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Ivadas

Mokslo problemos aktualumas. Zodynai apibrézia sprendima kaip
daiktavardj, kuris reiSkia nuosprendj ar pasirinkta alternatyva ir kaip
veiksmazodj, reiskiantj sprendimo veiksma ar procesa, kurio metu surandamas
atsakymas i klausimg arba iSrenkama tinkamiausia alternatyva. Verslo
sistemose iS§skiriamas sprendimy rengimas, sprendimy priémimas ir jy
igyvendinimas. prasta, kad sprendimy priémimas deleguojamas jvairiy lygiy
vadovams. Tokie sprendimai tiesiogiai priklauso nuo vadovams pateiktos
informacijos, kuri yra gaunama sprendimy rengimo procesy metu apdorojant
turimus verslo duomenis. Taciau lemiamas vaidmuo sprendziant paprastai
atitenka vadovui. Todél jo zinios, gebéjimai ir karybiskumas yra vieni
svarbiausiy veiksniy turinCiy jtakos sprendimy kokybei. Be to, tokius
sprendimus daznai veikia ir paties ,sprendimy procesoriaus® biisena ar jo
aplinkos ijtaka. Daznai pastebima, kad sprendimo priémimo procesas ir jo
motyvacija, lieka neatskleisti ir zinomi tik pac¢iam vadovui, kurio sukauptos
zinios, gautos sprendziant ir analizuojant jau igyvendintus sprendimus, neretai
versle yra tiesiog prarandamos. Tai verCia versla ieSkoti bidy, kaip
sprendimuose sumazinti zmogiskajj veiksnj, konceptualizuoti Zinias ir jas
pakartotinai naudoti siekiant priimti ir jgyvendinti sprendimus.

Kita vertus, ilgas ir sudétingas, specialiy inZineriniy Ziniy reikalaujantis,
reikalavimais grindziamas informaciniy sistemy (IS) inZinerijos procesas lemia
pernelyg léta, realiy dinamisko verslo poreikiy neatitinkantj sistemy kirimo
tempg ir nuolatinj tokiy sistemy derinima prie besikei¢iancios verslo aplinkos.
Naujausi tyrimai rodo, kad tokios problemos gali biti sprendziamos
reikalavimus iSreiSkiant modeliais, kurie véliau gali bati transformuojami i
vykdomus IS programy modelius. Taciau tik pastaraisiais metais pradéta
daugiau démesio skirti modeliy taikymui, siekiant automatizuoti ne tik
sprendimy rengimo, bet ir sprendimy priémimo bei jy jgyvendinimo procesus.

ISaugusi mokslininky susidoméjima sprendimy modeliais skatina pastaraji
deSimtmetj sparciai geréjancios dideliy duomeny masyvy kaupimo galimybés,
nuolat tobulinamos duomeny apdorojimo ir ziniy gavybos technologijos bei
jrankiai, kurie tampa placiai prieinami, o iSauges mokslininky ir verslo démesys
naujoms sprendimy modeliy kairimo ir jy taikymo galimybéms rodo, kad tai yra
aktuali moksliné problema.

Tyrimy objektas. Tyrimo objektas yra sprendimy modeliai ir modeliy
karkasas, naudojamas tokiems modeliams kurti bei sprendimy procesams
automatizuoti informacinése sistemose.



Darbo tikslas. Tyrimo tikslas yra istirti versle naudojamus sprendimy
modelius ir taikant sukurta modeliy karkasa pasitilyti metoda, skirta verslo
taisyklémis ir sprendimy modeliais grindziamiems sprendimams automatizuoti.

Darbo uZdaviniai

1. Atlikti  sprendimy automatizavimui informacinése  sistemose
naudojamy modeliy ir metody analize.

2. Istirti IS inZinerijoje naudojamus karkasus ir pasitilyti modeliy karkasa
leidziantj atskirti verslo logika, sprendimy rengimo, priémimo ir
igyvendinimo procesus bei kurti automatizuojamy sprendimy
modelius.

3. Pasillyti ir aprasyti metoda skirta modeliy karkaso pagrindu sukurty
sprendimy modeliams transformuoti j vykdomus IS modelius ir juos
realizuojancias IS programas.

4. Sukurti programy sistemos prototipa, kuris realizuoty pasiiilyta
metoda, ir atlikus eksperimenta patikrinti sitilomo metodo
igyvendinamumo galimybes bei jvertinti jo nauda.

Tyrimy metodai. Tyrimy metodika suformuota derinant bibliotekinio
tyrimo ir mokslinés literatiiros lyginamosios analizés bei eksperimentinio
tyrimo metodus. Sprendimy modeliy kirimo metody analizei taikyti Ziniy
apibendrinimo, o modeliy transformacijoms kurti — koncepcinio modeliavimo
metodai. Praktiskai realizuojant pasiilyta metoda taikyti konstravimo ir
eksperimentinés analizés metodai.

Mokslinis naujumas. Disertacijoje sitilomas naujas poziiris j sprendimy
modeliy kiirima ir jy naudojima vykdant pasitilyto karkaso pagrindu sukurty
modeliy transformacijas j IS programy komponentus. Tiriamuose modeliuose
panaudoti griztamieji rySiai sudaro galimybe keisti sprendimams priimti
taikomas Zzinias, prisiderinti prie esamos verslo biisenos ir pagerinti sprendimy
kokybe.

Siame darbe pateikti nauji rezultatai:

1. Pasitlytas naujas pozitris j verslo sprendimy priémima kaip i lanksty
automatizuota valdymo procesa, apimantj visus tam reikalingus
susijusius procesus: sprendimy logikos specifikavima, analitinj
informacijos apdorojima ir sprendimy rengima bei sprendimo poveikio
jvertinima ir jo jgyvendinima.

2. Pasitilytas ir aprasytas modeliy karkasas, leidziantis kurti sprendimy
modelius verslo sistemos lygmeniu ir juos transformuoti i vykdomus



IS programy modelius, produkcines taisykles arba programy sistemy
komponentus, realizuojan¢ius automatizuotus sprendimus.

Pasiiilytas sprendimy modelis leidzia sifilomo karkaso pagrindu
modeliuoti ir automatizuoti jvairaus pobiidzio bei sudétingumo
sprendimus, IS sujungiant inzinerijos procesy metu atskirta verslo
logika, informacijos apdorojimo, sprendimy rémimo, sprendimo
priémimo ir jgyvendinimo procesy modelius, kurie vykdymo metu gali
biiti i§pleiami analitinémis ir neiSreik$tinémis Ziniomis.

Pasitilyto metodo pagrindu, naudojant modeliy karkasa, buvo sukurti
prototipai, atlikti ir apraSyti eksperimentai, kurie patvirtino, kad
sitilomi sprendimy modeliai padeda inzinerinio proceso dalyviams
suprasti automatizuoto sprendimo procesa, paspartinti jo realizacija IS
ir palengyvinti vélesnius pakeitimus.

Praktiné verté. Gauti tyrimy rezultatai prapleCia esamus sprendimy
modeliavimo bei tokiy modeliy automatizavimo metodus ir gali biiti naudojami
sudétingiems sprendimams, atliekamiems mazai apibréztoje aplinkoje,
automatizuoti:

L.

Gauti tyrimy rezultatai pritaikyti Lietuvos valstybinio mokslo ir
studijy fondo aukstyjy technologijy plétros 2007-2009 m. programos
projekte ,,Veiklos taisykliy sprendimai informaciniy sistemy ktrimui*
(VeTIS), 20072009 m.

Pasitilytas metodas pritaikytas vykdant informaciniy sistemy kirimo
projektus AB ,,Klaipédos nafta“ ir kuriant Klaipédos valstybinio jury
uosto pés€iyjy ir autotransporto bei kroviniy patekimo i krovos
kompanijas kontrolés sistema.

Ginamieji teiginiai

1.

Modeliy karkaso pagrindu sukurtas metodas leidzia sudaryti
sprendimy modelj ir taikant modeliy transformacijas ji realizuoti IS,
pagerinant tokios IS lankstuma bei adaptyvuma poky¢iams versle.
Sitlomas metodas, leidzia sprendimy modelyje iskirti verslo logika ir
sprendimy rengimo, priémimo bei jgyvendinimo procesus, o ju
modeliai gali buti pateikti verslui suprantama forma ir pagerinti
automatizuoty sprendimy skaidruma.

Darbo apimtis. Disertacija sudaro bendra darbo charakteristika, keturi
skyriai, i§vados, literatiiros saraSas, publikacijy sarasas ir priedai. Bendra
disertacijos apimtis — 136 puslapiai, 29 iliustracijos ir 8 lentelés.



1. Sprendimy modeliy intelektualizuotose informacinése sistemose analizé

Kuriant IS automatizuojami sprendimai daznai nagrinéjami tiesiog kaip
atskiri veiksmai verslo procese. Toks verslo logikos vaizdavimas, ja jtraukiant i
verslo procesy modelius, nesudaro dideliy problemy esant paprastiems
operacinio lygmens sprendimams. Taciau kai sprendimas reikalauja iSsamesnés
informacijos, kuri remiasi sudétingu istoriniy duomeny interpretavimu, analize
ir agregavimu arba neiSreik$tinémis Ziniomis, toks verslo proceso modelis
tampa nebepakankamas ir neapima kity svarbiy su sprendimo atlikimu arba
informaciniu apriipinimu susijusiy modeliy.

IMONE
VERSLO SISTEMA VS Strateginis ir taktinis lygmuo
Taktika lemia: Tikslai
—_——_——_——_——_——_—_—_—— — —idreitkgQ—m - ———— —— —- ——_-—_- ——— — — — — — —
VS Operacinis lygmuo
Rodikliai ————nustato matavimus——— = Verslo
lvykiai ~ —aktyvuoja 0 keitia baseng—=|  objektas
siekia
! matuojamas
Verslo procesas
Planavimo ir vykdo ir Velkelal Ir
Jtakoja organizaciniai | apripina Gamybos lkontroliuoja | automat:zyotl
grieztuma procesai resursais procesas agentai
suzadina A I
keicia matuojamas
s ‘d' Inf . uzklausia ir
[| Sprendimy . nformacinis teikia informacija, apibréZia
nustato | | procesas [~—remia pr gauna informacijg | Informacinius
grieztuma e modelius
reguliuoja
Verslo .
N> . — riboja
taisyklés ia i !
Y  remia ir remia
| igyvendina
apibrézia
I - -« e -~ — 7
logika
-
<—riboja
Verslo logika VIS - s Informacinis objektas
——reguliuoja—=={
IS lygmuo

1 pav. VIS bei [IS rysys ir sprendimy vieta verslo sistemoje



Analitingje darbo dalyje nagrinéjama sprendimy savoka ir sprendimy vieta
kompanijy verslo sistemoje bei reikSmé jgyvendinant automatizuotus
sprendimus jmoniy informacinése (IIS) ir verslo informacinése sistemose
(VIS). Apibendring apzvelgtus mokslinius 3altinius, verslo procese i§skyréme
sprendimy, informacinius (sprendimy paramos) ir planavimo bei gamybos
procesus (1 pav.). Tolesniame darbe, siekdami sukurti metoda, skirta sprendimy
modeliams kurti ir juos igyvendinti IS, skyréme daug démesio §iy procesy ir ju
modeliy bei transformacijy analizei.

Tyrimy metu buvo nustatyta, kad sprendimus pagal vadybos lygmenis
galima skirstyti | strateginius, taktinius ir organizacinius. Taip pat daznai
sprendimai skirstomi ir pagal procesus, kuriems daroma jtaka, j planavimo,
kontrolés, informacinés analizés ir procesy optimizavimo sprendimus. Pagal
sprendimy aplinka ir pobtdj jie gali buti klasifikuojami j deterministinius-
struktiirinius, deterministinius-nestrukttrinius ir stochastinius ar
intuityviuosius.

Atlikus su disertacijos tema susijusiy darby analize nustatyta, kad sitilomi
metodai yra orientuoti arba i atskiry technologijy taikyma IS, arba | VS
modeliavima. Taip pat buvo nustatyta, kad esami metodai gali bti praplésti ir
patobulinti sujungiant atskiry metody gerasias savybes.

2. Intelektualizuoty informaciniy sistemy kiirimo karkasas

Siame skyriuje aprasomas karkasas naudojamas sprendimams modeliuoti
ir Siais modeliais paremtoms intelektualizuotoms IS kurti. Sitilomas karkasas
sudarytas iSanalizavus svarbias sprendimy automatizavimo proceso
modeliavimo perspektyvas ir atitinkamai suskirs¢ius modelius atskirais
stulpeliais: taisykliy (loginé perspektyva), procesy (funkciné perspektyva),
objekty (informaciné perspektyva), duomeny (struktiiriné perspektyva), jvykiy
(elgsenos perspektyva) ir iStekliy (infrastruktiiros perspektyva). Karkaso
eilutése modeliai organizuojami j lygius pagal ju konteksta versle: verslo
sistemos lygmuo (VS), informacinés sistemos lygmuo (IS) ir programy
sistemos lygmuo (IS). Karkasas skiriasi nuo Zachmano karkaso savo orientacija
i IS kirima ir tam batiny perspektyvy pasirinkimu. Taip pat nagrinéjama
sitilomo karkaso vieta MDA (angl. Model Driven Architecture) kontekste (2
pav.). Kaip ir MDA atveju, naudojant sitiloma karkasa kuriami metodai yra
grindziami modeliy transformacijomis. Taciau prieSingai nei MDA modeliy
transformacijos, S$altinio ir paskirties modeliai yra tiesiogiai orientuoti i
skirtingo konteksto modelius, dalyvaujancius sprendimuose, t. y. pagrindinis
démesys kreipiamas ne | inzinerijos konteksta, apribota architektiiros
pasirinkimo, o i modeliuojamos sistemos dalies konteksta versle. Sitilomame



karkase  atskiriami  modeliai, dalyvaujantys  organizacijos  verslo,
informaciniuose procesuose ir realizuojami programy sistemose. Nustatyta, kad
karkaso pagrindu kuriami metodai turi aprasyti tam tikro lygmens poziiirj i
automatizuojama sprendima ir jam reikalinga informacing parama — struktiiras,
procesus, iSteklius ir kt.

Karkaso modeliai pagal pozidrj

IStekliy Duomeny |vykiy  Objekty Procesy Taisykliy

@ 0
E A 2
+© s 1S K/’ o\,%,o A, _» » :“_é
A 4//» X ; S
£
(<]
CIM T .———; . 4———T T 4 é
- AR 3
| AR IR I I )
v
PSM i// ¢ ¢ ¢

MDA Transformacijy erdvé

Modeliy <« —o Modeliy transformacijy
transformacijos projekcija

2 pav. Sialomo karkaso modeliy transformacijos MDA kontekste

Toliau Siame skyriuje apzvelgiamos karkaso taikymo galimybés, jj taikant
reikalinga infrastruktiira ir pasitilomas tokios infrastruktiiros modelis. Karkaso
apraSyma baigia karkaso pagrindu atlieckamo inZinerijos proceso gyvavimo
ciklo pristatymas.

3. Sprendimy modeliy kiirimo ir jy automatizavimo metodas modeliy
karkaso pagrindu

Siame skyriuje apraSomas karkaso pagrindu sukurtas sprendimy
automatizavimo metodas intelektualizuotoms IS kurti. Sitilomas metodas
remiasi principais, suformuluotais intelektualizuotoms sistemoms kurti: verslo
logikos atskyrimu ir deklaratyviu uzra§ymu, analitiniy ir informaciniy
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sprendimo paramos procesy jtraukimu ir galimu neisreikstiniy Ziniy
panaudojimu. Skyriaus pradzioje pristatomi trys nagrinéjami sprendimy
procesy modeliai, i§vardyti pagal didéjanti sudétingumo lygi:

<
Verslo pr Sprendimy eigos | 4 nustato Taisykliy modelis
jvertinamas modelis

Kontroliuojamy sprendimy proceso modelis — skirtas sprendimy
procesams, kontroliuojamiems verslo taisykliy, automatizuoti. Tokie
sprendimy procesai vykdomi pasitelkiant faktus, gautus interpretuojant
pateikta informacija, i§gaunama apibendrinus tam tikrus duomenis,
kurie surenkami matuojant verslo procese dalyvaujanéiy verslo
objekty atributus (matmenis). Toks valdymo procesas leidzia priimti
operatyvaus valdymo sprendimus, kurie jgyvendina valdomo
automatizuoto verslo proceso kontrole, aktyvuodami tam specialiai
idiegtus valdiklius (metodus).

Reaktyviy sprendimy proceso modelis — skirtas verslo procesams
valdyti remiantis ne tik verslo proceso ieigoje gaunamais matavimais,
bet ir sudétingesniy istoriniy praeities fakty iSgavimu, jy
apibendrinimu bei analize ir vélesniu interpretavimu verslo taisykliy
kontekste. Toks sprendimy procesas papildomai jtraukia informacinés
analizés modelj ir papildomas verslo taisykles, iSreiskiancias patirtimi
paremtas zinias nustatancias, kaip sistema turi elgtis jvairiomis
istoriskai susiklos¢iusiomis verslo aplinkybémis.

Proaktyviy sprendimy proceso modelis — skirtas verslo procesams
automatizuoti, kai sprendimy procesas pakeliamas j taktinj lygmenij,
kuriame gali biti atliekama kas-jeigu analizé ir jvertinama sprendimy
jitaka verslo sistemai bei jos galimybéms pasiekti uzsibréztus tikslus.

<« ribojamas Sprendimy

remia p
Sprendimy poveikio

Infrastruktara

modelis

v

<« matuoja Sprendimy reng
matuojamas P> modelis

motyvuoja
. v
vertina

igyvendinamas
v

<« kontroliuoja . Sprend'upq
lgyv

d
valdomas » modelis

3 pav. Sprendimy modelio struktiira
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Disertacijoje sitilomas tiriamo sprendimy proceso modelis gali biti
taikomas parenkant operaciniy sprendimy taktika, tinkancia esamoms arba
numatomoms verslo salygoms. Tam turi biti atliekamas artimiausios ateities
verslo sistemos blisenos prognozavimas ir atitinkamai koreguojamas
operaciniams sprendimams priimti naudojamas verslo taisykliy rinkinys. Kitaip
sakant, operaciniy sprendimy logika turi biti i§ anksto pritaikoma taip, kad
leisty reaguoti i gresian¢ius nepageidautinus verslo sistemos aplinkos poky¢ius.

Toliau skyriuje pristatoma sprendimy modelio strukttira (3 pav.), kuri
biitina realizuojant sprendimy proceso modelius. Metodo aprasymas baigiamas
metodo schema ir sukurty modeliy transformacijy aiskinimu.

4. Eksperimentinis pasitilyto metodo taikymo tyrimas

Darba uzbaigia eksperimenty, atlikty siekiant patikrinti siiloma sprendimy
automatizavimo metoda, aprasymas. Cia detaliai ailkinamas parametrizavimu
grindziamas verslo procesy sprendimy automatizavimas, verslo logika apraSant
verslo taisyklémis sprendimy lentelése ir jas su transformacijy pagalba idiegiant
IS reliacinéje duomeny baziy valdymo (DBVS) sistemoje. Toliau rodoma, kaip
kuriamas arba modeliais generuojamas tokiy sprendimy procesy, naudojanciy
taisykles, perkeltas | DBVS, kodas. Kita eksperimenty dalis skirta sprendimams
automatizuoti, naudojant deklaratyvia logika iSreikstas taisykles, vykdomas
specialiai tam skirtame atskirame verslo taisykliy saugyklos komponente —
verslo taisykliy masinoje.

Bendrosios iSvados

Atlikti tyrimai orientuoti | geresnj automatizuoty sprendimy procesy
supratima, pakartotinj sprendimams priimti naudojamy ziniy panaudojima ir jy
nuolatinj tobulinima sprendimy jgyvendinimo metu jgyty Ziniy pagrindu.
Sukidirus modeliy karkasa ir juo grindziama metoda bei atlikus eksperimentinius
tyrimus buvo suformuluotos §ios mokslinés ir praktinés iSvados:

1. Istyrus esamus sprendimy automatizavimo metodus nustatyta, kad jie
remiasi verslo logikos, naudojamos tam tikrame verslo procese,
atskyrimu nuo ja naudojan¢io sprendimo priémimo proceso.
Sprendimai traktuojami kaip verslo proceso dalyviy atliekamas vienos
i§ galimy alternatyvy pasirinkimas, kuris atliekamas remiantis
sprendimy rémimo sistemy pateikiama informacija. Taiau bendras
sprendimy procesas paliekamas be tinkamo démesio, o ji sudarantys
sprendimy rengimo, sprendimy priémimo, jy poveikio jvertinimo,
igyvendinimo ir pan. procesai yra nenagriné¢jami arba realizuojami
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atskirai. Toks pozilris trukdo i$samiai suprasti automatizuota
sprendimy procesa ir neatsizvelgia i sprendimy metu igyjamas zinias.

. I8nagrinéjus taisykliy, verslo objekty ir verslo procesy modelius bei jy
transformacijas, taikomas informacinés sistemos lygmens modeliy ir
programy sistemy komponenty kodui gauti, buvo nustatyta, kad verslo
taisykliy modeliai (SRML, DT, PRR) kartu su sprendimo procesy
modeliais (UML, BPMN) yra tinkami sprendimy procesams
modeliuoti ir turi bati pasirenkami jvertinant sprendimy proceso
sudétinguma, jo dinamiskuma, verslo aplinka ir turimg IS
infrastruktiira.

. I8tyrus silomo karkaso pagrindu kuriamus modelius nustatyta, kad
verslo logikos ir sprendimy proceso atskyrimas ankstyvosiose kiirimo
stadijose, ir kuriamy modeliy sujungimas IS inZinerijos proceso metu
leidzia sumazinti atskirtj tarp nuolat besikei¢iancios verslo aplinkos,
darancios jtaka verslo logikai, ir IS, kurioje ta logika realizuojama. IS
programose diegiami automatizuoti sprendimy procesai, naudojantys
verslui tiesiogiai prieinamus verslo taisykliy modelius, leidzia geriau
suprasti automatizuoty sprendimy procesus, uztikrina automatizuoty
sprendimy skaidruma ir leidzia verslo atstovams kontroliuoti
sprendimy logika.

. Sukirus siiloma metoda naudojan¢ios IS prototipg ir atlikus
eksperimentinius tyrimus nustatyta, kad didéjant automatizuoty
sprendimy sudétingumui bitina naudoti papildoma infrastruktiira,
kuriai sukurti pradiniuose IS inZzinerijos etapuose reikia dideliy
iStekliy. Taciau Sie infrastruktiriniai IS komponentai véliau gali bati
naudojami pakartotinai sprendziant kitus panaSaus pobidzio
uzdavinius i$ to gaunant papildomos naudos.

. Atlikus eksperimentus nustatyta, kad taikant pasitilyta metoda verslo
sprendimai gali biiti modeliuojami ir realizuojami sukuriant vykdomus
IS komponentus, apie 10 % greiciau. Veéliau IS komponentai gali biti
modifikuojami juos pritaikant verslo pokyc¢iams iki 40 % greic¢iau
negu tai baty atliekama tradiciniu reikalavimais grindziamos
inzinerijos bidu. Tuo tarpu sprendimy taikymas tik kei¢iant verslo
logika, apraSyta taisyklémis, bet nemodifikuojant taisykles
naudojanéiy procesy ir duomeny struktiiry, skirty informacijai
apdoroti, gali bti atlieckamas be inZinerijos procesy pagalbos.

. Taikant sitiloma metoda organizacijose praktiskai, buvo pastebéta, kad
diegiant automatizuotus sprendimy procesus, toks sprendimy
priémimo biidas tampa nebe atskira vadybos personalo funkcija, o
isiskverbia i susijusiy integruoty informaciniy sistemy ir jy
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komponenty funkcijas. Tokiu btdu, pasitelktos taisykliy valdymo
sistemos, iSvedimo masinos, verslo analizés, duomeny gavybos,
sprendimy rémimo ir kt. sistemos tampa svarbiomis sprendimo
rezultatus  jtakojan¢iomis socio-techninés sistemos dalimis. O
vadybiniam personalui, nors ir licka deleguojama ilgalaikiy rezultaty
stebéjimo ir kontrolés funkcija su galimybe jtakoti ir keisti
automatizuotuose sprendimuose panaudotas Zinias, toks biidas vis tiek
daznai kelia klausimy dél atsakomybés uz techninése sistemose
padarytus sprendimus. Sis sprendimy automatizavimo aspektas galéty
biti jJdomus tolimesniems tyrimams.
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A STUDY ON IMPLEMENTATION OF
AUTOMATED DECISION PROCESS INTO THE
INFORMATION SYSTEMS

An Overview of the Problem. Oxford Dictionary defines a decision as a
noun meaning a conclusion, judgement or determination and as a verb meaning
the action or process of deciding something, selection from given alternatives
or of resolving a question. The analysts of a business system identify decision
support, decision-making and implementation. Business decisions are usually
made by managers, based on their knowledge, skills, creativity and information
supplied by information workers or specific business information systems, so-
called decision support systems. However, a condition of a decision processor
(feelings, emotions), which influences a decision-making process and even
decision motivation, is only known for the manager himself. The knowledge
gained by solving business problems and implementing decisions is an
important asset of enterprise, but it is rarely lost for business. This encourages
looking for a way to eliminate or reduce a human factor in making decisions as
well as to conceptualize the knowledge used for decision-making and its
implementation.

However, the evolving social and competitive business environment
changes rapidly. Therefore, continuous modernisation of information systems
(IS) and implementation of the changes is needed because business people who
are first of all directly responsible for the results of automated business
processes are usually left isolated from the direct impact on the rules in
automated decision-making processes, which are hidden in the code. This can
be tolerated in case of simple operational decisions; however, it becomes a real
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problem trying to automate more abstract tactical and strategic decisions based
on complicated and unstable business logic and rules.

Many studies on software project failures have identified difficulties in
static capture of requirements and long implementation according to the
traditional software engineering leading to the problems which can be solved
by using models and model transformations. However, only a recent decade
was accompanied by a growing interest in modelling decision-making
processes and an automated way of decision implementation instead of only a
focus on decision support. This has led to the increasing interest in decision
models that are first of all determined by the expanding opportunities to collect
and process large amounts of data, emerging data mining and analytical
processing technologies and tools, which are going to be widely available.

In the presented thesis we offer modernisation of information system
development methods used for the implementation of automated information-,
rule- and model-based decision processes assisted by early separation and
development of a business logic model and later implementation of a decision
process model with continuous business people support by suitable interfaces
used for modification of business logic without involvement of software
developers at the later exploitation phase.

The Object of Research is the decision model and the framework used for
decision-making automation and implementation into the information systems.

The Aim of the Work is to investigate the existing business decision-
making models and to propose a method for the business rule and decision
model based decision automation and its implementation into the IS software.

Tasks of the Work

1. To investigate the existing models and methods used for decision-
making automation and its implementation into the IS.

2. To review the existing frameworks used for IS development and
propose a model based framework suitable for separation of business
logic, decision support and decision-making processes at the business
level with further development and implementation of an automated
decision model.

3. To investigate and elaborate a method used for framework based
decision model development and model transformation into the
executable IS models and corresponding software components.
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4. To experimentally examine the proposed method by developing the
intellectualised IS software prototype used to verify the method
suitability and evaluate the efforts gained.

Scientific Novelty. The current study analyses the proposed framework
models used for intellectualised IS development. The research is based on the
decision modelling approach, where decision models are developed and
implemented by using model transformations. Special attention is given to the
separation of business logic, separate development and integration of decision
support and decision-making process models, where the employment of
feedbacks allowed continuous improvement of the knowledge used for making
decisions, better adaptability of a decision-making process and improvement of
the decision quality.

The aspects of scientific novelty on theoretical and experimental
investigation of business oriented information systems software development
according to the proposed framework and framework based method are as
follows:

1. A new business decision modelling approach is proposed. The
approach employs an idea of a flexible automated system control
process which is composed according to the models needed for
representation of business logic, analytical information processing,
decision impact evaluation and implementation.

2. The present study has introduced a framework for the development of
business oriented decision models and model transformation based
implementation into the executable models and IS software
components.

3. The proposed method contributes to the development of a flexible
decision process and includes separation of business logic, decision
motivation, decision support and decision-making processes with
inclusion of implicit knowledge which is a new addition in the field of
decision process automation.

4. The proposed method has been applied in several experiments made.
The obtained results demonstrate that the use of separately developed
conceptual decision model improves understanding of the decision
process by the participants of an engineering process, accelerates its
implementation into the IS software and facilitates further changes
when necessary.

Methodology of the Research. The research methodology combines
theoretical analysis of scientific literature in order to investigate the object of
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the research and experimental analysis. Generalisation of the research and
synthesis of the knowledge are used to summarise literature on the related
methods. An experimental research was carried out to gain experience and to
evaluate the proposed method of the framework based flexible IS engineering.

Practical Value. The obtained results extend the existing decision
modelling methods and can be practically applied for complex decision-making
automation and flexible alignment to the changes in volatile business
environment:

1. The results of the research were used in the project “Business Rules
Solutions for Information Systems Development (VeTIS)”,
Registration Number B-07042.

2. The theoretical results and the proposed method were applied in
practice for the development of IS software at SC Klaipedos Nafta
and used for the development of the Pedestrian and Vehicle Access
and Cargo Control System at the Klaipeda Seaport.

Defended Propositions

1. The proposed framework based method allows development of the
decision model and its implementation into the IS by using model
transformations and improves IS flexibility and adaptability.

2. The proposed method provides separation of the decision logic,
decision support and decision-making processes in a decision model,
allows transparent representation and ensures better understanding of
the automated decision process by business people.

Scope of the Study. The dissertation consists of four chapters including the
conclusions.

The first chapter introduces the main problem analysed in the thesis and its
importance. The aim of this chapter is to review relevant literature on decision
processes and decision models used in businesses in order to evaluate the scope
of decisions that can be implemented by using currently available reasoning
algorithms and knowledge in the field of intellectualised information system
engineering. The present investigation deals with evolving decision-making
processes with the special focus on decisions at the operational, tactical and
strategic levels that could enable flexible adaptation of the business system to
the changes in its environment.

The second chapter investigates the proposed framework for the
development of intellectualised information systems. It examines how
conceptual domain models can be created and what relations they have across
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different levels of abstraction and different modelling perspectives such as rule,
process, information, structure, event, and resources. Different uses of the
framework for the creation of metamodel transformation based methods for
model transformations are explained. A simple metamodel based
transformation has been proposed for eliminating manual coding procedures
and model transformations from a business level into the final software code in
order to provide a reliable and simple technique.

The third chapter presents a method developed by using the proposed
framework. This chapter includes a description of the engineering process used
for development of experimental prototypes used to examine and demonstrate
the suitability of the proposed method for performing different tasks of
decision-making process development and further implementation into the IS.

The fourth chapter describes a set of experiments, where the proposed
method is used for the development of an automated decision-making
implementation. The chapter demonstrates how such method is applied for the
development of a set of conceptual models and metamodel based model
transformations used for rule and decision process model based decision-
making automation and implementation into the information system code.

General conclusions as well as recommendations for further research
summarise the present study. Finally, an extensive list of references and a list of
publications prepared by the author on the topic of dissertation are submitted.

General Conclusions

The present study aims at contributing to better understanding of a
business decision process, continuous knowledge reuse and adaptation of the
decision logic according to the information collected from running business
processes. During the research the following results were obtained, and these
scientific and practical conclusions were formulated:

1. The analysis of the existing decision automation methods has
identified that such model implementation is usually based on the
business logic separation from the decision-making process where the
decisions are usually treated as an act of deciding made by a human
actor on the basis of information provided by the decision support
systems. However, the overall process of deciding is usually left
without proper attention, and typical sub-processes, usually
accompanying the automated decision process, e.g. decision support,
evaluation of decision impact, decision implementation, etc., are not
identified or developed separately. Such approach prevents overall
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understanding of the automated decision process and does not consider
the knowledge acquired by making and implementing decisions.

. Having analysed rule, business object, and business process models of
the proposed framework and model transformations into the software
components, we can draw a conclusion that rule models (SRML, DT,
PRR) together with process models (UML, BPMN) are suitable for
decision process modelling and should be selected by evaluating
particular needs depending on the complexity of a decision-making
process and the already existing IS infrastructure in the particular
business environment.

. The experience acquired after having modelled a decision-making
process by using framework models demonstrates that the main
advantage of the proposed method is gained by separation of business
logic and decision processes at early engineering phase and later
integration during the IS engineering process. That allows minimising
a gap between evolving business strategy and guidance of the
automated business processes implemented into the IS software. The
decision logic expressed in rules and exposed at a business level
allows keeping control of an automated decision process in the hands
of business users.

. The conducted experiments have shown that increasing complexity of
the decision model requires employment of additional infrastructure
used for management, transformation, and execution of the involved
models. This requires additional time and tangible resources.
However, once developed, it can be reused for development and
implementation of similar decision processes without significant
utilisation of system engineering resources.

. The experience gained by using the proposed method and the
performed experiments have demonstrated that automated decisions
developed according to the proposed approach are modelled and
implemented into the IS software at least about 10% faster.
Nevertheless, the main advantage is gained by faster modification and
reuse of previously implemented decision models which allow about
40% acceleration in comparison with the traditional requirement
driven IS software engineering methods. Moreover, the changes of
decision logic which do not require introduction of new constructs
needed for a guided automated process are allowed by changing
business rules without running any engineering process at all.

. It is important to take into account that by employment of the proposed
executable decision process, decision-making is not a separate
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function of the management anymore. In fact, such decision-making is
intertwined within the other functions of several integrated enterprise
information systems and software components including rule
management systems, inference engines, business analysis, data
mining, and decision support systems. Although management keeps
automated decision process control with possibility to influence and
modify knowledge used by technical systems, but the question of
responsibility dedication to the software system may arise. This aspect
could be an interesting suggestion for further socio-technical system
research.
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