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Supply chain system…Supply chain system…
What is the business (supply chain) logic behind all this?
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Källa: http://www.wessanen.com/clients/wessanen/wes-corporate.nsf/0/7BB3EA667059D7FBC125745600429E3C



MPC and supply chainsMPC and supply chains
Model Predictive Control (MPC)

(Integrated supply chain management)

Controller

( g pp y g )

Supply chain
control model

Optimizer

Supply chain systemInput Output
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””PhysicalPhysical” ” supplysupply chainchain controlcontrol modelmodel

Source: Maestre, Muñoz de la Peña and Camacho (2009), ( )
Distributed MPC: a supply chain case study

dr = Demand rate
s = Stock level
ou = Order unfilled from upstream stage
b = backlog level
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b  backlog  level
or = Order rate
T2 = Replenishment lead time (pure delay)
Ir = Shipment rate



How general is this type of model?How general is this type of model?
Supply chain

Controller

• Impact of strategic initiatives such as:

Optimizer

control model

Supply chain systemInput Output

Impact of strategic initiatives such as:
– Customization?
– Postponement?– Postponement?
– Outsourcing?

Transparency?– Transparency?

Supply chain control model
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Resolution of control modelsResolution of control models Optimizer

Supply chain
control model

Controller

”St t i ” t t ”All” t t“E ti t d” t t

Supply chain systemInput Output

Core issue is Core issue is Core issue is 

”Strategic” state
variables

”All” state
variables

“Estimated” state
variables

balancing supply
and demand

tracking 
refer. values

balancing efficiency
and responsiveness

(Strategic/aggregate

Black box
approach

Detailed
approach

(see e g APS)

E.g. Materials
requirements

planning (MRP)

This
presentation

level)

(see e.g. APS)planning (MRP)

Low level of
system structure

High level of
system structurey

knowledge
y

knowledge
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APS = Advanced Planning and Scheduling



Two key systemsTwo key systems Optimizer

Supply chain
control model

Controller

Supply chain systemInput Output

DemandDemand

ConsumeSupply
SystemSystem

SupplySupply
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Consume
System

Supply
System

Demand

Supply
Strategic stock point 1Strategic stock point 1

CertainUncertain
Service
interface

Consumption 
interface

Delivery lead time

Ce taU ce ta

Supply lead time

CODP 

Strategic intent – Reduction of demand risk:
• Be demand driven (move CODP to the leftBe demand driven (move CODP to the left

in relation to total supply lead time)
• Enable late customization
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CODP = Customer Order Decoupling Point



Postponement Postponement –– “Driver”“Driver” Delivery lead time

Supply lead time

CertainUncertain
Service
interface

Consumption 
interface

Two control domains of the Supply System

CODP 

Two control domains of the Supply System

CODP

TTDTTF

Demand drivenForecast driven

TTDTTF

TTD T f t D d (MTO M k t O d )
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TTD = Transform to Demand (MTO = Make to Order) 
TTF = Transform to Forecast (MTS = Make to Stock) 
CODP = Customer Order Decoupling Point



Postponement Postponement –– “Certainty”“Certainty” Delivery lead time

Supply lead time

CertainUncertain
Service
interface

Consumption 
interface

Three control domains of the Supply System

CODP 

Three control domains of the Supply System

Uncertain Certain
CODP

TTDTTFU TTFC

Uncertain
Forecast

Certain
Forecast Demand driven

TTDTTFU TTFC

CODZ

CODZ = Customer Order Decoupling Zone
TTD = Transform to Demand (MTO = Make to Order) 
TTFU T f t F t U t i (MTS M k t St k)
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TTFU = Transform to Forecast Uncertain (MTS = Make to Stock) 
TTFC = Transform to Forecast Certain (MTS = Make to Stock) 
CODP = Customer Order Decoupling Point



Transparency Transparency –– “Integration” “Integration” Delivery lead time

Supply lead time

CertainUncertain
Service
interface

Consumption 
interface

CODP 

Actual end-
demand

information

No end-
demand

information
CODPIDP

TTDTTFU TTFC TTDTTFU TTFC

CODZ

IDP = (Demand) Information Decoupling Point
CODZ = Customer Order Decoupling Zone
TTD = Transform to Demand (MTO = Make to Order) 
TTFU T f t F t U t i (MTS M k t St k)
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TTFU = Transform to Forecast Uncertain (MTS = Make to Stock) 
TTFC = Transform to Forecast Certain (MTS = Make to Stock) 
CODP = Customer Order Decoupling Point



Customization Customization –– “Options”“Options” Delivery lead time

Supply lead time

CertainUncertain
Service
interface

Consumption 
interface

CODP 

CODP CDPIDP
Customized
(form/place)

products

Standard
(form/place)

products

TTF/TTD TTDTTFU TTFC

pp

TTF/TTD TTDTTFU TTFC

CDP = Customization Decoupling Point
IDP (D d) I f ti D li P i t

CODZ

IDP = (Demand) Information Decoupling Point
CODZ = Customer Order Decoupling Zone
TTF = Transform to Forecast (MTS = Make to Stock) 
TTD = Transform to Demand (MTO = Make to Order) 
TTFU T f t F t U t i (MTS M k t St k)
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TTFU = Transform to Forecast Uncertain (MTS = Make to Stock) 
TTFC = Transform to Forecast Certain (MTS = Make to Stock) 
CODP = Customer Order Decoupling Point



Ex: CODP/IDP “application”Ex: CODP/IDP “application” Delivery lead time

Supply lead time

CertainUncertain
Service
interface

Consumption 
interface

CODP 

IDP

DEMAND(t)

Mediate Demand

1

PFT
TOB(t)

ORATEF(t)

( )

Consumption

1

PRT
TINV(t)

ORATER(t)

Fore-
casting

Agility
policy

–+Lead
time TPF

–
+ ++

OB

1
T

OB(t)

ORATEF(t)Lead
time TPR

+
– ++

IT
1

INV(t)

ORATER(t)

∫∫

+–

TTD (Fulfill)TTF (Replenish)

∫∫

CODP
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Key Key statestate variablesvariables
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Strategic stock point 2Strategic stock point 2 Consume
System

Supply
System

Demand

Supply

Strategic intent – Reduction of supply risk:St ateg c te t educt o o supp y s
• Outsource non-core activities (move PODP to the right)
• Focus on core competence

Supply lead time

Supplier lead time
PODP 

pp

ManageableUnmanageable
Outsourcing

interface
Sourcing
interface
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PODP = Purchase Order Decoupling Point



Outsourcing Outsourcing –– “Influence”“Influence” Supplier lead time

Supply lead time

ManageableUnmanageable

PODP 

ManageableUnmanageable
Outsourcing

interface
Sourcing
interface

PODPUnmanageable Manageable

FMTSMT FMTSMT

FMT F l t M d T f ti
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FMT = Focal actor Managed Transformation
SMT = Supplier Managed Transformation
PODP = Purchase Order Decoupling Point
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Strategic stock pointsStrategic stock points Consume
System

Supply
System

Demand

Supply

CertainUncertain
Service
interface

Consumption 
interface

Delivery lead time

Ce taU ce ta

Supply lead time

Supplier lead time
CODP PODP (CDP) 

pp

ManageableUnmanageable
Outsourcing

interface
Sourcing
interface

Joakim WiknerJoakim Wikner Supply chain modelling structures – Is physical logical? 212010-05-31



Four Four typestypes of of subsub--systemsystem

Independent
supply

Independent
demand

PODP perspective of supply system CODP perspective of supply system

Uncontrolled
Supply System

Controlled
Supply System

PODP

Konsumtions-
system

Customer

Value Driven
Consumpt. System

Supply System

Forecast Driven
Supply System

Demand Driven 
Supply System

CODP

Supply System

Konsumtions-
system

Customer

Value Driven
Consumpt. System

Forecast Driven Demand Driven

Uncontrolled Uncontrolled UncontrolledUncontrolled
(Unmanageable)

Controlled

Uncontrolled 
Forecast Driven 
Supply System

Controlled Controlled

Uncontrolled
Demand Driven 
Supply System

Controlled
(Manageable)

Controlled
Forecast Driven 
Supply System

Controlled
Demand Driven 
Supply System
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SupplySupply chainchain configurationsconfigurations –– examplexampl. . 
Supplier Interface

Standard setting: Uncontrolled
F t D i

Contr.
F D i

Contr.
D D i

Focal actor

Konsumtions-

Supplier Customer

Value DrivenStandard setting: Forecast Driven 
Supply System

For. Dri.
Sup. Sys

Dem. Dri.
Sup. Sys.

CODPPODP
system

Value Driven
Consumpt. System

Focal actorSupplier Customer

Delivery Lead Time

”Vertical integration”: Controlled
Demand Driven 
Supply System

CODP

Konsumtions-
system

Value Driven
Consumpt. System

Uncont. 
For. Driv.
Sup. Sys.

F l tS li C t

Delivery Lead Time

”Outsourcing scenario”:
CODP PODP

Focal actor

Konsumtions-
system

Supplier Customer

Value Driven
Consumpt. System

Uncont. 
For. Driv.
Sup. Sys.

Uncont. 
Dem. Dri.
Sup. Sys.

Controlled
Demand Driven 
Supply System
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Delivery Lead Time



Industry trendsIndustry trends Consume
System

Supply
System

Demand

Supply

CertainUncertain
Service
interface

Consumption 
interface

Delivery lead time

Ce taU ce ta
TransparencyTransparency

(IDP) 

Supply lead time

Supplier lead time
CODP PODP (CDP) 

pp

Custo-
mization
Custo-

mization
Time post-
ponement
Time post-
ponement

Out-
sourcing

Out-
sourcing

ManageableUnmanageable
Outsourcing

interface
Sourcing
interface
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“Logical” supply chain control model“Logical” supply chain control model

CODP CDPIDP

Demand perspectiveSupply perspective

PODP

TTF/TTD TTDTTFU TTFCFMTSMT

CODZ

Service Consumption

Delivery lead time

CertainUncertain
Service
interface

Consumption 
interface

Transparency

(IDP) 

Supply lead time

CODP PODP (CDP) 
Supplier lead time

M blU bl

( )

Custo-
mization

Time post-
ponement

Out-
sourcing
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ManageableUnmanageable
Outsourcing

interface
Sourcing
interface
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Control models in tandemControl models in tandem
Service
i t f

Consumption
i t f

Delivery lead time

CertainUncertain
interface interface

Supplier lead time

Supply lead timeSystem 2
(Actor 2)

Supplier lead time

ManageableUnmanageable
Outsourcing

i t f
Sourcing
i t f

CertainUncertain
Service
interface

Consumption
interface

interfaceinterface

Delivery lead time

Supply lead timeSystem 1

Supplier lead time

(Actor 1)
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ManageableUnmanageable
Outsourcing

interface
Sourcing
interface



A disintegrated supply chainA disintegrated supply chain

Decentralized supply chain control

CODP

TTF/TTD TTD

CDPIDP

TTFU TTFC

“Logical” supply chain control model
Demand perspectiveSupply perspective

PODP

FMTSMT

CODP

TTF/TTD TTD

CDPIDP

TTFU TTFC

“Logical” supply chain control model
Demand perspectiveSupply perspective

PODP

FMTSMT

CODP

TTF/TTD TTD

CDPIDP

TTFU TTFC

“Logical” supply chain control model
Demand perspectiveSupply perspective

PODP

FMTSMT

CODZ

Delivery lead time

Supplier lead time

Supply lead time

Certain

Manageable

Uncertain

Unmanageable

Service
interface

Consumption 
interface

CODP PODP (CDP) 

Custo-
mization

Time post-
ponement

Out-
sourcing

Transparency

(IDP) 

CODZ

Delivery lead time

Supplier lead time

Supply lead time

Certain

Manageable

Uncertain

Unmanageable

Service
interface

Consumption 
interface

CODP PODP (CDP) 

Custo-
mization

Time post-
ponement

Out-
sourcing

Transparency

(IDP) 

CODZ

Delivery lead time

Supplier lead time

Supply lead time

Certain

Manageable

Uncertain

Unmanageable

Service
interface

Consumption 
interface

CODP PODP (CDP) 

Custo-
mization

Time post-
ponement

Out-
sourcing

Transparency

(IDP) 
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ManageableUnmanageable
Outsourcing

interface
Sourcing
interface
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ManageableUnmanageable
Outsourcing

interface
Sourcing
interface
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ManageableUnmanageable
Outsourcing

interface
Sourcing
interface

Actor 1 Actor 2 Actor 3

Consumer

One logical control model per actor!
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One logical control model per actor!



An integrated supply chainAn integrated supply chain

Centralized supply chain control

CODP

TTF/TTD TTD

CDPIDP

TTFU TTFC

“Logical” supply chain control model
Demand perspectiveSupply perspective

PODP

FMTSMT

CODZ

Delivery lead time

Supplier lead time

Supply lead time

Certain

Manageable

Uncertain

Unmanageable

Service
interface

Consumption 
interface

CODP PODP (CDP) 

Custo-
mization

Time post-
ponement

Out-
sourcing

Transparency

(IDP) 
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ManageableUnmanageable
Outsourcing

interface
Sourcing
interface Consumer

Actor 1 Actor 2 Actor 3

One logical control model per supply chain!
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One logical control model per supply chain!



The The nextnext step…step…
A disintegrated supply chain

Decentralized supply chain control• A model reflecting the

Joakim Wikner

CODP

TTF/TTD TTD

CDPIDP

TTFU TTFC

CODZ

“Logical” supply chain control model

Supply chain modelling structures – Is physical logical? 252010-05-18

Delivery lead time

Supplier lead time

Supply lead time

Certain

Manageable

Uncertain

Unmanageable
Outsourcing

interface

Service
interface

Consumption 
interface

Sourcing
interface

CODP PODP (CDP) 

Custo-
mization

Time post-
ponement

Out-
sourcing

Transparency

(IDP) 

Demand perspectiveSupply perspective

PODP

FMTSMT

Joakim Wikner

CODP

TTF/TTD TTD

CDPIDP

TTFU TTFC

CODZ

“Logical” supply chain control model
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Delivery lead time

Supplier lead time

Supply lead time

Certain

Manageable

Uncertain

Unmanageable
Outsourcing

interface

Service
interface

Consumption 
interface

Sourcing
interface

CODP PODP (CDP) 

Custo-
mization

Time post-
ponement

Out-
sourcing

Transparency

(IDP) 

Demand perspectiveSupply perspective

PODP

FMTSMT

Joakim Wikner

CODP

TTF/TTD TTD

CDPIDP

TTFU TTFC

CODZ

“Logical” supply chain control model
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Delivery lead time

Supplier lead time

Supply lead time

Certain

Manageable

Uncertain

Unmanageable
Outsourcing

interface

Service
interface

Consumption 
interface

Sourcing
interface

CODP PODP (CDP) 

Custo-
mization

Time post-
ponement

Out-
sourcing

Transparency

(IDP) 

Demand perspectiveSupply perspective

PODP

FMTSMT

A t 1 A t 2 A t 3

Consumer

A model reflecting the 
strategic initiatives
– Customization

One logical control model per actor!

Actor 1 Actor 2 Actor 3– Customization
– Postponement

Outsourcing
Joakim Wikner Supply chain modelling structures – Is physical logical? 282010-05-18

An integrated supply chain

C t li d l h i t l

– Outsourcing
– Transparency

Joakim Wikner

CODP

TTF/TTD TTD

CDPIDP

TTFU TTFC

CODZ

“Logical” supply chain control model
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Delivery lead time

Supplier lead time

Supply lead time

Certain

Manageable

Uncertain

Unmanageable
Outsourcing

interface

Service
interface

Consumption 
interface

Sourcing
interface

CODP PODP (CDP) 

Custo-
mization

Time post-
ponement

Out-
sourcing

Transparency

(IDP) 

Demand perspectiveSupply perspective

PODP

FMTSMT

Consumer

Centralized supply chain control

• How should this be 
pp y g p y g

One logical control model per supply chain!

Actor 1 Actor 2 Actor 3applied to distributed 
supply chain control?

Joakim WiknerJoakim Wikner
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One logical control model per supply chain!
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SummarySummary

The next step

“Supply chain modelling structures – Is physical logical?”

CODP

TTF/TTD TTD

CDPIDP

TTFU TTFC

CODZ

“Logical” supply chain control model

CertainUncertain
Service
in terface

Consumption 
interf ace

Demand perspectiveSupply perspective

PODP

FMTSMT

CODP

TTF/TTD TTD

CDPIDP

TTFU TTFC

CODZ

“Logical” supply chain control model

CertainUncertain
Service
in terface

Consumption 
interf ace

Demand perspectiveSupply perspective

PODP

FMTSMT

CODP

TTF/TTD TTD

CDPIDP

TTFU TTFC

CODZ

“Logical” supply chain control model

CertainUncertain
Service
in terface

Consumption 
interf ace

Demand perspectiveSupply perspective

PODP

FMTSMT

A disintegrated supply chain

Decentralized supply chain control

The next step…

• A model reflecting the 
strategic initiatives

Joakim Wikner
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Delivery lead time

Supplier lead time

Supply lead time

ManageableUnmanageable
Outsourcing

interface
Sourcing
interface

CODP PODP (CDP) 

Custo-
mization

Time post-
ponement

Out-
sourcing

Transparency

(IDP) 
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Delivery lead time

Supplier lead time

Supply lead time

ManageableUnmanageable
Outsourcing

interface
Sourcing
interface

CODP PODP (CDP) 

Custo-
mization

Time post-
ponement

Out-
sourcing

Transparency

(IDP) 
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Delivery lead time

Supplier lead time

Supply lead time

ManageableUnmanageable
Outsourcing

interface
Sourcing
interface

CODP PODP (CDP) 

Custo-
mization

Time post-
ponement

Out-
sourcing

Transparency

(IDP) 
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One logical control model per actor!

Actor 1 Actor 2 Actor 3

Consumer

strategic initiatives
– Customization
– Postponement
– Outsourcing

Transparency
Physical supply chain control model

CODP CDPIDP

“Logical” supply chain control model
Demand perspectiveSupply perspective

PODP
Joakim Wikner

CODP

TTF/TTD TTD

CDPIDP

TTFU TTFC

CODZ

“Logical” supply chain control model
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Delivery lead time

Supplier lead time

Supply lead time

Certain

Manageable

Uncertain

Unmanageable
Outsourcing

interface

Service
interface

Consumption 
interface

Sourcing
interface

CODP PODP (CDP) 

Custo-
mization

Time post-
ponement

Out-
sourcing

Transparency

(IDP) 

Demand perspectiveSupply perspective

PODP

FMTSMT

An integrated supply chain

Consumer

Centralized supply chain control

Actor 1 Actor 2 Actor 3

– Transparency

• How should this be 
applied to distributed 

l h i l? TTF/TTD TTDTTFU TTFC

CODZ

CertainUncertain
Service
interface

Consumption 
interface

FMTSMT

Joakim Wikner
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One logical control model per supply chain!

supply chain control?
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Source: Maestre, Muñoz de la Peña and Camacho (2009)
Distributed MPC: a supply chain case study

Delivery lead time

Supplier lead time

Supply lead time

CODP PODP (CDP) 

CustoTime postOut

Transparency

(IDP) 
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ManageableUnmanageable
Outsourcing

interface
Sourcing
interface

Custo-
mization

Time post-
ponement

Out-
sourcing
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