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Abstract. In many application domains, people are faced with prosetsat
are unpredictable, unrepeatable, and subject to chandeepste enacted. In
this paper, we present the Collaborative Agent-based Kenigd Engine (CAKE)
which offers domain-independent support for such highbilfle processes. This
approach is based on the well-known techniques of workflagsnts, and CBR-
based search, combining them innovatively: Agent tectgyle used for inte-
grating various services, e.qg. different data sourcesyaesavorkflow technology
is used for coordinating collaboration among agents anddpporting context-
based information delivery. CBR-based search is used éometnieval of suitable
agents and workflows in concrete situations.

1 Introduction

In many domains, people are faced with processes that argynoopredictable, un-
repeatable and subject to change as they are enacted. Timagjim@ projects incor-
porating such processes is a challenging task. Recenily,@eyelopment methodolo-
gies have been developed to alleviate such management J¥h#n performing agile
projects, effective planning skills are required, e.g. idav to ensure that the agents
involved are carrying out the most important tasks at angmitime [3]. However,
managing such projects is a creative and knowledge-intaskerequiring identifying,
creating and sharing of knowledge across the organizafibis. knowledge is often
scattered over many different information sources theliracbagents may not even
be aware of, provided in different representations andd$evkabstraction. In time or
business critical situations, this may lead to unnecessagyen unacceptable delays.
In this paper, the present@bllaborative Agent-based Knowledge Eng{GAKE)

[4] provides the infrastructure for mastering any kind ag@sses. CAKE provides uni-
fied access to knowledge available within an organizatiod @BR technology is used
throughout the system to distribute this knowledge to agjastrequired. Agile work-
flows, which offer a light-weight yet formal representatifprocesses, and collabora-
tion patterns for explicitly describing collaboration angpagents are introduced. CBR



is used throughout the system in order to guarantee eféesgigrch facilities on work-
flow and agent characterizations. Therefore, a unified datdemis provided which
enables to represent workflows and agent competenciesstsirogured data, allowing
to use CBR efficiently to retrieve appropriate workflow deforis and most competent
agents as required.

CAKE has been designed domain-independently and aims tds ot limited
to, cover the field of fire services, medical services, geagral information systems
management, and software development which have beenmtowhare many as-
pects regarding the occuring processes. For the sake afypridns paper focuses on
the fire services scenario within the the AMIRA (Advanced taoiodal Intelligence
for Remote Assistance) project. The overall goal of the AKIBroject is to provide
a multi-modal solution that will significantly improve the@essibility and resources
available to support urgent and critical decisions thattrhagaken by mobile workers.
Fire services demand highly flexible processes and colédiverworking in the field:
Fire fighters may encounter rare problems and want to perfprestions to a system
or experts, or they need pro-active information supportdiotimizing their collabo-
ratively working procedures. Therefore, a hands-free gx¢e.g. headset and natural
language interface) for operatives whose hands and eyesteavise occupied must
be provided. In addition, performing tasks may be timeeaitie.g. while extinguishing
a fire, a fire fighter requires workflow descriptions or backginformation as soon
as possible.

In the following section, the CAKE overall architecture lseetched, followed by
the idea of collaboration patterns in Section 3. Sectiorséudises the support of agile
workflows, especially the planning aspects. Related aratad} research is discussed
in section 5. Finally, a short conclusion and outlook to fatwork closes this paper.

2 The CAKE Architecture

CAKE is a general domain-independent architecture thatbeansed for developing
domain-specific applications [4]. It provides a very gehéea and process model,
that can be expanded by domain-specific data classes arespes; leading to domain
specific ontologies. For coping with knowledge intensivekgarequired for context-
based information support CAKE usesrkflow technologylt additionally makes use
of agent technologyo enable and mediate arbitrary access and communicatidift to
ferent agent-based services. For combination of workflodvaagent technology a need
for an appropriate search facility is encountered. Theegfa CBR-based search en-
gine is integrated in CAKE for searching on workflow and agdraracterizations. The
underlying technology can be denoted as third key techiygtogvided by CAKE. An
overview of CAKE'’s architecture, showing the interactiamfghe different key tech-
nologies, is provided in Figure 1. All used technologiesexglained more detailed in
the remainder of this section.

Data Representation.All components in the CAKE system are using the same
data representation. As CAKE should be applicable in séverg different applica-
tion scenarios, a flexible and unified data representationeqat for all components is
paramount. This is put into practice with a data model andesponding data objects.
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Fig. 1. CAKE System Architecture

The CAKE Data Modetbescribes all kinds of data that can occur in the system. It is
an object-oriented model using inheritance and aggreg&iiaefine the data classes.
Available data classes are atomic classes like integer wbldpas well as compound
data classes like aggregates or intervals. Tisgséem classesan be used to define
an application specific data model. Each specializationsyfséem class is calledser
classthat again can be specialized or used like any other clagsg tiee data classes of
the data modelCAKE data objectsan be instantiated, and each data object has exactly
one corresponding data class that defines the possiblgsaaféhe object. The object
hierachy is the same as defined in the data model.

CBR Technology.A similarity model is defined on top of the data model. The sim-
ilarity model already contains about 30 similarity measuike Hamming Distance,
Simple Matching Coefficient, or sigmoid function. More infeation about the simi-
larity measures available is provided by Bergmann [5]. Aflikarity measures may be
extended easily. As of this writing, the retrieval enginattees a linear CBR retrieval
only. The architecture, however, has been designed witle reophisticated retrieval
strategies in mind which are expected to be available in ga& future.

Workflow Technology. The goal of each workflow system is to model and execute
processes of the real world. In CAKE, processes are desctibmgworkflow defi-
nitions that are instantiated and executed in concrete situatibmsse situations are
abstractly represented in the so caltehtextof the process.

Each workflow definition consists of initial context valuesyorkflow character-
ization, a set oftask descriptionsand the control flow relationships between the task
descriptions. The latter allow to arrange the tasks in secgian parallel, or in loops,
but does not cover data flow at all. The workflow charactenngs a semantic descrip-
tion of the workflow definition represented with CAKE data@dis. Thus, it enables a
semantic CBR search for an appropriate workflow definitioa concrete situation. A
task description mainly consists of a task name, the namigeaddva class that imple-



ments the task’s functionality, and a set of parameterstigatequired for the execution,
e.g. the name of the context keys to access and store informat

As tasks are technically realized as Java classes, thaifg@$unctionality ranges
from simple like adding two numbers to very complex like seagcemails or merging
retrieval result sets. Another capability of a complex tasks ability to trigger further
workflow definitions, so hierarchical decomposition of a @bex activity description
like “extinguish fire” is achieved by following the way a humaould solve this instead
of following a fixed process model. The selection of a suéakbrkflow definition in
a concrete situation bases either on utilizing a unique Kdeiated with a workflow
definition or on the workflow characterization by using theRCtrieval.

The modelling of workflow definitions is very time consumifig. make modelling
easiertask templateare established. Each task template contains a descrigtitbie
functionality, the name of the executable Java class, aflistquired and optional pa-
rameters, and the name of input and output ports that arefaséefining the control
flow. Based on this information a concrete workflow definitisnlefined by substanti-
ating the task templates as task descriptions which willraplgically depicted.

At runtime, theworkflow engine managénitializes a workflow instance of a work-
flow definition. Each workflow instance is executed in an amorkflow engine (WE)
that controls the interpretation of the workflow definition éxecuting the tasks in the
specified order. Separating workflow definition and execugoables modifications
on the workflow instances without doing changes on their Wowk definitions. Be-
yond controlling the life cycle and control flow of tasks, Ra&/E administrates the
local context assigned to its workflow instance and fat¢éathe capturing, storing,
and changing of context-based data. Due to the possibilityested (sub)workflow
instances local contexts can be nested as well. Assigndtkthigher-level workflow
engine manager itself only one global context exists thatcessible by all workflow
engines under control.

Agent Technology.The CAKE agent framework provides a unified interface to cou-
ple external knowledge sources as well as user interfatethia system. In opposite to
classical multi agent systems the agents are managed fegetitral workflow com-
ponent and are therefore less autonomously. Technich#yframework distinguishes
betweerinformation agentanduser agentsinformation agents provide and may also
change knowledge and can be simple ones like search endgatedases, groupware
calendars, or human experts or complex ones like data mtoilg, classifiers, or di-
alog strategy tools. User agents request knowledge and gienieral interfaces to hu-
man system users, e.g. graphical user interfaces or né&uarplage interfaces, but can
also be other computer systems. Each agent is composetkofiaology component
awrapper, and acompetence profilélhe technology component is the external know-
ledge system, that should be made available via CAKE. Tolertab communication
between CAKE and different technology components, the peepare used as media-
tors that fulfil two tasks: firstly, to map between the teclomggicomponents’ ontologies
and the CAKE domain specific ontology and secondly, to redtie technical interface.
The competence profile is a CAKE data object characteritiaggents’ competencies
and is stored in the agent characterization CB for retrieval



A very simple but quite typical application scenario forstfiamework is a system
user who communicates with his or her user agent via a ndtumgliage interface. The
system user queries for information and CAKE routes the @sfjto an appropriate
information agent, e.g. a database agent, which perforrasigygrhe results are routed
back accordingly.

By combining the workflow engine manager and the agent fraonewCAKE en-
ables pro-active and context-based information supparsef agents. Each user agent
is in general assigned to a workflow instance, and the WE rmodll interactions
(e.g. requests) of the user agent with this particular wovkihstance. Consequently,
based on the monitored interactions the context-basecbtataly collected is enriched,
which ultimately allows the WE to build a context.

3 Collaboration Patterns

By utilizing agent technology for integrating heterogengdata sources there is a need
for organizing the collaboration among various agents.pBirmtegrating each infor-
mation source is not sufficient because in this case it is @mtbusers to delegate their
own requests to the various data sources. For preventingsard from specifying such
details CAKE incorporatesollaboration patternsCollaboration patterns are workflow
definitions based on best practices and coordinate agergsipg a common goal. For
example, search strategies can be realized through codiityo patterns for delegating
requests in consideration of all available informationatibe current user request. Col-
laboration patterns allow both general search strateggepiendent of domain-specific
knowledge and domain-dependent search strategies. Geeareh strategies can com-
prise conventional meta search facilities that are dewldp the area of information
retrieval [6, 7]. Additionally, the latter search strategjintegrate domain-specific in-
formation for proceeding current requests, e.g., a styategld specify exactly which
information agent should be requested when the query refetsemical materials.

By utilizing workflow technology CAKE makes use of a widesgpdetechnology
for representing collaboration patterns and enables aiMararrangement of machine-
executable tasks for realizing different search stragegie

Retrieval of Collaboration Patterns. The retrieval of collaboration patterns means
to retrieve workflow definitions based on their characteitre, which are stored in
the corresponding characterization case base. The uimedpmain data model al-
lows to search collaboration patterns in consideratioreafantic classifications. Each
collaboration pattern contains for each task at leastagent rolethat describes the
information an agent should provide, e.g., descriptiorseo¥ices or database contents.
These agent roles are realized as data objects and are stdhedcontext where the
tasks can access it. To retrieve appropriate agents the¢ mmes are used as queries to
perform a CBR retrieval on the agent characterization case.tiCollaboration patterns
can be retrieved during workflow execution, even withoublaing the user. As nesting
of workflow is supported by CAKE, collaboration patterns temapplied at any time.

Agent Allocation. For providing a dynamic agent pool where agents can be reg-
istered and deregistered during runtime CAKE integratdialooration patterns that
can be specified independently from agents. Consequeatlgboration patterns can
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Fig. 2. Collaboration Pattern Example

consist of task descriptions in which only agent roles aeejgd independently from
concrete agents. This leads to the need of retrieval fiesiltbased on agent roles as
requests for agent competence profiles. Again the CBR-bsesmadh engine is utilized
for searching these profiles.

When specifying a task description where a service is desdtite domain mod-
eler can utilize domain ontologies for assigning agentstikee “chemical expert” or
“expert for fire facts”. These roles describe which kind oéagis able to carry out the
demanded service. The CBR-based search engine utilizemtbmgies for searching
the most competent agent. CAKE allocates this agent to #kediascription before the
task can be executed.

Collaboration Pattern Scenario. In order to illustrate the functionalities of col-
laboration patterns a scenario is presented that givesfdwérview about the com-
bination of workflow characterizations, retrieval on cbli@ation patterns, and agent
allocation. Here, the CAKE approach comprises the follgynocesses:

— Analysis of the user’s input

— Information extraction for collaboration pattern retiaév
— Collaboration pattern retrieval

— Agent allocation

— Execution of the collaboration pattern

By using the CAKE approach in a fire fighter scenario a fire figlotn perform a
request like “There are plastic crates burning”. A speedfodue agent analyzes the
utterance determining the incident type “fire”, referengeet“fire facts”, and the ma-
terial “polypropylene” inferred from “plastic” and sendg¢® CAKE. According to the
categorizations of incident and reference type CAKE re¢i$ea suitable collaboration
pattern that realizes a retrieval on corresponding datecesuHere, both the retrieval
on structured fire facts and the retrieval on unstructureddicts extracted from written
reports are recommended; the respective collaboratidarpas pictured in Figure 2.
The collaboration pattern consists of two task descrigtiavhich contain refer-
ences on retrieval agents and agent roles. When such tasksenuted CAKE initiates



a retrieval for suitable agents. In order to allocate appatg agents CAKE performs
a retrieval process that searches agents based on thepetgfiexl within the collabo-
ration pattern: one agent that offers retrieval on strertutata and bases on fire facts,
one agent that provides retrieval on unstructured data Bodbases on fire facts. The
agent retrieval is applied on specific agent competencegsofihese profiles capture
the agents’ service, expertise, and the underlying teclyies. Based on these profiles
a CBR-based retrieval is performed for finding suitable é&g#rat can be allocated to
the collaboration pattern. Assume three information agarg currently available and
experts for fire facts. First, one agent bases on Wiki tedgyéand searches the web
for fire facts. Second, one agent works on text documentsdiora database. The last
agent bases on CBR technology. By executing CBR-baseds&aragent allocation
CAKE selects the Wiki agent for retrieval on unstructurethdzecause the Wiki agent
has likely access to newsworthy information in contrashtodatabase agent. As infor-
mation agents that searches on structured data the CBRiaghuisen. Consequently,
the agents are allocated to the task descriptions, whicheaow executed by CAKE.

By performing two agent requests CAKE also receives twoediiit result lists.
Here, results of information agents are preferred that havigh degree of confidence
specified in the competence profile. According to the resisioi the first three results
are taken from both result lists. In order to be able to compatween the new result
sets CAKE conducts a normalization process for merging setthto one final set. The
first three final results are transferred to the end user.

4 CBR-driven Planning Support

The CAKE workflow definitions can be used for planning aci@gtwhich are ex-
pected to be performed during project enactment. Each veovldefinition describes
an individual activity, which may either be refined by inttmihg tasks (including sub-
workflows) and a control flow among them, or which may be defatestractly in terms
of a “black box”. This allows coarse-grained planning asuiegfl by many application
domains in order to represent capricious situations. Thidsations occur in many ap-
plication domains incorporating creative or knowledgeeise processes which make it
impossible to lay out detailed procedures beforehand fecpuse selecting a concrete
procedure depends on context parameters: a fire fighter hamto about the type of
fire before an applicable procedure to extinguish it can leseh.) Moreover, consider-
ing the individual strengths and weaknesses of user ageotsler to choose the most
competent agent for enacting a workflow can be a daunting task

As explained above, by separating workflow definitions froorkflow instances,
CAKE supports late planning by allowing to apply changes twkflows even during
their execution. In addition, abstract tasks allow to sfyaebrkflow definitions at any
level of detail, which in combination with late planning tessto support of weakly struc-
tured workflows [8]. These concepts overcome limitation&tdssic” process models
and workflow enactment control known from traditional wookil management sys-
tems, which are unsuitable in agile environments. Duringkflow execution, a user
agent may do late planning in order to further refine the sanavithin the current con-
text when approaching an abstractly defined workflow definitHowever, in time and



business-critical situations this is insufficient: Fortarece, while extinguishing a fire,
a fire fighter cannot wait until late planning has been coneplél the headquarters. In
order to overcome this, late planning may be backed by puslyaecorded planning
activities, leading to agile workflows supported by CBR.

Agile workflows. For workflow definitions, goals and metrics may be defined with
respect to the underlying domain ontology (e.g. “workflovalge to produce a report”)
to form a workflow characterization. Workflow goals may be ofthe following (with
“workflow” denoting the workflow instance based on the wonkfldefinition the re-
spective goal has been assigned to):

1. Artifact goals: The workflow is expected to produce a sjieartifact, e.g. a report.
The artifacts may be specified further by additional meffécg. length, maximum
time allowed to create the artifact etc.)

2. Time goals: The workflow is expected to be executed witipiecgic time con-
straints, e.g. maximum allowed duration.

3. Structural goals: The workflow is expected to contain Bjgestructural elements,
e.g. placeholder tasks. These goals may be specified funyrelditional metrics,
too, such as the minimum number of alternatives availabpetform this task, or
a maximum allowed number of placeholders.

When proceeding to an abstractly planned task, the WE gienia suitable work-
flow definition from the WD characterization CB. However rigtal from the local
CAKE instance may not yield to ideal results, e.g. if therendy a small number of
workflow definitions. So, procedures how to retrieve the alateplacement for the ab-
stract task are described using collaboration patternss,Tarther information agents,
as well as domain or organization-specific constraints @rebpected. For example,
when reaching the placeholder task “estinguish fire” whilaating a workflow, CAKE
can offer the replacement candidate “estinguish fire udiegatater mist method” by
taking orginaization-specific experience into account.

Since collaboration patterns are workflows too, goals, isgtand competence pro-
files may be assigned to them. For artifact goals, workflowndtedns, and agent de-
scriptions may be accessed as artifacts. Competence priafileollaboration patterns
may be used in distributed environments for optimizatiorppses, e.g. to save band-
width when querying information agents.

Support for Interleaved Planning and Enactment. When instantiating a work-
flow definition, the user agent assigned to it may use it asaguie to fulfill a particular
activity. For instance, the workflow definition may providéoamal specification of a
standard procedure how to extinguish a dangerous fire. Dawsafrom this initial def-
inition have to be expected, and CAKE embraces change byiatioad-hoc modifica-
tion in the sense of a Plan-Do-Check-Act cycle allowing emsform tacit knowledge
of the project participants (e.g. experience of a seniofifjlger) into an explicit work-
flow definition. Notably, domain-specific knowledge is kepide from the workflow
definitions and accessed through the information agents;ehthe workflow defini-
tions may be shared across the organization (e.g. betwéeredit fire departments).
This enables to capture knowledge in the sense of an orgemmadmemory [9].



5 Related Work

In terms of workflow technology combined with CBR technolpggrious approaches
have been developed that utilize CBR technology for workfietsieval and planning
facilities. Usually, the approaches make use of CBR durinlgldime. Focusing tradi-
tional workflow management systems Workbrain merges Orgdéinnal Memory and
workflow technology [10]. For structural planning a CBR &pation is integrated and
can be utilized by a human workflow planner before the respeetorkflow will be
enacted. By retrieval on workflow characterizations the GipRlication allows to de-
scribe a problem and retrieves similar solutions, allowmgonstruct new workflows.

Case-Oriented Design Assistant for Workflow Modeling (CQMAIncludes a
CBR-approach to workflow model management [11] that focuseslesign of pro-
cesses including ordering relevant business tasks in @eraion of pre-conditions
and post-conditions. Therefore, appropriate structurerkflow case representations,
similarity-based retrieval algorithms, and procedurescfamposing workflow defini-
tions were developed. Instead of searching on workflow dtariaations the CBR ap-
plication works on workflow definitions regarding pre-caiats, post-conditions, and
procedural conditions.

Similar to CAKE, CBRFlow [12] combines workflow technologyitiv conversa-
tional CBR for coping with changing and unpredictable eowinents. For realizing the
concept of workflow modification during runtime workflow iasices can be annotated
with cases that consist of a set of question-answer pairoaadiction. After the an-
notation these cases can be directly used as assistancecisiot--making processes
because of representing additional knowledge, maybe im fafrinstructions, which
can be used during workflow execution. Modifications on thekflow definitions is
done by workflow modelers and no search facility on workflofirdegons is supported.

Process-based knowledge management has also been addnestmz [13], who
introduces a formalism for describing information needgiieed to perform processes,
as well as for describing information sources where to fsatieese needs. The search
for apppropriate information sources is backed by CBRee#ii

In summary, the four approaches sketched above supportd@@B&n planning fa-
cilities with respect to workflow technology like CAKE, bingse approaches lack tech-
niques for accessing external information sources. Réatily, agent technology is not
supported that facilitates methods like collaboratiorigras for addressing agents and
organizing collaboration among them.

6 Conclusion and Outlook

CAKE is a general infrastructure for dealing with any kingobcesses in very different
application domains. It provides a flexible, object-oreghtepresentation for domain
specific data and innovatively combines the three key tdolgies workflows, agents,
and CBR-based search. In the current release, the domailogytthe workflow def-
initions as well as the task descriptions, and the agentspatence profiles may be
specified using the appropriate XML (eXtensible markup leage) schemas, and the
CAKE Editor is currently developed to provide a user-frigmodelling environment.



We further plan to improve the CBR-based component: ForyapgpICAKE in the
application scenarios regarded so far, linear retrieval sudficient for all CBR-based
searches. But in future application scenarios, advandeidval strategies like index-
based retrieval may be required. As the architecture iggdesiopenly, these enhance-
ments can be added easily. Other topics of interest covélasitnmeasures, as current
approaches from the area of process mining will be intedrated specified as spe-
cial similarity measures to allow retrieval of workflow défions not on basis of their
characterizations, but by comparing the workflow defingidghemselves. Therefore,
structural and temporal aspects of the workflows will havieddaken into account.
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