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Our Results
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Previously best known: [Jawale-Kalai-Khurana-Zhang’21] for depth 

bounded computation based on sub-exponential hardness of LWE.
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∀𝑖 ∈ [𝑘], 𝐶, 𝑥𝑖 ∈ SAT

SAT = (𝐶, 𝑥) ∃𝑤 𝑠. 𝑡. 𝐶 𝑥, 𝑤 = 1

Dual Mode Batch Argument
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𝑤1

𝑤𝑘

𝑤𝑖

𝑐1

⋮

⋮

𝑐𝑗…

𝑚 commitment key 𝐾

𝑐1 𝑐𝑚…

poly(𝑚, log 𝑘)

open 𝑓 𝑤𝑖 𝑖∈[𝑘]

Somewhere Statistically 

Binding (SSB) Commitment 

Scheme 

Needs to be Fiat-Shamir 

friendly. 
Based on LWE/sub-exp DDH

SSB with appropriate opening 

to 𝑓
[CJJ’21a]: (with additional 

properties) based on QR

[CJJ’21b]: based on LWE



Thank you. Questions?
Arka Rai Choudhuri

achoud@cs.jhu.edu

Proof size Assumptions

[C-Jain-Jin’21a] ෨𝑂( 𝐶 + 𝑘 𝐶 ) QR + (LWE/sub-exp DDH)

[C-Jain-Jin’21b] poly log𝑘, log 𝐶∗ , 𝑤 LWE

BARGs

Model Assumptions

[C-Jain-Jin’21b] RAM LWE

SNARGs
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SNARGs for Polynomial-time Computation

ℳ

within 𝑇 steps

accept𝑥

st0

𝑥

st1

single deterministic 

step

…

st𝑇

1

Prove for every 𝑖 ∈ [0, … , 𝑇 − 1]
st𝑖 → st𝑖+1

is the correct transition.  



SNARGs for Polynomial-time Computation

𝑚 commitment key 𝐾

BARG

𝑐1 𝑐𝑚…

poly(𝑚, log 𝑇)

st0

st𝑇

st𝑖

𝑐1

⋮

⋮

𝑐𝑗…

st𝑖+1

BARG
For every 𝑖 ∈ [0,… , 𝑇 − 1]
1. Commitment contains st𝑖 and st𝑖+1
2. Valid transition st𝑖 → st𝑖+1



SNARGs for Polynomial-time Computation

𝑚 commitment key 𝐾𝑖,𝑖+1
∗

BARG

𝑐1 𝑐𝑚…

poly(𝑚, log 𝑇)

st0

st𝑇

𝑐1

⋮

⋮

𝑐𝑗…

BARG
For every 𝑖 ∈ [0,… , 𝑇 − 1]
1. Commitment contains st𝑖 and st𝑖+1
2. Valid transition st𝑖 → st𝑖+1

st𝑖
st𝑖+1



SNARGs for Polynomial-time Computation

𝑚 commitment key 𝐾𝑖,𝑖+1
∗

BARG

𝑐1 𝑐𝑚…

poly(𝑚, log 𝑇)

st0

st𝑇

𝑐1

⋮

⋮

𝑐𝑗…

BARG
For every 𝑖 ∈ [0,… , 𝑇 − 1]
1. Commitment contains st𝑖 and st𝑖+1
2. Valid transition st𝑖 → st𝑖+1

st𝑖
st𝑖+1

Local Soundness
𝑖-th state transition correct



SNARGs for Polynomial-time Computation

𝑚 commitment key 𝐾𝑖,𝑖+1
∗

BARG

𝑐1 𝑐𝑚…

poly(𝑚, log 𝑇)

st0

st𝑇

𝑐1

⋮

⋮

𝑐𝑗…

BARG
For every 𝑖 ∈ [0,… , 𝑇 − 1]
1. Commitment contains st𝑖 and st𝑖+1
2. Valid transition st𝑖 → st𝑖+1

st𝑖
st𝑖+1

Local Soundness
𝑖-th state transition correct

Global Soundness
Local soundness at all 𝑖



SNARGs for Polynomial-time Computation

𝑚 commitment key 𝐾𝑖,𝑖+1
∗

BARG

𝑐1 𝑐𝑚…

poly(𝑚, log 𝑇)

st0

st𝑇

𝑐1

⋮

⋮

𝑐𝑗…

BARG
For every 𝑖 ∈ [0,… , 𝑇 − 1]
1. Commitment contains st𝑖 and st𝑖+1
2. Valid transition st𝑖 → st𝑖+1

st𝑖
st𝑖+1

No-Signaling Somewhere 

Statistically Binding (SSB) 

Commitment Scheme [González-

Zacharakis’21]

Local Soundness
𝑖-th state transition correct

Global Soundness
Local soundness at all 𝑖


