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Overview: Background

Bailout: costly but necessary!

How to find out optimal systemic risk bailout ?

E-N Models
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Overview: Motivation

How to find out optimal systemic risk bailout ?
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E-N +Default 
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E-N + Market 
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E-N +Multiple 
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……
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……
Objective 

function with no 
closed form

Research
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et.al(2011)

Jackson & 
Pernoud (2020): 
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(by order)

Demange and 
Gabrielle(2018): 
A threat index

(by index)

Ma et.al(2021): 
A heuristic 
algorithm
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Overview: Motivation

How to find out optimal systemic risk bailout ?

Explore the 
black box !
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Bailout Measurement
• Definitions of the Financial System

Eisenberg & Noe(2001)
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Bailout Measurement
• Definitions of the Financial System

E-N Model

Interbank Relationship

Extended E-N Model

Interbank Relationship
+ Portfolio Overlapping

Fixed−point System

Fixed−point System

Clearing Vector 𝒍∗ 

Clearing Vector 𝒍∗ 

Price Vector 𝒑∗  
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Bailout Measurement
• Definitions of the Objective Function

𝑆𝑎𝑣𝑒𝑎𝑙𝑙 = ෤𝒄 + Π𝑇 𝒍∗ ෤𝒄 − 𝒍∗ 𝒔 + 𝟏𝑇 − 𝟏𝑇Π 𝒍∗ ෤𝒄 − 𝒍∗ 𝒔 + 𝐴 𝒑∗ ෤𝒄 − 𝒑∗ 𝒔

𝑅𝑎𝑡𝑖𝑜 =
𝑆𝑎𝑣𝑒𝑎𝑙𝑙

𝜏

𝑃𝑎𝑦𝑎𝑙𝑙 = 𝟏𝑇𝒍∗ ෤𝒄

𝒍∗: Clearing Vector 

𝒑∗: Price Vector 

෤𝒄: The bailout vector

Π: The relative liability matrix 

𝐴: The portfolio holdings

𝒔 = 𝑠𝑖 ∈ ℝ+
𝑛 : The initial shock 
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Bailout Measurement
• Definitions of the Objective Function
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Framework: “Prediction-Gradient-Optimization” (PGO)

GAP: no closed form
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Framework: “Prediction-Gradient-Optimization” (PGO)
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Neutral Network
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Framework: “Prediction-Gradient-Optimization” (PGO)
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Framework: “Prediction-Gradient-Optimization” (PGO)

Paired Samples (෤𝒄, 𝑓(෤𝒄))
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Framework: “Prediction-Gradient-Optimization” (PGO)
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Framework: “Prediction-Gradient-Optimization” (PGO)

𝒒:  loss function

𝑊1, 𝑏1

𝜕𝒒

𝜕𝑾

𝜕𝒒

𝜕𝒃

𝒇:  objective function    
𝜕𝒇

𝜕𝒙

𝑥𝑛

𝑥1

𝑥2

…
… …

…

…

…

𝑊𝑛, 𝑏𝑛
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Framework: “Prediction-Gradient-Optimization” (PGO)

Gradient Projection
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Simulating Results
• Two cases

Order: 

Heuristic: ෦𝒄𝟏 ⟹ 𝒍𝟏
𝒑𝟏

 ⟹ 𝑃𝑎𝑦𝑎𝑙𝑙1
⟹ ෦𝒄𝟏 + 𝚫𝒄 ⟹ 𝒍𝟐

𝒑2
 ⟹ 𝑃𝑎𝑦𝑎𝑙𝑙2

֜
…

෩𝒄∗ ⟹ ቊ
𝑃𝑎𝑦𝑎𝑙𝑙

𝑆𝑎𝑣𝑒𝑎𝑙𝑙

PGO:          ෦𝒄𝒐 ⟹ መ𝑓(෦𝒄𝟎) ⟹ ෦𝒄𝟏 ⟹ መ𝑓(෦𝒄𝟏) ֜
…

෩𝒄∗ ⟹ ቊ
𝑃𝑎𝑦𝑎𝑙𝑙

𝑆𝑎𝑣𝑒𝑎𝑙𝑙
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Simulating Results: Case1(E-N Model)



27

Simulating Results: Case2(Extended E-N Model)
• Case2.1 Known Budget
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Simulating Results: Case2.1 Known Budget

𝐵𝑢𝑑𝑔𝑒𝑡 =  min{𝑏𝑢𝑑𝑔𝑒𝑡, 𝜏max} 



29

Simulating Results: Case2.2 Unknown Budget 

𝐵𝑢𝑑𝑔𝑒𝑡max = 𝜏max
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The Highest Ratio

𝑅𝑎𝑡𝑖𝑜 =
𝑆𝑎𝑣𝑒𝑎𝑙𝑙

𝜏

Simulating Results: Case2.2 Unknown Budget 
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Simulating Results: Case2.3 More Constraints

• 𝐵𝑢𝑑𝑔𝑒𝑡 = 0.1𝜏max 

• The number of bailout funds for each bank ≤
𝜉

𝑛𝑠
𝜏max

𝜉 : a parameter(=1.5)
𝑛𝑠 : the number of banks bailed out
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Conclusion

E-N model + Multiple asset Banking System

Systemic RiskShock
Fire Sale
Liability

Neural 
Network
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Optimal Systemic 
Risk Bailout
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Discussion

Model E-N model
E-N +Default 

costs
E-N + Market 

value/Cross hold
E-N +Multiple 
illiquid assets

Source of  
Model

Eisenberg & 
Noe (2001)

Rogers & 
Veraart (2013)

……
Feinstein (2017)
Ma et.al(2021)

Property 
Linear 

Programming

Non-
deterministic 

Polynomial hard 
(NP hard)

……
Objective 

function with no 
closed form

Research
Pokutta 

et.al(2011)

Jackson & 
Pernoud (2020): 

A simple 
algorithm
(by order)

Demange and 
Gabrielle(2018): 
A threat index

(by index)

Ma et.al(2021): 
A heuristic 
algorithm

• Generalization
• NP-hard & Combinatorial Optimization
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Thanks for your listening!
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