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Outline

@ BISC Decision Support System
@ Neuro-Fuzzy-Evolutionary Computing: NeF-ECom

® Multi-Criteria Decision Analysis with Uncertain and
Incomplete Information

@Application Areas
@ ASIS
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OBJECTIVES

Develop soft-computing-based techniques
for decision analysis

@ Tools to assist decision-makers in assessing the
conseguences of decision made in an ‘environment of
Imprecision, uncertainty, and partial truth and providing a
systematic risk analysis;

@ Tools to assistdecision-makers answer “What:if
Questions”, examihe numerous alternatives verffquickly
and find the value of the inputs to achieve a desifed level of
output;

@ Tools to be used with human interaction and feedback to
achieve a capability to learn and adapt through time;
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DECISION ENVIRONMENT

* Information (Can be uncertain)
e Granular (Scale and Precision)
* Query (Can be imprecise)
 Measure (Similarity)
 Aggregation (Can be fuzzy)
 Ranking (Provide Alternatives)

e Optimization (Multi-Objective & Multi-Criteria)
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BISC DSS: Components and Structure

Model and Data

Visualization
Model Management

* Query

* Aggregation

* Ranking

» Fitness Evaluation

Evolutionary Kernel
Genetic Algorithm, « Selection

Genetic Programming, . cross Over
and DNA « Mutation

Input From
Decision

Makers Model Representation Including
Linguistic Formulation

« Functional Requirements Data

» Constraints Management
» Goals and Objectives
» Linguistic Variables Requirement
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Query (Request): Q

Q= f(vl{(lul’:uZ"")’Wl}’VZ {(ﬂliﬂz’---)’wz }’)

v. : Variables
l.: Degree In which v, belong to a certain grade

W. : Preferences

e find If such query exists =» degree of match = rank
=» decision ( I.e. resource allocation)

e compare queries = rank =» decision (task allocation)

e Use Fuzzy Min-Max with degree of preferences
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Objective function: Cost Function/ Fitness Function

N

f(Vi {(ﬂyﬂzv--)’wi })I f(Vi {(zul’/uZ"“)’Wi })
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This may involve multi-objective, multi-
criteria optimization with conflict and fuzzy
variables. Therefore, use fuzzy-GA to solve
the objective function.



BISC - Decision Support System

BISC-DSS Software

Neuro-Fuzzy-Evolutionary Computing
Multi-Criteria Decision Analysis with Uncertain and Incomplete Information
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BISC — DSS Software: Architecture

Application 4 e Aggregation operators\

Template e 'Similarity measures

‘ e Norm-Pairs

User Fuzzy e Fuzzy setsy
Interface : Sea'TCh
Engine
(FSE)
Evolutionary
OB Computing

Kernel
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Basic concepts

Fuzzy sets/ Membership Functions (MFs)
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Basic concepts

Fuzzy similarity measures

Simple matching: |XT Y| x and Y are fuzzy measures

_ X1 Y] defined over the same fuzzy
Dice: 2\X\+M sets with MFs:
Jaccard : K IY:} o Hav oo Hin
Cosine : ‘1>/<21 Y‘m Norm-Pair operators N et U
X[ x]Y| (norm-conorm)
Overlap: |XI Y|

min( X[, ¥ )
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Basic concepts

Norm-Pairs
Fuzzy AND [M] Fuzzy OR [U]
MinMax min(x, y) max(x, y)
Algebraic X XY X+Y—XXY
Bounded max(0,x + y —1) min(1, X+ y)
min ' =1 If mi =1
Drastic (X, y) If max(x,y) max(x y) If min(x,y)
0 else else
: : (XxVY) (X+Yy /
Einstein ( (2)_(X_|_ Yy — X X y)) ( , 1+(X><y))
XXy X+Y—2xXXYV
Hamacher (X+y—XxY) /1 (X x y))

X and Yy are MF values in [0,1].



BISC - Decision Support System

Basic concepts

Aggregation Operators
Arithmetic Mean ZEZXi
N o

1

Geometric Mean (H xijn
=1

Harmonic Mean:

=1 Xi

Minimum : min(x,, X,,A ,X.)
Maximum : max(x,, X,,A , X_)
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Basic concepts

Weighted Aggregation Operators

3

Weighted Mean: > w; x x,
i=1

Weighted Geometric Mean: | [ x™  twith: > w, =1
=1 =1

Weighted Harmonic Mean .

C 1
> owx =
=1 Xi J
n A

Weighted Minimum : min(max(l-w;, x))

: L with : max (w,) =1
Weighted Maximum : max(min(w,, x.)) -

i?
i=1 ! I )
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Basic concepts

Advanced Multi-Aggregator Model

@ Parameters
- aggregators

- weights

- tree structure.

ﬁ Aggregators

o o

A
00

Aggregation tree

Attributes
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BISC-DSS Software

¥ BISC Diagnosis and Prognosis Software E@
Session  Membership Functions  Attribute Selection Rule-Based Classifiers LDA-Classifier 5VM  S0M  Aggregation Classifier BUENGEs @ U628 Time Series Analysis
ANFIS
- ; ] MEFCON
dataFilel bt dataFiled.bd | FALCON
Al Att2 |Att3 JAtH ‘AtlE |Aﬂ6 |Att? |Att8 ‘At GARIC
SOMFIN
PO=1 914 320 15749 137 3a0 824 902 W
FOS2 208 E43 329 995 138 e hah 892 35 FINEST
-based MF...
POSZ  |243 782 334 1410 133 350 824 877 7 sttt
POS3 2496 1083 383 2276 442 1035 1473 1364 1026 4
POS? 222 B4n 396 16R0 220 893 8490 1366 R97 3
POS? 159 G4 434 1270 200 1361 gag 229 G449 3
FOS? 181 714 407 1466 213 1117 1020 22849 734 3
POS4 244 10149 436 2016 360 1312 1446 2hR3 11349 5
POS4 132 33 ehe 21 1} -30 160 100 209 7
POS4 1495 444 248 409 1] a 2en 326 151 &
hiIC ™ 19 200 a09 C172 C b i oy a0 hl acn ] b
< >
Loaddata Remowe data Settraining data, Setwalidation data
et
Advanced Meuro-Fuzzy Model rn. ..
Fuzzy Query-Aggregation Classifier run...
W
Clear Savetofile »»
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BISC-DSS Software

dataFilel bt dataFiIeE.trt]

At A2 | |And |5 |ne A7 |ana |Ag |an
POST 98 320 1579 137 380 829 a0z 403 2
POS2 208 643 329 996 138 565 |32 357 1
FOS2 243 782 334 1410 133 ' Fuzzy Query-Aggregation based Classifier
POS2 222 846 396 1650 220
Similarity measure [accard j
POS2 159 641 434 1270 200 - Build Aggregation Tree »> ‘
Morm Pair |M|nMax j
POS2 181 714 407 1466 213
POS4 244 1149 436 2016 360 Aggregator || j AdjustWeighting >> |
PO34 132 313 262 261 0 OrderedWeightedhean »
WeightedArithrmetickear
POS4 195 444 244 403 U WeightedGeometrichea et
[Nl =a EEeT= ann Aon cia c Loadm WeightedHarmDnicMear £
b3 —|"WeightedMaximum ht Rt
YWeightedMinimum
Apply td OrderedyWeightedhean Close
Load deata Remove data S¢ —|Weighted Arithrmetichear

Advanced MNeuro-Fuzzy Model run...

Fuzzy Quers~-Aggregation Classifier run...

Clear Save tg

Clear Save tofile >»
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EC: Genetic Algorithms

Requirements
- Individual :problem representation
- Fitness function: for evaluation

- Termination criterion

Principle:

- Create randomly an Initial population of individuals

- Evolve the population:
- evaluate and select individuals
- use them in genetic operators (crossover, mutation)
- generate new generation

- Stop if termination criterion satisfied
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EC: Genetic Algorithms

Genetic Operators

arent 1
A0
. R r ........ x ; =
Crossover > [z z] 1] 1o
et e
A
- P
oo 2]z
parent Mutation child
JE U EHBOE > CIECCT
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EC: Genetic Programming

e Individual = Computer program

« Most common representation : tree encoding
(nodes = functions, leaves = terminals)

 Fitness function = returned value by the root node

Chosen node

- 5 M%on o
e O XX O

OO

selected individual new individual resulting individual
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EC: Genetic Programming

parent 1

\Q‘
OO0 O

—

parent 2

Chosen node

Crossover

)

child 1

child 2
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BISC-DSS: Interaction and Optimization

/Comparison, \

= Aggregation, Scoring
MODEL based on
* Aggregation operators,
U QUERY Fuzzy e Similarity measures
Sfer l Search s Norm-Pairs
Intertace ANSWERS Engine s Fuzzy sety
(FSE)
User preferences : EVOIUtlonary

Computing
OPTIMIZATION Kernel

(re-ranking, selection)
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Multi-Criteria Decision Model (1)

Multi-Attribute Query: K attributes A;, A,,...,A¢

r
Database OIS
S
Xll X12 ooooo XlK 1 1
Xo1|Xo2| XoKk — S;
Similarity -
calculation
uer 4
XN XN2| e XNK SUE SN
Y1i|Yo| o Yk

Query Answering

Ranking based
(criteria: number top answers)

Selection based
(criteria: threshold)
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Multi-Criteria Decision Model (2)

Query 1 r Data
-

Fuzzification - Fuzzy sets
For each ll 1
attribute <

Fuzzy similarity - Norm-pairs [n,U]
calclifation Fuzzy similarity, measures

aggregation - Aggregation
1 model é

Scoring - Ranking or Selecting Answers
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Multi-Criteria Decision Model (3)

Data: X, = (X, Xio, -y Xix), Query: Q = (Y, Y,
o Vi)
K attributes: A, A,,...,A

For each attribute Aj ;

I fuzzy sets L), Ho(Ajr)s- - Hyi(Ay-)
s = similarity(X;; y;),  j=1,2,....K

Score = SIM(Q,X;) = Aggregation(s,, S,, ..., S)
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First Order Aggregation Model (1)

 Norm-pair: Min/Max
 Fuzzy similarity measure: Jaccard
« Aggregation operator: Weighted Mean

M M
SIM (Q, X;) =Y w, x Jaccard (y;,%;), with Y w, =1

j=1 j=1

Yi M X

Jaccard (y;, X;) =

Y Y X
;0% = [Min(a (AL y ) (A
Y Y X = _Max(:uk(Aj’ yj)uuk(Aj’Xij))l=1

..... I’j



BISC - Decision Support System

First Order Aggregation Model (2)

Aggregation model = simple weighted aggregation operator

user preferences = attribute weighting

(Degree of importance of each attribute)

Aggregation model parameters = weightingvector

Optimization process : find the optimal weights Using GA.
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First Order Aggregation Model (3)

@ Model parameters learning using GA

GA-based learning module

Specific - Individuals: weight vectors
fitness function ‘ - Genetic operators: crossover, Mutation
- Fitness function
~ ~ 7 - Termination criterion

Problem specification

my

Optimal weights
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Advanced Multi-Aggregator Model (1)

e parameters
» similarity measures
»norm-pairs
» aggregation operators
»weights
» aggregation madel structure

Representation
of user/expert
preferences
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Advanced Multi-Aggregator Model (2)

@ Model description

@ Parameters
- aggregators

- weights

__— ] Aggregators
'

- tree structure.

[Z

N
900

Aggregation tree

Attributes
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Advanced Multi-Aggregator Model (3)

@ Model parameters learning using GP

Aggregators set,
Attributes set,

Specific DNA
encoding

Problem

. - GP-based learning
specification

module

Specific
fitness function ’,

Optimal multi-
aggregation model

o0
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Model evaluation
Aggregation B accepted | |rejected

model I

. =

Similarity calculation

Score Ranking

. 3

Fitness function combining :

e accuracy rates to maximize

e distance A to maximize

e model structure size to minimize
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Other Applications

Application Description

Finance e stock prices and characteristics, credit
scoring, credit card ranking

Military » battlefield simulation and decision
making

Medicine e diagnosis

Marketing s'store and product display

» electronic shopping

Internet * provide knowledge and advice to
large numbers of user

Education e university admission

Banking e fraud detection
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BISC-DSS-ASIS Software

Automated Sensory Inspection System

V. X ~J £ ~~

P o~

£
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Applications

Clustering Classification R R
: P T P T
=il
s = ]— QS Qg
m Normal Ischemia
Motif Discovery Rule {0 Query by -
Discovery L 011’[&1'1“[
M% — \I : ot
ws=0.5 ‘. 2
c=03 22 __;' NASDA] Bibuck Imiex

A A }" A AANovelty Deteutlow

Ankur Teredesai
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Chromosome Representation

Genes

Chromosome

n
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Chromosome Representation

Fuzzy Label, Set Value, ,
Scalar & Series Input

oo ® @000Q0

Q0000 @ ~'OQOO
~'OQOO

N%

Scalar & Fuzzy Label Features

Composed of primitive
statistical, fuzzy set,
aggregator, similarity,
arithmetic, and signal
processing operators.

Each gene (or algorithm) is
represented as atree,
accepts both scalar and
series input, and outputs
scalar features.

The chromosome produces
a feature vector set.
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Front/Back-end Architecture

Time Series — —

Classifier Generator
Feature Extraction Genetic Algorithm

Feature Selection Based on ASIS

Front-end Stochastic Search 1 1

CIaSSIflcatlon Support Vector Machine

Back-end Classification BISC-DSS

Time Series Classifier
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Classifier Architecture

Time Series Classifier Generator

TIME SERIES CLASSIFIER

FEATURE FEATURE MODEL
EXTRACTOR SET

Feature Selection BISC-DSS
Based On ASIS
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Fitness: In-sample Rate

N Features ch K Features
Training Set romosome Processed Set
(@) - (@)

o < . — A Feature Selection

S o - © Based On ASIS
- (@) o (@)

A Run Feature Extractor
B Produce Training Set
C. Train SVM/BISC-DSS
D. Produce Model
E

F

G

Run Classifier
Produce Result Set
Calculate Score

BISC-DSS

Result Set
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Fithess: N-Fold Cross Valid

N Features ch K Features
ini romosome
Training Set Processed Set
(@) — (@)
<< o <l A Feature Selection
S o o < Based On ASIS
— (@) o (@)
|
Steps | ;
. Run Feature Extractor | Testing
Produce Training Set | titio

A

B

C.  Produce Testing Partitions |
D. Train on Complement I
E

F

G

Produce Model

Predict Labels of Test Set I
Score if finished, otherwisel
goto step D. |

Result Set

Yes Finished? No

| scoe
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Projection of the caseson the factor-plane ( 1 x 2)
Cases with sum of cosine square >= 0.00

Factor2: 12.18%

o Active

Factor 1: 71.84%
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Projection of the caseson the factor-plane ( 1 x 2)
Caseswith sum of cosine square >= 0.00

i

S 19,0,'1‘35387 552 | .

g n 1 3 n ] a : S

o L} | PR -

— ’ | T

N 405 !

5 1

S a

F 2t : |
31 -
/ | _

-4 -2 0 2

o Active
Factor 1: 76.84%
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BISC-DSS Clustering-Based ANSIS

Sets of Ranked Attributes;
Final Set of Attributes AS1, AS2, AS3, AS4

All the Attributes selected using
Attl, Att2, Att3, Att4,

Unsupervised Clustering
—  Attll, Attl2, Attl3,
Modeling Technigues Attl4
Principal Component Analysis (PCA) —  Att21, Att22, Att23,
Singular Value decomposition

Att24, ..
(SVD) ﬂ Att31, Att32, Att33,

Mahalanobis’ Distance (MD) i Att34, ...

Input

Unsupervised Clustering
K-Mean, PCA, SOM, ...

Selected Attributes

One Class Suppoer vector Machine !
(1CSVM) -

Cluster, Classification,

Final Set of Attributes
selected using Modeling
Technique

Anomaly, Rules,
Decision Tree, ...

Marked Data as

_ Clusters, Anomaly, ...
In Progress
BISC-DSS Software
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Factor 2: 18.26%

Projection of the cases on the factor-plane ( 1 x 2)
Cases with sum of cosine square >= 0.00

4 -2

Factor 1: 76.84%

[m]

Active



BISC - Decision Support System

Projection of the cases on the factor-plane ( 1 x 2)
Caseswith sum of cosine square >= 0.00

Factor 2: 15.35%
R

i
-6 -4 -2 0 2 )
o Active
Factor 1: 75.75%
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Projection of the cases on the factor-plane ( 1 x 2)
Cases with sum of cosine square >= 0.00

1F
o agaeTO T OO _
7 u]
108 387 552
© 1 = (u .
= -1 = 554
N 1317‘::': 1 o
. iZﬁ%O 559-?05
& .:_,.4@24%@%.3
o u]
g 2 =
©
L 410 409
0 “ 353
3913;% 5
] 399 o
3 376 3 4508
555 373 4134
4110 4 -:-'5'5
384
383
4 3 ~ul |
-5 -4 -3 -2

o Active
Factor 1: 76.84%



BISC - Decision Support System

Projection of the cases on the factor-plane ( 1 x 2)
Cases with sum of cosine square >= 0.00

o
o OK
% -1 okB % S
™ (u % Ko FB
o) F o
— OK
& OK okfgg ° o
-§ 2 - o ']
S 2t
Vi FBEB
[m]
BB
FB FB FB i8B
3 o8 & FB @
m]
B OK
ol FI:%'K o
B a
FB o
4t o .
-6 5 -4 -3 -2

o Active
Factor 1: 75.75%



