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Abstract

This paper presents a brief overview of the INRECA-II methoddogy for building
and maintaining CBR applicaions. It is based on the experience fadory and the
software process modeling approach from software engineaing. CBR development
and maintenance eperience is documented using software process models and
stored in athreelayered experience packet.

1. Introduction

Today, there ae drealy a few companies which are spedalized in developing
CBR applicaions. Their problem is that they mostly develop their applicaions in
an ad-hoc-manner: They do nd have guidelines or methods which could help their
developers in performing a new projed and noways to preserve experience made
in performed projeds for future use. This can cause serious problems when



members of the staff leare, taking their experiencewith them, and rew staff hasto
be trained. The result is an inefficient or ineffedive system development, which
canna be sustained by contemporary organizations. From these problems, the
neal for a methoddogy to suppat the development and maintenance of CBR
applicaions arson a few yeas ago and severa approadies in that diredion have
been proposes (see Bergmann et a., 1997,for an owerview). A methoddogy
describes the development of a software system using a systematic and dsciplined
approad. It gives guidelines abou the adivities that need to be performed in
order to succesqully develop a cetain kind d product, e.g. any kind d software
system, asin ou case, a CBR applicaion. A methoddogy shall use awell-defined
terminology, which makes it aso passble to colled experiences made in past
projeds in a structured and reusable way to improve future projeds. One of the
main driving forces behind the development and the use of a methoddogy relates
to the ned for quality in bah the products and processes of the development of
computer-based systems. The use of an appropriate methoddogy will provide
significant quantifiable benefits in terms of productivity (e.g. reduce the risk of
wasted efforts), qudity (e.g. inclusion d quality deliverables) and commnunication
(areferencefor both formal and informal communicaion between members of the
development team and between the developer and the dient) and will provide a
solid base for management deasion making (e.g. planning, resource dl ocaion and
monitoring.

This paper describes the INRECA-II* methoddogy approach which is based on
two relatively new areas in software engineaing (SE): experience factory (Basili,
Cadiera, & Rombad, 1994 and software process modeling (Rombach &
Verlage, 1995. We developed a methoddogy based on receit SE techniques
which is enriched by up to date experience on bulding and maintaining CBR
applications. This CBR experience was identified by analyzing severa succesdul
indwstrial applications developed by the induwstrial Partners of the INRECA-II*
consortium.

2. The INRECA-II Methodology Approach

Our approach to a CBR development methoddogy is itself very “CBR-like“. In a
nutshell, it cgptures previous experience from CBR development and storesit in a
so-cdled experience padket (a term from the experience fadory approad). The
entities being stored in the experience padket are software process models, or

! Funding for thiswork has been provided by the Commisson of the European Union (INRECA-II :
Information and Knowledge Reengineaing for Reasoning from Cases,; Esprit contrad no. 22196
to which the aithors are grealy indebted. The partners of INRECA-II are AcknoSoft (prime
contrador, France), Daimler Benz (Germany), TECINNO (Germany), Irish Multimedia Systems
(Ireland), and the University of Kaiserslautern (Germany).



fragments of it such as processs, prodicts, or methods. The experience padet is
organized on three levels of abstradion: a comnon generic levd at the top, a
cookbodk-leve in the midde, and a spedfic projed leve at the bottom.

2.1 Experience Factory

The experience fadory ideais motivated by the observation that any successul
business requires a combination d technicd and managerial solutions which
includes a well-defined set of product neals to satisfy the austomer, assst the
developer in acomplishing those needs and crede mpetencies for future
business a well-defined set of proceses to acomplish what neels to be
acomplished, to control development, and to improve overall business a dosed-
loop pocess that suppats leaning and feedbadk. The key techndogies for
suppating theses requirements include: modeling, measurement, the reuse of
processes, products and aher forms of knowledge relevant to the (software)
business An experience fadory is a logicd and/or physicd organization that
suppats projed developments by analyzing and synthesizing al kinds of
experience, ading as a repository for such experience and suppdying that
experience to various projeds on demand (see Figure 1). An experience fadory
padkages experience by building informal, formal or schematized models and
measures of various Dftware processes, products and aher forms of knowledge
via people, dacuments and automated suppat. The main product of an experience

Characterize, > Proiect
Set Goals, Su ) ort
Choose Process |« - PP
Experience
in Models
execution
plans
Execute 5
> Analyse
Process Lessons
Learned
Project Organisation Experience Factory

Fig. 1. The Experience Fadory Approach (Basili, Caldiera, & Rombach, 1994



fadory is an experience packd. The antent and the structure of an experience
padket vary based uponthe kind d experience dustered in the padket.

Althoff and Wilke (1997 discuss the relationship between CBR and the
experiencefadory approach in some detail .

2.2 Software Process Models

Sdtware process modeling is an approadc that is highly important in the context
of the eperience fadory approach. Software process models describe the
engineeaing of a product, e.g., the software that has to be produced. Unlike ealy
approadies in SE, the software development is not considered to follow a single
fixed process model with a dosed set of predefined steps. A tailored process
model particularly suited for the aurrent projed must be developed in advance
Software process models include technical SE processes (like requirements
engineaing, design of the system to be built, coding, etc.), managrial SE
processes (like management of produwct related dacumentation, pojed
management, quality asaurance, etc.), and organzationd processes (covering
those parts of the businessprocessin which the software system will be enbedded
and that need to be dchanged in arder to make best use of the new software
system). From time to time, such a model must be refined or changed duing the
exeaution d the projed if the red world software development process and the
model do nd match any longer.

Several representation formalisms for process models have been arealy
developed. Although the particular names that are used vary from one
representation to another, they al have anotation d processes, methods, products,
gods and resources. A processis a single step that has to be caried ou in a
software development projed. Each process has a defined goal and it consumes,
produces or modifies cetain products. Usually, the goal of a processes isto crede
or modify the products. Products include the exeautable software system as well
as the documentation like design documents or user manuals. For enading a
process there can be severa aternative methods that describe how to adually
enad the process When the processis enaded, an appropriate method must be
chasen. We distinguish between simple and complex methods. A simple method
can be atextua description like aguideline of what has to be dore to read the
goa of the process A complex method deaomposes a processinto a set of sub-
processes that exchange cetain by-products in the murse of adiieving the goal of
the main process For a detailed description d the software process modeling
approach used in the INRECA-II methoddogy see(Bergmannet al. 1997H.

In the INRECA-II methoddogy, software processmodels are used to represent the
CBR development experience that is gored in the experience padket. Software
processes being represented can be dther very abstrad, i.e., they can just represent



some very coarse development steps uch as. domain mode definition, similarity
measure definition, case aquisition. But they can aso be very detaled and
spedfic for a particular projed, such as. analyze data from Analog Device Inc.
operational amplifier (OpAmp) product database, seled relevant OpAmp
spedficaion parameters, etc. The software process modeling approach allows to
construct such a hierarchicdly organized set of process models. Abstrad
processes can be described by complex methods which are themselves a set of
more detail ed processes. We make use of this property to structure the experience
packet.

2.3 The Structure of the Experience Packet

The eperience padket is organized on three levels of abstradion: a comnon
generic leve at the top, a cookbodk-leve in the middle, and a spedfic projed leve
at the bottom (seeFigure 2).

Common Generic Descriptions. At this level, processes, products, and methods
are mlleded that are common for a large spedrum of different CBR applicaions.
These descriptions are the basic building blocks of the methoddogy. The
documented processes usuadly appea during the development of most CBR
appli cations. The documented methods are very general and widely applicable and
give general guidance of how the respedive processes can be enaded. At this
common level, processes are not necessarily conneded to a complete product flow
that describes the development of a complete CBR applicaion. They can be
isolated entities that can be combined in the ntext of a particular applicaion a
applicaionclass

Cookbook-L evel: Experience Modules. At this level, processes, products, and
methods are taillored for a particular class of applicaions (e.g., help desk,
technicd maintenance product caalog). For ead applicaion class the cwokbook

Experience Packet
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building development blocks, independent from
application class or specific CBR project

Software
Process Cookbook-Level: Experience Modules
combination of different blocks for a particular
Models application class, independent from a specific CBR project

Specific Project Level

specific for a particular CBR project

Fig. 2. Structure of the Experience Pacdket



level contains an experience modue. Such an experience modue is a kind o
redpe describing how an application d that kind shoud be developed and/or
maintained. Thereby, the items (processes, methods, and products) contained in
such a modue provide spedfic guidance for the development of a CBR
application d this applicaion class Usudly, these items are more ncrete
versions of items described at the ammon level. Unlike processes at the mmmon
level, al processes which are relevant for an applicaion classare onreded and
build a product flow from which a spedfic projed plan can be developed.

Specific Project Level. The spedfic projed level describes experience in the
context of a single particular projed that had already been caried ou in the past.
It contains projed spedfic information such as the particular processs that were
caried ou, the dfort that was gent for these processes, the prodicts (e.g. domain
model) that have been produced and methods that have been seleded to adually
perform the processes and the people that had been invalved in exeauting the
particular processes.

2.4 Documentation of the Experience Packet

Processes, products, methods, agents, and toodls being stored in the experience
padket are documented using a set of different types of sheds. A shed is a
particular from that is designed to dacument one of the items. It contains svera
predefined fields to be filled as well as links to ather sheds (see example in the
Appendix). We have developed four types of sheds (for products, processes,
simple methods and complex methods) for documenting generic processes that
occur on the top and the midde layer of the experience padket and 6 types of
sheds (four sheds for prodicts, processes, simple methods and complex methods,
and two additional shedsfor tod and agent descriptions) for documenting spedfic
processes for the spedfic projed level of the experience padket. Figure 3 shows
the 4 generic description sheds. One kind d shed is used to describe generic
proceses. Generic process $eds contain references to the respedive inpu,
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output, and modified products of the process Each product is documented by a
separate generic product description shed. Eadh process description shed aso
contains links to ore or several generic methods. A generic method can either be a
generic simple method (which is elementary and daes not contain any references
to ather description sheds) or it can be ageneric complex method. Such a generic
complex method conreds svera sub-processes (eadh o which is agan
documented as a separate generic processdescription) which may exchange some
by-products (documented as separate generic product descriptions).

As part of the INRECA-II projed, a particular methoddogy tod was implemented
which suppats the management of the experience padket and the different
modues it consists of. It suppats the filling of the different sheds, chedks
consistency and creaes the required links. It exports the experience padet as
HTML network in which ead shed beames a separate HTML page that includes
links to the related pages. Therefore it is posgble to investigate the experience
padket via Intratnet/Internet using a standard Web browser.

2.5 Using and Maintaining the Experience Packet

When a new CBR projed is being planned, the relevant experience from the
experience padket must be seleded and reused. The experience modues of the
cookbooklevel are particularly useful for building a new applicaion that diredly
fals into ore of the cmvered applicaion clases. We @nsider the experience
modues to be the most valuable knowledge of the methoddogy. Therefore, we
suggest to start the “retrieval“? by investigating the mokbooklevel and orly using
the coommon generic level asfall-badk. Furthermore, it isimportant to maintain the
experience padet, i.e., to make sure that new experience is entered if required.
For using and maintaining the eperience padket we propcse the following
procedure:

1. Identify whether the new application to be redized falls into an applicaion
classthat is covered by an experience modue of the mokbook.If thisis the
case then goto step 2a; else goto step 3.

2a. Anayze the generic processes, products and methods that are proposed for
this application class

2b. Seled the most similar particular application from the spedfic projed level
related to this modue and analyze the spedfic description sheds in the
context of the aurrent applicaion.

2c. Develop a new projed plan and workflow for the new applicaion based on
the information seleded in steps 2a and 2b.Goto step 4.

2 Up to now, this retrieval is not supparted by a tool, but through an index schema. However,
suppart for retrieval (e.g. a CBR approadh) is considered important for the future.



3. Develop a new projed plan and workflow for the new applicaion by
seleding and combining some of the generic processes, products and
methods from the cmmon generic level; make these descriptions more
concrete and modify them if necessary.

4. Exeaute the projed by enading the projed plan. Record the experience
during the enadment of this projed.

5. Dedde whether the new projed contains new vauable information that
shoud be stored in the experience padket. If thisisthe cae, goto step 6,else
stop.

6. Document the projed using the spedfic description sheds and enter them
into the spedfic projed level of the experience padket (suppated by the
methoddogy todl).

7. If possble, creae anew experience modue by generaizing the particular
applicaion (together with ather similar applicaions) to an applicaion class
and generali ze the speafic descriptions into generic descriptions. Add the
new to the aurrent cookbook(suppated by the methoddogy todl).

8. If new generic processes, methods, or products could be identified that are
of a more generd interest, i.e., relevant for more than the gplication class
identified in step 7, then add them to the cmmmon generic level (suppated
by the methoddogy todl).

3. Current Status

Up to now, the INRECA-II projed has achieved an initial experience padket
(Bergmann et a. 199%, Bergmann et al. 1997d and afirst revision d. Currently,
the common generic level, consists of abou 150 dfferent sheds documenting
technicd, organizational and manageria aspeds. These descriptions are very
general and have been identified based on ou general experience of how to buld
a CBR system and onspedfic experienceon certain projeds. Right now, thislevel
ismore of atutoria style which is most useful for people withou any or with only
lessexperiencein bulding CBR applicaions.

The mokbooklevel currently consists of abou 150 dfferent sheds from three
modues:

Product Catalog Search Module. The basic adion is a parametric seach by a
potential client, or a sales person in the presence of a dient, in a product-base or
caaogue (see xample in the Appendix).

Complex Help Desk Module. The task is to introduce aCBR system for troubde
shoaing and dagnasis for some cmplex technicd equipment, typicdly via ahot-
line telephore service This modue was build based onthe HOMER applicaion
currently under development for the Daimler-Benz Hotline.



Technical Maintenance Module. The task is to suppat the maintenance of
technicd equipment and is based on severa related applicaions developed at
AcknoSoft.

At the spedfic projed level, the experience from four projeds is cgptured and
stored in abou 350sheds.

4. Future work

Future work in this areawill focus on entering more experience into experience
padket. It is important to include more experience modues for other kinds of
appli cations and to extend the existing moduesto cover the maintenance aped in
more detall . Additionally, we want to motivate the CBR community (reseachers
and applicaion developers) to use our approach and to provide & least some of
their experience into a puldic experience base. Ancther important asped to be
addressed in the future is the development of todls for efficiently accessng the
experience padcket, eg. by applying CBR and information retrieval tedhniques.
Thiswill beaome particularly crucial when the experience padket grows further.
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Appendix: Example Sheet®

Generic Complex M ethods Description Sheet

Project: Product Catalogue Search | Version: 2.0

| Date: 8/5/1997

| Context:

Author: Sean Breen, IMS

M ethod Name: Prototype Development of Product Catalog Search

Product Flow Diagram:

GENERIC COMPLEX METHOD

Product Catalogue Search Facility

PROCESS CHART APR 1997

Product
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Search
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Measures
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Integrate User
Interface and CBR

Evaluate and
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Working
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Requirements
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Requirements
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Requirements
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Develop User
Interface Prototype

User
Interface
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Evaluate and
Provide Feedback

User
Feedback

Sub-pr ocesses

User
Feedback
Name

Generic Process

Produce aCase-hase for the Applicaion

Produce Agreed Case base

Demonstrate the simil arity Seach using the CBR toadls

Working Demonstration with tools

Define the user and businessrequirements

Define Requirements

Define and spedfy the simil arity functions

Define Simil arity Measures

Produce aworking prototype of the User Interface

Develop User InterfacePrototype

Evaluate asoftware product and provide feedbadk

Evaluate and Feadbadk

Refine the software product based onfeedbadk from the users.

Refine Prototype based onFeedbadk

Integrate the User Interfacewith the tools based prototype

Integrate Ul and CBR

By-Products

Name

Generic Product

Structured Case Base

Casebase

Customized Simil arity Functions

Spedficaion Document

Working Simil arity Search fadlity using tods

Simil arity Seach Fadlity

Requirements edficdion for the system

Requirements Document

User InterfacePrototype

Ul Prototype

User Feadbadk

User Feadbadk

% This example shea was produced by Interactive Multimedia Systems (IMS), Dublin.



