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Abstract

We present a case study of a design of a distributed case management system using Dynamic Condition Re-
sponse (DCR) Graphs, a recently proposed declarative notation for distributed processes. The case study was
carried out jointly with our industrial partner Exformatics, a danish provider of knowledge and work3ow man-
agement systems. We present an early prototype design and simulation tool and outline the proposal for the
continued work of the two last authors towards the PhD degree, developing the model, technologies and tools
further to make it applicable to component and model based design of distributed systems.
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1 Introduction

The purpose of a Case Management System (CMS), as used in for instance Human
Resource (HR) departments, hospitals, Pnancial, and governmental institutions, is
to guide case workers to perform the right tasks and to record the history of the
case. Handling of a case often involves the coordination of tasks of many different
case workers and interaction with several it systems, e.g. for document handling.
Since the initial work on workRow systems in the 1980s it has been advocated to
implement CMSs as so-called process-aware or process-oriented it systems which
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are based on explicit work process descriptions described in some high-level pro-
cess notation such as UML activity diagrams and business rules. This allows the
system to be more easily adapted to different and changing work processes and also
makes the rules governing the system more visible to the users.

The rise of web service standards such as SOAP, WSDL and WS-BPEL gave
new momentum to process-oriented it systems. SOAP and WSDL standardized
how to access external it systems as web services in a service oriented architecture
and WS-BPEL provided a standard high-level programming language for combin-
ing individual service calls into process Rows, also referred to as a process or-
chestration. Following WS-BPEL, the BPEL4Peoplgdnd WS-HumanTaskl]
specibcations were the prst attempt to standardize the inclusion of human tasks
into BPEL to encompass workRows. Moreover, W3C started in 2004 develop-
ing the Web Services Choreography Description Language (WS-CZ3 Which
can be used to provide a global view of the intended interactions between dif-
ferent actors of a system, similar to the view of interactions provided by UML
sequence diagrams. Within the last 5 years focus has moved from WS-BPEL
(and BPEL4People) to the development of Business Process Model and Notation
(BPMN) [15 which standardizes the graphical notation used for business pro-
cesses, encompassing both human and automated tasks, and including both no-
tations for orchestrations and choreographies.

However, as pointed out ir2B], the imperative process notations with explicit
control and message Rows underlying both WS-BPEL and BPMN are best bt to de-
scribe rigid Bows of service invocations and human tasks. Moreover, it has proven
to be non-trivial to support changes of the processes on-thedyThis does not
match well the typical more ad-hoc nature of case work where it is often needed to
redo and skip tasks and possibly adapt the set of tasks and their mutual constraints
dynamically R1]. An alternative approach studied by several research groups is the
use of declarative process modedsd, 18,19,23,24] which describe the constraints
on process 3ows, not how to fulbll them.

As part of the PhD project of the second author within the Trustworthy Per-
vasive Healthcare Services (TrustCare) research prdjgetd have developed a
declarative process model called Dynamic Condition Response Graphs (DCR Gé@phs) [
11,13]. The model is a both a generalization of the Process Matrix mddelf]
developed by Resultmaker, a danish provider of workRow and case-management
systems and the classical event structure model for concurr@ecg7. It dif-
fers crucially from BPMN and BPEL in describing temporal constraints instead of
describing the control and message 3ow.

In the present paper we brst describe an application of DCR graphs in the design
phase of the development of a distributed, inter-organizational case management
system. We then give a brief description of a set of tools for designing, simulating
and verifying DCR graphs which have been developed during the last year. Fi-
nally we briel3y outline the proposal for the continued work of the two last authors
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towards the PhD degree, developing the model, technologies and tools further to
make it applicable to component and model based design of distributed systems.

The development of the system in the case study is carried out by our indus-
trial partner, Exformatics, a company that specializes in solutions for knowledge
sharing, workBows and document handling. The customer of the system is Land-
sorganisationen i Danmark (LO), which is the overarching organization for most
of the trade unions in Denmark. Their counterpart is Dansk Arbejdsgiverforen-
ing (DA), which is an overarching organization for most of the danish employers
organizations.

At the top level, the workf3ow to be supported is that a case worker at the trade
union must be able to create a case, e.g. triggered by a complaint by a member
of the trade union against her employee. This must be followed up by a meeting
arranged by LO and subsequently held between case workers at the trade union,
LO and DA. After being created, the case can at any time be managed, e.g. adding
or retrieving documents, by case workers at any of the organizations.

Fig. 1 shows the graphical representation of a simple DCR Graph capturing
these top level requirements of our case study.

A DCR Graphs model
consists of a set of .
eventsthat each repre- \% [V ] [u,LoDA
sents the execution of Manage
a human or automated o
task at some level of ab-
straction. In the exam- 5 [Lo]
ple graph, the events are Arrange Hold
shown as boxes named Lungr-" meeting
Create case, Manage
case, Arrange meet-
ing andHold meeting.
Events are assigned a
number ofroles indicating who are allowed to executed the task. Uhen Create
case indicates that only a case worker at the trade union (U) can create a case, and
the U, LO, DA on Manage case indicate that both the trade union, LO and DA
can manage the case.

By default, an event can be executed any number of times. However, the events
can be related by a few number of binary relations imposing (temporal) constraints
on their execution. The relations are shown as different arrows in the example
graph. In the exampl®Manage case hasCreate case as a (pre)ondition de-
noted by the arrovCreate case—eManage case. This simply means thatre-
ate case must have happened befdvanage case can happen. Duallyrrange
meeting hasHold meeting asresponsedenoted by the arrowrrange meet-
inge—Hold meeting This means thatlold meeting musteventually happen after

Create Ccase

.

Figure 1. Top Level Requirements DCR Graph
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Arrange meeting happens.

Two relations forinclusionandexclusion denoted by the arrows:+ and—%
respectively, introduce the ability to dynamically include and exclude any of the
events in the graph. In the example, the everdate case excludes itself. Only
included events can happen, so the self-exclusion means that after having being
executed once;reate case can not be executed again. Dually, an evembay be
related to an ever® by the include relation, which means thatdfhappens then
B will be included.

Importantly, exclusion and inclusion also infuence the condition and response
relations. For an ever® to happen it is only required that the currently included
conditions ofB have happened. Dually, if an eveldthappens it is only required
that the responses of evehthat eventually stay continuously included eventually
happen. This does not have any effect on the simple example graphCsaie
case is not the response of any other event, and it is excluded only if it is exe-
cuted, so the condition for executidMpanage case andArrange meeting will be
satisbed anyway.

In Fig. 2 below, we give a more rebned description of the events that must
take place to arrange a meeting using both include and exclude relations and where
they inBuence the condition and response relations. Technically, the additional
events are added asnastedsub-graph within théArrange meeting event. For
simplicity, we have left out thélanage meeting event. The rePnement of the
Arrange meeting event has however lead to adding a so-caflel@stonerelation
between thérrange meeting super-event and thdold meeting event.

Arrange meeting

1
Propose Accept 1 LO
dates-LO LO By
L o __ Hold
% b < meeting

Index

Condition Relation

Milestone Relation ——#C
Response Relation @——=
Include Relation ———= +
Exclude Relation —®%

Create g r_‘)_
case T _",oa!
1

Propose

dates-DA

Figure 2. Nested DCR Graphs with Arrange meeting sub-graph

Briel3y, the sub-everPropose dates-LO is required as response whe€me-
ate case happens. WheRropose dates-LO happen, the case worker at DA is
requested to accept (by including and requiring the edenept DA as response).
However, she can also instead execute the eRempose dates-DA, which has
the evenfAccept LO as response. Now the case worker at LO can similarly choose
to accept or propose new dates, and this may go on forever. In this wayCadter
ate case is executed, at least one of the eveAtxept DA andAccept LO will

4



Hildebrandt and Mukkamala and Slaats

be included and required as a response, as along as none of the two parties (LO
and DA) have accepted a date proposed by the other party. But as soon as one of
the parties execute the accept event, it will exclude itself and the other event and
there will be no events required as a response. Now the milestone relation between
Arrange meeting andHold meeting means exactly that there must be no pending
responses withidrrange meeting for Hold meeting to happen.

In[9,11] we have given the formal semantics of (possibly nested) DCR Graphs
as a labelled transition semantics with a debnition of fair inbnite execution se-
guences, capturing that a pending response must eventually be executed or inPnitely
often excluded. The states of the transition system consist of three sets of events
recording respectively the previously executed tasks, the currently included tasks,
and the tasks that need to be carried out as responses (which may also contain
events that have been executed previously). The transitions show for each state
which events can be executed (and by which role), i.e. which events have fulblled
all conditions in the state. We also gave a mapping from DCR GraphsithiB
automata, capturing the fairness condition for inPnite as well as Pnite executions
by the standard &chi acceptance condition.

The labelled transition anddghi automaton semantics can be used for formal
simulation and veripcation of the models. However, both are centralized, which
is not completely satisfying for describing a distributed execution of the real case
management system. Also, we exemplify in our case study how it is useful to
incrementally rebne events. However, the theory allowing to prove that rebnements
and other kinds of changes or replacements of sub graphs of a model with other
graphs has not yet been developed.

We propose as PhD project for the last author to work towards developing a
distributed semantics, interface types between sub components and in general the
theory and tools for supporting model and component based development. This
will be based on the work on structured communication-centred programming for
web services by Carbone, Honda and YoshiJapd on work on formal dePnitions
of simulations and bisimulations between process mo@gls By doing the PhD
as a so-called industrial PhD, where the PhD candidate is hired by the company
and carry out the research partly within the company and partly at the university
we will be able to continue to apply the theory and tools to real cases and ideally
also apply the developed theory in practice in the Exformatics case management
systems.

Related work: Our approach is closely related to the work on DECLARE, |
24). The crucial difference is that we focus on a few core constraints allowing
to describe the state of a process as a simple marking consisting of three sets of
respectively executed, included and required events. DECLARE allows to spec-
ify any relation expressible within Linear-time Temporal logic (LTL). This offers
much Rexibility with respect to specifying execution constraints. In particular the
condition and response relations are also considerezi3j24], and we have used
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the same graphical notation as loc. cit. As we have showri4hif is possi-

ble, but much more complex to represent in LTL the interplay between dynamic
inclusion/exclusion and the other relations, and neither the novel dynamic inclu-
sion/exclusion relations nor nesting are considere@¥4]. Indeed, the general-

ity of LTL makes it more complex to execute processes and to describe and under-
stand their run-time state compared to the simple markings and relatively simple
execution semantics of DCR Graphs.

The DCR Graphs model also relates to the independent and (so far unpublished)
work on theGuard-Stage-Milestonenodel by Hull et al presented as an invited
talk at the WS-FM 2010 workshop and part of the work on artifact-centric business
process?,5,7].

Finally, BPMN 2.0
includes thead-hoc sub-

case
process activitywhich Create _E_D_ Mnnngc
case tﬂS{!
allows one to group a

set of activities that can

-

be carried out in an ad- L ;;‘

hoc way. Fig.3 below Arrange
we show how one may @—. mae’ng
attempt to describe the \ ~ J

top level requirements
described in Figl as a
BPMN 2.0 ad-hoc sub-acitivity. According to the informal description of BPMN
2.0 ad-hoc sub-process activity in the current BPMN 2.0 specibcatids))(Cre-
ate case is aconditionfor Manage case since the latter cannot start without
the data objectcase as input, which is produced by the former. Moreover, quot-
ing from the specibcation, the sequence 3ow betviereate case andArrange
meeting (and similarly betweerrange meeting andHold meeting): Qrreates
a dependency where the performance of the prst Task MUST be followed by a per-
formance of the second Task. This does not mean that the second Task is to be
performed immediately, but there MUST be a performance of the second task af-
ter the performance of the Prst Tadk. This seems exactly to correspond to the
response relation in DCR Graphs. However, when reading the semantics section
of the specibcation (1f], Sec.13.2.5, 445-446) it appears that the sequence 3ow
introduces just a standard precondition. Thus, the specibcation is not consistent in
the description of sequence 3ows within ad-hoc sub-activities. Also, it is not clear
how to specify roles on actions (swim lanes seem not to be allowed within ad-hoc
sub-activities) nor how to specify that an activity within an ad-hoc sub activity only
can be executed once. In particul@reate case can be executed any number of
times in the above process.

The rest of the paper is structured as follows. In Sewe describe the case
study, applying the DCR Graphs model in the design phase of the implementation

Figure 3: BPMN 2.0 ad-hoc sub-process activity
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of a distributed, inter-organizational case management system. 13 &edorielly
describe the current status of our development of tools for supporting design, sim-
ulation and veribcation of DCR Graphs. In Séave conclude and briel3y outline

the proposal for the continued work of the two last authors towards the PhD de-
gree, developing the model, technologies and tools further to make it applicable to
component and model based design of distributed systems.

2 Case Study: A Distributed Case Management System

In this section we demonstrate how we, in cooperation with our industrial partner
Exformatics, have applied DCR Graphs in practice through a commercial project
that the partner carried out for one of their customers.

In the process, we acted as consultants, applying Nested DCR Graphs in meet-
ings with Exformatics and the customer to capture the requirements in a 3exible
way, accompanying the usual UML sequence diagrams and prototype mock-ups.

We start with a global overview of the architecture of the solution that our in-
dustrial partner will implement for the customer. Afterwards we describe which
requirements for events, conditions, responses and relevance (inclusion/exclusion)
where identiped and how they were described as DCR Graphs.

2.1 Architectural Overview

Fig. 4 gives a general overview of
the solution that is to be imple-
mented. LO and DA communi-

cate thrqugh interfaces on their own g o _J;—_-(:, — 2
Electronic Document and Records oacorws o Eomns S -~
Management Systems (EDRMS) that - _ Union
are already in place. The commu- ” |
nication between LO and the unions Union EDRMS

needs to be implemented in the cur-
rent project and this is marked by the
dashed lines in the bgure. Because the unions all have their own local solutions to
document handling, Exformatics will setup a web-portal through which commu-
nication can be handled; the so-called JurPortal. The JurPortal will interface with
the LO EDRMS and retrieve and store information there, so that no information on
the cases will be stored locally at the JurPortal. Union employees can then login
on the JurPortal to create new or edited existing cases. In case the union already
has its own ESDH, interfaces will be made available so that they can communicate
directly with the LO ESDH, but implementing these interfaces on the unions side
Is not a part of this project (as marked by the dotted line).
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2.2 Requirements

During a sequence of meetings with Exformatics and LO we discussed the require-
ments to the system guided by tentative sequence diagrams, Mock-ups and DCR
Graphs. We focus on describing the lifetime of a single case.

The following overall events were identiped for the case-handling process:
Create case, Manage case, Arrange meeting, Hold meeting. For these events
we came to the following requirements:

(i) A case is created by a union case worker, and only once.
(i) The case can be managed at the union, LO and DA after it has been created.

(iii) After a case is created, LO can and must arrange a meeting between the union
case worker, the LO case worker and the DA case worker.

(iv) After a meeting is arranged it must be held (organized by LO).

These requirements translate to the following DCR Graph relations shown in
Fig. 1in the introduction:

(i) Create case has assigned rold and excludes itself.

(i) Create case is a condition forManage case, which has assigned rold,
LO andDA.

(i) Create case hasArrange meeting as response, which has assigned Ldle

(iv) Arrange meeting hasCreate case as a condition anddold meeting as
response, which has assigned ro@.

In the subsequent meetings, we came to the following additional requirements:

() (a) To create a case, the case worker should enter meta-data on the case, in-
form about when he/she is available for participating in a meeting and
then submit the case.

(b) When a case is submitted it may get a local id at the union, but it should
also subsequently be assigned a case id in LO.
(c) When a case is submitted, LO should eventually propose dates.

(i) (a) Only after LO has assigned its case id it is possible to manage the case
and for LO to propose dates.
(b) Manage case consists of three possible activities (in any order): editing
case meta data, upload documents and download documents. All activities
can be performed by the Union, LO and DA.

(i) (a) The meeting should be arranged in agreement between LO and DA: LO
should always propose dates brst - and then DA should accept, but can
also propose new dates. If DA proposes new dates LO should accept, but
can also again propose new dates. This could in principle go on forever.

(b) The union can always update information about when they are available.

(iv) (a) No meeting can be held unless there is an agreement on the meeting dates.
8
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These requirements led to additional events: A new super &dhivhich has
the subeventsMetadata andDates available. The Create case event has two
sub eventsSubmit case andAssign case Id. TheManage case event has three
sub eventsEdit metadata, Upload andDownload. TheArrange meeting event
has four sub eventsPropose dates-LO, Propose dates-DA, Accept LO and
Accept DA.

The extra requirements are described by the following additional DCR Graph
relations, as shown in Fig

Create case Manage case U, LO.DA
IT Document
Edit [LO,DA
Upload
Metadata Edit
metadata
Dates
avallable Dol
T
KN
\ Arrange meeting
(o]  rioi% =
1
Propose | | Accept | ¢— | Hold meeting
dates-LO | | LO !
e +
,_%_‘)
_ 1 DA g DA
] ]
4+ 1 Accept Propose
p DA dates-DA

Figure 5. Case Handling Process

(i) Editis a condition tcSubmit case and is assigned rolg.

(i) Within the Create case superevent:
(a) Submit case is a condition toAssign case Id and also requires it as a
response.
(b) Assign case Id is a condition forManage case (and therefore also all
itOs sub events).
(c) Assign case Id is now the condition foPropose dates-LO andSubmit
case requires it as a response.

(i) Within the Arrange meeting superevent:
(a) Arrange meeting still hasHold meeting as response, but is now also
required as a milestone fétold meeting

9
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(b) Propose dates-LO is a condition forPropose dates-DA

(c) Propose dates-LO includesAccept DA and requires it as a response
(d) Propose dates-DA includesAccept LO and requires it as a response
(e) Accept LO excludes itself andccept DA

() Accept DA excludes itself andccept LO

(iv) Within theManage case superevent:
(a) Edit metadata has roled.O andDA assigned to it.
(b) Upload and Download have been grouped under a superev@otu-
ment with rolesU, LO andDA assigned to it.
(c) Upload is a condition forDownload.

During our discussions with Exformatics they inquired after the possibilities of
generating interfaces and protocols for the communication between various partic-
ipants based on a DCR model. This opened up an interest in doing further research
in collaboration with them in the area of DCRG-based end-point projections. We
describe our plans for this research effort in more detail in &ec.

Through our collaboration it also became clear that it would be useful to have
design tools enabelling us to quickly create models when acting as consultants. As
a part of our research we had already started developing prototype execution and
veribcation tools for DCR Graphs and together with the new design tool we devel-
oped this led to the current suite of prototype tools described in the next section.

3 Prototype tools

DCR GRrarHs WEs Tool DCR GrapHs WeB Tool
Home Process list Process Management Process execution About Home Process list Process Management Process execution About
Process Execution - Process: LOExampLEPAPER INSTANCE: 5 Process Executmion - Process: LOExampLEPAPER INSTANCE: 5
Change Process Change Process
Claus (LY v| Select Merete (DA) | Select
JP—
| Lo | Lo | DA | D&
H
\" !
Propose Aecarith Fropose AccariBik
Dates-LO coep! Dates-DA coEp
(a) Execution by LO (b) Execution by DA

Figure 6. Execution in the Web Tool

To support designing with DCR Graphs, making the model available to a wider
audience and allow interested parties to experiment with the notation, we are devel-
oping prototype implementations of various tools for DCR Graphs. Development
up to this point includes:

(i) A process repository; a service which can be used to store and retreive DCR
10
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processes and process instances.

(i) An execution host; a service which can be used to execute DCR process in-
stances.

(i) A windows-based graphical editor; which can be used to model DCR Graphs
and run simple simulations on them.

(iv) A windows-based desktop client for executing process instances.

(v) A platform independent web client; which can also be used to execute process
instances. In the future we aim to support the creation of processes through
this webinterface as well. (Fig)

(vi) A model checking and runtime veribcation tool; which interfaces to SPON [
and ZING [L7] model checkers for model checking.

(vii) A runtime-monitor that can subscribe to the execution host and verify that the
execution of processes adheres to given properties.

Fig. 7 shows how these
tools interact: Usually, a process Gmpmw

. SPIN Model
modeller will Prst create a pro- enecuer ﬁm sf.ﬂ'ﬂ‘.’.;;,

Zlng Model

cess in the graphical editor (Fig. (=

8) , which will be stored in the I m
process repository. The process Procos Rapotory

modeller can use the veripcation . -

tool to check if his process ad- p———————
heres to the properties that he P Sy |

. . Xxmi n |
desires. A user can login to the EnGINe o pscription -

- Service

web or desktop-client and select ) e | Runtime
the process for execution. The gy -
client will request that the pro- Process Exccution

Service

cess repository start a new in-
stance and the repository will
provide the client with the de-
scription of the process and runtime information on the process instance. Execution
requests are made to the execution server, which handles these requests atomically,
making updates to the instance stored on the repository. If a request is invalid, the
execution server will notify the user and leave the process instance in its original
state. The runtime monitor can subscribe to the execution server and will get no-
tibed of every execution request. It will then check if the execution of the process
follows the properties described for it.

All the prototype tools support the basic DCR Graph notation containing con-
dition, response, include and exclude relations. We are currently working on ex-
tending the prototype to support milestone relations and nested events. hag.
have illustrated how the execution of two runs of the case-handling process may be

Figure 7: Protoype Architecture
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visualized in the simulator in the future.
The graph in the left box

i
shows the state after a run where e s -_;‘mu.m.nI = |
the union started by creating B -
a case: they edited meta-data, : ") 3.

[m]

indicated the dates they were Coatscase
available and submitted. When
LO received the case they as-

Manage case

signed their own case ID to it. [w] (o]
) %)
Some time later LO proposed rngs N
possible dates for a meeting to
DA. DA did not agree with these e

dates and responded by propos-
ing some of their own. In the
graph bothAccept LO andAc-
cept DA are included and have a pending response because both LO and DA have
proposed dates. Because of these pending respélddsmeeting is disabled.
Because no Ples have been uploaded to the documer@@etload is also dis-
abled.

Figure 8: The Graphical Editor

. Create case case oA . Create case Manage case U LO.0A
% O u 4 Document % @un Document

1y

! v |Edit (@ LO,DA 1 1

! _s_UhT_J Upload | Submit ! Lo.04 Upload

( Metadata Edit - r‘ 2 Metadata Edit
metadata metadata
7 ., o

. O] | ot
case |d case id

Arrange meeting Arrange meeting
v, R
Lo } %y - ] @ial% D o |
“olfgm >0 Hola mesting Propose E Accept | "‘3 > Hoid meeting
dates-Lo | |__LO_ !
Q Q 6(0 +
@[ oa o _Q:’ﬁi_l_
accent | % [ propose + | accept | R
DA dates-DA 1_ba H dates-DA
1 2
N i i Index
Condition Relation Response Relation @——  Exclude Relation ——#% Not Enabled @ Pending Response @)
Milestone Relation —# < Include Relation ——=+  Not Included - Executed @  Included —_

Figure 9. Execution of the Case Handling Process

The graph in the right box shows the state after LO has accepted one of the
dates proposed by DA and the union has uploaded an agenda for the meetings:
Accept LO andAccept DA are excluded, which means that even though there is a
pending response ofxccept DA, it is not considered relevant amtbld meeting
has become available and pending. Because the union uploaded a Ple to the case,
Download is now enabled as well.
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4 Conclusions, Future Work and Thesis Proposal

Our case study showed that DCR Graphs model provides a global description of the
temporal constraints between the individual tasks which is very helpful in capturing
the requirements of the overall system.

However, there are still many points for future developments. In the ongoing
PhD project of the second author, supervised by the brst author within the TrustCare
project B], we intend to extend the DCR Graphs model to be able to express other
relevant features such as multi-instance sub-graphs, true concurrency semantics,
time, exceptions, data, and run-time adaption (dynamic changes). Along with this
we intend to continue developing the technology for model checking and run time
veribcation.

As mentioned in the case study, through our discussions with Exformatics we
identiPed the wish to be able to automatically derive descriptions of communica-
tion protocols and message exchange between the individual local components in a
distributed implementation of the system. Also we identibed a use of incremental
rePnement of process models and wishes for reuse of sub processes as, possibly dy-
namically replaceable, components in systems supporting complex work processes.

Derivations of descriptions of communication protocols between local compo-
nents from a global model is been researched for the imperative choreography lan-
guage WS-CDL in the work on structured communication-centred programming
for web services by Carbone, Honda and Yoshidla Put briel3y, the work for-
malizes the core of WS-CDL as the global process calculus and debne a formal
theory of end point projections projecting the global process calculus to abstract
descriptions of the behavior of each of the local Oend-pointsO given as pi-calculus
processes typed with session types. A theory of rePnement of components would
require means for formally relating the behavior of a components and its rebne-
ment. Such relationships, in the form of simulations and bisimulations have been
studied for several models for concurrency, including event structures from which
DCR Graphs has been derived in the work of Winskel and Nieldrajhd the prst
author.

Taking outset in the needs identiPed in the case study and the prior related work
by Carbone, Honda, Yoshida, Winskel, Nielsen and the brst author we propose as a
new PhD project for the last author supervised by the pbrst author to contribute to the
development of the theory and tools for model and component based development
of distributed systems.

Concretely, we propose that the PhD project is divided in the following tasks.

(i) Debne and implement a formal projection from DCR Graphs to a formal im-
perative choreography model, using the global calculus of Carbone et al. as
starting point. This would provide the foundation for deriving communication-
centred descriptions from systems debned as DCR Graphs which could then
be the basis for applying the theory of end point projections developed by
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Carbone et al.

(i) Debne notions of simulations and bisimulations for DCR Graphs by general-
izing the existing notions of simulations and bisimulations for event structures
developed in the work of Winskel and Nielsen.

(i) Develop a theory of safe replacement and rePnement of components and sub
graphs based on the developed theory of simulations and bisimulations.

(iv) Propose a formatleclarativechoreography model and debPne mappings be-
tween this model (providing a global declarative view) and DCR Graphs.

(v) Continue the development of the prototype tools for design and simulation of
DCR Graphs, aiming at tools supporting the techniques for model and com-
ponent based design developed in the PhD project.

(vi) Extend the above work to cover extensions of DCR Graphs (true concurrency
semantics, data, time, exceptions, multiple sub instances, ..) as they are devel
oped in the PhD project of the second author.

We propose doing the PhD as a so-called industrial PhD, where the PhD candi-
date is hired by the company and carry out the research partly within the company
and partly at the university. This will allow us to continue to apply the theory and
tools to real cases and ideally also allow Exformatics to apply the developed theory
in practice within the Exformatics case management systems.

The PhD candidate will collaborate directly with Carbone, Honda, Nobuko and
Winskel, and strongly benebt from the synergy with the PhD project of the sec-
ond author and the other PhD students afpliated to the TrustCare project which is
running for the next 1.5 years.

If successful, the candidate will thus on one hand contribute towards advanc-
ing the state of the art of model and component based design and development
of distributed it systems, and in particular case management systems. On the other
hand he will contribute to the existing strands of research in communication-centred
computing and formal models for concurrency.
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