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Abstract: 

This study aims to investigate the role of banking governance in preventing 

financial crises. To achieve this objective, an agent-based model (ABM) was 

developed, which, on the one hand, addressing  several criticisms of  dynamic 

stochastic general equilibrium (DSGE) models, such as neglecting the banking 

sector, the representative agent, and rational expectations; and on the other hand, 

integrates the internal and external mechanisms of banking governance within the 

framework of macroeconomic modeling. The study concluded that internal 

banking governance mechanisms, particularly executive management, play a 

pivotal role in reducing bank failure and enhancing the stability of the banking 

sector, followed by the role of the board of directors and banking supervision. 

These mechanisms contribute to strengthening banking stability, mitigating the 

domino effect, and reducing the damage caused by financial crises, should they 

occur, compared to their absence. Moreover, the addition of external banking 

governance mechanisms through regulations compliant with Basel III standards 

and deposit insurance schemes helps mitigate the adverse effects of financial 

crises in certain cases while preventing their occurrence in others. Furthermore, 

the study revealed that financial frictions and disturbances can lead to financial 

crises even with sound banking governance rules. This becomes evident when a 

central bank shifts from an expansionary to a contractionary monetary policy by 

gradually raising interest rates and when systemically important banks (SIBs) fail 

to adhere to banking governance standards. These situations lead to increased 

bankruptcies among households and firms, and even among compliant banks, 

exacerbating systemic risks, increasing financial fragility and amplifying 

financial volatility, thereby heightening the likelihood of a recession. This study 

establishes that banking governance mechanisms contribute to mitigating the 

adverse  effects of financial crises and reducing the likelihood of their occurrence. 

However, since the economic system in this model is based on capitalist 

fundamentals, particularly with banks functioning under a fractional reserve 

system, the room for instability and the emergence of financial crises persists, 

albeit to a lesser degree with the implementation of banking governance systems. 

Keywords:  Bank Governance, Financial Crises, Basel III, Dynamic Stochastic 

General Equilibrium (DSGE) Models, Agent-Based Modeling (ABM) 
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1 Frank Smets, Raf Wouters, AN ESTIMATED DYNAMIC STOCHASTIC GENERAL EQUILIBRIUM 

MODEL OF THE EURO AREA, Journal of the European Economic Association, Vol 1, No 5, 2003; Lawrence 

Christiano, Martin Eichenbaum, Charles Evans, Nominal Rigidities and the Dynamic Effects of a Shock to 

Monetary Policy, Journal of Political Economy, Vol 113, No 1, 2005. 
2 Jordi Galí, Op. cit.; Celso José Costa Junior, Op. cit. 
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𝐿𝑡(ℎ)
𝑚𝑎𝑥      𝔼0∑ ∞

𝑡=0 𝛽𝑡𝑈(𝐶𝑡(ℎ), 𝐿𝑡(ℎ))
𝑈𝑡(ℎ) = 𝑈(𝐶𝑡(ℎ), 𝐿𝑡(ℎ)) = {(𝐶𝑡(ℎ) − 𝜗𝑐𝐶𝑡−1(ℎ))1−𝜎1 − 𝜎 − 𝜉𝑡 𝐿𝑡1+𝜑(ℎ)1 + 𝜑 }𝔼0𝛽𝐶 𝐿𝜎 𝜑 𝜉𝑡

𝜗𝑐
𝑃𝑡(𝐶𝑡(ℎ) + 𝐼𝑡(ℎ)) + 𝐵𝑡= 𝑃𝑡𝑤𝑡𝐿𝑡(ℎ) + 𝑃𝑡𝑅𝑡𝑘𝐾𝑡(ℎ) + 𝑅𝑡−1𝑏 𝐵𝑡−1 − 𝑃𝑡𝛤𝑡+ 𝑃𝑡𝑇𝑅𝑁𝑆𝐹𝑡 + 𝑃𝑡𝛱𝑡 𝑃𝑡𝐼𝑡𝐶𝑡 𝐵𝑡

𝑤𝐾 𝑅𝑡𝑘𝑅𝑡𝑏 Γ𝑡 𝑇𝑅𝑁𝑆𝐹𝑡Π𝑡
 

𝐵𝑡𝑅𝑡𝑏
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𝐾𝑡+1(ℎ) = (1 − 𝛿)𝐾𝑡(ℎ) + 𝐼𝑡(ℎ) [1 − 𝜅𝐼2 ( 𝐼𝑡(ℎ)𝐼𝑡−1(ℎ) − 1)2] 𝛿𝜅𝐼
𝜅𝐼



ℒ =  𝔼0∑ ∞
𝑡=0 𝛽𝑡 {[(𝐶𝑡(ℎ) − 𝜗𝑐𝐶𝑡−1(ℎ))1−𝜎1 − 𝜎 − 𝜉𝑡 𝐿𝑡1+𝜑(ℎ)1 + 𝜑 ]

−𝜆𝑡(ℎ) [𝐶𝑡(ℎ) + 𝐼𝑡(ℎ) + 𝐵𝑡𝑃𝑡 − 𝑤𝑡𝐿𝑡(ℎ) − 𝑅𝑡𝑘𝐾𝑡(ℎ) − 𝑅𝑡−1𝑏 𝐵𝑡−1𝑃𝑡 + 𝛤𝑡 − 𝑇𝑅𝑁𝑆𝐹𝑡 −𝛱𝑡]
−𝜇𝑡(ℎ) [𝐾𝑡+1(ℎ) − (1 − 𝛿)𝐾𝑡(ℎ) + 𝐼𝑡(ℎ) [1 − 𝜅𝐼2 ( 𝐼𝑡(ℎ)𝐼𝑡−1(ℎ) − 1)2]] }  

  
𝜆𝑡(ℎ)𝜇𝑡(ℎ)

𝜕ℒ𝜕𝐶𝑡(ℎ) = 0 ⟺ (𝐶𝑡(ℎ) − 𝜗𝑐𝐶𝑡−1(ℎ))−𝜎− 𝜗𝑐𝛽(𝐸𝑡𝐶𝑡+1(ℎ) − 𝜗𝑐𝐶𝑡(ℎ))−𝜎 = 𝜆𝑡(ℎ)𝜕ℒ𝜕𝐿𝑡(ℎ) = 0 ⟺ 𝜆𝑡(ℎ) = (𝜉𝑡𝐿𝑡𝜑(ℎ))/𝑤𝑡
 
𝑃𝑡
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𝜕ℒ𝜕𝐼𝑡(ℎ) = 0 ⟺ 𝑢𝑡(ℎ) [1 − 𝜅𝐼𝐼𝑡(ℎ) ( 𝐼𝑡(ℎ)𝐼𝑡−1(ℎ) − 1)𝐼𝑡−1(ℎ) − 𝜅𝐼2 ( 𝐼𝑡(ℎ)𝐼𝑡−1(ℎ) − 1)2]
+ 𝛽𝐸𝑡 [𝜅𝐼 (𝐼𝑡+1(ℎ)𝐼𝑡(ℎ) )2 (𝐼𝑡+1(ℎ)𝐼𝑡(ℎ) − 1)𝜇𝑡+1(ℎ)] = 𝜆𝑡(ℎ)

𝜕ℒ𝜕𝐾𝑡+1(ℎ) = 0 ⟺ −𝑢𝑡(ℎ) + 𝛽𝐸𝑡[𝜆1+𝑡(ℎ)𝑅𝑡+1𝑘 + 𝑢𝑡+1(ℎ)(1 − 𝛿)] = 0
𝜕ℒ𝜕𝐵𝑡(ℎ) = 0 ⟺ 𝛽𝐸𝑡 ( 𝑅𝑡𝑏𝜋𝑡+1 𝜆ℎ,𝑡+1) = 𝜆ℎ,𝑡𝜕ℒ𝜕𝐵ℎ,𝑡 = 0 ⟺ 𝛽𝐸𝑡 ( 𝑅𝑡𝑏𝜋𝑡+1 𝜆𝑡+1(ℎ)) = 𝜆𝑡(ℎ)𝜋𝑡 = 𝑝𝑡𝑝𝑡−1 𝑅𝑡𝑟 ≡ 𝑅𝑡𝑏𝐸𝑡(𝜋𝑡+1)
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𝑌𝑡
𝑌𝑡 = [∫  10  𝑌𝑓,𝑡(𝑗)𝜓−1𝜓 𝑑𝑗] 𝜓𝜓−1

𝑌𝑡𝑌𝑓,𝑡(𝑗) 𝑗𝑗 ∈  [0  1]𝑓 
𝜓 > 1

𝑚𝑎𝑥𝑌𝑡,𝑌𝑓,𝑡(𝑗)𝑃𝑡𝑌𝑡 −∫ 𝑃𝑓,𝑡(𝑗)𝑌𝑓,𝑡1
0 (𝑗) 𝑑𝑗

𝑚𝑎𝑥𝑌𝑓,𝑡(𝑗)𝑃𝑡 [∫  10  𝑌𝑓,𝑡(𝑗)𝜓−1𝜓 𝑑𝑗] 𝜓𝜓−1 − 𝑃𝑓,𝑡(𝑗)∫ 𝑌𝑓,𝑡(𝑗)1
0 𝑑𝑗

𝑌𝑓,𝑡(𝑗)−1𝜓 (∫ 𝑌𝑓,𝑡(𝑗)𝜓−1𝜓 ⅆ𝑗1
0 ) 1𝜓−1 = 𝑃𝑓,𝑡(𝑗)𝑃𝑡1𝜓
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𝑌𝑡1𝜓 = [∫  10  𝑌𝑓,𝑡(𝑗)𝜓−1𝜓 𝑑𝑗] 1𝜓−1

𝑌𝑓,𝑡(𝑗)−1𝜓 𝑌𝑡1𝜓 = 𝑃𝑓,𝑡(𝑗)𝑃𝑡
𝑌𝑓,𝑡(𝑗) = 𝑌𝑡 ( 𝑃𝑡𝑃𝑓,𝑡(𝑗))𝜓 𝑜𝑟 𝑌𝑓,𝑡(𝑗) =  𝑌𝑡 (𝑃𝑓,𝑡(𝑗)𝑃𝑡 )−𝜓𝑗

𝑃𝑡 = [∫  10 𝑃𝑓,𝑡(𝑗)1−𝜓𝑑𝑗] 11−𝜓

𝑌𝑓,𝑡(𝑗) = 𝐴𝑡𝐾𝑡𝛼(𝑗)𝐿𝑡1−𝛼(𝑗)
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𝐴𝑡(𝑇𝐹𝑃)𝑌𝑗,𝑡𝛼
(1 − 𝛼)

𝑚𝑖𝑛𝐿𝑡(𝑗),𝐾𝑡(𝑗) 𝑊𝑡𝐿𝑡(𝑗) + 𝑅𝑡𝑘𝐾𝑡(𝑗)
𝑌𝑓,𝑡(𝑗) = 𝐴𝑡𝐾𝑡𝛼(𝑗)𝐿𝑡1−𝛼(𝑗)

ℒ = 𝑊𝑡𝐿𝑡(𝑗) + 𝑅𝑡𝑘𝐾𝑡(𝑗) + 𝑢𝑡(𝑗)(𝑌𝑓,𝑡(𝑗) − 𝐴𝑡𝐾𝑡𝛼(𝑗)𝐿𝑡1−𝛼(𝑗))
𝜕ℒ𝜕𝐾𝑡(𝑗) = 0 ⟺ 𝑅𝑡𝑘 − 𝛼𝑢𝑡(𝑗)𝐴𝑡𝐾𝑡𝛼−1(𝑗)𝐿𝑡1−𝒶(𝑗) = 0
𝜕ℒ𝜕𝐿𝑡(𝑗) = 0 ⟺ 𝑊𝑡 − (1 − 𝛼)𝑢𝑡(𝑗)𝐴𝑡𝐾𝑡𝛼(𝑗)𝐿𝑡−𝒶(𝑗) = 0 𝑢𝑡(𝑗)𝑀𝐶𝑡(𝑗)

𝐿𝑡(𝑗) = (1 − 𝛼)𝑀𝐶𝑡(𝑗) 𝑌𝑓,𝑡(𝑗)𝑊𝑡𝐾𝑡(𝑗) = 𝛼𝑀𝐶𝑡(𝑗) 𝑌𝑓,𝑡(𝑗)𝑅𝑡𝑘𝑗
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𝑃𝑡 = [∫  10 ( 1𝐴𝑡 ( 𝑊𝑡1 − 𝛼)1−𝛼 (𝑅𝑡𝑘𝛼 )𝛼)1−𝜓 𝑑𝑗]
11−𝜓

𝜓𝑃𝑡 = 1𝐴𝑡 ( 𝑊𝑡1 − 𝛼)1−𝛼 (𝑅𝑡𝑘𝛼 )𝛼

  

𝜃 𝜃 − 1 𝑡𝜃𝑡 + 1𝜃2 𝑡 + 2𝑡  

𝐴𝐶𝑡(𝑗)
 

1 Jordi Galí, Op. cit., P: 43. 
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𝜋̅𝐴𝐶𝑡(𝑗) = 𝜅𝑃2 ( 𝑃𝑓,𝑡(𝑗)𝑃𝑓,𝑡−1(𝑗) − 𝜋̅)2 𝑃𝑡𝑌𝑡 𝜅𝑃
𝑚𝑎𝑥𝑃𝑓,𝑡(𝑗),𝐿𝑡(𝑗),𝐾𝑡(𝑗),𝑌𝑓,𝑡(𝑗) 𝔼0  {∑  ∞

𝑡=0 𝛽𝑡 𝜆𝑡𝜆0 [𝑃𝑓,𝑡(𝑗)𝑃𝑡 𝑌𝑓,𝑡(𝑗) −𝑊𝑡𝐿𝑡(𝑗)
− 𝑅𝑡𝐾𝑡(𝑗) − 𝜅𝑃2 ( 𝑃𝑓,𝑡(𝑗)𝑃𝑓,𝑡−1(𝑗) − 𝜋̅)2 𝑌𝑡]}Maximizing

ℒ𝑓 = 𝔼0 {∑  ∞
𝑡=0 𝛽𝑡 𝜆𝑡𝜆0 [(𝑃𝑓,𝑡(𝑗)𝑃𝑡 )1−𝜓 𝑌𝑡 −𝑊𝑡𝐿𝑡(𝑗) − 𝑅𝑡𝐾𝑡(𝑗) − 𝜅𝑃2 ( 𝑃𝑓,𝑡(𝑗)𝑃𝑓,𝑡−1(𝑗) − 𝜋̅)2 𝑌𝑡 +

+𝑢𝑡(𝑗) [𝐴𝑡𝐾𝑡𝛼(𝑗)𝐿𝑡1−𝛼(𝑗) − 𝑌𝑡 (𝑃𝑓,𝑡(𝑗)𝑃𝑡 )−𝜓]]} ,
𝜕ℒ𝜕𝑃𝑓,𝑡(𝑗) = 0 ⟺ (1 − 𝜓)(𝑃𝑓,𝑡(𝑗)𝑃𝑡 )−𝜓 𝑌𝑡𝑃𝑡 − 𝜅𝑃𝑃𝑓,𝑡−1(𝑗) ( 𝑃𝑓,𝑡(𝑗)𝑃𝑓,𝑡−1(𝑗) − 𝜋̅)𝑌𝑡+ 𝜓𝑢𝑡(𝑗) 𝑌𝑡𝑃𝑡 (𝑃𝑓,𝑡(𝑗)𝑃𝑡 )−𝜓−1

+ 𝛽𝔼𝑡 [𝜆𝑡+1𝜆𝑡 𝜅𝑃 𝑃𝑓,𝑡+1(𝑗)𝑃𝑓,𝑡(𝑗)2 (𝑃𝑓,𝑡+1(𝑗)𝑃𝑓,𝑡(𝑗) − 𝜋̅)2 𝑌𝑡+1] = 0
 

1 Julio Rotemberg, Monopolistic Price Adjustment and Aggregate Output, Review of Economic Studies Ltd, 

Vol 49, No 4, 1982.  
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𝑢𝑡(𝑗)𝑀𝐶𝑡(𝑗)
𝑅𝑡𝑘 = 𝛼𝑀𝐶𝑡(𝑗) 𝑌𝑓,𝑡(𝑗)𝐾𝑡(𝑗) → 𝛼𝑀𝐶𝑡 𝑌𝑡𝐾𝑡𝑊𝑡 = 𝛼(1 − 𝛼)𝑀𝐶𝑡(𝑗) 𝑌𝑓,𝑡𝐿𝑡 → (1 − 𝛼)𝑀𝐶𝑡 𝑌𝑡𝐿𝑡



𝛱𝑡𝑓 = 𝑃𝑓,𝑡(𝑗)𝑃𝑡 𝑌𝑓,𝑡(𝑗) −𝑊𝑡𝐿𝑡(𝑗) − 𝑅𝑡𝐾𝑡(𝑗) − 𝜅𝑃2 ( 𝑃𝑓,𝑡(𝑗)𝑃𝑓,𝑡−1(𝑗) − 𝜋̅)2 𝑌𝑡𝛱𝑡𝑓 = 𝑌𝑡 −𝑊𝑡𝐿𝑡 − 𝑅𝑡𝐾𝑡 − 𝜅𝑃2 (𝜋𝑡 − 𝜋̅)2𝑌𝑡𝛱𝑡𝑓 = 𝑌𝑡 − (1 − 𝛼)𝑀𝐶𝑡𝑌𝑡 − 𝛼𝑀𝐶𝑡𝑌𝑡 − 𝜅𝑃2 (𝜋𝑡 − 𝜋̅)2𝑌𝑡𝛱𝑡𝑓 = 𝑌𝑡 [1 − 𝑀𝐶𝑡 − 𝜅𝑃2 (𝜋𝑡 − 𝜋̅)2]
(𝜓 − 1) + 𝜅𝑃 𝑃𝑡𝑃𝑡−1 ( 𝑃𝑡𝑃𝑡−1 − 𝜋̅) − 𝜓𝑀𝐶𝑡 − 𝛽𝔼𝑡 [𝜆𝑡+1𝜆𝑡 𝜅𝑃 𝑃𝑡+1𝑃𝑡 (𝑃𝑡+1𝑃𝑡 − 𝜋̅)𝑌𝑡+1𝑌𝑡 ]= 0
𝜋𝑡(𝜋𝑡 − 𝜋̅) = 𝛽𝔼𝑡 [𝜆𝑡+1𝜆𝑡 𝜋𝑡+1(𝜋𝑡+1 − 𝜋̅) 𝑌𝑡+1𝑌𝑡 ] + 𝜓𝜅𝑃 (𝑀𝐶𝑡 − 𝜓 − 1𝜓 )

 
  سيتم تحويل هذا الربح إلى الأسر، كما هو موضح في قيد مداخيلها، وبالتالي فإن هذا الربح𝛱𝑡 . 
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𝐺𝑡𝑇𝑅𝑁𝑆𝐹𝑡 𝛤𝑡𝛤𝑡 = 𝐺𝑡 + 𝑇𝑅𝑁𝑆𝐹𝑡
 

𝑅𝑡𝑅 = (𝑅𝑡−1𝑅 )𝜌𝑟 [(𝜋𝑡𝜋̅ )𝜙𝜋 (𝑌𝑡𝑌)𝜙𝑦]1−𝜌𝑟 𝑒𝑥𝑝 (𝑣𝑡𝑚) 𝜙𝜋𝜙𝑦𝑅𝑡
𝜌𝑟
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𝑣𝑡𝑚
 

𝐴𝑅(1)log(𝑥𝑡) = 𝜌𝑥 log(𝑥𝑡−1) + (1 − 𝜌𝑥) log(𝑥̅) + 𝑣𝑡𝑥𝑁(0, 𝜎𝑥2)~𝑣𝑡𝑥 𝑥𝑡𝜉𝑡 𝐴𝑡𝐺𝑡
 

𝑌𝑡 = 𝐶𝑡 + 𝐼𝑡 + 𝐺𝑡 + 𝜅𝑃2 (𝜋𝑡 − 𝜋̅)2𝑌𝑡
𝐵𝑡 = 0
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Lawrence Christiano, Mathias Trabandt, Karl Walentin, DSGE Models for 

Monetary Policy Analysis, NBER, 2010, P:75-77; Louis Phaneuf, Eric Sims, Jean Gardy Victor, INFLATION, 

OUTPUT, AND MARKUP DYNAMICS WITH FORWARD-LOOKING WAGE AND PRICE SETTERS, 

NBER, 2015, P: 34; Lawrence Christiano, Martin Eichenbaum, Charles Evans, Nominal Rigidities and the 

Dynamic Effects of a Shock to Monetary Policy, Journal of Political Economy, 2005, P-P:16-17.0   
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1 Dynare, 2025, retrieved from https://www.dynare.org/about/ accessed 7 January 2025. 

https://www.dynare.org/about/
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https://archive.nytimes.com/krugman.blogs.nytimes.com/2016/08/12/the-state-of-macro-is-sad-wonkish/ 

accessed 25 January 2025. 
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𝑝𝑎𝑦𝑚𝑒𝑛𝑡𝑠ℎ,𝑡 𝑡

𝜃𝑙𝑜𝑎𝑛𝑠𝑐 𝑐ℎ,𝑡𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒
𝐴ℎ,𝑡ℎ𝐴ℎ,𝑡 = [𝐴ℎ,𝑡−1 + 𝑤ℎ,𝑡𝑑 + 𝑐𝑎𝑠ℎ_𝑜𝑛_ℎ𝑎𝑛𝑑ℎ,𝑡 + 𝐷ℎ,𝑡 + 𝑑𝑖𝑣ℎ,𝑡+ 𝐼𝑛𝑡ℎ,𝑡𝐷𝑡𝑖𝑚𝑒 − 𝑐ℎ,𝑡𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒− 𝑡𝑜𝑡𝑎𝑙_𝑜𝑢𝑡𝑠𝑡𝑎𝑛𝑑𝑖𝑛𝑔_𝑙𝑜𝑎𝑛ℎ,𝑡]𝑑𝑖𝑣ℎ,𝑡 = 𝑑𝑖𝑣ℎ,𝑡𝑓 + 𝑑𝑖𝑣ℎ,𝑡𝑏𝐷ℎ,𝑡 = 𝐷ℎ,𝑡𝑐𝑢𝑟𝑟𝑒𝑛𝑡 + 𝐷ℎ,𝑡𝑡𝑖𝑚𝑒

 
   يفترض أن معدل الفائدة على الودائع𝑟𝐵ℎ,𝑡𝐷  .مرتبط بسعر الفائدة التوجيهي 
 باختيار نوع اخر من القروض عن طريق تغير مدة الاستحقاق.   هذا النموذج المطوريسمح 
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𝐷ℎ,𝑡𝐷ℎ,𝑡𝑐𝑢𝑟𝑟𝑒𝑛𝑡𝐷ℎ,𝑡𝑡𝑖𝑚𝑒 𝑑𝑖𝑣ℎ,𝑡𝑑𝑖𝑣ℎ,𝑡𝑓𝑑𝑖𝑣ℎ,𝑡𝑏 𝐼𝑛𝑡ℎ,𝑡𝐷𝑡𝑖𝑚𝑒𝑟𝐵ℎ,𝑡𝐷 𝐷ℎ,𝑡𝑡𝑖𝑚𝑒𝑡𝑜𝑡𝑎𝑙_𝑜𝑢𝑡𝑠𝑡𝑎𝑛𝑑𝑖𝑛𝑔_𝑙𝑜𝑎𝑛ℎ,𝑡
𝑐𝑎𝑠ℎ_𝑜𝑛_ℎ𝑎𝑛𝑑ℎ,𝑡𝐷ℎ,𝑡𝑐𝑢𝑟𝑟𝑒𝑛𝑡𝐷ℎ,𝑡𝑡𝑖𝑚𝑒𝑤1ℎ𝑤2ℎ 𝑤3ℎ

𝜃𝑐ℎ
 

𝐵𝑏 = 1,2,… , 𝐵
𝑅𝑒𝑠𝑜𝑢𝑟𝑐𝑒𝑠𝑏,𝑡 = 𝐴𝑏,𝑡 + (1 − 𝜇)𝐷𝑏,𝑡𝑅𝑒𝑠𝑜𝑢𝑟𝑐𝑒𝑠𝑏,𝑡𝐴𝑏,𝑡 𝐷𝑏,𝑡𝜇
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𝐷𝑏,𝑡 = ∑ ∑  𝑘̅∈{𝑑𝑒𝑚𝑎𝑛𝑑,𝑡𝑖𝑚𝑒} 𝐷𝑗,𝑏,𝑡𝑘̅𝑗∈{𝑓,ℎ} 𝑗 ∈ {𝑓, ℎ}ℎ𝑓𝑘̅
 𝑑𝑒𝑚𝑎𝑛𝑑𝑡𝑖𝑚𝑒 (1 −  𝛾)

𝑚𝑐 = 1𝜇 + 𝑐 − 𝜇𝑐 𝑚𝑐𝜇 𝑐



𝐷𝐵𝑏,𝑡 = ∑  𝑘∈{𝑠,𝑚,𝑙} ∑ 𝐵ℎ,𝑏,𝑡(𝑘)ℎ𝑡∈ℋ + ∑ 𝐵𝑓,𝑏,𝑡𝑓𝑡∈ℱ
 


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𝐷𝐵𝑏,𝑡𝐵ℎ,𝑏,𝑡(𝑘) 𝐵𝑓,𝑏,𝑡𝑘 ∈ {𝑠,𝑚, 𝑙} 𝑠𝑚𝑙ℎ𝑡 ∈ ℋ𝑓𝑡 ∈ ℱ 𝑡

{  
   
    
 𝑅𝑏,𝑓,𝑡 = 𝑓1(𝐿𝑏,𝑡−1) + 𝑓2𝑓(𝐿𝑓,𝑡)𝑅𝑏,ℎ,𝑡(𝑘) = 𝑓1(𝐿𝑏,𝑡−1) + 𝑓2(𝑘) (𝐿ℎ,𝑡(𝑘))𝑓1(𝐿𝑏,𝑡−1) = 𝜉𝐴𝑏,𝑡−1 + 𝑟𝑡𝐶𝐵𝑓2𝑓(𝐿𝑓,𝑡) = 𝜉 𝑙𝑒𝑣𝑒𝑟𝑎𝑔𝑒𝑓,𝑡∗( 1 + 𝐴𝑓,𝑡𝑚𝑎𝑥(𝐴𝑓,𝑡))𝑓2(𝑘) (𝐿ℎ,𝑡(𝑘)) = 𝜉 𝐷𝑇𝐼ℎ,𝑡1 + 𝐴ℎ,𝑡 + 𝜂(𝑘), {𝜂(𝑠) < 𝜂(𝑚) < 𝜂(𝑙)} 𝑅𝑏,𝑓,𝑡𝑅𝑏,ℎ,𝑡(𝑘) 𝑓1(𝐿𝑏,𝑡)𝜉𝐴𝑏,𝑡−1𝜉

𝑟𝑡𝐶𝐵

𝑓2𝑓(𝐿𝑓,𝑡)
𝑓2(𝑘) (𝐿ℎ,𝑡(𝑘)) 𝐷𝑇𝐼ℎ,𝑡𝜂(𝑘)
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لوكا

𝑡
𝑏

{𝑝𝑠𝑗,𝑡 = 1 − 𝑒𝜆(𝑅𝑏,𝑡 −𝑅𝑏,𝑡 )/(𝑅𝑏,𝑡 )  𝑅𝑏,𝑡 < 𝑅𝑏,𝑡 𝑗 ∈ {𝑓, ℎ}𝑝𝑠𝑗,𝑡 = 0
𝑝𝑠𝑗,𝑡 𝑅𝑏,𝑡𝑅𝑏,𝑡𝜆
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𝐶𝐸𝑂𝐵𝑐𝑒𝑜𝑏 = 1,2,… , 𝐶𝐸𝑂𝐵𝐶𝐸𝑂𝐵 = 𝐵𝑏𝑜𝑎𝑟𝑑𝑑 = 1,2,… , 𝐵𝑂𝐴𝑅𝐷𝑏𝑁𝐵𝐵𝐵𝑂𝐴𝑅𝐷𝑏 = 𝑁𝐵𝐵 × 𝐵 + 𝐶𝐸𝑂𝐵𝑦𝑐𝑒𝑜𝑏,𝑡𝑤𝑐𝑒𝑜𝑏,𝑡 𝑏𝑜𝑛𝑢𝑠𝑐𝑒𝑜𝑏,𝑡
𝑦𝑐𝑒𝑜𝑏,𝑡 = 𝑤𝑐𝑒𝑜𝑏,𝑡 + 𝑏𝑜𝑛𝑢𝑠𝑐𝑒𝑜𝑏,𝑡

𝑡𝑎𝑥𝑤,𝑐𝑒𝑜𝑏 𝛼𝑏𝑜𝑛𝑢𝑠𝑍𝑏,𝑡−1 𝜒𝑏𝑜𝑛𝑢𝑠𝑏,𝑡𝑐𝑜𝑛𝑡𝑟𝑜𝑙

{  
  
  𝑤𝑐𝑒𝑜𝑏,𝑡 = [𝜃𝑤𝑏𝑤𝑐𝑒𝑜𝑏,𝑡−1 + (1 − 𝜃𝑤𝑏) ( 𝐴𝑏,𝑡2∑𝐴𝑏,𝑡 𝐶𝑊𝑅𝑤̅𝑡∗ + 𝐶𝑊𝑅𝑤̅𝑡∗2 )] (1 − 𝑡𝑎𝑥𝑤,𝑐𝑒𝑜𝑏)𝑏𝑜𝑛𝑢𝑠𝑐𝑒𝑜𝑏,𝑡 = (𝛼𝑏𝑜𝑛𝑢𝑠𝑍𝑏,𝑡−1)𝜒𝑏𝑜𝑛𝑢𝑠𝑏,𝑡𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝜒𝑏𝑜𝑛𝑢𝑠𝑏,𝑡𝑐𝑜𝑛𝑡𝑟𝑜𝑙 = 𝜔1𝑝𝑒𝑟𝑓𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒𝑏,𝑡 + 𝜔2𝑠𝑡𝑎𝑏𝑠𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝑏,𝑡 , 𝜒𝑏𝑜𝑛𝑢𝑠𝑏,𝑡𝑐𝑜𝑛𝑡𝑟𝑜𝑙 ∈ [0,1]𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒𝑏,𝑡 = 𝑓𝑛𝑜𝑟𝑚𝑖𝑙𝑧(𝑅𝑂𝐴𝑏,𝑡 , 𝑝𝑟𝑜𝑓𝑖𝑡_𝑚𝑎𝑟𝑔𝑖𝑛)𝑠𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝑏,𝑡 = 𝑓𝑛𝑜𝑟𝑚𝑖𝑙𝑧(𝑁𝑃𝐿𝑏,𝑡 , 𝑝𝑟𝑜𝑓𝑖𝑡_𝑣𝑜𝑙𝑎𝑡𝑖𝑙𝑖𝑡𝑦)



 

 246 

𝑤𝑐𝑒𝑜𝑏,𝑡𝜃𝑤𝑏 𝐶𝑊𝑅𝑤̅𝑡∗𝜒𝑏𝑜𝑛𝑢𝑠𝑏,𝑡𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒𝑏,𝑡𝑓𝑛𝑜𝑟𝑚𝑖𝑙𝑧 𝑅𝑂𝐴𝑏,𝑡 𝑝𝑟𝑜𝑓𝑖𝑡_𝑚𝑎𝑟𝑔𝑖𝑛𝑠𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝑏,𝑡 𝑁𝑃𝐿𝑏,𝑡 𝑝𝑟𝑜𝑓𝑖𝑡_𝑣𝑜𝑙𝑎𝑡𝑖𝑙𝑖𝑡𝑦 𝜔1𝑝𝑒𝑟𝑓𝜔2𝑠𝑡𝑎𝑏
𝐶𝐸𝑂𝐵

(22)

𝐷𝑒𝑐𝑖𝑠𝑖𝑜𝑛𝑐𝑒𝑜𝑏,𝑡= 11 + 𝑒(−𝜅(𝜔1𝑐𝑒𝑜𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒𝑏,𝑡+𝜔2𝑐𝑒𝑜( 𝑠𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝑏,𝑡 + 𝑠𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝑏,𝑡𝐶𝑂𝑆𝑂𝑏2 +𝑠𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝑏,𝑡𝐶𝑂𝑆𝑂𝑏2 )+𝜔3𝑐𝑒𝑜𝑏𝑜𝑛𝑢𝑠𝑐𝑒𝑜𝑏,𝑡+𝜔4𝑐𝑒𝑜𝜒𝑠𝑡𝑟𝑎𝑡𝑒𝑔𝑦𝑏,𝑡𝑐𝑜𝑛𝑡𝑟𝑜𝑙 −𝑥0) 
.n.b. 𝐷𝑒𝑐𝑖𝑠𝑖𝑜𝑛𝑐𝑒𝑜𝑏,𝑡 ∈ [0,1] 

𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒𝑏,𝑡
𝑠𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝑏,𝑡𝑁𝑃𝐿𝑏,𝑡 𝑝𝑟𝑜𝑓𝑖𝑡𝑏,𝑡𝑣𝑜𝑙𝑎𝑡𝑖𝑙𝑖𝑡𝐶𝑂𝑆𝑂𝑏

𝑏𝑜𝑛𝑢𝑠𝑐𝑒𝑜𝑏,𝑡
 



 

 247 

𝜒𝑠𝑡𝑟𝑎𝑡𝑒𝑔𝑦𝑏,𝑡𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝜔2𝑐𝑒𝑜𝜔1𝑐𝑒𝑜
𝜔3𝑐𝑒𝑜 𝜔4𝑐𝑒𝑜𝜅 𝑥0

(22)
𝛱𝑏,𝑡 = ∑ 𝑅̂𝑓,𝑏,𝑡 . 𝐵̂𝑓,𝑏,𝑡𝑓𝑡∈ℱ + ∑  𝑘∈{𝑠,𝑚,𝑙} ∑ 𝑅̂ℎ,𝑏,𝑡(𝑘) . 𝐵̂ℎ,𝑏,𝑡(𝑘)ℎ𝑡∈ℋ − 𝐼𝑛𝑡ℎ,𝑏,𝑡𝐷𝑡𝑖𝑚𝑒 − 𝑏𝑎𝑑𝑏,𝑡 − 𝑦𝑐𝑒𝑜𝑏,𝑡− 𝜃𝐹𝐷𝐼𝐶 . 𝜙𝐹𝐷𝐼𝐶 . 𝐷𝑏,𝑡 𝛱𝑏,𝑡𝑏𝑡𝑅̂ℎ,𝑏,𝑡(𝑘) . 𝐵̂ℎ,𝑏,𝑡(𝑘) 𝑡𝑝𝑎𝑦𝑚𝑒𝑛𝑡𝑠ℎ,𝑡𝑖𝑛𝑡 𝑅̂𝑓,𝑏,𝑡 . 𝐵̂𝑓,𝑏,𝑡 𝑝𝑎𝑦𝑚𝑒𝑛𝑡𝑠𝑓,𝑡𝑖𝑛𝑡𝐼𝑛𝑡ℎ,𝑏,𝑡𝐷𝑡𝑖𝑚𝑒

𝑦𝑐𝑒𝑜𝑏,𝑡𝑤𝑐𝑒𝑜𝑏,𝑡 𝑏𝑜𝑛𝑢𝑠𝑐𝑒𝑜𝑏,𝑡𝜙𝐹𝐷𝐼𝐶 . 𝐷𝑏,𝑡𝜃𝐹𝐷𝐼𝐶



 

 248 

𝑏𝑎𝑑𝑏,𝑡
𝑏𝑎𝑑𝑏,𝑡 = 𝐷𝑏,𝑡(𝑑𝑒𝑓). 𝐿𝐺𝐷 𝐷𝑏,𝑡(𝑑𝑒𝑓) 

𝐷𝑏,𝑡(𝑑𝑒𝑓) = ∑ 𝐵𝑓,𝑏,𝑡𝑓∈𝑆𝑡𝑓 + ∑  𝑘∈{𝑠,𝑚,𝑙} ∑ 𝐵ℎ,𝑏,𝑡(𝑘)ℎ∈𝑆𝑡𝑘 𝑆𝑡𝑓𝑆𝑡𝑘 𝑡𝐷𝑏,𝑡(𝑑𝑒𝑓)𝑡  

𝐿𝐺𝐷 = 1 − 𝑅𝑅
𝑅𝑅 = ∑ 𝐴𝑗,𝑡𝑗∈𝑆𝑡𝑗∑ 𝐵𝑗,𝑡𝑗∈𝑆𝑡𝑗 − 𝐿𝐸

 𝑡𝑎𝑥𝑝𝑟𝑜𝑓,𝑏
𝛱𝑏,𝑡𝑎𝑓𝑡𝑒𝑟 = 𝛱𝑏,𝑡(1 − 𝑡𝑎𝑥𝑝𝑟𝑜𝑓,𝑏) 𝜗̅𝑑𝑖𝑣ℎ,𝑡𝑏 = 𝜗̅𝛱𝑏,𝑡𝑎𝑓𝑡𝑒𝑟(1 − 𝑡𝑎𝑥𝑑𝑖𝑣,𝑏)



 

 249 

𝑡𝑎𝑥𝑑𝑖𝑣,𝑏𝐴𝑏,𝑡+1 = 𝐴𝑏,𝑡 + (1 − 𝜗̅)𝛱𝑏,𝑡
𝐴𝑏,𝑡+1 < 0𝑡 𝑡 + 1

 

𝛤𝑡𝑡𝑎𝑥 = 𝑇𝑎𝑥𝑇𝑉𝐴,𝑡 + 𝑇𝑎𝑥𝑤,𝑡 + 𝑇𝑎𝑥𝑝𝑟𝑜𝑓,𝑡 + 𝑇𝑎𝑥𝑑𝑖𝑣,𝑡𝑇𝑎𝑥𝑝𝑟𝑜𝑓,𝑡 = 𝑇𝑎𝑥𝑝𝑟𝑜𝑓,𝑓,𝑡 + 𝑇𝑎𝑥𝑝𝑟𝑜𝑓,𝑏,𝑡𝑇𝑎𝑥𝑑𝑖𝑣,𝑡 = 𝑇𝑎𝑥𝑑𝑖𝑣,𝑓ℎ,𝑡 + 𝑇𝑎𝑥𝑑𝑣,𝑏ℎ,𝑡𝑇𝑎𝑥𝑤,𝑡 = 𝑇𝑎𝑥𝑤,𝑓ℎ,𝑡 + 𝑇𝑎𝑥𝑤,𝑐𝑒𝑜𝑏,𝑡
𝑇𝑎𝑥𝑝𝑟𝑜𝑓,𝑓,𝑡 𝑡𝑎𝑥𝑝𝑟𝑜𝑓,𝑓𝑍𝑓,𝑡

 




 

 250 

𝜃𝐹𝐷𝐼𝐶 ∈ (0,1]𝜃𝐹𝐷𝐼𝐶

 

𝑟𝐶𝐵𝑡 = 𝜌𝑟𝑟𝐶𝐵𝑡 + (1 − 𝜌𝑟)(𝜙𝜋𝜋̃𝑡 + 𝜙𝛾𝛾𝑡 + 𝑟𝑛) 𝜙𝜋𝜙𝛾 𝜋̃𝑡 = 𝜋𝑡 − 𝜋̅𝑟𝑛 𝜌𝑟
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