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MPC with Preprocessing [Beaver’ 91]
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Silent Preprocessing via PCG [BCGIKS 19]
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Current Landscape of PCG

𝑵 OLE Communication Computation Programmability Assumption

[BCGIKS 19] Any 𝔽𝑝 𝑂(𝜆3 log𝑁) 𝑂(𝑁2 log𝑁) YES Dual-LPN

[BCGIKS 20] 𝔽𝑝, 𝑝 > 𝑁 𝑂(𝜆3 log𝑁) 𝑂(𝑁 log𝑁) YES Ring-LPN

[BCCD 23] 𝔽𝑝, 𝑝 > 2 𝑂(𝜆3 log𝑁) 𝑂(𝑁 log𝑁) YES QA-SD

[BCGIKRS 23] 𝔽2 𝑂(𝜆2 log𝑁) 𝑂(𝑁) NO Dual-LPN

This work Any 𝔽𝑝 𝑂(𝜆3 log𝑁) 𝑂(𝑁 log𝑁) YES QA-SD/Ring-LPN

Key Fact: OLE + Programmability ⟹ multi-party Beaver triple 

Oblivious linear evaluation (OLE): 𝑎, 𝑎𝑏 0, 𝑏, 𝑎𝑏 1, with 𝑎, 𝑏 ∈ 𝔽𝑝, 𝑎𝑏 0 + 𝑎𝑏 1 = 𝑎𝑏

Our Contribution: Break the field size barrier of previous works, while 

maintaining fast computation and offering programmability
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Performance Evaluation

Party 

Number

Triple 

Number

Communication Seed Expansion 

Time (s)Point-to-Point Broadcast

SoftSpokenOT

[Roy 22]

2 109 3.7 GB 0 211

10 109 34 GB 0 1900

F4OLEAGE

[BBCCDS 24]

2 109 33.5 MB 0 83

10 109 0.6 GB 0.12 GB 1511

This work 2 109 33.6 MB 0 162

10 109 0.6 GB 0 2932

On multi-party Binary triple

On authenticated Binary triple

Field Communication Triple Generation

Overdrive [KPR 18] 128-bit prime field 2 GB 30,000/s

PCG [BCGIKS 20] 128−bit prime field 4.2 MB 50,000/s

This work Boolean with 128−bit MAC key 47.54 MB 43,000/s

linear term



Technical Details
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Overview: PCG from Ring-LPN [BCGIKS 20]

𝑠0, 𝑒0 ∈ 𝔽𝑝[𝑋]/(𝑋
𝑁 − 1) 𝑠1, 𝑒1 ∈ 𝔽𝑝[𝑋]/(𝑋

𝑁 − 1)

𝑏0 = 𝑎 ∙ 𝑠0 + 𝑒0 ≈＄ 𝑏1 = 𝑎 ∙ 𝑠1 + 𝑒1 ≈＄

𝑏0 ∙ 𝑏1 = 𝑎 ∙ 𝑠0 + 𝑒0 ∙ 𝑎 ∙ 𝑠1 + 𝑒1
= 𝑎2 ∙ 𝑠0𝑠1 + 𝑎 ∙ 𝑠0𝑒1 + 𝑠1𝑒0 + 𝑒0𝑒1

PCG. GEN𝑠0, 𝑒0, 𝑆𝑒𝑒𝑑0 𝑠1, 𝑒1, 𝑆𝑒𝑒𝑑1

Goal: 𝑁 OLE correlations over 𝔽𝑝

Requirements:

(1) Ring-LPN assumption
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Overview: PCG from Ring-LPN [BCGIKS 20]
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𝑏0 ∙ 𝑏1 = 𝑎 ∙ 𝑠0 + 𝑒0 ∙ 𝑎 ∙ 𝑠1 + 𝑒1
= 𝑎2 ∙ 𝑠0𝑠1 + 𝑎 ∙ 𝑠0𝑒1 + 𝑠1𝑒0 + 𝑒0𝑒1

𝑆𝑒𝑒𝑑0 𝑆𝑒𝑒𝑑1

𝑠0𝑠1 0, 𝑠0𝑒1 0, 𝑠1𝑒0 0, 𝑒0𝑒1 0 𝑠0𝑠1 1, 𝑠0𝑒1 1, 𝑠1𝑒0 1, 𝑒0𝑒1 1

𝑏0 ∙ 𝑏1 = 𝑎2 ∙ 𝑠0𝑠1 + 𝑎 ∙ 𝑠0𝑒1 + 𝑠1𝑒0 + [𝑒0𝑒1]

𝑧0 = 𝑏0 ∙ 𝑏1 0 𝑧1 = 𝑏0 ∙ 𝑏1 1

PCG. GEN𝑠0, 𝑒0, 𝑆𝑒𝑒𝑑0 𝑠1, 𝑒1, 𝑆𝑒𝑒𝑑1

Goal: 𝑁 OLE correlations over 𝔽𝑝

PCG. EXPAND PCG. EXPAND

Requirements:

(1) Ring-LPN assumption

(2) Sparse 𝑠0, 𝑠1, 𝑒0, 𝑒1, so that the 

cross-terms can be succinctly 

shared via DPF
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PCG. EXPAND PCG. EXPAND

𝑏0 ∗ 𝑏1 = Ԧ𝑧0 + Ԧ𝑧1
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Overview: PCG from QA-SD [BCCD 23]

𝑠0, 𝑒0 ∈ 𝔽𝑝[𝑋1, … , 𝑋𝑛]/(𝑋1
𝑑 − 1,… , 𝑋𝑛

𝑑 − 1) 𝑠1, 𝑒1 ∈ 𝔽𝑝[𝑋1, … , 𝑋𝑛]/(𝑋1
𝑑 − 1,… , 𝑋𝑛

𝑑 − 1)

𝑏0 = 𝑎 ∙ 𝑠0 + 𝑒0 ≈＄ 𝑏1 = 𝑎 ∙ 𝑠1 + 𝑒1 ≈＄

𝑏0 ∙ 𝑏1 = 𝑎 ∙ 𝑠0 + 𝑒0 ∙ 𝑎 ∙ 𝑠1 + 𝑒1
= 𝑎2 ∙ 𝑠0𝑠1 + 𝑎 ∙ 𝑠0𝑒1 + 𝑠1𝑒0 + 𝑒0𝑒1

𝑆𝑒𝑒𝑑0 𝑆𝑒𝑒𝑑1

𝑠0𝑠1 0, 𝑠0𝑒1 0, 𝑠1𝑒0 0, 𝑒0𝑒1 0 𝑠0𝑠1 1, 𝑠0𝑒1 1, 𝑠1𝑒0 1, 𝑒0𝑒1 1

𝑏0 ∙ 𝑏1 = 𝑎2 ∙ 𝑠0𝑠1 + 𝑎 ∙ 𝑠0𝑒1 + 𝑠1𝑒0 + [𝑒0𝑒1]

𝑧0 = 𝑏0 ∙ 𝑏1 0 𝑧1 = 𝑏0 ∙ 𝑏1 1

PCG. GEN𝑠0, 𝑒0, 𝑆𝑒𝑒𝑑0 𝑠1, 𝑒1, 𝑆𝑒𝑒𝑑1

(1) Syndrome decoding of quasi-abelian codes

(2) Sparse 𝑠0, 𝑠1, 𝑒0, 𝑒1, so that the cross-terms 

can be succinctly shared via DPF

Goal: 𝑁 OLE correlations over 𝔽𝑝

PCG. EXPAND PCG. EXPAND
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Overview: Our Approach

Ideally, we hope:

𝔽𝑝[𝑋1, … , 𝑋𝑛]/(𝑋1
𝑑 − 1,… , 𝑋𝑛

𝑑 − 1)

𝑏0 ∗ 𝑏1 = Ԧ𝑧0 + Ԧ𝑧1
𝑏0 ∙ 𝑏1 = 𝑧0 + 𝑧1

𝔽𝑝
𝑁≅

⟺

𝔽𝑝𝑘[𝑋1, … , 𝑋𝑛]/(𝑋1
𝑑 − 1,… , 𝑋𝑛

𝑑 − 1)

𝑏0 ∗ 𝑏1 = Ԧ𝑧0 + Ԧ𝑧1𝑏0 ∙ 𝑏1 = 𝑧0 + 𝑧1

𝔽
𝑝𝑘
𝑁≅

⟺

This leads to 𝑝 > 2

Here 𝑝𝑘 > 2 suffices.
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𝔽
𝑝𝑘
𝑁≅

⟺
𝔽𝑝
𝑘𝑁

𝑏0
′ ∗ 𝑏1

′ = Ԧ𝑧0
′ + Ԧ𝑧1

′

≅
⇔

This leads to 𝑝 > 2

Here 𝑝𝑘 > 2 suffices, 

but NO ring isomorphism！
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𝑑 − 1)

𝑏0 ∗ 𝑏1 = Ԧ𝑧0 + Ԧ𝑧1𝑏0 ∙ 𝑏1 = 𝑧0 + 𝑧1

𝔽
𝑝𝑘
𝑁≅

⟺
𝔽𝑝
𝑘𝑁

𝑏0
′ ∗ 𝑏1

′ = Ԧ𝑧0
′ + Ԧ𝑧1

′

≅
⇔

This leads to 𝑝 > 2

Here 𝑝𝑘 > 2 suffices, 

but NO ring isomorphism！

𝑇𝑟𝔽(𝑏0) ∗ 𝑇𝑟𝔽(𝑏1) = 𝑇𝑟𝔽( Ԧ𝑧0) + 𝑇𝑟𝔽( Ԧ𝑧1)

𝔽
𝑝𝑘
𝑁

𝔽𝑝
𝑁

𝑏0
′ ∗ 𝑏1

′ = Ԧ𝑧0
′ + Ԧ𝑧1

′

→
⇒

Trace to the rescue: 𝑇𝑟𝔽: 𝔽𝑝𝑘 → 𝔽𝑝, 𝑥 ⟼ 𝑥 + 𝑥𝑝
1
+⋯+ 𝑥𝑝

𝑘−1
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Overview: Our Approach

Ideally, we hope:
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′ = Ԧ𝑧0
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≅
⇔

This leads to 𝑝 > 2

Here 𝑝𝑘 > 2 suffices, 

but NO ring isomorphism！

𝔽𝑝𝑘[𝑋1, … , 𝑋𝑛]/(𝑋1
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𝑑 − 1)

𝑇𝑟𝔽(𝑏0) ∗ 𝑇𝑟𝔽(𝑏1) = 𝑇𝑟𝔽( Ԧ𝑧0) + 𝑇𝑟𝔽( Ԧ𝑧1)𝑇𝑟ℛ(𝑏0) ∙ 𝑇𝑟ℛ(𝑏1) = 𝑇𝑟ℛ(𝑧0) + 𝑇𝑟ℛ(𝑧1)
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𝑝𝑘
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⟺
𝔽𝑝
𝑁

𝑏0
′ ∗ 𝑏1

′ = Ԧ𝑧0
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→
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Trace to the rescue: 𝑇𝑟𝔽: 𝔽𝑝𝑘 → 𝔽𝑝, 𝑥 ⟼ 𝑥 + 𝑥𝑝
1
+⋯+ 𝑥𝑝

𝑘−1

Define trace maps over ℛ𝑘: = 𝔽𝑝𝑘[𝑋1, … , 𝑋𝑛]/(𝑋1
𝑑 − 1,… , 𝑋𝑛

𝑑 − 1), 𝑇𝑟ℛ: ℛ𝑘 → ℛ𝑘 , 𝑥 ⟼ 𝑥 + 𝑥𝑝
1
+⋯+ 𝑥𝑝

𝑘−1
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Overview: Our Approach

Ideally, we hope:

𝔽𝑝[𝑋1, … , 𝑋𝑛]/(𝑋1
𝑑 − 1,… , 𝑋𝑛

𝑑 − 1)

𝑏0 ∗ 𝑏1 = Ԧ𝑧0 + Ԧ𝑧1
𝑏0 ∙ 𝑏1 = 𝑧0 + 𝑧1

𝔽𝑝
𝑁≅

⟺

𝔽𝑝𝑘[𝑋1, … , 𝑋𝑛]/(𝑋1
𝑑 − 1,… , 𝑋𝑛

𝑑 − 1)

𝑏0 ∗ 𝑏1 = Ԧ𝑧0 + Ԧ𝑧1𝑏0 ∙ 𝑏1 = 𝑧0 + 𝑧1

𝔽
𝑝𝑘
𝑁≅

⟺
𝔽𝑝
𝑘𝑁

𝑏0
′ ∗ 𝑏1

′ = Ԧ𝑧0
′ + Ԧ𝑧1

′

≅
⇔

This leads to 𝑝 > 2

Here 𝑝𝑘 > 2 suffices, 

but NO ring isomorphism！

𝔽𝑝𝑘[𝑋1, … , 𝑋𝑛]/(𝑋1
𝑑 − 1,… , 𝑋𝑛

𝑑 − 1)

𝑇𝑟𝔽(𝑏0) ∗ 𝑇𝑟𝔽(𝑏1) = 𝑇𝑟𝔽( Ԧ𝑧0) + 𝑇𝑟𝔽( Ԧ𝑧1)𝑇𝑟ℛ(𝑏0) ∙ 𝑇𝑟ℛ(𝑏1) = 𝑇𝑟ℛ(𝑧0) + 𝑇𝑟ℛ(𝑧1)

𝔽
𝑝𝑘
𝑁≅

⟺
𝔽𝑝
𝑁

𝑏0
′ ∗ 𝑏1

′ = Ԧ𝑧0
′ + Ԧ𝑧1

′

→
⇒

Trace to the rescue: 𝑇𝑟𝔽: 𝔽𝑝𝑘 → 𝔽𝑝, 𝑥 ⟼ 𝑥 + 𝑥𝑝
1
+⋯+ 𝑥𝑝

𝑘−1

Define trace maps over ℛ𝑘: = 𝔽𝑝𝑘[𝑋1, … , 𝑋𝑛]/(𝑋1
𝑑 − 1,… , 𝑋𝑛

𝑑 − 1), 𝑇𝑟ℛ: ℛ𝑘 → ℛ𝑘 , 𝑥 ⟼ 𝑥 + 𝑥𝑝
1
+⋯+ 𝑥𝑝

𝑘−1

Missing pieces: correctness and efficiency when plugged into PCG paradigm. 
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More Details of Trace Functions

Let 𝜙:ℛ𝑘 = 𝔽𝑝𝑘[𝑋1, … , 𝑋𝑛]/(𝑋1
𝑑 − 1,… , 𝑋𝑛

𝑑 − 1) → 𝔽
𝑝𝑘
𝑁  be a ring isomorphism.

Proposition 1 (Commutative)

Recall that 𝑇𝑟ℛ: ℛ𝑘 → ℛ𝑘 , 𝑥 ⟼ 𝑥 + 𝑥𝑝
1
+⋯+ 𝑥𝑝

𝑘−1

Proposition 3 (𝔽𝑝-Linearity)

ℛ𝑘 𝔽
𝑝𝑘
𝑁

𝔽𝑝
𝑁𝐼𝑚(𝑇𝑟ℛ)

𝑇𝑟ℛ 𝑇𝑟𝔽

𝜙

𝜙
I.e., 𝑇𝑟𝔽 𝜙 𝑥 = 𝜙(𝑇𝑟ℛ(𝑥)), for any 𝑥 ∈ ℛ𝑘.

𝑇𝑟ℛ 𝑏0 ∙ 𝑇𝑟ℛ 𝑏1 = 𝑇𝑟ℛ 𝑏0 ∙ 𝑇𝑟ℛ 𝑏1 , by Proposition 1 and 𝔽𝑝-Linearity of 𝑇𝑟𝔽 . 

Proposition 4 (Sparsity)
Assume 𝑠0 is 𝑡-sparse, then 𝑠0

𝑝𝑖
is 𝑡-sparse for any integer 𝑖, 

since 𝑝 is the characteristic of ℛ𝑘

Proposition 5 (Extraction)
Assume 𝑏0 is random, and (1, 𝜁, … , 𝜁𝑘−1) is a basis of 𝔽𝑝𝑘 = 𝔽𝑝(𝜁) over 𝔽𝑝. 

Then 𝑇𝑟 𝑏0 , 𝑇𝑟 𝜁 ∙ 𝑏0 , … , 𝑇𝑟 𝜁𝑘−1 ∙ 𝑏0  is random in 𝔽𝑝
𝑘𝑁

Proposition 2 (Additive Hom) 𝑇𝑟ℛ 𝑥 + 𝑇𝑟ℛ 𝑦 = 𝑇𝑟ℛ 𝑥 + 𝑦 , for any 𝑥, 𝑦 ∈ ℛ𝑘. 
Correctness

Efficiency
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Attempts

𝔽𝑝𝑘[𝑋1, … , 𝑋𝑛]/(𝑋1
𝑑 − 1,… , 𝑋𝑛

𝑑 − 1)

𝑇𝑟𝔽(𝑏0) ∗ 𝑇𝑟𝔽(𝑏1) = 𝑇𝑟𝔽( Ԧ𝑧0) + 𝑇𝑟𝔽( Ԧ𝑧1)𝑇𝑟ℛ(𝑏0) ∙ 𝑇𝑟ℛ(𝑏1) = 𝑇𝑟ℛ(𝑧0) + 𝑇𝑟ℛ(𝑧1)

𝔽
𝑝𝑘
𝑁≅

⟺
𝔽𝑝
𝑁

𝑏0
′ ∗ 𝑏1

′ = Ԧ𝑧0
′ + Ԧ𝑧1

′

→
⇒

𝑇𝑟ℛ 𝑏0 ∙ 𝑇𝑟ℛ 𝑏1 = 𝑇𝑟ℛ 𝑎 ∙ 𝑠0 + 𝑒0 ∙ 𝑇𝑟ℛ 𝑎 ∙ 𝑠1 + 𝑒0

= 𝑎𝑠0 + 𝑒0
𝑝0 +⋯+ 𝑎𝑠0 + 𝑒0

𝑝𝑖−1 ∙ 𝑎𝑠1 + 𝑒1
𝑝0 +⋯+ 𝑎𝑠1 + 𝑒1

𝑝𝑖−1
4𝑘2 𝑡2-sparse cross-terms to be shared

Prop 4
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Attempts

𝔽𝑝𝑘[𝑋1, … , 𝑋𝑛]/(𝑋1
𝑑 − 1,… , 𝑋𝑛

𝑑 − 1)
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𝔽
𝑝𝑘
𝑁≅

⟺
𝔽𝑝
𝑁

𝑏0
′ ∗ 𝑏1

′ = Ԧ𝑧0
′ + Ԧ𝑧1

′

→
⇒

𝑇𝑟ℛ 𝑏0 ∙ 𝑇𝑟ℛ 𝑏1 = 𝑇𝑟ℛ 𝑎 ∙ 𝑠0 + 𝑒0 ∙ 𝑇𝑟ℛ 𝑎 ∙ 𝑠1 + 𝑒0

= 𝑎𝑠0 + 𝑒0
𝑝0 +⋯+ 𝑎𝑠0 + 𝑒0

𝑝𝑖−1 ∙ 𝑎𝑠1 + 𝑒1
𝑝0 +⋯+ 𝑎𝑠1 + 𝑒1

𝑝𝑖−1
4𝑘2 𝑡2-sparse cross-terms to be shared

𝑇𝑟ℛ 𝑏0 ∙ 𝑇𝑟ℛ 𝑏1 = 𝑇𝑟ℛ (𝑎 ∙ 𝑠0 + 𝑒0) ∙ 𝑇𝑟ℛ 𝑎 ∙ 𝑠1 + 𝑒0

= 𝑇𝑟ℛ 𝑎 ∙ 𝑠0 + 𝑒0 ∙ 𝑎𝑠1 + 𝑒1
𝑝0 +⋯+ 𝑎𝑠1 + 𝑒1

𝑝𝑘−1

= 𝑇𝑟ℛ 𝑎 ∙ 𝑠0 + 𝑒0 ∙ 𝑎𝑝
0
𝑠1
𝑝0
+ 𝑒1

𝑝0
+⋯+ 𝑎𝑝

𝑖−1
𝑠1
𝑝𝑘−1

+ 𝑒1
𝑝𝑘−1

Prop 4

Prop 3
4𝑘 cross-terms to be shared, i.e., 

𝑠0𝑠1
𝑝𝑖
, 𝑒0𝑠1

𝑝𝑖
, 𝑠0𝑒1

𝑝𝑖
, 𝑒0𝑒1

𝑝𝑖
, for 𝑖 ∈ [0, 𝑘 − 1].

They are 𝑡2-sparse by Prop 4

We get 𝑁 OLEs over 𝔽𝑝

Prop 4
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Attempts

𝔽𝑝𝑘[𝑋1, … , 𝑋𝑛]/(𝑋1
𝑑 − 1,… , 𝑋𝑛

𝑑 − 1)

𝑇𝑟𝔽(𝑏0) ∗ 𝑇𝑟𝔽(𝑏1) = 𝑇𝑟𝔽( Ԧ𝑧0) + 𝑇𝑟𝔽( Ԧ𝑧1)𝑇𝑟ℛ(𝑏0) ∙ 𝑇𝑟ℛ(𝑏1) = 𝑇𝑟ℛ(𝑧0) + 𝑇𝑟ℛ(𝑧1)

𝔽
𝑝𝑘
𝑁≅

⟺
𝔽𝑝
𝑁

𝑏0
′ ∗ 𝑏1

′ = Ԧ𝑧0
′ + Ԧ𝑧1

′

→
⇒

𝑇𝑟ℛ 𝑏0 ∙ 𝑇𝑟ℛ 𝑏1 = 𝑇𝑟ℛ 𝑎 ∙ 𝑠0 + 𝑒0 ∙ 𝑇𝑟ℛ 𝑎 ∙ 𝑠1 + 𝑒0

= 𝑎𝑠0 + 𝑒0
𝑝0 +⋯+ 𝑎𝑠0 + 𝑒0

𝑝𝑖−1 ∙ 𝑎𝑠1 + 𝑒1
𝑝0 +⋯+ 𝑎𝑠1 + 𝑒1

𝑝𝑖−1
4𝑘2 𝑡2-sparse cross-terms to be shared

𝑇𝑟ℛ 𝑏0 ∙ 𝑇𝑟ℛ 𝑏1 = 𝑇𝑟ℛ (𝑎 ∙ 𝑠0 + 𝑒0) ∙ 𝑇𝑟ℛ 𝑎 ∙ 𝑠1 + 𝑒0

= 𝑇𝑟ℛ 𝑎 ∙ 𝑠0 + 𝑒0 ∙ 𝑎𝑠1 + 𝑒1
𝑝0 +⋯+ 𝑎𝑠1 + 𝑒1

𝑝𝑘−1

= 𝑇𝑟ℛ 𝑎 ∙ 𝑠0 + 𝑒0 ∙ 𝑎𝑝
0
𝑠1
𝑝0
+ 𝑒1

𝑝0
+⋯+ 𝑎𝑝

𝑖−1
𝑠1
𝑝𝑘−1

+ 𝑒1
𝑝𝑘−1

Prop 4

Prop 3
4𝑘 cross-terms to be shared, i.e., 

𝑠0𝑠1
𝑝𝑖
, 𝑒0𝑠1

𝑝𝑖
, 𝑠0𝑒1

𝑝𝑖
, 𝑒0𝑒1

𝑝𝑖
, for 𝑖 ∈ [0, 𝑘 − 1].

They are 𝑡2-sparse by Prop 4

Prop 5 𝑇𝑟ℛ 𝜁𝑗𝑏0 ∙ 𝑇𝑟ℛ 𝜁𝑗𝑏1 = 𝑇𝑟ℛ 𝜁𝑗(𝑎 ∙ 𝑠0 + 𝑒0) ∙ 𝑇𝑟ℛ 𝜁𝑗 𝑎 ∙ 𝑠1 + 𝑒0

= 𝑇𝑟ℛ 𝜁𝑗 𝑎 ∙ 𝑠0 + 𝑒0 ∙ 𝜁𝑗𝑝
0
𝑎𝑠1 + 𝑒1

𝑝0 +⋯+ 𝜁𝑗𝑝
𝑘−1

𝑎𝑠1 + 𝑒1
𝑝𝑘−1

= 𝑇𝑟ℛ 𝜁𝑗 𝑎 ∙ 𝑠0 + 𝑒0 ∙ 𝜁𝑗𝑝
0
𝑎𝑝

0
𝑠1
𝑝0
+ 𝜁𝑗𝑝

0
𝑒1
𝑝0
+⋯+ 𝜁𝑗𝑝

𝑘−1
𝑎𝑝

𝑖−1
𝑠1
𝑝𝑘−1

+ 𝜁𝑗𝑝
𝑘−1

𝑒1
𝑝𝑘−1

Hence, 𝑠0𝑠1
𝑝𝑖

, 𝑒0𝑠1
𝑝𝑖

, 𝑠0𝑒1
𝑝𝑖

, 𝑒0𝑒1
𝑝𝑖

, 

can be reused among 𝑘 extractions

We get 𝑁 OLEs over 𝔽𝑝

We get 𝑘𝑁 OLEs over 𝔽𝑝

Prop 4

Prop 4
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Concrete Instantiation: 𝔽𝟒 to 𝔽𝟐 via Trace

𝑠0, 𝑒0 ∈ 𝔽4[𝑋1, … , 𝑋𝑛]/(𝑋1
3 − 1,… , 𝑋𝑛

3 − 1) 𝑠1, 𝑒1 ∈ 𝔽4[𝑋1, … , 𝑋𝑛]/(𝑋1
3 − 1,… , 𝑋𝑛

3 − 1)

𝑏0 = 𝑎 ∙ 𝑠0 + 𝑒0 ≈＄ 𝑏1 = 𝑎 ∙ 𝑠1 + 𝑒1 ≈＄

𝑆𝑒𝑒𝑑0 𝑆𝑒𝑒𝑑1

𝑠0𝑠1 0, 𝑠0𝑠1
2
0
, 𝑠0𝑒1 0, 𝑠0𝑒1

2
0
,

𝑠1𝑒0 0, 𝑠1𝑒0
2
0
, 𝑒0𝑒1 0, 𝑒0𝑒1

2
0

𝑧0
(𝑗)

= 𝑇𝑟(𝜁𝑗𝑏0) ∙ 𝑇𝑟(𝜁
𝑗𝑏1) 0

PCG. GEN𝑠0, 𝑒0, 𝑆𝑒𝑒𝑑0 𝑠1, 𝑒1, 𝑆𝑒𝑒𝑑1

Goal: 2𝑁 OLE correlations over 𝔽2

PCG. EXPAND PCG. EXPAND

𝑏0
(𝑗)

∗ 𝑏1
𝑗
= Ԧ𝑧0

𝑗
+ Ԧ𝑧1

(𝑗)

𝑠0𝑠1 0, 𝑠0𝑠1
2
0
, 𝑠0𝑒1 0, 𝑠0𝑒1

2
0
,

𝑠1𝑒0 0, 𝑠1𝑒0
2
0
, 𝑒0𝑒1 0, 𝑒0𝑒1

2
0

𝑧0
(𝑗)

= 𝑇𝑟(𝜁𝑗𝑏0) ∙ 𝑇𝑟(𝜁
𝑗𝑏1) 0

𝑇𝑟 𝑏0 ∙ 𝑇𝑟 𝑏1 = 𝑇𝑟 𝑎2 𝑠0𝑠1 + 𝑇𝑟 𝑠0𝑠1
2

+𝑇𝑟 𝑎 𝑠0𝑒1 + 𝑇𝑟 𝑎 𝑠0𝑒1
2 + 𝑇𝑟 𝑎 𝑠1𝑒0 + 𝑇𝑟 𝑎 𝑠1𝑒0

2

+ 𝑇𝑟 [𝑒0𝑒1] + 𝑇𝑟 [𝑒0𝑒1
2 )

(1) QA-SD (or Ring-LPN for large 𝔽2𝑘 to 𝔽2)

(2) 8 𝑡2-sparse cross-terms for 2 ∙ 3𝑛 OLEs 

(3) 𝔽4[𝑋1, … , 𝑋𝑛]/(𝑋1
3 − 1,… , 𝑋𝑛

3 − 1) ≅ 𝔽4
3𝑛
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Application: PCG for Authenticated Binary Triple

𝑠0, 𝑒0 ∈ 𝔽4[𝑋1, … , 𝑋𝑛]/(𝑋1
3 − 1,… , 𝑋𝑛

3 − 1) 𝑠1, 𝑒1 ∈ 𝔽4[𝑋1, … , 𝑋𝑛]/(𝑋1
3 − 1,… , 𝑋𝑛

3 − 1)

𝑏0 = 𝑎 ∙ 𝑠0 + 𝑒0 ≈＄ 𝑏1 = 𝑎 ∙ 𝑠1 + 𝑒1 ≈＄

PCG. GEN𝑠0, 𝑒0, 𝑆𝑒𝑒𝑑0 𝑠1, 𝑒1, 𝑆𝑒𝑒𝑑1

Goal: 2𝑁 Authenticated Binary triple

Δ ∙ 𝑇𝑟 𝑏0 ∙ 𝑇𝑟 𝑏1
= Δ 𝑎2𝑠0

2 + 𝑒0
2 + 𝑎𝑠0 + 𝑒0 𝑎2𝑠1

2 + 𝑒1
2 + 𝑎𝑠1 + 𝑒1

= 𝑎2 ∙ Δ𝑠0
2𝑒1

2 + Δ𝑠0
2𝑒1 + Δ𝑠0𝑠1 + Δ𝑠1

2𝑒0
2 + [Δ𝑠1

2𝑒0]

+ 𝑎 Δ𝑠0
2𝑠1

2 + Δ𝑠0𝑒1
2 + Δ𝑠0𝑒1 + Δ𝑠1𝑒0

2 + Δ𝑠1𝑒0
+ ( Δ𝑠0

2𝑠1 + Δ𝑠1
2𝑠0 + Δ𝑒0

2𝑒1
2 + Δ𝑒0

2𝑒1 + Δ𝑒0𝑒1
2 + [Δ𝑒0𝑒1])

(1) QA-SD over 𝔽4[𝑋1, … , 𝑋𝑛]/(𝑋1
3 − 1,… , 𝑋𝑛

3 − 1)

(2) 𝔽2𝜆[𝑋1, … , 𝑋𝑛]/(𝑋1
3 − 1,… , 𝑋𝑛

3 − 1) ≅ 𝔽
2𝜆
3𝑛 ≅ 𝔽4 𝜉

3𝑛

(3) Prop.3 (𝔽2-linearity) is not applicable since Δ ∈ 𝔽2𝜆

(4) 16 𝑡2-sparse cross-terms for 2 ∙ 3𝑛 triples (Prop.5 Extraction)

Δ0 ∈ 𝔽2𝜆 = 𝔽4(𝜉) Δ1 ∈ 𝔽2𝜆 = 𝔽4(𝜉)

Global MAC key Δ ∈ 𝔽2𝜆
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Summary

1. First concretely efficient PCG for many useful correlations over ANY finite field

(i) OLE/Beaver triple, yielding semi-honest MPC over Boolean circuits with silent 

preprocessing

(ii) Two-party authenticated binary multiplication triple

(iii) Matrix multiplication triple, (string) OT (Omitted)

2. As efficient as previous PCG for large fields: same communication, ≈ 2 × computation

3. Security relies on standard existing assumptions (QA-SD/Ring-LPN)
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Summary

1. First concretely efficient PCG for many useful correlations over ANY finite field

(i) OLE/Beaver triple, yielding semi-honest MPC over Boolean circuits with silent 

preprocessing

(ii) Two-party authenticated binary multiplication triple

(iii) Matrix multiplication triple, (string) OT (Omitted)

2. As efficient as previous PCG for large fields: same communication, ≈ 2 × computation

3. Security relies on standard existing assumptions (QA-SD/Ring-LPN)

1. PCG for OLE over ℤ2𝑘 and SPDℤ2𝑘 triples. (To appear at CRYPTO 2025)

2. PCG for higher degree or more complex correlations. (it is interesting to consider Norm map)

3. PCG for multiparty authenticated triples.

Future work & Open problems:



Thank You
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