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I The Origins of Software Ecosystems

first NATO conference on
{Managing technical debt in database

Software Engineering agile software development & CI/CD schemas of critical software)
Software collaborative software development @ Software Today
Evolution _ - ‘ Ecosystems
. software product line engineering |
component-based software engineering @
1968 late 70’s late 90’s 2003

early 80’s 1983 1985 1991 1998
two decades of
. software ecosystem

GNU Linux tooling and analytics
project . .
Free Software Open Source
Foundation (FSF) Initiative (OSI)

Fig. 1.1 Milestones that contributed to the domain of research (analytics) and development
(tooling) of software ecosystems



I Perspectives and Definitions of Software Ecosystems

1.

F—IRiRH

—HAF—EEELEXRRIRE M

2.

- Messerschmitt and Szyperski
£ 751 (ecological perspective)

MR R RIYIIEFE AR WA A — T R TEERE.

3.

- Roy Clapham
ZFMElAE (economic and business perspective,)
—HIEA— T BRALEEF S REZER GRS TIAESREL, UEENZERNXR
- Jansen

—NREETREBRRETES. —HRBIIMIARARUARRS THABNTIEER T
R, XERPEURTHEIBRAELR, UisZiEX.

— A EARMBR MR, T2 E0XRETH—MiO G AL RN

- Bosch

= Hanssen



I Perspectives and Definitions of Software Ecosystems

4. FARFE (technical perspective)
EXREFESRZEANER—MERALMEREHFNRERBEES.

- Lungu
5. &M (social perspective)
INERRYIEFN AR WA — R ITHEEXRE.

6. — 1M 2EEIEX

—HS5FEERXREARTES LHES, NITESTMREBRRARIES. BIE25E58Z—F
FF m e A ARCRY IR (E, FREHEXRRERINEMSSEMBENESRS, MEARESMIL
—MRFARESS5ES ST AN HITHE.

- Roy Clapham

- Manikas



I What are the main characteristics of a Software Ecosystem?

« RTFAFERECEER T & ZESEEIIMR
AFFEFANERN.

- HithERRA, RGESEGESBRETRE.
B &AL ETRERREK

Table 2. Characteristics of a Software Ecosystem

25 H MR FRE R S R R R £ ZHHE

Characteristics

Study ID

Inherit characteristics of natural ecosystems
commensalism, amensalism, symbiosis and so on.

like mutualism,

1,2,17

Is linked to business ecosystem perspective

5,12,22.2529 35 42

Is linked to architectural concepts like interface stability, evolution
management, security, reliability.

7,10

Is linked to Software Product Lines development model

8,32

Is linked to Open Source Development Model

9,14,16,17,28,27

Can be used to negotiate requirements for aligning needs with

solutions, components, and portfolios 20
Collaborative Development in Government can be seen as a type of 14
Digital ecosystem
Is related to innovation processes 1,34
Have their characteristics inspired by concepts like Software Supply

5,15,41
Networks
Have impact on small and medium-sized Enterprises 36,40

R T ERBESREEHEENRERRIEINE
FHEHEFIE.

BHH. FRREESRESRSoftware
EcosystemsZtHiLAIHH 3 .

Digital EcosystemiyA kit E2@AR

Table 3. Terms related to software ecosystems field

Terms used explicitly Study ID
Software Ecosystems 1,8,13,16,18,26,30,31,38,43,44
SECO (Software Ecosystems) 5,6,7,12,29
Mobile Learning Ecosystems / Mobile Ecosystem 6,11
Free Open Source Software Ecosystem, Open 9,13,31,34
Ecosystem

Digital (Business) Ecosystem 33,34,36,39,42 43
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Table 4. Benefits of Software Ecosystems Perspective

Benefits and Challenges of Software Ecosystems Perspective

REZUTHRUHESRZENAT T RIEZHLH

BRI

ETRREE

IRtk AL
VFADIERY S B AngR (i gt

Table 5. Challenges and Limitations of Software Ecosystems Perspective

Challenges and Limitations

Study ID

Establishing relationships between ecosystem actors and proposing an adequate
representation of people and their knowledge in the ecosystem modeling.

2,15

Several key architectural challenges such as: platform interface stability,
evolution management, security, reliability, how to support the business
strategy, suitable architectures to support open source style development; how
open and flexible an architectural is.

5,8,11,21,2
7

Heterogeneity of software licenses and systems evolution in an ecosystem.
Organizations must manage these issues in order to decrease risks of
dependence.

5,31,41

Companies have difficulty at establishing a set of resources in order to
differentiate from competitors. It is necessary a correct engagement of the
keystone organization in the social dimension.

3,7

Benefits Study ID

Fosters the success of software, the co-evolution and innovation inside the 1,247
organization, increase attractiveness for new players 9,10,23
Decreases costs involved in software development and distribution 3,10
Helps analyzing and understanding the software architecture in order to decide

: 11,23,24
which platform to use
Supports the cooperation and knowledge sharing among multiple and 2033
independent entities. :
Enables analysis of requirements communication among stakeholders 30
Comes as alternative to overcome the challenges during design and 16.36
maintenance of distributed applications i
Provides help to the tasks of business identification, product architecture 19
design, risk identification
Provides information for the product line manager regarding software 1

dependencies

Technical and socio-organizational barriers for coordination and
communication of requirements in geographic distributed projects.

16,30

Infrastructure and tools for fostering social interaction, decision-making and
development across organizations involved in both open source and proprietary
ecosystems.

9,14,17,28




I Perspectives and Definitions of Software Ecosystems

Table 1.1 Categories of software ecosystems

Category

digital platforms

social coding
platforms
component-based
software
ecosystems

software
automation
ecosystems

communication-
oriented
ecosystems

0SS
communities

Examples
mobile app stores,

integrated development
environments

SourceForge, GitHub,
GitLab, Gitea, Bitbucket
software library registries
(e.g., CRAN, npm,
RubyGems, PyPi, Maven
Central), OS package
registries (e.g., Debian
packages, Ubuntu package
archive)

Docker Hub, Kubemetes,
Ansible Galaxy,

Chef Supermarket, Puppet
Forge

mailing lists,
Stack Overflow, Slack

Apache Software
Foundation, Linux
Foundation

Components

mobile apps, software
plug-ins, or extensions

software project
repositories
interdependent
software packages

container images,
configuration and
orchestration scripts,
CI/CD pipelines and
workflows

e-mail threads,
questions, answers,
messages, posts, etc.
OSS projects

Contributors
third-party app or
plug-in developers
and their users
software project
confributors
consumers and
producers of software
packages and
libraries

creators and
maintainers of
workflow
automation,
containerization and
orchestration
solutions
programmers,
developers, end
users, researchers

community members,
code contributors,
project maintainers,
end users

1. digital platforms
s —NMHRGESRER, HPEE— N FEEREEXEREN
&, MEHHFES LRMELIENS, EEamMEE

BEEAERIAFRFNESREZME.

GEZ N TIE S

« X5BoschH AERHREIFNE X —H
2. component-based software ecosystems
- BRAEFESFERANRGAEY, XEAFZEBERFE

« EETETRBXZNEREANET, XEESHFES
EFERGMREFXS, FEEMFERLIEELE.

Software Co-

Software
Evolution (8)

Operating
Systems (5)
16

Software
Product Line (4)

Software
Architecture (7)

Software
Ecosystem
Modeling (10)

(15)

Fig. 3. The most common areas studied in software ecosystems.




I Perspectives and Definitions of Software Ecosystems

Table 1.1 Categories of software ecosystems

Category

Examples

Components

Contributors

digital platforms

social coding
platforms
component-based
software
ecosystems

software
automation
ecosystems

communication-
oriented
ecosystems

0SS
communities

mobile app stores,
integrated development
environments

SourceForge, GitHub,
GitLab, Gitea, Bitbucket
software library registries
(e.g., CRAN, npm,
RubyGems, PyPi, Maven
Central), OS package
registries (e.g., Debian
packages, Ubuntu package
archive)

Docker Hub, Kubemetes,
Ansible Galaxy,

Chef Supermarket, Puppet
Forge

mailing lists,
Stack Overflow, Slack

Apache Software
Foundation, Linux
Foundation

mobile apps, software
plug-ins, or extensions

software project
repositories
interdependent
software packages

container images,
configuration and
orchestration scripts,
CI/CD pipelines and
workflows

e-mail threads,
questions, answers,
messages, posts, etc.

OSS projects

third-party app or
plug-in developers
and their users
software project
confributors
consumers and
producers of software
packages and
libraries

creators and
maintainers of
workflow
automation,
containerization and
orchestration
solutions
programmers,
developers, end
users, researchers
community members,
code contributors,
project maintainers,
end users

3. social coding platforms

EEENZTER, EFWebHRBREEFLEHEBEE
TWEZEZETWL, WEN.2FR.
GitHUub%EIPE LN RN G EFHEND EER, FH
AW SKIEARINER, ERXEARRAE. GitHubZ
F-THIZEBES.

- BIZGitHUbI BRI X AHEZR[E T ZMR, aiF
WREN. BEREEKHITEE. TRELIEEEN.
ﬁ%ﬂ&%%ﬁﬁ\ﬂﬂﬁﬁfﬁﬁﬁﬁz@%ﬁ*?ﬁ
SXF ERAREFRARITAZNE BRI E
RO, MEEXIMKR

XFGitHubi B AL EZE LR, LLWCI/CDIT
BEM, AxHEAER

Gitea (2016-)

Gitlab (2014-)

Gitee (2013-)
BitBucket (2008-)
GitHub (2008-)
Gitorious (2008-2015)
Google Code (2006-2015)

SourceForge (1999-)

2000 2005 2010 2015 2020

Fig. 1.2 Historical overview of source code hosting platforms



I Perspectives and Definitions of Software Ecosystems

Table 1.1 Categories of software ecosystems

Category

digital platforms

social coding
platforms
component-based
software
ecosystems

software
automation
ecosystems

communication-
oriented
ecosystems

0SS
communities

Examples

mobile app stores,
integrated development
environments
SourceForge, GitHub,
GitLab, Gitea, Bitbucket
software library registries
(e.g., CRAN, npm,
RubyGems, PyPi, Maven
Central), OS package
registries (e.g., Debian
packages, Ubuntu package
archive)

Docker Hub, Kubernetes,
Ansible Galaxy,

Chef Supermarket, Puppet
Forge

mailing lists,
Stack Overflow, Slack

Apache Software
Foundation, Linux
Foundation

Components

mobile apps, software
plug-ins, or extensions

software project
repositories
interdependent
software packages

container images,
configuration and
orchestration scripts,
CI/CD pipelines and
workflows

e-mail threads,
questions, answers,
messages, posts, etc.
OSS projects

Contributors
third-party app or
plug-in developers
and their users
software project
confributors
consumers and
producers of software
packages and
libraries

creators and
maintainers of
workflow
automation,
containerization and
orchestration
solutions
programmers,
developers, end
users, researchers
community members,
code contributors,
project maintainers,
end users

4. OSS communities

XEOSSET RGN FHANETRELESERAFH
R, BE "RBEZHREE, IAHRRBEXE" W
OSSAERRGZm TREIERABEMA TR EHEIR.
HERBFRFBEZLOE. RERERNREGIFRLE
A, ALMATMATIBETRB FOSSEHFMTERE,
MAREFLARFHEITALXLA LS.
OSSERZGERHMBETBERBEERLELEE LN,
OSSAEZRGBEHIFEFNRHEESES . EHfREE.
(Apache® &£ <. Linux Foundation. £=F4A%
RIOSSm Bt X)
FHEEFZELAFNHEATAEFHNREESES. TN
ROBAETELRRARWES, BRUTGEXENEESE
ZEREFSEMARRGEESREFLE. (MATLAB.
SAP)



I Perspectives and Definitions of Software Ecosystems

Table 1.1 Categories of software ecosystems

Category

digital platforms

social coding
platforms
component-based
software
ecosystems

software
automation
ecosystems

communication-
oriented
ecosystems

0SS
communities

Examples
mobile app stores,

integrated development
environments

SourceForge, GitHub,
GitLab, Gitea, Bitbucket
software library registries
(e.g., CRAN, npm,
RubyGems, PyPi, Maven
Central), OS package
registries (e.g., Debian
packages, Ubuntu package
archive)

Docker Hub, Kubernetes,
Ansible Galaxy,

Chef Supermarket, Puppet
Forge

mailing lists,
Stack Overflow, Slack

Apache Software
Foundation, Linux
Foundation

Components

mobile apps, software
plug-ins, or extensions

software project
repositories
interdependent
software packages

container images,
configuration and
orchestration scripts,
CI/CD pipelines and
workflows

e-mail threads,
questions, answers,
messages, posts, etc.
OSS projects

Contributors
third-party app or
plug-in developers
and their users
software project
confributors
consumers and
producers of software
packages and
libraries

creators and
maintainers of
workflow
automation,
containerization and
orchestration
solutions
programmers,
developers, end
users, researchers
community members,
code contributors,
project maintainers,
end users

5. Communication-oriented ecosystems
- HNBENESRES, EXEETRER, TEZHMR

ST EEEE, BEEMBEREERGHK
BRZEEXE., (BBEFIIER. AxEITIEEE. AEFE
&1inStack Overflow) . URIMAREBEESTES (IASlack
F1Discord) )

EMMESNEZHMEBS (FlanmE. 2R, b+,
BTHpEFIE B E&TE) KEETIEEMM S FEFEaL
XA, NS TEXEEEEETERIEEAIE
(NLP) HU%FERA.

MARARHTFEHERX XL "HRXEFRESRES”
HITTHH, REBBEATEREANESHEN L. Gla0HE
“31%. TFititis.



I Perspectives and Definitions of Software Ecosystems

Table 1.1 Categories of software ecosystems

Category

digital platforms

social coding
platforms
component-based
software
ecosystems

software
automation
ecosystems

communication-
oriented
ecosystems

0SS
communities

Examples
mobile app stores,

integrated development
environments

SourceForge, GitHub,
GitLab, Gitea, Bitbucket
software library registries
(e.g., CRAN, npm,
RubyGems, PyPi, Maven
Central), OS package
registries (e.g., Debian
packages, Ubuntu package
archive)

Docker Hub, Kubernetes,
Ansible Galaxy,

Chef Supermarket, Puppet
Forge

mailing lists,
Stack Overflow, Slack

Apache Software
Foundation, Linux
Foundation

Components

mobile apps, software
plug-ins, or extensions

software project
repositories
interdependent
software packages

container images,
configuration and
orchestration scripts,
CI/CD pipelines and
workflows

e-mail threads,
questions, answers,
messages, posts, etc.
OSS projects

Contributors
third-party app or
plug-in developers
and their users
software project
confributors
consumers and
producers of software
packages and
libraries

creators and
maintainers of
workflow
automation,
containerization and
orchestration
solutions
programmers,
developers, end
users, researchers

community members,
code contributors,
project maintainers,
end users

6. software automation ecosystems

ETZHEEEHUESEE. k. 18, B, X
. REMEHERGNAEFNERBRAATER: FHML
BRAR, ETEMIGHEMRBHNAEHETIR, UERAT
Bzt DevOpsFACI/CDEI LA,
BRULTFAZARBENAREFNAE (REMEEE)
AHEITEEMMBNEST, IERBEERER. FiER
HESWATHITRERE, FTUERMRMERZT T
& LisfT.

BT EMIZHERREE (1aC) HITEMIZHESIE, Ei
WHEEETAETMUSMENUMINEERE. BE. 'R
MHaFIE. (Ansible Galaxy. Chef Supermarket
FPuppet Forge)
DevOpsFACI/CDHMER A XM EFH LR, a2
EHRZRGEE LRENTEIMEB, FESERFHEE
K. SBE2FZFTE (CI/CD) #THMUIBzML, X
T HEDevOpskERHIKBARKERSY .
CI/CDITE{#m B 4rEseBisE T B e TIERE
Fimksk, NMBZILIFEESUHSATSHERNAZE
EE, XLEFEHEARIIEPH—ERS.
BEIEEiETELZGitHub ActionsTEEBBIES RS,
BIGitHub&mCI/CDARE .



I Data Sources for Mining Software Ecosystem

ZIEMRECE (MSR) MIRM KRR TEMHAAMGRENRGEYE. APISEMEBIERIMNTIR. HiEkEME. %K

r

WIrRBHRE U R BIEAET R (INERMBEAEE) , SBRTEEHITRHIFREHEHNNEXK.

1.

U

XERREREEXTEARG TRETBSERREYR T EERNFTE.

2.

R

- NHEWHRMIERRSS TSR, RAZEREFEGHFERRERSHGEENRENAPINELRREAEZTEXRSEREN.

TS EMEPERIEI TR RNMEENENEREL, TERATRZFEREZIFHE A%
& B TR TEMMF TZEN.

- BTFERE. FEHRRRE, ATrERMELERSGBRHERSERIHA .
- FESMAFEREXENEE, XEHEENBRIEETFHAIRIZRE FTECIEFTHEIESERY RI

BHIEE.

- EAHERNIKRESEEAX, HEHREETEAESHERND.
- KERGBHBEEMIESIHOFENBESHITHRTESBRRTESYE, BASEATHHEEARR, &

RRMRERBETERERBHIBENARTEARE.



I Data source

1. GitHub

GHArchive

GHTorrent (202143 BMZ1E4EH)

e TravisTorrent

2. JAVA

* Qualitas Corpus (2010, 2013)

«  ApachefIMavenHRGE

* Maven Dependency Dataset

3. {4 (Software Library)

» Libraries.io (2017-2020, 5:X7Ff%, CLREIL4%)

« Ecosyste.ms project (2022-, Open Collective #

o KRBT THREEEMER (REESMLInuXZIThR)
M E R AR EFENERS], SREBSFMEBATIHT
HIFT R ELR S

«  RBESMARRFERETH AREEFMDockerl B

REERBRS|, SXBSHRMETLANHERE -

© IRMRMATEEE. IEENZERRTHERSCE
[Tz, BRATRAERER RANTRHE T AR, SRR
BKEHIEE, FEREFAXTZENERS.

GitHubiRHt 2 £ RESTHGraphQL APISEEXMNSEHEEEMSEEFMERNETHTT

H,

Kk

Ecosyste.ms
pen source software.

nnnnnnnnnnnnnnnnnn

Support our work

ddddd

Work with us

Our Projects

An open API service providing package, version and dependency metadata of many open source software ecosystems and registries.



I Data source

4. HAipEETR

« Software Heritage ecosystem (sARIZAHEMEITE, BKEEHFXHLUNESCOZH)

* World of Code (WoC) (R#ETIEETFHMBEAREKTIXRERE. HEZNEREEEXR)

* Boa (Rt TOEAFEES A AN ITEREAMIEME) https://boa.cs.iastate.edu/

5. {ELEHPRIBHRR

 PROMISE Software Engineering
Repository

« FLOSSmole

* Candoia

* Sourcerer

« DebSources
6. Uwey CHAOSS Project

* Augur

* Grimoire-Lab

7. OpenDigger

* Metrics e
° OSSGraph m B ® & e 03
* Open- LeaderBoard
*  QOpen-Perf

counts[p.id] << len(node.files);
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HEHE

+ ERTREESTRERIRIE, FIETZIUENIELRE.

« BRI TAARMAXNREESRZARNIERRHEBREX.

© MAERBBRHESRERITT 5 EMIE.

- RETHOMAFRGESEGHNRELER, BHEEELKFEA.
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