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1. Generic Design Problem
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SCN Design Modeling
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Robust and efficient design under uncertainty
Robust — | *Hazardous/catastrophic disruptive events (risk modeling)
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DESlgII c% * Resilience strategies for sustainable stakeholder value
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Large — | *Businessas usual context (random events modeling)
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) 2. Modeling SCN Process and
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Modeling SCN Process and
Structures
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Modeling SCN Process and

Structures
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Generic Process Modeling Formalism
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Activity Graph for CF Prepositioning SCN Case
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Potential Supply & Depot Locations
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Potential Theater Locations
(Demand Zones )
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Platforms for a Given Site

Current platform layout
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Systems in a Platform

Platform

15
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Potential Platforms on a Site

DEPOT SITE (ex: Dubal)

Platform 1 Platform 2 Platform 3
Cost1 Cost2 Cost3
-Opening -Opening -Opening
-Usage -Usage -Usage
-Closing -Closing -Closing
Capacity1 Capacity 2 Capacity 3

-Storage -Storage -Storage
-Repair -Repair -Repair
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Market Offers

Demand zones (ship-to-points) are associated to
product-markets defined using
product categories and sales regions
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Modeling Ofters for a Product-Market

Offers are modeled using Market Policies based on
(Price, Response time)
=> Set of admissible delivery sites
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Potential Supply Chain Network
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Modeling Value
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Design Objective

Efficient-Frontier for a given P&C System

A
Discou];:)ttezhl Qual.ifying
Costs requirements
Dominated Design
Failed Design
o
Efficient Design

Response Time (or other value a&ribute)
—

el UNIVERSITE
@ ?%? LAVAL A. Martel - Designing Robust Value-Creating Supply Chain Networks

22



Design Objective

-~ Design for Value

Design |

Discounted
Costs
(Revenues)

Maximize

Economic
|:> Value

Added

Total Revenue

Expenditures

Design Response Time (or other value attribute)
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Type of Model Obtained

Max Z:Coumtries{ (1 N TﬂX) Z:Sites. [Revenues

- (Platform costs
+ System & flexible capacity costs
+ Facilities operations costs

+ Procurement and Inventory costs

+ Transportation costs + Duties...)]}
subjet to

Network configuration constraints
Platform/system selection constraints
Supply / Capacity / Demand constraints
Material requirement constraints
Inventory accounting constraints

Flow conservation constraints

Local content and transfer price constraints

@ el UNIVERSITE => Large MIP (With concave COStS)
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3. Taking Uncertainty into Account

Economy

Supply Chain
Network

Environment

| |
Historical path Evolutionary paths

(Shell Global Scenarios to 2025)

» The future is dominated by uncertainty
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Designing for the Future

* Planning horizon

* Capacity investment decisions => 10 years & +

e Resource allocation decisions => 12 months

Planning horizon

—
| | | | | | | | |
| | | | |

o _—

——

Period Planni;g cycle

e Coping with randomness in a business as usual context
» Stochastic demands, prices, exchange rates...

» Static stochastic program with recourse for a typical planning cycle
* Multi-stage (cycles) stochastic program with recourse

ii Wi UNIVERSITE
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Hazardous/Catastrophic Events

Hurricane Katrina * Destruction of supply chains

and transportation
infrastructures

* Demand surge for first aid
and construction material

» Significant decrease of
demand for luxury products

* Approximately 58,000 troops
coming from all 50 US states
assigned to the theater

el UNIVERSITE
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Supply Chain Network Risk Analysis

Three Fundamental Questions

» What can go wrong?

* Vulnerability sources identification and filtering
» What is the likelihood of that happening?

* Multihazard zones risk exposure levels

= Stochastic multihazard arrival processes

= Attenuation probabilities

» What are the consequences?

* Incidents damage on supply/resources /demand

el UNIVERSITE

.:: 5 LAVAL

A. Martel - Designing Robust Value-Creating Supply Chain Networks 28



DSN Risk Analysis: What can go wrong?
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DSN Risk Analysis:
What is the likelihood of that happening ?

Exposure Levels for Natural Disasters

| re CleasTers - B o1y 10w Derived from data provided by the

Natura urm) Center for Research on the Epidemiology
hatural __of Disasters (CRED)

Matural disasters - Exposure level 5 (extrame) Designing




Vulnerability-Exposure Relationship
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Inter-arrival Time Distribution

For Natural Catastrophes” Exposure Level 5
Exponential distribution with mean A = 350 days

I] Document2: Comparison Graph | B ||
Fitted Density wponential
Lognarmal
0.50 Iniform

0.40

A

0.00
0.0000 2000 400.0 §00.0 800.0 1000, 1200, 1400,

Days

B [nput = Exponential
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Intensity Distribution

For Natural Catastrophes” Exposure Level 5

Log-Normal distribution

Fitted Density
2.00

1.00

0.00
0.000000  100000. 200000, 300000. 400000, 500000. 600000.

Loss level in $
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Evolutionary Paths (Trends)

“Disaster Frequency Trend Pessimistic

600 - future

As-is future
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el Historical path Planning horizon
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Attenuation Probabilities

* The occurrence of a multihazard in a zone does
not necessarily translate into a network hit

e (Canadian Forces Case:

Probability that a mission is initiated in response to the
occurrence of a multihazard in a given country

Hazard/Mission type Location Probability
Natural disaster/Humanitarian assistance Belgium 0,023
Natural disaster/Humanitarian assistance Botswana 0,023
Natural disaster/Humanitarian assistance Chile 0,027
Quarrel/Peacekeeping Greece 0,700
Quarrel/Peacekeeping Herzegovina 0,700
Quarrel/Peacekeeping Algeria 0,600
War/Peace making Haiti 0,450
War/Peace making Poland 0,400
War/Peace making Cyprus 0,350

el UNIVERSITE
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What are the

SCN Risk Analysis: consequences?

» Multihazard Incidents Severity Profile

Capacity-based Vulnerability Sources S, ={1, 2, 3} Demand-based Vulnerability Sources S, = {4, 5, 6}
1) 2) 3) 4) 5) 6)
. First-aid Sustainment Luxury
Suppliers Plants DCs Product-markets Product-markets Product-markets

@ a) Natural Unfilled supply Capacity loss Capacity loss Demand inflation Demand deflation

= .

=5 O disasters rate rate rate rate rate
Impact E 'g. b) Market Unfilled supply Demand deflation Demand deflation
intensity | S T;" failures rate rate rate

= .

S T |c) Industrial Capacity loss

accidents rate

e a)' Natural Time to re.stormg Time to resFartlng Tlme. to.rest'artlng Surge duration Drop duration

=l © disasters supplies production distribution
Timeto | 3 2 i i

= d b)'Market Time to re.storlng Drop duration Drop duration
recovery | S T;" failures supplies

=] . ]

S T |c) Industrial Time to restarting

production

accidents

Aol UNIVERSITE
?%ﬁ LAVAL A. Martel - Designing Robust Value-Creating Supply Chain Networks 36



. ] What are the
SCN Risk Analysis:  consequences?

Recovery Function Example

Capacity loss recovery function

Amplification A priori percentages
percentage §
Amplitude J —_ _ N\
based on f3 —_ )
— Recovery function
Py
1 1 1 1 1 1 1 1 I\/ 1 1 1 1 l | >
T’ T '+ & -1 Working periods

~—

Time to recovery

C'ior = Pin:Cio r=1" .., 7+ & -1 Py, = rs';(ﬂg(,),gﬁh,plp); seS%, peP, lel
i
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Plausible Future Scenarios

* The superposition, over the planning horizon, of
* An instance of these multihazard processes
 An instance of the business-as-usual random variables
> Yields a probabilistic scenario @ € Q"

Q" = Set of probabilistic scenarios
p(®) = Probability of occurrence of scenario @ € Q"
e Deeply uncertain scenarios can also be considered

e Incorporate isolated, non repetitive, extreme events for
which a likelihood of occurrence cannot be evaluated

Q" = Set of deeply uncertain scenarios

el UNIVERSITE
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Aversion to Extreme Events Risk

Based on the number of network hits

Acceptable-risk scenarios Serious-risk scenarios s !

0,25 A A
Ir \l r A\

0,2 A

0,15 A

0,1 -
0,05 j
0 “ T T T
0 1 2 3 4

Hazard tolerance level
(x=3)

Q" = Set of acceptable-risk scenarios
Q° = Set of serious-risk scenarios

Worst-case
scenarios

Proportion of scenarios

4 5 6 7 8 9 10 11 12
Number of hits
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Design Objective

—  Robust Design

A

Economic
Value
Added

\

/\/\/_A

Sustainable
Stakeholder
Value

Y
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4. SCN Design Methodology

Seanmng cycle

First planning cycle

~ N
e B T~
Plausible future ()

Design ' '
Decisions User U

Decisions ser
« Locations Decisions
e Platforms  Demand management
* Systems U Supply * Demand management
« Offers * Production * Supply
« Missions <4— — — *Inventory * Production

» Transportation... * Inventor

Xl @ Must be ansportatio ! yt t- y |
anticipated  Transportation 5
i i @
Plannlng norizon
o B t t
Analysis Deployment Deployment
Network avgilable Adapted network
Network design for operations Structu_ral available
B decision point adaptation for operations

decision point
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Decision-Making Framework

Design Level

e [nvestment
e Deployment
* Policy making

Anticipation
of expected

revenues and costs -
User Response Level

Synchronization of supply and demand
based on Response Policies for:

* Business-as-usual events
e Extreme events

el UNIVERSITE
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Decision Time Hierarchy

Structural adaptation

Design
decision

|
X, € X1|I(51)

decision

|
X, eX2|I(52)

S

5‘2 Deplolyment l

v

lead time . 5{"
° EX e ! cas Ca ta
DeSIgn l l l I l V ’ | ’ | I -[ = 1 UTZ
level éL Deployment 51 _;_ A | » | | |
1 lead time . & D 2o
A Usage period T,  Usage period T,
I e | A A
N Xy I \ X
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I u
; T ' T
User response I ———— | 1 >
level 4 X
y. €Y. "1"(7)
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I1lustrative Case:
Multi-depot location-transportation problem

* Daily stochastic orders from customers
* Depots vulnerable to extreme events
* How many warehouses and where ?

Stochastic
j Hazard
N Process

Potential DC
locations

Design
Level

| e DC
Respond
»= "o | Ship-to | from
L points Y
£ /i back-u
- — peP % P
— depot
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Strategic Decision Framework

Design  max e {C(x,, )1 (4] C(8,.0)=C"(5,0) 46 (x,.0) <0
_ A Q
6% (x,.0), <0 g L)
(o) ot TE (5 () | € 5. o)+ 5E 5 (o)
Anticipated 1‘2(')""’3‘\”\(') teT, n>1 teT,
pate ()i ) A X
Adaptation- st X, (@) eX)™ (@)Vn>1, ¥y, (0)eY," (o)t
Response Model . -
& non-anticipativity of X, () we
| x
u u I ; (T)
|7 User Response opt 'R{C (y,) | (T)} —_—
Decisi ()
ecisions y ey | reTY
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Generic SCN Design Model

Using Stochastic Programming (Shapiro, 2007), Robust Optimization
(Kouvelis et al., 1997) and Risk Analysis (Haimes, 2004) concepts, the
design problem can be formulated as follows:

maX{RQAIA {C(Xl")} ’RQSIS {C (Xl ! )} ’RQUIU {C(Xl ’ )}}

x;€Xq
Conditional Conditional expected Conditional
return measure value measure dispersion measure

- ’RQA|A {C (xl , )} = EQA|A {C (x1 , )} + gaA’DQA|A {C (xl, )} Py € [O,l]

2 Resis {C(xl,.)} =B {C(xl,.)}+gosDQS|S {C(xl,.)} @5 €[0,1]

L Ry {C(x10)} = Min D, {C(x,,@)} — ™ Robustness criterion

QU

Multiparametric program

|:> E?S()l( R(Xl) - (l_ l//) [WARQAM {C (Xl")} + WSRQS|S {C (Xl")ﬂ + l//RQU u {C (Xl")}
i
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Complexity Reduction Approach

 Use approximate anticipations of adaptation-response
decisions to simplify the combinatorial structure of the
design model (based on spatio-temporal aggregations)

 Use only primordial expected value and risk aversion
criteria associated to probabilistic scenarios

e Assuming that the SCN design problem will be solved on a
rolling horizon basis, reduce the design model to a multi-
cycle two-stage stochastic program with recourse

* Solve the design model for several small samples of
scenarios generated using Monte Carlo methods

 Evaluate the designs obtained using a user response model
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SCN Design Approach

Multi-criteria
* evaluation
X

X, j=1..J

0
Statusquo X;

}

1
Effective and Robust
Design
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Design Evaluation & Selection
* Adaptation-response optimization

c* (X1J a)) weQ"
* Performance measures

é( f,w):Cd (xlj,a))+éd”(x1j,a)), weQV
Roprp {C(x4,.)} P = A S,U; R(x))

* Filteringand selection

Design Generation @
SAA(Q{“) =11 Risk-attitude weightsbased on 7, and 7
- =1 [T =1 1), P=AS
SCN design models . Small samples replications
- Resilience formulation @*,i=1..,1),P=AS
- Anticipation L
- Solution method L

Plausible Future@>
Scenario Generation

|

Monte-Carlo Hazard tolerance
evaluation samples level (x) &
« Risk-aversion
Q" P=AS overshoot (A)

A

Worst-case scenarios Q™

A

. - - 0
Historical scenario (@)
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Design Generation for the
Multi-depot location-transportation problem

Several types of models and solution methods can

be used to generate alternative designs

 Exact solution to static deterministic location-transportation model
 Exact solution to static deterministic location-allocation model

« Multi-period versions of the previous models

* Previous models with customers aggregated into demand zones

o Stochastic versions of the previous models with different scenario
samples

e Stochastic models with resilience structures (back-up depots...)
 Heuristic solutions to the previous models
e Solution with different expected value / dispersion weights
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Design Evaluation/Selection for the
Multi-depot location-transportation problem

e Based on a large sample of Monte-Carlo, worst-case and
historical scenarios

 For each design x, and each day t of scenario o:
 Assign customer orders to depots based on response policy
* Request transportation at depots for truckloads
 Solve depots routing problems
To get the design value R(®,x,)

o Compute adequate performance measures
» Expected values

 Dispersion measures (mean-semideviation, conditional value at risk... )
 Resilience measures ...

o Select the best design using multi-criteria decision methods
i
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4- Research Challenges

* SCN risk analysis
* SCN multihazard modeling

* Scenario development and importance sampling

* Value based SCN design models

* Dependence on value attributes & Financing

4 __
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* Modeling resilience and responsiveness

e Solution methods
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