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Digital Transformation

Applied Al chapter

12 staff

Product configuration
Knowledge compilation

Natural
Language
Processing

Operations
Research
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RENAULT END TO END SUPPY-CHAIN : KEY FIGURES
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Logistics means

Supplier Production
(tier 1...n)) (pack, trucks, WH) plants
Materials Production planning |::>
Supply
Production Monitoring |::>
- trucks or containers/day to . Renault plants in 17 countries
supply our plants model versions
-
] of transported parts/day
] parts references -
= supplier sites
= logistics platforms
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Vehicles
Distribution

Around trucks or boats per

day to deliver our cars
To over destinations

Over ports used worldwide
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OR tools in the supply chain

Suppliers Powertrain plants

>

Production Planning

Sales & operations
Car plants P

\

n
7] Job scheduling ) )
< Production Planning
9, T y,ﬁ"\ . . .
» E‘E Pa/ Car sequencing / job scheduling
() . q
= Generation of forecasted vehicles
s
(2]
(o))
=
E
=)
o
n \
Truck loading and orders anticipation
Container loading
Kitting units layout
, Line balancing body shop / paint
M shop / assembly line
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Dealerships

A Aants»deeﬂerships
Line re-supply
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Whenever LP/MIP could be used, it was used !

Solvers : CPLEX since 1992, COIN/OR ... but also CPO, LocalSolver
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Car Production planning (daily)
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B Dispo
|
oF

0 Dispo
|

Planning tool in every RENAULT’s car factory worldwide

Mission : to optimize the daily production plan

OF

Scope : total production of 2M vehicles in 2022

N Dispo
uPs
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Car production planning

Horizon : D+6 to M+4 Clew orders
Day slots

>
Production plan \
SRR = T e

D D+1 D+2 D+3 D+4 ....... D+ 61D+62 .......
Constraints : Objectives :
- Line specialization 1. Maximize nb orders in the production plan
) . - 2. Satisfy the customer wished delivery date
S:Jpp"ers capacities 3. Satisfy the plan stability
- Plant capacities 4. Smoothing of complex vehicles / ....

Multi-objective optimization (LP), customized for each plant
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Car sequencing (daily)

Production sequence ‘

Paint batches Spacing soft constraints

» Paint batches
v'Minimize solvent consumption due to paint color changes

» Spacing for the assembly shop : spacing ratios (ex: DD DD %)
v'To smooth complex vehicles
v"Not to overburden workstations
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Engine/gearbox production planning (monthly)

Planning tool for engines, gearboxes, and all their components

Mission : to optimize the production plan for the next 18 months & solve capacity bottlenecks

CastingPlant  Machining Plant

Organ Assembly Plant

Scope : 985 production lines worldwide

Vehicule Assembly Plant

i AC-K9K-F AC-K9K-F AC-K9K-A AC-KI9K-A

{ Co-KoKF | | cokok-F cc-kok-U | | cokok-u K9K-628 KIK-628

i VI-KOK-F VI-K9K-F VI-K9K-U VI-K9K-U
(o

Production lines in Spain, France and XNA-BNA o
Romania needed to produce car chassis = &s
TAV-NA1 PTAV-A-XNA-1
) P1 FR—FFIII:.E%FAVVQQQ P1 ESEE‘-“JI%L‘E‘—QF%zDOLl
XNA-BNA

Flins (Nissan)

Multi-objective optimization (LP)

1. Demand satisfaction (goal programming)
2. Stock minimization
3. Transportation leadtime minimization
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PF-U-D72x100 (*Micra)
Cantabria (Nissan)
P1 ES-CAN-M-AT-001

&,

DQ AV-U-DQ260x22 BI
Le Mans (ACI)
P1 FR-LEM-M-DFB-006

&,

MR AV-U-MR37*23C
Pitesti (Meca/UMCD)
P1 RO-MIO-M-HFW-001

&,

RL AV-U-RL AV D72
SNR (Alés)
P1 FR-SNR-M-K5F-999

Production process of an
engine

&,
PF-F-D72x100 (*“Micra)

Cantabria (Nissan)
P1 ES-CAN-C-AT-001

£33

)

DQ AV-F-DQ260x22 BI
Le Mans (ACI)
P1 FR-LEM-C-AT-001

£

(o)
MR AV-F-MR37°23C

Musashi (Villalba)
P1ES-MUS-C-KSF-999
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Goal programming (LP)
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Sales & operations tools with LP/MIP

Detailed forecasts generation (monthly)

» Samples of fictive partial vehicles

» Product Mix objectives (versions, options)
v’ Quadratic MIP with barrier

Distribution of production capacities between countries (monthly)
* Invoice deadlines (June and Dec)
 Sales targets
 Transportation capacities
v Multi-objective optimization (LP and goal programming)

Production planning of show-room vehicles (on request)
* Production ramp-up
 Transportation capacities
* Countries demand (volume and timing)
v" Multi-objective optimization (MIP)
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Operators’ movements

Opérateur | Couleur | Masquer
Operateurd
Operateur1
Operateur2
Operateur3
Operateurd
Operateurs
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Holes assignement to operators

Temps total (cmin}
TEP FOS A (cmin)
MIO (cmin)

OAint blocs (cmin)
QA ext blocs (cmin)
nb blocs

nb buses

nb trous

table buses

Taux engagement

14312
35,00
24,00
11,16
55,63

5

7

8
(0.0,0.0)
76,53

Trou734 [Buse59 Bloc1]
Trou710 [Buse136 Bloc]
Trou757 [Buse136 Bloc1]
Trou724 [Buse35 BlocT]
Trou109 [Buse109 Bloc1]
Trou323 [Buse183 Bloc]
Trou20 [Buse20 Bloci]
Trou22 [Buse22 Bloc1]

Operateurd

181,19
29,50
24,00
3475
82,15

c

7

7
{0.0,0.0)
96,39

Trou736 [Buse60 Bloc2]
Trou748 [Buse101 Bloc2)
Trou110 [Buse110 Bloc2]
Trou122 [Buses5 Blocz]
Trou21 [Buse21 Bloc2]
Trou79 [Buse7d Bloc2]
Trou744 [Buse200 Bloc2]

154,97
36,50
28,00
10,23
70,89

]

8

8
(0.0,15.0)
82,87

Trou735 [Buse62 Bloc2]
Trou707 [Buse30 Bloc2]
Trou758 [Buse135 Bloc2]
Trou729 [Bused1 BlocZ]
Trou738 [Bused2 Bloc2]
Trou324 [Buse184 Bloc2]
Trou321 [Buse181 Bloc2]
Trou24 [Buse24 Bloc2]

Operateur2

Operateur3

Operateur4

161,39
40,50
28,00
10,54
73,19

:

]

9
(0.0,15.0)
86,30

Trou701 [Buse189 Bloc2]
Trou711 [Buse83 Bloc2]
Trou725 [Buse40 Bloc2]
Trou319 [Buse179 Bloc2]
Trou306 [Buse166 Bloc2]
Trousa [Busesa Bloc2]
Trou740 [Buse43 Bloc2]
Trou733 [Busel170 Bloc2]
Trou756 [Buse170 Bloc2]

Column generation method

162,49
36,00
28,00
15,05
73,55

7

]

8
(0.0,0.0)
86,89

Trou700 [Buse188 Bloc1]
Trou747 [Buse102 Bloc]
Trou706 [Bused1 Bloc1]
Trou7Z28 [Buse36 Bloc1]
Trou737 [Buse37 Bloc1]
Trou739 [Buse39 BlocT]
Trou78 [Buse7s Blocd]
Trou743 [Buse201 Bloc1]

Operateurs

111,83
29,50
20,00
612
51,21

=

6

7
{0.0,0.0)
59,80

Trou789 [Buse225 Bloc1]
Trou318 [Buse178 Bloc1]
Trou305 [Buse165 Bloc1]
Trou121 [Bused4 Bloc1]

Trou320 [Buse180 Bloc1]
Trou732 [Buse100 Bloc1]
Trou755 [Buse100 Bloc1]
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Routes towards Douai’s plant (direct, milk-runs, x-dock)

i
8

Network design for inbound flows (on request)

S i ) s tannn o

Eesti
!E:h'riil)
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Optimization methods
1. Clustering: Partition of suppliers into clusters,
2. Routing: Identification of Direct and Indirect flows (MIP per cluster, MIP master problem)

3. Scheduling: Routes Assignment to weekdays (MIP).

i A
‘ A A @ > ;
A A — A ¥
A & \‘\\ /
‘o 2
CE] F
I 4
Clustering Routing
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Trucks loading and orders anticipation (daily)

2D placement of items in the trucks with best fit heuristics 3000 trucks / week — 7 weeks horizon / GCP

Rectangle placé

| sur le bord droit
. | du Lowest Gap
Lowest
Gap J === l

Items to place

Build stacks and anticipate orders so as to maximize trucks filling rate
Construction heuristics + local search

orders

D D+1 D+2 . .
J orders orders ﬁ Visualization of trucks
5]
ratd O MO0 OO |:||:| |:||:| |:||:| nnﬁ oo o o\foo

partg| O 0/ /\__O/AEE

I/ /l

E
-
X = e X
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Production volumes distribution Engine in shortage
What-if scenario

Distribution of engine volumes between models ?

MIP optimization
e Min constraints
* Min/max satisfaction

Stock coverage
Vehicle plants capacities

Engine/gearbox plants capacities ﬁo . ) W Sales forecasts and mix déformations authorized

>
e/
e ||

Optimization web service

dw
\1)’3‘;\-9 Marginal profit per model

Volumes distribution which maximizes total profit
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