
Weeksee
· due Sunday (hard deadline)

" Anyone interested in grading nextsemester?

· self-grade due Monday Chard deadline

↳ Midterm 11/25

Suggestion :

1. Review psets Including this weeks)

2. Review
recurring concepts (e.g.,

SVD
, variance

,

etc)

3. Take Itpractice exam (7) min on paper). Review

M
.
Take 2nd.



ExplainableAl Motivation : Use Gi to
...

·Check for concerning behavior

· Understand model

[i] · Select important features

Q : Why did the model output f(x) ?-General Case : Non-linear models

Idea : Let's compare to a baseline beised Challenge : Complicated interactions6twn

Ce.g .
an average point) features

Ease: Linear Models
E

.g. Supposef predicte plant growth .

special If temp is high , precip helps.

d

f(x) = [wiXi US- f(6)= wib:
If temp is low

, precip hurts.

Solution : Evaluate effect of feature i

f(x) - f(b)= Xi - bi) in context of other features

A : Feature i changed output by

Di = wilx=6)



ValuesueFunction Shapley
Axioms :

↳ Null
XSE Ra combines x

.
6 & Symmetry d- Linearity

Xi = &Xiif isa - Efficiency : : = v(d])-v(D

v(s) = f(x))
d:

= 2 (u(sui) - v(s)] asi)Goal : Analyze #(vi) - v (s)] S/a]Ei3

v (51,
23) S

>

3
->

->

3

2

I 3

S ↳ [

S

2 N ↑ -

v(0) =f(b) v((d]) =f(x)

Decompose change in prediction in terms offeatures



EstimatingShapley Values Sample m subsets

instead of all 29
challenge : 2 subsets to evaluate

S1
, . . ., Sm - [d]Ei3

Monte Carlo Estimator approximates
sum by computing several terms S is sampled up Ps

without replacement-

choose Psail m
m-venance
#(m)= Sy

((Svi) - - (s)(2(Si = 5)

=
a

= di



Variance Bound
-

· Scalar Vor(cX) =c Var(X) I shee)Fact : Variance without replacement variance with replacement

So
,
var(6,

Ms) a most variance when sampled with replacement

Var(im) = Varsvi-v]ISS
↑

wi replacement=>(d) :
[V(buil -VISIT"Var(#( =S7) by indep

->-P by below mequality

Var(1(s =s]) = #(2(S; =SY) - #(2(S; =S]]
<

= E(2(S; =S]]
=> 1 · Pr(Si = 3) + 0f = Pr(Sj=S)]
= Pr(Sj = S) = Pis



mamumSample ReuseSee. Let's reuse samples !
↓

di = (d) i3
(vcsui) -v(s)] ac

v(S)y 2v(s)
=2 - d(as ! )
Se(d] : its didsit) Sta : ieS

= 2 v(s) [xies] -

TSe[d] d (iii)

Estimate this ! But variance will depend on [VCsI]" rather than [v(soil-v(S)]?.·



Last Lecture
-

↳ Midterm 11/25

↳ Important class on 12/2
· proposal dus 10 am

· discuss proposal in class

· class eval



Stapleyvalues · prediction given Monte

->
~ (s)
<

features in S

sCaroSm F(d]i3 up Pisto
%
-

↑M=v I sampla

-
& - E(v(sui) - v(s)) 11/S sampled]

S[A]i3

Pi=Ellis
Goal : Let's compute variance!

= average effect of feature :

on prediction

challenge : 2 subsets ! 1



Variance-((X+Y - #(x)-E(](3)
= E((X- #(*])] + ESCY- A(YJIT + 2e((X-E(X))/Y- C(Y)]

Var(X) var(Y) Cor(X, Y)

If X
,
Y independentt ...



Variance of Monte Carlo [15] -E[1 ,]"= /113]

&m= & (v(sui)- v(s)) 11/S sampled]
= (1s]

S[A]i3
=> l . Pr(s) +0 . (1-Pr(s))
= Pr(s) = Pisi

= in [Xs4s

Var(m)= [var(Xs(s)Cov(XIs,X
-> in [[Nes-(Xsts]]] + = & #((X > #(s] -#XsHs)(Xg .2tsiEXs Esi]

m2 S
,
s

= X(-E(1)) + =XSXS((4
- ((2s])(2s#(2)s])]

# (2s - E(Is]) (Is - #(2sil)]=[Is[s] - 2 t(Is]E/Its] +E[Is]E/IIs]
= Pr)bothS,S' selected) - Pr(S selected) Pr(S' selected)0

var(@mc)=dis
[(Sui) - v(s]] 2 Pist



xmumSample
Reuse-

he soil - v(S),
Unbiased ? ~ %

but only use it to estimate di Variance? depends on ((s)] :

Pi=Ellis
=its-i
=> [v(s)/]

Sample S
,...,Sm (d] ,

use fall estimates

MSREVISsample



Q : Which rows to choose?

Activehearningaa
true fit sampled true fit

⑧ fit

P =

Col
= argmin IXcoyl sampled

w : <w
,
2) = v((d)l-V(0) ·a fi ·

= argmin 5(v(s) -
·<Wi) o samplea o sampled

* If we sample m = 0(E) rows
,/

Idea : Choose row by its leverage

1) X-y/12 -> CHE) 11 Xw
*

-y/l ?

w



RegressionAdist
a

Fit i to v on samples

Return $i()+M - Y)

consistent : What is di(v) + bi/v-V) ?


