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✐♥ Ω × Ωt ✇✐t❤ Ω = [0, S♠❛①1 ] × ... × [0, S♠❛①d ] ❛♥❞ Ωt = [0, T ]✳ ❚❤❡ ✈♦❧❛t✐❧✐t② ♦❢ t❤❡ s✐♥❣❧❡ ❛ss❡ts Si ✐s
❞❡♥♦t❡❞ ❜② σi > 0✱ t❤❡✐r ❝♦rr❡❧❛t✐♦♥ ✐s ❣✐✈❡♥ ❜② ρij ❢♦r i, j = 1, ..., d✳ ❚❤❡ r✐s❦✲❢r❡❡ ✐♥t❡r❡st r❛t❡ ✐s ❣✐✈❡♥
❜② r✳ ❆t ♠❛t✉r✐t② t = T t❤❡ ♦♣t✐♦♥ ✈❛❧✉❡ ✐s ❣✐✈❡♥ ❜② ✐ts ♣❛②♦✛

g(S1, ..., Sd) = (K − S1 − ...− Sd)
+ ✭P✉t✮, g(S1, ..., Sd) = (S1 + ...+ Sd −K)+ ✭❈❛❧❧✮

✇✐t❤ t❤❡ str✐❦❡ ♣r✐❝❡ K > 0✳ ❲❡ ❛♣♣❧② t❤❡ tr❛♥s❢♦r♠❛t✐♦♥s xi = log(Si) ❢♦r i = 1, ..., d✱ τ = T − t ❛♥❞
u = erτV ✱ ✇❤✐❝❤ ❧❡❛❞s t♦ t❤❡ tr❛♥s❢♦r♠❡❞ P❉❊
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∂u

∂τ
= F (u(τ)), 0 ≤ τ ≤ T, u(0) = g.

❲❡ ❝♦♥s✐❞❡r ❆❉■ s♣❧✐tt✐♥❣ s❝❤❡♠❡s ✐♥ t❤❡ t✐♠❡ ❞♦♠❛✐♥ ✇✐t❤ t❤❡ ❞❡❝♦♠♣♦s✐t✐♦♥ ♦❢ t❤❡ s♣❛t✐❛❧ ❞✐s❝r❡t✐s❛t✐♦♥

F (u) = F0(u) + F1(u) + ...+ Fd(u),

✇❤❡r❡ F0 st❡♠s ❢r♦♠ ❛❧❧ ♠✐①❡❞ ❞❡r✐✈❛t✐✈❡s ❛♥❞ Fi ❢♦r i = 1, ..., d ❜❡❧♦♥❣s t♦ t❤❡ ✉♥✐❞✐r❡❝t✐♦♥❛❧ ❝♦♥tr✐❜✉t✐♦♥
♦❢ t❤❡ i✲t❤ ❝♦♦r❞✐♥❛t❡ ✐♥ t❤❡ P❉❊ ✭✶✮✳ ❲✐t❤✐♥ t❤❡ ❆❉■ ❢r❛♠❡✇♦r❦ t❤❡ F0 ♣❛rt ✇✐❧❧ ❛❧✇❛②s ❜❡ tr❡❛t❡❞
❡①♣❧✐❝✐t❧②✳ ❲❡ ♣r♦♣♦s❡ ❛ ❍❖❈ ✜♥✐t❡ ❞✐✛❡r❡♥❝❡ ❞✐s❝r❡t✐s❛t✐♦♥ ♦❢ t❤❡ Fi✲t❡r♠s t♦ ❝♦♠♣✉t❡ ❛ ❤✐❣❤❧② ❛❝❝✉r❛t❡



❍✐❣❤✲❖r❞❡r✲❈♦♠♣❛❝t ❆❧t❡r♥❛t✐♥❣✲❉✐r❡❝t✐♦♥✲■♠♣❧✐❝✐t s❝❤❡♠❡s

s♦❧✉t✐♦♥ ✇❤✐❧❡ ❡♠♣❧♦②✐♥❣ ❛ ❝♦♠♣❛❝t st❡♥❝✐❧✳ ❚♦ r❡❞✉❝❡ t❤❡ ♥✉♠❜❡r ♦❢ ❣r✐❞ ♣♦✐♥ts ✇❡ ✉s❡ t❤❡ ❝♦♠❜✐♥❛t✐♦♥
t❡❝❤♥✐q✉❡ t♦ ❝♦♠♣✉t❡ t❤❡ s♦ ❝❛❧❧❡❞ s♣❛rs❡ ❣r✐❞ s♦❧✉t✐♦♥✳ ❈♦♠♣❛r❡❞ t♦ ❛ t❡♥s♦r✲❜❛s❡❞ ❢✉❧❧ ❣r✐❞ ✇✐t❤
O(h−d) ♣♦✐♥ts ✐♥ s♣❛❝❡✱ t❤❡ s♣❛rs❡ ❣r✐❞ ❝♦♥s✐sts ♦❢ ♦♥❧② O(h−1 log(h−1)d−1) ♥♦❞❡s✳ ❯♥❞❡r s✉✐t❛❜❧❡
r❡❣✉❧❛r✐t② ❛ss✉♠♣t✐♦♥s t❤❡ ♣♦✐♥t✇✐s❡ r❛t❡ ♦❢ ❝♦♥✈❡r❣❡♥❝❡ ✐s O(h4 log(h−1)d−1) ✐❢ ❛ ❢♦✉rt❤ ♦r❞❡r s❝❤❡♠❡
✐s ✉s❡❞ t♦ ❝♦♠♣✉t❡ t❤❡ s✉❜ s♦❧✉t✐♦♥s✳

✷✳ ❍❖❈ ❋✐♥✐t❡ ❉✐✛❡r❡♥❝❡s✳ ❲❡ ♥♦✇ ❞❡r✐✈❡ ❛ ❍❖❈ ❛♣♣r♦①✐♠❛t✐♦♥ ♦❢ t❤❡ s✐♥❣❧❡ Fi ❛r✐s✐♥❣ ✐♥ t❤❡
❞❡❝♦♠♣♦s✐t✐♦♥ ♦❢ F ✳ ❚❤r♦✉❣❤♦✉t t❤✐s ❛rt✐❝❧❡ ✇❡ ✉s❡ st❛♥❞❛r❞ ✜♥✐t❡ ❞✐✛❡r❡♥❝❡ ♦♣❡r❛t♦rs t♦ ❛♣♣r♦①✐♠❛t❡
t❤❡ ❞❡r✐✈❛t✐✈❡s✳ ❆ ❝❡♥tr❛❧ ❞✐s❝r❡t✐s❛t✐♦♥ t♦ t❤❡ ✜rst ❛♥❞ s❡❝♦♥❞ ❞❡r✐✈❛t✐✈❡ ♦❢ ♦r❞❡r t✇♦ ✐s ❣✐✈❡♥ ❜②
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❆s F0 ✐s ❛❧✇❛②s tr❡❛t❡❞ ❡①♣❧✐❝✐t❧② ✇❡ ❞♦ ♥♦t ❡①♣❡❝t ❛♥② s✐❣♥✐✜❝❛♥t ❛❞✈❡rs❡ ❡✛❡❝ts ✐♥❝♦r♣♦r❛t✐♥❣ t❤❡s❡
❧❛r❣❡ st❡♥❝✐❧s r❡❣❛r❞✐♥❣ t❤❡ ❝♦♠♣✉t❛t✐♦♥❛❧ ❡✛♦rt✳ ❚❤❡ ✉♥✐❞✐r❡❝t✐♦♥❛❧ ❝♦♥tr✐❜✉t✐♦♥s ❛r❡ ❣✐✈❡♥ ❜②
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❢♦r i = 1, ..., d ❛♥❞ s♦♠❡ ❛r❜✐tr❛r② r✐❣❤t ❤❛♥❞ s✐❞❡ f ✳ ■♥s❡rt✐♥❣ t❤❡ ✜♥✐t❡ ❞✐✛❡r❡♥❝❡ ♦♣❡r❛t♦rs ✇❡ ♦❜t❛✐♥
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∂3u

∂x3
i

+O(h4
i ) = fk. ✭✸✮

❙✐♥❝❡ t❤❡ tr✉♥❝❛t✐♦♥ ❡rr♦r ✐♥ (3) ✐s ♦❢ ♦r❞❡r t✇♦✱ ✇❡ ❝❛♥ ❞❡r✐✈❡ ❛ ❢♦✉rt❤ ♦r❞❡r ❛♣♣r♦①✐♠❛t✐♦♥ ✐❢ t❤❡
t❤✐r❞ ❛♥❞ ❢♦✉rt❤ ❞❡r✐✈❛t✐✈❡ ❛r❡ ❛♣♣r♦①✐♠❛t❡❞ ✇✐t❤ s❡❝♦♥❞ ♦r❞❡r ❛❝❝✉r❛❝②✳ ■♥ ♦r❞❡r t♦ ❞❡r✐✈❡ t❤❡s❡
❛♣♣r♦①✐♠❛t✐♦♥s✱ ✇❡ ❞✐✛❡r❡♥t✐❛t❡ ❡q✉❛t✐♦♥ ✭✷✮ ♦♥❝❡ ✇✐t❤ r❡s♣❡❝t t♦ xi ❛♥❞ ❣❡t
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❉✐✛❡r❡♥t✐❛t✐♥❣ ✭✷✮ t✇✐❝❡ ✇✐t❤ r❡s♣❡❝t t♦ xi ❣✐✈❡s

∂4u

∂x4
i

=
2

σ2
i

∂f

∂xi

−

(

2r

σ2
i

− 1

)(

2

σ2
i

∂f

∂xi

−

(

2r

σ2
i

− 1

)

∂2u

∂x2
i

)
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❚❤❡ ❞❡r✐✈❛t✐✈❡s ✭✹✮ ❛♥❞ ✭✺✮ ❝❛♥ ❜❡ ❛♣♣r♦①✐♠❛t❡❞ ✈✐❛ ❝❡♥tr❛❧ ❞✐s❝r❡t✐s❛t✐♦♥ ♦♥ t❤❡ ❝♦♠♣❛❝t st❡♥❝✐❧ ✇✐t❤
s❡❝♦♥❞ ♦r❞❡r✳ ❍❡♥❝❡ ✉s✐♥❣ ✭✹✮ ❛♥❞ ✭✺✮ ✐♥ ✭✸✮ ❧❡❛❞s t♦ ❛ ❢♦✉rt❤ ♦r❞❡r ❛❝❝✉r❛t❡ ❛♣♣r♦①✐♠❛t✐♦♥







h2

i

(

r−
σ2

i

2

)

2

6σ2

i

+
σ2
i

2






δ2xi

uk +

(

r −
σ2
i

2

)

δ0xi
uk = fk +

h2
i

12
δ2xi

fk +
h2
i

(

r −
σ2

i

2

)

6σ2
i

δ0xi
fk. ✭✻✮

❘❡✇r✐t✐♥❣ t❤✐s s❝❤❡♠❡ ✐♥ t❡r♠s ♦❢ ♠❛tr✐❝❡s ♦r s②♠❜♦❧✐❝ ♦♣❡r❛t♦rs ❣✐✈❡s

Axi
U = Bxi

F

❢♦r ✈❡❝t♦rs U ❛♥❞ F ✱ ✇❤❡r❡ Axi
❝♦rr❡s♣♦♥❞s t♦ t❤❡ ❧❡❢t ❤❛♥❞ s✐❞❡ ♦❢ (6) ❛♥❞ Bxi

t♦ ✐ts r✐❣❤t ❤❛♥❞ s✐❞❡✳
❚❤❡ s❡♠✐✲❞✐s❝r❡t❡ s❝❤❡♠❡ ❝❛♥ t❤✉s ❜❡ ✇r✐tt❡♥ ❛s

∂u

∂t
= F0(u) +B−1

x1
Ax1

u+ ...+B−1
xd

Axd
u+O(h4

1) + ...+O(h4
d) +

∑

i,j

O(h4
ih

4
j ).



❈✳ ❍❡♥❞r✐❝❦s ❈✳ ❍❡✉❡r ▼✳ ❊❤r❤❛r❞t ▼✳ ●ü♥t❤❡r

✸✳ ❍❖❈✲❆❉■ s❝❤❡♠❡s✳ ❲❡ ♥♦✇ ❛♣♣❧② t❤r❡❡ ✇❡❧❧ ❦♥♦✇♥ ❆❉■ s❝❤❡♠❡s t♦ t❤❡ s♣❛t✐❛❧ ❞✐s❝r❡t✐s❛t✐♦♥
❣✐✈❡♥ ✐♥ t❤❡ ♣r❡✈✐♦✉s s❡❝t✐♦♥✱ ♥❛♠❡❧②

❍❖❈ ❉♦✉❣❧❛s s❝❤❡♠❡✿


















Z0 =
∏d

j=1
Bxj

un +∆t

(

∏d

j=1
Bxj

F0(un) +
∑d

i=1

∏d
j=1

j 6=i

Bxj
Axi

un

)

(Bxi
− θ∆tAxi

)Zi = Zi−1 − θ∆t

∏d

j=i+1
Bxj

Axi
un ❢♦r i = 1, ..., d

un+1 = Zd,

✭✼✮

❍❖❈ ❈r❛✐❣✲❙♥❡②❞ s❝❤❡♠❡✿






































Z0 =
∏d

j=1
Bxj

un +∆t

(

∏d

j=1
Bxj

F0(un) +
∑d

i=1

∏d
j=1

j 6=i

Bxj
Axi

un

)

(Bxi
− θ∆tAxi

)Zi = Zi−1 − θ∆t

∏d

j=i+1
Bxj

Axi
un ❢♦r i = 1, ..., d

Z̃0 = Z0 +
1

2
∆t

(

∏d

j=1
Bxj

F0(Zd)−
∏d

j=1
Bxj

F0(un)
)

(Bxi
− θ∆tAxi

) Z̃i = Z̃i−1 − θ∆t

∏

j=i+1
Bxj

Axi
un ❢♦r i = 1, ..., d

un+1 = Z̃d.

✭✽✮

❍❖❈ ▼♦❞✐✜❡❞ ❈r❛✐❣✲❙♥❡②❞ s❝❤❡♠❡✿


















































Z0 =
∏d

j=1
Bxj

un +∆t

(

∏d

j=1
Bxj

F0(un) +
∑d

i=1

∏d
j=1

j 6=i

Bxj
Axi

un

)

(Bxi
− θ∆tAxi

)Zi = Zi−1 − θ∆t

∏d

j=i+1
Bxj

Axi
un ❢♦r i = 1, ..., d

Ẑ0 = Z0 + θ∆t

(

∏d

j=1
Bxj

F0(Zd)−
∏d

j=1
Bxj

F0(un)
)

Z̃0 = Ẑ0 + ( 1
2
− θ)∆t

(

∏d

j=1
Bxj

F (Zd)−
∏d

j=1
Bxj

F (un)
)

(Bxi
− θ∆tAxi

) Z̃i = Z̃i−1 − θ∆t

∏

j=i+1
Bxj

Axi
un ❢♦r i = 1, ..., d

un+1 = Z̃d.

✭✾✮

❚❤❡ ❉♦✉❣❧❛s s❝❤❡♠❡✱ s❡❡ ❬✷❪✱ ❡①❤✐❜✐ts ❛ ❝♦♥s✐st❡♥❝② ♦r❞❡r ✷ ✐♥ t✐♠❡ ✐❢ θ = 1

2
❛♥❞ F0 = 0✱ ♦r❞❡r ✶ ♦t❤❡r✇✐s❡✳

❚❤❡ ❝♦♥s✐st❡♥❝② ♦r❞❡r ✐♥ t✐♠❡ ♦❢ t❤❡ ❈r❛✐❣✲❙♥❡②❞ s❝❤❡♠❡✱ s❡❡ ❬✶❪✱ ✐s ❣✐✈❡♥ ❜② ✷ ✐❢ ❛♥❞ ♦♥❧② ✐❢ θ = 1

2
✳ ❚❤❡

♠♦❞✐✜❡❞ ❈r❛✐❣✲❙♥❡②❞ s❝❤❡♠❡✱ s❡❡ ❬✹❪✱ ❡①❤✐❜✐ts ❝♦♥s✐st❡♥❝② ♦r❞❡r ✷ ✐♥ t✐♠❡ ❢♦r ❛♥② θ✳ ❚❤❡ ❈r❛✐❣✲❙♥❡②❞
❛♥❞ t❤❡ ▼♦❞✐✜❡❞ ❈r❛✐❣✲❙♥❡②❞ s❝❤❡♠❡ ❝❛♥ ❜❡ s❡❡♥ ❛s ❛♥ ❡①t❡♥s✐♦♥ ♦❢ t❤❡ ❉♦✉❣❧❛s s❝❤❡♠❡✳

✹✳ ❈♦♠❜✐♥❛t✐♦♥ t❡❝❤♥✐q✉❡✳ ■♥ ♦r❞❡r t♦ ❝♦♥str✉❝t t❤❡ s♦❧✉t✐♦♥ ♦♥ t❤❡ s♣❛rs❡ ❣r✐❞ ✇❡ ✉s❡ t❤❡
❝♦♠❜✐♥❛t✐♦♥ t❡❝❤♥✐q✉❡✱ ✇❤✐❝❤ ❡①♣❧♦✐ts t❤❡ ❡rr♦r s♣❧✐tt✐♥❣ str✉❝t✉r❡ t♦ ❧✐♥❡❛r❧② ❝♦♠❜✐♥❡ ❛♥ ❛♥✐s♦tr♦♣✐❝
s❡q✉❡♥❝❡ ♦❢ s♦❧✉t✐♦♥s ✐♥ s✉❝❤ ❛ ✇❛② t❤❛t ❧♦✇ ♦r❞❡r ❡rr♦r t❡r♠s ❝❛♥❝❡❧ ♦✉t✳ ❲❡ ❛ss✉♠❡

u(xh)− ul =
d

∑

k=1

∑

{j1,...,jk}
⊆{1,...,d}

wj1,...jk(.;hj1 , ..., hjk)h
4
j1
· · · h4

jk
,

❛s ❡rr♦r ✇✐t❤ ❜♦✉♥❞❡❞ ❝♦❡✣❝✐❡♥t ❢✉♥❝t✐♦♥s w✳ ❚❤❡ ❛♥❛❧②t✐❝❛❧ s♦❧✉t✐♦♥ ♦♥ t❤❡ ❞✐s❝r❡t❡ ❣r✐❞ xh ✐s ❞❡♥♦t❡❞
❜② u(xh)✳ ◆♦t❡ t❤❛t s✉❝❤ ❛♥ s♣❧✐tt✐♥❣ str✉❝t✉r❡ ❝❛♥ ❜❡ s❤♦✇♥ ❢♦r ❛ ✇✐❞❡ ❝❧❛ss ♦❢ P❉❊s ❛♥❞ ❧✐♥❡❛r ✜♥✐t❡
❞✐✛❡r❡♥❝❡ s❝❤❡♠❡s ❬✼❪✳ ❈♦♠❜✐♥✐♥❣ t❤❡ s♦❧✉t✐♦♥s ❛❝❝♦r❞✐♥❣ t♦

us
n =

d−1
∑

q=0

(−1)q
(

d− 1

q

)

∑

|l|
1
=n−q

ul,

✇❡ ❝❛♥ ❡①♣❡❝t ❛ ♣♦✐♥t✇✐s❡ r❛t❡ ♦❢ ❝♦♥✈❡r❣❡♥❝❡ ♦❢ O(h4 log(h−1)d−1)✳ ❍❡r❡ us
n ❞❡♥♦t❡s t❤❡ s♣❛rs❡

❣r✐❞ s♦❧✉t✐♦♥ ♦♥ ❧❡✈❡❧ n✳ ❚❤❡ ♥✉♠❡r✐❝❛❧ s✉❜ s♦❧✉t✐♦♥s ul ❛r❡ ❝♦♠♣✉t❡❞ ♦♥ ❛ ❣r✐❞ ✇✐t❤ st❡♣ s✐③❡s
(h1, h2, ..., hd) =

(

2−l1 · c1, 2
−l2 · c2, ..., 2

−ld · cd
)

✇✐t❤ ♠✉❧t✐✲✐♥❞❡① l = (l1, l2, ..., ld) ❛♥❞ ❣r✐❞ ❧❡♥❣t❤ ci
✐♥ ❝♦♦r❞✐♥❛t❡ ❞✐r❡❝t✐♦♥ i ❢♦r i = 1, ..., d✳



❍✐❣❤✲❖r❞❡r✲❈♦♠♣❛❝t ❆❧t❡r♥❛t✐♥❣✲❉✐r❡❝t✐♦♥✲■♠♣❧✐❝✐t s❝❤❡♠❡s

✺✳ ◆✉♠❡r✐❝❛❧ ❡①♣❡r✐♠❡♥ts✳ ■♥ t❤✐s s❡❝t✐♦♥ ✇❡ ❛♣♣❧② ♦✉r ♥✉♠❡r✐❝❛❧ s❝❤❡♠❡s t♦ ❛ ❊✉r♦♣❡❛♥
❜❛s❦❡t ♣✉t ♦♣t✐♦♥ ✇✐t❤ t✇♦ ✉♥❞❡r❧②✐♥❣s ✇✐t❤ ♣❛r❛♠❡t❡rs

T = 1, K = 20, σ1 = 0.4, σ2 = 0.3, ρ12 = 0.5, x♠✐♥

i = −5 ❛♥❞ x♠❛①

i = log(5K)

❢♦r i = 1, 2✳ ❋✐❣✉r❡ ✶ s❤♦✇s t❤❡ r❡s✉❧ts ♦❢ ♦✉r ♥✉♠❡r✐❝❛❧ t❡sts✳ ■♥ t❤❡ t✐♠❡ ❞♦♠❛✐♥ ✇❡ ✉s❡ t❤❡ ❧♦✇❡st θ

10−3 10−2 10−1 100
10−8

10−5

10−2

r❡
❧❛
t✐
✈❡

l 2
❡r
r♦
r

❍❖❈ ❉❖ θ❂✵✳✺

❍❖❈ ❈❙ θ❂✵✳✺

❍❖❈ ▼❈❙ θ❂✵✳✸✸✹

✭❛✮ ❊rr♦r ✐♥ t✐♠❡✱ ∆t → 0

10−3 10−2 10−1 100
10−7

10−4

10−1

r❡
❧❛
t✐
✈❡

l 2
❡r
r♦
r

✭❜✮ ❙♣❛t✐❛❧ ❡rr♦r✱ h → 0

10−3 10−2 10−1 100
10−7

10−4

10−1

♣
♦✐
♥
t✇
✐s
❡
❡r
r♦
r

✭❝✮ ❊rr♦r ♦♥ s♣❛rs❡ ❣r✐❞ ❢♦r h → 0

❋✐❣✉r❡ ✶✿ ◆✉♠❡r✐❝❛❧ ❝♦♥✈❡r❣❡♥❝❡ ♣❧♦ts

✈❛❧✉❡ ❡♥s✉r✐♥❣ ✉♥❝♦♥❞✐t✐♦♥❛❧❧② st❛❜✐❧✐t② ✐♥ t❤❡ ❝❛s❡ ♦❢ st❛♥❞❛r❞ s❡❝♦♥❞ ♦r❞❡r ✜♥✐t❡ ❞✐✛❡r❡♥❝❡s ❬✺✱ ✸❪✳ ❆❧❧
t❤r❡❡ s❝❤❡♠❡s s❤♦✇ ❛ st❛❜❧❡ ❜❡❤❛✈✐♦✉r✱ s❡❡ ✶✭❛✮ ❛♥❞ ❧❡❛❞ t♦ t❤❡✐r ❡①♣❡❝t❡❞ ❝♦♥✈❡r❣❡♥❝❡ ♦r❞❡r✳ ❋✐❣✉r❡
✶✭❜✮ ❛♥❞ ✶✭❝✮ s❤♦✇ t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ t❤❡ ❡rr♦r ♦♥ t❤❡ ❢✉❧❧ ❛♥❞ s♣❛rs❡ ❣r✐❞✳ ❲❡ ❝♦♠♣✉t❡ t❤❡ s♣❛rs❡ ❣r✐❞
❡rr♦r ❛t t❤❡ ❝❡♥tr❛❧ ❣r✐❞ ♥♦❞❡✱ ✇❤✐❝❤ ✐s t❤❡ ♦♥❧② ♣♦✐♥t t❤❛t ❜❡❧♦♥❣s t♦ ❛❧❧ s✉❜ ❣r✐❞s ❛♥❞ ✐s t❤❡r❡❢♦r❡ ♥♦t
✐♥✢✉❡♥❝❡❞ ❜② t❤❡ ✐♥t❡r♣♦❧❛t✐♦♥ t❡❝❤♥✐q✉❡ ✉s❡❞ t♦ ❝♦♠❜✐♥❡ t❤❡ s♦❧✉t✐♦♥s✳ ❚❤❡ ❝♦♥✈❡r❣❡♥❝❡ ✐♥ ❜♦t❤ ♣❧♦ts
✐s ✐♥ ❧✐♥❡ ✇✐t❤ t❤❡ t❤❡♦r❡t✐❝❛❧ ✜♥❞✐♥❣s✳ P❧❡❛s❡ ♥♦t❡ t❤❛t t❤❡ ✐♥✐t✐❛❧ ✈❛❧✉❡ ❤❛s ❜❡❡♥ s♠♦♦t❤❡❞ ❛❝❝♦r❞✐♥❣
t♦ ❑r❡✐ss ❡t✳ ❛❧✳ ❬✻❪ ✐♥ ♦r❞❡r t♦ ♦✈❡r❝♦♠❡ t❤❡ ❞❡t❡r✐♦r❛t✐♦♥s ❢r♦♠ t❤❡ ♥♦♥✲s♠♦♦t❤ ♦♣t✐♦♥✬s ♣❛②♦✛✳

✻✳ ❈♦♥❝❧✉s✐♦♥ ❛♥❞ ❢✉rt❤❡r r❡s❡❛r❝❤✳ ■♥ t❤✐s ✇♦r❦ ✇❡ ✐♥tr♦❞✉❝❡❞ ❍❖❈✲❆❉■ s❝❤❡♠❡s t♦ ♣r✐❝❡
❜❛s❦❡t ♦♣t✐♦♥s✳ ❚❤❡ ♥✉♠❜❡r ♦❢ ❣r✐❞ ♣♦✐♥ts ❝♦✉❧❞ ❜❡ r❡❞✉❝❡❞ s✐❣♥✐✜❝❛♥t❧② ✉s✐♥❣ s♣❛rs❡ ❣r✐❞s ❛♥❞ t❤❡
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