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Enhancing simultaneous rational function recovery:
adaptive error correction capability and new bounds
for applications

Eleonora Guerrini, Romain Lebreton, Ilaria Zappatore
LIRMM, Université de Montpellier, CNRS
Montpellier, France
{guerrini, lebreton, zappatore} @lirmm.fr

Abstract—In this work we present some results that allow
to improve the decoding radius in solving polynomial linear
systems with errors in the scenario where errors are additive
and randomly distributed over a finite field. The decoding radius
depends on some bounds on the solution that we want to recover,
so their overestimation could significantly decrease our error
correction capability. For this reason, we introduce an algorithm
that can bridge this gap, introducing some ad hoc parameters that
reduce the discrepancy between the estimate decoding radius and
the effective error correction capability.

I. INTRODUCTION

The family of Reed Solomon codes (RS) is a large class of
very well studied algebraic codes. They are MDS codes, they
perform list-decoding and have efficient decoding algorithms
that can be viewed in a computer algebra setting as rational
reconstruction problems. More specifically, we are interested
on Interleaving Reed Solomon (IRS) codes. IRS codes are well
studied and can be decoded efficiently by a bounded distance
(BD) decoder beyond the unique correction capability radius
for almost all error patterns (cf. [1], [2], [3]).

In this work we focus on the problem of solving a poly-
nomial linear system with errors (PLSWE), introduced in [4]
and [5]. Since the solution of PLSWE is a vector of rational
function, the PLSWE is a special case of the problem of
reconstructing a vector of rational function given its evalu-
ations, some of which could be erroneous (the simultaneous
rational function recovery, shortly SRFR). In [6] we proposed
an algorithm, based on IRS decoding, that allows to solve
SRFR (and in particular PLSWE), correcting more than [4]
and [5] in a probabilistic setting. In this paper, we improve
the technique of [6], increasing the error correction capability.
Since we want to recover a vector of rational functions vy,
which is solution of a polynomial linear system over a finite
field, A(x)y(z) = b(x), we introduce a new bound on the
error correction capability which also depends on the bounds
on the degrees of A and b. Moreover, the knowledge of the
degrees of the solution would allows us to reach an ideal error
correction capability, but we do not know these degrees and
their overestimation could significantly decrease the amount
of errors we could correct. For this reason, we introduce a
parameter oblivious algorithm for the PLSWE that allows us

to get closer to the ideal error correction capability, without
knowing the real degrees.

The paper is structured as follows: in Section II we recall
standard facts for IRS codes, in Section III we introduce our
problem (PLSWE) and we set up the model. In Section IV
we introduce the generalization of the PLSwWE, i.e the si-
multaneous rational function recovery (SRFR). We present a
technique, based on IRS decoding, that allows to achieve a
bigger error correction capability. In Section V, we propose
our algorithm and in Section VI, we present our main the-
orem, the cornerstone of all our technical results. Finally in
Section VII, we expose our open problems and conclusions.

II. INTERLEAVED REED-SOLOMON CODES

A Reed-Solomon (RS) code of length » and dimen-
sion k over F, can be defined as the set Crs(n,k) =
{(f(an),..., flan)) | [ € Fylz],deg(f) < k —1} where
o :={ai,...,a,} is the set of distinct evaluation points over
Fy. For [ > 1, an [-Interleaved Reed-Solomon (IRS) code is
defined by the direct sum of ! RS codes Crs(n, k;) sharing
the same set of evaluation points, i.e.

Crrs(n, k) = {(ci)1<i<i € (Fg)”™ | ¢; € Crs(n, ki) }

If k =k = ... =k, we say that an IRS is homogeneous and
we denote it Crrs(n, k;1). From now, we will focus only on
homogeneous IRS codes. Codewords in Crrs(n, k;1) can be
seen as evaluations of f(z) = (f1,..., fi) € (F,[z])"** with
deg(f) := max;<i<i(deg(f;)) <k — 1.

We now consider the decoding instance ¥ = C' + = €
(F,)*™ where C € Crrs(n, k;l) and = is the error matrix.
We can see T = (y,)1<j<n and Z = (€;)1<j<n both in
(IFf])". As error model we consider burst errors, i.e. the error
positions are the nonzero columns of the error matrix =. In
detail, for any 1 < 5 < n, the set of error positions is E :=
{1 <j <n|e;# 0}. The number of errors is then |E|.

Since C = (f(a1),...,f(an)) for f € (Fy[z])!*,
deg(f) <k—1,forany 1 <j<mn,
y; = flaj) +ej. (1)

In order to decode C, we need to recover the vector of
polynomials f(x).

For 1 < ¢ < [, let ¥; € Fyfz] be the Lagrangian
polynomials such that Y;(a;) = y;5, for 1 < j < n, and



deg(Y;) <n and let A = [[,;cp(z — ;) be the error locator
polynomial. We observe that for any 1 < ¢ < [, AY; = Af;
mod []7_,(z — a;). This is a nonlinear equation in the
unknowns A(x) and f(x). A classic approach for decoding
RS codes (c¢f. [7], [8]), that can be extended to IRS codes,
consists in the linearization of these equations, by replacing
A(z) and A(z)f;(x) with the unknowns A(x) and @;(z). In
this way we obtain the key equation
n
AY; = ¢; mod H(x — o). 2)
j=1

In order to decode, it suffices to study the set S of
A1, ) € FUTDXY which verify (2) and such that
deg(A) < |E| and deg(y;) < |E| + k — 1. IRS codes, can be
decoded by efficient BD decoders beyond the unique decoding
radius. These decoders succeed for almost all error patterns
[1]. With “almost all” we mean that there exists a polynomial
R such that the decoder succeeds for all instances Y satisfying
R(T) # 0. A quite tight estimation of the probability of failure
can be founded in [2] and improvements on the decoding
radius recently appeared in [3].

In the next section we will remark the parallel between the
problem of solving polynomial linear systems with errors and
the IRS decoding. (cf. [6]).

III. POLYNOMIAL LINEAR SYSTEM SOLVING WITH
ERRORS

Given [ > 1, we study the problem of solving a consistent
full rank polynomial linear system over a finite field Iy,

Az)y(z) = b(z) 3)

where A(z) € (F,[x])"*! is full rank and b(z) € (F,[x])"*!.
Any solution of this system is a vector of rational functions,
ie. yz) = (4 fl(l')) € F,(z)*. Let g(x) be

gi(z)’ """ gi(x)
the monic least common denominator, then there is a unique
solution
fi() fz(x)> Ix1
y(z) = ey eF,(z “)
0= (555 €Fe
that is also reduced, i.e. ged(f1(z),..., fi(x),g(z)) = 1. Our

main aim is to reconstruct such a solution. Note that this
common denominator representation can be more compact and
it appears frequently for solutions of linear systems computed
by the Cramer’s rule.

As in [4], [5], [6], we will analyze a scenario where some
errors occur. In detail, we fix n evaluation points o and
we suppose that any evaluation point is not a root! of the
polynomial g(z). In our model, there is a black box which,
for any evaluation point «, gives a solution y,; € (Fy )<t of
the evaluated system of linear equations®A(c;)y; = b(a;).
However this black box could do some errors in the compu-
tations.

'In [4] and [5], the authors study a more general case. They fix n distinct
evaluation points, without any assumptions about the roots of g(z). In our
work, we need this assumption in order to prove our results.

2We suppose that for any evaluation points a;, the rank of the evaluated
matrix Aoy ) still remains full. In [4] and [5] there was also studied the rank
drop case.

Definition 1. (Erroneous evaluation points [4])
An evaluation point o is erroneous iff y; # 5((2’))
J

denoteby E := 11 <j<n|y;# z:((z
of the erroneous evaluations.

We

z )) } the set of positions
J

We can now formalize our problem,

Definition 2. (Polynomial linear system solving with errors)

The problem of solving a polynomial linear system with
errors (denoted PLSWE) consists in recovering the vector of
rational functions (4), i.e. the unique solution of a consistent,
full rank polynomial linear system (3), given

e n evaluation points o,
o dy > deg(f), dy > deg(g), da > deg(A), dy > deg(b),

o the black box output (y;;)1<i<i,
1<j<n
e a bound on the number of erroneous evaluation points

e > |E|.

Remark 3. We observe that if j € E, then there exists a
nonzero e; € (Fg)™1 such that y; = f(a;)/g(a;) + e;.

In general, for any 1 < j < n, y; = f(a;)/g(a;) + e;
where e; # 0 iff j € E.

We can conclude that the PLSWE can be seen as the
extension of the problem of decoding an IRS code (see (1))
to the rational function case.

I'V. SIMULTANEOUS RATIONAL FUNCTION RECOVERY

Definition 4. (Simultaneous rational function recovery)

Fix some parameters n,q,ds,dg, e, such that 0 <
dy,dg,e < n < q. An instance of the simultaneous ratio-
nal function recovery problem (shortly SRFR) is a matrix

(Yj)1<j<n = (Wij) 1<i<i € (Fg)™*™ such that there exists
== 1Sin

o a reduced vector of rational functions < ((w)) € (Fy(x))4,
where deg(f) < dy, deg(g) < d, and Vi, g(a;) #0.

o a matrix (€;)1<j<n = (€ij) 1<2<l such that its column

0} satisfies |E| < &;

which satisfy y; = f(a;)/g(a;) + e;. The solution of an

SRFR instance is (f(x), g(x)).

support E _{1<]<n|e]

This problem was introduced in [9] and in [6]. We now
present a recovering algorithm in the model of IRS codes. In
detail, let (y,)1<;j<n be an instance of the SRFR problem with
parameters n,dy, dgy,e (we will omit ¢ and o for simplicity).
As for IRS codes we introduce the error locator polyno-
mial A = [[;.p(z — ;) and the Lagrangian polynomials
(Yi(z))1<i<i. We observe that f, g, A still satisfy AgY; = Af;
mod H 1(z — ;) so, as for IRS codes, we study the key
equations

YYi=¢; mod [[}_ (xz—a;) for 1 <i<I,  (5)
whose unknowns are the polynomials ¢;(z) and (z) such

that deg(y;) < dy +¢ and deg(¢)) < d, + <. We observe that
this is equivalent to study the evaluated system

[pi(ay) = yiz(aj)] 1<i<i -

1<5<n

(6)



In this case the unknowns are the dy + ¢ + 1 coefficients of
any @;(z) and the d, + ¢ + 1 coefficients of 1 (x).

Let Sy 4;4c.d,+c be the F,-vector space of (p,7)) =
(15 01,0) € (Fy[z])FD*1 which verify (5) and the
degree constraints deg(y) < dy + € and deg(¢p) < dg + €.

Remark 5. Since we can consider the key equations in the
polynomial (5) or evaluated version (6), studying the solution
space Sy d;te.d,+e IS equivalent to study the right kernel
of the coefficient matrix My 4,1 a,+c (see [1], [10]) of the
evaluated key Equation (6). In detail,

Vigtet1 —D1Vagtesr
My,a;+e,a5+e = :

Vasrer1 —DiVagyenr

i—1 . .
where V; = (oz;- )i<j<n is an n xt Vandermonde matrix and

1<i<t
D; is the matrix with y;1, . ..

Theorem 6. (cf. [4]) If ¢ < =: €K, then all
solutions (p,V) € Sy d;1ec.d,+c lead to the same vector of
e(z) _ f(=z)
Pl@) — g(@)”

This means that below this error correction capability e,
all the elements (@,) € Sy d,te,d,+e are polynomial mul-
tiples of the unique solution (Af, Ag). Besides, it is possible
to prove that Sy 4. 1c a,+c = (z'Af,2'Ag)o<i<d,,, Where

dfgr = min(dy — deg(f),dy, — deg(g)) +¢—|E|.  (8)
Hence we can uniquely reconstruct the vector of rational func-
tions f/g. We observe that if dy = deg(f) (or dy, = deg(g))
and |E| = ¢ = epg the solution space Sy 4;4cd,+c iS a
vector space of dimension 1, spanned by (Af,Ag).

n [6], motivated by the analogy of the SRFR problem
and the decoding of IRS codes, we proved that, under some
assumptions on the error distribution, we can correct more
than ek errors with a certain probability.

We now set up our probabilistic model. We focus on
(Y;)1<j<n, an instance of the SRFR with parameters
n,ds,dg,e with random errors. In detail, we suppose that
y; = fla;)/g9(a;) + ej, where f(x)/g(z) is a reduced frac-
tion with degrees bounded by dy,d, and such that g(a;) # 0.
Moreover e; is uniformly distributed in (F,)"*! if j € E and
e; =0if j ¢ E, for a fixed error position set £ with |E| < e.
Under this assumption we have the following.

Un—d;—dg—1)

Theorem 7. (cf. [6]) Fixn,df,dg and eqgr.z = s

Let (y;)1<j<n be an instance of the SRFR with random errors
and parameters n,dys,d, = deg(g),e = |E| = |legrz].
Then the corresponding solution space Sy7df+|E|7deg(g)+|E|
is a vector space of dimension 1, spanned by the solution
(Af, Ag), with probability at least 1 — W.

,Yin on the diagonal.
(n—ds—dg—1)
ndrde=l)

rational functions f/g, i.e.

In this work we extend the previous result of [6] to the
general case where we only know a bound d, > deg(g) and

a bound € on the number of errors |E|, with ¢ < egrz =
Hn—ds—dy—1)

I+1
Theorem 8. Fix n,dy,dy and € < eqrz and take dyyg as in

(8). Let (y;)1<j<n be an instance of SRFR with random errors

+e

and parameters n,dy,dg, €. Then with probability > 1 — dote
we get Sy q;ied,re = (T AF, 2 Ag)o<i<dsyp-

A. Simultaneous rational function recovery of a solution of a
polynomial linear system with errors. By Remark 3 we can
deduce that the PLSWE coincides with SRFR with parameters
n,dy,dg,e. The matrix (y;)1<;j<n, Which is the black box
output, is then an instance of this problem. Hence, all the
results of the previous section hold. Furthermore, since we
want to reconstruct a vector of rational functions that is
a solution of a polynomial linear system, it is possible to
introduce a bound on the error correction capability which
depends on the bounds on the degree of the polynomial matrix
A(z) and on b(zx) (as shown in [5]).

Let (y,)1<j<n be an instance of PLSWE with parame-
ters n,dy,dg,da,dy. Recall from the previous section that
Sy.d+e,d,+e 18 the set of (¢,v) which verify (5) and such
that deg(yp) < dy + ¢ and deg(¢)) < d,; + €.

Theorem 9. (see [5]) Let e pg = "—mxdatdrdotdg) 1

If e <ekps, then Sy,df'+5,dg+€ = (2 Afw”f Ag>()<z<dqu
The same result holds if we consider ¢ < max(epg,Exps)-

There are some cases in which this error correction capabil-
ity is bigger than epx. In fact, as proved in [5], when all the
bounds are tight, epx < exps iff deg(g(x)) > deg(A(x)).

In this paper, we will introduce a new bound on the error
correction capability based on d4 and d; under probabilistic
assumptions. In particular, given a polynomial linear system
as in (3), we suppose that the black box returns (y;)i1<j<n
where y; is uniformly distributed in (F,)!*tif j € E (instead
of y; # f(a;)/g(a;)). By Remark 3, y; = ggzj)) +e; and so
our probabilistic assumption on the black box output is indeed
an assumption on the error distribution, i.e. e; is uniformly
distributed in (F,)"*! (instead of e; # 0), when j € E. We
will call PLSWE with random errors, the PLSWE in this error
model.

Theorem 10. Fix n,dy,dg,da,dp, take dfgp as in (8) and,
l(n —max(da +dyf,dp +dg) — 1)
I+1 '
Let (Y;)1<j<n be an instance of PLSWE with random errors
with parameters n,d¢,dg,da,dy. Then with probability at
least 1 — 99EE e get Sy.ditedgte = = (2'Af, xiAg>0§i§dng.
Thus the same result holds when e <max(egLz,EGLz2)-

e<egLz2 =

We will prove Theorems 8 and 10 in Section VI.

V. PARAMETER OBLIVIOUS DECODING ALGORITHM

The PLSWE problem takes as input some degree bounds d ¢
and dg, hence all our error correction capabilities until now
depend on these bounds, e.g. cgrz = l(n_dlﬁri_l%_l) Most
importantly, our technique for solving the PLSWE requires
such degree bounds to decode up to this ca})ablhty

Ideally we could decode up to {n=deelf)—dee(@)=1) ¢pyqpg
by taking the bounds tight, i.e. dy = deg(f) dg = deg(g).
Our lack of knowledge of the real degrees deg( f),deg(g)
limits us to correct this ideal amount of errors. Indeed, the




bounds dy and d, could overestimate the degrees of f(x)
and g(x), thus significantly decreasing all our error correction
capability bounds.

In this work, we propose a parameter oblivious ( [11], [9])
algorithm that allows to get closer to the ideal error correction
capability even without the knowledge of the real degrees.

In [11] the authors already observed that even for classic RS
codes (Section II), the knowledge of a bound instead of the
real degree of f, could decrease the error correction capability.
They proposed an algorithm for standard RS codes that allows
to correct up to %(f)fl > % errors.

On the other hand, in [5] it was introduced an algorithm for
solving the PLSWE up to |E| < max(e’z, €% pg) Where

Y .__ n—max(deg(f)+dgy,deg(g)+dys)—
BK

1

5 > EBK;

n—max(da+deg(f)),dp+deg(g))—1
2

€xps =

In this work, we propose an algorithm that succeeds for
almost all instances (y;)1<j<n, of a PLSWE with parameters
n,dys,dg,da,dy, € whenever |E| < max(ey; 4,57 20) Where

> EKPS

€grz =n — max(deg(f) + dg, dy + deg(g)) = [{] - 1 > carz

Algorithm 1: Parameter Oblivious Algorithm

Data: (y;;)1<i<:, an instance of PLSWE with
1<j<n
parameters n,ds, dg,da, dp, €

Result: (¢, ) (equal to (Af, Ag) with high probability)
or “|E| > max(egz:€arz2)"

10p+8n—dg—[5] =10, +§n—df—[5] -1
2 Let Sy 5,+¢.5,+¢ be the solution space of the key
equation 5 with degree constraints ¢ 4 &, 64 + .
3 f Sys,4e5,+¢ 7 {(0,0)} then
return (¢, ) the non zero element of Sy 5, 1¢.5,+¢
with minimal degrees
5 fo—l—f(—n—dA— [f] =1 dg+&n—dpy—[5] -1
6 if Sys;+¢.0,+¢ 7 {(0,0)} then
return (,1)) the non zero element of Sy 5,1 ¢ .5, +¢
with minimal degrees
8 return “|E| > max(cy; 4, an )

€arzs = n — max(da + deg(f),dy + deg(g)) — [5] — 1 > earz20~ (1" 'n) arithmetic operations in F, where w < 2.38 is

We will explain later where these bounds come from. Our new
capability i, , can be greater than e, especially when &
is a tight bound on the number of errors. In particular, if we
assume that |E| < ef,; 5, or equivalently if ¢ = e(;; ,, then
€41z becomes
I(n — max(deg(f) + dy, deg(g) +dy) — 1)
[+1

The same holds for ef;; ,, W.It. € pg.

The main idea consists in the introduction of some others
parameters d¢, 4, £ and on the study of the solution space of

the key equation 5 with new degree constraints §; + £ and
dg + &. As in (8) we define,

Ofgp :=min(dy — deg(f), 0y — deg(g)) + & —[E.  (9)

Informally speaking, we will see in the following theorem

that the introduction of these new degree constraints will allow
us to increase the error correction capability.

> epk-

/ _
€GLz =

Theorem 11. (Parameter oblivious algorithm)
If |E| < max(ey,,€0570) then Algorithm 1  outputs
(p,9) for all instances (y;)i1<j<n of the PLSWE. Moreover
(o, ) = (AFf, Ag) with probability > 1 — W'
If |[E| > max(ez,€0nz2) then Algorithm 1
E| > max(eq 5, €nnz2) " with probability > 1 —

returns
2(dg+e)
PR

“«

The fact that the algorithm can (probabilistically) detect
if |F| exceeds the error correction capability could be used
inside another algorithm that would dynamically increase the
redundancy n by requesting evaluation on new points, (cf. [5],
Algorithm 4.1).

Remark 12. In order to compute the nonzero minimal degree
solution (e.g. in line 7 of Algorithm 1), we can use two different
approaches: [5] uses column echelon form of the basis of
the ker(My 5, 1¢5,+¢) whereas [12] proposes F,[x]-module
techniques. The latter approach yields the best complexity, i.e.

the linear algebra exponent.

VI. TECHNICAL RESULTS

Theorem 13. Fix 07,04, > 0 and let 0745 as in (9).

Let (y;)i<j<n be an instance of the PLSWE with pa-
rameters n,deg(f),deg(g), |E|,deg(A), deg(b), where n >
min(Ny, No) and

o Ni:=max(dy+deg(g),dy +deg(f)) + &+ [|El/1]+1,

o Ny :=max(dy+deg(A),d,+deg(b))+<+[|E|/1]+1,

Then, with probability at least 1 — 6%6 we have that
Syb;+e0,+¢ = (T'Af, 2 Agho<i<s,ym (10)
By  convention, if dgp < 0, we set
<xZAf7xZAg>0§i§5ng = {(an)}-

Proof. We start by proving that there exists a PLSWE instance
(y;)1<j< with the same parameters such that Eq. (10). We
take a partition F' = UL_, I; with the constraint |I;| < [|E|/I]
(it exists since [[|E|/l] > |E|). For j € E, we define 1 <
i(j) <1 as the unique index such that j € I;(;).

We separate two cases to prove that p(x)g(x) = f(x)(x).
First if min(Ny, N3) = N, then for all j € E we
choose y; € (F,)™! such that f(a;) — 9(a)y; = Vi),
where v;;) € (Fg)'*! is a vector whose i(j)-entry is 1
and all the others are zero. We multiply by ¢ (;) and we
get (o) f(a;) — glag)d(ay)y; = (oy)vig). By key
Equation (6) we can replace 1(a;)y; by o(a;). Fix 4, then
Vi ¢ I, wlag)filay) — glag)pia;) = 0. The number
of roots of the polynomial ¢ (z)f;(x) — g(z)p;(x) is then
n—|Ii| > n—[|E|/l] = max(§,+deg(f), df+deg(g))+&+1.
Hence, since this polynomial has more roots than its degree it
is the zero polynomial.

Second, if min(Ny, No) = Ns, then for all j € E we
choose y; such that f (o) —g(e;)y; = —A(a;)  gloy)vig)
or equivalently A(a;)y; — A(a;)f(a;)/g(e;) = vy ). Since



A(Oéj) floy)

Ty = b(a;), after multiplying by t(c;) and using

the key Equation (6) we get A(a;)e(e;) — ¥(a;)bla;) =
Y(aj)vigy. Fix 4, then Vj ¢ I, (A(ay)p(ay) —
Y(aj)b(e;)); = 0, i.e the i-th component of the polyno-
mial vector A(x)p(x) — ¢ (z)b(z) vanishes on those ;. As
before the number n — |I;| > n — [|E|/l] > max(df +
deg(A),d, + deg(A)) + £ + 1 roots of the polynomial
(A(x)p(x) —1(z)b(x));, is greater than its degree and so it is
the zero polynomial. We have that A(z) f(z) — g(z)b(x) =0
and A(z)p(z) — ¥ (x)b(z) = 0. So if we multiply the first
equation by ¥ (x), the second by g(z) and we subtract we get
A(z)[p(x)g(z) — f(z)(x)] = 0. Now, A(z) is full rank and
so p(x)g(x) — fx)(x) = 0.

Hence in both cases, since f/g is a reduced fraction, there
exists R € Fy[z] s.t. ¢ = Rf and ¢ = Rg. Going back to
Eq. (6), for all j € E and i = i(j), we get 0 = ¢;(a;) —
V(aj)yi; = Rley) (filay) — 9(a;)yij) = R(ey). Therefore
A(z) divides R(z) and (¢,v) € (x'Af,2*Ag). The power 4
must verify i + |E| + deg(f) = deg(z*Af) < 67 + & and the
same for g which implies exactly that ¢ < §¢45.

Let’s now prove that Eq. (10) holds with high probabil-
ity. We always have (z‘Af, 2'Ag) C ker(My s, 4¢5,+¢) =
Sy,s;+¢,6,+¢ and Eq. (10) is the equality case. By the rank-
nullity theorem, we always have rank(My s, ¢5,1¢) < p
where p == n(dy + &+ 1)+ 6y + & — §ygr and Eq. (10) is
equivalent to rank(My 5, 1¢,5,+¢) = p. In the first part of the
proof, we have proved that there exists an instance (y j)1§ j<n
such that rank(My 5, 1¢5,+¢) = p, which means that there
exists a nonzero p-minor. If we consider this p-minor as a
polynomial in the variables (y;;), we have shown that it is non
zero. Note that it has total degree at most d, + & because only
the last §,+& columns of My, s, y¢ s, 4¢ contain variables (y;;)
(see Eq. (7)). Therefore the Schwartz-Zippel lemma implies
that it cannot be zero in more than 2% fraction of its domain.
For those instances (y;)1<;<n that don’t cancel this p-minor,
we get that rank(My s, 1¢,6,+¢) is equal to p and Eq. (10)
holds. O

Remark 14. Let (y;)i<j<n be an instance of the PLSWE
with parameters n,dy,dg,€,da,dy. If we consider 0y = dy,
dg = dg and § = ¢, then Ny = df—f—dg—l—[(l%lal—i—l
and Ny = max(da + dy,dy + dg) + (@8] + 1. Hence,
if n > min(Ny, Ny), by Theorem 13, the solution space
Sydited,+e = (@'Af,x'Ag) for 0 < i < dpgp with
probability at least 1 — dote,

Equivalently, we can fix the number of evaluation points and
let the error correction capability vary. Thus, let (yj)lgjgn be
an instance of a PLSWE with parameters n,dy,dg,d 4, dy, e <

max(egLz,ecrLz2) where

ln—ds—dg—1

e EGLZ = Un—dy—dg 1) lf+19 ),
l(n—max(dA—i-df,db—i-dg)—l)
I+1 :

Thgzn, byv Theorem 13, the solution space Sy d;icd,+e =

(' Af,x'Ag) for 0 < i < dp,p with probability at least

1 — Y“* Hence we have proved the Theorem 8 and The-

* EGQLZ2 =

orem 10.

Proof of Theorem 11. First we prove that |E| <
max(epy 4, €ar 7o) iff there exists a choice of parameters in
lines 1 and 4 such that (z'Af,2"Ag)o<i<s;,» # {(0,0)}.
We observe that (z'Af,2'Ag)o<i<s;,r, # 1(0,0)} is
equivalent to 07,5 > 0. We suppose that ¢ < e(;; , (We can
do the same in the other case) and consider the first choice
of 6 + ¢ and dy + & as in line 1. Hence, ¢ < e, iff
max(deg(f) + dy,deg(g) +dy) < n —|E| - [$] — 1. So,
e<egLz

deg(Af) =deg(f)+|E| <n—dy—[5]—1=06;+¢
deg(Ag) = deg(g) + |E| <n—df — [7] =1 =04+ ¢
Hence, this is equivalent to ¢4 > 0.

Now if |E| < max(egy 4, z2). the latter claim implies
{(0,0)} # <$iAf7$iAg>ogigang C Sy.s,+¢,8,+¢ and Algo-
rithm 1 always outputs (¢, ©).

Second, we claim that for both choices of parameters
df +&,05 + & (lines 1 and 4) we have n > min(Ny, Na). In
fact,if 6+ =n—dy — |—%-| —1,0+{=n—df — |—%-| -1
then n > N; > min(Ny, No). The same holds for the
other affectation. The probability that both solution spaces
Sy.5;+¢,8,+¢ Of lines 3, 6 are equal to (r'Af, xiAg>0§i§5ng
is at least 1— W by applying Theorem 13 on two different
affectations.

Therefore, we can conclude that if
max(epy ,,€qz2). then with probability —at
1-— 2(697—%, Sy)5f+5,5g+5 is equal to (xiAf,xiAg>0§i§§ng
and since d¢qr > 0, the minimal non zero element is
(p,9) = (Af, Ag).

On the other hand, if [E| > max(eg;,,€5022)
then J¢4r < 0 for both affectations, and so
(' Af, 2" Ag)o<i<s; o {(0,0)}. But with probability
at least 1 — 2918 "photh solution spaces Sy.6;+¢,5,+¢ are
equal to (z'Af,z'Ag)o<i<s,,» = {(0,0)} so the algorithm
will output “|E| > max(eqy 4, 60122)" O

Bl <

least

VII. CONCLUSION AND FUTURE WORK

In this work, we improve the result of [6] considering
new bounds on the parameters and taking into account the
degrees of A and b (as in (3)). We also present a parameter
oblivious algorithm that allows us to correct more errors. Our
algorithm is probabilistic and the failure probability depends
on the parameters d, and . Remark that our bound on the
failure probability is similar to the original result of [1] for
IRS codes. Actually, this bound on the decoding failure of IRS
codes was strongly improved in [2]. Since the SRFR coincides
with the reconstruction of a vector of rational functions by its
evaluations, some of which erroneous, we can see the SRFR
as the decoding of an interleaved rational code [9]. Despite
the similarity of this problem with the decoding of IRS codes,
here we deal with a code which is not linear. This prevent
the adaptation of most recent techniques for bounding the
probability failure of IRS decoding algorithms. A future work
is to provide a better comprehension of the interleaved rational
code in order to better bound the failure probability.
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