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GOOD MOVE BRUSSELS

ARE WE HEARING ALL THE VOICES?
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MULTI-ACTOR MULTI-CRITERIA ANALYSIS

STAKEHOLDER INVOLVEMENT

Stakeholder analysis

Alternatives

Indicators

‘ Measurement
methods

N
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(Macharis, 2004)
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MULTI-ACTOR MULTI-CRITERIA ANALYSIS

STAKEHOLDER INVOLVEMENT

Rating of
alternatives
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stakeholders

Criteria {

(Huang et al., 2021)
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MULTI-ACTOR MULTI-CRITERIA ANALYSIS

CHALLENGES IN MAMCA
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CHALLENGES IN MAMCA

WEIGHT ELICITATION

« Challenges for stakeholders:

Limited expertise in decision-making;

Time constraints: The process of eliciting relevant information can be time-

consuming, which may not align with stakeholders' busy schedules;

Subjectivity: As humans, stakeholders' judgments can be subjective and exhibit

imprecision (Stewart, 2005).
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RANK BASED WEIGHT ELICITATION METHOD

IMPRECISION WEIGHT ELICITATION

rank
| | B E | sf { }rSf 1{81’ J{Sf%[sr { ]—[Sf 1 }rSf ]—[sr]—-{‘g =
- Revised Simos method: oS! =S ) aid) g el 9/ JT2J(Ce e
Q |sf Sf Sf Sf Sf o
The stakeholders set z value expresses how E =8 =4 7 12 ] S
the most important criterion relates to the Sf” sf6 31;8
least important criterion. e S e

(Asilioglu, 2021)
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IMPRECISION WEIGHT ELICITATION

PAIRWISE COMPARISON

+ Best-Worst Method (BWM):

Stakeholders/DMs only need to compare the
criteria to the most and least important

ones.

oIli
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(Rezaei, 2016)
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IMPRECISION WEIGHT ELICITATION

BEST-WORST METHOD (BWM)

Cy = {cq, ) Cpp on) cNk}

min &, Apo, = (aka aBkzr"'raBknk)
5.t. Aow,, = (aka’aZWk’ ”"ankwk)
|(1)Bk - aBknk . (l)nkl < EL,Vnk € {1,2’ ...’Nk}, ag,(n-2) o

aB" l
aB’l i '

|‘an —Apwy ka| <&, vn, € {1,2 ../ Ny}, - ] i n-2

| An-2)w
N aw
E Wy, = 1.
ng=1

k *
) o)), o

(Rezaei, 2016)
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IMPRECISION WEIGHT ELICITATION

A RELIEF FOR STAKEHOLDERS

Pairwise comparison

Criteria group pairwise comparison

Air pollution
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Types of generalized criteria f:g:?s
I. Usual criterion . H@
d
PROMETHEE #ie
I1. Quasi-criterion a— ’W =
g
Alternatives: A= {al, vy Ay ooey Apgp } ! :
III. Criterion with . H(d)
linear preference
Stakeholder groups: S = {s1, ..., Sk, -+, Sk } ’
d
Criteria for sy, : Ck = {Cl, Cy, C3 ..., CNk } IV. Level criterion — H(d)
1 qrpP
The net flow score: N y V. Critemion with @
k k linear preference
A ; P - a:)— P a: )] = ar and indifference area r_- QP
¢ (a;) M—1 n\4i, 4;j n\ 4, 4; |- wn bn(a;) - wp
n=1a;€Ai#j n=1
VI. Gaussian criterion H(a)
Performance score matrix: o
1 M
$1 o P1
P = : " : (Brans, Vincke, & Mareschal, 1986)
di K
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MULTI-ACTOR MULTI-CRITERIA ANALYSIS

CITYLAB T6.2 Reference Oslo
Multi-Actor Analysis

Hoo E-freight bikes and microhubs

1| <> Online shop and use of spare capacity

| | <O= Last-mile carrier and electric vans

e
N]

’| <O Common logistics in shopping centre

| <> Urbanwarehouse and electric vans
(25%)

Evaluation Score
=)

«» Integrated reverse logistics

TSNS L e W A

Shipper Shopping centre Receiver Society Transport
owner Operator

Actor Groups
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MULTI-ACTOR MULTI-CRITERIA ANALYSIS

CONSENSUS REACHING
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o |
CONSENSUS REACHING MODEL — P
oy Pt

Find a consensus based on the use of a
weight sensitivity analysis model (Huang et

al., 2021).
M gs: P*? m Consensus reaching process (CRP)
',C_ .‘f/% jJ-;,,op . 9 featuring minimum modifications (Zhang
he e, = et al., 2019).
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CONSENSUS REACHING MODEL
WEIGHT SENSITIVITY ANALYSIS Multi-criteria viMulifter®08 weWwght modification

1,00
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0,00

Alternative 1 -0,20 Criterla 1 Criterla 2 Criterla

0,35125
-0,40
-0,60
-0,80
-1,00

Alternative 2 0,30 0,25 0,75 0,37

0,60
] o [ ~
oo [ oo [ | ” Eom
0,60 0,63 -0,75 2 3 Final score
1
3

Alternative 3 [ RCI0) -0,88 0,00 -0,72125

N \Weight == Alternative 1 Alternative 2 Alternative 3

What would be theyapnimym weight-apedificaldens that can be
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7 N Robust stakeholder-based MCGDM
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CONSENSUS REACHING MODEL

N N
min zl* = z |k = Wiy | = z (dingie + dzmpic)

ng=1 ng=1
dlnk Kk lf Winy — a)'k,nk >0
—w .. =1 L ’ >
Bl — Ok, {—dz,nk,k» if otherwise et 2k 2 0
N
Z k Wem,' = 1, Vk = 1,2,..,K (Weights constraint)
ng=1
N
= Z Py X Wi, Y1 € {1,20 . Ny}, (Alternative scores computation)
nr=1

- e (- 1), (Rank change of a,,)

M
Z ry=M-gvg=12.,M-1,
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CHALLENGES IN MAMCA
ROBUSTNESS ANALYSIS

« Ordinal consistency:

Without a consistency threshold, stakeholders/DMs face the challenge of determining

when to revise or accept their judgments;

It's crucial in BWM to check ordinal consistency, ensuring that criteria rankings from

Apo, and Aoy, comparison vectors align (Liang et al, 2019);

The optimization should consider the ordinal information provided by the
stakeholders.
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= mebilise

analysing mobility, mobilising people 19-6-2023 | 21



CHALLENGES IN MAMCA

CONSENSUS REACHING OR COMPROMISE SEEKING

Optimization

Do the optimized
weights respect
the ordinal
information?

Yes No

Consensual compromised
solution solution
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ROBUST STAKEHOLDER-BASED MCGDM

Problem structuring

FLOWCHART
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ROBUST STAKEHOLDER-BASED MCGDM

CAS E STU DY CITYLAB T6.2 Reference Oslo

Multi-Actor Analysis

« CITYLAB project

< E-freight bikes and microhubs

<> Onlinefphop and use of spare capacity
<= Last-rijile carrier and electric vans

<> Comm@n logistics in shopping centre

| | O Urbanjarehouse and electric vans

Evaluation Score

< Integrijted reverse logistics

Receiver Transport
Operator

Actor Groups

http://www.citylab-project.eu
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CASE ILLUSTRATION

CITYLAB PROJECT CASE
| CASE ILLUSTRATION_

E-freight bikes and

micro-hubs 3rd = e
Comm.on logistics in 2nd 2nd 1st
shopping center

Integrated reverse 1st 3rd 2nd

logistics
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CITYLAB PROJECT CASE

VU

e
i
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Table 5 Best-to-others (BO) and others-to-worst (OW) pairwise comparison vectors for

three stakeholders

Shipper

BO

Positive effect
on society

Low cost for High quality  Attractive
receiving goods  deliveries shopping environment

Best criterion:
high quality deliveries
OW

8

9 1 2

Worst criterion: low cost for receiving goods

Positive effect on society

Low cost for receiving goods
High quality deliveries
Attractive shopping environment

2

1
9
8

Receiver

BO

Positive etfect
on society

Low cost for High quality  Attractive
receiving goods  deliveries shopping environment

Best criterion:

attractive shopping environment
OW

8

9 4 1

Waorst criterion: low cost for receiving goods

Positive effect on society

Low cost for receiving goods
High quality deliveries
Attractive shopping environment

2

1
4
9

Receiver

BO Viable Positive effect  Satisfied Profitable High
investment on society employees operations quality service

Best criterion:

high quality 5 8 4 9 1

service

oW

Worst criterion: profitable operations

Viable investment
Positive effect on society
Satisfied employees
Profitable operations
High quality service

L= A R ) |
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CITYLAB PROJECT CASE o

0,600

0,400

0,200

0,000

-0,200

-0,400

-0,600

Shipper Receiver Transport operator
e F-freight bikes and micro-hubs -0,353 0,639 0,105
e COmmon logistics in shopping center 0,266 0,467 0,618
== |ntegrated reverse logistics 0,509 -0,105 0,448
e F-freight bikes and micro-hubs e COmmon logistics in shopping center = |ntegrated reverse logistics
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CITYLAB PROJECT CASE o
. ase [iustration
N

0,600

0,400

m 0,200
minz; = Winy, — Olkony,
ng= 1 0,000
-0,200
-0,400
-0,600 - -
Shipper Receiver Transport operator

== [ -freight bikes and micro-hubs -0,353 0,5942 0,105

=== Common logistics in shopping center 0,266 0,594 0,618

== |ntegrated reverse logistics 0,509 -0,0914 0,448

e F-freight bikes and micro-hubs === COmmon logistics in shopping center == |ntegrated reverse logistics

1 Robust stakeholder-based MCGDM
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CONSENSUS REACHING

CITYLAB PROJECT CASE
 CONSENSUS REACHING

The sum of their current
rankings compared to <=
the first position

When rank distance is 0, the
alternative is ranked as 1st for
all stakeholder groups

ey o
SA
@QOIL

analysing mobility, mobilising people

4,5

3,5

3 A

—ll— E-freight bikes and micro-hubs

N
w

—&— Common logistics in shopping center

Ranking distance
N

A Integrated reverse logistics

L
[§,]

0,5

06 08 1 1,2 1,4 1,6
Weight distance

U

The sum of their weight modification to
improve the ranking

0 0,2 0,4
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4,5

CITYLAB PROJECT CASE
ROBUSTNESS ANALYSIS

IS
e |

3,5

2,5 — B - E-freight bikes and micro-hubs

—4— Common logistics in shopping center

Ranking distance

- Integrated reverse logistics

1,5

1

Consensual solution _ N .
\ \

0,5 X

06 08
Weight distand|

Compromised solution

MAMCABM
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CONSENSUS REACHING

INTEGRATED REVERSE LOGISTICS [

0,5
0,4
0,3
0,2

0,1

-0,4
Shipper Receiver Transport operator

e E-freight bikes and micro-hubs -0,352715655 0,0308 -0,005

e Common logistics in shopping
center

== |ntegrated reverse logistics 0,509265176 0,0304 0,512

0,265814696 0,03 0,51

e [ -freight bikes and micro-hubs e====Common logistics in shopping center === |ntegrated reverse logistics

mb||.|Se Robust stakeholder-based MCGDM
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RECEIVER

CONSENSUS REACHING
RECEIVER.

VU

Attractive shopping environments >
High quality deliveries >

Positive effect on society >

Low cost for receiving goods

e
i

analysing mobility, mobilising people

Table 5 Best-to-others (BO) and others-to-worst (OW) pairwise comparison vectors for

three stakeholders

Shipper

BO

Positive effect
on society

Attractive
shopping environment

High quality
deliveries

Low cost for
receiving goods

Best criterion:
high quality deliveries
OW

8

9 1 2

Worst criterion: low cost for receiving goods

Positive effect on society

Low cost for receiving goods
High quality deliveries
Attractive shopping environment

2

1
9
8

Receiver

Positive effect

Low cost for High quality  Attractive

BO : . I i :

on society receiving goods  deliveries shopping environment
Best Cl‘llt.CI‘IDl‘l: ‘ ‘ 3 9 4 1
attractive shopping environment
OW Waorst criterion: low cost for receiving goods
Positive effect on society 2
Low cost for receiving goods 1
High quality deliveries 4
Attractive shopping environment 9

Receiver

BO Viable Positive effect  Satisfied Profitable High
investment on society employees operations quality service

Best criterion:

high quality 5 8 4 9 1

service

oW

Worst criterion: profitable operations

Viable investment
Positive effect on society
Satisfied employees
Profitable operations
High quality service

L= A R ) |
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Case illustration

RECEIVER 06

0,5

CONSENSUS REACHING
RECEIVER.

0,4
0,3
0,2

0,1

attractive 0,1
shopping
environment -0,2

Positive effect | low cost for high quality

Receiver . . L
onsociety [feceiving goods deliveries

-0,4
Shipper Receiver Transport operator

e E-freight bikes and micro-hubs -0,352715655 0,0308 -0,005

Before 0,097814 0,064442 0,156502 0,681243
optimizatio

== COmmon logistics in shopping

0,265814696 0,03 0,51
center

0,06 0,337 0,185 = |ntegrated reverse logistics 0,509265176 0,0304 0,512

e F-freight bikes and micro-hubs e====Common logistics in shopping center e===|ntegrated reverse logistics

mblllse Robust stakeholder-based MCGDM
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CONSENSUS REACHING

CONSENSUS REACHING
 CONSENSUS REACHING

Shipper Receiver Transport operator
e F-freight bikes and micro-hubs -0,4152 0,5942 0,105

e COmmon logistics in shopping

0,3884 0,594 0,618
center

== |ntegrated reverse logistics 0,3876 -0,0914 0,448

e E-freight bikes and micro-hubs === Common logistics in shopping center

== |ntegrated reverse logistics

I mebilise

analysing mobility, mobilising people

Ranking distance

3
— B - E-freight bikes and micro-
2,5 hubs
——¢— Common logistics in shopping
2 center
—A— Integrated reverse logistics

o
"

0,5

Weight Yistance 1
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CONCLUSION

« A stakeholder-based multi-criteria group decision making framework:

The BWM presents a simplified and more efficient approach to address challenges of

complexity and time in the weight elicitation process within the MAMCA framework;

The consensus model utilizes information provided by BWM to seek

consensual/compromised solutions among all stakeholders;

The framework provides stakeholders suggestions towards better negotiation and

discussion, thereby facilitating more informed decision-making among stakeholders.

mb||.|Se Robust stakeholder-based MCGDM
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CITYLAB PROJECT CASE

VU

STAKEHOLDERS

Table 4 Original criteria weights and uni-criteron net flows

Score of (1)

Score of (2)

Score of (3)

Stakeholders Criteria Weight E-freight bikes common logistics integrated ¢k Ranking
and micro-hubs in shopping center reverse logistics
Positive effect on society 0,0799 0 0 1
Low cost for receiving goods 0,0511 0,8 0 0
Shipper High quality deliveries 0,550 -0,6 0,6 0,2 0.090 (3)>(2)>(1)
Attractive shopping environment 0,319 -0,2 -0,2 1
Weighted sum performance score / -0,353 0,266 0,509
Positive effect on society 0,091 0 -1 0
Low cost for receiving goods 0,066 0.8 0 0
Receiver High quality deliveries 0,184 -0,6 1 0,2 0.076  (1)>(2)>(3)
Attractive shopping environment 0,660 1 0,6 -0,2
Overall performance score / 0,601 0,487 -0,095
Viable investment 0,197 -0,6 0,6 0.6
Positive effect on society 0,073 0.8 0,8 0
Transport Satisfied employees 0,148 -0,6 -0,6 0.8
operal,:::or Profitable op]e)ra{ions 0;[}52 U;S 0 0 0.062  (2)>(3)>(1)
High quality service 0,530 0,4 1 0,4
Overall performance score / 0,105 0,618 0,448

e
i

analysing mobility, mobilising people
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CHALLENGES IN MAMCA
ORDINAL CONSISTENCY

Proportion
o o o o
w B [6)] (o))

©
[N

01

0 0.2 0.4 0.6 0.8 1

Consistency ratio

mebilise
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—®— Rejected consistency
—®— Accepted inconsistency

Cumulative Percentage

Cumulative Percentage vs Cl

1.0
0.8
0.6

—8— Table 1

—o— Table 2
0.4 1
0.2 1
0.0 1

T T T T T T T

0.00 0.05 0.10 0.15 0.20 0.25 0.30

cl
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