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Errata for “Theory of Communication Efficient
Quantum Secret Sharing”

Kaushik Senthoor and Pradeep Kiran Sarvepalli

Abstract—Here we give the errata for the paper ‘“Theory of
Communication Efficient Quantum Secret Sharing” [1]. As one of
the results in this paper, we proposed a construction for universal
CE-QTS schemes. However, we recently found an error in this
construction. We found that the Vandermonde matrix used for
the encoding in this construction leads to a failure in secret
recovery. Here we shortly describe why this error occurs and
provide a rectification. By replacing the Vandermonde matrix
with a Cauchy matrix, the secret recovery in the construction
goes through. However, the construction now needs a higher field
size. With this rectification, the construction is now correct. The
remaining results in the paper remain unaffected.

In [1, Section V], we gave a construction for ((k,n =
2k — 1,%)) universal CE-QTS schemes based on Staircase
codes. For the encoding in this construction, we used an
n x n Vandermonde matrix V' given by [V];; = 2}~ " where
Z1,%2,...,%, are distinct non-zero constants from F, with
g > n. The secret recovery in this construction involves
quantum operations using submatrices of V. Particularly, the
matrix W, in the proof of [1, Lemma 9] is defined as

0,2k—1]¢
Wy = [VD[ ) Wp k+1 Wy 42 -+ -Me,kﬂ;e]t (E1)

forl1</<ji—1and1 <i<k. Here wy is a column vector
of length (2k — ¢) with one in the jth position and zeros
elsewhere. The term VP denotes the submatrix of V' with
rows given by A and columns given by B. The matrix Wy is
a (2k—{) x (2k—¢) square matrix which can also be written as

VI[Dz,eJrkfu ; Vg+k,k+i71] ; V[k+i,2k71]
We=|-2_____ P LB . (E2)
Oi—oyxk ' Lii—oyxi—0) " Ogi—e)yx (k—i)

A. Error

In the proof of [1, Lemma 9] (in page 3177 left column,
line 44), it is mentioned that W, is a full-rank matrix (which
is invertible). However, this is not true. The matrix W, is full
rank if and only if the (2k — ¢) x (2k — ¢) square matrix

V[[)e,wkﬂ] U [k+4,2k—1] (E3)

is full rank. However, Vg’Hk_l] Vlk+i2k=1] 5o 3 submatrix of

the Vandermonde matrix V' which is not always full rank [2,
Chapter 11, Problem 7(a)].
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B. Rectification

This error can be rectified by choosing V' to be a Cauchy
matrix. In a Cauchy matrix, any square submatrix is of full
rank [2, Chapter 11, Problem 7(b)]. This will ensure that the
matrix Wy as defined in Eq. (E1) always has full rank. Note
that to obtain an n x n Cauchy matrix with entries from [F,
we need a higher field size of ¢ > 2n.

C. Text affected

Changing the Vandermonde matrix to Cauchy matrix in the
construction needs some minor corrections at the following
places in [1].

o Table I

« Example universal CE-QTS scheme given in Section III-

A (and later described further in Appendix B)
o Construction for universal CE-QTS schemes in Section V.

The result in these sections hold true after changing the Van-
dermonde matrix to Cauchy matrix in the encoding. The re-
sults in the remaining sections of the paper remain unaffected.

D. Corrections to the original text

We give below the list of corrections to be made in the
original text of [1]. These corrections are now made in the
latest arXiv version [3] of the paper.

1) In page 3166, in fifth row and last column of Table I,
“q > 2k — 17 should be changed to “q > 2(2k — 1)”.

2) In page 3169 from Section III-A,
e in right column, line 21, change “g = 7" to “q = 117
o wherever “F7” occurs, it should be changed to “F,”
o in right column, line 34, replace the matrix

1 1 1 1 1 9 3 4 6 1
1 2 4 1 2 2 9 3 4 6
1 3 2 6 4 |(wth| 8 2 9 3 4
1 4 2 1 4 7 8 2 9 3
1 5 4 6 2 57 8 29

« in right column, line 37, replace the text “Here v;()
indicates the polynomial evaluation given by

vi(f1, fo, f3, 4, f5) = fitfozit fa.ai+ faai+ f5.2]

and the expression v;(s,r1,72) denotes v;(s1, so, S3,
r1,72). Here, we have taken x; = ¢ for 1 < i < 57
with “Here v;() indicates the expression

vi(f1, fo, f3, fa, fs) = v fi +vinfa + ...+ uis fs
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where v;; = [V];; and the expression v;(s,r1,r2)
denotes v;(s1, s2, 83,71, r2). The matrix V is a Cauchy
matrix.”

3) In page 3170 from Section III-A,
o wherever “IF7” occurs, it should be changed to “TF11”.
o in left column, line 24, replace the text
“Then, on applying the operators Lg |r2) |v1 (s, r1,72)),
Ls|r2) [va(s,r1,72)),  Ls|r2)|vs(s,r1,72))  and
Ls|ra) |va(s,r1,72)), ...” with
“Then, on applying the operators L1 |r2) |v1(s,71,72)),
L5 |7"2> |’U2(§, T1,T2)>, L7|7“2> |’U3(§, T1,T2)> and
Lg |T2> |’U4(§, T, ’/‘2)>, R
4) In page 3175, in right column, line 39, “q > 2k — 17
should be changed to “q > 2(2k — 1)”.
5) In page 3176,
o in left column, line 11, replace the text “...V isanxn
Vandermonde matrix given by

1 z ... :1771"_1
1z ah!

V= (26)
1 z, ... x::_l

where x1,x2,...,x, are distinct non-zero constants
from IF,” with ““...V is an nxn Cauchy matrix given by

1
Ti — Yj

,Yn are distinct con-

Vl]i; = (26)
where 1,22, ..
stants from F,.”

o in left column, line 24, change “q = 7" to “q = 117

o in right column, line 2, replace the matrix

Ly Y1, Y2, - - -

1 1 1 1 1 9 3 4 6 1
1 2 4 1 2 2 9 3 4 6
1 3 2 6 4 |with| 8 2 9 3 4
1 4 2 1 4 7 8 2 9 3
1 5 4 6 2 5 7 8 2 9

o in right column, after line 2, insert the sentence “Here
V is a Cauchy matrix as defined in (26) with y; = 0,
Y2 =1 ys =2, ys =3, ys =4, 21 =5, x2 = 6,
T3 — 7, Ty = 8, Is = 9.

6) In page 3177, in the proof of Lemma 9, wherever
the phrase “Vandermonde matrix” appears, it should be
changed into “Cauchy matrix”.

7) Inpage 3178, the expression “q > 2k—1" in the statement
of Theorem 3 should be changed to “q > 2(2k — 1)”.
Theorem 3 should now read as

Theorem 3 (Staircase construction for universal CE-QTYS).
The encoding given in (27) gives a ((k,n = 2k — 1, %))
universal CE-QTS scheme with the following parameters.
q > 2(2k — 1) (prime)
m =lem{1,2,...,k}

Wy =Wy =...= W, =M

d
CCp(d) = — - ford e {kk+1,...,2k—1}

d—k+
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8) In page 3178, left column last line, replace the sentence

“Though the scheme based on Staircase codes gives a
better bound on the dimension of the qudits, the concate-
nated construction could give a smaller secret size for
n < 2k — 1. with “However, the concatenated construc-
tion could give a smaller secret size for n < 2k — 1.7

9) In page 3184 from Appendix B,

e in right column, line 16, change “g = 7" to “q = 117
e in right column, lines 22 and 31, change “F;” to “IF11”
e in right column, line 34, replace the matrix

1 1 1 1 1 9 3 4 6 1
1 2 4 1 2 2 9 3 4 6
1 3 2 6 4 |with| 8 2 9 3 4
1 4 2 1 4 7 8 2 9 3
1 5 4 6 2 5 7 8 2 9

« in right column, line 32, replace the text “v;() indicates
the polynomial evaluation given by

Vi(f1, fo, f3, 4, f5) = fitfozit fa.ai+ faai+ f5.2]

and the expression v;(s,r1,72) denotes v;(s1, o, S3,
r1,72). Here, we have taken x; = ¢ for 1 < i < 57
with “v;() indicates the expression

vi(f1, f2, f3, fa, f5) = virfr +viafa + ...+ vis f5

where v;; = [V];; and the expression v;(s,r1,r2)
denotes v;(s1, S2, 83,71, 72). The matrix V' is a Cauchy
matrix.”

10) In page 3185 from Appendix B,

o wherever “F7” occurs, it should be changed to “F;;”.
o in left column, line 24, replace the text
“Then, on applying the operators
L6 |’I"3> |U1 (O,T17’I"2,T3,7’4)>, L6 |T3> |U2(0,T‘1,T2,7’3,7’4)>
and Ly |r3) |v3(0,71,72,73,74)), ...” with
“Then, on applying the operators
L5 |’I"3> |’l)1 (077“1,7"2,7"3,7"4)), L7 |’I“3> |’U2(O,’I“1,’I“2,’I“3,7"4)>
and Lg ‘T3> ‘1}3(0, r1,72,73, 7“4)>, 2

We earlier presented the results on universal CE-QTS schemes
from [1] in a conference [4]. A revised version of [4] including
the above corrections is available in [5].
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