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InterCriteria Analysis [1] is based on Index Matrices [2] and Intuitionistic
Fuzzy Sets [3].

Let an index matrix be given, where O, are the objects, and C,, are the
criteria by which the objects are evaluated:

O1 (o)) 0,
G GO) G0 .. G0y
G | G(0) G(0)) ... G(O)
Cor | Cn(01) Cn(02) ... C(O4)

The criteria matrix, created from the index matrix, is:

Ci | G(01) - C(02) C(01) — C1(03) ... Ci(O1) — Ci(On)  Ci(02) — C1(O3). ..
Co | G(O1) = Ca(02)  Ga(01) — Ca(03) ... GCa(O1) — Ca(On)  C2(02) — Ca(03). ...
Ch | Ca(01) = Ca(02)  Ca(01) — Ca(03) ... Ca(01) — Ca(On)  Ca(02) — Ca(O3). . .

N. lkonomov ICrAData — Software for ICrA May 12, 2018 2/ 14



Let's demonstrate the algorithm with specific values:

(0, 0, 05 O Os
G| 6 5 3 7 6
G
G
Ca

S b

7 8 1 3
3 5 9 1
5 6 7 8

The criteria matrix is:

‘ (1-2) (1-3) (1-4) (1-5) (2-3) (2-4) (2-5) (3-4) (3-5) (4-5)

G| 1 3 -1 0 2 2 -1 -4 3 1
G| 0 -1 6 4 -1 6 4 7 5 -2
G| 1 -1 -5 3 -2 -6 2 -4 4 8
G|l -1r 2 3 4 -1 -2 3 -1 -2 -
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We create a new matrix, which takes only the sign from each value of the
criteria matrix:

$5/1 1 -1 0 1 -1 -1 -1 -1 1
S$S|0 -1 11 -1 1 1 1 1 -1
$S|1 -1 -1 1 -1 -1 1 -1 1 1
S1/-1 -1 -1 -1 -1 -1 -1 -1 -1 -1

The final matrix (which is the result) is obtained by comparing each row
with all rows of the criteria matrix;

G G G Cy
G | S1#5 Si#S S1#S3 S1#5
G - S2#S2  So#S3 So#tSa
G - - S3#5S3  S3#54
(@ - - - S4# S,
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Method p-biased.

We use these comparisons for matrix y: 0=0,1=1, -1 = —1.
Also these comparisons for matrix v: —1 #1, 1 # —1.

$/1 1 -1 0 1 -1 -1 -1 -1 1
[0 -1 1 1 -1 1 1 1 1 -1
(1 -1 -1 1 -1 -1 1 -1 1 1
Sef-1 -1 -1 -1 -1 -1 -1 -1 -1 -1
LG 6 G G v G G G G
G|l 0 0505 G| 0 08 04 04
G|- 1 0503 G|- 0 04 06
G|- - 1 05 G|- - 0 05
G| - - - 1 G|- - - 0

We count the equal elements (for matrix 1) between two rows, and then
we divide by the number of columns. Non-equal elements for matrix v.
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Method Unbiased.

Comparisons for matrix y: 1 =1, —1 = —1.
Comparisons for matrix v: —1#1, 1# —1.

The comparison 0 and 0 is not counted.

$(1 1 -1 0 1 -1 -1 -1 -1 1
(0 -1 1 1 -1 1 1 1 1 -1
(1 -1 -1 1 -1 -1 1 -1 1 1
S%|-1 -1 -1 -1 -1 -1 -1 -1 -1 -1

1% ‘ C1 C2 C3 C4 14 C1 C2 C3 C4

G |09 0 05 05 G| 0 08 04 04

G| - 09 05 03 G| - 0 04 06

G| - - 1 05 G| - - 0 05

G| - - - 1 G| - - - 0

N. lkonomov ICrAData — Software for ICrA May 12, 2018

6/ 14



Method v-biased.

Comparisons for matrix yu: 1 =1, —1 = —1.

Comparisons for matrix v: 0 #£0, —1#1, 1 # —1.

The comparison 0 and 0 is counted for matrix v.

$(1 1 -1 0 1 -1 -1 -1 -1 1
(0 -1 1 1 -1 1 1 1 1 -1
(1 -1 -1 1 -1 -1 1 -1 1 1
S%|-1 -1 -1 -1 -1 -1 -1 -1 -1 -1

1% ‘ C1 C2 C3 C4 14 C1 C2 C3 C4

G |09 0 05 05 G |01 08 04 04

G| - 09 05 03 G| - 01 04 06

G| - - 1 05 G| - - 0 05

G| - - - 1 G| - - - 0
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Method Balanced.

We compute the methods j-biased and v-biased.

The elements for matrix 1 are equal to: (14, piased + Fu-biased)/2
The elements for matrix p are equal to:(¥/),-biased + Vu-biased)/2
The comparison 0 and 0 is distributed as half of it for matrix u
and the other half for matrix v.

$/1 1 -1 0 1 -1 -1 -1 -1 1
$S|0 -1 1 1 -1 1 1 1 1 -1
|1 -1 -1 1 -1 -1 1 -1 1 1
S1/-1 -1 -1 -1 -1 -1 -1 -1 -1 -1

pl G G G G v G G G G
G| 095 0 05 05 G |005 08 04 04

G| - 09 05 03 G| - 005 04 06
G| - - 1 05 G| - - 0 05
G| - - - 1 G| - - - 0
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Method Weighted.

We compute the method Unbiased. Then we create new matrix P, which is
the elementwise sum of the matrices p and v of the method Unbiased:

P = Hunbiased T Yunbiased-

Frunbiased Punbiased
Hweighted *= HMunbiased + %(1 - P)= [unbiased

Vunbiased Vunbiased
Vweighted ‘= Vunbiased 1 p (1 - 'D) = p

Of course, for P[i][j] # 0. If P[i][j] = 0, then we assign 1/2 for this
element for both matrices.

We recall the matrices from method Unbiased:

pla 6 G G ov|G G G G
GG[09 0 05 05 G| 0 08 04 04

G| - 09 05 03 G| - 0 04 06
G| - - 1 05 G| - - 0 05
G| - - - 1 G| - - - 0
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Matrix P:

PG G G G
G, |09 08 09 09
G| - 09 09 09
G| - - 1 1
G| - - - 1

The new matrices for method Weighted:

pla 6 G Cy v G G G Cs

G| 1 0 0555 05556 G| 0 1 04444 0.4444

G| - 1 0555 03333 G| - 0 04444 06667

G| - - 1 0.5 G|- - 0 0.5

G| - - - 1 Gl - - - 0
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Available types for ICrA calculations

Standard ICrA — apply ICrA to a single matrix or one set of matrices.
Ordered Pair — apply ICrA to two matrices or two sets of matrices,
all three types allow ordered pair as input.

Second Order ICrA — load at least 3 matrices of the same size, compute

Standard ICrA for each of them, take upper triangular matrix from p and v
from each set, write as rows of new input matrices u and v, since we have

two input matrices — apply Standard ICrA for ordered pair.

Aggregated ICrA — load at least 3 matrices of the same size, compute
Standard ICrA for each of them, then aggregate elementwise the resulting
set of matrices i and v: average, max-min, or min-max aggregation.
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Ordered pair (u, v)

The ordered pair has four comparisons: greater than, less than, equal,
incomparable. Let two ordered pairs (a1, b1) and (a2, bp) be given. Then:

(a1, b1) > (a2, b2) when a3 > ap, by < bp or a1 > az, by < by,

(a1, b1) < (a2, b2) when a3 < ap, by > by or a1 < az, b1 > by,

(a1, b1) = (a2, ba) when a3 = az, by = by,

incomparable: in the remaining cases, for example a; < ap, by < bs.

Note that a;, b1, a», by are integer or real values.
The standard method is a difference between each two values,
while this one is a comparison between each two pairs.
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Thank you for the attention!

This application has been developed with the partial financial support of:
Project No. DFNI-I-02-5 “InterCriteria Analysis: A New Approach to
Decision Making”, funded by the National Science Fund of Bulgaria.
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