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Abstract

A virtual workflow specification is a formal description
of business process in the real world and whose execution
is done in a virtual organisation. Workflows are activities
that involve the coordinated execution of multy tasks
performed by different processing entities. Among the
processing entities are human resources. These latter
belong to an organisation or in a virtual organisation
and are bound by strict constraints. Defining a correct
execution of a workflow is very complex and error-prone,
specially when dealing with human resources. Only a few
works have addressed this problem and proposed some
approaches for the verification of the correct execution of
a workflow. These works do not tackel, in our known, the
human resource issue. In this paper, we first identify the
resource constraints in a workflow spacification. Then we
prove an innovative approach to the checking of the human
resource consistency in the virtual workflow specification.
The formal description is done in the Raise Specification
Language (RSL). The work reported in this paper provides
a theoritical foundation for virtual workflow modeling and
analysisin virtual workflow management.

Keywords: Workflow execution, Workflow correctness,
Human resource constraints, Virtual enterprise

1. Introduction

Workflow management has emerged as an important
technology to support the modeling, redesign and execution
of business process [13]. According to workflow manage-
ment coalition [6], workflow is defined as the computerised
facilitation or automation of a business process, in whole
or part. A workflow management system [5] is a system
that completely defines, manages and executes workflows
through the execution of software whose order of execution
is driven by a computer representation of the workflow
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logic [6]. Since the execution of workflows is not always
carried out by softwares, instate of using the world software
in the definition of workflow management system, we use
the term agent which denotes an entity capablein executing
workflows.

In order to support their executions, business processes
should be abstracted from the real world and then specified
using the workflow specification language. The result is
the definition of the workflow specification which contains
information formally describing various abstractions of a
workflow such as process, information and organisational
aspect [2]. Building workflow specifications is very
complex as stated in [13], and specially for the virtual one.
For example lack of synchronisation among organisations
in the use of human resources which introduce complex
constraints such as mobility and availability.

Defining a correct execution of a workflow is very
complex and error-prone, specially when dealing with
human resources. Only a few works have addressed this
problem and proposed some approaches for the verification
of the correct execution of aworkflow. These works do not
tackel, in our known, the human resource issue.

The definition of a correct execution of a workflow
remains problematic. Works that are carried out in this
area are limited to time constraints. Resources aspects
are neglected. Features - such as mobility, availability,
qualification - associated to resources are not sufficiently
used. In redity, the increasing number of demands of
services or goods requires enterprises to manage human
resources in order to satisfy the requirements of customers.
These requirements continue to grow the need to pro-
grammatically validate the outgoing products or services
attributes.  Qualifies resources are therefore needed in
order to deal with this challenge. The problem occurs
when an organisation does not have qualified resources to
deal with jobs, resources from another corporations are
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solicited. Thistask iscomplex asthe same resource may be
solicitated by other corporations. To tackle this problem,
we restrict ourself to enterprise human resources. We
propose an approach to specify a workflow execution in a
virtual enterprise based on the human resource constraints.
The methodology used is based on the identification of
the human resource constraints in a workflow spacification
and the checking of the human resource consistency in the
virtual workflow specification.

To handle rigorously customer’s demands, enterprises
cooperate by sharing their resources. In this respect,
they are using internet to penetrate new markets, sharing
supply chains in order to meet the challenge of the global
market [17]. Thisintegration has come out with new terms
such as virtual business process and Virtual Enterprise
concepts. A virtual business process of avirtual enterprise,
aso known as inter-organizational workflow [2], goes
beyond a single corporation boundary: it is constructed
by combining the services different enterprises provide.
To share resources, communication among enterprises is
fundamental, but it is preeminent in virtual organizations.
Without communication, the boundary-spanning among
virtual entitieswould not be possible. Given the burgeoning
interest in this emerging phenomenon, it is surprising that
very little empirical research exists on virtual organizations.
Specialy lacking are studies of communication processes
within virtual organization settings. We extend our work
with the design of an abstract protocol that enhances the
communication among enterprises for better resource
sharing.

The remainder of this paper is organised asfollows. The
next section introduces some settings on workflow speci-
fication. Section 3 discusses human resource constraints.
After that, we address the analysis of human resources in
the workflow specification in section 4, and define an ab-
tract communication protocol to enhance the sharing of re-
sources. Section 5 draws concluding remark.

2 The settings
21 Task

In theliterature the notion of task is confusing. Still now,
the defintion of task is not ontologically and formally clear
[3]. In this work, we denote by Task an atomic activity
which can be performed by a single resource in one step
[20]. The concept of task is not quite new in the model-
ing of workflows. All the workflow modeling approaches
consider this concept [4]. In most cases, the task concept is
defined as a state transition function, but does not specify
what is really changed in the state. Our approach to model

task is guided by the works of Allen on time temporal logic
in [1], and Robert Goldblatt on logic of time and computa-
tionin[10].

type
Task = State — State

By paraphrasing Leslie Lamportin [12], astateis an as-
signment of values to variables. One define variable as an
observer that can be found in the execution environment of
atask. Observerswill be assigned values in order to reflect
a concrete environment of execution of tasks. The observer
concept can also be compared to variable defined in Lam-
port’s Temporal Logic of Action [12]. From an observer
obv, we define an assumption propertz(obv) of type Con-
dition which may be satisfied by the state. A condition is
described as a function from state to the boolean type Bool.

type
Condition = State — Bool
value

property : Observer — Condition

Given atask ¢ and a state s the action action(t, s) of ¢ in
s isthe set of conditionsC'S, i.e action(t, s) = C'S, whose
values change by the execution of ¢ in s. One can therefore
by classified into orthogonal, concurrent, overlapping tasks
[16].

2.2 Business process

We model a business process by the abstract type BP.
Among its features, there is a set of tasks (tasks(bp)) to be
executed, the environment (env(bp)) in which the execution
will be carried out, the initial state from which the execu-
tion of tasks should start (init(bp)), the goals (goal (bp)) to
be achieved, the place where each task ¢ will be executed
place(bp)(t). Each business process is associated with a
valueid(bp) which identifiesit uniquely.

Some tasks need to be executed by the same agent, by
different agents, or do not have any requirement about their
execution. The features defined until now do not tackle this
issue.

Definition 2.1 (Separation of Duties) Let BP denote a
business process, the separation of dutiesin BP defines a
constraint among tasks of B P expressing the fact that some
tasks of B P require different resources for their executions.

This concept must be considered in the design of abusi-
ness process in order to support its execution asit allowsto
check if there is enough resources to perform the activity
to meet the deadline [7, 8]. To deal with the separation of
duties according to an activity A, we define two relations
between tasks. The first relation separate defines for each
task t the set of tasks separate(A)(t) that should not have
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the same performance ast . Thisrelation is required to be
symmetric, non-reflexive aswe do not alow any cyclic def-
inition within the relations succ and follow. We a'so require
that each task within the activity be associated with a set of
tasks with which it can not share the same performance. In
the same manner, some tasks will require the same resource
for their execution likein [9].

Definition 2.2 (Execution sharing) Given two taskst and
t' of an activity A, we say that t and t' have their execution
shared if the two tasks require the same resource for their
execution.

If tisatask of A, common(A)(t) definesthe set of tasks
whose executions require the same resource. This relation
common is required to be symmetric and transitive, and
we require that all tasks be associated to a set of tasks with
which they share the same performance.

In the definition of an activity, some tasks will reguire
being executed only one at a time, others on the contrary
will require being executed many times. Therefore, the
models defined until now do not give information on the
number of times a given task within an activity will be
executed.

Definition 2.3 (Task’srepetition) Let t be a task of an ac-
tivity a, the repetition of t defines the maximum number of
timest may be executed.

For a task t defined in the activity a, repeat(a)(t)
denotes the number of times t should be executed.
We also require that each successor and each direct
successor of t be associated with a quorum, that is
succ(a)(t) C  dom quorium(repeat(a)(t)) and
follow(a)(t) C dom quorium(repeat(a)(t)).

The execution of tasks does not only depend on the
relation between them but also on some externa events
such as the availability of resources needed to be consumed
during their execution. Therefore, defining the different
relationships between tasks defined within an activity does
not give al the information about the task execution.

Thereisan important difference between conditional ex-
ecution and alternative execution which denote the execu-
tion depending on the execution of the workflow, and the
execution depending on the environment and the execution
of the workflow [8]. Therefore, we define, two categories
of conditions. partial and execution conditions.

Definition 2.4 (Partial Condition of atask) The partial
condition of a task is a condition whose value only depends
on the execution of its direct precedents.

Let A denoteabusinessprocessand ¢ atask of tasks(A),
the partial conditions are defined for every successor and
follower of ¢ that is dom partial _constraint(a)(t) =
succ(a)(t) U follow(a)(t).

Definition 2.5 (Triggering Constraints) The triggering
congtraints define the conditions in which tasks in the
business process may be executed.

The execution of a task, except a minimum task, de-
pends on the execution of its precedents. The trigger-
ing conditions are built from partial constraints using the
boolean constructors. If ¢ is a task of an activity a,
that is ¢ € tasks(a), and s a state of a such that ¢
is triggered in s i.e val(ezecution_constraint(a)(t), s)
and t' is a follower of ¢ then ¢’ is triggered in t(s) i.e
val(execution_constraint(a)(t’),t(s)).

2.3  Workflow mode

Organizations will have to come to deliver products and
servicesin the global marketplace within time and resource
congtraints [2]. The trends for e-commerce along with
increased global networking economies are real and are ac-
celerated. We believe that the way organizationstackle this
issue will define the difference between them. A number of
concepts must be taken into account if organizations are to
efficiently deal with this new challenge. The management
of al this information depends in part on the enterprise
workflow specification.

A workflow is represented by two main concepts. the
process description which is composed of work items, the
ordering between them, the conditions under which work
items are executed, the set of agents involved in executing
these worksitems, the starting time for its performance and
the deadline for delivering goods or services. Formally a
workflow w f is defined by a business processto beruni.e
bp(wf), and the time constaints associated to this perfor-
mance, that isthe starting time startime(w f) and the com-
pletion timei.e deadline(w f). Since these two last values
may not be defined for all workflows, they are values of the
variant time concept TimePlus which better handles this
situation. We denote by the abstract type W FID theiden-
tity of aworkflow.

The concept of Timeplus is specified as follows
TimePlus == undt|time(construct : Time) where the
value undt expresses the undefined time, and values of the
form time(t), wheret is obtained from the time generator
construct which is a partial function defined from Timeplus
to Time, is of type TimePlus. The generator construct is
partial which meansthat it is defined for the values of Time-
plus different from und.
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24 Workflow mplementation

Once the business goal has been defined, it is necces-
sary to check how it can be fulfilled. Thisis defined by the
execution path [15] also called procedure [21] which satis-
fies the associated business goal. A business goal may be
associated to several execution paths. The designer of the
business process must ensure that the associated business
process will always be met if the associated resources are
available. This may not be true in general. This is why
in other approaches, the soundness property [19] has been
defined. To deal with the soundness property, we should
ensure that the business process can be executed. To meet
this requirement, we first define what we understand by an
implementation of abusiness goal.

Definition 2.6 (Implementation)

An implementation, the type Implementation’, is a list
of couples composed each by a state S and a set of tasks
TS such that their execution does not overlap in S that is
orthogonal (TS, S).

type
Implementation = (State x Task-set)*

When T notes an implementation, S and S’ are the k"
andthe (k+1)t" state respectively, then S’ is obtained from
the action - compute - of the orthogonal tasks TS in S, i.e
S' = compute(TS, S).

Definition 2.7 (Execution) An execution E, definesthere-
sources dealing with the achievement of tasks, that is if ¢
is a task then exec(E)(t) defines the resource in charge
of its execution, and the associated time intervals and
execperiod(E)(t) within which the achievements are per-
formed in one shift.

3 Human resource constraints specification

For a job to be executed in an enterprise, some human
resources (agents) are needed. An agent is modeled as an
entity that hasthe ability (skill) to performwork items. This
consideration is based on the achievement of work items
which itself is based on the notion of skill and delegation.
In the modeling of agents, we will be consedering other
aspects such as mobhility [18]. The agent concept allows to
deal with the organization perspective of aworkflow design

(17].

The concept of skill [11, 14] is one of the main con-
cepts in enterprise business process modeling and human
resource management. To ensure the performance of jobs
requiring human resource in the enterprise, the manager

should check not only the available of employees but also
those who have the skill to perform them. Thus, each skill s
should is associated to a none empty set of tasks tasks(s).
One defines the relation among skills.

Definition 3.1 (Heritage) The heritage definestherelation
among skills. If sand s are two skills, such that ' herites
from s then the set of tasks associated to s is contained in
the associated set of tasks of s’ i.e tasks(s') C tasks(s),
we then write herite(s, s').

One requires each agent ag to be associated with a
non empty set of skills dom skills(ag). Moreover,
we require each skill s € dom skills(ag) to be as-
sociated with the set of tasks that ag can execute i.e
tasks(s) C skills(ag)(s).

In some enterprises, like in [9], experienced employees
are required to deal with work items. In some other enter-
prises, managers are embarassed to choose an employee to
perform a job when dealing with many employees having
the same skill. One of the solution is to choose at random
an agent. But this does not always work as the less expe-
rienced employee will take more time to perform the task
[22]. One way to tackle this problem is to consider the ex-
perience of the employeesin the workflow specification.

Definition 3.2 (Experience) Let ag and ag’ be two agents
and s denotes their common skill, we say that ag is
more experimented than ag’ regarding s, and we write
experience(ag,ag’, s) if skills(ag')(s) C skills(ag)(s).

To deal with the management of employeesin the enter-
prise, the manager must be able to define the availability of
employeesat any moment, but also to deal with the unavail-
ability of some employees dueto sickness, holidaysor rest-
ing which determine the stochastic and determinictic events
[4]. To deal with this event, one needs to keep track of the
schedules for each employee.

Definition 3.3 (Schedule) A schedule E is characterised
by time interval period(E) and the purpose purpose(E) for
which thetimeis used.

The purpose can be a job to execute or an event - the
type (Onlive) - that may make an agent to be off from the
organisation.

Definition 3.4 (Diary) Adiary - thetypediary - definesan
ordered sequence of schedulesfor a given agent.

This sequence is ordered occording to the time intervals
associated to schedules, and these slots of time do not over-
lap as an agent may not deal with more than one purpose at
the same time.
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An agent may movefrom one placeto another. The spec-
ification of a workflow should consider the mobility as an
agent can get to place from which the execution of a job
becomesimpossible. The system must the be able to detect
thisfailure and look for another agent that can deal with the
underlined job or inform the manager.

4 constraints consistency for virtual work-
flow specification

As mentioned earlier in this paper, resource conflicts
are caused by inadequate representation between resources
congtraints and jobs defined in the workflow execution.
These constraints are required to be identified and removed
from the workflow specification.

Definition 4.1 Wthin each shift in the workflow execution
R, the execution is said to be valid, noted by valid(R), if
all the resourcesinvolved in the execution of tasks have the
required skills for their achievement.

When resources have been defined for the achievement
of tasks within a workflow, it is not clear whether they are
idle or not. Based on this limitation, one defines the feasi-
bility of a workflow.

Definition 4.2 (Feasibility of a workflow) A workflow w f
is said to be feasible within an enterprise Org if all the
resources involved in each run rn of wf are availablei.e
allfree(org,rn).

In general, workflow will not always be feasible as some
resources involved in the execution may be occupied dur-
ing the period of achievement due to sickness or events that
prevent him to carry out the execution. One then definesthe
relaxed feasibility of a workflow execution.

Definition 4.3 (Relaxed feasibility) Let Org be an enter-
prise, wf a workflow required to be carried out in Org,
then w f isrelaxed feasibleif w f all the resources involved
in the execution of tasks of an existing run are available,
and belong to Oryg.

Among events that can prevent resources to execute the
assigned jobs, are their mobility. During the execution of a
workflow, one should be able to define the location of each
resource and compute the duration that made to move from
one place to another. We assume that each resource when
moving has a device that can communicate information to
the organisation. However, during his mobility, he can be
connected or disconnected from the organisation [23].

Given an enterprise Org dealing with roving agent
M Ag, and a workflow w f, the mobile agents involved in
the achievement of of wf have the following properties:

e al the mobile agents of Org involved in the execution
of wf areal connected i.e connect(M Ag, Org),

o All the mobile agents involved in the achievement of
wf have enough time to potentially perform the jobs
assigned to them in Org i.e ontime(M Ag, Org).

Definition 4.4 (Required Workflow) A workflow wf is
said to be required required(Org,wf) within an en-
terprise Org dealing with the mobility of agents if all
the mobile agents are connected, and have enough time
to move from their current place to places they are re-
quired to perform jobs, that is connect(M Ag, Org) and
ontime(M Ag, Org).

The workflow will not always remains is this state as
some mobile agents may be discinnected from the organ-
isation. At this time, one cannot guarantee the completion
of wf.

Definition 4.5 (Potential Workflow) Aworkflowwfissaid
to be potential i.e potential(Org,w f) within an enterprise
Org scoping with the mobility of agents, if some mobile
agents involved in the execution of wf are not reachablei.e
connected(Org,wf) = false.

Definition 4.6 (Unachievable Workflow) A workflow wf
is unachievablein an enterprise Org if some mobile agents
involved in its execution do not have enough time to
reach places where they are required to perform jobs i.e
connected(Org,wf) and ontime(Org,wf) = false.

Based on what has been defined so far, one can no-
tice that all the goals of the within an organisation can-
not sometimes be met by considering agents of a single
enterprise. Therefore, enterprises handle business goals
rigourisly by communicating among them in order to share
their resources (agents) [2]. The verification of the correct-
ness of the execution in the resulting enterprise noted by a
virtual enterpriseisvery complex asit may concern not only
the assignment of jobs to agents but also the consistency of
agent schedules. One must avoid that an agent be assigned
more that one job within atime interval.

Definition 4.7 Given a workflow w f to be executed within
avirtual ve enterprise, we say that w f is correct if the re-
sources involved in the achievement of the associated tasks
have the skills to perform them, are idle within the execu-
tion period, and if the agent is not in the place where the
execution will take place then there should be enough time
to reach the place on time.

Let Ag be an agent assigned atask 7" within aperiod P,
teost(ve, place(ve, Ag), place(T)) the duration to move
from the place place(ve, Ag), defining the current location
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of Ag, to place(T") the place where the execution should be
carried out. Thetravel cost includes the duration jobs to be
executed if existed before the performance of the ultimate
job.

If T'm denotes the time during which Ag isin the place
place(ve, Ag) then Ag is on time to perform 7' means that
T'm + tcost(ve, place(ve, Ag), place(T)) < start(P).

The routing of tasksto resourcesin avirtual enterpriseis
very complex as most of them can be involved in more that
one workflow execution at the same time. For correctness
purpose, we extend this work by defining an abstract proto-
col dealing with the assignment of jobsto agentsin avirtual
environment.

5 Abstact communication protocol

When an enterprisefail sto satisfy thegoal of agiventask
for lack of agent, it sends arequest to the enterprises form-
ing the virtual organisation to get if possible an agent that
can deal with this task based on its time constraints. Each
enterprise reacts by sending the failure to get the required
agent or information of the agent that can execute the job.
Each enterprise provides a repository inbox(Org) (a data
base) to keep track of the requests sent by enterprises that
need share the execution of their workflows.

The modelling of the framework of these databases
and requests can be defined as follows, where the func-
tion snd_request denotes the primitive used to send a
request. One requires that for a request rg to be sent
by an enterprise org, that the goal of the associated task
- task(rq) - can not be met in org, this requirement is
denoted by unachievable(task(rq),org) if the following
Raise’s code.

The requests received are treated in order to get the re-
quired resource. The request is met if a resource has been
defined for the achievement of the task, and there is enough
timetotravel, if required, in order to executethetask. Inthis
case the enterprise from which the resource bel ongs, and the
period of the execution of the task are returned. those con-
cepts are captured in the abstract type Assign. In the case
the request cannot be met, an undefined response und is
returned. One defines atype RP to consider the two cases.

A request rq is satisfied by an enterprise org if one can
define an instance of the type Assign. Therefore, an in-
stance asg is defined for arequest rq if a qualified resource
rs has been found - that is qualified(rs,task(rg),org)-, can
reach the place to execute the job ontime - that is if p
and p' define the location of rs and the place to execute
task(rq) then tcost(ve,p,p') < start(period(asg))
- and rs is idle within the period period(asg) that is

free(rs,period(asg),org).

In the case the request is satisfied, a notification is

sent to its sender and to the enterprise from which the
resource has been found. Thus, the system supporting
the communication in the virtual enterprise must provide
software components for the notification to the sender of
the request and to the enterprise owner of the resource.

The modelling of these software components is given
by the following functions notify and noti fy_owner desc-
cibed below. The definition of these function uses the term
share(org) to keep track on resourcesinvolved in the plan-
ning process of external workflows, while get _rp(ve,rq)
denotes the identification of the resource chosen for the ex-
ecution of the task task(rq) associated to the demand rq.

Since different workflows can be planned concurrently,
and a resource can be assigned tasks such that it becomes
overloaded, the virtual enterprise manager must be able to
detect it and find another resource which can deal with the
execution of the resulting task of the request.

Requirement 5.1

The system dealing with the management of requestsin the
virtual enterpriselevel must away of checkingif aresource
to which a task has been assigned within atime interval is
also involved in the execution of another task whose period
overlaps with the current period. In this case, there should
be away to determine, if possible, another resource for the
achievement of the task.

Definition 5.1 (Reserveed Resource) Given aresourcers
in a virtual enterprise ve, and a request rq, s said to be
reserved for a the performance of task(rs) if the period
p within which rs is required to perform task(rq) over-
lapswith a a period p’ within which another task has been
planned for execution.

Definition 5.2 (Performable Task) Let ve andrq denotea
virtaul enterprise within which the resource chosen to per-
form the task of the request rq is reserved, we said that
task(rq) is perormable is another resource can be found
for its execution.

When the demand has been handled by the manager
of the virtual enterprise the result of the request is sent to
sender of the request and to the enterprise from which the
resource, if any, has been found for the execution of the
associated task. Thisisdone by the the software component
noti fy described previously.

When the enterprise has received the response from its
request of resource, if the required resource has been found,
it is inserted in the run of the resulting workflow, else the
goal pursued by the workflow cannot be achieved. If thereis
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no resource available to deal with the execution of atask in
thevirtual enterprise, the workflow should be rejected from
the enterprise as the customer goal cannot be achieved, and
its partial plan of execution made should be cancelled.

Property 5.1

When the partial plan of the execution of aworkflow is can-
celled, the resources used in this plan should be rel eased.

Requirement 5.2

The decision support system for decision making in the vir-
tual enterprisemust provide asoftware component in charge
of discharging resources from the execution of tasks whose
periods overlap with the time interval swithin which the ex-
ecution of atask is confirmed.

In the case the execution of aworkflow is satisfied within
avirtual enterprise, the diaries of the external resourcesin-
volved in its achievement are updated in their enterprises
and in the virtual enterprise.

6 Conclusionsand futurework

Before a workflow specification is deployed and put
into operation, it should be verified for its correctness.
However, workflow specification contains information for
representing various aspects of a workflow, which makes
the workflow verification being too complex. Among them
are information related to human resource. The previous
work on workflow correctness and verification was based
on its structure and did not tackel the human resource
constraints.

This paper discusses tha analysis on the human resource
resource constraint of a workflow specification and defines
different abstractions of workflow correctness, and human
resource constraints. One first defines the correctness of a
workflow within an enterprise. Secondly, this correctness
has been extended to the mobility constraints of the human
resources, and finally by their sharing in a virtual organi-
sation. This paper does not tackel the management of the
loads among human resource, as some person may be over-
loaded than others. So, a future work is to distribute load
among resources in such a way that an overloaded agent
cannot be found.
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