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09414¥47 notes § np,p!.mzintfuqo{mo
Detected SAGEGH flag
Buudilw Mﬂt m o5 x in “-"ut, md-

l 8age Varsion 4.6.2, Release Dats: 3011-:&:43
wrn mubmn for tlu uun uus uamnn for intamm

sagei l tm umi.-uu with cm”ur enm- with np
‘aage’s ¥ First define a field med 101
gages- P & ma(:nu

sages ¥

Ring of integers wodula 151

Bager # ekample of multiplication in ¥
sager PLI0)*E(L)

¥

sage: § define alliptic ourve over ¥
sage: ‘B = EllipticCurve (¥, (0,1])
sagei E

xuapziu Curve defined by y*2 = %3 # 1 over Ring .of integers modulo 101

sager ¥ & E,vahdom_peint()
séages P
lﬂﬁ 3 48 t 1)

‘sages. # note coordinates are in projective form (¥ ¢ ¥ : %) representing
sagey § point x = X/¥, y = /¥ with g = 0 for point st infisity.

sage: § get ancther polnt
sage: § = B.random_point()

sager g

{29 ¢+ 54 ¢ %)

sege: | *ﬁ

21 2 172 5 4y

sagey # ﬁh-& commutativity
(#1313 1)

saget § get third peint
Bage: R = B.random_polat{)
wEger B
(76 ¥ 58 34}
sages B check associativisy
sage: ¥+ (QFRY
{53 + % ¢ 1}
sages (P+Q)+R
(83324 1y
sages ¥ find size cf this group
sages B.order(}
102
sagey !’ what are factors of 1027
zagey -nm:cmz;
Z o %

sages 'y uwpauihzc oﬂ-n uf elemanks ars 1,2,3,8,17,34,51,10%

‘sage¥ r.o:dhrn

51 -

sages P.order()

51 )

sagé:s R.order(}

51

uge: # none of ¥,0, R ar¥e a gunnuw {%.6. have oxdexr 102)
gage: # let’s £ind one

seges R = E,rundem_point(}



sagei ‘Ryorder(y
0z )

‘sagey ¥ binge

sagei ¥ what does idantity look like?

sages PP

(¢ : 1.3 0)

sage: I = P-p

sager T

0 23 ¢ 03

sage: I4p

{96 v 49 ¢ 1Y

Bage; PHEL

{96 % 49 ¢ 1)

gagey <P

(96 1 52 4 1)

sage: § note that inverses just negate ¥ compenent, moduls 101
saget # look at sosie swall powers of géierator R

sages for i im range(15): primt &, &*m

PR |

{0 e i aj

{72 © 85 & 1)

{15 ¢ B% & 1]

9 ¢ B8 ¥ 1)

{84 821 5 2Y

182 1 44

(87 @ 81 :
{90 & 6% 3 1)
(35 & 31+
00§ 2
10 (18 1 S 2 t)

11 {93 ¢ 14 5 1}

12 4.« 41 1 1y

13 (3& T 38 s 1)

14 (76 1 S8 ¢ 1)

#age’ # find discrete log of P, bade R
Bages ;.uimnttﬁln(t;
80

sager BOVR

£96 3 4% 1 1)

sagey BUYRm=p

True

sage: # find discrete log of @), base n
sages R.discrete_log(g)

58

gages § find elements of each possible order
sages R.order()y
102

sage: 8 = 3R
‘saget lahtdl:(j
51 1
sageyr 8 = IR
sage: Siorder()
ET ,
sagey 5 = §*R
Bage: S.order()
B % '
sdget § = ITR
sagés 8,order()
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a1 B e T

6

saget & = J4+R
& sages ‘S.order{}

‘3

sages 8% SR
=;lqe,; JB.ordex(y
sager 8
(100 5.0 ¢ 1)
Bager



