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In Kaltofen and Yang (2014) we give an algorithm based algebraic
error-correcting decoding for multivariate sparse rational function
interpolation from evaluations that can be numerically inaccurate
and where several evaluations can have severe errors (“outliers”).
Our 2014 algorithm can interpolate a sparse multivariate rational
function from evaluations where the error rate 1/q is quite high,
say q =5.
For the algorithm with exact arithmetic and exact values at non-
erroneous points, one avoids quadratic oversampling by using ran-
dom evaluation points. Here we give the full probabilistic analysis
for this fact, thus providing the missing proof to Theorem 2.1
in Section 2 of our ISSAC 2014 paper. Our argumentation already
applies to our original 2007 sparse rational function interpolation
algorithm (Kaltofen et al., 2007), where we have experimentally
observed that for T unknown non-zero coefficients in a sparse
candidate ansatz one only needs T + O (1) evaluations rather than
0(T?) (cf. Candés and Tao sparse sensing), the latter of which we
have proved in 2007. Here we prove that T 4+ O(1) evaluations at
random points indeed suffice.
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1. Our vector-of-functions recovery setting

We now present the setting of our theorem on the required number of samples for rational
function recovery. For the full background including the references to the extant literature and our
error-tolerant multivariate rational function interpolation algorithm, its implementation and observed
experimental data we refer to our paper Kaltofen and Yang (2014).

We interpolate a vector of multivariate sparse rational functions with a common denominator:

f<1> f<5>
[—,...,—}eK(xl,...,xn)s, g#0. (1)
g g
Note that the fractions f‘°)/g are not necessarily reduced, and they may even have GCD(g,
GCDy (1)) # 1, because reduction by GCD can affect the sparsity of the fraction, such as (x‘f — xg) /
(x1 — x2). We assume that we have for all 0, 1 <o <s, sets of terms D<f‘7> D supp(f°?) that consti-
tute maximal sparse supports, and a maximal sparse support set Dg 2 supp(g) for the terms in the
common denominator g. See Appendix A for a definition of the support and the meaning of all used
symbols. Our algorithms (Kaltofen et al., 2007; Kaltofen and Yang, 2013, 2014) follow the variable-
by-variable process by Zippel (1979), which yield those sparse support supersets in each iteration.
We suppose that we can evaluate the vector (1) (“probe the black box”) at values for the variables,
(X1, ..., %) < (E1,05 ..., &n¢) €K, for all L evaluations 0 < ¢ <L — 1, where the &0 are chosen in a
certain way, e.g., selected randomly and uniformly from a finite subset S € K. As in Kaltofen and Yang
(2013), the obtained vector [,Blm, ey ,Bﬁ] € (KU {o0})® can be incorrect in one or more components
for k < E evaluations £ = A1, ..., Ak, that is
v : [ (@)
Kk, 1<k <k:Jo,1<0 <s: ?(51,/\K~~5n,/\,() ;éﬂM , (2)

(o)

Ve {A,..., ):Vo,1<0 <s: Ere &) =B 3)
Here E is predetermined, for instance from the error rate (Kaltofen and Yang, 2014, Remark 1.1), and
the locations of the errors are unknown. As in Kaltofen and Yang (2013) we set all components of
a vector = oo if g(&1,¢,...,&n¢) =0, that even for those components with f<g>(§'1.z,...,§n’g) =0.
False vectors full of co’s can appear at error locations when g(&1,,,...,&n,) # 0. We can iden-
tify vectors that contain both co and a field element as erroneous. Errors are dealt with by in-
terpolating (f ©@)A)/(gA) A la Kaltofen and Pernet (2013), Kaltofen and Yang (2013) where A =
(Xn, — &ny0q) -+ (Xny — &ny,2,) is an error locator polynomial for a chosen ny with 1 <n; <n. We
have the max1ma1 supports

@) _
DY}, ={txh |TeD’,0<v <E} Dsupp(f©A) )
Dg gy ={txy, | T €Dg,0<v <E} Dsupp(gA).

Now we limit the sparse supports of polynomials with unknown coefficients ®(°) and ¥ to the term
sets (4). From (2) and (3) we obtain linear homogeneous equations for the coefficients of &, W:

DV Er s ne) = BV ELe ) =0
for0<¢<L—-1,1<0 sswithﬁéa);éoo,
V(&6 8n0) =0, (5)
for0<¢<L—1withg' =-.. =B = o0,
with supp(®©)) C D(f‘fé;nl for1 <o <s, supp(¥) C Dg gon, -
Note that &) « flOA W « gA solve (5). We call any solution (&1, ..., & W) of (5) an inter-
polant. We seek a (minimal) L and &, , such that all solutions of (5) satisfy

(o

Yo,1<0 <s: ®7g=fw, with supp(®”) S D} . supp(¥) S Dgpny.  (6)
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