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Objective of the research

\/Large data-sets

Nowadays, decision making problems in many contexts
involve large datasets, which require adapting and
improving the algorithms and techniques to construct
acceptable recommendations

v Preference learning

Preference elicitation thus becomes a challenging task.
A very promising line of research in this context consists
in inferring indirectly values and preferences from pair-
wise comparisons or decision examples supplied by the
DM

Which method can be used?

The objectives of the research are twofold:

(i) the contribution of
s] for dealing with large data-sets; and
(II) of the tool on an
empirical case study
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Ranking Model Using Multiple
Reference Points

Ca

A
;

15t step: Compare alternatives to
reference point on each criterion

2nd step: Aggregate the
comparisons and deduce the
relative preference

374 step: Aggregate the relative
preference into the global
preference
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Case study

This case study concerns the choice of the
most suitable location for a Municipal
Solid Waste landfill, which has to be
constructed in the Province of Torino (Italy).

The analysis is based on a scientific study
that was developed by the Provincial
Administration in 2007, where 39
potentially suitable sites have been
identified.
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Case study

Landfill location procedure

Regional planning (competence of the Region) E

Definition of the criteria for the definition of unsuitable areas for the location of waste treatment =/ 5

and disposal plants m

Macro level localization (competence of the Province) n )

L . -

Definition of excluding Criteria to be minimized Criteria to be maximized = D

factors N ) 7))

Unsuitable areas ¥ Potentially suitable areas m
1

g Micro level localization (competence of local authorities in charge for waste management) O
rt

A Screening of the potentially suitable areas (using criteria to be minimized and criteria to be N E

— maximized) w0
o

Q L : . m

~+ Identification and ranking of the suitable
Project (competence of the the specific bodies in charge for the construction of the plants) E
W

Environmental Impact Assessment (rln’

Authorization (within the jurisdiction of the Province) T

Permission to build and operate & R

Me/30
Objective of RMP model Case study Model Discussion of Conclusions

the work development the results



Permanent population ‘

The number of people living
within a range of 1500 m from
each site

Transitory population
The number of people that use

the schools, the hospitals and the

companies located within a
range of 1500 m from each site

Farms

The number of organic farms
in surrounding area

Operating costs ‘

Costs for the management and
the operation of the plant in
each of the considered sites

Case study

criteria definition

Objective of
the work

RMP model

Ny Ground water vulnerability

The criterion assesses the
vulnerability of the
groundwater aquifer,
considering also the dept
of the water table that lie JEmNE
under each site &

Land Use capacity

The criterion indicates th:
potential productive
capacity of the soil.

‘ Interference with tra
This criterion |
measures the level of
use of road
infrastructures in the
area surrounding the
plant
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Case study - Performance matrix

Permanent | Transitory GOD Land use| £ :
opulation |population| vulnerabilit capacit arms _§ Interference § Operatin
p[nlamber] IO[anber] index [clasg] [cl?ass]y [number] § with traffic [m] §  costs [€
(7)) SITE
T Arr A 1461 1484 3 i 0 11050
= BIA 11356974 1 5 > o750
Il .
G Bur A 867 341 3 T 2 )
Bur B 623 275 3 il 1 9
w Cal A 1356 693 3 3 Z 6
- Cav A 384 69 7 3 0 9
Crc A 345 15 3 1 0 Z
(a8) Cum A| 1859 684 2 4 2 9
P4 Cum B 313 148 3 i 0 9
- Frs A 140 507 3 Z 0 0
e Frs B 192 563 3 3 0 0
= Mac_ A 1062 438 7 3 2
Non A 337 182 3 2 0
(1)) Osa A 08T 560 i 7 5
Pin A 643 90 7 2 il .
5 Pin_ B 1472 777 7 2 2 .
Pis A 1398 1242 3 2 2 :
el Ssp_A 3969 1397 7 2 2 :
< Vig_A 248 20 Z 2 T :
— Vil A 433 75 i 2 0 )
[= Vol A 1139 445 3 2 2 3.
> Air 2 2759 2072 3 2 2 3T,
Air 3 1974 1561 3 2 0 30.
LJ Air 4 1699 1527 3 2 0 39
[= Non_ 1 242 369 3 3 0 39.
@) Fros 1 792 1128 3 2 il
Fros 2 918 1530 3 2 0
Q. Pin 1 494 279 3 il 2
Pin_2 525 125 3 1 2
g Pin_3 485 119 3 1 7
Pin_ 4 1043 455 2 2 3
Pin 5 445 96 2 2 3
Rol 1 1021 1486 3 2 0
Sca 1 491 53 3 2 3
Sca 2 454 42 3 2 3
Sca 3 535 89 3 2 3
Sca 4 310 15 3 1 0
Vol 2 550 464 3 2 0 8/30
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The process

Alternatives Criteria

Individual tasks 3° FOCUS GROUP

Group task

(i)Alternative
sorting

(ii) Alternative
ranking

(ii) Alternative
ranking
(iii) Criteria Final feedback

PREFERENCE
ELICITATION
PHASE

weighing, i V
Descriptive analysis Analysis of the
of the results results

N ] !
\\/

Discussion of the obtained results and validation of the method
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The focus groups - SORTING

Alternative card

Flease annotate here the time otwhich you started analyzing this alternative:

BITE AIR_A

vy

Permanent population: 1461 inhabitants

Transitory population: 1484 people
Groundwater vulnerability: class 3
Land use capacity: class 2
Farms: 0

Interference with fraffic: 11050 meters

Operating costs: 3.768.283 Euros

Class 1 Closs2  Class3

Towhich categorywill you assign this site®

Wery

How confident are youwith this vnconfidert confident confident
assessment? | I [ |

Somehow Absolutely

[Fyou assignedihissite fo
class 1, wouldyoualso
considerclas 2asa
possible category for this
site?

[Fyou assignedihissite fo
class 2, wouldyou also
considerclass | or3asa

[Fyou assignedhissife fo
class 3, wouldyou also
considerclas2asa
possible category for this
site?

possible category for this
site? If yes, whichone?

Check
procedure

Class 1
Highly suitable sites

__

Class 2
Suitable sites

Class 3
Unsuitable sites

)
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The focus groups - WEIGHING

We used the SFR method (Figueira et
Roy, 2002) for eliciting the weights
of the criteria

1.Give a set of cards to the user:
the (i) criteria cards
(ii) blank cards

2.Ask the user to rank the
criteria cards from the Ileast
important to the most important;

3.Ask the user to think about the
importance of two successive criteria
and to introduce blank cards
between them

4.Ask the user to tell how many
times the most important

1 2 criterion is more important than the
3 a4 least important one
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The focus groups’ results

Individual
preferences (site
anking)

Common
preferences

Fin_Z
Sca_4
Crc_A
Fros_2
Bur_B
Pin_3
Pin_1
Bur_A
Cum_B
Rol_1 .
I Non_A

) Metaheuristic

<
=7
> <
-
So
o
Qo

Inferred SRMP { Inferred SRMP
models (individual) models (common)
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Quick view of the algorithms

MIP algorithm

O Based on linear
optimization method

O Mixed Integer Programming

v Variables
v’ Linear constraints
v Objective function

* Maximize the number of
restored pairwise
comparisons

Metaheuristic algorithm

O Based on Evolutionary
Algorithm

Initialization

Re-initializa

(if mc‘ﬁ? Evaluation

Substitution Selection

Adjustment
of criteria Mutation

weights I
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Question No.1

U Q: How does the inferred S-RMP model look like?

J Reference points
dThe number of reference points?
dThe values of reference points?
dTheir lexicographic order?

d Criteria weights

e.g. for common ranking

14/30
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The Inferred S-RMP Model

JReference points

1p 1752 1632 3 4 2 8719 8569105
op 1423 126 3 0 2 7407 5780269
3p 193 53 2 0 0 7400 301934
O e S N L >
pl
.
w 012 012 024 016 012 012 0,12
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100,00

Reference points

3p 2p 1p

3p; 100
90,00 3p; 97,44 3p; 65,69
3p; 95,14 3p; 100
80,00 _ 2p: 100 2p; 65,66
20,00 2p; 93,92 3p; 60
' 3p; 57,72
60,00 .
The Inferred oo | EEATS =
S' R M P M O d e I 40,00 1p;40 1p; 60 1p; 59,58 2p; 32,45
30,00
20,00  1P: 55,86 2p; 40
U The inferred 10,00 1p: 21,24 1p; 20 1p: 0,00
lexicographic order is 0.00
- - N.Permanent N.Transitory N.GOD N.Land Use N.Farms N.Interference N.Operating
1 p2 > p3 > Population population Vulnerability Capacity with Traffic Costs
o] Index . . .
O The values are Criteria weights
linearly transformed 0.3
to 100-point scale on 0,25
each criteria. 0.2
Q The preference 015
direction after o 0,24
transformation is | o1 o1 0,16 o1 o1 o1
positive on each 0,05 ‘ ‘ ‘ ‘ ‘
criteria. 0
. Permanent  Transitory GOD Land Use Farms Interference  Operating
O The WelghtS are Population  population  Vulnerability — Capacity with Traffic Costs
normalized to 1. Indiex
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Question No.2

4 Q: How does S-RMP method work with the
reference points in our case?

17/30
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Reference points

2p —Pin_3 —Pin_5
1 100,00
90,00
By the st
80,00
Reference Point 70,00
. . 60,00
We can differentiate the e 00
pairwise comparisons '
below: 40.00
. . 30,00
Pin_ 3 > Pin_5 2000
Pin_ 4 > Cum_A 10,00
Cum B > Air A 0,00 _ _
- - N.Permanent N.Transitory N.GOD N.Land Use N.Farms N.Interference N.Operating
Ssp A>0sa A Population population  Vulnerability Capacity with Traffic Costs
— — Index
Pis_A > Air_4 Criteriaweights
Fros 1 > Frs B 03
Sca 3 > Vol 2 0,25
Bur B > Frs_A 0.2
Vol A > Vil A 0.15 .
Pin 2 > Fros 2 o 0,16
B __A P _B 0.05 0,12 0,12 0,12 0,12 0,12
rr- A > Pin |
o ~ 0
CaV A > |V|aC A Permanent  Transitory GOD Land Use Farms Interference  Operating
- - Population population  Vulnerability Capacity with Traffic Costs
Index 18/30
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Reference poinfts

3p 2p —Vig_A —Vol_A
2 100,00
90,00
By the nd
80,00
Reference Point 70,00
. . 60,00
We can differentiate the o 00
pairwise comparisons |
below: 40,00
. 30,00
Vlg—A = VOl—A 20,00
Frs B > Sca 2 10.00
' 0,00
Fros_z = Pln—l N.Permanent N.Transitory N.GOD N.Land Use N.Farms N.Interference N.Operating
i Populati lati Vul bilit cC it ith Traffi Cost
Sca_z > PlS_A opulation population u?necg:x”y apacity with Traffic osts
Pin_5 > Rol_1 Criteria weights
Crc_A > Bur_B o
Sca_l > Sca_3 0.25
Air 3 > Non_1 0.2
Air 4 > Non_A 0,15
. 0,24
Frs A > Pin_A 0,1 i
Pin A > Bur A 0,05 0,12 0,12 ' 0,12 0,12 0,12
o - 0
Alr—B = Caf—A Permanent  Transitory GOD Land Use Farms Interference  Operating
Population population  Vulnerability Capacity with Traffic Costs
Index 19/30
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100,00

80,00

Reference Point 70,00

We can differentiate the :zzz
pairwise comparisons |

below: 40,00

30,00

Pin B > Ssp A 000

Rol 1 > Sca 4 10.00

0,00

Non_1 > Cav_A

3p

Reference poinfts

2p 1p =—Crc_A Pin_B

Ssp_A —Sca_4

N.Permanent N.Transitory N.GOD N.Land Use N.Farms N.Interference N.Operating
B u r_A > C u m_B Population population VUITnec::EIIIty Capacity with Traffic Costs
Criteriaweights
0,3
0,25
Sca 4 and Crc_A
are indifferent. 02
0,15
0,24
0,1
0,16
0.05 0,12 0,12 0,12 0,12 0,12
0
Permanent  Transitory GOD Land Use Farms Interference  Operating
Population population  Vulnerability Capacity with Traffic Costs
Index 20/30
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Question No.3

d Q: How many reference points do we need to
restored as many pairwise comparisons as
possible?

dHow we measure
“as many pairwise comparisons as possible”?

v The ranking accuracy (including indifferences) - R.A. (%)

v’ The stricf rf@df(%g gcclg#.r'g.cyéorgyrie{%g_e’&_en%esb%s:rict R.A. (%)

vThernumber of equivalence.classes
rI]\Vum.ngalrwge &omparlsons = Num. Eqg. Classes
21/30
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With 1 Reference Point

RA. 78.95%

MIP algorithm Strict RA.  71.05%
Num. Eq. Classes 19

Max. R.A. 500 78.95%
Metaheuristic

, Max. Strict R.A. 500 60.53%
algorithm

Num. Eq. Classes 20

e Max. XXX 500 : The maximum value of the 500 repeated trials

Remark: Impossible to reach 100% with 1 reference point!
22/30
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With 2 Reference Point

RA. 78.95% 84.21%
MIP a|gorithm Strict R.A. 71.05% 78.95%
Num. Eq. Classes 19 29
o Max. R.A. 500 78.95% 81.58%
Metahe,u ristic Max. Strict R.A. 500 60.53% 68.42%
algorithm
Num. Eq. Classes 20 21

Remark: Impossible to reach 100% with 2 reference point,
neither!! 23/30
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With 3 Reference Point

R.A.

MIP algorithm Strict R.A.

Num. Eq. Classes
Max. R.A. 500

Metaheuristic Max. Strict R.A. 500

algorithm
Num. Eq. Classes

Remark: Never reach 100% with 3 reference point!!!

78.95%
71.05%
19
78.95%
60.53%
20

84.21%
78.95%
29
81.58%
68.42%
21

86.84%
86.84%
31
81.58%
73.68%
23
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With More Reference Points

* Q: Why the strict rank. acc. never reaches 100%?

* Q: How many equivalence classes could be
reproduced by an S-RMP model?

* Method Monte Carlo:

- 7 criteria with the same evaluating scales in the case.
- Randomized and normalized weights (Butler et al., 1997)
- From 1 to 8 reference points randomly generated

- 1 000 000 repeated trials for each num. of ref. pts
selected

25/30
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Distribution of the num. of equivalence

classes
by the 1 000 000 randomized S-RMP models for each num. of ref. pts

* Apply the randomly generated S-RMP models to the 39 sites

in the case
e | o )P e 3P e AP cmfpum 5P et P el [P ety SF
25,00% With up to 8 ref.
ptS
Never >38
20,00% T

/ ith 3 ref.
4 pts
) Never >36
15,00%
10,00%
5,00%
0.00% = = S

1 2 3 4 5 6 7 8 9 1011 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 323334353637;%3%6/30
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Validation of the metaheuristic

* MIP algorithms

- The exact algorithm without considerl on;

iInconsistency (Zheng et al., 2012)

- The adapted exact algorithm taking account of the
inconsistency (Liu et al., 2013)

* Main Performance Index

- Ranking Accuracy and Strict Ranking Accuracy
- Number of equivalence classes

- Computation time
27/30|
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Solution Quality

Existence of multiple solutions

R.A.

_ Strict R.A.
MIP algorithm

Num. Eq. Classes
Num. Solutions
Max. R.A. 500
Metaheuristic Max. Strict R.A. 500

algorithm Num. Eq. Classes

Num. Solutions

78.95%
71.05%
19
1
78.95%
60.53%
20
1/500

Thanks to the multitude of solutions

dThe decision makers could choose the one which is
closer to their thinking from the solution pool.

84.21%
78.95%
29
1
81.58%
68.42%
21
4/500

86.84%
86.84%
31
1
81.58%
73.68%
23
1/500
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Computation time
High efficiency of the metaheuristic

algorithm
Num. cores 12 12 12
Main frequency 2.66 GHz 2.66 GHz 2.66 GHz
MIP algorithm CPU type Intel Xeon X5650
Cluster type Altix ICE 8400 LX
Elapsed time 2.09 h > 22.16 h > 75.15 h
Num. cores 4 4 4
Memory 8 MB 8 MB 8 MB
Main frequency 2.3 GHz 2.3 GHz 2.3 GHz
Metahe.uriStiC CPU type Intel Core i7
algorlthm Elapsed time per
el 11.67 s 17.97 s 23.30 s
Hlapsedtime 509~ 1.62h 2.50 h 3.24 h
29/30
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Conclusions

Advantages

v This is the first time we applied S-RMP model on a real application

v From this application we know how we can improve the whole decision aiding process
involving S-RMP models

v Through this application we gained a novel understanding of the capacity of S-RMP model
v" The participants in the focus group grasped very well the potential of the tool

Future work
Improvement of the metaheuristic algorithm

Test the model on other real word case studies
Test the model with robustness analysis

Further study the S-RMP models’ capacity
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