CSCT 1545 APFh‘ed Crmogm‘ﬂ\\{_

Thic Lecture:
+ GMW: Semi-Honest MPL for Any  Function
- GMI Comrﬂu: Mali ciows MFC vav A"‘Q{ Funtion




Secure Multi- Pmﬂl‘ CQmPAﬂﬁon (MPL)




Admﬂa's Vowex

Mlowed adversarind behawior -
+ Semi—horest [ Vasctw,/ honest bt —Curiows -
Follow tha protoesl destripion hone sy,
bt try o extrack more Tnormation by Tngpecting transuript.

* Molitiows [active.
Con deviare Owb\‘harrlta frwx the Yw\-ooo\ desuription.



Semi-honest OT
(OT protoced thot’s s2oure

agoanst semi-honest adv.)

&
Semi —honest  2pc Semi —honest  MPpC
fw any funckion fw any funckiom t<n-1
Cut-and- chooge GMW (,m\‘;dex
wirth  Commitments with P
\v/ \v/
Makicious 2pc Malicious MPC

’Fvv any -Fu\cx?m ’fw any ~Fw\uh‘m t<n-1



Obkviows Transq,cex (0T)

Sender

%

I!\FMT: W\o,mié%:i’la >
&
rd
Ou**ruk,- 1
Mo e —— |
oT
L —> M,

Receiver



MPC fov any _]~E\_kr\0l‘?M with t< n-1 (GMW)

Z
dl — o Tl\rouxknud’ the FMOM\, we knl? the iwanant:
AND ot For ench wire W.
0 I]C the value of the wire & VY €501,
”/“]\ Hon the n parties hold an additive Secret shave of
AND Eoch paxty i holds o ronslom shae VS €013 st
"W oW
Dy =v
=1
43 Xo 1y A\mj (n-1) shoves ?vrfwwﬂw theoreti cal\a hide W

2= ‘H'Xi, ~+=, Yn)



MPC ~ov any _,—fﬂ\ul'u‘m with t<n-1 (GMW)
2 Each party i holds & vonslom shae VY €504 sit. élv? =y

IV\FWK:
AND KOR For each inp«t Wire W
1{» it's frm [>0wt\a |7\c with \‘v\lnf value Ve $o.13,
n
]7() ranclomly samples Wet ¢, 1§ st S?LV? ="
Sends VP o party P
1
AN \
e -
% X?% ca” n n
s L = s =
% GIVEN. O =4  @bi=b
- n
xor) || WANT. fed se ©Ci=C-a®b
b G = & .
/N Vs B b
A Gz By b bz by

@Q @(wu (@Ou)@(@lu) agb



3
— — =
AND XOoR
AND
———
’Xl ’Xz /)(3

oy any _,—fﬂ\ul'u‘m with t< n-1 (GMW)

n
Each porty Fi holds o rovolom share Ve ef013 sit. @LV? ="
s

e -

ANchafx @ D b = b

Rt . A = - =

17 GIVEN: ®n=a 3 :
n
H : . W, CC =C = *
AND WANT . &) st 1.®L a-b
a| |b G="7

JIN VLN
G Oz Oy by bz by
wapm.-

Fov each ouwper wire w.
Eoth party [i holds & ronslom share V§ €40, 13

\’Senols Vit all parties

Each Fﬁvha Computes the value VW= é’v?



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

N4 GIVEN. ®ti=a  ©k=b
2/‘ Co1=t L
K ‘ . C =
b )
/N VN Ci=7
A Gz Gy b bz by
n
A-b = (Z&) (Zb.) mod 2
e 1=l

n

- zowL ( &b )mool?.
u

i

Ft Q.ou\lla




MPL for an thiwn With t<n-1 (GMW)

Reshare -

A — by
kK a.sm| ’ I
Ipt: refod] L

Ihf\d b)’ € %o,ii

m

Owgpuct: 1 € €013 Owput: 1; € $0,13
WANT: Random i, f €50,1]) st Yc@rj-—'a:-bj

1) R mndoml‘a smTlLS I et o, 1]

2) How to Qex ?j Loarn j st rc@r)=a:-bj?
Mo=1; R e~ =N Ve o=
M= ®0 | oT ‘_\’) If ") =0 = =

L —> I k=1 o 5=00K




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



Mpe oy any Funckion with t< n-1 (GMW)
Cmrdmm‘om Cnmflw\"cg ?

O (#¥0R + - #AND) per party
Commumcotion Complexity 7

O(r. #0ND) el On- #AND) Ter porty
Round Compluxity ? O (depth of AND gotes)

l?i Fz
Round 1 L\ Z L\
Round 2 Z L\ J L\
Round v J L\ J L\

What could 30 Wrong aaMnst madicows adversavies 7

d
J LN\

J LN\

LN\



Given & Semi-honest Protoeel
Onee inputs £ randomness are fixed, FrvtoM %5 determinmstic .

§te|71= Each Fath o commits to ik fnfu:t . & randomness 1o to be
used Tn the Semu-honest protocsl .

9@? 2: Run semi—honest pretocst.
Alons With eiery Message, prwe i 2 thot the messoge 1S Computed
Oorre.d'ha ( based on s anud', randomness, Jcmnsm‘rt 50 fm)



