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↳ more efficient estimator

-

rare event

a.
LAW 61
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P(XE3)

÷↳a events out here are rare
⇒ he may not get a lot of samples in tree

,
,,M¥

.

-

-

place more
"

importance" on the rare emts than he normally would by upweighting their chance

of occurrence and he correcting out estimator.

For very rare
events

, large reductions in the variance at the AC

estimator are possible .
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where X n f
.

Importance
port .
-

T support of § covers the support off. downweighting
back to what

I re reed w/ f.

o -- Elgar ) -- s*smY÷%⇒dx=E[gHtf¥]wY;
¢ is called the importance sampling function

"

PT!!'The,
- importance weight

¢ Must be a density ( integrate to 1 , and he 20 always) .

Sample Xi , - yXm from ¢

Compute

⑤ '- I gCxifMil .

① easy
to sample from of

② easy to evaluate f ( even if its not easy
to sample from f) .
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Let X = result of rolling 1 fair six - sided die.

Want to estimate f(X=l) .
We could this is a MC approach .

① Roll the die m times
-
You are sampling X

. >→ Xm

② Use a point estimator of P(X=i ) as proportion of ones in the sample.
from f

.

-

estimate PCX=D

The variance of the estimator is -356mi if he die is fair. III. ICXi =D .

why ?

X'- Eli . . , 63 f Cx) = { % x 't. . ., 6

O O -
w

.

Define y = {
' it * '

⇒ Y ~ Bernoulli (T)
.

O O .W .

EY =p = I Expected # of Is in m rolls ..

Vary -- pu - p)
-

- I (f) = If ECE.IT -- E.Ey=3

f- = mt ¥
,

Yi ← proportion of Is in our sample.

ECE ) -- Ef 's Iii) - tmECE.li/=tmoF-- T '

mane neasunot

variability th ar. V.

Var Var #Iii) -- #E. vary . -- hi
,

Is = Fm- I used alot in
✓ chemistry and

physics .

We can consider the " coefficient of variation " Cv G) = Efx

If we want a CV of 5%
,

then what valve of m door need?
want

.

cut '÷I= =
t.TL E. os
%
I = (t lost)

'

36ns

5

m = 2
= 2000 rolls.

-

want to lower

this
.
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To reduce the # of rolls , we could consider biasing the die

by replacing the faces bearing 2 and 3 with additional Is
.

This increases the probability of rolling a 1 to 0.5
,
but now he

aren't sampling from the target dsn ( a fair die roll ) .

Now fly --D= I
PCX-27=11×-37--0
Play) -- flies)-1*67=4

Can correct this by
- weighting each roll of a 1 by }

11

- Let Yi = { I if X - I

0 otherwise.

Then the expectation of
the sample mean ofE

is t

C- (E) = II. EY -- EY -- f. I t0Eotof)
=
,

= 0

But the variance is

Var [ End ) -- II. vary. - i 's Vary
= Iits ) = ITM

Ey
-
= ftp.T -

- Tse
so to aches've a CV of 8% , he would need only

= as
I

6 I
solve fer m m= 36 (I x.057

= 400 ned Is
.
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