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Background

Software Traceability

7 To demonstrate that all identified hazards have
been sufficiently mitigated in the delivered system,
and that the system is safe for use.

Trace links

2 incrementally constructed between hazards,
contributing faults, mitigating requirements,
design, code, and test cases. [1]
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Background

Current techniques for trace creation and maintenance
2 VSM, LSI, probabilistic network, etc. [21[3][4]
2 Problems: low precision rate

Barrier:
72 mismatch of terminology
72 Example:

Highway Wayside Segment shall monitor signal, road work
directive, and hazard detector information from field devices.

During lamp-out conditions the WIU shall send the current
state of the highway signal.
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Related Work

Evaluating regulatory compliance of product requirements to

standards(T. D. Breaux, A. |. Antdn, et al)

[51(6](7]

Creating and mapping ontologies from requirements (L. Kof, N.

Assawamekin, et al.) [8][9]

Generating for traceability relations using Rule-based approach

(G. Spanoudakis, A. Zisman, et al) [10]
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Overview of the DoCET System

Domain-Contextualized Expert Traceability system

2 Knowledge Base

2 Linguistic Model

? Inference Rules

Overview of the DoCET System

© Construct or acquire a domain-

specific knowledge base of concepts
and relationships.

© Construct inference rules that
depict general heuristics for retrieving
expected requirement links.

General-Specific Different
Synonyms Perspective
Precondition Subsequence |

=

® Map requirements to a format
interpretable by an inference
engine.

® Generate trace links using the
constructed expert system.

mmmmmmmmm 2
nnnnnnnnnn
mmmmmmmmmm

SRT

SR2

SR

SR

SRS
SR6
SR7




Contents

Background
Related Work
Overview of the System

Components of the System

7 Constructing Knowledge Base

7 Mapping to Linguistic Model

72 Inference Rules )

. A
Experiments A /

Future Work o

Constructing Knowledge Base

Prolog: logical programming language

Vocabulary: object, object type, attribute, relationship
wayside_segment, system, operational, synonym, ...

Basic Facts: atomic sentence.
is_a(wayside_segment, subsystem)
Complex Facts: complex formulas
is a(X, self_diagnostic) :-
is a(X, diagnostic),
X \=on_demand_diagnostic.
Terminological Facts: Disjointness, Symmetry, Inverses, etc.
father_of(X, Y) :-
child_of(Y, X).
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Mapping to Linguistic Model

the highway signal

Thhoul th

Executor  Action Input Input Sender

utput Output Receiver Condition

@‘ failure message tgcentral serverguringthe Disengaged Mode,

Inference Rules

Rulel&2: General-Specific, General-Specific &
Syn Onym s Synonyms
Artifact 1
7 Artifact 1: the DH subsystems
shall automatically execute
background tests for critical
functionality without impact on Consistent with
current operation.

7 Artifact 2: the DH system shall Eac: r;]le :;esetnt in
be capable of performing self- S
diagnostics. Artfact 2

Each role present in
both artifacts
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Inference Rules

Artifact 1 Artifact 2
—Executor, :
Executor, : the DH system
theDH ===~
subsystem
_|_ Action, :
perform
Action; :
execute ~ ~ T[T
o . self-diagnostics | € = = = == OUtPut;:
utput, : Include se.lf- .
background diagnostics
tests — — t+ — —|— —>| background tests

k Knowledge base j

Inference Rules

Rule3: Different Perspective
Different Perspective

7 Artifact 1: Automobile segment  ,;

shall send the highway signal to | scon | [ output LT e
eceiver
the central control system. f i
. OPPOSITE Consiste‘nt with
A Artifact 2: The control segment i ,
shall receive l.nformat'lon from acton | | mpat | Ty
the automobile segment.

Artifact 2
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Rule4: Precondition

7 Artifact 1: The DH system shall
provide the ability of each
subsystem to upload diagnostic
data to the HCS.

7 Artifact 2: The DH system shall
provide centralized logging of
diagnostic information..

Inference Rules

Precondition

Artifact 1

Other roles
present in both
artifacts

Action

7

7

SAME NOT | Consistent
flow consistent with

Other roles
present in both
artifacts

Action

Artifact 2

Rule5: Subsequence

? Artifact 1: The system shall enter
Initializing Mode at the start of a
new mission, and occupy this
mode until road database update
and departure test procedures
have completed successfully.

? Artifact 2: Upon completion of the
initialization tasks, the OBM shall
transition into Disengaged Mode.

Inference Rules

Subsequence

Artifact 1

Output

Consistent
with

Condition

Artifact 2
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Experiments

Datasets

2 224 System Requirements (SRs),

2 945 System Design artifacts (SDs)

? 582 SubSystem Requirements (SSRs).

Initial Focus

7 small subset of functional requirements that
included 30 SRs, and 24 SDs, 41/720 correct links.
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Experiments

Experiment 1: Does the Expert System improve traceability?

?  Our approach successfully identified 38 out of 41 true links, and only retrieved 7
false positives resulting in recall of 0.93, precision of 0.84, and F2-Measure of

0.898.

7 4 28/101
0.7 Py
065 2677

38/45
0.95 37/250 Py
09 *

0.85 Standard trace retrieval using
= Vector Space Model
S os b 32/169
13 * Trace retrieval using Expert

0.75 ‘ System.

Numbers depict:
Correctly retrieved Links/ All
Retrieved links

0 0.1 0.2 0.3 0.4 0.5 0.6

Precision

Experiments

Experiment 2: Are all five inference rules effective?

Rule 1,2:
Rule 3:
Rule 4:
Rule 5:

55%, 0.955

Rule Comparison

16%, 0.75 21

13%,0.833

16%, 0.667

6 5 6

5
0

G-S& Different
Synonyms Perspective
W TRUE

Precondition  Subsequence

FALSE
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Experiments

Experiment 3: Are the inference rules generalizable to other

domains?

2 Ten traceability links between requirements for the World Vista
electronic health record and health information system and
certification requirements taken from the Certification
Commission for Health Information Technology (CCHIT).

2 Rule General-Specific: 6/10, Different Perspective: 3/10

Experiment

Experiment 4: Is an initial domain model effective for tracing

additional requirements?

2 10 new SDs, 24 SRs: 14 true links

72 Without additional knowledge: expert system returns 5 true links
and 1 false link.

72 With 9 items of additional knowledge: expert system returns 13
true links and 1 false link.

synonym(field_device, field _element)
synonym(broadcast, send)
synonym(automobile_segment, car)
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Future Work

Automate the KB creation and the mapping from
artifacts to the linguistic model

Construct expert system across multiple domain,
expand and fine-tune the identified rules

Expand the expert system to support non-functional
requirements.
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