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Scenario No.1

(P1.1, P2.1, E1.1,

E2.1, C1.1, T1.1,
T2.2, D1.1,)

Scenario No.2
(P1.3, P2.1, E1.1)]
E2.1, C1.1, T1.1,

T2.2, Di.1,)
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Forecasted quantiti
Scenario
No. P11 P12 P21 P22 ELl El2 E2l1 E22 E23 E3l1 E32 (Cll Cl2 D1l
1 P11 P11 Ell E2.1 E3.l Ci1 DIi.1
2 P12 P11 Ell E2.1 E3.l Cl.l1 DIl
46 P2 P11 Ell E13 E32 Ci2 Dl
47 P11 P11 El2 E13 E32 C12 DIi.1
48 P12 P21 El2 E13 E32 Cl2 DIl
95 P11 P22 El2 E13 E32 Cci12 DIi.1
96 P12 P22 El2 E13 E32 €12 DIl
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Step 1 Defining key factors and describing their possible future trends
in the opinion of experts.

Step 2 Generating all possible scenarios from a combination of factors’
future trends.

Step 3 Calculating pair wise compatibility indexes and eliminating
incompatible scenarios.

Step 4 Defining main scenarios with Fuzzy C-means clustering (FCM)
method and ranking them by calculating the degree of possibility
for each final scenario.

Step 5 Project the cluster centres for expressing and interpreting the
main scenarios in linguistic terms.
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O To determine the degree of possibility of a scenario that shows its importance, a
fuzzy compatibility index (FCI) between each pair of forecasted future trends is
defined.

O The concept of triangular fuzzy number (TFN) is used for this purpose. As
shown in Figure 4, five linguistic variables as TFNs between 1 to 5 (FCI; ;)

Q For eliminating the incompatible scenarios two rules were used:

1. If one or more than one of FCls between each pair of forecasted
quantities/trends (FCI (i, J)) in a scenario is “very low” the related scenario
will be eliminated.

2. If the average of FCls in a scenario is less than “Medium” (or fuzzy
number ), the related scenario will be eliminated.
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Scenario No Seemanio Elimination Elimination  Stenarnio Mo, Scenario Elimination  Elmination
Value Raulel Rule2 Value Raule 1 Raule 2
T Teiectad L] Tot r=jacted Tejectad
2 teiected 50 rejected sejectad
3 tejactad 51 nat rejecrad mat r=jectad
4 nat ssjected 52 nat rejected
5 rejactad 53 mat r=jectad
[ nat rejectad 54 mnat rejected
7 tejactad 55 not rejected
E 56
9 .
10 'E
11
12 )
13 —
14 1 R
15 3
16 3333
17 3
18 2204
19 3 =e
20 22352
21 2.857 ~
22 3.047
23 2204 nat r=jectad -
24 3,142 nat rejectad
25 3.047 mat rejectad
26 2852
27 3.142 't
28 3085
29 3 :-
30 3.190 not rejected
31 3,142 nat ssjected nat rzjected E.
3z 3523 not rejected not rejected
33 7 not rejected mat rejectad E
34 tejactad rejactad
as nat rzjected “©
36 3 not rejected
37 2,857 sejectad 9
33 22
39 3 :
10 3
41 3
42 3 2
43 3380 3 —
44 3238 nat ssjected 3 nat rejected
45 3.047 not sejected 3 not rejectad
46 3,142 not rejectad 3 nat rejectad
47 3285 not s=jectad 3 mat r=jectad
P et s S
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ﬁ lustering vs. Classification

Classification

» Classification is the step of mapping objects to known
labels or classes whose side-effect is clustering.
Classification requires derivation of classes or training a
classifier. (classes are predefined, supervised learning)

Clustering

» Clustering is a way to automatically derive broad patterns
or structures from a corpus — sometimes referred to as an
unsupervised learning approach. Clustering groups
“similar objects” and separates dissimilar objects. (classes
are not known)

pishvaee@iust.ac.ir
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ard c-means clustering

+ Imagine that we have 9 cars (=9 samples, data, points, objects)
with their properties as it is shown in the table below:

Vehicle Speed Km/h Color Air resistance Weight Kg
A% 1 220 Red 0.30 1300
V2 230 Black 0.32 1400
V3 260 Red 0.29 1500
\'Z: 140 Gray 0.35 800
V5 155 Blue 0.33 950
\( 130 White 0.40 600
V7 100 Black 0.50 3000
V8 105 Red 0.60 2500
\'L 110 gray 0.55 3500

pishvaee@iust.ac.ir

c-means clustering

3500 g
/“ )
f \
| i %
3000i 4 Lorries A
| |
/
2500 \ O / 4
=~ Sports cars
> 2000 i .
=)
E
& 1300 Medium market cars )
1000 o 1
o
e}
S00 ' X
100 \lﬂ/ 200 250 300

Top speed [km/h]

% The diagram helps us to realize that those cars can be
categorized into three "clusters". Now we can label these clusters:
Sport cars, Medium market cars and Lorries according to their
weight and speed.
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lustering criteria

KD

« Similarity is based on distance.

K2

« The criteria proposed for the hard c-means the algorithm is
known as a within-class sum of squared errors approach
using a Euclidean norm to characterize distance.

g = E}!zuu:'jd:'j = E}!zl Hy; Hﬁ = f_;” vie{l2,..c}

e E?=1Z}:=1#:'jd:'j
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'S hard c-mean clustering algorithm

+ A mathematical definition of our problem is given here:

o n
minE = Z Z Ui ||1?:- =5 ||

i=1 j=1

S.t.
E}!: 1 By X
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S hard c-mean clustering algorithm

1. Fix €2 = € < Wang initialize the U matrix:

Ut e M,

Then do = 0,1,2,

—

2. Calculate the c center vectors (Vr' ) with u

(e

[y

3. Update ; calculate the updated membership matrix (for all f, Jr):

i

pTHD {é dj = min{d;(;'} vk e {12, .., c}

otherwise

- ||Ul.1'+1' =i

5 = c(tolerance level)

Stop: otherwise set 7 = 7 Land return to step 2.
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% Fuzzy clustering

The butterfly data set

(0,47 (6,4)
L [ ]
(1.3) (5,3)

[ ] L
(0,2) (1.2) (2,2) (3,2) (4.2) (5,2) (6,2)
L J [ ] ® L J [ ] L J [ J
(1.1) (5,1)
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Fuzzy clustering

«In fuzzy clustering, a single point can have partial
membership in more than one class.

e = P, () € [0,]]
Y Ha =1 VRELD, o} . .

- n -
0 < Dgmy M <1

A J

+Thus for butterfly example we can have:
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Zzy c-means algorithm

1. Fix c@=c< N-]'and select a value for parameter M nitialize the Umatrix:

Each step in this algorithm will be labeled 7", where 7 = Or1,2,---

=\r! [ER]
2. Calculate the c center vectors (vr' ) with u for each step.

(1) ;1.
3. Update U ; calculate the updated membership matrix (for all i K ):
-1
= 2 d:{ Distance from point k to
Ky = d;’ ) current cluster centre i
j=1 \ Ik
Lr) E - .
=] 1) _ g Distance from point k to
o G i =
{it= then *ik ) other cluster centres j
e ||U""“' — U = e(tolerance level)

Stop; otherwise set 7 = 7 Land return to step 2.
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Performance measure
zz FCI(i i RS(h): ranking score of cluster h
i

sV i n: number of compatible scenarios in each cluster.

n U, (k): Degree of membership of scenario k to
RS(h) =" (#4,(K).SV (K))
k=1

cluster h.

Forecasted trends

Main Fu_nal .
Scenarios PL P2 E1 2 E3 c1 D1
fmal_ scenarios and their Nol Low  VeryHigh Medium Medium  Medium Low High 21517
ranking scores for Gath- ) X ) ) ) ) 20409
Geva and Xie-Beni indexes No2 High  Medium  High  Medium VeryHigh Low  High -
No3 High  VeryHigh Medium  High  VeryHigh  High High 19325
No4 Low _ Medium _Medium _Medium _Medium __ High High 22188
Main Final Forecasted trends rs
) ) : Scenarios P1 P2 E1 E2 E3 c1 D1
fina’sSconaniosgsancs el Noi High VeryHigh High  High VeryHigh High  High 21013
ranking scores for
Fukuyama-Sugeno index No2 High  VeryHigh Medium Medium VeryHigh  Low High 19.306
No3 Low  VeryHigh Medium Medium  Medium Low High ~ 24.550
No4 Low Medium  Low Low Medium High High ~ 22735
Nos5 High __ Medium _Medium _Medium _Very High _ Low High  24.039
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