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K a number field , deg n /Q

Then there are n different maps K↳ ¢

that respect + ,
✗

If K= ☒(8) min poly
of 8 is f-(X ) c- ① [×]

then then embeddings are
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In general if deg of K is n

k will have s
, Real embeddings
Sz pairs of complex embeddings

then n= 5
, -1252

FROM now on
,
fix the embeddings K↳ ¢

0T , Oz . . . , 0s , ,
Ti

, Iz .
. , Tsz , TT ,

Iz , - -. Ész
-
Realembeddings Rep from each CX conj pair



The canonicdding of 0: K↳ Rn is given

by
¥
✗ (0, (a) , Oz (2), . . . ,0s, (d),

V2 Rel-412))
,
V2 Imt , (d)) ,

.
. . .
V2 RetsId)) , V2 Im (Tsa)))
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Super fun : If R is the ring of integers of K

( R= 6k)

then OCR) ≤ Rn is a lattice

R= 21--1421--1 . . . + ✗n-Rt



Difference between PLWE and RLWE

is how the errors are drawn

In PLWE AER
,

✗ =⑨+⑨8-1 . _ +④on
- '

ai c- 2-

draw the coefficient ai at Random

In RLWE , we use a
Gaussian on the lattice
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ERROR distributions

Def : A continuous Gaussian on IR
"

is a Random variable

with probability distribution function 111TH =✓

xit.e.tn/nDoCx-J--zf-yn,zexp(
Def : A discretization of a Gaussian to a lattice coset JTA

for FEE .
A≤ Rn is drawn in the following way ,

1- first drain ¥ from acts Gaussian

2-
" Round" to an element of +1 that is

"
not too

far "
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key generation = ✗ ◦

Public : K
,
R
,
n , PEE prime, I≥2 ,

r >o
,
o > 0

got another prime

• ( 90=-1 , 9 , . . .

, Ae -1) ai c- R/qR uniformly
at random

• (Xo, ×, _ _ . , ✗ e-1,7=1 ) Xi
"small

"

integer
( Gaussian with Sid . r )

e- I

• ae= - Eg Xiai
secret key Ñ=c×, . . . >

✗e)
, %

public key a→=Ca
,,

. . . ,ae )



Encryption : plaintext ME R/pR

• Draw ERRORS eye , , . . . , ee-1 from a Gaussian

discretized to PR

• Draw ee from a Gaussian discretized to

u+pR

Ciphertext : É=e◦Ñ+É É=(e
, ,

. . . , .ee )
Tnodqr



Decryption :

First compute d- = É - É c- R/qR

Take a
"

good
"

basis ( almost orthonormal) {bi } of R

Then d- = [ di bi.bi-bimodqR-d.CZ/qZLiftdi-
loan integer

-

{ ≤ di < 9-2
Then D= Edibi c- R and d=µmodpR

with high prob .
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That’s all for now!


