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Notations

Fe=1{0,1,...,9—-1}, Fg=Fgx...xFq4
s(a)={i :a; #0}, a€F,
wt(a) = |s(a)],  ple, B) = wt(B — a)
Wi ={BeFg : wt(B) =i}
Bi=WouWiuU...uW,;
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Eigenfunctions: definition

V:{f:FC;'—MC}
f < (£(0,...,0),7(0,...,0,1),....f(g—1,...,g—1)"
D, _{ 1, pla,B)=1

D —q" x q", =\ 0. other — adjacency matrix of Fg.

)

Eigenfunction

f is the eigenfunction of F7 with the eigenvalue A (or A-function) if

Df = \f.

In other words, 3~ 51, (o) F(B) = Af(a), Va € Fg.

v

The eigenvalues of the graph of n-dimensional g-ary hypercube are equal to
Ai=(q—1)n—gqi, i=0,1,...,n
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Perfect codes: definition

Definition
The code C C Fgis perfect if

VaeFy 3! BeFy p(a,B)=1

A perfect code intersects with a ball of radius 1 by exactly one vertex.
Let xc¢ be the characteristic function of C
then xc —1/((g — 1)n+ 1) is A-function with A = —1

The number of the eigenvalue for perfect codes
The number of the eigenvalue is h(—=1) = ((¢ —1)n+1) /q J
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Reconstruction of Perfect Binary Codes

n=2t—11is odd
IWin-1)/2] = [Wint1)/2] = maxi=o 1,....n| Wi

Reconstruction
Avgustinovich S.V.:

C(\Wen-1y2 = C

The idea: Any perfect binary code is antipodal: a € C & 1+a€ C
CNWnay2 = €0 (W12 U Winty 2)
G#G, GNWio1)2=0GN0W,_1)p2

(Cl N (Wo uwiu...u W(n+1)/2)) U (C2 N (W(n+1)/2 U...uU Wn))
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A-functions: binary case

Any A-function code is antipodal or minus-antipodal: f(a) = +f(«)
Reconstruction

As in case of perfect codes: f(a),a € W, — f(a),a € Fg,
where m=(n+£1)/2

V), denotes the space of all A-functions with A = n — 2h

Vi = (F(8) = (-1)* : wt(a) = h)
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Krawtchouk polynomials

N

(x —y)i(x+ (g —1y)Nt = Z P,(ﬁ)(t; N)y™xN=m

m=0

S () (4)-

Krawtchouk ponnom|a|
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A-functions: binary case

A, h=h())=(n—A)/2, f- \function.

Reconstruction
fla),a € Wy — f(a),a € Fy
in case

Pu(h;n), ..., Pp_x(h— k;n—2k),..., Po(0; n— 2h) are nonzero.

Reconstruction

Let d < h. Then
fla),a e Wy — f(a),ac By if
Py(h;n), ..., Pg_k(h— k;n—2k),..., Po(h— d;n—2h) are nonzero.
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A-functions: g-ary case

Let A be an eigenvalue of the hypercube F and d < /().

We know the values f(«) for all o with Hamming weight d.

Question: Is it possible to determine (uniquely) the values f(«a) for all «
with Hamming weight less than d?

Obviously,

3" fla) = P (h; n)f(0).

aceWy

Then
 Saew, f()

P‘(jq)(h; n)
if {9 (h; n) # 0.
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A-functions: g-ary case

f(a),a € Wy — are known
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A-functions: g-ary case

f(a),a € Wy — are known
f(a),a € Wy — can be calculated
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A-functions: g-ary case

f(a),a € Wy — are known
f(a),a € Wy — can be calculated
fla),ae WilJ...UWk-1, k < d - assume that can be calculated
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A-functions: g-ary case

f(a),a € Wy — are known

f(a),a € Wy — can be calculated

fla),ae WilJ...UWk-1, k < d - assume that can be calculated
f(a),a € Wy — let us calculate!
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A-functions: g-ary case

Theorem

Let A be an eigenvalue of F?, n—h< h, d<hand ¢p: Wy — C bea
function. Suppose that f is a A-function such that for any a € Wy it holds

f(o) = (). Then for any a € By the value f(a) is uniquely determined
ifforall k=0,...,dand I =0,...,k

Z o PETI(,K) #0, (1)

where rl-jf is defined in terms of Krawtchouk polynomials.
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Thank you for your attention!
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