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OOSEM Topics v'}\&

* OOSEM Overview

* Method
e Setup Model
* Analyze Stakeholder Needs
Analyze System Requirements
Define Logical Architecture
Synthesize Candidate Physical Architectures
Optimize and Evaluate Alternatives
Manage Requirements Traceability
Integrate and Verify System

* Summary
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Module Objectives '\\

* After completion of this module, student should understand
* The primary modeling artifacts from Analyze System Requirements
* How to specify the functions and i/o of a system based on the scenario analysis
How an ibd can be used to capture the system external interfaces
The features of a black box system specification
How a state machine is used to specify the behavior of the system
* The need to identify the design constraints
 How to analyze variation in requirements
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Motivation '\\

» Specify the system requirements in a concise manner
* Every extra requirement costs
* Every missed requirement costs
* Ambiguity costs

* Deficiencies in system requirements propagate to large numbers of
derived element and component requirements
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Analyze System Requirements ~ —  gm

act [Analyze System Requiremen!s])

* Perform scenario analysis for each
enterprise use case

 Specify the system requirements in
terms of its input and output responses
and other black box features
* Interfaces
* Functions
* States

* Performance, physical and quality
characteristics

* Stores

Figure 17.14
Copyright © 2012-2023 by Sanford Friedenthal, All Rights Reserved. 5



Define Mission Scenarios

* Activity diagram specifies how system
interacts with external systems and
users for each use case scenario

* Partitions represent the system,
external systems and users

» Actions in partition specify what the
corresponding entity must or will do

* Nodes connected by object flows
represent inputs and outputs (I/0)

* Constraints can be shown as pre- and
post-conditions on actions

e Off nominal paths can also be specified
using decision nodes
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act Provide Intruder Emergency Response)

external : Target Bignature

entry : Wirjdow-Door State

qream}

Window-[oor Sjate

nfernal : Source Signature
{stream}

inernal : TargetSignafure

et : Window-Door State
{stream}

Window-[oor Sjate
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Define System Inputs & Outputs
o I N p u tS an d O ut p uts bdd [ Input-Output Definitions-Provide Intruder Emergency Response | )
defined for each activity
«block» «block» «block»
. . Source Signature Environmental Signature Window-Door State
* |dentify commonality T T
among 1/0 to simplify T o
. Target Signature Thermal Signature
design
«block» «block» [ «block» |
Alarm Signal Occupant Input Site Status
v \A
ablocks «block» «block» «block»
: User Validation Request Activation Select Alert Status
Dispatch Request

Figure 17.15

Copyright © 2012-2023 by Sanford Friedenthal, All Rights Reserved. 7



Define System Context ’\\

STRATEGIES

 Specifies the required interfaces [Eewsmsmmmem
between the system and the

, _Seo : Security Enterprise \\
occ : Occupant [1..*] I# Stse::ss OcrI:rL:gstm . ess: ESS \
external systems and/or users o i
* Inputs/Outputs from activity | %
diagrams are allocated to item flows ot S 5

: Internal Sensor IF

intr : Intruder [0..*] | 5 Tafgegignature
* Ports specify the external interfaces

: Signature IF ] TargeLSignature
Ll

phys env : Physical Enviroment \
: ~Environmental Sensor IF [—| >

|
Thermal Signature

:~Alarm IF [< <
Alarm Signal
B

: Alarm IF
<>| : IRyestigator IF
Ative ra1 - Emergency SepviCe IF
Request A
inv : Investigator [*]

: External Sensor IF

: Environmental Sensor IF

L)

. o
Investigative

Alert Status
: Investigator IF

Investigative Data

- : ~Emergency Service IF

emerg serv : Emergency Services

Figure 17.16
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Capture Critical System Properties e M\

* Critical performance, physical, and other non functional requirements
can be captured as value properties of the system block (e.g., intruder
detection response time)

* Derived from analysis models for each MOE using parametrics

bdd [Package] 2-Structure [ ESS Black Box Specification ] )

«block»
«system of interest»

ESS
references

«store» : Event Log
«store» : Sensor Data
«store»aux pwr : Electrical Power

/ val’uc
«mop»intruder detection response time : Minutes
«mop»mean time between failures : Hours
«mop»mean time to repair : Hours
«mop»probability of intruder detection : Percent
«mop»probability of intruder false alarm : Percent
\«mop»probability of intruder identification : Percent

Figure 17.18
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Specity Black-Box
System Requirements

bdd [ ESS Black Box Specification1- ])

STRATEGIES

«block»
«system of interests

* Based on the scenario analysis, interface
definitions, and engineering analyses

» System’s externally observable behavior | [ ——x
and physical characteristics ey o s oo oo

mopx» mean time between failures : Hours

mop» mean time te repair : Hours

* Black-box specification features include: | | o ot seecion v

* Functions (i.e., operations, activities) coirol Gt access)
. edacuvate sy; eml)
* Interfaces (i.e. ports) o e
. . manage _sitelconfiguration(}
* Performance, physical, and quality A
characteristics (i.e. value properties) Shove Eovaaiioatize daaay
* Required items that must be stored (i.e.
reference properties) —
e States triggered by events iy B FTT

: External Sensor IF

- Alarm IF

: Environmental Sensor IF

: Emergency Service IF

- Investigator IF

- Internal Communications IF

Figure 17.18
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Define System State Machine

............

---------

stm [State Machine] ESS Operational States [ ESS Operational States ])

SiteAvailable

* Defines how the system responds to
events and how the system’s

SiteUnavailable

behavior changes in different states

* Represents a composite behavior
across multiple scenarios

* Can be used to specify requirements
such as:
* If an input event occurs while in the

current state and guard conditions are e {

satisfied, then system shall transition to

intruder alert

AlertValidated
r

]

. N unvalidated

validated
entry / Send Alert Status

the next state and execute the specified
actions within performance constraints
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* Afailure is a violation of a
constraint

A failure can be caused by
another failure

|[dentify System Failure Modes

SSA

STRATEGIES

bdd [Package] Off Nominal Behavior [ESS Failure Modes])

|
!

«violates»

2

Yy

«activity»

| Monitor Intruder-Black Box

«violates»D
R ol

«block»

ESS

«system of interest»

T
|

(

— N Stuck On _4

Alarm Signal

v B \
«constraint»
«failure mode»

" «constraint» N

«failure mode»
Alarm Signal

N Stuck Off /|

As design progresses,
additional contributors to this
failure mode can be identified

|
ﬁ  Caused by
' sl

«activity»
Activate System-Black Box

I L «constraintoN

«violates» failure mode

6‘ are « e »
Inability to

\Activate /

FIGURE 17.21
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Analyze System '}\\

Requirements Variation

* Requirements Variation Analysis is an evaluation of the probability
that a requirement will change due to:
* Changing interfaces
e System growth
Increased performance
New functionality
COTS or Technology upgrades
* Changes in physical location

* Input to Risk Analysis & Mitigation and Variant modeling
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Analyze System
Requirements Variation (cont.)

* Assess each system black box feature * Provide input to risk analysis
: : : * Risk measure = lorobability of
* Identify corresponding requirement change * criticality
* Define probability of change for each « Mitigation
requirement variation (High, Medium, Low) * Design system or family of

systems to accom modate

* Evaluate criticality of change (e.g., impact on potential requirements variation

MOEs and stakeholder value)

Probability Change

H Interface with Senior Citizen patient monitoring equipment

Customer coverage beyond current region

Increased remote video monitoring capacity and storage requirements
Automated software distribution

Web based billing and payments

Requirement for reduced false alarm rate

TIZ<|T|TILZ
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|[dentify System Design Constraints

* Design constraints are imposed on the solution space
* hardware, software, data, operational procedures, interfaces, etc.
* Example: the system must use specific COTS hardware or software

* Impact of constraints on overall system cost effectiveness should be
assessed and communicated to key stakeholders

* Capture constraints as requirements
* Impose constraints on the architecture

Constraints

The system shall use the legacy central monitoring station hardware.

The system shall use the legacy communications network between the
central monitoring station and the legacy site installations.




SSA
Summary '}\\

e System requirements are specified as a system ‘black-box’
* Functions, interfaces, properties, stores, state machine

* Behavioral requirements derived from use case scenarios

* External interface requirements represented in system context ibd and
defined on i/o bdd

* Performance, physical and other non-functional requirements captured as
value properties

e State Machines specify a system’s overall behavior
* Failure modes identified for system black box

* Requirements variation analysis based on a risk methodology contributes
to a more robust and flexible design

* Design constraints identified, validated, & imposed on architecture
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