between the review rate of core developers and non-core developers.
[image: ]In 1997, the review ratio of core developers was notably higher (80.0%) than other periods, although a large number of patch mails (over 500) were sent by core developers. In the later periods (2002-2007), there were significant differences between the review rate of core and non-core developers. The review ratio of non-core was significantly low from 2004 to 2006. In particular, over the half of the patch mails sent by non-core developers had received no response in 2006. As a result, the review rate of non-core developer was the lowest in 2006.focus on the review rate (percentage of patch mails that reviewed by other developer).Figure3 shows review rates of core developers and non-core developers. The values written on top of Figure3 indicate P-value calculated by chi-square test. Bold letters indicate statistically significant (P < 0.05) differences between core developers review rate and non-core developers review rate.
In 1997, core developers review ratio was notably high (80.0%) than other periods, although so many patch mails (over 500) were sent by core developers. In the late periods (from 2002), there were significant differences between core and non-core review ratios, and non-core review ratio was significantly low between 2004 to 2006.Especially, more than half of patch mails sent by non-core developers had no response in 2006, when non-core developer re[image: zu3]




6.4.  (
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)Hypotheses testing
In this subsection, we test our two hypotheses described in section 3.




[H1] A community with a (small/big) difference in the acceptability between core and non-core members will (acquire/lose) non-core members over time.

In Fig. 3, the differences in the review ratio between core and non-core developers are relatively small until around 2002 and become large from 2003. While Fig. 1 shows the rapid increase of non-core developers until 2002, it also showed the decrease of non-core developers. We can consider that the hypothesis [H1] is supported.

[H2] A community with a (small/big) difference in the acceptability between core and non-core members will (increase/decrease) in number of contributions from non core members



In Fig. 2, the number of patch mails from non-core developers increased until 2002 and decreased from 2002. As with [H1], we can conclude that the hypothesis [H2] is supported.

7. Discussions
The results of our analysis supported our hypotheses [H1] A community with a (small/big) difference of the acceptability between core and noncore members will (acquire/lose) noncore members over time and [H2] A community with a (small/big) difference of the acceptability between core and non-core members will (increase/decrease) in number of contributions from non core members.	Comment by ソフトウェア工学講座: ケーススタディの結果，コアとノンコアの受容性の差が，１）ノンコアメンバの獲得，放棄，２）ノンコアメンバの貢献数の増加，減少に影響するということが分かった．
7.1.  Lessons learned
T
In the first half of the analysis period (1997-2002), the difference of the acceptability between core and non-core developers in the Apache community can be said as relatively small until 2002, since the difference of the review rate was only observed two times during 6 years (1997-2002). The result suggests that the Apache community equally treated each contribution sent by core and non-core developers. In other words, there was a positive stance toward widely taking contributions not only from core developers but also from non-core developers in this period, that is, the condition of the community was open. Therefore, we can conclude that the community attracted non-core developers and encouraged them to submit many contributions (patches) as shown in Fig. 1 and Fig. 2. 
In the last half of the analysis period (2003-2007), however, the difference of the acceptability was relatively big. The difference of the review rate could be confirmed three times during 5 years. We consider that the community in this period lost the positive attitude as described above and the openness of the community also decreased. These factors would strongly affect the decreasing number of non-core developers and patches from non-core developers. Summarizing these results, we can conclude that the Apache community changes own openness over time.	Comment by ソフトウェア工学講座: 分析2002年以降では，2002年までと比較してレビュー率が5年中3年という結果より，コア，ノンコアの受容性の差が大きくなっている．このことは，上記示したように意見を広く取り入れようとする姿勢が失われていると考える．すなわち，オープン性が低下している．これが，ノンコア開発者の減少やパッチ貢献数の減少となっていると考える．
Our empirical findings also can support the model of evolution patterns of OSS products and communities presented by Nakakoji et al. [9]. According to the classification of [9], the 
	Comment by ソフトウェア工学講座: 二つの結果の考察より，ApacheのOSSコミュニティのオープンネスが時間とともに変化していることが示唆される．	Comment by ソフトウェア工学講座: コミュニティが変化していることが示唆されたので，Nakakojiらが，OSSコミュニティを3つのタイプに分類し，コミュニティの進化とプロダクトの進化の関係について述べている点も踏まえて，今回の結果を再度考察する．


Apache HTTP Server community is a typical service-oriented OSS community in which a service-oriented system and community are not controlled by one project leader but several core members. The objective of service-oriented system and community is to provide stable and robust services. The feature of OSS products classified as service-oriented is widely used in our daily life. Therefore, a service-oriented OSS community tends to be conservative against rapid changes and evolution of current products. These characteristics of service oriented products and communities meet the policies of the Apache community [7]. Our findings, however, cannot be explained by only viewing the Apache community as service-oriented, since the findings showed the openness of the Apache community changed over time.
 (
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)Fig. 4 originally illustrated in [9] shows the evolution process of OSS communities, in which exploration-oriented (e.g., Perl and GNU systems) and utility-oriented (e.g., Linux systems excluding the kernel) OSS community experience rapid evolution, and the evolution speeds down to a stable growth as the community matures into service-oriented ones. Based on this evolution model and our findings, the condition of the Apache community can be applied to both a service-oriented and utility-oriented state. The first half of the analysis period (1997-2002) suggests the Apache community was open to public (non-core developers) and motivated non-core developers to join and contribute to the community, that is, the community was in a state of utility-oriented and rapid evolution. In contrast, the last half of our analysis period (2003-2007) suggests the community was regarded as service-oriented. 
	Comment by ソフトウェア工学講座: この結果をNakakojiらのコミュニティの進化の仮説のパターンにあてはめて考える（図４）の説明 
	Comment by ソフトウェア工学講座: 2002年までは，Utility Oriented，	Comment by ソフトウェア工学講座: すなわちコミュニティのオープン性が高く，ノンコア開発者を確保，パッチ数の増加それに伴ってプロダクトの進化を促進される期間．
As noted above, a service-oriented community is conservative because it should provide a stable and robust service. In the apache community, we have confirmed that the openness decreased in the last half period of the analysis. Therefore, contributions from core developers seemed to be considered as more important than ones from non-core developers. 	Comment by ソフトウェア工学講座: ．ただ，サービスを提供し安定するに至って，オープン性は下がっていると考える．なぜなら，サービスを提供するにあたって大事なことは，ソフトウェアにあるリスクを減らすことである	Comment by ソフトウェア工学講座: ．よって，ノンコア開発者の意見を進んで取り入れるより，信頼のおけるコア開発者の意見を重視した方が，そのソフトウェアのシステムについて詳しい意見を採用できるので，リスクを減らせると考えられる．このことは安定期間では，受容性に差がでることが予想される．よって，オープン性は低下につながり，ノンコア開発者数，パッチ数の減少に表れるになると考えられる．
In summary, our analysis based on quantitative data could capture a migration process from utility-oriented to service-oriented, as a part of empirical 
evidence of the evolutionary process of OSS communities and products. From the considerations of the results of our case study above, we can conclude that an OSS community and its leaders require to carefully adjust own conditions as the situation demands in order to keep the community and products successful.	Comment by ソフトウェア工学講座: その傾向が今回の2002以降でも表れているのではないかと考えられる．





	Comment by ソフトウェア工学講座: ． この知見は成功しているOSS開発がどのように自己のバザール状態を変化させ，プロダクトの進化を促進し，生き残っているかの一端を示す結果と考える．











o test our hypothesis that successful OSS community with a long history changes their “bazaar style” over time in evolving to adapt oneself to the rapidly changing “computing” environment, we assumed that the review rate “percentage of patch mails that reviewed by other developer” was a factor to confirm whether “bazaar style” changed. As the result of our case study, the late periods (from 2002), there were significant differences between core and non-core review ratios, and non-core review ratio was significantly low between 2004 to 2006. 　　　　This section, we discuss about the hypothesis based on our results showed previous section.
The result of our case study, we found that 1998, 2001 and 2004 to 2006 had the difference. To discuss this result, we firstly split the term we examined between the first 5 years (1997 to 2001) and the last 5 years (2003 to 2007) based on 2002 which was the middle of the term. As the result of the split, there is the difference twice in the first 5 years but the last 5 years, there is the difference three times. Especially since 2004, Apache policy that the way of submitting [PATCH] mails has been changed that it must be submitted through Bugzilla that was a bug tracking system and if developers wish . Before changing the way, [PATCH] mails have been submitted on the developer's mailing list as well as through the bug database. This has made it hard to easily track the patches. And without being able to easily track them, too many of them have been ignored [??]. So, after changing the way [PATCH] mails submitted to the developer’s mailingThis policy shows as the date figure2 that last 5 years have less [PATCH] mails than first 5 years. It seems to be the policy works well and ignored [PATCH] mails seem to be less than the first year. As we described earlier, the last 5 years has the difference one more times compared to the first 5 years. This result is thought to be that the last 5 years tend to get more opinions of core developers than non-core developers. In other words, this result gives suggestion that “bazaar style” has been changed to be a conservative since the project started. We still don’t know whether successful OSS community with a long history has this trend or not, but we offer the perception that the su


8. Summary Coclusion and Future work
In this paper, we developed a hypothesis that the condition of “bazaar” in a successful OSS community with a long history changes over time in evolving to adapt itself and its products to the rapidly changing external environment and analyzed the Apache HTTP Server community to test the hypothesis. From the results of our analysis, we have found that in the first half of the analysis period, the community tended to accept non-core developers' opinions (patches) in the same way as core developers and emphasized evolution of the products, while in the last half of the analysis period the community tended to place much value on providing quality services and moved to a stable condition. This implies that the Apache community and products have moved from utility-oriented to service-oriented.
In the near future, we need to analyze the Bugzilla database which is currently used for tracking and managing bug issues. Since in this paper we only focused on the development mailing list, we have not yet analyzed the review rate of patches posted to Bugzilla yet. Adding the analysis results of Bugzilla to the results in this paper would increase the validity of the results. Furthermore, we need to analyze not only the Apache community but also other OSS communities to assure the generalizability of the conclusions. We also would like to investigate the relationship between evolution processes and social structures [5] in OSS communities.
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