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Multifolding - Overview

1. VoP:yvelRF gefF

2. v eRpe

3. V <+ P: sum-check protocol: ¢ + (P, V(r;))(g,s, d+1, Z 'y‘/ . vj), where:
J€lt

N —’
T

g(x) = E:#-Mﬂ>+¢“‘mﬂ
N——

j€(t]
CCCS check

LCCCS check

Li(x) == éq(rx, x) - ST Mi(x,y) - E(y)
ye{o1}s’

LCCCS check

q
Q) ==aa(B. x) - Zc,--H( > M,-(x,mz(y))

=1 Jesi \yeqo13¥

CCCS check
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Multifolding - Overview

4. P— V:((o1,...,0¢),(01,...,0¢t)), where Vj € [t],
o= > Mr,y)-Aay)
ve{o,13s
0= > Mrly) n)
ve{o,13%

’

5. V:er < €q(rx,ry), e « 5‘7(57’;)

check:
. 9
e POEIET FEL N DR
i€t =1 jes;

6. V>P:pelF
7.V, P: output the folded LCCCS instance (C’,u’,x’, r}, v{, ..., v/), where Vi € [t]:

C—C+p-G
u o~ u+ p-1
X = xgpxg
v/./ —oi+p-0;
8. P: output folded witness and the folded r‘fv:
W oWt p W

’
fy <= fwy + P fwy
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Multifolding - Overview

Prover Verifier

y€eF, BeF°

% few
sum-check prove ¢, msc
\ sum-check verify
compute {0}, {6;} Vj € [t] {o;}, 16;}
verify ¢ with {o;}, {6;} relation
R
/ pe™F

fold LCCCS instance fold LCCCS instance

fold w, ry

!
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LCCCS checks

AMFCZWLHM>%t”QM

i€t

Lcces

L) = @rox) - | 30 Miloy) - al)

ye{o,1}s
LCCCS check

Notice that, vj from LCCCS relation check

vi= > Mi(roy) - E)

ye{o.1}s

= > élr,x) - ST Mixy) - 7(y)
x€{0,1}5 yE{O,l}SI

= > L®
xE{O,l}s
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CCCS checks

Q(x) := &(8, x) CrII( > %uwrawﬁ

=1 JES \yeqo,13

CCCS check
Recall that Spartan’s Fiy(x) here is g(x), so we're doing the same Spartan check:

0=G6(B)= > Q= > eB,x) -a(x)

x€{0,1}s x€{0,1}s

a(x)

q
= X &wmw§:q-ﬂﬁ( > %wmyzuﬂ

x€{0,1}$ =1 jes \yeqo1ys’

Q(x)

Wrappup
o]
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Verifier checks

Recall:

We can see now that V's check in step 5,

Li(r}) Q(x)
PPRONEN
S DR EE AT D | K
J€Elt] i€lql JES;

(lz ¥ Lj(&')) +47 Q)
je(t]

=g(r})

where &1 = &4(r, r}), & = (8, r).
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Multifolding multiple instances

Hypernova paper: = 1,v =1 (ie. 1 LCCCS instance and 1 CCCS instance)

In next slides
o example with: CCCS:v=2
o generalized equations for u, v

Let z, be the two LCCCS instances, and z3, zs be the two CCCS instances
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In step 3,
aw=(27'umw— )+f”P@m+¥“~@m
€[t]

q ~
mu%—&maf(Z}w ( > %vmrawg)
= Ies \veqony

q
Q(x) == &g(, x) - (Z G - ST Milxy) - iA(Y)))
ye{o,1}s’

=1 jes;

A generic definition of g(x) for p > 1 v > 1, would be

an:(Z E}WH¢M®>+<ZWM”0M0

ie[n] \Jelt] iefv]

Recall, the original g(x) definition was
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In step 4, P — V: ({Ul,j}a ,{91,1'}, {62, }), where Vj € [t],
o= > Mi(rl,y) - E(y)

ye{o,1}s

= > M.y

ye{0,1}s’

ye{o,1}s

boj= > Mri,y) - zly)
ye{o1}s

so in a generic way,
P — Vi ({oi;},{0k;}), whereV j € [t], Vi€ [u], Vk € [v] where

oij= > Mrl,y) E(y)

yE{O,l}SI

eksj: Z Mj(r;7Y)'zu+k(Y)
ye{o,13s
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And in step 5, V' checks

. q q
c= S A a0 e |+ e (S [T +W2H2-64-<ZC;-HHJ

jelt] =1 jes;

where e1 < €q(r1,x, 1), € < €q(r2,x, ry). €3, €4 < €q(B, ry,).

A generic definition of the check would be

q

c= Z Z’Y"’Hj-ei'oi,j + Z L Zc;- Hek,j

ielu] \Jelt] kelv] =1 jes;

where the original check was

c=(Sjer e o)+ e (TL 6 Tes, 6)
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And for the step 7,

C e Ctp G+p°G+pCG+...=

> oG

i€[p+v]

ule Zﬂi‘”i+29u+i71'l

i€lp] i€[v]

x/ — Z pi - X
i€[p+v]

Vi > oo+ S pHH1 g
i€lp] i€[v]

and step 8,
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Wrappup

o HyperNova: https://eprint.iacr.org/2023/573

o multifolding PoC on arkworks:
github.com /privacy-scaling-explorations/multifolding-poc

2023-06-22

0xPARC Novi team
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