Analise multicritério para
selecao de casos de cartel.

Logica fuzzy e Heuristicas.

i Universidade de Brasilia 1



Por que selecionar casos “prioritarios”. '\/" " AL

= 1) Limitacoes de recursos
humanos e operacional.

« 2) Relevancia do caso.
« 3) Representatividade.



Por que selecionar casos

“prioritarios’.
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O Uso do processo

decisorio no ambiente
gerencial e na ‘“vida’
frequentemente leva a

decisoes ruins. Tversky e
Kahneman (1974).

O Nossa tomada de

decisao ¢ limitada a
nossa capacidade

Cognitiva. Kaplan, Reneau, e
Whitecotton (2001).



Qual carro
selecionar ?

Preco: 100,000,000
Velocidade Max: 350Km/H
Cavalos: 2500

Conforto: Médio
Consumo: Alto
Aparéncia: Boa

Preco: 90,000,000
Velocidade Max: 310Km/H
Cavalos: 2200

Conforto: Alto

Consumo: Médio
Aparéncia: Média
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Comparacao

' (LRt | 8 x Xk by
¢ Universidade de Brasilia |

O Na logica booleana teriamos:

OPrego 90,000,0003100,000,000
OVelocidade Maxt 0.1 < 350km/H
nCavalos 1 2200 =< 2500
oConforto 1 Alto >Médio
OConsumo Médio  >Alto

DAparéncia 1 Media ~ <Boa



Comparacao

O Na logica booleana

teriamos:
90,000,000=100,000,000
310Km/H < 350Km/H
2200 < 2500
Alto >Medio
Médio >Alto
Média <Boa

Carro 1

Carro 2

0
1
1
0
0
1

EMPATE!!!!




Comparacao

0O Mas € justa essa
comparagao ?

O E certo dar pesos
iguais aos critérios ?

o E certo considerar
“diferentes” carros
CUJOS precos sejam
muito parecidos (R$
1000 e R$999) ?
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OA logica fuzzy
considera uma
funcao entre 0 e 1
para a decisao.

O Essa fungao é
chamada de Funcao
de Preferéncia.



FuncgOes de preferéncia.
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Ill. Critério com

preferencia linear

H(d)

Tipos de critérios gerais
AH(@D)
|. Critério Usual
—
d
Af(d)
|l. Quase - critério
d/’

V. Critério de nivel

Hid)

IV. Critério com
preferencia linear e area

de indiferenca

l
;




Funcoes de preferéncia. i
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H(d)

VI. Critério Gaussiano
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« Preference Ranking Organization
METHod for Enrichment of Evaluations —
PROMETHEE.

= Utilizado em:

Fraude: Beynon e Barton (2008).

Auditoria: Albadvi, Chaharsooghi e
Esfahanipour (2007).

Investigacao: Mareschal e Brans (1994).



PROMETHEE

Alternativa 2

Alternativa N

PESO1

PESO2
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Critério M

Critério M

Critério M

PESO M



PROMETHEE
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» Como utilizar essa ferramenta para a

selecao de casos de cartéis ?

| Passo 1.

Unidade observacional

Firmas, Licitagoes, Mercados...

Defina os critérios

Lances iguais, baixa variabilidade...

Funcgoes de preferéncias e pesos.

Critério usual, Gaussiano...




Utilizando o software.

« O software pode ser baixado
gratuitamente em:

= www.promethee-gaia.com



Utilizando o software.
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« O programa € executado ao clicar em:

P2

PROMETHE
E.exe

« Uma tela com um exemplo padréo €
apresentado.
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File Edit Meodel Contrel PROMETHEE-GAIA GDSS GIS Options Snapshots  Help
0™ < | H
-
----------- [ Bertrand | [ Price I Fower | | Consumption | | Habitability | | Comfort | L
it ks ke L/100km S5-paint S-paoint
Category P . . B B
= Preferences
MirnMax i Mmax Max Mmax
Weight 1.00 1.00 1.00 1.00
Preference Fn. V-shape Linear V-shape Lewvel Lewvel
Thresholds absolute absolute absolute absolute absolute
- Q: Indifference n/fa 5 C A d p b I
- P: Preference £15.000 30 rlterlos O ro ema
- S Gaussian nfa n/a d eC | S éo .
= Statistics
Minirmum £15.000 50 Z.0 1.0 1.0
Maxirnurm £38.000 110 9.0 5.0 5.0
Average £28.033 283 3.2 3.2 3.0
Standard Dev. s7.407 13 o.7 1.3 1.3
= Evaluations
[ Tourism B | |:| £25.500 85 7.0 good average
[ Luzury 1 | . £38.000 a0 8.5 good very good
[ Tourism A | |:| 526,000 75 a.0 average average
[T =— 1 T &35 N0 "5 a0 wary anod Annd
-'-, Bertrand f —
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File Edit Meodel Contrel PROMETHEE-GAIA GDSS GIS Options Snapshots  Help
1™ < | HE
a
----------- [ Bertrand | [ Price I Fower | | Consumption | | Habitability | | Comfort | L
it ks ke L/100km S5-paint S-point
Category P . . B B
= Preferences
MirnMax i Mmax i Max Mmax
Weight 1.00 1.00 1.00 1.00 1.00
Preference Fn. V-shape Linear V-shape Lewvel Lewvel
Thresholds absolute absolute absolute absolute absolute
- Q: Indifference nfa 5 nfa 1.0 0.5
-P: Preference 515.000 30 2.0 2.5 2.5
- 51 (zaussian nfa nfa nfa njfa
= Statistics
Mirirmum 515.000 50 7.0 1.0 1.0
Maximum 533,000 110 - T T .
Average $25.083 83 Funcoes de preferéncia e
Standard Dewv. £7.4907 18 A tI’O S
- S Seus parame :
[ Tourism B | |:| £25.500 85 7.0 good average
[ — ] . $38.000 S0 8.5 good very good
[ Tourism A | |:| 526,000 75 a.0 average average
=R ————— [ &35 0N a5 =W wery Ao Annd
-'-, Bertrand f —
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File Edit Meodel Contrel PROMETHEE-GAIA GDSS GIS Options Snapshots  Help
0™ < | H
----------- [ Bertrand | [ Price I Fower | | Consumption | | Habitability | | Comfort | L
it ks ke L/100km S5-paint S-point
Category L] & a | o
= :*“;:*““‘5 Estatisticas descritivas associadas a
Weight cada critério.
Preference Fn. V-shape Linear V-shape Lewvel Lewvel
Thresholds absolute absolute absolute absolute absolute
- Q: Indifference nfa nfa 1.0 0.5
-P: Preference 515.000 30 2.0 2.5 2.5
- 51 (zaussian nfa njfa nfa nfa njfa
= Statistics
Mirirmum 515.000 50 7.0 1.0 1.0
Maximum 533,000 110 9.0 5.0 5.0
Average £28.033 283 3.2 3.2 3.0
Standard Dev. 57407 13 0.7 1.3 1.3
= Evaluations
[ Tourism B | |:| £25.500 85 7.0 good average
[ Luzury 1 | . £38.000 a0 8.5 good very good
[ Tourism A | |:| 526,000 75 a.0 average average
=R ————— [ &35 0N a5 =W wery Ao Annd
-'-, Bertrand f —




Preferences

Min Max min max min max max
Weight 1.00 1.00 1.00 1.00 1.00
Preference Fn. V-shape Linear V-shape Lewvel Lewvel
Thresholds absolute absolute absolute absolute absolute
- Q: Indifference nfa 5 nfa 1.0 0.5
- P: Preference £15.000 30 2.0 2.5 2.5
B Alternativas do processo e
Minimm decisorio Lo
Maximum e:geus redpectivos valores.. 5.0
Average £28.083 a3 g.2 3.2 3.0
Standard Dev. §7.407 18 0.7 1.3 1.3
Evaluations
| TourismB | £25,500 85 7.0 good AVErage
| Lusuryl | . $38.000 90 8.5 good VErY good
| TourismaA | £26.000 75 8.0 average AVErage
| Luxury 2 | . $35.000 85 9.0 very good good
[ Economic | §15.000 50 7.5 bad very bac
[ Sport N $29.000 110 9.0 very bad bac
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Possiveis cenarios ou outras modelagens do decisor. r
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:
[ Price I Power | | Consumption | | Habitability | [ Comfort |
ks kv L/100km S5-point S5-point

INICIANDO UMA NOVA ANALISE

Preferences
Min/Max
Weight 1.00 1.00 1.00 1.00 1.00
Preference Fn. V-shape Linear V-shape Lewel Lewvel
Thresholds absolute absolute absolute absolute absolute
- Q: Indifference nfa 5 nfa 1.0 0.5
- P: Preference £15.000 30 2.0 2.5 2.5
- 5: Gaussian nfa nfa nfa nfa nfa
Statistics
Minirmurm £15.000 50 f.0 1.0 1.0
Maximum £38.000 110 9.0 5.0 5.0
Average S28.083 83 8.2 F2 3.0
Standard Dev. s7.4a07 13 a7 1.3 1.3
Evaluations
[ ToursmB | [] £25,500 85 7.0 good average
[ Luxury 1 | . £38.000 a0 3.5 good very good
[ Tourism & ] |:| £26.000 75 8.0 awverage awverage
1T &35 N0 "G an wery nnnd annd
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* AnosS .dAe | o Alternativas:
experiéncia.

.+ Salario ~oisele
Almejado —-Seu Ze

» Aparéncia na —Billy
entrevista

 Escolaridade
em anos.

—Lady



Create a new problem Lﬁj

8

Mumber of actions -

w

s

Mumber of critefia A

w

N NUMERO TOTAL DE ALTERNATIVAS

Cancel




Create a new problem Li:-?-,l

Mumber of actions

Mumber of criteria

Mumber of scenatios

‘_ NUMERO TOTAL DE CRITERIOS
| 1 |




Create a new problem Lﬁj

NUMERO TOTAL DE
CENARIOS OU ANALISES

Mumber of crite ia 5

Mumber of scenarios
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* Criterios:

— Anos de experiéncia:
» 3 Anos

— Salario Almejado
»15,000.00 reais.

— Aparéncia na entrevista:
»Bom (Ruim=1,

Medio= 2, Bom= 3)

— Escolaridade:

»6 anos.
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* Criterios:

— Anos de experiéncia:
>4 Anos

— Salario Almejado
»500.00 reals.

— Aparéncia na entrevista:
»Ruim

— Escolaridade:
»1 ano.




Billy

* Criterios:
— Anos de experiéncia:

> [ AnoS
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— Salario Almejado

»25.000.00 reals.

»Mediano

— Escolaridade:

»20 anos.

— Aparéncia na entrevista:
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* Criterios:

— Anos de experiéncia:
»10 Anos

— Salario Almejado
»18.000.00 reais.

— Aparéncia na entrevista:
»Mediano (?)

— Escolaridade:
» 10 anos.
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File Edit Model Control PROMETHEE-GAIA GDS5 GIS Options  Snapshots Help

=TI T

r—
[ criterionl ] [ criterion.2 ] [ criterion3 ] [ criterion<g
- unit unit unit i
Category ’ ‘
= Preferences
Mir Max Max Max max max
Weight 1.00 1.00 1.00 1.00
Preference Fn. Usual LD Usual Usual
PREENCHENDO AS INFORMACOES SOBRE OS CRITERIOS
-P: Preference nja nja nfa nfa
- 51 Gaussian nfa nfa nfa nfa
= Statistics
Mimimum nfa nfa nfa nfa
Maximum nfa nfa nfa nfa
Average nfa nfa nfa nfa
Standard Dew. nfa nfa nfa njfa
= Evaluations
[ action 1 I n/a n/a nfa nfa
[ action2 I nfa nfa nfa nfa
| [ action3 I nfa nfa nfa nfa
| [ action4 I | nfa nfa nfa nfa
-'-, scenariol ||F
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File Edit Model Control PROMETHEE-GALA GD55 GIS Options Snapshots  Help
(17 < | ™=
| scemariol | | criterionl | | criterion2 | | criterion3 | | criteriond |
Uit unit unit unit unit
Category ‘ ‘ ’ ‘
= Preferences " ] | |
Min Max | Scenario properties u
Weight 1
Preference Fr. 1 Select [scenariul T]
Thresholds Mame Aula de PD1
- Q: Indifference 1 Shortname S1 Active

- P: Preference
- 51 Gaussian
= Statistics
Minimum
Maxirmum
Average

Standard Dew.

= Evaluations
( actionl
( action2
( action3
( action4

Ezsa & a modelagem de
decis3o para a aula de W=
Andlise de Decisdes 1

Description

Weight EdWeight

| | Dielete |

n/a nfa nfa nfa
nfa nfa nfa nfa
nfa nfa nfa nfa
nfa n/a n/a nfa

-, SCENario 1||II
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[ criterionl ] criterion.2 ][ criterion3 ][ criterion<g

Lnit unit unit unit i

Category ’ ‘ ‘

= Preferences
Mir Max Max Max max max
Weight 1.00 1.00 1.00 1.00
Preference Fn. Usual Usual Usual Usual
Thresholds absolute ab¥gute absolute absolute
-Q -

P PREENCHENDO AS INFORMAQOES SOBRE
- == ANOS DE EXPERIENCIA

Mirirmurm nfa nfa
Maximurm n,."a n,."a nfa nfa
Average nfa nfa nfa nfa
Standard Dew. nfa nfa nfa njfa
=l Evaluations
[ action 1 I n/a n/a nfa nfa
[ action2 I nfa nfa nfa nfa
[ action3 I nfa nfa nfa nfa
[ action4 I | nfa nfa nfa nfa

-'-, scenariol ||F
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1™ o |

| scenariol | | criterionl | | criterion2 | | criterion3 | | criteriong |

Unit unit | Hr'lit. Hnit. unit

Category Criternion properties - ul

= Preferences
Min,/Max Select [criteri::rnl "r] e
Weight Mame Anos de experiénca .0
Preference Fn. Shortname C1 Active al
Thresholds al o — - | Bolute
i Description  Critério assodado a
- Q1 Indifference qguantidade de anos de njfa
y e riénda do candidato.
- P: Preference Pe n/fa
- 51 Gaussian nta
Group [n-::nne 'r] /
= Statistics ]
o Unit Anos
Minimum njfa
Maxirmurm Scale [numeriml -r] n
Average Decimals 0O = S-paint nfa
Standard Dev.
= Evaluations
[ actioni | N
[ action2 N |
| action3 I | nfa nfa nfa nfa
[ action4 I | nfa nfa nfa n/fa

.-, scenarinlil'
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scenariol ] [ criterionl [ criterion.2 ] criterion3 ][ criterion<g

Lnit i unit unit i

Category ’ ‘ ‘

= Preferences
Mir Max Max Max max max
Weight 1.00 1.00 1.00 1.00
Preference Fn. Usual Usual Usual Usual
Thresholds absolute ab¥gute absolute absolute
-Q -

P PREENCHENDO AS INFORMAQOES SOBRE
- == SALARIO ALI\/IEJADO

Mirirmurm nfa nfa
Maximurm n,."a n,."a nfa nfa
Average nfa nfa nfa nfa
Standard Dew. nfa nfa nfa njfa
=l Evaluations
[ action 1 I n/a n/a nfa nfa
[ action2 I nfa nfa nfa nfa
[ action3 I nfa nfa nfa nfa
[ action4 I | nfa nfa nfa nfa

-'-, scenariol ||F
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O™ < | W
|  scenariol | Anos de ex...| | citerion2 | | criterion3 | | criteriond |
Linit Anos | unit unit unit
Category Criterion properties . uu
= Preferences
Min Masx Select | criterion2 "] -
Weight ) Mame Salario almejado .00
Preference Fn. ) Shortname C2 [¥] Active al
Thresholds E_‘ Description  Salério almejado do |
- Q1 Indifference candidato. nfa
-P: Preference 1 na
- 5 Gaussian Group [nnne ,.,,] nfa
= Statistics ] _ _
I Unit reais n/a
Maximum 1 Scale [numeriml ""] n/a
AveErage 1 Decimals 2 S-paint nfa
Standard Devw.
= Evaluations
[ actionl
[ action2
[ action3
[ actiond

.-, scenariol f
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[ criterionl ][ criterion.2 [ criterion3 ][ criterion<g
Lnit unit

Category ’

= Preferences

Mir Max Max Max max max
Weight 1.00 1.00 1.00 1.00
Preference Fn. Usual Usual Usual Usual
Thresholds absolute ab¥gute absolute absolute
-Q -

P PREENCHENDO AS INFORI\/IA(;OES SOBRE
- s A APARENCIA NA ENTREVISTA

Mimimum nfa
Maximurm n,."a n,."a n,."a nfa
Average nfa nfa nfa nfa
Standard Dew. nfa nfa nfa njfa
=l Evaluations
[ action 1 I n/a n/a nfa nfa
[ action2 I nfa nfa nfa nfa
[ action3 I nfa nfa nfa nfa
[ action4 I | nfa nfa nfa nfa

-'-, scenariol ||F
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(0™ o | HE W
| scenariol | [ Anos de ex... | [Saldrio alme...| | criterion3 | | criteriond |
Linit Anos | reais H”itl' | unit
Category r Criterion properties - _ﬁ_
= Preferences
Min,Max Select [Aparéncia na entrevista "r] nax
Weight : Mame Aparéncia na entrevista ;-UU
Preference Fn. 1 Shortname C3 [7] Active Fual
Thresholds al| o — — |ute
- Q: Indifference y Description  This is criterion criterion3 -n,."a
- P: Preference ) -nfa
- 51 Gaussian ) -r|,|"a
= ctatictics ] Group [nune "r] I
Minimum Unit belezura .-rl,."a
Maximum ) Scale [numeriml '-'] -rl,."a
Average ) Decimals 0 = -”-'ra
Standard Dev. 1 ) |
= Evaluations
[ actonl ] -
[ acton2 ] -
[ action3 ] -
[ actions ] -
-,scenarinlil'
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scenariol ] [ criterionl ][ criterion.2 ][ criterion3 ][ criterion<g

Lnit unit unit

Category ’ ‘

= Preferences

Mir Max Max Max max max
Weight 1.00 1.00 1.00 1.00
Preference Fn. Usual Usual Usual Usual
Thresholds absolute abs\ute absolute absolute
- Q: Indifference n,."a = n,."a n,."a

- P: Preference

-5 Gous PREENCHENDO AS INFORI\/IA(;OES SOBRE

=
Minimum A ESCOLARIDADE
Maxdirnurm ya ya ipa 1iya
Average nfa nfa nfa nfa
Standard Dew. nfa nfa nfa njfa
= Evaluations
[ action 1 I n/a n/a nfa nfa
[ action2 I nfa nfa nfa nfa
[ action3 I nfa nfa nfa nfa
[ action4 I | nfa nfa nfa nfa

-'-, scenariol ||F
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O™ & H e

| scemariol | | Anos de ex...| [Saldric alme...| [Aparéndan...| | criteriond |
Unit AMos | reais belezura unit
Category Criternion properties -
= Preferences

Min Max Select | ariterion4 i ] max
Weight ) Mame Escolaridade 1.00
Preference Fn. | Shortname C4 Active al
Thresholds al {polute

il " Description  Escolaridade do candidato.
- Q1 Indifference

- P: Preference

- 51 Gaussian nfa
Group [nnne v]
= Statistics ]
o Unit anos
Minimurm nfa
Maximurm ) Scale [numeriml v] n/a
Average Dedmals 0 = n/fa
Standard Dew. nfa
= Evaluations
[ action1 I | n/a
| action2 I | n/a nfa nfa n/a
[ action3 I | nfa nfa nfa nfa
[ action4 I | n/fa nfa nfa n/fa
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| scenariol | [Aneos de ex...| [Saldrio alme...| [Aparéndan...| | Escolaridade |
Linit Anos reais belezura anos

.......................................

max max max

1.00 1.00 1.40 1.00

Preference Fn. Lsual Lisual Usual Lsual

Thresholds
- Q¢ Indifference

absolute absolute absolute absolute

n/a nfa n/a nfa

- P: Preference
- 5 aussian
Statistics
Minirmum

Maxirmum

< < €] <

.-, scenariol I|I'




Preferences
Min/Max

Weight
Preference F.
Thresholds

- ()¢ Indifference
-P: Preference

- b (alssiEn

i
1,00
Linar
absolute
1000.00
500000

/3

ma
100
Level
absolute
100
Al
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File Edit Model Control PROMETHEE-GALSR GDSS GIS Options Snapshots Help

« |

| scenariol | | Anos de ex...| |Saldrio alme...| |Aparénda n...| | Escolaridade |
Linit Anos reais belezura anos
Category ’ ’ ’ ‘
Preferences

MinMax max min max max
Weight 1.00 1.00 1.00 1.00

ATRIBUINDO VALORES AS ALTERNA’

- P: Preference 5 50C 1,00 2.00 5
- 51 Gaussian nfa nfa nfa nja
Statistics

Minimum nfa nfa nfa nfa
Maximum nfa nfa nja nja
Average nfe nfa nfa n/fa
Standard Desw rn/f= rf= = =
Evaluations

......................................

actionl

| Il

action2 'R n/fa n/a nfa nfa
| Il
/|l

actionz

action=




Statistics
Minimum
Maximum

Average

Standard Dev,

Evaluations

Britney

Seu Ze

Billy

e I ] O e R ™

Lady

]
10

10

500,00
23000.00
1462500

392,91

15000,00

500,00
25000.00
1400000

|||||||||||||||||||||||||||||||||||||||

.......................................
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