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The Benefits of Model Based Systems Engineering

Simulation and execution
of models allow Errors to
be Eliminated Early in the
Process, improving quality

Reduces overall costs by
putting effort in early in the
development lifecycle

Enables reuse of
development scenarios to
test the implementation

Enables a seamless
Systems to Software
handoff as you are using
the same tool and
effectievely the same
language
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concurrent, approach to
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Model-Based Systems Engineering with Rhapsody

> Integrated System / Embedded Software Development P rocess

» Fundamentals of Model-Based Systems Engineering ( Harmony/SE )
- Essential SysML Artifacts
- Service Request-Driven Modeling Approach

» Task Flow and Work Products in  Harmony/SE

» Handoff to Hardware / Software Development
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Integrated System / Software Development Process
Model-Driven Development of Embedded Systems

Stakeholder
Requirements

* Requirements Models Re

» Use Case Model

» Executable Use Case Models
« Architectural Analysis Model(s)
» Executable System Architecture Model
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» Requirements Documentation
» Requirements Traceability
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Model-Based Systems Engineering with Rhapsody

Integrated System / Embedded Software Development P rocess

» Fundamentals of Model-Based Systems Engineering ( Harmony/SE )
- Essential SysML Artifacts
- Service Request-Driven Modeling Approach

» Task Flow and Work Products in  Harmony/SE

» Handoff to Hardware / Software Development
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Requirements Diagram Use Case Diagram Activity Diagram
STRS_Req_»l.l Uc«ZScena:rios Ucl
/:\«deoompose» : «erify» Sub
« Requir:mem» «Requirement » o] /@ o
SRS_Req_1.1.1 <_«:e;‘l;‘ SRS_Req_1.1.1.x [c2==true]
1 i N R A TS
«trace» | «satisfy» : Al A2
> =
* Taxonomy of Requirements * Definition of System Scope Functional Flow in Use Case / Block(s)
« Relationship between  Grouping of Requirements into Use Cases
Model Elements and Requirements
grommmnoeeeenooos Structure Diagrams ~ ------------=----- ; Sequence Diagram
itsA1 itsUcl
. . «block» reqop10 :_jlo
SysML Artifacts in o BT ee R
H / S E Al A2 reqOp4) %0
y I 1 TTETTTTTT e R A
«block» «block» reqOpX| j
SS_ A SS_B :0550

Block Definition Diagram: Message Interactions between Nodes
Structural Elements (Blocks) and

Parametric Diagram their Relationship Statechart Diagram

1 «block» .—b-Sl
itsSuD
| 1 «ConstraintProperty,ConstraintBlock » | =2 reqSZToSlf‘ reqS1ToS2
: s2
1 «Actor» 1 «block»
= * il . .
_ force = mass * acceleration itsA1 itsSS A
Attribute» pAL —
mass 1 mass:Kg «Attribute» pSUD pAL pSS_B
force:Newtons [ force 5] L
«Attribute» 1 «Actor» 1 «block»
acceleration [J acceletation:MetersPerSec”2 itsA2 itsSS B

pA2 pSS_A

reqOp4/op4

Parametric Relationship between State-based Behavior of Block

System Properties.

Internal Block Diagram:
Realization of System Structure

SDO02 10



IBM Rational Software Development Conference 2008

Model-Based Systems Engineering (  Harmony/SE )
Artifact Relationships at the Requirements Analysis / Functional Analysis Level

Requirements Diagram Use Case Diagram
* 1
1
1.*
Structure Diagram 1 1 Use Case 1 5 Sequence Diagram
Block Definition Diagram
Internal Block Diagram
% 1
2.* 1
Block Activity Diagram
1
1
Statechart Diagram
|:| Requirements Analysis
|:| Functional Analysis
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Model-Based Systems Engineering with Rhapsody

Integrated System / Embedded Software Development P rocess

» Fundamentals of Model-Based Systems Engineering ( Harmony/SE )
- Essential SysML Artifacts
- Service Request-Driven Modeling Approach

» Task Flow and Work Products in  Harmony/SE

» Handoff to Hardware / Software Development
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Service Request-Driven
Modeling Approach

Step 2: Description of Internodal
Communication

Step 1: Definition of Communication Nodes

1BD_SuD /

itsB1:B1 £ itsB2:B2

» Communication nodes described
by means of SysML structure
diagrams (BDD, IBD) using Blocks
as basic structural elements.

Step 3: Allocation of Service Requests and Operati  ons
IBD_SuD /

itsB1:B1 ! itsB2:B2

582

reqOperation1() J
A

» Communication described

operation1()

|
through Operational Con_tracts :
|

(OpCon), i.e.
- asynchronous service

reqSetMode(ModeX) \.Ltl

& reqoperation2
8 reqoperation4
& operation2
ﬁ operation4

& regSetMode
® reqOperation1
& reqOperation3
& operation1

requests via SysML Service Kparatonsg eratenz ) operaond
Ports followed by PE |
- provided services at the i reqOperation3() > operation3( | SteP 4: Definition of Ports and Interfaces
receiving part | reqOperationd() lﬁ 120_sup/
(state/mode changes or | bperation4() I R L Fa—
|

operations)

pB2 [ 1pB1

¥ regSetMode
iB2_to_B1 iB2_to_B1 | B reqOperationl
T - & reqoperation3
& operation1

E_ operation3

] reqOperation2
B reqOperationd
& operation2
ﬁ operation4

«Interface» «Interface»
iBl_to_B2 iB2_to_B1

¥ reqSetMode
B reqOperation1
] reqOperation3

] reqOperation2
B reqOperationa
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Model-Based Systems Engineering with Rhapsody

> Integrated System / Embedded Software Development P rocess

» Fundamentals of Model-Based Systems Engineering ( Harmony/SE )
- Essential SysML Artifacts
- Service Request-Driven Modeling Approach

» Task Flow and Work Products in  Harmony/SE

» Handoff to Hardware / Software Development
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Key Objectives of the
Model-Based Systems Engineering Process  Harmony/SE

Stakeholder
Requirements

Systems
Engineering
Harmony/SE

E

Requirements Bl
Analysis

» ldentify / derive required system functionality

» > |dentify associated system modes and states

> Allocate system functionality / modes to a

Systems physical architecture
Analysis & Design
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Model-Based Systems Engineering ( Harmony/SE )
Requirements Analysis

Stakeholder Requirements —

!

E Stakeholder Requirements

H R i ts Analysi -
| System Requirements SAHITEments Anaysis Analyze/Refine
: S Stakeholder Req's =\ Stakeholder
ystem Use Cases —| Requirements
Specification
In the Requirements Analysis phase, the focus \ \
Is on the analysis of the process inputs. Generate Create Traceability between
System Req'’s Stakeholder and System Req’s
Customer requirements are translated into a ‘ ‘

set of requirements that define System

Requirements
- what the system must do Specification (Draft)
(functional requirements ) and
- how yvell it must perform [ Define ] Tk
(quality of service requirements). System — Level Use Cases Req’s to Use Cases

Model / Requirements Repository

Once the requirements are sufficiently
understood they are grouped into  Use Cases. l

_ ®

Links providing traceability
to original requirements
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Model-Based Systems Engineering ( Harmony/SE )
System Functional Analysis

.
Stakeholder Requirements I
-— Requirements Analysis .
| System Requirements Define UC Internal Block Diagram
i Use Case Model Context
: ‘ System Use Cases 8
< ! System Use Case Model(s) System Functional Analysis ( Deflne UC Black-Box Activity Diagram
E\ < (Use Case_Based) L UC Functional Flow
S 1 Use Case Scenarios (Black-Box) +
) ' System Operations (Black-Box) e
o i Derive UC Scenarios :
o} ! . . from UC Functlonal Flow ] UC Black-Box Sequence Diagram
g | ¢ Inthe System Functional Analysis phase,
£ |+ the focus is on the translation of the ( Def,ne .
o : . . . UC Internal Block Diagram
£ |+ functional requirements into a coherent | o ;“effaces
) ! .. . .
S| description of system functions (  Operations ). — O
o | . . from UC BB- AD and BB-SDs alechart Diagram
© | . Eachuse case is translated into a model -
3 | i and the underlying requirements verified [ Verity/ Vandate UC Model ]
o ' . . trough Model Execution
s | and validated through model execution.
i f L|nk
i L UC Block Properties to Req’s
~— i [Next Use Case]
Links providing traceability [else]
to original requirements Merge Use Case Blocks
[ in SuD Block System
Requirements
Specification ( Baselined)
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System Functional Analysis
Derivation of Use Case Scenarios from a UC Black-Box Activity Diagram
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Use Case Model Verification and Validation Through Mo  del Execution
Example: Security System Use Case Controlingress (ref. Rhapsody® Deskbook)

1 Ucl Camera & 1 itsUcl Controlingress &/ 1 Ucl Door & O -
S — Security System
pUcl_Controlingress F—D pCamera pDoor []—[H‘\pl\J\?l_Controllngress
N — Camera Cont%tl:l#gress Dgor
1 Ucl User & il Ucl Admin & O] —
pUcl_Controlingress [‘]—[H pUser pAdmin [H—[E pUcl_ControIIng\réss\ ;;S
| Admin
! A User
JRT=TET] [ statcchartof - Ucs_Controlngress - Ut Controlingress0] =
Ucl_User | itsJc1_Controllingress | U1 _Admin | Ucl_Door | Ucl_Camera | =
v -
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p— Ll :C...display Status[~ Swipe Card™); iﬂ
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2 2 = Z [CardStatus=="not valid"} ;‘-‘ri::::?&ig[‘"ﬁf
% dizplayStatus(Textinfo = Sﬁipe Card} % ; g:rﬁ?smus[“mu“ﬁ disablanwessﬁequestsu;
Z Z 2 ; OPORT(pdmin}> QPORT(pCamers)->
? reqProoessCard(UserRaquish Ingress) ? % ; i P 5
% “ % ValidatingCard @‘1 [FpCount = 3]
- - Z ; i1 aeec)t disablel
é processCard(} ? 2 ; display Status[Timgout™s: | “» yalidate SecurityCard|Card Status); display Status["Userdccount Disabled™);
Z z 7 - p
“ o o o - [reqPr il
& EableAccessRequests(l o [Card Status=="valid I/
? ? 2 ; display Status["Fingerprint Scan™}
? regTakeSnapshot() % 4 % —[ waitForFingerprint
% vl urrtycaru(caruéatus = valid) % % | 1 IEpEoinE ]
% s % o reqictivateFingerprintScani
7 - 7 [Buthentication Status== activateFingerprintSczn();
e izplayStatus(Textinfo = rprir 4 2o “authenticated™]/ o
Z < f OPORT(pDoor}= processingFingerprint Sttt
z 2 7 o [req OpenDoar))i [ —— o 5
o
? rquctivateFingerprintScand} % g Z p|
i 2 ¥
% mwateﬁngemrmsﬁn(}g 2 f ControlingDoor AuthenticstionFzilllode &
- . Z 7 - P —————— poounerpcoun — L
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7 v = o
2 reqUnIuckAndOpenDuur[)g f Z
Z T z tmitssecl
o o i tmi 1000} at ROOT.Doergil. Opening ‘OFORT(pDoor)->
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/ PR /
£ i o o
it o = o
£ “
Z | Z 7 7 . -
v 3 f
4 | ;I_I < | ;I_I
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Model-Based Systems Engineering ( Harmony/SE )
Design Synthesis

!

—
Verlfy

System Architecture Model ]

5

In the Design Synthesis phase, the focus is on the allocation of system-level operations to
a system architecture - optionally elaborated throug h trade studies - and on the definition of
ports / interfaces and state-based behavior at the lowest level of the structural decomposition.

SDO02 20

Architectural
VSR ic Di
- : : Analysis —>[ Elaborate (f“l_fg:j';egti?;)concept ] Parametric Diagram(s)
| System Use Case Model(s) System Functional Analysis
< (Use Case-Based)
i Use Case Scenarios (Black-Box) Define Parts of System Architecture
System Operations (Black-Box) De°°mp°5't'°f Hierarchy Structure Diagram (BDD, IBD)
l
l
; Design Synthesis Allocate
> , Architectural Non-Functional Reg’s to Parts
o H Repeated for each Level of Design ¢
= H System Architecture Decomposition
8 : Allocate System-Level Use Case
Qe Architectural Analysis Operations to Parts White -Box Activity Diagrams
0] ' Architectural Analysis Model(s) (Trade Study) v
[n'd : [Next Use Case]
12] 1 Architectural Concept
c H o i [Next Level of [else]
) 1 UC Activity Diagram(s) (Black-Box) ) ) Decomposition]
= ' Architectural Design —<?
g E [else]
3 : Allocated Decompose System )
o) 1 ) System-Level Operations >| UC Black-Box Sequence Diagrams | White-Box Sequence Diagrams
Y ! Use Case Scenarios (Black-Box) _ : 7
— | > Detailed [Next Use Case]
D | System Architecture Model Architectural Design ?
3 ' Scenarios (White-Box) N ; (eise]
2 : é Detailed Define System Architecture
E é Logical ICDs A’Cg'éz‘i:g‘t‘]ral Ports and Interfaces Structure Diagram (IBD)
i HW/SW Req Specs (Baseline) 1
: incl. Test Scenarios Define Leaf Blocks
E HW/SW Development Leaf Blocks State Based Behavior Statechart Diagram
l
l
: [
Ll

Links providing traceability
to original requirements
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Architectural Design

Allocation of Operations to Subsystems (Decomposition Level 1)

=)

D
[

Use Case Black-Box Activity Diagram

(

Use Case White-Box Activity Diagram
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Detailed Architectural Design
Decomposition of UC Black-Box Scenarios and Definition of Ports / Interfaces

SuD Internal Block Diagram

Use Case Scenario

SDO02
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Architecture Model Verification and Validation Throu gh Model Execution
Example: Security System (ref. Rhapsody® Deskbook)
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Model-Based Systems Engineering ( Harmony/SE )

)

A

Stakeholder Requirements | =—

Stakeholder Requirements

v

Requirements Analysis

System Requirements Draft

System Use Cases System Req Spec

System Functional Analysis
System Use Case Model(s) (Use Case-Based)

A

Baselined
System Req Spec

System Operations (Black-Box)

A

Use Case Scenarios (Black-Box)

Design Synthesis

Repeated for each Level of
System Architecture Decomposition

Architectural Analysis
Architectural Analysis Model(s) (Trade Study)

A

Architectural Concept
UC Activity Diagram(s) (Black-Box)

A 4

Model / Requirements Repository

Architectural Design

Allocated
System-Level Operations

Detailed
System Architecture Model Architectural Design
Scenarios (White-Box)

Use Case Scenarios (Black-Box)

\ 4

A A

~—

Links providing traceability
to original requirements

§
i Logical ICDs
HW/SW Req Specs (Baseline)
HW/SW Design incl. Test Scenarios
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Model-Based Systems Engineering with Rhapsody

> Integrated System / Embedded Software Development P rocess

» Fundamentals of Model-Based Systems Engineering ( Harmony/SE )
- Essential SysML Artifacts
- Service Request-Driven Modeling Approach

» Task Flow and Work Products in  Harmony/SE

» Handoff to Hardware / Software Development

SDO02 25



Jin
H

IBM Rational Software Development Conference 2008

Systems Engineering Handoff to Hardware and Software Development

In a model-driven development the key artifact of the handoff from
systems engineering to the subsequent system development is the
baselined executable model.

This model is the repository from which specification documents (e.qg.
HW/SW Requirements Specifications, ICDs, ...) are generated.

Scope and content of the hand-off is dependent on the characteristics of
the project and the organizational structure systems engineering is
embedded.
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Systems Engineering Handoff to Hardware and Software Development (1)

If the SuD is all software, systems engineering may stop at the
functional analysis level. In this case, the hand-off are use case
models.

Baselined executable use case model

Definition of use case operations including
links to the associated system functional requirements,

Definition of ports and logical interfaces of the use case block,

Use case black-box activity diagram,

Sunny day/rainy day use case scenarios,

Statechart diagram of the use case block, and

Non-functional requirements that are allocated to the use case.
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Systems Engineering Handoff to Hardware and Software Development (2)

If - from the organizational point of view - there is a separation
between systems engineering and subsystems engineering, the
hand-off may stop at the first level of system architecture
decomposition.

» Baselined executable subsystem model,

» Definition of allocated operations including
links to the associated system functional requirements,

» Definition of subsystem ports and logical interfaces
(Subsystem Logical Interface Document),

» Subsystem statechart diagram,

» Subsystem test scenarios, derived from
the system white-box sequence diagrams, and

* Non-functional requirements that are allocated to the subsystem.
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Systems Engineering Handoff to Hardware and Software Development (3)

SDO02

If systems engineers hand-off their specifications directly to
HW/SW development, each HW/SW component specification
will include the

» Baselined executable HW/SW component model,

» Definition of HW/SW component allocated operations
including links to the associated system functional
requirements,

» Definition of HW/SW component ports and logical interfaces
(Component Logical Interface Document)

« HW/SW component statechart diagram,

« HW/SW component test scenarios, derived from
the system white-box sequence diagrams, and

» Non-functional requirements that are allocated to
the HW/SW component.

AS



IBM Rational Software Development Conference 2008

Model-Based Systems Engineering

Stakeholder Requirements =

Stakeholder Requirements

Requirements Analysis

System Requirements

‘ System Use Cases

System Use Case Model(s)

System Functional Analysis

Use Case Scenarios (Black-Box)

(Use Case-Based)
System-Level Operations
Architectural Analysis & Design

Repeated for each Level of
System Architecture Decomposition

Architectural Analysis

Architectural Analysis Model(s)

UC Activity Diagram(s) (Black-Box)

(Trade Study)

Architectural Concept

Model / Requirements Repository

Use Case Scenarios (Black-Box)

Architectural Design

Allocated
System-Level Operations

1 Detailed

System Architecture Model

Architectural Design

Scenarios (White-Box)

Links providing traceability
to original requirements
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é Logical ICDs
HWI/SW Req Specs (Baseline)
incl. Test Scenarios

HW/SW Design

Stakeholder
Requirements

System Changes

/

Requirements
Analysis

Systems

AN
@ Systems
Engineering
Harmony/SE

Scenarios

- System
i Acceptance

(Sub-)System

Analysis & Design

SE/ESW
Hand-off

Analysis & Design

SW Implementation

Integration & Test

Module
Integration & Test

Software
Engineering
Harmony/ESW

Model / Requirements Repository

& Unit Test
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QUESTIONS
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Learn more at:
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