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When studying nonbinary 
onstant weight 
odes, one may either pres
ribe the 
om-plete weight or the Hamming weight of the 
odes. Codes with given 
omplete weightare 
alled 
onstant-
omposition 
odes. Ternary 
onstant-
omposition 
odes are studied in[25℄. The maximum size of a ternary 
ode with minimum distan
e d and 
omplete weightenumerator of the form Aw0;w1;w2zw00 zw11 zw22 (so n = w0 + w1 + w2), where Aw0;w1;w2 is thenumber of 
odewords with the given 
omposition, is denoted by A3(n; d; [w0; w1; w2℄).In this paper, we study ternary 
odes with given Hamming weight, and let Aq(n; d; w)denote the maximum size of a q-ary 
ode of length n, minimum distan
e d, and 
on-stant Hamming weight w (where the index q may be omitted in the binary 
ase). A
ode of size M for given values of q, n, d, and w is 
alled an (n; d; w;M)q 
ode. An(n; d; w;Aq(n; d; w))q 
ode is said to be optimal. The fun
tion A3(n; d; w) has until re-
ently re
eived only limited attention. Published work on this topi
 in
ludes [4, 10, 12,11, 16, 22, 23, 26, 27℄ and the thesis [24℄ of the se
ond author.The paper is organized as follows. In Se
tion 2 some basi
 results on ternary 
onstantweight 
odes are presented. Methods for obtaining upper bounds on A3(n; d; w) are 
on-sidered in Se
tion 3. In Se
tion 4 
onstru
tions of ternary 
onstant weight 
odes, whi
hlead to lower bounds on A3(n; d; w), are dis
ussed. A table of A3(n; d; w) for n � 10 ispresented in Se
tion 5.2 PreliminariesThe 
oordinate values of ternary 
odes are without loss of generality f0; 1; 2g. If desired,these may be taken as elements of F3, the Galois �eld of order 3. None of the 
onstru
tionsin this work, however, require any algebrai
 stru
ture of this underlying set.The rest of this se
tion is devoted to several spe
ial 
ases where we 
an determine theexa
t value of A3(n; d; w). Let Aq(n; d) denote the maximum size of a q-ary 
ode (withoutweight restri
tions) of length n and minimum distan
e d, where the index may be omittedwhen q = 2. Tables of A2(n; d) and A3(n; d) 
an be found in [2℄ and [6℄, respe
tively. Theproof of the following theorem is obvious and is omitted.Theorem 1 Aq(n; d; n) = Aq�1(n; d).By Theorem 1, A3(n; d; n) = A(n; d). Sin
e binary unrestri
ted 
odes have beenthoroughly studied in the literature|see, for example, [7℄|we assume that w < n in thesequel. In the following proofs, the 
on
ept of support plays a 
entral role. The supportof a 
odeword is the set of 
oordinates with non-zero values. The following theorem isalso proved in [12℄; we give an alternative proof.Theorem 2 Aq(n; 2; w) = �nw�(q � 1)w�1.Proof: There are �nw� possible supports for 
odewords with weight w. Two words withdi�erent support are 
learly at distan
e at least 2 from ea
h other. For a given support,the maximum number of 
odewords with minimum distan
e 2 is Aq(w; 2; w) = Aq�1(w; 2)the ele
troni
 journal of 
ombinatori
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(by Theorem 1), and the proof is 
ompleted as Aq(w; 2) = qw�1. �For small values ofM , we are able to determine for what parameters A3(n; d; w) =M .(Trivially, A3(n; d; w) � 1 for any parameters.) The following lemmas will be useful inproving su
h results. The proof of the �rst lemma is obvious and is omitted.Lemma 3 If A3(n; d; w) � 2, then d � 2w and d � n.Lemma 4 A3(n; d; w) � A(n; 2(d� w); w) if d=2 � w � d.Proof: If the supports of two 
odewords of a ternary 
ode attaining A3(n; d; w) interse
tin t 
oordinates, then they are at distan
e at most (w� t)+ t+(w� t) = 2w� t from ea
hother, and we get 2w�t � d, so t � 2w�d. Therefore, the supports 
orrespond to a binary
ode with 
onstant weight w and minimum distan
e at least 2w � 2(2w � d) = 2d� 2w,whi
h has size at most A(n; 2(d� w); w). �Lemma 4 is strongest when w is 
lose to d=2. At the other extreme, when w = d, theimpli
ation of the lemma is trivial.Theorem 5 A3(n; d; w) � 2 exa
tly when d � minf2w; ng.A3(n; d; w) � 3 exa
tly when d � minf2w; n=3 + w; 5n=3� wg.Proof: By Lemma 3, the given 
onditions for A3(n; d; w) � 2 are ne
essary. TheirsuÆ
ien
y is proved by two words whose supports interse
t in 2w � d 
oordinates andhave di�erent values in these 
oordinates.It is known that A(n; d; w) � 3 exa
tly when n � 3d=2 and n � w + d=2 (see [7, p.1338℄). By Lemma 4, ne
essary 
onditions for A3(n; d; w) � 3 are therefore n � d andn � 3(d � w). When w � 2n=3, the latter 
ondition (d � n=3 + w) is suÆ
ient, whi
h
an be seen by �nding a transformation from a binary 
onstant weight 
ode as follows.Note that when w � 2n=3 we 
an (if ne
essary) always transform a binary 
onstantweight 
ode with three words and a given minimum distan
e into another binary 
onstantweight 
ode with the same parameters (but possibly larger minimum distan
e) su
h thatthere is no 
oordinate where all words have a 1. (Namely, we 
an transpose a 1 in su
ha 
oordinate with a 0 in a 
oordinate with at most one 1|whi
h exists sin
e the averagenumber of 1s in the 
oordinates is 3w=n � 2n=n = 2. This pro
edure is repeated untilthere is no 
oordinate with three 1s.) A 
ode with this property is then made ternary by
hanging one of the 1s in a 
oordinate with two 1s into a 2.We now 
onsider w > 2n=3 and 
ount the distan
es between all pairs of three giventernary words in two ways. The pairwise distan
es are at least d, so a lower bound forthe sum is 3d. Denote the number of 
oordinates with one, two, and three nonzero valuesby a, b, and 
, respe
tively (w.l.o.g, we may assume that there are no 
oordinates withonly one value and that with two nonzero values, these are di�erent). Then we havethe ele
troni
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� a+ 2b+ 3
 = 3wa+ b + 
 = n (1)and the sum of distan
es is 2a + 3b + 2
, whi
h equals 5n � 3w � 2a using (1), and by
ombining this and the earlier result we get 3d � 5n� 3w � 2a, so 3d � 5n� 3w.A 
ode 
an be 
onstru
ted in the following way to prove that 3d � 5n � 3w is suf-�
ient when w > 2n=3. Let the n � w 
oordinates of 0s in the three words be non-overlapping. Then there are 3w � 2n 
oordinates where all words are nonzero, and thedistan
e between two words in these 
oordinates 
an be made at least b2(3w � 2n)=3
as A(n; b2n=3
) � 3. The distan
e between two words 
an thus be made at leastb2(3w�2n)=3
+3(n�w) = b5n=3
�w, and as the parameters are integers, 3d � 5n�3w(that is, d � 5n=3� w). �Corollary 6 A3(n; d; w) = 1 exa
tly when d > minf2w; ng. A3(n; d; w) = 2 exa
tly whenminfn=3 + w; 5n=3� wg < d � minf2w; ng.Throughout the results shown so far, the obvious 
ondition d � 2w has been presentfor nontrivial 
odes. Another family of optimal 
odes is obtained when d = 2w.Theorem 7 A3(n; 2w;w) = bn=w
.Proof: With d = 2w, no 
odewords 
an have overlapping supports. The maximumnumber of 
odewords with this property is bn=w
. �For d = 2w � 1, we have the following result.Theorem 8 A3(n; 2w � 1; w) = maxfM j n � dMw=2e+maxfbMw=2
 � �M2 �; 0gg.Proof: With minimum distan
e d = 2w � 1, the supports of two words 
an haveat most one 
ommon 
oordinate. Moreover, no three 
odewords may have a 
ommon
oordinate in their supports, sin
e then at least two of these would have the same valuein that 
oordinate and mutual distan
e at most 2w � 2. It is enough to study binary
onstant weight 
odes with the same supports, sin
e the required ternary 
ode 
an thenalways be obtained by 
hanging a 1 into a 2 in a 
oordinate with two nonzero values.Hen
e we 
onsider binary 
odes with 
onstant weight w and the properties that twowords have at most one 
ommon 1 and no three words have a 
ommon 1. This 
an beviewed as an in
iden
e matrix of a graph|the words 
orrespond to verti
es and the the
oordinates to edges|with vertex degrees at most w (ignoring the loops).We �x the number of 
odewords, M , that is, the number of verti
es in the 
orre-sponding graph, and 
al
ulate the smallest length n for whi
h a 
orresponding 
ode exists(then it also exists for any larger n). To minimize n, we have to maximize the number of
oordinates with two nonzero values, that is, the number of edges in a graph with vertexdegrees at most k = minfw;M � 1g.the ele
troni
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The number of edges in a graph with M verti
es and vertex degrees at most k is, bya dire
t 
ounting argument, at most bMk=2
 and we shall see that there are graphs thatattain this value. This 
an be done in several ways; we use one-fa
torizations. If M iseven, the 
omplete graph KM has a one-fa
torization [28, Theorem 3.2℄, so we take kone-fa
tors. If M is odd, start with k one-fa
tors of a graph with M � 1 verti
es, deletebk=2
 edges from one of the fa
tors, introdu
e a new vertex, and 
onne
t the new vertexto all verti
es in
ident to the deleted edges [28, p. 23℄.Now if w �M � 1, the minimum value of n is dMw=2e. If w > M � 1, the 
ode willhave Mw � 2�M2 � 
oordinates with one nonzero value in addition to the �M2 � 
oordinateswith two values, so the length is at least Mw � �M2 �. By 
ombining these results, thetheorem is proved. �3 Upper BoundsWhereas lower bounds follow from expli
itly 
onstru
ted 
odes, many of whi
h 
an beveri�ed even by hand, several of the best known upper bounds have been obtained 
om-putationally and require as large e�ort for veri�
ation as for the original proof. In thisse
tion, the methods that are used to produ
e the upper bounds of the main table arebrie
y dis
ussed; it is an interesting open resear
h problem to try to develop even moresophisti
ated bounds using, for example, the ideas in [1℄.3.1 Johnson-Type BoundsJohnson [14℄ presented bounds for binary error-
orre
ting 
odes. Analogous bounds havelater been developed for many other types of error-
orre
ting 
odes, in
luding ternary
onstant weight 
odes. Bounds that a
tually are useful for produ
ing both upper andlower bounds are given in the following two theorems [24℄.Theorem 9 Aq(n; d; w) � nn� wAq(n� 1; d; w):Proof: An optimal 
ode attaining Aq(n; d; w) must have a 
oordinate with at least(n�w)Aq(n; d; w)=n 0s. By shortening the 
ode with respe
t to the 0s in this 
oordinateand deleting the 
oordinate, we get a 
ode with at most Aq(n� 1; d; w) words. �If we instead shorten a 
ode with respe
t to a nonzero value, we get another similarbound. The proof mimi
s that of Theorem 9 and is omitted.Theorem 10 Aq(n; d; w) � n(q � 1)w Aq(n� 1; d; w � 1):the ele
troni
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Note that in using Theorems 9 and 10 and a lower bound on A3(n; d; w), instead ofapplying these averaging formulas, we may disse
t the 
ode to see if there are even largersub
odes.The next bound is obtained by 
ounting the distan
es between words in two di�erentways: for all pairs of words and 
oordinatewise. A
tually, we used this te
hnique alreadyin Se
tion 2. A slightly weaker bound for q-ary 
onstant weight 
odes is presented in [12℄.The ternary version of our main result appears in [24℄.Lemma 11 Fill an M � n matrix A with entries ai;j (1 � i � n, 1 � j � M) fromf0; 1; : : : ; q�1g, a of whi
h are 0. ThenPni=1PMj=1PMj0=j+1 d(ai;j; ai;j0) a
hieves its max-imum value when the values of entries are evenly distributed: ba=n
orda=ne 0s in ea
h
olumn; if there are b nonzero entries in a 
olumn, then there are bb=(q�1)
 or db=(q�1)eof ea
h of the nonzero values in this 
olumn.Proof: Let ni;j denote the number of entries j in 
olumn i. If a given matrix has a 0s,then so has the matrix after a repla
ement of a nonzero value by another nonzero value.By [5, Lemma 1℄, in a 
olumn i with b nonzero entries, the maximum sum of the distan
esbetween all pairs of entries is a
hieved when ni;j = b(b + j � 1)=(q � 1)
, so we assumefrom now on that the matrix has this property.Assume that ni;0 � ni0;0 > 1 for two 
olumns i and i0. Then if one 0 in 
olumn i isrepla
ed by a 1 and one entry (q � 1) in 
olumn i0 is repla
ed by a 0, we get anothermatrix with the stipulated properties whose obje
tive fun
tion di�ers from that of the oldmatrix byni;0 � 1� ni;1 � ni0;0 + (ni0;1 � 1) = (ni;0 � ni0;0) + (ni0;q�1 � ni;1)� 2� 2 + 1� 2 > 0:Hen
e we may assume that the values are evenly distributed as given by the lemma. �We de�ne k = bMw=n
 and t = Mw � nk.Theorem 12 If there exists an (n; d; w;M)q 
ode, thenM(M � 1)d � 2t q�2Xi=0 q�1Xj=i+1MiMj + 2(n� t) q�2Xi=0 q�1Xj=i+1M 0iM 0j;where M0 =M�k�1, M 00 = M�k, Mi = b(k+i)=(q�1)
, and M 0i = b(k+i�1)=(q�1)
.Proof: In a 
ode with the given parameters, we sum the distan
es between all orderedpairs of 
odewords in two di�erent ways. One way is given by Lemma 11; the sum in this
ase is bounded from above by the expression on the right side of the inequality in thistheorem. On the other hand, as the 
ode has minimum distan
e d, the sum of distan
esis bounded from below by M(M � 1)d, and the result follows. �For ternary 
odes, we get the following 
orollary.the ele
troni
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Corollary 13 If there exists an (n; d; w;M)3 
ode, then for even k,�3k22 � 2k�n+ 3kt �M(M � 1)(2w � d);and for odd k, �3k22 � 2k + 12�n + (3k � 1)t �M(M � 1)(2w � d):Example 1. For the parameters n = 6, d = 5, and w = 4, [12, Lemma 5.1℄ gives thatA3(6; 5; 4) � 5, whereas A3(6; 5; 4) � 4 by Theorem 12 (or Corollary 13). For example,to see that a (6; 5; 4; 5)3 
ode does not exist, we have k = 3, t = 2, M0 = 1, M1 = 2,M2 = 2, M 00 = 2, M 01 = 1, and M 02 = 2, and evaluating the expression in Theorem 12gives 100 � 4 � (2 + 2 + 4) + 6(2 + 4 + 2) = 80, a 
ontradi
tion.3.2 Families of Perfe
t and Optimal CodesAs mentioned earlier, the results presented in this work are mainly those that turn outto be good in the sense that they 
an be used to produ
e entries in the re
ord table tobe presented in the �nal se
tion. An alternative way of evaluating 
onstru
tions is to seewhether they produ
e families of 
odes that are optimal or asymptoti
ally optimal as thelength tends to in�nity. Several su
h families have been published in the literature.Generalized Steiner triple systems have re
ently re
eived a lot of attention; see, forexample, [3, 8, 10℄. A generalized Steiner triple system is a q-ary 
ode of 
onstant weight 3and minimum distan
e 3, and with the property that all words of weight 2 are at distan
e1 from a 
odeword. These are of great interest as they form optimal 
onstant weight
odes. In parti
ular, the ternary 
ase has been studied and settled [10℄.Theorem 14 A3(n; 3; 3) = 2n(n� 1)=3 for n � 0; 1 (mod 3), n � 4, n 6= 6.Optimality of the 
odes attaining the bound in Theorem 14 follows from Theorems8 and 10. Alternatively, one may use the fa
t that ea
h 
odeword is at distan
e 1 fromthree words of weight 2; there are 2n(n� 1) words of weight 2, none of whi
h may be atdistan
e 1 from two 
odewords. Also the 
ase n � 2 (mod 3) has been settled [29℄.Theorem 15 A3(n; 3; 3) = 2n(n� 1)=3� 4=3 for n � 2 (mod 3), n � 5.Note that Theorem 15 a
tually di�ers slightly from the result in [29℄, where it is
laimed that the result holds only for n � 8 and does not hold for n = 5. The 
omputersear
h 
arried out in [29℄ is obviously in error, sin
e a (5; 3; 3; 12)3 
ode is known to exist[4℄. Su
h a 
ode with a parti
ular stru
ture is given later in Table 3.Ja
obsthal matri
es are used in [25℄ to produ
e good 
onstant-
omposition 
odes; they
an also be used to obtain optimal ternary 
onstant weight 
odes [24℄. Let p be an oddthe ele
troni
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prime. Consider the Galois �eld Fpm with elements �1; �2; : : : ; �pm and let S be the setof nonzero square elements S = f�2i : �i 2 Fpm ; �i 6= 0 g:A pm � pm Ja
obsthal matrix Q = (qij) is de�ned byqij = 8<: 0 if �i = �j,1 if �i � �j 2 S,�1 otherwise.Theorem 16 If p � 3 is a prime and m � 1, then A3(pm+1; (pm+3)=2; pm) = 2pm+2.Proof: Take a pm� pm Ja
obsthal matrix Q with entries from f�1; 0; 1g (whi
h existswith the given restri
tions on the parameters [17, p. 47℄) and map the entries to f0; 1; 2gby �1 ! 2, 0 ! 0, 1 ! 1. Take the rows of this matrix, add one 
oordinate with value 1,and 
all the resulting 
ode C1. Let C2 be the 
ode obtained by inter
hanging the values1 and 2 in all 
oordinates of C1.We now 
laim that C = C1 [ C2 [ f011 : : : 1; 022 : : :2g proves that A3(pm + 1; (pm +3)=2; pm) � 2pm + 2. The only nontrivial part of this proof is to show that the minimumdistan
e is at least (pm + 3)=2. The inner produ
t of two distin
t rows of Q is �1 by[17, p. 47, Lemma 7℄. As exa
tly pm � 2 of the 
oordinates have nonzero values in bothof these rows, we �nd that they 
oin
ide in (pm � 3)=2 and di�er in (pm � 1)=2 of these
oordinates. The distan
e between two words in C1 (or C2) is therefore (pm � 1)=2 + 2.The analysis above shows that if C2 is obtained by inter
hanging 1 and 2 in C1, then thedistan
e between a word in C1 and another in C2 is 1 + (pm � 3)=2 + 2. The distan
e
riterion also holds for the two supplementary words of C as there are (pm � 1)=2 valuesof both �1 and 1 in ea
h row of Q.The theorem now follows by using A3(pm; (pm + 3)=2; pm � 1) � pm (from Theorem12) and Theorem 10. �The result A3(pm; (pm + 3)=2; pm � 1) = pm from [12℄ is then a 
orollary of this result(by using Theorems 10 and 12).In�nite families of 
odes with w = 3 that are asymptoti
ally optimal are presented in[22℄ and generalized in [11℄.Of parti
ular interest is the following re
ently dis
overed [23℄ family of perfe
t one-error-
orre
ting 
onstant weight 
odes. A 
ode C in a given spa
e is said to be a perfe
tt-error-
orre
ting 
ode if all words in the spa
e are at distan
e at most t from exa
tly oneword in C.Theorem 17 For r � 2, A3(2r; 3; 2r � 1) = 22r�1 and 
orresponding 
odes are perfe
t.After having seen some of the preliminary results of [23℄, the authors of [16℄ publishedan alternative proof of Theorem 17 and also showed that these 
odes and the perfe
tbinary 
odes of length 2r�1, r � 2 (whi
h are ternary 
onstant weight 
odes with w = n)are the only perfe
t ternary 
onstant weight 
odes with d = 3.the ele
troni
 journal of 
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3.3 Exhaustive Computer Sear
hA known upper bound Aq(n; d; w) � M may be improved after an exhaustive 
omputersear
h for a 
ode with these parameters and sizeM . This sear
h 
an in fa
t be 
onvenientlydes
ribed as a sear
h for a 
lique of size M in the following graph. Consider the graphwhere the vertex set 
orresponds to the words of length n and Hamming weight w andtwo verti
es are joined by an edge if the Hamming distan
e between the 
orrespondingwords is greater than or equal to d.With a maximum 
lique algorithm, we would �nd the exa
t value of Aq(n; d; w) butthis dire
t approa
h is 
omputationally feasible only for very small parameters. We maythen perhaps relax the goal and just try to lower the upper bound. In any 
ase, to speedup the sear
h, it is essential to handle the large automorphism group of the 
onstru
tedgraph. This may be done in the following way by utilizing the Johnson-type bounds(Theorems 9 and 10) and removing equivalent 
opies of partial 
odes.Two q-ary 
onstant weight 
odes are said to be equivalent if one 
an be mapped ontothe other by permuting the 
oordinates and permuting the nonzero values in ea
h 
oordi-nate. Su
h transformations are distan
e-preserving and weight-preserving (and 
onstitutethe stabilizer of the all-zero word in the group of distan
e-preserving transformations ofunrestri
ted 
odes). An equivalen
e transformation that maps a 
ode onto itself is an au-tomorphism. The set of all automorphisms of a 
ode 
onstitutes the (full) automorphismgroup of the 
ode.As in proving Theorems 9 and 10, we �nd that an (n; d; w;M)q 
ode 
an be shortenedto get (n� 1; d; w;M 0)q and (n� 1; d; w� 1;M 00)q sub
odes, whereM 0 � n� wn M; M 00 � wn(q � 1)M: (2)Therefore, we may 
onstru
t a 
ode C by 
lassifying all su
h sub
odes (for one of thesetwo alternatives), and then use the 
lique-�nding approa
h to �nd the rest of the wordsin C. This 
omputation 
an be done re
ursively as the following example shows.Example 2. It was known to us that 9 � A3(7; 5; 5) � 10, so we wanted to �ndout whether there exists a (7; 5; 5; 10)3 
ode. By using (2), there must be a (6; 5; 5;M 0)3sub
ode with M 0 � 3. There is a unique su
h 
ode (for whi
h M 0 = 3), whi
h 
an be
onstru
ted by hand or by lengthening all (5; 5; 5; 1)3 and (5; 5; 5; 2)3 
odes (whi
h are, upto equivalen
e, f11111g and f11111; 22222g, respe
tively). Sin
e the unique (6; 5; 5; 3)3
ode 
annot be lengthened to a (7; 5; 5; 10)3 
ode (this is preferably done by 
omputer),we �nd that A3(7; 5; 5) = 9.To prove equivalen
e of 
odes, we have mapped 
odes to graphs as in [25℄ (with amapping suiting this 
lass of 
odes and de�nition of equivalen
e) and used the graphisomorphism program nauty [18℄.In four 
ases when we tried to improve the best known upper bound, we en
ountered anew 
ode, thereby proving an exa
t value that is greater than the previously best knownlower bound. These four 
odes are among those listed in Table 1.the ele
troni
 journal of 
ombinatori
s 9 (2002), #R41 9



Bound CodewordsA3(8; 5; 4) � 13 11110000, 01021100, 00212200, 21000210, 20022020,10200120, 02201010, 20101001, 20010102, 12002002,02010021, 00120012, 00002111A3(8; 5; 5) � 18 11110001, 01021101, 00212201, 12000111, 10022021,02201021, 22200202, 22122000, 21100120, 21020012,20012110, 12011200, 11202010, 10120210, 10102102,01002222, 00220122, 00111012A3(8; 5; 6) � 18 11111001, 22220101, 20012111, 12022021, 02101221,01210211, 22110012, 21201110, 21002222, 20211202,12102102, 12011210, 11222200, 11020112, 10121120,02212120, 01221022, 00122212A3(9; 5; 4) � 19 111100000, 010211000, 002122000, 200101100,120020100, 021002200, 210002010, 200220020,102001020, 022010010, 001200110, 000012120,201010001, 100202002, 100000211, 020100021,012000102, 000110202, 000021012A3(10; 7; 7) � 13 1111111000, 1001222110, 0220211210, 0212120120,2210022011, 2201201022, 2100110112, 2002121201,1221020202, 1022210021, 1010102222, 0122202102,0101012221Table 1: Expli
itly listed 
odes.
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4 Lower BoundsLower bounds are 
onstru
tive and follow from expli
it 
onstru
tions of 
onstant weight
odes. Two main 
onstru
tions|both of whi
h are 
omputer-aided|are presented in thisse
tion. For more 
onstru
tions that 
an be used to obtain good ternary 
onstant weight
odes, see [24℄. Various 
onstru
tions were, of 
ourse, also dis
ussed earlier in this paperalong with results on exa
t values of A3(n; d; w).Trivially, as a 
onstant-
omposition 
ode is also a 
onstant weight 
ode, we have thatAq(n; d; w1 + w2) � Aq(n; d; [w0; w1; w2℄): (3)In using this inequality applied to bounds on 
onstant-
omposition 
odes, it is use-ful to note that Aq(n; d; [w0; w1; w2℄) = Aq(n; d; [wf(0); wf(1); wf(2)℄), for any bije
tionf : f0; 1; 2g ! f0; 1; 2g.4.1 Lexi
ographi
 CodesAs some of the lower bounds on binary 
onstant weight 
odes in [7℄ 
ome from lexi
o-graphi
 
odes, it is no surprise that some of the best known ternary 
onstant weight 
odesare also lexi
ographi
.A ternary 
onstant weight lexi
ographi
 
ode (lexi
ode) is obtained in the followingway. We start by pres
ribing the parameters of the 
ode|n, d, and w|and a so-
alledseed: a (possibly empty) set of words that belong to the 
ode. Then, with a given orderof the words, we go through all words in this order and add words to the 
ode wheneverthey are at distan
e at least d from all previously a

epted words.In this study, some lower bounds are obtained with a new type of lexi
ographi
 
odes,whi
h we 
all lexi
ographi
 
odes with o�set . These 
odes are 
onstru
ted as regularlexi
odes, but instead of starting from the lexi
ographi
ally �rst word in the spa
e, westart from a given word (
alled o�set ve
tor) and pro
eed 
y
li
ally through all words.The bounds obtained in this way are presented in Table 2. Some other re
ord-breaking
odes are also a
hieved by lexi
odes; 
f. [4℄.Bound O�setA3(6; 5; 4) � 4 {A3(10; 7; 5) � 8 0012100011A3(10; 7; 6) � 11 0011221100Table 2: Lexi
ographi
 
odes4.2 Constant Weight Codes from Unrestri
ted CodesIf we take a (linear or nonlinear) unrestri
ted 
ode with minimum distan
e d, then itssub
ode formed by 
odewords with a given weight 
learly has minimum distan
e at leastthe ele
troni
 journal of 
ombinatori
s 9 (2002), #R41 11



d. There is, of 
ourse, a wide variety of 
odes whose sub
odes one 
ould study in thesear
h for good 
onstant weight 
odes. It is perhaps no surprise that perfe
t 
odes aregood 
andidates.The 
omplete weight enumerator of the ternary Golay 
ode (with minimum distan
e5) and the extended ternary Golay 
ode (with minimum distan
e 6) are, respe
tively,W1(z0; z1; z2) = z110 + z111 + z112 +11(z60z51 + z50z61 + z60z52 + z50z62 + z61z52 + z51z62) +55(z60z31z22 + z60z21z32 + z30z61z22 + z30z21z62 + z20z61z32 + z20z31z62) +110(z50z31z32 + z30z51z32 + z30z31z52);W2(z0; z1; z2) = z120 + z121 + z122 +22(z60z61 + z60z61 + z60z62) +220(z60z31z32 + z30z61z32 + z30z31z62):From W1(z0; z1; z2) we �nd that A3(11; 5; 5) � 132 (whi
h in fa
t turns out to be an exa
tvalue) and by using Theorem 10, we �nd that A3(10; 5; 4) � 30. From W2(z0; z1; z2) we�nd that A3(12; 6; 6) � 264 and A3(12; 6; 9) � 440 (whi
h also turn out to be exa
t values)and by using Theorems 9 and 10 to shorten the 
ode twi
e, we arrive at A3(10; 6; 5) � 36,A3(10; 6; 6) � 60, A3(10; 6; 7) � 60, and A3(10; 6; 8) � 45.O

asionally, optimal unrestri
ted 
odes 
an be 
onstru
ted from 
onstant weight
odes. For example, by taking an (7; 4; 5; 32)3 
ode and one word of weight 0 or 1, we�nd that A3(7; 4) � 33. A
tually, we know [20℄ that A3(7; 4) = 33, so this argument
an then in fa
t be used to prove that A3(7; 4; 5) = 32. Analogously, we get upperbounds that together with 
onstru
tions of 
orresponding 
odes show that A3(7; 5; 5) = 9(A3(7; 5) = 10 from [27℄) and A3(10; 7; 7) = 13 (A3(10; 7) = 14 from [15℄).4.3 Computer Sear
h with SymmetriesThe approa
h presented in Se
tion 3.3 does not impose any restri
tions on the stru
tureof 
odes. With restri
tions, however, the sear
h spa
e 
an be redu
ed and even largerinstan
es 
an be atta
ked. This approa
h 
an, of 
ourse, be su

essful only if there exist
odes with the pres
ribed restri
tions. One obvious restri
tion is to pres
ribe automor-phisms (symmetries) of the 
odes one is sear
hing for.In this work, mainly 
y
li
 and quasi-
y
li
 
odes are 
onsidered. A 
y
li
 
ode hasan automorphism that 
y
li
ally permutes all 
oordinates. One may generalize this 
odefamily slightly to in
lude 
odes for whi
h the 
y
li
 permutation does not a
t on all
oordinates (and say that the 
ode has one or more �xed 
oordinates). A quasi-
y
li
 
odeshas an automorphism that is a nontrivial subgroup of an aforementioned automorphismof a 
y
li
 
ode.In the sear
h for the largest 
ode with a pres
ribed automorphism group, we �rst
ompute all orbits of words, and reje
t those orbits in whi
h there is a pair of words atthe ele
troni
 journal of 
ombinatori
s 9 (2002), #R41 12



distan
e less than d from ea
h other. The sear
h problem 
an also here be presented asa 
lique problem, but now we have a graph where the verti
es 
orrespond to orbits andverti
es indi
ate that all words in one orbit are at distan
e greater than or equal to dfrom all words in the other orbit. Moreover, the verti
es have integer weights|given bythe number of words in the 
orresponding orbit|and hen
e we have an instan
e of themaximum-weight 
lique problem.Whenever possible, we solved the instan
es of the maximum-weight 
lique problemusing the program Cliquer; see [19, 21℄. For instan
es that are too hard to solve exa
tly(we stopped the sear
h if an instan
e 
ould not be solved within a few hours), one mayof 
ourse use any sto
hasti
 method of 
hoi
e to �nd 
liques with large weight; in thiswork, however, we did not pro
eed very far in this dire
tion. In a few 
ases, the bestknown lower bound 
omes from an intermediate result of an interrupted run of the 
liquealgorithm.The 
odes obtained in this way are listed in Table 3. The leftmost 
oordinate of a
odeword is numbered 1 and the rightmost is numbered n. The groups used and theirgenerators are given in Table 4. The list of transitive permutation groups in [9℄ wasextensively utilized in the sear
h. The group G0 is the nonabelian group of order 27 withpresentation hs; t : s9 = t3 = 1; st = ts4i. The notation p � G, where p is an integer,is used in Table 3 to show that a group a
ts on pk 
oordinates instead of k 
oordinates(from Table 4), as des
ribed by the following example.Example 3. Let n = 7. Then C2 is generated by (1 2)(3)(4)(5)(6)(7), 2 � C2 isgenerated by (1 2)(3 4)(5)(6)(7), and 3� C2 is generated by (1 2)(3 4)(5 6)(7).5 The Main TableThe best known upper and lower bounds (and exa
t values when these 
oin
ide) forternary 
onstant weight 
odes of length n � 10 are displayed in Table 5. Entries ford > n, whi
h are 1, are omitted to make the table more readable.One referen
e is given for ea
h upper and lower bound. However, referen
es for entriesthat follow from Corollary 6 (whose values are 1 or 2) are omitted. Even if a bound 
anbe obtained in several ways, only one referen
e is given.
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Bound Group Orbit RepresentativesA3(5; 3; 3) � 12 2� C2 12200, 20210, 11001, 20101, 00221, 22002, 01202,00112A3(6; 3; 3) � 18 2� C3 210100, 022100, 120200, 011200, 100110, 200220A3(6; 4; 3) � 8 C6 101200, 202020A3(7; 3; 4) � 60 2� C3 1121000, 2212000, 2201100, 1022100, 2011200,1102200, 0012110, 0202210, 2101001, 1011001,1202001, 2022001, 0021101, 0012201, 0221002,0112002, 1001102, 0202102, 0101202, 2002202A3(7; 3; 5) � 72 C6 1211100, 1122100, 2221200, 2112001, 1222001,2120101, 1101101, 2011101, 2202201, 2211002,1121002, 1202102, 1220202A3(7; 4; 3) � 14 C7 1011000, 2202000A3(7; 4; 4) � 23 C6 1221000, 2011100, 2202200, 2020201, 1012002A3(7; 4; 5) � 32 3� C2 0212210, 2211001, 1110101, 0222101, 1021201,2102201, 2200111, 0011111, 0120211, 2010221,1122002, 1201102, 2012102, 2220202, 0111202,1020112, 2001212, 1100222, 0022222A3(7; 5; 5) � 9 2� C3 0122210, 2022101, 1101202A3(8; 3; 5) � 161 C7 12221000, 21112000, 21210100, 12120100, 22201100,20122100, 22021200, 12110001, 21220001, 22101001,11021001, 11202001, 22012001, 20110101, 22020101,11210002, 22120002, 12011002, 20211002, 21022002,10122002, 11020102, 20220102A3(8; 3; 6) � 168 C8 11121100, 21212100, 22111200, 12221200, 11112200,21211010, 21122010, 12222010, 22110110, 21220110,12011110, 20121110, 12102110, 12210210, 11120210,11202210, 20222210, 11212020, 12220120, 11201120,22022120, 22202220A3(8; 4; 3) � 16 C8 10220000, 20011000A3(8; 4; 4) � 42 C8 21101000, 12021000, 10112000, 10220100, 22200200,20202020A3(8; 4; 5) � 72 C8 11121000, 22212000, 21220100, 10211100, 12110200,20122200, 12011010, 20221010, 22020210A3(8; 4; 7) � 28 2� C4 22111110, 12122210, 11222120, 01112111, 20222111,11102221, 02222221Table 3: Codes with a nontrivial automorphism group.
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Bound Group Orbit RepresentativesA3(9; 3; 4) � 153 C9 211100000, 112200000, 101210000, 222020000,120120000, 221001000, 202201000, 120011000,102021000, 110102000, 200212000, 210022000,110010100, 202010100, 200101100, 120200200,220010200A3(9; 3; 5) � 336 F7;3 112110000, 221220000, 221100010, 112200010,111010010, 202220010, 122100020, 211200020,101110020, 222020020, 211100001, 122200001,202210001, 101120001, 220200011, 110100021,222100002, 111200002, 211010002, 122020002,212000012, 101100012, 121000022, 202200022A3(9; 3; 6) � 411 S3 � C3 222111000, 221221000, 112221000, 121220100,122011100, 011211100, 212021100, 021121100,102121100, 111022100, 022222100, 121110200,212110200, 111011200, 022211200, 120221200,202221200, 222022200, 011222200, 220110110,102210110, 120101110, 011101110, 202201110,021202110, 210210210, 202120210, 022220210,220201210, 102021210, 012202210, 220220220A3(9; 3; 7) � 405 G0 211111100, 122111100, 112221100, 121212100,212212100, 111122100, 222122100, 111211200,222211200, 121121200, 211222200, 122222200,122210110, 221220110, 210221110A3(9; 3; 8) � 171 C9 212111110, 221121110, 121112110, 211222110,122222110, 122111210, 221211210, 112221210,111212210, 212122210, 222211120, 112121120,121221120, 211112120, 111111220, 222121220,211221220, 122212220, 121122220A3(9; 4; 3) � 24 3� C3 111000000, 002220000, 000111000, 220000100,002002100, 100100200, 001010200, 010001200,000020110, 000000222A3(9; 4; 4) � 63 C9 122100000, 220220000, 201102000, 210012000,101200100, 202001100, 201010200Table 3: (Cont.) Codes with a nontrivial automorphism group.
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Bound Group Orbit RepresentativesA3(9; 4; 5) � 132 C8 111210000, 222120000, 212201000, 102111000,121102000, 201222000, 120110100, 202210100,220202100, 201110001, 110120001, 101021001,220022001, 202020201, 220210002, 102220002,110011002, 202012002, 101010102A3(9; 4; 7) � 120 C8 222112100, 122121200, 211122200, 121111001,212212001, 222201101, 122022101, 201222101,212021201, 211221002, 112122002, 221210102,111011102, 202121102, 120221102, 112201202A3(9; 4; 8) � 56 C8 211121110, 222122210, 212122101, 222111201,121122201, 212211102, 111222102, 121211202A3(9; 5; 5) � 36 3� C3 011110100, 200221100, 122002100, 022220200,211001200, 100112200, 220010110, 001202110,110020220, 002101220, 200002211, 001010221A3(9; 5; 6) � 40 C8 112022100, 112101001, 221202001, 101211002,202122002A3(9; 5; 7) � 36 3� C3 122122100, 102111210, 021222210, 222201120,111012120, 221110220, 110221220, 201210111,122200211, 011011211, 200122211, 012210222A3(10; 3; 5) � 522 G0 2112100000, 1111200000, 2221200000, 1220110000,2210220000, 2121001000, 1212001000, 1201101000,2022101000, 1021011000, 2002211000, 2202102000,2012022000, 1211000001, 2122000001, 1202100001,2101200001, 2220100002, 2011100002, 1210200002,1021200002, 1102200002A3(10; 3; 6) � 876 F9;4 1222210000, 2111120000, 1221120000, 1112220000,2120111000, 1101221000, 0122221000, 2220222000,2101210100, 2202220200, 1112100001, 2221200001,2121010001, 2220110001, 0111110001, 1021110001,2012110001, 1102210001, 0212210001, 2102120001,0222120001, 0121220001, 2022220001, 0102111001,0201211001, 0202222001, 2211100002, 1222100002,2222010002, 1210110002, 2101110002, 0221110002,0122210002, 1202220002Table 3: (Cont.) Codes with a nontrivial automorphism group.
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Bound Group Orbit RepresentativesA3(10; 3; 7) � 960 F9;4 2121111000, 1211211000, 2222211000, 2211121000,1222121000, 1111122000, 2122122000, 1212222000,2112110100, 2221210100, 1212120100, 1111220100,2122220100, 0212111100, 0222221100, 2202122100,2211110001, 1222110001, 2121210001, 2112120001,1110111001, 2101121001, 0122121001, 0211122001,1202122001, 2220222001, 1101110101, 2202220201,1221210002, 1211120002, 2111220002, 1122220002,0221111002, 2202111002, 1201221002, 0212221002A3(10; 3; 8) � 760 F5;4 � C2 2112111100, 1121121100, 2222121100, 2111221100,1212221100, 1211112100, 2221212100, 2211121200,2122221200, 2212212200, 2222111010, 1122211010,2112121010, 2211221010, 2121212010, 2122101110,2221021110, 1112021110, 2221102110, 2120112110,2022122110, 2222201210, 1222022210, 2220122210,2221222020A3(10; 3; 9) � 325 2� AGL1(5) 1111211110, 1212221110, 2122221110, 1211122110,2112122110, 1111112210, 2222112210, 1122122210,2121222210, 2212222210, 1111222220, 1221011111,2121021111, 0222221111, 1222022111, 2120122111,2202122211, 0112122211, 1012222211, 1221022221,1210122221A3(10; 4; 3) � 26 3� C3 0221000000, 0002220000, 1100001000, 0012001000,0000111000, 0200202000, 2000002200, 0000001110,0000022001, 1001000002A3(10; 4; 4) � 105 2� C5 1021010000, 2202010000, 0101210000, 0122020000,0011120000, 1200220000, 1100011000, 2001021000,0020112000, 1010022000, 0220010100, 2000120100,0000211100, 0002022100, 2010010200, 0002110200,0020220200, 0200021200, 0000121010, 0001012010,0100022020Table 3: (Cont.) Codes with a nontrivial automorphism group.
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Bound Group Orbit RepresentativesA3(10; 4; 5) � 204 2�D5 1111100000, 2222200000, 0122110000, 0211220000,1101011000, 0011111000, 0112021000, 1020121000,2001221000, 2202022000, 0022222000, 2220010100,0202210100, 1201020100, 2002120100, 0120220100,1010011100, 2100021100, 0021021100, 2001012100,1000222100, 1110020200, 0101120200, 2020022200,2200011010, 0100221010, 0020120210, 0000212210,1100022020, 0000121120, 0000011111, 0000022222A3(10; 4; 6) � 420 2� AGL1(5) 2122120000, 0121111000, 2220211000, 1221021000,0212121000, 1102221000, 1110122000, 1110011100,0202211100, 2011021100, 1200121100, 1201012100,2102022100, 2020122100, 0012222100, 2120021200,2002121200, 0222022200, 0101122200, 0220011110,0010121110, 0021022110, 0100222110, 2100012210,0110022220, 0200022211A3(10; 4; 7) � 380 2� AGL1(5) 1122211000, 1212121000, 2221222000, 2202111100,2211021100, 0122121100, 1022112100, 1112022100,2101122100, 1121021200, 1011122200, 2120021110,1202021110, 2001221110, 1021022110, 2010122110,1100222110, 2100112210, 1001212210, 0220122220,0011021111, 0022022211A3(10; 4; 8) � 280 2� AGL1(5) 2121221100, 2221112100, 1211222100, 1112221200,1111011110, 2222011110, 2210221110, 1022221110,1220122110, 0112222110, 1221012210, 2112012210,0211122210, 1102122210, 1111022220, 2222022220,2012022111, 0021222111, 1210022211, 2101022211A3(10; 4; 9) � 120 2�D5 1221111110, 2112111110, 2121222110, 2211221210,1111112210, 2222212210, 2222121120, 1111221120,1221122220, 2112122220, 2221021111, 1212022111,0112121211, 2111022211, 1022122121, 2021222221A3(10; 5; 5) � 72 2� C5 1111100000, 2222200000, 1120021000, 0012221000,2210012000, 0021112000, 1202020100, 2010120100,0100111100, 2101010200, 1020210200, 0200222200,2000211010, 0002012210, 1000122020, 0001021120Table 3: (Cont.) Codes with a nontrivial automorphism group.
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Bound Group Orbit RepresentativesA3(10; 5; 6) � 75 C10 2021211000, 1111021000, 1212202000, 1201210100,1120201100, 2210022100, 2102110200, 1022022200A3(10; 5; 7) � 120 2�D5 1121211000, 2201221100, 1011112100, 1222022100,1112220200, 2122021010, 1110122010, 0110211110,0021121110, 2101012110, 2202120210, 0211022210,0102122120, 1001222220, 0002221211, 2020022211A3(10; 5; 8) � 90 2� C5 1211211100, 2122122200, 1222111010, 0211122110,1022222110, 2212021210, 1101221210, 1110112210,2111222020, 2220221120, 1121012120, 2202112120,2011111220, 0122211220, 2002121111, 0110221111,2201022221, 0012122221A3(10; 5; 9) � 40 2� C5 1221212110, 2212211210, 2121122120, 1112121220,0111221111, 1102122111, 2221022211, 2012222221A3(10; 5; 7) � 120 2�D5 1121211000, 2201221100, 1011112100, 1222022100,1112220200, 2122021010, 1110122010, 0110211110,0021121110, 2101012110, 2202120210, 0211022210,0102122120, 1001222220, 0002221211, 2020022211A3(10; 5; 8) � 90 2� C5 1211211100, 2122122200, 1222111010, 0211122110,1022222110, 2212021210, 1101221210, 1110112210,2111222020, 2220221120, 1121012120, 2202112120,2011111220, 0122211220, 2002121111, 0110221111,2201022221, 0012122221A3(10; 5; 9) � 40 2� C5 1221212110, 2212211210, 2121122120, 1112121220,0111221111, 1102122111, 2221022211, 2012222221Table 3: (Cont.) Codes with a nontrivial automorphism group.Group Order GeneratorsCk k (1 2 � � � k)D5 10 (1 2 3 4 5), (1)(2 5)(3 4)S3 � C3 18 (1 2 3)(4 5 6)(7 8 9), (1 4 7)(2 5 8)(3 6 9),(1)(2 3)(4)(5 6)(7)(8 9)AGL1(5) 20 (1 2 3 4 5), (1)(2 3 5 4)F7;3 21 (1 2 3 4 5 6 7), (1)(2 3 5)(4 7 6)G0 (see text) 27 (1 2 3 4 5 6 7 8 9), (1)(2 5 8)(3 9 6)(4)(7)F9;4 36 (1 6 4 5)(2 9 8 7)(3), (1 3 6 2)(4 5 9 7)(8)F5;4 � C2 40 (1 2 3 4 5 6 7 8 9 10), (1)(2 8 10 4)(3 5 9 7)(6)Table 4: Groups and generators.the ele
troni
 journal of 
ombinatori
s 9 (2002), #R41 19



Exa
t values:a d = 2w, Theorem 7b d = 2w � 1, Theorem 8m From a Ja
obsthal matrix, Theorem 16p Perfe
t 
ode, Theorem 17s Generalized Steiner system, Theorem 14u Theorem 15Lower bounds:
 (Quasi-)
y
li
 
ode, Se
tion 4.3, Table 3g Spe
ial automorphism group, Se
tion 4.3, Table 3l Lexi
ographi
 
ode, Se
tion 4.1, Table 2r Theorem 5t From unrestri
ted 
ode, Se
tion 4.2x Exhaustive sear
h, Se
tion 3.3, Table 1y Theorem 9z Theorem 10Upper bounds:j Theorem 12t From unrestri
ted 
ode, Se
tion 4.2w Eq. (3) and [25℄x Exhaustive sear
h, Se
tion 3.3y Theorem 9z Theorem 10A
knowledgmentThe authors would like to thank Petteri Kaski for informing them about [9℄.Referen
es[1℄ E. Agrell, A. Vardy, and K. Zeger, Upper bounds for 
onstant-weight 
odes, IEEETrans. Inform. Theory 46 (2000), 2373{2395.[2℄ E. Agrell, A. Vardy, and K. Zeger, A table of upper bounds for binary 
odes, IEEETrans. Inform. Theory 47 (2001), 3004{3006.[3℄ S. Blake-Wilson and K. T. Phelps, Constant weight 
odes and group divisible designs,Des. Codes Cryptogr. 16 (1999), 11{27.[4℄ G. T. Bogdanova, Some ternary lexi
ographi
 
odes, in: Pro
. II International Work-shop on Optimal Codes and Related Topi
s, Sozopol, Bulgaria, 1998, pp. 9{14.
the ele
troni
 journal of 
ombinatori
s 9 (2002), #R41 20



n w d = 3 d = 4 d = 5 d = 6 d = 7 d = 8 d = 9 d = 103 2 b3b4 2 b4b 24 3 s8s 25 2 b5b 2 15 3 u12u w5j 25 4 w10y w5j 26 2 b6b a3a 1 16 3 
18x 
8z b4b 26 4 w30y w15y l4j r3j6 5 z24y m12m r3j 27 2 b7b a3a 1 1 17 3 s28s 
14z b4b a2a 17 4 
60{67x 
23x w7x r3j 27 5 
72{84y 
32t 
9t r3j 27 6 z56y w14x w7j 2 28 2 b8b a4a 1 1 1 18 3 u36u 
16z b5b 2 1 18 4 s112s 
42x x13x w5j 2 28 5 
161{214z 
72{73z x18x w8j r3j 28 6 
168{224y w56y x18x w8j r3j 28 7 p128p 
28x m16m w4j 2 29 2 b9b a4a 1 1 1 1 19 3 s48s 
24y b6b a3a 1 1 19 4 
153{166z 
63{72z x19x w9j b3b 2 19 5 g336{403z 
132{151z 
36x z18y w5j r3j 29 6 g411{642z w168y 
40{48x w24y w6j r3j r3j9 7 g405{576y 
120{126y 
36{38x z18y w5j r3j 29 8 
171{180y 
56{63z w18x w9j r3j 2 210 2 b10b a5a 1 1 1 1 1 110 3 s60s 
26z b6b a3a 1 1 1 110 4 s240s 
105{120y t30z w15j b5b 2 1 110 5 g522{664z g204{288z 
72y t36y l8j w4j 2 210 6 g876{1343z g420y 
75{120y t60y l11x w5j r3j 210 7 g960{1834z g380{420y g120{126y t60y x13t w5j r3j 210 8 g760{900y g280{315y 
90y t45y w10j w5j 2 210 9 g325{400y g120{140z 
40z m20m w5j 2 2 2Table 5: Bounds on A3(n; d; w) for n � 10.
the ele
troni
 journal of 
ombinatori
s 9 (2002), #R41 21



[5℄ G. T. Bogdanova, A. E. Brouwer, S. N. Kapralov, and P. R. J. �Osterg�ard, Error-
orre
ting 
odes over an alphabet of four elements, Des. Codes Cryptogr. 23 (2001),333{342.[6℄ A. E. Brouwer, H. O. H�am�al�ainen, P. R. J. �Osterg�ard, and N. J. A. Sloane, Boundson mixed binary/ternary 
odes, IEEE Trans. Inform. Theory 44 (1998), 140{161.[7℄ A. E. Brouwer, J. B. Shearer, N. J. A. Sloane, and W. D. Smith, A new table of
onstant weight 
odes, IEEE Trans. Inform. Theory 36 (1990), 1334{1380.[8℄ K. Chen, G. Ge, and L. Zhu, Generalized Steiner triple systems with group size �ve,J. Combin. Des. 7 (1999), 441{452.[9℄ J. H. Conway, A. Hulpke, and J. M
Kay, On transitive permutation groups, LMS J.Comput. Math 1 (1998), 1{8.[10℄ T. Etzion, Optimal 
onstant weight 
odes over Zk and generalized designs, Dis
reteMath. 169 (1997), 55{82.[11℄ F.-W. Fu, T. Kl�ve, Y. Luo, and V. K. Wei, On the Svanstr�om bound for ternary
onstant weight 
odes, IEEE Trans. Inform. Theory 47 (2001), 2061{2064.[12℄ F.-W. Fu, A. J. H. Vin
k, and S.-Y. Shen, On the 
onstru
tions of 
onstant-weight
odes, IEEE Trans. Inform. Theory 44 (1998), 328{333.[13℄ I. S. Honkala and P. R. J. �Osterg�ard, Code design, in: E. Aarts and J. K. Lenstra(Eds.), Lo
al Sear
h in Combinatorial Optimization, Wiley, New York, 1997, pp.441{456.[14℄ S. M. Johnson, A new upper bound for error-
orre
ting 
odes, IRE Trans. Inform.Theory 8 (1962), 203{207.[15℄ K. S. Kapralov, The nonexisten
e of ternary (10,15,7) 
odes, in: Pro
. Seventh Inter-national Workshop on Algebrai
 and Combinatorial Coding Theory (ACCT'2000),Bansko, Bulgaria, 18{24 June, 2000, pp. 189{192.[16℄ J. van Lint and L. Tolhuizen, On perfe
t ternary 
onstant weight 
odes, Des. CodesCryptogr. 18 (1999), 231{234.[17℄ F. J. Ma
Williams and N. J. A. Sloane, The Theory of Error-Corre
ting Codes,North-Holland, Amsterdam, 1977.[18℄ B. D. M
Kay, nauty user's guide (version 1.5), Computer S
ien
e Department, Aus-tralian National University, Te
h. Rep. TR-CS-90-02, 1990.[19℄ S. Niskanen and P. R. J. �Osterg�ard, Cliquer user's guide, version 1.0, in preparation.the ele
troni
 journal of 
ombinatori
s 9 (2002), #R41 22



[20℄ P. R. J. �Osterg�ard, On binary/ternary error-
orre
ting 
odes with minimum distan
e4, in: M. Fossorier, H. Imai, S. Lin, and A. Poli (Eds.), Applied Algebra, Algebrai
Algorithms and Error-Corre
ting Codes, LNCS 1719, Springer, Berlin, 1999, pp.472-481.[21℄ P. R. J. �Osterg�ard, A new algorithm for the maximum-weight 
lique problem, Nordi
J. Comput. 8 (2001), 424{436.[22℄ M. Svanstr�om, A lower bound for ternary 
onstant weight 
odes, IEEE Trans. In-form. Theory 43 (1997), 1630{1632.[23℄ M. Svanstr�om, A 
lass of perfe
t ternary 
onstant-weight 
odes, Des. Codes Cryptogr.18 (1999), 223{229.[24℄ M. Svanstr�om, Ternary 
odes with weight 
onstraints, Ph.D. thesis, Link�opings uni-versitet, Dissertation No. 572, 1999.[25℄ M. Svanstr�om, P. R. J. �Osterg�ard, and G. T. Bogdanova, Bounds and 
onstru
tionsfor ternary 
onstant-
omposition 
odes, IEEE Trans. Inform. Theory 48 (2002),101{111.[26℄ H. Tarnanen, An approa
h to 
onstant weight and Lee 
odes by using the methodsof asso
iation s
hemes, Ann. Univ. Turku. Ser. A I, No. 182, University of Turku,1982.[27℄ R. J. M. Vaessens, E. H. L. Aarts, and J. H. van Lint, Geneti
 algorithms in 
odingtheory|A table for A3(n; d), Dis
rete Appl. Math. 45 (1993), 71{87.[28℄ W. D. Wallis, One-Fa
torizations, Kluwer, Dordre
ht, 1997.[29℄ J. Yin, Y. Lu, and J. Wang, Maximum distan
e holey pa
kings and related 
odes,S
i. China Ser. A, 42 (1999), 1262{1269.

the ele
troni
 journal of 
ombinatori
s 9 (2002), #R41 23


