-

Disruptﬂ)n Risk Mitigatiopn in quppy Chams
., The Risk.Exposureindex Re vnsnted S

.flh, ,’Ms' AR ‘
I -

*m~ Ch‘Ung’-Piaw Teo |-
NUS Business School &
Institute o] a,n{d“

(X 3

il

> Sarah Yini Gao Zhenzhen Yan David

National - P
Singapore : - Simchi-levi
Management Un_|verS|ty & MIT
Singapore

University



Acknowledgement

Thanks to Sun De-Feng, Toh Kim Chuan for their software
SDPNAL+ to solve large scale Doubly Nonegative Problem.



Supply Chain Risk Management
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How to reduce f'He impact of disruption to supply chain?



Resilinc: Supply Chain Disruptions
Nearly Doubled in 2017

Top 5 Supply Chain Event Types (2016
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The following chart provides the top 5 supply chain event types for 2016 and 2017. Factory Fire/Explosion
increased in 2017, representing 18% of all EventWatch bulletins issued up from 13% in 2016. Merger &
Acquisition dropped slightly from 20% of bulletins issued in 2016 to 17% issued in 2017, though the number
of bulletins issued for the event type actually rose last year. While Business Sale or Spin-off maintained its



Supply Chain Risk Management
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Plan

* Motivation:
— Time-To-Recovery and Supply Chain Disruption

* Mitigation:
— Distributionally Robust Model using worst case CVAR

 Prioritization:
— Sensitivity Analysis on Supply Chain Mitigation



Research Question

Daily production rate (capacity) at each plant
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Where to hold inventory to mitigate disruption?



Measuring the Supply Chain Disruption
Impact
4 TTS: Time-To-Survive (of the supply chain)

Sales

TTR: Time-To-Recover (of the supply chain)

System recovers
TTR even if some facilities

Lost sales
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Supply Chain Mitigation to minimize the impact of Lost Sales?



L ost sales cost
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HOW TO MODEL TIME-TO-RECOVERY?
Complex function of random events
Building DRO Model difficult

LONGEST PATH MODEL
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Benchmark #1
Risk-Exposure-Index: At most one node
disrupted

Find min cost inventory strategy to ensure zero
lost sales in all disruption scenarios
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Risk Measure: Worst Case CVaR
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Benchmark #2
Stochastic Programming using CVaR
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Plan

* Motivation:
— Time-To-Recovery and Supply Chain Disruption

* Mitigation:
— Distributionally Robust Model using worst case CVAR

 Prioritization:
— Sensitivity Analysis on Supply Chain Mitigation



Conic Formulation for Worst Case CVaR
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Conic Formulation for Linear Constraints
and Given Moments

Sam Burer (2009) Natarajan-Teo-Zheng (2009):
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Conic Formulation for Quadratic Constraints
and Given Moments
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Conic Formulation for Quadratic Constraints

THEOREM 1. Problem (2) is equivalent to the following completely positive program.

Z™ = max ClTpm'*‘Cz’Ym-l'G;'Xz
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where U denotes the set of random variables with specified moments. We assume there is a partition
of principal sub-matrices of X" specified with moments. UB denotes the set of Bernoulli random

variable.



Conic Formulation for Quadratic Constraints
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PROPOSITION 2. Consider the completely positive program (8) and its dual co-positive program

(4). If (A] Ay — C3) =, 0, then there is no duality gap between the two problem.




Conic Formulation for Worst Case CVaR
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Strengthening the Formulation

LEMMA 3. The optimal dual variables (a*,37,~*,87) in Problem (14) satisfies: ) d;jo < ) ¢0y

JEN " kEP

LEMMA 4. We have following constraints as valid cuts to the problem.
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Conic Formulation for Worst Case CVaR
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Conic Formulation for Worst Case CVaR
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* Motivation:
— Time-To-Recovery and Supply Chain Disruption

* Mitigation:
— Distributionally Robust Model using worst case CVAR

 Prioritization:
— Sensitivity Analysis on Supply Chain Mitigation



Which company’s recovery ability
matters the most?

Considering decreasing firm k's TTR by one unit, how

will the worst-case expected lost sales change?
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Which company’s capacity or
inventory level matters the most?

Considering decreasing firm k's capacity or inventory
level by one unit, how will the worst-case expected lost

sales changes?
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Computational Results
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Inventory Strategy
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Computational Results
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Computational Results

Emprcal COF of Lost sales Empirical COF of Lost sales
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Table 5 Statistics of simulated lost sales under the same budget

Mean STD 70% CVaR 80% CVaR 90% CVaR

COP Model (Confidence level 70%)  0.5673 1.1675  1.8851 2.4305 3.6178
Stochastic Model(Confidence level 70%) 0.5623 1.2343  1.8745 2.6999 3.7901
COP Model (Confidence level 80%)  0.5383 1.1339  1.7884 2.3937 3.4969
Stochastic Model(Confidence level 80%) 0.5341 1.2635  1.7803 2.4339 4.0535
COP Model (Confidence level 90%)  0.5605 1.1626  1.8603 2.4669 3.6391
Stochastic Model(Confidence level 90%) 0.5476 1.2681  1.8254 2.4472 4.0676
g a8 The computation time to obtain the
3 inventory strategy from stochastic
o model is about 45mins, compared
o7l with less than 5 mins in the case of
0es running the COP model.
°% 2 3 fouw: 6 7 8 9
Benchmark #2

Simulated Lost Sales CDFs Comparison



Inventory Strategy: non-monotone in
budget

3 T T T T T T T
I Budget 1
- Budget 2
28l Bl Budget 3
' [ |Budget 4
[ |Budget 5
[ |Budget 6
Budget 7
B sudget 8
B Budget 9

ﬁﬁﬁln 11

1(1) 2(1) 3(2) 4(3) 5(4) 6(5) 7(5) 8(5) 9(6) 10(7) 11(8) 12(9)
Node(Vendor)

N
T

Inventory level
U!

Inventory levels under different inventory budgets



Disruption Risk Mitigation in Supply Chains
— The Risk Exposure Index Revisited

Chung-Piaw Teo
NUS Business School &
Institute of OR and Analytics

Sarah Yini Gao Zhilnzt'_‘e“ Ta“ David
Singapore Uni a |or_|ta f Simchi-levi
Management niversily o MIT

University Singapore



