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Lookup Argument

Prover Verifier

v, t
cv := Commit(v)
ct := Commit(t)

Accept/Reject

v ⊂ t
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Example Application

AND OR XOR

XOR OR

AND

101 110 001

100 111 111

011 111

011

Prover Verifier
ca, cb, cc

α, β, γ

α · a + β · b + γ · c + g ⊂ α · left + β · right + γ · out + op

a, b, c, g cg , cleft , cright , cout , cop

a b c g
101 110 100 0
101 110 111 1
110 001 111 2
100 111 011 2
111 111 111 1
011 111 011 0

left right out op
000 000 000 0
001 000 000 0

...
...

...
...

000 000 000 1
001 000 001 1

...
...

...
...

111 111 000 2

⊂
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Lookup Arguments

Name Author

Plookup Gabizon, etc.

Caulk Vitalik and Maller, etc.

Preprocess Prover Verifier/Proof Size

Caulk+

Flookup

Posen and Kattis

Gabizon, etc.

O(1)O((m + N) log(m + N))

O(m2 + m log N)

O(m2)

O(N log2 N) O(m log2 m)

O(N log N)

O(N log N)

O(1)

O(1)

O(1)

m = |v| N = |t|

-

cq Eagen, Fiore, Gabizon O(N log N) O(m log m) O(1)

cq+, cq++ Campanelli et al. O(N log N) O(m log m) O(1)
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This Work

KZG Losum Locq

Polynomial Commitment Scheme

Univariate Sum-check

Lookup Argument
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Univariate Sum-check

Given [f (x)]1, check that ∑
h∈H

f (h) = s

H = { 1 ω ω2 ω3 }

f (1) f (ω) f (ω2) f (ω3)

∑
s

?
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Univariate Sum-check

Observation
Let Z be all polynomials of degree < |H| such that∑

h∈H
f (h) = 0

f (X ) ∈ Z, g(X ) ∈ Z then f (X ) + g(X ) ∈ Z

Z is a linear space.
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Linear Space Membership Check

Basis Polynomials: b1(X ) b2(X ) b3(X )

Setup: [αb1(x)]1 [αb2(x)] [αb3(x)]α
$← F

Prove: π ← c1[αb1(x)]1 + c2[αb2(x)]1 + c3[αb3(x)]1

Verify: e([f (x)]1, [α]2) = e(π, [1]2)
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Basis Choice for Univariate Sum-check

b1(X )

b2(X )

b3(X )

L1(X )− Lh∗(X )

Lω(X )− Lh∗(X )

Lω2(X )− Lh∗(X )

1 0 0 -1

0 1 0 -1

0 0 1 -1

f (X ) f (1) f (ω) f (ω2) f (h∗)

×f (1)

×f (ω)

×f (ω2)
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This Work

KZG Losum Locq

Polynomial Commitment Scheme

Univariate Sum-check

Lookup Argument
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Recall: The cq Lookup Argument

{f (u)}u∈D ⊆ {t(h)}h∈H

∑
u

1
X−f (u) =

∑
h

mh
X−t(h)

∑
u

1
β−f (u) =

∑
h

m(h)
β−t(h)

∑
u g(u) =

∑
h w(h)

β
$← F

Define g(X ), w(X )
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Locq

∑
u

1
β−f (u) =

∑
h

m(h)
β−t(h)

∑
h g(h) =

∑
h w(h)

Define g(X ), w(X )

g(u) = 1

g(h) = 0

∀u ∈ D

∀h ∈ H\D

∑
h(g(h)− w(h)) = 0
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Locq

Prover Verifier

[m(x)]1

β

[g(x)]2, [w(x)]1

f (X ), t(X ) [f (x)]1, [t(x)]2

m(h) = |{u : t(h) = f (u)}|

g(h) = 1
β−f (h) or 0

w(h) = m(h)
β−t(h)

(1) Prove correctness of g(X ) (2) Prove correctness of w(X ) (3) Prove
∑

(g(h)− w(h)) = 0
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Locq

Prover Verifier

πsum = ∑
u ̸=h∗

1
β−f (u) · [α · (Lu(x)− Lh∗(x))]1∑

h ̸=h∗
mh

β−t(h) · [α · (Lh(x)− Lh∗(x))]1

(3) − πsum

ζ

q1(X ) = g(X)·(β−f (X))−U(X)
ZH(X) =

⌊
g(X)f (X)

ZH(X)

⌋⌊
g(X)

ZH(X)/ZD(X) ·f (X)
ZD(X)

⌋
(1)

q2(X ) = w(X)·(β−t(X))−m(X)
ZH(X) =

⌊
w(X)t(X)

ZH(X)

⌋
(2)

q(X ) = q1(X ) + ζ · q2(X )
[q(x)]1
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Locq Verifier

e(πsum, [α−1]2) = e(−[w(x)]1, [1]2) · e([1]1, [g(x)]2).

e(β · [1]1 − [f (x)]1, [g(x)]2) · e(ζ · [w(x)]1, β · [1]2 − [t(x)]2) =
e([U(x)]1 + ζ · [m(x)]1, [1]2) · e([q(x)]1, [ZH(x)]2).
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Efficiency

Scheme Prep. Proof Size Proving Cost Vrf. Hom. ZK.F + G1 G1 G2 F #Bits
Caulk [ZBK+22] O(N log N) 14 1 4 7168 O(m2 + m log(N))(F + G1) 4P ✓ ✓✓
Caulk+ [PK22] O(N log N) 7 1 2 3968 O(m2)(F + G1) 3P ✓ ✓✓
Flookup [GK22] O(N log2 N) 6 1 4 4096 6mG1 + mG2 + O(m log2 m)F 3P × ×
Baloo [ZGK+22] O(N log N) 12 1 4 6400 13mG1 + mG2 + O(m log2 m)F 5P ✓ ×
cq [EFG22] O(N log N) 8 - 3 3840 8mG1 + O(m log m)F 5P ✓ ×
cq+ [CFF+23] O(N log N) 7 - 1 2944 8mG1 + O(m log m)F 5P ✓ ×
cq++ [CFF+23] O(N log N) 6 - 1 2560 8mG1 + O(m log m)F 6P ✓ ×
cq+∗ [CFF+23] O(N log N) 8 - 1 3328 8mG1 + O(m log m)F 5P ✓ ✓
cq++∗ [CFF+23] O(N log N) 7 - 1 2944 8mG1 + O(m log m)F 6P ✓ ✓
zkcq+ [CFF+23] O(N log N) 9 - 1 3712 8mG1 + O(m log m)F 6P ✓ ✓✓
Locq (This work) O(N log N) 4 1 - 2304 6mG1 + mG2 + O(m log m)F 4P ✓ ✓✓
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Thanks
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