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ARCHIVUM MATHEMATICUM (BRNO)Tomus 29 (1993), 5 { 17A PARALLELOGRAM CONFIGURATIONCONDITION IN NETSJitka Markvartov�aAbstract. After describing a (general and special) coordinatizationof k-nets thereare found algebraic equivalents for the validity of certain quadrangle con�gurationconditions in k-nets with small degree k.
The presen t article deals with some quadrangle con�guration conditions in nets.

The degree k of the net will b e supp osed to b e so small as p ossible. Necessary

fundamen tal notions ab out k -nets are explained in x 1. In x 2 there is de�ned a

sp ecial t yp e of k -net con�guration condition. Some simple in terrelation is in v es-

tigated in x 3. In x4 the co ordinatization of a k -net is in tro duced in the sense of

[2]. Corresp onding admissible relations are sp ecialized so that they yield the co-

ordinatization algebras and further (in case of a�ne planes) the Hughes ternary

rings. In x5 the algebraic description of con�guration conditions is found using a

con v enien t co ordinatization principle. As the quadrangle con�guration conditions

result from the most simple con�guration with only four v ertices and six edges,

the study of suc h simplest con�gurations and of further con�guration conditions

con taining the complete quadrilateral can b e considered as an imp ortan t starting

p oin t in the theory of net con�guration conditions. x1 Definition of a k-net
A k - net ( k � 3) N is de�ned as a quadruplet ( P;L; k; I ), where P and L are

non-empt y sets, I is a binary relation from P to L ( I � P � L) and k is a

decomp osition of L on to non-empt y m utually disjoin t subsets L1; : : : ;Lk . F urther

it is assumed that

1. for ev ery P 2 P and for ev ery i 2 f1 ; : : : ; kg there exists exactly one hi 2 Li
so that P I hi ,1991 Mathematics Subject Classi�cation : Primary 05B30, Secondary 20N03.Key words and phrases: k-net, parallelogram \letter" condition, admissible relation and ad-missible algebra.Received October 23, 1990. 5



6 JITKA MARKVARTOV�A
2. if i; j 2 f1 ; : : : ; kg i 6= j and hi 2 Li , hj 2 Lj then

# fX 2 P j X I hi & X I hjg = 1,

3. for ev ery h 2 L it follo ws # fX 2 P j X I hg > 1.

F rom the de�nition if follo ws # L1 = � � � = # Lk and this cardinal n um b er is

called the order of N . The n um b er k is called the degree of N .

P oin ts A;B are said to b e joinable if it exists a line h so that A I h & B I h;

in the con trary case A;B are called non-joinable .

If p oin ts A;B are joinable, w e shall write A�| �B ; the negation will b e denoted

b y A�| / �B . Esp ecially , if A;B lie on the same line of Li , w e shall write A � i
| �B .

If h is a line, then w e put

�h = fX 2 P j X I hg. If P is a p oin t, then w e put

�P = fx 2 L j P I xg.

It can b e easily sho wn that #

�h do es not dep end on the c hoice of h and is equal

to the order of the net.

If A;B are di�eren t joinable p oin ts, then the uniquely determined line C suc h

that A I C , B I C is called the join line of A;B and is denoted b y A tB .

If A is a p oin t and i 2 f1 ; : : : ; kg, then the line a suc h that a 2 Li & A I a is

uniquely determined and is denoted b y A t i.

If a; b are lines from distinct subsets Li , Lj , then there is exactly one p oin t C
suc h that C I a, C I b. It is called the intersection point and is denoted b y a u b.x2 A configurational conditionDe�nition 2.1. 1. An ordered quadruplet of m utually distinct p oin ts ( A;B;C;D )

of a k -net is called a quadrangle if A�| �B , B�| �C , C�| �D , D�| �A and if no three

of p oin ts A;B;C;D lie on the same line. Dhhhhhh NNNNNNCA [[[[[ B
Fig. 1

2. A quadrangle ( A;B;C;D ) is said 1) to have the �rst or the second diagonal
if it holds A�| �B , B�| �C , C�| �D , D�| �A, A�| �C or A�| �B , B�| �C , C�| �D ,D�| �A, B�| �D , resp ectiv ely 2) to be without the �rst or the second diagonal
if A�| �C , resp ectiv ely B�| �D do es not hold, and 3) to have both diagonals ifA�| �B , B�| �C , C�| �D , D�| �A, A�| �C , B�| �D holds.



A PARALLELOGRAM CONFIGURATION CONDITION IN NETS 7Dhhhhhh NNNNNNCAAAAAAAAAA [[[[[ B DAAAAAAAhhhhhh NNNNNNCA [[[[[ BDAAAAAAAhhhhhh NNNNNNCAAAAAAAAAA [[[[[ B
Fig. 2

A quadrangle ( A;B;C;D ) will b e designated only b y ABCD . The lines A t B ,B t C , C tD , D tA are its sides and the lines A t C , B tD , if they exist, are

its diagonals .

3. A quadrangle ABCD is called a parallelogram if AtDkBtC , AtBkCtD .D C444444 444444A B
Fig. 3

4. W e sa y that in a 4-net N = ( P;L; k; I ) the condition LP 1234 holds (theparallelogram \letter" condition ) if ev ery parallelogram ABCD , A�1| �D , A�2| �B
with the �rst diagonal A tC , A � 3

| �C , has also the second diagonal B tD suc h

that B � 4| �D . D CNNNNN 1

OOOOO4444444444443

2

NNNNNA B
Fig. 4

Similarly the condition LPijkh (for a p erm utation ( i; j; k; h) of f1 ; 2 ; 3 ; 4 g) can

b e de�ned.



8 JITKA MARKVARTOV�Ax3 An elementary property of given configuration conditionLemma 3.1. In a 4-net N let there hold the condition LP1234. Then in N thereholds the condition LPijkh for ( i; j ) 2 f(1 ; 2); (2 ; 1) g, ( k; h) 2 f(3 ; 4); (4 ; 3) g.Proof. Let N b e a net satisfying all assumptions of the lemma.

a) Cho ose arbitrary p oin ts A;B;C;D in N so that A �2| �D , A �1| �B , A �3| �C ,B � 2| �C , D � 1| �C . These p oin ts satisfy the assumption of LP 2134 .B = D0 C = C0
1

44444444444 3

2A = A0 D = B0
Fig. 5

Put A0
= A, B0

= D , C0
= C , D0

= B . Then the p oin ts A0; B0; C0; D0
satisfy the

assumption of LP 1234 so that there exists the line D0 tB0
, D0 � 4

| � B0
. Therefore

there exists the line D tB with D � 4
| �B that is the conclusion of LP 2134.

b) Let A;B;C;D b e arbitrary p oin ts of N suc h that A�1| �D , A�2| �B , A�4| �C ,B � 1| �C , C � 2| �D . D0 iiiiiiiiii C0A BD = A0 ���������� C = B0
Fig. 6

Then the p oin ts A;B;C;D satisfy the assumption of LP 1243. Put A0
= D , B0

=C m C0
= ( A0 t 3) u ( B0 t 1), D = ( C0 t 2) u ( A0 t 1). As the p oin ts A0; B0; C0; D0

satisfy the assumption of LP 1234, there is a line B0 t D0
, B0 � 4

| � D0
. ThereforeD0

= A, C 0
= B . So there exists the line D t B with D � 3

| � B whic h is the

conclusion of LP 1243. The remaining condition LP 2143 can b e deduced similarly . �x4 Coordinatization of a k-netDe�nition 4.1. Let S1; : : : ; Sk b e m utually bijectiv e at least t w o-elemen t sets.

W e sa y that 
 � S1 � � � � � Sk is an admissible relation if the follo wing condition

is satis�ed 8�; � 2 f1 ; : : : ; kg; � 6= � 8x 2 S�; 8y 2 S�9!( x1; : : : ; xk ) 2 
 x = x�; y = y� :



A PARALLELOGRAM CONFIGURATION CONDITION IN NETS 9Remark 4.2. Let an admissible relation 
 � S1� � � ��Sk b e giv en. Then for all�; �;  2 f1 ; : : : ; kg, � 6= � 6=  6= �, w e shall de�ne a mapping ( �� ) : ( a�; a� ) 7!a so that ( �� ) ( a�; a� ) = a , 9( x1; : : : ; xk ) 2 
 x� = a� , x� = a� , x = a .

This mapping is the binary op eration of a 3-basic quasigroup. In this w a y w e

obtain

k !

( k � 3)!

3-basic quasigroup at most.De�nition 4.3. Let N = ( P;L; I ;L1 : : :Lk ) b e a k -net. The mapping � : P !L1 � � � � � Lk giv en b yP 7! ( a1; : : : ; ak ) a1 2 L1; : : : ; ak 2 Lk;
will b e called the coordinatization of N and the relation RN = f� ( P ) j P 2 P
will b e called the coordinatizing relation of N . It is determined b y the giv en k -net

uniquely .Lemma 4.4. Let ( P;L;L1; : : : ;Lk; I ) be a k-net. Then RN is an admissiblerelation.Proof. Let there b e satis�ed the assumptions of Lemma 4.4. T ak e arbitrary linesai; aj ; ai 2 Li , aj 2 Lj ; i; j 2 f1 ; : : : ; kg, i 6= j . Then through the p oin t aiuaj there

go es for ev ery h 2 f1 ; : : : ; kg, h 6= i; j , a unique line ah . Th us ( a1; : : : ; ak ) 2 P ,a1 2 L1; : : : ; ak 2 Lk are elemen ts of an admissible relation. �Lemma 4.5. Let R � S1 � � � � � Sk be an admissible relation. Then there existsa k-net N = ( P;L;L1; : : : ;Lk; I ) such that R is isotopic1 with RN .Proof. Let there b e giv en sets S1; : : : ; Sk , # Si � 2, i 2 f1 ; : : : ; kg and let R �S1�� � ��Sk b e an admissible relation. F urther let there b e giv en the sets S01; : : :S0k
whic h are m utually disjoin t and suc h that there exist bijections�i : Si ! S0i i 2 f1 ; : : : ; kg:
Ob viously S01; : : : ; S0k is an admissible relation.

De�ne P : = S01 � � � � � S0kLi : = S0i; i 2 f1 ; : : : ; kg(1) L : = L1 [ � � � [ Lk
If P 2 h, P 2 P , h 2 L then w e shall write P I h. W e will sho w that

( P;L;L1; : : : ;Lk; I ) is a k -net.

(i) Let A 2 P , i 2 f1 ; : : : ; kg. Then, b y (1), there is just one hi 2 Li suc h thatA I hi .

(ii) T ak e arbitrary h0i 2 Li , h0j 2 Lj , i; j 2 f1 ; : : : ; kg, i 6= j . On the lineh0i there lies the p oin t ( a01; : : : ; a0i�1; h0i; a0i+1; : : : ; a0j�1; h0j; a0j+1; : : : ; a0k ) and on the1Two relations A � A1 � � � � � Ak , B � B1; : : : ; Bk are said to be isotopic, if there existbijections 1 : A1 ! B1; : : : ; k : Ak ! Bk such that for every (x1; : : : ; xk) 2 A1 � � � � � Ak itholds (x1; : : : ; xk) 2 A� (1(x1); : : : ; k(xk)) 2 B
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line h0j the p oin t ( b01; : : : ; b0i�1; h0i; b0i+1; : : : ; b0j�1; h0j; b0j+1; : : : ; b0k ). As ( a01; : : : ; a0k ),

( b01; : : : ; b0k ) are elemen ts of an admissible k -relation S01�� � ��S0k it is ( a01; : : : ; a0k ) =

( b01; : : : ; b0k ). Th us

# fX 2 P j X I h0i & X I h0jg = 1 :
(iii) No w in v estigate an arbitrary line h and an arbitrary p oin t A0 I h. Let h 2Lm for some m 2 f1 ; : : : ; kg. F urther let A0

= ( a01; : : : ; a0k ), a0i 2 S0i , i 2 f1 ; : : : ; kg.

As # S0i � 2 there exist B0
= ( b01; : : : ; b0k ) 2 h, b0i 2 S0i , i 2 f1 ; : : : ; kg, suc h thata0i 6= b0i for all i 2 f1 ; : : : ; kg, i 6= m. Th us A0 6= B0

and # fX 2 P j X I hg � 2. �
By an admissible algebra w e shall understand a set S; # S � 2 together with

a prominen t elemen t 0 2 S , with a collection ( 'i ) i2f3;:::;kg of p erm utation of S
�xing the elemen t 0 and with a collection of quasigroup op erations (+ i ) i2f3;:::;kg
suc h that

1) '3 = id S ,

2) 8c1; c2 2 S; i1; i2 2 f3 ; : : : ; kg, i1 6= i29!( x; y ) 2 S � S 'i1 ( x) + i1 y = c1 , 'i2 ( x) + i2 y = c2 .Construction 4.6. Let there b e giv en a k -net N = ( P;L; k; I ). Cho ose an ar-

bitrary line a 2 L1 and an arbitrary line b 2 L2 . F urther put 0 = a u b and de�ne

1) S := L1 ,

2) �2 : L2 ! S , h2 7! h02 = f[( h2 t a) t 3] u bg t 1,b 2

h2h02����������
0

�����������3

1a h0ibAAAAAAAAAAAhi0

''''''''''3

a
Fig. 7�i : Li ! S , hi 7! h0i = ( hi u b) t 1 for all i 2 f3 ; : : : ; kg.

3) 'i : S ! S , x 7! 'i ( x) = f[( x t 3) t a] t ig u b for all i 2 f3 ; : : : ; kg
where '3 =id S .
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'i ( x) �������������

0

�����������
3

a
Fig. 8

4) + i : S � S ! S , ( x; y ) 7! 'i ( x) + i y := (21 i)( x; y ) for all i 2 f3 ; : : : ; kg'i ( x) + i y'i ( x)

b'''''''''''44444444444yx [[[[[[[[[[[
0

a[[[[[[[[[[[[[[[[3

Fig. 9

It can b e easily sho wn that + 3 is a lo op op eration. W e shall call ( S; 0 ; ( 'i ) i2f3;:::;kg;
(+ i ) i2f3;:::;k ) the coordinatizing algebra corresp onding to N .Remark 4.7. Let us ha v e a k -net N

( S; 0 ; ( 'i ) i2f3;:::;kg; (+ i ) i2f3;:::;kg ) :
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De�ne a mapping L1 � : : :Lk ! kz }| {S � � � � � S , ( h1; : : : ; hk ) 7! ( x1; : : : ; xk ) suc h

that L1 = S; �2 : L2 ! S; h2 7! h02 = f([ h2 u a] u 3) u bg t 1 ; a; b 2 S;�i : Li ! S; hi 7! h0i = fhi u bg t 1 ;
then the quasigroup op erations deriv ed from RN go o v er on to quasigroup op era-

tions from p oin t 4) of Construction 4.6.Lemma 4.8. Every admissible algebra is a coordinatizing algebra of a suitablek-net.Proof. Let ( S; 0 ; ( 'i ) i2f3;:::;kg; ( ti ) i2f3;:::;kg ) b e an admissible algebra. De�ne P :=S � S , Li := ff( a; y ) j y 2 Sg j a 2 Sg; L2 := ff( x; b) j x 2 Sg j b 2 Sg,Li := ff( x; y ) j y = 'i ( x) + i y = cig j ci 2 Sg for all i 2 f3 ; : : : ; kg, L =L1 [ L2 [ L3 [ � � � [ Lk . The incidence relation I � P � L will b e the relation

\to b e an elemen t of the set". It can b e easily sho wn that ( P;L;L1; : : : ; Lk; I ) is

a k -net ha ving the desired prop ert y . �x5 Algebraic properties of k-netssatisfying given configurational conditionsTheorem 5.1. Let N = ( P;L;L1;L2;L3;L4; I ) be a net and ( S; 0 ; ( '3; '4 ) ;
(+ 3; + 4 )) its coordinatizing algebra with respect to the origin 0 . Then in N thereholds condition LP1234 if and only ifa) + 3 = + 4 (= +) where ( S; +) is a commutative group,b) '4 ( x) = �x I 8x 2 S, where �x is the opposite element of x 2 S in ( S; +) .Proof. Let L b e a net satisfying all the assumptions of the Theorem 5.1. F urther

let there hold condition LP 1234 in N . By Lemma 3.2, in N there is satis�ed also

condition LP 1243 . By help of op erations + 3; + 4 w e can explain condition LP 1234
as follo ws:

(2) 8r; u; s; v 2 S r + 3 v = s + 3 u) '( r ) + 4 u = '( s) + 4 v
( r; v ) ( s; v )

2

0

\\\\\\\\\\\\4 '''''''''''' 3

( r; u) ( s; u)

1

Fig. 10
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and condition LP 1243 similarly:

(3) 8r; u; s; v 2 S '( r ) + 4 u = '( s) + 4 v ) r + 3 v = s + 3 u:
F or r = 0 ; s = v , the conclusion u = '( v ) + 4 v 8u; v 2 S follo ws from v = v + 3 u

b y (2). If u = 0, then

(4) 0 = '( v ) + 4 v
for ev ery v 2 S .

When putting s = v in (2), from r + 3 v = v + 3 u w e get '( r ) + 4 u = '( v ) + 4 v
for all u; r; v 2 S .

By (4) w e obtain '( r ) + 4 u = 0. Again b y (4) w e get r = u.

So u + 3 v = v + 3 u for all u; v 2 S . Then the lo op ( S; + 3 ) m ust b e comm utativ e.

F or r = 0, '( s) = u, the conclusion v = '�1 ( u)+ u follo ws from u = u + 4 v for

all u; v 2 S b y (3).

Herefrom v = 0 so that

(5) 0 = '�1 ( u) + 3 u
for ev ery u 2 S .

If w e put r = 0, v = 0, then w e obtain, b y (3), the conclusion 0 = s + 3 u for allu; s 2 S from u = '( s). So

(6) 0 = s + 3 '( s)

for all s 2 S .

Cho ose an arbitrary elemen t a 2 S . Then b y (5) it holds 0 = '�1 ( a) + 3 a and

b y (6) similarly 0 = a + 3 '( a).

As the lo op ( S; + 3 ) is comm utati v e, w e get

(7) '( a) = '�1 ( a)

for ev ery a 2 S .

F or u = 0 w e get the equation '( r ) = '( s) + 4 v for all r; s; v 2 S b y (2) fromr + 3 v = s. Th us

(8) '( r ) = '( r + 3 v ) + 4 v
for all r; v 2 S .

When putting s = 0, w e get, b y (2) from r + 3 v = u, the equation '( r ) + 4 u = v
for all r; u; v 2 S . So

(9) '( r ) + 4 ( r + 3 v ) = v
for all r; v 2 S .
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If w e substitute in to (9) b y (8), w e get

(10) [ '( r + 3 v ) + 4 v ] + 4 ( r + 3 v ) = v
for all r; v 2 S . As ( S; + 3 ) is a lo op, there exists z 2 S so that z = r + 3 v and (10)

go es o v er on to

(11) ( '( z ) + 4 v ) + 4 z = v
for all z; v 2 S .

Let the elemen t d 2 S b e suc h that z = '( d). Then from (11) w e obtain b y (7)

the equation

(12) ( d + 4 v ) + 4 '( d) = v
for all d; v 2 S .

F urther let c = d + 4 v . Then from (12) w e obtain

(13) c + 4 '( d) = v :
No w c ho ose arbitrary elemen ts a, b, x 2 S suc h that b = a + 4 x. When settinga = d, b = c, w e get, b y (13), x = v = c + 4 '( d) = b + 4 '( a) :
So from the equation a + 4 x = b

it follo ws

(14) x = b + 4 '( a)

for all a; b 2 S . Then b y (9) w e conclude, b y (14),r + 3 v = v + 4 '( r )

for all r; v 2 S . By (7) it holds '2 =id so thatr + 3 v = v + 4 r
for all r; v 2 S .

As ( S; + 3 ) is a comm utativ e lo op, v + 3 r = v + 4 r
holds for all r; v 2 S . Th us + 3 = + 4 . Put + 3 = +.
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T aking arbitrary elemen ts a; b; c 2 S , then, b y (10), w e obtain

(15) a + c = b + [ '( b) + ( a + c)] :
As in N there holds condition LP 1234, from (15) it follo ws'( a) + [ '( b) + ( a + c)] = '( b) + c:

When adding the elemen t a on b oth sides, w e obtaina + [ '( a) + [ '( b) + ( a + c)]] = a + ( '( b) + c) :
When using (10), w e get

(16) '( b) + ( a + c) = a + ( '( b) + c)

for all a; b; c 2 S .

F urther put a = x, c = y , b = '( z ). Then

( x + y ) + z = ( a + c) + '( b) :
By (16) it is

( a + c) + '( b) = a + '( b) + c = a + ( c + '( b)) = x + ( y + z ) :
Th us ( x + y ) + z = x + ( y + z ) for all x, y , z 2 S .

The lo op ( S; +) is th us asso ciativ e and consequen tly it is a comm utativ e group.

Conditions a) and b) are th us satis�ed.

On the con trary , let us no w supp ose that in N there hold conditions a), b).

Cho ose arbitrary elemen ts r , u, s, v 2 S suc h that

(17) r + v = s + u :
Because ( S; +) is a comm utati v e group, w e can rewrite (17) asr + v � r = s + u� r ;
so that v = s + u� r . When adding the elemen t �s on b oth sides, w e ha v e�s + v = u� r;
and from r + v = s + u
it follo ws �r + u = �s + v:

On the other side, it holds '( x) = �x for ev ery x 2 S . Th us fromr + v = s + u w e get '( r ) + u = '( s) + v
for all r , s, u, v 2 S . Condition LP 1234 is th us satis�ed. �



16 JITKA MARKVARTOV�ATheorem 5.2. Let N = ( P;L;L1;L2;L3;L4;L5;L6; I ) be a net and ( S; 0 ; '3;'4; '5; '6; + 3; + 4; + 5; + 6 ) its coordinatizing algebra with respect to the origin 0 .Then in N there holds condition LP1256 if and only ifa) + 5 = + 6 (= : �) and ( S;�) is a commutative groupb) + 6 ( x) = 	'5 ( x) 8x 2 S. Here the symbol 	 designates the subtraction in
( S;�) .Proof. Let N b e a net with co ordinatizing algebra as in assumptions of Theorem

5.2. F urther assume that in N there holds condition LP 1256. By construction 4.6

it follo ws a + i b = (1 2 i) '�1i ( a) ; b) 8a; b 2 S 8i 2 f3 ; 4 ; 5 ; 6 g:
By Theorem 5.1 + 5 = + 6 holds. Denote + 5 = �. The ( S;�) is a comm utativ e

group and condition a) is satis�ed. F urther from condition LP 1256 it follo ws '5 ( x) �'6 ( x) = 0 for all x 2 S .

(0 ; '6 ( x)) x4444444444444iiiiiiiiiiiii 5

( x; '6 ( x))

0 = '5 ( x) � '6 ( x)

\\\\\\\\\\3

(0 ; '5 ( x)) iiiiiiiiiiiii
( x; 0)

Fig. 11

Therefore condition b) is satis�ed.

Assume on the con trary that in N there hold conditions a) and b). Cho ose

arbitrary elemen ts x1; x2; y1; y2 2 S suc h that

(18) 	'5 ( x1 ) � y1 = '5 ( x2 ) + y2:
Since there are satis�ed conditions a) and b), w e can rewrite (18) as'5 ( x1 ) � y2 = 	'5 ( x2 ) � y1:
When using the equation '6 ( x) = 	'5 ( x), w e obtain'6 ( x1 ) � y2 = '6 ( x2 ) � y1:
Th us w e ha v e'5 ( x1 ) � y1 = '5 ( x2 ) � y2 ) '6 ( x1 ) � y2 = '6 ( x2 ) � y1
whic h is condition LP 1256. �



A PARALLELOGRAM CONFIGURATION CONDITION IN NETS 17Corollary 5.3. Let N be a net with even degree k � 4 and ( S; 0 ; ( 'i ) i2f3;:::;kg;
(+ i ) i2f3;:::;kg ) its coordinatizing algebra with respect to the origin 0 .Then in N there holds condition LP1;2(2h+1);(2h+2) 8h 2 f1 ; 2 ; : : : ; k2 � 1 g if andonly ifa) + 2h+2 = + 2h+1 (= : �h ) and ( S;�h ) is a commutative group.b) '2h+2 ( x) = 	h'2h+1 ( x) 8x 2 S where the symbol 	h designates the sub-traction in ( S;�h ) , h 2 f1 ; : : : ; k2 � 1 g.References[1] Belousov, V. D., Algebraic nets and quasigroups, Kishinev, 1971, in Russian.[2] Havel, V.,General nets and their associated groupoids, Proc.Symp.\n-ary Structures" (1982),229-241, Skopje.[3] Havel, V., Homomorphisms of nets of �xed degree with singular points on the same line,Czech. Math. Journ. 26 (1976), 43-54.Jitka Markvartov�aSob�e�sick�a 128a638 00 Brno, CZECH REPUBLIC
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