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Abstract 1. Introduction and Motivation

An important aspect of Business to Business E-  Electronic Commerce is expanding from the simple no-
Commerce is the agile Virtual Enterprise (VE). VEs are es- tion of E-Store to the notion ofirtual Enterprises(VEs)
tablished when existing enterprises dynamically form tem- Where existing enterprises dynamically form temporary al-
porary alliances, joining their business in order to share liances, joining their business in order to share theirg;ost
their costs, skills and resources in supporting certaiivact ~ Skills and resources in supporting certain activities. &n e
ities. Currently, existing enterprises use workflows taaut ample of a VE in the context of the travel industry would be
mate their operation and integrate their information syste  the collaboration of different travel agents, airlinensund
and human resources. Thus, the establishment of a VE hagransportation services, hotels, restaurants and einterta
been viewed as a problem of dynamically expanding and in-ment services in order to set up and manage a tourism trip.
tegrating workflows. In this paper, we present an approach Many enterprises use workflows to automate their oper-
to combining workflows from different enterprises, using ation and integrate their information systems and human re-
techniques developed in the Artificial Intelligence litere sources [19]. A workflow consists of a setagftivities(also
on planning. Our method takes two workflow views, one called taskg that need to be executed according to given
representing a service request and the other a service provitemporal constraints over a combination of heterogeneous
sion (advertisement), with a mix of vital and nonvital steps database systems and legacy systems. A major challenge
and a rich set of constraints, and returns a list of possiblehas been the developmenwedrkflow managemesystems
legal combinations, if any exist. It then uses plan-merging (e.g., [9, 5, 13, 1]). Several techniques have been devel-
techniques to find potential conflicts between the two work- oped for correct and reliable specification, execution, and
flows, and to suggest additional constraints that can resolv monitoring of workflows and the involved external support.
the conflicts. The returned solutions represent terms for th Many of these techniques are extensions of those in transac-
establishment of a new VE, and can be evaluated by eachion processing in databases combined with general middle-
side to determine which is most desirable. ware services such as those found in CORBA/DCOM and

more recently in Java-based services such as Jini from Sun
and E*Speak from HP.

Very recently the idea of the use of workflows to sup-
port multi-organizational processes that form a virtual en

— — _ terprise has attracted some attention [10, 6, 8]. The estab-
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[2, 7, 12]. During the establishment of a VE, a distributed,
multi-organizational workflow emerges from the dynamic
merging and reconfiguration of workflows representing E-
Services in the participating enterprises. In our previous
work, we looked at using mobile agents as a platform for
advertising, negotiating, and exchanging control informa
tion about E-Services for the establishment of VE’s [6]. In
this paper, we focus on a method for verifying that the VE is
compatible with workflows in the participating enterprises
The contribution of this paper is a new method for es-
tablishing VEs, involving both the generation of outsourc-

ing requests and the validation of constraints. The scheme

incorporates techniques developed in the Artificial Intell

gence (Al) literature on planning, specifically algorithms
for merging temporal plans. Within the Al literature, a plan
is a collection of steps (i.e., tasks), with causal, temipora

and resource constraints. A plan is intended to represent a

course of action that will achieve a specified goal when ex-
ecuted beginning in a specified initial state. Critical te th
notion of plans is that afausal structurethe steps in each
plan are specified in terms of their preconditions and effect

of information about each task. Thus, we will assume an
enriched model of workflows in which each task has the
following information associated with it:

e Pre- and postconditionsvhich specify what must be
true before a task can be executed, and what will be
made true as a result of the task’s performance.

Causal links which relate each task that establishes a
condition (listed in its postconditions) to the task that
requires it (listed in its preconditions).

In- and out-parameterswvhich are used in the evalu-
ation of preconditions and postconditions. They carry
information and engender data flow during execution.
For example, a credit card nhumber could be an in-
parameter to a “pay for dinner” task.

Temporal Constraintthat specify the earliest and lat-
est start and end times of a task, as well as the minimal
and maximal durations of the task. They can be abso-
lute times or relative to the execution of other tasks.

Resource Constraintavhich specify the equipment,

and the plan records information about which steps cause
(or establish the preconditions of other steps. When merg-

ing together two plans, it is necessary not only to check that
there are no violations of the temporal and resource con-

material, or agent resources required for the task.

Significance which indicates whether the task V&
tal to the workflow and therefore must be executed,

straints of the plans being merged, but also to ensure that
the necessary causal relations are maintained in the merged
plan. We argue in this paper that similar consistency re-
guirements also hold when a VE is formed.

In the next section, we review the basic structures used in

or whether it isnonvital and need only be executed if
feasible [6].

e Cost which represents the price of the task.

workflows. In particular, we describe a class of workflows Other information may al_so be as_somated with each tas_k,
such as rules for exception handling should the task fail.

that include specifications of preconditions and effects. | " il not b d with th ¢ £
Section 3, we describe a VE and its components. Section 4 owever, we will not be concerned wi ese types otin-
formation in the current paper.

d ib detailed sch fi tablishi h a VE.
ESCTIDES DU cetatied Scheme Tor estabiishing stich a As shown in Figure 1, a workflow can be graphically

Section 5 deals with the current state of our implementation ) . . . .
We conclude with a summary in Section 6. depicted Wlth nodes (thick boxes) qlenotlng activities and_
arrows denoting precedence. The figure represents a busi-
ness trip from [15]. Shaded nodes indicate vital activities
that must be completed to ensure proper execution. Nodes
with a pair of dashed lines leading to another workflow are
Workflows encode tasks and the relationships amonghierarchical activities: those that can be decomposed into
them. Workflow specification formalisms generally provide workflows themselves. AND-splits and AND-joins are rep-
a small set of basic control flow relationships among tasks.resented implicitly when two or more causal links emanate
Typically there are four such relationships: OR-split, AND or arrive at a node respectively. To represent OR-splits we
split, OR-join and AND-join. The first two relationshipsare insert a conditional node that creates two new execution
used to specify branching decisions in a workflow whereas contexts (branches), e.g., one for success and one forgailu
the remaining two specify points where activities converge (in Figure 1, these are shown as nodes with edges labeled S

2. Workflow Model

to initiate the next activity within a workflow. An OR-join

and F). Tasks are executed only when their context is true.

specifies alternatives whereas AND-join specifies required The OR-joinis represented implicitly when the context S or

activities.

While the relations just listed provide information about
the relative ordering of the tasks in a given workflow, to
handle the problem of forming Virtual Enterprises, it isoals
necessary for the workflow to model a significant amount

F disappears from the labels of subsequent edges.

We are assuming a typical Workflow Management Sys-
tem (WfMS) architecture with our enriched model of work-
flows. Specifically, a WfMS consists of the following three
basic components:
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Figure 1. Trip Plan Workflow

e Workflow Schema Librarywhich contains workflow  new nodes, which could represent extra or special activi-
schemas or templates and generic constraints. ties and opportunities. The business may select some of the

o WIMS Servicesfunctions provided by the WfMS for tasks from the Workflow_t_o outsource and/or it may select
managing workflows. These include specifying work- SOmMe of th_e open conditions f_rom the qukflow an(_j out-
flows, verifying their correctness, instantiating and SOUrce their achievement. This outsourcing establishes a
scheduling them, executing them, and monitoring their VE.
execution. In our VE workflow specification, we use the notion of

views to express outsourcing. Any subgraph of a workflow

graph defines aegmentbr aview of the workflow. For-
mally, a workflow view can be defined apepjectionon the
graph based on some criteripr-fjection(work flow, <
criteria >)). For example, consider the view that includes
all and only the vital nodes of the full workflow. The re-

e Workflow Repositorywhich contains all instantiated
and scheduled workflows, i.e., the workflows the busi-
ness is committed to performing.

3. Forming Virtual Enterprises quirement that nodes be vital is the criteria used by the pro-
jection.
A Virtual Enterprise (VE) is formed when a business de- ~ VitalView = projection(work flow, {a |
cides to commit to a new workflow, while outsourcing some a € work flow A a.signi ficance = vital})

of the work involved in that workflow. Consider the exam- The nodes in a view retain all information of their originals
ple of Jane Smith, an executive planning a trip to Vienna. including all constraints. However, because all constsain
She gets in touch with a travel agency to arrange the trip.are maintained, a view may have nodes that have temporal
She decides that while she is there she would like to attendconstraints referring to other nodes not actually in thevvie

an opera and tour the Art Museum. This adds the nonvitaland may also have broken causal links possibly resulting in
nodes “buy opera ticket” and “buy museum tour ticket” to unsatisfied preconditions (i.e., a node in the view coul@hav
the trip schema (Figure 1). The travel agency lacks connec-a precondition that was established by some node in the full
tions with the entertainment/opera industry, so is unable t workflow that is notin the view).

purchase such tickets. In order to satisfy the customey, the A workflow view can represent any activity performed
decide to outsource those tasks. by aservice provideon behalf of sservice requestetCon-

The above example represents a common reason for outsequently, workflow views can be used to express service
sourcing. When a business receives a new request from agiequests or service provision (advertisement). In our pro-
client, it takes the form of an instantiated workflow schema posed system, it is these workflow views that are being re-
from its Workflow Schema Library. The client may have quested and advertised.
added constraints and/or customized the schema by adding In our scheme, a request has the following structure:



Requests: Rq = (P, G, RW) of advertisements and could provide services allowing-busi

where P = Service Requester Profile, nesses to both place advertisements and to find advertise-
G =set of Goals, ments that meet their goals. Standardization of represen-
RW = Requested Workflow View tation is clearly required (particularly of preconditioes-

fects, and goals), and could be enforced by the trading
The profile can contain various information about the re- servers. A portion of this environment is shown in Figure 2.
guester, such as name, site identification, credentials, et 0 negotiation areas are depicted, as well as four busi-
It may also contain a target price range. The set of goalSpesses’ WMS. Shaded nodes again represent vital activi-

is a list of all goals (postconditions) that need to be ac- ties, and an advertised hierarchical Opera activity is show
complished. The workflow view captures all temporal con- partially expanded.

straints and resource usage issues involved.

In the example above, the request includes the profile of3 1 commitment and Outsourcing Request
the travel agency, the goals “opera ticket purchased” and Generation
“museum ticket purchased”, and a view with two nodes that

indicate times by which the tickets must be purchased. In order to commit a new, possibly customized workflow,
A requested workflow view can be potentially aug- 5 \wfMs needs to make sure that it is schedulable. A work-

mented during negotiation to match the service provider's 4, js schedulable if it isorrect completeandcompatible
workflow, reflecting opportunities, omitted activities and ith existing commitments.

data. During a negotiation we may decompose the required

view into several views and seek other service providers for Definition 1 Workflow Correctness: A workflow iscor-
the other parts of the view. In this way, a single initial re- rectif and only if

guest may lead to the establishment of a VE comprising

multiple enterprises. A VE comprising multiple enterpsise 1. it has no conflicting temporal or resource constraints,
can also result when a service provider’s view includes out- 2. for each goal/precondition P, there is a task that

sourcing. We will elaborate on this in the next section. achieves P (the producer task), and it is ordered be-
The structure of an advertisement is the same as thatofa  fore the task that requires it (the consumer task), and
request. 3. for each goal/precondition P, no task that may negate

P can possibly be ordered in between the producer and

Advertisements: Ad = (P, G, AW) the consumer

where P = Service Provider Profile,

G =set of Goals, _ This notion of correctness is important as only correct
AW = Advertised Workflow View workflows can possibly be executed. Note that some work-
flows may contain preconditions that are assumed to be es-
tablished independently of the workflow itself. We will call
such preconditionspenwith respect to the workflow. A

It includes a profile, the set of goals accomplished, and a
workflow view encompassing constraints. The profile, in

addition to other information, may contain cost informatio ~. e
simple example of such an open precondition is a work-

for the workflow as a whole, such as minimum cost, maxi- flow for renting a car that assumes the precondition of hav
mum cost (cost with all nonvital steps), or both. The list of . 9 P

goals indicates what the advertised workflow actually does,'tng a drlv_er S Ilcertlse.t_\ll\tlﬁrkflrtl)ws Vk\)"th such (k))pendpr?[(r:]orlgl-
and may also include goals associated with nonvital activ- lons are incorrect until theéy have been comboined with other

ities. Such advertisements will typically be stored in the workflows that establish all open preconditions.

databases of trading servers. Each provider may have a S&bofinition 2 Workflow Completeness: A completework-

of adv_ert'tlzemerll:cls W'th the_ san:je_ﬁgoali but V;”th ? different flow is a workflow that specifies all tasks needed to achieve
associated workflow view (i.e., different constraints). its goals and preconditions.

To return to our example, an advertisement that would be

of interest to the travel agency would be for a business thatpefinition 3 Workflow Compatibility: A workflow is

specializes in Vienna cultural events, including operae Th compatiblewith another if none of its nodes conflict with
single goal “opera ticket purchased” is accomplished. Its any of the other’s (and vice versa).

workflow view includes the tasks “contact opera houses”,

“read current reviews”, and “purchase ticket.” This means that the temporal constraints, resource usage,
The VE environment is a distributed environment. It and postconditions of its nodes do not prevent the execution

consists of multiple businesses, acting as requesters andf the nodes in the other workflow (though they may place

providers, using services provided by negotiation areas orlimits on when those nodes can be executed). So for ex-

trading places. The trading places could contain databasesmple, a compatibility conflict between workflows arises if
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Figure 2. VE Environment

two tasks that use the same resource (e.g., equipment) areesource conflicts with existing commitments) will form
set to execute at the same time. Another example is a taslpart of the requested workflow vieMRgby extracting them

that dictates that a robot move to the printing room for the from the full workflow using projection. In addition to these
purpose of getting a faxed itinerary, which conflicts with a nodes, for each open precondition in the new view not sat-
task that moves the robot to another room that could be ex-isfied by the existing commitments (such preconditions will
ecuted after going to the printing room but before fetching be found by the merge process), a new place-holder node is
the fax. added to the view. Each of these new nodes represents a task

An alternative definition of the compatibility of two thataccomplishes one of the open preconditions, i.e.sit ha
workflows is that the workflow resulting from their union ©N€ Of the open preconditions set as its postcondition, and
is correct. We propose the notion ofraergewith the any associated temporal _a_nd causal links are applied. The
Workflow Repository for determining the compatibility of Complete set of postconditions of every nod&/Rqmake
a workflow with the currently scheduled workflows (in the UP the goal set of the request, In the simplest cas¥Rq
Repository). If the merge is successful, the new workflow would be a single node, with assquated Constra|_nts. More
can be committed and its execution enabled. If the merge isCOMPIex cases would involve multiple nodes and richer con-

unsuccessful, the new workflow is not compatible and the Straints. _ o _
business may consider outsourcing. Recall that projected nodes maintain all constraints and

conditions they had in the parent workflow, and may there-
fore include unsatisfied preconditions and temporal con-
straints referring to nodes not in the view. This is not reall

An effective merging process will check whether the
above requirements (correct, complete, and compatibde) ar

met, and will indicate where problems lie: what nodes are . o
o . . . a problem as they will be satisfied by non-outsourced nodes.
conflicting with others, which have unsatisfied (open) pre- o o
The preconditions, along with in-parameters, represent th

conditions, or which the business lacks the necessary ex- :
o . input to the outsourced view. Goals and out-parameters of
pertise (i.e., roles as resources) to accomplish. It may als
- . the outsourced nodes represent the output.
suggest additional temporal or resource constraints tkat a
required to ensure that they are met. However, it's desrabl )
to impose a minimal set of extra constraints, i.e., to previd 4. Outsourcing Scheme
a least-commitment response, as this allows increased flexi
bility to respond to changes that may arise during execution  |n this section, we discuss in detail the steps for outsourc-
The merge process can also be used to identify and coning and establishing a VE.
struct outsourcing requests. In the event of an unsucdessfu Let R be a Requester ané® be a set of providers
merge, any nodes from the new view that are indicated as{ P, ..., P,}. R has a set of workflows to which it is al-
problems by the merging process (those having irresolvableready committed, and which it stores in the WF Repository;



let us call themCR (commitment workflows at requester). condition would include the desirability of first consider-
Similarly, eachP; has a set of workflows already committed ing those that accomplish all goals, and only considering
to; let us call them' P (7). multiple, partial matches when all such are found. For each
Let Rq = (R, G,VRQ be a request oft for outsourcing  advertisement found and selected, the server must finally
with goalsG = {G,, ...G,,} and workflow viewVRq Each determine if it or any of its alternatives (involving diffsmt
P; can provide a set of alternative workflow viewls P;) combinations of nonvital nodes) can meet the constraints of
for achieving one or mor€&'; of Ryg. the request. This process continues until all advertisésnen
The problem of outsourcing is how to pick a set of work- that meet any goals have been examined, or some termina-
flow views S from the A(P;) of one or moreP; so that the tion criteria are met (such as a deadline for search time).
combined set satisfieB¢ and merges witlCR, and each For the detailed explanation, we will consider one such
A(F;) in it merges with its provider's' P (). Specifically, advertisement found and selected by the trading server that
such a set achieves all goals of the outsourced workflow, allaccomplishes all goals i@; let us call itAd1.
temporal constraints are satisfiable, there are no resource As shown in Figure 3, the service must determinédfi
conflicts, and for every precondition of every workflow ac- will satisfy the constraints in the request’s workflow view
tivity in CRandC P(:) there exists a causal dependency that Rq. To do this,Ad1 and Rq are first stripped down to only

ensures that the precondition will be met. vital nodes using projection. Temporal constraints of tihe v
Formally, we want a se® = wf; U wfz U wfs U...U tal nodes may need to be adjusted, as any referring to non-
wf,, wherewf; € |, A(F;), j =1,...,nsuch that vital nodes will be invalid. For any node that has such a

o postconditions(S) D G constraint, there are four possible situations:

(all outsourcing goals are met) 1. The nonvital node referred to has no constraints on its
® Vwf, € § postconditions(wfy) NG # ¢ time' : the constraint on the vital node can be dropped.
(each workflow achieves at least one goal) 2. The nonvital node has an absolute time: that time can

e compatible(S,CR) be used.

(S is compatible with the requester's commitments) 3. The nonvital node has a time relative to some other

e Vuf, € A(Py) compatible(wf,, CP(y)) vital node: the reference to that node can be used.

(each alternative workflow is compatible with its . . .
I : 4. The nonvital node has a time relative to some other
provider's commitments) . . .
nonvital node: that nonvital must be searched in the

The above suggests a solution that has three phases: same fashion for a time or vital node reference.
1. Finding a set of alternative workflows that satigly It may be beneficial to instead store such alternative con-
(Terms_ for the Estabpshmgnt ofa )/E straints with the vital nodes in order to save computational
2. Checking for the satisfaction 6f () time, though the number of nonvital nodes is likely to be
(Providers Validation of Terms and E-Service Bids small.
3. Check for the satisfaction @t Next the service attempts to bind the constraints of the
(E-Service Bid Evaluation vital-only view of Rq (called RqV in the figure) to the

stripped view ofAd1 (AdV in the figure). Binding adds
the constraints of the requested nodes to the corresponding
4.1. Phase 1° Terms for the Establishment of a VE nodes in the advertisement (those that have the same post-
conditions). If AdV cannot support the added constraints
(because they conflict with existing ones), the bind faits an
the function must backtrack to find a different advertise-
ment. Otherwise, the new bound advertised viBW is
added toA(P;), whereP; is the provider ofBV, and the
search continues for its variants that include nonvitalesod
The search for variants @&V considers combinations of
BV and nonvital nodes from the fulld1 and R¢g. This can

We elaborate on these phases in the next subsections.

As mentioned previously, we assume in this paper that
finding alternative workflow views that satisfy a requ&st
is a service provided by trading servers. Each alternative
view represents a term for the establishment of a VE. Dur-
ing this first phase the set$(P;) of alternative workflow
views are generated. These views accomplish the g@als

of Rq while not violating any of its constraints. For the sake ) .
of simplicity, we will assume in the rest of our discussion be achieved by the functicaddNodesthat adds a group of

that there is only one trading server nodes to the workfloV, restoring any modified temporal

The service searches the database of the trading SerVeﬁonstraints that referred to them. This is basically a merge
looking for advertisements that meet some or all of the re- PTOCESS: The addNodes function fails and returns null if the

quested goals. Which advertis_e_ments are examined first de- 1y “time” we mean either start or end time of the task, depegdin
pends on the selection conditions being used. One suchwhich the specific temporal constraint refers to.




resulting view is incorrect (i.e., the new nodes cannot be  Each service bid in the returned listis combined with the
added without violating constraints). If the function does rest of the original workflow to form a complete solution.
not fail, the resulting view is added té( ;). For each solution, a merge is attempted with the commit-
Itis interesting to point out that there is another possible ted workflows. Any that fail to merge are discarded. Those
method for this search: working in the other direction,tstar that successfully merge are correct views that each accom-
ing by adding back all nonvitals and then removing them to plish the outsourcing and that are compatible with both the
find correct alternatives. It is not clear which approach is provider’s and requester’s previous commitments.
better, but we intend to investigate this in future work. The requester may then evaluate these remaining views
In either case, the search will proceed until all possible to make a final decision as to which one will be used, which
combinations have been attempted or some other terminatikely involves cost comparisons.
tion criteria have been reached. As most views are expected
to have 3 or fewer nonvital steps, finding all possible com- 4.4. Multiple Partial-Solution Views
binations is not likely to be impractical. Once the search
has finishedA(F;) contains every alternative workflow so- In the previous discussion, we assumed the simplest case
lution for the workflowAd1. where there exist advertised views that accomplish all the
The service generates a sé{F;) for each P; with at goals of the request. However, in many cases there may
least one selected advertisement. The’;)'s created in  be no single advertisements that accomplish them all. This
this fashion are now sent out to their respective provider fo would require views from multiple advertisements to be
validation. combined in order to meet the requester’s needs. In order to
handle these cases, the described first and third phases need
4.2. Phase 2: Providers Validation of Terms and  to be enhanced.
E-Service Bids For example, in Phase 1, the search for alternatives must
also search for combinations of advertisements that accom-
The second phase of the outsourcing takes place at thélish all goals. The merge process can be used again to ver-
providers of the advertisements. Eagfreceives thei (P;) ify that these combinations of advertisements are compat-
generated for it in the previous phase, and must determinéble with each other in addition to meeting the constraints
whether any of the workflow views i ( P;) are compatible ~ of the request. For combined views belonging to a sin-
with its C'P(i). Each alternative basically represents a po- gle provider, the combination (and its alternatives inimdv
tential new incoming workflow to be scheduled. Recall that nonvital nodes) are grouped together as a single view.
such scheduling can be accomplished using the merge pro- The requester in Phase 3 must be aware that returned
cess. Thus, the provider attempts to merge each alternativ¢/iews do not necessarily accomplish all goals. Any E-
with C'P(i) independently. Any that fail are removed from Service bids that only satisfy some of the goals must be
A(P;). Those that succeed can be kept to form the basis forc_ombined with other returned views to form complete solu-
the service bid. Of course, i#(P;) is empty at the end of ~ tiONns.
this phase, then none of the views were compatible with the

provider's commitments. 5. Implementation
To generate the full service bid, each view remaining in
A(PF;) could possibly be expanded into multiple views if In our previous work, we proposed to use mobile agents

the provider wishes to add additional nonvital nodes (repre 5 5 platform for establishing VE’s [6]. Our goal is to im-
senting special offers or bonuses). Note that such addition plement our scheme described in the previous section on
would likely increase cost, but would possibly also inceeas g platform. The idea is to use mobile agents to per-
value. The provider may also rank the solutions in order of {5 the phases of the scheme. The requester dispatches an

preference or cost to help the later decision process. agent with its request. The agent visits trading serveis, an
Each provider sends its service bid to the requester to begpawns copies of itself to deliver alternatives to différen
evaluated in the next phase. providers. It then gathers all returned service bids togreth
and delivers the results back to the requester.
4.3. Phase 3: E-Service Bid Evaluation A core concept in our scheme for integrating E-Services

is the merge process. It is this process that verifies whether
In the third phase, the requester evaluates and selects aaor not different workflow views are compatible with each
E-Service bid. Of the views in the service bids returned other. It is also responsible for adding nonvital nodes to
by the providers, the requester must determine which areviews and verifying that a view is compatible with a busi-
compatible with itsCR This is done in exactly the same ness’ existing workflow repository. The merge process can
fashion as with the providers. even be used to generate the outsourcing requests.



Repeat
e Adl = Ad € DB | < selection condilions >
o AdV = projection(Adl, {a |a € Adl A a.significance = vital})

e RqV = projection(Rq,{a | a € Rq A a.significance = vital})

BV = bind(AdV, RqgV)
e Repeat

— Nodes = projection(Adl, selected nonvital € Adl) U projection(Ryq, selected nonvital € Rq)
— Bz = addNodes(BV, Nodes)
— IfBx # null - A(P;) = A(F;) U Bz

o Until all combinations of nonvitals found or terminationteria met

Until all Ads found that meek selection conditions > or termination criteria met

Figure 3. Service For VE Terms

Merging is not a trivial problem. It can be formulated of constraints are added. Plans with disjunctive temporal
as aConstraint Satisfaction Probleror CSP, with tem-  constraints are supported (for added flexibility), and dupl
poral features. The process must consider temporal con-cate hodes can be identified and pruned/combined.
straints, resource usage, and causal links (preconddiwhs Epilitis does not support the notion of significance (vi-
effects). There has been a great deal of research done otal vs. nonvital tasks). However these are implemented
similar problems by the Atrtificial Intelligence community in the higher-level layer that performs the phases of our
[14, 17, 20]. A number of formalizations have been de- scheme. Only this layer is aware of the vital/nonvital dis-
veloped for variations with more or less expressivity. The tinction. (This is the cause of some of the complexity in
two that most closely match our problem are the Disjunctive the search for alternatives, as all the different combamesti
Temporal Problem (DTP) and the Conditional Disjunctive of nonvitals must be attempted separately.) This layer also
Temporal Problem (CDTP). serves to interface Epilitis with a relational DBMS using

For solving DTPs we have developed and implemented Microsoft Access and MySQL that will be used to imple-
a new algorithm called Epilitis [16], along with algorithms Ment the Workflow Repositories.
that convert CDTPs to DTPs so that they may be solved by Thg current version of Epllltl_s is written in LISP, but us-
it as well. Epilitis builds on plan merging techniques used "g JLinker we have interfaced it to the rest of our prototype
in a tool called PMA (Plan Management Agent) [18]. Epili- WhICh is being Qeveloped in Jav_a. Th_e new version of Epili-
tis integrates a number of techniques for pruning the searchlS currently being developed will be in Java as well.
space, some of which are Conflict Directed Backjumping,
Removal of Subsumed Variables, Semantic Branching, andg. Conclusions
no-good learning. Epilitis is currently the most efficiefit a
gorithm for solving such problems, as experimental results  \yg are concerned with integrating E-Services for the es-
have shown that it is two orders of magnitude faster than 5 jishment of a VE, where such services are represented
the previous state-of-the-art solver, on synthetic berekm itk workflows. We have therefore created algorithms that
problems. make use of existing plan merging and temporal reasoning

In the prototype system we are currently developing, we algorithms from the Al literature. Our scheme is sound, in
will use Epilitis for the merging process at the WfMS and that the workflows it returns as possible merge candidates
the trading servers. The representation that Epilitisetgpe  are guaranteed to be correct. It is also complete, in that it
is nearly identical to our enhanced model of workflows; the will find all such candidates, given sufficient time. It fueth
mapping between the two is trivial. Merging with Epilitis ensures that the merge candidates are compatible with all
has all the properties discussed in Section 3. Any conflictin businesses involved in the VE. It can create the outsourcing
tasks are identified with explanation, and a minimal number requests based on identified conflicts, handle any number of



nodes and workflows to be outsourced, and is flexible in that [8] Davulcu H., M. Kifer, L. R. Pokorny, C. R. Ramakr-

it can build a VE using multiple providers, each with their ishnan, I. V. Ramakrishnan, and S. Dawson. Model-
own set of constraints. Our scheme also takes into consider- ing and Analysis of Interactions in Virtual Enterprises.
ation that workflows have both vital and nonvital steps, and Research Issues in Data Engineerii§99.
appropriately considers them in its search. [9] Georgakopoulos D., M. Hornick and A. Sheth. “An
In our proposed system, the merging process is builtwith Overview of Workflow Management: From Process
existing Al algorithms. The specific algorithm, Epilitis, i Modeling to Workflow Automation Infrastructure.”
the best algorithm available at this time. It has been imple- Distributed and Parallel Database8(2), 1995.
mented and is a fully functional and working plan merging [10] Georgakopoulos D., H. Sinha, K. Huff and B. Hur-
tool. Currently we are developing our prototype system. witz. “Monitoring Multi-organizational Processes.”
Our goal is to evaluate its performance in terms of speed Proc. of the 11th Intl Conf. on Parallel and Dis-

and memory usage. Another area we intend to explore is tributed Computing Systenysp. 7580, 1998.

its use as a plan/workflow repair system that would replace[1 ]

broken or invalidated nodes or views with alternatives; pos

sibly located in different databases on various machines.
Recently, there have been a variety of platforms devel-

1] Grefen P., K. Aberer, H. Ludwig, and Y. Hoffner.
CrossFlow: Cross-Organizational Workflow Manage-
ment for Service Outsourcing in Dynamic Virtual En-
terprises. Bulletin of the Technical Committee on Data

oped with business to business E-services and Virtual En- Engineering, 24(1):53-58, 2001

terprises in mind. E*speak [3] from HP, VorteXML [4], and
CrossFlow [11] are examples. These systems provide vari-
ous features for managing and monitoring VE’s, along with
some standards for communication. Such systems could

[12] Han Y. and A. Sheth. On Adaptive Workflow Model-
ing.Proc. of the 4th Int’'l Conf. on Information Systems
Analysis and Synthesigp. 108-116, 1998

potentially be augmented or used conjunctively with our [13] Jablonski S. et al. External and Internal Support Ser-

scheme for automated VE establishment. We will investi- vices i”,WOVKﬂOW Management Systenfgoc. of the
gate such possibilities as part of our future work. 11th Int’l Conf. on Parallel and Distributed Comput-

(2]

[3]

[4]

ing Systemspp. 81-86, 1998.
[14] V. Kumar. Algorithms for Constraint-Satisfaction
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