



































































































































Recap Multiplicative Weights 4 Exp Mechanism
MWEM

Zero Sam Game

Minimax Theorem von Neumann

Prove it via No Regret Online
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Query Release

Adding Noise Synthetic Data
data independent

i a Fha
Projection death

T Online Learning
Multiplicative WeightsZero SumGame 1

Equilibrium Computation MWEM OnlinePNW
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Multiplicative Weights MW

Wii 1 for all at 44

For 1 1 to Ti

Ze III wat
Ft w'z probabilityvector

Observes Ct c to.DK

Update for each a

Wat wat Ci n
c

II c Cia iyya






































































































































Theorem A adversary fp edfmI

f II set.pt min t.E.cc p ez
pit

pI
Regret

AdversaryµW

No Regret Algorithms






































































































































Query Release via Synthetic Data Distributions

Given F f if fix InII Pick
4 X That

Histogram hx
u

EHX a

Goal i Design M x stx E.com
max Lei E ha E 2

my
X Kenji ha max error

as long as F is closed under complement

f EEF I K C F






































































































































From Online Learning to Query Release

Goal Design M x ngax Lei E hx EL
EF

Synthetic Query
Data Player player

NoRegret BeseResponse

t.at
P2 n

5

Multiplicative Weights W Exponential Mechanism IHNEN

ptc Tn tn
for 1 1 T Exp Mechi choose 4

w score for
Query It Mo X Eo.pt qcq.xt Hn.pt.hn

Ct Cit
Data Pt Mw Update pt ct n c Cosevector

Return p I got
E Ee

avg distribution






































































































































How to analyze MWEM






































































































































Privacy

MWEM as a composition of T exp mech

each satisfies Ceo o DP

ES DP w advanced composition

for EEL Eod
E

DT Inst

Accuracy






































































































































Two Player Zero sum Game

2 Players Row lol

Actions R C
Payoff Matrix Me µ

Maj SH Row wins from Col
if Row plays IER
Col plays FEC

Rock Paper Scissor
tr

R P S
Pow

O I 11plays Rp

S I 1 O






































































































































Who goes first

Row goes first
Row plays action IER
Col plays best response

j argng.in Mig

Row should choose

i arg ma
mgp Maji

may mign Mig I

Col goes first
By symmetry

mign may Mi's 1

Everybody wants to go second

min max Nij 3 Max min Mig
Seems Ordering matters






































































































































Randomized Strategies

a Row XE OCR
Col y C OCC

Expected Payoff

g
Nij Kitty Mi's µMyI






































































































































Ordering matters still

Row plays first xEdR
gets payoff ngina x'My

Optimize and get
Max in

Holly y'Ing
My

Col plays first y cOCC

get my cgm MY

prefers playing Second

min max x'My 7 Max min x'My

Rock Paper Scissor

Row plays G Ifs
mign niMy o

max min ring
Min Max Xing O

Ordering does not matter






































































































































Minimax Theorem von Neumann 28

There exists a value val M sit
game value

may migy N'My miya may x'My valley
magna

A pair x y such that
high Mg valar

m X xing valley
x'My rallM is called

x equilibrium
minimax






































































































































Query Release as a Zero Sum Game

Dataset histogram h C Off
Linear queries i ee see C IR
Data Player Query Player
Col player Row player
min

X dataunir Max

VK.de 2xc R ee if

Miz Elz 4 hx
privatedata

A randomized strategy P for G1 is just
a distribution over X histogram Dataset

True private data set hx is a strategy for the col player
What is the game value

myX hi Mek o

vallationtf p Me so for some Ei
then query player gets positive payoff

Val Mfo
MWEN is computy dapprox equilibrium

accurate





































 "As far as I can see, there could be no theory of games … 
without that theorem … I thought there was nothing worth 
publishing until the Minimax Theorem was proved"
                                                  -- John von Neumann

How to prove Minimax Theorem

1928



Proof using MW

Recap i Min Player Max Player
Row cot
yeoCR xcold

payoff.ie xMy
We know min max U 2 Max min U

4
Ourgoal i show

proof by contradiction Assume a

There exists a game and 8 0

min max U Max min U t 8

Thought Experiment Over rounds 1 1 T
Min Player Max Player
play MW play best response
yet xt argmax.mx 5

Average plays Iif across rounds

No Regret 4 ucxt.yyefmyinzufxt.pt Reg
of min

Synthetic Data my'm III Uff t Reg

player my ULI y Reg
maxx ming UCx.us t Reg I



BeseResponse II Uhfyt I Ee m xUlx y4
of max

Querg player
Z E mign many UCx y

min Max Utoy
w Exponential Mech y x

Max min Utley Reg 7 min max UCay
By assumption

max min UCH t f min max UCay

Reg decreases with T

Contradiction w

constant gap 570


