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Siemens has a long tradition of technological innovations.
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The rate of innovations is increasing.

… 5 years 
and younger

… 6 to 10 
years old

… more than
10 years old 

Share of sales 
with products…

1985 20051980

48% 

30% 

22% 

55% 

29% 

16%

75% 

19% 

6%
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Siemens is one of the world’s largest software companies.

► Siemens has more than 30,000 software developers.

► 60% of Siemens’ business is based on software.

► Siemens spends more than 3 billion euros per year on 
software development. 

Page 6 Copyright 2007 © Siemens Corporate Research 

But, Siemens is not recognized as a software company, 
since most of our software is embedded.

Examples:

Automation devices                                 

Industrial control systems 

Automotive components

Communication systems

Rail systems

Medical devices
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Siemens at a Glance

Medical

Medical Solutions

Transportation

Transportation
Systems

Siemens VDO
Automotive

Power

Power Generation

Power
Transmission and

Distribution

Automation 
and Control

Automation and
Drives

Industrial 
Solutions and 

Services

Siemens Building 
Technologies

Lighting

Sylvania

Information and
Communications

Communications

Siemens Business
Services Annual Worldwide Sales

75% of total sales are from 
products and services 

developed in the last five years 

$98.2 billion
47,000 employees 
$6.6B dedicated     
to global R&D

Net Income: $2.8B
World’s 21st largest 
company

Siemens AG:  Worldwide figures for fiscal 20051 (U.S. GAAP2)
1Fiscal Year October 1 – September 30
2Average annual exchange rate for FY 2005: €1.00 =$1.273
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Global presence of Research and Development
More than 47,000 R&D employees at 150 locations
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Berkeley

Romsey (RMR)
Berlin

Erlangen

Tokyo

Princeton

Shanghai

St. Petersburg

Bangalore

Siemens
Corporate Technology

A Global Network

Corporate Technology: 
About 2,300 Researchers and Developers Worldwide

Moscow

Beijing

Munich
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Imaging &
Visualization

User Interface
DesignC enter

R eal-T ime 
Vision & 
Modeling

Integrated
Data S ystems

Intelligent 
Vision & 

R easoning
Automation 
& C ontrol

Multimedia
Video

Technology

S oftware
E ngineering

Siemens 
Corporate 
Research

Multimedia  Video
Technology

Software Engineering

Media processing, 
management 
& personilzation

Architecture & 
quality for 
increased 
productivity

Imaging & Visualization Real-Time Vision & Modeling

Automation & ControlAutomation & Control

Integrated Data Systems

C omputer imaging 
& vision applied 
in medicine

S oftware applications
and tools for industrial 
automation and 
building technology C omputer - aided  

diagnosis for  
medical & industrial
applications

Intelligent Vision & 
Reasoning

R eal-time vision for  
safety, security, 
transportation, 
automation, 
automotive, 
service &  
maintenance 

Data integration  
& maintenance 
informatics

MediC all user   
interface for 
sharing text 
documents, photos, 
videos & music

User Interface Design Center
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Much of our research is done in collaboration 
with universities.
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Software Engineering Challenges at Siemens

Functionality previously realized in electrical or electro-mechanical 
systems is now being realized in software => bigger, more complex, & 
more software projects (hundreds of developers, millions of lines of 
code).

Meeting functional and non-functional requirements is important to 
business success => restricted hardware resources, real-time 
performance, safety critical applications.

Multisite development projects.

High quality (i.e., thoroughly tested, reliable) software is important to 
business success. 

Our software engineering methods and technologies 
must address the increasing scale and complexity of 

emerging software systems.
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Time to panic?

Page 14 Copyright 2007 © Siemens Corporate Research 

We address software engineering challenges through R&D 
programs and technology transfer

SCR SE

Requirements
Engineering

Architecture
Practices, GSD

SW Platform
Technologies

Process
Assessment & 
Improvement

Project
Management

Testing

System & Software Quality Architecture & Platform Technologies

Requirements EngineeringProcesses & Project Management
Assess and improve software 
development processes and 
project management

Ensure high quality 
software based 
systems by Testing, 
Code Quality Management and 
Performance Engineering 

From business needs to 
software design faster, with 

better quality and transparency 
for project control and 

oversight

Building 
coherent, interoperable and 

future-proof systems

Quality
Engineering
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Our Solutions and practices

Rreeallly
Simple

Rreeallly
Complex
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Prototypes

S-RaP: A Concurrent Evolutionary Software Prototyping Process
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Siemens Rapid Prototyping Process

Need to be able to present new product features at trade shows or sales 
presentation.

Need to validate product features with different customers who have different
business environments (e.g., children hospitals vs. general hospitals).

Need to mature new product features through interactive prototypes.

Such needs can occur with a short-time (a few days) notice.

Such needs occur regularly each year.
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Requirements on the process

High-concurrency that involves a sizeable development team (20-30 
developers, UI designers, testers)

Support high-degree of user involvement

Support iterations of the process steps to refine the evolving 
requirements.

Promote the cooperation between UI designers and prototype 
developers 

Cost-effective documentation
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Compare S-RaP with other agile or prototyping methods (e.g., XP)

Different emphases:
• Rely on SIMPLE tools
• Allow use of inexperienced 
developers (short-term)

• High-degree of concurrency 
to achieve the short-term 
delivery

• High visibility for project 
progress to mitigate the risk

Similarities:
• Requirements initially vague
• All support high-degree of 
user involvement

• Use use-case scenario to 
drive the development.

• Iterative requirement 
engineering and 
implementation
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S-RaP Process Definition
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Storyboard with PPT as the Requirement & UI design 

Workflow

Screen
Capture

Screen Edit
Multiple Sources

Screen Layout

Capture Non-visual
Requirements
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A Major Project Experience with S-RaP

Developed a healthcare information system prototype that included a 
number of deliveries of different sizes.

Project Data:
• 6-8 Workflows
• Each workflow defined by a storyboard that includes 25 screenshots
• Major component of the prototype was done in 4 months.
• Very high quality of UI look-and-feel and reliability.
• 20 developers on average during the project
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Definition of Traceability*

“Requirements traceability is the ability to 
describe and follow the life of a 
requirement, in both a forward and 
backward direction:

from its origins, through its development 
and specification

to its subsequent deployment and use

through periods of ongoing refinement and 
iteration in all of the project phases.”
*Gotel & Finklestein, 1994
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Why Traceability?

Requirements validation & verification

Impact analysis

Compliance verification

Regression testing

Hazard Tracking

Knowledge management

Process Improvement Initiatives
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The Challenge

To provide viable end-to-end traceability 
solutions when other technologies fail and a 

manual solution is not cost effective.
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Dynamic Tracing

Problem: Manual tracing is 
subject to errors, omissions, and 
decay as artifacts are changed 
and the lack-of-benefit-to-tracer 
problem.

One solution: Dynamic tracing

Dynamic tracing is the 
automated generation of 
candidate trace links.  
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With over 3000 design 
documents the rebels 
will NEVER find the 
flaw in the DeathStar.

With over 3000 design 
documents the rebels 
will NEVER find the 
flaw in the DeathStar.

Much to learn you have, 
hmmm? The rebels are using 
Dynamic Tracing!

Much to learn you have, 
hmmm? The rebels are using 
Dynamic Tracing!

Page 30 Copyright 2007 © Siemens Corporate Research 

A Typical Traceability Matrix
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Problems of Classic Traceability

Structures such as matrices are very hard to maintain.

Too many traceability links result in an unwieldy tangle of 
useless information.

Often no sufficient support for automation provided 
Reduction of the traceability effort.

Traceability is a hard sell because it is often perceived to 
have an insufficient ROI.

Often insufficient support for non-functional requirements.

Often time consuming and error-prone.

Introduction to Traceability
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Scale and complexity make life difficult

Requirements
Database with 

Over 16000*
Requirements

Requirements
Database with 

Over 16000*
Requirements

View TracesView Traces

* We have RE databases with over 2 GB in them
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Automated Traceability Definition

Automated traceability is
“the automated generation of candidate traceability links”.

Prof. Jane Huang, DePaul University
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Information Retrieval
Inference Network Model (probabilistic approach)

Prob(dj|q) =
prob(dj|ti) prob(q|ti) prob(ti)Σ

prob(q)
i

Frequency of term ti in respect to the size 
of the document. 
prob(dj|ti)=freq(dj,ti)/ Σk freq(dj,tk)

Frequency of term ti in respect to the size 
of the query. 
prob(q|ti)=freq(q,ti)/ Σk freq(q,tk)

Measures the 
rarity/commonality of the 
term. 
prob(ti) =  η(1/ni)
where ni = # of docs 
containing ti.
η = normalizing factor

Probability of a 
link between a 
query and 
document. Σi prob(q|ti) prob(ti)



Brian Berenbach Copyright 2007 © Siemens Corporate Research

Page 35 Copyright 2007 © Siemens Corporate Research 

Recall & Precision
Metrics used to measure and evaluate the quality of retrieved trace links.

Correct links
Total number of traces retrieved

Correct links ∩ Retrieved 
links

=Number of relevant traces retrieved
Recall =

Retrieved links
Total number of relevant traces

Correct links ∩ Retrieved 
links

=Number of relevant traces retrieved
Precision=
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Recall & Precision (cont.)

Example:

10 possible trace links (correct, incorrect): 
{ A, B, C, D, E, F, G, H, I, J } 5 correct links

5 incorrect links

6 trace links found by the trace tool: 
{ A, D, E, F, G, H }

Recall = 4 / 5 = 0.80 = 80%

Precision = 4 / 6 = 0.66 = 66%
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Recall & Precision (cont.)

Recall
High value

• Most of the correct trace links were retrieved.
• Analyst can find the trace links in the returned result set.

Low recall value
• Many of the correct trace links were not retrieved.
• Analyst is unable to find the missing trace links in the result set.

Precision
High value

• Most of the retrieved trace links in the result set are correct. 
• Analyst can find relevant trace links easier.

Low value
• Most of the retrieved trace links in the result set are incorrect.
• Analyst has to reject many incorrect trace links and finding the relevant trace links is more 

difficult.

Most Important 
to Users
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Indicator Terms

The terms (words) used in a query that indicate a trace link to another 
artifact are called indicator terms.

The indicator terms in a query determine if and how similar two artifacts are 
to each other.

Each indicator term can be given a weight by the trace tool, which 
determines how important this term is in relation to another artifact or the 
complete data set.
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Indicator Terms (cont.)

Examples
• The weather monitor shall accept readings from valid WeatherStations. 
• Product shall determine number of trucks needed for a given schedule. 

Stop words list
• Common terms like “the”, “shall”, “from”, “of”, “a”, “by”, “as”, “and”, “or”, etc. are 

ignored.

Other techniques to improve use of indicator terms
• Stemming: use of root of term (e.g. “drive”, “driving”, “driven” “driv”)
• Aliases / Glossary: different terms have the same meaning 

(e.g. to show = to display)
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Applications of automated tracing

Dynamically establish trace links and thus save time and 
prevent errors.

Provide traceability if no traceability scheme exists yet. 
Help in reconstructing a requirements trace matrix. 
Support supplemental tracing in documents not included in the 

current trace scheme yet. 
Support traceability of Requests For Change or new 

requirements.
Cross-cut many different media to retrieve traces including 

drawings, models, documents and code.
Handle traces through large amounts of legacy and third party 

material automatically, where manual traces would just not be 
feasible.
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Poirot

Developed at DePaul University’s Center for Requirements 
Engineering and funded by Siemens Corporate Research.

Web-based tool written in Java.

Supports traces between distributed heterogeneous software artifacts.

Based on the probabilistic Inference Network Model

Piloted on several large Siemens projects.
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/* 
 * Notification_Processing.java 
 * @author  Fuhu Liu 
 * @version 5.0 
 * Changed log file to log DB 
 */ 
  
import java.awt.*; 
import java.awt.event.*; 
import javax.swing.*; 
import java.io.*; 
import java.util.*; 
import java.sql.*; 
 
.... 
 
void UpdateDisplayList() { 
   listModel.removeAllElements();   
   String mSQL = "SELECT distinct” +  
      “ SubscriberName FROM EventDetails"; 
   try { 
      rs = stmt.executeQuery(mSQL); 
      while (rs.next()) { 
         String SubsName = rs.getString(1); 
         listModel.addElement(SubsName); 
      } 
      rs.close(); 
   } catch (Exception e) { 
      System.out.println("Notification_Processing:  
      Problem with query:  " + e);   
   }   
} 

An example of traceable artifacts and selected links
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Enterprise Level Traceability

Poirot – An Automated Trace Tool

Web
Client

Poirot Server 

Trace Manager
Trace Engine
Data Access
Controller
Resource Manager
Resource Broker

Case Tool Server
Ex: DOORS

Resource Managers
Adapters

Diagram Generator

Case tool (DOORS)

Case Tool Server
Ex: Rat. Rose

Resource Managers
Adapters

Diagram Generator

Case tool (Rose)Case Tool Server
Ex: XDE

Resource Managers
Adapters

Diagram Generator

Case tool (XDE)

• Interfaces with ANY case tool that  
provides an API for which a Poirot  
adapter can be written.

• “Managed Resources” are  
registered with a Poirot project.

• Poirot utilizes standard XML and  
SVG formats to retrieve both data 
and visual images from 3rd party 
case tools.

• Extracted data is cleansed by   
removing stop words, stemming  
words, splitting variable names.

• Data is indexed to support trace  
queries.
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Poirot’s Web Interface

Poirot – An Automated Trace Tool

Step 1:

A query artifact 
document is 
selected by 
entering the artifact 
ID directly or 
picking the artifact 
from a list.

Step 2:

Select one or more 
artifact type(s) 
against which the 
query will be 
traced.
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Poirot’s Web Interface

Poirot – An Automated Trace Tool

Step 4:

Refine the query 
by using the 
filtering feature of 
Poirot. 
Unimportant terms 
in the query can be 
marked and the 
query can be run 
again; the marked 
terms are ignored. 
Term filtering 
enables the 
analyst to refine 
and improve the 
results.
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Recall the definition of “Recall”

High value
• Most of the correct trace links were retrieved.
• Analyst can find the trace links in the returned result set.

• How to improve RECALL??
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Choose Proper Clustering Algorithms

Algorithm Time 
complexity

Shape of 
discovered 
clusters

Quality of 
clusters

Ease of 
tuning

K-means O (n) spherical varied Hard

Agglomerative Hierarchical 

Clustering

O (n2) versatile prone to 
bloated 
clusters

Easy

Bisect Hierarchical Clustering

(using square-error objective function)

O (n) spherical good Easy
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Agglomerative Hierarchical Clustering
Initialization Each requirement is assigned to an individual cluster. 

Iterations

- Merge the most similar pair of clusters

- Calculate the similarity between the new cluster and each existing cluster. 

Termination K (desired number of clusters) is met 

Possible cut leads 
to 20 clusters in 
EBT data set
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Visualized Hierarchy

Candidate link Accepted link Current link

X

X FREEZE 
PREDICTIO
N DRIVING ALERT 

CONTACTS

ROADS

UPDATE ROAD 
DATA

ROAD NETWORK
MAPS

ROAD SENSORS

WEATHER
STATION
MANAGEMEN
T

WEATHER
READINGS

WEATHER
STATIONS

DE-ICING
SCHEDULING

Alerts shall be 
issued when 
hazardous 
driving 
conditions 
exist

Rejected  linkX
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Impact Analysis Overview
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90%Text, UML ModelsText
3.  Siemens Automated Warehouse Design Tools (IET)

90.87%UML ClassesText
2.  Event-Based Traceability System (EBT)

90.48%UML ClassesText
1.  Ice Breaker System  (IBS)

RecallTraceable 
artifact

Require-
ments

Data Set

Siemens Pilot Results
“Industrial applications of automated traceability can only be considered successful 
when high recall levels are achieved, we report precision results at recall levels fixed 
close to 90%” - Professor Jane Huang
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Captain! There are too 
many features. I can’t 
see the impact of this 

change request.
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The Challenge

To determine the impact of a feature change 
on large, complex software systems with 

many features.
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Software Reconnaissance:
Where in this program is feature X implemented?

Solution, track execution
1. Run tests with the feature
2. Run tests without the feature

Compare what was executed
– Components executed in the first group of 

tests, but not in the second group
– LOOK HERE FIRST!

To modify an old program safely, a software 
engineer often needs to understand how particular 
features are implemented in the current code.

But how to find that code scattered through the 
hundreds of thousands of lines making up the 
program?

WITH

WITHOUT

COMPARE

Slide courtesy of Norman Wilde, Sharon Simmons, Dennis Edwards, University of West Florida
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Software Reconnaissance Tools:
TraceGraph gives the broad picture 

The rectangles show what is executed
• Each column is a test
• Each row is a component

First columns are tests without the feature, 
last column is the test with it

• Components that only show in the LAST 
COLUMN are the ones to investigate

• Rectangles are only a few pixels, so you can 
see the broad picture on one screen

You can try an on-line demo to see 
TraceGraph analyzing a web server as it 
serves up different kinds of web page

http://www.cs.uwf.edu/~recon/recon3/r3wDemo.htm

Slide courtesy of Norman Wilde, Sharon Simmons, Dennis Edwards, University of West Florida
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Software Reconnaissance Status:

Developed for > 10 years at University of West Florida
Support from the Software Engineering Research Center and the Air 
Force Office of Scientific Research
Many published case studies have established benefits and 
limitations
Current projects ongoing with Motorola and Northrop Grumman

Benefits
Finds a small number of good places to start efficient code 
exploration
Requires only the "as-built" system and a few test cases

Drawbacks
You need to instrument the system to track what components are 
executed
You need to understand the code after you have located it!

Slide courtesy of Norman Wilde, Sharon Simmons, Dennis Edwards, University of West Florida

Interactive on-line demo at:
http://www.cs.uwf.edu/~recon/recon3/r3wDemo.htm
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The Challenge

To rapidly create a product definition 
using verifiable, precise, scalable easy 

to understand methods.
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The Requirements 
Analyst

Words, 
words 

words, I’m 
so sick of 

words

Words, 
words 

words, I’m 
so sick of 

words
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A Model is a Nexus for all Project Activities

Analysis Model

Design Model

RequirementsRequirements

Project
Documents

Project
Documents

Software.Software.

Test
Plan
Test
Plan

Hazard
Analysis
Hazard

Analysis

Project
Plan

Project
Plan

Autogenerate
Product
Features
Product
Features

Business
Goals

Business
Goals
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A Model is a Visual Language

Faster than text (up to 70%)

Verifiable

Easier to understand than text.

I finally understand 
why I should wear 

my seatbelt!
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What is a Unified Requirements Model?

The Unified Requirements Modeling Language (URML) 
is a standard notation for the modeling of requirements 
artifacts as a first step in developing a product or 
performing business modeling. It incorporates elements 
of:

• Use cases (including UML related artifacts)
• Feature Modeling
• Hazard Analysis
• Threat Modeling
• Other requirements related visual modeling techniques

A unified requirements model is a model that has 
been created using the URML.
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Rationale for a Unified Model

It has been found empirically that text specifications are 
inherently ambiguous. The ambiguity is exacerbated 
with global software development, different languages 
and cultures.

Graphical models are inherently unambiguous

“Mix the sugar and eggs. 
Sift the flour. The 
ingredients must be at 
room temperature”
Mix what? – the sugar, the 
eggs the flour or some 
combo?

Mix sugar and eggs Sift Flour

Ingredients must be
at room temperature

vs.

Unambiguous!
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Rationale for a Unified Model (2)

It is extraordinarily difficult to get stakeholders across 
multiple time zones to effectively review complex 
requirement specifications

Graphical models can be reviewed by all stakeholders 
together with minimal language or cultural issues.

This vs.
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Rationale for a Unified Model (3)

Hierarchical Storage Mechanisms for requirements 
breakdown with cross-cutting requirements and scale.

Graphical models size nicely and manage crosscutting 
requirements without difficulty

Trace Map

vs.

Page 68 Copyright 2007 © Siemens Corporate Research 

Rationale for a Unified Model (4)

Requirements Relationships are naturally organized in 
directed graphs

Traditional RE databases support a tree structure

URML

Where did the business requirement go?
Where did the interlock requirement go for 

the braking system?

FEAT 3.5 Transmission
SAFE 3.5.11 Shall Have a Brake Transmission System 

Interlock
FEAT 4.2 Braking System

SAFE 4.2.44 Shall go from 60 mph to full stop in 200 
feet.

Requirements database

ANSWER: They can only be found by looking at traces 
IF THE TRACES WERE MANUALLY ADDED!
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Rationale for a Unified Model (5)

Different teams work on 
different requirement sets. 
With a conventional 
approach, they may not 
see each others work, or 
the traces may be absent, 
or may break across 
different media.

With a URM all 
requirements that are 
related are intrinsically 
visible to all stakeholders 
with no manual tracing 
required.

Driver must be able to quickly 
raise lower windows to pay tolls Window May Close on Person

causing injury

Window will stop rising when 
any resistance is detected 

A short press on the toggle will 
cause the window to raise/lower all 

the way 

Note requirement 
“reuse”!

Works for Non-
Software 

Products!!!

<<may cause>>
Power Windows

<<may impact>>

<<may impact>>

<<mitigates>>

Power Windows

Power Options

Power Moonroof Power Sunroof

<<described by>>

<<is constrained>>

<<is constrained>>

<<is constrained>>

MarketingMarketing

Architect
Architect

Analysts
AnalystsSubject Experts

Subject Experts

Luxury Car Market 
Dominance
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Requirements Analysis 

A Unified Requirements Model can enable 
process:

Force correct choices
Preemptively find errors
Simplify the complex
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* *

Requires Conflicts

ConstraintRelation

*
1..*

Stakeholder
Request

HierarchyRelation

Mandatory Optional

*
subfeatures

AbstractFeature

*

* alternative
*

UseCase
Relation

Includes Extends

Inherits

*
*

Fragment of underlying metamodel

Stakeholder

1..*

*
may become

Feature

*

*
described by

UseCase **
1*

participating

initiating
Actor

Alternative
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No need for synchronization of views

Driver Operate Window

Close Window

<<include>>

Select Window

<<include>>

Open Window

<<include>>

Lock Window

<<include>>

Unlock Window

<<include>>

Jog Window Up

<<include>> Jog Window Down

<<include>>

Generate on demandGenerate on demand
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Experiences Piloting the URML*

Piloted on a project to create control 
systems for airport baggage handling

Analysts were in Michigan, Princeton, 
Vienna and Bratislava

URML used to define high level 
requirements and very complex control 
algorithms

Using diagrams resulted in catching 
mistakes that were in the first textual 
description of the algorithms

Project completed on-time and in-
budget

Analysts at all locations very much 
preferred visual reviews to reviews of text
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Experiences Piloting the URML* (2)

Piloted on a project to create a mail 
sorting system for the U.S. Postal 
Service (USPS)

Analysts were in Texas, Princeton, 
Florida and Australia

URML used to define high level USPS 
requirements 

Using diagrams resulted in effective 
reviews with minimal rework

Project completed on-time and in-
budget

The USPS management appreciated 
the graphical approach and were 
enthusiastic reviewers

Follow-on $40 Million contract awarded
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Conclusions

The URML has worked on pilots

It needs more investigation and the completion of 
a prototypical tool

It has proved to be superior to natural language, or 
a combination of pure UML and a requirements 
database (traces less fragile)

It is superior to text for large projects in terms of 
scalability, crosscutting and navigation.
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A Challenge

To provide RE processes and tools that support 
VERY LARGE projects with a variety of 

work products. 
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Analysis & Design Heuristics

Heuristics are needed for large models:

Programmatically Verifiable
Require Human Cognition
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Analysis vs. Design

Analysis
Heuristics

Design
Heuristics

Heuristics common to
both Analysis & Design
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Sample Analysis Heuristics

1. The early modeling effort should cover the entire 
breadth of the domain

2. Identify “out of scope” use cases as early as 
possible

3. All the actors in the model should be shown on 
the “context” diagram.
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Model Entry Point

Category 
Management

Warehousing

Vendor

Telemarketing

Transportation

Retail Technology

Retail Store 
Operations

Procurement

Customer Service 
Representative

B2B Online Ordering System

Customer

The early modeling effort should cover the entire breadth of the domain

Enter HereEnter Here
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Every concrete use case must be defined

 : Customer

 : Place Order Interface

Onl ine Ordering 
System

Customers

Customer Order

Customer 
Orders

Place Order
Creation Date:1/14/2003
Modi fication 
Date:1/14/2003
Modi fied By:b...

Place Order
Place Order(Customer Order : Customer Order)

Get Customer(Delivery Customer Number : Delivery Customer Number)

Customer

OK

Val idate Order(Customer : Customer)

Save Validated Customer Order(Customer Order : Customer Order)

OK

OK "Order Pla...

OK

Defined by
1 1..N

Or

Defined by
1 1

Schedule Item for delivery

Item already 
scheduled?

Retrieve 
scheduled item

Item already scheduledYes

has requested 
ship date?

No

Assign earliest availble 
date as ship date

Date correctly 
formatted?

yes

Reformat date

Valid Requested 
Ship Date?

yes

Assign the next 
valid ship date

Insert item in Master 
Delivery Schedule

yes

If the requested date is further 
out than a customer can 
normally order, a promotional 
override will be required.

Item Scheduled

Non-leaf

Leaf
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Use Case Consistency

Driver Operate Window

Close Window

<<include>>

Select Window

<<include>>

Open Window

<<include>>

Lock Window

<<include>>

Unlock Window

<<include>>

Jog Window Up

<<include>> Jog Window Down

<<include>>

Driver  : Power Window Console

Selected 
Window

Select Window( )

Open Window( )

Open Completely( )

Open

These functions must be
utilized
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Measure of Quality: If a Use Case Includes or is extended by another Use Case, then 
it must show how that Use Case is used on a sequence or activity diagram.
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Measure of Quality: If a Use Case Includes or is extended by another Use Case, then 
it must show how that Use Case is used on a sequence or activity diagram – tool 
support

What did I forget to add?What did I forget to add?

You forget about

“Receive Flats in Bundles

You forget about

“Receive Flats in Bundles

Repair
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Evaluating the Quality of a Design

Oh dear, I found a 
base class using a 

method from a derived 
class. I must 

disintegrate all the 
developers!

Oh dear, I found a 
base class using a 

method from a derived 
class. I must 

disintegrate all the 
developers!

Darth Quality
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Evaluating the Quality of a Design

Architectural
“Goodness”

Model Quality Cross-Model
Rules

Cross-Diagram
Rules

Diagram 
Quality

Artifact 
Quality

Diagram 
Rules

Naming
Conventions

Artifact 
Metrics
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Siemens DesignAdvisor – Automated Error Checking

CASE Tool Plug-In

Configurable Error & Metric 
Checks

Export Requirements, Project 
Tasks & Test Cases

Round Trip-Descriptions
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Configuring Rules
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Configuring Metrics
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Making Sense of the Results
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Summarizing the Results
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Model Comparison

11733

0

1104

Power

Design

Model 5

5319

0

1570

Trans.

Reversed

Code

Model 4

186772243107427014Total

Errors

86

243

Chemicals

Analysis

Model 3

HealthTrans.HealthDomain

35

1105

Analysis & 
Design

Model 2

01121Use Cases

1268384Classes

Reversed

Code

AnalysisType

Model 6Model 1
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Reversed Code Model Typical Errors
Class Associations - 42

Name Collision - 30

Concrete base Artifact - 165

Incorrectly defined interface - 97

A Parent class has knowledge of its 
child - 32

Abstract Class Not Defined - 26

Illegal Multiple Inheritance Construct -
8

Multiple Inheritance - 10

Illegal Abstract inheritance - 34

Instance Variables - 1

Class Attributes - 1

Public Interface Complexity - 3

Public information in base Class - 12

Circular Associations - 8

Subsystem Depth - 4

Empty Component - 444

Poorly defined component - 1323

Interfaces in a component - 1572

Number of classes in a component -
1507
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Interesting Metrics -> Reversed Model
Total  classes .....…………..1267

Abstract classes..................... 72

Concrete classes............... 1195

Total methods …………...22785

Average methods per class... 17

Maximum methods per class.698

Public methods ………….. 21182

Protected methods …………. 651

Private methods ..........…….. 885

Total  attributes ........……….10587

Average attributes per class........ 8

Maximum attributes per class. 2119

Public attributes ......……….... 6647

Protected attributes .......………147

Private attributes ........………. 3738

GOD Class
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Acyclic Directed Graph

Definition:* A graph whose edges are ordered
pairs of vertices. That is, each edge can be 
followed from one vertex to the next. 

Formal Definition: A graph G is a pair (V,E), 
where V is a set of vertices, and E is a set of 
edges between the vertices E = {(u,v) | u, v   
V}. If the graph does not allow self-loops, 
adjacency is irreflexive, that is E = {(u,v) | u, v   
V   u   v}. 

Also known as digraph, oriented graph. 

*National Institute of Standards and Technology
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A B

E

D

G

H

F

C

«e»

«i»

«i» «i»

«i»

«i»

«e»

«e»

Sample Use Case Model
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A

B

C

D

EF

G

H

«d»

«i»

«e» «e»

«i»

«e»

«i»

«i»

«i»

As a Directed Graph
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A

B

C D E

F
G

H

«d»

«i»

«e» «i»

«i»

«i»

As a Set of Trees
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Depth-First Search to Extract Requirements

•A
•C

•D
•E
•H

•F
•B

•G

A

B

C D E

F
G

H

«d»

«i»

«e» «i»

«i»

«i»

Level
1 2 3 4
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Complete by Adding Traces

B c

F E

G D

H

includes

includes

includes

may include

may include
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The extraction is scalable

The requirements extraction process has 
worked successfully on models with about a 
thousand use cases!
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Requirements Extracted from Large Model
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If only they had used 
automatic test case 

generation!

If only they had used 
automatic test case 

generation!
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Testing Overview

What are typical problems on testing software?

• Time is limited

• Applications are complex

• Requirements are fluid

Need to Increase Productivity!
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Some Insights on Testing

No matter how rigorous we are, software is going to be 
faulty

Testing represent a substantial percentage of software 
development costs and time to market

Impossible to test under all operating conditions 
• Based on incomplete testing, we must gain confidence that the 

system has the desired behavior
• Testing cannot show the absence of bugs

Testing large systems is complex
• Testability is a design issue
• It requires strategy and technology- and is often done inefficiently in 

practice
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Model-Based Testing

MBT offers an opportunity to increase tester productivity
• Aims to automatically generate test cases using models created 

during analysis & development process or extracted from artifacts of 
that process

Average testers are already using models.
• All testing creation activities are based (at least) on mental model

MBT occurs when the model is:
• Recorded in some form, formalized, and used for generating test 

cases and/or oracles
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Modeling for TDE/UML

Modeling

Test Case Generation

Code Generation

Refinement
TDE/UML Workflow

Modeling
• Focus on UML Use Case Diagrams 

refined by UML Activity Diagrams

Test Case Generation
• Combines Graph Coverage and 

Data Coverage to form a Test Suite

Code Generation
• Transforms a Test Suite into other 

formats, such as executable code, 
reports, xml…
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Testing Conveyor Belt Control – Activity Diagram

PushButtonStartTheBelt
<<User Action>>

MotorStart
<<SystemRespon...>>

MotorStop
<<SystemResponse>>

<<define>>
StartButton
NumberOfTimePushingTheButtonStart

PushButtonStopBelt
<<User Action>>

VerifyItemPosition
<<User Action>>

ItemInTheEndOfBelt

<<define>>
StopButton
NumberOfTimePushingTheButtonStop

OBS
 The Sensor, which stops the 
belt when an item on the belt 
reaches the end., perform an 
action similar to an UserAction

VerifySwitch
<<User Action>>

<<define>>
   ItemInTheEndOfBelt

[ NumberOfTimePushingTheButtonStart ~ Several ]
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Test Case Generation for the Example
Generation Results:

• Total of 14 test cases. 

• 2 Paths to be covered and 14 different data set to be used to cover those 
paths
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Data Coverage Criterion
• sampling 
• choice-per-suite
• choice-per-variable
• choice-per-path
• exhaustive

Test Case Generation

2 Tests, 48 Procedures
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Code Generation

TDE/UML comes with pre-packaged code generators:
• Text file
• CSV file
• Word report
• Custom code

Each project can implement its own code generator

Code generations can use:
• properties defined in notes
• configuration parameters defined in code generator 

configuration file
• properties of choices defined by attributes of categories
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The Challenge

To understand the exact context or 
meaning of a requirement as the customer 

understands it.
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Real-time meeting capture
Focus Group Meeting in a hospital

If somebody with a 
serious injury is 
hospitalized, we 

immediately have 
to take care of that

RE Database

When updating a patient 
record, do nurses get 

interrupted? And why?

Developer in China

Captured meeting 
record, split into 
requirement clips

Page 120 Copyright 2007 © Siemens Corporate Research 

Real-time Customer Context
Following a ‘blue collar’ worker

RE Database

Meeting with subject matter experts

That’s what we 
have identified as 

requirements
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Global Software Development (GSD): 
Motivation
Lower development costs

• Low-wage countries

Capitalizing on a pool of trained workforce
• Quest for talent

Increased output, reduced time
• Improve time-to-market
• Round-the-clock development

Market proximity
• Specific local expertise
• Market acquisition effort

Governmental policies and incentives

Original motivation 
was reduced 

development cost,
but there are other 
reasons for GSD.
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Time Difference: 11.5 
hours

Physical distance

But, Global Software Development is Difficult.
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Global Software Development
Siemens has more than 15 years experience developing software products 
globally.

Today, most Siemens business groups develop software in low-cost countries.

Organization and process model for global development divides responsibility 
between a central headquarters organization & remote development teams.

Software 
engineering 

expertise

Domain
expertise  

Management
& 

Process
expertise

Central team

Development
experience

Technology  
expertise

Software
engineering

expertise

Remote development 
teams

Supplier Managers

Integrated by
Code

Component requirements

Component design

Verified by

Tests
Verified by

Requirements

Architecture 
& design

Acceptance
tests

Development
plan
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Global Studio Project (GSP)
Experimental global software development project using university student teams and   
researchers.

Shadows real Siemens global development project, process, & organization.

Document processes, best practices, and understanding of how to successfully execute 
global projects.
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GSP Research Goals

Identify and document best (and worst) practices for 
global software development.

Identify the prerequisites for successful global software 
development.

Test a global software development reference process.

Determine artifacts for commissioning a remote 
development team.

Identify communications necessary for effective global 
development.
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Social Network Analysis (SNA)

Roles
Developer
Team Leader
Function Manager
Remote Supp. Manager
Central Supp. Manager
Executive

Affiliations (Sites)
SCR Central Team
Tech. Univ. Munich
CMU Sapphire
IIITB
Monmouth #5
Monmouth Codicons
Monmouth TCT
Limerick ArdnaCroise
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Some Lessons Learned

Amount of Required Communications

Cultural Differences among Teams

Start-up Time for Remote Teams

Supplier Managers as the interface to Remote Teams

Team Size

Agility
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Open Issues and Research Questions

1. Given that the technical artifacts that are delivered to the 
remote component development teams are not adequate 
in specifying the precise work to be done, in what ways 
are they deficient?

2. What strategies do the remote teams employ to 
compensate for the deficiencies found in the received 
technical artifacts?

3. What are the early warning signs that an issue is 
imminent? Can communication patterns, for example, 
between the central and remote teams be used to predict 
future component integration problems?
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Software Factories

Enable higher efficiency 
in planning, development,
and maintenance.
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Job Management Software Factory –
Prototype Definition



Brian Berenbach Copyright 2007 © Siemens Corporate Research

Page 133 Copyright 2007 © Siemens Corporate Research 

Job Management Software Factory – Prototype Realization

Created DSL

Resource
XML

Resource
XML

Resource
PlugIn

C#

Resource
PlugIn

C#

Type
XML

Type
XML

Type
PlugIn

C#

Type
PlugIn

C#

Task
C#

Task
C#

Application
C#

Application
C#Automated Guidance

Actors Provided
Information

Artifact
Generators

Generated
Artifacts

Reuse

Uses
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Technology –
Microsoft DSL Tools
Integrated in Visual Studio 2005

Provides meta-model designer

Meta-model contains modeling concepts 
and model designer specification

T4 template engine used for code 
generation

Meta-model

Modeling concepts

Concrete model
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Technology –
Microsoft Guidance and Automation Toolkit (GAT)
GAT directly plugs into the development 

environment, Visual Studio 2005

Provides context- and content-sensitive recipes, 
actions, templates, and others

Helps automates menial tasks and providing 
guidance at the right place and time

Guidance development process

Context-sensitive

GAT concepts
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Job Management Software Factory –
That’s how it helps
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ROI: Job Management Domain Specific 
Language (DSL)

The JobManagement DSL increases the level of abstraction beyond the 
level of 3rd generation programming languages such as Java, C#, or 
VB.NET. This enables a tremendous increase in productivity as well as 
quality through the elimination of error prone and menial tasks and the 
systematic reuse of software components and generators.

Challenges
Time constraints and therefore scenario with limited variability
Analysis of the domain and the existing software development environment to 
identify best practices applicability of DSL
Define domain concepts and software development process
Define, identify and implement DSL that offer best ROI

Benefits
Elimination of error prone, menial, and repetitive development tasks
Enforcement of architecture and development constraints
Automated code generation from models
Reduced complexity for developers
Faster development times and increased reuse
Estimate: Break even point at ~7 job management definitions

Potential
Work on higher level of abstraction
Hidden complexity
Less of a learning curve
Enforce architectural constraints and encode of best practices
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Questions?
Did Darth 

QUALITYsay
to disintegrate 

the developers or 
the audience???


