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About Myself

12+ years IT-experience
Worked for various IT organizations in positions such as lead 
architect, technical project and partner manager
Became an independent software consultant and co-founded 
WJP in 2007
Focus on

Software Architecture/Architecture 
Documentation/Architectural Patterns 
Development Methodologies (Domain-Driven Design, 
Test-Driven Development)
Development Processes (RUP, Scrum)
Tool Evaluation/Selection (Modeling, Build Environment)
Model-Centric Software Development

Currently working for a medical technology manufacturer in 
the area of Build Management/Continuous 
Integration/Release Process
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The Context

Software development for medical devices
Development of a family of surgical navigation software: 
‘Navigation Applications’

Each package provides a solution that allow surgeons to 
track, analyze, and monitor instrumentation relative to a 
patient’s anatomy during surgical procedures 
Orthopedics family: Knee, Hip

Cranial/Spine/ENT family

Trauma family
Many core supporting technologies, such as tracking 
technologies, imaging, licensing, ….

A number of SW products on the market; several new 
products per year
Strong orientation on product line management



Surgical Navigation Software



The Challenges

Medical software needs to fulfill exceptionally high quality 
standards

Software faults can trigger fatal consequences
Product quality is an important market differentiator

Quality management must be very well documented (IEC 
62304)

A predictable and agile product release cycle is required
Marketing demands several new product releases per year

The development team must be able to react to market 
developments quickly

The development/QA/release cycle must be as efficient as 
possible

Other
The team is working in a complex, volatile, distributed 
development environment 
There is a need to support several platforms simultaneously
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Continuous Integration Defined

Continuous Integration is a software development 
practice where members of a team integrate their 
work frequently, usually each person integrates at 
least daily - leading to multiple integrations per 
day. Each integration is verified by an automated 
build (including test) to detect integration errors 
as quickly as possible. Many teams find that this 
approach leads to significantly reduced 
integration problems and allows a team to 
develop cohesive software more rapidly. 

http://www.martinfowler.com/articles/continuousIntegration.html



CI as a Centerpiece for Quality

“Some see CI as a process of 
simply putting software 
components together. We see 
CI as the centerpiece of 
software development, as it 
ensures the health of software 
through running a build with 
every change. Determining the 
quality of software can be as 
easy as checking the latest 
integration build.”



CI Ingredients

Continuous build
Running automated builds 

Continuous testing
Executing unit/component tests

Continuous inspection
Test coverage
Static/dynamic code analysis

Continuous deployment
Release builds (including install kit)
Automatic installation + tests

Continuous feedback
Sending the right information to the right people at the 
right time
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CI Benefits: Risk Reduction

CI incorporates regular integration, test, and 
inspection runs
Defects are detected and fixed sooner

Defects are detected when they are introduced

Health of software is measurable
Health attributes can be tracked over time

Reduce assumptions
Status is known at every point of time

Business values
Reduces the amount of rework
Leads to immediate savings and decreased time-to-
market



CI Benefits: Repetitive Process Reduction 

CI relies heavily on automation, executing an 
ordered process every time a relevant change 
occurs
Reduction of labor on repetitive processes

People are free to do more thought-provoking, higher-
level work

Overcoming resistance to implement 
improvements

The effectiveness and coverage of quality measures 
can be increased

Business values
Better employment of 
scarce human resources
Cost savings by automation



CI Benefits: Deployable Software Generation

CI produces a deployable, tested piece of 
software as tangible asset
Integration/Portability problems can be detected 
and fixed immediately
Improving application quality before reaching the 
system testing and QA process

Testers spend less time with routine technical quality 
issues

Business values
Leads to higher service-level to the business
Better end-customer satisfaction



CI Benefits: Better Project Visibility

CI provides a wealth of project-related quality 
data automatically (‘quality management 
dashboard’)
Effective decisions

Provision of just-in-time information on the recent build 
status and quality metrics

Noticing trends
Project trends in build/test success or failure or overall 
quality become clearly visible

Business values
Project steering decisions can 
be based on relevant, timely data
Innovations can be introduced 
with less risk



CI Benefits: Support for Compliance Rqmnts

CI can be customized to meet compliance 
requirements for particular domains (such as CEI 
62304 for medical device software)
Compliance reports

Compilation of all compliance-related information 
(code-freeze documentation)

Compliance warnings (‘quality notices’)
Timely reminder of compliance-related 
problems

Business values
Audits can be prepared and 
executed more efficiently
The risk of non-compliances 
can be reduced significantly
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The ‘Build Server’ Project

Goal: Setup a Continuous Integration 
Environment (CIE) to support quality aspects in 
software engineering
Steps: 

Requirements specification
Architecture description
CI server evaluation/selection
CI server setup/project migration
Go live
Integration release build with CIE
Integration test coverage with CIE
Integration static code analysis with CIE



CIE: Overview

Trigger



Build Server Project: Core Requirements

Flexible Platform Support (Execution/Project/Target)
Stability/Robustness
User Management (Authorization/Authentication)
Performance (Feedback/Nightly)
Scalability/Remote Builds
UI (Observers/Administrators)
Reporting/Statistics
Extensibility
Ease-of-use
VCS Support
Scheduling
Parallel Builds
Test Result Rendering
Automated Release Build



CI Server Feature Matrix



CI Server Setup

Install server software 
Server/Agents 

Setup build plans (configurations)
Automated build procedure (command line tools, batch 
scripts, ANT, Maven, …)
Integrate with VCS (poll vs. trigger)
Distribute builds on agents

Setup users/permissions/notifications
Local users vs. LDAP/AD
Define access policy (check status, trigger/kill builds, setup 
new plans, administrate server)
Define notification policy (every build, failures/fixes only, 
committer, watcher)

Integrate additional tools
Code coverage, static code analysis (loose vs. tight 
integration)
Custom server extensions (API, Plugins)



CI Server - Go Live



CIE – Continuous Activity



CIE – Failure Detection



CIE – Failure Notification



CIE – Failure Cause



CIE – Failure Removal



CIE – Quality Attributes Summary



CIE – Quality Attributes Details



CIE – Project Trends I



CIE – Project Trends II



CIE – Project Statistics 



CIE – Custom Reports 
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CIE – Core Competence Areas

Tools: Market overview, strengths/weaknesses of 
individual offerings
Processes: How to set up a CI environment, 
what to look for, pitfalls to avoid
Scope: Efforts involved in introducing CI, social 
aspects
Technologies: Integration of non-standard 
languages and tools (C++, VS, CPPUnit, 
CoverageValidator, …)
Compliance: How CI can help you to comply with 
medical device software standards (such as IEC 
62304)



CIE – Extension Points

Quality data for the management
Single-page summary of relevant data (‘Quality 
Management Dashboard’)
Role-based dashboards (Developer, Project Manager, 
CIO, …)
IT governance (compliance financial as well as 
technical)

Scope Extension
GUI/System Tests

Compliance requirements
Reports of quality management tools can be integrated 
in the dashboard as artifacts
CI server provides an API/plug-in mechanism which 
allows for the  extension of the dashboard with custom 
reports, statistics, and panels



CIE – Conclusion

Build server project was a major step forward in 
terms of software quality assurance 
The relevance of its results extends beyond the 
technical into the business domain
The quality management framework that has 
been set up allows for coverage of additional 
relevant aspects - both technical and non-
technical
CI can help you to raise your software quality 
level
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