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Abstract

We present a quantitative method for scenario-

driven value, risk, and cost analysis when proposing

new system architectures for innovation projects. The

method helps to articulate the relative benefits and/or

disadvantages of the proposed set of scenarios in the

early architecting phases of a new system. It provides

the arguments on which to base an informed decision

to select the final architectural scenarios for further

consideration in the design. In this paper we present a 

case study in which we applied the proposed method.

1. Introduction 

Architects are faced with a number of questions in

the early design phases of a new system. These ques-

tions are related to the functional and quality aspects of

the new system. To answer these questions, they have 

to explore the design space for the new system. One 

way of doing that is by looking at different scenarios

and the related architectural design variants.

In this paper we present a new scenario-based ap-

proach for systematically analyzing the quality aspects

of a proposed system. It takes three main aspects of a

scenario into consideration, namely its added value, the

risks, and the costs of implementing it. By added value

we mean the improvements that a proposed scenario

makes to the functionality and different quality attrib-

utes with respect to the stakeholders’ objectives. In

this paper, the proposed method is applied in a con-

crete case study. Its benefits are then discussed and

compared with the CBAM [5], (Cost-Benefit Analysis

Method), which is a similar approach developed at the

Software Engineering Institute (SEI). 

2. The Systematic Quantitative Analysis of 

Scenarios’ Heuristics (SQUASH) 

The SQUASH method focuses on the analysis of

the relative benefits of the proposed scenarios in the

early architecting phases of a system. It was initially

extensively explained in [1] for scenario-driven usabil-

ity analysis, and in [2] for quantitative analysis of the

architectural scenarios quality aspects.

The method consists of seven steps, Figure 1. The 

inputs are the architectural scenarios that describe the

new system, its components, and the user interaction

with the system, in addition to the quantifiable objec-

tives of the stakeholders. The outputs of the method

are final scenarios that best fulfill the stakeholders’

objectives.

Initial

Scenarios

Initial

Scenarios

a. Qualitya. Quality b. Riskb. Risk c. Costc. Cost

1. Identify Stakeholders1. Identify Stakeholders

2. Identify Objectives2. Identify Objectives

3. Make Objectives Quantifiable3. Make Objectives Quantifiable

4. Analyze

Scenarios

4. Analyze

Scenarios

5. Aggregate Profiles5. Aggregate Profiles

6. Improve Scenarios6. Improve Scenarios

7. Select Scenarios7. Select Scenarios
Final

Scenarios

Final

Scenarios

Initial

Scenarios

Initial

Scenarios

a. Qualitya. Quality b. Riskb. Risk c. Costc. Cost

1. Identify Stakeholders1. Identify Stakeholders

2. Identify Objectives2. Identify Objectives

3. Make Objectives Quantifiable3. Make Objectives Quantifiable

4. Analyze

Scenarios

4. Analyze

Scenarios

5. Aggregate Profiles5. Aggregate Profiles

6. Improve Scenarios6. Improve Scenarios

7. Select Scenarios7. Select Scenarios
Final

Scenarios

Final

Scenarios

Figure 1: SQUASH Method – An Overview

3. The CathLab Case Study

The Catheterization Laboratory, hereafter CathLab,

is used for the minimally invasive treatment of patients

with coronary artery diseases. The cardiologist uses X-

rays and special contrast fluid to examine the state of a 

patient’s coronary arteries.

In our case study, we examined the possibilities of

integrating 3D capabilities in the existing CathLab, in
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particular 3D rotational angiography (3DRA). This is a 

technique to construct a 3D model of the coronary ar-

teries from a large number of X-ray images taken from 

different angles [4]. Such a model can help to better 

diagnose and treat coronary artery diseases.  

We used a scenario-based approach to describe the 

possible integration levels between the CathLab sys-

tems. This resulted in the following five scenarios: 

1. Minimal Integration (Min) means that only stan-

dardized mechanisms for integration (e.g., DI-

COM) are used for integrating the CathLab sys-

tems. 

2. Data Integration (Data) focuses on the sharing of 

data. If data is produced by one system, a second 

system can interpret and change it.  

3. Presentation and Control Integration (PC) are two 

sides of the same coin, meaning that the informa-

tion presentation and control of several systems is 

similar. We differentiate between two design vari-

ants: (1) several workstations present their images 

on the same monitor, using a hardware switch 

(HwS); and (2) the software that of several special-

ized workstations is integrated on a single machine, 

and switched by the Alt+Tab command (Alt+Tab). 

4. Workflow Integration (Wf) means that systems 

work together to support the workflow of their us-

ers. It is important that this behavior is flexible and 

can be adjusted to meet specific workflow needs.

5. Full Integration (Full) represents a fully integrated 

CathLab system. In addition to the aforementioned 

integration levels, new features are enabled by this 

high level of integration. 

4. Analyzing the Scenarios 

In order to distinguish between the relative benefits 

and consequences of the five proposed architectural 

scenarios, we analyzed them using the SQUASH 

method. 

Step 1 - Identify Stakeholders 

The stakeholders are important in providing the ini-

tial information about the different qualities that are 

expected from the future system. For the CathLab, we 

identified the following stakeholders: Patient, cardiol-

ogy department, hospital administration, Philips Medi-

cal Systems, government, and medical insurance com-

panies. 

Step 2 - Identify Objectives 

In step two we identify the stakeholders’ primary 

objectives by means of interviews. For CathLab, the 

quality objectives were mainly the usability and per-

formance of the new system. Risks and costs have as 

been identified as important criterions for scenario-

driven assessment and selection.  

Step 3 – Make Quality Objectives Quantifiable 

In the third step, the stakeholders’ objectives are 

made specific and measurable, so that they can be used 

for the quantitative assessment of the architectural sce-

narios. The identification of proper metrics for the 

various quality objectives helps to focus the analysis 

and provides concrete hints for improving these sce-

narios.  

Quantifying Usability 

For our case study we used the following definition 

of usability: “the extent to which the CathLab can be 

used by the medical personnel for interventional pur-

poses with effectiveness, efficiency and satisfaction in 

detecting, assessing and correcting coronary artery 

diseases”, [1]. Here, effectiveness measures the accu-

racy, and completeness with which the medical per-

sonnel can achieve their tasks during intervention; ef-

ficiency measures the physical and human resources 

(time, people, systems and materials) expended on a 

particular task in relation to effectiveness; satisfaction 

measures the freedom from discomfort, and positive 

attitudes towards the use of the product. The usability 

factors considered for assessment are shown in Table 

1.

Table 1: Usability Factors and Acceptance Levels 

Acceptance

Level

.

Usability 

Factor

M
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ta

b
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G
o

o
d

E
x
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t 

Number of 

walks
 2 1 1 0 0

Number of 

Persons
>2 2 1 1 0

Number of 

sterilizations 
 1 1 0 0 0

Learning 

duration 

>30

h

~20

h

~10

h
~5h <5h

Intervention

avg. duration 

>45

min 

~45 

min

~35 

min

~30

min 

<30

min 

Quantifying Performance 

In the CathLab case study we used the following 

definition of performance: “the extent to which the 

CathLab systems contribute to the reduction of the 

catheterization duration, in terms of reducing the sys-

tems response time when acquiring or presenting im-
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ages, and increasing the frame rate when presenting or 

navigating 3D volumes”.  

To make this more specific, we identified a number 

of relevant performance factors together with metrics 

and acceptance levels, as shown in Table 2. Three ac-

ceptance levels were sufficient in this case. 

Table 2: Performance Factors & Acceptance Levels 

Performance Acceptance Levels 

At-

trib-

ute
Factor Poor 

Ac-

cept-

able

Good

MR study retrieval 

duration 

>5

sec

3

sec

<1

sec

X-ray acquisition and 

display duration 

>5

sec

3

sec

<1

sec

3D model reconstruc-

tion duration 

>60

sec

20-60

sec

<20

sec

R
es

p
o

n
se

 T
im

e 

Transfer duration of 

MR slices to the Xray 

>5

sec

3

sec

<1

sec

F
ra

m
e

R
at

e 3D model frame rate 

display 

>10

fps

16

fps

<20

fps

Quantifying the Risks 

Risk can be characterized by the probability of a 

specific hazard occurring, and the magnitude of loss or 

harm if the hazard occurs. To perform the risk assess-

ment in SQUASH, we propose an approach similar to 

[3], consisting of two phases, namely risk analysis and 

risk assessment. For the CathLab scenarios, the results 

of the risk factors considered for scenario assessment 

are shown in Table 3. 

Table 3: Risks 

Risk Name Consequences

Delayed delivery date High impact on 

the X-ray sys-

tem architecture 

High integration costs, result-

ing in loss of profit 

Integration fails 

to meet its qual-

ity requirements 

Decrease in the number of 

customers, or lots of com-

plaints and problems 

D
ev

el
o

p
m

en
t-

re
la

te
d

 

Too late on the 

market

Missed opportunities and 

therefore profit 

Patient has a re-catheterization 

Frustration for the cardiologist 

Hospital or clinic reputation 

affected

Inaccurate stent 

deployment 

Increase in total X-ray doze 

Higher intervention costs 

Increase in X-ray exposure R
u
n
ti

m
e-

re
la

te
d

High interven-

tion costs Lengthy and exhausting inter-

vention causing pain, fatigue. 

Hospital reputation affected Crash due to a 

single point of 

failure

Loss of credibility or money 

by the system producer 

Quantifying the Costs 

To estimate the cost associated with the new scenar-

ios, we considered a couple of cost factors such as the 

development costs, and the maintenance costs for 

hardware and software, measured as a percentage of 

the current situation, as shown in Table 4. 

Table 4: Specifying the Most Relevant Costs 

Cost Factors Metrics

Developing 

HW&SW 

Development costs associated with 

the architectures 

Maintenance 

HW&SW 

Maintenance costs associated with 

the new architectures 

Step 4 & 5 – Analyze and Aggregate Scenarios 

Although these two steps involve the bulk of work, 

we combine their description for the sake of brevity. 

By using the quality factors defined in Step 3, the 

added value (in terms of usability and performance), 

risk, and costs associated with the different scenarios is 

evaluated. The result is shown in Table 5. To visually 

indicate the acceptance level, we use a five level color 

scale ranging from excellent ( dark green shade), to 

good ( light green shading), acceptable ( yellow 

shading), poor ( orange shading), and minimally ac-

ceptable (  red shading). 

It is important to note that the detailed technical as-

pects of the envisaged system architectures had to be 

taken into account for performance assessment, for 

more details we refer to [1, 2].  The architectural sce-

narios helped us to focus the analysis by pointing out 

the scenes relevant to the performance and by identify-

ing the system components that needed special atten-

tion during the design and implementation of the final 

system architecture. 

Step 6 – Improving the Scenarios 

If any of the scenario profiles are unacceptable, 

then the scenarios have to be modified to improve their 

support of specific quality attributes or to allow them 

to deal with some risks or costs more effectively. In 

our case the scenarios were given, and they were there-

fore not modified. 

Step 7 – Select Scenario(s) 

The overview of the various scenarios appeared to 

be very helpful when presenting the architectural op-
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tions to the stakeholders. The overview helped to more 

accurately articulate the added value of each scenario 

based on the quality profiles, and to reason about the 

risk and cost associated with that value. The scenario 

or scenarios that offer the best quality at an acceptable 

level of risk and cost were finally identified. For ex-

ample, the PC (Alt+Tab), WF, and Full Integration 

scenarios were identified as supporting the goal of 

increasing the usability and performance of the Cath-

Lab systems. The Min, Data, and PC (HwS) scenarios 

were most likely to keep the development costs to a 

minimum with a low risk.  

Table 5: Scenarios Overview 

PCScenarios

Factors

Min Data 
HwS

Alt+

Tab 

Wf Full

Nr. of 

walks
4 3 0 0 0

Personnel 

involved
3 3 2 2 2

Learning 

duration 
3h 5h 5h 8h 8h

U
sa

b
il

it
y

Procedure

duration 

40

min 

35

min 

30

min 

30

min 

25

min 

P
er

f. 3D Model 

Recon-

struction 

300s 300s 300s 30s 30s 30s

Delayed

delivery
- - -

¼

year

¼

year

½

year

Bad repu-

tation
- Low  Low  Med  High High

R
is

k
s

Less

customers 
- 3% 3% 5% 7% 7%

Develop.

Costs
0% 5% 5% 10% 15% 20%

C
o

st
s

Maint.

Costs
0% 5% 5% 10% 10% 10%

5. Conclusions and Future Work 

The advantages of the SQUASH method presented 

in this paper are: 

It incorporates a set of orthogonal scenario aspects 

in the assessment (added value, risk and cost). 

It presents the analysis results quantitatively, and 

thus enables the decision makers to visualize the 

relative benefits of different scenarios. 

It creates the conditions for an informed decision-

making process before an elaborate architecture is 

designed. 

It explicitly supports the trade-off between various 

quality attributes throughout the architecting proc-

ess, starting as soon as the scenarios are proposed. 

There are, however, also some problems: 

Some of the quality factors, risks or costs are hard 

to quantify. In this case an assessment by means of 

specific use cases is a possibility. 

The method requires a considerable amount of 

time to collect all the required data.

Comparison with CBAM 

Both methods try to support an informed decision-

making process regarding the benefits of the various 

architectural options when different scenarios are con-

sidered. However, there are some important differ-

ences: In CBAM [5] the different quality attributes are 

combined into a weighted score of unspecified benefit 

points, whereas in SQUASH we try very hard to use 

real quantitative values, which we don’t combine, be-

cause in real-life architecting it is important that all

relevant quality attributes are at least at an acceptable 

level. 

Moreover, in SQUASH we make extensive use of 

the internal structure of the various scenarios to arrive 

at a reasonable estimate of the quality attributes. See 

[1,2] for more details. 

We are currently concentrating on consolidating 

the SQUASH method based on the results obtained in 

a second case study, which was also conducted for 

Philips Medical Systems. In the future we will look 

into the trade-off mechanisms between the various 

estimates, the quantification of the risk factors, and the 

decision-making process.  
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