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Storage Delegation

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.




.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

Storage Delegation




.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

Storage Delegation




.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

Storage Delegation




.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

Storage Delegation




.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

Storage Delegation




Properties




.
.
-
.

~ Updates for the vector




.
.
-
.

~ Updates for the vector




.
.
-
.

~ Updates for the vector




.
.
-
.

~ Updates for the vector




.
.
-
.

~ Updates for the vector

IUpdate A I

.
.
.
.
.
.
.
.
.
.
.
.
.
. © B
. <
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
. g
.
. :
.
.
.
.




.
.
-
.

~ Proof Aggregation

Query
f1() &£,0)




Proof Aggregation

Query
f,() & f,() vy 4+ ﬁ
1’72

.
.
-
.




Query

f,() & 1,0)

same-commitment/cross-commitment
one-hop/unbounded
incremental: can disaggregate




.
.
-
.

Homomorphic
Commitments

o




.
.
-
.

- Homomorphic
~ Commitments




Homomorphic
Commitments

Openings

Sl -

f.(v) f(v)




Homomorphic
Commitments
Openings




Homomorphic
Commitments

Openings
Proofs

<.,




Homomorphic

Commitments

Openings

Proofs

«| ﬂ + |6, ﬂ = |
flv,) flv )







Trade for Time
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Offline: Pre-compute all proofs
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Offline: Pre-compute all proofs (for individual position openings)

Online: Open by using only the required stored proofs
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= expensive
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Computation: preprocessing with small amortized cost
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Computation: preprocessing with small amortized cost

Storage: doubles Updates: recompute all







~ Updates = expensive
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~ Updates = expensive

\' 1 V2 V3 Vv 4 V5 V6 V7 V8
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~ Maintainability

Update all: cost significantly smaller than recomputing all proofs
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Space Time
@ Sublinear, fast updates @ Sublinear(size of vector)
o ldeally: flexibility - tune it @ |deally: Sublinear(opening size)







| Contributions

Inner-Product Vector Commitments: new simple constructions

e Framework to build generic LVC from Inner-Product VC
e Unbounded Aggregation & Updatability with static keys
e Special Subset Openings and Subset opening with Efficient Verifier

Maintainable Tree-based construction from any LVC

o Trade-offs for the prover with flexible Space and Time savings

e Universal Setup (existing ceremonies “powers of tau”)



Inner Product VC

Inner Product of a committed vector with a public vector
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Inner Product of a committed vector with a public vector

o @




Monomial @ Lagrange
basis . basis

[Mi(X):Xi ] [Li(X)H);__jj]
JFi




Monomial @ Lagrange
basis . basis

[Mi(X):Xi ] [Li(X)H);__jj]
JFi

AX)=a+a X+ a3X2 +...a X"




Monomial @ Lagrange
basis . basis

[MZ-(X) = X' J

AX)=at+aX+a X+ ..a X" . AX)=a,L (X)+a,L,(X)+...a L (X)

-------------------------------------------------------------------------------------------------------




Monomial @ Lagrange
basis . basis

[Mi(X):Xi ] [Li(X)H):__jj]
JFi

AX)=at+aX+a X+ ..a X" . AX)=a,L (X)+a,L,(X)+...a L (X)

-------------------------------------------------------------------------------------------------------



Background E




Inner Product VC

Inner Product of a committed vector with a public vector
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Commit(ck, a) — C= [A()],
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Properties of LVC
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" LVC comparison

fiF* > F

[LRY16] n X X X v
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[CFG+20] 1 hint same & incremental v X
Our Monomial n key cross & unbounded v v
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- VC Tree - opening proof
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VC Tree
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What's next? *

e Transparent Setup Vector Commitments
e Functional Vector Commitments for larger classes of functions
e Post-Quantum Vector Commitments with same properties

e More efficient Aggregation for Tree-based VC (not relying on IPA)

.
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