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Abstract 

Product family engineering is one form of strategic re-

use that can be particularly effective. However, establish-

ing a product family is not a simple matter. Technical and 

non-technical aspects have to be dealt with to reap the 

benefits of organization-wide software reuse. 
Especially if the scope surpasses that of a single prod-

uct domain, this can be challenging. The family may then 

span several product groups, each of which might have its 

own product family installed. Product variability and the 

number of people involved will be larger, calling for ap-

propriate measures. 
We present a strategy for software reuse in complex, 

software-intensive medical systems. We describe its im-

plementation in a platform architecture, an organization 

and its processes, as well as its evolution in response to 

strategic changes. The case presented here is especially 
interesting because it deals with a hierarchical product 

family for a wide range of complex systems, in a large 

organization. 

1. Introduction 

Good software engineers will try to avoid duplication 

by reusing existing code, and by writing clear code that is 

easy to reuse, thus making life easier for others or their 

future selves. In many organizations, however, software 

written in one project or group will never cross the 

boundaries to other projects or groups, limiting the poten-

tial impact of reuse for the organization as a whole. When 

such software does find a broader audience, it is often 

found unsatisfactory by its receivers, because it solves a 

problem that is too different from theirs and hence it is 

not reused. 

Product family engineering is a way to overcome these 

problems, and to bring the benefits of reuse to the organi-

zation as a whole [3,17]. Among the benefits reported are 

shorter time to market, increased efficiency and higher 

quality [12]. These benefits have clear business value, 

making product families a means to achieve strategic 

business goals. 

Adopting a product family approach is not a simple 

matter. The task becomes even more complex when the 

scope spans multiple product groups, each of which may 

have its own product family installed. 

We describe the implementation and evolution of such 

a product family for medical imaging systems. Over the 

years, we have worked in several (research) projects in 

both platform and product groups within the family. Re-

cently, we have interviewed some fifteen system and 

software architects working in the product family to 

gather their experiences. This paper is based on the results 

of these interviews and on our own experience. 

Our contribution is that we relate architecture, process 

and organization aspects of a product family to strategic 

business goals. We analyse the design of these aspects in 

this specific case, describe risks that follow from it and 

present solutions. 

We use the term ‘product family’ and related terms as 

defined within the ITEA FAMILIES project [8]. A prod-

uct family is a collection of more or less similar products 

built upon the same technology. Some authors prefer 

‘product line’ or ‘software product line’ to denote similar 

things. 

We have structured the paper as follows. We describe 

the product family in section 2, paying attention to its 

scope, the strategy behind it and the implementation of 

this strategy in architecture, process and organization. 

Evolution of the product family is the topic of section 3. 

We analyse the responses to major changes in the product 

family and its context. Section 4 contains three case stud-

ies of products derived from the product family. These 

cases illustrate successes and challenges of the product 

family strategy. Section 5 gives an overview of related 

work and we present our conclusion in section 6. 

2. The Garden product family of medical 

imaging systems 

Here we introduce the product family. The first subsec-

tion introduces the systems within the family. The next 

subsection deals with the business strategy behind the 

product family. The implementation of this strategy in 

terms of architecture, process and organization is the topic 

of the last two subsections. 
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2.1 Scope 

The systems in the Garden product family are medical 

image acquisition systems and medical IT systems. Ex-

amples of acquisition systems are ultrasound, X-ray and 

magnetic resonance imaging. The application of these 

systems depends on their acquisition technology. For ex-

ample, ultrasound is used among other things for prenatal 

screening because of its minimal invasiveness. X-ray can 

be used for interventional cardiology because of its real-

time performance and unsurpassed image quality. Exam-

ples of medical IT systems are picture archiving systems 

and information systems for radiology and cardiology 

departments. 

 

Figure 1- Two examples of systems in the pro-
duct family: MRI and Ultrasound 

All of these are software-intensive systems with strin-

gent requirements in the areas of performance, safety and 

security.  

Medical imaging data is typically very large, both in 

number of images and in the size of these images. De-

pending on their acquisition mechanism, they can be two- 

or three-dimensional. Some modalities acquire sequences 

of images (movies). Some acquire information at many 

different levels and use it to reconstruct images. Special 

hardware is often needed for acquiring, processing or stor-

ing images.  
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Figure 2 - Schematic Representation of the Gar-
den Product family 

 Many of the systems in the product family are life-

critical: errors in the system can cause serious physical 

harm to people, and wrong information given by such 

systems could cause clinicians to take wrong decisions 

regarding the treatment of their patients. All systems han-

dle sensitive patient data, making specific demands on 

areas like privacy and integrity. 

 The way in which this derivation is done varies per 

product family. We take a closer look at system derivation 

from the Garden platform in section 2.3. 

2.2 Strategy 

Despite their diversity, many of the medical systems in 

our scope share common functionality, for instance print-

ing and archiving of medical images. Without Garden, 

each product group would develop and maintained such 

functionality by itself. This imposes high maintenance 

costs on the organization as a whole. 

The following trends played an important role in the 

domain of medical imaging systems when Garden was 

initiated, and still do [13]: 

- Software growth 

The role of software in establishing functionality is 

growing. This leads to more and more complex 

software in these systems. At the same time, the 

quality requirements for attributes such as safety 

and reliability also grow stronger.  

- Market pressure 
Competition in the market puts pressure on the 

time-to-market for new system releases. For exam-

ple, the number of imaging applications is rapidly 

increasing. 

- Need for integration 

The number of digital systems in hospitals grows 

rapidly. As a result, customers demand better inte-

gration of these systems, both on the level of shar-

ing data and of appearance to the end user. 

 

The following goals can be formulated in response to 

these trends: 

- Increase efficiency 

To increase the software development efficiency. 

This is needed to deal with the larger role of soft-

ware and to shorten the time-to-market. 

- Feature propagation 
Particular features in one system should quickly be-

come available in other systems too. Propagated 

features improve the integration of systems at the 

presentation level, and make it easier to bring new 

releases to the market. 

- Improve interoperability 
To improve the interoperability of the systems be-

tween each other and with systems from other ven-

dors. Interoperability is important to achieve forms 

of integration such as data sharing and workflow. 
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The strategy that is followed to achieve these goals can 

be expressed as: 

 
To develop and maintain software solutions for com-

mon cross-product group functionality once and only 

once, in a cost-effective way. 

 

Here, ‘common cross-product group functionality’ 

means functionality that is needed by at least two product 

groups. The idea is that such software is applicable in at 

least four systems because each product group covers 

more than one system. This is in accordance with the rule 

of thumb that ‘a component has to be reused three to five 

times to recover the initial cost of creating it and the on-

going cost of supporting it’ [11].  

‘Once and only once’ is a design rule to avoid code 

duplication [2]. In this context, it means that all common 

functionality should have a single implementation that is 

available to all product groups. Within a single system, it 

may be worthwhile to scrupulously follow this rule, but in 

our context of many systems distributed across the or-

ganization, the overhead of reuse can be large enough to 

favour duplication over reuse. In this context, the term ‘in 

a cost-effective way’ means that reuse should only be 

pursued when it makes sense: it should not become an end 

in itself. 

Let us see how this reuse strategy allows us to achieve 

the stated goals. Basically, the strategy is about fighting 

the well-known software problem of code duplication, but 

on a larger scale than usual. Instead of duplication within 

a project, it attacks duplication within an organization of 

multiple projects. By removing such duplication, the effi-

ciency of the organization as a whole improves. It also 

allows features to spread across systems in different prod-

uct groups. Interoperability is one of the areas of common 

functionality needed by many product groups. Developing 

such functionality once for many systems should improve 

interoperability with respect to each other. Moreover, the 

problem of multi-vendor interoperability can be addressed 

once, after which it is available to many systems. 

The Garden product family is an implementation of 

this strategy. It establishes a platform of components that 

delivers common functionality to all product groups. A 

shared architecture facilitates that the components can be 

deployed in all products. But before theory can be put to 

practice, some challenges have to be dealt with. 

The most important challenges have to do with scope, 

which is large in many ways. Some of the direct conse-

quences of this large scope are: 

- Many groups involved 

There are about ten target product groups. Having 

so many groups involved means a multitude of 

stakeholders with interests to defend. 

- High degree of variation 

The variation addressed is much larger than for 

most product families. The systems vary in scope 

from department IT products to Ultrasound modali-

ties to MRI scanners. These systems differ substan-

tially in such aspects as the applications they sup-

port, their architectures and technologies. 

- Massive code size 

The target systems have code sizes in the range of 

100-1,000 KLOC. To make impact on the devel-

opment effort of these systems means that a signifi-

cant part of their code base should be reused from 

the platform. Unsurprisingly, the platform code is 

quite large too. Currently, the platform size is in the 

order of 100 KLOC. Since this code is designed to 

be reusable, it is inherently more complex. 

We describe how Garden deals with these issues in the 

following sections. 

2.3 Platform architecture 

The scope of the product family comprises too many 

products and groups to allow a single comprehensive ar-

chitecture. Instead, we need an architecture that safe-

guards the ability to reuse, while restraining the freedom 

of the product groups as little as possible (Malan and Bre-

demeyer call this ‘minimal architecture’ [14].) As we will 

see in section 4.2, even a minimal platform architecture 

can be too much in some cases. The architecture was de-

scribed comprehensively in our earlier work [22]. Here 

we discuss the basic concepts needed to understand the 

rest of the paper. (See also Wang and Fung [21] for an 

overview of architecture paradigms in component-based 

systems.) 

In reply to the high level of variation in system de-

mands, the Garden platform provides a reference architec-

ture that allows maximum room for product specific ar-

chitectures. Yet it is powerful enough to enable reuse 

across the product family. This flexibility is achieved by 

combining three elements:  

(1) a suite of reusable components,  

(2) stable, generic interfaces and  

(3) a set of evolving information models providing 

semantics to the interfaces. 

We will now discuss each of these elements, starting 

with the component suite. We use a definition of compo-

nents by Szyperski [20]: a software component can be 

deployed independently and is subject to composition by 

third parties.  

As illustrated by Figure 3, the Garden components are 

developed by the platform group and composed by the 

product groups to be used in their systems. 

This figure shows that product architectures are com-

posed of both product specific and platform components. 

It must be noted that these components are quite large in 

code size as well as in the scope of functionality that they 

offer, unlike for example GUI components common in 

some development environments. To give an impression, 
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a single component might take tens of thousands of lines 

of code. 

 

Product CProduct Family B

Garden Platform

Product Family A
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deployment component

 

Figure 3 - Component Suite Usage 

Each platform component provides one or more inter-

faces, and may also require one or more interfaces. A sys-

tem that uses a component can access its functionality 

through the provided interfaces, and must offer an imple-

mentation for the required interfaces. Sometimes, using 

another Garden component can do this. Alternatively, a 

system- specific component may provide an implementa-

tion for this interface. 

The interfaces are defined in a generic way: their se-

mantics are defined separately in concrete information 

models. These models describe domain entities such as 

patient or image. This approach enables the separation of 

syntax (the interfaces) and semantics (the information 

models). The main advantage is encapsulation of knowl-

edge, allowing the interfaces to remain stable over time. 

The information models are used in many components. 

An image, for example, can be displayed, printed, stored, 

etc., requiring interaction with different components. 

When the image information model evolves, the changes 

are captured in a single place: the information model. The 

interfaces that use the image information model may be 

left unchanged. 

2.4 Organization 

The product family organization comprises a platform 

group and (originally) about ten product groups, located 

in a number of geographically distributed sites. Some 

product groups have established their own product fami-

lies. This situation is close to what Bosch calls a hierar-

chical domain engineering unit model [3,4]. In this case, 

the platform groups are the domain-engineering units. 

The evolution of the shared architecture is guided by a 

cross-organizational board of product and platform archi-

tects. 

The platform group takes care of development and 

maintenance of the reusable components. This group re-

ceives funding from the product groups before the start of 

a financial year. The contribution that a product group 

pays is partly based on its predicted use of platform com-

ponents in the coming year. Another part is independent 

of the use of the platform: a product group will always 

contribute, even when no components are used in its 

products.  

It is left to the product groups to decide what, if any, 

components they will use: reuse is not enforced by upper 

management, so product groups are free to create their 

own implementation of functions provided by Garden if 

they deem it necessary to do so. 

Inevitably, some product groups will reuse more com-

ponents than others. Some groups have started earlier, 

others may have an architecture that is better suited to 

reuse. But whatever the reasons behind it, this imbalance 

in reuse implies a risk that the platform group will focus 

its efforts too much on a few product groups. This would 

mean that it would become harder for the other groups to 

start reusing or to expand their existing reuse efforts. This 

risk is mitigated somewhat in the financing scheme: every 

product group supports the platform group financially, 

regardless of whether they reuse or not. Therefore, each 

product group has a stake in the platform to back up its 

needs, and cannot be neglected. 

On the other hand, there is the risk that the platform 

group will not pay enough attention to its customer needs. 

Pursuing the holy grail of the ultimate generic platform is 

not a completely hypothetical situation for software ex-

perts, especially in a company with a strongly technology-

centred culture. Since at least part of the platform group’s 

funding depends on the reuse of their components, this 

risk is reduced. The shared architecture board is another 

means to mitigate this risk. 

2.5 Process 

A new release of the complete component suite is of-

fered at a steady pace of two releases per year. Compo-

nents in each release are thoroughly tested against each 

other. Releasing the full suite of components at once pre-

vents the need for continuous retesting of components 

against many different versions. 

Each first release adds new functionality to the compo-

nent suite. Each second release is a stabilized version of 

the previous one, mainly dealing with quality by fixing 

reported problems. Both releases are developed in paral-

lel. 
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Figure 4 - Platform vs. product heartbeats 

Figure 4 schematically shows this two-release devel-

opment cycle against the hypothetical heartbeat of a prod-

uct. Even though the platform release rate is almost twice 

as high as that of the product, it takes a number of product 

releases before a stable version of the platform is avail-

able that takes new product requirements into account. 

The numbers in the figure refer to the following activities: 

1) A new product development cycle is started. 

2) After some time, platform requirements for this 

release are available and communicated to the 

platform group.  

3) Some of these product requirements are imple-

mented in the next feature release of the platform. 

4) The next version of the platform is released. 

5) The product group evaluates and tests this new 

version. 

6) The results of this evaluation are taken as input 

for the next stable platform release. 

7) Release of the first stabilized platform that takes 

the requirements from step 2 into account. 

 

When the product shown here is itself a reusable plat-

form within a product family, the path from product re-

quirements to platform use becomes still longer. 

One way to shorten this path is by increasing the fre-

quency of platform releases. This requires abandoning the 

suite-at-once release policy, which brings on aforemen-

tioned testing problems. We discuss a possible solution to 

this problem in section 3.1. 

3. Evolution 

Here we describe three major changes in the product 

family and its context: the growing number of compo-

nents, the increase in the number of product groups and 

the broadening of the functional scope of the component 

suite. To some extent, each of these changes was foreseen 

from the beginning and thus planned for. Still, the practi-

cal effects are hard to predict and have to be experienced 

in order to really appreciate them and find suitable re-

sponses. We present the effects of these changes on the 

strategic goals and the tactical responses to each of these 

changes. 

3.1 More components 

The first Garden component suite contained just a 

handful of components. The suite has gradually grown, 

and currently offers about twenty large components.  

 This steady growth has the following side effects: 

- Many assets 

With the components come the requirements, de-

signs, test cases, documentation, etc. All these arte-

facts have to be created and subsequently main-

tained. This is of course true for many large-scale 

software projects. But in this case the burden for 

creating and maintaining these assets is on the 

product groups as well as the platform group. They 

are the primary stakeholders for many of these arte-

facts and as such have to invest time and effort to 

ensure their quality. One product group architect 

pointed out that he had to review thirty thick re-

quirements documents for a single new platform re-

lease. Multiply this effort by the number of product 

groups involved and a lot of manpower goes into 

reviewing documents, contradicting the goal of in-

creased efficiency. 

- Mixed component maturity 

Although the original plan was to allow a unique 

heartbeat for each component, in practice the com-

ponents were soon released as a single suite. This 

decision was taken to avoid too much testing over-

head: for each new release of a component, all 

other components that interface with it have to be 

retested. By releasing all components at once, the 

context of each is known in advance, which eases 

the testing pain. The drawbacks of this suite-at-

once release strategy become more significant as 

the number of components grows. 

Some of the components in the platform have been 

there from the beginning. They have been used (and 

tested) in a broad range of products and contexts 

and are relatively feature complete. These compo-

nents flourish in a steady, slow release rhythm be-

cause they are very stable. 

Other components were developed just yesterday. 

These youngsters are very dynamic and crave for 

short feedback cycles to chase out the bugs and to 

find the most valuable feature mix. With the suite-

at-once release rate, these younger components suf-

fer from a long feedback loop, leading to a slow 

advance in both functionality and quality. It is hard 

to get a component right the first time, it usually 

takes another two releases to get a really useful 

component. With the slow release rate, this means 

0-7695-2268-8/05/$20.00 (C) 2005 IEEE

Proceedings of the 38th Hawaii International Conference on System Sciences - 2005

5



that it may take years before a component is mature 

enough to be released in a product. This conflicts 

with the goal of rapid feature propagation. 

To solve these problems, we need an approach that de-

creases the number of components, while fully maintain-

ing the functional coverage of the platform. One option to 

reach this is to bundle existing components into a handful 

of integrated components, each covering a large area of 

functionality. Currently, we are investigating ways to 

achieve this. 

3.2 More product groups 

The number of product groups in the product family 

has grown substantially, and with it the number of 

(sub)organizations and stakeholders. This growth was 

mainly driven by acquisitions of (parts of) existing com-

panies, but some of it comes from completely new prod-

ucts, developed from scratch.  

Inevitably, the newer product groups did not take part 

in the early development of the shared architecture. 

Rather than a common achievement, this architecture is a 

fact of life to them. On the other hand, these product 

groups have no history with the platform. Therefore, they 

have a more objective view of it than the original product 

groups who suffered all the early growing pains and teeth-

ing troubles that are inevitable in an undertaking of this 

size and complexity. 

The steady adoption of reusable components by the 

new product groups indicates that the shared architecture 

is generic enough to support these new domains. This 

brings the strategic goals of the product family within 

reach of these groups too. Relying on the platform com-

ponents for connectivity increases product interoperabil-

ity. Although the goal of feature propagation also benefits 

from these product groups using the existing components, 

a significant contribution to this goal could be realized if 

parts of existing products were made reusable. This op-

portunity increases with the number of products, each of 

which has the potential of sharing features with other 

products. The product family organization and processes 

do not explicitly support this, but section 4.3 gives an 

example of how such reuse is realised in an ad hoc way. 

3.3 Larger scope 

Early releases of the Garden component suite dealt 

with basic medical imaging functionality, like support for 

industry standards in the area of connectivity. Such func-

tionality is especially well suited to be developed in a 

generic way because virtually all products need and use it 

in similar ways. To further exploit the benefits of planned 

reuse, the scope of the product family was enlarged to 

address less generic areas of functionality as well. Thus, 

the platform entered the problem domains of the various 

product groups more deeply. Consequently, the variation 

that these newer components face was larger. One source 

of such variation is the application context of the prod-

ucts. For instance, a viewing application will be used dif-

ferently in a static review workstation on a doctor’s desk, 

than in an operating room during a complex intervention. 

Professional culture plays a role too: different medical 

disciplines tend to do similar things in different ways. The 

imaging techniques that the products supported are an-

other source of variation: viewing a handful of X-ray 

movies is very different from viewing hundreds of MRI 

images. 

The main consequence of this change in scope is that 

more specific domain knowledge is needed to develop 

successful components. Sharing information through the 

architecture board is not sufficient. Instead, more inten-

sive ways of cooperation is needed. This has led to pro-

jects in which the platform group closely cooperates with 

product groups to jointly develop domain knowledge in-

tensive components. Since the number of product groups 

is large, it is hardly practical to form teams spanning all 

product groups. Instead, the goal is to have at least two 

product groups on board of such projects, although on 

occasions only a single product group will take part.  

This close cooperation with product groups has impor-

tant benefits. Of course, the developers of the product 

groups bring in the necessary clinical domain knowledge. 

With the domain knowledge comes the focus on a specific 

problem, which helps to avoid the genericity trap. Third, 

this cooperation stimulates the early use of generic code 

in end products, leading to a shorter feedback cycle. 

On the other hand, the cooperation with just a few 

product groups gives these groups a lot of influence. 

There is a clear risk that the components thus developed 

will be less generic and more specific to the needs of the 

cooperating product groups. An indication that this has 

indeed happened comes from the fact that, for some com-

ponents, adoption by the other product groups is slow.  

Given the product family organization, it is the respon-

sibility of the platform group to ensure that the compo-

nents are reusable by more than just a few product groups. 

But for some components, generalizing them may require 

just as much domain-specific knowledge as was needed to 

develop them in the first place. Since the platform group 

has little or no direct contact with customers (hospitals) or 

end users (clinicians), it is difficult for them to build up 

the intensive domain knowledge needed to create more 

application- specific components. The product groups do 

have this knowledge, but mostly for their specific sub-

domains. There are too many  product groups to involve 

all of them in the development of each component.  In 

practice, these problems are overcome by (informal) 

communication between platform and product groups. 
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4. Case studies 

Here we present three case studies of product groups 

within the product family. These cases serve to give con-

crete examples of reuse in the family. We have chosen 

three very different cases. The first illustrates a product 

group with an architecture that is well aligned to obtain 

maximum benefit from platform reuse. The second shows 

the opposite case, with an incompatible architecture. The 

third shows a case of ad hoc reuse across product groups. 

4.1 Daisy 

The Daisy product family supports a single product 

group developing medical imaging modalities for one 

specific imaging acquisition technique. The Daisy archi-

tecture has steadily evolved. Daisy architects have worked 

closely together with the Garden group to develop some 

of the higher-level components and their concepts. Un-

surprisingly, the Daisy product family architecture is quite 

well aligned with the shared Garden architecture, making 

reuse relatively easy. This alignment enables Daisy to 

incorporate a large number of Garden components into its 

architecture, allowing it to focus its own development 

efforts on the problems and features specific to their sub-

domain. However, there are also some drawbacks. 

One of the consequences of this wide-scale adoption of 

reusable components is a strong dependency on the plat-

form, which is felt by both the Daisy and Garden groups.  

On the one hand, Daisy is especially sensitive to the 

Garden lifecycle: schedule slips and scope changes in a 

Garden release have serious consequences for Daisy. To 

mitigate this risk, Daisy does not use the latest Garden 

release but rather an older, stabilized version. This has the 

drawback of not having access to the newest features, but 

it does allow for some breathing space. 

On the other hand, there is the risk that Daisy could 

overwhelm the Garden group with its requirements and 

change requests, overshadowing the needs of other prod-

uct groups. As explained in section 2.4, the platform fi-

nancing scheme obliges the Garden group to pay attention 

to all of its customers. 

4.2 Daffodil 

Like Daisy, the Daffodil product family spans a num-

ber of imaging modalities that are based on common ac-

quisition technology. Unlike it, this family replaced a 

number of more or less independent products in a revolu-

tionary way some years ago. The development of the Daf-

fodil product family overlapped in time with the initiation 

of Garden. Some of Daffodil’s architecture decisions were 

taken using the unfinished Garden shared architecture as 

input, after which the shared architecture was evolved 

further. Unfortunately, this caused significant differences 

between the Daffodil architecture and the final Garden’s 

shared architecture in some key areas. As a consequence, 

reusing the Garden components within Daffodil is not so 

easy (see also Garlan et al. [9].)  

Model translator

Garden

Component

 Suite

Daffodil

Architecture Key

reusable

component

system

specific

component

uses

depends on

 

Figure 5 – Schematic Use of a Model Translator 
in Daffodil 

Most notably, the Daffodil architecture has a domain 

model at its core that strongly combines semantics and 

syntax, whereas Garden uses generic interfaces in combi-

nation with its information models (as explained in sec-

tion 2.3). To incorporate Garden components, the Daffo-

dil concepts need to be translated to Garden concepts and 

vice versa. Because of the different approaches of the two, 

this is no simple mapping and therefore Daffodil uses a 

model translator as shown in Figure 5. This translator is 

dependent on changes in the information models of both 

Daffodil and Garden, making it a change-sensitive and 

maintenance- intensive component. 

Daffodil’s architecture mismatch makes it hard to re-

use Garden components in the Daffodil products. When-

ever a new Garden component is introduced, or an exist-

ing component is upgraded to a new release, the model 

translator must be adapted to accommodate for these 

components. 

We identify two major responses by Daffodil to this 

situation. First, Daffodil uses only a few components from 

the Garden component suite. These are the older, more 

stable components at the infrastructure level. Reusing 

stable components means that the chance of large changes 

is less. This is important, since such changes mean that 

high costs are incurred to adapt the model translator. Fur-

thermore, using infrastructure level components makes 

fewer demands on integration than using components 

from higher levels such as the middleware and application 

levels. The reluctance to reuse Garden components is also 

evident in the fact that there are Daffodil components for 

which a reusable counterpart is available, yet these are not 

used. Rather, the Daffodil group sticks with its homemade 

components at the cost of maintaining these itself, which 
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is estimated to be cheaper than the costs of integrating a 

new reusable component. 

The second response is a slow evolution of the Daffo-

dil architecture to the shared Garden architecture. Possible 

roadmaps to evolve towards a Garden- compliant archi-

tecture have been investigated, but have been neither em-

braced nor fully rejected. The main reason for moving 

towards such an architecture is to make it easier and 

cheaper to reuse Garden components by getting rid of the 

model translator component. The obvious reason for hesi-

tation is that the current Daffodil architecture represents a 

considerable investment and several products depend on 

it: the architecture is not changed lightly. As said, the in-

formation model is at the core of its architecture. Chang-

ing it would mean drastically changing the Daffodil soft-

ware architecture. 

This architecture mismatch prevents Daffodil from get-

ting optimum reuse results and thus from achieving Gar-

den’s strategic goals as formulated in section 2.2. 

4.3 Dahlia 

The Dahlia case study illustrates how an ad hoc form 

of reuse occurred in parallel to the planned reuse of the 

Garden product family.  

The Dahlia product is a workstation, which runs sev-

eral medical imaging applications. Some of these applica-

tions handle images and data from many different imag-

ing modalities. Some other product groups that have a 

need for similar functionality have taken Dahlia applica-

tions and reused them in their products, mostly medical 

imaging modalities. This reuse is different from the man-

aged reuse of Garden components in several ways. First, 

the Dahlia applications were not designed to be reusable. 

Although they incorporate Garden components, the appli-

cations as such have no variation mechanisms to support 

reuse in different modalities. Second, entire Dahlia appli-

cations are reused, whereas Garden offers components, 

which need to be integrated and extended by the product 

groups in order to form applications. 

Since the Dahlia applications were not meant to be re-

used, no reuse process is in place, for instance to handle 

requirements from other product groups. The Dahlia 

group has a primary responsibility for its own product and 

it has no reasons to support reuse by other groups, other 

than being a good corporate citizen. This means that the 

reusing product groups have very little influence on how 

the applications will evolve, with no guarantee that future 

versions will remain useful to them. 

Despite this risk, there are compelling reasons for mo-

dalities to reuse Dahlia applications. Dahlia is a work-

station based on common commercial hardware and soft-

ware. This makes it relatively easy for modalities to run 

its applications, for example by adding a separate system 

next to the core system and using simple hardware solu-

tions to establish integration at the user interface level. 

Core system

System running

Dahlia applications

switch

Key

Display

dataflow

 

Figure 6 - Dahlia Application Reuse 

There are several advantages to this reuse scheme.  

First, since the applications are run on separate hard-

ware, they do not interfere with the core functionality of 

the modality. This greatly decreases testing and integra-

tion efforts. For example, subtle interactions through 

shared resources such as disk space, memory and proces-

sor power are excluded. Such effects may impact the 

safety and reliability of these systems, and should be care-

fully considered.  

Second, the dependencies on the Dahlia lifecycle are 

minimized. When new versions of applications become 

available, the old versions can be replaced relatively sim-

ply on the extra system, without touching the rest of the 

system. Feature propagation is thus established in an effi-

cient way. 

One disadvantage of this reuse scheme is that more so-

phisticated forms of integration are hard to achieve. Cur-

rently, there is no demand for integration beyond the cur-

rent level, but users will probably demand better integra-

tion in time. A second disadvantage is the lack of support 

for reusing these applications. There is no guarantee that 

future versions will be equally useful to the product 

groups. There are no procedures to handle change re-

quests or bug reports. 

Despite these problems, there is clearly a need within 

the product family for this kind of application reuse 

across product groups. For as long as it holds, it serves the 

goals of feature propagation, efficiency and interoperabil-

ity well. 

5. Related work 

Several overviews of product family engineering ap-

proaches including technical, process and organization 

aspects have been published, for instance by Jacobson et 

al. [11], Bosch [3] and SEI [17].  

Many case studies on software reuse through a product 

family approach are available, for example by Clements 

and Northrop [6], Jaaksi [10], Ebert and Smouts [7], Bass, 

Clements and Kazman [1], and our own work [23]. A 

classification of product family evolution is given by 

Svahnberg and Bosch [19]. 

Less attention has been paid to reuse across multiple 

product families. Van Ommering coins the term product 

population [15] and proposes composition as a means to 

achieve this [16]. Bosch includes hierarchies of families 

in his discussion of product family organizations [4]. 
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Sherrill et al. discuss a case comprising three product 

families in the printing domain that share a core architec-

ture [18]. Bratthall et al. describe a common architecture 

for reuse across many, very diverse product families in a 

large organization [5].  

6. Conclusion 

We have described an approach to product family en-

gineering for a large family of diverse medical imaging 

systems. The approach involves a minimal architecture 

and a platform comprising a suite of components, with 

interfaces and information models. The platform is devel-

oped and maintained by a platform group, in close coop-

eration with the product groups that use the platform in 

their own products and product families. The platform 

group is financed by these product groups. The contribu-

tion paid by a product group is partly based on its 

(planned) usage of platform components. 

The main risks that we have encountered are: 

- Imbalance of power 

A few product groups may gain too much impact 

on the platform because they are the platform 

group’s most important customers. 

- Genericity trap 

The platform may become too generic because the 

platform group is independent from any end prod-

uct. 

- Missing domain knowledge 
The platform group does not have the knowledge 

needed to develop certain components. 

- Architecture mismatch 

The architecture of a product group may prevent it 

from optimally using the platform. 

- Heartbeat mismatch 
Differences in the release schedules of the platform 

and product groups cause late use of components in 

end products and thus a slow feedback loop. Also, 

more mature components benefit from a slow re-

lease cycle where younger, dynamic components 

thrive on a short feedback loop. Releasing the full 

suite as a whole inevitably leads to a suboptimal 

cycle for some components. 

- Increasingly dependent 

The more a product group uses the platform, the 

more it suffers from its dependencies on the plat-

form group. As the product group tries to regain 

control, it may affect the imbalance of power. 

 

Some techniques used to overcome these risks are: 

- Financing scheme 

Since every product group contributes to the plat-

form group, every group has a direct financial stake 

and thus influence. The usage-dependent part of the 

contribution serves to avoid the genericity trap by 

providing direct, financial feedback on the useful-

ness of the platform components. 

- Cross-group cooperation 
A board of product and platform architects guides 

the shared architecture to ensure its usefulness and 

to obtain buy-in from all groups. Early involvement 

of product groups on platform component projects 

yields domain knowledge, focus, and shorter feed-

back loops, but it may also affect the imbalance of 

power, in a positive or a negative way. 

- Minimal architecture 

The shared architecture must be specific enough to 

allow reuse while restraining the product groups as 

little as possible. This helps prevent architecture 

mismatch and lessens the dependencies of product 

groups on the platform group. 

- Informal communication 

With so many people involved, official procedures 

easily get cluttered to become bottlenecks. Informal 

communication between platform and product 

groups is therefore indispensable. 

 

The following are potential solutions that need further 

investigation: 

- Decoupled component heartbeats 

Decoupling the release schedules of components 

should lead to a higher release frequency of more 

immature components, thus shortening their feed-

back loop and making them ready for use sooner. 

At the same time, more mature components can 

remain a slower development pace that does justice 

to their size and complexity. It is feared that de-

coupling components will lead to many versions of 

many components, making testing a lot more com-

plicated. 

- Integrated components 

The Dahlia case study shows that reusing whole 

applications can be beneficial within a product fam-

ily. By integrating platform components into even 

larger chunks that are close to applications, decoup-

ling component heartbeats should become easier. 

In conclusion, the case described here shows that ar-

chitecture, process and organization are all aspects that 

influence each other. They should be balanced to optimize 

the strategic results of product family engineering.  
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