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function true=condition_isomor (T1, T2, F)
[m, n]=size (T1); nf=length (F(:, 1)); true=0;
for i=1:nf; f=F(, :); t=0;
for x=1:m
for y=1:n; if T2(f(x), f(y)~=f(T1(x, y)~=f(T1(x, y))
t=1; break; end; end
if t==1; break; end; end
if t==0; ture=1; return; end; end
1 2
function T nois=table nonisomor(T _all, F)
It=length(T _all); s=0; I_iso=ones(1, lt);
for i=1:1t-1; T1=T all{i};
for j=i+1:1t
T2=T _all{j}; t=condition_isomor(T1, T2, F);
if t==1; I iso(i)=0; break; end; end; end;
for i=1:1t
if I iso(i)==1; s=s+1; T nois{s}=T all{i}; end; end

2

tic; T=[]; for k1=1:3; for k2=1:3; for k3=1:3;
T=[T;[k1,k2,k3]]; end; end; end

s=0; for k1=1:27; for k2=1:27; for k3=1:27; s=
s+1; T all{s}=T([k1,k2.k3],:); end; end; end

F=perms(1:3); F=F(1:factorial(3)-1, :); T nois=
table nonisomor(T _all, F); toc

3
, 4 CA-

function true=condition_CA(T)
n=length(T(:, 1)); true=1;
for a=1:n; for b=1:n; for c=1:n
if T(a, T(b, ¢))~=T(c, T(a, b))
true=0; return ;end; end; end; end

3

function CA=CA_groupoid(T_nois)
It=length(T_nois); s=0;
for i=1:1t
T=T _nois{i}; t=condition_CA(T)
if t==1; s=s+1; CA{s}=T; end; end
4 CA-

Matlab 2019a ,
CA- 18

0.02s



function nean=condition_nean(T, a)

tic; CA=CA_groupoid(T_nois); toc n=lenth(T(:, 1)); nean=0;

4 3330 for p=I:n
CA- 18 . if T(a, p)==a && T(p, a)==a
5 ne=p;
6 CA- . , for g=1:n

if T(a, qQ)==ne && T(q, a)==ne

function true=condition_associ(T)
nean=1; return; end; end; end; end

n=length(T(:, 1)); true=1;
for a=1:n; for b=1:n; for c=1:n

. function true=condition_neextr(T)
if T(T(a, b), ¢)=T(a, T(b, c)) -

n=length(T(:, 1)); true=1;
ture=0; return; end; end; end; end

for a=1:n
> nean=condition_nean(T, a)
function CA_SG=CA_semigroup(CA) if nean——
It=length(CA); s=0; true=0; return
for i=1:1t end
T=CA/{i}; t=condition_associ(T) end
if t==1; s=s+1; CA_SG{s}=T; end; end g CA-NET-
6 CA- function CA_NET=CA_neextr(CA)
Matlab 2019a , 0.009s lt=length(CA); s=0;
CA- 12 . for i=1:1t
. T=CA{i}; t=condition_neextr(T)
tic; CA_SG=CA_semigroup(CA); toc if t=1
7 s=s+1; CA_NET({s}=T;
R 8 CA-NET- R end
9 CA-NET- : Matlab end
2019a , 0.03s CA-NET- 9 CA-NET-
5 D CA- 6
: ;(2) CA- 12 R
tic; CA_ NET=CA_neextr(CA); toc 7 CA-NET- ( ),5 CA-NET-
5 CA- 18 ( 1 ).
alb]|c albj|c albj|c al|bjc a|bjc albjc
alc|bj|b alc|bj|b alc|c|c alc|c|c alc|c|c alclc|c
b|b|bfb blc|b|b b|lbjc|c b|b|c|c blclalc blc|c]|c
clc|bj|b clc|bj|b c|bjc|c clc|c|c clclafc clclafc
10 CA-
albfc alb|c alb|c alblc albfc albf|c alb|c
ajc|bjc ajclbfc ajclc|b ajclc|c ajclc|c ajclc|c ajclalc
b|b|b|b b|b|lc|b blclc|b blc|lalc blc|b|c blclc|c bla|lb|c
clclbjc cjclibfc clbfbfc cjclclc clclc|c clclc|c cjcljclc

11 CA-
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10 6 CA- 4'°=4294967296
, 11 12 13 , {a-a, a-b, a-c, ad} 4=
CA- , , 12 CA-NET- 256 , 14 ,
, 13 . , 2 1
alblc alblc alblc Talole Matlab 2019a , 0.05s {a-a, ab,
alalblc alclala alc|bla alalc|c a-c, a-d} 52
bib|b]|c bja|b]|c b|b|b|b clb|c :
cjejeje cjajceje clajbjc cjejejce tic; F=[ones(factorial(3), 1), perms(2:4)]; F=F(1:
12 CA-NET- factorial(3)-1,:); aset=set_noniso(F); toc
alb|c function aset=set_noniso(F1)
ajclalb aset=[1, 1, 1, 1];
blajb|c for k1=1:4; for k2=1:4; for k3=1:4; for k4=1:4
¢ cla T1=[k1, k2, k3, k4]; I=length(aset(:, 1)); t1=1;
13 CA-NET- for j=1:1; T2=aset(j, :); t2=condition_isomor(T1, T2, F1);
if t2==1; t1=0; break; end; end
3 CA- if t1==1; aset=[aset; T1]; end; end; end; end; end
S={a, b, c,d}, ““->> S , 14 {a-a, a-b, a-c, a-d}

function CA=Table_all(aset, F)
[m, n]=size(aset); CA{1}=ones(n); s=1; T1=zeros(n); In=4"3;
T=[]; for k1=1:n; for k2=1:n; for k3=1:n; T=[T; [k, k2, k3]]; end; end; end
for i=1:m; T1(1, :)=aset(i, :);
if T1(1, 1)==1; for ¢=2:n; T1(c, 1)=T1(1, T1(1, ¢)); end
for k1=1:1n; for k2=1:In; for k3=1:In; T1(2:n, 2:n)=T([k1, k2, k3], :); tI=condition_CA(T1);
if t1==1; t2=1; for j=1:s; T2=CA{j}; t3=condition_isomor(T1, T2, F);
if t3==1; t2=0; break; end; end; if t2==1; s=s+1; CA{s}=T1; end; end; end; end; end
else; for c=2:n; Tl(c, 2)=TI1(1, T1(1, ¢)); end
for k1=1:1n; for k2=1:In; for k3=1:In; T1(2:n, [1, 3, 4])=T([k1, k2, k3], :); tI=condition_ CA(T1);
if t1==1; t2=1; for j=1:s; T2=CA{j}; t3=conditon_isomor(T1, T2, F);
if t3==1; t2=0; break; end; end; if t2==1; s=s+1; CA{s}=T1; end; end; end; end; end; end; end
15 CA-
funciton [CA_C, CA_NC]=CA_con(CA)
It=length(CA); n=length(CA{CA {1}(1, :)); s1=0; s2=0;
for i=1:It; T=CA{i}; t=1;
for a=1:n-1
for b=a+1:n; if T(a, b)==T(b, a); t=0; break; end; end
if t==0; break; end
end
if t==1; sl=s1+1; CA_C{s1}=T; else; s2=s2+1;
CA_NC{s2}=T; end
end

16 () CA-
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a|bjc|d a|lb|c|d a|bjc|d a|bjfc|d
alalalala alalalala alalalala alalalala
blaja|a|a blala|a]|a blajla|a|a blaja|a|a
clajalala clalalala clalalal|b clalal|lb|a
d|iaja|b|a d|laja|b|b d|lajala|b djiaja|b|b
17 CA-
{aa, ab, ac, ad;ba, bb, bc, bd; ca, cb, cc, cd;da, db, dc, dd} {aa, ab, ac, ad;ba, bb, bc, bd; ca, cb, cc, cd;da, db, dc, dd}
1 {a,a,a,a;a,b,a,a;a,a,¢,a a,a,a,d} 9 {a,a,a,a;a,b,c,d;a,c,d,b;a,d,b,c}
2 {a,a,a,a;a,b,a,aa,a,¢,¢;a,a,c,d} 10 {a,a,a,d;a,b,a,d;a,a,¢,d;d,d,d,a}
3 {a,a,a,a;a,b,a,a;a,a,¢,d;a,a,d,c} 11 {a,a,a,d;a,b,b,d;a,b,c,d;d,d,d,a}
4 {a,a,a,a;a,b,a,b;a,a,¢crc;a,b,c,d} 12 {a,a,a,d;a,b,c,d;a,c,b,d;d,dd a}
5 {a,a,a,aa,b,b,b;a,b,c b;ab,b,d} 13 {a,a, c,c;a,b,c,d;c,ca a;c,d, a, b}
6 {a,a,a,a;a,b,b,b;a,b,c,c;a,b,c,d} 14 {a,a,c,d;a,b,c,d;c,c,d,a;d,d,a, c}
7 {a,a,a,a;a,b,b,b;ab,c,d;a,b,d,c} 15 {a,b,c,d;b,a,d,c;c,d,a,b;d, c,b,al( )
8 {a,a,a,a;a,b,b,d;a,b,c, d;a,d,d, b} 16 {a,b,c,d;b,a,d, c;c,d,b,a;d,c,a,bj( )
18 CA-NET-
15 CA- R 42 CA-NET- ( ), 16
3 s 2 CA-NET- ( 2 1 ).
1 . 17 CA-
Matlab 2019a 5 28.92s R 18
CA- 256
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Low-order CA-groupoids and resulting classification

MAO Xiaoyanl’z, TEMUER Chaolu®*

( L.College of Information Engineering, College of Science and Technology of Ningbo University, Ningbo 315300, China;
2.College of Arts and Sciences, Shanghai Maritime University, Shanghai 201306, China )

Abstract: Group is the basic algebraic structure that describes symmetry based on associative law. In order to
express more general symmetry (or variation symmetry), the concept of group is generalized in various ways.
Cyclic associative groupoid (CA-groupoid) is the concept proposed based on the law of cyclic association and
the background of non-associative ring, left weakly Novikov algebra and CA-AG-groupoid. It is of great
significance to explore low-order CA-groupoid and their classification for the further study of CA-groupoid. In
this paper the basic concepts are first introduced, and the triplet group (NETG) is extended with properties of
CA-groupoids and neutrosophic. Next, a calculation program is designed using Matlab software to obtain all
non-isomorphic CA-groupoids of order 3 and order 4. Finally the complete classification is determined.

Key words: cyclic associative grouplid (CA-grouplid); neutrosophic extended triplet group (NETG); CA-NET-
groupoid; classification



