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Abstract

Notes taken while reading about Spartan [1], [2].

Usually while reading papers I take handwritten notes, this document
contains some of them re-written to LaTeX.

The notes are not complete, don’t include all the steps neither all the
proofs.
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1 CCS

1.1 RI1CS to CCS overview

R1CS instance: Sgics = (m,n,N,l, A, B,C)
CCS instance: Sccs = (m,n, N, t,q,d, M, S, c)

R1CS-to-CCS parameters:
n=n, m=m, N=N,l=10,t=3,¢q=2,d=2
M = {A,B,C}7 S = {{Oa 1}7 {2}}a c= {1,_1}

Then, we can see that the CCS relation:

q—1

Zci “QjesiMj-z2==0

=0

where z = (w,1,z) € F™.
In our R1CS-to-CCS parameters is equivalent to

N DN



Co - ((M()Z) o (Mlz)) +c1 - (MQZ) ==
=1-((4z) 0o (Bz2))+ (—1) - (C2)==0
= ((4z) o (Bz)) — (Cz)==0
which is equivalent to the R1CS relation: Azo Bz == Cxz
An example of the conversion from R1CS to CCS implemented in SageMath

can be found at
https://github.com/arnaucube/math/blob/master/rlcs-ccs.sage.

1.2 Committed CCS

Recces instance: (C,x), where C' is a commitment to a multilinear polynomial
in s’ — 1 variables.
Sat if:

i. Commit(pp,w) = C

it S e (Tes, (Syeqoapeen Mil@n) - 21)) )
where Z(y) = (J,fo)(-r) vz € {0,1}

1.3 Linearized Committed CCS

Rrcccos instance: (C,u,x,7,v1,...,0;), where C' is a commitment to a multi-
linear polynomial in s’ — 1 variables, and u € F, x € F!, r € F*, v; € F Vi € [t].
Sat if:

i. Commit(pp,w) = C

i Vi € [t], v = Xy cqouye Malriy) - 3()
where Z(y) = (w, u,x)(z) Y& € {0,1}*

2 Multifolding Scheme for CCS

Recall sum-check protocol:
C < PV(r)>(g1,d,T):
T = lee{o,l} ZZQE{O,I} e Zx,,e{o,l} g(x1,2,...,x;) l-variate polynomial g,
degree < d in each variable.
let s =logm, s’ =logn.

1.V P:yel'F, gl s

2. Virl ef s


https://github.com/arnaucube/math/blob/master/r1cs-ccs.sage

3. V < P: sum-check protocol:

c+< PV(rl) > (g,s,d+1, Z 79 wj)
Jjelt]

where:

g(@) = | Y47 Li(2) | +971 Qla)

JE[t]

Li(x) = éq(ra,z) - | D Mj(w,y) - Z1(y)
y€e{0,1}¢’

Q) i=eq(Ba) | D [T | D0 Milw,y) %)

JESi \ye{o0,1}*’
4. P—=V: ((o1,...,0¢),(01,...,0¢)) where

o= Y. M(z,y) Z(y)
ye{O,l}S/

> Mj(z,y) - E(y)

yef{0,1}*

0;

5. V: e < é?](’l"mﬂ";), €2 é\i](ﬂ,T;)
check:

a
c= Z fyjelcrj +’Yt+162 Zci : H o
JE =1 jES;
6. V>P:pelF

7. V, P: output the folded LCCCS instance (C',u/,x',r! v}, ..., v;), where
Vi € [t]:
C'+ Ci+p-Cy
wWiutp-1
X' = x1+p-xo
U; (*0'1+p91

8. P: output folded witness: W’ < w1 + p - Wa.
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