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ABSTRACT
In this paper we give a sketch of a new quantitative approach which can be used to identify and cluster

functionality that should be developed in a reusable fashion, for example, when starting product line develo

We demonstrate the applicability of the approach and its validity in a case study.

Topic Areas:
Case Studies and Experiences, Product Line Architectures, Architecture assessment and reviews

1 INTRODUCTION
Product line development is a new approach to software mass production. It focuses on the notion of a prod

i.e., a set of non-identical, but strongly related (in terms of functionality) systems [1]. The key enabler fo

approach is to derive a software architecture which appropriately supports the products which ought to be

oped. A core goal of this software architecture is to encapsulate exactly the functionality that is needed reus

generic components. In this paper our focus is on an approach for determining which components to packa

reusable manner. The approach we used originates from product line scoping and aims at the identification

tem functionality that should be developed for reuse based on a detailed assessment of the costs and bene

to developing this piece of functionality for reuse.

In our approach there is no constraint on the level of detail at which the system functionality is defined. It can

from high-level requirements down-to actual component specifications. In the case study we report upon h

used high-level system requirements as a starting point and wanted to know which are the specific functio

that should be generically packaged. The results of this analysis can be regarded as “reusability requireme

The approach we used [2] is a quantitative approach that is tailorable to the specific business needs of a c

Thus the approach provides numerical evaluations of the benefit (relative to the business objectives) of hav

tain functionality in an easily reusable manner. This allows to use this information for making trade-off dec

during architecting [4], e.g., if two features cannot be simultaneously well-packaged for reuse.

The position we put forward in this paper can be briefly summarized as:

Reusability in the software development process is mainly a function of the architecture.

However, the priorities assigned to making certain functionalities reusable should be based

on a detailed quantitative evaluation of these functionalities.
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We show how this can be done using a case study we performed with an industrial partner.

2 CONTEXT
The case study we report on in this paper was performed with MARKET MAKER a leading player in the mar

software for stock market investment and information services for non-professionals in Germany1. At the time we

started the cooperation in autumn 1998, there were five fully employed software developers supported by

part-time employees working on four products:

• Product Ais the high-end product which is used by professional brokers working in banks and semi-profe

als. This product has the most advanced and most complete functionality of the MARKET MAKER produ

is used to download stock market data (off-line) provided from MARKET MAKER, to manage it, and to ev

ate it according to various pre-defined and user-definable functions.

• Product BandProduct Care smaller versions ofProduct Afor non-professional users with less functionality

They are distributed by other companies which also provide hotline services for them under a different l

• Product Dis used by people working on-line at the stock market: Via satellite changes in ratings of shareh

values, opening and closing rates, and important messages were sent, were decoded by the product and

displayed using customizable views.

The people developing and maintaining the products were all very experienced, most of them working for s

years (at least part-time) in the domain. Thus, special documents describing the domain, the architecture

design of the products were at the point in time of our study not needed and hardly available. But contrary

experience in many other projects, we found that there was a common understanding of the domain and th

uct. All the developers could be called domain experts, as they had a lot of experience in developing the s

However, this fact was expected to change during the next years: The company intended to produce man

products and to grow significantly in terms of developers. These would not at all be experienced, neither

stock market domain nor with the software. Thus, problems were expected to teach these new people a

domain and the products and to introduce them into the existing development team without written documen

Facing such problems it was decided to analyze the potential of going towards product line development.

resources were tight, it was clear that the case study had to be performed with the least possible effort, even

it was obvious that a reunified, common kernel for the products would decrease the effort for maintenance a

lution of these products significantly. But documents describing the architecture of the products, their comp

and interdependencies, were not available. Consequently, a reverse engineering of the as-is architecture wo

introduced too much effort before the actual decision about which components should be reunified or be

developed in a reusable fashion and which other product parts would be affected by them could really be m

The characteristics of this situation: extremely scarce resources, already existing systems, highly qualified

and true reverse engineering requiring too much effort, dictated the way we had to go: we had to analyze th

tion with a low impact approach, that would not require any information on the existing code. We describ

approach in the following section.

For us, this situation had also the benefit that, as already systems were built and we had experts available, w

1. The project was partially funded by the Ministry of Economic Affairs, Transportation, Agriculture, and Viniculture
of the state Rhineland-Palatinate, Germany.
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have our results validated by experts.

3 APPROACH
An earlier version of the approach we used for identifying generic functionality has been described in [2

basic structure is as follows: first the relevant goals the company is pursuing with a product line approach a

ited. Table 1 describes the goals and the respective weightings that were assigned to them by the custom

case study. Simultaneously we elicited the relevant functionalities of the systems. Due to resource restricti

had to confine our evaluation to a sub-part of the complete functionality. The various goals were refined int

rics that could be used for deriving a benefit (cf. Table 2). This approach to metrics development is the co

where adaptation of the approach to the specific environment and business goals happens (cf. [3]). Note,

only metric which looked into the existing implementations was “already implemented”. Apart from this, no c

related information was used, as the “interaction” metric refers to the conceptual relationship with other fe

Thus, this is also globally assessed, i.e., independent of the specific products.

Using these metrics the various features can be characterized and the benefits derived from them can be co

Table 3 shows an excerpt from the resulting product map. The evaluation gives explicit values correspondin

benefit of having the specific functionality. Based on similarity among the functions, the features were a

clustered into groups. These clusters do not necessarily correspond to similar evaluations. Sometimes a si

ture received a low score, while the rest of the group received a rather high score.

The column “implemented” in the product map (cf. Table 3) marks which function has to be deployed in w

product. Additionally, features that have a particularly high/low benefit score are colored. This allows to form

ters that should be packaged together (note that this is not necessarily identical to the groups of features th

identified as being related on the conceptual level by the experts). The clusters were defined to package

features that had related functionality and that had similar benefit scores. However, in some cases featur

added to groups despite having different scores, in order to derive larger coherent groups. This was then pe

based on the relationship among features in the group and the coherency of the deployment of features ac

product range.

Depending on the height of the score and the interrelation of features the following recommendations were

• A genericimplementation of <function group> should be made available

Goals for product line development Weighting
Reduction of Time-to-market — it should be possible to reduce the development time for new products 0

Effort reduction — the overall effort needed for developing new products should be reduced 0,

Quality improvement — the reuse base should help to improve quality in terms of reliability, performance, etc. 0

Functionality extension — it should be possible to equip new products easily with a large range of functionality 0,2

Table 1: Product line development goals and weightings

Metric Description
interaction (global) how strongly does an implementation of the feature interact with other feature

implementations?

already implemented (per system) was the feature already implemented in any product?

priority (per system) what is the priority of having this feature in this system?

effort    (per system) what is the effort of implementing this feature in the context of this system?

Table 2: Metrics used in the case study
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picture:
• A genericimplementation of <function group> should be considered

• In case of further products using<function group>a genericimplementationof <function group>should be

developed

• A genericinterface to <function group> is strongly needed

• A genericinterface to <function group> is needed

• Generic support for<function group> is currently not useful

The recommendations were based on the following rules:

• Generic implementations were recommended, when:

- considerable benefit can be accrued for further to be developed products
(level of recommendation depended on the value of the score)

• Generic interfaces were recommended, when both:

- further implementation of a feature was needed, especially in cases where the current interaction of the
with its environment was regarded as high and

- the benefit of having a reusable implementation was not regarded as high

4 EVALUATION
A list of these recommendations was developed and given to the experts. Additionally, we asked for the

where already corresponding changes had been performed. For answering the questions an agreement

used with the values:

• I do absolutely agree

• I do mostly agree

• Neutral

• I do mostly disagree

I do absolutely disagreeThe resulting ratings showed a high agreement with the packagings we proposed (c

4). Further, asking whether the corresponding changes had already been performed gave a very interesting

Product Characterization

Features
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Time series line chart 1 4 X 1 4 X 1 0.14285
dot chart 1 4 X 1 4 X 1 0.14285
histogram 1 4 X 1 4 X 1 0.14285

...
Signals

signal sources Indicators 3 4 X 2 3 — 2 0.4
Trend-Analysis 3 4 X 1 0 — 1 0.10714

Tools 3 2 X 0 0 — 0 0.13392
Trading systems 3 0 — 2 0 — 2 0.07142

...

Table 3. A Product Map Excerpt

=  strongly recommended = not recommended at all
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In 25 out of the 31 cases the ratings for “the genericity level this should have” and “the genericity that has

already implemented” differed by at most 1. In the remaining cases there was three times a difference of two

and three times a difference of three levels. Always the expert was positive about the need for additional ge

but less about the existing genericity. In particular the core expert rated three times: “I do mostly agree” to o

posed level of genericity, while rating “I do absolutely disagree” to “this is already generically implemented”

.Summarizing, our approach provided genericity evalua-

tions which fitted extremely well the level of genericity

that the developers thought was needed. When analyzing

this data one should keep in mind that the developers did

built their evaluation on several years of development

effort, while we did built our evaluation merely on metrics,

to which – except for “already implemented” – one could

assign values without any system knowledge (the metric

“interaction” was based on the conceptual interrelation of

features and not on implementation-specific aspects). Given this background we thought it to be rather su

that we could actually spot some areas that are still – after several years of development – a major concer

developers and thus help them to focus on certain areas for structural improvement of their software.

5 CONCLUSION
In this paper we gave a sketch of a new quantitative approach which can be used to identify and cluster

functionality that should be developed in a reusable fashion. Identifying functionality that should be made re

is a task, which always has to be performed in the context of product line development. We found the ap

extremely helpful:

• it can be applied without having existing systems or an explicit system architecture, making it applicable i

early phases of (product line) development,

• it can be applied on varying levels of detail with the expectation to produce even more precise results

feeding it with more precise input, and

• it produces reliable results while requiring little effort.

In the case study described in this paper, we were able to prove the applicability of the approach and to vali

results. With a very high reliability it pointed out the areas which were considered as being important to be

oped for reuse by experienced domain and system experts.
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Agreement Value Count %

I do absolutely agree 8 28

I do mostly agree 17 59

Neutral 3 10

I do mostly disagree 1 3

I do absolutely disagree — 0

Table 4. Distribution of Agreement Values
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