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A discipline for the
systematic production and maintenance of large and
complex software systems

is the mechanism to
provide feedback on software quality
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;Q-FFP Measurement Method
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Sequence Diagrams

= A sequence diagram is a UML structural diagram that
models the flow of logic within the system in a visual
manner.

= The sequence diagram is the most popular UML
artifact for dynamic modeling, which focuses on
identifying the behavior within the system.

+ [t consists of a group of instances (represented by
lifelines or dashed lines) and the messages they
exchange during the interaction.
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C OSMI C -FFP zmd Sequen ce Diagrams

« The functional processes used
in COSMIC-FFP can represent
the set of scenarios for the
software as sequence
diagrams.

= This process of allowing the
train to cross the railroad is
considered as a functional
process, and is triggered by
sending a Near message.
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Context 2

is the probability of failure-
free software operation for a specified period of time
in a specified environment (IEEE definition)
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assumes usage-based statistical testing under the
guidance of operational profiles that characterize
usage patterns.

- are applicable when the code is generated and is
being tested, and

- apply statistical inference procedures to failure
data taken from software testing and operation to
determine whether or not a reliability model is a
good fit in retrospect.
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Markov h

= A Markov model is a powerful tool with which scientists and

engineers can analyze and predict the behavior of a complex
system.

< [t is used, for instance, to analyze the reliability of the state
machines of real-time reactive systems.

= [his research extends the architecture-based software
reliability prediction model to the COSMIC-FFP context.

<« This model is based on Markov chains and it is applicable
prior to implementation with the ability to build reliability
models much earlier at the requirement phase or based on {he
specifications for the design. 0
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Markov M ode]

= A Markov process is a stochastic one which has two
main characteristics:

1. It can take on a finite number of possible states,
which we will index by the non-negative integers: 0, 1 ...
and so on.

2. It has what is known as the “Markovian” property: the
probability distribution of future states of the process
depends only on the current state, and is conditionally
independent of past states (the path of the process).

11
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State Machine Diagrams
« A state-machine diagram is a UML behavioral diagram.

< It is used to model the dynamic behavior of individual objects
and depict the various states that an object may be in and the
transitions between those states.

= A state represents a stage in the behavior pattern of an object,
and it is possible to have initial states and final states.

<« A transition is a progression from one state to another and will
be triggered by an event that is either internal or external to the
object.

12
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P23 =1
P34 =1 —
leave Out ﬁoss S4 s3
State Machine Diagram that The mapping of the Train object
models the behavior of the to a Markov system with its

object “Train” transitions probabilities Pij 13
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Markov Model and State Machine Diagrams

= [ransition matrix P can be built from that state
machine diagram.

+ It is a matrix P whose ij-th entry is Pij. It is to be
noted that the entries in each row add up to 1.

S1 |S2 [S3 | S4
= The steady vector of the train
object can then be calculated using :: g (1) (1) 3
the P matrix: [0.25, 0.25, 0.25, 0.25] [s3 |0 o o |1
S4 |1 0 0 0
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Concepts

COSMIC-FFP (Data Movement)
terms

State Machine Diagrams
(Events) terms

Humans or things interacting with the
software

Software users

Software users

Between the environment and the software

Software boundary

Software boundary

Set of User Requirements

Functional Process

Sequence of Events (Scenario)

Data which are part of the interaction

Data groups

Objects

External Input (From Environment)

Triggering event

External event

External Input (From Environment)

Entry data movement

External event

Output (to the environment)

Exit data movement

External event

Internal Input (Within Software)

Read data movement

Internal event

Internal Input (Within Software)

Write data movement

Internal event

15
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Anzz] yszs of' Lmkzzges across Models

>  From that Table, COSMIC-FFP and UML state machine
diagrams have similar concepts.

»  This motivated investigating the possibility of deriving state
machine diagrams from COSMIC-FFP notations.

> Sequence diagrams have been used in the COSMIC-FFP
to explore the behaviors of one or more objects throughout
a given period of time, the state machine diagrams for
each object in COSMIC-FFP can be used to explore all
their details. 16
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Deriy Vlng sta tema cblne diagrams from COSMIC-
FFP notations

« According to the COSMIC-FFP definitions given in its
manual and the sequence diagrams that are drawn based
on it, state machine diagrams can be derived from these
sequence diagrams.

«~ COSMIC-FFP measurements can be mapped to UML 2.0
state diagrams using the technique proposed in [16] and
illustrated with state machine diagrams from multiple
interrelated scenarios (or sequence diagrams).

17
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De Vlng sta te mzz cblne diagrams from COSMIC-
FFP notations

« Step 1. Identifying and representing all single scenarios as
sequence diagrams.

« Step 2. Identifying and representing the relationships
between all scenarios as dependency diagrams based on

— time dependencies between scenarios,
— their cause-effect dependencies and
— their generalization dependencies.

18



[:.;.‘ (@le)gleleiqei R CONCORDIA UNIVERSITY &

VERSIT

" ECOLE DE T ECHNOLOGIE SUPERIEURE — MONTREAL - CANADA

Deriy Vlng sta te mzz cblne diagrams from COSMIC-
FFP notations

« Step 3. Synthesizing the state machines diagrams, based on
the information acquired in the previous two steps.

= Step 4. Refining the final state machines and approving the
consistency between scenarios and state machines.

— Reason: in order to make sure that the behavior of the final
state machine diagrams reflects the information contained in
the scenarios.

19
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Derz Vlng sta te mzz cblne diagrams from COSMIC-
FFP notations (Step 2)

= This is simply a dependency Y
diagram, where there are no
alternative scenarios. [ ~ Scenario }
Train enters CI‘OSSll’lg
= [The initial scenario is “Scenario Y
train enters crossing”. At that point
. . Scenario
the train crosses the railroad, and { Train leaves crossing }
= [he next scenario starts its l
execution, which is “Scenario train P

leaves crossing’.



Deriy Vlng sta te mzz cblne diagrams from COSMIC-
FFP notations (Step 3)

» For each object, one initial state machine diagram
can be created for each scenario, and

» the final state machine diagram can then be
synthesized from all the state machine diagrams,

based on the information in the dependency
diagrams.

21
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Derl Vlng sta te ma cblne diagrams from COSMIC-
FFP notations (Step 3)

»  The state machine
diagram for the train
object in previous
figure is obtained from
the following two
initial state machine
diagrams:

®

In[ time units >entrance time>0]
Near

idle }—( toCross ’% Cross

Exit [ time units >exit time>0]
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C on c]usmn

= [he candidate linkages between the Markov
models and the functional size measurement
method COSMIC-FFP were investigated for
the reliability prediction of software based on
Markov concepts in a COSMIC-FFP context.

23
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F uture Work DIrectlons
> Research in progress is looking into the reliability
prediction calculations.

> Investigating the use of predictions to compare
alternative systems designs, and gathering data
from empirical studies to assess the effectiveness of
the reliability model and the degree of confidence of

the predicted values.

24
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F uture Work DIrectlons
»> Moreover, a comparison (if available) with results
obtained using alternative methodologies to support

the validity of the application of our proposed
methodology.

> The formalization of COSMIC-FFP in the context of
AS-TRM (Autonomic Systems Timed Reactive
Model), a language for the formal design of

autonomic reactive systems . s
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