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Context: OPERA Project (funded by ANR - 2016-2020)

Goal: To help systems contractors to elaborate, to evaluate and to select bids
- Tool based on the use of formalized knowledge and experience feedbacks
- Multicriteria decision making to select one technical bid solution to propose

Blddlng Process (adapted from Chalal et al. 2008).:

Detection :
of bid Scope of OPERA
opportunity Elaboration of the technical bid solution :
10 g¢ T no bid
: Definition and "
: : .. . Definition of the )
Ana1y51ls & estimation Selection of the bid mark-up size T bid Submission of the | accepted
of the bid = of the potential best technical ™  and commercial 4’<>_’ final bid proposal [—*
opportunity technical bid solution bid solufion prop
: bid solutions
not accepted
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O Engineer To Order (ETO)

* Relevant potential technical bid solutions are not completely defined

* Knowledge is not fully available to estimate the potential solutions

* There are a lot of uncertainties related to the performances of the potential solutions
— Confidence of the bidder is generally low - Issue: How to evaluate it and choose a
solution under uncertainty

* A multi-criteria decision support approach is required

* — To help the bidder to select one solution within a multi-criteria decision space

under uncertainty
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A three steps approach

Engineer To Order
. =

Representation of the values of the ( Y
decision criteria as possibility

distributions

. =

K

7

—

-
~—

N\
Y
)

-~ N
~_

Computation of mono-criterion
dominance relations

- =

Computation of multi-criteria N
dominance relations

— Solutions comparison

. Construction of a Pareto front

.=

Technical bid solution to propose
to the customer
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They provide information on the ability to

finalize the design and implement the technical system according to the customer’s
expectations (e.g. Cost and delivery date).

System ‘ ‘ > Proces>
Sylla et al. 2017 I I |
-f:SRL,/////, - f: PRL

- st SFL, -s: SFLp
IRL,,
SUbsvetems Sub- Sub- Process
Yy Slystem SIYStem activities

f: ARL
s: SFL,

f: factual -f: TRL |- f: TRL
S: subjective -s: SFL |- s: SFL,

Sylla, A., Vareilles E., Coudert, T., Aldanondo M., Geneste, L., Readiness, feasibility and confidence: how to help bidders to better
develop and assess their offers, International Journal of Production Research, 2017, Vol. 55, No. 23, pp. 7204-7222.
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For a solution S, HIS{j is the possibility distribution of the values v, for the criterion k

* [a, d] is the domain of the criterion (possible values)
* [b, c] is the interval of the fully possible values for the criterion k,
* e is the possibility to have a criterion value in [a, b] U [c, d]

* - it depends on the confidences OCS and OCP

1l- - - e=1—(ax0OCS+(1—a)=0OCP)/9

¢

0 if k characterizestheprocess
=49 1 if k characterizesthesystem

>V 0.5 if k characterizesboth
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For each crierion and each solution to evaluate, an ETO configuration tool allows:
* To determine the design parameters values
* To determine the project parameters values
* To evaluate the value of the criterion + uncertainty {a, b, c, d, e}

Requirements
+

ETO Configuration tool

k
Hsjin Sylla et al. 2017 I

N | | |
el- v v v

: Performances Design Project

| + confidences parameters parameters

Criterion 1 + {a, b, c, d, e}
Criterion 2 + {a, b, c, d, €}
Criterion k + {a, b, c, d, €}
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Dubois, Didier, and Henri Prade. 2012. Possibility Theory: An Approach to Computerized Processing of Uncertainty. Springer
Science & Business Media.

@ Possibility Of Dominance (POD) h
It is the possibility that the values that can be affected to .S}f'c are not greater than those that can be
affected to Sf"'. PODf;l,j{Si = sup min(u;(x), sup ,uff,!j (v))

x y<x

\_ ‘ J

4 Possibility of Strict Dominance (PSD) A
It is the possibility that the values that can be affected to are smaller than those that can be affected to .

PSDE;JHS?-_ = sup min(uf%, (x), ;I}lg(l — p..f;j(y))

. = = y,
4 Necessity Of Dominance (NOD) R
It is the necessity that the values that can be affected to are not greater than those that can be affected

to. NODY; g; = inf max((1 — puls;(2)), sup &, (1))

\_ y=x Y.
@ Necessity of Strict Dominance (NSD) h
It is the necessity that the values that can be affected to Sf are smaller than those that can be affected

to S¥. NSD§;<s; = inf max((1 — u;()). inf (1 — u§;(y)
\_ ' — y,
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Comparison of two distributions of possibilities S; and S;
Computation of the four indexes of Dubois and Prade

° ng-<8'£ - [POng-<S£= PSDETHS';,: NOD§j<3i= NSDQ;HS;']
Dg'é.-(Sj - [PODg-é.-<Sj= PSDg*HSj: NODgé.-<Sj= NSD%HSJ']

Determination of the four mono-criterion dominance relations
* CD: Certain Dominance

* SPD: Strong Possibility of Dominance

* WPD: Weak Possibility of Dominance

* IND: Indifference
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N
T 7] Certain Dominance (CD)
Dssi |0 o] o |o]% 5w w - | S certainly dominates S, if: D§; gi(4) =1
< J
4 Strong Possibility of Dominance (SPD) )
PoD | PsD | NoD mnﬂ:;i:i;;] S, dominates S;, not certainly, but with strong possibility if:
Dsi.si | 1 | 06| 08 | 06|25
Dsisi |04l0al02] 0| % w0 =» [ng—<8i(4) <DIAVEe (L, ... 4} D§j<s«;(t) > DE‘HSJ(t)]
< Y,
£ Weak Possibility of Dominance (WPD) )
PoD | PsD | NoD| NsD , S;dominates S, , not certainly, but with a weak possibility if:
Dsjsi | 1 | 06|04 02|05
Dsicsi |08]02]08] 0 | % 0 = w Fte{l, .. 4}: Dg‘i—<5’j(t) < D§j<s?;(t)]/\[v‘f #Ft: Dg-HSj(l) > D§j<Si(E)]
< v,
£ Indifference (IND) R
PoD | PsD | NobD | NsD 1 S;and S; are indifferent if:
Dysj-si 1 (02| 08 o |05 5 3 3 3 . ) .
Dsicsi| 1 |o08] 02| 0 | % 10 20 30 [Vt = {14} : Dg'i%Sj(t) = Dg.',j%Sz'(t)]A[Dgi{Sj(Q) > Dg'j-<8'.i(2)]/\[D§i-<Sj (3) < Dé‘j*{b’?’.(g)]
< J
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Certain Pareto-Dominance (CPD)
S, certainly Pareto-dominates S; if:

for each criterion, S, certainly dominates S,
Vke {1 .,.._N} : S_); <cp Si

(" Strong Pareto-Dominance (SPD) )
S; Pareto-dominates S, not certainly, but with strong possibility if:

S, does not certainly Pareto-dominates S, , but there is at least one criterion

for which: S, certainly dominates S, or S;dominates S; with strong possibility.

[E”lf: S {1. ....n} : (SJ <cp Si) Vv (Sj <spPD 57;)]/\ [Vl *k: (Sj <spp S;) V (Sj <wup Si) V (SJ IND SI)]

y

(" Weak Pareto-Dominance (WPD) )

S; Pareto-dominates S;, not certainly, but with a weak possibility if:
S, does not certainly Pareto-dominates S;, and S,does not Pareto-dominates
S; with a strong possibility. But, there is at least one criterion for which S;
dominates S, with weak possibility.

\_ Bk e {1,...,n}:(S; <wpp S)|A WIL#FK:(S; <wpp Si)V (S, IND S;)] )
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Pareto-Dominance Requirement = Acceptable level of uncertainty
* Itis given by the decision maker, PDR = {CPD, SPD or WPD}

Pareto-dominance requirement

Pareto-dominance condition of S; over S;

CPD S;j=<cprp Si
SPPD (Sj=cpp Si)V(S; <sppD Si)
WPPD (Sj=<cpp Si)V(S; <sppp Si)V(S; <wppD Si)

=> Pareto-front
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Criteria
Solutions Cost Duration
1.2 SPD SPD
p > 13 SPD sep |
23 WPD IND
mono-criterion dominance relations
Criteria
Solutions Cost Duration 5j | Pareto Dominance | Si

. PoD | PsD | NoD| NsD ,E POD | PsD |NoD| NsD | [ 1 SPPD 2
12 si<si | 0,4 | 0,4 [ 04| D |05 Dsjesi | 0, | 0,4 | 04| 0 |05

Dsisi | 1 | 06| 06| 06] © Dyis 0 1 SPPD

i=5f A A A [} 0 20 0 si<5f| 1 |06|06]| 06 0 0 20 0

S——— 2 WPPD
Pob | PsD |NoD| NsD | 1[ — PoD | PsD |NoD|NsD | "

1.3 Dsi-si | 04| 04|04 0 USJJ——U—_' Dsjsi |oa|oa 04| o |os l-_; I—l

Dsisi | 1 | 06|06 06]% 10 ) E Dsisi | 1 |o6]06]06] % 0 = )

PoD | PsD | NoD | NsD | ¥ PoD | PsD | NoD| NsD | o

23 DPyex| 1 |06 06| O |05 . LJ . Dsisi | 1 |o6|0a| 0 |05 ]_

PPyl 1 |04lo04a| 0| % ) 0 Dsisi | 1 |oalos]| 0| % o . =

Dubois and Prade's indices

Criteria
Solutions Cost Duration |OCS =0CP
1 6 8] 6 8] 06
2 [1020] | [1020] 06 PF = {1}
3 [2024] | [1218] 06
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* We have proposed an approach to support a multi-criteria decision making process
when selecting the most interesting technical bid solution in a bidding process.

* The approach gathers three major propositions:
* a method to represent the estimation of a decision criterion as a possibility
distribution,
* four possibilistic mono-criterion dominance relations to compare the solutions
following a single criterion,
* three possibilistic multi-criteria dominance relations to compare the solutions
following several criteria and to determine the Pareto-front.

* In the bidding process, where the potential technical bid solutions are not completely
defined, this approach enables the bidders to make good decisions while taking into
account the uncertainty related to the estimation of the decision criteria.

* Experiments have been done by developing a tool on Matlab

* The next step is the integration within the OPERA mock-up and the end-users
validation (four industrial partners)

Uy N\
(1516’
T. Coudert University of Toulouse — Toulouse INP ENIT — December 13" — 2017 — CSD&M — Paris i



N =NIT VY

DINGENIEURS

NATIONALE DE TARBES IMT Mines Albi-Carmaux

Ecole Mines-Télécom

Thank you for your attention
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