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[Kilian92] Ω(τ)|G|Ω(τ)|G| hash function public

[BIOW20] O(1)|G|O(1)|G| non-pairing 
group priv 1/poly 

soundness

[BIOW20] amplified ω(1)|G|ω(1)|G| non-pairing 
group priv

DV-[SW14] τ bitsτ bits obfuscation priv

[Gro16,Lip24,DMS24] 10λ bits10λ bits pairing group public

|G| = group element, τ = statistical, λ =  computational
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sk

Completeness: If (x, w) ∈ RL

Succinctness: |π | ≪ |w |

crs/pk

Setup()
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Application: 

prover provides AI/DB service
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b

[BGI17,DKK18]
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𝖼𝗍

𝖤𝗇𝖼(qm,1, …, qm,n)

f1 fn

 or ⊥ ← 𝖣𝖾𝖼(𝖼𝗍)

( ,…, ) 𝖤𝗑𝗍 → f1 fn
f1(q1,1…qm,1), …fn(qn,1…qn,m) = 𝖣𝖾𝖼(𝖼𝗍)

⋮



Isolated Homomorphism
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≈ →m + →m ′￼
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Strong 
LMIP

stronger



Strong Linear MIP

P₁(x,w)

Pₙ(x,w)

⋮
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P₁(x,w)

Pₙ(x,w)

q1,1 … q1,n
⋱

qm,1 … qm,n
Query()

⋮



Strong Linear MIP

P₁(x,w)

Pₙ(x,w)

q1,1 … q1,n
⋱

qm,1 … qm,n
Query()

Completeness: if (x, w) ∈ RL

⋮
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Strong Linear MIP

P₁(x,w)

Pₙ(x,w)

→a t
q1,1 … q1,n

⋱
qm,1 … qm,n

+ b = π

→a ∈ 𝔽n
p,

→
b ∈ 𝔽m

p

→a ∈ 𝔽n
p,

→
b ∈ 𝔽m

p

q1,1 … q1,n
⋱

qm,1 … qm,n
Query()

Completeness: if (x, w) ∈ RL

 V(x, )=1π

⋮
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Strong Linear MIP

q1,1 … q1,n
⋱

qm,1 … qm,n
Query()

 V(x, )=1 

with prob. 

π

2−τ

f1

fn

f1 fn

Soundness: if x ∉ L

P*₁(x)

P*ₙ(x)

⋮
f1(q1,1, …, qm,1), …, fn(q1,n, …, qm,n) = π
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DV-SNARGs from Linear-Only Encryption
P(x,w)

(→a , b) ← LMIP . P(x, w)
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i∈[n]

ai𝖤𝗇𝖼(→qi ))

V(x, ):π

LMIP . V(x, 𝖣𝖾𝖼(π))
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• Completeness: ✅ if decryption correct 
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=
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DV-SNARGs from Linear-Only Encryption
P(x,w)

(→a , b) ← LMIP . P(x, w)

π = 𝖢𝗈𝗆𝗉𝗋𝖾𝗌𝗌(𝖤𝗇𝖼(b)⨀
i∈[n]

ai𝖤𝗇𝖼(→qi ))

V(x, ):π

LMIP . V(x, 𝖣𝖾𝖼(π))

0/1

• Completeness: ✅ if decryption correct 

• Succinctness: Size of one ciphertext 
                                     256 + |LMIP response| 
                                     263

|π | =
=
=

• Plausibly practical: ⚡P,V complexity linear in |w|
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DV-SNARGs from Linear-Only Encryption
P*(x)
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Soundness: x ∉ L
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DV-SNARGs from Linear-Only Encryption
P*(x)

π

𝖤𝗑𝗍 → ( f1, …, fn)

Soundness: x ∉ L
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DV-SNARGs from Linear-Only Encryption
P*(x)

π

𝖤𝗑𝗍 → ( f1, …, fn)

Soundness: x ∉ L

reduce to LMIP soundness with proof  f1, …, fn

→q1, …→qn ← LMIP . Query

 
 

𝖤𝗇𝖼(→q1)
⋮

𝖤𝗇𝖼(→qn)



Open Problems

• Further reduce size - Challenge: ~1|G|+τ 

• Make this strongly reusable 

• Improve P, V complexity to  

• Use compressed ElGamal homomorphism

4 |w |



Take-Aways

                            +                    = Isolated Homomorphic 
Encryption 

Strong 
LMIP DV-SNARG

Compressed ElGamal is not linear-only

There are very small group based DV-SNARGs

Read the paper :) 

https://ia.cr/2025/517

https://ia.cr/2025/517

