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INTRODUCTION

The Strengths (S), Weaknesses (W), Opportunities &d Threats (T) (SWOT) based
Transformation Organizational Risks’Management (8M) is crucial for the
implementation of risky projects.Transformation jpots depend mainly on thePolymathic-
holistic Projet Management Concept (PPMC); which means that SW&adpplied at all
project’s levels and components. From the stratsgfinition’s phase, going through the
Requirements Engineering (RE) phase, and untiirttgementation phase, the PPMC must
deliver the real-actual project status and risklieatéon outcomes. This is a complex task
because it needsa cross-functional and cross-pbassion Making System (DMS). The
DMSfor PPMC should be designed to be used by thecwive management, enterprise
architects, business users, business architecpdenmentation developers, and other project
actors. In this article, the authors propose th®BW and DMS based PPMC.The DMScan
support managers in transforming the enterpriseplstEntity), where they have to take into
account, and address all possible risks, in ore@ngable the successof the compgRerject
Implementation Phase (PIP).Where thePIPconsidegs ldkest service technologies like
MicroServices Architecture (MSA), Application Pragnming Interface (API), Service
Oriented Architecture (SOA) and other relevant &garde technologies and topics. In
general, managers have a siloed approach and ingepsgate PPMC’sphases, which may
cause project’'s desynchronization and hence canfusi PPMC usesRefinement Processes
(RP) to support reverse/reengineering and integratf risk factors.In order to improve the
project’s success rates,the PPMC must adopt thealpEnterprise Architecture’s (EA)based
transformation approach. The PPMCis not indepenftemdt any EA phase, where project
teams must be capable to integrate PPMC and DM&ines in their RP generated Building
Blocks (BB) and Microartefacts. The PPMC ensurest tthe generated BBsand
Microartefactsare independent of any specific medhmgy/technology, tool, brand, or other
locked-in delimiter/actor. The project’s in-houséMB is based on a heuristic evaluation
model, which is presented in the Proof of Conc®ui(), and the applied business case. The
PPMCcan be supported by the alignment of standangthodologies, and development
strategies, like the: The Open Group’s Architectar@mework’s (TOGAF), the Development
and Operations (DevOps), and others... STORM ofteset of recommendations which can
applied by managers, enterprise/business architao@ysts, and engineers to implement
solutions for transformation projects’ strategyabishment. The PPMC uses an EA driven
conceptthat uses sets of patterns-based BBs tooguppojects in selecting the right
technologies and to enable an iterative changespsoc
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Enterprise Architecture, Development Cycles, S@sji@and Critical Success Factors.
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PPMC’S APPLIANCE

This RDP’s global topic is related to projects andthis continuous phase the Research
Question (RQ) is: “Which STORM features, charasters, and which type of PPMC should
be used in the implementation phase of a transfiwmmgroject?”. There the Research and
DevelopmentProject (RDP) is based on Risk management (like SWOT bers), RE,
Architecture Development Method (ADM), DMS, Critic&uccess Factors (CSF), and
Critical Success Areas (CSA). The Organizationa Bxgital Transformation Projects are
very complex to finalize, and they depend on the R RP of the legacy Business Unit
(BU) which needs an In-House-Implemented (IHI) Metblogy, Domain, and Technology
Common Artefacts Standard (MDTCAS) that can mapaty existing methodology or
technology. The PPMC needs to define a MDTCAS measaRP’s basic elements:
BBs,Compound BBs (CBB), and Microartefacts. The anapnovation in this article is
linking of the Transformation Managemdanager3popular risk and quality management
(like SWOT, Six Sigma, ...) to CSAs, CSFs, and Keyfétenance Indicators (KPI); which in
turn CSAs, CSFs and KPIs (simphactorg link to concrete project’s BBs.There the main
topics are:

* Problem domain(s)are related to the transformairofect (simplyProjeci).

» Build a flexible and scalable Information and Conmication System (ICS).

* RP based unbundling and restructuring strategyyetsl coherent sets of services,
Microartefacts, BBs, and Solution BBs (SBB).

» Types and categories of BBs and SBBs to be (re)used

» Possible real-world solutions and recommendations.

* The role of thevlanagerand team.

» PPMC and DMS, based on SWOT approach, which usés @8d CSFs.

* Supporting arEntity with PPMC.

* Linking STORM, hence SWOT tBactors.

This is a fairly complex and technical article; emdeader who wants to access just the main
principles is advised to proceed to the PoC section

Factors Management

SWOT risk analysis is a basic highly technical mdtflogy that can be used to
checlProjects strategy, capabilities or a BU’sviability,wheréhe targetedAPplication
Domain (APD) can be a local, or global activity. &W checksProjects strengths,
weaknesses, opportunities and threatsconstraints, which can establish dimk-to the
initial sets ofFactors and that is a real challenge in the real worldvidg the assumptions
that:

SWOT Analysis = Factors abstracts the risk on the level oPeoject
Factors=) CSAs, abstracts the risk on the level of a sulesysir a suli?roject
CSA =) CSFs, abstracts the risk on the level of a PPM@poment.
CSF =Y KPlIs, abstracts the risk on the level of an BBsedaSBB or a bundle of services.
KPI =) Variables (VAR), abstracts, and attributes of ise(s).

The symboly. relates to processing of a series of transfoonatiequations, and not to the
simplisticsumof.. The linked sets dfactorscan be externald andT), or internal § andW).
SWOT is used for thdéProjects preliminary activities, which is known as the N>
preliminary phase [1, 2], but it can be reused imjanProject’s activities. Decisions for
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formulating aProject’s strategyare based on the analysis of the external and inteCi$a#s

and hence CSFs and KP&rengths, weaknesses, opportunities, and tr (or SWOT) is an
establishedconcept for the categorization of highly used C3Fw. exampl, an important
CSF is how the project can achieve and sustaimgrfisiant APD orbusiness competiti

advantagethat can be done by using value chain analy$ie.Project’s strategy shows ho

this value can be developed and maintained [3Jddtermine CSAs and CSFs, there is ar

to review SWOT items which should reflect: 1) TProject’'suse ofSs; 2) Eliminate possible
Ws; 3) ExploitOs (by usingSs); and 4) Implement strategies to intercTs. CSFs and KPIs
are key elements iRrojectsand their planning. A CSA is a category (or setC&Fs whert

in turn a CSF is a set of Ks, where a KPI maps (@orresponds) to a single requirem

and/or software artefact or a service (SOA, MSAgtbier); a bundle of services is known &

Microartefact. For a given requirement, a featue,a problem, the transformation te

identifies the initial set of reled SWOT elements, CSAs, CSFs and KPIs, for tharutiee

DMS.

DMS

Figure 1 The relations betweeADM’s phases and other projectemponent

TheseFactorsare mappedand they deliver sets of solutions or recommendations. Hg
Factors are important for the mapping between various typeProjec! artefacts, KMS
knowledge constructs, Microartefacts, organisatideans, and the DMS. ThereforFactors
reflect areas that must meet the main stratéProjecPPMC and predefined (mainl
financial) constraints. Gained knowledge/experiecar be fed in thEntitys DMS/KMS;
and that is how it builds its owlterative Learning Process (ILR)at is supported by tf
Applied Holistic Mathematical Model (AHMM) for PPM(AHMM4PPMC).
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The AHMM4PPMC based STORM/SWOT

TheProjecthas to set the AHMM4PPMC based MDTCAS and ADM ssagad dimensions.
Difficulties are due to theEntity’s heterogenous parts. The AHMM4PPMC supports its
feasibility and integrity.In this article the autBouses an adapted version of the
AHMMA4PPMCI[54] to support STORM and PPMC feasibagithat uses the initial sets of
FactorsThe AHMM4PPMC supports iterative RP of the legaggtems, by using PPMC,
MDTCAS and ADM to integrate standard methodologidss TOGAF and ADM.For a
Project’s requirement orproblem, STORM identifies the iligats ofFactors to be used by
the Heuristics Decision Tree (HDT) based DMS4PPMG@ maps thesEactorsto the sets of
BBs/CBBs and requirements [55]. Herfeactorsare important for the mapping between the
requirements, ILP/knowledge constructs, RP gengrateefactsand DMS4PPMC.So HDT'’s
based evaluation processes/function (HDT.eval) @atomatically estimate the values of
Factord56]; where STORM and SWOT is linked to concré&tctors to be used by the
DMS4PPMC.

Linking STORM and SWOT to Factors

SWOT elements map/link to CSA by using the STORMRGSHructure. And Each CSA
contains related CSFs and in turn KPIs where edehlikks to a concerted ICS variable
(VAR); a VAR is a BB'’s attribute which can be pressd as BB.VAR [49].

STORM2CSA

{
S Value = HDT.eval( CSA.S_Value);
W_Value = HDT.eval( CSA.W_Value );
O_Value = HDT.eval( CSA.O_Value);
T Value = HDT.eval( CSA.T_Value);

3

Linking a CSA to CSFs
CSA elements map/link to CSF by using the CSA2QG8kcture:

CSA2CSF

{
S Value = HDT.eval( CSF.S_Value );
W_Value = HDT.eval( CSF.W_Value );
O_Value = HDT.eval( CSF.O_Value );
T Value = HDT.eval( CSF.T_Value );

3

Linking a CSF to KPIs
CSF elements map/link to KPI by using the CSF2KRiIcture:

CSF2KPI

{
S Value = HDT.eval( KPI.S_Value );
W_Value = HDT.eval( KPL.W_Value);
O_Value = HDT.eval( KP1.O_Value);
T Value = HDT.eval( KPL.T_Value );

3

Linking a KPI to Business Scenarios
KPI elements map/link to VAR by using the KPI2VARWEture:

KPI2VAR
{
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S _Value =HDT.eval(BB.VAR.S_Value);

W_Value =HDT.eval(BB.VAR.W_Value );

O_Value =HDT.eval(BB.VAR.O_Value );

T Value =HDT.eval(BB.VAR.T_Value );
h
These Factors and IG®mponents are tuned through ADM’s phases, as slwwigure
and with that we establisma&HMM baser transformation model[54].

The TransformatioModel First Approac-Top Down Approach

ThePPMC is ®Mlodel First Approacthat uses a pseudo bottom (@p a mixed approactthat
is mainly based anl) EA based proje-management;2) ManagirBBs andMicroartefacts,
which result from the RBhbundlin¢-process; and 3) A middle mitigation process base
PPMC/DMS4PPMCIt is an agile upstream approach that accommedaunbundle legacy
services environmentand make them accessible using API's cor. Optimal PPMCs are
derived from standardized EA methodolo, which in turn depend on the select
requirements’ qualityand their mapping tcFactorsand BBsMicroartefact. In PPMCwe do
not refer hard links to services, but it will indiel abstract services that map to requiren,
BBs/Microartefacts. Thisnakes theEntity not locked in a specific APBhvironmer. In the
PIP, the PPMGCsupports the services to requirements mapping pt, by the means of
abstract serviced his ensures th projects are managed by the ADdviddo use the pool of
Microartefacts. The PPMCsupports the alignment between Microartel/services,
requirements, organizational (re)structure, AMDgmance phase(s), and ICS. SBBs are
used and interfaced by usiagset of serviceand their integration’s status can be queriel
using Factors [4].

Top
Down

Bottom
Up

Figure 2. The transformation mo-first approach.

To avoid problems in the complePIP, the bottomup approach is stronglrecommended,
where the T step is to convert the legacy system into a stradtpool ofBBs/Microartefacts
and a repository of EA models. Parallel to, as shown in Figure 2, this newly transforn
structure needs an umbrella that ishigh-level topdown EA management concept. It
observed that a “1:1” mapping approach would syowize these two opposite approact
and a basic unit of work is recomnded to be defined. This unit of work links spex
business (or nofunctional) requirement in the following manner: IL)describes the use
PPMC and modelled Use Cases (UC) for a seAPD activities; 2) ThePPMC makes the
links to corresponding class and diagrams; 3) To add the Microartefacts ahangdels tc
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the project’'s architecture repository; 4) Refinembundle, and persist in directory for
classification of the newly created Microartefa@sg 5) Use STORM to refine the strategy.
The PPMC is a set of idioms and activities, wherédeom is a basic automation activity that
is generic and not specific to any PIP; and retisesinbundled BBs.

Unbundled BBs and RPs

The conversion of thentity’s legacy system(s), need an IHI PPMC and MDTCAS e to
existing Microartefacts, BBs, and CBB. In genemtMicroartefacts the RP can face major
difficulties because of Entity’'sheterogenous human profiles/cultures, system parts,
managers/stakeholders exaggerated financial ambjtiandProject’s limited time/budgets
[5]. MDTCAS interfaces standard methodologies whak based on the Object Oriented
(O0) Methodology (OOM) which have standard OO fezdu inherited fromRumbaugh,
Booch, and Jacobson methodologies. The methodslagie the fundaments of the most
known modelling/ICS standard, the Unified Modelliiganguage (UML) [6,52]. All
methodologies like the ADM, are developed usingWML profile/metamodel. The first
major paradigms that influenced MDTCAS are: 1) Raodh’'s Object Modelling Technique
(OMT), which develops manageable OO based SDCs sumgports OO Integrated
Development Environments (IDE). OMT’s allows claggibutes, methods, inheritance, and
association to be coherently open to implemen®r&ooch’s methodology, focuses on OO
Analysis (OOA) and OO Design (OOD) phases, andfivasactivities: Conceptualization,
Analysis, Design, Evolution, and Maintenance ofuiegments and their related CBBs. It is
cyclical (or spiral) model, which uses incrementaplementation processes, which are the
origin of the ADM and DevOps. OOA/OOD phases, ugdypes of models/diagrams: Class,
State transition, Object, Process, Module, andrdcteon, which all are MDTCAS basic
artefacts. Class and module are static diagramidg wtate transition are dynamic ones[6]; 3)
Jacobson’s methodology (OOSE) can be used to plasign, and implement OO ICS
components; and has five types of models: Requimésneised to specify Use Case (UC)
diagrams, Analysis, Design, Implementation (usedR#), and Testing; they are PPMC
MDTCAS's basic artefacts; 4) BBs, CBBs, and Orgatianal Process Models (OPM); and
5) UCs help the PPMC to analyze and extract BB Bnd the interaction between them
to create OPMs. Where a UC can include: OOM diagramn-formal code, Events flow,
Pseudo-code, and Actors. OOM, UC are the basibefattual EA modelling languages to
support BBs and CBBs to be used by the PPMC. BBsGBBs can map tépplication
Serviceswhere a CBB has the following types of resourd&ssiness, and System or non-
functional. CBBs can be modelled wiBusiness Serviceand a subsequent set of diagrams,
BBs, Application Servicesand others. When CBBs are refactored/identifisdViDTCAS
artefacts like composite application services, Wihtan be used to build OBBs as shown in
Figure 3. AProjecineeds a well synchronized ADM, in which the OPM8vptes the support
business, EA models, to enable the PPMC. Thatestls a Polymathic-holistic approach to
enable structured OPMs. Automated and non-auton@Rs have a key role in developing
APD competencies, and wheBasiness Architecturand ICS architecture are vital.
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MDTCAS

TDM
EA/ArchiMate

Figure 3. MDTCAS’ Implementatio

The key to linking these two architectural domaame BPs, OPMs, and Business fess
Models (BPM) which are subsets of process archite¢$). Polymath-holistic
overview/visibility across all APD’s CSAs, helProject Managerand teams, to predict tl
butterfly effectghow actions can have huge effects on the couraamdjor event) [7]. Whet
OPMs and BPMs are incorporated in BBs and C, which will be presented in PoC
Phases 1 and 2.

Phases 1 and 2

As shown in Figure 4, Phase 1 contains the liteeatteview, PPMC Tables (CSASs)
evaluations, and delivers the decision to contitau@r not) Phase 2. The literature revie'
outcome supports PoC’s background, using an ardafia important set of references ¢
links that are analgsl using a specific interface. ter selecting the CSAs/CSFs tags

linked to various STORM BBs/Microartefacts scensyiand this concludes Phase 1. -
DMS4PPMC telated PoC (or Phase 2), uses the HDT to deliessiple solutions. Th
empirical part is based on the AHMMPPMC's insie and STORM'’s Microartefac
mechanics, which uses the internal initial set€8Fs that are used in phases 1 and 2.
Project'senumeration of CSAs are: 1) PPN\s Appliance; 2) ICS and services; 3) Enterp
patterns integration; 4) EA for STORM; and 5) STORBsed DM4PPMC. Tables 1 to 5
were presented and evaluated in farticle and they are this artideempirical part. The
Tables processing was influencey the Object Management Group’s (OMG) Decis
Model and Notation (DMN), where the DMN can be usedthe specification of busine
decisions and business rules. DMN is optimal farahchecking based on decision mak
[58]. STORM delivers recommenions on how to use it with an IHI framewc
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PHASE_L
Check Feasibility

Evaluate thru PoC

Figure 4. Phases 1 and 2 flow.

PPMC'’S Appliance CSFs
Based on the AHMM4PPMC, LRP4PPMC and DMS4PPMC, @&A’'s CSFs/KPI wer
weighted by the HDT.eval function and the resulesshown in Table ]

Critical Success Factors KPIs Weightings

CSF_PPMC_Appliance_Polymathic_Approach ] Proven j From 1 to 10. 10 Selected
CSF_PPMC_Appliance_Factors_Integration } Proven i] From 1 to 10. 10 Selected
CSF_PPMC_Appliance RP_Integration H Complex il From 1 to 10. 08 Selected
CSF_PPMC_Appliance. AHMMA4PPMC_STORM/SWOT ﬂ Feasible LI From 1 to 10. 09 Selected
CSF_PPMC_Appliance_Linking_ STORM/SWOT_Factors H Feasible i| From 1 to 10. 09 Selected
CSF_PPMC_Appliance_ModelFirstApproach U Feasible i] From 1 to 10. 09 Selected
CSF_PPMC_Appliance IHI_Project H Possible L] From 1 to 10. 09 Selected
CSF_PPMC_Appliance Phase 1 2 H Piovei i| From 1 to 10. 10 Selected

valuation

Table 1.This CSA has the average of 9.25.

This CSA’s result of 9.25, which is high, is mailbecausehe iteratively used RDP4PPN
is mature and that the RP to deliver béArtefactswas successful. But that does mean
the RP and PPMC's are feasible. As CSA presented positive results, the next CSA t
analy®d is ICS and servicThe Project, PPMC, and STORM/SWOQOtepends on the ro
and the status of tHentity's ICS ancgenerated services.

ICS AND SERVICES

The Roles of Standards, Av-garde Technologies, and Methodologies

Today there are many APsiness, E, services, and IC&lated standards and they are
some degree applicable, like the follon ones TOGAF (and its ADM), SOACMMi,
COBIT, ITIL, UML, BPMN, BMM, SysML, SOA/MSA.... These standards, methodolog
services technologiesand their modellingimplementation environments, support
breakdown unbundling of legaclCS systems, by the use of empiricand iterative
approacheswhich can be supported by Dev(. An important goal in ®jects, can beThe
changes done on the traditionICS of Entitiesto become agile innovative ones, shoulc
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based orSTORM and PPMC...[8]. The integration of related Martefacts can be used by
adopted standards. The PPMC englobes templateshéoruse ofProject'sArchitecture
Building Blocks (ABB) and SBBs. The theory and cepicof reusable BBs or patterns. The
PPMC, suggests that implementers of servicespattennst be able to reuse proven
components that emerge from the @@shitecture & modellingractices, to solve genericPIP
requests. Without the use of PPMC, ABBs, SBBs aattems, projects would not be
applyingarchitecture & modellingechniques, and that results in, that tdugeted business
solution 1) Has bad performance; 2) Lacks scalabiliti@Bi3ngs human instabilities; and to
4) Becomes un-usable and un-maintainable. Addedhab for practical reasons, many
EAand/or ICSspecialists have the tendencyreémvent the wheelwhen attempting to
implement project templates. Therefore, the PPMGtnapply: 1) Standardized tools and
frameworks, like TOGAF and/or UML; 2) Standardizeervices’ modelling methodology,
like SOA Markup Language (SOAML); 3) StandardizdeNg 4) Apply a mapping model; 5)
Apply STORM; and 6) Use the optimal agile conceptthe PPMC.

Agility Concepts for the PPMC

Project’sagility is achieved by combining various domainkel STROM feedbacks/results,
Synchronized APD/business engineering conceptsal@SPPMC/EA related methodologies
that promote global APD’s automation schema tong@emented in various levels Bhtity’s
ICS. In order to, unbundle and maintain the exggtitegacy ICS and glue its
innovated/generatedBBs/Microartefacts mapping limksts dynamic and transformed ICS
modules. ICS modules are made up of BBs/Microastsfavhere each BBs/Microartefact is a
set of micro (business) services which can be: QA $ased services; 2) Microservices; 3)
REpresentational State Transfer (REST) servicegsPIy abstracted services; 5) Interfaced
legacy modules...There is nofinal definition of ¢lmess) services architectural style, but there
are common characteristics around Emaity, APD/business capability, Artificial Intelligence
(Al)/business intelligence, and decentralized aantof business environments. The
transformed agile business system becomes cohgeeeritimated by unbundling of the legacy
ICS. This unbundling process delivers the needéxsl (feSBBs, where and ABB is a set of
abstracted services’ models. This process statts twe classification of services/SBBs (or
Microartefacts) into CSDs. SBBs (or services) canrierfaced by using the API approach
that is based on [9]: 1) Modelling API's schemadogating a design document; 2) A schema
model is a contract between tRatity and the clients; 3) A schema model is essentally
contract describing what the API is and how it v&r&) It facilitates STORM activities,and
5) Uses an agile strategy. The RP based unbunghocess is setup by thHeroject’s team
who synchronize them with sets of requirementsteel SBBs, by using implementation and
tests procedures.

Implementation, Tests and Tools Diversity

The Behaviour-Driven Development (BDD) extends #xgs unit testing with automated
acceptance testing. A BDD script enables clear comication and continuous interaction
between APD, development and testing specialistsstisgUnit Testing (UT) is still the
foundation of automated testing and is requiredefificient BBs, CBBs and Microartefacts
verifications. UTsfocuson software code classesviies (such as statement, branch, and
path coverage), whereas BDD ensures software gu#iliim anAPD/business-oriented
viewpoint and can be used to test STORM scenacdiggis. UTs have the highest number of
test cases and coverage.Using many tools or IDEgaddets, can generBm®ject problems.

It is assumed that IDEs and associated tools clre sl types ofProject problems. Instead
of using straightforward EA modelling/PIP,enginegpend most of their efforts in the search
for libraries, scripts or gadgets which would skorPIP time. Therefore, the focus must be
set on: 1) EA, SBBs, Microartefacts modelling; 2)itJaggregated and integration tests; 3)
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Agile and continuous integration and deployment; Ghange management concepts; 5)
Performance and robustness estimations; 6) Implengefractors and especially KPIs in
SBBs; 6) Choosing random risk methods, where STQRMgive a clear view; 7) and many
others... BDD enhances the simplistic Test-Drivenvéd@oment (TDD) approach by
integrating Behavioural aspects, Features, ... Todeel for testing and then executingCBBs,
BBs and Microartefacts. That all depends on thelle¥ granularity and the status of the RP
based unbundling process.

Granularity, Mapping and Unbundling

Defining PPMC'’s, mapping and BBs/Microartefactsagularities for Rrojectis a complex
undertaking, added to that the “1:1” mapping arassification concept is a long process; but
it is crucial one. Mapping of a requirement’'s UC{@)BBs/Microartefact(s)/services in the
form of a class diagram or communication diagramn de done usingArchiMate or

UML/OOM.

Business Requirements

Business

I—
o
=
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l—
(o]

l—
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(i)

Applications

Technology

Figure 5. TheProject’sinteraction with various ICS modules.

This modelling and mapping concept is supportedabget of Microartefacts where its
DMS4PPMC can evaluate STORM'’s status. DevOps cantiis PPMC/DMS4PPMC to
evaluate the requirements, services’ integratiodetover strategy’s solutions. A requirement
and Microartefact map to a class diagram (or comeation diagram) and has a Global
Unique IDentifier (GUID). PPMC'’s unit of work or project Microartefact, is based on the
alignment and classification of all tlitity's requirements (and resources). project agility is
achieved by combining synchronized domain, ICS &te methodologies that promote
Entity’s automation and business robustness. To unbune&ructure and maintain the
existing ICS and to glue its innovated Microartédaim its choreography modules, and the
DevOps process, at various EA levels as showngarEi5. The DevOps contains automated
script to manage Microartefacts by applying a sedations that coordinate and control PIP
activities. An ADM managed DevOps process is based holistic systemic approach and its
mechanics manage Microartefacts/services whercéivesPPMC, STORM or other change
requests. DevOps interacts with a multitude of gmttpembers, components, and resources,
in a synchronized manner.The ADM assistsPPMC’sgnat@on activities [8], in which
DevOps supports mapping mechanisms that use the CHAPMS to make
theProject’antegration flexible and to avoid and solve majaolgems, which can be
facilitated using Cloud computing.

The Role of Cloud Computing

The Cloud based Compute-Systems’ (CbCS) suppmijectswith its virtual secured ICSand
contains an integrated empiric DMS. The CbCS nee@kud infrastructure that is supported
by the alignment of various existing Cloud Platfo(@P) standards, EA paradigms, and
different PIP strategies, where an important gedbisupport Al capacities. The Google CP
(GCP) was chosen as a sample CP to prove thise&stfeasibility and the possible alignment
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to standards, but the Cb@3n be applied to any type of Cloud. There is rteedesign ant
implement a standardized commercial CP architeaburenethodology, and correspondi
procedures, because the organization can buitaits private Cloud solution and these fe
protect tle organization from being lock-in. The CbCSis based on research resour
related to Cloud CSs and Cloud security, to offeset ofPPMC recommendations, whic
can be applied to enable Cloud balCSs. The CbCStrategy is a generiCloud-driven
appoach that uses EA and any type of CP, like the GIfe. GCP includes various (
resources that offer different levels of contrdeatures, and ICS management and de
support. CS resources need different levels of ipiaving, that depend on the usCS
service. CS topics include: 1) Use of preemptibid atandard Virtual Machines (VM)
Compute Engines (CE); 2) App Engine (AE) in twonfigr Standard (AES) and AE Flexit
(AEF); 3) Design of Kubernetes clusters; and 4) IBgpg Cloud Functions (CF CSs use
the Infrastructure-a€ode (l1aC) for network configuration and infrastire provisioning
The CbCSin the case of the GCP, includes the following \diitis and components:
Designing CSs; 2) Relating CSs and Use Cases (BL)CE’s integratin; 4) AE’s
integration; 5) Kubernetes Engine (KE) integratié);CF’'s usage; 7) CS provisioning;
Security and advanced design issues; 9) Managatgssin distributed CSs; 10) Data flo
and pipelines; and 11) Monitoring and alerting. SE5o00gle’s nfrastructure as a Servi
(laaS) concept and the core functionality providgdCE is VMs. AE is a Platform as
Service (PaaS) concept, where AE users do not awonfigure servers, but they
applications that run in AEs; where there are twaesof AE: 1) AES;and2) AEF. KE is a
managed service offering cluster management andaioen orchestration. KE allocat
cluster resources, manages containers, perforn hekeecks, and manages VM lifecyc
using CE’s instance groups.
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Figure 6. A generic CP [12].

CFs is a serverless compute service for event psotg and it is designed to execute coc
response to events. Other CbCS aspects when degitjré platform, are managing state
distributed systems, data flows, and monitoring aledting; and abce all the jus-in-time Al

requests. As shown in Figu6, CP includes a group of networked components gnog
services, which do not need to be individually teda The CbCS provides an entire mane
suite of ICS platform components, which carlHI environment Entity's Private CP (PCP

enables the processing of TAPD/business activities, which include a large sel
BBs/Microartefactsapplications and resources. TEntity’s set of applications and resourt
are managed by the PCP, where apfions are used to serweternal orend clients. The
DMS supports the CbC® serviEntitys APD/business capabilities iperaing in various
fields, like business data management, security agement, business services, po
making, regulatory and goveance activities. The CbC$es central domains, like EA, C
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and services’ coordination; where a PCP build on existing patternand technologies lik
APIs [10, 11, 12, 13].

The API's Usage

The REST conceps based on Create Read Update Delete (CFRoperation, which embed
thefollowing operations: 1) POST, which lists, paes, filters the lists of attributes
object(s); 2) GET, which retrieves the represeotatif an object; 3) PATCH which upda
specific attributes of an object; and 4) DELEwhich deletes a specific attribute from

object.
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Figure7. API Platform-Provider [14, 16].

Entitieccan use STORMo minimize risks, and for that they need to endhedr APIs are
multi-tier resilient, persistenhigtriiperformance, controlled, robustnd secure. An API h:
a complex flow as shown in Figu7. APl gateway is the bridge that is used to acetm®d
other APIs and abstracted services. PPMC managefiows between API clients/interfac
and the server SBBs that expoAPD’s model. Such a bridge (coordinated interface) har
security issues like authentication and authomratirequest routing to backends, 1
limiting, to avoid system’s bottlenecks and to paitagainst security attacks, and to hai

various types errs or model’s exceptio [14, 15, 16].
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Figure8. API's exponential growth [14, 15].

In general APl management refers to the process of managing’ ARlls through their ful
DevOps lifecycle, including defining, deploying ammublishing them, monitorg their
performance, and analpg usage patterns to maximize business valuelCS’s robustness
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[14, 15, 16]. TheAPI Pattern APIP) is a central pattern taking in account their fuémi
growth as shown in Figure 8.

Generation Zero 15! Generation 2"¢ Generation 3" Generation
The ESB XML Appliances REST & AP Gateways APIs everywhere
&2 i EC2 Gogle
mn |S3 e {4SON} @ ‘-) c v @y/ﬂ =) @ amazon a ﬁ
s e s i, s Tusony /HsON) H "'} e Q
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XML Appliances ‘
1€ (1% Gen AP| Gateway) ‘
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SOA 3 E
ws+ | Sca | BPEL | Rues
) ESB | BAM |Adapters| BRMN || 3 Microservices
2002-2005 006-2010 2011-201 2014-2017 Timeline

= All about ESB's = All about SOA and SOA Governance = Raise of APl management pure-plays = Proliferation of {REST} APIs
= SOA governance in its infancy = SCA published (OER, UDDI, etc) = SaaS adoption starts to gain momentum = REST/JSON taking over SOAP/XML
= Service gateways as thin layer = SOA Governance (Enterprise * AP| Management add-ons to 1st Gen = Microservices gain mementum
= Reverse HTTP proxies for Repositories, UDDI's, = REST APIs become very popular = Docker containers to package & deploy

external access monitoring and management) = AP| Gateways for SaaS integration = APl management changes shape.
= Very early adoption of cloud = XML appliances gain popularity = SOA governance less popular The API Micro Gateway is born

(mainly by SMBs) = Cloud on the radar for large enterprises * Microservices gaining popularity = APl management as an enterprise discipline

= First web (REST) APls = loT early days = |oT gaining momentum

Figure 9. APIFrom Generation Zerto 39 Generation API Manageme[14, 15]

As shown in Figure 8t is interesting to view the various phases\afletion of perspective
on APl Management; and inotice the evolution of API'Management and A’s space.
Such a perspectiven how the space arrelated practices have evolvalows Projectsto
improve APl Managemerdnd the use of STORMs shown in Figure 9 his is the most
common APl Giteway pattel, and it follows thedraditional Application Delivery Controlle
(ADC) arditecture. In this pattern, the gateway hancall types of activities lik[16]:
SSL/TLS'Termination Authentication, Authorization, Request routing,at® limiting,
Request/Rsponse manipulation, and Fagade rou

Figure10. Gateway for Services [16]

The APl Gateway approach is optimal for publiclypeging SBBs from monolithi
applications with centralized governance. But mas wel _suited for MSA or situations th
require frequent and profound changes. Traditiantdrface gateways are optired for
north_Isouth traffic and are not able to efficiently hantiuge volumes of easivest traffic
generated in distributed MSA based ICS, as showrigure 10 [16]. That is why it |
recommended to englobe various pattern sets and riHationships i BBs, by using the
Enterprise Service Bus (ESB)Patterns (ES

ICS and Services’ CSFs

Based on the AHMM4PPMC, LRP4PPMC and DMS4PPMC, @&A’'s CSFs/KPI wer
weighted by the HDT.eval function and the resulesshown in Table 2. This CSA’s result
8.30, which islow and insufficien This is mainly due to the fact that integrating 1&&d
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services is complex. As this CSA presented positgeilts, the next CSA to be arsed is
enterprise patterns integration that support STC

Critical Success Factors AHMMA4CBB enhances: KPIs Weightings

CSF_ICS_Sevices_Standards_TechnologiesMethodologies ‘ Complex j From 1 to 10. 08 Selected
CSF_ICS Sevices Agility Concepts | Complex j From 1 to 10. 08 Selected
CSF_ICS_Sevices_Implementation_Tests_ ‘ Feasible i| From 1 to 10. 09 Selected
CSF_ICS_Sevices Granularity Mapping ‘ Complex j From 1 to 10. 08 Selected
CSF_ICS Sevices Cloud Computing Integration ‘ Complex j From 1 to 10. 08 Selected
CSF_ICS Sevices API Usage ‘ Feasiblé ﬂ From 1 to 10. 09 Selected

valuation

Table2. This CSA has the average of 8.30

ENTERPRISE PATTERNSNTEGRATION

EA’s Integration Construct

The PPMC provides conceptfor classifying and using existintypes of patterr, BBs,
Microartefacts(simplyArtefact) in anEA IntegrationConstruct (EA)C that can suppo
Projectand STORM'’s usage'heEAIC is based on a composietefact: model, which can
be used as a template to instantiates to implement a variety of types Projects
Increasingly complex, competitive, and automaAPD environments like mechanist
Entitiesare the essence for investment in dynaEAs and thdransformation of flexible an
efficient APD environmentdAnArtefacthas already been defined asan.idea that has bee
useful in one practical context and \ probably be useful in otheér§l7, 18.In standard EA
methodologies like TOGAF, patterns are to be carsid as a concept for usiArtefactsin
Project’s context; like in the case of a-usable solution to &roject problem. The use ¢
patterns may sygort EA practitioners to identify combinations oBBs and/or SBIs, which
have been implemented and verified to deliver ssgfoé solution and support STOR.A
successful finalization of the implementation pheae give an important business advan
and can guarantee the transforrEntity’s perennity. EA methodologies like TOGAF and
ADM, manage the layerd9]: 1) Business; 2) Information Systeand 3 Technology. All
these layers map to ArchiMate layers, as showngarE 11, which supportProject’s Vision
and can be verified with STOF.

Motivation Aspect
Mo De
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sl Business Layer Passive | Behavior | Aclive | Motivation

Architeature
Vision Strategy
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- :’:‘;‘:" Business 3
i Mschitecture Business
Applicatien
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G. Requirements l,,,m(;“_;,,m f
mmmmmmmm 3 i Technology
Archilecture
Physical
Impleme_niuifon £ D Implementation &
& Migration e Technology Migration
Plans

Opportuniias Technolegy
and Solufions Layer

Aspects

Figure 11 ADM’s Phases mapping to ArchiMate lay(19]
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Extracting Artefacts-Patterns for BBs and CBBs

Before introducing how EAIC driven STORM are implemied, it is important to prepare the
Entityis ready for using the basi&rtefacts like patterns, CBBs/BBs, classes, composite
objects, tables or services to transform the IC&pplying the RPto extract Patterns. The RP
will support the agile and autononfiezoject’sPIP to implement pattern instances. That needs
a precise EA mapping concept that must use a gwrfdamework [20]; that is the main
Projectprinciple. The RP supports an agile iterative nhdlolt can map alProject’s artefacts

in a linear 1:1 manner. The RP tries to extrachgla/atomic classes that are needed for the
future BBs-based patterns; so that eBobject artefact can be managed independently. This
applies a structured unbundling process, by udmegltl mapping rules that are based on
services, or composite classes. The various typastefacts

Generic Patternswhere generics in ICS related domains are thenmambasics for
implementing BBs; in some domains Generic Patt¢@) are known as templates
(known as polymorphism). Templates facilitate théages of design and
implementation of STORMand other types of compasienhe most known GPs are:
1) Singleton; 2) Linked List; and 3) Visitor. GPrsain PPMC are to extend work
elements and to preserve the level of abstracdh [This is the minimal set to be
empowered with othdProject specialized basic patterns to support loggingursege
data-management... Th®rojects denotes the basic patterns category as the
enterprise’s basic implementation patterns. Thdutiom of patterns made it possible
to createArchitecture and Design Pattermisat are the predecessors of ABBs.
Architecture and Design Patternare used in software architecture, design, or
implementationProject phases. IrPattern-Oriented Software Architectyra System
of Patternscan have the following three types of patterng:[22 An Architecture
Pattern; 2) A Design Pattern; and 3) An Idiom. EAMII try to find analogous
concepts and terminology, and offer a re-usabléstiolpattern, that is a composite
model of Design Patterns.BBs represent implemeanmtatibest practices that can be
used by a project team of experienced object-ctemhplementers. BBs are solutions
to generic problems that implementers can use dbrirgy standard and recurrent
problems which are faced during the project's PIgpes of BBs: 1) Creational
patterns, are a set of design patterns PPMC withnoan composite constructs that
can be used in a projeawhere their main activity is the instantiation BBs or
services. Creational patterns support a standardizechanism to factorize the end
system’s BBs or services; 2) Structural patternaganBBs by delegating their
behaviour to other BBs, what permits the creatidnaolayered architecture of
components, using loose coupling, facilitating BB&mmunication and accessibility.
This PPMC pattern provides manners to structuremaposite BB so that it can be
instantiated in using minimum end system’s res@jremd 3) Behaviouralpatterns,
focuse on BB'’s algorithms, and itsPPMC focuses o ¢communication among?
project’s artefacts. EAIC will try to find analogewoncepts and terminology, and
offer a re-usable holistic pattern, that is a cosmgomodel of Enterprise Patterns.
Enterprise Patterns and Enterprise Architecture tBats in which the Model View
Controller (MVC) pattern is the most important ahdffers interfaces for messaging
and a related data model that serves as a mesdagingwork, used as an integration
server. The messaging framework is essential forptex system integration [17, 18,
23]. Enterprise integration patterns are the base building the EA patterns.
EApatterns, manage: 1) concurrent access to dasipasapplications’ user interface
to applications; and 3) transformations of legagstem. The EA Pattern (EAP) set
includes the: 1) Domain Logic Patterns; 2) DatarB8euArchitectural Patterns; 3)
Object Relational Behavioural Patterns; 4) ObjeelaRonal Structural Patterns; 5)
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Object-Relational Metadata Mapping Patterns; 6) WRalesentation Patterns; 7)
Distribution Patterns; 8) Offline Concurrency Paite 9) Session State Patterns, and
10) Base Patterns. A set of EA patterns serve tiol lam enterprise pattern that can
serve as Common Denominator Patterns (CDP) fagference model(s).

Model View Control Patteris acentral pattern andalso is the most complek an
complete pattern that must be analysed separatelycansidered a category. The
MVC decouples the: 1) Modelling of data and the donCDPs; 2) Presentation CDP,
and 3) Actions or services thar are based on Geapbiser Interface (GUI) [27].

The EAP contains: 1) Basics, used to define ArchitectuaePn (ARCP), which is a
fundamental architecture element to support IC&dformation vision.That should
be crafted in an applicabRrojectframework or concept. This IHI framework should
include easy to integrate patterns, andcan char@@'s| architecture and its
implementation outcomes. The ICS resources canskd in EAIC, which can be
applied to support services of crucial importarmetifie PIP; where these patterns can
be adapted in a just-in-time manner, by using sesyi 2) Management,by using
thePPMCto govern or control the ICS resource pagtéor STORM. Unfortunately,
adaptable ICS resource patterns for such undegslkame still in an infancy age or
have a hermetic approach like the MSA. An ICS res®ypattern can be used in the
Entity’s production activities, which comes after the finafion of the PIP, to control
and govern the resultant APD/business system. Tt fesource’s pattern main
component is the service that manages the implatientof services. In this article
the authors present a set of ICS resource recomatiend in the form of reusable
patterns to promote the optimal EA models. As S@Aundamental for TOGAF,
ADM and other disciplines, the SOA Pattern (SARR)s=d for basic services
operations.

The SARP is a design patterns catalogue (publiblyedrcitura Education) supports
SOA standards. These patterns encompass serwecgent architecture and service
technology (Arcitura, 2020): Foundational Inventdpatterns: Canonical Protocol,
Logical Inventory Layer Patterns, Inventory Cengation Patterns, Inventory
Implementation Patterns, Inventory Governance Rete Foundational Service
Patterns, Service Implementation Patterns, Sesemirity Patterns, Service Contract
Design Patterns, Service Governance Patterns, @digpaBomposition Patterns,
Service Messaging Patterns, Composition ImplememntatPatterns, Service
Interaction Security Patterns, Transformation Paste REST inspired Patterns,
Composite Patterns.

The BPM Patterns (BPMP) are patterns that showtbawodel and connect activities
together, in order to solveRxoject ProblemBPs are like motorways, as we drive, we
become used to similar and time proven motorwaysun@ies ensure that their
engineers follow proven specifications therefore tonway constructions are
consistent. BPMP are the specifications of motosvaf BPs [28]: Basic Control
Patterns, Advanced Branching and Synchronizatiotiefs, Structural Patterns,

Multiple Instance Patterns,  State  Based
Patterns, Customer ESB croducer  Cancellation Patterns:
Cancel Activity |;§\ ____.--gQQ’ Pattern and Cancel Case
Pattern. That is why - it is recommended to
englobe various |§>“*?_--__--.x __'.j;.;:|~_é‘/ pattern  sets, including
RESP. .

<S

The API/ REST and ESB ~ Patterns
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Figure 12. The ESB integration with developmentimments [29]

The CRUD based REST pattern embeds needed APl veinec managed by an ESB. The
ESBs support the integration of all the mentionedhhology standards. Standardized
Projecs must be transparent regarding their solutions thedr focus must be on their
business engineering choreography, regardless eotbtisiness domain. BTM'’s integrated
enterprise patterns are using the following methugles: 1) TOGAF’'s ADM that adopts the
UML'’s spiral model; and 2) project management cptgeOnce thélrojects standards are
established, a pre-enterprise patterns architeblusprint must be defined. If the unbundling
process is successful, tReoject maps all BBs to services and BBs. These BBs oficey
can be called via the enterprise service bus, asrsim Figure 12. Th€rojectidentifies the
set of main patterns and related patterns to im@tenthe EAIC, which addresses these
various topics and delivers a common concept. Thegemany of them, but the authors will
take the most important ones to present this atsichackground. The various types of
patterns addressed by the EAIC are:

* Generic Patterns (GENP)
* GoF Patterns (GOFP).
 BPM Patterns (BPMP).
* API Patterns (APIP).
* SOA Patterns (SOAP).
» ESBPatterns (ESBP).
» Enterprise Applications Integration (EAI) Patterns (EAIP).
* Cloud Computing Design (CCD) Patterns (CCDP).
* Organizational (ORG) Patterns

(ORGP).
* Architecture Patterns (ARCP).
* REST Patterns

(RESP).
* MicroServices Patterns

(MSRP).
* Messaging Patterns (MSGP).
* In House Composite Patterns (IHCP).

* And many others...

Because of this article’s limitations SOA and BPMHM be analyzed. Thé&roject’s classify
and store patterns and othfetefactare? in théntity’s Continuum.
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Continuum, Reference Models, and the EnterpriseaMtdel

TOGAF's technical reference model offers an integfdo manage entries, like enterprise
patterns. Enterprise patterns are mainly a parthef modelling component. To integrate
enterprise patterns, tHeroject must use existing standards and methodologies RAIC
will try to find analogous concepts and terminolpggd offer a re-usable holistic pattern, that
is a composite model of related patterns.Pattemationships use OO relationship types.
Relationships interconnect patterns, creating taalircomposite pattern (or EAIC), indicating
how the DMS solves types of problems. Related pat® implement the EAIC need a well-
designedEntityMeta Model (EMM).A Virtual Meta Model (VMM) is UMLS expression of a
formal model with a defined set of UML, ArchiMate other extensions. The EMM is a
VMM variant and uses a modelling language [25]. Dresign Pattern Modelling Language
(DPML) is a notation that supports the specificataf BB solutions (or ABBs) and their
instantiation into UML or ArchiMate models (or SBBOPML provides constructs which
allow BB solutions to be modelled and integrate@sBare described using a mixture of
natural language and UML style diagrams, this causenplex scenarios in integrating BBs
in the ICS. As shown in Figure 6, a DPML models ®Bsupport ABBs, SBBs, services,
SBBs and CDPs [26]. The EMM is an ontology for Eéncepts using EA frameworks and
tools. EMM’s intention is to provide extensible sef concepts and corresponding
relationships, with semantics that can be mappedhé&o patterns (or anEAIC), ABBs,
concepts, activities, and standard case toolsavhdworks. The EMM can map to existing
frameworks, like the Ministry of Defence Architel Framework (MoDAF), the Federal
Enterprise Architecture Framework (FEAF), TOGARd arther... EMM is applied to abstract
the complexity of these frameworks and the EAIGaiRroject The abstraction views are:
Conceptual, Logical, and Physical. The core ofEMM has layers representing the areas of
EA to be included and rows representing the lesklbstraction, or views. Although ARCPs
have not been integrated in standard EA methodedoguch as TOGAF, where in its first
four main ADM Phases (Phases A to D), it givesearcindication which resources should be
used. There are used re-usable resources, like B#ich is managed by the EA Continuum,
as shown in Figure 9 and contains the major CDPEAtity that adopts a formal approach to
apply ARCPs, must integrate them in thentity’s Continuum, to support various Views and
the ADM, to support th&ntity’s composite construct.

The Entity’s Composite Construct

This article’s goal is not to present one more tilme various types of patterns, but to show
the optimal manner to do the preparations neededtégrate patterns in a coherétrbject
architecture that would use PPMC and STORM by using

 The implementation patterns: These types of pateunderstand a family
of patterns that have a composite structure, liRe tle classical design
patterns and 2) the services patterns.

* The integration and enterprise patterns: These styple patterns understand
patterns that have a component structure, like ritpglation patterns; 2)
the EA patterns; and 3) the BPMP.

* The dynamic EMM as shown in Figure 13, is contirglputransformed by
the RP.
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SecDevOps

Figurel3. The EMM in the defined context

The Transformational RP

The transformationaRP can use some of existitransformationatoncepts or patterns lil
the Strangler Patter(SP) that is used for MSA based systt. Instead of the very risk
transform ofall, the best alternative is to use an agile apgrdaased on thEAIC and
evaluated by STORMSuch an approach recommenobservingthe currentArtefacts
component.Traditionadomponersare iteratively replacky transformed on. This approach
offers an evolutive EAIGased plan thcPPMC controls fopossible problems, by reducil
the risk that is associated with a brutal chi; and STORM evaluates the strat. ItsSPPMC
offers value back to the business by enabling ad@lvery of transformed features, until 1
transformed componentsareture and can replace the legacy one. Such anagbpis we-
known; in fact, in 2014, it was hammered and desighy Chris Steenson and Andy Pol
Martin Fowler, whopromotedthe SP,gave it a nam&he Strangler Applicatic; which is in
fact a pattern. e basic idea is to break the legacy monolith sm@ller part (Artefactsin
which Factors can be integrated and thevaluated by STORM)which requires precis
preparations and a concise concept. The concept swmport a smooth transformati
process and the sustainable operation of the sssirendat the same timeit processes
incoming requirements. That needs an Entity has the capability to transform lege
components, by [31]:

» Extracting code blocks: Frequentlyin this manner, which is based
copying software modulesto creinew componenisis the defau mode. This
option can reintroduce bugs from ttold system. It isPPMC susceptible to
the RP basedransformation effect, in which developers pd high value in
the former versions, whicthad not beenimplemented by the same engine
and where fothe reuse of codit has to be rewritten and refactd

* Rewriting the capability: Initially, this manner rcabe considered as
expensive route compared to copying code, but theefits of rewritin, by
capability offer the optimal Return o Investment (RO, which can be
confirmed by STORI When rewriting, the EAIl@elivery teams can questi
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legacy assumptions, revisit the business problemg amprove the business
process by an optimal approach. The code partsegacy systems may not
have been built on concise domain concepts or eslewious separation of
concerns. The rewriting process offers a chancecdoect and optimize the
code parts.

In many Entities a unit of software/code is responsible for speaperations.This unit of
code can be a sensitive piece of the componenthwmight be seen as a good one for
extraction and possible reuse. But in the caseewfiting, the EAICteam can revisit the
process and consider the STORM mitigated stratggjiectives of théentity. The EAICteam
might replace the actual legacy part with an upldate architecture or even choose an external
component. That enables new forms of activitiestiierEntity. If the legacy code is simple
and performs a basic operation, has clear domaigegs, or had an important intellectual
property value, in such a case, like in algorithmsst EAICteams would opt just rewriting
this part's capability. Breaking down a legacy migho requires a precise STORM based
EAICstrategy, which will guide th€rojectteam, the implementation engineers, the team of
architects, the business analysts, and other teambers. This a very difficult process,
because legacy monoliths have, in general no prepparation of concerns, no concise
domain design, and in some cases, many technologeaknesses. By transforming the
legacy monolith in terms of capability, it is pddsi to accomplistbusiness-value-oriented
implementation by prioritizing the requirementsebdract resources, by using SP, in such a
way that it adds value to the business, and itrieals. important risks by using STORM. For
that goal, there are various methods and stratégigseadually move the usage and to lift the
capabilities and functions to the SP-based apphicaby applying [31]:

* Event tapping is known as an event interception haeism.In this strategy,
whenever there are event-driven components or ddes) there is the
possibility to tap in to the stream of events; aheén start to build or replace
call-back functions for those events. This mechafpattern allows for
building a parallel system for ensuring busines#ioaity.

 Asset capture: In this case, every component manageset of functional
objects or assets, like user accounts, transactidmstorical records, or
product orders. Transforming the capabilities of naging these assets
independently and using them in SP-based applitatiSuch anRP based
transformation is more of an art than a sciencd, ihugeneral, this strategy
provides for a path to create services with cleaaman concepts and
responsibilities.

* Service bubbles: Practically all the applicationsd acomponents are artefacts
that consume a set of APIs. Tay, most ICSs acceptice-oriented concepts,
from design to delivery. Therefore, theroject team must explore chunking
and refactoring the legacy monolith into a senadented concept.

* Apply STORM to re-evaluate the strategy and rigtated to SP.

The SP-based strategy examinesEhéty's capabilities to transform the legacy system, and
to create small strangler-based services that sotstp the logic of each capability in
independenfArtefacts Such an approach eventually leads to the creatianesh services,
which support the entire set of capabilities of pinevious legacy system. Finally, that would
allow PPMCto manageEAICservices-based architectungsh is done by splitting software
units into independent services that are organemedind a business capability which is
evaluated by STORM. By using such a strategy, Rnegject team can chip away the
capabilities of the legacy system by migrating bass capabilities into independent services.
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The business value that is delivered is due to therifzation and a proper mix
transformed logic and new requirements deing the ROI [31] The SP supports the
integration services-basadefact: and BPMs.

Services-based ArtefactsaB&®Ms

Today, there are many types of services, like stahdfunctions, business servic
SOA/SOAP, REST, MSA.. In order to simplifythe services integration in the 1:1 conce
the authors proposesarvice which has the following capabilit{34,35} 1) To facilitate th

PIP and the usage of standards; 2) To manage and dssProject’sArtefact;; 3) To make
services agile, reusable and easily replaceabllit can be implemented in many SBBs;It

has a GUID; 6) It asserts tlProject’s 1:1 mapping concept;6) Ihables business activitie
interoperability and integrati; and 7) It uses PPM@nd STORM control and evalus

services-basedrtefactsand BPMs integratic. SARP embeds the SBB pattern to offe
simple interface which can be manage( a business specialist. SBBs must be adequi
classified and interconnected using interopeity standards [28]. SARP is one of the r
important and complete set of patterns; esing the number and content of these patte
which shows the complexity of usage and integratibmarious sets of patter by using the
EAIC.

The EAIC

Fundaments

EAIC can be used to abstract EA artef andArtefactsfor Projects whereProjectengineers
implement interconnected patterns. The complexityersity and crosfunctional nature o
EA and otherProjects domains require that various categories of pagteshould b
developed and classified in various disciplinesmdims, and levels of precision. T
integration of various categories of patterns dmartnor-standardizatiorcause this topic’s
lack of maturity [30].

EAIC

Figure 4. The CDP types that are parts (EAIC (Source: author

EA views are selected parts of models, servicesCiDis, representing a complEntity and
its ICS architectures; where the focus is on aspeetsdtidress the: ‘Tangible concerns ¢
one or more stakeholdetsy using STORLI; and2) Intangibles, which is mainly quality. Tl
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EAIC supports the design of such complentity models to support a view, using ARCP,
SARP, BPMP, RESP and many others. From an EA mdiniew, the MVC is one of the
most used and known patterns.The EAIC can be wseatbdtract EA artefacts fétrojecs,
where Project engineers implement interconnected patterns. Tmeptexity, diversity and
cross-functional nature of EA based MDTCAS and otRmjects domains require that
various categories of patterns should be develapadl classified in various disciplines,
domains, and levels of precision. The integratibivarious categories of patterns and their
non-standardization cause to this topic lack ofumtyt[30], that is why there are needs for a
CDP concept in the MDTCAS.

Common Denominator Patterns

Many Entitiesare applying patterns to abstract their EAs ofjgetanethodologies at various
levels ranging from software design patterns, lessmatterns to enterprise patterns. There is
no single standard for describing EAIC, so thischtcan be considered as a pattern for
abstracting existing major BBs and pattern categomrelated to EAIC. The EAIC is a sum or
set of CDPs, where CDPs may have OO-like relatipsshand it is in fact a pattern for
integration of in-house and standard patterns.HAK contains the following set of CDPs:

* The CDP for Services (CDP4S).

» The CDP for Intelligence (CDP4l).
* The CDP for Knowledge (CDP4K).
* The CDP for Interfaces (CDP4I).

* The CDP for Data (CDP4D).

TheProjectneeds a specific integration process for EA@efactsand MDTCAS.

EAIC,Artefacts and MDTCAS-Integration Process

Generic Characteristics
Generic Building blocks (GBB) have the followingngeic characteristics [33]:

» Itis a functionality defined package to me&ebjects requirements.

* It has published interfaces to access the definectibnalities.

* It may interoperate with other relat@dtefacts

« The optimal Artefact has the following characteristics: 1) It facilaat
implementation and maintenance to integrate ICS ezldted standards; 2) It
may be assembled from otheirtefacts hence patterns; 3) It can be a
subassembly of otheArtefacts hence patterns; and 4) Ariefact is re-usable
and replaceable in any environment.

« It may have multiple implementations, with probabldifferent inter-
dependenArtefacts

e It is a package of functionality (a library) usedor f APD/business
requirements.

One form of a GBB is the systemigtefactthat contains systemic characteristics, like error
management, security, manageability, persistenceheyTare pervasive in alProjects
components [33]. AProject must define the manner to assemble patterns, itunadities,
tools, and otheArtefactsnto CDPs; to avoid lock-in, by using PPMC. The RPM anEntity

to define its EAIC and the way it implements Astefacts which improves the way how
legacy systems are transformed into dynamic systems

Dynamic Systems Transformation
Dynamic systems transformation, using a RP, PPMCSAORM to:
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» Transform through therefinemertintity's ICS are a collection dhkrtefacts which are
result of a RP and the use of a standard set of BBefactsnust interoperate with
other Artefacts and it is important that their interfaces arebkaArtefactscan be
defined at various levels of maturity, dependingtba Projects evolution. In RP
early phases, @mtefact can be an interface to functionalities which uegakty
componentsArtefactsbasics are defined in EA methodologies like TOGA$ABBS.
As theProject advances, complex implementations replace thesie bafinitions of
functionality, to become SBBs [33].1t is recommetdieat anEntity develops its own
version of the SBB, which is it®rojects BB (PBB), which contains its PPMC
characteristics and interfaces to STORM.

» ABBsrelate to the Architecture Continuum and arenaged by the ADM. Its main
characteristics are according to [33]: 1) Define tieeded functionalities; 2) Capture
Business and ICS requirements; 3) Make Breject technology aware; and 4)
Manage SBBs’ implement process. ABB’s specificationclude: 1) Fundamental
functionalities and attributes; 2) Interfaces; 3pyings tcentity's strategy policies to
STORM; and 4) Relatedrtefacts like SBBs, with detailed information.

» SBBs relate to the Solutions Continuum and may itleereexternal or internal; and
their main characteristics are according to [33): Oefine which patterns will
implement which set of functionalities; 2) Definatfgrn’s implementation details; 3)
Fulfil Projects business requirements; and 4) Be product- ordeeaware, by
applying the PPMC and STORMArtefacts specifications include: 1) Specific
functionalities and attributes; 2) Interfaces; &gRired SBBs; 3) Mapping of the used
SBBs to ICS’ topology and operational policies;Specifications of attributes shared
across the ICS; 4) Performance tuning; 5) Desigreds and constraints, including the
physical architecture; and 6) Relationships betw&BBs and ABBs, and the
evolution of the SBB towards the PBB.

* Projects Building Blocksextend th@rojects EA concept, to become a PBB. A PBB
supports the categorization of patterns to impléamtdre needed transformed
components. PBBs are a combination of software pladform patterns, like
connectors which serve as a glue that connecteustypes of components. A PBB is
a set of related BBs, used to put together a coentaand support a business service
or a service[33].

» Atomic Building Blocks Concept: Today’s dynamientities have to struggle for
survival, and they must be loosely interconnected global market. It is not a secret
that a solid business environment that wants torengs sustainable business future
must adapt itself to frequerRrojects, to adapt to such a situation, service-based
solution is proposed to support tReojects main artefacts like the ABB. Such a
service-based strategy for frequent changes isla@d into a set of solutions in the
form of SBBs, supporting the continuous improvemeivarious business and ICS
resources. Agile and loosely coupled ABBs can ledus improve the quality and
success rate of the implementation and integratbdnthe defined Projects
requirements. That is achieved by simplifying andying of the used sets of applied
Artefactainder EAIC’s umbrella, which can be used for thealfsis, Design,
Development, Tests, and Maintenance sub-phasesoftimal EAIC is based on the
1:1 mapping in which each requirement and its actsf like services/sBBs, are
totally independent. Standardized and simplifiedegrise business architecture,
enables thé°rojectto become iterative, where its design is basetherADM. The
services resources traverse through the ADM, whaoh phase refines the service’s
implementation’s capability; such an approach wsédwmlistic view on the ICS that
consists of: 1) A unified collection of serviceased to implement needed
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components, 2) services-based data and softwargpawents, and 3) Scalable
technology infrastructure. The coordination of thawain ICS resource parts is
insured by the use of: 1) EAIC; 2) TOGAF/ADM and UMand 3) Efficient tools.
Managers use this concept to gain knowledge ondBvojectcan be managed, using
services, and sBBs. SuchPaoject has to make a choice of the optimal tooling and
modelling environment based on a pseudo-Model Viéantrol pattern. The
complexity of theProjects implementation phase often causes Rejects failure,
and failure rates are very high. The EAIC suppartsoss-functional transformation
process based on: 1) Requirements engineeringndgrdicices td-actors 2) Business
Architecture that includes STORM; 3) BPMs; 4) SO®); Entitys organizational
structure (or organizational engineering); 6) tG&’l structure; and 7) Continuum’s
integration[34,35].

e atomic Building Blocks Structure, the services cmmith TOGAF's generic
characteristics of BBs which have the following i@teristics [36]: 1) It is a package
of requirements, functionalities and artefacts glesil to meeProjectsrequirements;
2) It has standardized interfaces; 3) It is interaple with other types of BBs and can
be an aggregation of other services; 4) It defities functionalities that will be
implemented andProjects requirements; 5) It ensures technology awarersess
respect of standards; 6) It can be used as a t&rtplamplement/instantiate sBBs; 7)
It is a reusable and replaceable template; thatese€DPs; 8) It can have many
implementations; and it has a GUID and respectd thenapping concept.

Business Reguirements
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Figure 15. BBs’ management in ADM'’s phases [36].

An Artefacts an architecture element, or a package of funatittes and resources designed
to meetProjects transactions. The way artefacts, functionalibesl development resources
are combined in aArtefactmight vary. TheProjects team must coordinate the design and
prototype of services, using the ADM’s various @®sas shown in Figure 15; where these
Artefactgservices will transform the legacy componentsilifate integration and enable
Artefactgservices’ interoperability [36]Artefactsupport theProjects unbundling of its
monolithic environment by breaking the previousaleg components into a set of classified
unique sets oArtefacts An Artefact is just another building brick in thatiy’s wall... The
Projects team builds a PoC to define the needed setewfiices during the unbundling
process. But the system’s dynamic transformatiorpedds on the evolution of
Artefacts/servicearchitectures.
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The Evolution ofArtefactg¢Services’ Architecture
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Figure 16.The evolution of distributed ICS alArtefactsservices architectuToday, we have
mainly service SOA and MSA based Artefacts, bustaswn in Figure 16, it is the result
ICS based modular actions development. In SOA aefdat/service can be composof
other Artefacts; whereas in MSA a service is indelemt and is secontained and that
implies that it cannot be composed of other sesvidéhis is one of the main differenc
between SOA and MSA based EAIC. In fact, SOA andAM& extremely simila except for
BPM'’s degree of encapsulation, where a BPM contsats if services needed to complete
task. In an MSA this would be a conflict in purpo$ais implies that MSA is really a sub:
or special architectural form of SOA. MSA providas appoach to delivering SOA in &
effective manner for the right set of businessehsythat can be evaluated by STORM |

Enterprise Integration PattéeenCSFs
Based on the AHMM4PPMC, LRP4PPMC and DMS4PPMC, @8A's CSFs/KPI wer
weighted by the HDT.evdlunction and the results are shown in Tel€. This CSA’s result
of 8.20, which is low and insufficien

Critical Success Factors AHMMA4CBB: KPIs ‘Weightings

CSF_Enterprise_Patterns EA Integration ‘ Feasible j From 1 to 10. 09 Selected
CSF_Enterprise_Patterns_Extracting_Artefacts ‘ Complex j From 1 to 10. 08 Selected
CSF_Enterprise_Patterns API/REST/ESB_Patterns ‘ Complex j From 1 to 10. 08 Selected
CSF_Enterprise_Patterns_EAIC_CDP ‘ Complex ﬂ From 1 to 10. 08 Selected
CSF_Enterprise_Patterns_ MDTCAS_Integration ‘ Complex j From 1 to 10. 08 Selected

valuation

Table 3. This CSA has the average 20.

This is mainly becausiee Enterprise Integration Patterncomplex. As this CSA present
positive reslts, the next CSA to be ansed is EA’s approacilor STORM.

THEENTERPRISE ARCHITECTUR APPROACH FOR STORM

Using a minimalEA (for thearget architectur), can suppoRrojecs to aligr theirplans with
architecture visionand STORN. The traditional architecture layers representaac®ncept,
where it is complicatetb transformthem into an agile transformegsten. Using thePPMC,
theProject transforms the legaclCS into an agile classified directory Artefactsservices
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[8]. TheManagerand theProject team must have in depth ILP/knowledge of variods E
ICS, and DMSbased STORM domains, which completes piofile of an Architect of
Adaptable Information System (AofABIS), who uses BPMC and STORM. The first step is
to assess with STORM the readinessHmject’sreadiness.

Assess with STORM Project’s Readiness

A Business Transformation Readiness Assessmegluates and quantifies thHentity’s
readiness to change and startPr@gect by using STORM. The STORM
basefProject’'sassessment is based on PPMC readinEéastors The outcomes of
theSTORMbased readiness assessment is added tdCapability AssessmentiThese
outcomes use STORM to establish the ADM and DM&@&rfaces, to support tReoject and
to localize risk constraints. TheBactorsassociated with thArchitecture Visiorare related
to the initial level of risks, like: catastrophicyritical, marginal, or negligible. These
Factordor STORM are to integrate and coordinate the ADM.

ADM’s Coordination

PPMC'’s integration in projects is done by using #thBM, which supports it in the
automation of DevOps activities, especially to ngena@rtefacts Throughout ADM
phases,PPMC phases are created or improved. The é&iaMses cyclic iterations, where all
PPMC’s instances actions are logged. PPMC is domgmostic and technology (monolithic
or services) independent. PPMC'’s integration whith ADM has the following advantages, to
achieve: 1) Real-time transformation, mapping, 8fidroartefact/services management; 2)
Improving ofICS’ performance, and robustness; 3¢ HPMC enabling the use of standard
methodologies like UML or ArchiMate; and 4) Testsdaintegration-driven developments
approach.

PPMC Enabled Tests

PPMC’s must check if requirements respect [57]Ca@jnpleteness, where they must contain
all needed information andrtefacts 2) Clearness, where they should be transparemt an
clear; 3) Correctness, where all contents must ieglillle, evaluated by STORM; 4)
Consistency, where they should not contradict athguirements; 5) Testability, validates the
PIP requirements’ sets. The ADM controls, direcasd monitors PIP, mapping and
Artefactdy using PPMC adapted set of tests and integralitven developments. These tests
are:

 TDD for PPMC (TDD4PPMC): The standard for unit segir TDD) is asemi-manual
concept used in PIP development (known agekefirst approac)) where a TDD can
be attached to a class that represents a sernvri@set of legacy code [37]. Design
Driven Development (DDD) is mainly used for MSA (dhe model first
approach),which is based on designing first the etisdlution that containsproject’s
requirements, mappings and Microartefacts.Other ahdolst methodologies are
UML, ArchiMate’s (or other) UCs where each UC méps concrete set of diagrams.
The class diagram maps to requirements and Mi@afaats/services where the UC
defines unit and integration tests. Automated tegtduate PPMC models for a given
set of requirements and verifies their statusese TIDD or other model first
methodologies need Acceptance Test Driven Develap(#a DD) mechanisms [38].

 ATDD is applied in the case of collaborate busird&nts, project testers and EA/PIP
engineers, to assist their communication [39]. Bawe standard TDD s, the ATDD is
based on developing tests, which represent thdtsesiuthe requirement’s behaviour
and their corresponding sets of Microartefactsisess Business users contribute to
model credible acceptance tests or use BDD techriffl0].
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 BDD: The PPMCcanusethe BDD that includes unit, integration and ptamgce test
[41]. The BDD has a pseu-prose formalism that resembles to logical humaiptss
so that business specialists implerUC scenarios and their corresponding tests.
BDD includes a resources’ mapping subsystem to pekud-prose keywords to
Microartefactéservice, and to business requirements. PPEI@ables an automat
SBBs/servicestesting environment that is used with ADM’s iteoats[42]. There are
many modelling languages, but probably for, ArchiMate is the most advanced ¢

Modelling Language-Archilate

The elicitation of Project’s requirement and their corresponding and mapped ser is the
first activity or step in théransformatio process in the context of ADNElicitation refers to
the capture of requirements, to avoid the assumghatProject'sequirements are ready
be simply collected, by using basic technics. Imfation gathered from thtransformation
processelicitation has to be interpreted, analysed, modelled and atelid beforeEA
specialists, who can confirm that a credible andecent set oprojects serviceshas been
located and mappedrherefore,Project’'sequirements and servicesicitation is directly
related to all ADM activities. Theelicitation discipline used is dependeon the used
modelling scheme, and vice versa. Modelling schecaesimply the application of specii
elicitation techniques, like the ones used with MMate [43]. EA base modelling using
ArchiMate has the following characteristi(44]: 1) Models behavioural and structu
elements of #roject 2) Enables EA modelling to suppdCS infrastructure and landscap
3) EA models implemented using ArchiMate can be storethe projec’s repository; 4)
Model data/information behaviours; 5) Use an irftarge format based on the M-up
Language (XML) which can map to ArchiMate’s ModekdBange File Format's XM
schema(s); 6) Schema'’s properties are mappedtances of ArctMate property definitions
and 7) The used models should generate a mICS' and its applications’ cartograpl

Application Cartography

SBBs and servicesnap to theEntity’s cartography of applicationswhere thEntity’s
applications are classified as follo[45]: 1) Using EA capacitiesike TOGAF's Application
Communication Diagram (ACD), which depicts its usaeddels and mappings related
communications between applications and mo« (of services) in form an Entity’s
metamodel. It presents applications, componentsjraarfaces (between various compon
and services 2) Interfaces may be associated with data ctasg®plications can be related
Microartefacts/services3) Application communication diagrancan represent, an existi
applications’ cartography, or a logical architeetof the transformed e-system.

Business Architecture

* Business processes
» Organization people

linformation System Architecture

* Application architecture
* Data architecture

Technology architecture

* Hardware, network
* Software

Figurel7. The architecture is layered [45]

Artefactsbased EA is privileged; 4Entities have hybrid (mixed) applications, repositor
and newArtefactbased EA; 5) In the case of usiArtefacts services based applicati
components, should be structured according to tim@iture and their EA level; |
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Microartefacts based components aelated toservices, which use connectors; 7)
dimension of the applications’ cartography shoutddiedicated to EA model’s integrat to
support STORM and 8) As shown in Figure7, the EA is layered, where the interact
component layer is on topyocess based components in the middle, and exdityponent:
on the bottom.

Architecture Layers

PPMC'’s architecture helps in establishing Eprinciplesthat are defined in thproject’s
preliminary phase and it guides its vision. Tprojects EA superposes existing architect
standards, like TOGAF, as shown in Figul7[8]; the PPMCis a tailored adoption ¢
TOGAF and defines this approach as a-enough EA,as shown in Figure 4with the
following PPMC layers are: 1) Business Architect; 2) Data Architecture; 3) Applicatic
Architecture; and 4) Technology Architecture. ABBslaSBBs are used to solve assem|
Microartefactsand to supporEA principles, these blocks are a setpodjec’s deliverables.
The dimensions of EA arecoped to projetd boundaries, which have to consider

heterogeneous types @krvices’ architectures and legacy systef@; which could be
supported by: 1) Defining deliverab/templates; 2) DefiningEA’s interactions; 3
ApplyingArtefactsntegration; 5)Applying a modelling strategy approg, and 6) EA and
STORMDbased Transformation Risk Managertt.

EA for STORM'’s CSFs

Critical Success Factors HMM enhances: KPIs ‘Weightings

CSF_EA_STORM_Assess Readiness_Tests | Proven j From 1 to 10. 10 Selected
CSF_EA_STORM_ADM Modelling | Possible LI From 1 to 10. 09 Selected
CSF_EA_STORM _Cartography ‘ Possible j From 1 to 10. 09 Selected
CSF_EA_STORM_Layers ‘ Possibie j From 1 to 10. 09 Selected
CSF_EA _STORM_DMS_Interfacing ‘ Complex L] From 1 to 10. 08 Selected

valuation

Table 4 This CSA has the average 9.0Based on the AHMM4PPMC, LRP4PPMC ¢
DMS4PPMC, this CSA’'s CSFs/KPI were weighted by #i2T.eva function and the resul
are shown in Table 4. This CSA’s result of 8.20jakhs high and sufficienThis is mainly
due to the fact that theA’sfor STORM is implementab. As this CSA presented positi
results, the next CSA to lamalysecds the STORM based DMS.

THE STORMBASEDDMS

ActualProject relatddPMC, DMS, EAADM, PIP, DevOps development, operatio),

integration, security,and test IDEs are skeletons that use heterogenous scri

environments, subsystermand methodologies, which do not offer a uniftransformation
strategy. That is why therie a need for STORM, which camse the DMS, which in tur

depends on HDT scenarios.

HDT Scenarios

Intelligent scenarios, which can beimplemented using 1) An interaction o

Artefacts/services2) BPM instancs; 3) HDT and Factors; 4) IHI frameworkand 5)

Other..HDT scenarios depend on trunbundling of the legagnvironmer and its
monolithic ICS which offers sets oautomatizedArtefactsvhich can be used in the

scenarios, like BPM(s)[46]The unbundling process upstrecintelligentscenarios which ar

not altered to integrate traditional services ahgha with the ADM. At theProject’s start,
ICS and EA specialistsreate the tc-level organizational desigirtefact: which are used to
create the classification concept and that becomgmoint of reference fointelligent

APD/business scenariogincprocessesThis classification concept is used to classtig



E-Leader Prague 2023

requirementsArtefacts and BPMs.Unbundlingand transforming capabies, refer to the
notions of atomic, unique, meaningful granular urdiing processes that generiintelligent
business Artefactso serve dynamicintelligent scenariosHis enables the discovery
functional capabilities, and to avoid duplicatiAPD/business capabilities. FroIDMS’
perspectiveArtefactare the result (transforming the ICi8gacy system, so that it enhan
its decision-makingand STORM capabilities. Agility is crucial forintelligent dynamic
systems, wherdrtefactainbundlingstrategy’s aim is transformingonolithic functions intc
portfolios of granulaArtefacts, by using abstract Artefactisiterfaces conce. The RP based
unbundling of APD/businesxctivities and their decomposition in the formrintelligent HDT
Scenarios that can be usditered, traced and queried; are storecthe Entity’scatalogues.
Cataloguescontain the following entities: 1) Organizationalits’ information and busine
function; 2)Intelligent busines:Scenariostheir information service equivalence, eéAPD
activities and STORM ILHS36].

APD Activities
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Figure 18. Business modelling and business seivicesaction[47]

STORMimproves théentity's sustainabilityand would improve problems managem¢« A
based DMS’ modéhg strategy deliverArtefactsto support modéhg language; andthat
offers a generic approachwhat makes theProject independentand recommends the
following APD activities: 1)APD/Business cases or UCs modellingths starting point for
any new requirememrtefact: usage, and STORM setup) The mapping concept suppc
the UCs; 3) A UC maps to a BPM, which links to a seArtefacts as shown in Figurl8,
and STORM structures: STORM2CSA, CSA2CSF, CSF2Kdrld KPI2VAR [47]; 4)
STORMthe business architecture, focusingintelligent scenarios anroject’s strategy; 5)
EAand STORM support the design of nevAPD/business activities andntelligent
data/ILP/knowledgértefacts

Intelligent Data, ILPand Knowledg¢Artefacts

STORM contains ILP datarodels, related modelling components and does not depertida
types of dataources; but thr diversity generates problems, especially in PIP.
APD/business datArtefactf$ocus primarily on the encapsulation of the dataesta(s)[48].
The mapping concept is applied for business datdetsananagement and access, where
sets of requirements correspond to a (Entity or abusiness data viewf the data can b
encapsulated in a single classhich facilitates the usage of intellnt scenarios like BP. A
BPM Oriented Knowledge (BPMOK) management framewwahk be applied for knowled
management, which supports IDMS and STORM. STORMhould offer and contrcthe
optimal DMS ArchitecturaModel (DMSAM).

The Optimal DMSAM
A simplified and unified PPMC must be used for iProject because there are me
standards and methodologies, which are used iflglarBhat can cause parallel and silc
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solutions and ICSs; where the PPMC can relate warfeelds like Cloud architeure, EA,
SOA, JEE, UML...Entitiesneed the possibility to customiProject’smodelling process ar
include standards, notation and information reléyto its structure. Thisconcept results in
the extension of modelling capabilities of the eonments ke ArchiMate, UML by the
usage of theiextension mechanisms. The optimal approach is @ocasmmorArtefactsand
CDPs [49] ... A useful modelling environment can het8m ML (SysML), which is th
result of UML’s evolution and has brought signifit@apabilitiesThe PPMC can be used fi
the DMSAM, and thatsupport: 1) DMS and STORM’s requests; 2) DMS4PPMC
STORM problem and solution sets; 3) Properties anérfaces; 4) Levels of granularity;
Implementing traceability (derived and source)C@nstraints and verification test cases;
7) Factors manipulation and weighti

STORM based DMS4PPMCSF«

Critical Success Factors KPIs ‘Weightings

CSF_STORM DMS HDT Scenarios ‘ Complex j From 1 to 10. 08 Selected
CSF_STORM_DMS_APD_Activities ‘ Complex j From 1 to 10. 08 Selected
CSF STORM DMS Data ILP Knowledge ‘ Complex j From 1 to 10. 08 Selected
CSF_STORM_DMS_DMSAM | Complex j From 1 to 10. 08 Selected

valuation
Table5. This CSA has the average of 8.0.

Based on the AHMM4PPMC, LRP4PPMC and DMS4PPMC, @&A’'s CSFs/KPI wer
weighted by the HDT.eval function and the resutesshown in Tabl5. This CSA’s result o
8.0 is low and insufficientThis is mainly due to the famany complex interactio. As this
CSA does not present positive result, and the isextexecute the Pc.

THE PROOF OF CONCEPT

The Structure

STORM'’s PoC was implemented using the researclséiwork that had been deoped
using the framework Natural Language Programming (NLP), Microsoft Vis&tudio
.NET, C/C++ and Java. The PoC is based on the DMMSUHFFAHMM4PPMC and the CSF
binding, using specifi€actors, where the STORM was designed using an UML and AP
methodologies.The PoC has the following structure and executtepss s shown in Figure
4:

* Building an IHI transformation framewo

* Building an IHI PPMC

* Preparations includénking a scenario té\rtefacts,as shown in Figure 1

» Execute Phase 4; whicl contains the literature review, Tables (CSAs) eatiduns,
and delivers the decision to continue to (or nobjase 2. After selecting ti
CSAs/CSFs tags are linked to various STOArtefactsscenario. Links Factors to
structures, like CSA2CSF

* Execute Phase ;- correlates Tables-to-5 and presents a syntheshis concludes
Phase 1.

* Execute Phase &; which th DMS4PPMC and it$iDT to deliver possiblk<STROM
solutions. TheHDTused a AHMMPPMC instancend intelligent scenari,

» Execute Phase I2-solve a concrete proble
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Transformed ICS

API| Broker

Artefacts/Abstract Service
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SOA Microservices Mainframe Call Other...
Patterns Legacy Librairies Factors Evaluation

Figure 19. Artefacts integration for STOF.

The research mapSactors to ses of Artefacts as shown in Figur@C, and then to the
following STORM structuresSTORM2CSA, CSA2CSF, CSF2KPI, and KPI2V. The
STORM usedractors GUIDs and the DM4PPMC to support thBroject’s strategy. Then
the IHI framework’s frontend mapping/linking actions areiated by: 1) Selecting an HC
node that contains theactors, and2) Selecting the problem to be solved using N

- Enerprise

Figure 20. The NLP interface.

The STORM useDMS4PPMCanILP/knowledge database tgenerateactions to solve
concrete strategy requestgablens. Once the IHI framewotkdevelopment interface
activated, the NLP interface can be launched tolempnt STORM scripts, as shown i
Figure 20. These NLBased STORI scripts that make up the KMBPMUDMS4PPMC
subsystem relate to a setRIP generateArtefacts STORM-related-actors were selected as
demonstrated previously in tharticlés tables and the result of the processing of
DMS4PPMQ as illustrated in Table 6, shows tISTORMis not an independent topic anc
strongly bonded to theroject’'soverall strategy relategisk management conce
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CSA Category of CSFs/KPIs | Transformation Capability | Average Result | Table

PPMC’S Appliance ‘ Usable-Mature j From1to10. |1
9.25
ICS and services ‘ Transformable-Possible-Complex j mes 13:)0 10. 2

Enterprise patterns integration

Transformable-Possible-Complex j From 1 to 10. )
8.20

EA for STORM ‘ Transformable-Possible-Mature j From1lto10. |4
9.0

STORM based DMS ‘ Heterogenous-VeryComplex j From1to10. |5
8.00

Evaluate First Phase

Table 6. TheSTORM research’s outcome.

The model’s main constraint is that CSAs havinguaerage result below 8.5 will be ignor
As shown in Table 6 (which has a rounded avera@.50), this fact keeps the CSAs (mark
in green) that helps make tlrarticle’s conclusion; and no CSA ned colour.lt means that
STORMintegration will succeed and that tProjectmust be done in multiple transformati
subProjects using the ADMPPMG where the first one should try to transform tleesd
systems, the ICS.

The APD Case for STORMNd Setting Up SWC
The APD case ibuilt around ArchiSuranc[50], where the central point is the feasibilof
the STORM based strate¢gs shown in Figure 2and the usage of tiRPMC.

[ee)
Managers

Swegcgosls!
Improve Business @
‘ Robusmness
@ H I Product. I!@
; ; mrpove Product an
FRobust Business Systsm ; i iy
| I A e
5
Apply an agile
( Transformation Process w
b Ty
i = )
uxel Tz (R——
Strategy (Course Of Action)
(Courss Of Action)
5 —
| Capability 1
e - c )
Digital Customer IT Managemem &
Management (Capability) Operations (Capability)
N~ - =
. % . _# t
[ ) ( )
ay [y [ i
Gaei by fppacaton Client Suppor (Resource) Skills IT Resources (Resource)
(Resource)

Figure 20. The STORM basstrategy vieu

The SWOT analysis is one ArchiMate’s strategy views and $upports the evaluation

Project’s internal strengths and weaknes, which includes needed resources and cul
capabilities, which can enable (or hindProject’'s PIP and default itstrategies The PPMC
can present external opportunities and threatshwémable (or hindelProject’s performance.
The SWOT analysis viewupports the design of strategies that are aimedptoit deduce:
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Os and Ss, while proactively predicting possible afsl to eventually improve Ws, a
applying the following strategi¢51]:

* WT strategy: minimize both Ws and Ts, to enableatigevemnt of definecPPMC.
* WO strategy: minimize Ws in order to be able tcetaklvantage of new (

e ST strategy: maximize Ss in order to be able td @éh Ts.

* SO strategy: maximize Ss, using existing resouc@somote new O

«

Assessment 0

SWOT Analysis ﬁ

Internal Assessment 0)

Strengths ﬁ i Weaknesses od.

Opportunities [ Threats )

[ Expand ‘] [ Recrutement ‘] [ Turn over j [ Insthility j
=

Figure 21. SWOT'’s strategic view

After setting up STROMthe next step is to related SWOT analysis tolligent scenario:
and corresponding Artefacts.

Setting Up STORM Intelligent Scenar

Claims Processing

Claims Administration i~
Standard

P""’"‘ [ Adudicars ) Adjudicate '::’ Notify =
: | Standard Claim Customer
- R s = " ( =
Claim Ac:eptED . o=} KP! Service Close &
Failed | Claim ’C“'g" C'B"“J - Claim |
A b Adjudicate GD

High- Hl k Claim Pay Clatm

High-Risk \
Claim
A
|

.

| 1
Customer —0 High-Risk o
—" Sermvice Claims Specialist
Representative Adjudication

A

Figure 22. An intelligent scenario

An intelligent scenario, as shown in Figure 22ai8PM that is interfaced witArtefacts,
which in turn link to structures: STORM2CSA, CSAZSCSF2KPI, and KPI2VAR. Th

STORM uses intelligent scenariosto evaluate aegyaaind deliver SWOT values. lan be
also usedor solving concrete requests or proble
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Solving a Concrete Request or Problem

In Phase 2, the HDT is used, to find a combinatérheuristics action, used to solve a
problem related to the RQ. A selected CSF is linteed problem type and a related set of
actions where the processing starts in the rootendthch problem, like this case the
PRB_STORM_Strategy_Deviationproblem, has the falhgvset of actions:

« ACT_STORM_Strategy Deviation_ Define Possible Cative Processing

For this DMS4 PPMC related PoC, the authorshave ectsd the
CSF_STORM_ Strategy Deviation_ Validation as thévadCSF, taken from the CSFs pool.
In this PoC the goal is to find solutions relatedhis selected CSF’s related problems. The
authors have decided to apply the AHMM4PPMC bassmbaning to try to solve the
CSF_STORM_Strategy_Deviation_ Validation issues dhd related problem or the
PRB_STORM_Strategy Deviation_ Validation, whicts@ved by using the following steps:

* Relating the APD case and integration capabilities to
CSF_STORM_Strategy Deviation_ Validation capaleitthat was done in Phase 1.

* Link the processing of this node to the pseudo-titsdive modules, then by using
gualitative modules, filter and deliver the initislate that is the root node of the
decision tree.

» The HDT is configured, weighted and tuned usindfigomation information.

* The set of possible solutions results from the DMIBMIC. Then the HDT is launched
to find the set of possible solutions in the forhpossible strategy improvements.

 The NLP scripts make up the processing of STORWKgcl and is supported by a set
of predefined actions. These actions are processt#te IHI framework background
to supportArtefactsthat are called by the HDT.

CONCLUSIONS AND RECOMMENDATIONS
The set of STORM'’s architecture, refinement, tecahand managerial recommendations:

* Implement an IHI framewortk

» SWOT risk analysis is a basic and a highly tecHmuoathodology that can be used to
checkProjects strategy, capabilities or BU’s viability.

* Link STORM to SWOT andFactors.

* This chapter presents the possibility to implemamtiHI STORM which avoids the
financial-only locked-in strategies and ensuressss.

* RP is aProject’s critical phase, andRxoject must build a holistic MDTCAS to
support the RPs activities.

» Building a flexible and scalable ICS.

 The PPMC needs to define a MDTCAS manages RP’s leésinentsArtefacts The
major innovation in this article is linking of thidanagerspopular risk and quality
management (like SWOT, Six Sigma, ...) to concretemanents.

» EachEntity constructs its own IHI STORM.

» The STORM replaces legacy-solutions using conversincepts in order to ensure
Project’'ssuccess.

* STORM interfaceéntity’s TDM and delivers the pool &rtefacts

* The ADM manages design, RP, DevOps, and PPMC aesvi

» Entity’s Artefacts’stability and coherence are crucial for its eviolut

* Avoid consulting firms and to build internal STORM.

* STORM's integrationis very complex and will veryopably face failure.
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* PPMC and DMS4PPMC, based on pseudo-SWOT approduth wsed-actors

* Gained knowledge/experience can be fed in Enéitys KMS; and that is how it
builds its own ILP.

 The PPMC is dModel First Approachhat uses a pseudo bottom-up approach.

« The PPMC provides a concept for classifying andgisixisting types oArtefacts

* Using a minimal EA (for thearget architectur® can supporProjecs to align their
plans with architecture visions and STORM.
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