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Abstract

Congder the task force assgnment problem that takes
place from time to time in a company. The daff in the sale
office received the query of a potential order. However, the
sale saff cannot make the decision alone because there may
be other decison makers involved in the decison making
processes of the order.  Traditionally, the sale gtaff needs to
contact the affsin other departments for cogting, production
planning, purchasng of meterials and delivery of the
required products in the order. The sale staff mugt follow-up
all the processes before a final decision can be maede for the
order. To follow~up all the processes, the sale staff may apply
a varigly of communication tools, including mobile phone,
PDA, PC, email and other workflow software, to contact the
other daffs reevant to the decison meking whenever
necessary. The lack of integration among different software,
hardware and systerms makes it difficult for a sale daff to
effectivdly make decison in collaboration with other gaffs.
Moativated by the above shortcomings of the existing practices,
our research aimsto propose an effective workflow modd for
the above task force assgnment problem We have proposed
a methodology to modd task force automation application
based on Petri nets To describe a task, we moddl its
workflow information with a Petri net. To model a
member’s state, we adopt Petri net to model the
activities of team member, where a set of places denote
the states of a member and a set of transitions
represent the change from one state to another. By
combining the model workflow Petri nets with the
activity Petri net models, we obtain an overall Petri
net model to monitor the task execution.
Keywords: Workflow, Petri  net,
Automation.
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1. Introduction

Consider the task force assignment problem that
takes place from time to time in a company. The staff

in the sale office received the query of a potential order.

However, the sale staff cannot make the decision alone
because there may be other decision makers involved

in the decision making processes of the order.
Traditionaly, the sale staff needs to contact the staffs
in other departments for costing, production planning,
purchasing of material and delivery of the required
products in the order. The sale staff must follow-up al
the processes before a final decision can be made for
the order. To follow-up al the processes, the sale staff
may apply a variety of communication tools, including
mobile phone, PDA, PC, e-mail and other workflow
software, to contact the other staffs relevant to the
decision making whenever necessary. The lack of
integration among different software, hardware and
systems makes it difficult for a sale staff to effectively
make decision in collaboration with other staffs.
Motivated by the above shortcomings of the existing
practices, our research aims to propose an effective
model for the above task force assignment problem
based on context-aware computing technologies.
Context-aware computing [1]-[7] is becoming more
and more important with the wide deployment of
ubiquitous/pervasive computing infrastructure. In this
paper, we focus on application of context-aware
computing technology in task force automation [8].The
task force automation process is driven by the arrival
of a potential order. Depending on the requirements of
the order, atask workflow will be formed to determine
whether the order should be committed. Typical
business workflows usually require the formation of a
collaborative network to solve the problem or process
the task. Although collaborative network formation has
been studied in literature, how to achieve effective
collaborative network formation by taking the
advantage of context-aware computing technologies is
an important issue. The goa of this research is to
propose a formal model for modeling and verification
of the collaborative networks formed in a context-
aware computing environment. To describe the context
of a task, we model its contextual information with
Petri nets [9]. With the proposed Petri net models, we
propose a methodology to facilitate the design and
analysis of context-aware task force automation
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applications.

The remainder of this paper is organized as follows.
In Section 2, we introduce the task force automation
problem. In Section 3, we propose resource activity
models and workflow models in Petri nets. In Section
4, we propose a complete workflow monitor Petri net
model. We conclude this paper in Section 5.

2. Task Force Automation

Task force automation is concarned with dlocation of
resources to achieve a oartain busness objective in atimdy and
fident menner. Typicdly, a vaiety of resources are involved
in the processss to accomplish a task. FHg. 1 shows different
Seps throughout the lifecyde of handling an order, from e,
acocounting,  recdving, menufacturing,  quity  assurance,
packaging to shipping. Each sep requires disinct resources for
processing. For example, in sde ep, de ddfsareinvolved in
the negotiation as wdl as contracting. Cogting of the order
requires the asidance from the accountants Therefore, a
message is forwarded to the accountants for cogting. Once the
order contract is established, it will be rdeased to the shop floor
for production. In the production process, different operatorsand
mechines are assigned to perform the rdlevant operations Each
find product is then forwarded to the qudity control gaff for
examination. Once the required qudified products are available,
the operators package and then ship the productsto the cusomer.
The above scenaio exhibits a very complicated process flow
and intensve messging and interactions between different
workersin the team. How to effectivdy manage the concurrent
workflowsaswell as messgesin thesystemisachdlenge

'
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Hg. 1 Task Forceand Adtivities

Traditionally, the sale staff needs to contact the
staffs in other departments for costing, production
planning, purchasing of materials and delivery of the
required products in the order. The sale staff must
follow-up al the processes before a final decision can
be made for the order. To follow-up al the processes,
the sale staff may apply a variety of communication

tools, including mobile phone, PDA, PC, e-mail and
other workflow software, to contact the other staffs
relevant to the decision making whenever necessary.
The lack of integration among different software,
hardware and systems makes it difficult for a sale staff
to effectively make decision in collaboration with other
staffs. Motivated by the above shortcomings of the
existing practices, our research aims to propose an
effective model for the above task force assignment
problem based on context-aware computing
technologies.
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Hg. 2 Architecture for workflow task force automation

We assume each worker is equipped with a mobile
phone that is used for communication with other team
members. Although mobile phone provides a
convenient media for communication, only short
messages can be transferred via mobile phone due to
its limited computing capabilities and display area.
One of the design issues is to deliver the required
information only to avoid overloading the mobile
phone as well as the users. Another issue is to
effectively enact the execution of operations to
accomplish the task. Fig. 2 shows our proposed
architecture for context-aware task force automation.
In Fig. 2, the contextual model repository is used to
capture the context of interest to different types of
team members and that of task workflows. The
information to be delivered to different membersin the
system varies depending on the role of the member
involved in carrying out the task. The workflow
manager aims to provide a mode to monitor the
progress of tasks that are needed to fulfill an order. A
team member usually needs to participate in different
parts of the task workflows. Depending on the role of a
team member, the communication devices accessible
vary. How to generate the context-aware information

Operator 1
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to guide a team member using a variety of different
types of communication devices to collaboratively
accomplish the task is a significant design issue.

Fig. 3 illustrates the proposed processes to compose
a workflow monitoring model for task force
automation. The inputs of the processes include
resource activity models as well as workflow models.
To monitor the progress of each workflow, aworkflow
monitor model is constructed for each task.
Construction of workflow monitor model is obtained
by taking into account the interactions between the
resource activity models and the relevant workflow
models of the tasks. A context composition procedure
is needed to combine the resource activity models and
the task workflow model into a workflow monitor
model. Based on the workflow monitor model, the
active user context elicitation procedure identifies the
active user context corresponding to the current state
of the workflow. Once the active user context has been
identified, it can be used to guide the user to perform
the next actions to accomplish the goal of the task
force.

Workflow
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Resource
Activity Model
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3. Resource Activity and Workflow Models

To facilitate automated generation of context-aware
guidance information for each team member, an
appropriate contextual modeling approach must be
adopted in this paper to capture the interactions
between the individual contexts of the team members,
the contexts of different task workflows as well as the
contexts of the communication devices accessible.
There are two requirements in selection of models.
First, the model must have well-established formal
mechanisms for modeling as well as analysis. Second,
the model must be accompanied with a standardized

interchange format. Petri net [9] is a model that meets
these two requirements. Therefore, we adopt Petri nets
to modd the contexts. The advantages of applying
Petri nets formalism to model and analysis of a
context-aware system can be summarized as follows.
First of all, the graphical nature of Petri nets can
visualize sequences of firing via token passing over the
net. Second, Petri nets have well-established formal
mechanisms for modeling and property checking of
systems with concurrent, synchronous and/or
asynchronous structures. Third, the mathematical
foundation of Petri nets can anayze structural and
dynamic behaviors of a system. These advantages
make Petri nets a suitable modeling and analysis tool.
Furthermore, the emerging Petri Net Markup
Language (PNML) [10] isa preliminary proposa of an
XML-based interchange format for Petri nets. PNML
makes it possible for individual companies to exchange
their process models in Petri net. In this paper, PNML
is used for sharing and exchanging the process models
of participantsin ateam.

A Petri Net (PN) (Muraa, 1989) G is a fivetuple G =
(P, T,1,0,my), where P isafinitesst of places, T isa
finite st of trangtions | < P xT isa s of trangtion input
acs O < T xPisast of trandtion output arcs and
my : P — 2/l istheinitial marking of the PN with Z asthe st
of nonnegative integers. A marking of G isavedtorm e Z‘P‘
thet indicates the number of tokensin each place under adate
°t denotesthe st of input places of tranditiont . A trandtiont is
enabled and can befired under miff m(p) > 1(p,t) Vpe't.
Firing a trangtion removes one token from eech of its input
places and adds one token to each of its output places A
making m' is reechable from m if there exids a firing
squence € hbringing m to m' . The reachability =t
R(m,) denotes dl the markings rescheble from my, . A Petri
e G=(P,T,1 ,0, m)is live if, no mater whet
merking hes been reached fromm, it is possble to ultimetely
fire any trangtion of G by progressing through some further
firing sequence.

To model a task workflow in Petri net, we use a
place to represent a state in the workflow while a
transition to represent an event or operation that brings
the workflow from one state to another one. The
workflow of a task w, is modeled by an acyclic
sequential marked graphW,= (R, ,T,,1,,0,, M),
where the set B, of places denotes the production states
whereas the set T,, of transitions denotes the operations.

Definition 3.1: The workflow of w, is an acyclic
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sequential marked graphW, = (B, , T, 1,,0,, My).
As each transition represents a distinct operation in a
tak, Ty T, =@ for j=k . Each W, has a find

transitiontnf whose firing terminating the task.
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Fig. 4 A typical task force workflow
A workflow only specifies the sequence of operations to
complete a task. Each operation in a workflow consumes a
number of different types of resources. In task force
automation systems, the set of resources indudes e gafs
accountants, operators, etc. In addition to the workflow
specified by W, , the activities for each type of resources must
a0 be specified. Each resource may take part in some of the
operations in different workflows A resource may vist
different states throughout the lifetime of its usage in
performing various operationsin the workflows. For example,
a sde gaf may be busy with a number of orders. The sde
gaff will return to idle Sate after the tasks are finished. For

another example, a shipping operator may be in either busy

date or idle state. Depending on the location, the shipping
operator may be in different busy sates. A mechine may be
dther in ide gae or in busy dae A qudity assurance
operator may a0 bein different sates depending on thetime,
schedule, location and the products to be ingpected. To
fadilitate monitoring and control of resource dlocation, a
modd is required to capture the activities of each type of
resources
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Fig. 5 Activity Petri net models
An activity is a sequence of operations to be performed and
dates to be visted by a certain type of resources. We use a
place in Petri net to represent a Sate in the resource activity.
Each resource has an idle sate. Each resource activity darts
and endswith an idle state. For example, condder the resource

adivity A, = pqtpt, for a sde saf in Fg. 5.
Face p,, denotes the idle state of a sde daff. Hring
trangtiont; movesthe sde staff from the reception of an order
inquiry reques to the inquiry dae  Resource
adtivity A%, = p; ,t, Potsin Fig. 5 represents the activity of an
accountant, where place p, , denotes the idle state of an
account. Fring trangtiont, moves the accountant from the

inquiry date to the coding date A resource adtivity is
described by acircuit in Petri net. A dreuit indicates that the
resource activity incdudes resource dlocation and de-alocation.
Let R,, denotethe set of resource typesrequired to performthe

opertions in W,, . For the workflow W, in Fg. 4,
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Ry ={ 1,15, 13,1400, T2, 13: 114 } - FiQ. 5 shows the resource
adtivities corregponding to theworkflow in Fig4.

The Petri net modd for the k—th activity for a type
r resources where r e R, , is desaibed by a Peri

net AX defined asfollows

Definition 3.2: Petri net A= (P, TX,1 X, 0%, m*) denotes
the k —th adtivity for a type- r resources, wherer e R, .
Remarkthat TX N T = d fork = k'

Let K, be the number of activities of a type- r resources
LetQ] <{123...,K,} denote the st of type-r activity IDs
inW, . Theinitid markingmf is determined based on the set
of resource tokens dlocated to the k —th activity. More
specificaly, m,k(pr) is the number of resources dlocated to
place p, , where p, istheidle place of type- r resources

A= ArllHArleArsl

Fig. 6 A Petri net model for resourcerl

4. Workflow Monitor Model Composition

The complete Petri net modd of a processis congructed by
combining the resource activity modds with the workflow
modd to take into account the interactions between resources
and the workflow. To combine resource activity modds with
the workflow moddl, we define the operator * | * asfollows

to merge two Petri net modds with common trangitions,
places and/or arcs The operator “ || ” can be eedly
implemented based on the incidence matrices of the Petri nets.
By applying the “|| " operator, resources involved in an

operdion are synchronized 0 tha the operation can be
executed.

Definition 41: Given two Peri nes N; =
(P, T, 13,00, my ) and Ny = (P, Ty, 15,0,, My),
Ny N, =(P , T ,1,0,my), whee P=P,UP,,
l1(p,t)if peRandteT,
I,(p,t)if peRandteT,
O;(p,t)if pePandteT,
O,(p,t)if peP,andteT,

T=T,UT, , I(p,t):{

O(p,t):{ , and
(my(p)if peP,
mO(p)_{mzo(p)if peP,
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Fig.7 Workflow monitor Petri net
Definition 4.2: The complete Petri net model to process

workflowW,, is modded by G, =, . A [W,, , where A =

k
keQy, A' :
Based on the compaosition operation defined in Definition 4.1
and Definition 4.2, we may condruct the complete Petri net
modd . Fig.7 showsG,, =
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With the complete Petri net model, the state of the
system can be captured, represented and predicted
conveniently. For example, we may apply the
reachability tree method to predict the dynamic
behaviors of the workflow system.
GivenG=(P,T, 1,0, my) with an initid markingm, , the
reechability grgph can be generated with the following
dgorithm.
Reachahility Grgph Congtruction Algorithm RGC(m)
Input: G, m
Output: RG = (N, A)
Sep0: N« @
A<D
Find the incidence matrix K of G
Step 1: If mg N
N <« Nu{m
For excht; €T,
Ifm'(i) = K(i, j) + m(i) > OVi
Cregtearca(m, m’)
A« Auf{a(mm’)}
RGC(m')
End If
End For
End If
Generally, the reachability graph may either contain
safe markings as well as unsafe markings. Evolution to
unsafe markings is undesirable. Therefore, we must
identify the subgraph of a reachability graph that
contains safe markings only. Construction of the safe
subgraph of a reachability graph can be efficiently
achieved by applying the strongly connected
component from the reachability graph.

5. Conclusion

In this paper, we focus on application of context-
aware computing technology in task force automation.
Consider the task force assignment problem that takes
place from time to time in a company. The task force
automation process is driven by the arrival of a
potential order. Depending on the requirements of the
order, a collaborative network needs to be formed to
determine whether the order should be committed.
Although collaborative network formation has been
studied in literature, how to achieve effective

A A5 5 s A A A A A A

collaborative network formation by taking the
advantage of context-aware computing technologies is
an important issue. We propose formal Petri nets for
modeling individual contexts of the collaborative
networks in a context-aware computing environment.
Based on composition of the individual context models,
workflows can be monitored. Our future research
directions include theoreticad development of
supervisory control algorithms for the class of Petri
nets proposed in this paper, implementation of the
model composition mechanism and prototype design
based on our proposed system architecture to facilitate
the generation of user interface for task force
automation applications.
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