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Recap

Let A is E-DP => Pr[AcieS] =efPrCA(X) eS]
↓ neighboring datasets xx'
and + measurable event S.

Def Given function f :" -> IR" its Global Sensitivity (in es)-

is As(f) : = Sup 11f(x) - f(x /Iy
Xux'

W
.p . Pa=lef. Randomized Response RRg(x) = 3

Y

I
& 1-X

57 xeX? RRg(x) = (RRa(x1)
,
.
. . ,
RRskn] Xe 90, 11

W
.p .9es

let. Laplace Mechanism A(x) = 7(x) + E
, where z = (z, . . .

, za)Lap
F : X - 18

, Acap :X - R
,

zi id Lap() -

D
, (f) = D



Examples of Global sensitivity

· Count F(x)= (i) for 4: 20 , 13 Def = 1

·

Proportion 7(x)=exi - Dif=

· Bounded mean : if Xt(d ,b) and f(x)= Exi es Dif =b·
Cj

· Histogram counts

f(x) =( , ...je[d]

->
#buckets

ex
D 17 = sup 11f(x) - f(x) /l=E 17(x) ; - f(x); 1

=2

Xux



racy: earning theman f(x) = X= xi : Xi + 10 ,1
·place Af(x) + z · zuLape)

--O
# RRa(x) = (Y ,

,
.
. .

,
Ym) +i = &Xi , up eytel

1 -Xi
, up 1/(+es)

Y= [Y ;

# [T]= ]= (vi + ( -xi)
-+



output =]= &
for small

# 2(p-]=
* Hint to statistical estimation :

x ~ Ber(p) .
Error of Laplace it Iwant to estimate p :

# [(p -p)z] = E[((X - p) + (i -x))2]
= IF [((X - p) + z)]

wind
.

=

E[(X - p(z] + 2((z(x
-p(z + #(z) .

- ↓
-

"sampling+ O +One)
error

I X
an ↑statistical 5

cost of privacy ,
error

,
or

3
12 error

,



pertiesof DP

·

Post-processing : If A : XYzY is 3-DP and B : Ye z (does

not access)
, then BCA(x) is also E-DP .

Posketch: for T&Z : Cassume B is deterministic

Pr[BCA(x]eT] = Pr[A(x) = B- CT)]

< Pr[A(X) E B' (f)] · es

= Pr[B(A(x)) =T]

For Brandomized : define BCR
,
A(x) where R are the random bits of B.

Pr(BCR
,
A(x) eT] = # [Pr[BIr , Acx))eT] ... - .

-
rvR

for fixed r

&(r
,
A(x) deterministic

- proceed as above .



Basic Adaptive Composition .

X + As -W ,

(x
,
w ,) -> Az - We

A(x) = (w
,, wz)

- A, is E
,DP and Az) , m) is also EDP #W

,

then A(x) = (A.)
,
Az(X

, A, (x)) is CatE2)-DP ·

sketch:
Pr [A(x) = (w

,wz]] = Pr[Ai(x) =W ,J PrCAz(w ,
x)=W2]

-
> ePr(Ai() =wi] - ePr(Az(wi,X)=wi)

... for K adaptive composition :
= ente . Pr [A(x) = (WijW2)]

.

(ii) -DP



rorpPird
k

& A is E-DP then PrCAC) +S] Ge* prCAWES]
.

Summary
&

Post-processing E-E
Basic adaptive camp . 2-KE-> example

. K Laplace

Group privacy E- K - E
Etotal .a each Arapi Ejecta

Lop)*) = Lap(



Selection
y = 31

, ...,
83.Candidates

X -x4

Score function of (yix)
Assume : (g( ; x) - q(y ; x))= - y +Y

Goal :
y
*
= argmax g(y ;x)

yeY
want

S.
+. q(y ; x) > g(y+, X) - Small,

Naive approach : release tyfY : 9 (Yix) +Lop()
choose y =argmax(9(y · x) + zy) = errorzyk = 0 ()y-Y



Report Noisy Max
-
si

*yey = g(y ; x) + zy = g(yix) ., zyvExp() .

= argmax(y ; x)
↑

yeY Pr[zyzt] = e
- +/b

,
t70 .

sketch:

Privacy : Fix Zu = zu Fufy .

-

Candidate
y "wins, if q(yjx) + zy = max(q(u ; x) + zu) .

uFy
Threshold : Tx = max (q(u; x) + zu3 - g(y ; x) -

n+Y
Equit , if

zyzTx

· sensitivity of Tx : 1Tx -Tx
-> ((q(u ; x) + En -g(yix)) - (q(u; x) +=u -q(y ; x)))



= I(q(u; x) - q(u; x)) + (q(y ; x) - q(y ; x))) = 2D
- (Tx -ex)2D (fa . 1)

i
=expe) - expe

Then "average over Z-y i

Pr[y = y(x]= #(Pr(y =y(zy ,x]]
ZurExp(2D(s)
Yu+ y -Ther " sum, over set Si

Pr(yeS(x] = [Pr(y= y(x] ... = Report Noisy Max is 3-DP
.

YES

*


