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𝐹𝑢𝑛𝑑𝑖𝑛𝑔 𝑅𝑎𝑡𝑖𝑜 =  
𝑇𝑜𝑡𝑎𝑙 𝑉𝑎𝑙𝑢𝑒 𝐴𝑠𝑠𝑒𝑡𝑠

𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑉𝑎𝑙𝑢𝑒 𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠
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𝑡

𝑉(𝑡, 𝑦) =  ∑
𝑐𝑡𝑖

(1+𝑦)𝑡𝑖−𝑡
𝐼
𝑖=1

𝑐𝑡𝑖
𝑡𝑖 𝑐𝑡𝑖

𝑖 = 1, … , 𝐼} 𝑦



 

𝑡𝑖−1 𝑡𝑖

𝑟(𝑡𝑖−1, 𝑡𝑖) =
𝑉(𝑡𝑖−1,𝑦𝑖−1) − 𝑉(𝑡𝑖,𝑦𝑖)−𝑐𝑎𝑠ℎ𝑓𝑙𝑜𝑤𝑠 𝑖𝑛+𝑐𝑎𝑠ℎ𝑓𝑙𝑜𝑤𝑠 𝑜𝑢𝑡

𝑉(𝑡𝑖−1,𝑦𝑖−1)

𝑖𝑓 𝑓 ∶  ℝ𝑛 →  ℝ 𝑖𝑠  𝑛 +  1  𝑡𝑖𝑚𝑒𝑠 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑜𝑢𝑠𝑙𝑦 

𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡𝑖𝑎𝑏𝑙𝑒, 𝑎 =  (𝑎1, … , 𝑎𝑛) Є  ℝ𝑛 , 𝑎𝑛𝑑 𝑥 =  (𝑥1, … , 𝑥𝑛) Є  ℝ𝑛 , 𝑡ℎ𝑒𝑛 

𝑓(𝑥1, … , 𝑥𝑛) = 𝑓(𝑎1, … , 𝑎𝑛) +  
1

1!
∑

𝜕1𝑓(𝑎1, … , 𝑎𝑛) 

𝜕𝑥𝑖

𝑛

𝑖=1
(𝑥𝑖 − 𝑎𝑖)

+ 
1

2!
∑ ∑

𝜕2𝑓(𝑎1, … , 𝑎𝑛) 

𝜕𝑥𝑖𝜕𝑥𝑗

𝑛

𝑗=1

𝑛

𝑖=1
(𝑥𝑖 − 𝑎𝑖)(𝑥𝑗 − 𝑎𝑗)

+ 
1

3!
∑ ∑ ∑

𝜕3𝑓(𝑎1, … , 𝑎𝑛) 

𝜕𝑥𝑖𝜕𝑥𝑗𝜕𝑥𝑣

𝑛

𝑣=1

𝑛

𝑗=1

𝑛

𝑖=1
(𝑥𝑖 − 𝑎𝑖)(𝑥𝑗 − 𝑎𝑗)(𝑥𝑣 − 𝑎𝑣)

+ ∑ (
1

𝑘!
∑ …

𝑛

𝑗1

∑
𝜕𝑘𝑓(𝑎1, … , 𝑎𝑛) 

𝜕𝑥𝑗1
…  𝜕𝑥𝑗𝑘

𝑛

𝑗𝑘

(𝑥𝑗1
− 𝑎𝑗1

) … (𝑥𝑗𝑘
− 𝑎𝑗𝑘

))
𝑛

𝑘=4

+ 𝑹𝒌+𝟏 (𝒂𝟏, … , 𝒂𝒏).

𝑀𝑜𝑟𝑒𝑜𝑣𝑒𝑟, 𝑖𝑓 lim
𝑘→∞

𝑹𝒌+𝟏(𝒂𝟏, … , 𝒂𝒏) = 𝟎 𝑡ℎ𝑒𝑛,

𝑓(𝑥1, … , 𝑥𝑛) = 𝑓(𝑎1, … , 𝑎𝑛)  + ∑ (
1

𝑘!
∑ …

𝑛

𝑗1

∑
𝜕𝑘𝑓(𝑎1, … , 𝑎𝑛) 

𝜕𝑥𝑗1
…  𝜕𝑥𝑗𝑘

𝑛

𝑗𝑘

(𝑥𝑗1
− 𝑎𝑗1

) … (𝑥𝑗𝑘
− 𝑎𝑗𝑘

))
∞

𝑘=1

𝑥

𝑉(𝑡𝑖 , 𝑦𝑖) ≈  𝑉(𝑡𝑖−1, 𝑦𝑖−1) +  
𝜕𝑉(𝑡𝑖−1, 𝑦𝑖−1)

∂𝑡𝑖−1
 (𝑡𝑖 − 𝑡𝑖−1)

                                                +
𝜕𝑉(𝑡𝑖−1, 𝑦𝑖−1)

∂𝑦𝑖−1
 (𝑦𝑖 − 𝑦𝑖−1)

                                                + 
1

2

𝜕2𝑉(𝑡𝑖−1,𝑦𝑖−1)

∂𝑦𝑖−1
2  (𝑦𝑖 − 𝑦𝑖−1)2

                 ≈  𝑉(𝑡𝑖−1, 𝑦𝑖−1) +  
𝜕𝑉(𝑡𝑖−1,𝑦𝑖−1)

∂𝑡𝑖−1
 ∆𝑡 +

𝜕𝑉(𝑡𝑖−1,𝑦𝑖−1)

∂𝑦𝑖−1
 ∆𝑦 +  

1

2

𝜕2𝑉(𝑡𝑖−1,𝑦𝑖−1)

∂𝑦𝑖−1
2  (∆𝑦)2



𝑟(𝑡𝑖−1, 𝑡𝑖) =
𝑉(𝑡𝑖−1,𝑦𝑖−1) − 𝑉(𝑡𝑖,𝑦𝑖)

𝑉(𝑡𝑖−1,𝑦𝑖−1)

                    ≈  
1

𝑉(𝑡𝑖−1,𝑦𝑖−1)

𝜕𝑉(𝑡𝑖−1,𝑦𝑖−1)

∂𝑡𝑖−1
 ∆𝑡 +

1

𝑉(𝑡𝑖−1,𝑦𝑖−1)

𝜕𝑉(𝑡𝑖−1,𝑦𝑖−1)

∂𝑦𝑖−1
 ∆𝑦

                          + 
1

2

1

𝑉(𝑡𝑖−1,𝑦𝑖−1)

𝜕2𝑉(𝑡𝑖−1,𝑦𝑖−1)

∂𝑦𝑖−1
2  (∆𝑦)2

 𝑦𝑖−1                                    =
1

𝑉(𝑡𝑖−1,𝑦𝑖−1)

𝜕𝑉(𝑡𝑖−1,𝑦𝑖−1)

∂𝑡𝑖−1

 𝑀𝑜𝑑𝑖𝑓𝑖𝑒𝑑 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛    =  
1

𝑉(𝑡𝑖−1,𝑦𝑖−1)

𝜕𝑉(𝑡𝑖−1,𝑦𝑖−1)

∂𝑦𝑖−1

 𝑀𝑜𝑑𝑖𝑓𝑖𝑒𝑑 𝐶𝑜𝑛𝑣𝑒𝑥𝑖𝑡𝑦  =  
1

2

1

𝑉(𝑡𝑖−1,𝑦𝑖−1)

𝜕2𝑉(𝑡𝑖−1,𝑦𝑖−1)

∂𝑦𝑖−1
2

𝑟(𝑡𝑖−1, 𝑡𝑖) ≈ 𝑦𝑖−1∆𝑡 −  𝐷𝑀 ∆𝑦 + 
1

2
 𝐶𝑀 (∆𝑦)2

 𝐷𝑀 

 𝐶𝑀 



 

𝑤𝑡 =  
𝑐𝑡

𝑉(𝑡,𝑦)

𝐷 =  ∑ 𝑡𝑖 ∗ 𝐼
𝑖=1  𝑤𝑡𝑖

𝐷𝑀 =  
𝐷

(1+
𝑦

𝑘
)

𝑦

𝐷𝐸 =  
1

𝑉(𝑡,𝑦)

𝜕𝑉(𝑡,𝑦)

∂𝑦

        =  lim
ℎ → 0

1

𝑉(𝑡,𝑦)
(

𝑉(𝑡,𝑦+ℎ)− 𝑉(𝑡,𝑦−ℎ)

2ℎ
)

       ≈  
1

𝑉(𝑡,𝑦)
(

𝑉(𝑡,𝑦+ℎ)− 𝑉(𝑡,𝑦−ℎ)

2ℎ
)



ℎ ℎ = 1%

𝑟(𝑡𝑖−1, 𝑡𝑖) =
𝑉(𝑡𝑖−1,𝑦1𝑖−1

,… ,𝑦𝑛𝑖−1
) − 𝑉(𝑡𝑖,𝑦1𝑖

,… ,𝑦𝑛𝑖
)

𝑉(𝑡𝑖−1,𝑦1𝑖−1
,… ,𝑦𝑛𝑖−1

)

                    ≈  
1

𝑉(𝑡𝑖−1,𝑦1𝑖−1
,… ,𝑦𝑛𝑖−1

)

𝜕𝑉(𝑡𝑖−1,𝑦1𝑖−1
,… ,𝑦𝑛𝑖−1

)

∂𝑡𝑖−1
 ∆𝑡 +

                         
1

𝑉(𝑡𝑖−1,𝑦1𝑖−1
,… ,𝑦𝑛𝑖−1

)
∑

𝜕𝑉(𝑡𝑖−1,𝑦1𝑖−1
,… ,𝑦𝑛𝑖−1

)

∂𝑦𝑗𝑖−1

𝑛
𝑗=1  ∆𝑦

                          + 
1

2

1

𝑉(𝑡𝑖−1,𝑦1𝑖−1
,… ,𝑦𝑛𝑖−1

)
∑

𝜕2𝑉(𝑡𝑖−1,𝑦1𝑖−1
,… ,𝑦𝑛𝑖−1

)

∂𝑦𝑗𝑖−1

2  𝑛
𝑗=1 (∆𝑦)2

𝑦𝑗𝑖−1
𝑗 𝑖 − 1 𝑦𝑗𝑖−1

𝑗 = 1, … , 𝑛}

𝑦𝑗𝑖−1
𝐾𝑅𝐷𝑀𝑗

𝐾𝑅𝐷𝑀𝑗
=  

1

𝑉(𝑡𝑖−1,𝑦1𝑖−1
,… ,𝑦𝑛𝑖−1

)

𝜕𝑉(𝑡𝑖−1,𝑦1𝑖−1
,… ,𝑦𝑛𝑖−1

)

∂𝑦𝑗𝑖−1

 ∆𝑦

𝐷𝑀 =  ∑ 𝐾𝑅𝐷𝑀𝑗

𝑛
𝑗=1

𝑔(𝑡𝑖−1, 𝑡𝑖) = 𝑉(𝑡𝑖−1, 𝑦𝑖−1)  −  𝑉(𝑡𝑖, 𝑦𝑖)

                    ≈
𝜕𝑉(𝑡𝑖−1,𝑦𝑖−1)

∂𝑡𝑖−1
 ∆𝑡 +

𝜕𝑉(𝑡𝑖−1,𝑦𝑖−1)

∂𝑦𝑖−1
 ∆𝑦 +  

1

2

𝜕2𝑉(𝑡𝑖−1,𝑦𝑖−1)

∂𝑦𝑖−1
2  (∆𝑦)2

𝑀𝐷𝑀 =   
𝜕𝑉(𝑡𝑖−1,𝑦𝑖−1)

∂𝑦𝑖−1
 ∆𝑦

𝑦



𝑀𝐷𝑒

𝑉𝑃 𝐷𝑀
𝑃 𝐶𝑀

𝑃 𝑦𝑃 𝑛

𝑉(𝑡𝑘𝑖−11, 𝑦𝑘𝑖−1
) 𝐷𝑀𝑘

𝐶𝑀𝑘 
𝑦𝑘 𝑘 ∈ {1 … 𝑁}

𝐷𝑀
𝑃 =  

1

𝑉𝑃

𝜕𝑉𝑃

∂𝑦𝑃

        =  
1

𝑉𝑃
[∑ 𝑉(𝑡𝑘𝑖−1

, 𝑦𝑘𝑖−1
)

1

𝑉(𝑡𝑘𝑖−1
,𝑦𝑘𝑖−1

)

𝜕𝑉(𝑡𝑘𝑖−1
,𝑦𝑘𝑖−1

)

∂𝑦𝑘𝑖−1

𝑁
𝑘=1 ]

= ∑
𝑉(𝑡𝑘𝑖−1

,𝑦𝑘𝑖−1
)

𝑉𝑃
𝐷𝑀𝑘

𝑁
𝑘=1  

         = ∑ 𝑤𝑘 𝐷𝑀𝑘

𝑁
𝑘=1

𝑤𝑘 

ℎ = 1%

𝐷 𝑀𝐷 𝐾𝑅𝐷

 

 

𝑟𝐿) 
(𝑟𝐴) 𝑡𝑖−1 𝑡𝑖

𝑟𝐴(𝑡𝑖−1, 𝑡𝑖) =  𝑟𝐿(𝑡𝑖−1, 𝑡𝑖)



𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 =  𝐷𝑃 − 𝐷𝐿

 𝐷𝑃

 𝐷𝐿

𝐷𝐸 

 

 

 

 



Value receiver swap = Vfixed(t, fixed yield) − Vfloat(𝑡, 𝐼𝐵𝑂𝑅)

𝑉𝑎𝑙𝑢𝑒 𝑝𝑎𝑦𝑒𝑟 𝑠𝑤𝑎𝑝 =  𝑉𝑓𝑙𝑜𝑎𝑡(𝑡, 𝐼𝐵𝑂𝑅) − 𝑉𝑓𝑖𝑥𝑒𝑑(𝑡, 𝑓𝑖𝑥𝑒𝑑 𝑟𝑎𝑡𝑒)

 𝑉𝑓𝑖𝑥𝑒𝑑

 𝑉𝑓𝑙𝑜𝑎𝑡



 

 

 

 

 

 





 

 

 

 

 

 

 

 

 

 



 



 

 

 

 

 



 

 

 

𝐹𝑢𝑛𝑑𝑖𝑛𝑔 𝑅𝑎𝑡𝑖𝑜𝑡−1 =  
𝑇𝑜𝑡𝑎𝑙 𝑉𝑎𝑙𝑢𝑒 𝐴𝑠𝑠𝑒𝑡𝑠

𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑉𝑎𝑙𝑢𝑒 𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠

𝑉𝑃

𝑉𝐿

𝐹𝑢𝑛𝑑𝑖𝑛𝑔 𝑅𝑎𝑡𝑖𝑜𝑡 =  
𝑉𝑃+𝑥

𝑉𝐿+𝑥
𝐹𝑢𝑛𝑑𝑖𝑛𝑔 𝑅𝑎𝑡𝑖𝑜𝑡 =  

𝑉𝑃(1+𝑦)

𝑉𝐿(1+𝑦)

𝑥 𝑦

𝐷𝑃 − 𝐷𝐿 = 0  𝐷𝑃 =  𝐷𝐿

𝐷𝐿 =  𝐷𝑃 + 𝐷𝑂

𝑥

𝑦

𝐹𝑢𝑛𝑑𝑖𝑛𝑔 𝑅𝑎𝑡𝑖𝑜𝑡 =  
𝑉𝑃 + 𝑀𝐷𝑃

𝑉𝐿 + 𝑀𝐷𝐿

𝐹𝑢𝑛𝑑𝑖𝑛𝑔 𝑅𝑎𝑡𝑖𝑜𝑡 =  
𝑉𝑃 + 𝑀𝐷𝑃+ 𝑀𝐷𝑂

𝑉𝐿  +𝑀𝐷𝐿

𝐹𝑢𝑛𝑑𝑖𝑛𝑔 𝑅𝑎𝑡𝑖𝑜𝑡 =  
𝑉𝑃(1+𝐷𝑃)

𝑉𝐿(1+𝐷𝐿)

𝐹𝑢𝑛𝑑𝑖𝑛𝑔 𝑅𝑎𝑡𝑖𝑜𝑡 =  
𝑉𝑃(1+(𝐷𝑃+ 𝐷𝑂))

𝑉𝐿(1+𝐷𝐿)



𝑀𝐷𝑃 + 𝑀𝐷𝑂 =  𝑀𝐷𝐿

                                           𝐷𝑂 =  −(𝑀𝐷𝑃 − 𝑀𝐷𝐿)

𝐷𝑃 + 𝐷𝑂 =  𝐷𝐿

                               𝐷𝑂 =  −(𝐷𝑃 −  𝐷𝐿)

𝐷𝑂

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑀𝐷 =  𝑀𝐷𝑃 −  𝑀𝐷𝐿 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝐷 =  (𝐷𝑃 −  𝐷𝐿)

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝐷 =  
𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑀𝐷

𝑉𝐿
𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑀𝐷 =  

(𝐷𝑃− 𝐷𝐿)

𝑉𝑃
 

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑀𝐷 = (
𝑀𝐷𝐿

𝑉𝐿
∗  𝑉𝑃) − 𝑀𝐷𝑃

𝑀𝐷𝑖 
𝑖 {𝐷𝑖 ∶ 𝑖 = {𝑃, 𝐿, 𝑂}}

𝐹𝑢𝑛𝑑𝑖𝑛𝑔 𝑅𝑎𝑡𝑖𝑜𝑡−1 =  
𝑉𝑃

𝑉𝐿
< 1 𝐹𝑢𝑛𝑑𝑖𝑛𝑔 𝑅𝑎𝑡𝑖𝑜𝑡−1 =  

𝑉𝑃

𝑉𝐿
> 1

𝑉𝑃 < 𝑉𝐿 𝑎𝑛𝑑 
𝑀𝐷𝐿

𝑉𝑃
>

𝑀𝐷𝐿

𝑉𝐿
𝑉𝑃 > 𝑉𝐿 𝑎𝑛𝑑 

𝑀𝐷𝐿

𝑉𝑷
<

𝑀𝐷𝐿

𝑉𝐿

 
𝑉𝑃  + 𝑀𝐷𝐿

𝑉𝐿  +  𝑀𝐷𝐿
>  

𝑉𝑃

𝑉𝐿
 

𝑉𝑃  + 𝑀𝐷𝐿

𝑉𝐿  +  𝑀𝐷𝐿
<  

𝑉𝑃

𝑉𝐿



 

 

 

𝑡𝑖−1 𝑡𝑖

𝑉𝐿 =   € 2000,  𝑀𝐷𝐿 = €200 

𝑉𝑃 =   € 1500,  𝑀𝐷𝑃 = €100

𝐹𝑢𝑛𝑑𝑖𝑛𝑔 𝑟𝑎𝑡𝑖𝑜𝑖−1 =  
𝑉𝑃

𝑉𝐿
 =  

€ 1500

€ 2000
= 75%

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑀𝐷 =   𝑀𝐷𝑃 −  𝑀𝐷𝐿  =   €100 −  €200 =  − €100

ℎ𝑒𝑑𝑔𝑒 𝑀𝐷 =  70% ∗  −𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑀𝐷

                      =  €70

ℎ𝑒𝑑𝑔𝑒 𝑀𝐷 = (70% ∗   𝑀𝐷𝐿) −   𝑀𝐷𝑃

                        =  €40

𝐹𝑢𝑛𝑑𝑖𝑛𝑔 𝑟𝑎𝑡𝑖𝑜𝑡 =  
𝑉𝑃 +   𝑀𝐷𝑃 + ℎ𝑒𝑑𝑔𝑒 𝑀𝐷

𝑉𝐿 +   𝑀𝐷𝐿
    𝐹𝑢𝑛𝑑𝑖𝑛𝑔 𝑟𝑎𝑡𝑖𝑜𝑡 =  

𝑉𝑃 +   𝑀𝐷𝑃 + ℎ𝑒𝑑𝑔𝑒 𝑀𝐷

𝑉𝐿 +   𝑀𝐷𝐿
    

𝐹𝑢𝑛𝑑𝑖𝑛𝑔 𝑟𝑎𝑡𝑖𝑜𝑡 =  
€1500 +  €100 + €70

€2000 +  €200
    𝐹𝑢𝑛𝑑𝑖𝑛𝑔 𝑟𝑎𝑡𝑖𝑜𝑡 =  

€1500 +  €100 + €40

€2000 +  €200
    

                                  =  75, 91%                                    =  74,55%

% − ℎ𝑒𝑑𝑔𝑒 =
ℎ𝑒𝑑𝑔𝑒 𝑀𝐷

−𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑀𝐷
 % − ℎ𝑒𝑑𝑔𝑒 =

ℎ𝑒𝑑𝑔𝑒 𝑀𝐷+  𝑀𝐷𝑃

 𝑀𝐷𝐿

% − ℎ𝑒𝑑𝑔𝑒 =
ℎ𝑒𝑑𝑔𝑒 𝑀𝐷+ 𝑀𝐷𝑃

−𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑀𝐷+ 𝑀𝐷𝑃



max(ℎ𝑒𝑑𝑔𝑒% ∗ 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒, (ℎ𝑒𝑑𝑔𝑒% ∗  𝐷𝐿) − 𝐷𝑃) =  ℎ𝑒𝑑𝑔𝑒% ∗ 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 ∀ ℎ𝑒𝑑𝑔𝑒%,  𝐷𝐿, 𝐷𝑃

 

ℎ%

𝑉𝑖(𝑠ℎ𝑜𝑟𝑡) =  𝑉𝑖(𝑙𝑜𝑛𝑔) ∗  ℎ%    𝑎𝑛𝑑    𝑉𝑖(𝑙𝑜𝑛𝑔) =  𝑉𝑖(𝑠ℎ𝑜𝑟𝑡) ∗  ℎ%, 

𝑉𝑖 𝑖

 

 𝑑𝑥𝑦 𝑥 − 𝑦

 𝑥 − 𝑦

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛𝑥𝑦 =  (
𝐷𝐿𝑥𝑦

𝑉𝐿
∗ ℎ% ∗ 𝑉𝑃) − 𝐷𝑃𝑥𝑦

𝐷𝐿𝑥𝑦
𝑥 − 𝑦 𝐷𝑃𝑥𝑦

𝑥 − 𝑦

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛𝑥𝑦 = ℎ% ∗ −𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑥𝑦

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑥𝑦 𝑥 − 𝑦



 𝑥 − 𝑦

(𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛𝑥𝑦− 𝐴𝑐𝑡𝑢𝑎𝑙 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛𝑥𝑦)

(𝑑𝑥𝑦/100)
 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑖𝑒𝑐𝑒𝑠𝑥𝑦

𝐴𝑐𝑡𝑢𝑎𝑙 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛𝑥𝑦

𝑥 − 𝑦 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑖𝑒𝑐𝑒𝑠𝑥𝑦

 

 

 

 

 

 



 

 

 

 



𝑟(𝑡𝑖−1, 𝑡𝑖) =
𝑉(𝑡𝑖,𝑦𝑖)− 𝑉(𝑡𝑖−1,𝑦𝑖−1) −𝑐𝑎𝑠ℎ𝑓𝑙𝑜𝑤𝑠 𝑖𝑛+𝑐𝑎𝑠ℎ𝑓𝑙𝑜𝑤𝑠 𝑜𝑢𝑡

𝑉(𝑡𝑖−1,𝑦𝑖−1)

𝑉𝑠𝑡𝑎𝑟𝑡 =  𝑉(𝑡𝑖−1, 𝑦𝑖−1)

𝑉𝑐𝑎𝑟𝑟𝑦 =  𝑉(𝑡𝑖−1 +  ∆𝑡, 𝑦𝑖−1)

𝑉𝑠ℎ𝑖𝑓𝑡 = 𝑉(𝑡𝑖−1 + ∆𝑡, 𝑦𝑖−1 +  ∆𝑦𝑠ℎ𝑖𝑓𝑡)

𝑉𝑡𝑤𝑖𝑠𝑡 =  𝑉(𝑡𝑖−1 +  ∆𝑡, 𝑦𝑖−1 +  ∆𝑦𝑠ℎ𝑖𝑓𝑡 + ∆𝑦𝑡𝑤𝑖𝑠𝑡)

𝑉𝑠𝑒𝑙𝑒𝑐𝑡𝑖𝑜𝑛 =  𝑉(𝑡𝑖−1 +  ∆𝑡, 𝑦𝑖−1 +  ∆𝑦𝑠ℎ𝑖𝑓𝑡 +  ∆𝑦𝑡𝑤𝑖𝑠𝑡 +  ∆𝑦𝑠𝑒𝑙𝑒𝑐𝑡𝑖𝑜𝑛)

𝑉𝑒𝑛𝑑 =  𝑉𝑠𝑒𝑙𝑒𝑐𝑡𝑖𝑜𝑛



 

 

 

 



 

Shift 
Twist 

Butterfly 

 

∆𝑌 = ∆𝑌𝑆ℎ𝑖𝑓𝑡 +  ∆𝑌𝑇𝑤𝑖𝑠𝑡 + ∆𝑌𝐵𝑢𝑡𝑡𝑒𝑟𝑓𝑙𝑦,

 ∆𝑌
 ∆𝑌𝑆ℎ𝑖𝑓𝑡 

 ∆𝑌𝑇𝑤𝑖𝑠𝑡 

 ∆𝑌𝐵𝑢𝑡𝑡𝑒𝑟𝑓𝑙𝑦 

𝑆ℎ𝑖𝑓𝑡 𝑟𝑒𝑡𝑢𝑟𝑛 =  −𝑀𝐷 ∗ ∆𝑌𝑆ℎ𝑖𝑓𝑡

𝑇𝑤𝑖𝑠𝑡 𝑟𝑒𝑡𝑢𝑟𝑛 =  −𝑀𝐷 ∗ ∆𝑌𝑇𝑤𝑖𝑠𝑡

𝐵𝑢𝑡𝑡𝑒𝑟𝑓𝑙𝑦 𝑟𝑒𝑡𝑢𝑟𝑛 =  −𝑀𝐷 ∗ ∆𝑌𝐵𝑢𝑡𝑡𝑒𝑟𝑓𝑙𝑦



 

 

 



 

 

𝑔(𝑡𝑖−1, 𝑡𝑖) ≈ 𝑉(𝑡𝑖−1, 𝑦𝑖−1) 𝑦𝑖−1∆𝑡 −  𝐷𝑑 ∆𝑦 +  
1

2
 𝐶𝑑 (∆𝑦)2

𝐶𝑑 

𝑔(𝑡𝑖−1, 𝑡𝑖)
𝑡𝑖−1, 𝑡𝑖

𝑔(𝑡𝑖−1, 𝑡𝑖) =  𝑉(𝑡𝑖 , 𝑦𝑖) −  𝑉(𝑡𝑖−1, 𝑦𝑖−1)  −  𝑐𝑎𝑠ℎ𝑓𝑙𝑜𝑤𝑠 𝑖𝑛 +  𝑐𝑎𝑠ℎ𝑓𝑙𝑜𝑤𝑠 𝑜𝑢t

𝑉(𝑡𝑖−1, 𝑦𝑖−1) 𝑦𝑖−1∆𝑡

 

 

𝐶𝑎𝑟𝑟𝑦 𝑔𝑎𝑖𝑛 =  𝑉(𝑡𝑖−1, 𝑦𝑖−1) 𝑦𝑖−1∆𝑡



𝑃𝑟𝑖𝑐𝑒 𝑔𝑎𝑖𝑛 =  − 𝐷𝑑 ∆𝑦 +  
1

2
 𝐶𝑑 (∆𝑦)2

𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑔𝑎𝑖𝑛  =  − 𝐷𝑑 ∆𝑦𝑟𝑓

𝐶𝑜𝑛𝑣𝑒𝑥𝑖𝑡𝑦 𝑔𝑎𝑖𝑛 =  
1

2
 𝐶𝑑 (∆𝑦𝑟𝑓)2

𝑦𝑟𝑓

𝑆ℎ𝑖𝑓𝑡 𝑔𝑎𝑖𝑛  =  − 𝐷𝑑 ∆𝑦𝐴𝑣𝑒𝑟𝑎𝑔𝑒

𝑇𝑤𝑖𝑠𝑡 𝑔𝑎𝑖𝑛  =  𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑔𝑎𝑖𝑛 − 𝑆ℎ𝑖𝑓𝑡 𝑔𝑎𝑖𝑛

𝑆𝑒𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑔𝑎𝑖𝑛  =  − 𝐷𝑑 (∆𝑦 − ∆𝑦𝑟𝑓)

𝑦𝑟𝑓

𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙  =  𝑇𝑜𝑡𝑎𝑙 𝑔𝑎𝑖𝑛 − 𝐶𝑎𝑟𝑟𝑦 𝑔𝑎𝑖𝑛 − 𝑃𝑟𝑖𝑐𝑒 𝑔𝑎𝑖𝑛

𝑇𝑜𝑡𝑎𝑙 𝑔𝑎𝑖𝑛 = 𝐶𝑎𝑟𝑟𝑦 𝑔𝑎𝑖𝑛 + 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑔𝑎𝑖𝑛 + 𝑆𝑒𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑔𝑎𝑖𝑛 + 𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙

𝑉(𝑡𝑖−1, 𝑦𝑖−1)



 

𝑘 𝑁

𝑇𝑜𝑡𝑎𝑙𝑘 =  ∑ 𝑘𝑛
𝑁
𝑛=1

𝑘𝑛 𝑘 𝑛 𝑘𝑛 𝑛 = 1, … , 𝑁}

𝑁 𝑁𝑥𝑦

(𝑥, 𝑦]

𝐸𝑓𝑓𝑒𝑐𝑡𝑘 =  𝑇𝑜𝑡𝑎𝑙𝑂𝑘
− 𝑇𝑜𝑡𝑎𝑙𝐵𝑘

 

𝐸𝑓𝑓𝑒𝑐𝑡𝑘 𝑘 𝑇𝑜𝑡𝑎𝑙𝑂𝑘
𝑘

𝑇𝑜𝑡𝑎𝑙𝐵𝑘
𝑘



 

 

 

 

 

 

 

 

 

−𝑔𝐿(𝑡𝑖−1, 𝑡𝑖)

𝑔𝐴(𝑡𝑖−1, 𝑡𝑖)

𝑔𝑂𝐵(𝑡𝑖−1, 𝑡𝑖)

𝑔𝑂𝐵(𝑡𝑖−1, 𝑡𝑖|𝐶ℎ𝑜𝑠𝑒𝑛 𝑠𝑡𝑟𝑎𝑡𝑒𝑔𝑦) − 𝑔𝑂𝐵(𝑡𝑖−1, 𝑡𝑖|¬𝐶ℎ𝑜𝑠𝑒𝑛 𝑠𝑡𝑟𝑎𝑡𝑒𝑔𝑦) 

𝑔𝑂𝐵(𝑡𝑖−1, 𝑡𝑖|𝐶ℎ𝑜𝑠𝑒𝑛 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛) − 𝑔𝑂𝐵(𝑡𝑖−1, 𝑡𝑖|¬𝐶ℎ𝑜𝑠𝑒𝑛 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛)

𝑔𝑂(𝑡𝑖−1, 𝑡𝑖) −  𝑔𝑂𝐵(𝑡𝑖−1, 𝑡𝑖)



 

 

 

 

 

 

 

 

 

 





 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 



 

 

 

 

 





 

 





 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 



 

 

 

 





http://www.dnb.nl/binaries/DNB%20vermogensbeheerdersseminar%202014%20versie%20website_tcm46-304649.pdf
http://www.dnb.nl/binaries/DNB%20vermogensbeheerdersseminar%202014%20versie%20website_tcm46-304649.pdf
http://www.fiasyswiki.com/index.php?title=Types_of_attribution_model
http://www.investopedia.com/articles/active-trading/111414/how-value-interest-rate-swaps.asp
http://www.investopedia.com/articles/active-trading/111414/how-value-interest-rate-swaps.asp
http://wps.aw.com/wps/media/objects/3000/3072002/appendixes/ch09apx1.pdf
http://pages.stern.nyu.edu/~dbackus/3176/adlec4.pdf
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