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Δ

Evaluate over shares of packed 
encodings using multiplication gadget

V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1) is -linear𝖯𝖺𝖼𝗄 𝔽2

Δ



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1) is -linear𝖯𝖺𝖼𝗄 𝔽2

Δ

K𝖱

We will need shares of  for evaluating the gateΔ ⋅ E𝖱

L𝖱 = Δ ⋅ E𝖱 − K𝖱 (mod p)



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1) is -linear𝖯𝖺𝖼𝗄 𝔽2

Δ

K𝖱

We will need shares of  for evaluating the gateΔ ⋅ E𝖱

L𝖱 = Δ ⋅ E𝖱 − K𝖱 (mod p)

 are shares over   Can’t use  directly(ki, ℓi) ℤp ⟹ 𝖯𝖺𝖼𝗄



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ

E* =
t

∑
i=1

𝖾3i−1 ⋅ 2i



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ

E* =
t

∑
i=1

𝖾3i−1 ⋅ 2i

L* =
t

∑
i=1

ℓ3i−1 ⋅ 2i (mod p)K* =
t

∑
i=1

k3i−1 ⋅ 2i (mod p)



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ

E* =
t

∑
i=1

𝖾3i−1 ⋅ 2i

L* =
t

∑
i=1

ℓ3i−1 ⋅ 2i (mod p)K* =
t

∑
i=1

k3i−1 ⋅ 2i (mod p)

Δ E*

K* L*Transform and Multiply 
Gadget



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ

E* =
t

∑
i=1

𝖾3i−1 ⋅ 2i

L* =
t

∑
i=1

ℓ3i−1 ⋅ 2i (mod p)K* =
t

∑
i=1

k3i−1 ⋅ 2i (mod p)

L* = Δ ⋅ E* − K* (mod p)

Δ E*

K* L*Transform and Multiply 
Gadget



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ

E* =
t

∑
i=1

𝖾3i−1 ⋅ 2i

L* =
t

∑
i=1

ℓ3i−1 ⋅ 2i (mod p)K* =
t

∑
i=1

k3i−1 ⋅ 2i (mod p)

L* = Δ ⋅ E* − K* (mod p)

Δ E*

K* L*Transform and Multiply 
Gadget

 f(x) = 𝖯𝖺𝖼𝗄(𝖡𝗂𝗍𝗌(x))



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ

E* =
t

∑
i=1

𝖾3i−1 ⋅ 2i

L* =
t

∑
i=1

ℓ3i−1 ⋅ 2i (mod p)K* =
t

∑
i=1

k3i−1 ⋅ 2i (mod p)

L* = Δ ⋅ E* − K* (mod p)

Δ E*

K* L*Transform and Multiply 
Gadget

 f(x) = 𝖯𝖺𝖼𝗄(𝖡𝗂𝗍𝗌(x))K L

K + L = Δ ⋅ f(E*)
= Δ ⋅ E𝖱



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ

K𝖱
L𝖱 = Δ ⋅ E𝖱 − K𝖱 (mod p)



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ

G𝖫 = 𝖯𝖺𝖼𝗄(𝗀1, 𝗀4, …, 𝗀3t−2) E𝖫 = 𝖯𝖺𝖼𝗄(𝖾1, 𝖾4, …, 𝖾3t−2)

K𝖫 K𝖱
L𝖱 = Δ ⋅ E𝖱 − K𝖱 (mod p)
L𝖫 = Δ ⋅ E𝖫 − K𝖫 (mod p)



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ

G𝖫 = 𝖯𝖺𝖼𝗄(𝗀1, 𝗀4, …, 𝗀3t−2) E𝖫 = 𝖯𝖺𝖼𝗄(𝖾1, 𝖾4, …, 𝖾3t−2)

K𝖫 K𝖱
L𝖱 = Δ ⋅ E𝖱 − K𝖱 (mod p)
L𝖫 = Δ ⋅ E𝖫 − K𝖫 (mod p)



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ

G𝖫 = 𝖯𝖺𝖼𝗄(𝗀1, 𝗀4, …, 𝗀3t−2) E𝖫 = 𝖯𝖺𝖼𝗄(𝖾1, 𝖾4, …, 𝖾3t−2)

K𝖫 K𝖱
L𝖱 = Δ ⋅ E𝖱 − K𝖱 (mod p)
L𝖫 = Δ ⋅ E𝖫 − K𝖫 (mod p)

V = V1 ⋅ V2 = (G𝖫 + E𝖫) ⋅ (G𝖱 + E𝖱)



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ

G𝖫 = 𝖯𝖺𝖼𝗄(𝗀1, 𝗀4, …, 𝗀3t−2) E𝖫 = 𝖯𝖺𝖼𝗄(𝖾1, 𝖾4, …, 𝖾3t−2)

K𝖫 K𝖱
L𝖱 = Δ ⋅ E𝖱 − K𝖱 (mod p)
L𝖫 = Δ ⋅ E𝖫 − K𝖫 (mod p)

V = V1 ⋅ V2 = (G𝖫 + E𝖫) ⋅ (G𝖱 + E𝖱)

= G𝖫 ⋅ G𝖱 + G𝖫 ⋅ E𝖱 + E𝖫 ⋅ G𝖱 + E𝖫 ⋅ E𝖱



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ

G𝖫 = 𝖯𝖺𝖼𝗄(𝗀1, 𝗀4, …, 𝗀3t−2) E𝖫 = 𝖯𝖺𝖼𝗄(𝖾1, 𝖾4, …, 𝖾3t−2)

K𝖫 K𝖱
L𝖱 = Δ ⋅ E𝖱 − K𝖱 (mod p)
L𝖫 = Δ ⋅ E𝖫 − K𝖫 (mod p)

V = V1 ⋅ V2 = (G𝖫 + E𝖫) ⋅ (G𝖱 + E𝖱)

= G𝖫 ⋅ G𝖱 + G𝖫 ⋅ E𝖱 + E𝖫 ⋅ G𝖱 + E𝖫 ⋅ E𝖱

Packed encoding is homomorphic



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ

G𝖫 = 𝖯𝖺𝖼𝗄(𝗀1, 𝗀4, …, 𝗀3t−2) E𝖫 = 𝖯𝖺𝖼𝗄(𝖾1, 𝖾4, …, 𝖾3t−2)

K𝖫 K𝖱
L𝖱 = Δ ⋅ E𝖱 − K𝖱 (mod p)
L𝖫 = Δ ⋅ E𝖫 − K𝖫 (mod p)

V = V1 ⋅ V2 = (G𝖫 + E𝖫) ⋅ (G𝖱 + E𝖱)

= G𝖫 ⋅ G𝖱 + G𝖫 ⋅ E𝖱 + E𝖫 ⋅ G𝖱 + E𝖫 ⋅ E𝖱

Locally computed by 
Garbler

Locally computed by 
Evaluator

Packed encoding is homomorphic



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ

G𝖫 = 𝖯𝖺𝖼𝗄(𝗀1, 𝗀4, …, 𝗀3t−2) E𝖫 = 𝖯𝖺𝖼𝗄(𝖾1, 𝖾4, …, 𝖾3t−2)

K𝖫 K𝖱
L𝖱 = Δ ⋅ E𝖱 − K𝖱 (mod p)
L𝖫 = Δ ⋅ E𝖫 − K𝖫 (mod p)

V = V1 ⋅ V2 = (G𝖫 + E𝖫) ⋅ (G𝖱 + E𝖱)

= G𝖫 ⋅ G𝖱 + G𝖫 ⋅ E𝖱 + E𝖫 ⋅ G𝖱 + E𝖫 ⋅ E𝖱

Locally computed by 
Garbler

Locally computed by 
Evaluator

Use multiplication 
gadget

Packed encoding is homomorphic



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ

G𝖫 = 𝖯𝖺𝖼𝗄(𝗀1, 𝗀4, …, 𝗀3t−2) E𝖫 = 𝖯𝖺𝖼𝗄(𝖾1, 𝖾4, …, 𝖾3t−2)

K𝖫 K𝖱
L𝖱 = Δ ⋅ E𝖱 − K𝖱 (mod p)
L𝖫 = Δ ⋅ E𝖫 − K𝖫 (mod p)

Use multiplication 
gadget

V = V1 ⋅ V2 = (G𝖫 + E𝖫) ⋅ (G𝖱 + E𝖱)

= G𝖫 ⋅ G𝖱 + G𝖫 ⋅ E𝖱 + E𝖫 ⋅ G𝖱 + E𝖫 ⋅ E𝖱



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ

G𝖫 = 𝖯𝖺𝖼𝗄(𝗀1, 𝗀4, …, 𝗀3t−2) E𝖫 = 𝖯𝖺𝖼𝗄(𝖾1, 𝖾4, …, 𝖾3t−2)

K𝖫 K𝖱
L𝖱 = Δ ⋅ E𝖱 − K𝖱 (mod p)
L𝖫 = Δ ⋅ E𝖫 − K𝖫 (mod p)

G E = 𝖯𝖺𝖼𝗄(v3, …, v3t) − G



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ

G𝖫 = 𝖯𝖺𝖼𝗄(𝗀1, 𝗀4, …, 𝗀3t−2) E𝖫 = 𝖯𝖺𝖼𝗄(𝖾1, 𝖾4, …, 𝖾3t−2)

K𝖫 K𝖱
L𝖱 = Δ ⋅ E𝖱 − K𝖱 (mod p)
L𝖫 = Δ ⋅ E𝖫 − K𝖫 (mod p)

G E = 𝖯𝖺𝖼𝗄(v3, …, v3t) − G

Technically involved but transform and multiply gadget 
suffices for computing shares of Δ ⋅ E



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ

G𝖫 = 𝖯𝖺𝖼𝗄(𝗀1, 𝗀4, …, 𝗀3t−2) E𝖫 = 𝖯𝖺𝖼𝗄(𝖾1, 𝖾4, …, 𝖾3t−2)

K𝖫 K𝖱
L𝖱 = Δ ⋅ E𝖱 − K𝖱 (mod p)
L𝖫 = Δ ⋅ E𝖫 − K𝖫 (mod p)

G E = 𝖯𝖺𝖼𝗄(v3, …, v3t) − G
K L = Δ ⋅ E − K (mod p)

Technically involved but transform and multiply gadget 
suffices for computing shares of Δ ⋅ E



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ

G𝖫 = 𝖯𝖺𝖼𝗄(𝗀1, 𝗀4, …, 𝗀3t−2) E𝖫 = 𝖯𝖺𝖼𝗄(𝖾1, 𝖾4, …, 𝖾3t−2)

K𝖫 K𝖱
L𝖱 = Δ ⋅ E𝖱 − K𝖱 (mod p)
L𝖫 = Δ ⋅ E𝖫 − K𝖫 (mod p)

G E = 𝖯𝖺𝖼𝗄(v3, …, v3t) − G
K L = Δ ⋅ E − K (mod p)



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ

G𝖫 = 𝖯𝖺𝖼𝗄(𝗀1, 𝗀4, …, 𝗀3t−2) E𝖫 = 𝖯𝖺𝖼𝗄(𝖾1, 𝖾4, …, 𝖾3t−2)

K𝖫 K𝖱
L𝖱 = Δ ⋅ E𝖱 − K𝖱 (mod p)
L𝖫 = Δ ⋅ E𝖫 − K𝖫 (mod p)

G E = 𝖯𝖺𝖼𝗄(v3, …, v3t) − G
K L = Δ ⋅ E − K (mod p)

(𝗀3, 𝗀6, …, 𝗀3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(G) (𝖾3, 𝖾6, …, 𝖾3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(E)



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ

G𝖫 = 𝖯𝖺𝖼𝗄(𝗀1, 𝗀4, …, 𝗀3t−2) E𝖫 = 𝖯𝖺𝖼𝗄(𝖾1, 𝖾4, …, 𝖾3t−2)

K𝖫 K𝖱
L𝖱 = Δ ⋅ E𝖱 − K𝖱 (mod p)
L𝖫 = Δ ⋅ E𝖫 − K𝖫 (mod p)

G E = 𝖯𝖺𝖼𝗄(v3, …, v3t) − G
K L = Δ ⋅ E − K (mod p)

(𝗀3, 𝗀6, …, 𝗀3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(G) (𝖾3, 𝖾6, …, 𝖾3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(E) is -linear𝖴𝗇𝖯𝖺𝖼𝗄 𝔽2



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ

G𝖫 = 𝖯𝖺𝖼𝗄(𝗀1, 𝗀4, …, 𝗀3t−2) E𝖫 = 𝖯𝖺𝖼𝗄(𝖾1, 𝖾4, …, 𝖾3t−2)

K𝖫 K𝖱
L𝖱 = Δ ⋅ E𝖱 − K𝖱 (mod p)
L𝖫 = Δ ⋅ E𝖫 − K𝖫 (mod p)

G E = 𝖯𝖺𝖼𝗄(v3, …, v3t) − G
K L = Δ ⋅ E − K (mod p)

(𝗀3, 𝗀6, …, 𝗀3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(G) (𝖾3, 𝖾6, …, 𝖾3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(E) is -linear𝖴𝗇𝖯𝖺𝖼𝗄 𝔽2

 are shares over   Can’t use  directly(K, L) ℤp ⟹ 𝖴𝗇𝖯𝖺𝖼𝗄



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

Δ

G E = 𝖯𝖺𝖼𝗄(v3, …, v3t) − G
K L = Δ ⋅ E − K (mod p)

(𝗀3, 𝗀6, …, 𝗀3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(G) (𝖾3, 𝖾6, …, 𝖾3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(E)



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

Δ

G E = 𝖯𝖺𝖼𝗄(v3, …, v3t) − G
K L = Δ ⋅ E − K (mod p)

(𝗀3, 𝗀6, …, 𝗀3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(G) (𝖾3, 𝖾6, …, 𝖾3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(E)

L = Δ ⋅ E − K (mod p)

Δ E

K Transform and Multiply 
Gadget



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

Δ

G E = 𝖯𝖺𝖼𝗄(v3, …, v3t) − G
K L = Δ ⋅ E − K (mod p)

(𝗀3, 𝗀6, …, 𝗀3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(G) (𝖾3, 𝖾6, …, 𝖾3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(E)

L = Δ ⋅ E − K (mod p)

Δ E

K Transform and Multiply 
Gadget

 fi(x) = 𝖨𝗇𝖽𝖾𝗑(i, 𝖴𝗇𝖯𝖺𝖼𝗄(x))



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

Δ

G E = 𝖯𝖺𝖼𝗄(v3, …, v3t) − G
K L = Δ ⋅ E − K (mod p)

(𝗀3, 𝗀6, …, 𝗀3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(G) (𝖾3, 𝖾6, …, 𝖾3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(E)

L = Δ ⋅ E − K (mod p)

Δ E

K Transform and Multiply 
Gadget

 fi(x) = 𝖨𝗇𝖽𝖾𝗑(i, 𝖴𝗇𝖯𝖺𝖼𝗄(x))k3i ℓ3i

k3i + ℓ3i = Δ ⋅ fi(E)
= Δ ⋅ 𝖾3i



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

Δ

G E = 𝖯𝖺𝖼𝗄(v3, …, v3t) − G
K L = Δ ⋅ E − K (mod p)

(𝗀3, 𝗀6, …, 𝗀3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(G) (𝖾3, 𝖾6, …, 𝖾3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(E)

L
Δ E
K

k3 ℓ3

f1
L

Δ E
K

k3t ℓ3t

ft…



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

Δ

G E = 𝖯𝖺𝖼𝗄(v3, …, v3t) − G
K L = Δ ⋅ E − K (mod p)

(𝗀3, 𝗀6, …, 𝗀3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(G) (𝖾3, 𝖾6, …, 𝖾3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(E)

L
Δ E
K

k3 ℓ3

f1
L

Δ E
K

k3t ℓ3t

ft…

 invocations -bit 
communication per gate

t ⟹ O(λ)



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

Δ

G E = 𝖯𝖺𝖼𝗄(v3, …, v3t) − G
K L = Δ ⋅ E − K (mod p)

(𝗀3, 𝗀6, …, 𝗀3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(G) (𝖾3, 𝖾6, …, 𝖾3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(E)

L
Δ E
K

k3 ℓ3

f1
L

Δ E
K

k3t ℓ3t

ft…

 invocations -bit 
communication per gate

t ⟹ O(λ)
Observation: Different functions on 

same inputs   communication 
across all invocations

⟹ O(λ)



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ

G𝖫 = 𝖯𝖺𝖼𝗄(𝗀1, 𝗀4, …, 𝗀3t−2) E𝖫 = 𝖯𝖺𝖼𝗄(𝖾1, 𝖾4, …, 𝖾3t−2)

K𝖫 K𝖱
L𝖱 = Δ ⋅ E𝖱 − K𝖱 (mod p)
L𝖫 = Δ ⋅ E𝖫 − K𝖫 (mod p)

G E = 𝖯𝖺𝖼𝗄(v3, …, v3t) − G
K L = Δ ⋅ E − K (mod p)



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ

G𝖫 = 𝖯𝖺𝖼𝗄(𝗀1, 𝗀4, …, 𝗀3t−2) E𝖫 = 𝖯𝖺𝖼𝗄(𝖾1, 𝖾4, …, 𝖾3t−2)

K𝖫 K𝖱
L𝖱 = Δ ⋅ E𝖱 − K𝖱 (mod p)
L𝖫 = Δ ⋅ E𝖫 − K𝖫 (mod p)

G E = 𝖯𝖺𝖼𝗄(v3, …, v3t) − G
K L = Δ ⋅ E − K (mod p)

(𝗀3, 𝗀6, …, 𝗀3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(G) (𝖾3, 𝖾6, …, 𝖾3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(E)



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ

G𝖫 = 𝖯𝖺𝖼𝗄(𝗀1, 𝗀4, …, 𝗀3t−2) E𝖫 = 𝖯𝖺𝖼𝗄(𝖾1, 𝖾4, …, 𝖾3t−2)

K𝖫 K𝖱
L𝖱 = Δ ⋅ E𝖱 − K𝖱 (mod p)
L𝖫 = Δ ⋅ E𝖫 − K𝖫 (mod p)

G E = 𝖯𝖺𝖼𝗄(v3, …, v3t) − G
K L = Δ ⋅ E − K (mod p)

(𝗀3, 𝗀6, …, 𝗀3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(G) (𝖾3, 𝖾6, …, 𝖾3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(E)

(k3, …, k3t) ℓi = Δ ⋅ 𝖾i − ki (mod p)



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ

G𝖫 = 𝖯𝖺𝖼𝗄(𝗀1, 𝗀4, …, 𝗀3t−2) E𝖫 = 𝖯𝖺𝖼𝗄(𝖾1, 𝖾4, …, 𝖾3t−2)

K𝖫 K𝖱
L𝖱 = Δ ⋅ E𝖱 − K𝖱 (mod p)
L𝖫 = Δ ⋅ E𝖫 − K𝖫 (mod p)

G E = 𝖯𝖺𝖼𝗄(v3, …, v3t) − G
K L = Δ ⋅ E − K (mod p)

(𝗀3, 𝗀6, …, 𝗀3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(G) (𝖾3, 𝖾6, …, 𝖾3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(E)

(k3, …, k3t) ℓi = Δ ⋅ 𝖾i − ki (mod p)
Invariant maintained!



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ

G𝖫 = 𝖯𝖺𝖼𝗄(𝗀1, 𝗀4, …, 𝗀3t−2) E𝖫 = 𝖯𝖺𝖼𝗄(𝖾1, 𝖾4, …, 𝖾3t−2)

K𝖫 K𝖱
L𝖱 = Δ ⋅ E𝖱 − K𝖱 (mod p)
L𝖫 = Δ ⋅ E𝖫 − K𝖫 (mod p)

G E = 𝖯𝖺𝖼𝗄(v3, …, v3t) − G
K L = Δ ⋅ E − K (mod p)

(𝗀3, 𝗀6, …, 𝗀3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(G) (𝖾3, 𝖾6, …, 𝖾3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(E)

(k3, …, k3t) ℓi = Δ ⋅ 𝖾i − ki (mod p)

 bitsO(λ)



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ

G𝖫 = 𝖯𝖺𝖼𝗄(𝗀1, 𝗀4, …, 𝗀3t−2) E𝖫 = 𝖯𝖺𝖼𝗄(𝖾1, 𝖾4, …, 𝖾3t−2)

K𝖫 K𝖱
L𝖱 = Δ ⋅ E𝖱 − K𝖱 (mod p)
L𝖫 = Δ ⋅ E𝖫 − K𝖫 (mod p)

G E = 𝖯𝖺𝖼𝗄(v3, …, v3t) − G
K L = Δ ⋅ E − K (mod p)

(𝗀3, 𝗀6, …, 𝗀3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(G) (𝖾3, 𝖾6, …, 𝖾3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(E)

(k3, …, k3t) ℓi = Δ ⋅ 𝖾i − ki (mod p)

 bitsO(λ)
Rate: O ( t

λ )



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
𝗀i ⊕ 𝖾i = vi

ki + ℓi = Δ ⋅ 𝖾i (mod p)v1 v2

v3

∧

v4 v5

v6

∧

v3t−2 v3t−1

v3t

∧…

Garbler Evaluator

G𝖱 = 𝖯𝖺𝖼𝗄(𝗀2, 𝗀5, …, 𝗀3t−1) E𝖱 = 𝖯𝖺𝖼𝗄(𝖾2, 𝖾5, …, 𝖾3t−1)

Δ

G𝖫 = 𝖯𝖺𝖼𝗄(𝗀1, 𝗀4, …, 𝗀3t−2) E𝖫 = 𝖯𝖺𝖼𝗄(𝖾1, 𝖾4, …, 𝖾3t−2)

K𝖫 K𝖱
L𝖱 = Δ ⋅ E𝖱 − K𝖱 (mod p)
L𝖫 = Δ ⋅ E𝖫 − K𝖫 (mod p)

G E = 𝖯𝖺𝖼𝗄(v3, …, v3t) − G
K L = Δ ⋅ E − K (mod p)

(𝗀3, 𝗀6, …, 𝗀3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(G) (𝖾3, 𝖾6, …, 𝖾3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(E)

(k3, …, k3t) ℓi = Δ ⋅ 𝖾i − ki (mod p)

 bitsO(λ)
Rate: O ( t

λ )
t = O ( log λ)



V𝖫 = 𝖯𝖺𝖼𝗄(v1, v4, …, v3t−2)
V𝖱 = 𝖯𝖺𝖼𝗄(v2, v5, …, v3t−1)

Template for -Rate Garblingω(1/λ)

1. Packing

2. Gate Evaluation

V = V1 ⋅ V2

3. Unpacking

(v3, v6, …, v3t) = 𝖴𝗇𝖯𝖺𝖼𝗄(V )

Invariant
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Use multiplication 
gadget

• Gadget adds noise to ensure privacy, which 
increases magnitude of shares 
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λ ) = O (
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t = O ( log λ)Why ?
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increases magnitude of shares 

• Retaining homomorphism over these shares 
requires packing fewer bits
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