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L ocalSolver

Business Analytics & Optimization subsidiary of the Bouygues Group

« Supply chain optimization
* Vehicle routing

 Job scheduling

» Workforce planning

» Network optimization SERVICE PROVIDER
* Revenue management
. etc.

SOFTWARE EDITOR

15 experts in mathematics, computer science, information technology

Strong grow: revenues multiplied by 5 since incorporation in 2012
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Passionate people

Fredéric Gardi
Co-Founder & Managing Partner, in charge of LocalSolver

* PhD and Habilitation in Computer Science (UPMC, Paris 6)

» 20 years of experience in Operations Research

+ Sole author of a software used by 10,000 users in the retail banking industry (Société Générale)
* 1St Prize Junior & Senior Challenge ROADEF 2005, 2"d Prix Senior Challenge ROADEF 2007
15t Prize Industrial Applications ROADEF (2011), 1st Prize Robert Faure ROADEF (2012)

» President of ROADEF, the French Operations Research Society (2014-2015)

Thierry Benoist
Co-Founder & Managing Partner, in charge of Services

» Ecole Polytechnique (X95), PhD and Habilitation in Computer Science

» 20 years of experience in Operations Research

+ Sole author of a software optimizing an investment of €1 billion (Bouygues Telecom)
 Prize ASTI of the best applied PhD thesis (2005), 3 Prize Robert Faure ROADEF (2006)
* Finalist of the EURO Excellence in Practice Award (2012)

3131



They trust us

50 clients in France

. . @A -
25 cl h €1b
clients with revenues > n Q VEOLIA ’@ /7 FM)LOGST'C
TOYOTA DGA

30 clients worldwide .
Germany, UK, Belgium, Italy, : :eDF ﬂ dMAdDEUS eNGie @

Denmark, Sweden, Norway RENAULT
USA, Canada, Japan, China

30 universities & schools

France, Germany, Belgium,

Italy, Portugal, USA, Canada, SIEMENS PUBLICIS Beiersdorf
Japan, Chine, Brazil, ... GROUPE
HITACHI
Inspire the Next M‘B,p“‘! S ONY




L ocalSolver
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LocalSolver: mathematical optimization solver

Business problem Business solution

————————————————

MATHEMATICAL

“:LocalSolver

MODELING

e o o o o o o oy

SOLVER

________________

|
= S@y Reduction by 50% of

. 4 development & maintenance costs 6131




Why choosing LocalSolver?

Allows to separate the model from the algorithm

Model: mathematical representation of the business specifications

=>» LocalSolver offers a high-level, natural modeling formalism to model problems (especially routing problems)

=>» This formalism makes easier maintenance and evolutions of the model

Algorithm: delegated to LocalSolver which incorporates powerful (especially heuristic) optimization
techniques, developed since 10 years in partnership with the French National Center for Scientific Research

=>» high-quality solutions in short running times (minutes or even seconds)

=>» scalability: able to tackle millions of decision variables
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FUTWRE’

Architect

b Pasco® sk %

FE—PLEF. A—HV—E TR

LRASREZ Y MBI RESEE

Pasco global supply chain optimization »
) . L E2%
(production + distribution) for whole Japan ok

Jaily used since 2013 1

M;:lncgr_-nﬁm
Solutions
Integration



LOGISTICS

Optimizing rotations of locomotives & drivers
for the freight division of SNCF Logistics (French Railways)
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S I E I I RQ www.stellar.aero

Automated pricing engine
Dynamic aircraft scheduling

STELLNR

A-E C->D D->B

CSB transfer ESC

C-2>A A->B




Services
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Business problem Mathematical model Business solution

MATHEMATICAL
MODELING
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Why choosing us?

Renowned experts in optimization

e 20 vyears of experience in optimization and decision support
* Our culture: expertise, listening, agility = client-centric team & project methodology

e Strong industrial and academic recognition (a dozen awards)

A perfect match to your needs

* Development of a tailor-made solution, with a proven methodology
e Using a powerful solver: LocalSolver

e |IT expertise that allows us to adapt to any information system & technology

A reliable, long-term partner

* Fixed-price & fixed-deadline commitment
 Accompaniment to the total satisfaction of our clients

* Backed by the Bouygues Group (€33 billion in revenue, 115,000 employees)
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_— NG supply chain optimization

CNGIC _ong-term planning of delivery routes and storages
Stakes in €bn




~ Liquefied Natural Gas (LNG)

27th WORLD GAS | JUNE 25-29
CONFERENCE Qo-l 8
WASHINGTON DC |

Yicu

Category Winner: Optiretail by ENGIE Lab CRIGEN

Inspired by the most recent logistics and operational research publications, and based on its LNG expertise, ENGIE Lab
CRIGEN has designed an innovative decision making software for small scale LNG projects: Optiretail. Optiretail designs
the optimal LNG supply chain from sourcing to delivery by minimizing the total cost of the project (CAPEX and OPEX). It
enables to quickly test new configurations and can be used for project dimensioning and real-time optimization for all
small scale LNG market opportunities: LNG-to-Power, LNG-as-fuel for road and marine transportation as well as LNG-for-
industrials. The software was tested on the supply of 70 fueling stations in Europe and 19 LNG-to-power plants in
Indonesia. Ongoing developments aim at adapting Optiretail to Liquid Hydrogen (LH2).

.@ENGIELabCRIGEN is the winner of #WGC2018 #Innovation award in LNG
category with its Optiretail Digital solution

Frederic Legrand, LNG Research Program Manager, ENGIE Lab CRIGEN @ ENGIE @ @ENGIEgroup - Jun 29 v

WORLD GAS CONFERENCE

_

CNGIC

Optiretail is the digital solution:

- To reduce the cost of the LNG
distribution up to 15%,

- To promote the development of
FREDERIC LEGRAND new uses of LNG.

LNG Lab manager,
ENGIE Group




Programmatic advertising for out-of-home

JCDecaux (0OH) media campaigns at JCDecaux Belgium
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JCDecaux

Optimization of the routing & scheduling
of field service technicians at JCDecaux France
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ENGIE LNG

Success Story
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‘I Frédéric LEGRAND sas
| [ -,l! LNG Lab Manager chez ENGIE
O 2mo - Edited

Optiretail software developed by ENGIE Lab Crigen is the LNG innovation award
winner of the World Gas Conference 2018!

It is a unique tool for optimizing small scale LNG supply chains.
27th WORLD GAS | JUNE 25-29

CONFERENCE QO'I 8
WASHINGTON DC
<y ‘ Vote for this project and help us to win the gas industry choice award:
U https://Inkd.in/eVM7p3b.

Now it's time to have your say!

#wgc2018 #fuelingthefuture #engie

0:37/2:01 % [ 3 19 |31



https://dms.licdn.com/playback/C4E05AQGhAH69Ut1n_g/57e524c7e2474a11b95267bd3cd99aa8/feedshare-mp4_500/1479932728445-v0ch3x?e=1530950400&v=beta&t=J7Xeffd5b6YqdTrVBrzvvRqySaZtm5a3JpiBKT1_XPs
https://dms.licdn.com/playback/C4E05AQGhAH69Ut1n_g/57e524c7e2474a11b95267bd3cd99aa8/feedshare-mp4_500/1479932728445-v0ch3x?e=1530950400&v=beta&t=J7Xeffd5b6YqdTrVBrzvvRqySaZtm5a3JpiBKT1_XPs

ENGIE

T Multinational electric and gas utility company

< €65 billion in revenue
e N G ' e http://www.engie.com

ENGIE is a major gas agent in Europe
* No. 2 buyer
* No. 1 transport and distribution network manager

* No. 1storage operator

* No. 1in Liquefied Natural Gas (LNG) ENGIE LNG will be part of TOTAL in July 2018




LNG supply chain

Liquefaction
Plant Q LNG Loading Gosie
J

Terminal Transportation
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LNG supply chain
Plant ‘Q / LNG%:?:,::E Tranos:g?::!ion

LNG Carrier il
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Receiving
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Route planning + fleet and storage sizing

Strategic optimization of the LNG supply chain

=>» Long-term planning of the LNG delivery routes and storages

Client 1 Storage
10 000 m3/ 140 000 m?3

Source 1 tanker of

210 000 m3
(every 2 weeks)

Storage Client 2
70 000 m* 5000 m3/d

23|31



Route planning + fleet and storage sizing

Strategic optimization of the LNG supply chain

=>» Long-term planning of the LNG delivery routes and storages

Client 1 Storage
10 000 m3/d 70 000 m3

Source 2 tankers of

105 000 m3
(every week)

Storage Client 2
35000 m* 5000 m3/d

24 131



LocalSolver resolution

Size of the instances
* 5 sources

e 20 hubs
* 100 clients
e 10 types of tankers

Resolution
e Short running time: 90 seconds
* Modern but standard server: 8-core Intel Xeon, 2.70 GHz, 8 GB RAM

> Direct resolution by “::_ocalSolver

25131



reating & updating locations

Economics Trailers Locations Travel times Routes Optimize Export

4 ' Washington

yesteane Location Merida

NAME*
Virginia Beach
Merida
Q x

Memphis I DESCRIPTION

Atlanta

TYPE*
Dallas

L Site A
Ciudad!judrez
CONSUMPTION®
Austin
Hao
San Aftonio

Jacksanville -
83

FILL RATE*

08

MIN. CAPACITY

S b N MAX. CAPACITY
Mazatian 2t La H¥bana

(o | - CAPEX PER STORAGE VOLUME*
Ledn Merida Cancun

230

Guantinamo

Morelia Repoblich Dominican||  CAPEX TO ANNUAL OPEX RATE"

0,02
Eingston

Acapuico de . PORT CHARGES”
Judrez .
7200

OPERATION TIME*

0.75

Willemstz MIN. TRAILER SIZE
Barrahiquilla

Maracaibo

San josé MAX. TRAILER SIZE

San Cristdbal

Project: Test instance Medelin -




reating & updating locations

Trailers Locations Travel times

Dallas

Austin
Ho
San Antonio

Ciudad!juarez

Mazatian

Lean

Morelia

Acapulco de .
Juérez [

Project: Test instance

Routes

Washington
Lousisville.

Virginia Beach

Memphis

Atlanta

: Jacksonuille

hielBahamas
La H¥bana

ed e

Mérida Cartey

Guantaname

Kingston

Ea rra;uu il

San josé

Medellin

Maracaibo

San Cristobal

Willernstz

Location Merida & ©

Location updated

Name
Description
Type
Consumption
Fill rate

Min. capacity

Max. capacity

CAPEX per storage vol...
CAPEX to annual OPEX...

Port charges
Operation time
Min. trailer size

Max. trailer size

Buffer
Nb of fixed days
Nb locations threshold

Buffer growing factor

Address

Address
City
Country

Merida

Site
83 m*/day
80.00%

1230 $/m?®
2.00%
57,200

18 hours

1 day

0.75



Automating

Economics

+ Austin

sanAntonio

Corpus Chisti
duevo Laredo

Reynosa

Ciudad Victana

1 Poza Rica
Lar je Hidalgo
R e Hidalgo
Cuemavaca Cirdaba
Tehuacan
wleo de
arez

Project: Test instance |

Trailers Locations Travel times

Baton'Rouge

Nens

Beaurnant

Hou@
i f(’ -\--_——"\. o -

Campeche

Cludad del
Canmmen

Coatzacoalkos

Ciudad de Guatemala

Total cost: $1,273,481,296 |

Routes

Optimize

& optimizing solutions

San Pedro Sula

Siguatepeque

Coxen Hole

Tocoa

OPEX: $962,368,050 | CAPEX:$311,113,246 | 4 trailers: 74,849 m® |

(by LocalSolver

Tallahiasses

Jacksonville
Gaingsyile
Deltana
Orando
Tampa Paim Bay
Port X, Luie
West Palm
Lape Coral L Freepart Marsh Harbour
_ Miami
r Massau Tarmpum
i Bay

Mordn

Huolguin

e

Flantanama

Cap-Haitien Puerio Flata

Georoe Tonn
Ayt

Delmas

Neiba

Santo,Dominge

Storage: 153,800 m*®

& OpenStreetMap contributors



Manual editing of solutions

Baton'Rouge e Talariassee

| + Austin Jacksonville
I Beaurmont ’
e ns
u VA Route #2©
sanAntonio
0 { Deltona Routes are feasible and fulfill all the constraints.
= ) Orando
i ConbisErs TS ol 1 trailers 34,974 mefirailer
ey Laredo
Port St Ludie CAPEX 536,989,696
Cape ool YT | | Daily OPEX $5,699

Reynosa mi Number of trailers used on this route
Miagi 1 2 3 4 5 & 7 8 9 10
Delivery Loading
Ciudad Victoria Houston - 31,477 m?

New Orleans 6,950 m? -
Miami 1,599 m?® -
La Habana 577 m? -

6.263 m* -

| EI:I :
i Yuzatar el
Foza Rica C¥oen

Juan - Hidalo de Hidalgo:
Rioy 2

Jamaica
Cheturnal
Georme Town Cienfuegos

Cusmavaca AT Coirdoba A Campache Q Jaragua 48 m? _
Canmen Chi

Campeche

,085 m*® -

Tehiacan Jeremie
Coatzacoakos ) La Habana
S Merida
Miami

New Crleans
MNueva Gerona
Reysona

oo Santiago de Cuba
Honduras | Tampico

Ciudad de Guatemala Siguatepeque o I

Jelize
ulco de Oaxaca Pty
arez
Comen Hole.

Guatemala San Pedro Sula Tocoa

Tanielnal

Project: Test instance | Total cost: $1,273,481,296 | OPEX: $962,368,050 | CAPEX: 3311, 113,246 | 4 trailers: 74849 m® | Storage: 153,800 m®



Manual editing of solutions

Economics Trailers Locations Travel times Routes O

Baton'Rouge : : Talahazses

- + Austin Jacksonville
i Beaurmont, 5
Me hins
. VA Route #2 @
sanAntonio - P
0 [ Deltona The solution has 1 violation(s).
= ) Orando
S e/ tarsa o\ 1 trailers 53,315 me/trailer
luevo Laredo _ _
Port St Lude CAPEX 544,325,945
o e M | |Daily oPEX $6.123

Reynosa Number of trailers used on this route

1 2 3 4 5 6 7 8 9 10

Delivery Loading

Ciudead Victoria

Houston - 47,983 m?

New Orleans 6,950 m? -

Miami 1,599 m*? -
La Habana 577 m? -
oo . Playa del
Juah Py - v 14,943 me -
5 die Hidalgo carmen o
Campeche Site "Playa del carmen” is visited -
by more than one tour (by 2
George Town tours) . B
Cusmavaca Cordoba Ciudad del 1 ﬁ
Tehuacn Sannen ch Reysona -
Coatzacoakos
Houston - -
ulco de
arez
Conen Hole Add tour
Guatemala Toooa
San Pedro Sula
Honduras
Ciudad de Guatermala Cipoatepeese o I
T i A

Project: Test instance | Total cost: $1,338,014,277 | OPEX: $996,753,766 | CAPEX: $341,260,511 | 4 trailers: 90,560 m® | Storage: 173,200 m® | 1



Displaying KPls

Economics Trailers ; Opti
+ Austin BabarRouge TG Jacksonville
I ] Eeaurnant T S
- Housis e Ganesville
sanAntonio i
0 | c
e Economics @
= Corpus Christi
uevn Laredo Horizon 30 years

Inflation rate 5.00% Discount rate 4.00%

Reynosa %

Key indicators

Total cost £1,317,650,384

OPEX £937,214,409 CAPEX £380,435,975
Ciudad Victara

Total storage 199,941 m* 4 trailers 106.272 m*

Halguin
i ) Poza Rica ' = L
J;.I? Hidat: da Hidslgo! e
FLantanamo
Campeche Cap-Haitien Puerto Pata
Eicn ) — ARrltesol George Town R L
Clusmavaca AL i F Ayt
: goudy Cludad del LR ﬁ
\ Tehumckd Carmen Cchi Delmas. - peiba -~ Santo,Domingc
Coatzacoalos
Jelize
ulco de
arez
Coken Hole.
Guatemala Tocoa
San Pedro Sula
Honduras
Ciudad de Guatemala Siguatepeque ; I
al

Project: Test instance | Total cost: $1,317,650,384 | OPEX: $937,214,409 | CAPEX:3$380,435975 | 4 trailers: 106,272 m® | Storage: 199,941 m?® © OpenStreetMap contributors
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