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DefinitionsDefinitions

–– nn -- dimensionaldimensional metric  spacemetric  space over   theover   the
Galois  fieldGalois  field GF(qGF(q)),, with    the with    the 
Hamming metric.Hamming metric.

–– parameters  parameters  of  a  of  a  qq--aryary code code C,C,
nn -- length of length of codewordscodewords,,
MM -- size of the codesize of the code, , 
d d -- code distancecode distance..
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DefinitionsDefinitions

An  An  isometryisometry I     I     from   from   СС to   to   D = ID = I((СС)),                             ,                             ––
a   mappinga   mapping I:CI:C→→D, D, where where d(x,yd(x,y))==d(I(x),I(yd(I(x),I(y))))

Equivalent Equivalent codescodes –– codescodes СС andand D   D   fromfrom :   there:   there
exists an exists an isometryisometry ππ ofof :  D = :  D = ππ(C).(C).

Equidistant  code  Equidistant  code  –– a   code  C   with   the   distance   a   code  C   with   the   distance   dd::
d(x,yd(x,y)  = d)  = d
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DefinitionsDefinitions

X  X  –– a finite set of points of sizea finite set of points of size v;v;
D D –– a  finite  family  (of  size a  finite  family  (of  size bb)) of of kk--element  subsets  of   element  subsets  of   X;X;

D D –– a a designdesign with with parametersparameters (v, b, r, k, (v, b, r, k, λλ)) (or(or 22--(v, k, (v, k, λλ))--
design)design) ifif everyevery element of X is contained in precisely element of X is contained in precisely rr
blocks of D and every 2blocks of D and every 2--subset of X is contained in subset of X is contained in 
precisely precisely λλ blocks of D.blocks of D.

A parallel class A parallel class inin 22--(v, k, (v, k, λλ)) design with design with vv≡≡0 (mod k) 0 (mod k) –– a set a set 
of  of  v/kv/k pairwisepairwise disjoint blocksdisjoint blocks..





DefinitionsDefinitions

A  resolvable  designA  resolvable  design –– aa 22--(v, k, (v, k, λλ))--design:  the   block  setdesign:  the   block  set
can   be   partitioned   into  can   be   partitioned   into  r   r   disjoint   paralleldisjoint   parallel classesclasses..

An  affine  resolvable  design   An  affine  resolvable  design   –– a   resolvable  design:   anya   resolvable  design:   any
two   blocks   from  different  parallel  classes  meet two   blocks   from  different  parallel  classes  meet in ain a
constant number  elementsconstant number  elements..



DefinitionsDefinitions
AA weakly  metrically  rigid weakly  metrically  rigid codecode –– a codea code everyevery

code  code  D  =  I(C) D  =  I(C) is    equivalent   to  the codeis    equivalent   to  the code CC. . 

AA metriallymetrially rigidrigid code  code  –– a    code                            everya    code                            every
isometryisometry is extendable to an is extendable to an isometryisometry
(an (an automorphismautomorphism)) ofof ..

A code,A code, metricallymetrically rigid  in  narrow sense rigid  in  narrow sense –– a code a code 
for  every   for  every   I : C I : C →→ СС there exists an there exists an isometryisometry II’’ of of 
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Methods     of     investigation   of   Methods     of     investigation   of   
metrical rigidity of  codes.metrical rigidity of  codes.

2. Finding2. Finding nonequivalent codes  with  the  given   parametersnonequivalent codes  with  the  given   parameters..
3.3. ComparisonComparison of the degree ofof the degree of automorphismautomorphism group  of   the  group  of   the  

code and  the  number  of  all code and  the  number  of  all isometriesisometries,  which  map  this ,  which  map  this 
codecode into itselfinto itself..
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LemmaLemma 11

If the number of all If the number of all isometriesisometries of any of any qq--aryary code Ccode C, , which which 
mapmap this code into itselfthis code into itself,, is greater then the degree of the is greater then the degree of the 
automorphismautomorphism group of this codegroup of this code,, then the codethen the code СС is notis not
metrically rigid in narrow sensemetrically rigid in narrow sense..



LemmaLemma 22

An    equidistant    code    C    fromAn    equidistant    code    C    from with     parameters with     parameters 
where   q where   q ≥≥ 3,   3,   μμ ≥≥ 1, 1, 

is not  metrically rigid in narrow sense.              is not  metrically rigid in narrow sense.              
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Lemma Lemma 33

An    equidistant    code    C     from              with   paraAn    equidistant    code    C     from              with   parametersmeters
where  where  q q ≥≥ 55,, the numbers the numbers qq andand qq –– 11

are some powers of prime numbers is not  metrically  rigidare some powers of prime numbers is not  metrically  rigid
in narrow sensein narrow sense..
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LemmaLemma 44

A  codeA  code, , corresponding   to    affine   resolvable corresponding   to    affine   resolvable design withdesign with
parameters  parameters  ((n,qs,s,qn,qs,s,qμμ,,λλ),  ),  wherewhere

is   not   metris   not   metrically   rigid  in ically   rigid  in 
narrow sense.narrow sense.
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LemmaLemma 55

Let    Let    k k ≥≥ 11,                                                               ,                                                               
ThenThen there exist  at  leastthere exist  at  least k+1  k+1  nonequivalent equidistantnonequivalent equidistant
codes       with      parameterscodes       with      parameters
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ExampleExample
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TheoremTheorem
Equidistant codesEquidistant codes with parameterswith parameters:                             :                             
aa)                                         )                                         where where qq ≥≥ 3, 3, μμ ≥≥ 1;         1;         
bb)                                )                                forfor q q ≥≥ 55,  where,  where qq and   and   q q –– 11 are are 

prime powersprime powers;                                                  ;                                                  
c)                           wherec)                           where

as    well   asas    well   as the   binarythe   binary codescodes, , corresponding  to affinecorresponding  to affine
resolvableresolvable designs  with parameters  designs  with parameters  (n,   (n,   qsqs,   s,   ,   s,   qqμμ,   ,   λλ),),
wherewhere
are not metrically rigidare not metrically rigid..
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PropositionProposition 11

Equidistant    codes Equidistant    codes withwith parametersparameters wherewhere
n n ≥≥ 44, , qq ≥≥ 10  10  andand as  well  asas  well  as the   firstthe   first
order    Reed order    Reed –– Muller  code  Muller  code  RM(1,m)  RM(1,m)  andand punctured  firstpunctured  first
order  Reed order  Reed –– Muller   code   Muller   code   RMRM**(1,m), (1,m), are  notare  not metricallymetrically
rigidrigid. . 
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PropositionProposition 22

The Nordstrom The Nordstrom –– Robinson codeRobinson code,, the first order Reed the first order Reed –– MullerMuller
codecode RM(1,m)RM(1,m),  the punctured    first   order   Reed ,  the punctured    first   order   Reed –– MullerMuller
code   code   RMRM**(1,m)(1,m),   as  well  as  the  equidistant  codes  with ,   as  well  as  the  equidistant  codes  with 
parametersparameters where  where  n n ≥≥ 17,  17,  and    and    

aare  weakly metricallyre  weakly metrically
rigidrigid..
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PropositionProposition 33

Equidistant  codes  with  parametersEquidistant  codes  with  parameters wherewhere
as     well     asas     well     as

equidistantequidistant codescodes with  with  parametersparameters wherewhere
n n ≥≥ 4,4, q q ≥≥ 1100 andand are     not    are     not    weaklyweakly
metricallymetrically rigidrigid..
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Thank You for the attention!Thank You for the attention!


