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@ Existence of MDS deformations

© The MDS deformations as F-Zariski tangent bundles
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Existence of MDS deformations

Convention

e Throughout, an [n,k, d]q-code is an F-linear subspace
C C Fy of dimp, C =k, such that any c € C\ {(0,...0)}
has at least d nonzero components.
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Existence of MDS deformations

Convention

e Throughout, an [n,k, d]q-code is an F-linear subspace
C C Fy of dimp, C =k, such that any c € C\ {(0,...0)}
has at least d nonzero components.

e Singleton bound k 4+ d < n + 1 is attained by the
[n,k,n — k + 1]q-codes, which are called MDS
(Maximum Distance Separable).
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Existence of MDS deformations

Jacobian matrix of polynomials

° Let IE‘ be a finite field of char(Fy) =p, 1 <j <n,
8x Fqlx1,...,xn] — Fqlx1,..., %],

2] o3l @ o —
B <§Cax1 X ...Xn“) =

3 cax .. fag(mod p) O o

n
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Existence of MDS deformations

Jacobian matrix of polynomials

° Let [Fq be a finite field of char(Fy) =p, 1 <j <n,
ax q[le-‘ Xn] —>Fq[X1,...,Xn],

2] o3l @ o —
B <§Cax1 X ...Xn“) =

coxt .. [as(mo S
S caxf? . fag(mod p)Jx Y e
@ Consider the Jacobian matrix
of of-
Oty ... i) o () - 371](&)
— N (a) =
O(X1, ... ,Xn) Ay O 1

g (B T ( )

of f1,... ik GFq[Xl,...,Xn] at ang.
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Existence of MDS deformations

Jacobian family of linear codes

@ The union J(f1,...,f k) = Uae]FgJ(fh ooy fnx)a of the

codes with check matrices W(a) is referred to as the
le--aXn)

Jacobian family of linear codes, associated with
fi,...,fa_x € Fq[Xl, . 7Xn].
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Existence of MDS deformations

Jacobian family of linear codes

@ The union J(f1,...,f k) = Uae]FgJ(fh ooy fnx)a of the

codes with check matrices W(a) is referred to as the
le--aXn)

Jacobian family of linear codes, associated with
fi,...,fa_x € Fq[Xl, . 7Xn].

e Thus, J(f1,...,fu_x)a are F-linear codes of length n and

: : A(f1,--,fax)
dimension n — rkm(a) > k.
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Existence of MDS deformations

Existence of an MDS deformation

e For an arbitrary code Co C Fg and arbitrary
[n,k,n —k+ 1]q-codes Cy,...,Cy, r < q— 1 there exists a
Jacobian family J(fi,...,fyk) — Fy with
J(f1, .. fak),0 = Ci for some a(® ... al) € Fg.
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Existence of MDS deformations

Existence of an MDS deformation

e For an arbitrary code Co C Fg and arbitrary
[n,k,n —k+ 1]q-codes Cy,...,Cy, r < q— 1 there exists a
Jacobian family J(fi,...,fyk) — Fy with
J(f1, .. fak),0 = Ci for some a(® ... al) € Fg.

o Let Fq = {to =0,t1,...,tq—1}, p = char(Fy) and
¢, : Fq — Fy, ®,(t) = tP be the Frobenius automorphism.
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Existence of MDS deformations

Lagrange interpolation step

o If A) = (Agi) .. .Al(li)) are check matrices of C; and
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Existence of MDS deformations

Lagrange interpolation step

o If A) = (Agi) .. .Al(li)) are check matrices of C; and

° Ll( )_ (X—to)...(x—ti,1)(X—tH,l)...(X—tr)

X) = (i—t0). (bt )ty 1)o () A€ the Lagrange

basis polynomials for r + 1 points then
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E of MDS formations

Lagrange interpolation step

o If A) = (Agi) .. .Al(li)) are check matrices of C; and

X—t x—ti_1)(x—t; x—tr
o Li(x) = (E _too)) ((t — Bgt —tlill)) ((t _t)) are the Lagrange

basis polynomials for r + 1 points then

r

o Hj(xj) = Z%AJ(I i(x Jp) € Mat(,_iyx1(Fq[xj]) pass through

Hj(0, 1 (t:)) = AP for v0 <i<r<q— L.
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Existence of MDS deformations

"Integration” step

O(x; L (xP .
Due to (JT,])) = Li(x}), the polynomials
n r .
fs(x1,...,%Xn) = Z ZAg;)XjLi(XJP), 1<s<n-k
=1 i=0

have Jacobian matrix H = (Hi(x1) ... Hn(xn)).
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Existence of MDS deformations

Preparation for arc-interpretation
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Existence of MDS deformations

Preparation for arc-interpretation

e Consider the space Fq[x1, ... Xo]P 8 S (fr, ..., fu_y) of the
morphisms (f1,...,f, k) : Fy — Fg*k and the space
Fqlx1, ... ,xn]n_k/]F;; > [fy ¢ ... : fu_k| of the rational maps
[f1: .. o]t FG > PPRL(F).
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Existence of MDS deformations

Preparation for arc-interpretation

e Consider the space Fq[x1, ... Xo]P 8 S (fr, ..., fu_y) of the
morphisms (f1,...,f, k) : Fy — Fg*k and the space
Fqlx1, ... ,xn]n_k/]F;; > [fy ¢ ... : fu_k| of the rational maps
[f1: .. o]t FG > PPRL(F).

o The derivations a ; 1 <j <n commute with the Fi-action

Fg x Fqlx1, .. ,xn]]ﬂ K Fylx1, .-, xa]™ K,
()\, (fl, - ,fn,k)) — ()\fl, . ,)\fn,k)
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Existence of MDS deformations

Preparation for arc-interpretation

e Consider the space Fq[x1, ... Xo]P 8 S (fr, ..., fu_y) of the
morphisms (f1,...,f, k) : Fy — Fg*k and the space
Fqlx1, ... ,xn]n_k/]F* > [fy ¢ ... : fu_k| of the rational maps
[f1:..cfak] TG > PO k- L(Fy).

o The derivations a ; 1 <j <n commute with the Fi-action
Fo x F [Xl,...,Xn]n K Fylx1, .-, xa]™ K,
(A, (f1, .-, k) = (Afy, ..., My k) and descend to
8%)' :Fylxa, ... ,Xn]n_k/Ff1 — Fylx1, ... ,xn]“_k/]Fa.
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Existence of MDS deformations

The counterpart for arcs

@ Suppose ﬁhat the points of the arcs
A ={PW PO} cprk-l(F) 1 <i < q—1lift to

pj(l) € F27* with PO+ 4P £ (0,...,0).
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E of MDS formations

The counterpart for arcs

@ Suppose ﬁhat the points of the arcs
A ={PW PO} cprk-l(F) 1 <i < q—1lift to

pj(l) € F27* with PO+ 4P £ (0,...,0).

@ Then there is a rational map
[f1: .. fai] c FS > PPR7Y(Fy), such that all
a%j[fl oot fy] s R > PPRTL(Fy) pass through

aixj[fl o fn_k](q);l(tj), e ¢;1(ti)) _ PJ(l)
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Existence of MDS deformations

The rational normal curve

If Fy = {to = 0,t1,...,tq—1} then the rational normal curve
AU:{[l:ti:...:t?_k} )Ogigq—l}u{oo:[o:...:o:1]}

is a (q + 1)-arc in P497%(F,).
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Existence of MDS deformations

A family with ! MDS-fibers

o If Sqg =x{+...+x3, p = char(F,) and a = (a’,aq11) € Fat
is a point with different ai,...,aq € Fq then the fiber J, of
J=J(S1,Sp+1,---, S(q—k—l)p+17 S(q—k)p+1 + Xg+1) 18
associated with A and, therefore, is an
[+ 1,k,q — k + 2]4-code.
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Existence of MDS deformations

A family with ! MDS-fibers

o If Sqg =x{+...+x3, p = char(F,) and a = (a’,aq11) € Fat
is a point with different ai,...,aq € Fq then the fiber J, of
J=J(S1,Sp+1,---, S(q—k—l)p+17 S(q—k)p+1 + Xg+1) 18
associated with A and, therefore, is an
[+ 1,k,q — k + 2]4-code.

o Ifa/ = (ay,...,aq) € Fq has q+ 1 —k <t < q— 1 different
coordinates then Jiu ,,) Is an [q + 1,k, 2]4-code.
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A family with ! MDS-fibers

o If Sqg =x{+...+x3, p = char(F,) and a = (a’,aq11) € Fat
is a point with different ai,...,aq € Fq then the fiber J, of
J=J(S1,Sp+1,---, S(q—k—l)p+17 S(q—k)p+1 + Xg+1) 18
associated with A and, therefore, is an
[+ 1,k,q — k + 2]4-code.

o Ifa/ = (ay,...,aq) € Fq has q+ 1 —k <t < q— 1 different
coordinates then Jiu ,,) Is an [q + 1,k, 2]4-code.

e When a' € F§ has 1 <t < q — k different components,
J@ an) 8@ [q+ 1,9+ 1 —1t,2]g-code with q + 1 —t > k.
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The MDS deformations as Fq-Zariski tangent bundles

Affine variety, defined over [

o Let Fy = U Fgs be the algebraic closure of Fy.
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The MDS deformations as Fq-Zariski tangent bundles

Affine variety, defined over [

o Let Fy = U Fgs be the algebraic closure of Fy.

o For any gi,...,8m € Fq[x1,...,xn] the set X =
= 1 .
V(gi,....gm)={aeFq | gi(ar,...,ap) =0, V1 <i<m}
is an affine variety, defined over IF, and
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The MDS deformations as Fq-Zariski tangent bundles

Affine variety, defined over [

o Let Fy = U Fgs be the algebraic closure of Fy.
o For any gi,...,8m € Fq[x1,...,xn] the set X =
= 1 .
V(gi,....gm)={aeFq | gi(ar,...,ap) =0, V1 <i<m}

is an affine variety, defined over IF, and

o X(Fq) := XNy is the set of the Fy-rational points of X.
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The MDS deformations as Fq-Zariski tangent bundles

Zariski topology

o The collection C of V(gi,---,8m) C IEan for all
g1,...,8m € Fy[x1,...,xy] is a family of closed subsets since
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The MDS deformations as Fq-Zariski tangent bundles

Zariski topology

o The collection C of V(gi,---,8m) C IEan for all
g1,...,8m € Fy[x1,...,xy] is a family of closed subsets since

o 0,F," e,
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The MDS deformations as Fq-Zariski tangent bundles

Zariski topology

o The collection C of V(gi,---,8m) C IEan for all
g1,...,8m € Fy[x1,...,xy] is a family of closed subsets since

o 0,F," e,

o if VX; € C then X; U...UX,, € C and
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The MDS deformations as Fq-Zariski tangent bundles

Zariski topology

The collection C of V(gi,---,8m) C IEan for all
g1,...,8m € Fy[x1,...,xy] is a family of closed subsets since

0,F, €cC,

(]

(]

if VX; € C then X; U...UX,, € C and

(]

if VX, € C then Naea X, € C.
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The MDS deformations as Fq-Zariski tangent bundles

Zariski topology

The collection C of V(gi,---,8m) C IEan for all
g1,...,8m € Fy[x1,...,xy] is a family of closed subsets since

0,F, €cC,

(]

(]

if VX; € C then X; U...UX,, € C and

(]

if VX, € C then Naea X, € C.

@ The Zariski topology on }ETqH has closed sets C.
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The MDS deformations as Fq-Zariski tangent bundles

Geometric characterization of the dimension

e A morphism ¢ = (¢1,...,ps) : X — IFT, given by
polynomials o1, ..., ¢s € Fy[x1,...,x,] is dominant if its
image ((X) is Zariski dense in Fy .
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The MDS deformations as Fq-Zariski tangent bundles

Geometric characterization of the dimension

e A morphism ¢ = (¢1,...,ps) : X — IFT, given by
polynomials o1, ..., ¢s € Fy[x1,...,x,] is dominant if its
image ((X) is Zariski dense in Fy .

o A morphism ¢ = (¢1,...,9s) : X — Fy is finite if there is a
non-empty, Zariski open, Zariski dense subset U C ]Fqs,
such that the fibers of ¢ : p~1(U) — U are finite sets.
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The MDS deformations as Fq-Zariski tangent bundles

Geometric characterization of the dimension

e A morphism ¢ = (¢1,...,ps) : X — IFT, given by
polynomials o1, ..., ¢s € Fy[x1,...,x,] is dominant if its
image ((X) is Zariski dense in Fy .

o A morphism ¢ = (¢1,...,9s) : X — Fy is finite if there is a
non-empty, Zariski open, Zariski dense subset U C ]Fqs,
such that the fibers of ¢ : p~1(U) — U are finite sets.

@ The dimension of an affine variety X C En is the natural
number k, for which there exists a finite dominant
morphism ¢ : X — Ek.
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The MDS deformations as Fq-Zariski tangent bundles

The Zariski and the F-Zariski tangent bundles

o Let I=(g1,...,8m) 9Fy[x1,...,xn], X =V() CF, ,
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The MDS deform -Ze tangent bundles

The Zariski and the F-Zariski tangent bundles

o Let T=(gy,...,gm) 9Fq[x1,...,xa], X = V(I) C F",
I(X) = {h € Fq[x1,...,xn| |h(a) =0, Va e X} =
éhh ... hg) @Fg[x1,...,xn] be the ideal of X over Fg,

[(X) = {h € Fy[x1, .-+,%p]|h(a) =0, Va € X} = B
(h1,...,he, ... hy) <Fy[x1,...,xn] be the ideal of X over F,.
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rent bundles

and the F-Zariski tangent bundles

o Let T=(gy,...,gm) 9Fq[x1,...,xa], X = V(I) C F",
I(X) = {h € Fq[x1,...,xn| |h(a) =0, Va e X} =
(hi,...,he) aFq[x1,...,%x4] be the ideal of X over [y,

I(X) = {h € Fy[x1,...,xn] | h(a) =0, Va € X} =

(h1,... ,hs, ... h) <Fq[x1,...,xn] be the ideal of X over Fy.

@ The [F-Zariski tangent bundle to X is
TFaX := J(hy,...,he)|xm,)-

o The Zariski tangent bundle to X is
X = j(hl, v ,hs, v ,hr)’)(.
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The MDS deformations as Fq-Zariski tangent bundles

Relating Zariski and F-Zariski tangent spaces
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The MDS deformations as Fq-Zariski tangent bundles

Relating Zariski and F-Zariski tangent spaces

o I=(g1,...,8m) CI(X) and I ®p, Fq C I(X) @r, F
imply

Q0

N
=
e’

qux C J(g1,---+8m)a and
ToX C Ta'X®p,Fq C J(g1,- - -, 8m)a®p, Fq for Va e X(Fy).
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The MDS deformations as Fq-Zariski tangent bundles

Relating Zariski and F-Zariski tangent spaces

o I=(g1,...,8m) CI(X) and I ®p, Fq C I(X) @r, F
imply

Q0

N
=
e’

quX C J(g1,---+8m)a and
ToX C Ta'X®p,Fq C J(g1,- - -, 8m)a®p, Fq for Va e X(Fy).

e Problem: Find a sufficient condition on g1,...,gm, such
that

ToX = Ta"X @r, Fy = J(21, - -, 8m)a @F, Fq  and

ThX = J(g1,. .- ,8m)a for VaeSC XSmooth(F, ).
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The MDS deformations as Fq-Zariski tangent bundles

Smooth and singular points

o If dimETaX = dim X then a € X is a smooth point.
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The MDS deformations as Fq-Zariski tangent bundles

Smooth and singular points

o If dimETaX = dim X then a € X is a smooth point.

e The smooth locus X5™°°th of X is non-empty, Zariski open,
Zariski dense subset of X.
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The MDS deformations as Fq-Zariski tangent bundles

Smooth and singular points

o If dimETaX = dim X then a € X is a smooth point.

e The smooth locus X5™°°th of X is non-empty, Zariski open,
Zariski dense subset of X.

o The singular locus X51"8 := X \ X5m0th ig 3 proper affine
subvariety or, equivalently, a proper closed subset of X.
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The MDS deformations as Fq-Zariski tangent bundles

Realization of J(fy,...,f i) as TFaX

o Let J(f1,...,fu_k) — g be a Jacobian family with
dimp, J(f1, ..., fuk)a = k for Va € S, C Fg,
D = max(deg(f1),...,deg(fn—x)), p = char(Fy).
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The MDS deformations as Fq-Zariski tangent bundles

Realization of J(fy,...,f i) as TFaX

o Let J(f1,...,fu_k) — g be a Jacobian family with
dimp, J(f1, ..., fuk)a = k for Va € S, C Fg,
D = max(deg(f1),...,deg(fn—x)), p = char(Fy).

@ Then the polynomials gg(x1,...,%Xn) = fs(x1,...,xn) + XSpD,
1 < s < n — k provide an affine variety
X=V(g1,...,8n-x) C IETqH of dim X = k, such that
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The MDS deformations as Fq-Zariski tangent bundles

Realization of J(fy,...,f i) as TFaX

o Let J(f1,...,fu_k) — g be a Jacobian family with
dimp, J(f1, ..., fuk)a = k for Va € S, C Fg,
D = max(deg(f1),...,deg(fn—x)), p = char(Fy).

@ Then the polynomials gg(x1,...,%Xn) = fs(x1,...,xn) + XSpD,
1 < s < n — k provide an affine variety
X=V(g1,...,8n-x) C IETqH of dim X = k, such that

o J(f1, ... fai)a =J(g1, . .., guk)a = Ta®X for Va € So N X,
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The MDS deformations as Fq-Zariski tangent bundles

Realization of J(fy,...,f i) as TFaX

Let J(f1,...,fnk) — g be a Jacobian family with
dimp, J(f1, ..., fuk)a = k for Va € S, C Fg,
D = max(deg(f1),...,deg(fn—x)), p = char(Fy).

Then the polynomials gg(x1,...,%xn) = fs(x1,...,xn) + XSpD,
1 < s < n — k provide an affine variety
X =V(gi, -, 8nk) C Fy of dimX =k, such that

(]

o J(f1, ... fai)a =J(g1, . .., guk)a = Ta®X for Va € So N X,

0 S, NX =S, NX(F,) is contained in Xsmoh(FF ).
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The MDS deformations as Fq-Zariski tangent bundles

MDS-realization of J(fi, ..., f,_x) as TFaX

o If J(fy, ..., fa_k),m are [n,k,n —k+1]4-codes for 1 < X < q,
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The MDS deformations as Fq-Zariski tangent bundles

MDS-realization of J(fi, ..., f,_x) as TFaX

o If J(fy, ..., fa_k),m are [n,k,n —k+1]4-codes for 1 < X < q,
o {alV) ... al@} & V() for V1 <s <n —k and

ian, Evgeniya Velikova MDS deformations



The MDS deformations as Fq-Zariski tangent bundles

MDS-realization of J(fi, ..., f,_x) as TFaX

o If J(f1,..., fh—k),on are [n,k,n —k+ 1]q-codes for 1 <\ < q,

o {alV) ... al@} & V() for V1 <s <n —k and

o there exist 1 <j; < ... <jn_k < n with different
aj(rl),...,aj(?) eFyforalll <r<n-k,
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The MDS deformations as Fq-Zariski tangent bundles

MDS-realization of J(fi, ..., f,_x) as TFaX

o If J(fy, ..., fa_k),m are [n,k,n —k+1]4-codes for 1 < X < q,
o {alV) ... al@} & V() for V1 <s <n —k and
o there exist 1 <j; < ... <jn_k < n with different

aj(rl),...,aj(:l)eIE‘jiforalllgrgn—k,

e then one can find polynomials gs(x1,...,Xn) =
D+q-1
fs(x1,- X))+ D C55X = qlx1,...,xn], 1 <s <n-—k,
5=D
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The MDS deformations as Fq-Zariski tangent bundles

MDS-realization of J(fi, ..., f,_x) as TFaX

o If J(f1,..., fh—k),on are [n,k,n —k+ 1]q-codes for 1 <\ < q,
o {alV) ... al@} & V() for V1 <s <n —k and
o there exist 1 <j; < ... <jn_k < n with different
aj(rl),...,aj(?) eFyforalll <r<n-k,
e then one can find polynomials gs(x1,...,Xn) =
D+q-1

fs(x1,- X))+ D C55X qu[xl,...,xn],lgsgn—k,
5=D

such that X = V(g1,...,gn-x) C IFTIH is an affine variety of
dim X = k, defined over Fq with a) . ald e s nX,
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The MDS deformations as Fq-Zariski tangent bundles

MDS-realization of J(fi, ..., f,_x) as TFaX

o If J(f1,..., fh—k),on are [n,k,n —k+ 1]q-codes for 1 <\ < q,

o {alV) ... al@} & V() for V1 <s <n —k and

o there exist 1 <j; < ... <jn_k < n with different
aj(rl),...,aj(?) eFyforalll <r<n-k,

e then one can find polynomials gs(x1,...,Xn) =
D+q-1
fs(x1,- X))+ D C55X = qlx1,...,xn], 1 <s <n-—k,
5=D

@ such that X =V(g1,...,8n-x) C IFTIH is an affine variety of
dim X = k, defined over Fq with a) . ald e s nX,

o J(f1, .. fai)a = J(81, ..., 8uk)a = Ta?X for Va € So N X.
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The MDS deformations as Fq-Zariski tangent bundles

Global geometric characterization of the maximum

distance separability of an IF,-Zariski tangent space
q S
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The MDS deformations as Fq-Zariski tangent bundles

Global geometric characterization of the maximum
distance separability of an FF-Zariski tangent space

y8n—k) C En, gs € Fy[x1,...,%q] be an

o LetX:V(gl,...
.., Ik) consider

affine variety of dim X = k. For Vi = (i, .
the projection I; : X — Ek, Mi(x1, -y xXn) = (Kiyy - - -5 Xiy )-

MDS deformations
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The MDS deformations as Fq-Zariski tangent bundles

Global geometric characterization of the maximum

distance separability of an IF,-Zariski tangent space
q S

o Let X =V(g1,...,8n-k) C En, gs € Fy[x1,...,%q] be an
affine variety of dim X = k. For Vi = (i, ...,ix) consider

the projection I; : X — Ek, Mi(x1, -y xXn) = (Kiyy - - -5 Xiy )-

o If ThX = J(g1,- - -, &nk)a, & € XMOOM(F ) is an
[n,k,n — k + 1]q-code then the projections [; are dominant

for alli=(iy,...,i), 1 <ij <...<ix <n.
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The MDS deformations as Fq-Zariski tangent bundles

Global geometric characterization of the maximum

distance separability of an [F,-Zariski tangent space
q S

o Let X=V(g1,. . 8n-k) C IE‘TQH, gs € Fy[x1,...,%q] be an
affine variety of dim X = k. For Vi = (i, ...,ix) consider
the projection I; : X — Ek, Mi(x1, -y xXn) = (Kiyy - - -5 Xiy )-

o If ThX = J(g1,- - -, &nk)a, & € XMOOM(F ) is an
[n,k,n — k + 1]q-code then the projections [; are dominant
for alli=(iy,...,i), 1 <ij <...<ix <n.

e If N are dominant for all i = (i, ...,ix) then there exists
N € N, depending on X and on the embedding of X in IFTIH,
such that for any m € N with g™ > N the spaces
Th"X = J(g1,- - 8nk)a, & € XSMOUN(F n) are
[n,k,n — k + 1]qm-codes.
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The MDS deformations as Fq-Zariski tangent bundles

The ideal of the leading terms

o Let us endow the monomials of x1,...,x, by the
lexicographic order x7* ... x}» = x{* ... X" if and only if
there is 1 <j < n with Ay = p1,..., \j—1 = pj—1, Aj > 5.
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The MDS deformations as Fq-Zariski tangent bundles

The ideal of the leading terms

o Let us endow the monomials of x1,...,x, by the
lexicographic order x7* ... x}» = x{* ... X" if and only if
there is 1 <j < n with Ay = p1,..., \j—1 = pj—1, Aj > 5.

o If IaF[x1,...,xy] then
LT(I) = (LT(f) | f € I) «Fq[x1,...,xn] is called the ideal of
the leading terms of I.

rian, Evgeniya Velikova MDS deformations



The MDS deformations as Fq-Zariski tangent bundles

Groebner basis

o If LT(I) = (LT(m1),...,LT(s)) «Fq[x1, ..., xn] for some
polynomials 71,...,7s € [ then I = (y1,...,7s) and
G ={71,...,7} is a Groebner basis of I with respect to the
considered monomial order.
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The MDS deformations as Fq-Zariski tangent bundles

Groebner basis

o If LT(I) = (LT(m1),...,LT(s)) «Fq[x1, ..., xn] for some
polynomials 71,...,7s € [ then I = (y1,...,7s) and
G ={71,...,7} is a Groebner basis of I with respect to the
considered monomial order.

—k
© Miu—ks1,..n) s V(I) = Fq ', N(x1,...,%n) = (Xn—k+1,- -, Xn)
is dominant if and only if G NFy[xn_x+1,...,%xn] = 0 for
any Groebner basis G of [ with respect to the lexicographic
order.
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The MDS deformations as Fq-Zariski tangent bundles

The designed minimum distance of a tangent space
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The MDS deformations as Fq-Zariski tangent bundles

The designed minimum distance of a tangent space

o Let X =V(g1,...,80 k) CFq , g € Fy[x1,...,%q] be an
affine variety of dim X = k. For Vu = (p1, ..., tin—d)

consider M, : X — En_d, Mu(x1, - Xn) = (Ko - Xy _g)-
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The MDS deformations as Fq-Zariski tangent bundles

The designed minimum distance of a tangent space

o Let X =V(g1,...,80 k) CFq , g € Fy[x1,...,%q] be an
affine variety of dim X = k. For Vu = (p1, ..., tin—d)

consider M, : X — En_d, Mu(x1, - Xn) = (Ko - Xy _g)-

o If Ta%X = J(g1, .. ., Guk)a, & € X*Mooth(F ) is an
[n,k, do]q-code with do > d then dim M,(X) = k for Vu.
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The MDS deformations as Fq-Zariski tangent bundles

The designed minimum distance of a tangent space

o Let X =V(g1,...,80 k) CFq , g € Fy[x1,...,%q] be an
affine variety of dim X = k. For Vu = (p1, ..., tin—d)

consider M, : X — En_d, Mu(x1, - Xn) = (Ko - Xy _g)-

o If Ta%X = J(g1, .. ., Guk)a, & € X*Mooth(F ) is an
[n,k, do]q-code with do > d then dim M,(X) = k for Vu.

o If dim M, (X) = k for YV then there exists N € N, such that
for any m € N with g™ > N the spaces
To"X = J(g1,- - Bnk)a, & € XSMOU(F n) are
[n, k, do]qm-codes with d, > d.

an, Evgeniya Velikova MDS deformations



The MDS deformations as a angent bundles

Thank you very much for your attention!
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