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Abstract. Development processes are inherently difficult to manage. Tools for
managing development processes have to cope with continuous process evolu-
tion. The management system AHEAD is based on long-term experience gath-
ered in different disciplines (software, mechanical, or chemical engineering).
AHEAD provides an integrated set of tools for evolving both process definitions
and their instances. AHEAD is based on graphs which are formally specified and
manipulated by programmed graph transformations.

1 Introduction

Development processes in different disciplines such as software, mechanical, or chem-
ical engineering share many features. Unfortunately, one of these common features is
that they are hard to manage. Development processes are highly creative and therefore
can be planned only to a limited extent. The tasks to be performed depend on the product
to be developed, which is not known in advance. Alternative designs (variants) are ex-
plored to arrive at an optimal solution. Feedback may occur frequently — including not
only spontaneous feedback raised by design errors in earlier steps, but also anticipated
feedback which may be used to improve the design or to select among variants of the
design. Finally, development methods such as concurrent or simultaneous engineering
require sophisticated coordination between inter-dependent design activities.

In order to build effective tools for managing development processes, one must face
the challenge of process evolution. While this has been recognized widely, current man-
agement systems can cope with process evolution only to a limited extent. In particular,
this applies to workflow management systems [1] which were designed for repetitive
business processes, e.g., by automating routine work in banks, insurance companies,
administrations, etc. In such systems a high number of workflows are executed accord-
ing to a common definition, ensuring that work is performed following a pre-defined
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procedure. This approach cannot be transferred to development processes because it
does not take process evolution into account: Developers would perceive themselves
being tied in a straight-jacket so that they cannot perform their creative work as desired.

In this paper, we present the comprehensive evolution support [2] offered by AHEAD
[3], an Adaptable and Human-Centered Environment for the MAnagement of Develop-
ment Processes. AHEAD is based on nearly 10 years of work on development processes
in different engineering disciplines. So far, we have applied the concepts underlying the
AHEAD system in mechanical, chemical and software engineering.

The AHEAD system is based on a formal specification for two reasons. First, the
specification clearly defines the management data and the effects of commands pro-
vided by the system. Second, code is generated from a high-level specification, resulting
in significant savings of implementation effort. As specification language, we selected
PROGRESI4], a high-level language for specifying programmed graph rewriting sys-
tems. Development processes can be represented in a natural way as graphs, and their
evolution can be specified by graph transformations.

2 Example

This section demonstrates how the AHEAD system supports the management of evolv-
ing development processes. For this purpose, AHEAD offers dynamic task nets [5].
Within dynamic task nets, tasks describe units of work to be done. Tasks are orga-
nized hierarchically, i.e., a task may be decomposed into a set of subtasks. Control flow
relationships define the order of subtask enactment. Data flow relationships connect in-
put and output parameters of tasks and allow to exchange documents between them.
Feedback relationships model cycles within the process which may stem from planned
iterations or occurring exceptional situations. Software processes evolve continuously
and it is usually impossible to completely plan a process before its enaction. Therefore,
dynamic task nets are designed to be editable and enactable in an interleaved fashion.

With respect to dynamic task nets, we have to distinguish between process def-
initions and process instances. A process instance represents a specific development
process being executed. In contrast, a process definition describes a whole class of pro-
cesses. It describes the structures of processes of this class, and the constraints that
have to be met. Process instances refer to definitions; e.g., the task | npl enent Ul is
an instance of the task type | nmpl enent .

2.1 Wide Spectrum Approach

Development processes span a wide spectrum, ranging from highly structured, repeti-
tive, and well-known ones to ad hoc, one-shot, and unknown ones. In this subsection,
we describe how AHEAD covers the whole spectrum of processes by offering flexible
means for process definitions.

Figure 1a shows a type-level definition for an idealized software process. It consists
of task types for system design, component implementation, and test. These task types
are connected through control flow and feedback flow types. The task types own input



Graph-Based Specification of a Management System 3

a) Requlrementso b)
Develop Software System Object Source Requirements
System [1:1] FAR! (G [ONO) Q
{partial := true} > Task Type T IR
;. Test ,
o £ ol o) o) ]
Input Type Develop Test Develop Test Task
3 Driver Cases O
gnDoc .
Output Type L Test Driver S Input
. e ;
"""" Control Floy 4 O T-GSt Cases bt
w 3 Output
Type (seq.) P
—>
Control
Control Flow
Type(sim) | | A NP T
,,,,, — P
Feedback Flow
Type
""""""" Da(arFlow

Type

<

e) [P ]

Software
Development

<<realizes>> " “\ <<realizes>>

Standard Standard
Process, Rev. 1 | <<successor>>" | Process, Rev. 2

" <<imports>>, <<imports>>

Design Implementation | *** Design Review

Fig. 1. Example process

and output parameter types which are connected by data flow types defining the po-
tential channels for data exchange. The process definition is vague, which is modeled
through the partial-flag. This means that the process modeler decides to permit uncon-
strained types: In addition to explicitly defined types, the process manager may instan-
tiate pre-defined unconstrained types for those tasks which have not been anticipated by
the process modeler. Permitting unconstrained types potentially leads to partially typed
task nets but enhances flexibility.

Besides these structural constraints, the behavior of elements may be defined using
behavioral patterns (some of which are shown in Table 1). For each structural element,
a number of behavioral patterns are predefined. It is e.g. stated that a control flow may
have standard, simultaneous or sequential semantics. Standard semantics means that the
flow’s source is to be terminated before its target. Simultaneous semantics additionally
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model element property values
control flow | enactment order |standard, sequential, simultaneous
parameter versioned true, false
input available on start, later
input consumption mode automatic, manual

Table 1. Parametric definition of behavior

requires the source to be activated before the target. With sequential semantics the flow’s
source has to be terminated before the target is activated. For parameters behavioral
patterns regarding the versioning of documents exchanged via a particular parameter,
the time of availability of a document at a particular input parameter or the automation
degree of input consumption are specified. One set of behavioral patterns is defined
as the default behavior. E.g. for input parameters the default behavior is defined as
(versioned:=true; available:=later; consumption-mode:=manual). The most unrestricted
behavioral patterns are used to define the default semantics which are e.g. used for
unconstrained types.

Assigning one or multiple of these behavioral patterns to particular types of the
process definition results in parameterization of an enacted dynamic task net’s behav-
ior. The enactment order of related tasks may be adapted using different control flow
semantics; the activation of a task can be delayed by requiring on-start availability of its
inputs, etc. In the example of Figure 1a we have assigned sequential and simultaneous
behavioral patterns to the control flow types.

Figure 1a defines a partially typed subprocess. In the current version of the process
definition, we assume there is no refining definition for the design task type (untyped,
i.e., unconstrained subprocess) and a type-level definition for the implementation task
type whose description we omit. Testing is well understood, and a stable process has
been defined as an instance-level process definition. The corresponding instance pattern
is displayed in Figure 1b. It consists of tasks for test driver and test case development,
test system building and test execution. This instance pattern can be directly implanted
into a task net without interactive planning steps. To summarize, the definition of our
sample process covers the whole spectrum from unconstrained processes on one end to
instance patterns on the other end.

2.2 Consistency Control

We now turn to the description of flexible process instance support. Our main focus lies
on consistency control. To enhance flexibility, the process instance may deviate from its
definition, resulting in inconsistencies. The process manager retains control on where
such inconsistencies are allowed and where they are prohibited.

In the beginning of our sample process it can be determined only that the new system
needs to be designed. An initial top-level task net therefore contains no other tasks than
a typed design task. The design process may then be described by a subordinate task
net. As there is no process definition for design tasks available, the process manager
creates an unconstrained ad-hoc task net (not shown). This task net comprises tasks for
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creating a coarse design to identify the system’s components and their interrelations
and for providing a detailed design for each of these components (e.g. user interface,
application logic, database system).

After a design has been produced by the complex design task, the top-level task net
is completed. One implementation and one test task are created for each component
and a bottom-up testing strategy is enforced (cf. Figure 1c¢). During the user interface’s
implementation an error in the design is detected which has to be resolved. Accordingly,
a feedback flow is introduced into the net and an error report is created and sent to
the design task (cf. (1) in Figure 1d). As this feedback flow, the error parameters and
the data flow are not part of the process definition (cf. Figure 1a) but unconstrained
types are allowed by it, a weak consistency results from this task net manipulation. By
contrast, strong consistency implies that only constrained (explicitly defined) types are
instantiated in a way that conforms with the process definition.

As the implementation tasks are sequentially dependent on the design task, they
may only be active when the design task is terminated. But, as a result of the introduced
feedback flow, the terminated design task has to be reactivated for error correction. This
results in the implementation and design task being active at the same time which leads
to a behavioral inconsistency (cf. (2) in Figure 1d).

As design errors may become costly the further the software process proceeds, the
process manager makes the decision to let the next design version be reviewed. Accord-
ingly, a design review task is created in the context of the design task. A feedback flow
is used to model the planned iteration between the design and review tasks (cf. (3) in
Figure 1d). As the design review task is typed but the type is not part of this process
definition, a structural inconsistency emerges.

Let us summarize the general features of consistency control: By default, a process
instance must be consistent with the process definition. However, the process manager
may allow inconsistencies selectively by means of local “switches” which are provided
for each subnet in a task hierarchy. By default, consistency enforcement is switched on,
but the process manager may switch it off deliberately to tolerate temporary or even
permanent inconsistencies. When consistency enforcement is switched off, the process
manager may manipulate the respect subnet (being part of the process instance) such
that it deviates from the process definition. Consistency enforcement may be switched
on again only after all inconsistencies have been removed (either by operations applying
only to the process instance or by migrating to a revised process definition, see below).

2.3 Definition-Level Evolution and Migration

In some cases, deviating process instances contain new and valuable process knowledge
which should be made available to other process instances. This leads to an extension
of the process definition, which is structured in a modular way through packages. Inter-
face packages contain the task and parameter types of a task, while realization packages
contain the refining definitions of one interface. In the context of our example, the pro-
cess modeler decides to revise the top level process definition. The new package version
contains a feedback flow type between implementation and design task types together
with the necessary parameter and data flow types. The design review type is embedded
into the definition and the behavioral description of control flow types between design
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and implementation tasks is switched from sequential to simultaneous. The resulting
package structure is shown in Figure le. The successor dependency between packages
denotes the history of process definition extensions.

As mentioned in the beginning of this section, there might be multiple running in-
stances of one process definition. The manager may select the instances to migrate
on-demand and determine the time of migration. Migration means that an instance is
upgraded to the new definition. In our example, the process manager decides to mi-
grate the process instance of Figure 1d such that it is consistent with the new definition.
Other running instances may also be migrated. Their consistency with respect to the
new process definition version is very unlikely. Therefore, the inconsistencies induced
by migration are again signaled to the manager, but migration can always be performed.

If the manager of another instance which is consistent with the original process
definition decides to migrate to the new version, parts of the instance are inconsistent
or incomplete. The missing design review task denotes an incompleteness of the task
net, while the sequential control flows between design and implementation tasks are a
behavioral inconsistency. The manager may selectively decide which incompletenesses
and inconsistencies to remove from the net. E.g., he may create and embed a design
review task into the net, removing the incompleteness.

Thus, instances may be migrated to new (versions of) definitions, but that does not
necessarily imply that a consistent state will be reached after migration. Both temporary
and persistent inconsistencies may be tolerated by turning off consistency enforcement.

3 Formal Specification

3.1 The AHEAD System

We have realized the process evolution approach described above in the AHEAD sys-
tem (Figure 2). A process modeler creates an external process definition in a modeling
environment for UML (in this paper, we used a different, more concise notation for
demonstration purposes). The model packages are transformed automatically into an
internal process definition which is hidden from the external user. Internally, processes
are defined in PROGRES [4], a specification language for programmed graph transfor-
mations. Internal process definitions are based on a process meta model which has been
defined once beforehand (again in PROGRES). The specifications for internal process
definitions and the process meta model are translated by the PROGRES compiler into
equivalent C (or Java) code which operates on a graph-based DBMS (GRAS). The gen-
erated code is executed by a management environment supporting process managers in
planning, analyzing, and monitoring software processes, and a work environment which
provides software engineers with tools managing agendas and workspaces.

Wide spectrum processes are defined in the modeling environment, which is also
used to evolve process definitions by versioning model packages. Consistency control
is handled by the management environment, which offers commands for enabling and
disabling inconsistencies and informs process managers about deviations from the pro-
cess definition. In addition, the management environment supports migration of process
instances to a modified process definition. In the following, we constrain the presenta-
tion to the level of PROGRES specifications since our approach to process evolution is
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Fig. 2. Overview of the AHEAD system

formally defined at that level. For the UML modeling environment and the transforma-
tion from UML to PROGRES, see [6]. Since the overall specification covers far more
than 100 pages, we can present only small fragments to illustrate the underlying prin-
ciples. Furthermore, we can give only rather cursory explanations; for further technical
details, the reader is referred to [2].

3.2 Process Meta Model

In the sequel, we sketch how the process meta model is defined in PROGRES (see [5]
for a more comprehensive description). We start out in this subsection by presenting
the meta model elements and their interrelations. In the next subsections we explain
enhancements of this process meta model needed for wide spectrum process model
definition, consistency control and process evolution, respectively.

The upper part of Figure 3 shows a cutout of the graph schema for dynamic task
nets. The graph schema defines the components of dynamic task nets in terms of node
classes, attributes, and edge types. Tasks are modeled by the node class TASK, which
is a subclass of ENTI TY. A task has an intrinsic Name attribute — inherited from
ENTI TY — as well as an additional St at e attribute. The process meta model defines
a common state diagram which applies to all types of tasks, but which can further be
adapted at the process definition level. Task relations are represented by nodes of class
TASK_RELATI ONand edges of type f r onSour ceT and t oTar get T, respectively.
Finally, a node of class REALI ZATI ON is used to represent the realization of a task
being assi gned to its interface (represented by the task node itself).

The lower part of Figure 3 gives two examples of base operations defined in the
process meta model. With the help of the graph rewrite rule (production) BaseCr e-
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node class ENTITY is a ITEM;

intrinsic Name : string;
end;
node class TASK is a ENTITY

intrinsic

State : {InDefinition, ..., Failed} := InDefinition;

end;
node class TASK RELATION is a ITEM end;
edge type fromSourceT : TASK -> TASK RELATION;
edge type toTargetT : TASK RELATION -> TASK;
node class CONTROL FLOW is a TASK RELATION end;
node class FEEDBACK FLOW is a TASK RELATION end;
node class REALIZATION is a ENTITY, TASK RELATION end;
edge type assigned : REALIZATION -> TASK;

production BaseCreateSubTask
( Parent : TASK; TaskName : string;
TaskType : type in TASK; out NewTask : TASK ) =

not NameClash (TaskName)

ﬂ assigned fromSourceT
‘ 'l = Parent ‘
+ L= “ : REALIZATION
assigned [

| toTargetT

‘\2 H REALIZATION‘
3" : TaskType

condition "1.State in {InDefinition, Active};

transfer 37 .Name := TaskName;
return NewTask := 37;
end;

transaction BaseStart( Task : TASK ) =
(Task.State in {Waiting, Suspended}
and (Task.IsRoot or Task.=ToParent=>.State = Active))
& Task.State := Active
end;

Fig. 3. Specification the process meta model

at eSubTask, a subtask is inserted into a task net. This is achieved by creating a new
task node (node 3’ on the right-hand side) and connecting it to the realization node for
the parent task. The base operation checks several constraints which are fixed parts of
the process meta model. For example, insertion of the new task must not imply a name
clash (see restriction on the left-hand side), and it can be performed only in certain
states of the parent task (see condition part below left- and right-hand side).

The transaction BaseSt ar t is used to execute a state transition from the states
Wi ti ng or Suspended into the state Act i ve. The body of the transaction consists
of a sequence (&) of statements. If one statement fails, the whole transaction fails and
leaves the task net unaffected. First, it is checked that the current task resides in a valid
source state for the St ar t transition. Furthermore, the task must either be located at
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the root of the task hierarchy, or its parent must be Act i ve. If these conditions hold,
the St at e attribute of the current task is assigned the value Act i ve.

Please note that all base operations check and enforce both structural and behavioral
constraints. Since planning and enactment may be interleaved, a structural operation
such as BaseCr eat eSubTask has to check behavioral constraints with respect to
the state of the parent task. Moreover, we would like to emphasize that only minimal
behavioral constraints are enforced in the process meta model. For example, Base-
St art merely checks the parent task’s state. All constraints checked at this level are
hard constraints built into the process meta model.

3.3 Wide Spectrum Approach

In the following, we describe how the wide spectrum of process definitions is repre-
sented in the PROGRES specification. First, we go into type-level process definitions;
the representation of instance patterns will be discussed briefly at the end of this sub-
section.

The production BaseCr eat eTask presented above instantiates a domain-specific
task type, but it does not check domain-specific constraints (e.g., whether an instance
of that type is permitted in the realization of the parent task). In Subsection 3.4, we will
describe how base operations are extended with these checks. Before that, we explain
how the information used by these checks is represented in the graph schema.

Domain-specific types introduced in a process definition are represented by node
types, which are instances of node classes. Node types may be passed as parameters
(e.g., the type of a task to be created, see Figure 3), and they may be stored as attribute
values (see below). To express domain-specific constraints, we make use of meta at-
tributes, i.e., attributes which are attached to classes or types rather than node instances.

The upper part of Figure 4 shows a cutout of the graph schema for the process meta
model, extended with meta attributes. At the level of the meta model, these attributes
are initialized in the most “liberal” way. For example, the meta attribute Decl ar ed-
Par anet er s of class TASK is a set-valued attribute (cardinality [ 0: n] ) which con-
tains all PARAMETER types, i.e., parameters of any type are allowed. The lower part
of Figure 4 shows a cutout of a process definition, which introduces node types and
redefines the values of meta attributes to express domain-specific constraints. For ex-
ample, nodes of type Devel opSof t war eSyst emmay have only parameters of type
Requi r ement s (input) and Syst em (output). Please note that both structural and
behavioral constraints are represented by meta attributes (see e.g. the type Desi gn-
Tol npl enment , which is used to represent sequential control flows from Desi gn to
| mpl enent tasks).

Instance patterns such as given in Figure 1b are not mapped onto the graph schema.
Rather, a transaction is generated which contains a sequence of calls to base operations
creating the instance pattern’s elements (see [6], which also explains why we do not
generate a production instead).
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node class TASK is a ENTITY

meta
DeclaredParameters
type in PARAMETER [0:n] := PARAMETER;
DeclaredRealizations
type in REALIZATION [O:n] := REALIZATION;
intrinsic
State : {InDefinition, ..., Failed} := InDefinition;
end;
node class TASK RELATION;
meta
SourceTypes : type in TASK [0:n] := TASK;
TargetTypes : type in TASK [0:n] := TASK;
end;
node class CONTROL_FLOW is a TASK_RELATION
meta
EnactmentOrder :
{standard, simultaneous, sequential} := standard;
end;

node type Task : TASK end;
node type Realization : REALIZATION end;
node type ControlFlow : CONTROL FLOW end;
node type DevelopSoftwareSystem : TASK
redef meta
DeclaredParameters = {Requirements, System};
DeclaredRealizations = {PhaseDevelopment};
end;
node type DesignToImplement : CONTROL_ FLOW
redef meta

SourceTypes := {Design};

TargetTypes := {Implement};

EnactmentOrder := sequential;
end;

Fig. 4. Declaration of node types and meta attributes

3.4 Consistency Control

Now we can establish the connection between the base operations of Section 3.2 and
the domain-specific constraints of Section 3.3. We use the term soft constraints to em-
phasize that they can be enforced selectively (in contrast to the process meta model’s
hard constraints). For checking soft constraints, we introduce derived attributes which
signal inconsistencies. While the values of intrinsic attributes are assigned explicitly,
the values of derived attributes are defined by evaluation rules and are updated auto-
matically.

For consistency checking, we attach Boolean attributes to the nodes of task nets
(Figure 5). Consistency calculation is performed in an object-oriented manner. Every
language element can calculate its own consistency within its context. In the node class
I TEM which serves as the root of the class hierarchy, attributes are defined for check-
ing structural and behavioral consistency. As default, these attributes evaluate to true;
the evaluation rules are redefined in subclasses of | TEM These evaluation rules refer to
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node class ITEM
derived
StructurallyConsistent : boolean = true;
BehaviorallyConsistent : boolean = true;

end;
node class ENTITY is a ITEM ... end;
node class TASK is a ENTITY
intrinsic
AllowInconsistencies : boolean := false;
end;
node class TASK RELATION is a ITEM ... end;
node class CONTROLFLOW is a TASK RELATION
derived
TypesConsistent : boolean =

self.<-fromSourceT-.type in self.SourceTypes and
self.-toTargetT->.type in self.TargetTypes;
StatesConsistent : boolean =
[self.EnactmentOrder = sequential
self.-toTargetT->.State in
{Active, Suspended, Done, Failed} =>
self.<-toSourceT-.State in {Done, Failed}
[
redef derived
StructurallyConsistent = self.TypesConsistent and ...;
BehaviorallyConsistent = self.StatesConsistent and ...;

end;

transaction CreateSubTask
( Parent : TASK; TaskName : string;
TaskType : type in TASK; out NewTask : TASK ) =
BaseCreateSubTask (Parent, TaskName, TaskType, out newTask)
& [ not Parent.AllowInconsistencies
NewTask.StructurallyConsistent and ...
| true ]

end;

transaction Start( Task : TASK ) =
BaseStart (Task)
& [ not Task.ToParent.AllowInconsistencies ::
(for all cf in AdjacentControlFlows (Task)
cf.BehaviorallyConsistent
end) and ...
| true ]
end;

Fig. 5. Specification of consistency control

the values of meta attributes. For example, in the class CONTROL _FL OWstructural con-
sistency is determined using the derived attribute TypesConsi st ent , which checks
whether the type of the source and target tasks are contained in the sets Sour ce-
Types and Tar get Types, respectively. Similarly, the behavioral consistency de-
pends on the derived attribute St at esConsi st ent , which checks whether the states
of source and target are compatible with the Enact nent Or der of the control flow
type. For example, in the case of a sequential control flow the target may only be ac-
tive, suspended, failed, or done if the source is terminated. Thus, there are two derived
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attributes signaling the overall behavioral and structural consistency of an element and
an arbitrary number of additional derived attributes performing fine-grained checks. By
retrieving the values of these latter attributes the cause of a particular inconsistency can
be identified.

In TASK, an intrinsic attribute Al | owl nconsi st enci es is defined whose de-
fault value is false. To allow for inconsistencies in a certain task net, the process man-
ager changes its value to true. After all inconsistencies have been removed, Al | ow n-
consi st enci es may be switched off again.

The base operations of the process meta model are embedded into wrappers which
can check soft constraints. The base operation is called first. Afterwards, the AllowIn-
consistencies flag is checked which is attached to the surrounding task net’s root node.
If inconsistencies are not allowed, but have been introduced by the base operation, the
operation is rolled back, and the wrapper transaction fails. Figure 5 demonstrates this
by the wrappers for creating a subtask and starting a task.

In the example of Figure 1d, the process manager may create an unconstrained feed-
back flow from implementation to design when inconsistencies are still disabled (weak
consistencies are allowed). After that, the Al | owl nconsi st enci es flag has to be
set to true. Only then may the Desi gn task be reactivated, resulting in a behavioral
inconsistency with respect to the sequential control flow to the source of the feedback
flow. Moreover, insertion of a (typed) Desi gnRevi ewtask results in a structural in-
consistency. These inconsistencies are signaled by the respective derived attributes.

3.5 Definition-Level Evolution and Migration

Due to the lack of space, we cannot elaborate on the technical details of definition-level
evolution and migration. Rather, we briefly describe the basic ideas.

Evolution of process definitions is supported at the level of packages. PROGRES
does provide packages, but it supports neither package versions nor type versions. Thus,
package versions as shown in Figure 1le are simulated by appending version num-
bers to package names (likewise for node types). From the perspective of PROGRES,
definition-level evolution implies an extension of the graph schema and (for instance
patterns) addition of new operations (i.e., no loss of information). To make definition-
level evolution effective, the extended external process definition is transformed in a
batch process into an extended internal process definition in PROGRES, which is com-
piled into C in turn. The source code has to be compiled and linked to produce an
AHEAD system for the extended process definition. Subsequently, migration be initi-
ated.

Migrating a subnet to a new definition may involve insertion of new task net ele-
ments as well as deletion or conversion of old task net elements. Corresponding base
operations for insertion and deletion are available anyhow. The base operations for con-
version upgrade task net elements to new types. Since PROGRES does not offer type
changes of nodes, conversion has to be simulated by deleting the old node and inserting
a new one, preserving the embedding. As an example, Figure 6 shows the graph rewrite
rule for migrating a task realization. Please note that the condition part excludes realiza-
tion of terminated tasks from migration because historical data should not be changed
post mortem.
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production BaseMigrateRealization
( Realization : REALIZATION;
RealizationType : type in REALIZATION;
out NewRealization : REALIZATION ) =

assigned fromSourceT assigned fromSourceT
"2 = Realization HE " : RealizationType

\ \
toTargetT toTargetT

condition "1.State in {InDefinition, Active, Suspended};

transfer 2’ .Name := "2.Name;
return NewRealization := 27;
end;

Fig. 6. Base operation for migrating a realization

In addition, complex operations are provided to (partially) automate the migration
process. A lot of user interactions are required if the process manager has to call the
base operations on each individual element. Please note that the base operations require
that the target type be passed explicitly, which makes the migration even more tedious.
Therefore, AHEAD assists the process manager by a set of transactions which select the
elements to be migrated and try to infer the respective target type. Unfortunately, it may
happen that the target type may not be inferred in a unique way, in particular in the case
of unconstrained types. Thus, currently migration normally requires user interactions.

3.6 Discussion

To conclude this section, we discuss a technical issue concerning the way we have ap-
plied the PROGRES language to process modeling. Our overall approach is illustrated
on the left-hand side of Figure 7. The process meta model is encoded in PROGRES
at the level of node classes, the process definition adds domain-specific parts of the
specification at the level of node types, and process instances are represented as node
instances (of node types) in the host graph at run time. This solution is called specifica-
tion mapping (i.e., mapping of the process definition into the specification).

The right-hand side of Figure 7 shows an alternative realization: the host graph
mapping (i.e., mapping of the process definition into the host graph). Following this
alternative, the host graph would be composed of two parts representing process def-
initions and instances, respectively. Accordingly, the PROGRES specification would
consist of two analogous parts dealing with graphs and operations for process defini-
tions and instances, respectively.

Specification and host graph mapping have complementary advantages and draw-
backs:
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Specification mapping Host graph mapping
Process meta
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PROGRES Process meta Process rr'1eta
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definition
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graph instance instance o definition

Fig. 7. Realization alternatives

Uniformity In the case of the specification mapping, process definitions and instances
are represented in different ways. In contrast, the host graph mapping would handle
process definitions and their instances in a uniform way.

Modeling effort The specification mapping reduces the modeling effort considerably
because all features of PROGRES may be exploited for process definitions. In con-
trast, for the host graph mapping features which are already available in PROGRES
would have to be simulated.

Efficiency In the case of the specification mapping, the process definition is compiled
into C code, which can be executed efficiently. In contrast, the host graph mapping
would require time-consuming interpretation of the process definition.

Flexibility In the case of the specification mapping, process evolution at the definition
level requires two batch compilation steps (UML — PROGRES — C). In contrast,
the host graph mapping would allow for changes to the process definition on the
fly, without any disruption.

This discussion shows that selecting one of these alternatives is a classical engi-
neering design decision: In neither case, a solution is obtained which is optimal with
respect to all aspects discussed above. We have favored specification mapping because
it is more efficient and because it reduces the modeling effort. On the other hand, the
host graph mapping would handle process definitions and instances uniformly, and it
would be more flexible. We consider host graph mapping a viable alternative in the
case of rather simple process definitions; otherwise, the modeling effort would become
too high.

4 Related Work

AHEAD differs from commercial workflow management systems [1] considerably. Es-
sentially, in a workflow management system a process instance is created by (con-
ceptually) copying the definition (a “process program™) and executing it. In contrast,
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in AHEAD a task net is built up only at runtime; planning and enactment may be
interleaved seamlessly. The standards of the Workflow Management Coalition (see
www. Wf nc. or g), having partially been adopted by the OMG [7], do not address pro-
cess evolution.

AHEAD is based on a process meta model which bears some similarities to other
meta models, e.g., the SPEM metamodel [8] defined by the OMG as an extension of the
UML meta model. In SPEM, activities are modeled as operations, and software pro-
cesses are primarily modeled with the help of activity diagrams. AHEAD follows a dif-
ferent approach and makes use of class diagrams to support process evolution through
dynamic instantiation of task classes and associations [6].

The need for a wide spectrum approach to process management was recognized as
a research challenge in [9]. It is addressed in some research prototypes of workflow
management systems which provide a wide range of control flow types (e.g., Mobile
[10] and FLOW.NET [11]). However, the main focus still lies on highly or medium-
structured processes.

There are only a few other approaches which are capable of managing inconsisten-
cies. In PROSYT [12], users may deviate from the process definition by enforcing oper-
ations violating preconditions and state invariants. However, eventually consistency has
to be re-established; otherwise enactment has to be aborted. In contrast, the approach
described in [13] does allow for potentially persistent inconsistencies, which raise ex-
ceptions that are handled manually or automatically. However, all of the approaches
we are aware of do not address weak consistency in the presence of partial process
knowledge.

A key and unique feature of our approach consists in its support for round-trip pro-
cess evolution. In contrast, most other approaches are confined to top-down evolution. In
[10, 14, 15], the process definition has to be created beforehand, while we allow for en-
acting partially known process definitions. Furthermore, both structural and behavioral
consistency must be maintained during migration. This is not required in our approach,
which is more flexible.

Finally, there are a few approaches which are confined to instance-level evolution
(e.g., [16]). A specific process instance is modified, taking the current enactment state
into account. However, the process definition remains unaffected. Our approach is more
general since it covers both instance- and definition-level evolution (the latter of which
may be used to propagate changes to more than just one instance).

5 Conclusion

In this paper, we have demonstrated the use of graph technology for the specification of
process evolution support in the AHEAD management system. Development processes
can be represented in a natural way as graphs, and their evolution can be specified
by graph transformations. In our specification, we have exploited virtually all features
offered by the specification language PROGRES, including the stratified type system,
meta attributes, derived attributes, graph rewrite rules, transactions, and backtracking.
Finally, we have compared rather briefly two ways of using PROGRES for pro-
cess modeling, namely specification mapping (i.e., mapping of the process definition
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into the PROGRES specification) and host graph mapping (i.e., mapping of the process
definition into the host graph). We have deliberately pursued the specification map-
ping alternative to reduce modeling effort and to increase efficiency. However, we still
consider comparison and evaluation of different styles of specification an important
research topic to be addressed in the future.
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