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Section 1: Definitions and Types
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Requirements in SE: Definition

An initial description of a problem that the future system should solve.

Requirements can describe logical and physical aspects of the future system.

Comes in the form of:

- Document with users’ wishes

- Outcomes of business-analysis processes
- Changerequest

- Verbal request during a user forum

- Request from sponsors
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Requirements in SE: Types

Business requirements: High-level statements of the goals, objectives, or needs
of an organization. They usually describe opportunities or problems that pertain
to the organization.

User requirements: Mid-level statements of the needs of a particular
stakeholder or group of stakeholders. They usually describe how someone wants
to interact with the intended solution. User requirements are often situated
midway between the high-level business requirements and more detailed

solution requirements.
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Requirements in SE: Types

System requirements: Usually detailed statements of capabilities, behavior,and
information that the solution will need including detailed statements of the conditions
under which the solution must remain effective, qualitiesthat the solution must have, or
constraintswithin which it must operate.

* Functional requirements
* Non-functional requirements - often called quality attributes or “ilities”:

- Security
- Usability
- Testability
- Modifiability
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https://insights.sei.cmu.edu/sei_blog/quality-attributes/

MBSE

Model-based systems engineering is a formalized methodology that supports the
requirements, design, analysis, verification, and validation associated with the

development of complex systems.

Modeling Language: SySML

Modeling Environment: Digital modeling environment
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Requirements in SysML: Types

* Requirements

* Business requirement

* Usability requirement

* Functionalrequirement

* Performance requirement
* Interface requirement

* Physical requirement

* Design constraint
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Requirements Mapping: SE to SysML

e Business requirement = SysML business requirement
e User requirement = SysML generic requirement with user requirement stereotype

e System functional requirement = SysML generic requirement with system
requirement stereotype or SysML functional requirement subclass

e System non-functional requirements = SysML design constraint, usability
requirement, performance requirement, interface requirement, physical requirement
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Section 2: Categories and
Organization
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Organization

In SysML, the main method of organization is packages.

Packages are folder-like structures that contain requirements in a hierarchical
manner.

They can have their own internal structure to manage the complexity of the
requirements.
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Categories as Initial Analysis

Categorization is a system
engineering techniques for
requirements analysis.

e Categoriesbased on:
* Type of requirements
* Functionality
* Part of a business process
* Subsystems

* Components

 Categoriesas Packages
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Custom Stereotypes

Categories as Custom Stereotypes
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Decomposition
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Digital Modeling Training

Section 3: Traceability and
Relationships
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Relationship: Trace

* Requirement was published in the System Requirements Document (SRD)

* Regquirement can be traced to another requirement (weakest relationship)

«Documenty | ~ «businessRequirement» srequirements
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Relationship: Derive

Other requirements were derived from this requirement:

- Parent-child
- Interpretation

- Level of abstraction
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Relationship: Containment

Requirement was decomposed
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Relationship: Refine

Requirement is refined by: «unctionalRequirement»
«Data Store»
«System Requirement»
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Relationship: Verify

Requirement was be verified by:

* Test case/process \
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Relationship: Copy

This requirement is the same as another requirement
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Relationship: Satisfy

Parts of the conceptual and/or solution architecture is satisfying
the requirement
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Digital Modeling Training

Section 4: Diagrams and Analytical
tools
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Requirements Diagram
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Requirements Table

« Traditional and convenient way to look at the requirements

« Convenient and effective way to

Import the requirements by bulk
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Dependency Matrix

* To create and show the relationships:

. Verlfy Legend El [~ Requirements
; i S HE [~ Reg Category 1 =]
* Satisfy 7 Verify A - = ~
ot =
. i SEEZEEZEEGSC
Derive 2 2552552558
: = RO I A v A - S 7 T Mmoo
° Refine = T x>0 x>0 >R oo oo
e e e T B T s L =" S S
® Trace o T oe ot N AN TS T BT o o
- Lo R T T o Y I YR L VR o I N R L N =< - I I B
* Copy HEHEEOEEEE JEMEHM
[ [ Test Cases [Require 1 1
<" Test Case 1 1 1 A
Legend =] l't Requirements 5:\} Test Case 2 1 1 A
A Satisfy H [C Reg Category 1 A =]
< [=1 =1 =1
o = z
w BEEZEEFEES S
g CTEETEETEEE _ men g
= CPEFFETFFEFEN o T T B
g D—nm:—um:-—nmgggggr‘;
" T F F NN TEF BE S AN SN
- o B T T o VI S Y SR o I N T TR - = - - B B I -
FHEEOAEEE I EEEE _JE
=l T Systems Viewpoint 1 1
El 71 03 Element Library [SV-1] 1
& IPIn 1 1 A
2 IP Inout
3 IP Out
[l 71 Function Library [SV-4] 1
72 Function 1 1 1 7
2= Function 2

Carnegie Mellon University Digital Modeling Training [DISTRIBUTION ST ATEMENT A] This material has been approved for public release
SoftW:a re Engineering Institute © 2023 Carnegie Melon University and unlimited distribution. Please see Copyright notice for non-USGovernmentuseand 27
distribution.



Coverage Metric

* To evaluatea current state of the model

* Calculatesstatistics of how many requirements are covered with relationship

* Allowsto monitor changes of a specific aspect of the model in time

Covered By Design Covered By Test Cases
"""""""""""" Percentage fadl fal Percentage fal

[~ Requirements
[~ Requirements
[~ Requirements
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Dependency Map

« Put a specific requirement at the top of the tree

* Shows all or selected types of relationshipsfor the requirement

Legend
Dependency
* Shows multiple levels of the relationships —
Verified By

* Shows how the requirement relates to other domain
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Find Errors:
Requirements Table

« Requirements can be derived only from higher level of requirements

* In the table, there is two errors

Business requirement cannot be
derived from User requirement

Can you find the errors?

# " Name Text Derived Derived From
1 L= 13 Business Requirement 1 Text 1 [&] 24 User Requirement 3 [l 14 User Requirement 1

2 [d 14.1SystemReq 1 Text 4 VIE 14 User Requirement 1 '

3 [’ 14.2 System Req 2 Text 10 ' [®l 14 User Requirement 1

4 [ 22.1 System Req 4 Text 5 ' [’] 22 User Requirement 2

5 [d 22.2 System Req 3 Text 7 ' VIE 24 User Requirement 3

User requirement cannot be
derived from System requirement
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Find Gaps:
“Negative” Dependency Matrix
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Digital Modeling Training

Section 5: Demo in Cameo
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