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Abstract 1 Introduction

The workflow paradigm is advancing the scope of pro-

It is a general consensus that automated support for . \ .
cess modelling by supporting complex control flows, rich

software development is essential to harness the ever in fruct I the int i ¢ q
creasing complexity of today’s software. Many software de- Iprocess S :uc urt(?\S’t as W% ?}St € integra Iorl]tcr)] nNew an d
velopment models, tools, and environments have been in:c9acy systems that may be heterogeneous. as enjoye

troduced to address such a need; however, they are usySOME SUCCESS in busi_ness process re_—engineering [28] :_;md
ally methodology-specific and impose a rather authoritar- consequently is attracting a lot of attention from other appli-

ian policy on the wav software is developed. This paper qation domgins such as scientiﬁc_anql enginegring applica-
'an poticy way ! velop s bap tions [25]. Like many of these application domains, the pro-

advocates the use of workflow systems to enact the pro- f soft devel L1201 | h lex task
cess of software development. Besides being more genera ess of software development [20] is such a complex tas

and flexible, the workflow paradigm supports useful feq- At automated tools for the management and the execution
tures lacking in other approaches. Also, it helps to reduce of the process are h_lghly desirable. Itis precisely because of
development complexity by allowing both the software de- (he fundamental ability of workflows to model, co-ordinate,

velopment process and the software themselves to be ca and monitor complex applications that attempts are being

tured using the very same paradigm. This paper introducesmade to extend the paradigm with new features to support

a workflow system being developed to support the software"0"® advanced applications. -
In the case of software development, existing tools of-

development process by presenting a solution to the ISPW- ' ¢ oh o be followed and

6 Software Process Example expressed in its specifica\tiorjfen provide a sequence of phases 1o be Tollowed and some
language. This paper therefore serves two purposes: (1)mechanlsm f(_)r re_:flnmg a phase into more detailed phases.
to introduce a new and more general approach to software However, derivations from the pre-defined phases and the

process enactment, and (2) to identify new requirements fortop—dow_n reflnem_ent ap_pro_a_ch cannot be easily accommo-
dated without losing a significant amount of control. Such

the workflow paradigm, such as event dependency, thatare” ™ >~
applicable to many other advanced applications. static view of t_he software development process d(_)e_s not re-
flect the practice of system developers and hence is inappro-
priate for the execution of the process. Moreover, support
for process management hardly exists.
This paper advocates the use of the workflow paradigm
*Copyright 1997 IEEE. Published in the Proceedings of J8871Asia as a basis to support the execution and management of the
Pacific Software Engineering Conference (APSEC’97) andritional software development process. Generally speaking, more
Computer Science Conference (ICSC'97), December 2-5, i19$ibong flexibility is obtained as a result of the use of a general
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sion (ERBFMBICT960653). guage called/almont It is believed that the requirements
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extracted from supporting software processes are also apworkflow specification language. Distributed concurrent
plicable to many other application domains. Hence, over- processes can be created and communication between such
coming the challenges of providing workflow support to the processes relies on the use of write-once variables. Transac-
software process will shed light on the problems in other tion primitives supporting compensation and the two-phase
application domains that are possibly less well understood. commit protocol are provided. The ability of C&Co to
The structure of the paper is as follows. Section 2 dis- express workflow computation and control is beyond dis-
cusses related work on models and languages for processgsute but the level of abstraction provided is questionable.
and workflows. Section 3 describes the ISPW-6 Software Also no organisation model and user interaction are taken
Process Example that is used to demons¥atmont Sec- into account. Perhaps, C&Co should be seen as an imple-
tion 4 gives an outline ofalmontand the workflow model = mentation language for the realisation of workflow systems.
Liaison on whichValmontis based. Section 5 gives the as- Like C&Co, WADL [9] captures only the control flows and
sumptions made in the solution. Section 6 to 8 presents atransaction properties of tasks. Unlike C&Co, it provides
number ofValmontspecifications for the ISPW-6 Example. a higher-level of abstraction supporting sequential, parallel,

Section 9 concludes. alternative, and non-deterministic flows. The last two are
not directly supported iWalmontbut can be modelled eas-
2 Related Work ily. The specification language of the METEOR system [17]

(consisting of WFSL and TSL) comes much closer to be a
“real” workflow specification language with the support of

Traditional tec;hnlques such as data flow diagrams aresimple control flows, complex dependencies on data flows,
found_tq be .u.nsunable formodelling cpmplex processes dueprocess abstraction, transaction support and exception han-
to the|r|nab|l_|ty to capt_ure the dynamic aspects O_f such pro- ling; however, several elements, such as the organisation
cesses. Petri nets, which are often used to describe and anafhodel are still missing
yse concurrent systems [2], address the inadequacy con- ' L
cerning modelling process dynamics. High-level Petri nets The specification language of FlowMark from IBM [13]

[14] such as predicate/transition nets and colored Petri net§Oears a close resemblanceMaimont but lacks a number
raise the abstraction level closer to that of user appIicationsOf advanqed featufes that are supported/bb'nont The_se
and hence become more useful for process modelling. Anfe_atures include _rlcher a_nd more degla_lratlve activity as-
attempt to model workflows using Petri nets is given in [10]. signment constralnt_s, active ru.les prOVIdlr_lg a more general
Statecharts [12], which are designed for modelling reactive framework for handling e_xceptlons, and high-level transac-
systems, allow concurrency and process abstraction to beionS [1] thatare absent in FlowMark.
expressed. A far less formal approach to process modelling Among the fundamental elements of the workflow
based on the speech act theory has attracted a lot of attenParadigm, the organisation model is probably the least stud-
tion [22] A S|mp||f|ed formofit Containing four phasem- ied element. The Only work that the authors are aware of
quest commitmentperformanceandevaluationhas been  is reported in [3] which advocates an organisation model
deployed as the modelling framework for Action Workflow containing three components: organisation structure, or-
[18]. Nevertheless, some features of the workflow paradigm ganisation expression, and activity assignment policy. All
such as the organisation model have not been captured byhree components show strong influences from the rela-
the above-mentioned proposals. tional database model. In an organisation structure one “re-

Recently, the Workflow Management Coalition has is- lation” is used for every agent type and every relationship
sued a proposal for a workflow specification language [26]. between agent types. An organisation expression is essen-
The proposal an¥almont have close similarities but there tially a “view”. An activity assignment policy specifies the
are also significant differences. The proposal sketches thedomain - a conceptual geographical location represented by
Components of a Specification |anguage that is Supposed t@ domain identifier - of a workflow aCtiVity as well as the or-
be supported by all workflow systems so as to facilitate in- ganisation expression that returns a set of eligible agents for
teroperability of workflow systems and translation between the activity. UnlikeValmont only activities can be given a
different representations of workflow models. It focuses domain. Furthermore, the relational query language used in
mainly on the attributes of entities which are only curso- Organisation expressions may not be computationally pow-
r||y considered in this paper. However, no concrete SyntaX erful enough, for instance it is not clear if recursive search
is provided and a number of fundamental features are notfor superior is possible. Generally speaking and evidenced
addressed at allValmontis more complete in both cover- by all examples shown in [3], agent relationships are used
age and syntax. However, it would be more constructive to only for traversing between agents and there is no need for
look at the two languages as complementary to one anotherthem to be “first-class” entities in the model.

It is argued in [11] that C&Co, a C-based general pur-  Besides the above-mentioned models, several models
pose programming language, is sufficient to serve as ahave been used to support process planning, re-planning,
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monitoring, and recording [15, 19]; to represent, analyse, The specifications given in Section 6, 7, and 8 represent
and compare development methodologies [23, 24]; as wellonly a partial solution to the ISPW-6 Example. The empha-
as to simulate and support process execution [8, 21]. A cur-sis is on the delicate co-ordination that can be expressed in
sory comparison of the workflow paradigm and the software Valmont Moreover, some features are expressed only once
process can be found in [7]. The similarities between the in the specifications as opposed to their multiple uses in the
two are identified; however, their differences are not well ISPW-6 Example. Further discussion of the individual tasks
addressed. The conclusion is therefore rather simplistic andare given when their corresponding specifications are exam-
underestimates the scale and implication of the differences. ined.

3 The ISPW-6 Software Process Example 4 TheLiaison Workflow Model

The ISPW-6 Software Process Example [16] is the first  TheLiaison workflow model used in this paper is based
benchmark application example to facilitate objective as- on the WIDE workflow model [4] and is an extension of
sessment and comparison between software process modhe reference workflow model proposed by the Workflow
els. Several extensions to the example have been introduceilanagement Coalition [27]. Like the reference workflow
since but this paper only discusses the core example in themodel, it captures the fundamental elements of the work-
original description. flow paradigm: organisation model, information model,

The core example concerns the execution and manageprocess model, and their relationships. Unlike the refer-
ment of a change of requirements for an existing software ence workflow model, it supports a rich organisation model,
component. The process s initiated in response to the modi-sophisticated activity assignment constraints, dynamic con-
fication of a requirementunit. It begins with a project leader trol flows including the use of active rules, complex process
scheduling and assigning the various engineering tasks instructures, and workflow transactiorlsaison extends the
the process. These include modification of the correspond-WIDE model with more elaborate process event dependen-
ing design unit, modification of the test plan, modification cies, dynamic process evolution support, and process inte-
of the unit test, and testing of the modified unit. During gration support. The examples used in this paper are ex-
the execution of these activities the project leader monitorspressed usind/almont which is a specification language
their progress. The process description specifies constraintsor Liaison It is based on a specification language defined
on the process including the ordering of some of the tasks,earlier by the first author [6].
the kinds of personnel responsible for each task, as well as
condit_iong f_ortask initiation and termination. The ta;ks aqd 4.1 Organisation Model
the (simplified) control flows between them are depicted in
Figure 1. “Monitor Progress” is a task that interacts with all

the other tasks in “Develop Change and Test Unit”. _ The organisation model registers primgrily the grganisa-
tion structure and resources. It records information about
Develop Change and Test Unit individual_ _employeess(taff), functional positions held by
) ) staff (position), groups of staff fean) that are put together
Modify |\40d|tfy Test to serve some transaction, as well as non-human resources
Unit Test es Unit

(tool) such as machines and software. A staff member can
hold several positions as well as participate in a number of
teams possibly in different capacities according to the posi-
tions held. Staff, positions, teams, and tools are collectively
Schedule ) ; referred to asagents All agents are associated withda-
and Modify Modify A, T
mainwhich is usually used to model geographical sites or

Package Plans

Assign Design Code . > o
Tas functional units of an organisation.
The organisation model also captures relationships be-
tween staff, between positions, and between teams. These
Mr%rgﬁggs Review relationships are us_eful for searching agent replacement.
Design Thedeputyrelationship allows one staff member to deputise
for another that is not available to carry out an activity. The
position hierarchycaptures theccountabilityrelationship
Figure 1. (Simplified) Control Flows in the between positions. When a staff member is not available, a
ISPW-6 Software Change Process task can be performed instead by his or her senior to whom

the staff member is accountable for. Tteam hierarchy
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recording theinclusion relationship serves a similar pur- level can be refined into a network of activities in the next
pose. When ateam member is not available, the team leadelevel. Activities at the bottom level, so to speak, are the
can take over. However, if no one in the team is available, building blocks of the process where actions are actually
the leader of thaffiliated team which includes the original carried out. The bottom-level activities are referred to as
team can be broughtin. base tasksvhile other activities are calletsks

) Every activity definition can contain the following com-
4.2 Information Model ponents: (1) gre-conditionthat has to be satisfied for the
activity to start, (2) actions performed by the activity, (3)

The information model defines the data used in a work- a post-conditionthat has to hold for the activity to termi-
flow process, governs the operations that can be performedhate, (4) aole constraintabout assigning the activity to an
on the data, as well as controls the scope and presentatioagent, (5) ascheduleor the execution of the activity, and
of the data. Data can have one of two possible scopesi(6) handlers for system-defined as well as user-defined
global andlocal. Global data are shared by all workflow ceptions The action part of an activity varies depending on
processes. They are persistent and are stored usually in eiwhether the activity is a task or a base task. For a task it cap-
ther databases or files. Local data are only accessible fromures the control flows between activities in the next level.
within one workflow process and are shared between ac-For a base task it captures some computation which may
tivities within the same process. They are managed by thebe performed over the information model or some external
workflow system and are in many ways not unlike global operation performed by the user. Consequently, role con-
data. straints may differ between tasks and base tasks. For a task

Theentitydata type is introduced to capture external data a role constraint may specify dependency between activity
and their associated operations. Every entity may have a seassignments of lower-level activities. For a base task a role
of associated operations that are often completely differentconstraint is always about the base task alone. Base tasks
from any other entities. Nevertheless, for the purpose of have the option of specifying the forms that can be used for
workflow applications, it is sufficient to treat all entities to interaction with the user.
be of the same type at the expense of having to perform
some type checking dynamically at run-time.

The form data type is probably the most distinguishing
type in the information model. It resembles the record type
in programming languages except that it also contains pre-
sentation information. The presentation information is im-
portant due to the interactive nature of workflow systems - a
lot of information is presented and captured using forms dis-
played on user terminals. Presentation information inCIUdefollowed by (orfork) a number of activities while multiple
headings, field labels, and formatting information. Each activities can precede (gin) a single activity
field is typed and can be used to show or update data vari- '
ables. Default field values can also be defined. A form type
can be derived from another form type possibly by remov-
ing fields. Moreover a derived form can relax or restrict 4-4 TheVaimontWorkflow Language
operations that can be performed on a field. This mech-
anism encourages and supports re-usability which reduces
the maintenance effort. 4.4.1 Distribution

The information model supports the well-known base
types:integey, string, and so forth. It also supporistasa  vaimontprovides a syntactic construct for each of the three
container type whose elements can be of any type includingmqdels described in the previous subsections. A model de-
list, entity, and form. Actually types are orthogonal and can fined using such a construct is referred to apecification

A task can be highly dynamic as its execution can be in-
fluenced by exceptions raised by the user through the inter-
active tools provided (e.g. abort a task) or by the workflow
system itself (e.g. gemporal eventhat occurs regularly).
Therefore, an activity can be at differestatesat different
times. Operations are executed only when an activity is in
the running state. Control flows between activities do not
have to be structured in a linear fashion. An activity can be

be combined freely. in this paper. In order to model distribution which can be
either a physical or logical notion, each specification can
4.3 Process Model be given adomainwhich qualifies all components defined

in the specification. Domains are hierarchical and are used
The use of activity abstraction in the process model al- somewhat like Internet domain and host names with inclu-
lows an application to be defined in an incremental fashion sion semantics between them. To define a process that is to
and often the resultant design is more comprehensible. Inbe executed at different sites, the domain given to the spec-
other words, an activity representing a unit of work at one ification can be partially parameterised.
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4.4.2 Reusability scheduling constraints. “Monitor Progress” is not modelled
L , ) i either since the monitoring facility can perform most of the

Specifications can be reused or combined by importing onejop, 5 tomatically. The rest of the job can be incorporated

specification to another. It should be noted that the do- as exceptions in the development tasks.

main of an imported specification remains unchanged. The The ISPW-6 Example process is supposed to be initiated

process model plays a central role in a workflow applica- by the arrival of the new requirements document and the

tion, it often imports specifications 9f the other r_nlodells. On verbal authorisation from the Configuration Control Board.
the contrary, the other models only import specifications of In the Valmont specifications, it is assumed that the initi-

their own models. ation of the workflow process (which includes registering
the responsible agent and executing agent) is an indication
4.4.3 Modularity of the receipt of the verbal authorisation. Also the new re-

o o ~quirements are assumed to have been stored and accessible
An organisation specification serves two purposes. First, s the workflow system.

it can be used to define attributes for the various kinds of It should be noticed that both individual tasks and the

agents and the relationships between them. Second, it alyyorkflow process can be terminated at any point during the
lows instantiation of the various kinds of agents. execution by the user or the system itself. In other words,
An information specification consists of two kinds of - cancellationis a pre-defined operation and requires no ex-
definitions. First, data definitions which are similar to type pjicit modelling.
definitions found in programming languages. In particular, * pyring the execution of the workflow process, a task that
apiece of external data is defined as an entity - a very simplejs in the ready state will be put into the work-list of the re-
form of abstract data type. Second, form definitions provide gponsible agent (i.e. after assignment resolution) together
a mechanism to group and share data. Presentation detailgith the scheduled start time and duration. An email mes-
can also be captured in the form definitions. sage is also sent to the agent about the arrival of the new
A process specification can contain a number of task task. The agent can then choose when to perform the task.
specifications which can be further refined or decomposedf the task is not started after its scheduled start time, an
via other task specifications. Control flows are captured jndication will be made in the work-list. Similarly, an indi-
using production-rule-like constructs. Data flows are ex- cation will be shown when a task is overdue.
pressed using parameter passing to forms which is simi-
lar to reference passing in procedure calls. Exceptions are6
dealt with using event-condition-action rules. Activity as-
signment is specified using a novel syntax.

Organisation Specification

The organisation model can be used to capture an enter-
. . prise with multiple sites. Each site can be considered as a
5 Assumptions of the Solution domain. The hierarchy that often exists between sites can be
modelled as a hierarchy between domains. In the (partial)
The ISPW-6 Example includes both development and organisation specification “Softwafgervices” given in line
management tasks. With the workflow paradigm, the man-6-30 of Figure 2, the domain qualifieocAL (line 6) is ac-
agement tasks are best modelled using the build-time systually a domain parameter which is bound to the domain in
tem and the monitoring facility of the run-time system. The which the workflow process runs. Parameterised domains
build-time system is usually used to define the various mod- allow reuse of organisation models. All components defined
els before the workflow process is executed even thoughin a specification are qualified by the domain of the speci-
some control can be defined dynamically or changed dur-fication. Domain qualification is however optional as is the
ing execution. The monitoring facility keeps track of the case for “SinaFrench” defined in line 1-5valmontallows
execution history and runs as long as the process lasts.  one specification to import other specifications. TIses
It is therefore not surprising that “Schedule and Assign clause in line 7 of the “Softwar8ervices” specification al-
Task” and “Monitor Progress” are not directly modelled in lows all components defined in the “Sifwench” specifi-
the Valmont specifications. The “Assign Task” part is as- cation to be used in the “Softwafervices” specification.
sumed to have been carried out using the build-time systemOften connections to the imported models are to be estab-
to assign staff to the project team. Alternatively, assign- lished, one such connection between “Softwaesvices”
ment can be made at run-time by the project leader as re-and “SinaFrench” is established in line 25 which will be
quired. The “Schedule Task” part is kept as a developmentexplained later.
task to demonstrate the dynamic scheduling capability. To  Properties of individual employees are captured using
keep the specifications short, only one task (i.e. “Test Unit”) thesTAFF definition. Attributes appeared after the keyword
is scheduled and the other tasks are left to run without anyHAS are user-defined attributes which correspond tcethe
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ORGANISATION_.MODEL SinaFrench
TEAM ConfigurationControLBoard

END_TEAM;
END_MODEL

ORGANISATION.MODEL SoftwareServicesoF LOCAL
USES ORGANISATIONMODEL SinaFrench;

STAFF HAS
ARRAY OF STRING skKills;
ARRAY OF STRING languages;
STRING. degree;
END_STAFF,
POSITION DesignEngineersuPERIOR ProjectLeader
END_POSITION
POSITION Quality_AssuranceEngineersUPERIOR ProjectLeader
END_POSITION
POSITION SoftwareEngineersuPERIOR ProjectLeader
END_POSITION
POSITION ProjectLeader
END_POSITION
TEAM ProjectTeamAFFILIATION ConfigurationControLBoard has
STAFF. designengineer;
STAFF. quality_assurancengineer;
ARRAY OF STAFE softwareengineers;

END_TEAM;
END_MODEL

REGISTER TEAM ConfigurationControLBoardIN SinaFrench
(LEADER) (Frank);

REGISTER STAFF INSoftwareServicesoF France
(SELF, DEPUTY, languages, skills, degree)
[ (Andy, [Billy], [“chinese”, “english”, “french],
[“databases”, “software engineering”], “Ph.D."), ... |;

REGISTER POSITIONDesignEngineenn SoftwareServicesorF France

(SELF, SUPERIOR
[ (Andy, Edward), (Billy, Edward), ... ];

REGISTER TEAM ProjectTeamiN SoftwareServicesorF France

(LEADER,designengineer, qualitassurancengineer, softwarengineers)

(Edward, Andy, Bob, [Chris, Davids SoftwareEngineer]);

Figure 2. A Partial Organisation Model

registered.

Positions are defined using tlrosITION definition.
Apart from pre-defined attributes, user-defined attributes
can be introduced as in tterAFF definition. The optional
accountability relationship can also be specified. In line 16-
18, the position “QualityAssuranceEngineer” is defined to
be accountable to “Projetteader” but no such relationship
is defined for “ProjecLeader” in line 22-24. Line 36-38
show the registration of two “DesigRngineer”s identified
as “Andy” and “Billy”. They are both accountable to “Ed-
ward”. Each employee is assigned to at least one position
but can be more as in the case of “David” (see line 41).

Organisations are becoming more team-oriented rather
than function-oriented as the former helps to eliminate un-
necessary control resulting in better responsiveness and
flexibility. Teams can be defined using theam defini-
tion, for example in line 2-4 and 25-29. “Projettéam”
has been given a user-defined list-valued attribute called
“softwareengineers” (line 28) and its value is given in
line 41. The pre-defined attribute EADER” is also reg-
istered in line 41. Since a team member can hold more
than one position, it is sometime necessary to specify the
capacity of a team member. In line 41, “David” serves in
the “ProjectTeam” as a “Softwardngineer” rather than
other capacities (e.g. “QualithssuranceEngineer”) that
he may hold. Teams can form a team hierarchy using the
inclusion relationship. For instance, the “Projdetam” in
“France” is included in the “Configuratia@ontrolL Board”
team. This is specified using teFILIATION clause in
line 25.

7 Information Specification

The information model is actually made up of two mod-
els - theform modeland thedata model The form model
contains representation details of forms that can be used to
interact with the user. The data model can be used to define
global and local data. The nexttwo subsections provide par-
tial specifications of the form and data models used in the
solution.

7.1 Form Specification

A form specification contains representation details con-

tended attribute listlefined in [26]. Attribute values can be cerning the display of a form and the types of the data that
of any type, forinstance “skills” is a list-valued attribute and can appear in a form. The “DesigbhangeForm” is de-

“degree” is a string-valued attribute. Line 31-41 of Figure 2 fined in line 2-10 in Figure 3 and the appearance of the
show how an organisation model can be populated with in- form is given in Figure 4. The heading statement (line 3)

stances using theEGISTER statements. Line 33-35 register

prints a string on the screen whilEw_LINE and SPACE

an employee identified as “Andy” with four attribute values. correspond to starting a new line and producing some verti-
The first attribute bEPUTY” is pre-defined and provides a cal spacing. EachABEL statement can generate a number
list of employees who can stand in for the employee being of buttons or boxes which may be labelled. For example,
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FORM_MODEL SoftwareServicesoF France
FORM DesignChangeForm
HEADING “DESIGN CHANGE FORM”;
SPACE
LABEL “Software Design'LINKS ENTITY: design;
NEW_LINE; SPACE
LABEL “New RequirementstINKS TEXT: requirementhange;
NEW_LINE; SPACE

POO~NOUTORAWNPRE

0 END_FORM,

11 DERIVED_FORM First DesignChangeFormFROM DesignChangeForm
12 WITHOUT fix_designfeedback;

13 ONLY READ FOR requirementshange;

14 END-FORM;

15 DERIVED_FORM More_DesignChangeFormFrRomM DesignChangeForm
16 ONLY READ FOR requirementshange, fixdesignfeedback;
17 END-FORM,

18 END-MODEL

LABEL “Additional RecommendationZiNks TEXT: fix_designfeedback;

Figure 3. A Partial Form Model

File FEdit View Go Bookmarks Options Directory Window Help

Location:

Thttp: / /www-rocq. inria. fr/~chan/APSECIT fau. html

What's New'.’l What's Cuul'.’l Desunaﬁunsl Net Sean:h| People Suﬂwarel

DESIGN CHANGE FORM

Software Design: |=0

New Requirements :

Additional Recommendation :

EReturn Form| Clear Form

F=s - =

Figure 4. Design Change Form

ways. First, the field “fixdesignfeedback” is removed (line
12). Second, the field “requirementhange” cannot be up-
dated (line 14). Similarly, “MoreDesignChangeForm” is
derived from the “DesigrChangeForm”. It restricts access

to fields “requirementshange” and “fixdesignfeedback”

to read-only. Derived forms are used to control the scope
and access of local data by means of structural changes, ac-
cess constraints, and initial values for fields before the form
is displayed. Form derivation is simply a syntactic sugaring
for defining new forms and does not imply any relationship
between forms.

7.2 Data Specification

DATA _MODEL SoftwareServicesor France
ENTITY design ‘~ss/ispw6/design.txt”
HAS
edit “emacs $design”;
print “Ipr $design”;
END_ENTITY;

OO WNE

ENTITY sourcecode ...

© 0o~

EI\IIIIZ.)_ENTITY;

10 ENTITY objectcode ...

12 El\iE)_ENTITY;

13 ENTITY testunitpackage ...
15 El\iE)_ENTITY;

16  VARIABLE

17 STRING: fix_design, testesults;

18 BOOLEAN: fix_code, fixtest;

19 TIME: testunit_start, testunit feeback;

20 TEXT: requirementshange, fixdesignfeedback, nomof_defects,
21 fix.codefeedback, fixtestfeedback, tesplans;

22 END_MODEL

Figure 5. A Partial Data Model

The data model given in Figure 5 contains two categories
of data. Line 2-6 captures an external document as an entity
and defines two associated operations: “edit” and “print”.
Operation associated with an entity are usually listed in a
pull-down menu in a form. Itis also possible to copy an en-
tity from one field to another. Line 17-21 defines variables
of various types that can be used with forms as described in

line 9 generates a box next to the label “Additional Rec- the next section.
ommendation” to represent a link to a piece of data of type
TEXT. It should be noted that fields in a form are references e
to local data and they are not value holders themselves. Thc-,8 Process Specification
type information of the fields are included to facilitate type
checking and efficient formatting.

The “FirstDesignChangeForm” is derived from the
“Design.ChangeForm” and differs from the latter in two

The process model primarily captures various relation-
ships between processes: the refinement relationship, con-
trol flows, and data flows.
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1 WORKFLOW-MODEL ISPW-60F France

USES ORGANISATIONMODEL SoftwareServices;
FORM_MODEL SoftwareServices;
DATA_MODEL SoftwareServices;

B WN

CONTROL
START ScheduleTask;
ScheduleTaskeNABLES PerformChange;
END PerformChange;

0 ~No g

©

EXCEPTION
TestUnit_Delayed
WHEN AT(testunitstart) AND NOT STARTED(TestUnit)
DOES NOTIFY(Project Team.LEADER, “...");

10
11
12

13
14
15

TestUnit_Overdue
WHEN ELAPSEN(TestUnit) > testunitlength
DOES NOTIFY(Project Team.LEADER, “...");

16
17
18

ReviewDesignCompleted
WHEN COMPLETED(Review Design)
DOES NOTIFY(Project Team.LEADER, “...” + naof_defects);

TASK PerformChange
START Modify_Design, Modify TestPlans;

Modify_DesignENABLES ReviewDesign;
ReviewDesignir (fix_designiN LIST[*minor changes”, “major changes™])
ENABLES Modify_Design;
EACH(START-EVENT(Modify_Design),
TestUnit IF (fix.code =TRUE))
ENABLES Modify_Code;
Modify_DesignENABLES END_EVENT(Modify_Code);

EACH((Modify_TestPlans, ModifyDesign),
TestUnit IF (fix_test =TRUE))
ENABLES Modify_TestUnit_Package;
Modify_TestUnit_Package, ModifyCodeENABLES TestUnit;
END TestUnit;

33 END_TASK;

Figure 6. Tasks Modelling the ISPW-6 Soft-
ware Process Example

The workflow process definition begins with importing
an organisation model (line 2), a form model (line 3), and a
data model (line 4) relevant to the application.

The control part, line 6-8, specifies the top level activ-
ity abstraction of the workflow application. The workflow
is supposed to start from the “Schedillask” (line 6) and
finish with the “PerformChange” task (line 8). The transi-
tion from one task to another is captured usingghe@BLE
statement (line 7 shows its simplest form). Conditional tran-
sitions can be specified by providing a condition as in line
22.

Three exception handlers are defined in line 10-
18. *“TestUnit_Delayed” informs the project leader if
“TestUnit” is not started after the scheduled timer is
a time operator which compares the given time with the

current system time whilsTARTED is a pre-defined pred-
icate indicating if a task has begun. “Tadhit_Overdue”
does the same when “Tedhit” is not completed by its
scheduled time. ELAPSED returns the time interval be-
tween the start of a task and the current system time. “Re-
view_DesignCompleted” simply informs the project leader
of the completion of “ReviewDesign” together with infor-
mation about the defect&oMPLETED checks if the given
task is finished.

“Perform.Change” is further refined between line 19-33
and is specified to have two starting tasks (line 20). Line 21-
27 concern the modification of design and code while line
28-31 deal with the testing of the modified code. A condi-
tional transition is used in line 22 to allow “Modify Design”
to be performed repeatedly until the design is considered
acceptable by “RevievDesign”. “Modify_Code” (line 26)
can be initiated in two ways: (1) after “Modifpesign” is
started (line 24), (2) after “Tedtnit” is finished and sug-
gests more code change (line 25). Line 27 asserts that
“Modify _Code” cannot terminate before “Modifpesign”
has done so. When a list of events appears on the left hand
side of ENABLES without qualification (line 31), they all
must hold before the task on the right hand side can start.
START_EVENT (line 24) andeND_EVENT (line 27) allow
delicate control to be specified. In this case, they are used to
specify that “Modify Design” and “Modify Code” are not
ordered sequentially but instead can be overlapped.

In the case of a base task, instead of control statements,
computation and message display are specified. Forms are
displayed only by base tasks which have the duty of per-
forming computation that may require inputs from the user.
The forms to be displayed is specified in theew clause
and their contents are filled using local variables (e.g. line
36). The mechanism is similar to pass by reference in pro-
cedure calls in programming languages.

Every activity can be given a pre-condition and a post-
condition that have to be satisfied for it to begin and end
successfully. The pre-condition of “Schedulask” given
in line 37-39 specifies that the two fields in the form must
be blank. The post-condition given in line 43 specifies that
all the fields must be filled. The keyworVERY is a short-
hand for all the fields in a form. The role constraint given
in line 44-45 states that the task must be carried out by the
project leader. It is also possible to use more than one form
in a base task. Two forms are specified in “ModiPgsign”

(line 48-52). One form (line 49-50) is used when it is ini-
tiated for the first time and the other form (line 51-52) is
used when further change to the design is required. These
forms are used only if their associated conditions hold (line
50, 52). A base task can be assigned to multiple agents and
is demonstrated in line 60-62. Scheduling constraints can
be given like in line 77 which states that “Tdghit” must

start by 9 am on July 1 and should be completed in 7 days.
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34 BASE.TASK ScheduleTask
35 VIEW
36 Schedulg-orm(testunit_start, testunit_length);
37 PRE.CONDITION
38 ScheduléForm.startis NULL;
39 Scheduldg=orm.lengthis NULL;
40 MESSAGE
41 “Please fill in the start time and duration.”;
42  POST.CONDITION
43 EVERY ScheduleForm1s NOT NULL;
44 ROLE
45 STAFF ProjectTeam.LEADER;
46 END_TASK;
47 BASE_TASK Modify_Design
48  VIEW
49 FirstDesignChangeForm(requirementghange, design)
50 IF fix_designis NULL;
51 More DesignChangeForm(requirementghange, design,
fix_.designfeedback)
52 IF fix_designIN LIST[*minor changes”, “major changes;
53 ROLE
54 STAFF ProjectTeam.desigrengineer;
55 END_TASK;
56 BASE_TASK ReviewDesign
57 VIEW
58 ReviewForm(requirementghange, design,
fix_designfeedback, fixdesign, noof_defects);
59 ROLE
60 STAFF ProjectTeam.desigrengineer;
61 STAFF ProjectTeam.qualityassurancesngineer;
62 STAFF 2 ProjectTeam.softwareengineer;
63 END_TASK;
64 BASE_TASK Modify_Code
65 VIEW
66 FirstCodeChangeForm(design, sourceode)
67 IF fix_codels NULL;
68 More.Code ChangeForm(design, sourceode, fixcodefeedback)
69 IF fix_code =TRUE;
70 END_TASK;
71 BASE_TASK Modify_TestPlans
72 END_TASK;
73 BASE_TASK Modify_Unit_TestPackage
74 END_TASK;
75 BASE.TASK TestUnit
76  SCHEDULE
77 FOR AT(97/7/1,9:00:00) ASTING INTERVAL (0/0/7);
78 END_TASK;
79 END-MODEL
Figure 7. Base Tasks Modelling the ISPW-6
Software Process Example
9 Concluding Remarks

ware development process. It was shown that the workflow
paradigm offered a more comprehensive modelling scope
which allows organisation structures, human resources, user
interfaces, integration of external services, as well as fine
dependency control to be captured. The use of a workflow
specification language in this paper is merely for the pur-
pose of illustration and the system is assumed to be operated
primarily graphically. Nevertheless, having a workflow lan-
guage was found to be very helpful in studying the individ-
ual features as well as their interaction. The requirements
that have been identified so far from the software process [5]
also emerge as necessary in other application domains. Itis
believed that using a well studied application domain such
as the software process would help significantly in directing
the development of advanced workflow systems which will
benefit a whole spectrum of application domains.
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