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With

formerly, 

for 16 years

▪ 10 years client project engineering

▪ 6 years software engineering process improvement research
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uses and contributes to

z

Sales Prospect 1 Sales Prospect 2 Project A Project CProject B

IMPROVING MODEL-BASED TESTING

Test Approach

Specification Approach

Development Approach

Approach is:
▪ Repeatable
▪ Predictable
▪ Profitable

We understand:
▪ Risks and mitigations
▪ Opportunities and how 

to capitalise on them

High-Integrity Software Industry

uses and contributes to

Reuse standard test infrastructure across projects

aligned with

We keep up-to-date with industry best practice, 
and help to advance it

Metrics embedded 
into everything we do

Consistency of approach across bids and projects

uses and contributes to

Better 
Support

Fast 
delivery

Stronger 
Reuse

Quicker 
Startup

Higher 
Savings

Leading tools and best practice
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P R O G R A M M E R

C A R E E R -
S H A P I N G  
E V E N T S

a c c o u n t a n c y  
s o f t w a r e

c o n t a c t  
m a n a g e m e n t  
d a t a b a s e

B U S I N E S S M A T H S

P r o g r a m m i n g  i s  
m a t h e m a t i c a l

C a n  w e  u s e  m a t h s  
m o r e ?

C a n  w e  e x p l o i t  
t h a t  m o r e ?

S O F T W A R E  
F O R  S M A L L  
B U S I N E S S E S

“ B U S I N E S S  
M A D E  

S I M P L E ”
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OUR APPROACH

COMPONENT 
SPECIFICATION

COMPONENT 
TEST

Generate

Generate

TEST TEAM

IMPLEMENTATION

SPECIFICATION 
TEAM

SYSTEM 
REQUIREMENTS

SYSTEM 
TEST

SOFTWARE 
TEST

HEAVILY 
AUTOMATED

SOFTWARE 
SPECIFICATION

DEVELOPMENT 
TEAM

SYSTEMS 
TEAM
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SPECIFY DETAILED 
BEHAVIOUR

CHECK CORRECTNESS AND 
USEFULNESS

DECOMPOSE AS 
REQUIRED

DEFINE CONTEXT AND 
EXTERNAL INTERFACE(S)

▪ Model of the world needed to 
describe the machine's 
interface

▪ Define interface(s) to 
operations of the machine, 
with their inputs and outputs

▪ Where required, identify 
suitable packages to divide 
specification into and 
decompose operations 
into partial operations that 
update the separate 
packages

MODEL-BASED SPECIFICATION

▪ Specify persistent state 
required for system/packages

▪ Specify detailed behaviour 
for (partial) operations

▪ Check unambiguous, 
consistent, complete

▪ Check feasible, refutable, 
traceable, usable
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DETERMINING WHAT THE TESTS SHOULD CHECK FOR

SPECIFICATION

ACCEPTABLE?

EXECUTABLE?

SOLVABLE?

TEST INPUTS TEST OUTPUTS
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COVERAGE CRITERIA FOR RULE-BASED TESTING

g

When processing a file containing:

pred p1 [ a, b : Bool] {

a or b

}

If we had an expression:

p1[a1, b1] or c1

Then we’d generate conditions:

• 1 (T)
• p1[a1, b1]

• let a = a1, b = b1 |
• a
• not b

• not c1
• 2 (T)

• p1[a1, b1]
• let a = a1, b = b1 |

• not a
• b

• not c1
• 3 (T)

• not p1[a1, b1]
• let a = a1, b = b1 |

• not a
• not b

• c1
• ...

1 (T) 2 (T) 3 (F)

a ⚫  

b  ⚫ 

a or b
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GETTING COVERAGE FOR RULE-BASED TESTING

B L A C K  B O X G R E Y  B O X

C O N S T R A I N E D  R A N D O M

M L - B A S E D

S O L V E R - B A S E D  O N  C O D E

S O L V E R - B A S E D  O N  S P E C I F I C A T I O N
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RUNNING TESTS AGAINST AN IMPLEMENTATION

Check against
specification

Test Results

Executable 
tests

Build 
system

Test Outputs

Execute

Software 
Under Test

Test Harness

Test Scripts

Test 
Generator
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CREATIVE TESTING

MISSING RULE?

MISSING 
CONDITION?

CAN REUSE 
ORACLE?

REVIEW

TESTING GAP

CODE COVERAGE ANALYSIS

WRITE MANUAL TEST

Manually write rule, condition 

and test generation automated

Manually write condition, 

test generation automated

Manually write inputs, 

expectations automated
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RELATED WORK

ConTestor

The development of Crucible was supported 
by the HICLASS project, funded by the 
Aerospace Technology Institute and Innovate 
UK, as project number 113213. 

Low-Level 

Requirements

Source Code

Unit Test 

Results

AUTOSAC 

Tools

AUTOSAC

AUTOSAC was a NATEP project funded by 
Birmingham City Council/Finance Birmingham 
and the FAC, as project number FAC043. 
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CASE STUDIES

Protected Enclave

ID Station
(TIS)

Fingerprint 
Reader

Display
Token 
Reader

Enrolment 
Station

Certificate 
Authority

(CA)

Attribute 
Authority

(AA)

Token 
Reader

Work-
station

Work-
station

Work-
station

Admin

Door

Alarm

▪ Alloy specification from original Z specification
▪ Generate unit tests against original SPARK
▪ Animation to validate

TOKENEER

▪ Alloy specification from original requirements
▪ Generate test sequences against SPARK implementation
▪ Manual testing via animator

STEAM BOILER

Retrospectively applied to past client project

▪ Alloy specification from original requirements
▪ Generate unit tests against original SPARK
▪ Use of CVC4 as external solver

PROJECT  X PROJECT  Y

Being applied to live client project

▪ Alloy specification from software requirements
▪ Generate component tests against SPARK implementation
▪ Animation to validate
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Deployment on more 

live client projects

Deployment on first 

live client project

Proof of concept 

developed

2 . P R E S E N T

1 . P A S T

3 . F U T U R E
Automate even more

CONCLUSIONS
CAN WE PERFORM EXPERT TESTING WITHOUT THE EXPERTS?
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About Capgemini

Capgemini is a global leader in partnering with companies to transform and manage their
business by harnessing the power of technology. The Group is guided everyday by its
purpose of unleashing human energy through technology for an inclusive and sustainable
future. It is a responsible and diverse organization of over 360,000 team members in
more than 50 countries. With its strong 55-year heritage and deep industry expertise,
Capgemini is trusted by its clients to address the entire breadth of their business needs,
from strategy and design to operations, fueled by the fast evolving and innovative world
of cloud, data, AI, connectivity, software, digital engineering and platforms. The Group
reported in 2022 global revenues of €22 billion.

Get The Future You Want | www.capgemini.com

http://www.facebook.com/capgemini
http://www.linkedin.com/company/capgemini
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