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Agenda

* Design Process

— Where does architecture fit in?
* What is a design pattern?
* Architectural design patterns

— Execution Control

— Structure

— Resource Management

— Safety and Reliability
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Analysis in ROPES

Translation

Testing
Unit Integration
i Testin Testin /
Coding \\ 9 J / Validation
Detailed Testing Iterative
DeS|gn Prototypes
Mechanistic \u
Design \ Party!
Requirements
Analysi
DeS|gn L Dalysis
Architectural ~.
Design

\  Systems Engineering

Object Analysis \

Analysis
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Analysis

Analysis is the
/dentification of the
required properties

of all possible
acceptable solutions
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Design in ROPES

Translation

Testing
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i Testin Testin /
Qoding  Testing 9 " Vvalidation
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Requirements
Analysi
DeS|gn 9 nalysis
Architectural I
Design

\  Systems Engineering
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Design

Design is the selection
of one particular solution
which optimizes the set
of design criteria with
respect to the relative
importance of each
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Common Design Criteria

Performance
— Average
— Worst-case
— Predictability
Resource usage
— Robustness

— Thread safety ) _ :
— Minimization of resources (space) Quality of Service (QoS) ‘

always drives your design

— Minimization of resources (time)

* Safety
* Reliability
* Reusability

Extensibility & evolvability

Maintainability
* Time-to-market
* Standard conformance
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Analysis

* What, not How
* Identify all properties that must exist in all acceptable solutions
* Requirements Analysis
— ldentify black box functionality
— Use case and context views
* Object Analysis
— ldentify essential object model

— Class, state and scenario views
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Design

* How analysis model will be implemented
* Identify and refine the properties of one particular solution
* Two approaches

— Elaborative Design
Refine analysis model by adding more detail

— Translative Design
Build a translator that embodies design decisions
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Creative Design

& >

Internalization

N

]

OO
Sequential Analysis

o

Pattern Matching

© Telelogic AB Telelogic



11

(Physical) Architectural Design

* (Harmony) Architectural Design consists of 5 interrelated model views:
— Concurrency and Resource View
— Deployment View
— Distribution View
— Safety and Reliability View
— Subsystem and Component View

Each Architectural View will have its own design patterns.
The complete system architecture is the set of design patterns
used in of the aspects of physical architecture.
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Aspects of Architecture

Component View
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Example of Pattern Selection

80
70+
60
50 B Worst Case Perf
O Safety
40 W Reliability
B Memory Usage
301 W Portability
20- B Time to Market
107 Architectural Patterns:
0- » Static priority Pattern
Worst Case Perf Reliability  Portability * Fixed Block Memory Allocation
Safety Memory TT™M Pattern
. . o * Channel Pattern
Design Criteria ranked by criticality + Triple Modular Redundancy
Pattern
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Example of Pattern Selection (2)

90
80+
70+
60+ B Time to Market
50- [ Reusability
B Simplicity
40+ B Performance
30- B Reliability
B Safet
20+ Y
10- .
Architectural Patterns:
T?r;le o Market - Recursive Containment Pattern
Simplicity Reliability » Cyclic Executive Pattern
Reusability Performance Safety . Dynamic Memory Pattern
Design Criteria ranked by criticality * Container-Iterator Pattern
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Mechanistic Design

* Addition and refinement of objects to implement analysis models
* Addition of “glue” objects

— Containers and Collections

— Interfaces

— Medium-level policies

— Optimized rendezvous among threads

— Aid reuse by enforcing

» Good abstraction

» Good encapsulation
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Detailed Design

* Refinement of details within objects themselves
— Visibility
— Internal decomposition of services
— Internal data structuring and typing
— Internal safety and reliability means
» Data redundancy

— Internal implementation policy of associations and object messaging
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Design Patterns

* Design patterns are
— generalized solutions to recurring optimization problems

— reified structures of object collaboration that reappear in a variety of
contexts

— Parameterized collaborations of objects, where the object roles are the
formal parameters and the objects that play those roles are the actual
parameters when the pattern is instantiated

* UML has introduced a notation to explicitly capture design patterns.

* Shown as a dotted ellipse with dotted lines to the collaborating objects
or classes

1 7 © Telelogic AB TEJEJ og ’-G



Example Analysis Model Collaboration

b,
How do we efficiently update the
TextView and the SpeedController with
new data when it is available?

Analysis Model
ipre-design pattern)

Teut'Wiew
= fant:int
TrainSpeed E HEEE:EI
OpticalSensor 1 1 .
i = speed:double
1 ™ senseData:double & display{:vaid
1 _ & getState):double 1
ADCanverter & getSenseDatal):void & setState(s double):vaid 1
1 opeedController
HighPassFilter = SpeedSetting: double
1 = SpeedActualdouble
™ comerFreq:double
& contralSpeed():vaid
& filteris: double):double

HWSensor

1 8 © Telelogic AB Te"e; ﬂg 'r-c



Design Pattern: Observer Pattern Specification

Observer Pattern
(aka "Publish-Subscribe™)

Provided pattern element

—

- _—_
—_— lllll —_

. R —— — ! T = T —
MotifcationHandle — AbstractSubject AbstractObsener
= updateAddr Addr 14‘-
itsMaotifoationHandle & update(:void
1 :
& getUpdatesddr():vaid & subscribe()void - -
. : itsSubject
& setUpdateAddr():vaid & unsubscribe():void
& notify {:void
——| & getState(:void
5 = T | BsetStatef)void
abstract ("pure virtual™) e
rrethods T
Concretesubject
— s
— 7
T \/

Fattern farmal parameter
- substitute your
analysis-level class in
these roles.
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Design Pattern: Observer Pattern Instantiation

Observer Pattern
(aka "Publish-Subscribe™
Z<instantiated=>

AbstractSubject AbstractObserer
MotifcationHandle .
. 1 . . 1 & update():void
= updateAddr Addr : —— & Osubscribe()vaoid itsSubject
itsMatifcationHandle & unsubscribe):void
B getUpdateAddr():void = notify(Jvoid -
& setUpdateAddr]):void EgEtgtatEIﬁlva!g
setState():vol Fattern actual parameter
- ohjects from the Teutviow
71 analysis mode
- T = fant:int
. ~ | S M xPos:int
TrainSpeed o | { B yPos-int
OpticalSensor s '
1 ™ speed:double |
1 M senzeData:double | & display():vaid
1 _ & getState(): double |
ADCaonverter & getSenseData()void & setState(s:double):vaid |
1 \\\ SpeedContraller
AN
HighPassFilter \ M SpeedSetting: double
1 \ M SpeedActual:double
™ cornerFreq double
trolSpeed):void
___Classes from the analysis S
Sfiter(s double):double F— 7 7 model unaffected by the
pattern

HWSensor

20 © Telelogic AB Te"e; ﬂg 'r-c
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Why Use Design Patterns?

* Reuse effective design solutions

* Provide a more powerful vocabulary of design concepts to developers
* Develop “optimal” designs for specific design criteria

* Develop more understandable designs

© Telelogic AB TEJEJ og c
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B~ =

How do | Apply Design Patterns???

Construct the initial model
|dentify the design criteria
Rank the design criteria in order of importance

|dentify design patterns that optimize the system (architectural) or
collaboration (mechanistic) for the critical design criteria at the
expense of the lesser important ones

1. Architectural patterns apply system-wide
2. Mechanistic patterns apply collaboration-wide
3. State behavioral patterns apply object state machine-wide

© Telelogic AB TEJEJ og c



23

Architectural Design Patterns

© Telelogic AB Te;e’ ag c



Channel Pattern

* Problem
— Efficient execution of a system in which data is successively transformed in a series of steps

— Want to organize and manage a hi-reliability, hi-availability, or safety-critical system that must

provide redundancy of end-to-end behaviors
* Solution

— Construct the system as a channel, a large scale subsystem which handles data from acquisition

all the way through dependent actuation. Provide as many independent channels as necessary.
* Consequences
— A simple organizational pattern that permits redundancy to be easily added.

— May use additional memory since channels are designed to be independent, requiring replication

(redundancy)

24 © Telelogic AB TEJEJ og ’-G
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Channel Pattern

"Object in State" notation
in the UML. State is in
square brackets.

/ «channel»

>+O

/
datum datum datum
[raw] [partially cooked] [cooked]

, Abstract :
Input Filter Transformation Output Filter Q
acquire transform issue /\

Output
Sink
Concrete
Transformation
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Channel Pattern Example

? Rhapsody in C++ by I-Logix Inc. - [Object Model Diagram: Modell *] ”Elg‘
1: Fle Edit View Code Layout Tools Window Opfions Help = |8

DEFd BB S oW QeEARE X ||ZEEXQS (&0
il iz ‘Deiau\tCDmpDnem L”DeiaultCDnﬁg Lj BIRS F = W E s N

— ;

Entire Model View ¥ Waveform Processing_Channel

='E ECS ~
A o WWavefurm_Sample HHRAEI Sart e RIS
=63 Packages [raw] [reduced] [displayable]
= @ Default
5 % Actors
= B Classes
B Data Redd -
B Display_Sci
#-M Heart_Mod
B Heart_Mum
#-B Heart_Rate

A

[EP B @

L]

Data_Reducer Display_Scaler Waveform_Yiew

ECG Low Pass_Filter

e | 1 Mol [l 2 H HA

PYC_Analy:

QRS_Recor
ST Qanrmar —
>

Data Waveform Processing Channel
Acquisition 1
Module

&
o

=] |

[ =Rt <a3ubsystermn>>
=B

=8

+ =

General Properties

e 1 ECG Low_Pass_Filter 1 Data_Reducer : Display_Scaler Waveform_View | 1
& AC Cort Overt™ Loc K— = L _Z =

{h Sbrg/éuns

Display

= | ObjectModelGe W “1
Class
Agaregat 1 1
Agsociat
¥ ClassDiad Waveform_Sample 1 Waveform_Sample Waveform_Sample

1

Cormplets [raw] [reduced] [displayahle]
Composi

Compos| <<Subsystemn==
Depends
*| Inheritan
*| MNote

Package
~ | Dialogq Heart_Numerics_Channel

Diagrams -
Comme General: Gz v QRS _Recognizer | PvC_Anatyzer ST_Segment_Analyzer 7

< > 3 >
Locate| oK ‘ | 7 Model *

Eri 1 bl fael . Dk

Telelogic
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Concurrency Architecture Patterns

© Telelogic AB TEJEJ og Ic
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Message Queuing Pattern

* Problem
— A simple way to request services be performed across thread boundaries in a thread-robust way
* Solution

— Queue incoming services in the receiving thread until that thread runs — then dequeue and service

the requests
* Consequences
— This approach is simple and supported by most operating systems
— Service responses are delayed until the target thread actually runs, so response may not be timely

— No mutual exclusion problem because requests are serialized

© Telelogic AB TEJEJ og Ic



29

Thread

Message Queuing Pattern

Queue
myQ i
> insert()
1 remove()
1
. 1
ﬁ Mutex
targetQ
lock()
releasel()

© Telelogic AB Te"e; Dgf c



Guarded Call Pattern

* Problem

— Need timely response to service requests across multiple threads, and the synchronization

across thread boundaries must handle mutual exclusion issues for thread-safe rendezvous
* Solution

— Permit calls to methods of object across thread boundaries, but protect those calls with a mutual

exclusion semaphore, 1 semaphore per shared object
* Consequences
— A simple solution supported by most operating systems
— Can lead to blocking when the target object is currently locked

— Can lead to unbounded priority inversion unless a priority inversion control pattern is also applied

(e.g. Highest Locker or Priority Inheritance)

30 © Telelogic AB TEJEJ og ’-G
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Client Thread

Guarded Call Pattern

Server Thread

client

BoundaryObject

Server

*

*

mutex

Shared
Resource

© Telelogic AB Te"e; Dgf c



Rendezvous Pattern

* Problem

— Need a collaboration structure that allows any arbitrary set of preconditional invariants to be
met for thread synchronization, independent of task phasings, scheduling policies, and

priorities.
* Solution
— Reify the rendezvous policy as a class that mediates how the threads collaborate
* Consequences

— An easy-to-implement pattern that can implement an arbitrarily complex set of thread

rendezvous preconditions

— Thread Batrrier Pattern is a common instantiation of this pattern

32 © Telelogic AB TEJEJ og ’-G
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Rendezvous Pattern

Synch Policy

1
1

Rendezvous

*

reset(void): void
register(callback:address)
release(void): void

1

Callback

{ mapped }

Client Thread

notify

(

void): void

© Telelogic AB Te"e; Dgf c
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Thread Barrier Pattern Statechart

Synch Policy

/ExpCount = ExpectedCount

start synch/
count = 0;

(“reser )

S

[count>=ExpCount-1] \(

Countin
> counin )

)

[else]/
myRendezvous->GEN(evReleaseAll)

evSynch/
++count

© Telelogic AB Te"e; ﬂg Ic
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Memory Patterns

* Pooled Allocation Pattern
* Fixed Sized Buffer Allocation Pattern
* Smart Pointer Pattern

© Telelogic AB TEJEJ og Ic



Pooled Allocation Pattern

* Problem

— In a situation that cannot use dynamic allocation during run time, we
need to use many small objects but we cannot statically allocate their
ownership in the worst case, even though we CAN handle all worst

cases

* Solution

— Preallocate pools of small shared objects, giving them to the clients as
necessary, who return them when done

* Consequences
— No memory fragmentation

— No unpredictable memory allocation
— Handles more complex situations than the Static Allocation Pattern

36 © Telelogic AB TEJEJ og ’-G
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Pooled Allocation Pattern

Generic Pool Manager

initiailize
allocate
release

freeObject

Object

Client

% Server

N
\

\  «bind»

pooledClass

*

Resource Pool Manager

ResourceClass, size

© Telelogic AB Te"e; ng c



Fixed-Sized Buffer Pattern

* Problem

— In situations complex enough to require dynamic memory allocation,
sometimes we cannot live with memory fragmentation

* Solution

— Allocate memory dynamically in fixed sized chunks which are
predetermined to allow us to always satisfy a memory request if any
memory is available

* Consequences
— Eliminates memory fragmentation

— Requires static (design) analysis to determine optimal block sizes and
number of sized heaps

— Wastes memory since it is always allocated in fixed sized blocks

38 © Telelogic AB TEJEJ og ’-G
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Fixed-Sized Buffer Pattern

Client

*

*

Object Factory

*

1

{ allocated and free
blocks in the same
memory segment shall
be all the same size }

Heap Manager

Sized Heap

Memory Segment

Allocated Block

Free Block

1

free List

© Telelogic AB Te"e; ﬂg Ic



Smart Pointer Pattern

* Problem

— Pointers are very powerful but induce many kinds of errors. This is because
they do not have a means to ensure pre- and post-conditional invariants

* Solution

— Reify the pointers as a class so that access to the pointer behavior can be
controlled via operations that ensure correct behavior

* Consequences

— Stops most common pointer errors — dangling pointer, memory leaks,
pointer arithmetic

— Doesn’t work well with cyclic data structures

40 © Telelogic AB TEJEJ og "-G
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Smart Pointer Pattern

Client

Smart Pointer

Target Wrapper

rawPtr: Target*

Target

Smart Pointer()
Smart Pointer(tAdd: address)
~Smart Pointer()
access()

referenceCount: int

© Telelogic AB Te"e; Dgf c
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* Observer Pattern
* Data Bus Pattern
* Proxy Pattern

* Broker Pattern

Distribution Patterns

© Telelogic AB TEJEJ og c
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Observer Pattern

* Problem
— How to efficiently give up-to-date data to clients in a timely way
* Solution

— Have clients subscribe to the server. When new data is available, the
server walks the client list and sends them the new data

* Consequences

— Works well with minimal complexity

© Telelogic AB TEJEJ og Ic
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Observer Pattern

AN

{ may refer to the same
instance (pass by
reference) or a copy of
the original (pass by
value) }

Data

value: type

0 1

Abstract Client

Abstract Subject o

void accept(data)

subscribe(*Abstract Client)

Concrete Client

unsubscribe(*Abstract Client)

notify()

Concrete Subject

Notification Handle

© Telelogic AB Te"e; Dgf c



Observer Pattern Example

Speed
Speed =
Cruise Control «datar N1 «data» /N
«concrete client» 1 T
vV
Speed Client
Speedometer 1 -
: Wheel Sensor ¢———= CallbackList
— = woid accept(s: Speed) | * 4
«concrete client» :
«abstract client» «concrete subject»
AntiSpin .
Controller
«concrete client» Callback

«notification handle»

© Telelogic AB Te"e; ﬂg Ic
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Proxy Pattern

* Problem

— Use an observer pattern across multiple address spaces with a variety of
different servers and clients, isolating away the knowledge of the
infrastructure of the means to communicate

* Solution

— Similar to a observer pattern but with client and server proxies to isolate the
required infrastructure

* Consequences
— A simple adaptation of the observer pattern
— Good isolation of subject from communications

— Optimizes bus traffic

© Telelogic AB TEJEJ og Ic
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Proxy Pattern

1

Abstract Client

void accept(data)

*

Concrete Client

1

client data

1

Local Notification
Handle

Data
server data
value: type
1 /
Notification
Handle

TN

Remote Notification
Handle

Abstract Proxy

subscribe(*Abstract Client)
unsubscribe(*Abstract Client)

notify()

AR

client proxy

Client-side Proxy

¢

Abstract Server

N

Concrete Server

Sener-side Proxy

1

server proxy

send()

© Telelogic AB Te"e; Dgf c
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Proxy Pattern Example

«concrete client»

Safety
Monitor

P1: O2 Flow
Callback ?‘ Client Proxy
«local notification «client-side proxy»

handle»
Safety Processor

«local notification
handle» «client-side proxy»

CommunicationsBus

«remote notification

Callback <] -2 O2Flow
* Client Proxy

Inspiration
Controller

«concrete client»

Drug Vaporizer

«concrete client»

Medical Delivery Processor

handle»
«server-side proxy» Object ID
O2Flow [®—=
Server Proxy
02 Flow
«data»
02 Flow
Sensor

«concrete server»

Gas Mixer Processor

P3: 02 Flow

«client-side proxy»

Client Proxy

|

Callback

«local notification
handle»

User Control Processor

Histogram
View

«concrete client»

© Telelogic AB Te"e; ﬂg Ic




Broker Pattern

* Problem

— Support a symmetric distribution architecture (as for dynamic load
balancing), and allow objects to find each other without knowing their
locations a priori

* Solution

— Add a broker as an object repository, such that when servers run, they
register with the broker; when clients need to access a server, they request
the location of the server from the broker

* Consequences
— Good support for symmetric architectures
— Good commercial support with CORBA

49 © Telelogic AB TEJEJ og ’-G
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Broker Pattern

1

Abstract Client

void accept(data)

*

Concrete Client

client data

1

Local Notification
Handle

Data
server data
value: type
1 /
Notification
Handle

T\

Remote Notification
Handle

L]

Abstract Server

Abstract Proxy

subscribe(*Abstract Client)
unsubscribe(*Abstract Client)

notify()

AN

1
>

client proxy

Client-side Proxy

N

Concrete Server

Server-side Proxy

1

server proxy

Broker

g

Remote Notification
Handle

{ may be mediated entirely by

the Broker }

lelogic AB TEIe;ﬂgf C
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hapsody in C++ by |-Logix Inc. -

Broker Pattern Example

ject Model Diagram: Modell *]

ek

oegl .

Fle Edt wiew Code Layout Tooks Window Options Help

2|5 !

5y U @l Z |DefaulComponent

Entire Model View e

~|

=80 Project
[+ E3 Components
-3 Object Mods| Diagrams
[+ 20 Packages

General | Properies |

Name. Model
Default Package:  |Defaul e

Diescrintion:

I

For Help, press F1

nAQEEAX THXraf: S|
:J][jefau\lﬂunlig Z|me | BeB | |w ===
c Client_Interface Server_Interface
=)
z +a :int
T >
T
z
3
E
E S
: +getA():void
<< >
CORBAInterface <<CORBAInterface>>
ConcreteClient ConcreteServer
;.
3]
| Modelt *
Code generated to diecton: C:\Rhapsodyd YProjectD efaulComponentiD et aultConfio A | 7
& Generating Comporert intialization code and main function into file MainD efaultCompanent h il %5 =
Generaling Component intialization code and main function into file MainDefaulComponent cop
= G enerating make file DefaukComponent mak
Code Generation Done
0 Enoi(s], 0 Wamingls), 0 Message(s)
% 5 v 4 _»]‘L |
1l ,-i'l AP Buitd A Check Model i Configuration Managemert _j_Anirabon T Sarcieston ;

[Thu, 16, Apr2ooz 100 PM 2
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Broker Pattern Example

«server-side proxy»

Furnace

«broker»

«server-side proxy»

Interface

Furnace

«concrete servery

ORB

Thermometer
Interface

Controller
Interface

«client-side proxy»

Temperature
Controller

«client proxy»

Thermometer

«concrete servery

© Telelogic AB Te"e; ﬂg Ic
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Safety and Reliability Patterns

* Protected Single Channel Pattern

* Homogeneous Redundancy Pattern

* Heterogeneous Redundancy Pattern
* Triple Modular Redundancy Pattern

* Monitor-Actuator Pattern

© Telelogic AB TEJEJ og Ic
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Safety and Reliability

* Reliability is measured by MTBF
— MTBF = probability of fault
* Safety is measured by risk
— risk = severity * likelihood
* Fault is nonconformant behavior
— Error — a design or implementation flaw

— Failure — breakage of something that was previously correct

© Telelogic AB TEJEJ og Ic



Safety vs Reliability

Systems wiith
a fail-safe
state

Systems without
safety impact

Reliability

Systems without a
fail-safe state

55 © Telelogic AB Te"e; ﬂg 'r-c
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Protected Single Channel Pattern

* Problem
— Provide protection against errors (design flaws) in a cost effective way
* Solution

— A variant of the Channel pattern the uses light-weight redundancy to
provide identification of errors

* Consequences
— Low design cost
— Low recurring cost

— Not able to continue in the presence of faults

© Telelogic AB TEJEJ og Ic



Protected Single Channel Pattern

«channel»

successor
transformation J
0, predecessor
Ez * . |:||:| . . 1 fransformation
— Input Data |:||:|
- |:||:| Processing %Transformation - Output * *
1 i |:||:| Processing control| ~
Input * 1 signal
Sensor Actuator

>O :: Data Validation

57 © Telelogic AB Te"e; ﬂg 'r-c



Protected Single Channel Pattern Example

Motor Control Channel

Temperature Controller
«channel»

«input processing»

58

Measured Shutdown
Temperature Temperature
Thermometer
«input sensor»
ProtectedCRC
CRC
setCRC()
getCRC()
checkCRC()
ProtectedOnesComp
value:int \
onesCompvalue: int MotorController «output pragessing»
Motor
setValue() ControlRate
getValue() measuredRate
runDuration Rate
setRatel() Mot
setControlRatel() emergencyStop otor
setMeasuredRate() «actuator»

setRunDuration()

«data transformation»

Speed Sensor
«input sensor»

FilteredSpeed

«input processing»

Speed Safety

Monitor

shutdow nRate

«data validation»

© Telelogic AB Te"e; ﬂg Ic
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Homogeneous Redundancy Pattern

* Problem

— Provide the ability to continue in the presence of a fault
* Solution

— Provide “redundancy in the large” by replicating channels
* Consequences

— Low design-time cost

— High recurring cost

— Able to continue in the presence of a failure

— Does not recover from errors

© Telelogic AB TEJEJ og c



Homogeneous Redundancy Pattern

Primary
Input
Sensor

Secondary
Input
Sensor

60

Primary Actuation Channel

successor predecessor
transformation ransformation
0,1
1
Input Data Output
— Procepssing Transformation Processing
Primary
Actuator
. Actuation
L >
Data Validaton Validation
S Actuation
> . .
Data Validation Validation
L S Input Data Output
Processing Transformation Processing
1
0,1 predecessor Secondary
successor transformation Actuator
transformation
Secondary Actuation Channel

© Telelogic AB Te"e; Dgf c
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Homoaeneous Redundancv Pattern Example

Primary
Flow
Sensor

Primary
02
Sensor

Backup
02
Sensor

Backup
Flow
Sensor

Main Flow Control Channel
«Primary Actuation Channel»

«data transformation»

successor
transformation Gas Flow
Controller
Flow Sensor predecessor
Driver transformation
«input processing» «OUtpl.Jt
02 Flow Rate rocessin
Gas Flow
«input processing» «data transformation» Driver
Primar
02 Sensor Gas y
Driver Mixer
«data validation»
. Gas Flow sugcessor
—_— 02 Monitor . h
Monitor trangformation
Built In Test «actuation validation»
Built In Test «actuation validation»
02 Monitor Gas Flow
Monitor
«data validation»
02 Sensor
Driver Gas Flow
- - «data transformation» Driver
«input processing»
«output Backup
. . ; 02 Flow Rate processing» Gas
«input processing» Mixer
predecessor
Flow Sensor transformation
Driver
Gas Flow
successor Controller
transformation

Backup Flow Control Channel

«Secondary Actuation Channel»

«data transformation»

slogic AB TEIe;ﬂgf C
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Triple Modular Redundancy Pattern

* Problem

— Want to provide protection against single point failures and be able to
continue

* Solution
— Replicate the channel three times, run all three in parallel
— If one channel breaks, then the other two will concur
* Consequences
— A common solution to redundancy
— Low design cost
— Very high recurring cost
— Good support for failures but not for errors

© Telelogic AB TEJEJ og c
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Actuation Channel 1

E‘yj input

Triple Modular Redundancy Pattern

input
sensor

~ data output
hd IZ;ZI processing transformation processing
1
0,1 predecessor
successor transformation
transformation
Actuation Channel 2
— E;ZI input data output
i IZ;ZI processing transformation processing comparator
1
0,1 predecessor Actuator
successor transformation
transformation
Actuation Channel 3
" Eb input data output
e IZ:ZI processing transformation processing
1
successcc))ﬂ predecessor
transformation transformation
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Triple Modular Redundancy Pattern Example

Train Speed Com putation Subsystem

Channel 1

wheel

optical

wheel

speed
sensor

sensor —>

data

optical
wheel
speed
sensor

com parator

>

optical
wheel
speed
sensor

64

device driver

preprocessing

1

Raw Data

device driver preprocessing Kalman Filter
J .
Raw Data Filtered Data
Channel 2
de::éEesdeorlz-ver — prepr?)it:sSing Kalman Filter
B .
Raw Data Filtered Data
Channel 3
svra[r‘lzilr data

Kalman Filter

.

Filtered Data

© Telelogic AB Te"e; Dgf c
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Mechanistic Design Patterns
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Fundamental Concepts

* Mechanistic patterns all start with “First, create an object that ...”

* The vast majority of design patterns use a combination of two very
fundamental concepts:

— Delegation
— Interface

@ The Singleton design pattern

=" is an exception to this rule.

© Telelogic AB TEJEJ og Ic
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Delegation

* Delegation is a way to extend the functionality of a class by using
an extra class to provide additional functionality.

* It is not always necessary to use Inheritance to extend
functionality, often Delegation is more preferable.

FrontFPanel

= buzzerOn():void
= buzzerOQff):vaid

Without Delegation

itsBurzer-=o);

/
/

FrontPanel

Buzzer

= on():void

itsBuzzer

With Delegation

= of () :void

© Telelogic AB TEJEJ og Ic
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Interface

* This is really what most Design Patterns are based upon. The idea
is to keep the things that change, separate from the things that

don’t change.

Tetris

=]

winternacey

i Loy
iLspray

=i updateLevellevelint) void
=] updateScore(s:int) woid

1 =] drawSquare (aColumn:int,aline:int,. ..
= updatePieceSquare(x:int, y:int,aCo...

= drawGameOver () :void
B drawGameon (J:void
= drawGamePaused(): void

=! updateRemainingPieces(pieces:int)...

MFCGui

| Pure Virtual

LCD320x320

operations

© Telelogic AB TEJEJ og Ic



Categories of Mechanistic Design Patterns

* Creational
— Control the instantiation or creation process
* Structural

— Concerned with how classes and objects work together to form larger
collaborations

* Behavioral
— Concerned with algorithms and roles objects play within collaborations

The selection and categorization of patterns used here is
based largely on the book Design Patterns: Elements of
~—= Reusable Object-Oriented Software by Gamma et. al, 1995

69 © Telelogic AB TEJEJ og ’-G
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* Factory

* Factory Method
* Prototype

* Singleton

Creational Patterns

© Telelogic AB TEJEJ og Ic
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Factory Pattern

Problem

Provide an interface for creating families of related or dependent objects

Applicability

— When you want to enforce independence of the system structure from how it is

instantiated

— When a system is to be run on different platforms parts that vary among the

platforms

— When a set of objects are meant to be used together

Solution

Create an abstract factory that knows how to create all the related parts; subclasses
of the factory know of to create the parts for a specific platform

Consequences

It makes it easy to create platform-specific families of related classes
It promotes consistency among the product families

It aids understanding the common ground between families

It is easy to add new platforms for a set of objects
y p J © Telelogic AB TEJEJ og ’-G
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Factory Pattern

itsProductA = itsFactory->ereateProductA();

1

AbstractFactory

1 | AbstractFProducta

R

= createProductA():vaid
= createProductB():vaid

ProductA2

-
. L
Client
itsProducty”
ProductAl
_——

itsFactory
ConcreteFactory ConcreteFactory?
< = createProductA():vaid = createProductA():void
& createProductB i void & createProductB i vaid

1 AbstractProductB

itsProductB

e

N

ProductB1

ProductB2

|
|
J
|
|
|
|
I
|
|
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Factory Pattern Example

OMOSEventFlag

OMOSSemaphore wait(int tminms):void OMOSMutex
wait(long timeout]:0MBoo 5|gnal|._'|.w_3|d unlock():void
signal():void resetfvoid lock{):void
: B :
getOsHandle[):void * ggl?gggch?Ei:uﬁd getOsHandle[):void *
"OMOSSemaphore() 9 "OMOSMutex])
A
; {<<Usage>> 5
i <<Usage>>
1 <<{Usage>> : 0
OMOSFactory 5
createOMOSTickTimer[:OMOSTimer” :
"""""""" createOMOSThread(:0MO5Thread*
createOMOSSemaphoreJ:OMOSSemaphore®
create OMOSMutex[):OMOSMutex®
createOMOSMessageQueue[):0M0OSMessageQueue™
e createOMOSIdleTimer):OMOSTimer*
' createOMOSEventFlag[:OMOSEventFlag®  feeeeemenooy \
: <<Usage>>
<<{Usage>>
1<{<Usage>>
L OMO0SMessageQueue
OMOSThread v
putfvoid * arg1,0MBoolea
suspend(]:void OMOSTimer pend():veid
LG Bt getOsHandle]:void * isFull):0MBoolean
start{):void ~OMOSTimer() isEmpty{:int

setPriority{int pr):void
getOsHandle[):void *
"OMOSThread(]

getOsHandle[):void *
getMessageList{OMList<
get():void *

© Telelogic AB Te"e; ﬂg Ic




Factory Pattern Example

OMOSFactory
NT OS Family
NTOSFactory am '
OMOSThread OMOSEventFlag OMOSMutex OMOSMessageQueue OMOSTimer OMOSSemaphore
NTThread NTOSEventFlag NTMutex NTOSMessageQueue NTTimer NTSemaphore
OMOSFactory
VxWorks OS Family
x 0 r‘ S am | Vx0SFactory
OMOSThread OMOSEventFlag OMOSMutex 0OMOSMessageQueue OMOSTimer 0MOSSemaphore
VxThread Vx0SEventFlag VxMutex ¥x0SMessageQueue VxTimer VxSemaphore
74 © Telelogic AB Te;e; og "-G
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* Adapter

* Bridge

* Composite
* Decorator
* Flyweight

Structural Patterns

© Telelogic AB TEJEJ og Ic
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Adapter Pattern

Problem
— You want to adapt the interface of a class to meet a client need
Applicability

— (Class) When you have an existing class that meets the semantic need but has an
incompatible interface

— (Class) When you want to reuse an existing class in as-yet-determined
circumstances

— (Object)
Solution

— Create a class subclasses both the expected and actual interfaces and does the
impedance matching, or

— Create an object that refactors and forwards the requests
Consequences
— Class adapters work with only the specific class not subclasses

— Object adapters work with class and subclasses

— Class adapters introduce only a single object
p y g J © Telelogic AB TEJEJ og ’-G
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Adapter Pattern

Class adapter

Client

Adapter Pattern (Class)

Targetinterface

& request(:vaid

Actualinterface

& adaptedRequest()vaid

5

ClassAdapter

& request():vaid
E adaptedRequest():vaid adaptedRequest();

— — itsAdaptee-=

© Telelogic AB Te"e; ﬂg c



Adapter Pattern (Object)

Adapter Pattern
CObject adapter

Targetinterface :
Client : Actualinterface

& request():vaid

& adaptedRequest():vaid

itsAdaptee | 1

ObjectAdapter

itsAdaptee-=adaptedRequest();

— — Erequest]void

78 © Telelogic AB Te"e; ﬂg 'r-c



Adapter Pattern Example (Class)

Client Inistack LinkedList
1 = headPtr: Element*
& pushin:infivaid Element
Hpopeint B insertither:intivoid 1 . _
Htopofstackiint Eremove:int | Enint
BisEmptyii:hool
& getroint
& sethither:infivoid
Adapter Pattern net |01 prev’] 01
Class adapter IntStackadapter

79 © Telelogic AB Te"e; ﬂg 'r-c



Adapter Pattern Example (Object)

Adapter Pattern
Objectadapter

left | 0,1 right | 0,1

Mode
Influele
M= value:int
Client 1. | Eaddithertintyvoid =
& removedint

1
BinanTree

InttiueueAdapter o headPtr - Mode®

& insertitheM:infivaid
& remaoveint
& balancedvoid

80 © Telelogic AB Te"e; ng 'r-c
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Composite Pattern

Problem

Want to represent the grouping of smaller primitive semantic objects into larger assemblies

Applicability

When you want to represent whole-part hierarchies
When you want to assign creation-destruction responsibilities
When the whole is at a higher level of abstraction than the parts

« E.g. System contains subsystems contains sub-subsystems

Solution

Use the Composite Class of UML 2.0/Rhapsody

Consequences

Very effective way to represent hierarchies at possibly many levels
Very straightforward way of assigning create-destroy responsibilities

Specific creation-destruction sequences must be added to the structured class behaviors, if

needed

Composite is responsible, in general, to orchestrate its parts to deliver services

The Port Pattern provides explicit delegation w/o Composite delegation ¢ reiogic as Telelogic
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Client

Composite Pattern

Composite Pattern

Aszsembly

+*

itsPart

=EE

el)vaid

Leaf

Composite

it=Composite

& service()vaid

B service():vaid

© Telelogic AB Te"e; ﬂg Ic
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Composite Pattern Example

Composite Pattern

example

FPowerClient

Fowersubsystem:: provideFPower() |

if (itzMains-=isActive) -
itshlains-=gimmeF ower()

else
itsBattery-=gimmeF ower();

j

w S ubsystem
Fowersubsystem
1
1 Battery
1
1 Charger
1 Mains
1 1

© Telelogic AB Te"e; ﬂg Ic
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Behavioral Patterns

* Chain of Responsibility

* Command

* Interpreter

* Container-lterator

* Mediator

* Memento

* Observer

* State

* Strategy

* Specializable (“Template”) Method

© Telelogic AB TEJEJ og Ic
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Chain of Responsibility Pattern

Problem

— You want to avoid coupling of a request to a specific receiver by giving more than

one object a chance to fulfill the request

Applicability

— When the best place to handle a request isn’t always known at design time

— When you want to have multi-level response

When you want the request handlers to be specified dynamically

Solution

Create a chain of objects and pass the request from object-to-object until the
request is fulfilled or until all objects have had a chance to act

Consequences

Reduced design-time coupling of classes
Ability to add request processing dynamically

There is no guarantee that a request will be handled because there is no grand

© Telelogic AB TEJEJ og Ic
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Chain of Responsibility Pattern

Client

Chain of Responsibility
Pattern

nextHandler 1
Handlar
& handleRequest():vaid
Ja

ConcreteHandler

& handleRequest():vaid

© Telelogic AB Te"e; ﬂg Ic
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Chain of Responsibility Pattern Example

Pattern

example

AlarmingClass

Chain of Responsibility

nextHandler N

Handler

& raiseslarmi):void

BloodPressure

& raizeslarmi:vaid

& handleRequest(:void
AN

PatientPararmeterAlarmHandler

& handleRequest):vaid

DataslarmHandler

HeartHate

& handleRequest(:vaid

EHraiseslarm:void

OperatingRoomAlarmHandler

EhandleRequest(:vaid

DeviceAlarmHandler

& handleRequest{:vaid

© Telelogic AB Te"e; ﬂg Ic
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Container-lterator Pattern

Problem

You want to efficiently manage collections and hide the implementation of the collection

Applicability

When containment is independent of object semantics
When you want to support multiple clients of the same collection

When you want to supply a consistent interface for collection navigation

Solution

Reify the collection as an object and provide implementation-free interface for the kind of collection

Usually implemented as a parameterized class (template)

Add iterators to support multiple-client navigation over the collection

Consequences

Allows extensibility in navigation of collections

Allows easy changes to types of collections

Iterators simplify the navigation over the collections

Multiple clients can simultaneously navigate over the collection

Note: Rhapsody provides this pattern automatically

© Telelogic AB TEJEJ og Ic



Container-lterator Pattern

ElementType

ElementType
capacity ElementType
1
Cantainer lteratar
= current ElemenmtType*
contalpnaet{;l:ﬁratﬂr i createlteratorjvoid &first(:ElementType*

& additem{):void

g ftern(r-void 1 & next():ElementType®
rermaveltarm{):voi

& last(:ElementType™
&isDone(:bool

capacity ElementType

ElementType

ConcreteCaontainer

Cancretelteratar
1 Client .

& createlteratar):void first():ElementType*
& remaoveltern () void Ehextl:l:ElementType*
& additem):void HisDane():boal

7 W last():ElementType*

| chind» A

| chinds

InstantiableCantainer |
Instantiablelterator

© Telelogic AB Te"e; ﬂg c
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Container-lterator Pattern Example

Container-lterator

Pattern
"before" example

M=gClient

Message

M=gClient

Container-lterator

Pattern
"after" example

winstantiableContainers

hzgllueus

* winstantiablelterators

MaglQueuelterator

Message

© Telelogic AB Te"e; ﬂg Ic



Container-lterator Pattern Example

capacity ElementType

Container

H createlterator):void
& addlitern(void
& removeltem(:void

lterator

ElementType

capacity ElementType

Clueue

& addltem (:vaid

& createlteratar:vaid
& remaoveltemi:vaid

08

| hinds

1000, Message

MsgCueue

sinstantiableContainers

M current : ElementType®

Efirst:ElementType®
Erext:ElementType®
& ast:ElementType®
& izDanef:baal

Queuelterator

ElementType

Efirst():ElementType®
& next):ElermentType®
HisDonef:boal

Elast(:ElementType®

M=gClient

AT

ahindl

1

*

Message

zinstantiablelterators
MeglQueuelteratar

Message

Container-lterator
Pattern

example

© Telelogic AB Te"e; ﬂg Ic




Mediator Pattern

Problem

— You want to coordinate a complex interaction among a set of objects

Applicability
— When a set of objects must coordinate in a well-defined but complex manner

— When reusing an object is difficult because it has interactions with a large number other
objects

— When interactive behavior arising from a group of objects should be done without a lot of
subclassing

Solution
— Reify the interaction as a class that coordinates the interaction with the objects

— The architectural Rendezvous Pattern is a large scale example of this pattern applied to
thread interaction

* Consequences
— Limits subclassing
— Decouples classes within the interacting set

— Abstracts and simplifies object interaction protocols

92 © Telelogic AB TEJEJ og ’-G
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Mediator Pattern

Mediator Pattern

Collaborator

ConcreteMediator

ConcreteCollaborator

ConcreteCollaborator?

© Telelogic AB Te"e; ﬂg Ic
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Mediator Pattern Example

Mediator Pattern

example

hediator

In this example, the Robot Arm Scheduler
coordinates S rotating arm joints, 2 sliding arm

joints and 1 grasping arm jaint, to accomplish the
required task

Collaboratar

RobotScheduler

RotatingArmdJaint

slidingArmJaint

GraspingArmdaint

© Telelogic AB Te"e; ﬂg Ic



Observer Pattern

* Problem
— You want to efficiently notify a set of clients that relevant data has changed
* Applicability

— When you want to efficiently notify a set of objects about a value or state
change

— When you want to dynamically add or remove objects to be notified
— When the server should have no knowledge of the client(s)
* Solution

— Create a Subject class that provides subscribe() and unsubscribe
operations

— When data changes, notify all subscribed objects
* Consequences

— Easy to dynamically add or remove observers

— Supports “broadcast” of state information

95 © Telelogic AB TEJEJ og "-G



Observer Pattern

Observer Pattern
(aka "Publish-Subscribe™)

Provided pattern element

—

- _—_
—_— lllll —_

. R —— — ! T = T —
MotifcationHandle — AbstractSubject AbstractObsener
= updateAddr Addr 14‘-
itsMaotifoationHandle & update(:void
1 :
& getUpdatesddr():vaid & subscribe()void - -
. : itsSubject
& setUpdateAddr():vaid & unsubscribe():void
& notify {:void
——| & getState(:void
5 = T | BsetStatef)void
abstract ("pure virtual™) e
rrethods T
Concretesubject
— s
— 7
T \/

Fattern farmal parameter
- substitute your
analysis-level class in
these roles.
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Observer Pattern Example

Observer Pattern
(aka "Publish-Subscribe™
Z<instantiated=>

AbstractSubject AbstractObserer
MotifcationHandle . 1 , Bupdate(:void
M updateAddr Addr : —— & Osubscribe()vaoid itsSubject
itsMatifcationHandle & unsubscribe):void
& getUpdatesddr):void = notify(J:void _
& setUpdateAddr]):void EgetStateﬂl:vn!d
& setState):void
Fattern actual parameter
- objects from the Teutviow
71 analysis mode
- . = fant:int
, ~ | S M xPos:int
TrainSpeed - | { B yPos-int
OpticalSensor s '
1 ™ speed:double |
1 M senzeData:double | & display():vaid
1 : & getState(): double |
ADCaonverter & getSenseData()void & setState(s:double):vaid |
1 \\\ SpeedContraller
AN
HighPassFilter \ = SpeedSetting: double
1 \ M SpeedActual:double
™ cornerFreq double
trolSpeed)-void
___Classes from the analysis S
Sfiter(s double):double F— 7 7 model unaffected by the
pattern

HWSensor
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Strategy Pattern

Problem

— You want to apply a family of algorithms and make them interchangeable, even

dynamically so

Applicability

When you want to apply an algorithm to different classes
When you need algorithmic variants

When you need to vary a strategy or algorithm at run-time

Solution

— Reify the strategy(ies) as objects and attach them to the appropriate context objects

Consequences

Easy management and application of related algorithms
Alternative to subclassing the context

Eliminates conditional statements in algorithms

Allows selection of an optimal algorithmic strategy depending on circumstances

Some overhead for collaboration between context and strategy

© Telelogic AB TEJEJ og Ic
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Strategy Pattern

Strategy Pattern

Context

4.

1

Strategy

E contextinterfacel):vaid

itz=trategy

& algarithminterface(:void

ConcreteStrategy

& algorithminterface):void

© Telelogic AB Te"e; ﬂg Ic
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Strategy Pattern Example

Strategy Pattern

example

DataSet

Strateqy

[

Datum

& algarithminterface):void

e

AutoCorrelation

N\

FaurietTransfarm

HatleyTransform

© Telelogic AB TEJEJ og Ic



Specializable Method Pattern

* Problem

— You want to define a skeleton of an algorithm and allow specialized steps
to be subclassed

* Applicability

— When the algorithm has a static structure but some steps may differ
depending on the need

— When the algorithm is linearly factorable
* Solution

— Define a context class for the algorithm structure and allow subclasses to
modify the steps that may vary

— Aka “Template Method”
* Consequences

— Good algorithmic reuse

— Useful for class libraries

1 0 1 © Telelogic AB TEJEJ og ’-G
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Specializable Method Pattern

Specializable Method
Pattern

Context

specializableMethod() {

step1hethodl);

& specializabletethod():void
& stepXMethod():void
& step'fMethod():vaid
& stepZMethad():void

— - éfep}{Methudﬂ;
ét.ep\’hﬂethudlj;

ét.epzhdethudﬂ;

[

specificAlgorithm

& stepriethod):void

opecificAlgorithm

& stepZMethod():void
& stepriethod():vaid
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Specializable Pattern Example

DataProcessingClass

Specializable Method

Pattern
example

& algarithm():vaid

& filterData):vaid

& computeCentralTendency ():vaid
& computeDataRange():vaid

MeanDataProcessing ModeDataFrocessing

& computeCentralTendency ():void = computeCentralTendency():void

for all data { _ far all data {
sum = sum + data[j]; count[data]++

} .

return sum £ n; ;

return index of largest count bin

1 03 © Telelogic AB Te.’e;ﬂgic
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