
Math 458
Homework Due Wednesday, May 29

The homework problems this week will use Sage code, so see the course website for that.
The code includes functions for addition in elliptic curves, finding the set of all points on an
elliptic curve, and computing multiples (also known as powers) of a point on a curve. All
of these assume that you have set the values for p, A, and B globally; you do this via the
following commands:

elliptic p=13

elliptic A=3

elliptic B=8

(This sets p = 13 and tells Sage to work with the Weierstrass equation y2 = x3 + 3x + 8).
To make a list of all points on this curve, do

list=e points()

To see the list, you can now just type

list

To count the points on the curve (which would be harder for a larger prime), do

len(list)

To add the points (1,5) and (2,3) use

e add([1,5],[2,3])

The ghost point O is denoted ['I','I'] in Sage. Try adding (1, 5) to (1, 8) and seeing
what happens..

You can also find multiples (also known as powers) of a point. If P = (1, 5) and you want
to find 3P = P ⊕ P ⊕ P then you can do

• e power([1,5],3)

With all of this in mind, answer the following questions:

1. Do 6.5cd and 6.6a from the textbook.

2. For the elliptic curve E given by y2 = x3 + 3x + 8, all the points of E(F13) are listed on
the second page of Section 6.2.



(a) Recall that if A is an abelian group and x is in A, then the order of x is the smallest
N for which Nx = 0, where Nx means x + x + · · ·+ x (N times). Find the orders
of each of the points in E(F13).

(b) An element x of an abelian group A is called a generator if the set {e, x, 2x, 3x, 4x, . . .}
includes every element of A. It is equivalent to say that the order of x is the same
as the number of elements of A. Is any of the points on E(F13) a generator for this
group? If so, give such a generator.

3. Repeat the above exercise for the elliptic curve y2 = x3 + 2x + 7 over F11.
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