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The Journey So Far

Understand
and improve
this part

N\

Implement
new feature

Architect
a new system

How do
do this?

Beginner Developer Pro Developer Architect

Career Timeline

This Course

Modeling Design Principles Architectural Framework

Refactoring Design Patterns Architectural Patterns




Software Design

The function of good software is to make the complex appear to be simple. - Grady Booch

Software DQSIgn

( )
Higl«-level Design (HLD) Low-level Design (LLD)
\_ J
How do we design an OTT system? How to design the payment module of my OTT System?
Focus is on Architecture Focus is more at code level

of Software or much lower levels



Lets start with a question

 What, according to you, is “Software Architecture”?
* There is “Software”
* There is also “Architecture”
 We know about software and we know also about architecture

 How do we put them together and what does it mean??



What will you do if you want to build a house?

 Family of 6

* |ndependent house

e Land of 40 cents

e Accomodate 6 + 2




Give the requirements

/ Give me your
requirements




There are always multiple Stakeholders




Let me list all requirements

House in 40 cents

6 BHK

Open Kitchen

Kid friendly room

Accommodate 2
More

Large Living Room

Gardening Space




Let me See Constraints and Significant Requirements

. Accommodate 2
House 1n 40 cents
More
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| Kid friendly room | Gardening Space |




Time to make some decisions

* What style of building?
« \What material to be used?

* Ancient style

Some Decisions ™\
Needs to be
made

* Budget ) « Contemporary

e Weather condition...

e How to balance size?  What about stair elevation?

» Living room size * Root length

» Kitchen size * Type of people

Design decisions!!



High level Plan Ready
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Multiple Views for Different Set of People

Views and Viewpoints



Construction happens and House is Ready!
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Why don’t we apply same to Software Design?



Where does Software Architecture come into the Picture?

Requirements

15



What is Software Architecture?
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Many different definitions exist for software -
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architecture! o e
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" _ARCHITECTURE -
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Check: https://sei.cmu.edu/architecture/
definitions.html o RN
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Diverse Definitions Exist
No Single Universal Answer
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Software Architecture

Components

Garlan and Shaw, ’93: s \ - ~
Architecture for a specific system may be captured g C1 Y _ C2 P
as “a collection of computational components - or Connectors
simply components - together with a description of B N _ N
the interactions between these components - the C1 c2
connectors - _ B g B
Bass et al.:

. s Wl«y? (The rationale) )
"The software architecture of a program or
computing system is the structure or structures [ iy o7 J ( hy 27 ]
of the system, which comprise software elements,
the externally visible properties of those elements, [ Whi the ]
and the relationships between them.” - Y
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What is Software Architecture?

Components [Decisions]

S Mobile App
Ing[Co?tainefjgaeScriptErg A:;Jir] ik Why SPA? S

Provides all of the Internet banking @ & Il S e G i

functionality to customers via their LSS, bapkmg.functlc.)nahty.to
Weblbrowser customers via their mobile device.

~~ -
~ —
~ —
N
- ~
— ~
Makes API calls to Makes API calls to Makes API calls to Makes API calls to
[SON/HTTPS] __SON/HTTPS] [ISON/HTTPS]__ [JSON/HTTPS]

__________ Ao e TR, S T~ N

— ~ |
| — ~
| Makes API calls to Makes API calls to |

—— [ISON/HTTPS] SON/HTTPS]  ~ = =
| - [Decisions]
| |
| |
| | i o
| | S
Connectors B Why Spring”
| - |
| - |
Uses Uses Uses Uses
| — |
—
| —~ |
| |
| |
| |
| |
| |
| |
| |
API Application |
ontainer] ! | I
L — -Readsfromand — — — — — — — — — — — — — — — — — — Sends e-mail— — — — — — — — — — — — — — — — — — — Makes APl callsto — — — !
writes to using [XML/HTTPS]
|

[SQL/TCP]

Mainframe Banking
System

[Software System]

E-mail System

Database
[Software System]

[Container: Oracle Database Schema]

The internal Microsoft Exchange

: Stores all of the core banking
e-mail system.

information about customers,
accounts, transactions, etc.

Stores user registration
information, hashed authentication
credentials, access logs, etc.

[Component] Internet Banking System - APl Application

The component diagram for the APl Application - diagram created with Structurizr.
Saturday, 11 November 2023 at 09:04 Greenwich Mean Time



Software Architecture

ACM SIGSOFT SOFTWARE ENGINEERING NOTES vol 17 no 4 Oct 1992 Page 40

Foundations for the Study of Software Architecture

Dewayne E. Perry Alexander L. Wolf
AT&T Bell Laboratories Department of Computer Science
600 Mountain Avenue University of Colorado
Murray Hill, New Jersey 07974 Boulder, Colorado 80309
dep@research.att.com alw@cs.colorado.edu

© 1989,1991,1992 Dewayne E. Perry and Alexander L. Wolf

Software Architecture = {Elements, Form, Rationale}

19
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Software Architecture

The Software Architecture is the earliest model of the whole software system created
throughout the software lifecycle

A set of components and connectors communicating through an interface
A set of architectural design decisions
Focus on a set of views and viewpoints

Developed according to architectural styles

20



Interesting Rather Relevant Decisions

“The shared understanding that the expert developers have of the system
design”

"The decisions you wish you could get right early in a project”

“Software Architecture is about all the important stuff, whatever that is”

Martin Fowler, Who needs an Architect? IEEE Software, 2003 21



Why Software Architecture? Abstraction

" FRsand NFRs

What? Y

SA

Why?

Manage complexity in the design (Transferable abstraction, promotes reuse)

22



Why Software Architecture? Communication

Software Architect

2
-

e
N

2

Business IT Team

Document, remember and communicate among stakeholders

Manifest early design decisions

23



Quality Analysis

Availability

eliability

Usability

Sustainability

Single-Page Application

[Container: JavaScript and Angular]

Provides all of the Internet banking
functionality to customers via their
web browser.

Makes API calls to

[SON/HTTPS] Makes API cal

—[JSON/HTTPS]
N

—

—
Makes API calls to
— [SON/HTTPS]

Uses Uses

| API Application

[Container] !
L~ ' _Readsfromand - — — . . _ _ _ _ _ _ _ _ _ . _

writes to
[SQL/TCP]

Database

[Container: Oracle Database Schema]

Stores user registration
information, hashed authentication
credentials, access logs, etc.

[Component] Internet Banking System - API Application

The component diagram for the API Application - diagram created with Structurizr.
Saturday, 11 November 2023 at 09:04 Greenwich Mean Time

Security

Mobile App

[Container: Xamarin]

Provides a limited subset of the
Internet banking functionality to
customers via their mobile device.

- —
~ —
~ —
—
— S~
- ~

Is to Makes API calls to Makes API calls to
DSON/HTTPS]__ USON/HTTPS]
S~ N

Uses

~
Makes API calls to
DSON/HTTPS]  ~—

Uses

[
[
|
[
|
I
[
[
[
[
|
[
[
|
|
[
|
[
[

I
— — —Sendse-mai— — — — — — — — — — — — — — — — — — — Makes APl calls to — — — !

using
|

E-mail System

[Software System]

The internal Microsoft Exchange
e-mail system.

[XML/HTTPS]
|

Mainframe Banking
System

[Software System]

Stores all of the core banking
information about customers,
accounts, transactions, etc.

Maintainabillity

Understand, Predict and Control

24

Portability

Performance

Testabllity



Why to Care about Software Architecture?

Design Stamina Hypothesis

good design

cumulative
functionality

p——
—

no design

.‘.”

...but up here there's no
p useful trade-off
——-designpayofflineg ———=—-o ! il o o i e

down here it may be worth
trading off design quality
for time to market...

time

https://martinfowler.com/bliki/DesignStaminaHypothesis.html o5



https://martinfowler.com/bliki/DesignStaminaHypothesis.html

Why to Care about Software Architecture?

The case of Therac 25

 Approx. 100 times the intended dose of

radiation
~ * About 3 people died, and 3 got severely
injured
csbl
—

e Qverconfidence in software!

* |nadequate software engineering
practices

* |ack of defensive design

Image generated by GPT-5
Nancy G. Leveson, The Therac-25: 30 Years Later, https://www.computer.org/csdl/magazine/co/2017/11/mc02017110008/13rRUxAStVR
26
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Why to Care about Software Architecture?

* All software systems have an architecture
* All the critical/complex systems must have it carefully and explicitly specified

* Architecture-level decisions impact the scalabllity, performance, testabillity,
and functioning of the produced system

 Even if the code is perfectly written, a wrong architecture produces a wrong
system

27



When does Software Architecture End?

Inception

Development

Deployment
Software Architecture

Operation and Maintenance

Legacy Operation




The Overall Architecting Process

Ideas
software

architecture

e SV

Software
Constraints L .. Architecture

’ _/ I Architectural Constraints
— J

and Requirements

Key Architectural
Requirements

Evaluation and

 There is no architecture that is the “best” Decision Making

* | ook for the one that satisfies, at best, the requirements and constraints

* The "less" risky one
29



Architecting a System

Case of a Museum Crowd Management System

» Historical sites in any part of the world get lot
of visitors

* One of the most visited in any country
 Booking systems are not dynamic

 Crowding happens sometimes, even resulting
In stampedes

* Goal: Build a crowd management system for
historical sites

30



Requirements for the System

Functional Requirements:

FR1: User Registration
FR2: Check Availability

FR3: Entry booking

FR4: Recommendations Let key reqUirementS drive
high-level design of the system!

Non-Functional or Extra Functional Requirements
EFR1: Performance — Latency/request < 0.1 sec
EFR2: Security — Prevent unauthorized access

EFR3: Availability —99.999%

EFR4: Scalability — 1000 users/second

31



Software Architecture

The Software Architecture is the earliest model of the whole software system created
throughout the software lifecycle

A set of components and connectors communicating through an interface
A set of architectural design decisions
Focus on a set of views and viewpoints

Developed according to architectural styles

32



Components and Connectors

=g =4
O Booking Manager C ............... »O [oT Manager

availability | ) count

network calls

Components: Connectors:
e Data or processing element  Enables interaction among components
 Has a provided and required interface * Can be implicit or explicit

Eg: database, client, server, etc. Eg: HTTP events, procedure calls, etc.

33



Design Decisions

Revisit our case: What to Choose?

D et ;Eg ;E% -1=
Store data in cloud Store data in local Fog Each site has its data

 Each decision has implications on performance, security, privacy, etc.

34



Reasoning with Simple Logic May not work

* Oracle is more scalable than MySQL

 MySQL is more scalable than Informix

Therefore, Oracle is more scalable than Informix

Q: | need a scalable RDBMS, Shall | go with Oracle?
A: It depends!!!

35



Architectural Design Decisions

e Decisions about

Selected components/interfaces/connectors
Distribution/Configuration of components/connectors

Expected behavior
SA Styles, Patterns and Tactics
HW/SW/Deployment and other views

Components’ Nesting and sub-systems
NF attributes




Consequences of Design Decisions

* Defines constraints on implementation
» Dictates organizational structure
* |Inhibits or enables system's quality attributes

o System qualities may be predicted

 Easier to manage change
* Helps in evolutionary prototyping

e Enables cost and schedule estimates

37



Software Architecture

The Software Architecture is the earliest model of the whole software system created
throughout the software lifecycle

A set of components and connectors communicating through an interface
A set of architectural design decisions
Focus on a set of views and viewpoints

Developed according to architectural styles

38



Architecture View and Viewpoints

* Viewpoint is where you see from

* View Is what you see - Viewpoint governs the view!!

39



Architectural Views: How Many

» A view represents a collection of architectural elements and relations among
them

- Two fundamental views — Structural and Behavioural
- Structural: The components in the system and their arrangement
- Behavioural: Interaction between the components

-  Many models have been proposed - eg, 4+1 view model

40



4+1 View Model for Software Architecture

End-user functionality Developers

Logical View Development View

T Scenarios

Process View [P Physical View

Integrators, Performance.. System engineers

The “4+1” view model is rather “generic”: other notations and tools can be used, other design
methods can be used, especially for the logical and process decompositions, but we have
iIndicated the ones we have used with success. - Philippe Kruchten, Architectural Blueprints, The “4+1”
View Model of Software Architecture i



Scenario View - Key Use Cases

Heritage Site Booking System

.::"‘:R_egister/Log‘ihﬁfﬁ:«

Scenarios

(“Search Heritage Sites

‘; / ‘_:_,_\-/-iew Site Detailg-”fi:x

F’_,,/’?”--— — ———

 Represent the different use
Cases Tourlst %‘Check/‘-\vallablhty )

\\ includes T includes e e
. Sta ke h O I d e r: E n d - u Se r, \ Book 'I'irne Slot )\__MaAI(_eE/njgnt‘__ )""»».B?_F?'Ve (xonfnrmajt_u_cy)nﬁ__,
d eVeIO per \ includes _ ——

Cancel Bookmg >(_Process Refundé-:j

e Concerns: Understandability | rmagesies

- Diagram: Use case diagrams GHanage Tme sbi
T————

Admin _ .
(_View Bookings >

\-—- - .

(_Generate Reports

el \

):iﬁf:gend Notiﬁcatiorié:fz.

Syste»m

42



Logical View

Visitor Slot
+ Name + Date
+ Age + Time
+ Address
1 1

o + ConfirmSlot()
+ GetAvailability() + CancelSlot(

+ BookSlots() + PrintTicket()

\. J

_ J

System decomposed into a set of abstractions (objects or object classes)
» Stakeholders: Developer
 Concerns: Functionality

* Diagrams: UML Class diagrams, logical connection diagrams

43



Development View

* Organization of the System into
subsystems/modules

» Stakeholders: Developer, manager

» Concerns: Organization, reuse,
portability

* Diagram: UML Component diagram

Development View - Component Structure

Presentation Layer\

2] 2]
Web Ul Mobile App
@ O O O
/Iéite IlUser IBooking IPayment
Business La/{/er\
/ \
2 ]

44
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Data Layer\ External\
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Database Payment Gateway Email Service




Process View

Process View (Runtime & Concurrency)

 Model dynamic aspects of the %
software Visitor

| |
' Reserve slot
. >

Visitor App ] [ API GW ] [ Booking ] [ Inventory] [ Payment ] [ Notify ]

. POST /book |
. >

» Stakeholders: System designer, i J—

|nteg ratOr i i i i hold(timeslot, ttl=5m) )i
E i i icreatePaymentdnt:eant()s y)i n c¢ |
* Concerns: Performance, fault ] ]
tolerance i i i ot
i i i i send(eTicket) h' | 5
 Diagram: UML Sequence diagram, <200 0K (QR) | l '
Process diagram, Data flow Vigr [Visitor App] [APl Gw] [Boolking] Inventory] [Payment] [Notify]

45



Physical View

User's Device

il
Mobile App
 Mapping of SW elements into FTTPSIAP Call
deployment nodes Clodd Provider (AWS/Azure/GCP)
Y
. . Application Server
» Stakeholders: System designer, Admin ; _
Booking Service
 Concerns: Performance,Scalability, -
Availability DB Gonnection” ~ 7 7 = < Secure API Call
® .Diagram: UML DeplOymeﬂt dlagram, Database Server \\\ External Payment Gateway
. y
Network dlag ram! etC' Booking Database Payment API$j

46



e« MID FEEDBACK -
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.1..
[u] by E

* 4S5 IO%7°9SD

SCAN HERE
ANONYMOUS

Before We Proceed!!



System-of-

Architecture Description

exhibits »

Interest 1

1

A has interests in

4 identifies

Architecture

4 identifies

A expresses

1

Stakeholder

has

Concern

frames A

y [

4 identifies

1 Architecture
Description

4 addresses

Architecture
Rationale

Correspondence
Rule

Correspondence

1

Architecture

View

| P

Architecture governs b
Viewpoint 1 1
[
Model 1 1.t
iy governs b

Architecture
Model

48
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Architectural Framework

An architecture framework is a coordinated set of viewpoints, conventions, principles, and
practices for architecture description within a specific domain of application or community
of stakeholders

1.7 4 identifies 1 Architecture

Framework

Stakeholder

1.7

 Stakeholders

d identifies

e Concerns

 Viewpoints
4 frames Architecture
Concern : :
;. ] Viewpoint
0.*
1..*
' Correspondence
Model Kind Rule




Architecture Framework in Action
The Case Study of an Exhibition Night

Key Observations

=]
B[

Around 35K visitors per year

Late hours are more crowded than early hours

Weather affects user’s preferences

Goal

A solution for crowd management

Cameras

People counters

Q) a

Automated venue and parking lot management

Mobile app with L“.
Constraints recommendation support A

Parking mats

Limited power and service accuracy constraints

50



Functional and Non-Functional Requirements

Functional Requirements
FR1: The app shall allow users to register to the NdR event

FR2: The app shall allow users to provide their preferred events

Extra(Non)-functional Requirements
NFR1: The app must provide a response time of < 1 seconds

NFR2: The app should be able to support 1000 users/second while maintaining optimal
performance

51



Stakeholders

© © ©

Software Developers loT Engineers Urban planners

. Many more....

Software architect(s)

52



Concerns

- Memory,
Landgulage choice, the Battery, Space constraints,
modules, ‘ .
Interactions. platform .. Location for sensors,
Software Developers [oT Engineers Urban planners

System performance,

Integration,
Management,...

Software architect(s)

53



Can we create some models for each view?

End-user functionality Developers

——
Logical View Development View

T Scenarios

Process View [y Physical View

Integrators, Performance.. System engineers

54



What could be some scenarios?

Get
recommendations
Check ot . :
availability et confirmation
Book parking lots

Book venue

Check weather

55



Breaking down into multiple subsystems

loT System Booking System
Weather System Analytics System




Going Deeper

loT System

Sensor
Controller

loT Middleware

Visualisation

Database )
Engine

57



Going Deeper

Booking System

Web Application Mobile Application

Database EM Backend

58



Breaking down further
EM Backend

Venue Booking Parking Lot
Manager Booking Manager

Recommendation Payment
Generator Manager

And many more...Can you name?
You can further break this down..think of classes!

59



How to Model?

* One can use UML to create the different models
» Different UML diagrams: use case, component, sequence, deployment....
* You can also make use of C4 model
* Created by Simon Brown, Independent Consultant
 Overcome challenges of UML, more intuitive language
* Visualize architectures in terms of context, containers, components and code

* Developer friendly approach to architecture diagramming

More information: c4dmodel.com 60



http://c4model.com/

Is Software Architecture Just some Box and Arrow?

“Aside from providing clear and precise documentation, the primary purpose of
specifications Is to provide automated analysis of the document and to expose
various Kinds of problems that would otherwise go undetected” - Perry and Wolf, 1992

“An architectural system representation is often essential to the analysis and

description of the high-level properties of a complex system” - Garlan and Shaw,
1994

61



Architecture Description Language

UML is a general-purpose language

An Architecture Description Language (ADL) or an Architecture Definition Language
IS a:

 Formal specification language
* For describing the structure and behavior of a software system

Some popular ADLs: Darwin, ACME, AADL,...

CAPS provides a way to perform an analysis of loT Architecture before deployment

62



How to Model? - Glimpse Using CAPS

Multi-view Modeling Framework - IEEE 42010

/ . CAPS Modeling Framework

Cyber-Physical
Engineer Space Designer

Architect

https://caps.disim.univaq.it 03
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@9 OxygenSensor

[S] Normal
Critical

wcl,

readingTimer : 0 (100,000) criticalTimer : 0 (1,000)

Lx
S ] t}, a
_— — senseQOxyg2 (02)
ﬁ 02<0.19 ’
send 1(02) > 02>0.23

senseOxyg1(02)

gh O2:real =0

@9 EntrancelockActuator

&9 RoomPeopleCounter

5

l monitorTi merl: 0 (5,000)

148

get (count)
sendicount (count)

1

#k count:integer = C

§P WindowsLockActuator

)‘ J -

(disable)
enaiple disaple

2 AL |
fen:.ablejz fdisa?le}

i {
! :

gk enabie: boolean = 1 M enzble: boolean = 1

0 Server

.
-~
LJJ » m _ '"j'é'i;},";'ité'(j'r'i‘t‘:'r'ESB'rﬁ'l'i')'f:‘"'"""'"""

(MobileApp)

send 4 (close)

send 3 (open)

oxy<0.19 i
receive 2 (oxy)

pCount>rCapacity

send 2 (close) I
p(CountuCapaclt-, ’\

receive 1 (pCount)

send 1 (open)

send (oxy,pCount,roomiD)

e
P upd:

#h oxy:real =0

#k pCount: integer = (
#h roomiD : integer = 7
Mk rCapacity: integer = 35
#k open : boolean = trut
#k close: boolean = false

64

Software Architecture Modelling Language

Three aspects covered

1. Structural
2. Functional

3. Behavioural



The MetaModel Behind the Scenes

H InitialMode

< <enumeration> >
2 PrimitiveType

= integer
= boolean
= real

= string

H Expression

type

A A
1 D..1

value

¢

H structuredDataDeclaration|

H PrimitiveDataDeclaration|

E BehaviouralElement

H EnterMode

S name : string

] SoftwareArchitecturd]

8 name : string

O..'gbehaviouraIEIements
[~

Iy

targetMode

1 -
"~ entries

H ExitMode ¢

H Mode

5 name : string

exits

T type : PrimitiveType

H DataDeclaration

T dataName : string

H ActuateAlarm

[_Q ALSmeasure

!

H CCTVcapture

[B RFIDReaderRea

]

By

0..*

SAElements

H SAElement

L

odes
H Component

O name : string

!

H MeasureHumidity

H DetectGlassBrea

H DetectGasSmok

I

applicationData

T

1

source

H OutMessagePort

—=

1|

H MessagePort

S name : string

H Connection

T

1)'@ InMessagePort

target

!

H LinkableElement

£ TimerFired

H Event

H detectMetalPosition

H VibrationSense

H SmartCardRead

E RFIDTAGsend

E CountPeople

H detectOccupancy

condition §
. : source
Hoin B Fork i) BehaviouralElement | Hunk :
S name : string <} 1
| v l target
L 4
timer| 3 StopTimer & Choice ‘B controlAction ' H Action
> >
1
H Sense H Actuate B SendMessage H CallSyncService

S dataDeclarationName : string

dataRecipient

H StartTimer

S ¢yclic : bool

~| = delay: integer

© period : integer

T1

H storeData

Qdata

data 't ¢ ZP

data$

H CallAsyncService 1

dataRecipient

H BroadcastSendMessage

data’

S timerName : string

timer

H ServiceCall

O serviceName : string

£ EmergencyButtonPu..

B ServiceCallback

S serviceName : string

H UnicastSendMessage

H MulticastSendMessage

T receiverName : string

1% receiverNames : string

H ReceiveMessage

© dataRecipientName : string |

calledService

data 0.1
0..1 10..1 .
W 0..1 dataRecipient
0.1 [ B Expression o1 tl DataDeclaration 0.1 dataRecipient
PGELE v - -
| ] 0.1 dataRecipient
dataRecipient T0..1 0..1 1M

6o

0.*
ports



[ Smart Card Reader - OS: TinyOS, mac: T_MAC, routing: GEAR

Power Modes

{[] standby

| S

Microcontroller

@ A™Mega128

Processors

{2} ARM920T - 200 Mhz, CPI: 1

ACC
CAC
Timers
(© Timer
Memory
Bl RAM - 512 Kb

Program Memory

BH ProgramMemory - 128 Kb

Storage Memory

] storage - 1,024 Kb

C

Radio Chip

&¥ electricity

Y ChipCon 2420 - 2,400 MhZ

@ door lock actuator - OS: TinyOS, mac: T-MAC, routing: G...
@ Display - OS: TinyOS, mac: T-MAC, routing: Gear
Power Modes
Power Modes E \
‘ 3 {[] standby i
! E] active ! | )
\ )
Micrecontroller
Microcontroller
@ AR @ T50866/T50867
Processors ! Display Processors
{3 ARM920T - 600 Mhz, CPI: .. {5} AVR CPU - 16 Mhz, CPI: 1
ARC
ARC
b Thole
it B zdc
Timers DAC
(O Timer ——
Memory (O Timer
BHraM -512 Kb
Program Memory a——cey
HH EEPROM - 256 Kb Bl SRAM -4 K0
Storage Memeory Program Memory
B message storage - 4,096 Kb B EEPROM - 4 Kb
Radic Chip
Storage Memory
Additionzl Memories g flash - 128 Kb
HH buffering memory - 16,38...
Radio Chip
RF Communication Devices ! Electromagnetic Relay
I Additionzl Memories
Y RS485 LAN - 0 MhZ
F motor | W
— RF Communication Devices

Y RS485-0MhZ

B 10g - 1,024 Kb

Additionz| Memories

BH eEPROM - 512 Kb

¥ electricity

Y ChipCon 2420 - 2,400 MhZ

RF Communication Devices

Y RS-485 LAN - 0 MhZ

&Y electricity

The Hardware Modeling Language

IR sensor

Infrared module

-

RELAY

adcs
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0..1

—TANSCEIVer

0 0O0DODOTODODO O

= transportProtocol : string

encryption : string
latency : double

BW : double
routingProtocol : string
macProtocol : string

disabled
v t ] \l/ 0.7 £ SensingUnit | sensingUnits
HWSpecification HW HWElement <}——-
H NamedElement = pec B, E
o = T RTOS : string <} I
. :
name . sting ¢ 0..*| = middleware : string A
A AvWS - 0.1
¢ ¢ H ActuatingUnit
actuatingUnits
0. modes . A
L H PowerMode _I
B Memory <<enumeration>>
energySpurces 0.% | 7 size: integer £ StorageMemoryType
B ContinuousEnergySource 4 = additionalMemories ? - configuration
| - program
H ADC ‘{>1,\ H EnergySource - archive
= resolution : integer |_| Ll |
© channels : integer [ El StorageMemory E VolatileMemory] —
T type : StorageMemoryType | e
E Processor H DegradableEnergySource £ CommunicationType
[ . o ) N \ ! - -
U .DAC' g freg}Jency - integer T initialStoredEnergy : double | gyorageMemory memory 1 Wired
© resolution : integer |_| T Cpi: double 1 - UPB
= channels - integer A E CommunicationUnit ~ INSTEON
1.7 1.7 . icati
) programﬂdemory = type : CommunicationType - Z-WAVE
0.* Micrdcontroll = transmissionPower : double - ZIGBEE
H Timer = receiveSensitivity : double - WI-FI
= Dbits : integer processors E Microcontroller H HarvestedEnergySource 7 frequency : double = BLUETOOTH
£ timers = harvestingEnergyRate : double antennaGain - double TRt
1% modulation : string - APPLEl HOMEKIT
dacs , ?

CommunicationUnits




The Space Modeling Language

L O xstart: EDouble

O ystart : EDouble

O yend : EDouble

O height : EDouble

O QutsideLayer : EString

area

—® O Xoffset : EDouble

O yoffset : EDouble
O height : EDouble
O visible : EBoolean
O Elevation : EFloat

o Xoffset : EDouble
o yoffset : EDouble
O height : EDouble
2 visible : EBoolean
O Elevation : EFloat

01 ares J7
areas
L4
0.* H CyberPhysicalSpacesj  0.* |E CyberPhysicalSpacd | E NamedFlement
H Coordinate H Area Toace: S name ESUING | lejements
T x: EDouble - o xOffset : EDouble ! 0.*
T y:EDouble |shell | = yOffset: EDouble
H Room 0,+100MS
0.1 - . .
e | - ﬂ H CyberPhysicalElement
. oor ,
walls T eiling .1 = X: EDouble
walls < 0.1 | O Y EDouble
v 2l - H Ceilin H Floor = Width: EFoat
O material : EString . 9 . _ _ O Depth : EFloat
O attenuation : EDouble Z n}:gt;:wl :lEStrmgbl Z T}gt&nal :.ESUIH% | = Height: EFloat
o thickness * EDouble thickness : EDouble thickness : EDouble o Elevation : EFloat

O Fixed : EBoolean

© DoorQrWindow : EBoolean
O Elementmaterial : EString

O Elementattenuation : EDouble
O ElementAngle : EDouble

J
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The 3D model done in SweetHome 3D will be converted to .xml model




Glimpse into Simulation from CAPS world

1 CAPS MODELING 2 SAML, HWML, 3 CODE GENERATION
FRAMEWORK SPML FRAMEWORK

e (Generated models are converted to
simulation files

e Data for simulation can be from real- ‘ @@

world

CUPCARBON 4 CUPCARBON

 CupCarbon is a simulator for smart SIMULATER FILES

city applications % @
= =

 The model is also directly converted to
Arduino code

 Moving from architecture to code!! A

7 RESULTS s

T1 PN N I MR 4 VT L PR DA

https://cupcarbon.com o8



https://cupcarbon.com

Software Architecture

The Software Architecture is the earliest model of the whole software system created
throughout the software lifecycle

A set of components and connectors communicating through an interface
A set of architectural design decisions
Focus on a set of views and viewpoints

Developed according to architectural styles
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SCAN ME

Thank you

Email: karthik.vaidhyanathan@iiit.ac.in
Twitter: @karthi_ishere
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