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Supervision Session 4 Topics

- Preliminary Feedback: Task 1, Assignment 1
- An example solution of Assignment 1
- Launch of Task 2 - Implementation
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Preliminary feedback on
Assignment |

| have seen:

- Lack of consistency:

- Between structural view and sequence diagram and
deployment diagram.

- Too abstract/coarse grained components

- If someone reads the architecture (documents), but
not the requirements, they must be able to
understand what the system does.
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Regular Client-Server

Structure Diagram Sequence Diagram Deployment Diagram
Component/Package/Class

Cl1 | S
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Regular Client-Server

You can use packages as a unit of communication and deployment

Structure Diagram Sequence Diagram Deployment Diagram

clls DT - . P ||_@T_|”
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Not Consistent:

Structure Diagram

Sequence Diagram

Deployment Diagram

>
\ 4
oo

Ul

Server

) 7

DB is not in the Structure diagram
Also, naming too general!

Ul

DB




CHALMERS |

Client-Server with load balancer

Structure Diagram Sequence Diagram Deployment Diagram
cHGEHS c||LB|]|Ss1]]Ss2 ]
| 121l | T F-=--F__ —— checkload status C S2
T o [s2]
:.-_-- check load status ]

-— t?‘ﬁl actual request |

A

Many variations are possible

(Almost) the same tactic can also be used for improving availability
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EXAMPLE SOLUTION FOR
ASSIGNMENT 1
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General Approach

- Physical units on which software runs
- Unmanned Drones
- System at the Ground Station
- Servers, Network, Al, } Depends on solutions
- Charging Stations
- Heart-beat Tags ]' Less important
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Approach

Requirements/Use cases

Functional Decomposition

[Structural View

[Behavioural View

[Deployment View
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Drone

/

nd-base
drone

follow an animal>
\\K - » follow a human

call drones back—_
msm play warning sound

NI
send ph Bs :
split up regio call counter-par

Turn on/

detect object, hu

ingers

11

Air-born
drone

™ This is not a complete usecase diagram (no include, exclude). The purpose is
to show all functionalities of the system
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Functional Decomposition

- Input: Func. Requirments, Usecases
+ Output: Functional Decomp. Diagram

- Approach

- Think of system’s functionality
- Show ‘what’ system does

- Common mistakes
- Think too much about solutions
- Show ‘how’ system does that

12
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Functional Decomposition
Diagram - How to?

WASPP
S|nal
S ermp

measure batter

detecC
malfunctions

detect object, hu
animals, plan

Angers

Land-base
drone

Functionalities Functionality Areas
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A Functional Decomposition Approach

- My approach
- Consider Drone and Ground Station as two
main functional sub-systems

- Aims: To achieve better separation of
functionalities between the two sub-systems

- Other approaches (also correct)

- Do NOT view Drone and Ground Station as
functional sub-systems

- Pitfalls:
- Be careful with “same” functions

- E.g. (Ground Station) monitors drone’s health <>
(drone) measures its health. Both can be 14
categorized under “Drone Management”.
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Functionality pool

send emergency
signal

make photos/videgs ~measure batter

detect

send heart-bea malfunctions

signal

register temprature

monitor health follow an animal> monitor drones

: . follow a human
isten to incoming

request

call drones bac
play warning sound

send position info :
detect object, hu

S

manage map

send photos/videos

split up region create mission

call counter-par

<y >

count animals

send mission
Turn on/off torc

nove around af

measure height (nanage charging 15

ala
C U
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Group work: Use post-it notes
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Drone Sub-system’s Functionality

make photos/videos
signal _———
detect
at register-temprature malfunctions
follow a human gL
Drone
RS
detect object, human,
' animals, plar
split up regio call counter-par

Land—base count animals
O g\ Turm on/off torci
offtordf> <y

Air-borne
drone

17
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Drone SS: Health Monitor

T i o VD
detect
© © malfunctions
monitor health C) Q

Cierd postion 3> @y warning soun

Caend photos gD g mates plamis?
split up region > <_call counter-pari>
< point torch > <count animals_>
CTam on/offtordh> <7 fly o>

< > .
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Drone SS: Communication

signal

send heart-bea
signal

isten to incoming
request

send position infg) (play warning sound

il

\
S

send photos/videgs

I b

19
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Drone SS: Surrounding Monitor

make photos/video3

register temprature
—

\
\\/ >

measure height 20
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Drone SS: Task Management

follow an animal>
follow a human

/\\‘
C_animals, planss”
split up region

Turn on/off torc @

21
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Drone SS: Object Detector

count animals

detect object

detect human

detect object, hu detect

ire/smoke

Detect animal

Detect plants

22
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Drone Sub-system: Functionality Areas

< send position info

Health Monitor

{

etect malfunctlons

send emergency sign

send heart-beat sign

Communication

y warning souncd
send photos/videos

isten to incoming request>

register temprature

Make photos/videos —

Surrounding Monitor

measure height

call counter-par

Turn on/off torch

Task Management

split up region

follow a human

follow an animal>

detect fire/smoke

Object Detector

count animals

detect plants

detect animal
detect human

detect object
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Drone Sub-system: Functionality Areas

Health Monitor

Communication

Surrounding Monitor

Task Management

Object Detector

Monitor health (battery, operational
time, fault) of the drone

Initiate and maintain communication
between drones and other part of system

Monitor the condition of surrounding
areas of the drones

Manage and control drone operation.
Switch between different working modes.

Detect and recognize objects appeared in
drone’s camera.

(decoupled from Surrounding Monitor) N
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Drone Sub-system: Func. Decomposition

Drone Sub-system

Health

Communica
tion

Surrounding
Monitor

Monitor

measure
battery

detect
malfunctions

send position
info

send emerg.
signal

send heart-
beat signal

play warning
sound

send
photos/videos

listen to incoming

requests

Make
photos/videos

register
temprature

measure
height

Task
Management

Point torch

Turnon/off
torch

follow a
human

follow an
animal

call counter-
part

— split up region

L Fly/Rover

Object

Detector

detect
fire/smoke

detect human

— detect plant

— detect animal

— detect object

— count animals

25
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Ground Station Sub-system: Func.
Decomposition (15 version)

Ground Station Sub-system

R v

train model

evaluate
models

— deploy models

?

o wam:

Set working
regions

Update map

Display map

Charging Station
Mgmt

—— call drone back

monitor drone
health

— Display drone

T

Set mission

Schedule
mission

— Upload mission

update
sighting data

update animal
data

update plant
data

Display
sightings

26



CHALMERS |

{8% ) UNTVERSITY OF GOTHENBURG

Ground Station Sub-system: Func.
Decomposition (15 version)

Ground Station Sub-system

R v

train model

evaluate
models

— deploy models

o wam:

Set working
regions

Update map

—— call drone back

monitor drone
health

Display drone
Display map

T

Set mission

Schedule
mission

— Upload mission

Factor out common functionality

L

update
sighting data

update animal
data

update plant
data

Display
B sighting

=

27
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Ground Station Sub-system: Func.
Decomposition (updated)
Ground Station Sub-system

Drone
Mgmt.

R

. call drone — Set mission
train | Set wprkmg — back
model regions Schedule
mohitor | mission
evaluate = Update map drone health
models |/ Upload
mission
deploy 7
AR ELS To consider: These functions share

a common “communication
method” to drones:
=>Use” relationship

? Communication

update
sighting data

update animal
data

update plant
data

Display
drones

Display
drone

— Display map

Display
sighting

28
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Ground Station Sub-system: Func.
Decomposition (final)
Ground Station Sub-system

R

train
model

evaluate
models

| deploy
models

Set
— working
regions

Update
map

Drone
Mgmt.

call drone
back

monitor

drone
health

Dl

Set
mission

Schedule
mission

Upload
mission

DELE
Mgmt

update
—  sighting
data

update
animal data

update
plant data

Lo

Display
drones

Display
drone

— Display map

Display
sighting

Communi
cation

Send
commands

Call rescue
team

29
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WASPP - Functional Decomposition Diagram

WASPP
I

Drone Sub-system

Ground Station Sub-system

Health
Monitor

measure
battery

detect
malfunctions

Communica

tion

send position
info

send emerg.
signal

send heart-
beat signal

play warning
sound

send
photos/videos

Surrounding
Monitor

Make
photos/videos

register
temprature

measure
height

Task
Management

Point torch

Turnon/off
torch

follow a
human

follow an
animal

call counter-
part

split up region

fly

Object
Detector
detect
fire/smoke -
model

detect human
evaluate

detect plant models
detect animal deploy
models

detect object

count animals

Set
- working
regions

Update

map

call drone
back

monitor
drone
health

Set
mission

Schedule
mission

Upload
mission

Data
Mgmt

update
sighting
data

update
animal data

update
plant data

Display
drones

Display
drone

Display map

Display
sighting

30

Communi
cation

Send
commands

Call rescue
team
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Structural View

measure batten

= I |
malfunctions

\ e Sub-system und Station Sub-system
\
Drone Managemen

ealt|
Monitor Monitor Detector

5 L roint torcn detect v = D
measure send position g fire/smoke G call drone Display
detect object, humman, (manage map e info EES Turnonfoff S D LU sighting drones commands
animals, plan F oreh
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Create mission a i temprature R evaluate drone mission date Ay all rescue
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_basd send heart- measLis it Upload
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play warning detect object sighting
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j NCTOVESFOURTA,_reasire height anage charging
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L fly
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e
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Structural View 3]
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Structural View (1)

=

Drone SS

% Object Detector Drone Driver

O

Video Stream

/
Driving Commands Health Info
o

Detection Results Task Management

5 o

% Surrounding Monitor mnding Info Requests

% Health Monitor

g Communication

Sender

\

Drone SS

\

-
g Receiver
/

32
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Structural View (2)

Dependency

/UlllllldllUb port: Drone qataType
1

g relationship

g Mission Mgmt

Ground Station O/l_l
Drotplnfo

g Al Mgmt -i +use - ZJ Communication | | % Drone Mgmt
| g +use [
\ *use - +uséi\ /
@ i Ul Management /@
Al report g Drone Info @
O~ fé\ \© Sighting
Mifs,i’oﬁ M%ip History Sig
Map Mgmt Data Mgmt

Ground Station SS

33
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Structural View % T % % poyT—

/ |
(whole system) \__d .
Q) Driving Co\Tmands Health Info
Detection m Task Management g Communication

O
Video Stream Sender

/® @ Receiver
g Surrounding Monitor Surrounding Info Requests

/ \

i

/ \
O

Data
/Qénmands port: Drone DataType

O

g Ground Station O/D
Dro:?mfo
Al Mgmt _+use>g Communication ] Drone Mgmt
+use
\ +use/"7 +US<!:,\
Q\ Ul Marliagement /©
Al report % Drone Info @
Q// /Cl)\ \@ Sighting
leswn M#np History Sightings
E Mission Mgmt g Map Mgmt Data Mgmt
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Behavioral View

interaction Recognize and Count Ani

[

Task Mgmt

kObject Detector

1 : count animals

'7 : return number of Animals

2 : take a

-

%rounding Monity

oto

< ...........................
4 : return a photo

S

7/~ Should be ™\

consistent
with

structural &
functional

\_ views =/

35

Assumption: The request of counting animals is initiated from the Task Management
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Behavioral View (2)

interaction Drone triggers alarms when instruders detected )

Task Mgmt Object Detector Surrounding Monitor

1 : Detect human instruders

i

2 : Take photo

: takePhoto

< ________________________________
4 : return a photo

5| Detect human

seq CombinedFragmentl )

{if HumanDetected && isInstruder]

6 : return instruder detected
7 : playAlarmSound
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Behavioral View (3)

interaction Land-based drone asks air-borne drone to explore )

LDB: Task Mgmt

LBD: Communication

ABD: Communication

2 Call pounterpart
3 : find air-borne drone

ABD: Task Mgmt

1: Listen to incoming request

4 : send position info

5 : check Availability(pos)

6 : IsReady|ToPartner(pos)
seq CheckAvailability )
7 : setNlode(workinTander]
[if the ABD is ready to team up] I:
o T8 return RequestAccepted |
9 : return ABD info i
=10 return ABD info |
11 : setMode(workinTandem)
elsgg { ]
Ry o e P P e e e 12 : return RequestDeclined
72 O O O 13 :return [ —
| 14 : return | | : i
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Client/Server or Publish/Subscribe

- | chose Pub/Sub as the dominant style because:
- Short-lived data

- Multiple receiver (subscribers) of “specific” datatype

- Example: A drone is interested in “position” but not
“image/video stream” of other drones

- Flexibility when adding/removing subscribers or
publishers.

- | do not choose Client/Server because
- Frequent communication between drones

- Some requests should not primarily be made by drones

- E.g. I don’t want drones (represent client-side) to send requests
every N seconds to see if there is any update on the mission
from the ground station (represents server-side). 38
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Deployment View

Drone 1 Drone 2 Drone 2

Drone SS Drone SS Ll Drone SS

| | i

«network»
Mobile Network

\\

Ground Station

Communication Drone Mgmt
ML_AI Node
+LAN
g Al Mgmt % Drone Mgmt g Ul Mgmt
% Map Mgmt % Data Mgmt

ML_AI Data Database
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Deployment View

Drone 1

Drone 2

i Drone SS Drone SS
_— —_— | B B |
=
\

iz

Drone 2

Drone SS

——

SN

i «network»
| Mo etwork

N

ML_AI Node

g Al Mgmt

ﬁ

ML_AI Data

TR

+LAN

Ground Station Y\

Communicatio

Drone Mgmt

Pub/sub
middleware

g Drone Mgmt g Ul Mgmt
g Map Mgmt g Data Mgmt
Database

Communication
Component can
cover the role of a
Pub/Sub network
Agent

40
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and... More to think of

- Don’t forget architecture drivers

- You should be able to answer: how were your design
decisions driven by the drivers?

- Where?
+ Chosen styles
- Tactics
- Additional components, deployment nodes ...

- Use your SAD to document the decisions
- Level of details
- Think of: Who are the readers? To do what?

- Consistency
- Any adjudegement to be made to requirements?
- Keep your design (via the views) consistent

41
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Case: Web shop

@ add item to
catalogue

add item to cart e
from catalogue
dd to stock

pay items in ca
- package & shi

shop owner

42
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Structure Diagram

- Defines subsystems of functionality

- Purpose
- Define decomposition into subsystems
- Provide support for use-cases

- Use Component (or Class) diagram

43
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Web Shop: Functional Areas (VO.1)

Customer Shop Owner
Registration Registration

Product Catalogue

Shop User Interface Maintenance

Payment Stock Control

44
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Check Use Cases Against Functional Areas
@ Customer Shop Owner /.
Registration Registration @

catalogue
remove item

package & ship

Product Catalogue

| Shopul | .
¥ Maintenance

pay items in cart Payment ~+{ Stock Control

add item to cart (remove item from cai
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Web Shop: Functional Areas (V0.2)

Shop Owner
Registration

Customer
Registration

Shop Ul

Product Catalogue
Maintenance

pay items in cart Payment

add item to cart
remove item from carpt

Stock Control

add item to
catalogue
remove item
from catalogue
add to stock

Customer Selection °
Management

-

Excluded from-example
Payment adm
Shop staff salary adm
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Web Shop: Responsabilities

Customer Registration

Shop Owner Registration

Shop Ul

Prod. Cat. Maintenance

Cust. Selection Mhgmt.

Stock Control

Entry, storage & retrieval of customers

Entry, storage & retrieval of shop staff

Provide customers access to product data

Entry, storage & retrieval of product data

Register customer product selection

Payment Handle transaction between customer & shop

Register available products in stoclsy
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Some Concrete Examples

http://www.nkictarchitectuur.nl/2006/index.htm

- Rabobank, Belastingdienst, Ahold, FEl,
Schiphol, Elsevier, ...

49


http://www.nkictarchitectuur.nl/2006/index.htm

Shop Ul

AN

Customer | [Cust. Sel.| | Cart- Pavment Prod. Catal.|| Stock ||Shop Staff
Registration| | Mngmt.| | data | y Maint. ||Control| Registration
Customer Product Stock Shop
data Catalogue data Staff
data
key 'b )
LEs _ | Subsystem ! 0
package
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ldentification of Active
Processes

Shop Ul

Staff Shop Ul

AN

Customer
Registration

y

A 4

Customer

data

Cust. Sel.| | Cart- Pavment Prod. Catal.| | Stock ||Shop Staff
Mngmt.| | data | y Maint. ||Control| Registration
Product Stock Shop
Catalogue data Staff
data
key
uses Active Passive
> Component Component 51




CHALMERS | (8§)) UNIVERSITY OF GOTHENBURG

Sequence Diagram

- Captures interaction between components

- Purpose
- Model flow of control
- ldentify synchronization
- [llustrate typical scenarios

52
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Design System Dynamics: Scenario’s

1 I I ]
Product Customer Selection
Shop Ul Catalogue Management Cart-data
L Enter search
=V >
v O YV
N 3; I Natches of search
© - <

Select item

A

Update |selection

Store selection

[
»

Scenario’s describe the interaction between components >3
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Sequence Diagram

Captures interaction between components

object Interaction
\4 t: Thread . Toolkit
al:run(3). o lifeline
/ run() ' callbackLoop()
sequence /' 1 creation
label message o/
«create»
call — P p: Peer
focus of control —_| handleExpose& '

\. recursion ~

- um

«destroy» ¢ N\
e / ol

! : destruction
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Statechart Diagram

- Captures behaviour internal to individual components
- Purpose
- Model reactive objects
(user interfaces, devices, etc.)

a.k.a. state-transition diagrams, finite-state-machines
alternative: Petri-nets

55
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Web shop Ul state-machine

(de)select item

get customer |
% login profile enter search display result

O ’O >

Q
C

enter sear

check-out

56
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Statechart Diagram

Use a state-diagram to specify the internal
behaviour of a component

State Machine

transition nested state

/ guard
AN

ready(3) [signalOK]

1/
' ./ onHook

Idle

keepAlive / check()

o— o
/.

Working

initial state

\
internal transition

offHook / reclaimConnection()

w?

action

57
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Deployment Diagram

- Captures the topology of a system’s
hardware

- Purpose

- Specify the distribution of components
- ldentify performance bottlenecks

- Developed by architects, networking
engineers, and system engineers

58
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Deployment Diagram

- topology of a system’s hardware

- + (rules for) mapping of logical view to
hardware

Internet node
Modem bank

LR

>

connection «Processor» «Processor»
caching server caching server
LN
\\ ode
Qnetwork» local network o« U
|
f |
«processor» «processor» «processor» «processor»
primary server server server server

59
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Deployment Diagram

Deployment view: physical model + mapping

g component
=A [N |- D
4B Ll 2

physical device

TCP/IP over Ethernet | ! ! network

Basis for analyzing throughput, availability

Separation of Concerns in diagrams: the deployment diagram
does not show the dependencies between components

60



CHALMERS |

(8% )) UNIVERSITY OF GOTHENBURG

Web Shop Deployment Diagram

Internet

Shop Terminal

CITemT

%Staﬁ Shop Ul

=

Staff Shop
Registration

% Stock Control

Product
Cat. Maint.

% Shop Ul

Customer
Registration

Cart Data

ust. Selection
Management

% Payment

Local Area Network

Nnte rnet

Customer
DB

S
Gatew
ay % Firewall

C\ >

l
roduct

62
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Task 2 - Implementation

‘;\'z‘\;'; B o A B
- E \
= - ~N
Ny
I
= S
= - 5 p\

1T
i I
i

Il
"

NMQTT

mosauitto
-

Node-RED a o
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Task 2 - Objectives

To learn to use the architecture design as part of the
implementation

To learn to monitor that the implementation follows
the architecture

To keep the architecture description and the
implementation consistent (‘in sych’) - while
sometimes insight from the implementation require
updates to the architecture description.

To get practical experience in implementing
architectural styles and patterns
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Task 2 - Tasks

- Available on Canvas.

- To build “mockups” of main components in your
system

- Mockups <> Prototype | Balsamiq
- Show communications
- Show behaviours, not algorithms

- Some important components:
- Human

- Drone (generates signals, location; receives missions...)
- Dashboard (at Ground Station)

- Machine Learning
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Task 2 - Implementation

- Languages/Framework of your choice

- For communications between nodes, we
recommend you to use MQTT
- a lightweight (pub/sub) messaging protocol

- avoid direct connection between devices
- commonly used in many loT applications

- 2
.y Bi-DIRECTIONAL

SUB: Fan ConTROL PUB: Fan ConTrOL

:1<‘.«‘.<<<<<<<<<<<<<< ' L LLLLLLLLLLL
:31>>>>>>>>>>>>>>> 2222222222,
PUB: Fan State SUB: FaN State

PUB: Temp SUB: Temp
BROKER
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Task 2 - Starting points
. About MQTT

- |Internet
- Introduction presentations

- Think of implementation details
- Data structures

- Interfaces (API)
- Performance bottle-necks
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Task 2 - Expected outcomes

- Final version of your SAD document (first
version was submitted in A1T1). | expect
updates:

- based on the feedback you have from teachers
and peer-reviews, and

- based on what you learn from implementing
the system.

- A presentation and demonstration (30
minutes/group) on March 5

- the schedule will be decided later



