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Abstract—Cloud computing proved to offer flexible IT solu-
tions. Although large enterprises may benefit fronthis technolo-
gy, SMEs are falling behind in cloud usage due to sing IT-
competence and hence lose the ability to efficiepthdapt their IT
to their business needs. This paper introduces thergject idea of
the H2020 project CloudSocket, by elaborating thediea of Busi-
ness Processes as a Service (BPaaS), where concepdats and
semantics are applied to align business processesthwCloud
deployed workflows. Four architectural building blocks are pro-
posed for (i) design, (ii) allocation, (iii) execubn and (iv) evalua-
tion are discussed before providing and outlook.
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I. INTRODUCTION

Cloud Computing is undoubtable the current megadtre

that has the potential to massively influence aurtese of IT,
especially for business applications. Estimatedrawpments
caused by efficient, flexible and networked IT r@®es range
up to 30%[1]. Hence, cloud computing is a chancestart-ups
and smart companies that enter this global IT niplkee and
obviously a risk for those, who do not appropriatielke ad-
vantage of cloud computing.

The three key players Amazon, Microsoft and Goagle
tablished their mainstream cloud offerings, wherg&dd and
Oracle are positioning with alternative cloud stgpés. Alt-
hough the mainstream offerings are well provided thg
world-leading IT players, there is a plethora ofha players
and market places [1].

Hence it seems that cloud is ready to invite emisgp into
the radical improvement of IT power, but in realityly enter-
prises that have relevant know how in their IT-d&pants can
enter the cloud, whereas enterprises without stidxpertise —
typically SMEs or start-ups —face barriers.

The challenge of BPaas is to address the so-dallethess
and IT alignment, and hence bridge the gap betwreibusi-
ness and IT domains. With respect to cloud offexitigis
means that the current application view needs gesponding
business process view.

Currently typical parameters for SaaS — which garded
as the current and upcoming key cloud market -oéreech-
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nical nature such as pricing models consideringrieal pa-
rameters, computing power, availability or netwadpacity.
Business parameters such as legal aspects, bupaessges,
process interoperability, or avoidance of vendaklare used
for distinction between different cloud market fes. Busi-
ness Domain specific parameters like customerioelstip for

SMEs in the health domain, or Web-appearance T aiom-

pany are potential future options.

Hence we observe the need to abstract parametars fr
pure technical distinctions up to business and dorspecific
characteristics, in order to describe and distisiyeioud offer-
ings.

In the following the approach of the EU project @le
Socket [2] is introduced.

Il. BPAASUSECASES

Primary targets of CloudSocket are SMEs, but theduced
principles of BPaaS are not limited. SMEs and 8Spmthave
been selected as user groups as they typically hasteong
business focus and traditionally lack IT departraeiitence
likely face barriers in using the cloud.
These barriers come in the form of a gap betweagmatic,
legally influenced and well-defined business preessand a
gigantic cloud market with numerous offerings ttatly con-
sider the business episodes of an entrepreneufobus on
technical details.

At this stage the term “business process” is intoed as a
sequence of manual, semi-automatic and automationac
with the aim to achieve an organizational goal.

Hence the business process aligns all tasks withbttsi-
ness goals, independent if they are performed bghmas,
humans or a group consisting of several machineks/aor
several humans. Actions are typically separatdiria, role or
place. There is a set of different applicationdefor business
processes such as but not limited to quality mamagé risk
management, re-engineering, continues improvenmaoty-
mentation, training but also model driven architeetand re-
guirement analysis.

The first set of application fields see the businpsocess
model as "Information Value Provider", hence graphmod-
els are not seen as some necessary step to mdweconcrete



software code, but are seen as an independent éotuhat is
needed for day to day work within the organization.

The second set of application fields is concernét,the
model driven architecture, software requirementyeisg con-
figuration of software components or software deslg those
application scenarios the business process modsies as a
“Specification and Requirement Collection”, which further
detailed and transformed to either specify deplteyatork-
flows or executable software code.

Business and IT alignment in CloudSocket is corern

with both, on the one side to smartly transform dathil busi-
ness processes to become deployable workflows anthe
other side keep the information value aspect fer libisiness
users.

There are several business processes such as eustdations

and advertising, administrative issues on regismatlT ser-

vices as well as after sales support that are sagefor busi-

ness success, but can only be insufficiently supddry the IT

resources of Startups or SMEs.

Hence in the following a first analysis of potehtiae cases is
provided that has been worked out with end usemetoon-

strate the potential use of cloud computing forifess pro-

cesses. A complete analysis of the use casesilaldeant [3].

A. Business Incubator Use Case

The Business Incubator form Baden Wirttemberg fegus

on supporting the “Coaching and Finance” effortstairt-ups
facilitating designing, analyzing and simulatingdiiidual

business plans, and processes. These aspectseatemd a
high degree of adaptability of Cloud Services ftarSups, e.g.

with environmentally friendly energy for househadd pro-
vides smart home functions through its remote accapabil-
ity for turning appliances on or off.

Initial situation: The company is intending to ergaits
services to include mobile energy sources for neghg elec-
tric cars and offer them for rental as range-extenfor drivers
e.g. for a long weekend trip. The startup contatitedousiness
incubator constultants.

CloudSocket technology intervention: The startupy mex
quire a range of different solutions for customelationship,
partner management and internal management precesse

Potential BPaaS solution: Based on business preneds
els it is possible to define the expansion strategg the re-
quired IT (Cloud) support. Depending on those nefaents
the different alternatives of Cloud support camioeked out.

3) Business Incubator Observation

The observation in this Business Incubator Use Gagbat
“supportive” business processes can be appliesa@everal
startups. So BPaaS addressing e.g. Customer redaipcan
be offered to wide range of startups. “Management'Core”
business processes are not so obvious in thipfiete of user
requirements. Whereas it is reasonable that marameteci-
sions in Startups and SMEs are typically not stmext in
business processes, it is assumed that some “Guehess
processes may be identified that can be exchangagebn
Startups or SMEs.

B. Cluster Process Broker Use Case
The Business Process Broker use case identifigsatyp

Customer Relationship Management, Order Managemen@,“smess episodes of potential SMEs in differemngliegtion

Human Resources Management.

1) Ecological Agriculture
A 28 year old, biologist, has an idea to take Hjaal
waste from a restaurant and stimulates a biologieabmposi-
tion process. Usually such a process takes seyesas but the
idea of the startup is to use worm to speed upptftisess.

Initial situation; The startup presented the ideethe busi-
ness incubators. After this the consultants haseudised with
her about how to transform this business ideaangolid busi-
ness model.

CloudSocket technology intervention: The startupy mex
quire a range of different customer relationshig aorm pro-
duction management solutions.

Potential BPaaS solution: Business processes@maon
instrument to explain, how the 28 year old biolbgisfers to
perform the customer relationship and worm productnan-
agement. Based on those requirements, a mappila) tal-
ready existing SaaS solutions that cover the wihoisiness
process, (b) a combination of different SaaS aadlécal in-
stalled applications or (¢) no Cloud support isoreamended
can be performed.

2) Green Energy
This startup is a small-scale virtual power plahtoli con-
nects to a grid infrastructure with power generafiom wind,
photovoltaic, and biogas. The company serves isoawers

domains such as eHealth, Manufacturing, Photofcsjern-
ment, Security, e-Commerce, Retails, etc. but saaremmon
set of business processes.

In this use case analysis the ICT / Robotics ctustd us-
cany selected ICT companies as potential candidatesarly
CloudSocket usage, hence two representative palterdses
are introduced.

1) Internet Research and Procurement Process
An SME sells software and integrated appliancesti@ric
components that make devices “Internet ready” feva sec-
onds and employs 10 people.

Initial situation: The SME continuously verifiesigas of
the electronic and mechanic components in the rhaakd
buys only products that match specific requiremantsrms of
customer needs and pricing. Monitoring the priced ¢he
quality is a costly activity, which requires an oimg analysis
and trade-off between quality and price.

CloudSocket technology intervention: The Compangdse
a solution that reduces the costs for procuremetitittes by
improving the effectiveness of the procurement gssc Gener-
ic self-management infrastructure or special desigresearch
processes including crawler and result databases the po-
tential to run in the cloud and to raise the praiditg of this
SME.



Potential BPaaS solution: This is a representatample
where business processes can be used to optingizsuiiness
of an SME, by providing consulting via businesscesses.
Internet Recherché can be realized in many diffebeisiness
processes, ranging from pure manual to full autmm&iom
structured to non- structured or from ad-hoc tautady trig-
gered processes. Different business processegeddjtferent
cloud support, ranging from no support, to SaaSeuptill
personalized configuration of workflows.

2) Kiosk Distribution Process

Here the cloud readiness is defined as [5]:
Cloud readiness = Company Maturity + Process Mgturi

Questionnaires are provided to assess both, thepammm
maturity that drills further down to:

Company Maturity = Business Architecture Maturitymn-
formation Architecture Maturity + Technology Arobdture
Maturity + Strategy Maturity.

Whereas Strategy Maturity is seen as:

A company with 180 employees aimes at distributing  Strategy Maturity = Cloud Strategy + Compliance ity

newspapers and magazines to kiosk and, in genprials of
sales in an ltalian town. Every day, about 250edéht Italian
and foreign newspaper are delivered to 600 poiinssles.

Initial situation: Current customers are small kiosvith
very limited IT infrastructure. Often the orderrisalised via
Facebook comments. In order to improve the matwitthe
ordering and interaction process with those kiosks but still
leight-weighted Web-application will be provided.

CloudSocket technology intervention: A new ordergaiss
can be handled in the cloud, without IT installation both —
the supplier and consumer — sides. The scalingefpplica-
tion with the expected peeks in ordering at the afrttie work-
ing day or triggered by a special event indicates tise of
cloud solutions.

Potential BPaaS solution: The process of orderany re-
flect a better understanding of the distributiongass due to
the transparent business process model and rame@®ss on
IT difficulties — e.g. peek handling — and hencepiiave the
distribution process. Business processes can alasdéd for a
collaborative improvement.

3) Cluster Process Broker Observation

The observation in the second use case is that ofidke
potential end users of the CloudSocket have thenpiat need
of generic business processes that may be indizedawhile
the business process maturity growth. Hence thébfle con-
figuration of business processes, hiding the coxityl®f the
cloud and providing easy to use solutions, is ansimg mar-
ket segment.

C. The SME End User Perspective

In addition to the two aforementioned use casdsatde-
scribe the targeted end users market — we desthrébentry
point of any interested user.

We propose three steps for a typical SME as arnused
* Check Cloud Readiness,

+ Governance Maturity.

Process Maturity is a decomposition of the abowenfor-
ganization level to processes, activities and tasks

For more information on the different maturitiesdamow
they are assessed in individual questionnairesispleefer to
the corresponding deliverable D2.2 [5].

The transformation of business processes to beutatde
in the Cloud is divided in two transformations, wées the first
transformation is a horizontal one that transforfnassn one
business process to another one and the secorsfotraation
is a vertical on transforming from business prodessvork-
flows. Although both business processes are natugtable, the
latter one has clear anchor points, where clougtioffs can be
added. Hence the horizontal transformation extridwctse parts
of the process where a cloud offering can actusdlapplied.

The next transformation is a vertical one that mipan
executable workflow in the cloud - this actuallyoypides the
cloud offerings and enables the execution in thoaidtl This
next step is performed by entering the market ptawe select-
ing the most appropriate workflow that runs in theud. This
selection can be supported by smart mechanisms.

This initial entry point into the cloud for SMEssspported
with tools, which can be accessed at [6]. Readerssacour-
aged to visit those tools and provide feedbackntabke a col-
laborative improvement in order to reduce the basrifor
SMEs that have no cloud competence.

It is expected that in addition to the two aforetiered
CloudSocket brokers new CloudSocket brokers majntse-
ested, hence in the following section, the entrinpfor new
CloudSocket brokers are provided.

D. The CloudSocket Broker Perspective

The CloudSocket is a market place, where BPaa%fare
fered in a similar way as SaaS are offered todayndd, from a
technical or economic point of view, it is a commaarket

» Transform Business Processes to be executabl@in tiplace that is well known in cloud computing. Theme the

Cloud,
« Enter the marketplace to access BPaaS.

The project provides a checklist for SMEs and sipg in
order to check, if they are capable in enteringdloaid with
their business processes. This framework is availabform
of a demo accessible at [4] and is described in [5]

same mechanisms for BPaaS — in form of “executalriness
process” — as there are for SaaS. The differeneeselen a
SaaS and BPaaS marketplaces are the selectiaecitesaaS
offering is typically selected based on technicedbperties,
whereas the BPaaS has a two step selection, cangidist

the domain properties and second the technicaleptiep. This
means that for one business processes there manaie dif-

ferent workflow realizations, and for one workfloealization
there may be many different cloud offerings.



For organizations aiming to become a CloudSockeier
we propose the following steps:

» ldentify the potential market for BPaaS,

» Plan Business Processes, by using a business proces

management tool that attracts potential clients,

e Build Business Processes, by implementing and exe-

cutable workflows for the first selection step atet
ployable bundles for the second selection step.

* Run Business Processes, by offering workflows on an

operative cloud market place infrastructure.

» Check Business Processes, by abstracting cloud- moni

toring logs up to domain-specific business indicato

These initial recommended phases for the supporting *

CloudSocket Brokers are initially supported witbl&[7].

“Plan Business Processes” denotes the use of lsgsjme-
cess management tools to acquire, design, anatgssimulate
and finally release domain-specific business peE®sHere
we understand business processes as a know-hdiaripiatf
an organisation; hence those processes have tkatjpbtfor
domain-specific consultancy and improvement. Trol
business process management tools such as ADOR]%re
used.

“Build Business Processes” denotes that each o#fihie-
mentioned business processes are made executablediyof
deployable and executable workflows. We agreedsm the
term workflow for processes that are orchestratetiexecuta-
ble on an IT platform to strengthen the differemaehuman
orchestrated or executed business processes. idnadlitvork-
flow design tools like yourBPM [9] may be used.

“Run Business Process” indicates the provision @mela-
tion of processes as a service within a cloud nigleee that
are executed and run across services offered inldlel. Alt-
hough this is technically the most challenging it focus of
this paper and the focus of the introduced Cloud&oproject
is on the alignment, hence the mapping between ihospacif-
ic business processes and cloud deployable andutexdée
workflows.

“Checking Business Processes” indicates the albistnac
using conceptual models and semantic, to introdusemantic
meaning into the technical data and process lagse the exe-
cution environment in the cloud. The meta modelfoien
ADOxx [10] will be used to develop conceptual aminantic
models that can be analysed and mapped to bugiresssses.

I1l. RELATED WORK

Current marketplaces offer such processes in thelchbut
focus on the combination of applications. Henceunpoint of
view, these are not business processes but thes@akflows.

A. BPaaS Layer

In order to distinguish the different terms, a Ty
Wiki is published at [11]. In the following only ¢hrelevant
layers are highlighted.

Therefore we define the following four layers:

» Layer | - Business Processes: Domain specific busi-
ness processes that describe the business astivitie
worker, which are — in the way they are presented —
not executable, neither by a workflow engine within
or outside the cloud.

« Layer Il - Workflows: Executable business processes

are represented by workflows that orchestrate rihe i

teraction between software applications. It is exgpd

that one layer | business process refers typidally

many layer 1l workflows depending on the level af a

tomation, the selected applications and failurebve

ery/ variant handling.

Layer 1ll - Cloud deployable Workflow Bundles:

Workflows that are packaged for cloud deployment

consisting of all relevant deployment configurasipn

so that it can be deployed on demand. It is exdecte
that one layer Il workflows refers typically to man
layer Il cloud bundles depending on different cloud
providers, the selected SLAs and deployment man-
agement strategy and multi cloud deployment.

» Layer IV - Workflow that is in production: Work-
flows are offered in the marketplace similar to Saa
offerings, hence can be immediately started byuthe
er. It is important that this workflow is not a avete
running instance, but a workflow that is offered.

One layer Il cloud bundle may be registered in one
several market places. Depending on the deployment
strategy of layer lll, either services are pre-dgpd
or are automatically deployed when the BPaas is se-
lected for operation.

The flexibility of BPaaS is introduced from laydr |
downwards.

The concrete handling of instances is a multi-cloud
environment is a typical cloud challenge, whicinas
within the scope of this paper.

B. Alignment Technology

In order to align aforementioned four layers, elagler has
to be described in appropriate form. Hence, thezgwao chal-
lenges to be met: First, to find appropriate regmésion for-
mat for each individual layer, second to find ajgpiate mech-
anisms to link the different layers.

A well-known approach in providing concepts andrins
ments for both is the use of conceptual modellvigta model-
ling [12] is introduced as a realization approaohdevelop
domain-specific IT-supported concept modelling. é&hon
Strahringer [13], Karagiannis and Kiihn [14] a l&gkrap-
proach for conceptual modelling is used.



Meta models can be specified with a meta modelkmgy
guage that is derived from a meta meta model.drfdhowing
the most prominent meta meta models based on Ké&inafe
mentioned: (a) Ecore from the Eclipse platform [16})
GOPRR from MetaEdit+ Platform [17] and (c) MS DSadls
and MS Visio [18]. Additionally the following metaeta mod-
els are introduced: (d) MOF [19], which is realizeddifferent
UML Profile platforms (e) ADOxx based on the equalamed
platform ADOxx [20], (f) Obeo Designer on Eclips&l] and
(g) Generic Model Environment GME [22].

Conceptual models are commaodity in expressing gs&Ese
and can be defined by any of the aforementionec metdels.
There is a plethora of different process notatismsh as but
not limited to BPMN [23], IDEF [24], BPMS [25], [26UML
[27], BPAL[28] or CMMN [29] each preferable dependj on
the aspects have to be described. In CloudSockgtha well-
aware BPMN [23], CMMN [29] and DMN [31] formats hav
been selected to describe the domain specific bssiprocess-
es.

The Enterprise modelling frameworks from Zachmasj [
is used as the basic skeleton for business antigiineent as it
identifies not only the different layers from busés down to
IT but also different aspects from process to humarker.

Overview of Modelling Languages

Perspectives

Figure 1 Modelling Languages for Business and IT

In the pluglT project the Business and IT alignmmoidel-
ling language WIKI [33] has been developed baseéxdand-
ed aspects of the Zachmann framework in the forndad,
knowledge, processes, people, organisation, apiplicgrod-
ucts and motivation. Strategy, business, systenteaithology
are the perspectives that span a matrix of modelfinguages,
each with a list of different modelling languages.

Other enterprise models like TOGAF [34] and Compute

Integrated Manufacturing Open System ArchitectuB®] [
(CIMOSA) are mentioned for completeness reasoitispadh
CloudSocket builds on Zachmann as classificatiaméwork.

Modelling for Cloud-based applications is a rathew re-
search topic. Preliminary ideas are proposed in RE3V[36],
as well in MODACIoud [37] and Paasage [38].

BPMN is a semi-formal language, where formal semant

can be introduced via semantic lifting and operaticseman-
tics can be introduced via inheriting directed gragmantic.
Furthermore the language is intuitive for a humseru

The executable part of BPMN is used to define dalal/-
able and executable workflows; hence the same iaotas
used to define different aspects of a businessepsADOXX
is used to develop this design tools in order foréalise a
hybrid modelling tool that can model both aspedise-domain
specific business process as well as the cloudfgpexchnical
workflow, (b) enable semantic lifting of businessgesses and
workflows to enable smart business and IT alignnaet fi-
nally (c) introduce an alternative way of modellimgintroduc-
ing a text-based modelling tool like XText [39] bwithin a
powerful meta model environment.

IV. MODEL BASED ALIGNMENT

This section introduces how a model based apprcachbe
used to align the different layers. In order tovle a brief
overview, only the relevant model representatiormt are
mentioned, as well as the model weaving mechanibatsare
necessary to link the different layers are intrelic

A. Meta Model Overview
The meta model overview is provided in FDMM forn@]4

A meta-model is a tuple MM = <MT, <—, domain, range
card> where MT is the set of the defined model sype. for
i=1,...,m we have MT=MT,, MT,, ..., MT,}.

The MTy’s (i=1,..,m)
MT,=(0], DT, A;), where:

are themselves tuples

« 0 is the set of object types or classes,
« D isthe set of data types, and
e A, is the set of the attributes.

In CloudSocket we use the following model types:

¢ MT, Business Process Model Notation (BPMN),

e MT, Company Map,

¢ MT; Document Model

¢ MT, Working Environment Model

¢ MT; Decision Model Notation (DMN),

¢ MT, Business Process Described Services (BPDS),
¢ MT, Key Performance Indicators (Cockpit) and

e MT; Business Process Indicators (BPI)

Therefore MT={BPMN, Company Map, Document Model,

Working Environment Model, DMN, BPDS, Cockpit, B}

defines an ordering od"’.
Leto!, o} € OT we sayo! is subclass of!, if o} < of
The domain is a function with domain=AP(0T)

The range maps an attribute to the power set qfadls of

classes and model types, all data types, and aéhtgpes.

range: A> P(U;(0] x {MT;}) u D™ U MT)
The card function
card :0T x A - P(N} x (N} U {e0}))
For details on the modelling language, please refehe
CloudSocket development space on ADOxx.org [31].



1) Horizontal BPMN and DMN Weaving

Weaving is a modelling technique were different elod
types are connected. Additionally to the alreadinéd MM of
BPMN [23], we have to add some extensions of sor@-R
tions to the

_ T :
MMBPspec = {MTBpSpeC, OBpSpec, <, domain, card},

T .—_NnT
OBP' - OBP_spec

Agp = {ABPSpec'

Referenced Decisions-from,
Referenced Decisions-to,

Referenced Service Description-from,
Referenced Service Description-to}

2) Vertical BPMN cloud-specific Enrichment

In order to support the vertical alignment betwsrer | —
business processes — and layer Il — workflows -néve model
type called Business Process Described Service®3BHRs
introduce. This model type improves the communicatbe-
tween the business process designer and a worlkiffmgineer.
The Class ‘Service Description’ contains severdtibattes
which should describe the business process serfrioesthe
(a) technical, (b) domain, and (c) business pdiniew.

Those attributes are in text format to allow fremfulation
of requirements. The expectation is that the feseformat can
partly be transformed into a semi-formal repred@maafter
experience and user feedback.

The formal definition of this model type is as @lls:
0%pps = {Service Description}
Dgpps = {String}
e TechnicalAttrs: =
{Description, Input, Output, Functional Details}
e DomainAttrs :=
{Privacy, Data Compliance, Domain Country,
Domain Description}, and
e BusinessAttrs: =
{Vendor Issues, Payment, Trust, Securities}

Then

Agpps =

{Name, TechnicalAttrs, DomainAttrs, BusinessAttrs}
Attribute attachments:
V attr € {Agpps}: domain(attr)Service Description
V attr € {Agpps}: range(attr)5String},

cardService Description, Name) = (1,1)

3) Vertical Layer | to Layer IV Alignment
Model assimilation is a technique where data sets‘as-
similated” into conceptual models. Hence, data astsseman-
tically enriched and interpreted as attributes afdeis. The
process of mapping attributes with semanticallyiched data
sets and copying the data value into the modélegptocess of

assimilation of log data — coming from the clouftastructure
into business models.

In CloudSocket the assimilation is applied, wheg ttata
are mapped into business process models in ordgafhical-
ly represent log data — in form of key performaimziicators —
in a domain specific business process. This assimil tech-
nigue enables the abstraction of technical clodichstructure
logs up to business domain model.

This requires changes in the model type that isl tsebe
assimilated. The relevant part is described as:

T _—_ T
0BPI - OBP

T
DBPDS
T

_ DBP' EnumSLAtype' EnumDataLocation'EnumStorage'
Enum(}apacity' EnumLegacy

*  Enumgpagype = {gold, silver, bronze}

Enump,atocation =

{Vienna, Austria, Europe, USA, ...}

*  Enumgyrage = {Storage x, storagey, ...}

*  Enumc,p,city = {capacity x, capacity y, ... }

*  Enumpgg,, = {Green, Yellow, Red}

Agp; = {Agp, Capacity KPI, Storage KPI, Data Location KPI,
Legacy KPI, SLA type KPI}
Attribute attachments:
domair(Capacity KPI) = {Task},
rangeCapacity KPI) = {EnUntapacity },
card Capacity KPI) = (1,1)

The attribute attachments for Legacy KPI, Storagé, iOa-
ta Location, SLA type can be defined as the Cap&di.

Aforementioned results on model weaving, assinaitati
and service description extensions are describecbire detall
in the ADOxx.org development space [30]. The readesn-
couraged to collaboratively use and improve thisaneodel.

B. Model Based Aproach in Business and IT Alignment

In order to apply aforementioned meta model, werréd
the well-established BPMS paradigm in businessge®ecnan-
agement. This section introduces the five phasem fthe
BPMS paradigm to transform from domain specificibess
processes to cloud executable workflows and previaev the
aforementioned meta model will be used.

1) The Knowledge Externalization:

A business user and a Cloud solution provider ssrethe
features of the cloud services in a way that is laolequate for
humans to interact with and that allows for mactdssistance
for the identification of appropriate services

Models are a means for communication between pewople
our case the users and providers of cloud senideseover, if
models have a clear semantics and are representeébrmal



language, they provide the basis for, automatetysisaadap-
tation and evaluation.

the system would then recommend the appropriatéigtoa-
tion. This is an analogy of what we aim for with &mBusi-

We use and adapt standard modeling languages fer-en ness-IT in the Cloud Alignment.

prise architecture, OMG’s BPMN for business proesss Hence in the design phase the CloudSocket Brokerda
CMMN for non-structured processes (case managementnodel the business processes — layer | -, may fyeosied with

BMM for business motivation, UML class diagrams fiata
models and UML component diagrams.

Management Processes 7
9 7 I
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Figure 2 Business Process Libraries for Cloud Solutions
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Figure 2 depicts a mockup of a potential BPaaS etark

place, where on the left side the user can selerh fthe
CloudSocket Broker business process library. Thsiness
user selects one process and can then select istéps, first
the realization workflow and second the technicapprties.

Each BPaas bundel — reflecting the selected workélad
technical parameters — is listed with a certainepri

2) BPaaSDesign:

Smart Business-IT alignment maps the business gsace
cloud services which serve as building blocks talize the
business process as a service. Typically, severaponents
cover the processes, but in some cases there begatsingle
service that maps the whole process.

In our scenario the user specifies the requestedcss by
modeling three dimensions:

Business Episode: Each business process represents
crete business episode that characterizes the ttaskbave to
be performed. It covers the whole spectrum fromicstired
routine processes to dynamic case management. ez
tion is mapped to the workflow.

the aforementioned extended Service Descriptioningas
Process model type, and create one or several @kdewvork-
flows — layer II.

3) BPaaSAllocation:

Each workflow in the Cloud can be seen as a service

Hence, the approach of CloudSocket is to creatéfloars as
deployable services. The BPaaS design phase alpzadiges
concept models for the creation of workflows aseavise.
Thus, the concept of the Livebase Cloudlet is usdtis allo-
cation phase as a starting point to act as a amaflign file for
the BPaaS deployment. This bundle file is basedthan
PaaSaage format but extended by late deploymeatneders
and the introduction of business process informatidayer | —
into those deployment files.

This enables not only the correct deployment ofviloek-
flow and / or the corresponding services, but exmlihe mar-
ket place to use domain specific business procdesmation
for the market place.

Hence, workflows orchestrate different servicesteys or
components from market like docker [42], Cloud#3] or one
of the Amazon components [44], or “develop” a sfiealoud
application for the user in order to fulfill therfctional and
non-functional requirements of the workflow spewifion.

In addition to enhanced Cloudlet specificationsplolg-
ment rules to pro-actively react on findings of 8ervice man-
agement component are added.

4) BPaaS Execution:

Cloud orchestration by introducing a higher absimac
layer between Cloud services is introduced andayepl in the
form of BPaaS. Knowledge-based execution is intceduby
adding deployment rules in DMN format to allow atddion of
the workflow like (a) substituting SaaS compone(iiyobtain-
ing additional cloud resources, (c) exploiting €liffnt cloud

Business Compliance: Legal issues such as dealitiy w resources-services (migration), (d) SaasS re-cortipogir data

personal data or country-specific aspects aboat statage are
considered in this dimension. In addition propertés confi-

dentiality, privacy or integrity are also paramstsuch as ac-
cepted failure rate or cycle times. This dimensuefines

SLAs.

Quality/Costs: The usage of Cloud must be aligni tlie
strategy and the goals in the organization liket sasings or
increased speed of innovation [31]. However, thght’ ser-
vices with the “right” pricing model need to be faml This
dimension considers the findings of Service momitpr

The challenge is to map business language to teahso-
lutions. This is comparable to buying a computeran online-
shop the computers are described with technicalildelike
processor type, frequency, and memory size. But iowthe
customers know which specification matches theguire-
ments? Ideally, customers would specify what thegdnthe
computer for (e.g. gaming or managing their 50‘@d@tos);

flow modification.

Based on the results of the SeaClouds project aagex)
platform is provided in the Cloud to enable (i) slyronous
operation of component elements, (i) multiple dédemats,
(i) context awareness applications, (iv) non-gtnal applica-
tion interface protocols.

This message platform orchestrates different Ckardices
and Cloud service components that are providediog-party
Cloud providers. The composition, integration oftadand
platform requirements are already defined in thereahen-
tioned steps, so that knowledge-based executifotising on
the orchestration and life-cycle management, théiitiouds
monitoring, assessment of end to end SLA fulfilltners well
as on alerting and / or triggering an adaptatiothef deploy-
ment and on accounting and billing.



5) BPaaS Evaluation:
SME'’s and in particular startups have to be agilé eeact

flexibly on changing market requirements and bussngevel-
opment. This means that also the realization af thesiness
processes is also subject to changes.
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' Figure 3 Samplé of Conceptual Analyfics of BPaa$

The last phase collects all information form theaB8 de-
ployment in a multi-cloud environment and abstrattaith
conceptual analytics technology to the businessl lemabling
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all stakeholders - business client, BPaaS BrokerShas and
component provider - to collaboratively optimizesithbilling
models.

Conceptual analytics is introduced as a combinaifqoro-
cess mining and conceptual modeling with particidaus on
graphical representation and so-called “assimitaticof pro-

phase of the BPMS methodology — the current stafuthe
architecture is stated in the following paragraphs.

A. Design Environment

BPaaS Design Environment is based on the freelylada
meta modelling platform ADOxx [30].
Functional Capabilities are:

cess mining results.

The idea is to semantically lift process log datd ante-
grate them into concept models like business peesesnd
hence enable a graphical representation of the thtamy re-
sults.

Figure 3 introduces a sample, where the used datage
locations are assimilated with a geographical nsayusiness
client can easily follow where the data had beerest during
the execution of the business process. Furthertherbusiness
process on top is enriched with monitoring symbsigh as a
green, yellow and red indication with respect tgalecompli-
ance, a tachometer indicating to what extent tha Bas been
fulfilled or additional bars representing key penfiance indi-
cators of the business process.

V. BPAASREFERENCEARCHITECTURE

CloudSocket comprises four phases, each phase rsegppo
by a corresponding building block in the architeetu

« the design environment to describe business process

es, business requirements and workflows
e the allocation environment linking deployable work-
flows with concrete services,

* the execution environment that executes and manitor

the workflow as well as
« the evaluation environment that lifts key perforican
indicators back to business level.

Figure 4 introduces the four major building blockbereas
each of the four building blocks support one phaédhe
BPMS paradigm when applied for business processaga&n
ment in the cloud.

e Business Process Design including visualizatiom-qu
ry, simulation, transformation of domain specific
business processes in BPMN format,

« Executable Process Design including visualization,
validation and transformation of executable work-
flows,

e Top Down KPI definitions for all layers such as Bus
ness Process, executable Workflow, Deployment and
Operative process instance,

e Meta Data Composition to describe business process-
es and executable workflows, and

e Semantic Lifting of domain specific business preees
es and executable workflows.

Identified roles are:

* Business Process Designer, who has competence in
domain specific business process modelling,

« Executable Process Designer, who has competence in
technical scripting of executable workflows,

e Ontology Expert, who can maintain the ontology for
semantic lifting, and

e CloudSocket Broker who represents the organization
that offers the BPaaS marketplace.



B. Allocation Environment » Aggregation and decomposition from technical lags t
BPaaS Allocation Environment receives an executable domain specific business KPlIs,

workflow and creates a deployable package. « Conceptual Analytics engines that enables rootecaus
Functional Capabilities are: analysis, drill down of business indicators andhpok
technical indicators,

» Presentation of a monitoring dashboard that enables
management overview of the business processes that
run in the cloud.

» Creation of SLA on service and on workflow level,

» Creation of deployable workflow package for target
workflow engines and DevOps Automators and

» Creation of deployment rules for self-automation. |
has to be pointed out that one executable workflow |qentified roles are:
may have several bundles that consider different de

ployment options during this allocation * Business Goal Designer who is familiar with balahce

scorecard-like approaches,
Identified Roles are: * Cloud Infrastructure Designer who has competence in
technical rule management and can configure the
technical monitoring as well as
Cloud Socket Broker who runs the BPaaS in a multi-
cloud environment and hence needs to check the prof
itability of the current deployment.

» Executable Process Designer, who has competence in
technical scripting of executable workflows and

* Cloud Infrastructure Designer, who has competence
on the targeted cloud infrastructure and the deploy
ment mechanisms.

This section describes how the model-driven approaas
been realized in the high level reference architect~or more
details on the architecture, please refer to [45].

C. Execution Environment

The Execution Environment consists of all marketeleel-
evant components, as well as all orchestrationraoditoring
relevant components.

VI. OUTLOOK

. i This paper introduces the idea of BPaaS in theesoraf
*  Marketplace providing executable workflows in form {he H2020 project CloudSocket, which started 02015,

of Saas, _ . S
' . Hence this paper introduces the project idea ofal3Pand
*  Deployment of predefined allocation packages, the use of a model-based approach to align doneaific
+ BPaaS/ SaasS instance management, business processes with cloud related executabldlows.

*  Multi Cloud deployment of BPaaS / SaaS,

Functional Capabilities are:

First findings in identifying business episodes aodsible

*  Technical monitoring, business process models are introduced and thentistatus
« Balanced Loading for higher availability of processOf the architecture is briefly presented.

engines and The project can provide the first set of busingssagles, a
«  Application of scalability and elasticity rules. first reference architecture and an environmentheck the

cloud readiness of an end users.

The identified roles are: All prototypes are available either as open souspen use

. Operator / Broker for the execution of the workfiow OF @s provided services. A roadmap for technologyvider
and for hosting the market place indicates how alternative tools can be provided &oCloud-

i . . ) Socket broker.
e Cloud provider hosting the execution environment ] ] .
Research on smart mapping between domain speciic b

and
) ) ) ) ) ness processes and cloud based executable workdli@vex-
* Atomic service provider hosting the services that a pected by the end of 2015.

used during the execution of the workflow.
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