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ABSTRACT: Time management is an important
function of workflow management systems. The
corresponding aspects include calculating the
process execution time, identifying the critical
path of a workflow process, avoiding the violation
of time constraints such as deadline violations,
time distance violations, satisfying Fixed Date
Constraints and time difference constraints. Six
time constraints are given in this paper and the
method for identify the critical path of a workflow
process is given accordingly. With the time constraints the workflow designers, executors and
managers can do better in the workflow modeling
and workflow running.

flow through the execution of software whose execution order is driven by a computer representation
of the workflow logic. A workflow management
system usually consists of three parts: (1) the buildtime functions, which are responsible for defining
and managing the workflow processes; (2) the runtime functions, which are responsible for executing,
monitoring and managing the workflow processes in
an operational environment; and (3) the run time interactions with human users and application mechanisms for processing the activities. A workflow
management system consists of software components to store and interpret workflow definitions,
create and manage workflow instances and control
their interaction with workflow participants and applications. A workflow instance is the representation
of a single enactment of a process. It is created and
managed by a workflow management system [2].
The time constraints and time management are very
important in the designing and managing of workflow model. But the current commercial products offer very limited function of time representation and
management [3]. The researchers believe that time
management should be part of the core management
functionality provided by workflow systems to control the lifecycle of processes [3,4,5]. Time difference is introduced into workflow model [6]. Time
Bound between events and Fixed-Date Constraint
are defined in [7]. Workflow time management issues such as computing activity deadlines, checking
time constraints, and identifying the critical path are
mentioned in Reference [8].
Many constraints are discussed in different point of
view. But there doesn’t exist a perfect model that
can take into account these constraints together.
Thus six time constraints are provided in this paper.
These time constraints work together to ensure that
the business process can be modeled correctly and
that the corresponding workflow instances of the
business process can be executed properly in theworkflow systems. The algorithm of calculating the
critical path of a certain workflow is given. The calculate result can help the workflow executor to pre-
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1 INTRODUCTION
A workflow is the automation of a business process,
in whole or part, during which documents, information or tasks are passed from one participant to another for action, according to a set of procedural
rules [1]. The automation of a business process is
described within a workflow definition, which identifies the various workflow activities, dependence relationship and associated control data used to manage the workflow. An activity is naturally defined
task in a workflow that forms one logical step within
a process. A dependence relationship in traditional
workflow processes can be of two types: execution
dependence for control flow and information dependence for information flow [2]. When modeling
an activity the role, input/output data and time duration are designated to describe a real process. While
the relationship between activities are also designated which responsible for the sequence when the
process is executing.
A workflow management system is a system that
completely defines, executes and manages the work261

dominate the running status of a workflow process.
The remainder of the paper is organized as follows.
Section 2 describes a workflow model which time
constraints are detailedly defined. Section 3 given
the workflow control routing and some special control condition is discussed. Section 4 describes how
to calculate the critical path of a workflow with the 6
time constraints in the workflow build time and run
time. Finally we conclude the paper with the contribution and further work in section 5.

after it.
Deadline: Deadline is a time based scheduling constraint which requires that a certain activity be completed by a certain time (the “deadline”) [1].
Fixed Date constraint: An activity can only be executed on certain fixed dates. The Fixed Date maybe
on Monday, the last day of every month or even 1 to
3 every month. An example is that sanction of a certain file can be done on every Monday. Then ‘Monday’ is the fixed date. The Fixed Date constraint can
be denoted as,
fd B , The left bound of the constraint, i.e. the begin
time that an activity can start.
fd E , The right bound of the constraint, i.e. the end
time that an activity have to be finished otherwise it
have to wait until next fixed date.
Time difference: The time difference between two
activities is caused by different time zones. To meet
the requirement of global business some workflow
should be distributed in geography. Thus different
activities of one business process have to be executed in different time zones.
Time Distance: The time duration between activity
A1 and A2, where A1 is the predecessor of A2.
Sometimes the successor of an activity must be waiting for a certain time because some essential reasons
such as law, business rules. And sometimes a certain
time distance is required to wait that the data and
files are transferred from one person to another who
is in charge of the successor activity.
For convenience the 6-tuple time constraints can be
write as follows.
T =< t, t fs , dl, fd, tdif , tdis >
(4)

2 TIME CONSTRAINTS IN WORKFLOW
MODEL
2.1 Workflow model
A workflow is a collection of activities and the dependencies between activities. Activities correspond
to individual tasks in a business process. Dependencies determine the execution sequence of activities
and the data flow between these activities. An executor is responsible for the execution of an activity and
some input/output date and resources are necessary
for the activity. When modeling a business process all
the factors have to be taken into account.
Many works for workflow modeling are based on
the Petri Nets approach [9]. The XML based
method, i.e. WPDL, is also given by workflow management coalition [10]. In this paper a workflow
process is modeled by the directed graph in which
nodes correspond to activities and edges correspond
to dependencies between them. A process is denoted
by a directed graph,
G =< N , C > ,
(1)

The value of each time constraint, if have, is assigned by the workflow designer according to the
experience value in the workflow build time. For the
sake of simplicity we assume that all the 6 time constraints are deterministic. The time duration, time
distance and time difference are expressed in some
basic time units and in integer value.
With the 6-tuple time constraints the time attribute
of an activity can be described explicitly. Except
time duration not all the other 5 time constraints is
compulsory. Any of them can be assigned to an activity or not according to the truth.
Besides these time constraints there are some time
constraints follow implicitly from control dependencies and activity durations of a workflow model. They
arise from the fact that an activity can only start when
its predecessor activities have finished. Such constraint is called the structural time constrains since
they abide the control structure of the workflow.

Where N is the set of all the activities, C is the edges
in the graph G. An node N, which correspond to a
activity, is denoted by
N =< D, E , R, T > ,
(2)
Where D is the input/output data that an activity will
use, E is the executor or the software component of
an activity, R is the resource related to the activity
and T is the time constraints. Here we just focus on
the time constraints.

2.2 Time constraints
The time constraints of an activity is
T=< Time Duration, Force Start Time, Deadline,
Fixed Date constraint, Time Difference, Time Distance >,
(3)
Where,
Time Duration: The duration assigned to an activity. Time Duration is necessary for every activity in
a workflow process. It is assigned by the workflow
designer according to the experience value.
Force Start Time: Force Start Time is a certain time
that requires a certain activity can only be executed

3 WORKFLOW CONTROL ROUTING

3.1 Control routing
In a workflow instance that managed by a workflow
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systems the activities is executed according to the
workflow model. There exist some control routing in
the workflow model that formed by the dependencies between activities. The activities may be executed in sequence or parallel. Sequential routing is
that a segment of a process instance under enactment
by a workflow management system, in which several activities are executed in sequence under a single thread of execution. Parallel routing is that a
segment of a process instance under enactment by a
workflow management system, where two or more
activity instances are executing in parallel within the
workflow, giving rise to multiple threads of control.
The workflow control routings are determined by the
workflow control condition, e.g. Sequence, ANDSplit, AND-Join, OR-Split, OR-Join, and LOOP.
The graphical expressions of them are shown in Figure 1～6. As described in Ref. [1], these control
conditions are defined as follows.
Sequence: A segment of a process instance under
enactment by a workflow management system, in
which several activities are executed in sequence
under a single thread of execution.
AND-Split: A point within the workflow where a
single thread of control splits into two or more
threads which are executed in parallel within the
workflow, allowing multiple activities to be executed simultaneously.
AND-Join: A point in the workflow where two or
more parallel executing activities converge into a
single common thread of control.
OR-Split: A point within the workflow where a single thread of control makes a decision upon which
branch to take when encountered with multiple

alternative workflow branches.
OR-Join: A point within the workflow where two or
more alternative activity(s) workflow branches reconverge to a single common activity as the next
step within the workflow.
Iteration: A workflow activity cycle involving the
repetitive execution of one (or more) workflow activity(s) until a condition is met.
In the parallel routing, an AND-Split usually combines with an AND-Join and an OR-Split with an
OR-Join [11]. But also an AND-Split can combines
with an OR-Join, for example, three bidders do the
same prepare work in parallel (AND-Split) and the
tenderee determines which one is selected (ORJoin), which forms the (AND-Split, OR-Join) couple.

3.2 The time duration of iteration
When calculate the time attributes of an activity the
time duration of Iteration must be considered in advance. In a typical Iteration structure, see Fig. 6, a
probability should be given for the need of redo the
activities involved. Let the probability of reiteration
is p, then the total time duration of the Iteration
block can be calculated as follows.
The execution time of the iteration can be estimated
as the average execution time of activity A2. When
calculate the time of the process the execution time
of the iteration can be replaced by the average time.
Let’s the time duration of activities are, t A2 and t A4 ,
then, the total average execution time T can be,

T = t A2 + p (t A2 + t A4 ) ,

(5)
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i.e.,

T = t A2 (1 + p ) + pt A4

E SB = E SA + t A .
(6)

z

If some time distance required, the E S of B is
E SB = E SA + t A + t disA .

4 WORKFLOW CRITICAL PATH

(7)

(8)

z

If two adjacent activities are in different time
zones, the time difference must be take into account. If the activity B can be executed exactly
after the activity A is finished, i.e. the executor
in time zone B is in working hours, then the
time difference can be neglected. Otherwise
some waiting time is need until the executor in
the time zone B can begin to work, i.e. in working hours.
Time zone B is in the working hours,

With the workflow model and the time constraints
the critical path can be identified while the start and
finish times of activities can also be calculated. After
identifying the critical path of a workflow process
we can benefit from it. The workflow model designer, the workflow executor and the workflow
manager all need the results to instruct their work.
When modeling the workflow process designers
should assign the time constraints for every activity,
i.e. Time Duration, Force Start Time, Deadline,
Fixed Date constraint, Time Difference, and Time
Distance. The general time information on the workflow model and activities is calculated based on the
6-tuple time constraints and the process structure.
The workflow designer will find out the temporal
bottlenecks and will try to optimize the process according to these information.
When executing the model the time information is
calculated in real time and the whole execute process is monitored. The time information can be used
to adjust the process if any time constraints is violated. The workflow executor will schedule the tasks
to avoid any time constraint violations in advance.
When computing the critical path of a given workflow process the following relative time information
of an activity is given: E S , E F , LS and LF . Where,

E SB = E SA + t A ,

(9)

or, time zone B isn’t in working hours.
E SB = E SA + t A + t wd ,

(10)

When calculating the time information, we have to
convert the time in time zone B into time zone A to
get the waiting time. Here we use the time in time
zone A to represent the time in time zone B,
t wd = t difB − t difA + tint erval ,

(11)

where tint erval is the time that we have to wait form
now until new working hours in time zone B, which
will be determined in the run time.
z

E S stands for the earliest start time of an activity,
E F stands for the earliest finish time of an activity,
LS stands for the latest start time of an activity and
LF stands for the latest finish time of an activity.

If there is a fixed data constraint on activity B,
two situations must be taking into account. If
the time E SA + t A is located in the space of the
fixed date of activity B, i.e.,
fd B < E SA + t A < fd E ,

Then
E SB = E SA + t A ,

Depending on the control dependencies between activities in a workflow process, the E S , E F , LS and LF
are computed in this way. First, a forward traversal
of the workflow process is required for the calculating E S and E F . At the beginning of this traversal E S
and E F of all activities without predecessors are set
to 0(build time) or the start time of the process (running time). Second, a backward traversal of the
workflow process is required for the calculating
LS and LF . At the beginning of this traversal
LS and LF of all activities without successors are set
to their corresponding E-values (if no deadlines are
set to them) or their deadlines.
Assume A and B are two adjacent activities, i.e. A is
the predecessor of B. Some rules needed when computing the critical path are follows.
z The E S of B is the E S of A plus the time duration of A,

(12)

Else, E SA + t A < fd B , or, E SA + t A > fd E ,
E SB = E SA + t A + t wf .

(13)

t wf is the wait time that activity B has to wait form

now until fd B .
The t wf of a fixed time constraints can be replaced by the average time, see Fig. 7.
d1 = fd E − fd B is the time duration of the fixed
date constraint,
d 2 = fd B 2 − fd E1 is the cycle of the fixed date
constraint.
When an activity is finished the probability that the
E F located in the area of fixed date and the area of
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fd B1

fd E 1

LFB = Min{LSA − max (t wfA , tdisB ) | A ∈ B.succ},

fd B 2

d1

d2

LSB = LFB − t B
End for

Figure 7. The fixed date constraint.

4.2 Runtime calculations

interval is the same. Then the probability density is,
f ( x ) = 1 / (d1 + d 2 ) ,

After the instantiation of a workflow process the
start time of a process and the start activity was
identified. The start time is a real time and the time
information of all the other activities can also be
identified according to this time. When calculating
the critical path all the six time constraints should be
take into account.
Assume the start time is T. The run time calculations
algorithm is as follows.

(14)

and the waiting time is,
0, x ∈ [0, d1 )
t( x) = 
d1 + d 2 − x, x ∈ [d1 , d1 + d 2 )

(15)

then,
t wf = ∫

d1 + d 2

0

t ( x ) f ( x )dx = ∫

d1 + d 2

d1

( d1 + d 2 − x )

1

2

t wf = d 2 2 ( d1 + d 2 )

d1 + d 2

dx

1 Forward calculation:
Before calculate the critical path of an running
workflow process, Check and find out the OR-Split
& OR-Join pair, if the OR-Split condition is given
then cut the corresponding branch, a new directed
graph is given. The calculation is performed on the
‘new’ process.
For all activities in a workflow process
If activity A is start node, let

(16)

4.1 Build time calculations
In the build time, the time constraints of every activity in all workflow models are given according to the
experience or estimated value. These time information can be used to compute the critical path of the
workflow process and some basic time information
such as E S , E F , LS and LF . Because the workflow
model is static, which is not running, the force start
time, deadline and time difference can’t be identified
in advance. Thus these three time constraints won’t
be take into account. Although there exist OR-Join
that caused by the AND-Split or OR-Split we treat
them just like they are AND relationship, because
one can’t make the decision until the run time.
The build time calculations algorithm is as follows.

E SA = T , E FA = t A
If activity B isn’t the start node, let

E SB = Max{(E FA + max (tdisA , t wdB , t wfB )), t fsA | A ∈ B. pred }

E FB = E SB + t B .
End for
2 Backward calculations:
For all activities in a workflow process
If activity A is the end node, let
LFA = Min{E FA , dl A }, LSA = LFA − t A

1 Forward calculation:
For all activities in a workflow process
If activity A is start node, let

If activity B isn’t the end node, let

LFB = Min{(LSA − max (t wdA , t wfA , t disB )), dl B | A ∈ B.succ}

E SA = 0, E FA = t A

LSB = LFB − t B

If activity B isn’t the start node, let

E SB = Max{E FA + max (t wfB , t disA ) | A ∈ B. pred }

End for

E FB = E SB + t B .

4.3 Time constraints violation

End for

Since there are so many time constraints in one
workflow model there may exist some violation of
the time constraints when the workflow model is
running. With the critical path algorithm the workflow executor can find any time constraints in time
and adjust the execution of activities to conquer it.
Deadline violation is often occurs in the real business process. If the potential deadline violation will
occur, there are three methods to overcome the diffi-

2 Backward calculations:
For all activities in a workflow process
If activity A is the end node, let
LFA = E FA , LSA = LFA − t A
If activity B isn’t the end node, let
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culty.
z Adjust the time durations of activities that are
under scheduling to reduce the whole time duration of the whole activity block.
z Try to postpone the deadline of the very activity
that will be violated.
z Try to find another path to replace the current
path. This method requires the workflow model
define some spare path in advance.

critical path of a certain workflow process is given
based on the 6 time constraints. Finding the critical
path gives us important information of a workflow
model. More than anything else, the critical path
may help to find the workflow bottleneck points.
Hence, high performance workflow systems can be
achieved by efficiently managing the critical path.
Our future work focus on: establishing dynamic
workflow model based on the time constraints; making a workflow management based on the dynamic
workflow model, which will be built on the J2EE architecture; scheduling the execution of activities of
different workflow process as a whole system in the
run time.

5 CONCLUSIONS
In order to model the business processes more accurately 6-tuple time constraints is defined in this paper. These time constraints work together to ensure
that the business process can be modeled correctly
and that the corresponding workflow instances of the
business process can be executed properly in the
workflow systems. The algorithm of identifying the
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