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Why Model-Driven Development (MDD)?
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Business Solutions
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= LCD Monitor = Hotel TV
= Network Monitor e—E—__ | . = Digital Signage Display
= Digital Photo Frame a s o = Health Care TV

CarInfolainment SecuritySystem

= Car Audio/Video = Camera

= AV Navigation = DVR

= Telematics = Security Monitor
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Overview of Traceability

MRD (Marketing Requirement Doc.)
SRD (Solution Requirement Doc.)
SRS (System Requirement Spec.)
HLD (High-Level Design) £y
LLD (Low-Level Design) >
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Example of Requirement Traceability

MRD (Marketing Requirement
SRD (Solution Requirement Doc.)
SRS (System Requirement Spec.
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MRD SRD SRS

Requirement

357
Show title
136 '
Show artist
17
Play audio CD Show track
Play CD Play MP3 CD Show file name
1
|
I =
]
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How to do MDD? 1/2

Architecture 2
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uc-4s | 1.1 Brief Description
UC-46 briefly describe the Lse cass Static Structure I nternal Structu re
V47 1.2 Flow of Events

uc48 1,21 Basic Flow

uc-53 Describe the main flow

ucs+ | 1,2.2 Alternative Flows

uc-69 describe the alternative flows except the main flow

.
uctl 1.3 Special Requirements Beh aVIOr BEn
uc-a2 None,
uc-62 1.4 Pre-Conditions
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Functions of System Behavior of Function

ModeChangeReq()
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How to do MDD? 2/2

Architecture
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Internal Structure

Behavior

ot <Zincludes
<<intlude>> InFludess T

Model Verification

interaction DebugTracel ) Trace{1/1}
e p
= ‘ hmi[1] ‘ | sm[1] | ‘ «f1] ‘
o 1dle 1dle
evPlayCD()
evPlayCDReq()
2vPlayCDReq()
WaitPlayCDResp)
2vPlayCDResp(NULL)
Tdle
DisplayCDInfo() 1dle
1dle
T

<<ini:lude>>

Download

Functions

=
AN
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ivPlay(1)

apiChangeTaCOMdel);

evfilayCDReqf)
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evDeplayCointal)
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HMl | SystemiManages K

waitCDInfo

evChangeToCDMode()<

eyiGetCDInfo(

eyPlayCD()

waitCDInfo

evDisplayCDInfo()

Behavior of Function
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Sample MDD Projects
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= Car infotainment system Iy
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Requirement Management : DOORS *

= LGE created a template for MRD from Project Architecture Workshop (PAW). Ty
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MRD (Marketing Requirement Document)
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= MRD focuses on business use cases and stakeholder requirements. gl
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E ‘WMRD' current
Eile Edit ¥ew Insert Link Analvsis Tabkle Tools Discussions User FPublish Tau Help

| G EE |J.:—-I"=Je—Jh “: 2 B ge b a3 |J@

[anevel® || & @ 4 [|[P37 <« @ 7 4 A% 4l

| View [Standard view =]

= MRD ID [ tMarketing Requirement Document o =l
m- 1 EXECUTIVE SURMMARY N =
2 MARKET ANALYSIS MRD- 5.2 Business Use Cases
m-3 PRICING GUIDELINE 19
m-4 COMPETITOR ANALYZIS
iS5 Product Overview MRD- User shall be able to play Tuner.
~5.1 Wision
# 5.2 Business Use Cases 42
5.3 Stakeholder Reauirements
5.4 Business Constraints MRD- User shall be able to play CD. —
5.5 Industrial Desian 43
5.6 Future Planned Product Extensic
&6 FINANCIAL MODEL MRD-  User shall be able to play USB.
- T OTHER REVENUE OPPORTUNITIES
- & REQUESTED PROJECT TIMELINE (B 44
m- 9 Regulatory / Compliance Reauirement
& 10 \Warranty MRD- User shall be able to play SD card.
M- 11 APPENDIX A, Reference 45
- 12 APPENDIX B, Definition { Glossary |
MRD-  User shall be able to make phone calls via Bluetooth.
46
«| | 1 [NER |
Usernarme: jwjo [Read-only mode | y

|I‘Il10vate2011 4“,39 Software. Everyware,



MRD Model: Business Use Cases *

%
= Business use cases express what user would do with the system to accomplish usef
goals. o

HMI

'Play Tuner* |
/ Tuner
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User : User

'

|I‘Il10\fate2011 4‘:39 Software. Everyware,



MRD Model: Conceptual Model
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= Conceptual model shows initial thoughts about the whole system, HMI in this case.

< ackor=
User \ ;
EmergencingService
i E-Call
requests requests
UserInterface requests Phone
has interacts | Wner
: Diag
Mode L interacts
interacts
gnteracts i interacts Cluster

intenacts intedacts intenacts intenacts

CcD use sSD BT

|I‘Il10vate2011 4“,39 Software. Everyware,



lllllll

Solution Requirement
Document
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SRD (Solution Requirement Document)
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= Requirements for the whole solution i

My

(6]
[

D' current 1,0 (TT) | :
File Edit VMew Insert Link Analysis Table Tools Discussions User Publish Tau Help
| BE ||z=m= || FFPFEER ||eoFefe
[arievel® || & 2% || P87 <E 7 # AL 4

| view [0, Main View =1
= SRD (] Solution Requirement Document ;I
1 Design Goal/Consideration/Feas 2 1.3 CD

2 Software Reauirements
=-2.1 Functional Requirements
21,1 Hhl Reauirements

-- 2.1.2 HMI Entry Requirement System shall be able to show play CD screen, which includes the following
=2, 1.3 Ch
- System shall be able to s controls.
- Swstem shall be able to p |
-~ Bystem shall be able to p - play
5----Systemlshall be al?le top - pause
m- 2.2 NonFunctional Reauirment
--2.3 Constraints - go to next track
-3 Harware Reguirements

-4 Mechanical Reguirements - go to previous track

- get track information

System shall be able to play the last track automatically if available when

media source changes to CD.

System shall be able to play CD_DAs,

)
System shall be able to play compressed CDs.
|Username: jwio Read-only mode | 4
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SRD Model: Use Cases
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= Breakdown “Play CD” use case iy

£

< <include=> =
UC2_BB_PlayCDh J--------------------- UC2 5 BB TrackInfo
i

-~

-
E ’ LY

< <include > > = 'f'rl_quE} 3

Y
-
S

< <include: > < <include> >

ucz_1_B8_PlayCD uc2_2? BB_PauseCD Uc2_3 BB_NextTrack uc2_4 BB_PreviousTrack
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SRD Model : Internal Structure of the Solution *
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= Shows internal structure Iy

sm : System |_——IIIC_EtlTuSr»fl

Manager[l]pcn

HM¥II

SMIPCD
IHMITaSM

HMIRS

ISMTaHMI
U

himi : HVI[1]

ISMTDCB |j

rﬁ'“ ed : CO[1]

IEnvToAMI
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Trace Model from Requirements: create links
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= Create links directly from the modelling tool to requirement management tool iy
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Traceability of Requirement and Model at SRD *
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SRS (System Requirement Specification)
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= |dentify systems inside the whole solution I

urrent 1,1

File Edit Miew Insert Link Analwsis Table Tools Discussions User Publish Tau Help

FITIEEEN R ErETICE

| View [Comment View =]|[anevel=] || 4 || P27 < B 7 & A4 44
= SR3 ~l|D | System-Subsystem Reauirement Specification o] Comment =]
& T INTRODUCTION
B2 SYSTEM OVERVIEW SRS-  3.1.1 Display Manager
=3 SYSTEM FEATURES
53,1 HMI 2 e

=-3.1,1 Display Manager

 Display manager shall be a SRS- Display manager shall be able to generate view based on the request from

i 119 Scenario Manager.
- Display Manager shall p

- Display Manager shall p 3.1.1.1CD
- Display Manager shall p
- Display Manager shall p
- Display Manager shall p
.. Digplay Manager shall b Display Manager shall provide play button in play CD screen that toggles
- Display Manager shall b
- Dizplay Manager shall b
- Display Manager shall b
- Display Manager shall b

to pause when user presses it.

Display Manager shall provide pause button in play CD screen that toggles

- Display Manager shall b to play when user presses it.
E-3.1.2 Scenario Manager
- Scenario Manager shall be || Display Manager shall provide next track button in play CD screen that
- Scenario Manager shall be

®-3.1.2.1CD jumps to the next track when user presses it.

=-3.1.2.2 Tuner
M- 3,2 Swstem Manager

Display Manager shall provide previous track button in play CD screen that

=33 Key Manaaer jumps to the previous track when user presses it.
- 3,4 Touch Manager - |—|
< | LI_I <] | :

|Usemame: jwio |Read—on|y mode | A
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SRS Model : Internal Structure of HMI Subsystem

2
= Breakdown HMI into more detailed components, Display Manager and Scenario iy
Manager fh

IDMToEny IEnvToDM+

Env HMI Architecture §1/1}
IDMToEny

active class HMI )

disp™ : DisplayManager
SCv

SATEaEn] ISCHT DN

I5CMTasM

el SCMToDM
0
SCMToSM SCMTOSM

IDMTDSCI\IH

YIPTOSCM
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SRD to SRS

%
-

[

- " i |
interaction UC2_1_BB_PlayCD ) SQD-playCD {171} interaction UC2_1_WB_PlayCl ) i |
I
| PlayCMede start
“""L'l""”” : KeyManager ‘ : DisplayManager : ScenarioManager | [SystemManager | YIp
LD HMI SystemManager D Bl
User |
opt] startMgde == Powerl]n:) |
| UCKX_WB_PowerOnPlayCD ‘
evPlayCD() I
[stariMode|== InsertCD || 1 """"""""""""""""""
]
onChangeToCDMode(); el UCKX_WE_InsertCDPlayCD ‘
|
[stariMode== SelectCD [T e ] """"""""""""""""""
evPlayCDReq() |
Ed] KX WB SelectMedaiPlayCD ‘
evPlayCDReq() _
evPlayCD(" |
evPlayCDResp(CDInfo) |
evPlayCDReq(’ |
evPlayCDResp(CDInfo) |
evDisplayCDInfo() opChangeToCDMode(); |
evPlayCDReg| ! k
SRD : Sequence | oy
PIayEDResp(CLInfn)
vDisplayCDInfo(CDInfo) i
vDisplayCDInfe(CDInfo) |

SRS : Sequence
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Traceability of Requirement and Model at SRS *
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Requirement
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0 . y
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High Level Design
(HLD)
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HLD Model 1 : Display Manager

= Breakdown “Display Manager”

DisplayManager 2 Seen
¥ dmScreen
0..
£
<< create
1./ dmSCMIF 1 decrEurhp
DM_SCMInterface DM_ScreenComposer
Innovate2011

%9
gl
il
(4]
| |m||!|
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HLD Model 2 : Scenario Manager

&9

= Breakdown “Scenario Manager” iy

Ili e
(i)
|Jni]]

SCM_VIPInterface ScenarioManager sirsatin R L
scm¥IPInterface -
SCM_System
scmSystem
SCM_SMInterface -
scmSMInterface
SCM_ServiceMode
_ scmSycMode
SCM_DMInterface
scmbDMInterface
SCM_EngineeringTest
scmEngTest
SCM_MEDIA
scmMedia
I - SCMBAP Il sScM_BaP
] ] ]
SCM_Tuner
scmTuner

SCM_BTPhone
scmBTPhone

scmBTAudio
SCM_BTAudio
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HLD : Code Generation *

2]
= Generated code from the modelling tool based on state machines, were already verified Iy

during simulations I

= Had a choice to generate the following programming languages, and chose C
= C
Agile C (small footprint)

= C++

Java
= C#

|I‘Il10\fate2011 4‘:39 Software. Everyware,



HLD : Demo Target Configuration *
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= ARM9 SoC running Automotive Grade Linux (AGL) i

Ili e
(i)
|Jni]]

Environment

Host
Target Init
Close
State machines
are running... N
Out

Generated & modified code

Generated code
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Conclusion

mnovatemﬁ & sottware T



Pros of MDD Projects

%3

= Able to manage requirements at different levels iyl

My

= MRD [l

= SRD
= SRS
= Able to collaborate
= Used same language, UML

Reviewed system requirements & design at early stages

Able to use output as process document

Easily separated requirements for outsourced components

Able to identify non—functional requirements since the beginning
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Cons of MDD Projects

Took some learning curve to get familiar with different requirement levels and system i
design process ]

Took time to learn how to use various new tools

Configuration management could get tricky with projects for UML

Needed change management process
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Some Numbers

&9

= MDD effort needed compared to previous developments e

My

. . 7
= Requirement analysis: x2 e

= Architecture design: x4
= Implementation: x0.3
= Verification: x0.5
= What do the above numbers mean?
= Need more effort up front (requirement analysis & architecture design)
= Actual development effort goes down (implementation & verification)
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www.ibm/software/rational
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