An Internet Based Softw are Process

Management Environment 1

Frank Maurer

Universityof Calgary maurer@cpsc.ucalgary.ca

Barbara Dellen

Universityof Kaiserslautern dellen@informatik.uni-kl.de

1 Abstract

The paper presents a process-oriented view on knowledge management in software development.

We describe requirements on knowledge management systems from a process-oriented perspective, introduce a process modeling language MILOS and its use for knowledge management. Then we explain how a process-oriented knowledge management system can be implemented using advanced but available information technologies.

2 Introduction

Work is goal directed and process-oriented: Companies have goals to be reached and procedures to follow in pursuing these goals. The more efficient these procedures & processes are, the better the companyis able to prosper in the global market.

Improving the efficiencyof software processes results in a reduction of time needed to perform the task and of costs. This business objective leads to approaches as lean management and business process reengineering &optimization . In order to fulfill these objectives, workflow management approaches often are introduced in the enterprise [GH-95] . The workflow management coalition defines workflow management as:

^The automation of a business process, in whole or part, during which documents, information or tasks are passed from one participant to another for action, according to a set of procedural rules.~

[WFMC-96].

1 T his paper is a slightlyextended version of the paper ^A Concept for an Internet-Based Process-Oriented

Knowledge Management Environment~, submitted to the KAW 98, Banff, Canada, April 1998.

Today, workflow management approaches are basicallyonlyused to support repetitive administrative tasks whereas knowledge-intensive tasks are not supported. There are several reasons for this:

· The knowledge needed for executing the process is not explicitlydescribed in the workflow model.

· Current workflow approaches are not flexible enough to adapt on the flyto changing processes. Our work in the past years was addressing this problem.

Although workflow management has its limitations, it provides a process-oriented view on software development. Compared to most KBS approaches that focus on knowledge representation instead of the process, this is an advantage. KBS approaches on the other side support the acquisition, structuring, and representation of knowledge. Theycan be used to build up knowledge bases that are then incorporated into the software processes.

2.1 Managing the know ledge for softw are processes

Software development is a knowledge-intensive process where highlyeducated people have to cooperate to reach the business goal.

Although there were tremendous improvements in software engineering over the last decades, basic problems remain:

· software development is expensive and time consuming

· software projects often run out of time and over budget

· time and cost estimations are error prune

Due to recent developments (e.g. the widespread use of Internet technology), the pressure on software engineers to deliver their products faster increases. These requirements lead to larger development teams that often will be globallydistributed. Major problems then are

· how to coordinate and manage the distributed work of the software engineers

· how to provide access to a project´s knowledge

· how to manage the experience gathered during past projects and make them usable for the new ones

Workflow approaches for software development are the area of software process modeling and enactment research. Technologies for supporting software development processes are often based on the framework of software process modeling [Ost -87, CK-92, AK-94, Ver-94 ]. Software process models describe the activities carried out in software development as well as the products to be created and the resources & tools used. The models are a basis for a continuous improvement process (using the CapabilityMaturityModel) as well as the actual basis for the coordination and the management of the software engineering activities [FH-93].

Understanding commonalties and differences between process types is a keyfactor for better process support. Process support includes improved communication, guiding people when performing processes, improving both processes and their results, and automating process steps

[RV-95].

Software process modeling and enactment is one of the main areas in software engineering research. Several frameworks have been developed (e.g. procedural [SOH-95], rule-based [ KFP-

88, TKP-94, PSW-92 ], Petri net based [BFG-93a], object-oriented [CHL-94]).

Process-sensitive software engineering environments which support evolution of executed process models [CFF-93] are a focal point of current research, but the results are still immature [MP-93]. Several approaches to support the evolution and flexibilityof software processes were developed [BFG-93b, BK-93, CNG-95, PEM-95]. None of these approaches is supporting globallydistributed software processes and their evolution (although work in this direction is starting [Kai-97, Con-97]).

Published approaches on process evolution mainlydeal with changing the enacted process model so that it reflects the changed real world process. Automaticallysending notifications about the changed process/products over the Internet to the appropriate members of the global team is not supported. To determine them, the system needs a kind of understanding of the causal dependencies between processes and products. Software change impact analysis [BA-96] deals with causal relation between and in products.

Managing software process knowledge is also the goal of the experience factoryapproach [Bas-

89, BCR-94]. Theydistinguish between the organizational structure to manage the software knowledge (the experience factorydepartment) and the activities that have to be carried out to build an experience factory.

In this paper, we give a process-oriented view on knowledge-intensive tasks in software development. In section 3, we define requirements on process-oriented knowledge management systems. Section 4 discusses our process modeling language MILOS and explains how knowledge is linked to generic software processes. The next section shows how this knowledge can be incorporated into concrete projects. A concept for the architecture of a process-oriented knowledge management system is described in Section 6. Section 7 gives an overview on the state of implementation. In Section 8 we discuss related work. The last section gives a summary of the paper.

3 Requirements on Process-Oriented

Know ledge Management Systems

In the future, the development of large software systems will be a typical task for virtual enterprises. People with different knowledge and educational background (e.g. economics, computer science, arts for interface design) will work on manylocations all over the world

(including emerging market countries like India or Eastern Europe) and will have to work together to fulfill the business needs.

Globallydistributed work processes have to deal with manyproblems arising from

· different languages & ontologies

· cultural differences

· different time zones

· different work ethics

· different legal systems

· different hard- and software requirements

Although these problems have sociological causes, some of them can be reduced or overcome using advanced technologies. Some requirements imposed on software processes support systems for the global virtual software enterprise are listed and brieflydiscussed in the following.

Requirement 1: Synchronous work support

Around the clock development requires that - at the end of the working day- the results of the day have to be efficientlycommunicated to the co-worker in the next time zone who just starts to work. This poses the requirement on modeling approaches, that models have to be easily understood and that an overview on the changes since the last dayhas to be provided.

Nevertheless, synchronous communication between the team members will help in communicating the current state of the work. Audio and video conferencing capabilities can be used as well as shared workspaces and distributed meeting rooms. The technologyfor that is available but the costs for a wide spread use are still too high.

Requirement 2: Asynchronous work support

In globallydistributed software development processes, people work asynchronouslyin different locations and at different times. Therefore, a support system shall facilitate the coordination and the management of the process. Process enactment support techniques - or, in a broader sense, workflow management techniques - tryto provide the right information to the right people at the right time with the right tools. Theyhave to be extended to support work over wide area networks.

Requirement 3: Ubiquitous communication infrastructure

To reduce the problems in setting up a global team, a ubiquitous infrastructure has to be used.

Everyteam member has to be able to connect to the development process without effort.

Requirement 4: Transparent &fast access to process knowledge

For a smooth development process, everyteam member needs easyaccess to all relevant project data (e.g. to-do lists, source code, requirement specifications, defect reports etc.) as well as generic knowledge (e.g. coding & documentation standards, effort estimation guidelines etc.).

This knowledge can be represented for human use or for use byKBS interpreters. Project data has to be defined in a product model (which imposes a requirement on modeling tools to be open for external access). Using WWW techniques, the access to data is transparent to the user: It does not matter where the data is stored. Clearly, due to current bandwidth limitations, this is not the naked truth: Accessing the data on a foreign server often needs much more (sometimes prohibitive) time than accessing local information.

Requirement 5: Distributed configuration management

Configuration management systems are used to maintain several versions of a system and all the information related to it. Theyare a basis for an orderlydevelopment process. Consequently, they have to be extended for the virtual environment of globallydistributed teams.

Requirement 6: Repository for ontologies

To overcome problems with different ontologies, a project repositoryhas to be provided that defines commonlyused terms. Using the Web as the medium, the repositoryshould be organized and maintained at several locations. The repositoryshould be extended to provide an experience base for software development storing generic process and product models as well as metrics gathered in past projects. These could then be used to improve cost and time estimations for new projects.

Requirement 7: Flexibility of development processes

Most software process support environments require a complete, fine-grained process model before the execution starts. For large-scale software projects, that is not realistic: The project plan needs to be refined and extended while the development is alreadyin progress. In addition, there will be no central project plan in globallydistributed projects but the will be plans at every location which have to be coordinated. Using and extending knowledge-based techniques, project planning and execution can be interlinked giving a greater flexibilityto the people involved in the project. Agent-oriented approaches mayhelp to coordinate the plans of different locations.

Requirement 8: Proactive change notifications

The coordination of globallydistributed processes will be improved if part of the task is done automatically. Coordination problems often result from changes introduced into the process because of new external requirements and/or erroneous assumptions. Explicit causal relations between process information generate traceabilityand can be used bya system to proactivelysend notifications to team members whose work is influenced bythe change (e.g. a task maybecome obsolete, interfaces of imported modules are changed and users of the interface get notifications).

To use change notification mechanisms in worldwide distributed projects; ^real~ push mechanisms have to be developed. A process enactment engine has to generate events and allow clients to create event listeners.

4 The Process Modeling Language MILOS

To fulfill the stated requirements, we developed the new process modeling language MILOS and are in the process of adapting our CoMo-Kit process engine to the new language. MILOS was developed in cooperation with the working group of Prof. Rombach and integrates basic process modeling and knowledge management concepts.

MILOS allows to represent knowledge about software development processes. The core notion of

MILOS is the process . Anyother information is grouped around this notion: Products are inputs or outputs for processes. Factual knowledge is linked to processes. In this sense, MILOS supports a process-centered structuring of knowledge.

Knowledge needed to plan and execute includes

· Process, product and resource models

· Project plans & schedules

· Products developed within projects

· Project traces

· Background knowledge such as guidelines, business rules, studies etc .

MILOS offers several language concepts for defining measurement based process models, object oriented product models and resource models. In the following we give a short overview over the main MILOS concepts.

With MILOS product & resource models can be developed and integrated into process models.

For a new project, these kinds of models are the basis for the definition of project plans.

4.1 Product models

MILOS allows the specification of hierarchical, object-oriented product models. A product type defines the structure of a set of products with the same behavior. A product type is either basic or complex. Basic types are predefined and may be integer, real, string, text, date, or external references such as a www page URLs or word documents. A complex type consists of one or more typed subproducts and attributes. Complex product types define hierarchical type structures.

Complex product types can be specialized (IS-A relation).

Based on a given product model, products that contain general and specific project knowledge of a company can be specified. The underlying product model defines the structure and the type of that knowledge. A main mechanism for associating knowledge to entities in the process model is using external references to the knowledge. This is further explained in the Section 6.1.

4.3 Process Models

Within process models activities and their interrelationship are described.

A process is defined by a description of the process goal, a set of conditions, process attributes, the products needed to plan and to execute the process, a set of alternative methods to reach the process goal, the products to be produced and resource allocations.

Methods are either complex or atomic . Complex methods refine a process into one ore more subprocesses whereas the application of an atomic method results in the production of products that are the outputs of the process.

Inputs of a process may either be products, that are produced by other processes during project enactment or predefined products taken from generic process models. Here the process view and the knowledge view in MILOS are integrated.

Process models are generic descriptions of the general way of the course of projects. The models have to be specialized and customized within the projects.

Every process is associated with a set of roles and qualifications which are needed to perform the task (e.g. the process ^Implement Class~ is associated with the qualifications ^Java knowledge available~ and the role ^Programmer~).

4.4 Resource Models

Resource models allow assigning roles and qualifications to project team members. Roles and qualifications can be specialized. These models describe knowledge needed by project managers to find appropriate people for a task.

In Table 1 you can find a summaryof the basic language concepts of MILOS.

Concept Description process Set of activities that have to be executed in order to reach a given goal.

condition A condition controls the execution of a project plan. We distinguish between preconditions and postconditions.

product type The description of type and structure of a class of products.

product A product is an information unit of a given product type, for example a document or a piece of code.

product reference Product references stand for the type of products that are used and/or produced by a process or a method. We distinguish between products that are consumed for planning, consumed for execution, produced, and modified.

produce This parameter type stands for a product of a given type that is produced by an atomic method of a process.

consume for planning Product reference that describes the read only access to a product within the planning of a process.

consume for execution Product reference that describes the read only access to a product during the execution of a process.

product mapping Defines the product flow within the process/method hierarchy.

method Problem solving method to reach a process goal.

atomic method Leaf within the process/method hierarchy. It produces or modifies a product.

complex method Problem solving method that refines a process into one or more subprocesses.

attribute Attributes are properties of processes, products, methods and resources.

product attribute Attribute of a product.

process attribute Attribute of a process.

resource Resources are used for the execution of the project. We distinguish between two types of resources: agents and tools.

resource attribute Attribute of a resource.

role A predefined resource attribute. It describes the task of a resource within an organization.

qualification A predefined resource attribute. It describes a skill of a resource.

tool A program that supports activities.

agent A human or machine that carries out activities within a process.

precondition A condition that has to be valid to carry out a process.

postcondition A condition that has to be valid after a process has been executed.

Table 1: MILOS´s representation primitives

5 Project Plans: Customized Process Models

Process models are generic, reusable descriptions how to execute projects and are part of the organizational knowledge. Theymaybe for instance stored within an experience factory. For a given project these models have to be adapted to project specific needs. We call the project specific models project plans . A project plan can be composed of some different process models.

For instance, the test processes of a project plan are taken over from a model for testing, whereas the general course of action is taken over from a waterfall model.

Customizing process models to project plans is part of project planning. Using generic process models, even inexperienced project managers are able to come up with a plan according to the companý s qualitystandards and procedures. In general, the project starts using an initial plan that defines the general course of action and the first project steps. Customizing extends over the project start. On base of the results of earlyproject activities (for example information gathering activities) parts of the plan are further customized during project execution.

We developed techniques to support (a) plan refinement (b) plan adaptation and (c) error correction during project execution. Methods define possible plan refinements. Selecting a method during execution results in a refined plan. Plan adaptation takes place when the definition of the plan is changed, for example when requirements change or within optimization tasks. Plan adaptation allows, for example, to add new processes to the plan, change the process decomposition, change the order of process execution, and change task delegations.

A least, planning errors maybe detected and have to be corrected if the project is alreadyin execution. Changing the plan mayaffect project execution, if the changed parts of the plan have alreadybeen executed and work has been done. For this, our system supports project execution by

· identifying affected processes, results (products) and resources,

· informing affected developers and manager about the change,

· informing them about further consequences of the change,

· tracing the reasons for the change, and

· (automatically) returning to a consistent project state.

Based on AIplanning techniques, we developed execution mechanisms that allow to change planning decisions, that propagate the effects of changes through the plan and that notifyaffected project members. For a detailed description see for [DMP-97].

Changes and adaptations maybe located within (local) project plan as well as in the process and product models. This causes two problems:

· When should the change in a process model result in the change of derived project plans?

[BK-95] propose in their work a solution of the problem for a reduced set of modeling concepts.

· How to identifythe parts of a derived project plan, that are affected from the change, especiallyif the project plan widelydiffers from the original process model.

Determining if a concrete project plan (or parts of it) shall be stored as a generic model is also an open issue.

6 Proposed Architectu re of the System

We now want to discuss the proposed architecture from three perspectives. First, we illustrate the architecture from a point of view showing where specific kinds of knowledge reside. Then we discuss a user´s view on the system. At last, we concentrate on the technical perspective.

6.1 Know ledge Structuring Perspective

Based on the ideas and requirements described above, we propose a three tier system architecture

(see Figure 1). This architecture allows to distinguish between

· reusable process models,

· knowledge needed for a specific project, and

· knowledge & data created during project execution.

Knowledge is distributed over the three tiers. Within each tier, the knowledge is structured in a process-oriented fashion : Knowledge is linked to processes to be carried out in the course of the project. Instead of searching in the whole bodyof knowledge available in the system, the user working on a specific task sees links to the knowledge associated with this task.

Figure 1: Three-tier architecture

6.1.1 Generic Process M odels

The first tier handles generic and reusable process models and associates generic knowledge to the entities of the process model. Knowledge maybe stored in several forms:

· Concrete knowledge chunks for human use, are stored URLreferences pointing to HTML pages or other files containing information in specific document formats. Access to this can be guaranteed using standard web mechanisms of binding file types to specific applications.

Portabilityand cross-platform access is supported as long as the mapping of file types to applications are valid and the application software is available on the client platform.

· Formalized knowledge bases can be accessed and incorporated into the project execution in two ways. First, bydownloading the KBS as a file and starting it on the client side. This requires the KBS interpreter on the client side and the association of the file type with the KBS interpreter application. Second, running KBS interpreter on the server side is an alternative.

This requires the KBS to have a Web interface. A communication infrastructure between the

KBS and the project enactment engine would even allow for transferring results from the KBS to the project execution. So, process-oriented knowledge structuring is a natural wayfor integrating KBS approaches into software development.

· Predefined queries are used when the knowledge chunk can not be defined explicitly. The querydescribes the knowledge needed intentionally. We can at least distinguish between several kinds of queries:

· Database queries: To access knowledge stored in a relational database, the process model has to contain SQLqueries that return the appropriate result.

· Information retrieval requests: Unstructured information can be accessed using information retrieval technology. The request maybe posted to a special IR server or to one of the public web search engines.

· CBR requests: Case-based reasoning technologyintegrates structured and unstructured queries. It allows for similarity-based queries on structured data whereas relational databases mainlysupport Boolean queries and IR systems work with unstructured data.

During project enactment, the access to generic process models and the associated knowledge is restricted to read only.

*

3

0

1 (

5

,

&

5

2 & (

6 6

2

’ (

/ 6

3

- ( &

7

3 ( & ,

) , &

5 2 & ( 6 6

2 ’ ( / 6

’ �

3

’

< 1

$

0 , &

5 2 - ( & 7

$ 7 $

6.1.3 Project Specific Process M odels (Project Plans)

The second tier contains project specific process descriptions. Using the single representation

trick (known from machine learning), the mapping of generic process models to project specific

process descriptions is easy: We use the same representation for both tiers and are able to copy

generic models to a project. Then the generic descriptions are customized to be used in the

specific project.

Copying models from the first tier to the second tier is easy. Open problems surelyexist:

· which parts of a process model shall be copied (selection)

· how to determine that a generic model can be reused in a given situation

· how to support the customization and adaptation process

One of our students currentlyworks on the first questions: Defining attributes for parts of process

models that allow to select them in concrete projects using a similarity-based case retrieval

algorithm.

Project plans contain the knowledge about the tasks to be done and the knowledge related to

them. Theyare a basis for project enactment and coordination. Using a process enactment engine

in a project, a project plan is the basis for actively guiding human users in their work.

6.1.4 Dynamic Project Data

The third tier handles dynamic knowledge which is the core of a flexible process engine 2 : The

state of the work process and its tasks, do-do lists for its users, the products created during

process enactment, causal relationships between process entities, etc.

The knowledge stored in this tier is created during process execution: it is the output of the work

processes. In software development processes this includes e.g. requirements specifications,

design documents, design rationales, traceabilitymatrixes, source code etc.

The third tier provides - beside a product-oriented view - also a process-oriented view on the data

created during task enactment. User are able to access information based on the processes carried

out and theycan follow the information flow in the project (therebytracing where and bywhom a

specific information was used).

6.2 User scenarios

The users are working with the system from different perspectives and with different goals. The

system allows to model and to access generic models and project plans. It provides to-do agendas

for the users involved in the project. Furthermore the user can access background information of a

project via an information assistant . In this section we give a short insight how users maywork

with the system.

Figure 2 shows the graphical interface for describing the information flow within a process

model. The editors for defining the process decomposition and for editing product and resource

2 In this paper, we do not discuss the design and implementation of our workflowengine and its unique features.

Detailed information can be found at [DMP-97] or at the web site http://wwwagr.informatik.uni-kl.de/~comokit models are omitted.

Figure 2: Information flow editor

The interface for defining project plans will look similar. In addition, the user will have access to

the model libraryfrom where he can copysuited models.

For project execution, the system provides workspaces for managers, developers, and planners.

The workspaces are verypowerful, because theyprovide the user with relevant project data, guide

them through their tasks, and automaticallystart required tools.

Figure 3 shows the workspace of Mr. Holz , who is actuallyexecuting an atomic method. His task

is to develop an interface component in Java based on an OMT specification. The left window

(A) shows him the documents he can access and he has to produce in order to solve the task.

Clicking on the document symbols, customized editors to edit the products are automatically

opened. In this example, a postscript viewer on the OMT specification (B) and an editor to edit

the component (C) have been opened. After finishing the work, the task window and dependent

tools will be closed bythe system.