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Exploitations

ITEA-ModelWriter: Synchronized Document Engineering Platform

https://itea3.org/project/modelwriter.html

ITEA-ASSUME: Affordable Safe & Secure Mobility Evolution

https://itea3.org/project/assume.html

Source codes, datasets and screencasts are available at:

https://modelwriter.github.io/Tarski/
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Motivation

What is Traceability?

Traceability can be defined as the degree to which a relationship
can be established among work products (aka. artefacts) of the
development process.

What is case-based or project-based traceability configuration?

Rigorously specification the semantics of traceability elements.

Why is Reasoning about Traceability important?

Richer and precise automated traceability analysis.
Compliance and Certification in automotive and aviation industries.
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Challenges of Traceability in Industry

Semantically meaningful traceability

traceability relations should have a rich semantic (meaning)
instead of being simple bi-directional referential relation

Configuration of traceability (possibly dynamically)

Traceability Semantics is often statically defined in the tools.

The semantics cannot be easily adapted for the needs of
different projects.

Different traceable elements and the relation types exist in
industrial settings,

Likewise, different traceability analysis scenarios exists.
Several industries demands formal proofs of Traceability.
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Some Requirements and Code Fragments in ECAS
Example Inferred and Inconsistent Traces in ECAS

Ford-Otosan Motor Company
Electronically Controlled Air Suspension (ECAS) System
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Some Requirements and Code Fragments in ECAS

Nr. Requirements/Code Fragments

r11 The system shall do height corrections using long and short
term filtered height sensor signal.

r59 The system shall always use height sensors in the range of
0-5V to avoid long term signal filtering.

r60 The system shall do height corrections using long and short
term filtered height sensor signal with 10ms interval.

r97 The system shall filter height sensor signal in short term
and long term for height corrections.

r98 The system shall filter height sensor signal in long term for
height corrections.

i14 vehicle::ecas::processHeightSensor::filterSignal

i72 vehicle::ecas::processHeightSensor
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Which implementation artifacts satisfy r11?
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Is there any inconsistency among Requirements?

r11

r60

r60

r97

r59

r98

r11

r60

r97 r98

r59i14

[satisfies]

[satisfies
1 ]

i72

[r
efi

n
es

]

[sa
tis

fies
2
]

[re
fines

]

[requires]

[requires]

[contains]

[c
o

n
fl

ic
ts

]
ESEC/FSE’17, Paderborn, Germany Automated Analysis of Configurable Formal Trace Semantic



Motivation & Challenges
Industrial Use Case

Overview of the Tool
Evaluation and Lessons Learned

Some Requirements and Code Fragments in ECAS
Example Inferred and Inconsistent Traces in ECAS

Is there any inconsistency among Requirements?

r11

r60

r60

r97

r59

r98

r11

r60

r97 r98

r59i14

[satisfies]

[satisfies
1 ]

i72

[r
efi

n
es

]

[sa
tis

fies
2
]

[re
fines

]

[req
u

ires
1 ]

[requires]

[requires]

[contains]

[c
o

n
fl

ic
ts

]
ESEC/FSE’17, Paderborn, Germany Automated Analysis of Configurable Formal Trace Semantic



Motivation & Challenges
Industrial Use Case

Overview of the Tool
Evaluation and Lessons Learned

Some Requirements and Code Fragments in ECAS
Example Inferred and Inconsistent Traces in ECAS

Is there any inconsistency among Requirements?

r11

r60

r60

r97

r59

r98

r11

r60

r97 r98

r59i14

[satisfies]

[satisfies
1 ]

i72

[r
efi

n
es

]

[sa
tis

fies
2
]

[re
fines

]

[req
u

ires
1 ]

[requires]

[requires]

[requires
2 ]

[contains]

[c
o

n
fl

ic
ts

]
ESEC/FSE’17, Paderborn, Germany Automated Analysis of Configurable Formal Trace Semantic



Motivation & Challenges
Industrial Use Case

Overview of the Tool
Evaluation and Lessons Learned

Some Requirements and Code Fragments in ECAS
Example Inferred and Inconsistent Traces in ECAS

Is there any inconsistency among Requirements?

r11

r60

r60

r97

r59

r98

r11

r60

r97 r98

r59i14

[satisfies]

[satisfies
1 ]

i72

[r
efi

n
es

]

[sa
tis

fies
2
]

[re
fines

]

[req
u

ires
1 ]

[requires]

[requires]

[requires
2 ]

[conflicts3]

[contains]

[c
o

n
fl

ic
ts

]
ESEC/FSE’17, Paderborn, Germany Automated Analysis of Configurable Formal Trace Semantic



Motivation & Challenges
Industrial Use Case

Overview of the Tool
Evaluation and Lessons Learned

Specify Project-Specific Trace Types and Semantics
Assign Traces within the Project Artifacts
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Reasoning about Traceability

Overview of the Tool
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Comparisons of Several Use Cases for Trace Inferring

Trace
Types

Facts Traced
Elements

Manual
Traces

Inferred
Traces

Inconsis.
Parts

#1 7 11 125 138 502 3
#2 11 20 47 102 145 5
#3 10 14 16 21 53 1

Artifacts Traces Inferred Alloy KodKod Z3

#1 123 102 89 67922 25668 40900
#2 56 27 25 4428 84 480
#3 42 103 75 724 1 1460
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Conclusion and Future Work

Should we consider also the temporal behavior of the
traceability? Interesting analysis scenarios exist in industry

We are not supporting ordered sets of Alloy which usually help
model the dynamic behaviour.

First-order theory of relations might be a candidate for
modeling traceability in Multi-pardigm Modeling settings.
However, DPLL(T) solvers does not currently exists for this
fragment of the theory.

Alloy Language is too expressive for the domain of traceability.
We’re working on the formalization of a First-order theory for
traceability and the development of a domain-specific
language for traceability.
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For Further Reading

F. Erata et. al.
ModelWriter: Text and model-synchronized document
engineering platform
32nd IEEE/ACM International Conference on Automated
Software Engineering (ASE’17), pp. 928-933, 2017

F. Erata et. al.
Tarski: A platform for automated analysis of dynamically
configurable traceability semantics
The 32nd ACM SIGAPP Symposium On Applied Computing
(SAC’17), pp. 1607-1614, 2017

Source codes, datasets and screencasts
https://modelwriter.github.io/Tarski/
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System Installation Design Principles

r1 Bracket shall be used in hydraulic area Alpha

r2 Adhesive bonded bracket shall be used in hydraulic area

r3 Adhesive bonded bracket shall be used in hydraulic area Alpha

r4 Bracket shall be used in hydraulic area

r5 Bracket shall be installed in hydraulic area

r6 Bracket shall be installed in fuel tank
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Illustration of ”conflict” propagation operationally in the system
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Semantic Parser identifies a conflict between r5 and r6
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Axiomatization of the Traceability Theory

TH(Traceability)

ΣT : {=,∈} ∪ Σ1
T ∪ Σ2

T

Σ1
T : {Artifact,Requirement,Specification}

Σ2
T : {requires, refines, contains, equals, conflicts}
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Symmetric Relations

` ∀a, b ∈ A | (a, b) ∈ �→ (b, a) ∈ �
� = conflicts ∪ equals

Model

a b

a� b

b � a
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Reflexive relations

` ∀a ∈ A | (a, a) ∈ �
� = equals

Model

a

a� a
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Transitive relations

` ∀a, b, c ∈ A | (a, b) ∈ � ∧ (b, c) ∈ �→ (a, c) ∈ �
� := contains⊕ requires⊕ refines⊕ equals⊕ p-refines

Model

a b
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a�
c
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Inferring ”conflicts” relation

` ∀a, b, c ∈ A | [(a, b) ∈ � ∧ (b, c) ∈ conflicts]→ (a, c) ∈ conflicts
� := requires⊕ refines⊕ contains

Partial Model

a b
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Inferring ”conflicts” relation

` ∀a, b, c ∈ A | [(a, b) ∈ � ∧ (b, c) ∈ conflicts]→ (a, c) ∈ conflicts
� := requires⊕ refines⊕ contains

Complete Model
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Reasoning about equality

` ∀a, b, c ∈ A | (a, b) ∈ equals∧ (b, c) ∈ �→ (a, c) ∈ �
` ∀a, b, c ∈ A | (a, b) ∈ equals∧ (c , b) ∈ �→ (c , a) ∈ �

Partial Model

a b

c

a b

c

equals equals

�1 �1
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Inferring ”requires” relation with ”contains” and ”refines”

` ∀a, b, c ∈ A | (a, b) ∈ �∧ (b, c) ∈ requires→ (a, c) ∈ requires
` ∀a, b, c ∈ A | (a, b) ∈ requires∧ (b, c) ∈ �→ (a, c) ∈ requires

� := refines⊕ contains

Partial Model

a b

c

a b

c

�

requires

requires

�
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Inferring ”requires” relation with ”contains” and ”refines”

` ∀a, b, c ∈ A | (a, b) ∈ �∧ (b, c) ∈ requires→ (a, c) ∈ requires
` ∀a, b, c ∈ A | (a, b) ∈ requires∧ (b, c) ∈ �→ (a, c) ∈ requires

� := refines⊕ contains

Complete Model

a b
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a b
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ECAS - Unsatisfiable Core 1
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Axiomatization of Traceability Theory
Unsat Core Examples

ECAS - Unsatisfiable Core 2
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