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SE Practices for Describing Systems

P Future
e Specifications

Pa

“?

e Interface requirements
o System design

e Analysis & Trade-off

e Test plans

Moving from Document centric to Model centric
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Why Model Based Approach ?

Improved communications

Reduced ambiguity

Reduced errors

More complete representation

Enhanced knowledge capture
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What is SysML?

o SysML: Systems Modeling Language

e Aimed at systems engineering applications

- It supports specification, analysis, design, verification and
validation

e Enhances the ability to manage growing system
complexity

 Initially intended as an open source project
e An extension to UML
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What is SysML?

e SysML is a language, not a tool

e It is supported by a number of modelling tools, for
example:
- Topcased (open-source, Eclipse-based)
- Papyrus (open-source, Eclipse-based)
- IBM Rational (commercial)

e Concept of model repository: the modelling tool stores
the model in a repository

- Each SysML diagram is just a particular view of the model
repository
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Unified Modeling Language (UML)

« UML
- Is a visual modeling language
- Is not a methodology
- Defacto standard for SW level OO modeling

e Visual Modeling Language = Notation + Semantics
- Semantics = meaning
- Notation = representation of meaning
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UML/SysML Status

« UML V2.0

- Updated version of UML that offers significant capability for
systems engineering over previous versions

- Adopted in June 2003 /Finalized in 2005

e UML for Systems Engineering (SE) RFP
- Established the requirements for a system modeling language
- Issued by the OMG in March 2003

e SysML
- Industry Response to the UML for SE RFP

- Addresses most of the requirements in the RFP
- V1.0 adopted in 2005
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SysML Scope

Davelooment Life Cycle

Systems Engineering
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SysML Diagram Taxonomy

SysML
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SysML Drawing Summary

SYSML DIAGRAM

PURPOSE

UML ANALOG

Activity diagram

Show system behavior as control and
data flows. Useful for functional
analysis. Compare Extended Functional
Flow Block diagrams (EFFBDs), already
commonly used among systems
engineers.

Activity diagram

Block Definition
diagram

Show system structure as components
along with their properties, operations
and relationships. Useful for system
analysis and design.

Class diagram

Internal Block
diagram

Show the internal structures of
components, including their parts and
connectors. Useful for system analysis
and design.

Composite
Structure diagram

Package diagram

Show how a model is organized into
packages, views and viewpoints. Useful
for model management.

Package diagram

Parametric diagram Show parametric constraints between N/A
structural elements. Useful for
performance and quantitative analysis.
Requirement Show system requirements and their N/A
diagram relationships with other elements.

Useful for requirements engineering.
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SysML Drawing Summary - cont.

Sequence
diagram

Show system behavior as interactions between
system components. Useful for system analysis
and design.

Sequence
diagram

State Machine

Show system behavior as sequences of states

State Machine

*dynamically
derived tables, not
really a diagram

type

diagram that a component or interaction experience in diagram
response to events. Useful for system design and
simulation/code generation.

Use Case diagram | Show system functional requirements as Use Case
transactions that are meaningful to system users. | diagram
Useful for specifying functional requirements.
(Note potential overlap with Requirement
diagrams.)

Allocation tables* N/A

Show various kinds of allocations (e.g.,
requirement allocation, functional allocation,
structural allocation). Useful for facilitating
automated verification and validation (V&V) and
gap analysis.

UML 2.0 Component, Communications, Object, Deployment, Interaction and
Timing diagrams have not been included in SysML

Systems Modeling Language
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4 Pillars of SysML

« OMG SysML includes diagrams that can be
used to specify:

- Requirements

- Structure

- Behaviour

- Parametric Relationships (Parametrics)
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4 Pillars of SysML

Requirements
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Requirements

B> rRecquirement Diagrarn

- Collection of system requirements organized
hierarchically

- Requirement may specify
- a function that a system must perform (functional
requirements), or

- a performance condition that a system must satisfy (non-
functional requirements).
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req Requirements [Automobile System Fiequirements])

«requirement»
Passenger and
Baggage Load

«requirement»
Automobile
Specification

D © O

«requirement»
Vehicle Performance

«requirement»
Riding Comfort

STV IS NS

«requirement»
Maximum Acceleration

id=3.2.1

text = The vehicle shall accelerate from 0 to 80 mph i...

«requirement»
Top Speed

SPASY)

«requirement»
Emissions

«requirement»
Vehicle Production
Cost

«requirement»
Vehicle Reliability

«requirement»
Space

«requirement»
Occupant Safety

«requirement»

Vibration

«requirement»
Noise

«requirement»
Braking Distance

«requirement»

«requirement»
Fuel Efficiency

Turning Radius

id=3.3
text = The vehicle shall achieve at least 25 miles per...

Figure 3.2

Copyright © 2009 by Elsevier, Inc. All rights reserved.
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4 Pillars of SysML

Structure
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Structural Constructs

D> Block Definition Diagrarm

- Represents blocks in terms of their features and their
relationships with other blocks

- Block = an entity, a structural unit with one or more
distinguishing features
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bdd Structure [Automobile Domain] )

«blocks
Automobile
Domain
y B / |

Driver Passenger

Vehicle Occupant

pe
i block»
biiodk wsystem of interest» «bloc
Bacaage Vehicle Physical
ggag Environment
values
speed: mph
weight: Ibs
r ee 0." atm
«block» «block» «blocks
Road Extemal Entity Atmosphere
values values
friction : Real temperature : Deg C

incline : Radians

air density : Mass/Volume
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bdd Vehicle Structure [Vehicle Hierarchy] )

ea| «hardware»
Electrical
Assembly

«system of interest»
Vehicle

¢

vp

«hardware»
Vehicle Processor

aflocatedFrom
«software»Vehicle Controller

b G i pt ba sa s
«hardware» «hardware» «hardware» «hardware» «hardware» «hardware» «hardware»
Body Chassis Interior Power Train Braking Assembly Steering Suspension
Assembly
ft trans / diff right rear left rear
«hardware» «hardware» «hardwares» «hardwares «hardwares
Fuel Tank Engine Transmission Differential Wheel
Engine Size
{complete, disjoint}
«hardware» «hardware»
4-Cylinder Engine 6-Cylinder Engine
Figure 3.10
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bdd Vehicle Structure [Engine Specification] J

«hardware»
6-Cylinder Engine

values

combustion efficiency: Percent
displacement: Cubic Inches
max power: Horsepower
weight: Pounds

operations
generate torque ()

airin |—

fuel in |—

torque out

control if

Figure 3.17

Copyright © 2009 by Elsevier, Inc. All rights reserved.
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Structural Constructs
D> Internal Block Diagrarm
- Shows the internal structure of a block

- Shows how parts are connected and how they exchange
information
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ibd Automobile Domain [Vehicle Context Diagram] )

:Physical Environment
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Copyright © 2009 by Elsevier, Inc. All rights reserved.

:Extemal Entity [0..”] :Atmosphere :Road
1] 1]
- road it-1 "1 road if-2
Air
¥ Sensor Input o
driver sensorin % airin
|—\L—1 foot if L
s Accelerator Cmd ‘Vehicle Wheel Force
:Driver ] > (=] throttle in =
road if right rear
L Gear Select -
= > -] gearin Wheel Force
hand if [5] 2
fuel in road if left rear
1]
1 |
Figure 3.9

h% 7

Lk Compllx




4 Pillars of SysML

Behaviour

Systems Modeling Language




Behavioral Constructs
D> Use Case Diagrarm

- Remains unchanged (same as UML 2.0)

- Describes the interaction between an actor and a
subject to achieve a goal
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Systems Modeling Language

uc Use Cases [Operate Vehicle])

Vehicle Occupant

x|

Passenger

Driver

Vehicle

Enter Vehicle

Exit Vehicle

Control Vehicle
Accessory

Drive Vehicle

Figure 3.4

Copyright © 2009 by Elsevier, Inc. All rights reserved.




Behavioral Constructs

- Remains unchanged (same as UML 2.0)
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Systems Modeling Language

sd Drive Vehicla

% ‘Vehicle

:Driver T
«ACtOI'» :
| |
ref
Start Vehicle
| |
par i I
| [
alt E {vehicle state =: neutral}
ref
Control Neutral Power
| |
—————— R vt ot Tl oo
| {vehicle state = forward}
ref
Control Forward Power
] .
I {vehicle state = reverse}
ref
Control Reverse Power
| |
1 I
o __ i e | I——— o
ref
Control Brake
T I
o A —m e e e —
ref ) )
Control Direction
} i
| |
ref

Tum Off Vehicle

Figure 3.5
Copyright © 2009 by Elsevier, Inc. All rights reserved.




sd Start Vehicle )

&

|
‘Drver
«ACIO s

‘Vehicle

start vehicle ()

vehicle on

Systems Modeling Language

Figure 3.6
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Behavioral Constructs
B> Activity Diagrarm

Extensions to UML 2

1. Control as Data -
- Control can stop the actions that are executing.
2. Continuous systems -

- Any sort of distributed flow of information &
physical items

through system (also includes discrete systems)
3. Probabilities of flow

slaveal
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act Control Powe r)

«allocateActivityPartition»

:Dnver

«allocateActivityPartition»
Vehicle

{stream}
Control  ):Accelerator Cmd
Accelerator «cl;ontinUOUS»
Position D iglreain]
\ o N :Torque
\ Provide
{stream} Power

{stream}
:Torque

:Accelerator Cmd | p

> ignition off

«continuouss»

L:'
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Figure 3.7
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4 Pillars of SysML

Parametrics
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Structural Constructs
DD Pararnetric Diagrarm

- Parametric models are useful to analyze the
performance of a system.

- We start with blocks (constraintBlocks) that can contain
constraints in terms of equations and parameters.
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bdd Parametrics [Analysis Contexty

«blocks»
Vehicle
Acceleration
Analysis

Al «blocks
Automobile
Domain

£
«constraintBlocks» «constraintBlocks «constraintBlocks «constraintBlock»» «constraintBlock» «constraintBlocks
Gravitational Force Drag Force Power Train Force Total Force Acceleration Integrator
parameters parameters parameters paramelers parameters paramelers
w: Pounds fd: Pounds fp: Pounds fi. Pounds f: Pounds y: Ftfsec
fg: Pounds rho: Mass/Volume constraints fk: Pounds a. Fiisec2 y0: Ftisec
theta: Radians v: Fifsec {ip(Teng, Ttrans, Tdiff, fw}| | ft: Pounds w: Pounds X Ftisec2
3 Cd: Real fi: Pounds X >
constraints constraints constraints
{fg = w/g " sin{theta)} canstraints canstraints {f = (w/g) "a} {y = integral{xdt} +vy0}
{fd = 0.5*rho™*v*Cd} {ft = fi+fj+ 1k}

«constraintBlock:»

«constraintBlock:»

«constraintBlocks»

«constraintBlocks

displ: Cubic Inches
eff eng: Percent
pm: Real

eff tm: Percent

Engine Torque Transmission Torque Differential Torque Wheel Force
parameters paramelers parameters parameters
Teng: Foot pounds torgue in: Foot pounds Tdiff: Foot pounds fw: Pounds
fuel flow rate: Mass/Volume gear ratio: Integer eff ta: Percent torque in: Foot pounds
Neyl: Integer Ttrans: Foot pounds torque in: Foot pounds wheel dia: Inches

k: Integer

tire friction: Real

constraints
{ Teng (fuel flow rate, Ncyl, displ, eff eng, mpm)}

constraints
{Ttrans (torque in, gear ratio, eff tm)}

canstraints
{Tdiff {torque in, k, eff ta)}

constraints
{fw (torque in, wheel dia,
tire friction)}

Systems Modeling Language

Figure 3.13
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Structural Constructs

D> Pararneiric Diagrarn

- The Parametric Diagram specifies how constraints
(equations) are connected.
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par [block] Vehicle Acceleration Analysis J

a.pe.rincline a.v.weight

\_/

| [theta| |w

:Gravitational Force

(11

[ Tk L lw
:Total Force :Acceleration :Integrator | — a.v.speed
fp fi fi ot f a xt) Y0

:Power Train
Force

[ ltd

:Drag Force
rho ] cd v

a.v.b.drag

Figure 3.14

Copyright © 2009 by Elsevier, Inc. All rights reserved.
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Structural Constructs

D> Pararneiric Diagrarn

- The Parametric Diagram can be provided to a
simulation/analysis tool to execute test cases (normally
separated from the SysML modeling tool)
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tim Vehicle Performance Timeline)

Gear4

Gear 3

Gear 2

Vehicle State

Gear 1

Neutral

80
70
60
50
40
30
20
10

Vehicle Speed (mph)

L s, D

N

Requirement

Estimated
Performance

Alternative = V6

| | | | | | | |

| |
12 3 4 5 6 7 8 9 10
Time (seconds)

Figure 3.15

Copyright © 2009 by Elsevier, Inc. All rights reserved.
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Cross Cutting Constructs

D> Recquirement Diagrarn

- Requirement traceability: does the system satisfy the
initial requirements?
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req Requirements [Max Acceleration Requirement Traceability] )

wrequirement»
Maximum Acceleration

id=3.21
text = The vehicle shall accelerate from 0 to 60 mphii ...
A7 N
// . !
- wverify» th «rationales
o I P g Refer to engineering
«testCase» «satisfy» analysis results from
Max Acceleration : Vehlclg Acceleratlgn
| Analysis parametric
: diagram.

«blocks
Power Subsystem

«requirements»
Engine Specification

7N

|

1

|

|

|

I .
| «deriveReqt»
|

|

|

|

|

1

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

A
«refines
//
«hardware» «requirements

6-Cylinder Engine Engine Power
id=13.22
text = The max engine horsepower shall be greater
than ...
Figure 3.18

Copyright © 2009 by Elsevier, Inc. All rights reserved.
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Summary

e SysML is the language for Systems Engineering

e Developed in Response to the need of
standardizing systems engineering designs and
process

e An extension to UML

e 2 new diagrams introduced
- Requirement
- Parametric

\Wm__
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