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Optimal Stopping



Equivalently



Tree notation

• Depth N, branching factor M

• Specify tree by choice at each node:

• i = (i1,i2,i3,i4)

• Can specify node location by i and depth k



Tree estimates (high biased)



Bias Correction



Y = H - P



Expectation of Table



Substituting z = y√M



Replace z with z* for one integration



Bias Correction



Fixing Local Also Fixes Global

Global Stage k error bounded

• It is bounded by stage k+1 
bias

• Jensen +

• |max(x,y) – max(u,v)| 

≤ |x-u| + |y-v|

• Final stage bias = 0

• So can ignore stage k

• bias

Formula: 



Moments and Bounds

The idea

• Wp is pth absolute moment 
of B

• Wp is bounded above by Up

• Makes sense for U1, pre-

visible option value

clearly higher than B1.

• Can also prove for p > 1

The bound



Moment Bounding Lemma



Bounds Consistency Lemma



Estimator Consistency Lemma



Moment Consistency Lemma 



Formal Justification



We will manipulate the local error

The Goal

• to show that the local error 
term – the bias correction 
term is o(1/M)

• f(M) is o(1/M) means:

lim M ∞  Mf(M) = 0

Equivalent Local Bias



Want to exchange for normal (*)



Y* is ‘normal’ version of Y



Local – Correction o(1/M)

• We need to show

• E[|Local – (34)|] is 
o(1/M)



It is!



Separating Scales



Separating Scales II



Y*, Vbar not observable



It’s OK to swap Y* and Y



It’s OK to swap Vbar for Vtilde



The final theorem I



The final theorem II



Some results

The parameters

• Max call on 5 uncorrelated 
stocks

• C(S1
T,S

2
T,S

3
T,S

4
T,S

5
T,T) = 

max(S1
T-K1,S2

T-K2,S3
T-K3,

S4
T-K4, S5

T-K5,0)

• For all stocks:  S0 = 90, K = 
100, σ = 20%, q = 10%

• N = 3, T = 3, r = 5%

Price vs. Branching Factor
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Works with more Exercise opps!
Price vs Exercise Opps.

(M=10, same parameters)

Log (time in hours) vs. ExOpp

(M=10, same parameters)
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Thanks for listening

• Any Questions? 


