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Supply Chain Risk Management

How to reduce the impact of disruption to supply chain?



Resilinc: Supply Chain Disruptions 
Nearly Doubled in 2017



Supply Chain Risk Management

RISK
PRIORITIZATION

RISK
MITIGATION

How to mitigate disruption 
risk to minimize losses?

How to prioritize the risk of each 
node in the supply chain? 



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

d1/day

d2/day

d3/day

d4/day

BOM

Same Plant

Where to hold inventory to mitigate disruption?

Each site has some prob of disruption
affecting production capacity

Daily production rate (capacity) at each plant

Depends 
on TTR(k):

Time-To-
Recovery
of node k 



TTS: Time-To-Survive (of the supply chain) 

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

Measuring the Supply Chain Disruption 
Impact

Disruption 
ends

System recovers
even if some facilities
are still down

Supply Chain Mitigation to minimize the impact of Lost Sales?



ModelLost sales cost

Time of Disruption

TTR(node k) Vk = 1 if
no disruption

Disruption to
capacity only!

Nodes 
in the
same
plantComputes

lost sales
for given
disruption
scenario v
and inventory
strategy r

Minimize 
inventory r
investment 
s.t. CVaR(Z(v,r)) 
acceptable  



HOW TO MODEL TIME-TO-RECOVERY?
Complex function of random events

Building DRO Model difficult

s t

TTR(1) if disrupted

TTR(2) if disrupted

TTR(3) if disrupted

LONGEST PATH MODEL

s t

TTR(1) if disrupted

TTR(2) if disrupted

TTR(3) if disrupted

Discovery 
Time

OR

Time of Disruption

Available
capacity within

time of disruption



Benchmark #1
Risk-Exposure-Index: At most one node 

disrupted
Find min cost inventory strategy to ensure zero 

lost sales in all disruption scenarios



Risk Measure: Worst Case CVaR

Robust to disruption probabilities

Optimize inventory strategy 



Benchmark #2
Stochastic Programming using CVaR 



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

Dual: 



Conic Formulation for Linear Constraints 
and Given Moments

Sam Burer (2009)



Conic Formulation for Quadratic Constraints 
and Given Moments



Conic Formulation for Quadratic Constraints



Conic Formulation for Quadratic Constraints
DUAL



Conic Formulation for Worst Case CVaR



Strengthening the Formulation



Conic Formulation for Worst Case CVaR

…..has a completely positive conic programming formulation



Conic Formulation for Worst Case CVaR

…..has a completely positive conic programming formulation

has a strict 
interior solution Strong duality holds



Plan
• 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?

An optimal 
solution of the 
completely 
positive 
program 
equivalent to 
the worst-
case 
expected lost 
sale problem.



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?

An optimal 
solution of the 
completely 
positive 
program 
equivalent to 
the worst-
case 
expected lost 
sale problem.



Computational Results

Benchmark #1



Inventory Strategy Inventory strategy from LP 
model

Inventory strategy from 
COP model



Computational Results

Benchmark #2



Computational Results

Benchmark #2

The computation time to obtain the 
inventory strategy from stochastic 
model is about 45mins, compared 
with less than 5 mins in the case of 
running the COP model.



Inventory Strategy: non-monotone in 
budget
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