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Securemultiparty computation

Alice

𝑥
private input

Bob

𝑦
private input

𝑓

joint protocol

𝑓(𝑥, 𝑦)
both parties learn the output

Each party learns 𝑓(𝑥, 𝑦) and nothingmore about the other input.
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Preprocessing and online phases

Alice Bob

preprocessing

generates correlated randomness (𝑅0, 𝑅1)

Alice’s share𝑅0 Bob’s share𝑅1

OT, VOLE, ormultiplication triples

each party sees only its own share

preprocessing, input-independent

cost scales with the number of correlations

online, lightweight

computes𝑓(𝑥, 𝑦) using the correlations

Pseudorandom correlation functions compress this into short seeds.
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Pseudorandom correlation functions [BCG+20a]

𝑘0

𝑘1
short keys
from setup

𝑅0(𝑥1) 𝑅0(𝑥2) 𝑅0(𝑥3) 𝑅0(𝑥4) 𝑅0(𝑥5) 𝑅0(𝑥6) 𝑅0(𝑥7) 𝑅0(𝑥8) ⋯
each party evaluates its own key locally on inputs𝑥1, 𝑥2,…

𝑅1(𝑥1) 𝑅1(𝑥2) 𝑅1(𝑥3) 𝑅1(𝑥4) 𝑅1(𝑥5) 𝑅1(𝑥6) 𝑅1(𝑥7) 𝑅1(𝑥8) ⋯
pair same input, one sample of (𝑅0, 𝑅1)

Each key reveals nomore about the other outputs than the correlation implies.

A pseudorandom correlation generator instead outputs one fixed-length batch.

Ourweak PCF needs random inputs, sowe hashwith a randomoracle.

3



Pseudorandom correlation functions [BCG+20a]

𝑘0

𝑘1
short keys
from setup

𝑅0(𝑥1) 𝑅0(𝑥2) 𝑅0(𝑥3) 𝑅0(𝑥4) 𝑅0(𝑥5) 𝑅0(𝑥6) 𝑅0(𝑥7) 𝑅0(𝑥8) ⋯
each party evaluates its own key locally on inputs𝑥1, 𝑥2,…

𝑅1(𝑥1) 𝑅1(𝑥2) 𝑅1(𝑥3) 𝑅1(𝑥4) 𝑅1(𝑥5) 𝑅1(𝑥6) 𝑅1(𝑥7) 𝑅1(𝑥8) ⋯
pair same input, one sample of (𝑅0, 𝑅1)

Each key reveals nomore about the other outputs than the correlation implies.

A pseudorandom correlation generator instead outputs one fixed-length batch.

Ourweak PCF needs random inputs, sowe hashwith a randomoracle.

3



Pseudorandom correlation functions [BCG+20a]

𝑘0

𝑘1
short keys
from setup

𝑅0(𝑥1) 𝑅0(𝑥2) 𝑅0(𝑥3) 𝑅0(𝑥4) 𝑅0(𝑥5) 𝑅0(𝑥6) 𝑅0(𝑥7) 𝑅0(𝑥8) ⋯
each party evaluates its own key locally on inputs𝑥1, 𝑥2,…

𝑅1(𝑥1) 𝑅1(𝑥2) 𝑅1(𝑥3) 𝑅1(𝑥4) 𝑅1(𝑥5) 𝑅1(𝑥6) 𝑅1(𝑥7) 𝑅1(𝑥8) ⋯
pair same input, one sample of (𝑅0, 𝑅1)

Each key reveals nomore about the other outputs than the correlation implies.

A pseudorandom correlation generator instead outputs one fixed-length batch.

Ourweak PCF needs random inputs, sowe hashwith a randomoracle.

3



Pseudorandom correlation functions [BCG+20a]

𝑘0

𝑘1
short keys
from setup

𝑅0(𝑥1) 𝑅0(𝑥2) 𝑅0(𝑥3) 𝑅0(𝑥4) 𝑅0(𝑥5) 𝑅0(𝑥6) 𝑅0(𝑥7) 𝑅0(𝑥8) ⋯
each party evaluates its own key locally on inputs𝑥1, 𝑥2,…

𝑅1(𝑥1) 𝑅1(𝑥2) 𝑅1(𝑥3) 𝑅1(𝑥4) 𝑅1(𝑥5) 𝑅1(𝑥6) 𝑅1(𝑥7) 𝑅1(𝑥8) ⋯
pair same input, one sample of (𝑅0, 𝑅1)

Each key reveals nomore about the other outputs than the correlation implies.

A pseudorandom correlation generator instead outputs one fixed-length batch.

Ourweak PCF needs random inputs, sowe hashwith a randomoracle.

3



Pseudorandom correlation functions [BCG+20a]

𝑘0

𝑘1
short keys
from setup

𝑅0(𝑥1) 𝑅0(𝑥2) 𝑅0(𝑥3) 𝑅0(𝑥4) 𝑅0(𝑥5) 𝑅0(𝑥6) 𝑅0(𝑥7) 𝑅0(𝑥8) ⋯
each party evaluates its own key locally on inputs𝑥1, 𝑥2,…

𝑅1(𝑥1) 𝑅1(𝑥2) 𝑅1(𝑥3) 𝑅1(𝑥4) 𝑅1(𝑥5) 𝑅1(𝑥6) 𝑅1(𝑥7) 𝑅1(𝑥8) ⋯
pair same input, one sample of (𝑅0, 𝑅1)

Each key reveals nomore about the other outputs than the correlation implies.

A pseudorandom correlation generator instead outputs one fixed-length batch.

Ourweak PCF needs random inputs, sowe hashwith a randomoracle.

3



Pseudorandom correlation functions [BCG+20a]

𝑘0

𝑘1
short keys
from setup

𝑅0(𝑥1) 𝑅0(𝑥2) 𝑅0(𝑥3) 𝑅0(𝑥4) 𝑅0(𝑥5) 𝑅0(𝑥6) 𝑅0(𝑥7) 𝑅0(𝑥8) ⋯
each party evaluates its own key locally on inputs𝑥1, 𝑥2,…

𝑅1(𝑥1) 𝑅1(𝑥2) 𝑅1(𝑥3) 𝑅1(𝑥4) 𝑅1(𝑥5) 𝑅1(𝑥6) 𝑅1(𝑥7) 𝑅1(𝑥8) ⋯
pair same input, one sample of (𝑅0, 𝑅1)

Each key reveals nomore about the other outputs than the correlation implies.

A pseudorandom correlation generator instead outputs one fixed-length batch.

Ourweak PCF needs random inputs, sowe hashwith a randomoracle.

3



Pseudorandom correlation functions [BCG+20a]

𝑘0

𝑘1
short keys
from setup

𝑅0(𝑥1) 𝑅0(𝑥2) 𝑅0(𝑥3) 𝑅0(𝑥4) 𝑅0(𝑥5) 𝑅0(𝑥6) 𝑅0(𝑥7) 𝑅0(𝑥8) ⋯
each party evaluates its own key locally on inputs𝑥1, 𝑥2,…

𝑅1(𝑥1) 𝑅1(𝑥2) 𝑅1(𝑥3) 𝑅1(𝑥4) 𝑅1(𝑥5) 𝑅1(𝑥6) 𝑅1(𝑥7) 𝑅1(𝑥8) ⋯
pair same input, one sample of (𝑅0, 𝑅1)

Each key reveals nomore about the other outputs than the correlation implies.

A pseudorandom correlation generator instead outputs one fixed-length batch.

Ourweak PCF needs random inputs, sowe hashwith a randomoracle.

3



Correlated oblivious transfer

Messages lie inℤ𝑁 for an RSAmodulus𝑁, and the secret offsetΔ is the same in every sample.

uniform𝑚0 ∈ ℤ𝑁

sender

𝑚1 = 𝑚0 + Δ

+Δ

receiver gets a
uniform bit 𝑏 and 𝑚𝑏

examplewith 𝑏 = 1

receiver learns onemessage

𝑚𝑏 = 𝑚0 + 𝑏Δ

The sender does not learn 𝑏, and the receiver does not learnΔ.
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Priorwork

constrainedNaor–Reingold [BCM+24]

fast randomOT

no fixed offset𝑚1 −𝑚0

sparse LPN [BCM+25]

fast COT andVOLE

expensive, non-black-box
distributed key generation

this work

Δ
COT overℤ𝑁

VOLE, anymodulus

much slower receiver evaluation

Our setup is two rounds of OT, then evaluation is local.
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PCF for OT from constrained PRFs [BCM+24]

input 𝑥 ∈ {0, 1}𝑛

𝐹𝐾0 𝑚0

𝐹𝐾1 𝑚1
sender key (𝐾0, 𝐾1)

outer PRF 𝐹𝐾(𝑥) = 𝑔𝑎0∏𝑖∶𝑥𝑖=1
𝑎𝑖

with𝐾 = (𝑎0,… , 𝑎𝑛) and 𝑔 of prime order

The receiver’s bit is 𝑏 = 𝑓𝑧(𝑥), for an inner PRF𝑓𝑧 with secret key 𝑧. Here 𝑏 = 0.

inner PRF 𝑓𝑧(𝑥) = 𝜒𝑆(⟨𝑧, 𝑥⟩) with𝜒𝑆 the indicator function of a public set 𝑆 ⊆ {0,… ,𝑛}

𝐾∗
0

𝐾∗
1

Thereceiver’s constrained key𝐾∗
𝑏 evaluates𝐹𝐾𝑏 onlywhere𝑓𝑧(𝑥) = 𝑏.

Independent keys give randomOT. COTneeds correlated keys𝐾0, 𝐾1.
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Inner-product-membershipweak PRF

For a public 𝑆 ⊆ {0,… , 𝑛} and a secret 𝑧 ∈ {0, 1}𝑛, let 𝑓𝑧(𝑥) = 𝜒𝑆(⟨𝑧, 𝑥⟩).
An inner-product-membershipweak PRF is such an𝑓𝑧 that looks randomon random inputs𝑥.

public input 𝑥
receiver’s secret 𝑧

1 1 0 1 1 0

1 0 1 1 0 0
𝑠𝑥 = ⟨𝑧, 𝑥⟩ = 2

0 1 2 3 4 5 6positions 𝑠
shaded, an example set 𝑆 = {3, 4, 5}

𝑏 = 𝜒𝑆(𝑠𝑥) = 0

Here 𝑏 = 0, so the receiver outputs (0,𝑚0). If 𝑠𝑥 ∈ 𝑆, it outputs (1,𝑚1).

The sender’s key has no 𝑧, so to the sender 𝑏 looks random.
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ConstrainingNaor–Reingold [BCM+24]

Key𝐾 = (𝑎0,… , 𝑎𝑛), input 𝑥, receiver secret 𝑧, and 𝑠𝑥 = ⟨𝑧, 𝑥⟩.
Sample 𝑟 and set 𝛼𝑖 = 𝑎𝑖𝑟−𝑧𝑖, ℎ𝑠 = 𝑔𝑎0𝑟𝑠, 𝑒𝑥 =∏𝑖∶𝑥𝑖=1

𝛼𝑖.

𝐹𝐾(𝑥) = 𝑔𝑎0∏𝑖∶𝑥𝑖=1
𝛼𝑖𝑟𝑧𝑖 = 𝑔𝑎0𝑟

𝑠𝑥∏𝑖∶𝑥𝑖=1
𝛼𝑖 = ℎ𝑒𝑥𝑠𝑥

Thereceiver gets all 𝛼𝑖, but only the table entries ℎ𝑠with𝜒𝑆(𝑠) = 0.
It can compute 𝐹𝐾0(𝑥) onlywhen 𝑓𝑧(𝑥) = 0.
Theconstrained key for𝐾1 uses the entries with𝜒𝑆(𝑠) = 1.

Thereceiver needs only one table entry and one exponent.
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Distributed discrete logarithm [OSY21, RS21]

For𝑁 = 𝑝𝑞, every𝑈 ∈ ℤ∗
𝑁2 is𝑈0(1 + 𝑁)Δwith an𝑁-th residue𝑈0 = ᵆ𝑁 and an offsetΔ ∈ ℤ𝑁 .

𝑈

Δ

𝑈(1 + 𝑁)Δ

DDLog𝑁
a publicmap, 𝑎 + 𝑏𝑁 ↦ 𝑏𝑎−1 mod 𝑁 for 0 ≤ 𝑎, 𝑏 < 𝑁

𝑚 = DDLog𝑁(𝑈)

DDLog𝑁 𝑚+ Δ

DDLog𝑁(𝑈(1 + 𝑁)Δ) = DDLog𝑁(𝑈) + Δ (mod 𝑁)
Multiplicative shares𝑈 and𝑈(1 +𝑁)Δ of (1 + 𝑁)Δ become additive shares𝑚 and𝑚+Δ ofΔ.

DDLog convertsmultiplicative shares into additive sharesmodulo𝑁.
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For𝑁 = 𝑝𝑞, every𝑈 ∈ ℤ∗
𝑁2 is𝑈0(1 + 𝑁)Δwith an𝑁-th residue𝑈0 = ᵆ𝑁 and an offsetΔ ∈ ℤ𝑁 .

𝑈

Δ

𝑈(1 + 𝑁)Δ

DDLog𝑁
a publicmap, 𝑎 + 𝑏𝑁 ↦ 𝑏𝑎−1 mod 𝑁 for 0 ≤ 𝑎, 𝑏 < 𝑁

𝑚 = DDLog𝑁(𝑈)

DDLog𝑁 𝑚+ Δ

DDLog𝑁(𝑈(1 + 𝑁)Δ) = DDLog𝑁(𝑈) + Δ (mod 𝑁)
Multiplicative shares𝑈 and𝑈(1 +𝑁)Δ of (1 + 𝑁)Δ become additive shares𝑚 and𝑚+Δ ofΔ.

DDLog convertsmultiplicative shares into additive sharesmodulo𝑁.

9



One keywith a secret shift

Replace𝐾0, 𝐾1 by one key𝐾 = (𝑎0,… , 𝑎𝑛) and a secret shiftΔ.
𝐹𝐾0(𝑥) = 𝐹𝐾(𝑥) = 𝑔𝐴𝑥 with𝐴𝑥 = 𝑎0∏𝑖∶𝑥𝑖=1

𝑎𝑖 and an𝑁-th residue 𝑔
𝐹𝐾1(𝑥) = 𝐹𝐾,Δ(𝑥) = 𝐹𝐾(𝑥) (1 + 𝑁)Δ
𝑚0 = DDLog𝑁(𝐹𝐾(𝑥)), 𝑚1 = DDLog𝑁(𝐹𝐾,Δ(𝑥)) = 𝑚0 + Δ

Thereceiver gets the 𝛼𝑖 and one table for all 𝑠, shifted onlywhere 𝑠 ∈ 𝑆.
ℎ𝑠 = 𝑔𝑎0𝑟𝑠(1 + 𝑁)𝜒𝑆(𝑠)Δ

It raises ℎ𝑠𝑥 to 𝑒𝑥, hoping to obtain 𝑔
𝐴𝑥(1 + 𝑁)𝑏Δ = 𝐹𝐾𝑏(𝑥)with 𝑏 = 𝑓𝑧(𝑥).

The sender sideworks, but 𝑒𝑥 also acts on the shift.
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Exponents congruent to 1modulo𝑁

Thereceiver raises its table entryℎ𝑠𝑥 to 𝑒𝑥. Here 𝑠𝑥 ∈ 𝑆, soℎ𝑠𝑥 carries the shift.

Δ
ℎ𝑠𝑥

raise to 𝑒𝑥
𝑔𝐴𝑥

𝑒𝑥Δ

the offset is scaled by 𝑒𝑥

𝑒𝑥 ≡ 1 (mod 𝑁)
sample 𝑎𝑖, 𝑟 ≡ 1 (mod 𝑁)

Δ Δ

(1 + 𝑁)𝑒𝑥Δ = (1 +𝑁)Δ (mod 𝑁2)

Now ℎ𝑒𝑥𝑠𝑥 = 𝑔𝐴𝑥(1 + 𝑁)𝜒𝑆(𝑠𝑥)Δ, so the receiver gets𝑚𝑏.
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Sparse-PowerDCR

Thereceiver’s tablemust hideΔ.
If all entries are shifted, decisional composite residuosity (DCR) suffices.
ByDCR, random𝑁-th residues look like randomunits, and 𝑟𝑠 ≡ 1 (mod 𝑁) keepsΔ in every entry.

Our table shifts only the entries 𝑠 ∈ 𝑆.

(𝑔𝑟𝑠)𝑠 ≈𝑐 (𝑔𝑟
𝑠(1 + 𝑁)𝜒𝑆(𝑠)Δ)𝑠

Sparse-Power DCR,with≈𝑐 computational indistinguishability and 𝑔 a random𝑁-th residue

Weprove that DCR implies Sparse-Power DCR.
Wealso assume that𝑓𝑧 is an inner-product-membershipweak PRF.

Security rests onDCR and an inner-product-membershipweak PRF.
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Correctness and security

Both parties add aweak-PRFmask 𝐹𝑘(𝑥) ∈ ℤ𝑁, with 𝑘 in 𝑘0 and 𝑘1.
Sender 𝑚0 = DDLog𝑁(𝑔

𝐴𝑥) + 𝐹𝑘(𝑥), 𝑚1 = 𝑚0 + Δ
Receiver DDLog𝑁(ℎ

𝑒𝑥
𝑠𝑥) + 𝐹𝑘(𝑥) = 𝑚0 + 𝑏Δ = 𝑚𝑏

No assumption is needed here, only 𝑒𝑥 ≡ 1 (mod 𝑁) and the shift identity of DDLog.

Outputs 𝑏 and𝑚0 look uniform weak PRFs 𝑓𝑧 and 𝐹𝑘
Sender cannot learn 𝑏 weak PRF 𝑓𝑧, since 𝑘1 has no 𝑧
Receiver cannot learnΔ or𝑚1−𝑏 Sparse-Power DCR, fromDCR

Correctness is algebra, and security reduces to the assumptions.
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FromCOT toVOLE

vector oblivious linear evaluation

COT sample 𝑗 gives the receiver (𝑏𝑗, 𝜇𝑗) and the sender (𝑚0,𝑗,𝑚1,𝑗), with𝜇𝑗 = 𝑚0,𝑗 + 𝑏𝑗Δ mod 𝑁.

1 ×1

0 ×2

1 ×4

1 ×8
receiver’s bits
𝑏𝑗 = 𝑓𝑧(𝑥𝑗)

weight 2𝑗,
sum over 𝑗

receiver gets (𝑢, 𝑤)

sender gets (Δ, 𝑣)

ᵆ = 1 + 0 + 4 + 8 = 13 in the example

ᵆ = ∑𝑗 2
𝑗𝑏𝑗, 𝑣 = ∑𝑗 2

𝑗𝑚0,𝑗,𝑤 = ∑𝑗 2
𝑗𝜇𝑗

𝑤 = 𝑣 + Δ𝑢 (mod 𝑁) ℤ𝑁 integers ℤ𝑀, any𝑀

Withoutwraparound, the relation holds overℤ and somodulo any𝑀.
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Exponent-verifiable random functions [BHLS25]

The group𝔾 = ⟨𝑔⟩ has prime order 𝑞, and 𝑟 ∈ ℤ𝑞.

input 𝑥 secret 𝑟, from 𝑥 and the key

𝔾

𝑌 = 𝑔𝑟 proof𝜋

A verifier checks 𝑌 without learning 𝑟.

Threshold signing needs verifiable, deterministic per-message nonces.
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Designated-verifier eVRF [KOR23]

Group𝔾 = ⟨𝑔⟩ of prime order 𝑞, and a uniform secretΔ ∈ ℤ𝑞.
The PCF is evaluated at𝐻VOLE(𝑥) for a randomoracle𝐻VOLE.

prover = PCF receiver

𝑢 𝑤
verifier = PCF sender

Δ 𝑣

VOLE overℤ𝑞with𝑤 = 𝑣 + Δ𝑢

𝑌
𝑌 = 𝑔𝑢

𝑟 = ᵆ
𝜋 = 𝑔𝑤

𝜋
?
= 𝑔𝑣𝑌Δ 32 bytes, against

451 bytes in [KOR23]

𝑔𝑤 = 𝑔𝑣+Δᵆ

= 𝑔𝑣(𝑔ᵆ)Δ

Theprover never seesΔ, so it cannot forge a proof for awrong 𝑌 .
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severalmoduli

32 B
one group element

Assumptions are DCR, an inner-product-membershipweak PRF, and a randomoracle.

Two short keys give correlated randomness on demand.
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Proof size and cost

Designated-verifier eVRF 32-byte encodings, proof size only

[KOR23] 451 B

this work 32 B one group element

Amortised cost per COT sender 74𝜇s receiver (prover) 31ms
2048-bit𝑁, 32 threads. A 256-COTVOLE block takes 18.9ms for the sender and 7.9 s for the receiver.

Publicly verifiable eVRF [BCK25] 928 B⟶ 128 B
Uses offline/online homomorphic secret sharing, not the Paillier PCF. Sizes exclude the output.

Proofs are shorter, but the prover runs the slow PCF receiver.
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COT correctness

Let 𝑠𝑥 = ⟨𝑧, 𝑥⟩ and 𝑏𝑥 = 𝜒𝑆(𝑠𝑥), where𝜒𝑆 is the indicator function of the public set 𝑆.

receiver’s public table sender’s PRF exponent

ℎ𝑠 = 𝑔𝑎0𝑟𝑠(1 + 𝑁)𝜒𝑆(𝑠)Δ 𝐴𝑥 = 𝑎0∏𝑖∶𝑥𝑖=1
𝑎𝑖

𝑚0 = DDLog𝑁(𝑔
𝐴𝑥) + 𝐹𝑘(𝑥)𝛼𝑖 = 𝑎𝑖𝑟−𝑧𝑖, 𝑒𝑥 =∏𝑖∶𝑥𝑖=1

𝛼𝑖 ≡ 1 (mod 𝑁)

ℎ𝑒𝑥𝑠𝑥 = 𝑔𝐴𝑥(1 + 𝑁)𝑏𝑥Δ
𝑚𝑏𝑥 = DDLog𝑁(ℎ

𝑒𝑥
𝑠𝑥) + 𝐹𝑘(𝑥) = 𝑚0 + 𝑏𝑥Δ

Thebase 𝑔 is an𝑁-th residue, and both keys contain theweak-PRF key 𝑘.
Setup exponents aremodulo𝑁𝜑(𝑁), with 𝑟 invertible and

𝜑(𝑁) = (𝑝 − 1)(𝑞 − 1).
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PCF comparison

Scheme Correlation Assumption Setup Keys (𝑘1/𝑘0) S /R (ms)

[BCM+24] randomOT power-DDH 2 rds., OT 16 B / 30 KiB 0.1 / 0.1

[OSY21] 𝔽𝜆2-COT DCR, QR 1 rd., PK ≈ 50KiB each 105 / 105
[BCM+25] COT, VOLE sparse LPN DKG ≈ 3.4MiB pair ≪ 1 /≪ 1
Thiswork ℤ𝑁-COT DCR 2 rds., OT 65.8 / 129.3 KiB 1.53 / 523

Here 𝜆 is the security parameter andQR is quadratic residuosity. PK is a
non-interactive public-key setup, andDKG is distributed key generationwith

non-black-box use of a PRG. Times are single-core per correlation.

Converting randomOT into COTneeds one correction value per output, so
evaluation is no longer silent.
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Setup and evaluation costs

Two-round pairwise OT setup
Security is static and semi-honest, and the sender knows the factorisation of𝑁.

Sender Receiver

Key size 65.8 KiB 129.3 KiB
Single COT evaluation 1.53ms 522.80ms
Batched COT, amortised 73.87𝜇s 31.02ms

Measurements from the paper,with 2048-bit𝑁, input length𝑛 = 128, batch 256,
a Xeon Silver 4314, and 32 batch threads.

The sender reduces exponents using𝜑(𝑁), which the receiver does not know.
EachVOLE uses several COT evaluations.
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Integer lifting and uniformity

For ℓ ideal independent COT samples,𝜇𝑗 = 𝑚0,𝑗 + 𝑏𝑗Δ mod 𝑁, and each𝑚0,𝑗 is
uniform conditioned on 𝑏𝑗 andΔ. If 0 ≤ Δ < 𝐵 < 𝑁, the probability of any

wraparound is atmost ℓ𝐵/𝑁. Withoutwraparound,𝑤 = 𝑣 + Δᵆ holds over the
integers andmodulo every𝑀.

ᵆ =
ℓ−1
∑
𝑗=0

2𝑗𝑏𝑗, SD(ᵆ mod𝑀, 𝑈ℤ𝑀) ≤
𝑀
2ℓ
.

Here SD is statistical distance and𝑈ℤ𝑀 is uniform onℤ𝑀. For a statistical
parameter 𝜅 and ℓ ≥ ⌈log2𝑀⌉ + 𝜅, this term is atmost 2−𝜅.
Uniformity of the full VOLE pair also needs 𝑣 mod𝑀 close to uniform,which
the paper’s parameter conditions ensure.
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Weak PCF security

The inner predicate is𝑓𝑧(𝑥) = 𝜒𝑆(⟨𝑧, 𝑥⟩) for 𝑧, 𝑥 ∈ {0, 1}𝑛, where𝜒𝑆 is the
indicator function of a public set 𝑆 ⊆ {0,… ,𝑛}. We assume that it is aweak PRF
on uniformly random inputs.

The construction assumes this weak PRF, aweak PRF𝐹𝑘 intoℤ𝑁 , and
Sparse-Power DCR.We derive Sparse-Power DCR fromDCR for the prescribed
exponent distribution.

Arbitrary inputs are hashed to random inputs by a domain-separated random
oracle. With𝑄 hashed inputs and ℓCOT inputs per VOLE, the collision
probability is atmost

(
𝑄ℓ
2 )2−𝑛.
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Publicly verifiable eVRF

For a PRF𝐹𝐾 with secret key𝐾, homomorphic secret sharing (HSS) gives shares
𝑊0,𝑊1. The challenge 𝛿 lies inℤ∗

𝑞. This construction is independent of the
Paillier PCF.

𝑊1 −𝑊0 = 𝛿𝐹𝐾(𝑥), 𝑌 = 𝑔𝐹𝐾(𝑥), 𝑇 = 𝑔−𝑊0.

Theprover commits to its offline share and𝑇 before deriving the challenge 𝛿 by
Fiat–Shamir. Homomorphic commitments enforce consistency of theHSS
shares.

𝑌𝛿 ?
= 𝑔𝑊1𝑇.

It uses offline/onlineHSS, a PRF, homomorphic commitments, and a random
oracle. In the paper’s instantiation, the proof has about 128 bytes, excluding the
32-byte output.
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