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What's wrong with code?

= Answer:
» Code is a necessary but insufficient structural model of the system
» Code is a 1-dimensional, very detailed structural view
» Every other view must be inferred
= High level structure
= Dynamic behavior
» With large systems, code-based systems are unmanageable!

= Why?
Because to understand complex systems you need to understand
» How pieces of different scale and abstraction work together
» How different aspects (structural, behavioral) of the systems work
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But Why Modeling???

Assume you got a great bonus at work...

You and your wife want to build a new home...

You meet with one architect...

Two months later he comes back with a 647 pages document:

» ... Indented by 7 meters from the west border of the premises, there is a left corner of the
house

» ... The entrance door is indented by another 3.57 meters
» ... 2.30 meters wide and 2.20 meters high, left-hand hinge, opening to the inside

» ... If you come in, there are two light switches and a socket on your right, at a height of
1.30 meters

> ...
= Is it right? Are the requirements correct? Accurate? Consistent? How can you tell?
= You are NOT happy... ® ® ®
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Yes... Modeling!

= Then you call another architect... And two weeks later he comes with this:

Main Level T = Upper Level =

UPPER LEVEL
REVERSE PLAN

= You are very happy! © © ©

= The second architect used Modeling to show different VViews of the house!
» Structural
» Floor layout
» Electrical
» Plumbing
» Heating
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Hand Coding and Modeling Co-Existence

= Dynamic Model Code Associativity

= Change one view, the others change automatically!
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Design Level Debugging with Rapid GUIs

= Virtual prototype / Panel graphics support

» Ideal communications aid for design reviews and general sharing of information.
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UML and MDA

Computationally
Independent
Model

=

model
realization

Use cases
clustering
requirements and
detailed with
sequence, state
and activity
diagrams
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How is MDD different than CDD?

Aspect Code-Driven Development Model-Driven Development
Primary design view Source code Model

Primary architecture view Text Model

Creation of source code Manually Auto-generated from models

Configuration managed artifacts

Source code

Models (and optionally source code}

Primary artifact tested by developer Source Code Models
during unit test and debugging

Representation for requirements Text Text + model
Representation for test vectors Text Models + text

Primary artifact tested by validation
test

Compiled code

Compiled code

Artifacts reviewed

Source code

Model

Porting application to new platform,
OS, or middleware

Review and rewrite all appropriate code

Change PIM transformational rules
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Moving From Code to Models

= Don’t move all the code at once in a “big-bang integration”

= DO — migrate the code incrementally:
» Take one subsystem or component
» Make a model of it either with reverse engineering or by replacing it
» Generate code from modeled subsystem
» Demonstrate (test) correctness of the system with model in place

» Repeat until done

@ Ventilator

B GUI

B Vaporizer

B Gas Mixer

[ Network Interface
[ Patient Monitor
W ECG
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UMMI — UML Maturity Model Index
= Level 0 - Code

» Emacs, vi, Visual Studio, or Eclipse code pounding

= Level 1 — Code Visualization (5% of possible benefit)

» Reverse engineering of code intro structural views but retaining code-based concepts of Files,
Functions, and Variables

= Level 2 — Structural Modeling (15% of possible benéefit)

» Forward Engineering of code frames
» Use of use cases with sequence diagrams and requirements tracing

= Level 3 — Behavioral Modeling (30% of possible benéefit)
» Use of state machines and activity diagrams for classes
» Formal specifications of use cases with state machines
= Level 4 — Model Based Execution & Debugging (70% of possible benefit)
» Executable modeling with model-level debugging
» Executable requirements models with use cases

= Level 5 — Optimizing Model Usage (100% of possible benefit)

» Architectural modeling with UML — subsystems, concurrency, distribution, safety and reliability, and
deployment

» Continuous execution with constant feedback, periodic assessment of risks, model organization
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Harmony ™ for Embedded RealTime Agile Principles

= Your primary goal: develop working software
= Your primary measure of progress is working software
= Continuous feedback is crucial

= Five Key views of architecture define your architecture
= Secondary architectural views supplement your architecture

= Plan, Track, and Adapt

= Leading cause of project failure is ignoring risk

= Continuous attention to quality is essential

= Modeling is crucial

= Optimize the right things

Agile methods are a very disciplined
approach to software and systems

- development emphasizing these principles.
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Harmony ™ for Embedded RealTime Agile Practices

= Use dynamic 2-level planning

= Incrementally construct several times per day

= Minimize overall complexity
= Model with a purpose

= Develop and apply tests as your develop your software
= Prove it's correct — continually

= Avoid defects with defensive development

= Apply design patterns Intelligently

= Manage interfaces to ease integration

= Use model-code

associativity

Practices are workflows that produce and
consume work products to achieve the
goals based on principles and concepts

() [ N B
o i == 7
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The Harmony™ Process

Introduction to Harmony/ESW

H JESW
ermeny Introduction to Harmony/ESW

[ £ Jintroduction to Harmony/[ESW

() Getting Started with Harmony = ) = )
= Core Principles Expand All Sections Collapse All Sections

5 Full Spiral Process = Relationships

Disciplines

) Contents & The Telelogic Harmony Library of Best Practices
i35 Domains e Harmony/ESW Process Context
/55 Roles » Harmony/ESW Timeframes

(=) Real Time Concepts
“L, Open Source Tools

1Bl Tools

References

2+ About Process Plug-in (harmc — N .
Telelogic HarmonyESW Proc @ Q| ‘# % E::.)'-‘;. i

i+ Back to top

Getting Core Roles Work Disciplines Delivery
Started Principles Products Process

PNV X ifan' Welcome to Harmony/ESW

PEOPLE

Harmony/ESW is a member of the The Telelogic Harmany Library of Best Practices specifically for Embedded Software
development.

Harmony/ESW connects the dots between people, process, tools and best practices to provide a complete solution
for embedded software development teams.

The Harmony/ESW Process is generally applicable to software and systems development, but is optimized for the development of software-intensive realtime and
embedded systems. Harmony/ESW is directly derived from the Rapid Object-oriented Process for Embedded Systems (ROPES), authored by Dr. Bruce Powel
Douglass (DOU3S, DOUOZ, DOUD4).
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A Tale of Two Delivery Processes

= Harmony provides different delivery processes for different project types

» A delivery process is a specific aggregation of various best practices (called capability
patterns)

= Harmony/SE is a delivery process for performing model-based system engineering
with SysML/UML

» Clarifies requirements with use cases, scenarios, and state machines
» Specifies architecture with SysML/UML block diagrams, interfaces, and constraints
= Harmony/ESW is a delivery process without an up-front system engineering activity,
used for projects
» That use existing or COTS hardware
» That are primarily focused on the development of embedded software
= Harmony/Hybrid is a delivery process with an up-front system engineering phases,
used for projects
» That have significant hw/sw co-development
» That have a significant system engineering effort

» That must “hand-off” work products from system engineering to the development of
embedded software
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Harmony/Hybrid Delivery Process

Harmony/SE \

Requirements & [—|

Test Scenarios

Requirements Analysis

Requirements &
Test Scenarios

System Functional Analysis

System
Architecture

Model-Based
Handoff
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Harmony-SE Delivery Process Overview
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Harmony/SE: System Functional Analysis

_A_ﬁ
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Plan ork Refine and deploy the development environment
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.
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Harmony/SE: Design Synthesis

Refire and deploy the

b
E&:ﬁ

Architectural Analysis (Trade
Study)

| &5
=5 Manage Change

=Y

Update Verification Plan
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Subsystem ports and Interfaces

Subsystem diagram shows the set
of subsystems, ports, and
interfaces

«Subsystemns
HUD_Subsystem

ConfigPort

([ iConfigHUD CommPort [

iVe hicleMa nage ment,iAu .
toPilot iDoors 1] AvionicsDataPort

MavDataPort

iNavData )_[E AttitudeDataPort FireControlPort

SurveillancePort [

1

iSendData,iRegist
erCommObject

‘' iReceiveData

1+

iOptical iRadar iFLIR

iOptical

iSetAttitude, iAttitudeData
iGun,iMissile
«Subsysterns
Surveillance_Subsystem
)~ OpticalPort
FLRPort [ }—(

iRadar ' RadarPort

CommPort

I}

iIFLIR

s

iSendData iReceiveData

iRegisterCommObject
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]
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Information as a Matrix — Subsystem N2 Diagram

= Can also be shown in spreadsheet format, referred to as an N2 diagram. This

shows the provided and required interfaces between the various subsystems. If
desired, it also shows the details of the specific services within the interfaces as
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Example: HUD subsystem Interface Diagram

zinterfaces.
iConfigHUD

B confighlawDizsplay(): void

B configFlightDizplay ) void

B configlanguage): void

B configlight SettingsC): vaic

B config oiceCmeds ) void

B configFireControlDisplay ) void
B configFLIRDisplay () void

B configRadarDisplay( 1 waid

B configOpticalDisplay(); void

Subsystem Interfce Diagram o the
HUD Subsystem

«lrterfaces
izendData

Hzendvoicets gl void
B =endSurveilanceData):woid
HsendAlert():void

wlnterfaces
iRegisterCommChject

HregisterReceaiver():void
BrleregisterReceiver): void
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B gettizsiles Storesinfol ) void

B gettizsileStatustmiz silehum: int ) MissileStatus
[ selectmissile ) void

& firemizsiler): void

B readyhdissiler): void

HmaveTol ) vaid

HmoveRelative!): void
Bl DizableFLIR 1 void
BevEnableFLIR, ) void

wSubsy stem:
HUD _Sukbsystem
alnterfaces
ivehicleManagement iSendData iRegisterCommOhject p——
(1] ConfigPort commPort L iReceiveData
iConfigHLID
BloetvehicleStatus():vaid eI o
et larmtalues( ) void iRecelveDats
HostslarmStatus) void ] AvionicsDataPort
N Hacceptteszzage():waid
Eenabisalarms(rvoid i+ ehicleManagementisLtoFil )
B dizableslarmsl) void otjDoors SurveillancePort [  iOpticaljRadar iFLIR
MavDataPort
iNavData FireControlFort wirterfaces
 winterfaces AttitudeDataPart iy
& utoPilot = T ioptical
EloadFlightPlani: void elnterfaces : -
Blencaoeotopilot ) void iMavData iSetAttitude isttitudeData Enm ez EmoveTor=int,y:irt ) void
ﬁdisengageALﬂopilot(j:void EmoveRelative(d::int dy:int): void
EtakesSrapshat ) void
BoetCurrentl ocation;): vaic aset\f'ideost.reamparamso:v_oid
B aetFlightPlan( ) void winterfaces Interface ﬁevEnable\-’ldeostream(J:vmd
P iattitudeData el * BlevDisablevideoStream T vaid
BHusthlextiaypoint(:woid I iGun )
wlnterfaces BloadFlightPlani):void EevTakeSnapshm():void
iDoors e Zoormi ) void
HostRoll(:cdouble = —
- elrterfacer EoetPitch(r:double MOVELL ol
HustDoorStatus(): void iSetAttitude aget\’aw%' double agetGunStatus(): wiaid
ﬂevMoni‘torDoors():void ’ ﬁfireGun(j:void
wlnterfaces
ﬁevStopMonitoringDoors():void FLIR
EH=etRolir: double): void alnterfaces
B =etPitchip: doublz):void iiszile
Hsatvaw(y:double): void HeetSpectrumRanger 1 void
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Harmony/ESW Delivery Process

= Can be used as a part of the Harmony/Hybrid V process or as a stand-alone
software-centric development process

= As a part of the Hybrid-V process
» Systems engineering does much but not all of the requirements work
» Used when there is significant systems engineering and/or hw/sw co-development
= Harmony/ESW stand-alone delivery process
» As a stand-alone process, optimizations can be taken for projects which
= Are software-only

= Have requirements which are linearly-separable (i.e. can be put into approximately-
independent use cases)

= No significant hw/sw co-design

» Ininitial planning, use cases are identified but not detailed

» In each microcycle, one or more use cases is added to the prototype
= Requirements are detailed for that set at this time
= Deployment proceeds via incremental software design
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Harmony/ESW Full Spiral

E%'T__}- Develop Stakeholder Reqguirement s
Prespiral Flanning

E_ Define and deploy the development environment @)_

Control Project % Manage Change

Microcycle
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r

Prespiral Planning

Lo Ca >

Create Schedule Plan Far Reuse Specify Logical Architecture

[ o Lo

Create Team Structure Plan For Risk Reduction Perform Initial Safety and Relabilty Analysis
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- i
Microcycle Flow ® o 1 ;
T - B3
2 1 2 1 Presm?iamng Dewelop Stakeholder Requirements
< 1 E_% 1 |
c : Protatype Defintion : l i l
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- . - . I uuuuuuuuuuu % L Chi
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required properties of the e | é)
system, resulting in ST - :
I a3
» CIM (use case model) B | wonecurg esen : i
» PIM (object analysis model) CaRTORG ket 1 s R
| E\j | F =]
= 5 1
= Design optimizes the PIM at 3 D | Mecharistc Desian !
levels of abstraction to o ! .
(i . |
produce the PSM ' ;B
: Detailed Design |
= Code is continuously | —---- i- —— -t
generated and refined I
thrOUghOUt anaIySiS and Perfarm Madsl Review
design, producing the PSI
. The_ P_arty P.hase prowdes.a F
periodic project retrospective aiidetion

for process and project

improvement and refinement b

Incremert Review ("Party Phase")
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Prototype Definition

3
Detail Use Caze

=

Plan terstion

La

Specify Uzer Interface
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Lo

Generate Syatem Reguirements

Lo
Uz Case White Box Analysis

}
Ca

Uze Case Conzistency &nalysis

E2Y

Manage Safety and Reliakilty Requirements

Y

Detail Sy=tem Reguirements
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Object Analysis ? _________________________________

B S
Nanocycle

- ‘&

Iderntify Objects and
Classes

Integration L&

Make Change Set Available

[el=e]

- .

n

(]
S| O A [ |
c | i Test Driven|Development :
1! 1
S % [needs refinement] X
= R U B TR
& . Ca C& : nit testing i
— 1 'ﬁefine Collaboration Create Unit Test Plan/Suite ! w : 1
I ! Execute Unit Test I !
= | b
© S — —— U [ ottoliel Hetetototinistotototbell !
(&) T 7| 1
a | | | Code Gen | I
> (. : 1
= Lo | |
L ___] Translation  _ _ _ _ _ ___ ____ : |
Debuggin& -
|

i =t i

Execute Madel
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Harmony/ESW Design

= Design takes place at 3 levels of abstraction
» Architectural (system scope)
» Mechanistic (use case collaboration scope)
» Detailed (class/function/data structure scope}
= All design activities in the Harmony process are optimization-related activities with
the same basic workflow:
» Identify the design optimization criteria
» Rank the criteria in order of criticality

» Identify design solutions that optimize the most important of these criteria at the expense of
the least

= Design patterns
= Design technologies
» Apply the design solutions into your model
» Test
= Ensure that you haven’t broken the existing functionality
= Ensure you have achieved your optimization goals
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Architectural Design Workflow

-& Ca L&

Optimize Zafety and Reliability Architecture

Optimize Secondary Architectural Views Optimize Subsystem and Deployment Architecture
Ca

Optimize Distribution Architecture

=

Optmize Deplovment Architecture

3

Optimize Concurrency Architecture

g

L3 Lo
Wirite Test PlansSuite Tranzlation EAL'T]ME DESIGN

PATTERN-ORIENTED PATTERNS

f SOFTWARE ROBﬁSTEA Scitlustﬁ ARCHITECTURE
"~ ARCHITECTURE FOR REAL-T1vE SysTess
A System of Patterns
I—_{_%i BRUCE POWEL DOUGLASS
m “alidate Architecture
Frank Buschmann
Regine Meunier

Haris Rohnert

Peter Sommeriad

| : ichael Stal k P
; © T

: P Make Change Set Available ] sacossty

) | WL

e

Not all views may be relevant within the mission of a given prototype, but all will be
addressed before the project is completed.
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Mechanistic Design Workflow

?

Y

Optimize Mechanistic Model

) )

Wirite Test PlaniSuite Tranzlation

S
Walicate Collaborative Model

|
Ca

Make Change Set Available
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REAL Tive UML
THirD EDITION

ADVANCES IN THE UML FOR
REAL-TIME SYSTEMS

BRUCE POWEL IMMW/GLASS

o smpay o
BT
JREOESOK
AUMBATGH

Design Patterns

Elements of Reusable
Object-Oriented Software

Erich Gamma
Richard Helm
Ralph Johnson
John Vlissides

rd by Grady Booch

o
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Detailed Design
@

o
Select "Special MNeeds" Classes
b
C&

o Optimize Class

Create Unit Test Plan/Zuite ‘-I"
3

Translation

3
Walidate Optimized Class

|
Y

Make Change Set Available
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Harmony/ESW Activities related to Testing

Integration Test

nnovation for a smarter planet

o e o okl - ——

I =
| Li

| Continuous Integration |

Unit test

?
B3

Prototype Defintion

i3

E%j Develop Staksholder Requirsments
Presp\ra{j\ nnnnn a

& ]

Define and deploy the development environment

rrrrrrrrrrr ot % Manage Change
l Microcycle l

*

I_ - -=-1
I 5 !
I Opject snalysis I
: )
1 |
| By 1----4----=
I architectural Design ! | ET:] 1
| \L I iy 1
| 1 | Prepare for Walidation Testing 1
I Eg* 3 (S a
: Wechanistic Design 1
| l, !
B
1 j |
| Detsiled Design |
[ M

e
Perfarm Model Review:

Yalickation

B

Lo

Increment Review: ("Party Phase")

Validation Test

_i__/
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A Look at the Harmony/ESW Nanocycle

= Throughout analysis and design, developers produces partial models that are
executed and debugged on a highly frequent basis - typically 10 - 30 minutes

= Based on the concept of continual verification

» After each small incremental change, the portion of the model is reexecuted to make
sure that it is right.

» Best when debugging & unit testing can be at the modeling, rather than the code, level of
abstraction

= Primary Activities
» Code Generation: Source code is generated from the model frequently (<1 hr)

» Debugging: Often informal tests are constructed and applied either with tools (e.g. Test
Conductor) or by building “test buddy classes” to drive and check execution

» Unit testing: Unit tests are created along with the software and unit tests are applied
within the nanocycle

» Make changes available: Tested changes are submitted to the CM manager for
integration/test and update to baseline at least daily

nnovation for a smarter planet
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Nanocycle Example: Elevator Scenario (1 of 3)

Jim Susan Jill Cloudd

T I
/ "hangin out" Talking Listening to iPod ition =

2 E1. position = Floor 1
\ Pasition = Floar 3 > < Fosition = Floor B > < Puosition = Floor 10 E?é;tlgtr; = |.:|I|:IEEIr

| | I E2_ pasition = Floor 30
| EZ state = Idle

Jim Calls the Elevator

Jirm Goes to Floor 8

—_— —_—

Remember: this is just one of possibly dozens of scenarios for this one use
case. Features will be added as they are needed to fulfill the scenarios.
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Jim Susan Jill Cloudg
L L I I
"han gin ot T alking Listening o P od E1.pusition = Floor 1
Fuosition = Floor 3 F osition = Floor & Position=Flaar 10 Eq.state= ldle
! EZ position = Floor 30
EZ . state = Idle

P
{T‘ quensState(E1, state, position)

12100 msec}
quensState(EZ, state, position)
selact/E1)
izpatch(E1, 1, UPRTRUE

b acki

hallCalliUFy

ightHALLL1,UP)
buttonBacklight{LIF)

X =

LroarClose(E1)

E 1.state = closing

CoorlnterlocdkReleaselE1)

EA1.state = movingDH

floorDete clfE1): 2

floorDeteclEZ): 1

E1 state = aligning

FloorAlignlE1)

hlotarHao ld P osition(E1)

éoorlnterlod‘:Engage(E']j
E1.state = Opening

LroarOpeniE 1)
nnovation for a smarter planet 35
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Jim Susan Jill Cloudd
In Elevator 1 Talking Ligteningto iPod
Position= Floor1 Pasitinn =Floorf e E1.state =0pen
E namn =T oot Position = Floor10 Pasition = Floor 1

|carCaII(8)

validateRequest))

Jim steps in the elevatar
and presses the button for
Floor &
enquedeRequest(a)

{=100msec}

[
ot

hacklightCAB(1, &)
huttonBacklight(8)

gt |

RYi

trmiDoorCloseTime)

E1.state = Clasing

E1DootrinterlockRelease)

E1 state = movinglP

B
Fay

gueryState(E1, state, position)
{=100msec}

.

queryState(E2, state, position)

t

dispatch(E2, &, DOWMN)

acklight{HALL, B, DOWWRY
huttonBacklight(D oW

Ll
-

Tt

DoorClose(EZ)

EZstate = closing

L-
™

|
|
|
|
|
|
|
|
|
|
|
|
|
|
[ hallzalliDowit)
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| selact(E2)
|
|
|
i
|
|
|
|
|
|

CoarinterlockReleasedEZ)
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Object Analysis Workflow

nnovation for a smarter planet

[el=e]

‘ [meetz all functional reguirementz]

Ca

Identify Objects and
Classes

4

La

Make Change Set Svailable

[el=e]

T [test passed)

= )

Refine Collaharation Create Unit Test PlanfSuite

Ca

Translation

l

Lo

Execute Model

[needs refinetment]

Ca

Execute Unit Test

Factor Elements Inta Model
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Step 1: Requesting the elevator

dim Suzan Jill Cloud@

£ hangin out Talking Listening to iFod E1.pasitien = Floar 1
\\ Fosition = Floor 3 P a=ition = Flaor B Position = Flaor 40 Eq.state=ldle

EZ .position= Floor30
ate = |dle

hallCallcUP)

quenrState(E1, state. positio
{2100 msec}

L

quenrState(EZ. state, position]

il

selecE1)

it |

izpateh(E1, 1, UPLTRUE

lightHALLL1,UF)

buttonB acklightldP)

< E1.state = elosing

DoorlnterodkRelaasa(E1)
nnovation for a smarter planet 38
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Elevator3tateType elevitate;

int j: OMEBoolean success:
int pos:; success = dispatchielID, f£loorID):
if [(success) |
for (j=0;3<NELEVATORI:j++) | theHallButton[floorID] —->backlight (]

itzElevator[j] -rquery3tate (elevitate, pos): §ir

if [(elevdtate =

selecti], floorID);

Yo S emd if
Yo SSend for

Idle) |

return TRUE:

/

itsElevator[elDl] —>gotoF loor (floorNum) ;

Button / ElevatorCaontraller
: 1. . MFLODRBUTTON S 1
= floorlD:int theHallButtan /
H buttanDir:DirectionType
_ ﬁhﬂlightHALL(ﬂnnrNum:int,huttnnDirectinn:Di ctionType):vaid
ﬁpreas.ﬂ:vmd _ & zelect(elD:int):vaid
ﬁhgckhghm:vmd _ & dispatchielD:int Aoarum:int): OWBoalean
= disableLight():vaid - & acceptElevatorRequestfloarlD:int, upDawn: DirectionType):vaid
. ¢llsages
«USEIENE}KR - ! \
1 T - ¢llsages \H}J
. ocT:g,l'pEx- - «Typan
DirectionType ElevatorStateType
L
\quage:s« A
itsElevatar | 1..MELEWATORS /
Elevatar /qLJSage:s«
= position:int
H direction:DirectionType
Fassenger

& queryState(eState: ElevatarStateType position:int):void
& gotoFlaorfloorD:int): OMBaolean

nnovation for a smarter planet
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Executing Step

«Typex aTypen
HNFLOORBUTTOMS i MELEWVATORS
qU?ﬂge» 5N gl lsages
ESystem
NFLOORBUTTONS  jtsButton; Button 1 itsElevatorController: ElevatorController
M floorD:int
M buttanDir: DirectionType 1. NFLOORBUTTONS 1
theHallButton )

Hpressivaid
& backlight():void
& disableLight{):void

H backlightHALLfloarkum:int buttonDirection: DirectionTypel:vaid
H selectielD:int floorD:int):void

& dispatchielD:int foarkum:int): OMBoolean
E acceptElevatarRequest (flaorlD:int upDawn: DirectionType):vaid

itsElevatorController

itsElevatorController

|—

itsElevator | 1.NELEVATORS
itsElevator: Elevator

NELEVATORES

M positian:int
H direction:DirectionType

E queryState(eState: ElevatorStateType position:int):vaid
& gotoFloorifloarD:int): OMBoolean

nnovation for a smarter planet
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Executing Step 1

E MY ESystem ESystem.itsElevat ESystem.itsB ESystem.itsElevat ESystem.itsElevat
orController Eleva utton: Button or[0] Elevator o[ 1]:Elevator
torController

| backlight()

|
7
7 Moeay |l |
Z [ Create() T T ] |
7 Create) | | | |
s S ——
Z press() !_ '!_ —:11 : :

! !

é | [‘ accepiElevatorReqguest(floor|D=3, upDown=UP) |
7
é I I queryState[eState:IdI!e, position=1) bll :
7 | |
é | ! queryStatel[eStatezldllla, position=30] ! |
é I " select({elD=0) i i P1|
7
% : dispatchielD=0, roorIT'Iusz-j : :
é | - | |
Z | | gotoFloor(floorID=3 | R

|
! |

|
b|
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Step 2: Make classes reactive

| ButtonState |

L

Waiting
press/
cout << "Button pushed" << end|;

itsElevatorController->acceptElevatorRequestiflioorlD, buttonDir); Elevator State machine

| ElevatorStates |

backlight -
LightOff : »  LightOn
- disableLight [else)f
I sucess = FALSE;

| WaitingForCommand

Button state machine ‘

[newDirection(floorlD) == direction)/
success = TRUE;

evizoto

¥

4 [15_IN(dleState))f
success = TRUE;

donehdoving avingState

I ¥ ravelP MovinglpState
‘ IdleState

rrove D OYYR | MavingDownState ‘

¥

42

nnovation for a smarter planet



\ IBM Software Group | Rational software

Step 2: Class Diagram

oStep 2

s Upaon reflection, the decision is made to go to reactive objects.
s« The Button statemachine is added and the operations are made inta event

ElevatarContraller

receptions
s The Elevatar statemachine is added (but only enough to support the steps so
farl)
Button =
: 1. .MFLOORBUTTONS 1
= floorlD:int theHallButton

H buttonDir: DirectionType

& select{elD:int foorlD:int):vaid
& dispatchelD:int Aoartum:int): OMBaalean

& backlightHALLfloorMum:int buttonDirection: DirectionType):void

& acceptElevatorRequest(floorD:int ,upDown: DirectionType) void

1
-
" allsages

¢Usages

aTypen

ElevatorStateType

1
 xlsages

itsElevatar | 1. MELEWATORS

A

gllzages

Elevator

|
|
B

= direction: DirectionType

& press(void
B8 backlight():vaid
& disableLight(:void - -
T
¢llsages
1 Y
aTypen
DirectionType
M position:int
FPassenger

& Innovation for a smarter planet

H queryState(eState: ElevatarStateType pasition:int): vaid
& gotoFloorfloarD:int): OMBoolean

& rmoveUP():void

B8 move DOVWN () vaid

& doneMoving()void

& newDirection{floorD:int): DirectionType

ﬁevGDtuﬁl:vuid
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Executing Step 2

ENV ‘ESystem ESystem.itsEl ESystem.itsB ESystem.itsEl ESystem.itsEl
evatorControll utton:Button evator{0] Elev evato[1]:Elev
er:ElevatorCo ator ator

Create() | | |
T, | |
| | |
Create()

Create0 T
ey — |
| Create() | |
————————————— _..|

acceptEIevatorRequest(ﬂooLIII‘IFS, upDown=UP) |
|

I queryStaie(eState=I|File, position=1)

| queryState(eState=Idle, position=30) <

| |
select(elD=0, ﬂoorlq=3)

|

|

|

|

| | |
| — |
|

|

|

|

|

|

| gotoFloor(floorlD=3): TRUE

|
| hacklight() :

Yy oy oy

evGoto(flooriD=3)

R Ry

-t
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Step 3: Closing the Doors

Jim Su=an Jill Cloud@

.—"f I'|_'l_ﬂ'l1]“'l o ut” T alli ng Lu-'l::rllrlg te iPod E1.position = Floar 4
™, _Position = Floor 3 P osition = Floor @ Position=Floor 10 Ed.state = Idle
T

i EZ .po=ition = Flaar 30
| EZ.stata = Idle

hallCallfURE)

qu.r!,rE‘l:.rtll:Eﬂ. state, position)

{=100 mseoc }

quanState(EZ. stata. position)
falecKE1)

ispatchiEd, 1, UF:TRUE

Eld ightHaLL {1, UE)

buttonBacklightfLF)

< E 1.state = olosing

CoornterodiReleazelE

E1.state = mowingDM

|
I I floorDatactE1) 2

I floorkete ol E27: 1
nnovation for a smarter planet 45
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Step 3: Closing the Doors

O

Step 3

Passenger

1
Buttan B

M floarlD: int

1..NFLOORBUTTONS 1

Doors need to close. Ye need to support timing to close the doars, ability to contral a motor with
a movernent profile, and to engage and disengage with the doors on the floor,

In other scenarios, we'd add the "safety chain” that ensures that the doors on all halls must be
closed before the elevator can move, what happens when there is an obstruction, etc.

ElevatorContraller

M buttonDir:DirectionType

B press(ivoid
8 backlight():void
8 disableLight():vaid

theHallButton

& backlightHALLifloarMum:int buttonDirection: DirectionType):vaid

& select(elDiint foorDuint):void
H dispatchielDiint floorMum:int; OB oolean

H acceptElevatorRequestfloorD:int,upDown: DirectionType):void

1

theUPButton |1 1 theDOVWNButton
ElevatorDoor = itsElevator | 1. NELEVATORS
01 "1 Elevator B
Hall g 1 8 vostion
o ———» = position:in
Egroesne%uouorr%'\:roolﬁd M direction:DirectionType
Hengagelntedock():vaid
S releaselnterlock():void & gotoFloorflaorD:int): OMEBoalean
ﬁmweUF‘O:void
'3 & moveDOVWN(1void
1 & doneMuoving():void
1 MELEVATORS 1 ﬁnewDirection[ﬂporID:?nt):DirectinnType
HallDaar B evGotoffloonD:int)vaid
a Intetlock & & pendingDestination(): OMBoalean
= position:int Ee"imec'@?;gowmd
EevEngagelnterIockO:vnid EevDrrweg.vm. void
& openDoar():void & evDisengage (void evboneOpeningl)-vol
H closeDoor():void B evEngage():vaid 1 ;
] EisInterIuckedO:OMEﬁonlean
1 & enagagelnterlock():void upDest | 0.MFLOORS  downDest | O..NFLOORS
Passivelnterlock || Destination
= flaorint
izlnterlocked(): OMEBoolean . These connect electrically and mechanically only. The
0 Th lectrically and hanically only. Th

& Innovation for a smarter planet

Interlock can detect if it's interlocked by monitaring
elactric contact points that mean it's available, and
other contact points that indicate that it's interlocked.
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Step 3: Closing the Doors

tm(DOORCLOSE_TIME)/

itsElevatorDoor-=GEN{evCloze)

I

},itSDDar—>re|ease|nter|ack0;

Stopped_Open &3

evDaoneOpening

| OpeningDoors

&

Elevator state machine

MovingUpState 5
. ™y
ClosingDoars
evDoneClosing/ ! .
targetFloor = nextFloar); - FALSE,
oveToltargetFloor); [newDirection(params-=floonD) == direction)/
success = TRUE;
| heterving | if (direction == UP) GEMN{MowellPT,
‘ ‘ s0to . else GEM{MoveDown),
l evdyrrive
N GEN(MoveURY,
Stopped_Closed (%) m,u,r_lj.
"&,itsEIevatarDunr—>engage|nterlnck0; ‘.'
J ( MovingState |
fitsElevatorDoor > GEN(evOpen);
| hMovinglpState
. |velp |<ho
| EE ‘
I~
ok e Do [ MovingDownState ]
| |
b .
47
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Step 3: Closing the Doors

ManualZontrol

enhlanOpan

‘ DoorCpen - DoorClosed |

-

‘ eviManClose ‘

evGotohanual evizotoMormal I

MormalOperation

asvOpen[itsinterocle =isinterocked( )] Closed [isClosed()]

evDoneClosing/
itsElevator-=GEN{ evDoneClosing),
=

‘ Opening | ‘ Closing |
| . |

evdpen evClose Open ‘
[else]

evDoneOpening/ itsElevator-=GEN{evDoneOpening |, >

N A
ElevatorDoor state machine
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Step 3: Closing the Doors

/success = TRUE;

Interlocklnactive

[isInterlocked()] [else]
5 : N evEngage/ -
InterlockActive success = engagelnterlock()
g
4 .
evDisengage/

success = disengagelnterlockk();

-

InterlockFailure 'I%‘

[lsuccess]

>

“x alarm(INTERLOCK_FAILURE)

nnovation for a smarter planet

Interlock state machine

[Isuccess]
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Step 3: Closing the Doors

EMW :ElevatarContraller Elevator ‘ElevatorDoor Anterlock ‘Passivelnterlock

Scenerio: Doar Open

. gotoFloor{floor D= 3&| |
eviGata(floor D= 3]||

|

|

L | |
MDirectinmj: U[:' |
|

I

I

Description:

Starts with the
gotaFloor command
zent to the selected
elevator and goes
through the closing of

3
2

eUP()

the door |E
releaselnterlnckﬂ
Sent by the b
tm(DODRCLOSE’_TIME)
P
\J

/
\gl EvDunECIDsrngﬁl

evDanaClosing()

riextFloor():3

Ll

|
|
|
|
|
|
|
|
|
|
I evClose() / |
|
|
|
|
|
|
|
|
|
|
|

)

|

|

|
moveTaol targetFIn’:r 3]

|

|

|

'_7_TT
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Summary

= Harmony/ESW is an agile process emphasizing
» Use of UML Modeling to capture application behavior and structure

» Not allowing defects to infect the design or implementation via
» Continual code generation (many times/dayy)
= Continual debugging and unit testing (many times/day)
= Continuous integration (reestablish baseline >=1/day)

» Frequently plan updates based on “truth on the ground”

» Harmony/ESW is
» Requirements driven
» Architecture-centric

» Optimized for real-time and embedded systems, with guidance for
= Design optimization with design patterns
= Use of concurrency and OS features
= Hardware/software co-development
= Safety and reliability in analysis and design
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