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Optimization — The Science of Better Decisions

W

How to best allocate
aircrafts and crews?

Inventory cost vs.
Optimization helps businesses: Sg;f;gﬂg{,?

- create the best possible plans

/ -explore alternatives and understand trade-off

What to build, ' respond to changes in business operations
where and when?

N
S
N

Risk vs. potential Cost vs.
reward? carbon

. . ) .
2 HanS SCh|enkel’ _ IBM ILocgm|SS|0n H © 2012 IBM Corporation
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Analytics landscape: from reporting to optimization

we achieve the best o  O¥ W

Sseliesie 1g the effects of variability

rrescriptive

Optimizati e achieve the best

faVlal
Tl

Predictive What will happen

What if these trends
continue? Predictive
2
% What could happen.... - N{\Gs
= _ N‘a‘,g?:
© What actions are S
< needed?
(]
2 What exactly is the
9] problem?
g_ |
S How many, how often, Descriptive
where?
What happened? 0‘(\“9
33\30 9“05
Degree of Complexityg 5564 on: Competing on Analytics, COnd Harris, 2007

: Hans Schlenker — IBM ILOG © 2012 1BM Corporation
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Table of contents

Projects and references
Many different customers and application areas
Huge ROI
Product portfolio
CPLEX components, ODME platform, SCM packages

* Hans Schlenker — IBM ILOG © 2otz [BM Corporaton
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ILOG Optimization: Complex Decision Support

Optimization solves business Business Value
problems! _
Cut operating costs
‘Automated ‘Avoid capital expenses
- thru mathematical optimization ‘Shorten delivery times
‘Planning

. , , ‘Offer flexible, precise customer
- or scheduling, dispatching,

yield management, risk Setvice
management, etc etc. ‘Provide personalized work schedules
‘Manage risk

‘Create better products
‘Maximize profitability
‘Etc etc etc

’ Hans Schlenker — IBM ILOG © 2012 I3 Corporation
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Optimization: What is so special about it.

-Scenario: create a timetable for a
small school

- 5 days, 6 hours each, 10
classes, 10 teachers, 10
courses

- Possibilities for a plan:
10 ~ 600
- (10*10)*"(5*6*10) =
100 ~ 300 = 10 ~ 600
- Number of atoms in the

universe:
10 N 80 (roughly)

‘Deterministic heuristic would
probably find you a good solution,
but to find (one of) the optimal
solution, you need a better
approach!

‘Optimization takes into account
the space of all possible solutions

- not each and every individual

one!

- and selects good ones

or the best!

Image:
Wikipedia

Hans Schlenker — IBM ILOG © 2012 [EM Corporation
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Optimization: What is so special about it.

— Demand — A Schedule or Plan
with Metrics and:
Optimization
Resources Model(s) = Minimized Cost
= Maximized Yields
E!I DSL'“::;IIE"_I&S Activity e Llz= One or Many
= Best Possible
Tirni f Activiti
Operational Constraints Optimization ming of Actlvitles
Engine(s)

= Specific Resource

Assignments

— Business Goals —_—

* Model specifies the problem
- variables, constraints, goals
- generic model is filled with application data

* ILOG engine solves it with special algorithms

= Solution: a plan or schedule

! Hans Schlenker — IBM ILOG

© 2012 IBM Corporation
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Optimization basics: TLC+D

- TLC+D: Targets, Limits, Choices + Data

- Data (input)
- demand, products, costs, lead time, production recipes

- Choices
- What to produce, where, when, how to transport, to which customer

- Targets
- Minimize costs, maximize plant throughput, maximize yield

" Limits
- Production capacity, storage capacity, supplier capacity, physical constraints

8 Hans Schlenker — IBM ILOG © 2012 I3 Corporation
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Optimization example: Pasta production

Products Resources Consumption
. ; Name Demand InCost OutCost Name Capacity Prod \ Re: flour eggs
Data (I n p Ut) kluski 100 0.6 0.8 flour 80 kluski 0.5 0.2
capellini 200 0.8 0.9 eggs 50 capellini 0.4 0.4
fettucine 300 0.3 0.4 fettucine 0.3 0.6

* Choices
- What products to produce internally, what to buy from external supplier

- Target
- Minimize costs: production+sourcing

" Limits
- Resource capacity (here: raw material)
- Recipe constraint
- Demand fulfilment

9 Hans Schlenker — IBM ILOG © 2012 I3 Corporation
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Optimization example: OPL model

tuple product {
key string name;
float demand;
Data (Input) float 1n31quCost;

float outsideCost;

{product} Products = ...;
tuple resource {
key string name;
float capacity;
}
{resource} Resources = ..
float Consumptlon[Products][Resources] R

dvar float+ Inside[Products];
dvar float+ Outside[Products];

ChOICeS dexpr float InCost[p in Products] = p.insideCost * Inside[p];

dexpr float OutCost[p in Products] = p.outsideCost * Outside[p];

dexpr float OverallCost = sum( p in Products ) (InCost[p] + OutCost[p]);
Target minimize OverallCost;

subject to {
imi forall( r in Resources )
Limits sum( p in Products )
Consumption[p][r] * Inside[p] <= r.capacity;

forall( p in Products )
Inside[p] + Outside[p] >= p.demand;

10 Hans Schlenker — IBM ILOG © 2012 I3 Corporation
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How does optimization support decision making?

What-If Analysis

m Minimized
Costs
Demand to be Met =

—< MATHEMATICAL
woocL
ﬁ Using one or many Specific SCHEDULE .
> ) e (M

Operational Constraints ' WITH METRICS
& Customer Preferences —

Business Goals .
Best Possible

Timing of
Activities

Collaboration
" Hans Schlenker — IBM ILOG © oz [BM Corporaton
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Table of contents

What is optimization all about
Complex decision support
Business value
Projects and references
Many different customers and application areas
Huge ROI
Product portfolio
CPLEX components, ODME platform, SCM packages

12

Hans Schlenker — IBM ILOG © 2012 [EM Corporation
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Optimization applies everywhere

13 Hans Schlenker — IBM ILOG

© 2012 IBM Corporation
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ILOG Optimization solves problems in the whole
manufacturing process

Market Production gu?_ply Cthain S

Introduction planning & I P |rr![|za ICF)>n (d out(cmg,

Planning scheduling nventory, Production,
Transport)

/

N y'tomotive, Elect! s & Aeros/ 48D 7 pies
Design/ ' Service/
Revelop Support

L/ Packaging
Configuration

Plant_ _
Seliis[VictiiIProducEmnd Serv; ‘raw p 5F)

© 2012 IBM Corporation

Han hlenker — IBM ILOG
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Optimization in production planning: ILOG supports all
planning steps and horizons

Market _ Customer Requests/Orders
Demand Constrained l
S Demand Forecast
> m Planning « > Order Promising
. & ATP Manage-
ATP Allocations > ment g
Unconstraine ("Available to Promise")
d
Demand
F:() r'ee(:izlsst > (:) r) Ealﬂzii:i() n Eil 1‘3\(:tl.lfij (:) r(j ers
II) IiEl'] n i n S] égl [:) ue [:)Ei]:(afs
M| Scheduled &
\ X * Executed Orders
ILOG Optimization B 5/oduction p
Program planning in Existing Planning
automotive Planned Orders q l
Released Manufacturing
Planned Execution

E & Scheduling

ILOG Optimization

Orders

[*] Quarterly

[T Monthly ThyssenKrupp AEP+ ILOG Optimization T ‘

1 Weekly Airbus final assembly y

*] Daily Automotive sequenzing

5] Shift & Hours & g E m‘
;! Real Time

° Hans Schlenker — IBM ILOG © 2012 [EM Corporation
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Automotive Sales & Operations Planning: Overview
2164 110 Ve
&g types countries |

Major Car

Manufacturer
How many cars of Delivered to what
each type? market?

1000’s critical decisions
. each month

10 collaboratlng planners

QGA

At what time? £YY ﬁﬁ?? eoaa

L

-

24
months

16 © 2012 IBM Corporation
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Automotive Sales & Operations Planning

 Business needs
- Efficiently allocate production capacity to market demand

= Current issues
- Lacks agility (planning 3 months in advance)

17

- Make difficult supply-demand trade-offs

- Continuous re-adjustments of plan

- Planning was very inaccurate

* very detailed forecast. on most detailed level
* many small figures -> many errors

Example:
Before: planning on most detailed level, led to many planning errors

v

After: f

Belgium E220 (car type) | Diesel Oct 2011 +3%
Belgium E230 Diesel Oct 2011 +2%
Belgium E230 Gasoline Oct 2011 +4%
Europe all car types Diesel engine 2H 2011 +5%
France E class any engine 2H 2011 +8%
France E220 Diesel June 2011 +3%

©ZULZ

BM Corporation
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Automotive Sales & Operations Planning

- Solution
- Solution based on IBM ILOG ODME
optimization platform
- Supports many collaborating planners
- Optimization for efficient supply-demand
balancing

- Benefits
- Increased agility: saved 1 month planning time
- Reduced planning effort: 75% less planning figures
- Better planning accuracy: 50% less plan changes

2000
1,000
Jan 7 &b 07 TIR07 TR an Ba" ahria TIl08 TOktb8" B T T AP U e
Houton " Dals
59 51
4000 Los Angeles 40004
3,000 3,000
Tan-h?'Af:v-ﬁl? 3007 Toke7 T 1dn-ta T ahehe TIl0E ToEt0eT Jﬂsn-m Taleb7 Tal07 Toked7 U anbe T ab-0e Tulide oL haT
Los Angeles Mesico
2000
1,000
T o AT e A e e e A B T T O AP U e
uuuuuuuuuuuuuu
18

Tan-h?'Af:v-ﬁl? TIl07 'EIJ:Aﬂf!? ua_n.ms'Ab,.ms Tlide Tokebe”

© 2012 IBM Corporation
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Car tire production planning

‘Customer:
- 10000 products

- 20 plants world wide
- each ~10M tires / year

Long term planning (LTP)

ﬁ 1-5 years

12 month supply chain planning
incl production planning (i2)

Masterplan

Production scheduling,
sequencing and manufacturing

executing (SAP)
© 2012 IBM Corporation

Schedule & Production
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Car tire production planning: Allocation & Capacity Planning

Allocation -

Optimization

J

WAALsales

/

7

Capacity —

Balancing (De-

\v4

Vv
e ——

© 2012 IBM Corporation
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Car tire production planning: One approach supports different
planning goals

Allocation Capacity Planning

- WW network - Per plant

* 1 period * 12 months

* All products * Plant‘s products

* Ressources * Ressources
- Plants (incl calendar) - Machines (incl calendar)
- Some others (like tire size) - Many others

- BOC - BOM
- Wrt ressources - Incl materials

* Production complexity
- Wrt different products

* Transportation

Planning Process: Allocation first (centrally), then Capacity (distributed)

© 2012 IBM Corporation



SmarterCommerce

Market Introduction Planning

- Situation
- Client seeks to improve market introduction planning
for new car models
* Some years before the introduction of a new
model, initial production and introduction dates
have to be planned
- Solution has to take into account
* Demands by

Markets e.g. US, Asia, Europe
Car type e.g. sedan, convertible, coupé
Category e.g. for trade show, press, dealers

* Different market introduction dates
* Category specific production sequences
* Type and market specific sales margins
- Planning goals
* Find earliest market introduction dates
* Balance production costs / delivery costs / market specific profit
* Maximize retail volume to produce after market introduction
- No standard package exists that provides all required functionality

© 2012 IBM Corporation
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Market Introduction Planning: Manual planning

) HLK (ODM) - Diag
Datei Bearbeiten Szemario  Ansicht Fenster  Hilfe
4 ! Bl

blick

‘ [ Machbarkeksindk agramm Wunschyolumen ED\agrammPrudukt\unsvulumen:

ﬂ Arbeitsbereich

] Testbereich - Nutzung nur nach Absprache!
[J Templates / Kopiervorlagen

.

B

Qu

Qu

]k

Szenario-Explarer

-7 Land Gebiet
-[7] Aufbereitungszeit
[ Distrbutionszeit
7] Verkuerzte Distributonszeit
i1 Lagerkosten
-7 Retal Verhalten Typ
-] Retai Verhalten
i [ AvMindestheleferung

[ Bedarf Input

[ Bedarf
[ Jahresvolumen Input
[ Jahresvolumen
[ Anschiussvolumen
[ Hochlaufkurve

[ Deckungsbeitrag Input
[ Dedungsbeitrag
= (20 Lisung (Ubersicht)
- [} Machbarkeitsindkatoren
-5 D
- Q Diagramm Produktionsvolumen
Q] Lbsung (Tabellen)

3 Meldung
[} Opt Anschluss Volumen

3 Produionsvolumen
-~ [} Produktionsvolumen (ES)

[} OptBedarf
=

m

Baurehe: F34 v

1.400

= Produklionskapaziit
. Vspez

120 [ ke

. Presse (Lead)

| [

[ kme

[ roterme Bedarfe

[ pmr

[ Hea

. Aussteller

. Presse

1,000+

800

600

400

200+

04

T T T T T T T T T T T T T T T T T T
PWi0 PW1l PWIZ PWI3 PWI4 PWIS PWI6 PWIT PWIB PWI9 PW20 PW21I PWZ2 PW23 PW24 PWZS PWZ6 PW27 P28 PW29 PW30 PW31 PW3Z PW33 PWH4 PW3S

Legende Probleme

5

Schlisselspafte
Relaxierte Anforderungen
Fixierte Werte

] Unterschiede

Beschrebung

Speicherart

Bisherige
Ergebnis
Letzie A
\Als optin

© 2012 IBM Corporation
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Market Introduction Planning: Automated optimization

|| Datei Bearbeiten Szenario Ansicht Fenster Hilfe

‘ @ ‘ @D\agramm unschyalumen gramm Produktionsyolumen qp X‘

Arbeitsbereich
f:l Testhereich - Mutzung nur nach Absprache!
(2] Templates | Kopiervoriagen
4
e
~Bu
Hw
S8

Szenario-Explorer

[ Land Gebiet
7] Aufbereitungszeit
[ Distributonszeit
73 Verkuerzte Distrbutionszeit
7] Lagerkosten
[ Retail Verhaten Typ
73 Retal Verhalten
-] AVMindestbelieferung
[7 Bedarf Input
[ Bedarf
[ Jahresvolumen Input
[ Jahresvolumen
[ Anschussvalumen
[ Hochlaufkurve
[ Deckungsbeitrag Input
[ Deckungsheitrag
-1 Lasung (Ubersicht)
[, Mathbarkeitsindiatoren
I'_'Q. Diagramm Wunschvolumen
!X Disgramm Produktionsvolumen
= Q Lasung (Tabelen)
[ Meidung
[} Opt Anschluss Volumen
[ Produktionsvolumen
[ Produktionsvolumen (E5)
[ Opt Bedarf
m

e

Baureihe: |F34 w | Werk: _D\ngn\ﬁng -

1,400

— Produktionskapazit &t
. Vspez

L2004 [ kepee

. Presse (Lead)

| k3

[ e

. Interme Bedatfe

[

[ ea

I dussteler

. Presse

1.0004

004

6004

4004

2004

0

T T T
PWID PWIL PWIZ PWI3 PWI4 PWIS PWI6 PWI7 PWIB PWI PW20 PW21 PW22 PWE3 PW24 PW2S PW26 PWZ7 PWZB PW29 PW30 PW3L

T T T T T T T
PW32 PWET PW34 PW35

Legende

Probleme

i

Schlisselspalte
Relaxierte Anforderungen
Fiierte Werte

] Unterschiede:

Beschreibung

Speicherort

Bisherige|
Ergebnis!
Letzte Al
Als optir|

© 2012 IBM Corporation
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Empty Container Re-Positioning System
2 Million Empty Container moves per year
1. Decision variables: Cost: ~ 500 M€
Chose transport modes and time
Company vessel

Train, Truck, Feeder

1 i .
_ Jﬂﬁj forecast

[
»

IIIP- |
Minimize costs I!IP :
s

6 weeks travel time

2. Constraints:

Transport capacities 3. Optimize cost function:
Container demand for each location Transport costs
Storage capacities

+ Storage costs
Business rules (e.g. Jone’s act) + On | Off hire

© 2012 IBM Corporation
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Banking+Finance: How Optimization Addresses Hot Button
Issues

26

Portfolio Optimization

Investment Banking

Retail Services

Risk
Management

wargetrewrn

Operational
Efficiency

Client Service

Tailor portfolios for individual
clients and market segments

Trade Matching

Investment Banking

Reduce transactions costs

Efficiently manage large
clients’ portfolios

Settlement and Clearing

Exchanges

Faster settlement, less
exposure

Reduce carrying charges

Managing Cash

Retail Services

Reduce operations costs

Provide more flexibility for
customers’ accounts

Product Configuration

Retail Services

Respond more quickly to
customer requests

Provide more flexibility in
customer offers

© 2012 IBM Corporation
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Some further applications in various areas

* Crew-Scheduling (Airlines, Rail, etc)

* Power Plant Scheduling

* Production Scheduling (Steel, Food/Beverage, Aerospace)
* Online Optimization (Car Service Personell)

* Transport Optimization (Banks)

* Network Optimization (Telco)

* Sports Scheduling

* TV Ads Scheduling

© 2012 IBM Corporation



SmarterCommerce

Selected projects in network optimization: Huge benefit /

Customer Industry Application Benefit (ROI)
Leading US local phone Telecommunicatio Network performance optimization Savings of U.S. $1.5 million
provider ns P p 2000 Wagner Prize for excellence in OR
Major retailer, USA Retail Inventory Optimization U.S .$1.5 million inventory costs saving
Food supplier, USA Wholgsalg Post-Merger Network Optimization Reduced transportation costs by U.S.$8
Distribution million
Supplier of printing systems, Wholesale . . s .
USA Distribution Network Design and Planning Over U.S. $5 million in annual savings
Computer parts manufacturer, Wholesale Optimized Distribution Strate Savings of up to U.S. $4 million annuall
Singapore Distribution P gy & P - y
Electronics Supplier, USA W}.IOI?SHI? Supply Chain Red.eS}gn a nd Inventory Reduced safety stock by 60%
Distribution Optimization
Consumer packaged goods Consumer Global Sourcing and Manufacturing Network . -
maker, USA Products Rationalization Savings of U.S. $15 million
US Dairy Industry Leader Consumer Supply Chain Str'atggy gnd Network Cost reduction by more than U.S. $300
Products Optimization million

Metal Parts Manufacturer, USA

Industrial Products

Global Inventory Positioning

Reduced inventory costs by 11%

Plastic Goods Maker, USA

Industrial Products

Production Planning

U.S.$ 6 million through dynamic
reassignemt of customers among
plants

Maker of Industrial and Farm
Machinery

Industrial Products

Parts Distribution Network design

Cut distribution costs by U.S. $17 million
annually

Two Chilean Firms

Industrial Products

Planning and Scheduling of Forestry
Operations

U.S. $20 million annually + 30% fewer
trucks

Leading Global Logistics
Provider

Travel &
Transportation

Shipment Consolidation and Routing

Save app. 3000$ per day for one of its
customers
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Table of contents

What is optimization all about
Complex decision support
Business value
Projects and references
Many different customers and application areas
Huge ROI

* Hans Schlenker — IBM ILOG © 2012 [BM Corporaton
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ILOG Optimization Product Portfolio: we offer the full range

the whole range

© 2012 IBM Corporation
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IBM ILOG Optimization and Supply Chain Products

Performance,
Ease of Modeling

Scalable
Enterprise

CPLEX Optimization
Studio

Engines & Tools

A

Deployment,
Vertical
Functionality

Unique
Customer
Requirements

© 2012 IBM Corporation
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CPLEX’s History of Performance Enhancement 3
CPLEX is the optimization core component of ODME :

rivers:
Improved
heuristics

- Improved cuts

* CPLEX 7 (2000): 60% on “hard mixed integer problems” - Reduced parallel

overhead

* CPLEX 8 (2002): 40% overall, 70% on “difficult problems” - General software

engineering

* CPLEX 9 (2003): 50% on “difficult customer models”

* CPLEX 10 (2006): 35% overall, 70% on “particularly difficult models”

* CPLEX 11 (2007): 15% under one minute, 3X on 1-60 minutes, 10X on one

hour and up
* IBM ILOG CPLEX 12.0 (2009): 30% overall, 2X on 1000 seconds an
* IBM ILOG CPLEX 12.2 (2010): 50% overall, 2.7X on 1000 seconds ¢
* IBM ILOG CPLEX 12.3 (2011): 20% overall, 2X on 1000 seconds an

- IB

- 1B

ODME 3.3

ODME 3.4

ODME 3.5

ODME 3.6

2.4 (2011): 15% overall, 1.4X on 1000 seconds and up

EX 12.5 (2012): 1.6X on 100 secs, 2.8X on 100 secs and up

© 2012 IBM
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IBM ILOG Optimization and Supply Chain Products

A

Quick
i Deployment,
Unique Vertical
Customer Functionality

Requirements

Scalable
Enterprise
Deployment

Performance,
Ease of Modeling

CPLEX Optimization
Studio

© 2012 IBM Corporation
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ODM Enterprise - Architecture

ODM Enterprise ODM Enterprise Client

. Optimization Server
ODM Enterprise IDE P —

Reporting

Data Integration

Application Ul Customization

(LoB)
Application Ul Configuration

Data Modeling

ODM Enterprise
Data Server

pr— ] ] =

.ﬁJ ' Optimization Modeling, |

Custom Web Frontend
or Batch Process

Tuning, Debugging

. (OR)
. Embeds all CPLEX Optimization Studio |

Development Deployment Business Use

© 2012 IBM Corporation
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ODM Client — Generic Planning Cockpit
* Rich, configurable GUI

B Nurse Scheduling Demo - Nurses

File Edit Scenario View ‘Window Help
HEe 842 & =5 N Wy PLRAEED f o
S:enarios Overvi Eﬁgl\lurses Chart | 4 b x
| § Workspace 505 Qualification
3 — Qualification
E A Rbte Seniarity
40
E — Seniority
enario Explorer 3
Mews Default Scenario ~ E
E SCenario comparison E
Analysis 20
-%3 Goals Q E
% Requirements E
= Input Diaka 104
Staff E
----- 7 skills é
1]
Anne éetsy! Leciid tindyI Debbit  Gloria Yane' Jamicd  Doar Dude’  Juliet! I{Iancsl' Micold  Patrick Slzanne Wendie
..... i I | [T T B
=-[71 Departrent 20 Consultation| » Filker is not active, Displaying 32 rows
""" g Depardtments 1 . Consultation Marne Seniority Gualficatior= | Pay Rate
----- Farced Assignments ]
gl . b . Emergency Anne 11 1 25 &
----- {1 Demand By Shifts ] Isabelle 3 1 16
----- {7 Demand Pivat Grid ] Patricia 1 1 13
----- 7] Demand By Shifts Pivat Table | |20 -] Pattick 3 1 19
[ Charts Suzanne 5 1 13
----- Eﬁz Murses Chart 15 vickie 7 1 20
----- Eﬂ; Minimum Demand By Day Betsy 2 2 17 B
----- EHII Maximum Demand By Day Cathy 7 7 17
10
Rules Cindy 5 z 21
Solution = David 1 2 15
@. Department Assignments 3 Diebhie 7 z 24
[ warked Hours Gloria 5 2 75
{7 Assigrments v Jarice 2 2 17
< | [ Monday ~ Tuesday Friday ~Saturday = Sunday Julie 3 z s bt

© 2012 IBM Corporation
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ODM Client — Generic Planning Cockpit
] RlCh, Conflgurable GUI Scenarios Qverview
) ) |__ﬂ workspace
* Scenario-based planning, 5 Mew Defauk Scenari
. . . _ Adjustments Canada demand
what-if simulation L e —————
. - &5 Solve F11
Scenarlo . Check Data F?
" master+transaction data
*  parameters Scenario Explorer_|
|t = Adjustment Product
resulits EI"' Analysis Use as reference
,, ..... %_,, GCIEI'S
..... % Requiremen Duplicate Current Scenatio [ Ctrl+D
b [Z KPI Caompar Create a modified scenario Y J
[—:I--' Input Data Import or Refresh Data From ]
[+ Products
EI Market
; D Counkri
’ """ £ Firm On Set Session Lock
D Set Permanenk Lock,
-.Ilﬂzl Demanc
Plants and ¢
w-[0 Inventory - §€  Delete Delete
Mist Rename
I';'l--- Solution =
----- [ Allocation
[T Production
I Demand vs Allacation 4

© 2012 IBM Corporation
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ODM Client — Generic Planning Cockpit
* Rich, configurable GUI
* Scenario-based planning,
what-if simulation
- Data editing and analySiS .

File Edit Scenaric View ‘Window Help

- E.g. simple tables, Ga 5
pivot tables

~  Scenario comparison:

[ pemands Pivot

¥ Filter is not active, Displaying 320 rows by 25 columns builk from 7,649 items in the source data

Type %  Pricelewel »  Maturity

[% Demands ‘ear % Month 1 % Quarter v
detailed highlighti ;
e al e I g Ig I n g = Jan-07 [= Feb-07 =l Mar-07 = Apr-07 = May-07 = Jun-07 = Jul-07 = Aug-07
Counfry = % Praduct © % 2pn71 2007Q1 2007Q1 200702 200702 200702 20073 200703 |
[ Argentina 2003 64 67 61 &3 59 52 &0 51
3005 46 41 44 38 43 39 40 3¢
5005 7% 7 77 83 75 79 80 7
5265 110 102 106 107 108 114 108 112
676RS 85 100 (32) a0 a7 99 102 90 (34} 100
Input Data 8765 al 102 (34) a7 100 105 104 95 (105) 108
Products 5005 35 40 (34) 35 36 33 38 33 2
Market 9295 11 10{8) 7 1z 8 7 E] H
T Countries 996RS 48 54 60(55) 55 63 66 57 64
0 Firm Orders 9965 % 95 110{105) 99 106 12 105 11¢
£ Domend chart Bandit 1200 a3 a0 100 (33) a1 86 88 92 9z
Plrts and Caparites Bandit 12003 a0 % a0 (99 103 98 101 105 108
Inventory Bandit 500 66 7 71 74 76 70 7 7
Misc Boulevard 37 7 39 9 44 40 38 4
[ Salution CRS550 0 (110 90(112)  100(105)  100(108) 105116 17 108 114
[T Allocation CRYSAN a8 a3 a1 86 82 76 76 74
[ Production CRXE00 48 41 42 42 4n 42 42 4z
[ Demand vs Allacation CRUESD 62 55 &3 &6 55 86 86 56
G trwentory Results Enduro 350 7 0 73 73 72 58 £z &7
-~ G Brecuted Sales Enduro 450 7 15 16 20 15 12 19 b
| <

4
lssues
Key column Description Location Fesult up to date Ho
Relaxed requirements Last run outcome Success
Frozen values Last run duration 0:00:07
Differences Result proven optimal — Ves
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ODM Client — Generic Planning Cockpit

* Rich, configurable GUI
* Scenario-based planning,

what-if simulation

- Data editing and analysis

*  Optimization execution+control
~  Manage business goals
*  Detailed cost analysis

Goal Mame Yalue Active Importance Fackor Constrained
Variable Plant Cost $16,603,800 1 ,/
Inbound Transportation Cosk $7,105,155,21 1
Cukbound Transportation Cosk 6,627,748, 024 1
Fixed Distribution Center Cost 43,250,000 1
Variable Distribution Center Caosk $2,677,000 1
Mame Value MName Value
Constraints Yariable Plant Cost [=l-Variable Plank Cosk $16,603,300
Constrain max ko 15,000/ 5 Demver $9,040,900
Constrain min ko SKU 1099 $5, 018,400
With priority Medium w -5KId 1199 41,619,600
Bound Searches Very Low s -5k 1299 41,502,200
Best bound Lo [=-Philadelphia $7,562,900
Worst bound Meddium Lo 5K 1099 $5,659,500
Ignaring priorities under MEd?um . -5k 1199 $782,400
Mediurn High
KU 1299 $1,121,000
‘ery High
Mandatory v

Detailed Solve Progress

B solve Progress @

Combined Objective

Best Solution Found A

Variable Plant Cost

4.5E7
4267
3.5E7 o
3487
3E7
T T T T
[ 25 45 Gz

16,600,000
16,650,000
16,500,000

16,450,000

| 36263703.23 | m

Best Possible Optimal Solution
| 36238479.91 |

Percent from Optimal
[0.08 % |

Wariable Plant Cost
| $16,603,800 |

Inbound Transpartation Cast
| $7,105,155.21

Outbound Transportation Cost
| 46,627, 745.024

Fixed Distribution Center Cost
| 42,250,000

Solution found

[] Clase this dislog box when solve completes

@ oooas

© 2012 IBM Corporation
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ODM Client — Generic Planning Cockpit

* Rich, configurable GUI

* Scenario-based planning,
what-if simulation

- Data editing and analysis
*  Optimization execution+control

* Business goals and plan
overview

Wl (P D o b

File Edit Scemario Wiew \Window Help

Mo : P
I GEG hID PR AR pPTE
e o] o
1§ workspace
. Goal Mame Walug firtive Impartance Factor Constrained
=
Variable Plant Cost $16,603,300 1 i
Inbound Transportation Cost 47,105,155.21 1
Outhound Transportation Cost §6,627,748.004 1
Fized Distribution Center Cost $3,250,000 1
Variable Distribution Center Cost $2,677,000 1
= New Default Scenario
(-1 Analysis
L # ok Name Yalug Walug v
=2 Raqurenents Constraints Inbound Transpartation Cost | =-Inbound Transportation Cost 47,105,155.21
Input Data (Constrain max to = Denver $6,250,525.575
Production Canstrain min to $2,945,706,373
=7 Distrbutin i prioty $1,787,476,10
: {71 Distrinution Centers Baund Searches §786,045.548
7 DC Variehle Cost Best bournd §m 8042
2] Tnbound Transportation Cost ot bound $2,267,102.974
7] Outbound Transpoteation Cost | 728 Protes e Topored I 51,038, 116,229
-7 Customer ks - Philadelphia 485,229,634
-7 Customers
7] Demand (il Distribution Center Charts
£ Rules
= [ souton 2556 W shioment Cost
l Storage Cost
2E6
1,566
1E6
565

DED_I“"‘Ks"M""“'dw"“
Hew York  Parkvile Goose Creelacksonvile Memphis — Akron West LafayettBubugue  Chicago Broken Arrow Denver Los Angeles  Salem
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ODM Client — Generic Planning Cockpit
* Rich, configurable GUI

‘ EF'Iantr'-‘1|:mthi:a|:waw:ities| B Plant Product Capacties - I:Eu:ual:'-|ﬂ[ﬁemaﬂd*.-'sﬂlh:u:atiw:wn EKPI Comparison

- S C e n a. rl O = b aS e d p I a. n n I n g y ““': 'u'lf'orkspace Seenario Marginal Profit, = Production Cost Demand-Supply t.,.}
H M H J o Adjustments ?988&35 00 1611599550 32,000
- b s : : P
what-if simulation Qe e o i 2|
.. . BT 5% firease of demand FETZI0.00 f16a00119.50 L7 =
D ata e d ItiN g an d an aIyS IS s 10% ncrase of dermend 7255400 L7700345.50 2067,
. . . . g Adjustments 15% increase of demand 90395608.00 $16493467.50 32,066/
. O ptl m I Z atl O n eXe C u tl O n + C O n tro I B_J Demand Increase Stenarios 20:!0 ?ncrease of demand 45%4322.00 15262493,50 32,067,
g 5% increase of demand | 20 MUTEAse of demand 08203798.00 2009045350 32,068

F

L] 1 -, | 10% increase of demand
B u S I n e SS g O al S an d p I an % 4 increase of demand
1 oo | 205 increase of demand ‘ ‘
Ove rVI eW g 25% increase of gemand E I‘:ar:\ni Procﬂt t P
. . . oduction Cas
*  What-if analysis: KPI comparison EIEE: d [Jomtsmy
g 15% increase of demand A 2
= Analysis
@ ks 5
o[ Requirements
E KPI Comparison
= Input Data
1] Products 0ED
8- Market
5| Pl and Capartes
@ Plarts Baseline
{2 Plant Morth Capactiss —
{3 BilOF Materil
@ Intermal Companents
-l Pt Cpctis 15% increase of demand
-] Plnt Praut Casts
@ Plant Product Capacitite ¥
{ | ¥ 5% increase of demand

i)

Adiustments

5% increase of demand

10% increase of demand

20% increase of demand
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ODM Client — Generic Planning Cockpit

* Rich, configurable GUI

* Scenario-based planning,
what-if simulation

- Data editing and analysis
*  Optimization execution+control

* Business goals and plan
overview

- What-if analysis: KPI comparison

= Office integration:
- formatted Copy-n-Paste

9 0+ » Review of Jan-June demand for Argentina - Message (HTML) - =2 X
Message Tnsert Options Format Text @
This message has nat been sent.
5am. Johnson @company .com mmal
Send
Subject: | Review of Jan-June demand far Argentina
£a
sam, a

Can you gquickly review theinrecaftsd demand below —it's in line with what we discussed?

Mark

SR

Sprea

I[sheet

Demands ‘Vear & % | Quarker + % | Maonth Id
"ODM Client
= 2007G1 = 200702 B 200763
81 =2 =3 24 =5 =6 =27
Country © % Praduct © % 350 07 Feb-07 Mar-07 Apr-07 May-07 Jun-07 Juk07
[= Argentina 2005 60
3005 ChrlHi 40
6005 Copy [ CtrHC a0
e B Paste Chrky "
ke Includes Headers in Copy i
6765 1}
a00s Clear selection shift+Delete | o5
9295 11 6 7 12 8 7 9
996R5S 43 54 55 55 B3 66 57
9965 E 95 105 99 106 130 105
Bandit 1200 83 a0 93 91 86 88 92
Bandit 12005 an 9 99 103 98 101 105
Bandit 200 66 75 71 74 76 el 71
Boulevard I 7 37 39 39 +4 40 38
<

|

)

2007Q1 ca
1 2 Bl - Home Insert Page Layout Formulas Data Review View
[country[Product jon-07 Feb-07 | Mar- 5 “aDefine Hane -
2005 | 64 67 X || LJ :
£ Use in Formula
3008 46 41 Insert  AutoSum Recently Financial Logical Text Date& Lookup & Math More Name
| 600s 76| 79 Function - Usedw - - - Time= Reference - &Trig~ Functions= | Manager B5 Create from Selecti
Argentina = o oo 11 102 Fundtion Library Defined Names
676RS | 83 9 ! % +( fe | =AVERAGE(CE:H5)
6765 91 94
A B c D E F G H L
1 - _—
2 2007
3 2007Q1 200702
4 1 2 3 4 5 6
5 7-lan | 7-Feb | 7-Mar | 7-Apr | 7-May | 7-Jun Average:
6 64/ 67] 61 63 59 59 62.2]
7 46| 41 44 38| 43 39 41.9]
8 76/ 7 77 83 78] 79 78.7]
9 110] 102 106 107 130, 114 111.5
10 | Argentin | 676RS 83 92 0| 97| 99 102 94.2]
(og)d9-0 - ey | e7es 31 3 gl o[ ws[  ng 95
Home | Inset | Fage Layout Re
%
J D y_\ E] D DD W o= ww =2 =1 == I=lpy=

Cover Blank Page
Page- Page Break
Pages

Table | Picture Clip Shapes Smartdrt Chart
= At -

Tables Iiustrations

Links

2007
2007Q1 2007Q2
1 2 3 4 5 6
Jan-07 Feb-07 | Mar-07 Apr-07May-07Jun-07

Argentina

676RS 85| 92|

90

97| 99 102

91| 94

6765

97

100 105/ 110

Hyperlink Bookmark Cross-reference | Header Foot

Header ¢

ment
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ODM Client — Generic Planning Cockpit

Rich, configurable GUI

Scenario-based planning,
what-if simulation

Data editing and analysis
Optimization execution+control

Business goals and plan
overview

What-if analysis: KPI comparison
Office integration
Controlled constraint relaxation

Relaed Reduireterts

W Extlanation
=| Each shift should get s purse reiemerts
=/ Detnat! for Emergenicy Roon
Betwveen 3 and 7 nurses required on saturday danuary 8, 2005 from 21012
Betuvean 3 and 7 nurses required on Stncay danuary 3 2005 from 21012
= Py Rules
= Teatts
[sahell and Delahie st work n the sate team
=/ Urion e Clicel Care s
= Sl Rules k
| Ettergeticy
The Emercency Room department requives ot least 1 nurse qualfies in Carliac
= e on vacalion
= vacafion of ane
(n Saturtay, danuary § 2005

Relgeaion ~ Priorty  Priorty .

Hih
Hih
Orurse(s) i
Jnsels)  Hih
eclu
Meclu
el
eclu
el
el
eclu
el
ecll
eclu

[
[
[
[
[
[
[
[
i
i
[
[
[
i
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ODM Client — Generic Planning Cockplt
Rich, configurable GUI = en I

|ﬂ \;_\.inrl;space Filter 10 5 rowvs by 276 columns builk Fro
Scenario-based planning, "';szzfj;L 1 el
what-if simulation - ,,_5 FerrEy e
Data editing and analysis s R ozl
oz

] Feb-07 =) Mar-07 = &pr-07

Optimization execution+control
071 200701 200702

Business goals and plan - z 7

i :p Demand Adjustment Q3
overview 33 Arclyis o s

E! Input Data L 54 57

What-if analysis: KPl comparison” /2. R
. . . -7 Mar
Office integration T e
. . > ----- {7 Firm Order:
Controlled constraint relaxation -

Collaboration

M.

- illly Demand ¢

‘ | *
(&' .. ool | %

Mark
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ODM Client — Generic Planning Cockplt
Rich, configurable GUI TRE—
Scenario-based planning, = —
what-if simulation e =
Data editing and analysis [ =
Optimization execution+control == == =
Business goals and plan e —— ,
overview | . E - -
What-if analysis: KPI comparison =1 E

Office integration
Controlled constraint relaxation
Collaboration

Extensible platform
APIs for GUI, Server, Repository

© 2012 IBM Corporation
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ODM Client — Generic Planning Cockpit

* Rich, configurable GUI

* Scenario-based planning,
what-if simulation

- Data editing and analysis
*  Optimization execution+control

Business goals and plan
overview

What-if analysis: KPI comparison
Office integration

Controlled constraint relaxation
Collaboration

Extensible platform

Tight integration with optimization
model development

= ODME - Nurses_odm/Nurses_odm_views.odmvw - Eclipse SDK

rES 2z %0

Fle Edt MNavigate Search Project Run Window Help

Q- |m[E i G

E o 5o e

@ oL projects 13 Eg~°0

bu (CSM Selection (Least-cost routing of payment
bu Fiber network design (Network fiow problem v
1,'7" Hooks
bu mufprod_odm
22 Nurseltodel
1'7" MNurses_java
=] bu Hurses_odm
=@ run Configurations
-l Opl solve
DO Run ODM application (default)
1={%)] ODM Application {Hurses,mod)
@, hurses_odm_relationalmodel.odmrm
(m Murses_odm_views.odmvw
( hurses_odm_optimmodel.odmom
D Murses_odm_deployment_dev.odmds|
D Murses_odm_deployment_prod.odmd;

(& Options
(& deploy
& Model
(& Data
bﬂ oil (An oil blending problem, MILF)
bu Optimizador Comerdial (Optimizador Comercil
2 PartfoloRebalanding
1'7" StochasticProgramming
bu StrategicMarketing (Varketing Campaign Stra
&St
1 Testlsban
2 uep_demo (Unit Commitment Demo)
& up_demo_java
bu UnitCommitment (Unit Commitment Dema)
1,'7" UnitCommitment_java
bu velino_odm
122 warehouse (4 narhouse location model, i
bu Water (Water)
bu Wind_Dispatch

[Slolmod | () Murses_odm views.odmaw 12

=0

12 [ ] Nurse Scheduing Demo
Scenario comparison (Multi-Scenario Comparison)
{21 Andlysis
] Input Data
-1 staff
Skills (20 Array)
Day Off (2D Array)
Nurses (Simple Table)
Nurses payRates Fivot Table (Pivat Table)
=[] Department
Departments (Smple Table)
Forced Assignments {2D Array)
Demand By Shifts (Smple Table)
Demand Fivot Grid (Pivat Table)
Demand By Shifts Pivot Table (Pivot Table)
- Charts
Nurses Chart (Chart)
Minimum Demand By Day (Chart)
Maximum Demand By Day (Chart)
(B[ Rules
[ Solution

Preview Area Options

Al preview areas are currently using data generated by the OPL
IDE.

View Name: Minimum Demand By Day

ChartTabls | Chart Settings |

Data

®a Bi-

Index | Table Column Label X Key

0 shifts mirRequirement (In...  Minimun demand weekday)

<] m I m Reset

A
Table ‘shiﬁs M Column ‘minRequirement (Integer) M
S ‘weskdays
[¥] Chart For Each ‘dapartmems
Made ‘Aggregate -5um
204 20
154 B vaue0 15 [ vabe 1
—_ ] wale 2

104 10

§ §

0 0

wale value 1 value 2 value walue1 value 2
vale () valug 1

20
154 [ vaue2
104

5]

i

vied ' vdel | vae?
value 2

bﬂ 0 using st ( W
Al W | B |
(EA Problems &7 e EW

o
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ODM Client — Generic Planning Cockpit
Rich, configurable GUI

nari lannin -
e et g - ODM Client
Data editing and analysis * 90% configuration,
Optimization execution+control 10% implementation
Business goals and plan - - .
et g + Various applications
What-if analysis: KPl comparison - Small to large
Office integration . PI‘OdUCtiOh,

Controlled constraint relaxation

Collaboration |OgIStIC_S,
Extensible platform marketlng,
Tight integration with optimization sports,
model development energy,

etc. etc.

© 2012 IBM Corporation
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SmarterCommerce
IBM ILOG Optimization and Supply Chain Products

Quick
i Deployment,
Unique Vertical
Customer Functionality
Requirements

Scalable
Enterprise
Deployment

Performance,
Ease of Modeling

CPLEX Optimization
Studio

Engines & Tools
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Supply Chain Management: LogicNet Plus (LNP)
r@ L‘flﬂ# 7 ) i ] - |BM|LmLmicNetP|ustW.@&ua

Data | Optimize View Solution Help o

@Eﬁ@c@*@ & ¥ & &

Products Plants Warehouses Customers Camiers lLanes Custom Objectives | Preferences - | Import - Export -

Forms Import,/Export
Scenario Manager - o X a Gemany View x| [F Group Constraints 4
i:l New Scenario G Ei @% 8_ Q_ @ [ |& [ | 55 o Create Snapshot @, Google Earth | 5 Filter I:] Shading (3 Utilization B Profiles ~

New Scenario - Center of Gravity

Sites ws 75km - Center of Gravity

Test Max within 75km

Test Scenario

Test Scenario - Center of Gravity 4
Test Scenario - Center of Gravity 4 -
Test Scenario - Center of Gravity 6 |
Test Scenario - Center of Gravity 6 - (|
Test Scenario - Center of Gravity 7-8 iE

.
-

m
{Es R EE |

shumag dejy

Test75km vs Number
Test 75km vs Mumber - Copy
Test Bkm vs Mumber - Copy for MO+

N o O g O e e

OG- E-E-E

EEEE‘PEEEEE{EEE

-

m | r

MNavigation -~ 0 X

Search p

=~ Data Forms ~ : ®
[‘I---a Products i

[--JA Plants

[ Warehouses
[+--@% Customers

£

£

J.' 147 : Paderborn
Customer

R Transportation \ -
'I--@¢ Custom Objectives r {d L
----- B2 Time Periods

T @
(-5 Groupings & Zone Definitions L """ 0 L "";-I_’_‘ ‘
- Bassline Data a® ®e :

= Constraints — & @ ;‘\ ®

----- 2 Pre-Defined Lane Constrairts (5] .* “i a ' -
..... 5 Zone Based Flow Constrairts @ @ 5 @ %
----- B Warehouse to Customer Assig ;
----- B Sourcing Rules e @ J o

1

..... B Warehouse-Product Constrain
o T frdssmimmm. A Bl Al Commibt ammim >
a9 L] . r e
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Supply Chain Management: LogicNet Plus (LNP) — A case

stud

production facilities and 14 DCs.

Project Objective: Understand the optimal number Cost by facility
d locations of DCs for the after-market Transportation costs
an Service constraints

business.

Baseline Distribution: 14 DCs
Total Cost: €22.0 M
Avg. Service: 308 km

Bu!iness: A European based manufacturer with 5

Detailed Service: 29% wi

o

thin 200km

T

I3
o

Optimization Drivers
Demand to/from matrix
Capacity by facility

Min flows for new lanes
Carbon emissions

Cost Optimal Distribution: 8 DCs

Total Cost: €20.4 M

Avg. Service: 360 km
. Detailed Service: 21% wit

A

hin 200km

T

49 Wh iCh One is bette r? © 2012 IBM Corporation
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New Redbook

% oo S T T W edw

fle Gt Uew Window fep %
@ ﬁ} @ EJ @ \{/ /156 v B ‘ 2 ‘ E Tools | Sign  Comrigss ¢
ul ol

Dt Docunert or Reven Seenber 19 2012741 pn

Optimization and

IF Gotothecurent abstrac on
itm.com/redkccks

- Available at e

: - Decision Support Design Guide
http It nyu rl.com/ODMEredbook o Usig B 1L06 OptinEi!]ation Decision?llanager
1P art 1 usiessconcepts,

2 Chapter L. Business context for

- “Like an onion, the architecture of an s iy
ODM Enterprise application has bt T

£l Chapter 4 Transforming business

many layers to it, and peeling them || smewm

Enterprise application

one at a time Is the best way to o e

Aeel Buecker

P prt2 Customer e cses Yanz Ageava

Un ders tand hO W th ey are Structured wChapterS‘Casestudy:Animuranre /] D‘”’E:;%?;:i%ﬁ
company L Ve, Candes

] 7 1 Chapter 7, Case sty Jono Chaves

and work with each other. ogrianns
[P oat3 Appendires Dr. Hans Schlenker

aff Appendix A IBM solutior landscape
“ar analytics, aptimization, and
decision support

1l Appendix B. Troutleshooting

af Appendix C. Additional material
r Glossary

P Related pubications

1P gack cover

ibm.com/redbacks REdhooks
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Hindi

YOUR

EALH!

Simplified Chinese

Graclas

Cnacubo

Obrigado

Brazilian Portuguese

Merci 1YI019) -
Teazmil % U b{t 5 :#L\i L,T: ZEAPSrU | C}

Japanese
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B supplyDemand - Plant Capacities

Automotive Sales & Operations Planning

>
— T

- Solution Gl SESSERSSSERtaciBesesi B ESERRISERSSSCEREESCAnE
- Solution based on IBM ILOG ODME 5’
optimization platform
- Supports many collaborating planners
- Optimization for efficient supply-demand
balancing

000
007 Toke07T 0308 " abr-fe Talida ToLiba Tan-h?'Aby-ﬂ?‘J‘u\-ﬁ?'Dﬂ-ﬂ?‘]én-ms'Ahy-ﬂs‘Ju-ds Tokebe"
Mesico

087 "ok b7"a A 08 kb8 Talida "ok AT T o AT ey e e e e A
Bucarest

br-Be Talida ToLeba

- Benefits
- Increased agility: saved 1 month planning time
- Reduced planning effort: 75% less planning figures
- Better planning accuracy: 50% less plan changes

Prospect: whom to talk to Prospect: questions to ask

- WW sales planning - Is your central sales planning accurate and

- WW distribution planning efficient?

- Supply Chain Management - Are you sure that your worldwide distribution

- Production Management network operates at its cost minimum?
- How do you adjust your supply chain to market
changes?

Project: 500k€ lic, 1000+d serv - Does your production allocaztion planning take

into account margins and transport costs?
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Market Introduction Planning

EEX

- Solution
- Customized planning solution based on IBM
ILOG ODME platform o
* Planning and optimization model tailored to| -
customer’s requirements £
* Gives this car company a unique competitive::-
advantage over its competitors

- Benefit
- Fast, flexible, risk-less introduction, with very low effort
- Business model can be changed by customer‘s experts during application‘s
lifetime
- Planning benefit from mathematical approach and world-class CPLEX library
* Cost minimized / benefit maximized
- Client expects margin increase of several million Euros

* thrniinh aarliar intradiirtign AnA hattar accinnmant tn hinh_marnin marlkate

Prospect: whom to talk to Prospect: questions to ask

- WW sales planning * How do organize the introduction of new car models?
- WW distribution planning - Are you still using spreadsheets?

- Supply Chain Management - Are you aware that other car companies use

- Production Management mathematical optimization and gain millions of Euros?

- Can you imagine that this can be achieved with a

. . . small project?
Project: 300k€ lic + 80d service
53
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54

Feedback Mark
Focus more on output
Show: this is initial computation, then the following scenarios show
optimized ways and you can see that
Presentation order
Change of results (from initial computed, to optimized)
Usability of the tool
Process (how to get the optimized results)
Also change different parameters, and show consequences of
these different changes
Customer’s prios
Is the end results better?
Can | really change all the variables that | can change in
reality
How easy is it
Mozy: , As-is vs. To-be*; this is what SAP focusses on
Manual planning: the cust already has already an existing way to
do it
He wants to see e.g. how to reduce external capacity usage

Hans Schlenker — IBM ILOG

y

© 2012 IBM Corporation
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TODO OPL example

55

TODO

Simple OPL model that shows that
requs are directly modelled here
The magics are behind the solve,
(usually) not in the model

Thus, the optimization results can
easily be proven to be correct

Hans Schlenker — IBM ILOG

© 2012 IBM Corporation
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