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How supply chain companies can achieve

decision-centric optimization
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Elements of Business Pain
In the Supply Chain =1 IGRON

High

Demand and supply VOLATILITY* 41%
Cross-functional ALIGNMENT* 38%
Supply chain VISIBILITY* I 37%
Ability to access/use DATA* I 35%
Availability of skilled PEOPLE* to do the job ] 35%
Middle

Organizational change management s 30%
Product quality and supplier reliability ] 28%
Management of value network relationships e 27%
Executive team understanding of supply chain ] 24%
Increasing speed of business s 23%
Clarity of business strategy I 23%
Low

Innovation I 21%
Globalization I 20%
Risk management ] 18%
Software usability I 17%

*Top pain elements
Source: Supply Chain Insights LLC



Improvement Achieved with

GUROBI
Advanced Analytics (=1 ICRON

OPTIMIZATION

Improved demand forecast accuracy 73%
Order cycle time reduction ] 69%
Increased capacity availability I 66%
Total supply chain cost reduction | 65%
Transportation cost reduction ] 64%
Customer service improvement I 62%
Inventory levels reduction ] 62%

Percentage of respondents

Source: Gartner Report ID G00347825
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Challenges in Building Effective
Supply Chain Planning Processes (=l IGRON

Not having TECHNOLOGIES that support the I 22%
process*

Lack of understanding and support from the ] 18%
executive team

Poor execution of the plan I 17%
Lack of clarity of supply chain strategy and supply ] 14%
chain excellence

Issues with the role of finance and the budget 1] 12%
Lack of skilled resources [ ] 3%
Other [ ] 5%
Don't know I 5%

*Top challenge

Source: Supply Chain Insights LLC
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Decision-Centric Optimization 51 ICRON

A4

Database Web
MQ Services
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Decision-Centric Optimization 51 ICRON

. < Optimization Heuristics Al / ML
A|90rlth ms 73% (*) 44% (%) 50% (%)

Data

Database Web
MQ Services

(*) Source: Gartner Report ID G00347825
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Decision-Centric Optimization 51 ICRON
Web KPI Workflow Multiuser

Data

Database Web
MQ Services
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Process Control Maturity

Organizational Maturity

iAlgorithmic Maturity

Data Maturity

Database Web
MQ Services Data Collection Maturity
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Technical Architecture
=] IGRON

Back-office
Data

External
Data
System

~Web Services, TCP/IP

SAP RFC, HANA, ORACLE,

ICRON Modeler
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Technical Architecture
=] IGRON
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ICRON Modeler

ICRON
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Optimization Analytics
(Gurobi) (R, Python)
Scheduling Pegging
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Technical Architecture
=] IGRON
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Rename Open  Select Refresh Undo FRedo  Print
algorithm  all options

Link Go Step  Step Step Pause Stop Rewind
points into out

Delete Format
relation line size

z

alytics — = — ~
Add List Parameter | IteratedObject.PeriodIndesx < ICROMN.nPeariodslse |

Add Parameter = =

apply List Output

Apply Output

Calculate Metrics

Initislize Analytics Session

h

Link point
Run Analytics Function
istributed Processing

athematical Programming
Add Column =

Add Message to Optimization Log File
Add Objective -

Apply Solution T e —
Constraint Parameters:

Constraint for List of Objects
Create Empty Column
Create Model

Fix Optimization Solution

Indicater Constraint for List of Objects Mame: "time_indices™
i Parametars:
Objective [0] IreratedObject.StartTima
Run Advanced Optimization Function -_| =

e 40 o0 o 5 4

-
=]

Data requirement / output
of a node

Name: “input_series”
Parameters:

[0] TreratedObject RavisadSal esQuantty

2

Set Decision Variable

- Node: Earnon =

Set Optimization Parameters IteratedObject.FeriodIndex < ICROM.nPeriodsUse + ICROM.nPeriodsAhead |
Solve "nof_periods_ahead” = ICROMN.nPericdsAhead Processlng unlt - ]
Update Constraints -
Update Dedision Variables 1
duling ch -
Create Alternatives MNODEObject.NODEAlgorithm.auto_arima==1
Create Operation Scheduls
CreateOperationScheduleForCP
Merge Split Operations
Set Operation Schedule
Set as Simultaneous Operations
Shift Tterate “arim=_parameter_d” — Local.arima_paramstsr_d

; “arima_parameter_q” = Local .arima_parametsr_q
split

Unschedule Operations -

%
i)

True | False

’gvvVvvvvvv’gvvvvvvvvvvvvvvvvv’!ﬂvvvvvvvﬂ
A0 o0 2 0 0 0 A € 0 o o A o o 0 0 0

v
#®
2
a2

Relation:

Name: "Forecast™

Parameters:

[0] IteratedObject Forecastuant oy

(1] T Object.L ower Quantity
&1 L For Quantty

Data flow

Estimation: IteratedObject.ForecastQuant ty
Actual : IteratedObject.RevisedSal esQuant ty

< > RunExpr: on

Consale Classes




L J
Rename

Console

algorithm  all

istributed Processing
thematical Programming

4 = Ana
- =
> =
v =l
v =l
v =l
=l
- =

[

- =n Ma
v =l
v =l
v =l
v =l
- =l
- =
v =l
v =l
v =l
v =l
v =l
- =
- =
v =l
v =l
v =l
v =l

4 =y Sch
- =
> =
v =l
v =l
v =l
=l
- =l
- =
> =

P EEh XML

<

eduling

F ICRO...

Algorithm

Open Select Refresh Undo

lytics

Add List Parameter

Add Parameter

Apply List Output

Apply Output

Calculate Metrics

Initialize Analytics Session
Run Analytics Function

Add Column

Add MEss=ge to Optimization Log
Add Objective

Apply Solution

Constraint

Constraint for List of Objects
Create Empty Column

Create Model

Fix Optimization Solution
Indicator Constraint for List of Objects
Objective

Run Advanced Optimization Function

Multipl

Set Dedsion Variable

Set Optimization Parameters
Solve

Update Constraints

Update Decdision Variables

Create Alternatives

Create Operation Schedule
CreateOperationscheduleForCP
Merge Split Operations

Set Operation Scheduls

Set as Simultaneous Operations
Shift Iterate

split

Unschedule Operations

Object-oriented

modeling

Cla sic Mod..

Development

Redo  Print
options

.

Pause Stop Rewind

points into out

ForecastARIMA <

Format Auto
relation line  size

Cut Copy Delete

) -~ o
Unigque Mode Link point
id description description

| Partition

= |

|I|:EratEdDbjEctPEri odIndex = ICROM.APeriodslUse |

Mame: "input_series™
Baramaters:

[0] Iterat=dObject.Revisedsal esQuantty

e algorithmic
paradigms

Name: “usable_indices™
Parameaters:

Mame: "time_indices™
Parameters:

[0] IteratedObject.StartTime

-— =

"nof_periods_ahead” = ICROM.nPericdsAhead

In-memory

parallel computing

| Partition

= |

| IteratedObject.PeriodIindex < ICROM.nPericdsUse + ICROM.APeriodsAhead |

Branch

MNODEObject.NODEAlgori thm .auto_arima==

Tru= Fals=

"auto_arima” = Lo

“arima_param=tar.

“arima_parameter_q

auto_arima
ocal .arima_parameter_p
Local arima_param=ter_d

Local.arima_paramenvsr_g

ocal .Module
an: Local Functon

Mame: "Forecast™
Param eters:
[0] ItaratedObject. ForacastQuant ty

[ Object.l ey
[2] TteratedObject.UpperForecastQuant ty

B 1

Estimation: IteratedObject.ForecastQuant ty
Actual: IteravedObject.Revisadsal

esQuantty




GSAMS: Gurobi Integration 51 ICRON ‘GURoB|

OPTIMIZATION

Object-oriented, algorithmic modeling

Continuous: IteratedObject.ForecastQuantity Debugglng
LB: IteratedObject.SalesQuant ty _
: J 55

IteratedObject.Inventoryltem PerPeriods.LISTSUM (x, x.ForecastQuantity) ==

IteratedObject.ForecastQuantity + IteratedObject.ForecastSurplus - IteratedObject.ForecastSlack

[ ]

IteratedObject.l ¥ PerPeriods L ISTSUM (x, x.ForecastQuantity * xThelnventoryltam UnitPrice) == IteratedObject.BudgetQuantity
- =

- /» Multi-objective optimization

Warm-start

Infeasibility analysis
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Supply Chain Optimization and Gurob] 51 ICRON

Supply Chain Requirements

Dynamic, large-scale operations High performance

Multiple business objectives Multiple optimization objectives
Rapid what-if analysis Warm-start

Changes in business requirements Flexible modeling

Conflicting constraints Infeasibility analysis

Data errors Infeasibility relaxation

Quick and good solutions Heuristics

High financial impact Optimization
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Baseline Forecasts =

Item Code

1000_BS_BNK_PSR 15_Yaz_B46
1000_BS_BNK_PSR 15_Yaz_B4S
1000_BS_BNK_PSR IPPAN_Yaz_B19
1000_BS_BNK_PSR IPPAN_Yaz_B25
1000_BS_BNK_PSR IPPAN_Yaz_B26
1000_BS_BNK_PSR IPPAN_Yaz_B35
1000_BS_BNK_PSR OOGATA_Yaz_B50
1000_BS_BNK_PSR OOGATA_Yaz_B73
1000_LS_BNK_PSR 15 _Kis_B36
1000_LS_BNK_PSR 15_Kis_B48
1000_LS_BNK_PSR 15_Yaz_B36

1000_LS_BMK_PSR 15_Yaz_B41
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KPI monitoring

Forecast Financial

July 2016
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EI ICRON  FRC-RL - MONTH - 0/01/2017 00:00  Session ID: 484097

o Manager w
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TOP
Baseline Forecasts ~ g
Item Code Main Group Sales Office Seas... Brand BSJ Group Size Co...  Size Descripti... Default Ferecast Method Is Forecasted
1000_BS_BMK_PSR 15_Yaz_B46 BMK 1000 Yaz BS PSR 13 846 195/60R15 ARIMA '
1000_BS_BMK_PSR. 15_Yaz_B48 BMK 1000 Yaz BS PSR 13 848 195/65R15 ARIMA
1000_BS_BMK_PSR IPPAN_Yaz_B19 BMK 1000 Yaz BS PSR IPPAN B19 165/80R13 ARIMA 0
1000_BS_BMK_PSR IPPAN_Yaz_B25 BMK 1000 Yaz BS PSR IPPAN B25 175/65R14 ARIMA 0
1000_BS_BMNK_PSR IPPAN_Yaz_B26 BMNK 1000 Yaz BS PSR IPPAN B26 175/70R13 ARIMA 1
1000_BS_BMK_PSR IPPAN_Yaz_B35 BMK 1000 Yaz BS PSR IPPAN B35 185/65R14 ARIMA 0
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1000_LS_BMK_PSR 15_Kis_B36 BMK 1000 Kis LS PSR 15 B36 185/65R15 ARIMA 0
1000_LS_BMK_PSR 15_Kis_B48 BMK 1000 Kis LS PSR 13 848 195/65R15 ARIMA 0
1000_LS_BMK_PSR 15_Yaz_B36 BMK 1000 Yaz LS PSR 13 B36 185/65R15 ARIMA 0
1000_LS_BMK_PSR 15_Yaz_B41 BMK 1000 Yaz LS PSR 13 B41 195/50R15 ARIMA 0
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Dynamic dashboard
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Product Family
(A

Apple

] Asus

Asus Zenfone 3 5.5
Asus Zenfone 3 Max
Asus Zenfone Go 5.3
Asus Zenfone Live 5.0
BLK-Asus Laptop
BLK-Asus Zenfone 5.1

Filter / drilldow

Comparison between forecast vs sales

-81.80%

-45,032
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VESTEL Electronics
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Background 51 ICRON

Vestel Group:

« Operations in consumer electronics, household appliances, defense, marketing
« 4.2 Billion $ revenue

Vestel Electronics:
« Flagship of Vestel Group
» Biggest TV manufacturer in Europe
» ~20% share in European market
* > 9.5 million units of annual production capacity (30,000 daily)

Heavily customizable products

Rapidly changing technology
* Plasma->LCD -> LED -> 3D -> Smart -> UHD -> Curved -> OLED ...
« 70-80% of monthly production is for new products
« Entire product portfolio refreshed every 6 months
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Vestel’s Business Model 51 ICRON

Product brands

* Vestel owned
» Original Equipment Manufacturer (OEM) agreements with leading European and Japanese brands

Common practice in TV manufacturing:
« Creating a stable operational environment
* Limiting product variety
» Long order acceptance and order fulfillment times
« Large order batch sizes

Vestel's competitive strategy: flexibility, responsiveness

Goal: efficiently managing its dynamic operational environment
« Mass customization: increasing the number of product configurations
» Short order acceptance and order fulfillment times
« Small order batch sizes: 37% < 200 units, 66% < 500 units
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Vestel’s Supply Chain o1 ICRON

5,000 models
400+ customers 20,000 components
90% of sales to Europe 350+ international suppliers
30 days avg. lead time 90% of purchasing from Far East
90 days avg. lead time

= "
N

Challenge: how to manage lead time difference between procurement and sales?
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Realized Customer Orders / Forecast
=] IGRON

( Procurement lead time )

100%

80%

60%
» Forecast
40%
Realized
20% 1 customer
order as of
month t
0% Months

t t+1 t+2 t+3
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Sales & Operations Planning 51 ICRON

Executive Management

Customer order Constrained

Sales forecast forecast
Market preference
Capaci
pactty High level

Inventory level production plan
Production cost
Procurement capability
Supplier capacity
Procurement lead time
Scheduled material receipt
Material cost

High level
procurement plan

Product introduction
timing
Engineering change
timing

Bill of materials
Product introduction proposal
Engineering change proposal
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Optimization Model 51 ICRON

Objective functions:
» Customer satisfaction
* Operation costs (production, procurement, inventory)
» Business preferences

Decision variables:
* Planned production quantity in each period
* Planned purchase quantity of critical components in each period

Constraints:
+ Sales forecasts
* Realized customer orders
* Manufacturing capacity
» Critical component inventory levels and scheduled receipts
* Manually created constraints



Optimization Model
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Implementation 51 ICRON

Continuous: IteratedObject.ForecastSlack

- |

Continuous: IteratedObject.Forecast |

us
_,_: - :
(avigats ta ieratedObjectinventory iode |
= :—l |
Continuous: IteratedObject.ForecastQuantity
LB: IteratedObject.SalesiQuant ty

[

IteratedObject.InventoryltemPerPeriods L ISTSUM {x, x.ForecastQuantity) ==
IteratedObject.ForecastQuantity + IteratedObject.ForecastSurplus - IteratedObject.ForecastSlack

o =]

l IteratedObject.Inventoryltem PerPeriods LISTSUM (x, x.ForecastQuantity * xThelnventoryltem UnitPrice) == IteratedObject.BudgetQuantity l

e o] e

- =l

Branch -
MP2_MODEL .SolutionExists
True [ False

E'ﬁ

|
Apply Solution —w,ﬂmfmmw




GUROBI

OPTIMIZATION

Implementation 51 ICRON

10,000 PMs; 15,000 processes; 6+ months planning horizon
150,000 decision variables; 200,000 constraints

Data integration, validation and transformation: 30 minutes
Model construction and initial solution: 3 minutes
Re-optimization after manual changes: 3 seconds
Infeasibility analysis: 15 seconds

DSS fully deployed in 2011 and has been in continuous use since



Intangible Gains 51 ICRON ‘GUROBI

Reduction in MRP nervousness
Increase in data visibility and correctness

Provided a basis for further studies
« DSS for capable-to-promise (CTP) process
« DSS for detailed scheduling of all main work centers

Increased S&OP process effectiveness

Established new way-of-working among various business functions



Tangible Gains

Planning technique

Planning time

Feasibility/consistency check

S&OP meeting frequency

Planning accuracy

Netting of forecasts and customer
orders

Inventory levels

Financial benefits

Manual,
experience-based

2 days
(single scenario)

Manual

Monthly

Bi-weekly

Automated,
optimization-based

3 hours
(multiple scenarios)

Automated
Weekly / as needed
20% improvement
Daily

5% decrease

Over one million $
annually

GUROBI

OPTIMIZATION
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Conclusion
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Supply Chain Optimization is critical for
« Ensuring supply and demand balance
« Efficient utilization of resources
» Cross-functional alignment

+ Sustainability and profitability of the company

Effective Supply Chain Optimization requires:
« Focus on decision processes
« Situational awareness and visibility
* Rapid scenario analysis

» Coordination between business functions

Mathematical programming provides a practical and flexible technique for Supply Chain
Optimization

Visual algorithm modeling by GSAMS facilitates usage of optimization within decision
processes

ICRON and Gurobi enable decision-centric optimization for the Supply Chain





