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Abstract. Business information systems and enterprise applicatians con-
tinuously evolved into Business-IT systems over the lasades, directly linking
and integrating Business Process Management with reagmtdiogy evolutions
such as Web services and Service-Oriented ArchitecturasyMf these techno-
logical evolutions include areas of past academic reseBrginess rules closely
relate to expert systems, Semantic Web technology useksrésum description
logics, attempts have been made to compose Web servicesinttigent plan-
ning techniques, and the analysis of business processe#/@ndervice chore-
ographies often relies on model checking. As such, many eftioblems that
arise with these new technologies have been solved at fepsticiple.

However, if we try to apply these “in principle” solutionseware confronted with
the failure of these solutions in practice: many proposédtien techniques do
not scale to the real-world requirements or they rely onmagsions that are not
satisfied by Business-IT systems.

As has been observed previously, research in this areagméated and does
not follow a truly interdisciplinary approach. To overcortigs fragmentation,
we propose the vision of a compiler for Business-IT systdms tekes business
process specifications described at various degrees dfateiaput and compiles
them into executable IT systems. As any classical compfierparsing, analysis,
optimization, code generation and linking phases are stggoWe describe a
set of ten research problems that we see as critical to btingampiler vision to
reality.

1 Introduction

Business processes comprise sequences of activitiesrthgtdeople, IT systems, and
other machines together to act on information and raw nedseithey allow a business
to produce goods and services and deliver them to its custoldusiness is a collec-
tion of business processes and thus (re-)engineeringdsssprocesses to be efficient
is one of the primary functions of a company’s managemerit iBhone of the most
fundamental mechanisms that drives advances in our society
Business Process Management (BPM) is a structured way tageahe life cycle

of business processes including their modeling (analysisi@sign), execution, moni-
toring, and optimization. Good tools exist that allow besie processes to be analyzed
and designed in an iterative process. Creating a model foo@eps provides insights



that allow the design of a process to be improved, in pasdiciflthe modeling tool
supports process simulation.

A Service-Oriented Architecture (SOA), which is often impiented using Web
services, is an architectural style that allows IT systeoriset integrated in a standard
way, which lends itself to the efficient implementation oslmess processes. SOA also
enables efficient process re-engineering as the use ofasthpdogramming models
and interfaces makes it much simpler to change the way iniwtfie components of
business processes are integrated. Once a process is iampéemit can be monitored,
e.g., measured, and then further optimized to improve tladitguthe performance, or
some other aspect of the process.

Despite the progress that has been made recently in buginessss design and
modeling on the one hand, and their execution and monitaryinthe other, there is
a significant gap in the overall BPM life cycle, which sevgrbinits the ability of
companies to realize the benefits of BPM. No complete salwgidsts to automate the
translation from business process models to executabiedassprocesses. While par-
tial solutions exist that allow some process models to bepadpo implementations
(workflows), scalable and automated approaches do nottagistvould support busi-
nesses in the full exploitation of the BPM life cycle to ackiaapid improvements
of their business processes. Thus, many of the benefits oégsanodeling and SOA
cannot be realized and effective BPM remains a vision.

As has been observed previously, research in this areagsémated and does not
follow a truly interdisciplinary approach. This lack of @rtlisciplinary research is seen
as a major impediment that limits added economic growthutinadeployment and use
of services technology [1]:

The subject of SOQs vast and enormously complex, spanning many concepts
and technologies that find their origins in diverse disgiph that are woven to-
gether in an intricate manner. In addition, there is a needierge technology
with an understanding of business processes and orgaoiztstructures, a
combination of recognizing an enterprise’s pain points émelpotential solu-
tions that can be applied to correct them. The material ireegsh spans an
immense and diverse spectrum of literature, in origin andharacter. As a
result research activities at both worldwide as well as atdpean level are
very fragmented. This necessitates that a broader visiaipanspective be es-
tablished one that permeates and transforms the fundadrepairements of
complex applications that require the use of the SOC paradig

This paper presents a concrete technological vision amitfation to overcome the
fragmentation of research in the BPM/SOA area. We propaseitiion of a compiler
for Business-IT systems that takes business process spdicifis described at various
degrees of detail as input and compiles them into executdbgystems. This may
sound rather adventurous, however, recall how the first dempioneers were ques-
tioned when they suggested to programmers that they shoote from hand-written

1 SOC stands for Service-Oriented Computing a term that @susd to denote research in the
area of BPM and SOA. The still evolving terminology is a fentlindicator of the emerging
nature of this new research field.



assembly code to abstract programming languages from wiachine-generated code
would then be produced. The emerging new process-oriemtgggmming languages
such as the Business Process Execution Language (BPEL) l2¢ ®Business Process
Modeling Notation (BPMN) [3] are examples of languages #ratinput to such a com-
piler. In particular, the upcoming version 2 of the BusinBsscess Modeling Notation
(BPMN) [3] can be considered as a language that at the sametiows non-technical
users to describe business processes in a graphical mptatide technical users can
enrich these descriptions textually until the implemdaotabf the business process is
completely specified. With its formally defined executiomsatics, BPMN 2.0 is di-
rectly executable. However, direct execution in the litenaaning of the words means
to follow an interpreter-based approach with all its shamangs, which cannot be con-
sidered as really desirable.

The envisioned compiler does not take a high-level busipessess model, magi-
cally adds all the missing information pieces, and then dtasjit into executable code.
The need to go from an analysis model to a design model in aatiite refinement
process that involves human experts does not disappeacaorhpiler enables human
experts to more easily check and validate their process hpsdgrams. The valida-
tion helps them in determining the sources of errors as veetha information that
is missing. Only once all the required information is avaléa the code can be com-
pletely generated. The compiler approach also extends tiaeMDriven Architecture
(MDA) vision; beyond model transformations that provide apping between mod-
els with different abstractions, we combine code genamatiith powerful analytical
techniques. Static analysis is performed yielding dafailagnostic information and
structural representations similar to the abstract syiméexare used by the Business-IT
systems compiler. This provides a more complete understgiofithe process models,
which is the basis for error handling, correct translatemg runtime execution.

The paper is organized as follows: In Section 2, we motiVeaeed for a Business-
IT systems compiler by looking at BPM life cycle challengesSection 3, we summa-
rize the ten research problems that we consider as particuiteresting and important
to solve. In Section 4, we discuss the problems in more detailreview selected re-
lated work. Section 5 concludes the paper.

2 Life Cycle Challenges in Business-IT Systems

The IT Infrastructure underlying a business is a criticalcgss factor. Even when IT
is positioned as a commodity such as by Nicolas Carr in “ITstdematter,” it is em-
phasized that a disruptive new technology has arrived, lwhéguires companies to
master the economic forces that the new technology is umlegdn particular smaller
companies are not so well positioned in this situation. Téx technology in the form
of Business Process Management (BPM) and Service-Oridwtgdtecture (SOA) is
complex to use, still undergoing significant changes, amldifficult even for the ex-
pert to distinguish hype from mature technology developmen

There is wide agreement that business processes are tha feais area of the new
technology wave. On the one hand, business processes aejaimd dramatic change
made possible by the technology. On the other hand, incrgasieds in making busi-



ness processes more flexible, while retaining their inte@nd compliance with legal
regulations continue to drive technology advances in {hégs. A prominent failure in
process integrity is the financial crisis that emerged thhmut 2008.

Figure 1 reflects our current view of the driving forces behihe life cycle of
business processes. Two interleaved trends of commaghtizand innovation have to
be mastered that involve the solution of many technical jerob. Let us spend some
space discussing this picture to explain why this is a chghefor most businesses
today and why underpinning business process innovatidm egtpiler technology is
essential to master the innovation challenge.
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Fig. 1. Driving Forces behind the Life Cycle of Business Processes

Let us begin in the lower left corner with the As-Is Process.ddnis box describes
the present situation of a business. Any business has marggses implemented,
many of them run today in an IT-supported environment. Adighey were derived
from some As-Is desigh model and deployed. Sometimes, thigmdenodel is simply
the code. The As-Is design model is linked to an As-Is anslysidel. Here, we adopt
the terminology from software modeling that distinguishetiveen an analysis model
(in our case, the business view on the processes) and tlgdasidel (in our case, the
implemented processes). The analysis model is usually stragkion from the design
model, i.e., a common view of the business on the implemeptedesses exists in



many companie$The direct linkage between the business view on the prosessk
their implementation constitutes the Business-IT system.

The As-Is processes implemented by the players in an indregiresent the state of
the art of the Business-IT systems. Industries tend to develsolid understanding of
good and bad practices and often develop best practiceerefesolutions. Very often,
consulting firms also specialize in helping businessesnstaleding and adopting these
best practice processes. Today, one can even see a trenmdltzlaption. For example,
in the financial industry one can see first trends towarddstalized processes that
are closely linked to new regulations. This clearly creatésend of commaoditization
forcing companies to adopt the new regulation solutiongh\ttiat we have arrived at
the upper right corner of the picture.

The commoditization trend is pervasive in the economic rhotite western soci-
ety and it is as such not surprising that it now reaches insiness processes. However,
in a profit-driven economy, commoditization is not desieah$ it erodes profit. Busi-
nesses are thus forced to escape the commaoditization thagh they mostly approach
by either adopting new technologies or by inventing new mess models. Both ap-
proaches directly lead to innovations in the business &= In the picture above, the
new business processes that result from the innovatiod @es shown as the To-Be
processes, which have to both accommodate commoditizatiprirements and as well
as to include innovation elements at the same time. The TiowB®/ation must also be
evident with respect to the As-Is process and the best peaptocess, which is illus-
trated in the picture with the reference to a delta analysislving the three process
models. The To-Be process is usually (but not always) ieitieat the analysis level,
i.e., the business develops a need for change and beginfirte ttés change. The To-
Be analysis model must be refined into a To-Be design modethamdtaking through a
business-driven development and IT-architectural decisrocess that is very complex
today. With the successful completion of the developméet;To-Be process becomes
the new As-Is process. With that the trends of commoditira$ind innovation repeat
within the life cycle of business processes [4, 5].

This paper focuses on the technological underpinningsdsmiess process inno-
vation, i.e., the adoption of best practice processes; tloenbination with innovative
elements, and the replacement of the As-Is process by theTarocess. We investi-
gate these challenges from a strictly technological pdintew and identify a number
of specific problems that are yet unsolved, but have to beedaiv order to support
businesses in their innovation needs. Problems of prodessaation, harvesting, and
standardization are also of general interest, but aredritbe scope of this vision as is
a study of the economic or social effects of what has beemsiészl above.

3 Compilation Phases and Associated Research Problems

Our main goal is to understand how a compiler for Businessyl§iems works. At its
core, we see the compilation of business process modelsdhatitutes a well-defined

2 By monitoring or mining the running processes or analyzing abstracting the underlying
design model or code in some form, an analysis model can algsdzluced in an automatic
or semi-automatic manner, but this is beyond the focus efgihper.



problem. In the following, we relate the principal functadities of a programming lan-
guage compiler to the corresponding problems of compilibgginess process model.

Following Muchnik [6] “compilers are tools that generaté@ént mappings from
programs to machines”. Muchnik also points out that langsamachines, and target
architectures continue to change and that the programsrieeewer more ambitious
in their scale and complexity. In our understanding, langsasuch as BPMN are the
new forms of programs and SOA is a new type of architecturewieahave to tackle
with compilers. A compiler-oriented approach helps to sdilive business problems
and to address the technical challenges around BPM/SOAexammple, verifying the
compliance and integrity of a business with legal requiretmenust rely on a formal
foundation. Furthermore, agility in responding to innéeatrequires a higher degree
of automation. At a high-level, a compiler works in the feliag five phases:

Lexical analysis and parsing

Structural and semantic analysis

Translation and intermediate code generation
Optimization

Final assembly and linking and further optimization

agprpwNhPE

We envision the compiler for Business-IT systems to worlhimsame five phases.
While we consider the parsing and lexical analysis phasesendally being solved by
our previous and current work, we propose ten specific reegapblems that address
key problems for the subsequent phases. The list below ysefinmarizes the ten
problems. In Section 4, they are discussed in more detail.

1. Lexical analysis and parsing: We developed the Process Structure Tree (PST)
as a unique decomposition of the workflow graph, which uneledny business
process model, into a tree of fragments that can be computkaear time. The
PST plays the same role in the Business-IT systems compiteegAbstract Syntax
Tree (AST) in a classical compiler.

2. Structural and semantic analysis:We developed a control-flow analysis for work-
flow graphs that exploits the PST and demonstrates its usefs)] but which can
still be significantly expanded in terms of the analysis ltsstidelivers as well as
the scope of models to which it can be applied.

Problem 1: Clarify the role of orchestrations and choreographies éencbmpiler.
Process models describe the flow of tasks for one partndrést@tion) as well
as the communication between several partners (choreugsp Structural
and semantic analysis must be extended to choreographdesreinestration
models. Furthermore, it must be clarified which role choraphy specifica-
tions play during the compilation process.

Problem 2: Solve the flow separation problem for arbitrary processestfations.
Process orchestrations can contain specifications of nashaell as error-
handling flows. Both flows can be interwoven in an unstruatatiagram, with
their separation being a difficult, not yet well-understpodblem.

Problem 3: Transfer and extend data-flow analysis techniques fronsiclalscom-
pilers to Business-IT systems compilers. Processes mlatgpbusiness data,



which is captured as data flow in process models. Successtuhigues such
as Concurrent Single Static Assignment (CSSA) must be fiemesl to the
Business-IT systems compiler.

Problem 4: Solve the temporal projection problem for arbitrary preoeshestra-
tions. Process models are commonly annotated with infeomathout states
and events. This information is usually available at thell®f a single task,
but must be propagated over process fragments, which cabitxitomplex
structure including cycles.

Problem 5: Develop scalable methods to verify the termination of a psschore-
ography returning detailed diagnostic information in caSfailure. Correctly
specifying the interaction between partners that execomeptex process or-
chestrations in a choreography model is a challenging mugléhsk for hu-
mans. In particular, determining whether the orchestnagominates is a fun-
damental analysis technique that the compiler must prawidescalable man-
ner.

3. Translation and intermediate code generationMany attempts exist to translate
business-level process languages such as BPMN to thosealgeg used by the
runtime such as BPEL. None of the proposed approachess§ysadgi due to strong
limitations in the subsets of the languages that can be bdradid the quality of the
generated code, which is often verbose. Major efforts hadetmade to improve
the current situation.

Problem 6: Define a translation from BPMN to BPEL and precisely characte
ize the maximal set(s) of BPMN diagrams that are translat&bistructured
BPEL3

4. Optimization: Code generated today or attempts to natively execute meaméented
languages are very limited with respect to the further ojz@éion of the code. Spe-
cific characteristics of the target IT architecture arelyaiaken into account.
Problem 7: Define execution optimization techniques for the Busin@ssystems

compiler. Until today, business processes are usuallyropsid with respect
to their costs. No optimization of a process with respechdesired target
platform happens automatically as it is available in a dt@ssompiler. It is
an open question which optimizations should be applied witenesses are
compiled for a Service-Oriented Architecture.

5. Final assembly, linking and further optimization: Assembly and linking prob-
lems in a Service-Oriented Architecture immediately defireblems of Web ser-
vice reuse and composition, for which no satisfying sohsibave been found yet.
Problem 8: Redefine the Web service composition problem such thatibisrgded

in realistic assumptions and delivers scalable solutidfed service composi-
tion is studied today mostly from a Semantic Web perspeeassuming that
rich semantic annotations are available that are provigemans. A com-
piler, however, should be able to perform the compositiahlenking of service

components without requiring such annotations.

3 We only define a single problem focusing on the challenge dfilRFBPEL translation, al-
though the question of an adequate BPEL-independent ‘txyde” level for BPMN is also
very interesting and deserves further study.



Problem 9: Redefine the adapter synthesis problem by taking into cereidn
constraints that occur in business scenarios. Incorremecigraphies have to
be repaired. Often, this is achieved by not changing thegqases that are in-
volved in the choreography, but by synthesizing an adapéealows the part-
ners to successfully communicate with each other. Such aptedoften must
include comprehensive protocol mediation capabilities.f&, no satisfying
solutions have been found for this problem and we arguethati$t be refor-
mulated under realistic constraints.

Problem 10: Demonstrate how IT architectural knowledge and decisioasised
within the compiler. The target platform for the Busine$ssystems compiler
is a Service-Oriented Architecture. Architectural demiismaking is increas-
ingly done with tools that make architectural decisionsliekpand manage
their consistency. These decisions can thus become pahieofdmpilation
process, making it easier to compile processes for diffdrack end systems.

The positioning of these ten problems within the various pitetion phases makes
it possible for researchers to tackle them systematicstilyy their interrelationships,
and solve the problems under realistic boundary conssra@r vision allows us to
position problems in a consistent and comprehensive framethat have previously
been tackled in isolation. This can lead to synergies betvilee various possible so-
lution techniques and allows researchers to successfalbgter techniques that were
successful in one problem space to another.

Our vision provides researchers with continuity in the teathgical development,
with compilers tackling increasingly complex languaged architectures. A solution
of the ten research problems has significant impact on tlegyity, improved agility
and higher automation within BPM/SOA.

4 A Deeper Dive into the Research Problems

A compiler significantly increases the quality of the proeldicsolution and provides
clearer traceability. Approaches of manual translatiom emvisioned to be replaced
by tool-supported refinement steps guided by detailed distgminformation. The op-
timization of Business-IT systems with respect to theiroeti®n becomes possible,
which can be expected to lead to systems with greater fléyililaking it easier for
businesses to follow the life cycle of process innovation.

A compiler can also help in automating many manual steps @&ndxpected to
produce higher-quality results than those that can be mdxdaddy manual, unsupported
refinement and implementation steps. With the compiler @ggh, we propose to go
beyond the Model-Driven Architecture (MDA) vision that pases models at different
levels of abstraction and model transformations to go fromose abstract to a more
refined model. Two problems prevent that MDA is fully workalibr BPM/SOA. If
used at all, model transformations are written mostly in@mac manner in industrial
projects today. They rarely use powerful analytical tegbes such as the static analy-
sis performed by compilers, nor do they exploit structuearesentations similar to the



abstract syntax tree that a compiler builds for a programthéamore, too many dif-
ferent models result from the transformations with tradégtbetween these models
remaining an unsolved problem so far.

In the following, we review selected related work in the @xtiof the five phases.
The review will not be a comprehensive survey of the statbeétt. We focus on where
we stand in our own research with respect to the compiler fmifess-IT systems and
point by example to other existing work in various fields ofrguter science that we
consider as relevant when tackling the problems that we el&irnthe five phases.

4.1 Parsing

The parsing problem for business process models has notgettidely recognized by
the BPM community as an important problem. Figure 2 showp@#yworkflow graph
underlying any business process model. It includes aetdt;, decisionsd;, merges
m,; (for alternative branching and joining) as well as fogksand joinsj; (for parallel
branching and joining). Today, process-oriented toolattseich models as large, un-
structured graphs. No data structure such as the AbstrataSyree (AST) used by
compilers is available in these tools.

l—b‘

Fig. 2. Workflow graph of an example process model in a UML ActivityaBiam-like notation.

In our own research, we developed the Process Structure(F&E) [7, 8], which
we consider to be the AST analogy for Business-IT systemsders. The PST is a
fundamental data structure for all the subsequent phasascompilation. By apply-
ing techniques from the analysis of program structure tf@e%2] to business process
models a unique decomposition of process models into a fife@gments can be com-
puted using a linear time algorithm. The PST is a significanirovement compared to
approaches that use graph grammars to parse the visuabigmguhich is exponential
in most cases [13]. Figure 3 shows the PST for the workflowlycdg-igure 2.
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Fig. 3. Process Structure Tree (PST) for the workflow graph of Figure

With this, we believe that the parsing problem for the Bus&E systems compiler
is solved for the near future. Additional improvements canifnagined, but in the
following we concentrate on the other phases of the compilbich help validating
that the PST is indeed as powerful as the AST.

4.2 Structural and Semantic Analysis

In our own research, we have developed two types of analgsischbon the PST: a) a
control-flow analysis [7, 14] and b) an approach to the stmattcomparison and dif-
ference analysis of process models [15]. Both demonsttatedhe PST is an essential
prerequisite and a powerful data structure to implemeribuarforms of analyses. In
the following, we shortly summarize our current insight®ithe analysis problem and
identify a set of concrete problems that we consider as bespgcially relevant and
interesting.

A business process model is also often referred to as a [racekestration. A
process orchestration (the control- or sequence flow) desschow a single business
process is composed out of process tasks and subprocesaeSOA implementation,
each task or subprocess is implemented as a service, whemgesecan also be com-
plex computations encapsulating other process orchigstsatn contrast to an orches-
tration, a process choreography describes the commumicatid thus the dependencies
between several process orchestrations. Note that thiedlish between orchestration
and choreography is a “soft” one and usually depends on tim pioview of the mod-
eler.

An example of a simple process orchestration and chorebgrspecification in
BPMN is shown in Figure 4, taken from the BPMN 1.1 specificati8]. The figure
shows an abstract process Patient and a concrete procetss’'®office. The Doctor’s
office process orchestration is a simple sequence of taklesdadtted lines between the
two processes represent an initial and incomplete degmripf the choreography by
showing the messages flowing between the two procésses.

* Note that the clarification and formal definition of the setienof BPMN is another focus
area of our work. However, developing the fundamental tieghes for a Business-IT compiler
does not require BPMN as a prerequisite. Related well-défimeguages such as Petri nets
or workflow graphs can also be assumed. Nevertheless, we@lapply our techniques to
BPMN due to the growing practical relevance of the language.
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Fig. 4. Choreographies and orchestrations in the Doctor’s Offiegngte process.

Problem 1: Clarify the role of orchestrations and chorepbies in the com-
piler.

Our compiler needs to be able to analyze orchestrations hasvehoreographies.
However, it is not fully clear at which phase choreograpHtgiimation is relevant for
the compilation. It is clearly relevant in the assembly an#lihg phase when an en-
tire Business-IT system is built, but one can also imagira the optimization of an
orchestration can be specific to a given choreography inr@aodeetter address the de-
sired target architecture.

Another fundamental question for the analysis is the dietectf control- and data-
flow errors. In the context of a process orchestration, watifon techniques have been
widely used, e.g., [16] to find errors in the specified confimks. To the best of our
knowledge, compiler techniques have not yet been consickeréar.

Verification of business processes is an area of researthdbkaestablished itself
over the last decade. Locating errors in business procésseportant in particular
because of the side effects that processes have on datasBeschat do not terminate
correctly because of deadlocks or processes that exhilitamied execution traces
due to a lack of synchronization often leave data in incéestsstates [17]. Common
approaches to process verification usually take a busimese$s model, translate a
process model into a Petri net or another form of a stateebaseoding and then run
a Petri-net analysis tool or model checker on the encodirgniples are the Woflan
tool [18] or the application of SMV or Spin to BPEL verificatipe.g., [19, 20]. In prin-
ciple, these approaches make it possible to detect errbtsiness processes. However,
there are severe limitations that so far prevented the amopt the proposed solutions
in industrial tools:

— Encodings are usually of exponential size compared to tigénai size of the pro-
cess model.

— The verification tools in use do not give detailed enoughmiatjc information in
such a way that they allow an end user to easily correct efritrisas turned out
in practice that counterexample traces are unfortunatalyrarely pointing to the
real cause of an error.
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— The approaches often make restricting assumptions on biodesis of process mod-
els that they can handle.

Consequently, the currently available solutions are oaljially applicable in prac-
tice due to their long runtimes, the lack of suitable diagicosformation, and the
restrictions on the defined encodings.

In our own work, we have followed a different approach. Five¢ analyzed hun-
dreds of real-world business processes and identified colynmzcurring so-called
anti-patterns [21]. Secondly, we used the PST as th uniqueepaee of a process
model to speed up the verification of the process [7, 14]. E@gdment in a PST can
be analyzed in isolation because the tree decompositiamrenthat a process model
is sound if each fragment is sound. Many fragments exhibimngl#fied structure and
their soundness (i.e., the absence of deadlocks and lagiolfignization errors) can
be verified by matching them against patterns and anti+patt©nly a small number
of fragments remains to which verification methods such adehchecking must be
applied. Furthermore, the size of a fragment is usually kmgiractice, which results
in a significant state-space reduction. Consequentlygbglting combination of veri-
fication techniques with structural analysis leads to a detaerification method that
is low polynomial in practice with worst-case instancesyadcurring rarely. As each
error is local to a fragment, this method also returns peegdiagnostic information.

Implementation of the work [14] showed that the soundnesseffi the largest busi-
ness process models that we observed in practice can beetelgEnalyzed within a
few milliseconds. Consequently, the technology can be raadiéable to users of mod-
eling tools where they obtain instant feedback. Patterdsefactoring operations [22,
23] can be provided to users to help them correct the detestettling errors easily.
The patterns and refactoring operations take advantageedirte-grained diagnostic
information and the PST to support users in accomplishimggdizated editing steps in
a semi-automatic and correct manner.

With these results, a major step forward has been made.t&tilproblems remain.
First, the control-flow analysis must be extended to prooesdels that are enriched
with the description of error-handling or compensation flsit is possible in BPMN.
Secondly, no sufficient data-flow analysis techniques arawelable to analyze busi-
ness processes. Figure 5 illustrates two more problemethptopose to investigate in
more detail.

Fig. 5. Example of a business process model in BPMN showing an beodling flow and data.
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Problem 2: Solve the flow separation problem for arbitrancpss orchestra-
tions.

Figure 5 shows a repetitive process where a fasks executed followed by a task
T2.T1 has some data object as output. During the executi@i pfome compensation
event can occur that requires taBi to execute. When the compensation is finished, the
process continues witfi2. BPMN allows business users to freely draw “normal” flows
as well as error-handling flows within the same process ma@daeérror-handling flow
can branch off in some task interrupting the normal flow arhtimerge back later into
the normal flow. For a process without cycles, it is relainassy to tell from the process
model where normal and error-handling flows begin and endpfexesses with cycles,
this is much more complicated and constitutes an unsolvellgam that we denote as
the “flow separation problem.” A solution to this problem ué&gs the definition of the
semantics of error-handling flows. Furthermore, an ereoreling flow must always be
properly linked to a well-defined part of the normal flow, whis usually called the
scope. Computing the scope of an error handling flow from astruatured process
model is an open problem.

Problem 3: Transfer and extend data-flow analysis techsifieen classical
compilers to Business-IT systems compilers.

Data-flow analysis for unstructured business process maslellso a largely un-
solved problem. Figure 5 shows some data object as an outpaglol'1. Large dia-
grams often refer to many different types of data objectdasrtputs and outputs of
tasks. Furthermore, decision conditions in the branchwigtp of process flows often
refer to data objects. Users who work with process modelséesested in answering
many questions around data such as whether data input latalesfior a task, whether
data can be simultaneously accessed by tasks running iligbara process, or whether
certain decision conditions can ever become true givericedata, i.e., whether there
are flows in the process that can never execute.

An immediate candidate is the Concurrent Single Staticgksaent approach [24]
that we have begun to explore. Data-flow analysis is alsor@guésite to answer ques-
tions such as whether a compensation flow really compenfeatie effects of a failed
normal flow.

Problem 4: Solve the temporal projection problem for adpjtprocess orches-
trations.

Recently, additional knowledge about the process behavitie form of semantic
annotations is added to process models. These annotatiomshe form of formally
specified pre- and postconditions or simple attribute-e/glairs. A tool should be able
to reason about these semantic annotations, for examplenducie what pre- and
postconditions hold for a complex process fragment cointginycles when the con-
trol flow is specified and the pre- and postconditions of tlikvidual tasks are known.
This problem of computing the consequences of a set of everstdeen studied as
the so-called Temporal Projection problem in the area offigidl Intelligence (Al)
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planning [25] and regressing and progression technigues been developed. Unfor-
tunately, Al plans exhibit a much simpler structure thancess models, in particular
they are acyclic, i.e., the existing techniques are notctlirapplicable. A solution to

the temporal projection problem is important for the anialy data flows as well as
for the composition of processes (and services).

These four research problems address major challengesd@mnalysis phase of
the compiler when investigating a process orchestratien, a single process model.
For process choreographies that describe the interaatidrcammunication between
several processes, we are mostly interested in terminataiyiems. Can two processes
successfully communicate with each other such that bothitete?

Problem 5: Develop scalable methods to verify the termamadif a process
choreography returning detailed diagnostic informationase of failure.

If a process choreography is fully specified, this questamhme precisely answered.
Even in the case of abstract models and underspecified arapgtdes such as in the
example of Figure 4, interesting questions can be asked swesied. For example,
which flow constraints must the abstract Patient processfgatich that a success-
ful communication with the Doctor’s office is possible? Roexs work, notably the
research on operating guidelines [26—28] has provideditialianswer to these ques-
tions. The proposed analysis techniques are based on B&tribut do not yet scale
sufficiently well. Similar to the case of process orchegiret, we are also interested in
precise diagnostic information when verifying choreodpiap.

4.3 Translation and intermediate code generation

For the translation phase, we consider one problem as edgeciportant and want to
restrict us to this problem, namely the translation fromtwtdured BPMN to structured
BPEL [2].

Problem 6: Define a translation from BPMN to BPEL and pregis#larac-
terize the maximal set of BPMN diagrams that are translatablstructured
BPEL.

An example of relevant related work is [29]. The approacHatgpa form of struc-
tural decomposition, but not as rigorous as the PST andftiverkeads to non-uniform
translation results, i.e., the order of application of tamslation rules determines the
translation output. It is also important to further imprarethe initial insights into the
classes of BPMN diagrams that are translatable into stredtBPEL. Beyond BPEL,
one can also imagine that the translation of BPMN to othetimas, e.g., ones that use
communicating state machines is of major practical relegan

4.4 Optimization

The optimization phase for the Business-IT systems comsla completely unad-
dressed research area so far.
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Problem 7: Define execution optimization techniques forBhsiness-IT sys-
tems compiler.

Classical process optimization, which is mostly perforrdedng a Business Anal-
ysis phase, usually focuses on cost minimization. For tinepdler, we are envisioning
an optimization of processes with respect to their exeoutio the planned target ar-
chitecture, but not so much a cost optimization of the predsslf. One advantage of
compilers is their ability to support multiple platformsifferent architectures, includ-
ing different styles of SOA, require and enable differericethie process implementa-
tion. Optimizations such as load balancing or clusteringetfar example been studied
in the context of J2EE applications [30]. We have some initisights, but first of all
the main goal must be to clarify what can and should happeingltine optimization
phase.

4.5 Final assembly and linking further optimization

For the assembly and linking phase, we see two problem aneasiute of particular
interest. First, we propose to further study several weflréd synthesis problems. In
the literature, two instances of process synthesis prablewe been investigated so far:
On the one hand, there is the Web service composition prothiatris mostly tackled
using Al planning techniques [31, 32].

Problem 8: Redefine the Web service composition problemthatlit is grounded
in realistic assumptions and delivers scalable solutions.

Web service composition tries to assemble a process orakiestfrom a predefined
set of services. It is commonly assumed that the goal for dneposition is explicitly
given and that services are annotated with pre- and postemml Unfortunately, both
assumptions are rarely satisfied in practice. In particblaginess users usually have a
rather implicit understanding of their composition go&l&e cannot expect these users
to explicitly formulate their goals in some formal languagarthermore, the processes
returned by the proposed methods for service compositmneary simple and resemble
more those partially-ordered plans as studied by the Alrptancommunity than those
processes modeled by BPMN diagrams.

The second problem is the adapter synthesis problem, whiatidressed by com-
bining model checking techniques with more or less intetig'guess” algorithms [33,
34]. Adapter synthesis tries to resolve problems in a fathityreography by generating
an additional process that allows existing partners toesgfally communicate.

Problem 9: Redefine the adapter synthesis problem by takiogonsideration
constraints that occur in business scenarios.

The problem is inherently difficult in particular due to theconstrained formu-
lation in which it is studied. Usually, the goal is to generagome” adapter without
formulating any further constraints. Consequently, amitéisearch space is opened up
and the methods are inherently incomplete. In additionsthethesized adapters must
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be verified, because the correctness of the synthesis thigaris usually not guaran-
teed.

There is thus a wide gap between the currently proposeditpebsmand the needs
of a practically relevant solution. A first goal must themefbe to formulate practically
relevant variants of the service composition and adaptehsgis problems. Secondly,
solutions to these problems must be worked out that makistieassumptions, scale
to real-world problems and are accepted by the commercialedisas the academic
world.

An initial goal for these last two research problems is tlwisléntify realistic prob-
lem formulations. For the web composition problem, this nset@ replace the assump-
tions of explicit goals and pre- and postconditions by tHerimation that is available
in real-world use cases of service composition. Furtheegitie composition methods
must be embedded into an approach based on iterative pnowesding where a hu-
man user is involved, similar to what has been studied by thglaaning community
under the term of so-called mixed-initiative approachteslsio seems to be a promising
approach to combine such approaches with pattern-baseorang methods similar in
spirit to those known from the object-oriented softwareieragring community [35],
i.e., to provide users with predefined composition problemd proven solutions in
the form of composition patterns that they “only” need taamsiate and apply to their
problems.

The second problem area for the assembly and linking phasesés on those ar-
chitectural design decisions that must be taken when camggilusiness processes to
IT systems.

Problem 10: Demonstrate how IT architectural knowledge @dgxlsions are
used within the compiler.

Today, these decisions are taken by IT architects mosthkiwgrwith paper and
pen. Decisions are not formally represented in tools andewuistbn-making support
is available. Consequently, architectural decisions ateawailable in a form that they
can really be used by the Business-IT systems compiler.rReeark by others and
us has shown that architecturally decision making can bees\atically supported and
that decision alternatives, drivers and dependencies eaxicitly captured in tools
and injected into a code-generating process [36—39]. Bgra¢ipg and validating the
architectural decisions, design flaws can be more easigctit and a recompilation of
a system for a different architecture is becoming more Easi

With this list of ten specific research problems, the visibacompiler for Business-
IT systems is broken down into a specific set of key problenesbélieve that a solu-
tion of these problems constitutes the essential cornestfor such a compiler. The
positioning of the problems within the various compilatjgmases makes it possible to
tackle them systematically as well as study their relatijpsand dependencies, and to
solve the problems under realistic boundary constraints.

We believe that the compiler vision is a key to overcome thestnoogent prob-
lems in the BPM and SOA space. Today, BPM and SOA applicatweguilt from
business process models that were drawn in modeling toatsoffer little analytical
or pattern-based support. From the process analysis maigsign models are created
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by hand by manually translating and refining the informationtained in the analy-
sis model. Usually, the direct linkage between analysisdasign gets lost during this
step. Changes made at the design level are rarely reflectédalbahe analysis level.
Commonly, the business processes are modeled in isoldtiwir interdependencies
and communication, their distributed side effects on dhdeda are rarely captured in
models, but remain hidden in hand-written code. Thus, mglthe applications is ex-
pensive, resource-intensive, and often ad-hoc. The neglBPM and SOA systems are
hard to test, to maintain, and to change.

A compiler significantly increases the quality of the proedsolution and provides
clearer traceability. Approaches of manual translatianraplaced by tool-supported
refinement steps guided by detailed diagnostic informatdimen embedding the com-
piler into a development environment supporting the lifeleyof process models in
horizontal (distributed modeling) and vertical (refine)estenarios, versions of the
process models can be tagged, compared, and merged. Ailtermigws on the pro-
cesses for different purposes can also be more easily pavid

The optimization of Business-IT systems with respect tar tbwecution becomes
possible, which can be expected to lead to systems with egréakibility making it
easier for businesses to follow the life cycle of processvation.

5 Conclusion

In this paper, we proposed the vision of a compiler for BussnE systems that takes
business process specifications described at variousategfdetail as input and com-
piles them into executable IT systems. We defined ten resgmoblems that have to
be solved towards creating a compiler for Business-IT syst@©ur vision allows us to
position problems in a consistent and comprehensive framethat have previously
been tackled in isolation. None of the presented reseaatiigms is new. In fact, many
research projects have been initiated around them. Howaseve tried to outline in
the previous discussion, none of these projects has belgrstracessful, because the
developed solutions commonly fail in practice: they do @ithot scale to the size of
real-world examples, they do not provide users with thermtation that they need, or
they rely on assumptions that do not hold in practice. Howewxany of these research
projects have delivered interesting partial solutions #ra worth to be preserved and
integrated into a compiler for Business-IT systems. Coueetly, many of these results
have to be combined with novel “gap-closing” technologyt 8tél has to be developed
and placed within the vision of the compiler. In many casks, dap is in fact quite
wide, requiring researchers to leave established solajpmoaches and develop much
more than a small delta on top of existing research results.

The ten research problems have been defined at differemd lefebstraction. Some
are concrete, while others first have to be addressed at tteeptual level before they
can be refined into a concrete set of problems. We believehtzamix makes the pro-
posed problems particularly interesting and will enabkeegchers to drive progress
in complementary strands of work. The positioning of these groblems within the
various compilation phases makes it possible for resess¢bdackle them systemat-
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ically, study their interrelationships, and solve the peots under realistic boundary
constraints.
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