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Reiner-Rubinstein [1] have developed formulas for pricing standard bar-
rier options:
Let

• T = maturity date (T > t)

• K = strike price

• L = up barrier

• R = rebate

• x = spot price

• t = pricing date

• σ = volatility

• r = interest rate

• δ = dividend yields

• θ = T − t

• b = r − δ

We set here:

• A = φxe−δθN(φx1)− φKe−rθN(φx1 − φσ
√

θ)

• B = φxe−δθN(φx2)− φKe−rθN(φx2 − φσ
√

θ)

• C = φx(L
x
)2(µ+1)e−δθN(ηy1)− φKe−rθ(L

x
)2µN(ηy1 − ησ

√
θ)

• D = φx(L
x
)2(µ+1)e−δθN(ηy2)− φKe−rθ(L

x
)2µN(ηy2 − ησ

√
θ)

• E = Re−rθ
[
N(ηx2 − ησ

√
θ)− (L

x
)2µN(ηy2 − ησ

√
θ)

]

• F = R(L
x
)µ+λN(ηz) + (L

x
)µ−λN(ηz − 2ηλσ

√
θ))
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and

• dA = φe−δθN(φx1)

• dB = φe−δθN(φx2) + e−δθ n(x2)

σ
√

θ
(1− k

l
)

• dC = 1
x
φ2µ

[
L
x

)2µ (
xe−δθ L2

x2 N(ηy1)−Ke−rθN(ηy1 − ησ
√

θ)−

φ
(

L
x

)2(µ+1)
e−bθN(ηy1)

]

• dD = −2µφ
x

[
L
x

)2µ (
se−δθ L2

x2 N(ηy2)−Ke−rθN(ηy2)×

×N
(
ηy2 − ησ

√
θ − φ

(
L
x

)2µ+2
e−δθ

)
N(ηy2)− φη

(
L
x

)2µ+2
e−δθ

]
×

×n(y2)

σ
√

θ

(
1− k

l

)

• dE = 2R
x
e−rθ(L

x
)2µ

[
N(ηy2 − ησ

√
θ)µ + η n(ηy2−σ

√
θ)

σ
√

θ

]

• dF = −R
x
(L

x
)µ+λ

[
(µ + λ)N(ηz) + (µ− λ)(L

x
)2λ

]
− 2ηR(L

x
)µ+λ n(z)

xσ
√

θ

where

• x1 =
log(x/K)

σ
√

θ
+ (1 + µ)σ

√
θ x2 =

log(x/L)

σ
√

θ
+ (1 + µ)σ

√
θ

• y1 =
log(L2/xK)

σ
√

θ
+ (1 + µ)σ

√
θ y2 =

log(L/x)

σ
√

θ
+ (1 + µ)σ

√
θ

• z =
log(L/x)

σ
√

θ
+ λσ

√
θ

• µ =
b− σ2/2

σ2
λ =

√
µ2 +

2r

σ2

and η, φ belong to {−1, 1} and will be fixed later.
Let

Mt,T = sup
t≤τ≤T

Sτ and mt,T = inf
t≤τ≤T

Sτ

Up-In Call Option
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Payoff CT =





R if Mt,T < L,

(ST −K)+ otherwise.

Price P (t, x) =





A + E if K > L,

B − C + D + E otherwise

Delta
∂C(t, x)

∂x
=





dA + dE if K > L,

dB − dC + dD + dE otherwise

and take
η = −1 φ = 1
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