



































































































































Lecture 10

Selection Problem Continued

Exponential Mechanism

Announcement

Hwa due in two weeks 10117 Sunday

HWI Solution will be posted

Next week No Class on 10 13 Weds

Optional Bonus Guest lecture on Zoom

Make up class on 10 15 Friday
daring Recitation Time



Selection Problem
Heavy Hitter
Example A set of websites I d

Each user submits Xi e I d
Winner website with the highest score Hjelm id

q j x K jet

Proposed solution Laplace Mech Report the noisy max
Gs d

Exponential Mech



Example 2 Pricing a digital good

Selling an app what price
n people's valuations How much are they willing

to pay
price term valueRevenue Glp X P i Kap

Error map 96 x q Aix x
Y

Price returned by
TptimatRevenue

your algorithm A



Formulation Selection Problem

Y possible outcomes e.g websites prices

q YxX R scorenfunction e.g hits revenue

measures how good y is on dataset X

q is D sensitive if t y EY
fly has GSqso



Exponential Mechanism AE X G E O

futput
an outcome y with probability proportional to

exp E qty x

For this class assume outcome space Y is finite

PI AemCx 8 e 07 9 exp E fly x

Normalization factor Cx Fey exp E fly x



Privacy Proof

Theorem For every 0 sensitive G
A'Eml G E a is e DP

Proof Sketch Fix neighbors x X any outcome yet
PEACH y

Goal
ftp.xy

E EE

PEACH y

PTAat
exp Elgin

m
exp fly x'D

show EEEK E e
Ek

Claim For any y EY

exp Io fly xD E e expf fly x'D

Set ye y
expET 819 x

PIE gig
E ee

Cx Fy exp Io Hy xD

E exp Io fly X eek

Cx e



How useful is EM
Compare GmaCx may fly X 8max

error i Gma x f ftp.mlxlix ng
minimize

Theorem Y is finite Let lYI d
Then ftp.em I.fmaxlx flax e Ineditt

Y
p

ft 0 again Gmax flying Intl 14 set 1

y Terre t
md Fifer.bability

Tail Bound on the error

Proof Fix any dataset XEX

Be yet 819in a Gma Elements
Badset ofoutcomes e

For any ye Bt I plug in
PIAany explEE fly x

exp Gma Eleventh
exp Gma expfenidl exptt

1PEACH _Best t
d

Our goal PEACH c Bike t



PEACHe Bt ee PEACH e Be

CPIAanBestted
PEACH BETI 41 35

IBH.PT tCxl BesDdt.expfy for each

UnionBound YeBt
PEACH Best

BAEd g d Id expect exptt
Bee's Bt



Selection Problem Example
Heavy Hitter
Example A set of websites 1 d

Each user submits Xi E EI d
Winner website with the highest score a VjC Et ad

qty x l if 8 EX u
user visitingError

may Gtix flatxlix
Gmax

Error Bounds
Set t tnl.to

Exp Mech

gIIe
Gmax Gl ix zE Infest4 stet p

error threshold1 failurperobability
error Bound

w p 99 errors 2lnl oo

Vy.tt I fly x 819xilled 0 1

Laplace Mech

Release GG x Lap GII Vy

GSq ma IHjix ftp.xt d
y

Error 3


