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Learning with errors

·So far, most cryptographic primitives from LWE require the noise rate .
·public-key encryption schemes [Reg05]
·Trapdoor functions [MP11]
·fully homomorphic encryption [BV11, GSW13], 
······

·What if LWE under this setting is not secure?

 𝛼 < 𝑜(1/( 𝑛log𝑛))

Try LWE with larger noise rates!



01 Background
Introduction to LWE



Discrete Gaussian distribution

When , this distribution is almost uniform.
When , this distribution tends to be identically zero.

𝑟 → ∞
𝑟 → 0

Continuous Gaussian: 

Discrete Gaussian:  ( )

∀ 𝑥 ∈ 𝐑,  𝐷𝑟(𝑥): =
𝑒−𝜋𝑥2/𝑟2

𝑟
.   (𝑟 ∈ 𝐑+)

∀ 𝑖 ∈ 𝐙, Ψ𝛼,𝑞(𝑖) ≔
𝑥=𝑖+1/2

∫
𝑥=𝑖−1/2

𝐷𝛼𝑞(𝑥)d𝑥 𝑞 ∈ 𝐙,  𝑞 ≥ 2, 𝛼 ∈ 𝐑+



Learning with errors (LWE)

⟨𝒂1, 𝒔⟩ + 𝑒1 ≡ 𝑏1  (mod 𝑞)
⟨𝒂2, 𝒔⟩ + 𝑒2 ≡ 𝑏2  (mod 𝑞)
⋯
⟨𝒂𝑚, 𝒔⟩ + 𝑒𝑚 ≡ 𝑏𝑚  (mod 𝑞)

 . Given , solve .𝒔 ∈ 𝐙𝑛
𝑞 , ∀𝑖 ∈ [1,𝑚]:  𝒂i ← 𝐙𝑛

𝑞 ,  𝑒𝑖 ← Ψ𝛼,𝑞, 𝑏𝑖 ≔ (⟨𝒂i, 𝒔⟩ + 𝑒𝑖) mod 𝑞 {(𝒂i, 𝑏𝑖)}𝑖
𝒔

: the noise rate𝛼 > 0

When ,  tends to be identically zero, and  can be solved by Gaussian elimination.
When ,  is almost uniform, and it’s hard to solve . 
When  is neither large nor small (most commonly , LWE can be use in 
cryptography: 

·public-key encryption schemes [Reg05]
·signatures [GPV08]
·fully homomorphic encryption [BV11, GSW13], 
·identity-based encryption [GPV08] 
·attribute-based encryption [GVW13]
……

𝛼 → 0 𝑒𝑖 𝒔
𝛼 → ∞ 𝑒𝑖 𝒔
𝛼 𝛼 < 𝑜(1/( 𝑛log𝑛))



-hardness of decision LWE(𝑡, 𝜖)

Let  be the security parameter. Let  be a prime modulus. Let 
. We say the decision  is -hard if for every 

distinguisher D of running time ,

When  and , we omit  and simply say the decision LWE problem is hard.

𝑛 𝑞 = 𝑞(𝑛)
𝑚 = 𝑚(𝑛),  𝛼 = 𝛼(𝑛), 𝑡 = 𝑡(𝑛), 𝜖 = 𝜖(𝑛) LWE(𝑛, 𝑞, 𝛼) (𝑡, 𝜖)

𝑡

Pr
𝑨←𝐙𝒏×𝒎

𝒒 ,𝒔←𝐙𝒏
𝒒 ,𝒆←Ψ𝑚

𝛼,𝑞

[D(𝑨, 𝑨𝑇𝒔 + 𝒆) = 1] − Pr
𝑨←𝐙𝒏×𝒎

𝒒  
[D(𝑨, U𝑞) = 1] < 𝜖 .

𝑡 = 𝑛𝜔(1) 𝜖 = 𝑛−𝜔(1) (𝑡, 𝜖)



02 Main Results
PKE and iTDF from Large Noise 
LWE



Result: PKE from Large Noise LWE

This work: 
For some prime there exists a public-key encryption (PKE) scheme with CPA-security based on one 
of the following three assumptions:

(1) The -hardness of decision .
(2) The ( -hardness of decision , for some constant .

For example, let  there exists a PKE scheme based on:
the ( -hardness of decision .

(3) The -hardness of decision , for some constant .
For example, let 
 the ( -hardness of decision . 

𝑞 ∈ poly(𝑛),  

(𝑛𝜔(1), 𝑛−𝜔(1)) LWE(𝑛, 𝑞, 𝛼 = 𝑂(1/ 𝑛))

2𝜔(𝑛
1
𝑐1 ), 2−𝜔(𝑛

1
𝑐1 )) LWE(𝑛, 𝑞, 𝛼 = 𝑂(1/ 𝑛1− 1

𝑐1 log𝑛)) 𝑐1 > 1
𝑐1 = 2,

2𝜔(𝑛
1
2 ), 2−𝜔(𝑛

1
2 )) LWE(𝑛, 𝑞, 𝛼 = 𝑂(1/(𝑛 1

4 log 1
2 𝑛)))

(2𝜔 ( 𝑛
log𝑐2𝑛 ), 2−𝜔 ( 𝑛

log𝑐2𝑛 )) LWE(𝑛, 𝑞, 𝛼 = 𝑂(1/ log𝑐2+1𝑛 )) 𝑐2 > 0
𝑐2 = 3,  there exists a PKE scheme based on:

2𝜔( 𝑛
log3𝑛 ), 2−𝜔( 𝑛

log3𝑛 )) LWE(𝑛, 𝑞, 𝛼 = 𝑂(1/ log2𝑛))

[Reg05]: 
For some prime there exists a public-key encryption (PKE) scheme with CPA-security 
assuming the -hardness of decision .

𝑞 ∈ poly(𝑛),  
(𝑛𝜔(1), 𝑛−𝜔(1)) LWE(𝑛, 𝑞, 𝛼 = 𝑜(1/( 𝑛log𝑛)))



Result: (injective) TDF from Large Noise LWE

For some prime there exists a trapdoor function (TDF) family based on one of the following three 
assumptions.

(1) The -hardness of search .

(2) The ( - hardness of search , for some constant .
(3)  The -hardness of search , for some constant .

Specifically, assuming condition (1) or condition (2) with , the TDF family is injective.

𝑞 ∈ poly(𝑛),  

(𝑛𝜔(1), 𝑛−𝜔(1)) LWE(𝑛, 𝑞(𝑛), 𝑂(1/ 𝑛))

2𝜔(𝑛
1
𝑐1 ), 2−𝜔(𝑛

1
𝑐1 )) LWE(𝑛, 𝑞(𝑛), 𝑂(1/ 𝑛1− 1

𝑐1 )) 𝑐1 > 1

(2𝜔 ( 𝑛
log𝑐2𝑛 ), 2−𝜔 ( 𝑛

log𝑐2𝑛 )) LWE(𝑛, 𝑞(𝑛), 𝑂(1/ log𝑐2+1𝑛 )) 𝑐2 > 0
𝑐1 ≥ 2



Result: PKE from constant-noise LPN

Yu, Zhang in CRYPTO2016 & this work:
There exists a PKE scheme with CPA-security assuming the ( -hardness of , for some 
constant .

Compared to [YZ16], our scheme achieves the same security while having a simpler construction.

2𝜔(𝑛
1
2 ), 2−𝜔(𝑛

1
2 )) LPN(𝑛, 𝜇)

0 < 𝜇 < 1/2



03 Public-Key Encryption 
from Large Noise LWE



(Weakly correct) Regev’s PKE [Reg05]

 
·Sample 
·Compute 
·Set .

𝐾𝑒𝑦𝐺𝑒𝑛(1𝑛):
𝑨 ← 𝐙𝑛×𝑚

𝑞 , 𝒔 ← 𝐙𝑛
𝑞 , 𝒆 ← Ψ𝑚

𝛼,𝑞 .
𝒃 ≔ (𝑨𝑇𝒔 + 𝒆) mod 𝑞 .

𝑝𝑘: = (𝑨, 𝒃),  𝑠𝑘: = 𝒔
:

·Sample  

·Compute 

·Set 

𝐸𝑛𝑐(𝑝𝑘, 𝛽 ∈ {0,1})
𝒓 ← {0,1}𝑚 .

𝒄1 ≔ 𝑨𝒓, 𝑐2 ≔ 𝒓𝑇𝒃 + ⌊ 𝑞
2 ⌉ ⋅ β

𝐜 ≔ (𝒄1, 𝑐2)
𝐜

BobAlice

𝑝𝑘

:
·Compute 

= .

·If , output .

𝐷𝑒𝑐(𝑠𝑘, 𝒄)
Δ ≔ (𝑐2 − 𝒄𝑇

1 𝒔) mod 𝑞

(𝒓𝑇𝒆 + ⌊ 𝑞
2 ⌉ ⋅ β)mod 𝑞

Δ < ⌊𝑞
2 ⌉/2 0

Let  be the security parameter,  be a prime, .𝑛 𝑞 ∈ poly(𝑛) 𝑚 ≥ 2(𝑛 + 1)log𝑞 = Θ(𝑛log𝑛),  𝛼 =
1

10 𝑚
= Θ (1/ 𝑛log𝑛)



Correctness

A lemma for discrete Gaussian sums:
For any , there exists some  such that, if 𝒓 ∈ {0,1}𝑛 𝛼 = Θ(1/ 𝐻𝑎𝑚(𝒓)) 𝒆 ← Ψ𝑛

𝛼,𝑞,

Pr
𝒆

[ 𝒓𝑇𝒆 < ⌊𝑞
2 ⌉/2] > 2/3.

Proof of correctness:
Since we choose , we 

have  with probability > .

If   with probability > .

If   with probability > .

𝛼 = Θ(1/ 𝑚) = Θ(1/ 𝐻𝑎𝑚(𝒓)) 

𝒓𝑇𝒆 < ⌊𝑞
2 ⌉/2 2/3

𝛽 = 0, then  Δ < ⌊𝑞
2 ⌉/2 2/3

𝛽 = 1, then  Δ > ⌊𝑞
2 ⌉/2 2/3

:
·Compute 

= .

·If , output .

·Otherwise, output .

𝐷𝑒𝑐(𝑠𝑘, 𝒄)
Δ ≔ (𝑐2 − 𝒄𝑇

1 𝒔) mod 𝑞

(𝒓𝑇𝒆 + ⌊ 𝑞
2 ⌉ ⋅ β)mod 𝑞

Δ < ⌊𝑞
2 ⌉/2 0

1



(Weakly correct) Regev’s PKE [Reg05]

 
·Sample 
·Compute 
·Set .

𝐾𝑒𝑦𝐺𝑒𝑛(1𝑛):
𝑨 ← 𝐙𝑛×𝑚

𝑞 , 𝒔 ← 𝐙𝑛
𝑞 , 𝒆 ← Ψ𝑚

𝛼,𝑞 .
𝒃 ≔ (𝑨𝑇𝒔 + 𝒆) mod 𝑞 .

𝑝𝑘: = (𝑨, 𝒃),  𝑠𝑘: = 𝒔
:

·Sample  

·Compute 

·Set 

𝐸𝑛𝑐(𝑝𝑘, 𝛽 ∈ {0,1})
𝒓 ← {0,1}𝑚 .

𝒄1 ≔ 𝑨𝒓, 𝑐2 ≔ 𝒓𝑇𝒃 + ⌊ 𝑞
2 ⌉ ⋅ β

𝐜 ≔ (𝒄1, 𝑐2)

𝐜

BobAlice

𝑝𝑘

:
·Compute .

·If , output .

·Otherwise, output .

𝐷𝑒𝑐(𝑠𝑘, 𝒄)
Δ ≔ (𝑐2 − 𝒄𝑇

1 𝒔) mod 𝑞

Δ < ⌊𝑞
2 ⌉/2 0

1

Let  be the security parameter,  be a prime, .𝑛 𝑞 ∈ poly(𝑛) 𝑚 ≥ 2(𝑛 + 1)log𝑞 = Θ(𝑛log𝑛),  𝛼 =
1

10 𝑚
= Θ (1/ 𝑛log𝑛)

Correctness:

 Since 

, we have  with 

Δ = (𝒓𝑇𝒆 + ⌊ 𝑞
2 ⌉ ⋅ β)mod 𝑞 .

𝛼 = Θ(1/ 𝑛log𝑛) = Θ(1/ 𝐻𝑎𝑚(𝒓))  𝒓𝑇𝒆 < ⌊𝑞
2 ⌉/2



Security

A Corollary of the Leftover Hash Lemma (LHL): 
Let  . Then,

where we denote the min-entropy of  by .

𝑨 ← 𝐙𝑛×𝑚
𝑞 , 𝒙 ← X,  where X is a distribution on 𝐙𝑚

𝑞

SD((𝑨, 𝑨𝒙), (𝑨, U𝑛
𝑞)) ≤  

𝑞𝑛

2𝐻∞(X)
,

X 𝐻∞(X): = − log max
𝑥∈𝑆𝑢𝑝𝑝(X)

Pr
𝑋←X

[𝑋 = 𝑥]



(Weakly correct) Regev’s PKE [Reg05]

 
·Sample 
·Compute 
·Set .

𝐾𝑒𝑦𝐺𝑒𝑛(1𝑛):
𝑨 ← 𝐙𝑛×𝑚

𝑞 , 𝒔 ← 𝐙𝑛
𝑞 , 𝒆 ← Ψ𝑚

𝛼,𝑞 .
𝒃 ≔ (𝑨𝑇𝒔 + 𝒆) mod 𝑞 .

𝑝𝑘: = (𝑨, 𝒃),  𝑠𝑘: = 𝒔
:

·Sample  

·Compute 

·Set 

𝐸𝑛𝑐(𝑝𝑘, 𝛽 ∈ {0,1})
𝒓 ← {0,1}𝑚 .

𝒄1 ≔ 𝑨𝒓, 𝑐2 ≔ 𝒓𝑇𝒃 + ⌊ 𝑞
2 ⌉ ⋅ β

𝐜 ≔ (𝒄1, 𝑐2)

𝐜

BobAlice

𝑝𝑘

:
·Compute .

·If , output .

·Otherwise, output .

𝐷𝑒𝑐(𝑠𝑘, 𝒄)
Δ ≔ (𝑐2 − 𝒄𝑇

1 𝒔) mod 𝑞

Δ < ⌊𝑞
2 ⌉/2 0

1

Let  be the security parameter,  be a prime, .𝑛 𝑞 ∈ poly(𝑛) 𝑚 ≥ 2(𝑛 + 1)log𝑞 = Θ(𝑛log𝑛),  𝛼 =
1

10 𝑚
= Θ (1/ 𝑛log𝑛)

Correctness:

 Since 

, we have  with 

Δ = (𝒓𝑇𝒆 + ⌊ 𝑞
2 ⌉ ⋅ β)mod 𝑞 .

𝛼 = Θ(1/ 𝑛log𝑛) = Θ(1/ 𝐻𝑎𝑚(𝒓))  𝒓𝑇𝒆 < ⌊𝑞
2 ⌉/2

By the hardness of (decision) ,  LWE(𝑛, 𝑞, 𝛼)
(𝑨, 𝒃) ≈𝑐 U𝑚

𝑞

Since , by LHL, we have

. 

𝐻∞(𝒓) = 𝑚 = Θ(𝑛log𝑛)

SD((𝑨, 𝒃, 𝑨𝒓, 𝒓𝑻𝒃), (𝑨, 𝒃, U𝑛+1
𝑞 )) ≤  

𝑞𝑛+1

2𝐻∞(𝒓)
= negl(𝑛)

·Sample 𝒃 ← 𝐙𝑚
𝑞

U𝑛
𝑞 U𝑞

Another distribution with:
(i) Smaller 
(ii) Enough 

𝐻𝑎𝑚(𝒓)
𝐻∞(𝒓)



A Short and Sparse Distribution for 𝑟

Let  be the uniform distribution on the set:

When , we have 

Ξ[𝑚:𝑛]

{𝒙 ∈ {0,1}𝑚  𝐻𝑎𝑚(𝒙) = 𝑛} .

𝑚 = poly(𝑛) 𝐻∞(Ξ[𝑚:𝑛]) = log(𝑚
𝑛) = Θ(nlog𝑚) = Θ(nlog𝑛)

 



Encryption with Short and Sparse 𝒓

 
·Sample 
·Compute 
·Set .

𝐾𝑒𝑦𝐺𝑒𝑛(1𝑛):
𝑨 ← 𝐙𝑛×𝑚

𝑞 , 𝒔 ← 𝐙𝑛
𝑞 , 𝒆 ← Ψ𝑚

𝛼,𝑞 .
𝒃 ≔ (𝑨𝑇𝒔 + 𝒆) mod 𝑞 .

𝑝𝑘: = (𝑨, 𝒃),  𝑠𝑘: = 𝒔
:

·Sample 

·Compute 

·Set 

𝐸𝑛𝑐(𝑝𝑘, 𝛽 ∈ {0,1})
𝒓 ← Ξ[𝑚:𝑛]

𝒄1 ≔ 𝑨𝒓, 𝑐2 ≔ 𝒓𝑇𝒃 + ⌊ 𝑞
2 ⌉ ⋅ β

𝐜 ≔ (𝒄1, 𝑐2)

𝐜

BobAlice

𝑝𝑘

:
·Compute .

·If , output .

·Otherwise, output .

𝐷𝑒𝑐(𝑠𝑘, 𝒄)
Δ ≔ (𝑐2 − 𝒄𝑇

1 𝒔) mod 𝑞

Δ < ⌊𝑞
2 ⌉/2 0

1

Let  be the security parameter,  be a prime, 𝑛 𝑞 ∈ poly(𝑛) 𝑚 = poly(𝑛), 𝛼 = Θ (1/ 𝑛) .

Correctness:

 Since 

, we have  with 

Δ = (𝒓𝑇𝒆 + ⌊ 𝑞
2 ⌉ ⋅ β)mod 𝑞 .

𝛼 = Θ (1/ 𝑛) = Θ(1/ 𝐻𝑎𝑚(𝒓))  𝒓𝑇𝒆 < ⌊𝑞
2 ⌉/2

By the hardness of (decision) ,LWE(𝑛, 𝑞, 𝛼)
(𝑨, 𝒃) ≈𝑐 U𝑚

𝑞

Since  by LHL, we have

. 

𝐻∞(𝒓) = Θ(nlog𝑛),

SD((𝑨, 𝒃, 𝑨𝒓, 𝒓𝑻𝒃), (𝑨, 𝒃, U𝑛+1
𝑞 )) ≤  

𝑞𝑛+1

2𝐻∞(𝒓)
= negl(𝑛)



A Short and Sparse Distribution for 𝑟

Let  be the uniform distribution on the set:

When , we have 

Ξ[𝑚:𝑛]

{𝒙 ∈ {0,1}𝑚  𝐻𝑎𝑚(𝒙) = 𝑛} .

𝑛 = 𝑜(𝑚) H∞(Ξ[𝑚:𝑛]) = log(𝑚
𝑛) = Θ(nlog𝑚) = Θ(nlog𝑛)

 
 

Not enough for 
But still enough if   for some .

𝑨 ← 𝐙𝑛×𝑚
𝑞

𝑨 ← 𝐙𝜆×𝑚
𝑞 𝜆 = 𝑜(𝑛)



Our LWE-PKE ( )𝜆 = log2𝑛

 
·Sample 
·Compute 
·Set .

𝐾𝑒𝑦𝐺𝑒𝑛(1𝑛):
𝑨 ← 𝐙𝜆×𝑛

𝑞 , 𝒔 ← 𝐙𝜆
𝑞 , 𝒆 ← Ψ𝑛

𝛼,𝑞 .
𝒃 ≔ (𝑨𝑇𝒔 + 𝒆) mod 𝑞 .

𝑝𝑘: = (𝑨, 𝒃),  𝑠𝑘: = 𝒔
:

·Sample 

·Compute 

·Set 

𝐸𝑛𝑐(𝑝𝑘, 𝛽 ∈ {0,1})
𝒓 ← Ξ[𝑛:𝑘]

𝒄1 ≔ 𝑨𝒓, 𝑐2 ≔ 𝒓𝑇𝒃 + ⌊ 𝑞
2 ⌉ ⋅ β

𝐜 ≔ (𝒄1, 𝑐2)

𝐜

BobAlice

𝑝𝑘

:
·Compute .

·If , output .

·Otherwise, output .

𝐷𝑒𝑐(𝑠𝑘, 𝒄)
Δ ≔ (𝑐2 − 𝒄𝑇

1 𝒔) mod 𝑞

Δ < ⌊𝑞
2 ⌉/2 0

1

Let  be the security parameter. Let 
Let  such that . Let .

𝑛 𝜆 = log2𝑛, 𝑞 = poly(𝜆) .
𝑘 = Θ(𝜆log𝑞/ log𝑛) 𝐻∞(Ξ[𝑛:𝑘]) ≥ 2(𝜆 + 1)log𝑞 𝛼 = Θ (1/ 𝑘) = Θ(1/ log𝑛loglog𝑛)

Correctness:

 Since 

, we have  with 

Δ = (𝒓𝑇𝒆 + ⌊ 𝑞
2 ⌉ ⋅ β)mod 𝑞 .

𝛼 = Θ (1/ 𝑘) = Θ(1/ 𝐻𝑎𝑚(𝒓))  𝒓𝑇𝒆 < ⌊𝑞
2 ⌉/2

By the hardness of (decision) ,LWE(𝜆, 𝑞, 𝛼)
(𝑨, 𝒃) ≈𝑐 U𝑚

𝑞

Since  by LHL, we have

. 

𝐻∞(𝒓) = Θ(𝑘log𝑛),

SD((𝑨, 𝒃, 𝑨𝒓, 𝒓𝑻𝒃), (𝑨, 𝒃, U𝜆+1
𝑞 )) ≤  

𝑞𝜆+1

2𝐻∞(𝒓)
= negl(𝑛)



The hardness of LWE(λ, 𝑞, 𝛼)
When  is the security parameter, , , 
the security of the scheme is based on the hardness of decision , 
i.e.,

the -hardness of decision ,

i.e.,

the -hardness of decision ,

This is based on:

the ( -hardness of decision .

𝑛 𝜆 = log2𝑛, 𝑞 = poly(𝜆) 𝛼 = Θ(1/ log𝑛loglog𝑛)
LWE(λ, 𝑞, 𝛼)

(𝑛𝜔(1), 𝑛−𝜔(1)) LWE(log2𝑛, poly(log𝑛), Θ( 1
log𝑛loglog𝑛 ))

(2
𝜔( log2𝑛), (2

−𝜔( log2𝑛)) LWE log2𝑛, poly(log2𝑛), Θ
1

(log2𝑛)
1
4 (loglog2𝑛)

1
2

 

2𝜔( 𝑛), 2−𝜔( 𝑛)) LWE(𝑛, poly(𝑛), Θ( 1
𝑛 1

4 log 1
2 𝑛 ))



Result: PKE from Large Noise LWE

This work: 
For some prime there exists a public-key encryption (PKE) scheme with CPA-security based 
on one of the following three assumptions:

(1) The -hardness of decision . 
(2) The ( -hardness of decision , for some constant . 
( )

For example, let  there exists a PKE scheme based on:
the ( -hardness of decision . ( )

(3) The -hardness of decision , for some constant 
. ( )

For example, let 
the ( -hardness of decision . ( )

𝑞 ∈ poly(𝑛),  

(𝑛𝜔(1), 𝑛−𝜔(1)) LWE(𝑛, 𝑞, 𝛼 = 𝑂(1/ 𝑛))

2𝜔(𝑛
1
𝑐1 ), 2−𝜔(𝑛

1
𝑐1 )) LWE(𝑛, 𝑞, 𝛼 = 𝑂(1/ 𝑛1− 1

𝑐1 log𝑛)) 𝑐1 > 1
𝜆 = log𝑐1𝑛

𝑐1 = 2,
𝟐𝝎(𝒏

𝟏
𝟐 ), 𝟐−𝝎(𝒏

𝟏
𝟐 )) 𝑳𝑾 𝑬(𝒏, 𝒒, 𝜶 = 𝑶(𝟏 /(𝒏 𝟏

𝟒 𝒍𝒐𝒈 𝟏
𝟐 𝒏))) 𝜆 = log2𝑛

(2𝜔 ( 𝑛
log𝑐2𝑛 ), 2−𝜔 ( 𝑛

log𝑐2𝑛 )) LWE(𝑛, 𝑞, 𝛼 = 𝑂(1/ log𝑐2+1𝑛 ))
𝑐2 > 0 𝜆 = log𝑛(loglog𝑛)𝑐2

𝑐2 = 3,  there exists a PKE scheme based on:
2𝜔( 𝑛

log3𝑛 ), 2−𝜔( 𝑛
log3𝑛 )) LWE(𝑛, 𝑞, 𝛼 = 𝑂(1/ log2𝑛)) 𝜆 = log𝑛(loglog𝑛)3

[Reg05]: 
For some prime there exists a public-key encryption (PKE) scheme with CPA-security 
assuming the -hardness of decision .

𝑞 ∈ poly(𝑛),  
(𝑛𝜔(1), 𝑛−𝜔(1)) LWE(𝑛, 𝑞, 𝛼 = 𝑜(1/( 𝑛log𝑛)))



Thanks!


