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Learning outcomes of this chapter

m You will learn:
m what is scalability as an architectural quality
m what are the architectural causes and effects of scalability
m tactics to improve scalability

m a comparison technique to evaluate the scalability in alternative
architectures
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The structure of this chapter

m Introduction

m Scalability Causes and Effects
m Scalability Quality Atribute

m Scalability Tactics

m Applying the Scalability Tactics

m Scalability Analysis
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Introduction
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Scability

Conceptual overview

m Scalability is an quality to refer to the degree to which a
product or system can effectively and efficiently be scaled
for an increasing operational usage

m An example of scalability in the case of a temperature
monitor system is to maintain its performance when the
number of sensors increases in orders of magnitude

m Increasing from 1 to 10 sensors, and then from 10 to 100, and then
from 100 to 1000, and so on
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Scalability

Expressing scalability using software architecture
concepts

m Scalability as an architectural quality refers to the degree to
which an architecture can effectively and efficiently be
scaled for an increasing number of component usage of
several orders of magnitude

m the rise of the number of components can imply in the rise of the
number of connectors and ports

m We need to express the causes and the effects

m Causes refer to identify the component types to which their uses
(number of instances) can increase in several orders of
magnitude

m Effects refer to impact on the effectiveness and efficiency of the
system implied by its architecture when the number of
component use increases
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Scalability

Causes and
Effects
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Scalability causes

m Component types can have their use (number of instances)
significantly increased in the software architecture

m connector types may have their use (number of instance) significantly
increased as a consequence of the rise of component use

m port types may have their use (number of instance) significantly
increased as a consequence of the rise of component use

m It is important to note that, if the architecture defines that a component type
can have only one instance, we cannot increase the number of instances

m In the RTC system, we can increase the number of temperature
sensors and presence sensors

m We cannot increase the user interface and the controller component
types as the architecture defines only one instance of each type.
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Scalability effects

m Effects are the consequences of the causes in the
architecture

m the impact on the effectiveness and efficiency of the system

m According to the requirements of the RTC System

m Effectiveness is to assure that the control-loop correctly adjust the
room temperature

m according to the user desired temperature, the current average
temperature and the presence of a person

m Efficiency refers to the time of the control-loop to adjust the
temperature

Software Architecture in Action — Part Il — Chapter 10 — Designing Scalability in Software Architectures



Scalability effects
Example in RTC

m In the RTC System ARCH2, the causes are

m we can increase the number of temperature sensors

m The effects in RTC System ARCH2 are

m According to the cardinality, the minimum number of temperature
sensor is 1

m When the number of temperature sensor is increased by 10, the
number of connectors is also multiplied by 10 and they are
connected to the same port

m Then, the time to read all sensors is muliplied by 10
m As a consequence, the efficiency is divided by 10 (effect)

m And the system is not effective if the efficiency it too low

Software Architecture in Action — Part II — Chapter 10 — Designing Scalability in Software Architectures



Scalability quality attributes

m Scalability quality attribute refers to a quality used to
quantify the effects

m The ripple effect in system performance
m Response time
m Throughput
m Resource consumption

m As an example, if we increase the number of temperature sensors
by ten, we expect not to impact the response time of the feedback
control loop
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Scalability Tactics

m Tactics are design decisions that influence quality attributes

m Tactics are used to minimize effects

m Example of scalability tactic:
m Introduce concurrency

m To improve scalability we can introduce concurrence in order
to keep performance

m As an example, in the RTC System, we can introduce
concurrency in the sensor monitor component to
concurrently read the temperature from the sensors
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Applying

Scalability
Tactics
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Applying the Scalability Tactics

Designing a new architecture — ARCH3

m To allow a significant rise of components (by order of
magnitude) we design a new architecture of RTC System

m In the new architecture ARCHS3, we apply the infroduce
concurrence tactic

m we design a CompositeMonitorCP component that can read all
sensors data concurrently

m CompositeMonitorCP has one SensorReadersCP component for each
TemperatureSensorCP

®m a n-ary connector (AllTemperaturesCN) joins all output from the
SensorReadersCP components to the AverageCalculatorCP component

m In the next slides we present the differences between the two
architectures
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Applying the Scalability Tactics
The Component BDDs of ARCH2 and ARCH3

ARCH2

m ARCH2 has a simple
component to read data from
all sensors

bdd [Package] Component definitions [ARCH2]

Q temp:CTemperaturelPT
{1

«component»
RoomTemperatureControllerCP

detected:PresencelPT target:CTemperaturelPT

-

i}

heating:CommandOPT cooling:CommandOPT

average

. t t:
detected: arge :CTemperaturelPT

PresencelPT CTemperaturelPT

target:
«component» CTemperature «components «components
PresenceCheckerCP SensorsMonitorCP CommanderCP
desiredTemp average: . cooling:
. " - sd:SensorDataOPT heating: .
:CTemp elPT  CTemp OPT c dopT © OPT
«components «component» «components
Presence SensorCP UserinterfaceCP CoolerCP
i} L} {T}

detected-PresenceOPT desired:CTemperatureOPT controller:CommandIPT

«components «components
Temperature SensorCP HeaterCP
I} T}

current:FTemperatureOPT controller-CommandIPT

m ARCH3 has a
CompositeMonitorCP has a
SensorReadersCP component
for each TemperatureSensorCP

bdd [Components] RTCSystemCPD [ARC

& :CTemperaturelPT[1..*]
{1}

detected:PresencelPT userTemp:CTemperaturelPT

ecomponents
RoomTemperatureControllerCP

EEE— —m
pc
heating:CommandOPT cooling:CommandOPT
sm
detected: userTemp target: average
PresencelPT | :CTemperaturelPT CTemperaturelPT :CTemperaturelPT
«components «components «components
PresenceCheckerCP CompositeMonitorCP CommanderCP
{I+ :
target: CTemperaturelPT[1..* average: heating: cooling:
CTemperatureOPT CTemperatureOPT CommandOPT CommandOPT
temp:
CTemperatureOPT
«components «component» average:
sensor-CTemperaturelPT SensorReaderCP allTemp: AverageCalculatorCP CTemperatureOPT
CTemperatureDTIPT
. «components

Software Architecture in Action — Part Il — Chapter 10 — Designing Scalability in Software Architectures




Applying the Scalability Tactics
Two different configurations of ARCHZ and ARCHS3

ARCH2

m In ARCH2, several conectors
are linked to the same temp

port

ibd [Configuration] RTCSystemCFD [ARCH2]

«component»

«component»

«component»

m In ARCHS, several conectors
are linked to the diferente
temp port (cardinality 1..n)

ibd [Configuration] RTCSystemCFD [ARCH3]

)

s1:Temperature SensorCP

s2:Temperature SensorCP

s3:Temperature SensorCP

{1}

{i}

{ul

current:FTemperatureOPT

c1:FahrenheitToCelsiusCN

«component»

s3:PresenceSensorCP

det

‘DetectPresenceCN
——f]:RoomTemperatureC

detected:PresencelPT

heating:CommandOPT

current:FTemperatureOPT

c2:FahrenheitToCelsiusCN

current:FTemperatureOPT

c3:FahrenheitToCelsiusC!

]

154,

-PresenceOPT

«component»

ontrollerCP-2

|
temp:CTemperaturelPT

target:CTemperaturelPT

«component»

% s3:UserinterfaceCP
desired:CTemperatureOPT

‘TemperatureCN

cooling:CommandOPT

«component»
s1:TemperatureSensorCP

urrent:FTemperatureOPT
c1:FahrenheitToCelsiusC

temp1:CTemperaturelPT

detected:PresenceOP
«component»

s3:PresenceSensorCP

:DetectPresenceCN

detected:PresencelPT

heating:CommandOPT

«component»
s2:TemperatureSensorCP T o
s3:TemperatureSensorCP
current:FTemperatureOPT

c2:FahrenheitToCelsiusCN
c3:FahrenheitToCelsiusC|

«component»
:RoomTemperatureC
ontrollerCP-3

=
current:FTemperatureOPT

target:CTemperaturelPT

Il

T s3:UserlnterfaceCP
desired:CTemperatureOPT

:TemperatureCN

cooling:CommandOPT

cc2:ControlCommandCN

cc1:ControlCommandCN

cc2:ControlCommandCN

controller:CommandIPT
{Lf

«component»
:HeaterCP

controller.CommandIPT
1if

«component»
:CoolerCP

cc1:ControlCommandCN

controller:CommandIPT

«component»
:HeaterCP

controller:CommandIPT

«component»
:CoolerCP
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Applying the Scalability Tactics
Two different configurations of ARCHZ and ARCHS3

ARCH2 - RoomTemperatureControllerCP

m The SensorMonitorCP m The CompositeMonitorCP
component reads the data component that can read all
from all sensor sequentially sensors data concurrently

ibd [Configuration] RoomTemperatureControllerCFD [RoomTemperatureControIIerCP«Zu ibd [Configuration] RoomTemperatureControllerCFD [RoomTemperatureControIIerCP-a])

«component»

«component»
:RoomTemperatureControllerCP-3

:RoomTemperatureControllerCP-2

«proxy» «proxy»
detected:PresencelPT detected:PresencelPT
=1 )
)
detected:PregencelPT detected:PresencelPT
iy fu} target:
1805 target: '
«component» CTemperatureOPT «component» _,CTemperatureOPT
:PresenceCheckerCP :PresenceCheckerCP
m [d e emp:CTemperaturelPT[1..%]
desiredTemp temp:CTemperaturelRT Lesred”Emp CTemperatul
L -CTemperaturelPT «component» ‘¢TemperaturelPT P «component> |
:CompositeMonitorCP

H—‘]—
«proxy» p.cTemperaturelPT[1..%]
desiredTemp:CTemperaturelPT

:SensorsMonitorCP-2

«proxy»

desiredTemp:CTemperaturelPT emperaturelPT

target TemperatureCN average:TemperatureCN target. TemperatureCN average:TemperatureCN
target: average target: S
:CTemperaturelPT CTemperaturelPT
CTemperaturelPT P L CTemperaturelPT

«component»
:CommanderCP

«component»
:CommanderCP

1 Il
(54
«proxy» «proxy»

«proxy» «proxy» ing- P
heating:CommandOPT cooling:CommandOPT heating:CommandOPT cooling:CommandOPT
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Applying the Scalability Tactics
The CompositeMonitorCP component in ARCH3

Differences between ARCH2 and ARCHS3

m In ARCH2, the SensorMonitorCP is a simple component

m It does not have a configuration

m In ARCHS, the CompositeMonitorCFD is a composite component

m CompositeMonitorCP has one SensorReadersCP component for each
TemperatureSensorCP

m The AllTemperaturesCN (n-ary) connector joins all output from the
SensorReadersCP components to the AverageCalculatorCP component

ibd [Configuration] CompositeMonitorCFD [CompositeMonitorCPV

temp:
1.* |CTemperatureOPT
«component»

:SensorReaderCP
sensor:CTemperaturel PT+

:AllTemperaturesCN
allTemp: :AverageCalculatorCP CTemperatureOPT

«component» average:
CTemperatureDTIPT
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Applying the Scalability Tactics
The AllTemperaturesCN connector in ARCH3

ARCH2

m The configuration of the AllTemperaturesCN connector is described
below.

m The configuration includes a component to aggregate the data
from the ports that are linked to the sensors

m They TemperatureAggregatorCP connector provide a data
structure with all data through the TemperatureDTOPT port

«connector»
AllTemperaturesCN
-7 participants T T~
P RN
r ————————————— 4 \ ——————————————
1..*  Temperature Temperature® | |
: Szplﬁ'ré: { ./ = «component» Sl > \\l des:(t?r?:t)i)on' l
[ : | & ta: ( i : I
| ~TemperatureOPT : \ ta:TemperatureAggregatorCP /’ | ~TemperatureDTIPT |
______________ AN S |
S ~TemperaturelPT[1..%] “TemperatureDTOPT. ~ g

— —
—— - —
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Scalability

Analysis
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Scalability example
RTC System — Scalability requirements

m We use an AND/OR tree to depict the requirements (R),
causes (C) and effects (E)

m RTC Scalability requirements

m R]l —The system must allow the rise of the temperature sensors of
a defined type in an order of magnitude (multiply by 10) to
improve accuracy
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Scalability example

RTC System — causes

m RTC Scalability requirements

m R]1 —The system must allow to increase the number of

temperature sensors to improve accuracy while maintaining
response time

m Cl - Increase the temperature sensors of a defined type in an
order of magnitude (multiply by 10) to improve accuracy
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Scalability example — 1/2
Analysing the ripple effect

m We analyse the response time on two different architectures
of the RTC system considering the same cause

m the modification is to improve temperature measures
(Requirement R1) by increasing the temperature sensors of the

same type by an order of magnitude to the RTC system (Cause
Cl)

m first, we analyse the ARCH2 architecture

m this architecture has one multiplex port in the controller to
receive data from many sensors

m If we multiply the number of sensors by 10, the response time is
proportionaly increased by 10
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Scalability example — 1/2
Analysing the ripple effect

m then, we analyse the ARCHS architecture

m this architecture has a composite monitor concurrently that
reads all temperature

m therefore, if we multiply the number of sensors by 10, the
response time do not increase

m According to the aforementioned analysis, we can conclude that
ARCH?2 is not scalable and ARCHS3 is scalable
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Scalability Analysis
Comparing the time for reading sensors in ARCH2

Reading one sensor

m In ARCH2, to read one sensor, m If we have ten sensors, the

one unit of time is necessary monitor reads one
temperature at a time, so it

ecomponents needs ten units of time
s1:TemperatureSensorCP
. ibd [Configuration] RTCSystemCFD [ARCH2] )
S 2
current FTemperatureOPT » »
;2: ;3: ;4: Es:
c1:FahrenheitToCelsiusCN
«component» { «component»
s1:TemperatureSensorCP sT:
temp:CTemperaturelPT current:FTemperatureOPT
m
- :FahrenheitTpCelsiusCN-2
ed.PresenceOPT «component» detected: PresenceOPT temp:CTemperaturelPT
s3:PresenceSensorCP Lecomponent»
:I DetectPresenceCN «component» target:CTemperaturelPT s9:

:Room

T

sectPresenceCN «component» target. CTempe e
{=:RoomTemperatureC etected:Presence
T ontrollerCP coon;g%r.benb
ted.PresencelPT ——— SR—
heating:CommandOPT cooling:GommandOPT
«component»

desired:CTemperatureOPT"l:' s3:UserinterfaceCP

r 1
cc1:ControlCommandCN  cc2:ControlCommandCN

controller:CommandIPT controller:CommandIPT
{i} {Lt
«component» «component»
:HeaterCP :CoolerCP
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Scalability Analysis

Comparing the time for reading sensors in ARCH3

m In ARCHS, to read one sensor,
one unit of time is necessary

«component»
s1: Temperature SensorCP

S 3

current:FTemperatureOPT

c1.FahrenheitToCelsiusCN

temp:.CTemperaturelPT
{i}
ed PresenceOPT
sectPresenceCN «component» target. CTempe
{=:RoomTemperatureC
ted PresenceIPTT, ontrollercP —

m [If we have ten sensors, the
monitor reads all temperature
at the same time, so it reads all
them in one unit of time

ibd [Configuration] RTCSystemCFD [ARCH3] )

«component» current «component»
s5:Temperature SensorCP s6:TemperatureSensorCP
current: .
" «component» wcp B e 5: «component»
" s7:TemperatureSensorCP
c6:
current:
«component»
s3:Temperature SensorCP “CTemperaturelPT l dﬁ sS:Tal:mr;:sorcP
3: 1,

1, 1

)
current: :
«component» c8: «component»

’
s2:TemperatureSensorCP -CTemperaturelPT

s9:TemperatureSensorCP

c9: «component»
‘ s10:Temp Si rCP

«component»
:RoomTemperatureControllerCP

1
c1:FahrenheitToCelsiufSN

s1:T (cnmponellt» D cooling:CommandOPT
- L current:FTemp OPT 10
) X

heating:CommandOPT
targef: CTemperaturelPT

cc1:ControlCommandCN

‘TemperatureCN

2:ControlC dCN
cceLontrolomman desired:(TemperatureOPT

controller:CommandIPT 'J_contro[[er:CommandIPT
14 {Lt {1k
«component» «component» «component»
:HeaterCP :CoolerCP s3:UserlinterfaceCP

(see bigger in next slide)
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IBD ARCHS3

ibd [Configuration] RTCSystemCFD [ARCH3] )
«component» current: TR
s5:TemperatureSensorCP 7| s6: Temperature SensorCP
{1}
«component» current: 5:
s4:TemperatureSensorCP 7 4: «component»
s7:TemperatureSensorCP
c6:
«component» current: ccomponents
s3: TemperatureSensorCP 7 :CTemp,Je_ratureIP'TL‘ cr s8: TemperatureSensorCP
L¢3 fi} fi} fi}
' t: -
«component» curren S a—Jc& «component»
s2: TemperatureSensorCP ‘CTemperaturelPT t s9:TemperatureSensorCP
- «component»
T :RoomTemperatureControllerCP =
| c9: «component»
» c1:FahrenheitToCeIsius[—§N [——— T s10:TemperatureSensorCP
componenty cooling:CommandOPT
s1:TemperatureSen cﬁr'rgﬁt FTemperatureOPT ' 10:
[y -
heating:CommandOPT =
targef.CTemperaturelPT
cc1:ControlCommandCN
‘TemperatureCN
cc2:ControlCommandCN .
controller-CommandIPT 'J_controller:CommandIPT desired:QTemperatureOPT
[ e il
«component» «component» «component»
:HeaterCP :CoolerCP s3:UserinterfaceCP
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Summary

m In this chapter you learnt
m the scalability concept
m the architectural causes and effects of scalability
m tactics to improve scalability

m a comparison technique to evaluate the scalability in alternative
architectures

m You learnt how to

m express scalability in software architecture using a cause-effect
relationship

m compare two alternative architectures to evaluate their scalability
by analysing the ripple effect of the response time quality
attribute
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