CSCT 1545 APFh‘ed Crmogm‘ﬂ\\{_

This Lecture .

v Private Set Intersection

. PYEVM%-PY&QYVMS Madr\ine Lemmiv\g



Private Set Tntexcection (PST)

Al Bob
% >
<
INFW\': X" {'xi, §a, ", 'an S I“W: Y= %'31' g" T (3"3

ya
-

PST. £(x Y)=XnY
PST-CA. f(x.Y)=IxnYI

A’Frkcaﬁws;
- Passiond  Breach Mlext (Chrome, Edge, Firefor, 105 Keythain, ---)
— Mds Conversion Measurement ( Google)
- Pﬁwug-?ru;m ving Lnventory Ma'(dniv\% (3.7 M«aow\)
= Pivate Doctubose. Joins



Private Set Tntexcection (PST)

Al Bob
Tnput: X=§s, %, -+, %] Inpat: =14, 4y, 93

HO), o) HO)

H (Y, -+, Hlyo)

\

X
Is W (semi-honest) Secure ? "

Is & posible v athiene 2PC/ MPC With 1 rowsd of Communitakion



DPDH-baged PST Cyelic growp € of order 4 with qenerator 4, whea DDH holds.
H- io,ﬁ*—aa 6 (modelesd as Random Oracle)

A,l\u BOb
Taput: X=§, %, -+, %] Inpat: Y=t . 93
0«12" Lé‘;zt

CHUY = THOY, - iy |

H , Hep™t

>

HOO*® n Hp™

Y
Is W (Semi-honest) Secure ? XNY



wBIi-(A? PS1-CA. £(x.Y)=IxnYI

A,l‘u BOE
Tnput: X=§2, %, -, 0] Inpat: Y=$4s, 4, Yn3
act 2 bt 2

b b b
JHUYY = SHOS, -, g T

HO , Hp*

>

HOO* a Hep*?

)
Xny



PvaaUa- Preservi r Machine Leawn np (PPML)Y

Xy
|2

ML moded
J
ML t‘nfuemu.



PvaaUg— Preservi r Machine Leawn np (PPML)Y

Hovizowtal / Vertical Dota  Partitiond n

X, Y
%, % Horizowtol

Ko, Yn ‘]

~ ~—— ~— I~ J
Voxtimd

PPML Framework

i Dot Di=D g

Do > Di

>

m



M O Lhine Le_am?né Eacjg%ﬂund

Lineav Reﬂrw,ron
Data Potnts (A, ‘33
ML Moded: (oefficiemt Vector W

4IxX)= <X, W>

~N

/

é‘:ood: Find W that minimizes L(\I)‘)

For each data FWCM' (’T(‘c,‘gc%

Define  Doss ‘F\mcx?w\
Li(R):= 4 (¢, W>-y:)

> Total Qose. LIR):=F 2 LilW)

telN)



Mathine Loarning Backaround

Stochastic  Gradient Descent (§61>)

-

W Tnitializesl with wbr‘rmna value
+ Given & dota Foieot (/\?t, ‘éﬁ
W &« -9 VL5i(w) w

/

,mem& Yotz %moﬁen‘r

W& W-V)- (<X, W>-4;)- s

\'W—/‘_\
v&:" =</, W > (’f@vwa\ro\ anaaadtw)
—

backwarol propogation



MPC fov any _,—fﬂ\ul-u‘m with t< n-1 (GMW)

n
w W W
2 Eoch party [ holds & rovolom shae Vi €%0.2) st. @ Vi =v
0 1 DES B
LN v I-nfvdsz
AND YOR tor each input Wire W
0 If it's ‘FIWM party Pe :R—k ﬂ\‘ml’ value V‘:e\jo.ﬁ.
CAAN Pe mnoloml«a samples Vi (j—io,fj sx. t@LV; ="
m > o V¥ b paty i
XO0R gates -
n n
1 ol |9 1 4.6 o GIVEN: ®a=a @b =b
Y2 N2 W £ N (AN 17 1 =1
\__—Y—J "
N Ko m 7 WANT. fal st @C=C-aob
o b G=0® );
N VN
Q& 0z Qs b bz by
es -
AND gat . i
4G o GIVEN: @ %=  @b=b N Owtputs
n \ <
< WANT. fed st OG=c-ach o X For each oupar wire w-
m ' Gi=0hi®Ir;ezg o by Each party P holds o vowolom share VW €50 13
[ Y : 3 \ . )
/2\ /‘l\ A-b= (£ w). (\% Lc) mod 2 On by Sends Vi t all Partt%
& 0 05 b by b st it

n
n Eoch pavty compates the value v = @ VY
(§ wk)e(Fw) e P o b - €

i=t i#)

Fi Lotall Rtsha&
3 w (2)

r,; ,S YC, j



PPML fw Linear Regression

i Dot Di=D g

Do ~ Dy

>

m

Invaviant : Two Farﬁu hold seoret <hover v[’ W.
Twitializotiom Pandoml\a Sample Wo, Wi respectively
SED: W MY (<R, Ro>- ). B

i

How o 1@:(‘ o secvet share w[l tHo ufo(afed W?



_MQM Le_am?né Eacjg%ﬂund

Lo%kﬁc Reﬂrw,ron
Data Potnts (A, %3
ML Moded: (oefficiemt Vector W

Q= Y vol = —
g = f (<X W) e ff\“’ 1+e™
] o
-~ \ N\ /’—
Ackivation tupetion - 3

For each dota point (’z‘,‘gc),

Define  Dose funcxiwx Li(W):=-y. Rog 1&\3"-(1_%‘\), 108 (1_‘1{”

Total dose. LIR)= 2 Ll Y= (<2, W)

Good: Find W that minimizes L(v-:l\)



Mathine Loarning Backaround

Stochastic  Gradient Descent (§61>)

-

¢ W tmtiodizesd with wbr‘rmna value
+ Given & dota Foieot (/\?t, ‘éﬁ
W &« -9 VL5i(w) w

/

,mem& Yotz %moﬁen‘r

We—ﬁ-q-(f(@)-‘&w %
13:" :(&?, \75) (’favwawal ?npaaadtw)

\— —~— -
backwarol propogaction




_P_PN\L 1Cw Q%?sﬁc Re qression
' U

% Dot Di=D g

Do ~ Dy

&

>

pd
-

~

TInvaviant : Two parties hold secrer <hoven v[’ W .
Twitializotiow Pandoml\a Sample Wo, Wi respectively
SED: W W-n (fleki, Ro)- i) &

i

How o 1@:(‘ o secvet share g,ll tHo ufo(afed W ?



P_PN\L £ Q%?sﬁc Re aression
‘ i
Awmxtmoo\tu\% f (w)

17—
/ >
u
0 F(l u<--].;
Piece wige polygniomial flw= 9 y+d wet-4, 47
1 u><
by = % 1 u< -+
0 oOtherwia

l”z”ii Ff us>L
0 Otherwiat



Machine Luxrm‘né Eacjg%ﬂund
Newal Network

Data Pornts (A, ‘a)

ML Moded: (oefficient Vector W

Ouper
vafw\' o
Hiddew Lo\am

Eodh wode D\kdolw Qauam Lineax f\mc\'iw\—l— AtAIVOtion ‘f1md'|‘w

~\ J_ 2 O B
Total Qo LIW):= N CGIN]Ll(W)
Goad: Find B thot minimizer LIW)




