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How importance is PRACTICEN OR?

u Journals: Few practice papers

u Many applications carried outside Academia, little
incentive to publish

u Top universities give more weight to methodology




How would OR look if there was no

relation to the real world ?
u BUT Operations Research DOES

u Look at journals such as EJOR, INTERFACES, OR PRACTICE
and others.
u Look at competitions on applied OR projects:

u INFORMS EDELMAN
u EURO PRACTICE AWARD

u IFORS OR IN DEVELOPMENT

u So there is an effort to give significance to OR practice.




And there are multiple areas where OR has

played a very significant role

u Airlines: Revenue Management, Scheduling of fleet, and crews.
u Transportation and Logistics: Vehicle routing, fleet design.

u Supply Chain.

u Production Planning

u Health at different levels.

u FEDEX, UPS




Want to show specific work  our group has

carried out

u More than present several cases, they belong to a story, a narrative
of OR in Chile and our group.

u Chile (as the rest of Latin America) is weak in R&D.

u Chile spends 0.5% of GDP on R&D, more developed economies
spend 2% to 3%.

u Industry carries out little research in areas where Chile plays an

important role in the world:

u Copper, Salmon Industry, Timber and Pulp Industry
u Few OR PhD’s in Industry




u Lack of high level professionals in industry presents us with a

challenge, a duty and an opportunity.

u Engineering professionals (6 year career) and master graduates are

of high quality

u In many sectors managers have realized the opportunities OR can

provide to improve productivity, even quality of life.

u This as led to very significant collaboration between our group and

industry.




INSTITUTE FOR COMPLEX ENGINEERIN

SYSTEMI$CI

u We are a small group.

u Good financial backing via a large grant. ‘ I S < I

u Different areas complementing OR: | ,
Instituto Sistemas

u Data Science, Consumer analytics, Transportation, Comp|ejog ade |ﬁgeﬁierfa

Industrial Organization, Energy, etc.

u Overall 60 researchers, 15 member staff.
u We cover an arc from methodology to applications

u Projects with impact and innovative, leading to

publications




Rank applied OR papers developed

by Interfaces

U. de Chile Score 34.0 N° 1 Georgia Institute of Technology Score 25.5

Non-U.S. Universities  Int IntC M&SOM M&SOM C§ OR Score Rank U.S. Universities Int  IntC M&SOM M&SOMC OR Score Rank

University of Chile 29 Georgia Institute of Technology 0 0 2
e el Vel d d [ LU U U .

: A Colorado School of Mines 8 13 0 0 0 14.5 3
NU;”;?:;:EC':[::';'S'W 60 0 0 0 603 Carnegie Mellon University 9 1 0 0 2 115 4
United States Military Academy 11 0 0 0 0 1.0 5
Technology Purdue University 8 0 0 0 2 100 6
Lancaster University 5 0 0 0 0 50 4 Boston University 9 0 0 0 0 9.0 7
Cass Business School 0 8 0 0 0 40 5 University of Cincinnati 7 4 0 0 0 9.0 7
Laval University 4 0 0 0 0 40 5 University of Southern California 8 0 0 0 1 9.0 7
- : MIT 6 3 0 0 1 8.5 10
M'ﬂ':]?:,;z{t;a"dez o 0 0 45 University of Maryland, College Park 73 0 0 0 85 10
University of 4 0 0 0 0 40 5 Lghlgh Unlwﬂ:rsﬂyl 6 0 0 0 2 8.0 12
) Villanova University 7 2 0 0 0 8.0 12
Buenos Aires Stanford University 5 0 2 0 0 70 14
University of Dayton 6 2 0 0 0 7.0 14
North Carolina State University 3 7 0 0 0 6.5 16
University of California, Los Angeles 1 1 0 0 5 6.5 16




We hope t 0 é

u Change the way the firms operate
u Establish long term relations with industry

u Most systems are still in use, between 10 to 25 years

NOT EASY, PROBLEMS CHANGE, MANAGEMENT
CHANGES, FIRMS CHANGE




FOREST TRANSPORTATION
1990



We started around 1990

u Forest Industry collaborated with Fundacion
Chile sharing technologically improvements such
as introduction of advanced  harvesting

machinery.

u One problem all forest firms had was in
transporting logs from multiple points in the
forest to destinations such as pulp plants,

sawmills and ports.

u Transportation constitutes 40% of operational

costs




ASICAM: System Description




Before we ar ri vedaé

u Forest firms scheduled trips manually:
u Significant losses in efficiency
u Too many trucks
u Long queues
u Not being able to satisty scheduled deliveries

u We were invited to develop a system to support truck

scheduling:
ASICAM




ASICAM

u Is a daily scheduling system

u Based on a deterministic simulation model with heuristic

rules

u Do not send trucks to a loader if there will be several trucks ahead

of it.

u Simulation carried out in a moving horizon along the day.




ASICAM




ASICAM benefits and impact 1998

u Savings: u Organizational:

u Reduced truck fleet and loaders u Better downstream coordination

by 30% each. u Less queues: Work hours reduced

u Annual savings between 15% to from 14 to 11

25 [ ] [ [ ] [ ]
70 u Driver’s salaries improved

u Easier management of complex

system




u We developed additional systems
to support:

u Short, medium and long term harvest
planning

. . . T'HE FRANZ EDELMAN AWAKRD
u Location of harvestmg maChlneI‘y Achievement in Operalions Research

u These systems won the EDELMAN
AWARD 1998




MINING
1997




Inthe late 9 0 0 s

Based in part by success in forestry
start work with CODELCO.

u The largest copper firm in the world.

u State owned, run independently.
u Problem: Planning extraction

u Two types of mines

u Underground

u Open Pit




Underground Mine: ElTeniente

u KBl Teniente uses block Block caving

caving (rock breaks
and falls through

Drain stage
gravity)
u Columns enter 11 Rock size reduction
sequence

u Mechanical constraints

ad

collapse) Main transportation (Train) Plants (mills) Commercial products

u Max extraction rate (roof | | ==




Underground Model

u Model needs to decide:

u Which sequence of columns.
When to extract from each
column

u How far up to go in each
column before going to the
next one. (Grade goes down
as we go up the column,
never come back)




Open pit:

Chuquicamata

One of the largest open pit

copper mines in the world

The hole is expanded via

explosions. Create benches/roads
Extraction of copper ore or waste

Material is moved using VERY
large trucks (300 tons).




Open pit Model

u Previously used approximate models

u Advances hardware and software

u MIP Multicommodity model of the
production chain from mine to final
refined copper.

u The mine is divided into hundreds of
thousands blocks 30x30x30 meters.

u Decisions:
u Sequencing of expansions and benches
u Investment in equipment and trucks

u Destination of material from each bench
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Open Pit Model

u Minimize cost considering:
u Mass conservation
u Capacities
u Angle of slope

u Logical Constraints (to extract a block,
all above it need to be extracted)

u Environmental constraints (Arsenic)




Impacts and benefits

u Extraction cost savings
u El Teniente 5%
u Chuquicamata 8.2%
u Used in other CODELCO mines, overall a yearly savings above US$ 100 million

(As shown in Epstein, R., Goic, M., Weintraub, A., Catalan, J., Santibanez, P.,
Urrutia, R., & Caro, F., Optimizing long-term production plans in underground and
open-pit copper mines: Operations Research, 2012)

u Being used in regular planning and what-if decisions.
u Postpone several years Chuquicamata going underground
u Mayor investments, like a new refining plant

u Implementing new metallurgical processes




P~ CONTAINER LOGISTICS
o 2005



Back in 2005

u In 2005 CSAYV called us to support decisions on how to handle their
500.000 container fleet

u CSAV handles shipping though leased containers of different types
along 700 ports divided into seven regions

u Clients ship merchandise on containers between ports

u Empty containers need to be returned to areas of higher demand
(China) Example: New York to Shanghai




Containers : types

u There is transport intra regions and
between regions

u The company felt it was not managing
well the positioning of the empty
containers, in particular had too much
inventory in each port

u We developed ECO: Empty Containers
Logistics Optimization

&pen Top 20 ft Reefer 40 ft /




Project Challenges

u There are several challenges in developing analytics to handle this
problem:
u Uncertainty including demand for empty containers in each port
u Data handling (400.000 container transactions per day)
u How to coordinate decisions between all regions




The system: ECO

ECO Includes:

u Demand forecast model

u Inventory model, safety stocks for each port, each
container type

u Multicommodity Network Flow Model (some integer
variables) to define movements of containers (1.2 Million
variables, 600.000 constraints)

u WEB interface to allow intervention of regional managers
(local knowledge in demand, events)

u System 24/7, runs every 8 hours to plan on a
horizon of 180 days

u Leasing and returning containers
u Safety stocks
u Shipping empty containers




Implementation history

o rolest Stort )

2007: Prototype in Chile &
‘Brazil

i 1 oris 2008: GGlobal Prototype
inancial crisis Validation

2009: Global
Implementation Plan

Jan 2010: ECO Goes Live

o




u Savings in 2010: 80 Million dollars (half of the profit that year)

u EDELMAN 2011 finalist

u CSAV merged with Hapag-Lloyd in 2014 and system was abandoned

EICSAV

THE FRANZ EDELMAN AWARD




SCHOOL MEALS
1998



JUNAEB Meals for schools

u JUNAEB, The National Corporation of School Support and Fellowships,
depends on the Ministry of Education

u Provides 1.5 Million daily meals to public schools

u Cost of 600 Million US.

u The service is provided by about 30 private firms which bid every year




The Challenge

u Chile is divided into 300 territorial units and firms
compete to provide the service to all schools in each
territorial unit

u Firms can make bids on different combinations of
units and menus. Thus, each firm

u to a of bids




