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Abstract In this paper, we analyze workflow and workflow management system in programming
language aspects. Many workflow characteristics such as workflow relevant data, workflow control

- structures, and workflow application invocations are studied and compared with those of distributed

parallel programs. Although there exist minor differences between them, we found that there exist
surprisingly many analogies between them. Based on this observation, we suggest to view workflow
management system as distributed parallel program development platform. This new view on
workflow management system provides users consistent view on workflow and workflow management
system and with this view workflow management system designer can cope with arbitrary requests
from the users keeping design consistency. Moreover the analogy between workflow and program
provides a basis to apply program analysis techniques to the analysis of workflow.
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1. M

Since the needs of workflow system had been
invoked, numerous workflow systems have heen

developed for either commercial or academic
purposes [1, 2, 3, 4, 5, 6, 8 23].

to focus on equipping

Early workflow

systems have the inclination
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functions and facilities that the workflow system is
supposed to provide. However with this functional
view, the workflow management system designers
are apt to react to the requests on the workflow
management systems impromptu.

A function, provided to support a.workflow case
may conflict with other existing functions or may
cause interferences when processing other workflow
cases which may result in complex construct of
workflow management system. Sometimes it is
the should be

accommodated in the workflow management system

even unclear whether requests
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or not. For instance still there is no clear evidence

whether inter-workflow instance communication
facility should be provided or not in workflow
management system. When the needs become clear
by some crucial workflow cases, each workflow
management system tries to equip the functions.
These phenomena will continue as long as we view
the workflow management system in functional

aspects.

Workflow application developers also have to pay .

attention to the functions provided by the workflow
management system that he is working on. That is
why an expert of workflow application developer of
one system cannot be an expert of other workflow
management system immediately. He/She needs
training to change the environment. It is more
desirable that a workflow application developer can
expect what functions or environment should be
provided by workflow management system.

More consistent view on workflow and workflow
management system should be provided based not
on functions but on some foundation which is firm
and easy to understand. In this paper we analyze
workflow and workflow management system in
programming language aspects for this purpose. We
assume the distributed parallel program may be
executed in HAD(Heterogeneous, Autonomous,
Distributed)

multiprocessors because the platform does not

environment or in shared memory
influence so much to our discussion. Although there
are some minor differences bhetween workflow and
distributed parallel program, we have found that
there are surprisingly many fundamental analogies
between them. Even workflow management system
interpreted as a platform to develop
distributed

application development can be viewed as distribut—

can be

parallel programs and workflow
ed parallel programming,

This new view can provide consistent view of
workflow management system to the workflow
management system designers as well as workflow
application developers. When some conflicts are met
in designing a workflow management system, the

system designer can cope with the situation judi-

s ool A 28 A A 3 Z(00L9)

ciously keeping design consistency. Meanwhile
workflow application developers can understand the
workflow application developing process more
clearly and can arrange the order of development
with confidence. This consistent view on workflow
and workflow management system can help them
to forecast or pin out the spot of problem easily
when developing workflow applications.
Furthermore this new view on workflow mana-
concrete  basis  for

gement system provides

workflow  management system  designers to
approach subtle issues. For instance previously
mentioned inter-workflow Iinstance communication
reduced to the

communication problem that can be considered to

problem can be inter-process
have been resolved already in a way. Which guides

the way of implementation to support inter—
workflow instance communication mechanism in
workflow management systems. Moreover the
analogy between workflow and program provides
the basis to apply program analysis techniques to
the analysis of workflow. We developed a technique
by following this approach[22]. In the technique,
set based program analysis technique is used to the
access conflict analysis of concurrent workflow
definition.

The paper is organized as follows. In section 2,
we introduce the definition and the meaning of wo-
rkflow and workflow management system briefly.
In section 3, we compare the variable declaration
and workflow relevant data definition. In section 4,
we explain control structures. In section 5, we
compare procedure call with application invocation.
In section 6, we compare program execution step
with workflow execution step. In section 7, we
suggest new view on workflow management
system. Related works are introduced in section 8

and we draw conclusion in section 9.

2. Preliminaries

Workflow is
facilitation or automation of a business process, in

defined as "the computerized

whole or part” and workflow management system
is defined as "a system that completely defines,
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through the
execution of software whose order of execution is

manages and executes ‘workflows’
driven by a computer representation of the
workflow logic” in WIMC standard[7]. Although
the definition certainly describes workflow and
workflow management system precisely and
succinctly, it is rather focused on the functions of
workflow and workflow management system.

The functional view on workflow and workflow
management system may be adequate to help a
layman of workflow understand them. However the
functional view may underestimate the potential
value of workflow and workflow management sys-—
temn. Although workflow is originated from business
area, if we consider workflow not as business pro-
cess automation but as general program, workflow
can cover much wider area. All the distributed
Auto-

nomous, Distributed) environment can be considered

parallel programs in HAD(Heterogeneous,

as workflow. Superficially, workflow is exposed as

the integration of loosely coupled distributed

programs or processing of distributed user inputs.

But actually it is a program as a whole. The

programs need not to automate only business

Drocesses.

.In fact the procedure of a workflow application
development is coincident with that of a program
writing largely. There is no determined procedure
in developing a workflow application yet. Never—
theless following steps can be thought as one of
general workflow application development steps
accepted currently. We assume some environments
like workflow participant and organization structure
are already prepared:

1. Workflow applications for automatic tasks are
developed and registered.

2. Workflow relevant data are defined.

3. Activities are defined with attributes such as
which workflow application would be invoked:in
the activity.

4, Control flow and data flow between activities are
defined.

Similarly, we write a program according to, the

following steps:

1. Procedures or libraries are prepared.

2. Variables are declared.

3. Program statements which may be procedure
calls and the way of their connections are
denoted.

The step 3 includes the steps 3 and 4 of the
previous workflow application development pro-
cedure. As can be understood from the comparison
of the previous two procedures, the workflow
application development procedure and the program
development procedure are very similar which is
another strong background that we can view
workflow as program. In the following sections we
find and study the bases which back up the
argument that workflow is distributed parallel

program in HAD environment.

3. Variable .Declaration and Workflow

Relevant Data Definition

When we view a workflow in terms of a
program, the relevant data definition in designing a
workflow process can be interpreted as the action
of defining variables when writing a program or a
which

range from scalar data types such as integer, real,

procedure. Various kinds of data types,
character types to composite data types such as
array, list, and record types, are supported by
workflow management systems in general{7].

Workflow management system has to allocate
space to accommodate the defined workflow
relevant data according to the defined data types
for each process instances. The space allocation for
workflow relevant data in workflow management
system is the same action that a compiler allocates
memory for the declared variable in a program
when translating the program.

Since concurrently invoked applications in the
same context of a workflow instance can access
the same workflow relevant data simultaneously,
access control mechanism to the shared relevant
data should be provided in workflow management
system. This is a similar situation when multiple
threads try to access the shared data at the same
time in

shared memory parallel programming
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Fig. 1 The memory layout of virtual workflow space and virtual address space of threads

environment. Figure 1 shows the memory layout of
multiple threads in a process in virtual address
space and the logical relation of concurrently active
workflow applications in a workflow instance in
Although
applications do not share physically the

virtual workflow space. the workflow
same
memory space and can be located in remote sites
each other, the logical relation between applications
are very similar with that of threads in a process.

Race condition can be raised and mutual
exclusion mechanism[15] in which each thread has
exclusive access to those parts of memory that it
is changing is provided for the control of the
simultaneous access in thread execution environ—
ment[19]. Similar mutual exclusion mechanism for
concurrently invoked workflow applications has to
be provided in workflow management system.

Two approaches to resolve race condition of
workflow relevant data can be considered in
workflow management systems. One approach is to
provide lock and unlock primitives to workflow
application  programmer that they could guarantee
exclusive access to the shared relevant data. This
approach is equivalent to multi-threaded program-

ming in shared memory multi-processors in which

each thread exclusively accesses shared program

area using mutex variables[19]. Usually shared
resources are accessed in the shared program area.

The other approach is to denote the workflow
relevant data as shared resource when defining
them like some parallel programming languages
Workflow

automatically protects the shared resource when it

approach. management system
is accessed simultaneously. FCFS(First Come First
Served) strategy is often adopted as the scheduling
mechanism  for the processing of multiple
simultaneous requests.

The second approach seems to be more proper in
workflow systems because it is difficult to expect
that the workflow application developers grasp the
shared resource exactly in global workflow
definition environment. The sharing information is
better understood by the whole workflow process
designer with the help of workflow application

developers.

4. Control Structures

The control structures used in workflow process

modeling are very similar to those of parallel

programs. Sequential, conditional branch, and
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iteration are the typical control structures for
sequential programs. Parallel fork and join control
structures are included additionally for parallel
programs. Corresponding structures are eXpressed
by the connection of the edges and noﬂes n
workflow process definition graphs.

denoted by

out-edge node with

Sequential control  structure is

connecting  single single
in—edge node. Branch control structure is specified
by connecting an XOR node with multiple single
in~edge nodes. Iteration control structure is
expressed either by an iteration node or by forming
a cycle in the process definition graph. Parallel fork
control structure is specified by connecting an AND
multiple single in-edge nodes. Join
denoted by

collecting node with multiple single out—edge nodes.

node with

control structure is connecting a

Goto statement can be simulated by connecting a
source node to a destination node arbitrarily. Figure
2 shows the control structures for parallel programs
and their corresponding control structures in
workflow definition graphs. ‘
Although more detailed control flow can be

expressed in parallel programs, almost all the

control structures of parallel program can be
expressed by workflow process definition ‘graphs.
Note that in early programming language theory,
control structures has been

restricted use of

recornmended to enhance the readability of a
program[16, 17]. For instance, careless use of goto
statement such as the goto statement entering
mmside a loop is pointed out as an ill programming
stvle and its arbitrary use is not allowed in many
Block

programming in which only sequential, conditional

programming  languages[15]. structured
branch, and itération is the main control structure
and the limited usage of goto statement like escape
from a loop or a conditional statement is allowed.
Thus good control structure in workflow modeling
block-

connecting

can be constructed by observing the

structured programming style when
activity nodes. Workflow modeling tool may allow
only the confined way of connections between
nodes to help modelers construct workflow process

with good control structure.

5. Application Invocation vs. Procedure
Call ‘

Control Structures

Parallel Programs

Workflow Graphs i

Parallel Join

Arbitrary Branch

Sequential S1;S2 O—0O
or
Conditional Branch If condition then S1 else S2
Iteration while condition do S O—»Q—»O
Parallel Fork and

parbegin S1;82;...:8n parend

goto L

Fig. 2 Control structures of parallel programs and workflow graphs
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Application invocation during a workflow execu-
tion can be regarded as procedure call in a
program execution. Hence the input/output work—
flow relevant data delivery between workflow
application and workflow management system can
be interpreted as the parameter passing of
procedure calls in a program. Although numerous
parameter  passing mechanisms have  been
suggested and studied intensively[15], call-by-value
and call-by-reference parameter passing
mechanisms are most widely accepted. The input/
output delivery of workflow relevant data between
workflow application and workflow management
system in workflow management system can be
implemented referring to the parameter passing
mechanisms.

In the call-by-value parameter passing mechani-
sm, the value of actual parameter is copied to that
of formal parameter and the value of the formal
parameter is copied back to the actual parameter
after the called procedure is ended. To implement
call-by-value mechanism in the input/output data
delivery  between  workflow  applications and
workflow management system, not the reference
but the value of the workflow relevant data should
be passed from workflow management system to
workflow application. Since application agent often
relays the data between workflow application and
workflow system, it reserves space to keep the
Note that the update of the

delivered data is not reflected to the workflow

data temporarily.

system until the invoked application finishes its
work and the control is returned to the application
agent or workflow system.

In the call-by-reference parameter passing me-
chanism, the reference of the actual parameter is
passed to the called procedure and they share the
same memory location. The update of the contents
of the formal parameter has the same effect as
changing the contents of the actual parameter
immediately. To implement call-by-reference me-
chanism in the input/output data delivery between
workflow applications and workflow management
system, not the value but the reference of the

s HlolelHo] = A 28 F A 3 F(20019)
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Fig. 3 Data transfer by call-by-value and call-by-
reference

workflow relevant data should be passed from

workflow  management system to  workflow

application. Thus the update of the workflow
relevant data through the reference has the effect
of changing the workflow relevant data immediately
within the application. Figure 3 compares between
data transfer by call-by-value and call-by-
reference.

Each of the approach has its pros and cons.
that multiple

When we consider the situation

workflow applications try to access the same
workflow relevant data simultaneously which is
similar situation when multiple threads tries to
access the same memory location at the same time,
call-by-reference parameter passing seems to be
more suitable in workflow processing environment.
Some workflow systems trace the change of each
workflow relevant data to cope with the system
failure. To enable the tracing in a workflow
system, the workflow system has to maintain
history information whenever the contents of the
delivered workflow relevant data have been
updated. When the data delivery is implemented by
the way of call-by-reference parameter passing,
more minute control of the execution environment
is possible, Which can help the workflow system
have reliable error recovery mechanism. But in
mobile environment where a workflow client could
be disconnected from the workflow server,
call-by—value parameter passing mechanism is more

proper.
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6. Workflow Execution Step vs. Program
Execution Step

We define workflow execution step frdm the
start of a activity to the end of the aétivity.
Pfogram execution step is defined from the start of
a pfogram statement to the end of the statement.
A workflow execution step may involve several
sub;execution steps and each sub-step usﬁaﬂy
involves an invocation of an appliéation prograin
which usually involves numerous  program
execution steps. Thus the workflow execution steps
and the program execution steps appear in turns
when a workflow instance is executed in a
workflow system.

Superficially the workflow execution step is
djstiniguished from the program execution step in
that the grain size of a workflow execution stép is
larger than that of a program execution step. But
more important property of the workflow execution
step is that it returns the control back to the
workflow management system whenever it finishes
its step. Which does not happen in the program
execution step during a program execution. Work-
flow management system registers change of status
and maintains the event history information in the
permanent storage area when it receives control
from the outside of the system. This enables
workflow system to cope with the system failure
and dynamic workflow reconfiguration[11,12] during
a workflow execution which is impossible in a
program execution.

On the other hand, the mixed appearance of
workflow execution step and program execution
step in a workflow execution make clear the limit
of the recovery of a workflow system. That is
when a failure is occurred the workflow execution
step should be the start point for the recovery
unless some primitives for recovery are ' not
imbedded in programs. :

7. Workflow Management System vs.

Operating System

Workflow management system is to workflow

instance what operating systems is to program in
execution. Workflow management system manages
submitted workflow instances to complete its work.
It allocates space for the workflow instances and
arranges the order of execution according to its
scheduling mechanism. Operating system manages
memories and schedules the execution of processes.
It allocates spaces in memory to execute programs
and decides the next program to be executed when
CPU is freed.

The difference between the workflow manage—
ment system and operating system is not in the
functions of each system but in the way of imple-
mentation. The different way of implementation
originates from the different characteristics between
Workflow
management system usually allocates space for

programs and  workflow  instances.
workflow relevant data in permanent storage area
because workflow instances often durate for a long
time. When failure occurs during the processing of a
worlflow instance, enactment of the workflw
instance should be restarted not from the start point
of the process but from the nearest point to the
failure point where the system can recover. Thus the
maintenance of execution history in permanent
storage area while processing workflow instances for
the reliable management of the workflow instances is
crucial in workflow management system.

On the contrary, operating system allocates space
in memory for the image of a program. When fault
happens during the program execution, it is enough
that the operating system can simply restart the
program again when recovered. Thus the main-
tenance of execution history in permanent storage
area during a program execution is not necessary.

Various priority based scheduling methods have
been adopted in operating systems. In workflow
management system, priority of workflow instance
is the major factor in selecting the next workflow
instance to be handled when multiple workflow
instances wait for their turns. But higher priority
of a workflow instance does not always imply its
earlier end of execution which is usually true for

programs in operating system. This is because
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Fig. 4 New view on workflow management

system

workflow instances have to wait for the end of
many outer actions that can not be controlled by
workflow management system. Thus the priority
information of a workflow instance is more
reasonable and effective to be used in alerting the
workflow participants of the workflow instance that

the work is urgent.

8. New View on Workflow Management
System

When we view workflow application development
as distributed parallel or thread programming in
HAD(Heterogeneous, Autonomous, Distributed) en—
vironment, the workflow management system can
be regarded . as the distributed parallel program
development platform in  HAD environment like
Figure 4. Since various application programs de—
veloped in different languages in different sites can
be involved in a workflow application, the workflow
management system should be able to integrate the
applications.

Two facilities are needed for the integration.
First, shared space for the application programs for
sharing information should be provided. Workflow
relevant data area can be used for this purpose.
The area can be regarded as global area for the
application programs involved to the same work~
flow instance. They can communicate one another
through the workflow relevant area like the threads
in a program communicate through the global data

area.

Second, interfaces for languages to access the

workflow relevant data should be provided
respectively. Using these interfaces, application
programs developed in different languages can

communicate each other and a workflow instance
can achieve its goal by coordinating the application
programs. For remote applications in distributed
environment to access the shared workflow relevant
data, some mechanism should be provided to use
application  is

the interfaces in anywhere the

executed. Currently, there is no standardized
mechanisms and the implementation is dependent
on workflow management system vendors. Using
the interfaces, application programs in remote sites
to be integrated to build a workflow application can
be developed in the illusion that they are in the
same program sharing the same memory space like
the threads in the same program shares their

global memory space.

9. Related Work

There are many views on workflow management
system. Some view workflow management system
just as a router such as image or document. The
others view workflow management system as a
glue to integrate applications[10]. Recently,
workflow management system is recognized as the
key component in enterprise application integra—
tion(EATD)  area. al.[20]

workflow management systems are defined by the

Alonso et designate
functionality of commercial systems and that has
been the major source of their limitations. Their
view coincides with our view on workflow
management system in a way.

Some puts the value of workflow management
system in its capability of the separation of
business logic from application logic which enables
an expert in an application domain can conduct the
business design without the help of
These

certainly

process

programmer[1]. views on  workflow

management system expresses  some
benefits of using workflow management system.
However it can not be the total view of workflow

and workflow management system. When we view
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workflow and workflow management system in
different angles, we can find much more benefits
that they can provide.

In this paper we viewed workflow management
distributed
development platform. Once we view workflow as

system as a parallel program
program and workflow management system as
distributed parallel program development platform in
HAD environment, a workflow management system
can be viewed as a platform or mechanism to
iliteg]"élte distributed applications like EAI(Enterprise
CORBA/DCOM

an architecture to integrate

Application  Integration). have
become popular as
distributed objects developed in different languages
[9,13,14]. While CORBA/DCOM helps one to build
distributed objects and to organize programs with
the distributed
system helps one to generate new upper level
distributed
applications developed in different languages. Some
of which may be developed using CORBA/DCOM

objects.

objects, workflow management

service programs by  organizing

In some sense, workflow management system
provides much more handy means to integrate
distributed legacy
programs than CORBA/DCOM mechanism because
they should be changed into CORBA/DCOM;‘object
CORBA/DCOM
environment. Only small number of input/output

applications  especially  for

for them to be wused in

statements needs to be embedded into a ‘legacy
program for the program to be integrated into a
workflow.

Ranno et al.[21] propose a script language aimed
at expressing tasks composition and inter-task
distributed

templates  to

dependencies of applications. They

illustrate  class represent  their

workflow model and by which they show
distributed applications can be integrated using the
class templates. Their approach is certainly one of
direction to leverage the distributed application

integration capability of workflow management
system. However they did not reach the point like
some analysis techniques for workflow can be

horrowed from the program analysis techniques.

The arbitrary integration of remote applications
in complex. workflow control structures might raise
serious race problems that can not be detected
easily. To let the people fuily enjoy the benefits of
the workflow management system, more deliberate
support that makes them free from raising of race
conditions in workflow management system level
Few workflow management systems provide
mechanisms to control such situation currently. The
view of this paper can be helpful in pointing the

direction to resolve such problems.

10. Conclusion

In this paper we have studied the analogies and

differences between workflow and programs.
Surprisingly, we found many analogies between
them than we had expected before we started this
study. We

velopment is

found a workflow application de-

similar with distributed parailel
programming sharing the same memory address
Almost all the

workflow can be expressed in the parallel program

space. control  structures: of
control structures and the workflow relevant data
definition is the same action of global variable
declaration in thread or parallel programming.

We regarded workflow management system as a
platform for distributed parallel programs in HAD
environment. This new view provides consistent
view on workflow management system to ‘ fhe
workflow management system designers as well as
workflow application developers. When architectural
conflict occurs in designing a workflow ‘mana-
gement system, the system designer can cope with
the situation judiciously keeping consistency. Work-
flow application developers can understand the
workflow application developing process much more
clearly and can arrange the development procedufe.
They can forecast or pin out the problem ispot
easily when developing workflow applications.

Furthermore this new view on WorkﬁéW
management system provides concrete bases: for
workflow  management system  designers  to
approach subtle issues. For instance inter-workflow

instance communication problem can be reduced to
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the inter-process communication problem that can
be considered to have been resolved already in a
way.

analogy between workflow and
the basis

analysis techniques to the analysis of workflow.

Finally the

program provides to apply program

One may refer to the techniques that have

developed or resolved already in programming

language areas when he encounters similar

problems in° workflow area to those in program
Which

set~-based access conflict analysis in concurrent

language areas. leads us to develop

workflow definition[22]. But this is a just starting
point of this approach. Note that while workflow is
relatively new area, more than 50 years of research
works have been accumulated in programming

language areas.
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