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The base line: COCO Component Based Object Comparison for Objectivity Methods or Similarity Analysis 

Setting Solver Parameters

Rank Cream Taste of 
harmony Firmness Price/ Value 

rate
1 1496 2187 1461 1464
2 1496 2187 1461 1464
3 1496 2187 1461 1464
4 1496 2187 1461 1464
5 1496 2187 1461 1464
6 1496 779 1461 1464
7 1496 779 1461 1464

8 1340 779 1340 1340
2 3 4 5
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 ci2-ci1 0 0 0 0
 ci3-ci2 0 0 0 0
 ci4-ci3 0 0 0 0
 ci5-ci4 0 0 0 0
 ci6-ci5 0 -1408 0 0
 ci7-ci6 0 0 0 0
 ci8-ci7 -155 0 -121 -124

Auxiliary Table

Coffe brands Cream Taste of 
harmony Firmness Price/ Value 

rate
il Moretto Sublime 1496 2187 1461 1464
Cagliari Espresso Bar 1496 2187 1461 1464
Buscaglione Eurobar 1496 779 1461 1464
Bristot Espresso 1496 779 1461 1464
Giuliano Espresso Italiano 1496 2187 1461 1464
Corso Verona Ristorante 1340 779 1340 1340
Tonino Lamborghini Classic 1496 2187 1461 1464
Carraro Don Cortez Grandi Arabica 1496 2187 1461 1464

C
o
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o

Price / 
kg

Estimated 
Price Evaluation Deviation Deviation 

%
4800 6608 Below positioned 1808 38
7190 6608 Upperpositioned -582 -8
7200 5200 Upperpositioned -2000 -28
3200 5200 Below positioned 2000 62
6650 6608 Upperpositioned -42 -1
4800 4800 Good positioned 0 0
6900 6608 Upperpositioned -292 -4
7500 6608 Upperpositioned -892 -12

Sum of Deviations: 0
Sum of Absolute Deviations: 7,616
Sum of squared deviation: 12,490,280
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The database

Independent variables:
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m – variables

≤ 0   - COCO STD

No   - COCO MCM

$M$16:$P$22<=0

$M$16:$P$22<=1

       

COCO Y0

COCO STD

COCO MCM

I. S11 S21 S31 S41 S51 S61 S71 S81 S12 S22 S32 S42 S52 S62 S72 S82 S13 S23 S33 S43 S53 S63 S73 S83 S41 S42 S43 S44 S45 S46 S47 S48 b
u11 -1 1 ≤ 1
u21 -1 1 ≤ 1
u31 -1 1 ≤ 1
u41 -1 1 ≤ 1
u51 -1 1 ≤ 1
u61 -1 1 ≤ 1
u71 -1 1 ≤ 1
u12 -1 1 ≤ 1
u22 -1 1 ≤ 1
u32 -1 1 ≤ 1
u42 -1 1 ≤ 1
u52 -1 1 ≤ 1
u62 -1 1 ≤ 1
u72 -1 1 ≤ 1
u13 -1 1 ≤ 1
u23 -1 1 ≤ 1
u33 -1 1 ≤ 1
u43 -1 1 ≤ 1
u53 -1 1 ≤ 1
u63 -1 1 ≤ 1
u73 -1 1 ≤ 1
u14 -1 1 ≤ 1
u24 -1 1 ≤ 1
u34 -1 1 ≤ 1
u44 -1 1 ≤ 1
u54 -1 1 ≤ 1
u64 -1 1 ≤ 1
u74 -1 1 ≤ 1

  -z 3 0 0 1 1 2 0 1 1 1 1 1 1 1 1 1 1 2 0 2 0 1 1 1 1 1 0 3 0 0 1 1 0

Subject to Matrix of COCO Y0The Matrix of the Quadratic Goal Function
Subject to Matrix of the Step Functional Regression

S11 S21 S31 S41 S51 S61 S71 S81 S12 S22 S32 S42 S52 S62 S72 S82 S13 S23 S33 S43 S53 S63 S73 S83 S41 S42 S43 S44 S45 S46 S47 S48 b
y1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 4800
y2 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 7190
y3 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 7200
y4 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 3200
y5 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 6650
y6 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 4800
y7 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 6900
y8 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 7500

  -z 3 0 0 1 1 2 0 1 1 1 1 1 1 1 1 1 1 2 0 2 0 1 1 1 1 1 0 3 0 0 1 1 0

S11 S21 S31 S41 S51 S61 S71 S81 S12 S22 S32 S42 S52 S62 S72 S82 S13 S23 S33 S43 S53 S63 S73 S83 S41 S42 S43 S44 S45 S46 S47 S48 b
y1 4.2 0 0 0 0 0 0 0 9.0 0 0 0 0 0 0 0 4.6 0 0 0 0 0 0 0 8.6 0 0 0 0 0 0 0 4800
y2 0 0 0 0 3.2 0 0 0 0 0 0 7.2 0 0 0 0 0 3.8 0 0 0 0 0 0 0 0 0 5.4 0 0 0 0 7190
y3 0 0 0 4.0 0.0 0 0 0 0 0 0 0 0 0 6.2 0 0 0 0 3.4 0 0 0 0 0 0 0 0 0 0 4.0 0 7200
y4 4.2 0 0 0 0 0 0 0 0 0 0 0 0 6.8 0 0 0 3.8 0 0 0 0 0 0 0 7.0 0 0 0 0 0 0 3200
y5 4.2 0 0 0 0 0 0 0 0 0 7.4 0 0 0 0 0 0 0 0 3.4 0 0 0 0 0 0 0 5.4 0 0 0 0 6650
y6 0 0 0 0 0 0 0 0.6 0 0 0 0 0 0 0 1.0 0 0 0 0 0 0 0 0.4 0 0 0 0 0 0 0 0.4 4800
y7 0 0 0 0 0 2.8 0 0 0 8.0 0 0 0 0 0 0 0 0 0 0 0 3.2 0 0 0 0 5.8 0 0 0 0 0 6900
y8 0 0 0 0 0 2.8 0 0 0 0 0 0 7.0 0 0 0 0 0 0 0 0 0 2.8 0 0 0 0 5.4 0 0 0 0 7500

  -z 12.6 0.0 0.0 4.0 3.2 5.6 0.0 0.6 9.0 8.0 7.4 7.2 7.0 6.8 6.2 1.0 4.6 7.6 0.0 6.8 0.0 3.2 2.8 0.4 8.6 7.0 5.8 16.2 0.0 0.0 4.0 0.4 0

- Classifier method 

- Automatically generates the classes

- Number of classes depends on the 
number of categories in ranking

- Combination of the (m x ns ) steps

S11 S21 S31 S41 S51 S61 S71 S81 S12 S22 S32 S42 S52 S62 S72 S82 S13 S23 S33 S43 S53 S63 S73 S83 S14 S24 S34 S44 S54 S64 S74 S84 y1 y2 y3 y4 y5 y6 y7 y8
S11 3 1 1 1 1 1 1 1 1 1 -1 -1 -1
S21
S31
S41 1 1 1 1 -1
S51 1 1 1 1 -1
S61 2 1 1 1 1 1 1 -1 -1
S71
S81 1 1 1 1 -1
S12 1 1 1 1 -1
S22 1 1 1 1 -1
S32 1 1 1 1 -1
S42 1 1 1 1 -1
S52 1 1 1 1 -1
S62 1 1 1 1 -1
S72 1 1 1 1 -1
S82 1 1 1 1 -1
S13 1 1 1 1 -1
S23 1 1 1 1 2 1 1 -1 -1
S33
S43 1 1 1 1 2 1 1 -1 -1
S53
S63 1 1 1 1 -1
S73 1 1 1 1 -1
S83 1 1 1 1 -1
S14 1 1 1 1 -1
S24 1 1 1 1 -1
S34 1 1 1 1 -1
S44 1 1 1 1 1 1 1 1 1 3 -1 -1 -1
S54
S64
S74 1 1 1 1 -1
S84 1 1 1 1 -1
Y1 -1 -1 -1 -1 1
Y2 -1 -1 -1 -1 1
Y3 -1 -1 -1 -1 1
Y4 -1 -1 -1 -1 1
Y5 -1 -1 -1 -1 1
Y6 -1 -1 -1 -1 1
Y7 -1 -1 -1 -1 1
Y8 -1 -1 -1 -1 1

Details for Coffee Problem

- Quadratic goal function has strong minima, and alternative optima 

- Linear and sum of absolute deviation models have several alternative optima 

- Results with Excel Solver and with „Finite mathematics utility: simplex method tool” http://
www.zweigmedia.com/RealWorld/simplex.html 

Results: 
- Investigating the theoretical background of COCO on a simple example

- Applying step functional regression methods for Coffee problem

- Listing and summarizing the options and properties of COCO models

- Settling the equations, and matrixes of the models

- Defining the eigenvalues of the quadratic goal function’s matrix

- The step functional regression method and the simplified one as well, 
has got several alternative optima

S11 S44 S61 S23 S43 S41 S51 S81 S12 S22 S32 S42 S52 S62 S72 S82 S13 S63 S73 S83 S14 S24 S34 S74 S84 y1 y2 y3 y4 y5 y6 y7 y8 S21 S31 S71 S33 S53 S54 S64
S11 3 1 1 1 1 1 1 1 1 1 -1 -1 -1
S44 1 3 1 1 1 1 1 1 1 1 -1 -1 -1
S61 1 2 1 1 1 1 1 -1 -1
S23 1 1 2 1 1 1 1 -1 -1
S43 1 1 2 1 1 1 1 -1 -1
S41 1 1 1 1 -1
S51 1 1 1 1 -1
S81 1 1 1 1 -1
S12 1 1 1 1 -1
S22 1 1 1 1 -1
S32 1 1 1 1 -1
S42 1 1 1 1 -1
S52 1 1 1 1 -1
S62 1 1 1 1 -1
S72 1 1 1 1 -1
S82 1 1 1 1 -1
S13 1 1 1 1 -1
S63 1 1 1 1 -1
S73 1 1 1 1 -1
S83 1 1 1 1 -1
S14 1 1 1 1 -1
S24 1 1 1 1 -1
S34 1 1 1 1 -1
S74 1 1 1 1 -1
S84 1 1 1 1 -1
Y1 -1 -1 -1 -1 1
Y2 -1 -1 -1 -1 1
Y3 -1 -1 -1 -1 1
Y4 -1 -1 -1 -1 1
Y5 -1 -1 -1 -1 1
Y6 -1 -1 -1 -1 1
Y7 -1 -1 -1 -1 1
Y8 -1 -1 -1 -1 1
S21
S31
S71
S33
S53
S54
S64

Experience on Coffee Problem

Sorted: 

Eigenvector = 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3.08 3.31 4.14 5.00 5.00 5.33 6.05 8.08

Positive semidefinit quadratic form

With the simplification idea 
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Dynamic Binary Ranking Matrix
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Properties of COCOs:

Name: Constrains for stairs

COCO Y0 Difference of stairs < 0
(No real, measured Y) Practically Diff. Of stairs < 1

COCO STD Difference of stairs ≤  0  

(Standard)

COCO MCM No constrain for the Staicase
(MonteCarlo Method) (No constraint at all!)

(Just goal function)

COCO MCM+ NO constrain for Steps
(MCM + iteration of stairs) Iterative step investigation

Models 

.minzSTD =

x1 757.7 10.0 10.0 1796.6 2241.7 2673.1 1.0 7997.0 178.3 -74.2 467.4 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
x2 305.7 10.0 10.0 1484.0 1745.6 2142.9 1.0 7766.7 148.4 -72.5 533.2 20.0 20.0 20.0 20.0 20.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0
x3 34.3 10.0 10.0 1229.0 1389.4 2142.9 1.0 7766.7 121.8 -72.5 549.5 20.0 20.0 20.0 20.0 20.0 400.0 400.0 400.0 400.0 400.0 100.0 100.0 100.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0

x1 3200 0 0 7200 7190 6900 0 4800 1600 0 3450 0 600 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
x2 1330 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1870 0 0 0 0 2180 0 3470 0 6900 5320 0 0 7200 4800
x3 2900 100 100 6900 6890 7200 100 4500 1700 -500 3550 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
x4 1330 0 0 0 0 2180 0 4800 3470 4720 0 0 0 0 0 0 0 1870 0 0 0 0 0 0 0 0 0 5320 0 0 7200 0
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Step Function Coefficient Regression

With Simplification Idea

Options :
Number of Stairs Goal function options Goal function Models Direction of Proportion Positivity of Steps

Settled in the ranking Sum of Deviations Linear programming Given - separate for each Steps (itself) ≥  0
variable - at ranking

Iterative stair investigation Sum of Absolute Deviations Nonlinear Pogramming No constrain 
built in MCM+

Sum of Squared Deviations Quadratic Goal Function

Name: x1 x2 x3 x4

Coffe brands Cream Taste of 
harmony Firmness Price/ 

Value rate
il Moretto Sublime 1 1 1 1
Cagliari Espresso Bar 5 4 2 4
Buscaglione Eurobar 4 7 4 7
Bristot Espresso 1 6 2 2
Giuliano Espresso Italiano 1 3 4 4
Corso Verona Ristorante 8 8 8 8
Tonino Lamborghini Classic 6 2 6 3
Caffé Carraro Don Cortez Grandi Arabica 6 5 7 4
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Name: x1 x2 x3 x4 y

Coffe brands Cream Taste of 
harmony Firmness Price/ 

Value rate
Price / 

kg
il Moretto Sublime 4.2 9.0 4.6 8.6 4,800
Cagliari Espresso Bar 3.2 7.2 3.8 5.4 7,190
Buscaglione Eurobar 4.0 6.2 3.4 4.0 7,200
Bristot Espresso 4.2 6.8 3.8 7.0 3,200
Giuliano Espresso Italiano 4.2 7.4 3.4 5.4 6,650
Corso Verona Ristorante 0.6 1.0 0.4 0.4 4,800
Tonino Lamborghini Classic 2.8 8.0 3.2 5.8 6,900
Caffé Carraro Don Cortez Grandi Arabica 2.8 7.0 2.8 5.4 7,500
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Estimation is sum of according stairs 
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Instead of coefficients, step 
function type estimation

The simplification idea

ns – number of categories in ranking 
    ns ≤ n (number of cases)
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