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... de la conceptualisation a ['évaluation

a recommendation [which Hypothesis and Properties ?]

an additive value model

og Explanation design

Definitions
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Complexity Explainability measure
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Decision Context description



Decision Context description

ChOOSing the beSt ) 4 Performance table

alternative among a b c d e f g

W X v X X X v v

. X X X v v v X X

Y v X X v X X X

a finite s.etAof Lok x Xk
alternatives W = bfg
X = cde
. Y = ad
described over 7 = ceg

m bl_leve" Scales Of Preference model representation

criteria where | a b ¢ d e f g|

A 4
w | 128 126 77 59 52 41 37 [ W

preferences are additive. w(W) = w(bfg) = 126 + 41+ 37 = 204

w : (w))jem) With w; : [m] — RT



The recommendation structure and its explanation

w={a:128,b:126,c:77,d:59, e:52, f:41, g:37}

W
bfg How to explain
© @ O M.@and (3)?
X Y VA

cde m ceg
@ {b, f, g} = {c, d, e}
@ {b, f, g} =z {a,d}
3 {b, f, g} = {c, e, g}

Pro - Con - Neutral criteria



The recommendation structure and its explanation

w={a:128,b:126,c:77,d:59, e:52, f:41, g:37}

W
bfg How to explain
©) @ O M.@and (3)?
X Y Z .
By decomposing the
cde @ pairwise comparisons
() {b, f, g} = {c, d, e} of pro and con criteria !

(@ {b, f, g} Z {a, d}
G {b, f, g}z {c, e g}

Pro - Con - Neutral criteria



(Covering) Explanation through decomposition languages

w=1{a:128,b:126,c:77,d:59,e:52, f:41 g:37}
pro criteria vs. con criteria
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Requirements :
Covering
Disjonction

‘ @ w—Compatibility

Decomposition
Languages
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(Covering) Explanation through decomposition languages

w=1{a:128,b:126,c:77,d:59,e:52, f:41 g:37}

pro criteria vs. con criteria .
L Requirements :

\X\ . Covering
o — et I Disjonction
126 > 59_+ 52 '0%7, ’ 126> 77 w—Compatibility
: c
5 Decomposition
o Languages :
N

i 0 Lo=A0,1)
Q £ = A1, m)
i E QL= A(rmn:)

Q L3:3=LUL;

59> 52




(Covering) Explanation through decomposition languages

The chosen decomposition languages

>

+ Cognitively easy to grasp.
+ Easily scriptable in a natural language.

= Not complete.



Our languages are incomplete !!

w=1{a:128,b:126,c:77,d:59, e:52, f:41, g:37}

W
(bg, a)
(f, d) ©
(b, ©) (b, a) ©
(f, o) © (fg, d)
(b, e) (b, d)
(f, 9O (fg, a) ©
(b, de)
(fe, ©)
(bf, a)
(8 d O

— : not L£3—covering explainable

— : L3—covering explainable



Numerical Experiments (1/2)

Percentage of positive instances

100
Instance: (w, A)
90 |- —
- Al =10
80 |
+ Jw| =m e [6; 15]
) 8 70| -
Sample: 500.000 instances g
— T
500 sets A o 60 h
. <3 50 | . —
1000 score functions w 2
@
A set characteristics: S 40 8
o
no Pareto dominance ® 3078 L3 * -
- . L —A—L1® L2 —
significativity of all criteria 00H —— L T |
—e— L
10 |- B
—— Ly
0 I I I | | | | | | |
6 7 8 9 10 M 12 13 14 15
m
An instance is positive if and only m 6 7 8 9 10 1 12 13 14 15
if all “direct” statements (x*, y) L3 914% 899% 87.4% 858% 851% 847% 850% 851% 854% 859%
r . lainabl Li®L, 908% 870% 826% 785% 757% 735% 715% 693% 678%  660%
are L —covering explainable. 2 810% 783% 731% 683% 647% 618% 59.1% 567% 547%  52.4%
L 68.3% 51.4% 45.3% 41.1% 38.6% 37.5% 36.3% 35.5% 35.6% 34.5%
Loy 58.4% 42.4% 35.1% 29.9% 26.3% 24.3% 22.8% 211% 20.6% 19.0%




Explanation Computation




Covering explanation: Computational complexity

Instance:

A set PRO of pro criteria and a set CON of con criteria
The preference model representation w

Lo

Question: Is there a bijective function f from CON to PRO
such that for all j € CON, w(f(j)) > w(j)?

Complexity class: P

L4
Question: Is there a function f from PRO to ,CON such that
LfG) N f(i’') = O ifi # i’ withi, i’ € PRO
2. Ujepro f(i) = CON
3.w(i) > Tjef(y wi) foralli € PRO

Complexity class: NP-hard ~ (rdct. BIN PACKING)

L,

Question: Is there a application g from CON to ZPLF‘@\{(Z)} such that :

1.g() N g(’) = @ ifj # ' withj, j/ € CON
2. Xigg() w() = w(j) forallj € CON

Complexity class: NP-hard  (rdct. PARTITION)

L
Question: Are there two disjoint subsets PR@1 and ]PR@Z of PRO,
two disjoint subsets CON' and CON? of CON, a function f from
- ) A
PRO" 10 2CON" and a application g from CON? to 2PRO\ {9}
such that:
1. PRO' U PRO? = PRO and CON' U CON? = CON
2.f() N F(i") = 0 ifi # i’ withi, i’ € PRO!
A — coN'

3. Ujeppo1 () = CON W
4ow(i) > Zjef(r) w(j) foralli € PRO
5.90) N g(’) = B ifj ' withj, j € CON?

. CON?2
6. E/Eg(}) w(i) > w(j)forallj € CON

Complexity class: NP-hard  (rdct. PARTITION) 9



L3;—Covering explanation: Computation using ILP

Inputs

+ The score function w : (w;)igm-

+ The pair (X, Y) to explain.

Notations

- Pro arguments set: (X, Y)©

- Con arguments set: (X, Y)™

(Binary) Variables

a_Jf 1 ifiefl).
U7 0 Otherwise.
e_Jf 1 ifieq()
U7 0 Otherwise.

Constraints

- Syntactic constraints
For each pro argument i

1 2
it 2 Sy <1

e, Y)—

-+ For each con argument

ST sy <

i’e(x, Y)T

- w—compatibility constraints
For each pro argument i

Vie X )~

vie (X Y)*t

1
wj > E wjSj;

je(X, V)~

-+ For each con argument

1 2
Do Stswizw

i€, V)t



Addressing incompleteness

w=1{a:128,b:126, c:77,d:59, e:52, f:41, g:37}

— 1 not L3 —covering explainable

— : L3 —covering explainable



Addressing incompleteness

w={a:128, b:126, c:77,d:5, e:52, f:41, g:37}
From 1—best

AN\

D (den) (9

To 2—best recommendation

— 1 not L3 —covering explainable

— : L3 —covering explainable



Addressing incompleteness

w=1{a:128,b:126, c:77,d:59, e:52, f:41, g:37}

From 1—best From height = 1

AN\ AN

D (den) (9

To 2—best recommendation To height > 1

@D (cdeg)

A 7N

Only for £3 1!

— 1 not L3 —covering explainable

— : L3 —covering explainable



Addressing incompleteness

w=1{a:128,b:126, c:77,d:59, e:52, f:41, g:37}

From 1—best From height = 1 From w
G
Il
(cdeg) % (cdeg)
o
S
To 2—best recommendation To height > 1 ® To w’
N
Ga)  (cied N @@
|
™
4
/ \\ .
\ =
s
Only for £3 1! é

— 1 not L3 —covering explainable

1

— : L3 —covering explainable



Numerical Experiments (2/2)

94

88

% of positive instances

86

84

80

—>— L3 with

—+— L3 with 2—best relaxation

translation

—O— L3 with transitivity

—B—  £; (reference)
I I | | | | |
6 7 9 10 1 12 13 14 15

Relaxation, Transitivity, Translation with £ — covering explanation

m 6 7 8 9 10 11 12 13 14 15
23 with w—translation 97.7%  975% 968%  968% 969% 97.1% 976% 981% 984%  98.6%
Ly with 2—best relaxation ~ 943%  94.8%  937%  934% 936% 937%  942% 945% 950%  953%
L3 with transitivity 92.0% 91.0% 886% 869% 86.1% 856% 858% 857% 86.0% 86.5%
L5 (reference) 91.4%  899% 87.4%  858% 851% 847% 850% 851% 854%  859%




Conclusion

Explication de recommandations issues d’'un modéle additif: de la
conceptualisation a l'évaluation
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