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Abstract. The elliptic curve discrete logarithm problem is considered a secure cryptographic primitive. The purpose of this paper is to propose a paradigm shift in attacking the
elliptic curve discrete logarithm problem. In this paper, we will argue that initial minors
are a viable way to solve this problem. This paper will present necessary algorithms for
this attack. We have written a code to verify the conjecture of initial minors using Schur
complements. We were able to solve the problem for groups of order up to 250 .

1. Introduction
The discrete logarithm problem on rational points of an elliptic curve (ECDLP) has been
of interest to cryptographers for the last four decades. It is still considered a secure
cryptographic primitive and is used in the latest transport layer security protocol (TLS
1.3). In this paper we present a new way to attack ECDLP. We present this new way by
formulating a conjecture. This paper is an extension of our earlier work [6]. We will keep
using the same notations to maintain continuity. Let E be a non-singular elliptic curve over
the finite field Fq in which the ECDLP will be solved.
Fix a positive integer n0 and let k = 3n0 . The Las Vegas algorithm that we developed
in [6], tries to find a planar projective curve C of degree n0 passing through Pi , 1 ≤ i ≤ k
where each point Pi is on the elliptic curve E. If such a curve C exists, ECDLP is solved.
This algorithm belongs to the class of non-generic algorithms because it depends on certain
properties of the elliptic curve and cannot be used to solve the discrete logarithm problem
in other groups. Another example of a non-generic algorithm is the index calculus algorithm
to solve the discrete logarithm problem in finite fields. Our algorithm has no restriction on
the finite field on which the elliptic curve is defined.
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The Las Vegas algorithm (Algorithm 1, and also see our earlier work [6]) that we
developed reduces ECDLP to a linear algebra problem. In our earlier work, we referred to it
as Problem L and will continue to do so in this work. We write this paper to propose a
conjecture, we will call it initial minors.
We first show that one way to solve Problem L (and thus ECDLP) is to find a zero-minor
in a non-singular matrix. Now the question arises, how to find a zero-minor? We argue that
there is a set of minors, such that, if every minor in that set is non-zero then all minors of
the matrix are non-zero. Then the complexity of the algorithm to solve ECDLP reduces
to the cardinality of the set of initial minors. Conjecturally, the cardinality of the set of
initial minors should be sub-exponential with respect to the size of the matrix, whereas
the cardinality of the set of all minors is exponential. The idea of initial minors is not
new, it has been well studied for total positive matrices [2] and has given rise to important
mathematics [4].
Definition 1.1. A set of minors for a non-singular matrix A is called a set of initial minors
if the following property holds: every minor in the set of initial minors is non-zero if and
only if all minors in A are non-zero.
Conjecture A (Initial Minors). For a matrix A coming from the above approach to solve
ECDLP, there exists a set of initial minors, whose cardinality is bounded by a sub-exponential
function of the size of the matrix.
A stronger conjecture can be obtained by replacing sub-exponential by polynomial above.
But since the conjecture is based on experimental data, let us state it in the modest form
above.
Acknowledgement: We would like to thank the anonymous referee for the valuable
comments and suggestions, leading to a considerably improved exposition of the material.
2. The Las Vegas algorithm
With a slight abuse of notation we will denote by E the group of rational points of E over
Fq as well. Furthermore, we assume that the group E is of prime order p. Let P, Q ∈ E
be non-zero elements, the elliptic curve discrete logarithm problem is to find an integer m,
where 1 ≤ m < p, such that Q = mP . Note, since E is a group of prime-order, such integers
m exist.
The central idea behind the attack is presented below as Theorem 2. The method is to
construct a matrix M and compute its left-kernel K. We construct
M with k rows, where
P
0
k = 3n , one row at a time. Consider a planar projective curve C = u+v+w=n0 au,v,w xu y v z w
where au,v,w ∈ Fq . Clearly xu y v z w ranges over all possible monomials of degree n0 which we
assume to be ordered. For P0 ∈ E, say P0 = (x0 : y0 : z0 ), we construct a row in M where
(x0 : y0 : z0 ) is substituted for x, y and z in C. The ordering in the row is the same as the
ordering of monomials in C. We construct M by adding rows to it corresponding to each
Pi , as we did in our example for P0 . These Pi are random distinct points on E constructed
from random distinct integers ni ; 0 < ni < p by computing ni P . Then we compute K as the
left-kernel of M. Now if we look at the (right) kernel K0 of M. The elements of K0 actually
produce the curve C that we mentioned earlier. It clearly passes through all the points Pi
from which M was constructed.
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A fundamental idea behind this attack rests on the fact that the left-kernel K being
nonzero is equivalent to the existence of a planar projective curve C in the right kernel of M
which does not contain the elliptic curve E. The proof is in our earlier work [6, Theorem 2].
A question can be raised: Assume that we constructed M as above and then K 6= 0.
This says that there is a curve C of degree n0 . Can this curve C pass through a point P on
the elliptic curve from which M was constructed where the intersection multiplicity at P on
C and E is more than one? If that happens then this curve C passes through more than 3n0
point on E counting intersection multiplicities, because it is in the right kernel of M with
3n0 points. Thus it intersects the elliptic curve in more than 3n0 points counting intersection
multiplicities and is of degree n0 . By Bézout’s theorem it contains the elliptic curve E which
contradicts K 6= 0. This proves the following theorem:
Theorem 1. If K =
6 0, every non-zero vector in K corresponds to a planar projective curve
C of degree n0 over Fq . This curve does not contain the elliptic curve E and intersects the
elliptic curve in 3n0 distinct points with intersection multiplicity one.
Proof. Since K =
6 0, the fact from [6, Theorem 2] stated above, ensures a planar projective
curve C of degree n0 .
To complete the proof, we need to prove that the curve C passes through each chosen
point on the elliptic curve with multiplicity exactly once. If this does not hold, the curve
passes through one of the chosen points with multiplicity at least 2. However, being an
element of the right kernel, it does pass through all the 3n0 chosen points. This means that
C and E intersect at more than 3n0 points contradicting Bézout’s theorem.
•
The next theorem is vital for the algorithm we develop. Now there are two positive
integers k and l. We think of l as extra points and k = 3n0 , where n0 is a positive integer.
The choice of 3n0 comes from Bézout’s theorem, that a degree n0 planar projective curve
intersects an elliptic curve at most at 3n0 points.
The inclusion of extra points lets us test many
different groups of points of size k

simultaneously. In particular, we can test for k+l
possible
curves C simultaneously. This is
l
a basic advantage of our algorithm. We have shown that (see [6, Section 3]) k = l gives us
the optimal probability of success for our Las Vegas algorithm. The size of the elliptic curve
group E is taken large enough compared to k and l such that our theorems make sense. For
practical purposes, the size of E is a prime p and k, l is about the size of log2 p.
2.1. The main theorem.
Theorem 2 (Main Theorem). Let k = 3n0 for some positive integer n0 . Let l be another
positive integer. Choose positive integers s and t, such that, s 6= t but s + t = k + l. Then
construct the matrix M as described before with rows corresponding to ni P for i = 1, 2, . . . , s
and −nj Q for j = 1, 2, . . . , t.
Let K be the left-kernel of M. The following is true:
a: The left-kernel K is of dimension l.
b: If there is a vector v in K with at least l zeros then there is a curve C passing through
3n0 points corresponding to the non-zero points of v.
Proof. A detailed proof of this theorem is in our earlier work [6, Corollary 1]. For the
convenience of the reader we will sketch a rough argument. The basic reason behind the
P
argument is that ki=1 Pi = O for k points on the elliptic curve if and only if there is a planar
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projective curve C of degree n0 passing through these points. For a proof look at [6, Theorem
1]. Then the proof of (a) above follows from simple counting argument [6, Theorem 3].
For a proof of (b) notice that if there is a vector in the left-kernel with at least l zeros
then there is a curve passing through the points on the curve that correspond to the non-zero
elements of the vector. There are at most 3n0 points.
•
Using the above theorem, the algorithm is broken down into two parts. One, is a
randomized algorithm that creates the left-kernel. The second part is to determine if the
left-kernel contains a vector with l zeros. We called this second part Problem L in [6]. If
there is a vector with l zeros, we have to find that vector because the position of these zeros
matter. In this paper, we convert this problem into finding a zero-minor. Note that, the
probability is optimum when k = l and k = O(log p) [6, Theorem 5]. So we will assume
that k = l for the rest of the paper. Note that now K is a k-dimensional subspace of the
2k-dimensional vector space over Fq . The rows of which are vectors of length 2k over Fq .
We define Problem L as follows:
Definition 2.1 (Problem L). Determine if the subspace generated by the rows of K contains
a vector with k zeros. If it does, find the location of these zeros.
2.2. Using Theorem 2. To use Theorem 2, first we select an integer n0 = O(log p) and
compute k = 3n0 . Then choose 2k random distinct positive integers of size less than p
and form a sequence S of size s + t. Using elements from S compute points Pi = ni P for
i = 1, 2, . . . , s and Qj = −ns+j Q for j = 1, 2, . . . , t.
Now we check to see if there exist a planar projective curve C of degree n0 passing
through any subset of size 3n0 of s + t points. If such a curve exists, the discrete logarithm
problem is solved. Else a new set S is generated and the process is repeated.
In order to prove the existence of a homogeneous curve of degree n0 we construct a
matrix M, corresponding to Pi and Qj as rows.
Each row in M represents a Pi or a Qj . In other words, each row represents an integer
from S. We describe the process as an algorithm.
Algorithm 1: A Las Vegas algorithm to reduce ECDLP to Problem L
Data: Two points P, Q ∈ E such that mP = Q. Order of E is a prime p.
Result: m
Step 1 : n0 ← O (log2 (p))
Step 2 : k ← 3n0
Step 3 : Generate 2k random positive integers less than p
Step 4 : Use random numbers and C along with P and Q to generate the matrix
M using points from above
Step 5 : K ← left-kernel(M)
Step 6 : If K has a vector with k zeros stop else go to Step 3
Note that we generate 2k points above because we take l = k. We will soon move from
K to A which is a k × k matrix consisting of the non-identity part of K.
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2.3. Complexity of the Las Vegas algorithm. The Las Vegas algorithm can be divided
into two parts. The first part reduces the ECDLP to a problem in linear algebra. The second
part is to solve the Problem L. Reducing ECDLP to Problem L is a Las Vegas algorithm
with success probability 0.6 and it has polynomial space and time complexities [6, Theorem
5].
3. Minors to solve ECDLP
Let A be a k × k non-singular matrix. Let α, β be non-empty subsets of {1, 2, . . . , k} of same
size. Then A[α|β] is a square sub-matrix of the size of α and β which contains elements
that are in the intersection of rows and columns of A indexed by α and β respectively. The
determinant det (A[α|β]) is the minor A[α|β]. A principal minor is a minor when α = β
and is denoted by A[α]. In this paper, we are interested in finding α and β such that
det (A[α|β]) = 0.
3.1. Using minors to solve problem L. Let K be a k × 2k matrix. Now the rows of K
is a basis of the left-kernel of M. One can do a row-reduction of K to reduce one part of
it to the identity. We will assume that K = A|I. Where A is a k × k matrix and I is the
identity matrix of size k. Note that, in NTL [8], K is produced as follows:
a11 a12 a13 . . .
a21 a22 a23 . . .

K =  ..
..
..
..
 .
.
.
.
ak1 ak2 ak3 . . .


a1k 0 0 . . .
a2k 0 0 . . .
..
.. .. . .
.
.
. .
akk 1 0 . . .

0 1
1 0

.. .. 
. .
0 0


Now each row of K contains k − 1 zeros. Our problem is to find a vector which is a linear
combination of the rows of K which has k zeros. We would be more interested in the
non-identity part of K which we denote by A.
a11 a12 a13 . . .
a21 a22 a23 . . .

A =  ..
..
..
..
 .
.
.
.
ak1 ak2 ak3 . . .


a1k
a2k 

.. 
. 


akk

Note that, if aij = 0 for some i, j then ECDLP is solved. We now prove a lemma leading to
a theorem.
Lemma 1. Recall the definition of K. If there is a vector v in K with at least k zeros, then
v has exactly k zeros.
Proof. Assume for a moment that v has more than k zeros. Then concentrate on the non-zero
entries of v. Assume that there are k 0 of them which is less than k. Now we create a new
matrix M0 . First k 0 rows of M0 are the rows in M with indices same as indices of non-zero
entries in v. Now we can take any arbitrary k − k 0 rows of M where v is zero and put them
in M0 . Then M0 has k(= 3n0 ) rows and a non-zero left-kernel. Then sum of this points of
the elliptic curve is O, the point at infinity. However there are k − k 0 arbitrary rows in M0 .
We can replace any one of them with an arbitrary element of the elliptic curve and get the
sum of those points as O. This is a contradiction. Thus v has exactly k zeros.
•
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Theorem 3. If det (A[α|β]) = 0 for some non-empty subsets α, β ⊆ {1, 2, . . . , k}, there
exists a vector with k zeros in the linear span of the rows of the left-kernel K. Furthermore,
the position of zeros are positions β and {k + i : i ∈
/ α}.
Conversely, assume that there is a vector in the linear span of the rows of K with k zero
components, then there is a zero-minor in A.
Proof. Let us assume that there is α, β such that det (A[α|β]) = 0. There is a sequence of
row-operations on the sub-matrix A[α|β] such that one row becomes zero. Now apply the
same row-operations on K and obtain the vector w. We have zeros in components of w in
positions corresponding to elements of β. The non-zero components in positions greater
than k of w depends on the rows used in the row-operation. The number of rows is at most
the size of α. But from Lemma 1, it follows that the number of rows must be same as α.
Moreover, the row operations cannot inadvertently introduce zeros in some other components
of w from positions 1 to k. Taken all these together w has k zeros whose positions follows
from the above discussion.
Conversely, assume that there is a vector w with k zeros in the span of the rows of
K. Then there is a linear combination of rows of A that makes some components of w in
{1, 2, . . . , k} zero. Now consider those rows and indices of those rows constitute the set α
and the indices in {1, 2, . . . , k} of w where the components are zero constitutes β. The size
of α equals the size of β from the above lemma and we have the zero-minor det (A[α|β]).
•
The following example illustrates Theorem 3. Consider a 5 × 10 matrix A over F73
where each row has four zeros. We write
70
 10

A=
 23
 29
49
Note that A has a zero 2-minor,


18 1 17
13 54 43
43 8 24
29 56 61
38 21 46
for example,

10
48
57
48
27
the

0 0
0 0
0 0
0 1
1 0
minor

0
0
1
0
0

A[α|β] = det

70 18
=0
10 13

0
1
0
0
0

1
0
0
0
0




.



where
α = {1, 2} and β = {1, 2}.
The first row of A can be reduced by the row-operation R1 − (7 × R2 ) to yield
0
 10

A1 = 
 23
 29
49
The first row now has five zeros
ECDLP is solved.


0 61 8
13 54 43
43 8 24
29 56 61
38 21 46
which solves

39 0 0 0 66 1
48 0 0 0 1 0 

57 0 0 1 0 0 

48 0 1 0 0 0 
27 1 0 0 0 0
ECDLP. Thus if there is a zero-minor in A,
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4. Schur complement
The Schur complement has a long and distinguished history in the theory of matrices. Other
than giving an algorithmic description of a variant of the Schur complement (see equation
(4.1) and the sentence following that), we will not go into further details in this paper but
will use the work of Ando [2] and Brualdi and Schneider [3] as the standard reference for
this paper. Before describing the process of generating the Schur complement, we would like
to alert the reader that ours is not the usual Schur complement [3, §1]. In the traditional
setting of Schur complements, matrices E and F remain fixed. This is not so in our case.
Let A = (aij ) be a k × k matrix. We can write A as


E F
G H



as block matrix where E is the leading principal sub-matrix of A of size k 0 × k 0 . In this
section we assume that E is non-singular. The matrix G is of size (k − k 0 ) × k 0 , F is of size
k 0 × (k − k 0 ) and H is of size (k − k 0 ) × (k − k 0 ).
We look at the Schur complement in an algorithmic way. We talk about row-operations
in E, but they are row operations in the whole of A. We do this for sake of exposition.
There are two different kind of row-operations that we talk about one is in E and another is
by E.
We consider the first column of A. If a11 = 0 we do a row permutation in E to get
a non-zero a11 . We can do that because E is non-singular. Now using this a11 and rowoperations by E, we can make all ax1 = 0 for x = 2, 3, . . . , k. Then we look at a22 . If it
is zero then we do a row-permutation in E to make it non-zero. Then use a22 and row
operations by E to make ax2 = 0 for all x = 3, 4, . . . , k. We continue with k 0 columns of E
till we get a upper-triangular matrix E 0 in place of E. In practice, if we do not get a upper
triangular matrix, i.e., one of the diagonal element is zero, we have solved Problem L. Now
the resulting matrix is of the form
0

A =

 0
E

0

F0
.
H0


(4.1)

The matrix H 0 is called the Schur complement and is denoted by A/E. Furthermore, if
det(E) 6= 0 then det(E 0 ) 6= 0. Moreover det(A) = det(A0 ) and det(A0 ) = det(E 0 ) det(H 0 ).
Two properties of the Schur complement follow from this discussion. For sake of
readability, we use I = {k 0 + 1 ≤ i1 < i2 , · · · , < ir ≤ k} and J = {k 0 + 1 ≤ j1 < j2 , · · · , <
jr ≤ k} for some positive integer r. The first property is
det H 0 [I|J] = 0 implies that det A[1, 2, . . . , k 0 , I|1, 2, . . . , k 0 , J] = 0.




(4.2)

We will use this to search for zero-minors in our algorithm. The second property is that
Schur complement of a Schur complement is a Schur complement. This follows from the
algorithmic way we defined Schur complements, in particular, when we reduce E to an
upper-triangular matrix systematically by reducing one column after another.
4.1. An algorithm using the Schur complement. The output of our randomized algorithm is a k × 2k matrix. The rows of this matrix is a basis for the left-kernel K. So
one can do a row operation on one half of this and make that half an identity matrix. We
denote the other half, the non-identity half by A. For sake of definiteness we agree that this
non-identity half is the first half of the left-kernel K.
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The question now is the following: How do we determine if there is a zero-minor in A?
There are too many minors. The number of principal minors is 2k − 1. It is not possible to
check all of them. The question that we raise in this paper is: do we need to check all minors
to determine if there is one minor of A that is zero? It is clear that the number of minors
we check to determine if A has a zero-minor determines the complexity of our algorithm.
In the rest of this section, we take k = 3 log(p).
The first step of the algorithm is to compute A as defined earlier and then check all
possible 2-minors. If we find a zero 2-minor we stop.
If we find none, our first attempt was to compute a new K and then A. Repeat until a
zero 2-minor is found. We count the number of tries we had to go through until we find
the first zero 2-minor, see Table 1. The average is over forty tries to solve ECDLP over the
same curve and the same group.
Table 1: All 2-minors : Average number of iteration to solve ECDLP.
Fq Average Iterations log2 p No. of rows of A
240
113.4
39
360
43
2
716.3
42
387
4406.26
45
414
246
Hoping to get better results, we modified the algorithm by introducing Schur complements. We did a column-reduce of one column
after

 another, this constructed one Schur
E F
complement after another. Recall that A =
, where E is a principal diagonal matrix
G H
0
0
0
of size k . We start with k = 1 and go until k = bk/2c. We reduce E to a upper-triangular
matrix by successively reducing G = 0 using row-operations. This process produces one
Schur complement after another. Recall that a Schur complement of a Schur complement is
a Schur complement. Then we looked for a zero 2-minor by going over all possible 2-minors
in successive Schur complements. Note, Equation 4.2 gives us the zero-minor in the original
matrix corresponding to the zero 2-minor in the Schur complement. If we found one we
stopped. The data thus obtained is presented below as Table 2. The reader will notice a
remarkable speed up. The number of kernels that we had to compute went down significantly
as we started using Schur complements. Here the average is over ten tries.
This data baffled us for a while. There are two mysteries. The first one is: the number of
minors is exponential in the size of the matrix. If we assume that a zero-minor is uniformly
distributed in the set of all minors, there is no way to justify the low number of tries – both
for all 2-minors and Schur complement. The other is: why do we see such a significant
speed-up when we move from all 2-minors to Schur complements?
To make a fair comparison, we must admit that the Schur complement algorithm is
doing more work than the all 2-minors algorithm. In particular, the Schur complement is
doing multiple rounds of all 2-minors algorithm, once after each column reduction. So, let
us count the number of all 2-minors algorithms done by a Schur complement algorithm. To
make it precise, we count the area of the Schur complement H 0 on which the all 2-minor
algorithm works. The sum of the areas is
(k/2)2 + (k/2 + 1)2 + . . . + (k − 1)2 = k(7k 2 − 9k + 2)/24.
Then the ratio of the sum of the area for Schur complement and all 2-minors is (7k 2 − 9k +
2)/24k. For q = 246 where k = 414, the ratio is about 120. To us this is encouraging news,
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Table 2: Schur Complement : Average number of iteration to solve ECDLP.
Fq Average Iterations log2 p No. of rows of A
240
2.8
39
360
241
3.1
40
369
42
2
6.6
41
378
11.3
42
387
243
244
17.1
42
396
245
53.8
44
405
46
2
40.2
45
414
247
126
46
423
248
186.5
47
432
249
367.8
48
441
50
2
887.5
49
450
it matches the experimental result. Moreover the pattern seems to be tied up with column
reduction which is used in computing the Schur complement. If there were no zero-minors
to be found, more work would have not produced better result.
A quick look at the above data suggests that it could be modeled by a recurrence relation
that approximately doubles the previous number of average iterations at every step. This
kind of recurrence can be solved and the solution is exponential in the number of steps. It
then became clear that this attack cannot be extended to much higher values of q and we
decided to stop the experiment.
5. Conjecture – initial minors
The idea of initial minor is not new in the theory of matrices. It is normally studied in
the context of total positive matrices defined over R. We cannot discuss it further in this
paper. However, a interested reader can look at Ando [2], Gasca and Penā [5] or Pinkus [7].
The reason of our interest in that theory is that we can determine if a given matrix is total
positive by just looking at a few (quadratic in the size of the matrix) minors.
We think that something similar is true for A that we defined earlier. One way to look
at the issues that we raised before is that there is a small set of minors of A, such that, if
all minors in that set is non-zero then all minors of A is non-zero. In other words, if there is
a zero-minor of A then one of the minors in the set of initial minors will be zero. By doing
Schur complements, we probably found some neighbourhood of that set of initial minors.
But, we did not find the whole set. In view of our experimental evidence, we would like to
promote the conjecture of initial minors (conjecture A), to solve the elliptic curve discrete
logarithm problem.
6. Implementing the Las Vegas algorithm
We now describe a implementation of our algorithm using the Schur complement which
is available in the bitbucket repository [1]. The source code provides both a serial and a
parallel implementation. Solving ECDLP over prime and binary fields is possible using our
implementations. The code is written using C++ and uses NTL and openMPI libraries.
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Start
Gnerate NP · 2k random numbers
For i = 0, 1, . . . , Np − 1 construct M and the left-kernels K and store
For i = 0, 1, . . . , NP − 1 pick a kernel K and extract A

For j = 1, 2, . . . , k reduce j
P0

th

column of A, extract H 0 and distribute
...

PNP −1

If a zero 2-minor is detected by any processor STOP
Repeat
Figure 1: Flow chart of a parallel implementation of our algorithm.
The following classes EC_GF2E and EC_ZZp were implemented for elliptic curve operations,
see Appendix A. The program is developed in such a way that it reads input from a file,
which is generated by a SageMath [9] script.
6.1. The Las Vegas algorithm with Schur complements. Note that the index-origin
for the list of kernels is 0, whereas the index-origin for rows and columns of a matrix is
considered 1.
We assume a total of NP available processors. We use the word processor instead of
core. The processor with MPI_rank zero is assumed to be the MASTER processor. All other
processors are SLAVE processors. All processors have access to the shared memory.
First the Las Vegas algorithm generates a set of random numbers. These random
numbers are used to construct matrices M. Then K = left-kernel(M) is computed and A is
extracted. A vector with k zeros in K solves ECDLP.
1: In the first step the MASTER processor generates 2k random numbers for each NP processors
and stores them in NP files. All processors have access to these files. Thus there are NP
files in a directory named randomNumbers. At this point all SLAVE processors are idle.
2: In the next step each NP processor reads their file containing random numbers and
construct the matrix M. Then each processor computes the left kernel K of M. To
compute the left-kernel an inbuilt function from NTL is used. Note that at this step NP
number of kernels are generated. Each processor stores the computed kernel in a separate
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files. These are stored in a directory named kernel. Later these files are systematically
processed.
3: In the third step the MASTER processor extracts A from a kernel from the files. Columns of
the kernel is then reduced iteratively using an inbuilt NTL function. After each iteration
th
H 0 is extracted. For the i iteration H 0 is a (k − i) × (k − i) matrix as A is a k × k matrix.
The matrix H 0 along with the combination of rows to be processed is distributed among
the SLAVE processors. Now each processor looks for a zero 2-minor.
In order to detect a 2-minor we select two rows and two columns from the given matrix
H 0 . The intersection of these two rows and columns give a 2 × 2 matrix. If the determinant
of this 2 × 2 matrix is zero we have found our zero 2-minor. To detect a zero two minor
we take a different approach. We select two rows from the given matrix. Then the ratios
of corresponding elements of these two rows are computed and stored in a vector. If two
entries in this vector are equal we have detected a two minor. Note that we are dealing with
characteristic 2 in this case.
To implement this method in a parallel environment, combinations of all rows have
to be processed. We divide the total number of combinations of rows by the number of
available processors. Each processor then processes a subset of the total combinations. If a
two minor is detected we stop and row and column indices of the two minor is returned.
Using Equation 4.2 we can now say that there is a zero-minor in A along with the rows and
columns.
An attentive reader might have noticed, in step two of our algorithm all processors are
computing a kernel. This approach is taken as computing the kernel at the MASTER processor
leaves the SLAVE processors idle. Also kernel computation is time consuming. These keeps
the SLAVE processors waiting, increasing the overall execution time. Computing kernels on
all processors and saving them in files for later use reduces processor wait time. The number
of kernels generated using this method depends on the number of available processors.
7. Conclusion
This work presents a new way to solve the elliptic curve discrete logarithm problem. The
problem is reduced to a linear algebra problem. This reduction to the linear algebra problem
is fast. Then the linear algebra problem is reduced to finding a zero-minor in a non-singular
square matrix over a finite field. This is the novelty of our approach. We found a way
to look for a zero-minor and conjectured initial minor. If there is a small set of initial
minors, polynomial in size of the group of rational points of the elliptic curve, we will have a
polynomial time algorithm to solve ECDLP.
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Appendix A.
class EC_GF2E {
public :
ulong p ;
GF2X irrd ;
GF2E a1 , a2 , a3 , a4 , a6 ;
GF2E discriminant ;
EC_GF2E ( ulong );
EC_GF2E ( ulong , GF2X , GF2X );
EC_GF2E ( ulong , GF2X , GF2X , GF2X );
void g e n e r a t e R a n d o m C u r v e ();
void printCurve ();
EC_GF2E_Point g e n e r a t e R a n d o m P o i n t ();
bool isPointValid ( const EC_GF2E_Point &);
GF2E ge t Di sc ri m in an t ( const GF2E & , const GF2E &);
void p o i n t A d d i t i o n _ D o u b l i n g ( const EC_GF2E_Point & , const EC_GF2E_Point & , EC_GF2E_Point &);
EC_GF2E_Point pointDoubling ( const EC_GF2E_Point & P );
void pointNegation ( const EC_GF2E_Point & , EC_GF2E_Point &);
void s c a l a r M u l t i p l i c a t i o n D A ( const EC_GF2E_Point & , ZZ , EC_GF2E_Point &);
int generate Matrix ( mat_GF2E & , EC_GF2E_Point , EC_GF2E_Point , ulong , ulong , ZZ * , ulong a [][3]);
ZZ lasVegasECDLP ( EC_GF2E_Point & , EC_GF2E_Point & , ZZ ordP , int );
friend EC_GF2E_Point operator +( const EC_GF2E_Point &P , const EC_GF2E_Point & Q );
};
class EC_ZZp {
public :
ZZ p ;
ZZ_p a4 , a6 ;
ZZ_p discriminant ;
EC_ZZp ( ZZ );
EC_ZZp ( ZZ , ZZ , ZZ );
EC_ZZp ( ZZ , ZZ , ZZ , ZZ );
void g e n e r a t e R a n d o m C u r v e ();
EC_ZZp_Point g e n e r a t e R a n d o m P o i n t ();
void printCurve ();
bool isPointValid ( const EC_ZZp_Point & P );
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void p o i n t A d d i t i o n _ D o u b l i n g ( const EC_ZZp_Point & , const EC_ZZp_Point & , EC_ZZp_Point &);
void s c a l a r M u l t i p l i c a t i o n _ B a s i c ( const EC_ZZp_Point & , ZZ , EC_ZZp_Point &);
void s c a l a r M u l t i p l i c a t i o n D A ( const EC_ZZp_Point & , ZZ , EC_ZZp_Point &);
void pointNegation ( const EC_ZZp_Point & , EC_ZZp_Point &);
ZZ order ( const EC_ZZp_Point &);
int generate Matrix ( mat_ZZ_p & , EC_ZZp_Point P , EC_ZZp_Point Q , \
ulong k_randomNums , ulong t_randomNums , ZZ * PQ_randomNumbers , ulong w e i g h t e d V e c t o r _ a r r [][3]);
ZZ lasVegasECDLP ( const EC_ZZp_Point &P , const EC_ZZp_Point &Q , ZZ );
};
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