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ABSTRACT
In order to impove the quality of softwarsystems and to set up a mefective pocess for
their development, many attempts have been made in the field of soémgineeringReuse of
existing knowledg is seen as a pmising way to solve the outstandinglpiems in this field. In
previous work we have irjeated the design pattern concept with the formal design lajggua
SDL, esulting in a certain kind of pattern formalizatiomrfhe domain of communication sys-
tems we have alsoddoped a pool of SDL patterns with an accompanyioggss model for
pattern application. In this paper we ggent an xension that combines the Spattern
appmoadc with the &perience base concept. Thigension supports a systematic method for
empirical e/aluation and continuous imprement of the SDL pattern appich. Theeby the
experience base serves asepository necessary forfettive euse of the captad knowledg
A compehensive ugge scenario is described whicshows the advargas of the combined

appmoad. To demonstate its feasibilityfirst results of aeseach case study argiven.
Keywords

experimental softwar engineeringexperience basealesign patterns, formal description hec

niques, communication @iocols, SDL
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1 INTRODUCTION

Due to the increasingaviety of modern applications andodving network technologies, the communication ser-
vices praided by today's general-purpose protocol stacks are waysladequate. It isxpected that in order to
increase fleibility and to support applications in the best possildg, \wwustomization of special-purpose protocols
will also play a major role. Here, configuring communication protocols from reusable protadoid blocks

seems to be a promisingawfor avercoming the additional gelopment dbrt.

The reuse of predesigned solutions for recurring design problems is of major concern in object-orierdaesl softw
development in general. During the pastifgears, design patternsvegeemeged as a particularly fruitful approach

to software reuse [8] [14]. Contrary to the traditional paradigm of class and function libraries, which are solely con-
cerned with code reuse, design patterns aim to focus onwvduéaimt parts of a design solution andeofoy far

more flibility for adaptation to the embedding coxtteThat is, the potential of reuse is substantially increased.
Additionally, design patterns pved helpful in guiding the instantiation and documentation of fwaries, which

provide laigerscale reuse of theverall architecture and design from a certain application domain.

In [15] [17] [18] we present the SDL-pattern approach, which on principle adopts the pattern concept for the desigr
of communication protocols. Ma@ver, in order to assure high quality of the resulting communication subsystem,
we apply a formal description technique (FDT) as design language. The FDT of our choice is SDL [20]. Thereby
we benefit from the formal basis pided by SDL, so that tool support aralidation of pattern application is pos-

sible. For instance, instantiation of a pattern can be defined by precise embedding rules in terms of the SDL synta
Similarly, the semantic model of SDL alls to precisely state assumptions for adequate pattern application as well
as resulting properties on the embedding cdnfehis is a major impreement compared to ceentional design
patterns, which mainly rely on natural language based pattern description and g dgjere, must still leze

pattern application to the personal skills of the system desigot, havever, that the enhancement®mk within

the scope of an FDT with its formal syntax and semantics.

SDL patterns arexpected to der the same adwntages as those commonly atitddl to couwentional design pat-

terns: patterns capture solutions, whickiehevolved orer time and see/as an efant way to male designs more
flexible, modulay reusable, and understandable. yTreflect &periences gined in prior deelopments and there-

fore help designers reuse successful designs and architectures. As a consequence, the design process becc
faster and the number of design errors decreaadsriis gen help imprge the documentation and maintenance

of existing software systems, becauseyttecus on the essentials of a design solution and thus increase the proba-
bility of being matched with a g&n design. Haever, such statements often seem to be subgati nature. That

is, they are characterized aggotheses that ka to be alidated.
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In order to alidate theseypotheses, we chooseperimentation as kman from the field of perimental softare
engineering, i.e., case studies (as defined in [22]) and contrefledrents (also denoted as ‘formaperiments’

[22]). Our experiments are plannedexuted, and analyzed according to the Quality Ingment Approach (QIP)

[4], supported by goal-oriented measurement based on the GQM paradigm [3]. The collected g atzttati
senes as a basis for the impeoment of the construction set of protocallthng blocks. All gined &periences

(i.e., all kinds of knwledge, such as measurement data, (process-) models, SDL-patterns, or lessons learned) at
stored in a central repository: the Experience Base of the SFB 501 (SFB-EB) ithZh&\help of the SFB-EB we
transfer the gined &periences into e projects and>geriments in order to allo continuous impreement of the

SDL-pattern approach.

The remainder of the paper iganized as follas: Sectior83 shortly introduces the concepts underlying the pro-
posed construction set of protocalilding blocks, including a corresponding process model. In Segtibe
structure of the SFB-EB, aarfas releant to our approach, is described. Furthermore, a compreberssige sce-
nario is gven to shw how this structure is used to support our approach. Bifgreences, gined in a research
case studydemonstrate the feasibility of the combination of SDL-pattern based design angeheree base

concept (Sectiod). We summarize the results and conclude with an outlook in Séction

2 THE CONSTRUCTION SET OF PROTOCOL BUILDING BLOCKS

This section summarizes concepts for a construction set of protokhg blocks from which a protocol designer

can select components and compose them into a customized, formal protocol specification. In order to get highl
flexible kuilding blocks and to increase the quality of resulting products, we combine the design patterns approact
with SDL. For further details, the reader is referred to [15] [17] [18].

2.1 The Formal Description T echnique SDL

SDL is a description technique with a formal syntax and semantics and is designed for the specificatiovef reacti
distributed systems, in particulasommunicating systems. The most recamsion vas standardized by the Inter-
national Blecommunication Union (ITU) in 1992 [15] with some updates made in 1996 aftetual as well

as a graphical representation. SDL is an object-oriented language capable of describing architectiore abdha
data. It is in widespread use in industry and is well-supported by commercial and public da@laipnent ewi-
ronments such as SDT [26], Object-GEODE [1], Cinderella, or SITE [27].

An SDL system specification is hierarchically structured into blocks. Each block is composed of either a set of
blocks or a set of processes. System Wiehas modeled as a set of communicatimgeaded finite state machines

(CEFSMs), each represented by an SDL process. SDL processes run concurrently and communicate asyncht

2
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nously by signalxxhange. An SDL process may be further structured in SDL services, which thesnweghkesent
CEFSMs. In this case, an SDL process appears as the product automaton of its sentteesldfinition of data,
SDL offers a number of predefined data types such agenta boolean. Ne data types are either degd by
using huilt-in constructs (e.g., structs or arrays) or by using the abstract data type cooctp.|&tter the beka
ior of the operators can be defined axiomatically or algorithmically as well as byaatgrto another language

such as C.

As an object-oriented language, SDL alothe parameterized type definition of blocks, processes, services, and
signals as well as their specialization by bounding parameters, adding propertieswepuhsignals), or rede-

fining virtual types or transitions. OO concepts not supported by SDL are multiple inheritance and dynamic bind-

ing.

One main adantage of SDL is that an SDL specification is alreagictable and can be used for simulatiat; v
idation a@inst test cases, andliation of general properties (such as freedom from deadlock or implicit con-
sumption). The possibility of simulating or formally analyzing a digted system (especially its Woof control)
before implementation is of great importance in order to detect design errors in early stagekpfraat. Note

that een code can be automatically ded from an SDL specificationalfdation and simulation, as well as auto-

matic code generation (rapid prototyping) are well supportedibtireg SDL deelopment tools.

2.2 SDL Patterns

An SDL pattern describes a generic solution for a recurring xiespecific design problem from the domain of

communication protocols. It is assumed that thgetalanguage for pattern instantiation is SDL.

Contrary to coventional design patterns, SDL patterns add tharadges of a mathematical foundation. Instead

of specifying and applying the patterns rather informallformal taget language such as SDUe the possibil-

ity of precisely specifying he the application of a specific pattern is performed, under which assumptions this will
be allaved, and what properties result for the embedding gbritéis information is pattern specific andyar

nized by means of a certain pattern description template. The main items of the SDL pattern description templat

are sletched in the follwing.

The mere syntactical part of the design solution is defined by a g&mdriragment which has to be instantiated

and textually embedded into the comtespecification when applying the pattern. SDL-fragments represenktonte
invariant parts of a design solution. Instantiation and embedding of SDL-fragments is prescribed in $grms of
tactical embedding rulesvhich, e.g., guide renaming of abstract identifiers or specialization of embedding design

elements. Usuallypattern semantics is not completely captured by an SDL-fragment. Due to language constraints

3
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this would otherwise result in arverspecification of the design solution and reduce the potential of reuse. Thus,
additionalsemantic popertiesare included, specifying preconditions for pattern application as well agidretha
changes of the embedding cotterhough semantic properties are currently stated in natural language, it is possi-
ble to express them precisely in a temporal logic. Also, restrictions orettedinitionof pattern instances are spec-
ified in order to preent a pattern's intent from being deg&o by subsequent dgdopment steps. A comparison to

existing description templates for agmtional design patterns is/gn in [15].

The current pool of protocolllding blocks contains SDL patterns that deal, for instance, with interaction-beha
ior of distrituted objects, error control (lost or duplicated message®r layer interficing, or dynamic establish-
ment and closing of connection® Turther illustrate the functional scope of SDL patterns, we briefly introduce
some @amples. Note that the SDL patterns belre not completely specified eMasically summarize a pattern‘s
intent and skip the description itemetained abwge. For completely defined SDL patterns, the reader is referred
to [16].

* MultipleRequestsMultipleReplies:

The MultipleRequestsMultipleReplies pattern introduces a confirmed 1:n interaction between one sending entity
and multiple rec®ing entities. Being triggered, the sender will initiate a request aits wntil all corresponding

replies are receed. After reception of a request each regegsends at least one reply

* Codex:

The Coda pattern prgides mechanisms to allotwo (or more) entities, which interact directly through SDL chan-
nels, to cooperate by means of &egi communication service. In general, the introduction of a basic service
involves maw specialties. Among others, these argnsentation, reassemblypgrade of basic service quality
(e.g., in case of loss, disruption, or duplication of messag&g)r layer connection setup, or routing decisions.
The Code& pattern is only concerned with a minimal subset of these functionalities, namelgcimgnivith the
basic service by means of service prinati. That is, Codeessentially preides a mapping from protocol data

units to basic service primitts and vice ersa.

* DynamicEntitySet:

Consider a gien serer entity that is capable of priding its service xactly one time and terminates thereafter
order to ofer this service seral times (e.g., to more than one client), the DynamicEntitySet pattern is introduced.
Thereby an administrator dynamically createsva serer entity for each service request and subsequently acts as

a proxy
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2.3 Configuration Pr ocess

For the design of SDL protocol specifications weehdefined a configuration process supporting the reuse of pro-
tocol huilding blocks represented as SDL patterns (EjgThe configuration process suggests incremental proto-

col engineering, where the whole set of communication requirements is first decomposed, i.e., partitioned an
(where appropriate) simplified. Decomposition classifies as an analysis task that identifies separate protocol func
tionalities. Thereby it is possible to consider a protocol functionality underetit assumptions.oF instance,
interaction sequences for connection establishment are less ganptp of a reliable basic service rather than an
unreliable basic service. Experience hasashthat protocol functionalities can often be specified one after the
other and - in addition - be completed stepwise (e.g., adapted to the non-ideal properties of an underlying basic se
vice; see, e.g., [15] [23] [19]). This suggests that we perform avidodi deselopment step in order to incorporate

an additional protocol functionality or relax a corresponding simplification. Theesmh deelopment step
divides into analysis, design, andlidation and yields anxecutable SDL design specification. In the fafilog,

the diferent actrities within a deelopment step are stched.

First, an object-oriented analysis of the current protocol functionality is performed. This results in an analysis
model updated from the prieus deelopment step. It is suggested tovide an OMT [24] or UML [5] object
model and an MSC [21] use case model which together identify participating objects and typical interaction sce-

narios.

The analysis model is realized in the fallog design actity. Here, SDL patterns come into place. Starting point

is the contet SDL specification, i.e., the SDL design specification obtained from thimpsedeelopment step

This may e.g., be a protocol specification, which relies on reliable basic service. Hence the design problem (state
in the analysis model) could then be to suit the protocol to an unreliable basic service. In order to meet the ne
requirements, a humber of design steps are performed whergliradiSDL patterns are applied to the cahte
specification. Note that for some design problems the pool of predefined pratitdioigoblocks may not contain

an adequate solution, so that an adhoc solution must be found. The selection of an SDL pattern is supperted by se
eral items of the SDL pattern description template, nainedyt, motivation, structer messge scenario, seman-

tic properties, and coopentive usge. As patterns represent generic design solutions, the corresponding
SDL-fragment has to be adapted in order to seamlessly fit the embedding.cbmiteis instructed by theenam-

ing partsof the syntactical embedding rule&inally, the resulting pattern instance has to be composed with the
embedding conte, which is prescribed by the specialization part of the syntactical embedding rules and also by

redefinition ruleof embedding pattern instances.

1 For the first deelopment step, the initial comtespecification is either empty ovgn by an instantiated SDL framerk.
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The result of this design aditly is an intermediate SDL design specification which is subsequealitjaied
against the analysis use case model by performing MSC-badiedtion and simulation. The correctness of the
SDL specification concerning general properties such as freedom from deadlocks is alsd. ¢hagkfaults are
discovered, a return to one of the pi@us derelopment or design steps is needed (notvehia Fig.1). Otherwise
the \alidated specification sexs as the conte specification for the ¢ development step. If all simplifications
are eliminated and all requirement subsets are implemented, the final design specificatonhy tfie alidated

design specification of the lastvédopment step.

3 THE EXPERIENCE BASE: SFB-EB

This section describes the current instantiation of the Experience Base of tB@ISHBrst, the logical structure

of the Experience Base isetkhed, asdr as it is releant to the SDL-pattern based design of communication proto-
cols (SectiorB.1). Then a usage scenario abouw flis structure supports the SDL-pattern approachvengn
Section3.2.

3.1 Logical structure of the SFB-EB
The SFB-EB acts as a repository faperience. Therefore, a logical structuraswdefined that ganizes the Expe-
rience Base and supports the search andvakié experience elements. Fig.shavs the parts of the logical struc-

ture that are relant for the SDL-pattern approach.

As shavn, the SFB-EB is subdded into tw sections calledexperiment-specific secticandorganization-wide
section.These sections are similar to the project databases gaization-wide database described by Basili et.

al. [2]. In the eperiment-specific section all information concerning single projects,ciédse studies and con-
trolled experiments, are stored according to predefined templates [9]. These templates are based on the steps of

QIP and are completed while the project is conducted, i.e., planesdited, and analyzed.

The oganization-wide section storegperience releant to seeral projects (such as the SDL pattern pool). It con-
sists of diferentareas Areas are the mairubding blocks of the SFB-EB. Tlecan be seen as modules that are
added to thexasting SFB-EB instantiation depending on what should be supported. Therefore, all areas are dis-
junct. An example for an area is the glossaries area whichiges definitions for terms commonly used in projects

and eperience elements.

Areas can be further refined (indicated by the dashed lines i)Figr example, the glossaries area is split up

into a GQM glossary defining terms concerning GQM-based [3] measuremeiiteactan SDL glossary with



SFB 501 A1/B4 THE EXPERIENCE BASE: SFB-EB

expl ai ned_in literature
> P
process modeling r al
references
derived_from r— — " — — r— — 1 expl ai ned_in L —_ — 4
— > process product resource >
used_in L models | models , [ models
| |
online
i s_about used_in _ documents |
uses technologies uses
used_in qualitative -
experiences has_part r— — — 1 exp ained_in contact
™ “process 1 | methods | L addresses
. modelin
case studies L _modeing b= expl ai neq_in
o T - T 7 i
and of fers technologies . derived_from
Lo T i s_about | tools |
controlled - —
gained_in r components 1| has_part L — — — 4 defined in
experiments Lo r— — — 1
- — /0 | techniques |
others L -— — — 9
- — — GQM glossary
defined_in L . . _ 1
has_part used_with
i s_about uses r— — — "
SDL glossary
_— — _ L - — — 4
derived_from r 1 r SDL 7
= | code | | pattern |
used_in | | defined_in r— — — A
SE glossary
components repositories L — — — 4
defined_in glossaries

|:| Experiment-specific section |:| Areas of the Organization-wide section —» predefined relations

Figure 2. Logical Structure of the SFB-EB regarding SDL pattern oriented
development of communication protocols

SDL-related definitions, and a general Safitev Engineering glossary miding definitions for terms li& process,
product, etc..

Besides the glossaries area, the folig areas are instantiated:

The component epositories aea.This area contains components that can be reusedfénedif projects. &r

example, SDL patterns such as the DynamicEntitySet pattern (Section 2.2), or C++ code for checksum algorithm:

are stored here.

The process modeling a¥a.Process, product, and resource models, describingdioonduct a project or apply
a technique, are fafred in this area.d¥ example, the configuration process for the application of the construction

set of protocol bilding blocks (Section 2.3)he SOMT process model [25], or the Breek and Haugen [6] model for
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developing real-time systems with SDL are yided. Most of these models are represented using the process mod-

eling language MVP-L [7].

The technologies aga.For different techniques, methods, and tools, so-caidtholagy pakagesare stored in
this area. These packages contain basic information about the technologies and help to select the appropriate te
niques when setting up aw@roject. The SDT (SDL Desigro®l) package, e.g., helpswmgomers to get into the

SDL development evironment.

The qualitative experiences aa.All lessons learned while conducting projects are represented in this anga. The
are catgorized according to the topics thare dealing with. Currently we deposiperiences about adequate

decomposition of communication requirements in this area (Section 2.3).

The literatur e area.Background knaledge in the form of ¢dernal) references, on-line documents, and contact
addresses is pvaled within this area. ¢t instance, a reference to the SDL forum society webzpageelevant

papers dealing with communication protocols can be found here.

Between the areas of theganization-wide section listed almand the xperiment-specific section, tifentrela-

tions are defined. Some typical relations argparience element Xises experience element Y~ or Xperience
element X isleri ved_f r om experience element Z" where X,Y and Z belong téedént areas/sections. These rela-
tions help support the search foiperience elements in avgh project contd. For instance, from anxperience
element that describes a concrete process model of a project (and therefore is storegémithent-specific sec-
tion), one can foller theuses relations to thex@erience elements that describe the technologies addressed within
the process model (Note that for a certain SDL pattern projéeteatdif description techniques for protocol analysis
or different code generators for simulation could be applied). From the same process madel,viéte f r om
relation helps finding thexperience element describing the general process model from which the actuakone w

derived and which is stored in the process modeling area.

The areas and the defined relations together form airarkehat represents the logical structure of the SFB-EB.
Note that the SFB-EB is alsow##oped and used for comte other than the SDL pattern approakiuetailed dis-

cussion of the complete logical structure and the technical realization using HTML-pages that are accessible vi
the SFB 501 intra-net can be found in [13].

2 http://www.sdl-forum.og/
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3.2 A usage scenario
This section discusses a specific usage scenariovothedSFB-EB supports the SDL pattern approach. Tengi
scenario only describes steps that are already supported by the SFB-EB. Usage scenanotherSRB-EB

structure supports systematic reuse in projects according to the steps of the Qiénare[@D] and [11].

Planning a project:

When setting up a meproject, it must first be characterized. The answers to questierf$\ilkat is the goal of the
project?, “In which ervironment is the pject to be conducted?and “Are thee time estrictions for the mject?

give first hints for planning the project.itW this information one can search the process modeling area of the
SFB-EB for similar project plans and descriptions of technologies suitable forviheroject. At the end of this

first step:

* A new entry for the project is created in theperiment-specific section of the SFB-EB. In accordance with
the predefined template all documents produced for the project will be stored in this entry

« The characterization of thewgroject is stored in the nweentry of the gperiment-specific section.

» A project plan and/or technology description from thganization-wide section that can be adapted to the
new project is selected from the SFB-EB.

Let us assume that them@roject wee to deelop a communication ptocol, in the evironment of the SFB 501,
by the end of the yeak piocess description for gleloping communication softwawith SDL patterns was found.
Theuses relation of the pocess description pvides a link to the SDL tbnolagy padkage in the tebnolagies
area. Unfortunatelythere are nonhas_part relations fom the SDL tdmology padkage to some lessons learned in
the quantitative xperiences ara that would support us with neoinformation about the uga of SDL in former
projects. But with the help of theed_i n relation(s) stoed with the pocess description, information about former

projects that used the gress befa can be vieed.

In the ne&t planning step a project plan has to be defined for tepngject. The plan has to include information
about resources (people and tools) that will be usedthts purpose, information is needed about appropriate
technologies that e been selected for the project. This is supported by the technology packages stored in the
technology area. In addition to this, the goal(s) of the projegdrding the alidation of some ypotheses, will be

defined in a quantitate manner using the GQM paradigm [3]. At the end of this planning step:

A concrete project plan is added to the project entry inxperanent-specific section.
« A list of needed resources (people and technologies to be usstd) e

» The quantitatiely defined goal(s) of the project is stored in the project entry inxherienent-specific sec-
tion together with the GQM plan(s), measurement plan, and questionnaires that will be used to control the
project in the gecution phase.

10
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« Aderived_from/ used_in relation between the project plan of the project andxaereence element in
the process modeling area might be added to the SFB-EB.

* Uses / used_in relations between technologies used in the project and technology packages in the technol-
ogies area might also be added to the SFB-EB.

Let us assume that themeroject uses the configation process described in Sectidr8. Theefore, SDL patterns
will be used to deelop the communication giiocol. A poject plan is deeloped andaseachers from the Univer-

sity of Kaiseslautern ae diosen to deeslop the communication qocol.

Finally, it must be chedd if all needed resources are ready to be used in the project. This includes the setup anc
installation of the needed tools and maybe the preparation of training of the pegapitngethe technologies and
development process that will be used within the project. The installation of the tools may be supported by the
description gien in the technology packages and/or the linksrgby theexpl ai ned_i n relations from the tech-
nology packages of the tool to the literature area. The same relations may also support the setup of the trainir
material or the technologies or the used process description from the process modeling area. Reading the lessc

learned rgarding technologies can helpagd problems in the me projects. At the end of this planning step:

« All tools needed for the project are installed and ready to use.

 Training materials for the people that will conduct the project are prepared.
Let us assume that the tools needed for tbgppr alleady have been implementedt the diosen eseachers, that
should conduct the pject, do not have didient knowledg about communication @iocols using SDL and design
patterns. Thezxfore they are aslked to ead the telenology pakages stoed in the tekenolagies aea and the SDL
glossary in the glossary ea. Furthermoe, they can use thexpl ai ned_i n link to the web pge of the SDL forum
society to gain further knowled@bout SDL and théefi ned_i n relations to look up the definitions of commonly

used terms in the glossaries.

Executing the project:

The project is xecuted according to the project plan. If possible, components from the component repository area
will be reused for the meproject. Furthermore, measurement data is collected according to the GQM-based mea-
surement program to control the project anthgev knowledge that can be used to test tgpdiheses that ka

been formulated for the project. At the end of thecetion step:
» Measurement data has been collected and stored in the project entryxipettiment-specific section.

e Used_i n andderi ved_fromrelations between objects from the component repositories andwheroiect
might be added to the SFB-EB.

11
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Let us assume that thegpect has been deloped accating to the pocess described in Sectidr8. The deelop-
ers used SDL patternsoim the componenepositories aga to deelop the communication @ocol. Def i ned_i n
andexpl ai ned_i n relations between the objects of the comporemtsitories and the thnolagy pad&ages have
been used to look up some definitions wheblpms occur-urthermog, some eperiences with the SDT tool and
the SDL patterns have been made that have not bgeertted. Thefore, these eperiences have beeaported,
i.e., written down and sted in the poject entry of thex@eriment-specific section. Note that faened_i n and

of f er s relations to the qualitativexperiences aa ae not added during thexecution of the mject. This is done
later when the mject experiences a analyzed and fixed. Lastitnot least, the me communication mtocol was

developed.

Fixing the project experiences:
The data that has been collected during #ee@tion of the project is moprocessed and analyzedithMts help
the questions concerning the measurement program goals are answered, ypottiesas that were formulated at

the bginning of the project are tested to see ifthave been alidated or must be rejected.

To find out if additional kneledge that s not captured by the measurement dada,gined while gecuting the

project, the people from thewidopment team are interwed. From these interwies and the Xperience that has

been reported and stored in the project entry oftperament-specific section, lessons learned are formulated and
stored in the qualitate experiences area, if tiigare of interest for other projects. Both the analyzed measurement
data and the captured lessons learned can then be used teeirti@dechnologies (e.g., tools), process models
(e.g., the SDL-pattern process), and components (e.g., the SDL- patterns) that were used in the project. At the el

of the analysis step:

» The typotheses that were to be tested candiidated or must be rejected.

* New lessons learned might be introduced into the quaitaiperiences area and the about / has_part
relations from the qualitate experiences area to the project entry in tkgegiment-specific section are intro-
duced.

« Technologies, process models, and components might ltegen alidated and can be more trusted when
being selected for use in upcoming projects.

After we hare described all relant actions that can be supported by the current structure of the SFB-EB in this fic-
tive scenario the me section discussexgeriences gined in a concrete research case study thatoagnducted
within the SFB 501.

12
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4  FIRST EXPERIENCES: A CASE STUDY

To check some of ourypotheses, a first case study has been set up. In geneeabl goals of the case study
would be interesting in order tovaduate our SDL pattern approach. These include, e.g., the analysis of our con-
struction set of protocoluilding blocks with respect to reduction ofveéopment dbrt or the readability / intelli-
gibility of our pattern descriptions.oF the initial case study we decided to analyze the influence of pattern usage
on the number and disttibion of errors anddults (For a definition of these terms see RY. This seres as a base-
lining for future e&periments. The other goals are not part of the initial case, dutlyere postponed to later
projects. This is due to thadt that our case study is performed as students’ proggktamd, therefore, has a time
limitation of four months. As subject of édopment we hae chosen the Realrfie Transport Protocol (RP) of

the Internet protocol suite. Our decisioasndrien by the éct that we already haderiences with the reengineer-

ing of Internet-based protocols and thaiPRs well suited to complete the set of protocols we alreadsiajged

(e.qg., IPv6 or ST2+ [23]).

During the planning of the project, suitable technologies had to be chosen. As the subject of analysis is our cor
struction set of protocoluilding blocks, we (re)used the corresponding SDL-pattern process (Section 2.3) as it is

stored in the process modeling area of the Experience Base.

In the nat step, a project planag defined based on the process description. Students that attended a lecture abou
communication protocols at the Warsity of Kaiserslautern were chosen to conduct the project as part of their
education. It s decided to use the Siidol from Telelogic to support the design, FrameMaks a wrd proces-

sor, and the SFB-EB with the stored information about the SDL patterns as the only tools for the project.

The chosenxgerimental goal of the case studgssformalized according to the GQM paradigm. The white io

Fig. 3 shavs the formalized goal describing the object, purpose, quality focug)wiiet, and conte of the study

After the goal vas fixed, we formulated questions that refine the quality focus of our, stitthyadditional ques-
tions that capture theaviation factors which hee influence on the results of the obseiquality &ctors. The qual-

ity focus we identified is characterized by the fwilag items:

e The distrilution of faults to &ult types such as deadlock, implicit consumption of signals, incomplete or incor-
rectly implemented requirements. Thgpbthesis we proposed is that 50% of #welts normally correspond to

the last &ult type.

« The error type that causedauft, with the types being nhamed according to theviacin which the occurred.

Examples are design err@election errgrdecomposition errpor analysis errofVe expect that 70% ofdults

13
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GQM plan err ors and faults
This GQM plan is designed for a case study regarding the construction set of protocol building blocks. A quality

model based on error and fault occurrences is defined. Therefore, the following definitions are used:
» Def. failure: Departure of observed behavior from expected behavior
« Def. fault: Inconsistency in product that causes failure(s);

« Def. error: Human action resulting in software with fault(s);

Analyze the construction set of protocol building blocks
for the purpose of characterization

with respect to errors and faults

from the vie wpoint of the project leader

in conte xt of the project RTP.

[-..]
Question and metric form the Model Definition:

Q: Which type of faults occurred and how are they distributed to the different types?
M: type of fault
[deadlock / implicit consumption / requirement not completely covered / requirement not correctly implement-
ed / other]

[-]

A surveyed variation factor regarding the listed question above is described by the following question:

Figure 3. Excerpts from the GQM plan “errors and faults”

are due to errors made during design.

The distritlution of the design steps in which an error occurred to tfereiift deelopment steps. @elopment

steps are characterized by requirements that are to be realized. Examples are protocol operations or basic s
vice-related tasks. As gpothesis we state that 60% of the errors occurweldpment steps in which protocol
operations are to be realized. Therefore our pattern pool should preferably support these kinds of design prol

lems.

The distritution of errors to adhoc design steps and design steps supported by SDL pageeqsediVthat

90% of errors occur in adhoc design steps.
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Actually, the quality focus is influenced by sonagiation factors. An gample is the knwledge of the deeloper
about other communication protocols. The memifiar the deeloper is with the communications area, the less
faults of the type deadlock, implicit consumptions, or requirements not correctly implemented willroEogu3
an ample for a question of the quality focus with a corresponding question that descriidianviactor and

how it influences the quality focus isvgin. (The complete GQM plan can be found in appeAdix

Finally, we prepared some training materials about our construction set of pratidimigoblocks and communi-

cation protocols in generaloFthis, knevledge stored in the literature and glossaries area ofkfgfexience base

was used. Since no tools needed to be prepared, the planning peasanpleted and we started theaition of

the project according to the project plan supervised by the measurement program. The needed data were collect
with the help of questionnaires that had to be filled out at theieg or end of predefined steps of our process

model.

Right nav we are in the phase of analyzing the collected data. As a first result we can state that decompositiol
plays a more important role tharpected. Good decomposition is a prerequisite for successful design with a lo
number of errors. What we Y&to imprae is that enough time should be aléa for the decomposition adty

and that it should also be better supported byxtpereence base. Therefore we will add oxperiences concern-

ing decomposition as certain rules of thurihe usage of thexperience base has been found useful throughout
the case studWevertheless, we found that it is necessaryxterad the training with a more detailed section about

how to use the information of thegerience base.

5  CONCLUSION AND OUTLOOK

We have introduced the SDL pattern approach whichgrates the well-knen design patterns concept with the
formal design language SDL. As a major aahage, SDL patterns allato precisely specify kwdedge about pat-

tern application and its impact on the embedding sbnte consider formalization to be a prerequisite for tool
support and alidation of pattern application.oTshav the feasibility of the approach,v&zal test projects ke

been conducted [16] [19] [23]. M&ver, with the current status of the approach we wish v laamore systematic
method to imesticate certain details concerning SDL patterns. Additiondllg essential to k& an infrastructure
available that helps to continuously impeothe concepts, as good patterns mainly arise from practical and
well-founded &periences. &t this purpose we combined the SDL pattern approach withxffezgience base con-
cept. The SFB-EB seeg as a central reuse repository for all kinds of SDL pattern spegificiences and alles

us to efectively set up n& projects with a corresponding measurement programwheage is systematically

transferred into ne projects and>geriments, so that the SDL pattern approach can be continuouslywédpro

15
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usage scenario for the SFB-ERsvdiscussed in detail, in which the main\aibéis are planning,xecuting, and
analyzing the project. Also, a research case study onxplegiment-basedvaluation of the SDL pattern approach

was conducted. As a first result it turned out that an adequatdedye of pattern-based design in general is of
great importance for the success of a project, which made us reconsider the quality of our training material in th
SFB-EB. Furthermore xperience has skan that decomposition and analysiyé@reater impact on pattern-based
development than>gected. Vith the current pool of SDL patterns, a bad decomposition or analysis model may
result in poor ceerage of SDL patterns in the resulting specificationwéter, further experiments will hae to

clarify the eact reasons.

From our first results with the SFB-EB we infer that it imbuable means for supporting thekiation and contin-

uous impreement of the SDL pattern approach. Thus we plan to conduct more SDL-pattern based projects within
this contat. This necessitates somdensions of the SFB-EB oF instance, we & to add a measurement area to

the oganization-wide section of the SFB-EB to store basic GQM plans (e.g., to rate the qualitjyefiefned
patterns). In the long run, it may also be necessary to fully realize the QIP steps during a project, and, therefor

complete our Experience Base to an Experie@odry [2].
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Appendix

A GQM PLAN ERRORS AND FAULTS

This GQM plan is designed for a case study in the subproject B4 of the SFB 501. The goal of the case stu
is to give a first characterization of the process using the construction set of protocol building blocks de-
veloped within B4. Therefore a quality model based on error and fault occurrences is defined.

Analyse:the construction set of protocol building blocks [object of study]
for the purpose of.characterization [purpose of study]
with r espect to:errors and faults [quality focus of study]
from the Miewpoint of: the project leader [viewpoint of study]
in the Context of: the project RTP. [context of study]

Process Definition

Domain Conformance

D_1: How great is the experience of developer with SDL?

Hypothesis: Less experience results in more faults of the type deadlocks, implicit consump-
tion, and requirements not correctly implemented. Qed)

D_1.1: Has the developer known SDL before the current project?

MD_1.1.1: knowledge about SDL
[yes / no]

D_1.2: If question D_1.1 was answered with yes: Where was the knowledge about SDL
gained?

MD_1.2.1: origin of knowledge about SDL
[courses ... /labs ... / seminars ... / literature ... / WWW ... / others ...]

D_1.3: If question D_1.1 was answered with yes: How often and how long was SDL used for
developing software designs before?

MD_1.3.1: usage of SDL in former projects
[list of projects with project duration in months]

D_2: Of what kind is the knowledge of the developer about communication protocols?

Hypothesis: The smaller the knowledge, the more faults of the type deadlocks, implicit con-
sumption, and requirements not correctly implemented will occur. @seb

D_2.1: Has the developer knowledge of communication protocols?

17
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D_3:

D 2.2:

D_23:

GQM PLAN ERRORS AND FAULTS

MD_2.1.1: knowledge of communication protocols
[yes / no]

If question D_2.1 was answered with yes: Which communication protocols does the
developer know and where was the knowledge gained?

MD_2.2.1: origin of knowledge about communication protocols
[list of communication protocols with source of knowled@&jurce of
knowledge: e.g., courses / labs / seminars / HiWi jobs)

If question D_2.1 was answered with yes: Which communication protocols have been
developed before and in which context?

MD_2.3.1: usage of communication protocols in former projects
[list of projects with used protocols]

Knowledge and understanding of the construction set of protocol building blocks?

Hypothesis: The worse the knowledge and understanding of the construction set of protocol

building blocks, the more faults of the type deadlocks, implicit consumption, and
requirements not correctly implemented will occur. (§gel)

Hypothesis: In design parts with support of SDL patterns the number of errors will be lower.

D_3.1:

D_3.2

D_3.3:

D_3.4:

D_3.5:

(see Q_4)
Does the developer have knowledge about pattern based design in general?

MD_3.1.1: knowledge about general pattern based design
[yes / no]

If question D_3.1 was answered with yes: Where was the knowledge gained?

MD_3.2.1: origin of knowledge about general pattern based design
[list of sources]

If question D_3.1 was answered with yes: How often and how long was general pattern
based design used for developing software designs before?

MD_3.3.1. usage of general pattern based design in former projects
[list of projects with project duration in month]

Does the developer have knowledge about the construction set of protocol building
blocks?

MD_3.4.1: knowledge about the construction set of protocol building blocks
[yes / no]

If question D_3.4 was answered with yes: Where was the knowledge gained?
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MD_3.5.1: origin of knowledge about the construction set of protocol building
blocks
[list of sources]

D_3.6: If question D_3.4 was answered with yes: How often and how long was the construc-
tion set of protocol building blocks used for developing software designs before?

MD_3.6.1: usage of the construction set of protocol building blocks in former
projects
[list of projects with project duration in month]
D_3.7: Did the developer apply SDL patterns whenever possible?

MD_3.7.1: SDL patterns applicable for the design step
[list of SDL pattern names (e.g. TimerControlledRepeat, BlockingRe-
guestReply, DynamicEntitySet, Codex, ...)]

MD_3.7.2: selected SDL pattern
[SDL pattern name]
Developer selects SDL patterns but still has the chance of applying the
SDL pattern or deciding against the SDL pattern

MD_3.7.3: number of applied SDL patterns in development step
[integer]
Developer selects SDL pattern in design step and applies the offered SDL
pattern.

D_4: How is the quality of the construction set of protoaalding blocks?
(The quality includes thefefed experience egarding SDL patterns!)

Hypothesis: Higher quality reduces the number of faults. (§¢€l)

Hypothesis: Greater experience regarding SDL patterns results in less selection, decomposi-
tion, and analysis errors. (s€g 2)

Hypothesis: The better the coverage of a development step, the less errors occ@®). Bee
Hypothesis: The higher the quality the less the number of errors in the SDL patterrQ(sbe
D_4.1: How often was the description of a selected and applied SDL pattern incorrect?

MD_4.1.1: quality of SDL pattern description
[correct / inconsistent / incomplete / has SDL error / others ...]

D_4.2: Why was no SDL pattern applied in the design step?

MD_4.2.1: design step without applied SDL pattern
[name of design step]
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D_5:

MD_4.2.2: reasons for not applying SDL pattern
[no pattern was offered / selected pattern was not understandable / others

2

D_4.3: Are there types of development steps not mentioned in the offered “experiences”?

MD_4.3.1. development step types not mentioned in “experiences”
[list of new development step types with short characterization]

How is the compleity of the communication requiremefits

Hypothesis: The more complex the communication requirements, the more faults occur. (see

Q_1)

Hypothesis: The more complex the communication requirements, the more selection and de-
composition errors occur. (s€@_2)

Hypothesis: The more complex the communication requirements, the more errors will occur
in AdHoc design steps. (se@_4)

D_5.1: Which concurrent protocol functions could be identified?

MD_5.1.1: concurrent protocol functions
[list of function names]
usually protocol (i.e. project) specific names

D_5.2: Are protocol functions partitioned into layers?

MD_5.2.1: requirements partitioned into layers
[list of layers with name + characterization]

D_5.3: What protocol phases are included?

MD_5.3.1: name of included protocol phases
[connection set-up, connection tear down, data transfer, others ...]

D_5.4: What type of service shall be realized?

MD_5.4.1: type of service
[reliable / unreliable, connection-oriented / connection-less, win-
dow-based flow control / rate-based flow control, non-functional (like de-
lay, jitter, max. throughput), others ...]
Note: more then one type can be selected!
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Qualities

Model :errors and faults

Def. Failure: Departure of observed behaviour from expected behaviour
Def. Fault: Inconsistency in product that causes failure(s);
Def. Error: Human action resulting in software with fault(s);

Model Definition

Q_1: Which type of &ults occurred and koare thg distributed to the dierent type8

MQ 1.1: type of fault
[deadlock / implicit consumption / requirement not completely covered / require-
ment not correctly implemented / other ...]

Q_2: For each detectedfilt: What type of errors caused tlelt?

MQ_2.1: type of error
[design error / selection error / decomposition error / analysis error]

MQ_2.2: errors that caused the fault
[list of errors]

Q_3: Inwhich design steps did an error occur and e the errors distnitbed wer the deelopment
step®
List of all applied development steps can be calculated from all names mentioned in MQ_3.2.

MQ_3.1: design step in which the design error occurred
[name of design step]

MQ_3.2: development step of design step
[protocol operations / basic service / mode / multiplicity / other ...]

MQ_3.3: development step of selection error, decomposition error or analysis
error
[protocol operations / basic service / mode / multiplicity / other ...]

Q_4: How are (design) errors distributed to AdHoc design steps and SDL pattern supported desigr
steps?

MQ _4.1: design step in which the design error occurred
[name of design step]
Note: identical with MQ_3.1!

MQ_4.2: type of design step
[pattern design step / AdHoc design step]
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B AN EXAMPLE QUESTIONNAIRE FROM THE RTP CASE STUDY

Questionnaire FB 1

To be filled in by: Protocol developer bebre decomposition
(once at the lignning of the case study)

Date: . . Bearbeiter:

Q 1: Do you hae knavledge about SDL? Oyes 0Ono
If answered with ,yes":
Q 1.1: Where vas your knwledge @ined?

(KTPS course, Rechnernetze course, SFB lab, Rechnernetze sétanature,
WWW, Hiwi job, ...)

Q 1.2: Have you already applied SDL in former projects? O yes 0 no
If answered with ,yes*:

Q 1.2.1: Which projects and holong did thg last (in month)?

Validated by: Al Person: Date: .

RTP Project of B4 Page: 1/4
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Questionnaire FB 1

To be filled in by: Protocol developer bebre decomposition
(once at the lEnning of the case study)

Date: . . Bearbeiter:

Q 2: Do you hae knavledge about communication protocols? Oyes 0Ono
If answered with ,yes":

Q 2.1: Please list protocols you ar@nfiliar with?
(e.g. IR TCR OSI-TR Alternating-Bit, XTP)

Q 2.2: Where vas your knwledge @ined?
(KTPS course, Rechnernetze course, SFB lab, Rechnernetze sétanature,
WWW, Hiwi job, ...)

Q 2.3: Have you already desloped some communication protocols in
former projects? 0 yes [ no

If answered with ,yes":

Q 2.3.1:  Which projects and wolong did thg last (in month)?

Validated by: Al Person: Date: .

RTP Project of B4 Page: 2/4
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Questionnaire FB 1

To be filled in by: Protocol developer bebre decomposition
(once at the lignning of the case study)

Date: . . Bearbeiter:

Q 3: Do you hae knawvledge about pattern-based design in general? Oyes 0Ono
If answered with ,yes":

Q 3.1: Where vas your knwledge @ined?
(course, lab, seminditerature, WWWHiwi job, ...)

Q 3.2: Have you already applied pattern-based design in former projects?

Jyes [ no
If answered with ,yes*:
Q 3.2.1:  Which projects and wolong did thg last (in month)?
Validated by: Al Person: Date: .
RTP Project of B4 Page: 3/4
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Questionnaire FB 1

To be filled in by: Protocol developer bebre decomposition
(once at the lignning of the case study)

Date: . . Bearbeiter:

Q 4: Do you hae knawvledge about the construction set of protoaolding blocks? [0 yes [ no

If answered with ,yes":

Q 4.1: Where vas your knwledge @ined?
(SFB lab, literature, Hiwi job,...)

Q 4.2: Have you already applied the construction set of protogibdiing blocks in former
projects? O yes 0 no

If answered with ,yes*:

Q 4.2.1: Which projects and holong did thg last (in month)?

Validated by: Al Person: Date: .

RTP Project of B4 Page: 3/4
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