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Introduction

The application of ecological approach to the software researches is considered and the basic concepts
of software engineering branch — software ecology — are formed. Ecological approach to the software
research means methodology of the object’s research (in this case, software) as the integer part of the
environment in question, usually in the form of ecosystem based sustainable development. Ecological
approach, complementing the system approach, allows to explore the software and the environment, in which
it is developed, used and evolved in new perspectives — as an ecosystem, in evolutionary (historical) view
and sustainable development. The ecological approach is a ecocentric systematic approach. In a broad sense,
the object of the study is the interaction between software and nature. In a narrow sense, the object of study —
the interaction of software with the environment. The principles, methods, organizations, objects, subjects
and processes of interaction are the subject of the research [5].

Software Ecosystems

There are three reasons to apply the ecological approach to software studying. The first two are related
to the concept of sustainable development and are identified by the impact of software products and their
production on the environment. Third basic reason is the need of software monitoring, as organized system
in the context of the real world [4]. Software ecology is said to be a new branch of software engineering
today. In general, ecology is a science of the relationship between living organisms and their habitats. But
the term is now used for software because there is a similarity between living organisms and software: the
software has lifecycle, developing programs consume resources, interacting with each other and the
environment, habitat (residence) programs — operating environment, runtime system, a community of users
and developers and others. Thus, the "software ecology" is a term that affects the field of researches of the
properties, behavior and laws of software systems and their impact on the environment and human activities.
The objectives of ecology program may include:

- Optimization of technological and design solutions based on minimal damage to the environment;

- Prediction and assessment of possible adverse effects of existing and planned tools on the
environment;

- Early detection and correction processes that harm the environment;

- Creation of recycling activity programs (Windows: bin, registry cleaning programs, etc.);

- The fight against software viruses and create systems that are resistant to them;

- The creation of "environmental" development tools '"environmental" programs [8].
In studies of software ecology the following three areas are selected: "green" software (software, the use of
which has the least impact on nature); ecological software engineering (software development with the least
harmful impact on the environment) and software ecosystems.

The notion of ecosystems originates from ecology and means a community of living organisms
(plants, animals and microbes) in conjunction with the nonliving components of their environment (things
like air, water and mineral soil), interacting as a system. The concept of "software ecosystem" is widely used
by companies and researchers of the software. Researches into software ecosystems are represented by
several works. Throughout this thesis we will consider a few definitions of software ecosystems. In [12]
software ecosystem is a set of actors functioning as a unit and interacting with a shared market for software
and services, together with the relationships among them. These relationships are frequently underpinned by
a common technological platform or market and operate through the exchange of information, resources and
artifacts. The transaction between two software vendors is centered around software components and
software services. In this thesis a definition of software components is used: software component a bundle of
software functions accessible through a single interface or carrying a single name which is or can be used as
an element in other software packages but of which the core functionality is developed separate from these
packages. A software service is a software component accessible via communications outside the users
native environment. User can be both human and non-human. Native environment changes depending on the
user. If the user is human, the native environment is most probably his or her own computer. If the user is a
software package, the native environment consists of the compiled or interpreted code.

Another definition of software ecosystem is given in [7]. The discussion of software ecosystems is
started from the notion of human ecosystem. A human ecosystem consists of actors, the connections between
the actors, the activities by these actors and the transactions along these connections concerning physical or
non-physical factors. For the discussion in this paper, we further distinguish between commercial and social
ecosystems. In a commercial ecosystem the actors are businesses, suppliers and customers, the factors are
goods and services and the transactions include financial transactions, but also information and knowledge
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sharing, inquiries, pre- and post-sales contacts, etc. Social ecosystems consist of users, their social
connections and the exchanges of various forms of information. A software ecosystem consists of the set of
software solutions that enable, support and automate the activities and transactions by the actors in the
associated social or business ecosystem and the organizations that provide these solutions. Of course, a
software ecosystem is also an ecosystem, specifically a commercial ecosystem, and hence the goods and
services are the software solutions and software services that enable, provide support for or automate
activities and transactions.

Corporation "Microsoft" defines software ecosystem as a set of interactions and mutual influences of
organizations (public, educational and commercial) and individuals that work with software [6].

In thesis "Reverse Engineering Software Ecosystems" [11] software ecosystem is considered as a
abstraction level of software products and projects that can be described by analyzing the lower levels. The
author proposes a method and means for reverse engineering of ecosystems, which essence is to analyze the
information components of projects for high-levels ideas that characterize the organization of software
components and determined by the social structure.

In [15] the authors describe software ecosystems and the typical elements of ecosystems and their
context, namely:

- software and its role in IT;

- users of software;

- software creating processes;

- management of the establishment and maintenance of software;

- supply and support of software;

- communication network of state agencies;

- software economy.
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Figure 1. I* software ecosystem model
In the report of the Software Engineering Institute [14], devoted to Ultra-Large-Scale Systems, the

authors consider that the industry tends to use concepts of ecosystems to describe the socio-technical systems
of software. The authors explain this image of modern software Ultra-Large-Scale Systems scale dynamic
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communities of independent and competing organisms in a complex changing environment, where people,
computing devices and organizations are organisms.

Software ecosystem is an artificial complex that includes the software, environment of its
development, operation, maintenance and utilization associated with each exchange of software and
intelligence. A software products and services, producers of products and services, customers, contacts are
the main elements of ecosystem. It is important to create models of software ecosystems. Let’s use the
following representation at i* notation (figure 1) for describing the software ecosystem [9].

Using ecological approach software can be investigated in two directions: the software ecosystem and
a software as an ecosystem. Reviewing software as ecosystem, the internal and external interactions must be
considered. External interactions are characterized by the presence of other ecosystems, which are the part of
the software or are contiguous with other software. The main objective is to create models of ecosystems and
models of their evolution. Internal interactions are characterized by the presence of software programs
clones, software agents, etc. The aim of this studies is its software functioning, principles of cooperation
programs and others.

Conclusion

The software creates organizational and technical systems that are appeared, evolved and degraded
like natural biosystems. Software ecology is a term that affects area of studies of the properties, behavior and
laws of software systems and their impact on the environment and human activities. Software ecosystems
play a key role in the studies of software ecology.

Further researches of software ecosystems may be associated with:

—the identification of software ecosystems;

—formalization of software ecosystems types,

—making recommendations on the creation and maintenance of software ecosystems etc.

Given the importance of the well-known concept of sustainable development, it is necessary to
consider and develop software in the context of eco-efficiency, eco-equity and eco-effectives. To achieve
this, software ecosystem play the important role.
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PEDEPAT

I'pinenko O.0. Exocucremu nporpamHoro 3adesneuenss / Onena OnexcanapiHa I'pinenko // BicHuk
HTY.-K.: HTY — 2012. — Bum. 26.

B crarTi 3amportoHOBaHO 3aCTOCYBAaHHsS EKOJOTIYHOTO IMIAXOMy OO JOCTIDKEHHS IPOTPaMHOTO
3a0e3MeveHHsl.

OO0'eXT MOCHIIKEHHS — eKOCHCTEMH MTPOTPAMMHOTO 3a0e3MeUeHHS.

Merta pobOTH — BU3HAYCHHS TOHATTS €KOCHCTEMA POTPaMMHOTO 3a0e3MeueHHs], TK YACTUHH €KOJIOTiT
MPOrpaMMHOr0 3a0e3IMeUeHHs, Ta il OCHOBHHX €JICMEHTIB, a TaKOX IOKa3aTH PI3HUII0 MK MOHITTIMHU
«EKOoCHCTeMa POTPaMMHOTO 3a0€3MEUCHHSD» 1 «IIporpaMHe 3a0e3MeueHHs K EKOCUCTEMAaY.

Merton nocmimpkeHHs — systematic mapping studies.

Exonoris mporpamMHOTO 3a0e3ledeHHs — 1€ TEPMiH, SKUM TI03HAYAEThCS Taly3b JOCHIKEHHS
BJIACTUBOCTEH, MOBEOIHKH 1 3aKOHIB CHUCTEM MpPOTrpaMHOro 3a0e3leueHHA Ta iX BIUIMBY Ha CEpEIOBHILE
ICHYBaHHS 1 JiSUTBHOCTI JIFOAWHU. B IOCHIIKEHHSX €KOJIOTil MporpaMHOTo 3a0e3NeueHHs] BUIUISIOTh TPU
HaTpSMU: «3eJIeHe» TporpamMHe 3abe3rnedyeHHs (MporpamHe 3a0e3leveHHs, BUKOPUCTAHHS SIKOTO 3aBJa€
HaMEHIIOT IKOAW MPUPO/I); EKOJIOTIUHA THXKEHEepish MpOorpaMHOro 3a0e3neyeHHs (CTBOPEHHSI IIPOrPaMHOTO
3a0€3MCUYCHHST 3 HAWMEHIIUM IIKi[UIMBUM BIUIMBOM HAa HABKOJMIIHE CEPEJOBHUINE) Ta CEKOCUCTEMHU
mporpaMHoro 3abesneveHHs. Exocucrema mporpamMHOro 3a0e3rledeHHs — Ie IMTYYHUH KOMILIEKC, SKUH
BKJIIOYA€E MPOrpaMHe 3a0e3IeUeHHs, CePEAOBHUIIE HOro po3poOKH, eKCIuTyaTallii, CynpoBOLy Ta yTHIIi3allii,
SIK1 TTOB’s13aH1 Mi>k c0000 OOMiIHOM POTPaMHUMH MPOAYKTAMH Ta IHTEIECKTOM.

IMomaneIn JOCTIPKEHHS EKOCHCTEM TMPOrPAaMHOr0 3a0e3MEeUeHHs MOXYTh OyTH TOB’si3aHi 3
BYSIBJICHHSM 1 (hOpMaJTizaIfie€ro THIIB €KOCHCTEM IIPOTPaMHOTO 3a0e3TeUeHHS, 3 BUPOOJICHHIM pEeKOMEHIAITii
10 CTBOPEHHIO 1 MiATPUMIII €KOCHCTEM POTPaMHOTO 3a0€3MeUeHHS TOIIO.

KJIFOUOBI CJIOBA: TIIPOTPAMHE 3ABE3IIEYEHHS, IHXEHEPISA T[IPOI'PAMHOI'O
3ABE3ITEYEHHA, EKOJIOT'TA MMPOT'PAMHOI'O 3ABE3INEYEHHS, EKOCHUCTEMA
MMPOT'PAMHOI'O 3ABE3IIEUEHHA.

ABSTRACT

Grinenko O.0. Software Ecosystems / Olena Grinenko // Journal of the NTU. — K.: NTU . — 2012. —
Vol. 26.

The paper considers the application of the ecological approach to the study of the software.

Object of study is software ecosystems.

Purpose — definition of ecosystem software characteristics as part of the ecology of software
characteristics, and its basic elements, and show the difference between ponittimy "ecosystem of software
characteristics" and "software as an ecosystem."

Method study — systematic mapping studies.

Software ecology is a term that affects industry study of the properties, behavior and laws of software
systems and their impact on the environment and human activities. In studies of ecology software into three
areas: "green" software (software, the use of which has the least impact on nature); environmental
engineering software (software development with the least harmful impact on the environment) and software
ecosystems. Software ecosystem is an artificial complex that includes software, its development
environment, operation, maintenance and disposal that are linked exchange software and intelligence.

Further research of software ecosystems may be associated with the identification and formalization of
software ecosystem types, making recommendations on the creation and maintenance of software ecosystem
etc.

KEYWORDS: SOFTWARE, SOFTWARE ENGINEERING, SOFTWARE ECOLOGY,
SOFTWARE ECOLOGY.

PED®EPAT

I'purenko E.A. DxocucreMbl mporpamMmHOro obecmeueHus./ Enena AnekcaHmpoBHa [ puHEHKO
// Bectauk HTY. — K.: HTY —2012. — Beim. 26.

B crathe OpeAsiONKEHO MPUMEHEHHE DKOJOTMYECKOTO MOJX0Ma K HCCICJOBAHHIO MPOrPaAMMHOIO
obecrieueHms.

OO0BeKT uccrea0BaHusl — YKOCUCTEMBI IPOTPAMMHOT0 00ECTICYEHHMS.
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Lenpb paboTHI — OnpeaenaeHne NOHATHS SKOCUCTEMa IPOrPaMMHOI0 00€CIIeUeHHUS, KaK YacTU 3KOJIOTUU
IIPOrPaMMHOT0 O0ecTeYeHHs], 1 €e OCHOBHBIX JJIEMEHTOB, a TAaK)Ke IMOKa3aHa pa3HUIA MEXIY MOHATHUAMU
«QKOCHCTEMa TIPOTPAMMHOT0 00ECTIEUCHHUS» U «IPOTPaMMHOE 00ECIIeYeHNE KaK SKOCHCTEMa.

Meron uccnenoBanus — systematic mapping studies.

DKoJloTUsl TIPOrpaMMHOTO  O0ecrliedeHus — OTO TEePMHH, KOTOpBIM 00o03Ha4yaercss 00JacTh
HCCIIEIOBaHUs CBOWCTB, MMOBEJCHUS U 3aKOHOB CHCTEM ITPOTPaMMHOT0 00ECTICUEHHS M UX BIUSHHS HA Cpeay
OOUTaHUs U NEATEIBHOCTH YeJIOBeKa. B MccineqoBaHUSX SKOJIOTHH MPOrPaMMHOTO 00ECIeUeHUs BBIACIISIOT
TPU HAIPABJICHUS: «3€JIEHOE» IPOrpaMMHOE olecredeHue (IporpaMMHOE OOECIeUeHHE, HCIIOIb30BAHUE
KOTOpPOTO HAaHOCHUT HaMMEHBIIMNA BpeJ MPHUPOJIE); IKOJIOTHUECKass HHKEHEpHs MPOrpaMMHOro o0ecreueHus
(co3manue mporpaMMHOTO 0OecIiedeHHs ¢ HAUMEHBLINM BPEIHBIM BO3ICHCTBHEM Ha OKPY’KAIOIIYIO CPeny) U
9KOCUCTEMBI IPOrPaMMHOT0 00ecIedeHns. DKOCUCTEMa IPOrpaMMHOI0 00€CIIeYeHHsI — 3TO MCKYCCTBEHHBII
KOMIUIEKC, BKJIIOYAIOIIMHA TpOrpaMMHOE oOOecleyeHne, cpeay ero pa3paboTKH, SKCIUTyaTaluH,
COIPOBOXICHHS U YTHIM3ALUHU, KOTOPhIE CBSI3aHbI MEXIY CO00ii 0OMEHOM MPOTrpaMMHBIMHU MPOAYKTaAMU H
HHTEIUICKTOM.

JanpHelilye WCClIeOBaHUS JKOCHCTEM MPOrpaMMHOIO oOecredeHuss MOryT OBITh CBS3aHBI C
BBSIBICHHEM U (QOpManu3aluedl TUIOB JKOCUCTEM MpPOrPaMMHOTrO oOecredeHus, ¢ BbIpabOTKOMH
PEKOMEHAIMI IO CO3JaHUI0 U MOJAEPKKE 3KOCHCTEM NMPOrPaMMHOTO 00ECIICUECHUS U T.11..

KJIIOYEBBIE CJIOBA: [IPOIT'PAMMHOE OBECIIEUEHUE, UHXKEHEPIA ITPOT'PAMMHOI'O
OBECIIEYEHUA, OKOJIOTnA IMPOI'PAMMHOI'O OBECITEYEHUA, 3KOCUCTEMA
[MPOI'PAMMHOI'O OBECITEYEHUA.

VIIK 332.32.7(045)

BUCBITJIEHHS BAXJIMBUX IOIN,
[IOB’AI3AHUX 3 ABTOMOBIIBHUM TPAHCIIOPTOM

I'yprak B.M., 1oKTOp €KOHOMIYHUX HayK
Amnanuenko O.€.

[TocranoBka npoGyieMu B 3arajJbHOMY BUITIAIL

Ha aBTOMOOiTPHOMY TpPaHCIIOPTI B MOPIBHSHHI 3 3aJTi3HUYHUM, aBiallifHAM, MOPCBHKUM, PIIKOBAM
TPaHCIIOPTOM, a TaKOX 3 MICBKUM TPaHCHOPTOM (TpamBai, TpOJNEHOYC, METPOMNOIITEH) HAIIYYyEThCS
HaiOnbIIa KUIBKICTh PI3HOMAHITHUX THIIIB PYXOMOTO CKJamy Uil 3OIMCHEHHS BaHTaXHUX Ta
MacakUPChKUX MepeBe3eHb Ta BUKOHAHHS iHIMMX noTped. 3apa3 B YKpaiHi HaligyeThCs IOHA 8 MiJIbIOHIB
aBTOMOOLTIB. Y BCi 9acH CBOTO iCHYBaHHS JIFOJCTBO BIITAHOBYBAJIO BH3HAYHI TOJI{, Ta BUIATHUX TPOMAISIH
BCTAHOBJICHHAM TI1aM’SITHUKIB. B KiHIII [€B’SITHAALSATOrO Ta TMPOTATOM JABAJISTOTO CTOJITTS CTalH
YBIUHIOBaTH 1 3pa3Kl TEXHIYHHX IOCATHEHb Taki, K MApOBO3H, JITAaKW, MaporuiaBu Tomo. He omunymn
YBarow i TPyIsATr-aBTOMOOWTIB, YBIYHHBIIHM OKPEeMi €K3eMIUIIPH BCTAHOBIICHHSAM iX Ha MOCTaMEHTH, abo
CTHIOPYIKCHHSM OpPOH30BHX Ta TPaHITHUX IaM’SITHUKIB, IO € BXKE BUTBOPAMU MUCTEITBA CKYJBITOPIB Ta
apxitektopiB. MeToro CTaTTi € O3HalilOMJICHHS MOJIONi, CTYICHTIB, YMTadiB 3 pI3HUMHU cCrocoOamMu
YBIYHEHHS TIaM’ATi TIPO 3pa3Ky aBTOMOOLIIB Ta iCTOPUYHI MOIii, 1110 3 HUMH TIOB’ SI3aHi.

MerToro 1aHOT CTaTTi € TaKOXX MPOBENCHHS aHali3y CTaHy MOIyJsipu3alii npodeciii mpamiBHUKIB
aBTOMOOUTBHO-I0POKHBOTO KOMIUIEKCY YKpaiHH.

OCHOBHOIO X METOIO CTaTTi € BHCBITJICHHS CTaHy YBIYHEHHS iCTOPMYHUX Ta IHIIMX BaXXJIUBHX
TIOAi#, TTOB’I3aHUX 3 aBTOMOOUTHPHIM TPAHCIIOPTOM, B TIaM’SITHUKAX, MEMOpiaiax, My3eHHIX 310paHHIX Ta
03HAMOMJICHHS MOJIOJIOTO TMOKOJIHHS Ta CTYACHTIB JJi1 BUXOBaHHS B HUX MATPIOTH3MY 1 TOPJOCTI 3a
o0OpaHy npodeciro aBTOMOO1LTICTa Ta aBTOIOPOKHUKA.,

Buxknax ocHOBHOTO MaTepiany

B Kuesi y BectuOron HalioHanbHOro TpaHCHOPTHOTO YHIBEPCHTETY BCTAHOBJICHO SIK €KCIOHAT
YacTHUHY [BUTYHa BHYTPILIHBOTO 3TOPSHHA. AJle Lleé HEe NPOCTO HAOYHMH MOCIOHWK Ui MailOyTHIX
aBToMexaHikiB. lle Bke icropuuyHa pemnmikBis, 00 caMe BHWHAaxXiJ ABUTYHAa BHYTPIIIHBOTO 3TOPSHHS CTaB
CTapTOM €MOXH aBTOMOO1Ie0y IyBaHHS ITICIISI IEPIOAY «BYaTIOP OTOMOOLITEY.

Komy i sikuM mrosiM cTaBIsATh IaM’ ATHUKH?

BcranoBneHHsT maM’STHUKIB — HE JIMIIE JaHWHA ICTOPUYHMM MOXIsAM, a ¥ HaragyBaHHsS NIpO
MMOBYQIBHI YpOKHW icTopii. SIK TpaBmiio, mam’STHUKHA paHIlle CTAaBWJIXM BHIATHUM OCOOHCTOCTSIM —
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