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09:14:47 notes $ /Applications/sagelsage
Detected SA6E64 flag
Building Sage on 05 K in 64—bit mode

Sage Version 4.6.2, Release Date: 2011—02—25
I type r,otebook() for the GUI, and licensec) for information,

sage: I some experiments with elliptic curves with sage
sage: I first define a field mod 101
sage: F = Zmod(1O1)
sage: F
Ring of integers nodulo 101
sage: I example of multiplication in F
sage: F(l0)F(11)
9
sage: * define elliptic curve over F
sage: S Ellipticcurve(?,[0,l1)
sage: B
Elliptic Curve defined by y”2 = x3 + 1 over Ring of integers nodule 101
sage: P = E.random_point()
sage: P
(96 : 49 : 1)
sage: * note coordinates are in pro5ective form (K : 7 : Z) representing
sage: U point x = x/Y, y Y/Z, with Z = 0 for point at infinity.
sage: I get another point
sage: Q = E.random_point()
sage: Q
(29 : 94 : 1)
sage: P+Q
(21. : 77 : 1)
sage: * check commutativity
sage: Q+P
(21 : 77 : 1)
sage: if get third paint
sage: K = S.random_point()
sage: R
(76 : 58 : 1)
sage: if check assoeiativity
sage: P + (Q+R)
(53 : 2 : 1)
sage: (P+Q)+K
(53 : 2 : 1)
sage: I find size of this group
sage: E.arder()
102
sage: I what are factors of 102?
sace: factor(102)
2 * 3 * 17
sage: * so possible orders of elements are 1,2,3,6,17,34,51,102
gage: P.order()
51

0
sage: Q.order()
51
sage: R.order()
51
sage: * none of P,Q, K are a generator (i.e. have order 102)
sage: I let’s find one
sage: K E.random_point()



sage: R.order()
102
sage: I bingo
sage: I what does identity look like?
sage: P—P
(0 1 : 0)
sage: I P—P
Sage: I
(0 : 1 : 0)
sage: I+P
(96 : 49 : 1)
sage: P+I

(96 : 49 : 1)
sage: —P
(96 : 52 : 1)
sage: * note that inverses just negate I component, modulo 101
sage: I look at some small powers of generator R
sage: for i in range(15): print j, i*R

0 0 : 1 : 0)
1 (72 : 85 : 1)
2 (15 : 89 : 1)
3 (9 : 86 : 1)
4 (84 : 21 : 1)
5 (52 : 44 : 1)
6 (87 : 61 : 1)
7 (90 : 65 : 1)
8 (35 : 31 : 1)
9 (10 : 71 : 1)
10 (18 : 51 : 1)
11 (93 : 14 : 1)
12 (4 : 41 : 1)
13 (38 : 38 : 1)
14 (76 : 58 : 1)
sage: I find discrete log of P. base R
sage; R.discrete_log(P)
80
sage: B0R
(96 ; 49 : 1)
sage: 80*RnP
True
sage: I find discrete log of Q, base a
sage: R.discrete_log(Q)
58
sage: I find elements of each possible order
sage: R.order()
102
sage: S = 2R

sage: S.order()
51
sage: S
sage: S.order()
34
sage: S 6*R
sage: sorder()
17
sage: S = 17R
sage: S.order()



6
sage: S — 34*R

sage: S.order()
3
sage: S 51*R

sage: $ ordor()
2
sage: S
(100 : U : 1)
sage:


