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Section 7.4.4 Computation of the Price of the Look back Option 

𝑆 𝑡 = 𝑆 0 𝑒𝜎 ෡𝑊 𝑡 , 𝑌 𝑡 = max
0≤𝑢≤𝑡

𝑆 𝑢 = 𝑆(0)𝑒𝜎 ෡𝑀(𝑡), ෡𝑀 𝑡 = max
0≤𝑢≤𝑡

෡𝑊 𝑢

Payoff = 𝑌 𝑇 − 𝑆 𝑇

𝑌 𝑇 = 𝑆 0 𝑒𝜎 ෡𝑀 T +𝜎 ෡𝑀 𝑡 −𝜎 ෡𝑀 𝑡 = 𝑆 0 𝑒𝜎 ෡𝑀 𝑡 𝑒𝜎 ෡𝑀 𝑇 −𝜎 ෡𝑀 𝑡 = 𝑌 𝑡 𝑒𝜎( ෡𝑀 𝑇 − ෡𝑀 𝑡 )

෡𝑀 𝑇 − ෡𝑀 𝑡 = ቐ
max
𝑡≤𝑠≤𝑇

෡𝑊 𝑠 − ෡𝑀 𝑡 , 𝑖𝑓 max
𝑡≤𝑠≤𝑇

෡𝑊 𝑠 > ෡𝑀 𝑡

0, 𝑖𝑓 max
𝑡≤𝑠≤𝑇

෡𝑊 𝑠 < ෡𝑀 𝑡
= max

𝑡≤𝑠≤𝑇
෡𝑊 𝑠 − ෡𝑀 𝑡

+

= max
𝑡≤𝑠≤𝑇

෡𝑊 𝑠 − ෡𝑊 𝑡 − ෡𝑀 𝑡 + ෡𝑊 𝑡
+
= max

𝑡≤𝑠≤𝑇
( ෡𝑊 𝑠 − ෡𝑊 𝑡 ) − ( ෡𝑀 𝑡 − ෡𝑊 𝑡 )

+

= max
𝑡≤𝑠≤𝑇

( ෡𝑊 𝑠 − ෡𝑊 𝑡 ) − (
1

𝜎
log

𝑌 𝑡

𝑆 0
−
1

𝜎
log

𝑆 𝑡

𝑆 0
)

+

= max
𝑡≤𝑠≤𝑇

( ෡𝑊 𝑠 − ෡𝑊 𝑡 ) −
1

𝜎
log

𝑌 𝑡

𝑆 𝑡

+



Risk-neutral pricing formula

𝑉 𝑡 𝑒−𝑟𝑡 = ෨𝐸 𝑉 𝑇 𝑒−𝑟𝑇 𝐹 𝑡 = 𝑒−𝑟𝑇 ෨𝐸 𝑌 𝑇 − 𝑆(𝑇) 𝐹 𝑡

𝑉 𝑡 = 𝑒−𝑟(𝑇−𝑡) ෨𝐸 𝑌 𝑇 − 𝑆(𝑇) 𝐹 𝑡

= 𝑒−𝑟(𝑇−𝑡) ෨𝐸 𝑌 𝑇 𝐹 𝑡 − 𝑒−𝑟 𝑇−𝑡 ෨𝐸 𝑆 𝑇 𝐹 𝑡

= 𝑒−𝑟 𝑇−𝑡 ෨𝐸 𝑌 𝑡 𝑒
max
𝑡≤𝑠≤𝑇

𝜎( ෡𝑊 𝑠 − ෡𝑊 𝑡 )−log
𝑌 𝑡
𝑆 𝑡

+

𝐹 𝑡 − 𝑆 𝑡

= 𝑒−𝑟 𝑇−𝑡 𝑌 𝑡 ෨𝐸 𝑒
max
𝑡≤𝑠≤𝑇

𝜎( ෡𝑊 𝑠 − ෡𝑊 𝑡 )−log
𝑌 𝑡
𝑆 𝑡

+

) 𝐹 𝑡 − 𝑆(𝑡)
Because Y(t) and S(t) are F(t)-measurable and 𝜎 max

𝑡≤𝑠≤𝑇
( ෡𝑊 𝑠 − ෡𝑊 𝑡 ) is 

independent of F(t), we can use the Independence Lemma to write the conditional 

expectation as g(S(t), Y(t)), where

𝑔 𝑥, 𝑦 = ෨𝐸{exp max
𝑡≤𝑠≤𝑇

𝜎( ෡𝑊 𝑠 − ෡𝑊 𝑡 ) − log
𝑦

𝑥

+

}



𝑉 𝑡 = 𝑒−𝑟(𝑇−𝑡)𝑌 𝑡 𝑔 𝑆(𝑡), 𝑌(𝑡) − 𝑆 𝑡 ,
v 𝑡, 𝑥, 𝑦 = 𝑒−𝑟(𝑇−𝑡)𝑦𝑔 𝑥, 𝑦 − 𝑥

max
𝑡≤𝑠≤𝑇

( ෡𝑊 𝑠 − ෡𝑊 𝑡 ) has the same unconditional distribution under ෨𝑃 as 

max
0≤𝑢≤𝜏

( ෡𝑊 𝑢 − ෡𝑊 0 ) = ෡𝑀 𝜏 , 𝜏 = 𝑇 − 𝑡 ,the function g(𝑥, 𝑦) can also be written as 

𝑔 𝑥, 𝑦 = ෨𝐸{exp max
𝑡≤𝑠≤𝑇

𝜎( ෡𝑊 𝑠 − ෡𝑊 𝑡 ) − log
𝑦

𝑥

+

}

= ෨𝐸 {exp 𝜎 ෡𝑀 𝜏 − log
𝑦

𝑥

+

} =
1, 𝑖𝑓 ෡𝑀 𝜏 ≤

1

𝜎
log

𝑦

𝑥

𝑒
𝜎 ෡𝑀 𝜏 +log

𝑥
𝑦 =

𝑥

𝑦
𝑒𝜎 ෡𝑀 𝜏 , 𝑖𝑓 ෡𝑀 𝜏 ≥

1

𝜎
log

𝑦

𝑥



𝑔 𝑥, 𝑦 = ෨𝐸 1 × 𝕀
෡𝑀 𝜏 ≤

1
𝜎log

𝑦
𝑥
+
𝑥

𝑦
𝑒𝜎 ෡𝑀 𝜏 × 𝕀

෡𝑀 𝜏 ≥
1
𝜎log

𝑦
𝑥

= ෨𝑃 ෡𝑀 𝜏 ≤
1

𝜎
log

𝑦

𝑥
+ ෨𝐸

𝑥

𝑦
𝑒𝜎 ෡𝑀 𝜏 × 𝕀

෡𝑀 𝜏 ≥
1
𝜎log

𝑦
𝑥

Recall ෨𝑃 ෡𝑀 𝜏 ≤ 𝑚 = 𝑁
𝑚−𝛼𝑇

𝑇
− 𝑒2𝛼𝑚𝑁

−𝑚−𝛼𝑇

𝑇

𝑆 𝑡 = 𝑆 0 𝑒
𝜎[ ෩𝑊 𝑡 +

1

𝜎
𝑟−

1

2
𝜎2 ]

, 𝛼 =
1

𝜎
𝑟 −

1

2
𝜎2 , 𝛿± 𝜏, 𝑠 =

1

𝜎 𝜏
[log 𝑠 + 𝑟 ±

1

2
𝜎2 𝜏]

𝑚−𝛼𝑇

𝑇
=

1

𝜎
log

𝑦

𝑥
−
1

𝜎
𝑟−

1

2
𝜎2 𝜏

𝜏
=

1

𝜎 𝜏
log

𝑦

𝑥
− 𝑟 −

1

2
𝜎2 𝜏 =

−1

𝜎 𝜏
log

𝑥

𝑦
+ 𝑟 −

1

2
𝜎2 𝜏 = −𝛿− 𝜏,

𝑥

𝑦

−𝑚−𝛼𝑇

𝑇
=

−
1

𝜎
log

𝑦

𝑥
−
1

𝜎
𝑟−

1

2
𝜎2 𝜏

𝜏
=

1

𝜎 𝜏
−log

𝑦

𝑥
− 𝑟 −

1

2
𝜎2 𝜏 =

−1

𝜎 𝜏
log

𝑦

𝑥
+ 𝑟 −

1

2
𝜎2 𝜏 = −𝛿− 𝜏,

𝑦

𝑥

𝑒2𝛼𝑚 = 𝑒
2
1

𝜎
𝑟−

1

2
𝜎2 ×

1

𝜎
log

𝑦

𝑥 = (
𝑦

𝑥
)
2𝑟

𝜎2
−1

➔ ෨𝑃 ෡𝑀 𝜏 ≤
1

𝜎
log

𝑦

𝑥
= 𝑁 −𝛿− 𝜏,

𝑥

𝑦
− (

𝑦

𝑥
)
2𝑟

𝜎2
−1
𝑁 −𝛿− 𝜏,

𝑦

𝑥



𝑔 𝑥, 𝑦 = ෨𝑃 ෡𝑀 𝜏 ≤
1

𝜎
log

𝑦

𝑥
+ ෨𝐸

𝑥

𝑦
𝑒𝜎 ෡𝑀 𝜏 × 𝕀

෡𝑀 𝜏 ≥
1
𝜎
log

𝑦
𝑥

Recall density function

ሚ𝑓 ෡𝑀 𝑇 𝑚 =
2

2𝜋𝑇
𝑒−

1
2𝑇 𝑚−𝛼𝑇 2

− 2𝛼𝑒2𝛼𝑚𝑁(
−𝑚 − 𝛼𝑇

𝑇
)

෨𝐸
𝑥

𝑦
𝑒𝜎 ෡𝑀 𝜏 × 𝕀

෡𝑀 𝜏 ≥
1
𝜎log

𝑦
𝑥
=
𝑥

𝑦
න
1
𝜎log

𝑦
𝑥

∞

𝑒𝜎𝑚 ሚ𝑓 ෡𝑀 𝜏 𝑚 𝑑𝑚

=
𝑥

𝑦
න
1
𝜎log

𝑦
𝑥

∞ 2

2𝜋𝜏
𝑒𝜎𝑚−

1
2𝜏 𝑚−𝛼𝜏 2

𝑑𝑚 −
𝑥

𝑦
න
1
𝜎log

𝑦
𝑥

∞

2𝛼𝑒 𝜎+2𝛼 𝑚𝑁
−𝑚 − 𝛼𝜏

𝜏
𝑑𝑚

𝑟𝜏 −
1

2𝜏
𝑚 − 𝛼𝜏 − 𝜎𝜏 2 = 𝑟𝜏 −

1

2𝜏
𝑚 − 𝛼𝜏 2 + 𝜎 𝑚 − 𝛼𝜏 −

1

2
𝜎2𝜏

= 𝑟𝜏 −
1

2𝜏
𝑚 − 𝛼𝜏 2 + 𝜎 𝑚 −

1

𝜎
𝑟 −

1

2
𝜎2 𝜏 −

1

2
𝜎2𝜏

= 𝑟𝜏 −
1

2𝜏
𝑚 − 𝛼𝜏 2 + 𝜎𝑚 − 𝑟𝜏 +

1

2
𝜎2𝜏 −

1

2
𝜎2𝜏 = 𝜎𝑚 −

1

2𝜏
𝑚 − 𝛼𝜏 2



𝑥

𝑦
න
1
𝜎
log

𝑦
𝑥

∞ 2

2𝜋𝜏
𝑒𝜎𝑚−

1
2𝜏 𝑚−𝛼𝜏 2

𝑑𝑚

=
𝑥

𝑦
න
1
𝜎log

𝑦
𝑥

∞ 2

2𝜋𝜏
𝑒𝑟𝜏−

1
2𝜏

𝑚−𝛼𝜏−𝜎𝜏 2

𝑑𝑚 =
𝑥

𝑦

2𝑒𝑟𝜏

2𝜋𝜏
න
1
𝜎log

𝑦
𝑥

∞

𝑒−
1
2𝜏

𝑚−𝛼𝜏−𝜎𝜏 2

𝑑𝑚

Change of variable 𝜉 =
𝛼𝜏+𝜎𝜏−𝑚

𝜏

𝑥

𝑦

2𝑒𝑟𝜏

2𝜋𝜏
න
1
𝜎log

𝑦
𝑥

∞

𝑒−
1
2𝜏 𝑚−𝛼𝜏−𝜎𝜏 2

𝑑𝑚 =
𝑥

𝑦

2𝑒𝑟𝜏

2𝜋
න
−∞

𝛿+ 𝜏,
𝑥
𝑦
𝑒−

1
2 𝜉 2

𝑑𝜉 =
2𝑥𝑒𝑟𝜏

𝑦
𝑁 𝛿+ 𝜏,

𝑥

𝑦

𝑑𝜉 =
−𝑑𝑚

𝜏
⇒ 𝑑𝑚 = − 𝜏𝑑𝜉

𝛼𝜏+𝜎𝜏−
1

𝜎
log

𝑦

𝑥

𝜏
=

1

𝜏
(
1

𝜎
𝑟 −

1

2
𝜎2 𝜏 + 𝜎𝜏 −

1

𝜎
log

𝑦

𝑥
) =

1

𝜎

1

𝜏
(log

𝑥

𝑦
+ 𝑟𝜏 +

1

2
𝜎2𝜏) = 𝛿+ 𝜏,

𝑥

𝑦



−
𝑥

𝑦
න
1
𝜎
log

𝑦
𝑥

∞

2𝛼𝑒 𝜎+2𝛼 𝑚𝑁
−𝑚 − 𝛼𝜏

𝜏
𝑑𝑚

= −
2𝛼𝑥

𝑦
න
1
𝜎log

𝑦
𝑥

∞

𝑒 𝜎+2𝛼 𝑚𝑁
−𝑚− 𝛼𝜏

𝜏
𝑑𝑚

= −
2𝛼𝑥

𝑦 2𝜋
න
1
𝜎log

𝑦
𝑥

∞

න
−∞

−𝑚−𝛼𝜏

𝜏
𝑒
2
𝜎𝑟𝑚−

1
2𝜉

2

𝑑𝜉 𝑑𝑚

= −
2𝛼𝑥

𝑦 2𝜋
න
−∞

−𝛿− 𝜏,
𝑦
𝑥
න
1
𝜎
log

𝑦
𝑥

−𝜉 𝜏−𝛼𝜏

𝑒
2
𝜎
𝑟𝑚−

1
2
𝜉2𝑑𝑚𝑑𝜉

𝜎 + 2𝛼 𝑚 = 𝜎 + 2
1

𝜎
𝑟 −

1

2
𝜎2 𝜏 𝑚 =

2

𝜎
𝑟𝑚

෨𝐸
𝑥

𝑦
𝑒𝜎 ෡𝑀 𝜏 × 𝕀 ෡𝑀 𝜏 ≥

1

𝜎
log

𝑦

𝑥

=
𝑥

𝑦
1׬
𝜎
log

𝑦

𝑥

∞ 2

2𝜋𝜏
𝑒𝜎𝑚−

1

2𝜏
𝑚−𝛼𝜏 2

𝑑𝑚 −
𝑥

𝑦
1׬
𝜎
log

𝑦

𝑥

∞
2𝛼𝑒 𝜎+2𝛼 𝑚𝑁

−𝑚−𝛼𝜏

𝜏
𝑑𝑚



−
2𝛼𝑥

𝑦 2𝜋
∞−׬
−𝛿− 𝜏,

𝑦

𝑥 1׬
𝜎
log

𝑦

𝑥

−𝜉 𝜏−𝛼𝜏
𝑒
2

𝜎
𝑟𝑚−

1

2
𝜉2𝑑𝑚𝑑𝜉

1׬
𝜎
log

𝑦

𝑥

−𝜉 𝜏−𝛼𝜏
𝑒
2

𝜎
𝑟𝑚−

1

2
𝜉2𝑑𝑚 =

𝜎

2𝑟
𝑒
2𝑟𝑚

𝜎
−
1

2
𝜉2 อ

−𝜉 𝜏−𝛼𝜏
1

𝜎
log

𝑦

𝑥

=
𝜎

2𝑟
𝑒
2𝑟(−𝜉 𝜏−𝛼𝜏)

𝜎
−
1

2
𝜉2 −

𝜎

2𝑟
𝑒
2𝑟

1
𝜎log

𝑦
𝑥

𝜎
−
1

2
𝜉2 =

𝜎

2𝑟
𝑒
𝑟𝜏−

1

2
𝜉+

2𝑟 𝜏

𝜎

2

−
𝜎

2𝑟
(
𝑦

𝑥
)
2𝑟

𝜎2𝑒−
1

2
𝜉2

2𝑟(−𝜉 𝜏 − 𝛼𝜏)

𝜎
−
1

2
𝜉2 = −

1

2
𝜉2 −

2𝑟𝜉 𝜏

𝜎
−
2𝑟𝛼𝜏

𝜎
= −

1

2
𝜉2 −

2𝑟𝜉 𝜏

𝜎
−
2𝑟𝛼𝜏

𝜎

= −
1

2
𝜉 +

2𝑟 𝜏

𝜎

2

+
2𝑟2𝜏

𝜎2
−
2𝑟𝛼𝜏

𝜎
= −

1

2
𝜉 +

2𝑟 𝜏

𝜎

2

+
2𝑟𝜏

𝜎2
𝑟 − 𝜎𝛼

= −
1

2
𝜉 +

2𝑟 𝜏

𝜎

2

+
2𝑟𝜏

𝜎2
𝑟 − 𝜎

1

𝜎
𝑟 −

1

2
𝜎2 = −

1

2
𝜉 +

2𝑟 𝜏

𝜎

2

+ 𝑟𝜏



−
2𝛼𝑥

𝑦 2𝜋
∞−׬
−𝛿− 𝜏,

𝑦

𝑥 1׬
𝜎
log

𝑦

𝑥

−𝜉 𝜏−𝛼𝜏
𝑒
2

𝜎
𝑟𝑚−

1

2
𝜉2𝑑𝑚𝑑𝜉

= −
𝛼𝜎𝑥

𝑟𝑦 2𝜋
∞−׬
−𝛿− 𝜏,

𝑦

𝑥 𝑒
𝑟𝜏−

1

2
𝜉+

2𝑟 𝜏

𝜎

2

𝑑𝜉 +
𝜎𝛼𝑥

𝑟 2𝜋

𝑦

𝑥

2𝑟

𝜎2
−1

∞−׬
−𝛿− 𝜏,

𝑦

𝑥 𝑒−
1

2
𝜉2𝑑𝜉

= −
𝛼𝜎𝑥𝑒𝑟𝜏

𝑟𝑦 2𝜋
∞−׬
−𝛿− 𝜏,

𝑦

𝑥 𝑒
−
1

2
𝜉+

2𝑟 𝜏

𝜎

2

𝑑𝜉 +
𝜎𝛼

𝑟

𝑦

𝑥

2𝑟

𝜎2
−1
𝑁 −𝛿− 𝜏,

𝑦

𝑥

= −
𝛼𝜎𝑥

𝑟𝑦
𝑒𝑟𝜏𝑁 𝛿+ 𝜏,

𝑥

𝑦
+

𝜎𝛼

𝑟
(
𝑦

𝑥
)
2𝑟

𝜎2
−1
𝑁 −𝛿− 𝜏,

𝑦

𝑥

Change of variable 𝜂 = 𝜉 +
2𝑟 𝜏

𝜎

−𝛿− 𝜏,
𝑦

𝑥
+
2𝑟 𝜏

𝜎
=

1

𝜎 𝜏
−log

𝑦

𝑥
− 𝑟 −

1

2
𝜎2 𝜏 + 2𝑟𝜏 = 𝛿+ 𝜏,

𝑥

𝑦



v 𝑡, 𝑥, 𝑦 = 𝑒−𝑟(𝑇−𝑡)𝑦𝑔 𝑥, 𝑦 − 𝑥
𝑔 𝑥, 𝑦

= ෨𝑃 ෡𝑀 𝜏 ≤
1

𝜎
log

𝑦

𝑥
+
𝑥

𝑦
න
1
𝜎
log

𝑦
𝑥

∞ 2

2𝜋𝜏
𝑒𝜎𝑚−

1
2𝜏 𝑚−𝛼𝜏 2

𝑑𝑚

−
𝑥

𝑦
න
1
𝜎log

𝑦
𝑥

∞

2𝛼𝑒 𝜎+2𝛼 𝑚𝑁
−𝑚 − 𝛼𝜏

𝜏
𝑑𝑚

= 𝑁 −𝛿− 𝜏,
𝑥

𝑦
−

𝑦

𝑥

2𝑟
𝜎2

−1

𝑁 −𝛿− 𝜏,
𝑦

𝑥
+
2𝑥𝑒𝑟𝜏

𝑦
𝑁 𝛿+ 𝜏,

𝑥

𝑦

−
𝛼𝜎𝑥

𝑟𝑦
𝑒𝑟𝜏𝑁 𝛿+ 𝜏,

𝑥

𝑦
+
𝜎𝛼

𝑟

𝑦

𝑥

2𝑟
𝜎2

−1

𝑁 −𝛿− 𝜏,
𝑦

𝑥

代入𝛼 =
1

𝜎
𝑟 −

1

2
𝜎2



𝑔 𝑥, 𝑦

= 𝑁 −𝛿− 𝜏,
𝑥

𝑦
−

𝑦

𝑥

2𝑟
𝜎2

−1

𝑁 −𝛿− 𝜏,
𝑦

𝑥
+ 2

𝑥

𝑦
𝑒𝑟𝜏𝑁 𝛿+ 𝜏,

𝑥

𝑦

−

1
𝜎

𝑟 −
1
2
𝜎2 𝜎

𝑟

𝑥

𝑦
𝑒𝑟𝜏𝑁 𝛿+ 𝜏,

𝑥

𝑦
+

1
𝜎

𝑟 −
1
2
𝜎2 𝜎

𝑟

𝑦

𝑥

2𝑟
𝜎2

−1

𝑁 −𝛿− 𝜏,
𝑦

𝑥

= 𝑁 −𝛿− 𝜏,
𝑥

𝑦
−

𝑦

𝑥

2𝑟
𝜎2

−1

𝑁 −𝛿− 𝜏,
𝑦

𝑥
+ 2

𝑥

𝑦
𝑒𝑟𝜏𝑁 𝛿+ 𝜏,

𝑥

𝑦

− 1 −
𝜎2

2𝑟

𝑥

𝑦
𝑒𝑟𝜏𝑁 𝛿+ 𝜏,

𝑥

𝑦
+ 1 −

𝜎2

2𝑟

𝑦

𝑥

2𝑟
𝜎2

−1

𝑁 −𝛿− 𝜏,
𝑦

𝑥

= 𝑁 −𝛿− 𝜏,
𝑥

𝑦
+ 1 +

𝜎2

2𝑟

𝑥

𝑦
𝑒𝑟𝜏𝑁 𝛿+ 𝜏,

𝑥

𝑦
−
𝜎2

2𝑟

𝑦

𝑥

2𝑟
𝜎2

−1

𝑁 −𝛿− 𝜏,
𝑦

𝑥



v 𝑡, 𝑥, 𝑦 = 𝑒−𝑟(𝑇−𝑡)𝑦𝑔 𝑥, 𝑦 − 𝑥

= 𝑒−𝑟𝜏𝑦 𝑁 −𝛿− 𝜏,
𝑥

𝑦
+ 1 +

𝜎2

2𝑟

𝑥

𝑦
𝑒𝑟𝜏𝑁 𝛿+ 𝜏,

𝑥

𝑦
−

𝜎2

2𝑟

𝑦

𝑥

2𝑟

𝜎2
−1
𝑁 −𝛿− 𝜏,

𝑦

𝑥
− 𝑥

= 𝑒−𝑟𝜏𝑦𝑁 −𝛿− 𝜏,
𝑥

𝑦
+ 1 +

𝜎2

2𝑟
𝑥𝑁 𝛿+ 𝜏,

𝑥

𝑦
−

𝜎2

2𝑟
𝑒−𝑟𝜏

𝑦

𝑥

2𝑟

𝜎2 𝑥𝑁 −𝛿− 𝜏,
𝑦

𝑥
− 𝑥

, 0 ≤ 𝑡 ≤ 𝑇, 0 < 𝑥 ≤ 𝑦；Recall v 𝑡, 𝑥, 𝑦 = yu 𝑡,
𝑥

𝑦

➔ u 𝑡,
𝑥

𝑦
=

𝑒−𝑟𝜏𝑁 −𝛿− 𝜏,
𝑥

𝑦
+ 1 +

𝜎2

2𝑟

𝑥

𝑦
𝑁 𝛿+ 𝜏,

𝑥

𝑦
−

𝜎2

2𝑟
𝑒−𝑟𝜏

𝑥

𝑦

−
2𝑟

𝜎2 𝑥

𝑦
𝑁 −𝛿− 𝜏,

𝑦

𝑥
−

𝑥

𝑦

𝑧 =
𝑥

𝑦
,

u 𝑡, 𝑧 = 𝑒−𝑟𝜏𝑁 −𝛿− 𝜏, 𝑧 + 1 +
𝜎2

2𝑟
𝑧𝑁 𝛿+ 𝜏, 𝑧 −

𝜎2

2𝑟
𝑒−𝑟𝜏𝑧

1−
2𝑟
𝜎2𝑁 −𝛿− 𝜏, 𝑧 − 𝑧


