SoSECIE Webinar

Welcome to the
2020 System of Systems Engineering Collaborators
Information Exchange (SoSECIE)

NDIN MITRE

We will start at 11AM Eastern Time
Skype Meeting +1 (703) 983-2020, 46013573#
You can download today’s presentation from the SoSECIE Website:
https://mitre.tahoe.appsembler.com/blog
To add/remove yourself from the email list or suggest a future topic or
speaker, send an email to sosecie@mitre.orq
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NDIA System of Systems SE Committee

* Mission
* To provide a forum where government, industry, and academia can share

lessons learned, promote best practices, address issues, and advocate
systems engineering for Systems of Systems (SoS)

* To identify successful strategies for applying systems engineering principles
to systems engineering of SoS

* Operating Practices

* Face to face and virtual SoS Committee meetings are held in conjunction
with NDIA SE Division meetings that occur in February, April, June, and
August

NDIA SE Division SoS Committee Industry Chairs:
Mr. Rick Poel, Boeing
Ms. Jennie Horne, Raytheon

OSD Liaison:
Dr. Judith Dahmann, MITRE



Simple Rules of Engagement

* | have muted all participant lines for this introduction
and the briefing.

* |f you need to contact me during the briefing, send me
an e-mail at sosecie@mitre.org.

* Download the presentation so you can follow along on
your own

* We will hold all questions until the end:

| will start with questions submitted online via the CHAT
window in Skype.

* | will then take questions via telephone; State your name,
organization, and question clearly.

e |f a question requires more discussion, the speaker(s)
contact info is in the brief.



Disclaimer

 MITRE and the NDIA makes no claims, promises or guarantees
about the accuracy, completeness or adequacy of the contents of
this presentation and expressly disclaims liability for errors and
omissions in its contents.

 No warranty of any kind, implied, expressed or statutory,
including but not limited to the warranties of non-infringement of
third party rights, title, merchantability, fitness for a particular
purﬁose and freedom from computer virus, is given with respect
to the contents of this presentation or its hyperlinks to other
Internet resources.

» Reference in any presentation to any specific commercial
products, processes, or services, or the use of any trade, firm or
corporation name is for the information and convenience of the
participants and subscribers, and does not constitute
endorsement, recommendation, or favoring of any individual
company, agency, or organizational entity.
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Sponsored by MITRE and NDIA SE Division

September 22, 2020
SoS Meta-Architecture Selection for Infrastructure Inspection System Using Aerial Drones
Dr. Cihan Dagli and Muhammad Monjurul Karim

October 6, 2020
A System-of-Systems Approach to Optimize a Real-time Risk Situational Awareness System
Dr. Flavio Oquendo

October 20, 2020
Situation Awareness and Decision Making for Constituent Systems
Dr. Pontus Svenson and Dr. Jakob Axelsson
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Challenges for System of Systems in the Agriculture Application Domain
Dr. Benjamin Weinert and Dr. Mathias Uslar

December 1, 2020
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Developing Meta Systems Architectures

Cyber Physical Systems for Next Decades

There will be multi-faceted systems in different levels of
implementation that entail complex logic with many levels of
reasoning in intricate arrangement, organized by web of
connections and demonstrating self-driven adaptability which
are designed for autonomy and exhibiting emergent behavior
that can be visualized.

They will impact manufacturing industry, defense, healthcare,
energy, transportation, emergency response, agriculture and
society overall.



Developing Meta Systems Architectures for

Cyber Physical Systems for Next Decade

The success will depend on how the current challenges related
to;

Cybersecurity, )
Interoperability,

. »
P Fiva Cy, Industry 4.0. Society 5.0 are the term used

Human System Integration

are handled. —



Developing Meta Systems Architectures

Developing Meta Systems Architectures

Can we determine these
architecture based on context,
dynamic stability and pluralism

using a structured interactive
approach?

Human System Integration,
Cybersecurity, Interoperability,
Privacy, Safety,

Industry 4.0/ Society 5.8

Self drive personal cars

Smart sign boards

Car pooling

RSN
Smart traffic signals Brge -‘~.‘l\\ Alternate fuel personal cars

nals & Sign boards

Driverless cars

7z

\\

z.

il

OK)
s\l
2

S

7

%
)
Ss

N—

2% .‘A?§§
ian pathways = L= Public transpo

A A

S %
N %Y
A R
X /{ > =\\ A\

B A=

A\l

Bicycles Smart public trans|

| XX\ >< X\ 171
IO AN
Wﬂ*{&;‘\\\\“

a—

Driverless public transportation buses
Metro trains

Innovation Bar
chuangzaoba com

Search 31>
so3d.cn

3 Dimension
disanwei.com
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Fig. 6.
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Group Purchase
tuan3d.com

/ \ Location based Advertisement
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Type 2 SM platform with 3D printing.

From Mind to Products: Towards Social Manufacturing and Service Gang Xiong, et.al.
IEEE/CAA JOURNAL OF AUTOMATICA SINICA, VOL. 5, NO. 1, JANUARY 2018



Developing Meta Systems Architectures

Developing Meta Systems Architectures

e Structuring the modeling effort (context)

* Optimization methods yielding targeted solution sets
(pluralism)

e Visualization of architectures (context)

UNBOUNDED GROWTH
REQUIRES ACCELERATING CYCLES
OF INNOVATION TO AVOID COLLAPSE

* |nteractive architectures allowing
e “what-if” experimentation
e (dynamic stability)




Developing Meta Systems Architectures

Developing Meta Systems Architectures

SoS Explorer is Missouri S&T’s solution

A novel optimization method called “MOEA-DM” tailored to the needs
of cyber physical systems

Many-objective optimization

Use of clustering to cultivate a limited set of solutions of interest

UNBOUNDED GROWTH
REQUIRES ACCELERATING CYCLES
OF INNOVATION TO AVOID COLLAPSE

Visualization of architectures
Interactive “what-if” experimentation



http://emse.mst.edu/sos-explorer/

SoS Explorer Architecting Tool

Input: Output:
Objectives Objectives value

Input:
Characteristics

Input: @ Python O MATLAB @ F# OutpUt:
Capabilities meta-architecture

Input:
Subsystems




Violent Events & Lifelong Implications s

> Traffic crashes are violent events that can have lifelong

implications

Direct involved

Ay - L

m:f/’

,’@

37,000 fatalities $800 million

0\1 “"" /‘/ o
.

Indirect involved

Law enforcement officers, first
responders, medical
professionals, family members
and friends



Data-driven, Vision-based, Real-time Risk Situational

Awareness System

/Risk Factors

Risk factors that
need to be
detected by

camera.

Risk factors that
can be set in the
system.

Road Scene
Analysis
Algorithm

N

Detect the risk factors based on
videos captured by the camera
installed in the vehicle.

Crash Prediction

Predict the crashes based
on the risk factors.

J




Overview of the System

OoV-1

Algorithms for Recognize the Factors Recorded by Camera
Risk factor: Month * Faster R-CNN(Region-based Convolutional neural networks )
Risk factor: Weekday Mask R-CNN(Region-based Convolutional neural netwaorks |
Risk factor: Time(Hour) FCIS {Fully Convolutional Instance-aware Semantic Segmentation)

Risk factor: Light visibility MNC [Multi-task Network Cascades)
Risk factor: Weather

Risk factor: Road Functional System
Risk factor: Large Truck Related or not
Risk factor: Type of Junction

Risk factor: Type of Intersection

Risk factor: Pedestrian Involved or not

prediction Based on the

MNeural Network ﬂ%’ T
Regression ;

Decision Trees
B /

QoML
Tableau

Produce the monthly Report Olikview

Application A Highcharts
Application B
Application C

Need statement: Develop a system to predict and warn a crash if
a crash will happen in the next few seconds, so that the driver
can proactively avoid it.

Integrate &ll the Systems
Capabilities.
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Chromosome

/ Sub : / | , ‘
| | ! Interfaces | | Chromosome )
systems / / /

by Unknown Author is licensed under


http://pngimg.com/download/48588
https://creativecommons.org/licenses/by-nc/3.0/

Chromosome

1, if the i" system is selected in X,
0, otherwise

S(X,i):{

1,if thei™and j"system have an Interface in X,
0, otherwise

I(X,i,j):{

Note: X is the chromosome, i and j are indices for subsystems
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Objectives (Key Performance Attributes)

Performance of the So5
Predicted Time

Performance of the So5
Predicted Decision

Accuracy

Affordability

Scalability

Adaptability

This is the speed of the prediction, which means the running time
of the systems. The lower prediction time, the longer the time of
the warning show up before the crash happen.

This is the decision of the prediction. This is the accuracy of the
perdition. The decision will show the risk factors around the
vehicle and the crashes, such as: “Attention, pedestrian crossing”
and “Attention, high-risk of crash.”

This is the lowest life cycle cost of the system, which means the
totally cost of implementation and ownership of the SoS over its
useful life.

This is defined as the ability of the SoS to adapt to increasing
demands. Demands include adding risk factors, speed up the
prediction time.

This is the adaptability of the 505 to adapt to different kinds of the
vehicle and more complex traffic environment.
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Fuzzy Inference Systemgs

4 Fuzzy Logic Designer: Untitled — O x

File Edit View

Untitled
(mamdani)
input1 output

FIS Name: Untitled FIS Type: mamdani
And method | min — | Current Variable
Or method | —r - | Name input1
\molicati | o 9 | Type input

; Range mA1]
Aggregation | - - |
Defuzzification | centroid v | Help Close
Ready




Membership Functions in FIS

> Performance of the SoS predicted Time: Too Quick, Slow,
Quick, Timer, Acceptable Reasonable Very S|OW'

Too uick F&Easunal:l&

L ACAART

1]

1

> Performance of the SoS predlcted DeC|S|on Accuracy Terrible,
Poor, Feasible, Acceptable Good, Accurate, Excellent;

[ |
Terrible Fmbl& Excllent

DU.V.V.SVE

0




Membership Functions in FIS

> Affordability: Very Expensive, Expensive, High priced,
Reasonable, Economical, Low priced, Very Low priced:

[ [ [ . . [ I . [ .
\Very_ Expensive Expensive High riced Reasonable Economical Low rice Veryow rice
1

05 [

0 1 -

1 1 1
0.7 0. 09 1

> Scalab'ility: Very S'Iow, Slow, BelowAverage, Average, Above
Average, Fast, Very fast:

[ [
Vaq-sbw Slow Below verage Average Above average fast ‘u"afyFast

1

05




Membership Functions in FIS

> Adaptability: Very Low, Low, Good, Medium, Better, High,

Very High;

[ .
Very, ow Slow Medium Better High Very, igh
1
05 [~ -
0 ¥
] 0.1 0.2 03 04 05 0.6 07 0.8 0.9 1
> QOutput:
L]
T
Too isky
1
05 -

0.1




Rules in FIS

[4] Rule Editor: final_code — [m] e

File Edit View Options

173.1f (Performance_of_the_SoS_predicted_Time is Too_Cuick) and (input2Performance_of_the_SoS_predicted_Decision is Exclient) and (Adaptabity is Very_Low) then {Overall_Attribute is Good) (1) -
174.1f (Performance_of_the_SoS_predicted_Time is Too_Quick} and (input2Performance_of_the_SoS_predicted_Decision is Excllent) and (Adaptabilty is Slow} then (Overall_Aftribute is Good) (1)

175, 1f (Performance_of_the_SoS_predicted_Time is Quick} and (input2Performance_of_the_SoS_predicted_Decision is Excllent) and (A ffordability is not Very_low_price) and (Scalabilty is not Very_Fast) and (Adaptabilty is not Very_High) then (Overall_Atirbute
176.If (Performance_of_the_SoS_predicted_Time is Too_Quick} and (input2Performance_of the_SoS_predicted_Decision is Accurate) and (A ffordability is not Very_low_price) and (Scalabilty is not Very_Fast) and (Adaptabilty is not Very_High) then (Overall_at
[77.1f (Performance_of_the_SoS_predicted_Time is Quick} and (input2Performance_of_the_SoS_predicted_Decision is Accurate) and (Affordabilty is not Very_lowi_price) and (Scalabilty is not Very_Fast) and (Adaptabilty is not Very_High) then (Overal_Attribut
178, If (Performance_of_the_SoS_predicted_Time is Too_Quick) and (inputzPerformance_of_the_SoS_predicted_Decision is Excllent) and (Affordabilty is not Very__Expensive) and (Scalabilty is not Very_Slow) and (Adaptabilty is not Wery_Low) then (Overall_A
179, If (Performance_of_the_SoS_predicted_Time is Too_Quick) and (inputzPerformance_of_the_SoS_predicted_Decision is Excllent) and (Affordabilty is not Very_Expensive) and (Scalabilty is not Very_Slow) and (Adaptabilty is not Slow) then (Overal_Attribul
180. If (Performance_of_the_SoS_predicted_Time is Too_Quick) and (input2Performance_of_the_SoS_predicted_Decision is Excllent) and (Affordabilty is not Very_Expensive) and (Scalabilty is not Siow) and (Adaptabilty is not Slow ) then (Overall_Attribute is E»
181, If (Performance_of_the_SoS_predictsd_Tme is Too_Quick} and (input2Performanca_of_the_SoS_predictsd_Decision is Excllent) and (Affordabilty is not Very__Expensive) and (Scalabilty is not Siow) and (Adaptabilty is not Vary_Low) then (Overall_Atirbut
182, If (Performance_of_the_SoS_predictsd_Time is Too_Quick} and (input2Performance_of_the_SoS_predictsd_Decision is Excllent) and (Affordabilty is not Expensive) and (Scalabilty is not Slow ) and (Adaptabilty is not Vary_Low} then (Overal_Attributs s Exc
183, If (Performance_of_the_SoS_predictsd_Tme is Too_Quick} and (input2Performance_of_the_SoS_predictsd_Decision is Excllent) and (Affordabilty is not Expensive) and (Scalabilty is not Slow ) and (Adaptabilty is not Slow) then (Overall_Attribute is Excelient;
84.If (Performance_of_the_SoS_predicted_Tme is Too_Quick) and (input2Performance_of_the_SoS_predicted_Decision is Excllent) and (A ffordabilty is not Expensive) and (Scalabiity is not Very_Slow) and (Adaptabilty is not Siow) then (Overal_Atiribute is Exc
85. If (Performance_of_the_SeS_predicled_Time is Too_Quick) and (input2Performance_of_the_SoS_predicted_Decision is Excllent) and (A ffordabilty is not Expensive) and (Scalabilty is not Very_Slow) and (daplabilty is not Very_Low) then (Overall_Attribute
86,1 (Performance_of_the_SoS_predicted_Time is Quick) and (inputzPerformance_of_ihe_SoS_predicted_Decision is Excllent) and (A ffordabilty is Very_low_price) and (Scalabilty is Very_Fast) and (Adaptabity is Very_High) then (Overal_tribute is Excellent
(87,17 (Performance_of_the_SoS_predicted_Time is Too_Quick) and (inputzPerformance_of_the_So_predioted_Decision is Accurate) and (A ffordability is Wery_low_price) and (Scalabity is Very_Fast) and (Adaptabity is Very_High) then (Overal_attribute is Ex
(8. If (Performance_of the_SoS_predicted_Time is Quick) and (input2Performance_of ihe_SoS_predicted Decision is Aecurate) and (Affordability is Very_low_price) and (Scalabilty is Very_Fast) and (Adaptabilty is Very_High) then (Overall_Afiribute is Excelle ¥
< >

g
g
g
g
7

Too_
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Rea:
Goo
none
v v v v v |
[ ot [Jnot [ ot [ ot [ not Ll
_ Connection
Oor
and Delete rule Add rule Change rule | <« >
FIS Name: final_code | |
Help Close
Example:
.
I and and and and ‘Then
Performance_of_the_SoS_predicted_Time is Affordability is Scalability is Adaptabilty is Overall_Attribute is
"Too_Quick ~ Terrible ~ Very__Expensive ~ Below_Average ~ ~
\Acceptable Good High_priced Too_risky
Reasonable Acceptable Reasonable Tolerable
Wery__Slow Excllent Economical Reasonable
[Time! Feasivle very ow price | Good
Expensive none
Slow Low_price
none none
w v v v w w

O not [ not [ not [ not [ not [ not



Surface of the Objectives

Example:
> The surface of the objective “the performance of the SoS
predicted time” and “the performance of the SoS predicted

decision accuracy”.

Dmrallﬂttributc

Performance f he_oS redicted_ime
al 5 B T

input?Performance f he_oS redicted _ecision
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Constraint 1 :

At Lease Four Risk Factors Variables Should be Selected

Algorithm 1. At least four risk factors variables should be selected

1
2
3
4:
5:
ﬁ.
E
8

9:
10:
11:
12:
13:
14:
15:
16:
17:
18:

procedure REQUIREFATLEASTFOURRISKFACTORS (X, N,)

Num_seleted < 0
List N, «[1,2,....N,]
fori < 1to N, do
if S(X i) then
Num_seleted < Num_seleted +1
List N, « List N, delete i
end if
end for
X <X
While Num_seleted<4 do
element « rand (List N,.)
X' « SETSYSTEM (X, element, true)
List N, « List N, delete element
Num_seleted < Num_seleted +1
end while
return X’
end procedure

> The number of selected risk factors
t= The index list of the risk factors

t= For each risk factor

t= if the risk factor i is selected

t= count the number of the selection
&> delete the index of the selection

& copy chromosome

e while the selected risk factor is less than 4
& random select a risk factor

t= add this random risk factor into system

&= delete random risk factor

&= count the number of the selection




Constraint 2 :

ldentify and Add Missing Capabilities

Algorithm 2. Add missing capabilities

1: procedure REQUIREFALLCAPABILITIES (X, C’)
2 fori < 1to N, do & For each capability
3 j< 0 t=System index
4: | ©= Non-selected system with capability i
5: hasCapability « false
6: While — hasCapability A(j = N;) do
7 if C}; then o> If system j has capability i
8: if S(X, j) then e If system j is prrsent
9: hasCapability < true o= If capability i is prrsent
10: else
I1: k] = Remember non-selected system with capability t
12: end if
13: end if
14: Jej+1 o Next system
L5: end while
16: if - hasCapability A (k # —1) then e If capability i is missing
17: X' « SETSYSTEM (X, k, true) = Add system k with capability i
L8: else
19: X X
20: end if t> No change to chromosome
21: end for
22: return X’

23: end procedure




Constraint 3 :

Remove Infeasible Interfaces from Architecture

Algorithm 3. Remove infeasible interfaces

l: procedure REMOVEINFEASIBI EINTERFACES (X, F)
2 X <X & copy chromosome
3 fori < 1to N; do e=For each system i
4 forj < 1to N, do =For each system j
5: ifi # j then &= Only consider different systems
6: if[(X,1,])then e If interface is present
7 if ~(S(X,1) AS(X,j) AFy;) then e If not feasible
8: X' « SETINTERFACE (X”, i, j, false) = Remove interface
9: end if

10: end if

I1: end if

12: end for

13: end for

14: return X’

15: end procedure




Constraint 4 :

Add Missing Feasible Interfaces From Architecture

Algorithm 4. Add missing feasible interfaces

l: procedure ADDMISSINGFEASIBLEINTERFACES (X, F)
2 X «X © copy chromosome
3 fori < 1 to N, do =For each system
4 for j < 1 to N, do eFor each system j
5: ifi # j then & Ounly consider different systems
6: if (S(X,i)AS(X,)) then c=if system i and j are present
7 if (-I(X,i.j)) A F;j then c=If interface is not present but it’s feasible
8: X' « SETINTERFACE (X7, i, j, true)
9: end if

10: end if

11: end if

12: end for

13: end for

14: return X’

15: end procedure
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SoS Explorer Architecting Tool

Input: Output:
Objectives Objectives value

Input:
Characteristics

Input: @ Python O MATLAB @ F# OutpUt:
Capabilities meta-architecture

Input:
Subsystems




Meta-architecture

Meta-Architecture Evaluation Architecture Instance
Description: Objectives: Simple SOGA #1 __ Risk factor: Month
o vace. peta || -0 2 -0 sopleation & Rk actor: weday
System: Performance of the S| 039 03gfjff = 0025, Fe=1 Application B O O O Risk factor: Time(Hour)
<Edit Mode> v Performance of the €| 0.63| o.e3ff j Ferations = 10000
— Negotation: Optimal. . . o
Characterist Affordability 0.78| -0.22 Application A Risk factor: Light visibility
Charactenstics: Scalability 051 059
D Adaptability 0.6] 0.6]
I/F Cost ~ OOXML Risk factor: Weather
Ops Cost
Prediction
- Risk factor: Roi
Time Excel
Scalability O
Adaptability
@ Python O MATLAE @ F#
Capabilities: Single Objective: Highcharts O Risk factor:
D D Value Delta
Risk Factors Collection -~ Overall 0.76] 064
Risk Factors Identification @ Python O MATLAE @ F# O
icti i likview
Predlctl\{e M:_:ude.lmg ql Risk factor: T
Result Visualization Optimization
Report Generation
— Random Seed: O Yes # Mo
Application
Constrained: O Yes ® No Tableau Risk factor: Type

Algorithm:

n
<

Systems:
D _Simple e N Decision Trees ” Risk factor: Pedestrian Invc
Rizk factor: Month s Maximum Evaluations:

Risk factor: Weekday

Risk factor: Time(Hour)

Risk factor: Light visibility
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Risk factor: Road Functional System

Risk factor: Large Truck Related orr
e i e it SeAleE Tl

10,000 M

Flexible Systems Megotiation:

Regression [ister R-CNN(Region-based Convolutional ne
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The Comparison of Different Algorithms in SoS Explorer

Objectives Hi;)(ﬁ A- NSIﬁA_ EIE)HGPE

SoS predicted Time | 061 | 06 | 03
Performance of the

SoS predicted 0.46 0.53 0.63
Decision Accuracy

Affordability 0.69 0.67 0.78

Scalability 0.46 0.52 0.51

Adaptability 0.53 0.63 0.6

Overall 0.55 0.55 0.76
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Conclusions

> Evaluate the performance of the Real-time Risk Situational
Awareness System by selecting the different sub-systems,
which will benefit drivers;

> Fuzzy Inference System (FIS) was applied for the evaluation by
setting rules and membership functions;

> FILA SoS was adopted as the tool for the system optimization
using the simple genetic algorithm;

> The proposed model can be used for designing and
developing the system.



Future Work

> Add more subsystems for optimization problem;
> Achieve more convincing characteristics value;

> Different demands of vehicles with various types should be
taken into account during system optimization.

> Extend the application on other optimization systems;

> Advance the FILA SoS tool with more different optimization
algorithms.



Thanks!
Comments and Questions?
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Capabilities Matrix

1 Riskfactor: Month TRUE FALSE TRUE FALSE FALSE FALSE
2 Riskfactor: Weekday TRUE FALSE TRUE FALSE FALSE FALSE
3 Riskfactor: Time(Hour) TRUE FALSE TRUE FALSE FALSE FALSE
4 Riskfactor: Light visibility TRUE TRUE TRUE FALSE FALSE FALSE
5 Riskfactor: Weather TRUE TRUE TRUE FALSE FALSE FALSE
6 Riskfactor: Road Functional System TRUE TRUE TRUE FALSE FALSE FALSE
7 Riskfactor: Large Truck Related or not TRUE TRUE TRUE FALSE FALSE FALSE
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9 Riskfactor: Type of Intersection TRUE TRUE TRUE FALSE FALSE FALSE
10 Riskfactor: Pedestrian Involved or not TRUE TRUE TRUE FALSE FALSE FALSE
11 Faster R-CNN(Region-based Convolutional neural networks) TRUE TRUE FALSE FALSE FALSE FALSE
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FCIS (Fully Convolutional Instance-aware Semantic
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14 MNC (Multi-task Network Cascades) TRUE TRUE FALSE FALSE FALSE FALSE
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Performance of the SoS Predicted Time

NS
Time Performance (X,i)=—>) S(X,i)Cyi..
i=1

> The minimize time performance is 0 if no system is selected.
The maximize time performance is Max_T, which means
when all the systems are selected.

> To calculate crisp numeric values within the universe of
discourse [0 1], Let:

Max_T —Time Performance (X, i)

Crisp_ Time (X, i)= T 70




Performance of the SoS Predicted Decision Accuracy

NS
Z S (x ' i)CPredition,i
Decision Performance (X,i)=-=—
D S(X,i)
i=1

> The maximize performance of the SoS predicted decision
accuracy is Max_P, which is the maximum accuracy of all

subsystems. To calculate crisp numeric values within the
universe of discourse [0 1]. Let:

Decision Performance (X,i)—0

Crisp _ Decision (X, i)= v 50
ax_P-—




Affordability

N, N,
Affordability (X,i)=—>"S(X,i)| Copratons + 2. S(X,i)S(X,j)C.,Fcost,i}
i=1

j=1& j#i

> where the C, . iS the operation cost of system i and
is the interface cost between any one of other subsystem and
subsystem i. The summary of the interface cost will be
calculated if both the subsystem iand j are selected. The
maximize affordability is O if none of the subsystem is
selected. The minimize affordability is -Max_AF when all
subsystems are selected. To calculate crisp numeric values
within the universe of discourse [0 1]. Let:

_ Affordability (X, i)—(—Max_ AF)

0-(—Max __AF)

Crisp _ Affordability (X, i)



Scalability

NS
Z S (X ! i)CScaIabiIity,i
Scalability (X, i) = = o
ZS(X,i)
i=1

> The maximize Scalability is Max_S, which is the maximum
scalability of all subsystems. To calculate crisp numeric values
within the universe of discourse [0 1]. Let:

_ Scalability (X, i)-0
- Max_S -0

Crisp _ Scalability (X, i)



Adaptability

NS
Z S (X ) i)C:Adaptability,i
Adaptability (X,i) =-2—
D> S(X,i)
i=1

> The maximize adaptability is Max_AD, which is the maximum
adaptability of all subsystems. To calculate crisp numeric
values within the universe of discourse [0 1]. Let:

Adaptability (X, i)—0
Crisp_ Adaptability (X, i)= apl\;‘ "3;[() ol)
ax_ AD-—




