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Setup

xeX"
,
candidates yeY

, score q(yix) : YxX
*

- IR.

Goal : s .

t . q(yjx) = q
+
(x) : = supg(y ;x) .

Y

Assume 19 (y ; x)-g(y ; x)) -Dq NyeY any Xux' .

Mech
,
let p

be a countingbase ara

normalizing
:Ex = Sy expe(ix)dconstant

,

The Exp .

Mech
.

has density Px(y) =Zx() witheis



57 Y finite :

P-CMEm( =y]=Y,a)
zxY

·

ive
Exp .

Mech. is E-DP .

Posketch: Fix X-X'
. For fixed point y :

=
=

exp(C(ix) ·*
e2



zx =

Syexp((q) · q(ix +1)dm(z)
=

(yexp([da) · (g(y ; x) +Dq)dz
=

zx = eCD9(2Da
= zx - eq

.

(2)

( *

Equivalently ,
E

.

M
. can be write as pe9(ix)

Then privacy budget is 2 = 2aDg ·



Examples 48 with -sensitivity As
let g(y ; x) =

- lly- +x)/Is .

Then

DgDo .

Oh

E
. M .: py) exp(oly-texls) -

= = Spo exp(-ally- + (xills)dy
=

Y-F(x)Sexp(-allzl1)dz .

Ro

=efadz= Independent o x s zx=

=> Set a =2 D

Da
The E

.
M

.

& with d= is E-DP.

& Laplace Mech: f(x) +Lap() Laplace (f(x),) = E.

M
. p(y) forT

* confirm by going over the privacy proof sketch above .
above of .



mey = 30
, 13

& (yjx) = 2y = x] Ag = 1
.

py(a)(y) 2 exp(a -q(y ;x)) .

pr [Y =x] exp(a) . Pr[Y =x]as

zx = zx1 = It a
Pr[y =x)=
E

.

M
. with a=2 and thebor driest ge RRa.



· Accuracy of the
F

.
M.

-
-

For every th0 : Pr[@(MEm()ix) < q*(x) -2(logpht)]> et .

2
W

. p . 5-0 :

g(Mem(;x)(x) - 2 log
sketch:

BAD +: = 3y : g(yix) < q(x) - (g(Y) +t)3

PrCY-BADE)=
zty
exp(q - g(z;x)

= /BAD) · exp)- (og(41 + t)=-exyflog(y)) exp(t)

utility of E
.

M. logly).
&



Continuous median

X
, ...,XnE[O , R] Assume his even .

Y = [0
, R]

Nx(y)= [i : xi = y]

Goal : approximate medianey
* with Nx (y+)=

g(yix) = - (Nx(y)- )

Dq =1
. i

E
.M . has density. Pxly)=N ,

for ye,r



Sort Xi

0 X(0) = X()1 ..
-

-
X(u) = X(+1) =R

-

for j=0
, ...

m
:

J = (4)
,Mitt) , 2 = / Xin- Xisl .

* y fzj = Nx(y) =j

Define wi = lj - exp(-z(j-) .

Then E
.

M . is equivalent to :

① Pick jeso, .., n3 wip I
can run this

② sample uniformly from Ej.

Tuility
= <y : (Nx(y) -z)= y = Nx(y) = (=x)
o



B : = <y : /Nx (y)- ><nz (S+2x)
= NX(y)

ar Nx(y) = (1-2x)7
↑-[YeB]=ex
Wip .

5-8
,
if m(logg

then E .
M . returns

y with rank (1)


