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-proximity gaps for ,  under distance : 
 either


1. 


2.

(δ, ϵ) 𝖢 ⊂ 2Σn 𝖯 ⊂ Σn Δ
∀E ∈ 𝖢

Prs∈E[Δ(s, 𝖯) ≤ δ] = 1

Prs∈E[Δ(s, 𝖯) ≤ δ] ≤ ϵ

In this work: consider spans of polynomial proximity generators, 
 linear code, under the Hamming distance.𝖯 = 𝒞
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α1 α2+ =

Goal: except for a small error over , this happens:(α1, α2)
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u1 u2 uα1,α2
:= α1 ⋅ u1 + α2 ⋅ u2

c1 ∈ 𝒞 c2 ∈ 𝒞 c ∈ 𝒞

 - the common agreement setT := {1,3,7,8}
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(line, powers,…)
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Zero-evading is necessary for MCA: ϵZE ≤ ϵMCA

S

x Sv

max
v≠0

|Sv | / |S | ≤ ϵZE

𝔽ℓ
G

Sv := {x ∣ G(x) ⋅ v⊤ = 0} (v ≠ 0)
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for  s.t. 

⃗v = (w1[i], …, wℓ[i])
i ∈ [r] wj[i] ≠ 0

ϵMCA(0) = 𝖯𝗋
x∈S [G(x) ⋅ U ∈ 𝒞

∨j∈[ℓ] uj ∉ 𝒞]
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• Write 


• Have 

Pi(X1, …, Xs) = ∑α1,…,αs
cα1,…,αs

⋅ ∏i X
αi
i

G(X1, …, Xs) = A ⋅ ⨂i (1,Xi, …, Xdi
i )

Linearly independent over 𝔽

Real primitive
Prove both transformations 
interact “nicely” with MCA: 

toolbox for MCA

Can specialize to 
RS codes and 
obtain MCA up to 
Johnson bound 
for all polynomial 
generators
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ϵMCA(γ) = max{n ⋅ γ,1} ⋅ ∑
i

di

|𝔽 |
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i
{
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}
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j

{degXi
(Pj)}
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MCA Toolbox
Linear transformation

G : S → 𝔽ℓ

G′￼ := A ⋅

Tensor products

G
G1 : S1 → 𝔽ℓ, G2 : S2 → 𝔽ℓ

G′￼ := ⊗G1 G2

MCA error is preserved exactly MCA errors sum

Affine space

(x1, …, xs) ↦ (1,x1, …, xs) ≈MCA x ↦ (1,x)

Matrix-vector product

Can show the generator from 
[AGHP92] has good MCA error

Independent of s
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Gℓ(x) = (x, …, xℓ) G𝖺𝖿𝖿( ⃗y) = ⃗y

AGHP Generator

MCA error is  ∼
1
q

+
ℓ
qk

Surprising: 

1. using polynomial result over , error𝔽q ∼
k ⋅ min{q, ℓ}

q

2. over  , , distance 𝔽qk ϕ(xi)j = tr(βjxi) = ∑k−1
m=0 (βjxi)qm ∼

δ𝒞

ℓqk−1
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∃T ⊆ [n], |T | ≥ (1 − γ) ⋅ n
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Use univariate powers MCA over extended code

AGHP Generator
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A Complete Characterization?

Specific linear  
code (RS,…)

All linear  
codes

Specific 
generators  

(line, powers,…)
[ACFY24], [H25], 

[BCHKS25]
[GKL24], [Z25], 

…

Zero-Evading 
 Generators

Polynomial 
Generators 

Can we show ZE is sufficient? 

20
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Random generator: a uniformly random element of the set of functions S → 𝔽ℓ

Can show: w.p.  random generator has ≥ 1 − δ ϵZE ≤ 1/ |𝔽 | + err(δ, |𝔽 | , |S | )
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Does a random generator have MCA with high probability?

Random generator: a uniformly random element of the set of functions S → 𝔽ℓ

Can show: w.p.  random generator has ≥ 1 − δ ϵZE ≤ 1/ |𝔽 | + err(δ, |𝔽 | , |S | )
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23

Thanks!

Specific linear  
code (RS,…)

All linear  
codes

Specific 
generators  

(line, powers,…)
[ACFY24], [H25], 

[BCHKS25] [GKL24], [Z25]

Zero-Evading 
 Generators

This work

Necessary

Polynomial  
Generators  
G = (Pj( ⃗X ))j

Sufficient
Not necessary?

This work

Recap
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Zero-evading is necessary for MCA: ϵZE ≤ ϵMCA

S

x Sv |Sv | / |S | ≤ ϵZE

𝔽ℓ
G

G(x) ⋅ v⊤ = 0 (v ≠ 0)
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S

x Sv |Sv | / |S | ≤ ϵZE

𝔽ℓ
G

G(x) ⋅ v⊤ = 0 (v ≠ 0)

Pf sketch: 

• Sufficient to show ϵZE ≤ ϵMCA(0)

• If , find  s.t. G(x) ⋅ (u1, …, uℓ)⊤ ∈ 𝒞 ∧ ∃ui ∉ 𝒞 v ≠ 0 G(x) ⋅ v⊤ = 0

Independent of x

Testing membership to the code!
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for  s.t. 

⃗v = (w1[i], …, wℓ[i])
i ∈ [r] wj[i] ≠ 0
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Lemma: {x ∈ S : T ⊊ Tx} ≤ (n − |T | ) ⋅ ϵZE ⋅ |S |

pf: For all , define . Then:i ∈ [n] ⃗v(i) := (c1[i], …, cℓ[i]) − (u1[i], …, uℓ[i])

{x ∈ S : T ⊊ Tx} = {x ∈ S : ∃i ∈ [n]∖T, G(x) ⋅ ⃗v(i)⊺ = 0}

Takeaway: ZE error controls agreement 
outside of correlated agreement set

Zero-evading and MCA



MCA for Univariate Powers
Theorem (UDR):  defined as  has MCA  
for any linear code , with error

G : S → 𝔽d+1 x ↦ (1,x, …, xd)
𝒞 ⊆ 𝔽n

ϵMCA(γ) = n ⋅ d/ |S |  for  1/n ≤ γ < δ𝒞/(ℓ + 1)
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G(x) ⋅ U ∑j∈[ℓ] G(x)j ⋅ c⋆

j

For any , let  be a set like in the definition of .   x ∈ B Tx B

It must be that .T ⊊ Tx

The correlated 
agreement set between 

the ’s and the ’suj c⋆
j

The number of such  is at most  Tx (n − |T | ) ⋅ ϵZE ⋅ |S | ≤ n ⋅ d

Can show |T | ≥ n ⋅ (1 − γ)

x ⋅+ = ⏟Tx
⏟T⏟T
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Extending to list-decoding

Theorem (List-decoding): If  is MDS (of dim. ), then it  
has MCA for any linear code , with error

G : S → 𝔽ℓ ℓ
𝒞 ⊆ 𝔽n

ϵMCA(γ) = O ( n
η ) ⋅ ϵZE  for  γ ≤ 1 − (1 − δ𝒞 + η) 1

ℓ + 1
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Fancier counting 
argument to restrict the  

# of possible T′￼s
Counting ’s such 

that 
x

T ⊊ Tx

29
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[AGHP92] generator:  with , and  s.t.𝔽q ⊆ 𝔽qk ϕ : 𝔽qk
≃→ 𝔽k

q G : 𝔽qk × 𝔽k
q → 𝔽ℓ

q

G(x, ⃗v) = ((ϕ(xi))i∈[ℓ] ⋅ ⃗v⊺)

G(x) = (x, …, xℓ) G( ⃗v) = ⃗v

Lemma: this transformation (matrix-vector product) sums MCA errors


