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PROCEDURI MAPLE PENTRU
RETELE DE CELULE CUPLATE
CU ARCURI MULTIPLE

Madilina Roxana Buneci, Assoc.
Professor, University Constantin Brancusi

REZUMAT: Un sistem cu celule cuplate este o refea
de sisteme dinamice (celule), reprezentat printr-un
graf orientat ce indica modul in care celulele
interactioneaza si care celule si tipuri de interactiuni
sunt echivalente.  Golubitsky si Stewart [1-3] au
introdus un cadru formal pentru a obtine informatie
despre dinamica sistemului folosind topologia grafului
de interactiuni. Scopul acestei lucrari este de a
prezenta modul in care mediul de programare Maple
poate fi utilizat pentru realizarea rapida a unor
proceduri Maple pentru implementarea acestui model.

Cuvinte cheie: retea celulara, procedura
Maple, graf orientat

1. Proceduri Maple pentru grafuri
orientate etichetate

A graf orientat etichetat orientat G consta in:

1. O multime Vg de varfuri sau noduri.

2. A multime Eg de muchii orientate sau
arce.

3. Doua aplicatii H: Eg—>Vg (H(e)
extremitatea finalda a lui e) si T:
Ec—Vg (T(e) extremitatea initiald a lui
e).

4. O relatie de echivalenta ~y peVg.

5. Orelatie de echivalenta ~¢ pe Eg.

Vom desemna un graf etichetat orientat prin
G(VG, EG, T, H, ~V, ~E). Daca e EEG $i
T(e)=u, H(e)=v, atunci vom folosi notatia
e=(v,u). Subliniem ca o muchia orientata e nu
este determinati in mod necesar de u si v. In
definitia precedenta, muchiile orientate
multiple sunt permise (adicd este posibil sa
avem H(e;) si T (e;) = T (ey) dar el # e2),
precum si auto-interactiunile (adicd, este
permis ca H(e) = T (e)). Golubitsky si
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ABSTRACT: A coupled cell system is a network of
dynamical systems (cells), represented by a directed
graph that indicates how cells are coupled and which
cells are equivalent. Golubitsky and Stewart [1-3]
introduced a formal framework  for obtaining
information about system dynamics from the topology
of the graph of couplings. The purpose of this paper is
to present how Maple environment can be used for
rapid development of procedures implementing this

model (multiple arrows and self-couplings are
allowed).
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1. Maple procedures for labeled
directed graphs with

A labeled directed graph G consists of the
following:

6. A set Vg of vertices or nodes.

7. A set Eg of directed edges or arcs.

8. Two maps H: EGc—Vs (H(e) head or
target of €) and T: EG—>Vg (T(e) tail or
source of e).

9. An equivalence relation ~y on vertices

in VG.

An equivalence relation ~g on edges in
Eg.

We shall denote a labeled directed graph by
G =G(Vg, Eg, H, T, ~y, ~g). If ¢ €Eg and
T(e)=u, H(e)=v, then we shall use the
notation e=(v,u). Notice that the directed
edge e is not necessarily determined by u and
v. In the previous definition multiple arrows
are allowed (it is possible to have H(e;) =
H(e;) and T (e1) =T (ey) for el # €2), as well
as self-coupling is allowed (that is, we allow

10.
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Stewart [1,2] au utilizat in definitia retelelor
de celule cuplate urmatoarea conditie de
consistentd: “muchiile orientate echivalente
au extremitatile initiale, respectiv
extremitdtile finale echivalente”. Nu vom
impune aceasta restrictie.

Vom reprezenta in Maple un graf
orientat etichetat G(Vg, Eg, T, H, ~v, ~g) prin
doud liste (presupunand cd Vg si Eg sunt
multimi finite): una pentru varfuri, si alta
pentru muchiile orientate. Vom asocia
fiecdrei clase de echivalentd o culoare ce
poate fi exprimatd in Maple in modelul
RGB/HUE  sau  specificatda  printr-un
identificator predefinit. Fiecare varf va fi
reprezentat ca o listd cu doud elemente: un
identificator (nume) al varfului si culoarea
corespunzatoare clasei de echivalenta a
varfului. Fiecare muchie orientatd va fi
reprezentatd printr-o listd cu doud elemente:
primul element este dat de lista a doud varfuri
(extremitatea initiald si extremitatea finald ),

iar cel de al doilea de culoarea
corespunzatoare clasei de echivalenta a
muchiei.

De exemplu, sa consideram graful
orientat etichetat G for pentru care Vg = {1,
2,3,4,5}, clasele de echivalentd pe Vg sunt
{1}, {2,3} 51 {45}, Ec ={e1=(1,1), &= (1,2),
es= (1,2), es= (1,3), es=(1,3), es= (2,4), e7=
(2,4), es= (2,5), eo= (2,5), e1o= (3,4), e;1=
(3,5), ei= (4,1), eis== (5,1)}, clasele de
echivalentd pe Eg sunt{ei, e,, €3, €4, €5}, {€s,
es, €10}, {€7, €9, €12} i {ei3} (sd observam
existenta muchiilor multiple si a auto-
interactiunii e;=(1,1)). Informatia referitoare
la acest graf este continutd in urmatoarele
doua liste Maple:
>V1:=[[1,COLOR(RGB,1,1,0)],[2,
COLOR(RGB,1,0,1)],[3,COLOR(RGB
,1,0,1)], [4,COLOR(RGB,0,1,1)],
[5,COLOR(RGB,0,1,1)]11;
>
E1:=[[[1,1],COLOR(RGB,1,0,0)],
[[1,2],COLOR(RGB,1,0,0)]1LI[1,2]

COLOR(RGB,1,0,0)],[[1,3],COLOR
(RGB,1,0,0)].[[1,3],COLOR(RGB,
1,0,0)1,[[2,4].COLOR(RGB,0,0,1
)1, [[2,4],COLOR(RGB,1,1/2,2/3)

H(e) = T (e)). Golubitsky and Stewart [1,2]
used in the definition of the coupled cell
networks (that permits multiple arrows and
self-couplings) the following consistency
condition “equivalent directed edges have
equivalent tails and heads”. We shall not
work under this assumption.

We shall represent in Maple a labeled
directed graph G(Vg, Eg, H, T, ~v, ~g) using
two lists: one for vertices and the other for
edges. We shall associate to each equivalence
class a color expressed in Maple in the
RGB/HUE model or specified by predefined
names. Each vertex will be represented as a
list of two elements: the identifier (name) of
the vertex and the color corresponding to its
equivalence class. Each directed edge will be
also represented as a list with two
components: a list of two vertices (the tail
and the head of the edge) and the color
corresponding to the equivalence class of the
edge.

For instance, let us consider the graph
G(V(}, E(;, H, T, ~V, NE) for which VG = {1,
2,3,4,5}, the equivalence classes on Vg are
{1}, {2,3} and {4,5}, Eg ={ei1=(1,1), e=
(1,2), es= (1,2), es= (1,3), es=(1,3), es= (2,4),
€7= (2,4), Cg= (2,5), Co= (2,5), C10— (3,4), 1=
(3.5), ein=(4,1), e;3= (5,1)}, the equivalence
classes on Eg are {ej, e, €3, €4, €5}, {€6, Cs,
€i0}, {€7, €9, €12} and {e;3} (let us notice the
existence of multiple arrows and the self-
couplings e; = (1,1)). The information
concerning this graph is contained in
following two Maple lists:
>V1:=[[1,COLOR(RGB,1,1,0)].[2,
COLOR(RGB,1,0,1)],[3,COLOR(RGB
.1,0,1)],[4,COLOR(RGB,0,1,1)],
[5,COLOR(RGB,0,1,1)1]1;
>
E1:=[[[1,1],COLOR(RGB,1,0,0)],
[[1.2],COLOR(RGB,1,0,0)1[[1,2]

COLOR(RGB,1,0,0)7,[[1,3],COLOR
(RGB,1,0,0)]1,[[1,3],COLOR(RGB,
1,0,0)]1.[[2.,4].COLOR(RGB,0,0,1
)1, [[2,4],COLOR(RGB,1,1/2,2/3)
1,[[2,5],COLOR(RGB,0,0,1)], [[2
,5].COLOR(RGB,1,1/2,2/3)1.[[3.
47, COLOR(RGB,0,0,1)],[[3,5],CO
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1,[[2,5],COLOR(RGB,0,0,1)], [[2
,5].,COLOR(RGB,1,1/2,2/3)1,[[3.
47, COLOR(RGB,0,0,1)],[[3,5],CO
LOR(RGB,0,0,1)], [[5,1],COLOR(R
GB,0,1,0)],[[4,1],COLOR(RGB, 1,
1/2,2/3)11;

Proceduri Maple pentru determinarea culorii
unui varf, culorii tuturor varfurilor sau
muchiilor, intreaga clasad a unui varf, culorile
muchiilor (posibil multiple) sunt usor de
implementat. In cazul in care muchiile
multiple si autointeractiunile nu sunt permise,
se pot folosi comenzile din pachetul
GraphTheory pentru reprezentarea grafica
a grafului can (varfurile si muchiile pot fi
desenate cu culorile specificate In listele
corespunzatoate)

Dédndu-se o lista EE de muchii

orientate, procedura
in_vertices(EE,u) calculeaza
lista asa numitilor ,in-
neighbors” ai varfului u
(extremitatile initiale ale
muchiilor avand u ca

extremitatea finala ).

> in_vertices:=proc(EE,u)

local 1, L;

L:=[1;

for 1 from 1 to nops(EE) do if
EE[1][2]=u then
L:=[op(L),EE[1][1]] end if;
end do;

RETURN(L)

end proc:

Déndu-se o listda E de muchii
orientate insotite de culorile
asociate claselor de
echivalentsd, procedura
in_colored _edges(E,u)
calculeaza 1lista asa
numitelor muchii input pentru
u (extremitatea finala a
fiecdrei astfel de muchie
u) . Pentru fiecare muchie
memoratd si clasa de
echivalentd desenatd prin
culoare.

> 1n_colored_edges:=proc(E,u)
local 1, L;

este
este

LOR(RGB,0,0,1)],[[5.1].,COLOR(R
GB,0,1,0)1.[[4,1].COLOR(RGB, 1,
1/72,2/3)11;

Maple procedures for determined the color of
a vertex, all colors of the vertices
(respectively, directed edges), the entire class
of a vertex, the colors of a (possible multiple)
directed edge are very easy to implement. If
we do not allow multiple arrows and self-
couplings, the Maple commands from the
package GraphTheory can be used to draw
the graph (the vertices and the edges can be
painted with the colors specified in the
corresponding lists).

Given a list of directed edges
EE, the procedure
in_vertices(EE,u) returns a
list of in-neighbors of the
vertex u (the tails of the
edges having u as head).

> in_vertices:=proc(EE,u)

local 1, L;

L:=[1;

for 1 from 1 to nops(EE) do if
EE[1][2]=u then
L:=[op(L),.EE[1][1]] end if;
end do;

RETURN(L)

end proc:

Given a list of directed edges
E with colors, the procedure
in_colored_edges(E,u) returns
a list of so called input
edges of u (the head of each
such edge is u). For each edge
the color is also stored.

> i1n_colored_edges:=proc(E,u)
local 1, L;

L:=[1:

for 1 from 1 to nops(E) do if
E[1]1[1][2]=u then
L:=[op(L),.E[1]] end ifF;

end do;

RETURN(L)

end proc:

2. Maple procedures for studying
the in-groupoid associated to a labeled
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L:=[1;

for 1 from 1 to nops(E) do if
E[i]1[1][2]=u then
L:=[op(L),E[1]] end if;

end do;

RETURN(L)

end proc:

2. Proceduri Maple pentru studiul
in-grupoidului asociat unui graf orientat
etichetat

Cadrul formal introdus de Golubitsky
si Stewart pentru a obtine informatie despre
dinamica sistemului de celule cuplate
folosind doar topologia grafului de
interactiuni (descris in detaliu in [3]) se
bazeaza pe notiunea de grupoid. Un grupoid
este asemdanator unui grup cu exceptia
faptului cd multiplicarea este doar partial
definitd. Mai precis, un grupoid este o
multime G, impreuni cu o submultime G®c
GxG@, si doud aplicatii: o aplicatie produs

G(z)a(x,y) —xyeG
si o aplicatie de inversare

Gax x_leG

astfel incat sd fie indeplinite urmatoarele
conditii:

-1 -1
(1) (x ) =X
2) If (X,y)eG(z) si (y,z)eG(z), atunci (xy, z),
(x.yz) €G?si (xy)z = x(y2)

(3) (x, xeG?, si daci (y, x)eG?, atunci
(yXX ' =y.

4) (x', x)eG?, si daci (x, y)eG?, atunci
x(xy) =Y.

Aplicatiile r s1 d pe G, definite prin
formulele r(x) =xx' si d(x) =x'x, sunt
numite aplicatia tintd si aplicatia sursa.
Rezultd usor din definitie ca ele au o imagine
comund numita spatiul unitatilor grupoidului
si notatd G. Fibrele aplicatiilor r si d se
noteaza cu G" =r"' ({u}) si respectiv Gy =d!
({u}). Pentru u si v an G, (r,d)-fibra se

noteazd cu G, = G""G,. Este usor de

observat ¢cd Gy, este un grup, numit grupul

de izotropie corespunzator lui u.

directed graph

The formal framework introduced by
Golubitsky and Stewart for obtaining
information about system dynamics from the
topology of the graph of couplings
(extensively described in [3]) is based on the
notion of groupoid. A groupoid is like a
group with multiplication only partially
defined. More precisely, a groupoid is a set
G, together with a distinguished subset G¥'c
Gx@G, and two maps: a product map

G(z) a(x,y) FHxyeG
and an inverse map

G>x > x 'eG

such that the following relations are satisfied:

(1) (X_l) 1 =X

2) If (X,y)EG(Z) and (y,z)eG(z), then (xy,
z), (X,yz) eG? and (xy)z = x(yz)

(3) (x, xHeG?, and if (v, x)eG?, then
(yox" =y.

4) (x', x)eG?, and if (x, y)eG?, then x
'(xy) =y.

The maps r and d on G, defined by the
formulae r(x) =xx"' and d(x) =x"'x, are called
the range and the source (domain) maps. It
follows easily from the definition that they
have a common image called the unit space
of G, which is denoted G“. The fibres of the
range and the source maps are denoted G" =r~
"({u}) and Gy=d"' ({u}), respectively. Foru

and v in G, (r,d)-fibre is G = G'NG,. It is

easy to see that Gy is a group, called the
isotropy group at u.
The relation u ~ v if and only if Gy =

@ is an equivalence relation on G, Its
equivalence classes are called orbits and the
orbit of a unit u is denoted [u]. A groupoid is
called transitive if and only if it has a single
orbit.

Let us recall the construction of the
in-groupoid (symmetry groupoid) associated
to a labeled directed graph (a slightly
modified version of [2]).

Let G :G(VG, EG, H, T, ~V, NE) be a
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Relatia u ~ v dacd si numai dacd G,
# & este o relatie de echivalentd pe G©.
Claseele ei de echivalentd se numesc orbite
iar orbit unei unitdti u se noteaza cu [u]. Un
grupoid se numeste tranzitiv daca si numai da
ca are o singura orbita .

Reamintim contructia asa numitului
in-grupoid (grupoidul de simetrie) associat
unui graf etichetat orientat (o varianta utor
modificata fata de cea din [2]).

Fie G(Vg, Eg, T, H, ~y, ~g) un graf
orientat etichetat. Pentru fiecare ue Vg
notam

G( _,u)={e € Eg: H(e)=u} U {u} (muchii
input pentru u lacare addugdm u)
Fie doua varfuri echivalente u si v (u ~y V).
Daca existd o bijectieyde G (_,v)laG ( _,
u) astfel Incat y(v) = u, iar pentru orice ¢ € G

(_,v)avem
| T(e) v Ty(e)
si
e~ y(e),
atunci y este numit izomorfism input
delavlau.
Fie
I'={ (v, u, v): y este izomorfism

inputdelavlau}
si

= U n
(u,V)eVGxVG
Definim o operatie de multiplicare pe I(G) in
felul urmator. Elementele (y;, ui, vi) si (y2,
Uy, v7) pot fi multiplicate doar dacd v; = uy, si
in acest caz

(v1, ur, v1) (v2, U2, v2) = (Y1ov2, Ui, va),
unde y; oy, desemneaza compunerea uzuala a
functiilor y; si 2. Este usor de verificat ca
dacd y; este un izomorfism input de la u, la
u; si daca vy, este un izomorfism input de la v,
la uy, atunci y;cy; este un izomorfism input
de la v, la u;. For fiecare (y, u, v) definim
inversul prin (y, u, v)" = (v, v, u). Multimea
I(G) inzestratd cu multiplicarea partiald si
aplicatia de inversare definite mai sus este un
grupoid numit in-grupoidul associat grafului
orientat etichetat G(Vg, Eg, T, H, ~v, ~g).

labeled directed graph. For each ue Vg let us
denote
G( _,u) = {e € Eg: H(e)=u} U {u} (input
edges of u andu)
Let us consider two equivalent vertices u and
v (u ~y v). If there is a bijection y from G ( _,
v) to G (_, u) such that y(v) =u and for all e
€ G(_,v)wehave

T(e) ~v T((e))
and

e ~g y(e),

then v is called an input isomorphism

from v to u.

Let us define

I!={(y,u, v): yis an input

isomorphism from v to u }
and

6= U u
(u,v)eVGxVG
We define a product operation on I(G) in the
following way. The elements (y;, u;, v;) and
(Y2, U2, V2) can be multiplied only when v; =
up, and in this case

(yla ui, Vl) (Y2> uy, V2) = (Yl °7Y2, U1, V2)a
where y; oy, denotes the usual composition of
the function y; and y,. It is easy to check that
if y; is an input isomorphism from u; to u;
and if y, is an input isomorphism from v, to
uy, then yjo7, is an input isomorphism from
v, to u;. For each (y, u, v) we define its
inverse by (y, u, v)"' = (y"', v, u). The set I(G)
endowed with the product and inverse maps
defined above can be viewed as groupoid,
which will be called in-groupoid associated
to the labeled directed graph G =G(Vg, Eg,
H, T, ~v, ~g).

Let G =G(Vg, Eg, H, T, ~y, ~g) be a
labeled directed graph. Let us assume that Vg
and Eg are finite sets. In order to obtain the
elements of the groupoid I(G), for each two
vertices u and v with the same color, we
generate the bijections between G( _, u) and
G( _, v) (or equivalently, the permutations of
{1, ...,n} where n is the cardinality of G( _,
u) \{u}) and we check which of them are
compatible with the colors (of vertices and
edges). Those are elements of I(G). The
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Fie G(Vg, Eg, T, H, ~y, ~g) un graf
orientat etichetat Presupunem ca Vg si Eg
sunt multimi finite. Pentru a obtine
elementele grupoidului 1(G), pentru fiecare
doud varfuri u si v de aceeasi culoare,
generam bijectiile dintre G( _, u) s1 G( _, v)
(sau echivalent, permutarile multimii {I,
...,n} where n is cardinalul multimii G( _, u)
\{u}) si verificdim compatibilitatea lor cu
culorile (varfurilor si muchiilor). Cele
compatibile sunt elemente ale lui I(G).
Procedura
in_groupoid_fibre(V,E,v,u)
caluleaza (r,d)-fibra lui I (G)
corespunzand functiei
identitate pe G( ,u)si functiei
identitate pe G( _, v). Parametrii ei
sunt lista varfurilor insotite de culori V, lista
muchiilor orientate insotite de culori E,
varfurile u si v. Utilizdam comanda Maple
permute pentru a genera permutdrile, de
aceea este necesar pachetul combinat. Un
izomorfism input este representat ca o lista
(prin identificarea lu cu o permutare
compatibild cu culorile). 0 este asezat la
inceputul listei corespunzdtoare oricarui
izomofism input de la u la v pentru a preciza
asocierea luiucuv.

>with(combinat):
>
in_groupoid_fibre:=proc(V,E,v,
u)
local
i,j,perm,p,L,test,lu,lv,EE;
L:=[1;
if

vertex_color(V,u)<>vertex_colo
r(V,v) then RETURN(L) end if;
lu:=in_colored_edges(E,u);
Iv:=in_colored_edges(E,Vv);

1T nops(lu)<>nops(lv) then
RETURN(L) end if;

iIT nops(lu)=0 then L:=[[0]]:
RETURN(L) end if;
perm:=permute(nops(lu));

for jJ from 1 to nops(perm) do
p:=perm[j];

1:=1; test:=1;

while (i<=nops(lu)) do

it (lufi]f2]=tviplill[2])and

procedure
in_groupoid_fibre(V,E,v,u)
computes the (r,d)-fibre of
I(G) corresponding to the

identity function on G( _, u) and
the identity function on G( _, v).
Its parameters are the list of vertices V (with
colors), the list of directed edges (with
colors) and the vertices u and v. We use the
Maple command permute in order to
generate the permutations, therefore we need

the package combinat. The input
isomorphisms are represented as list
(identified them with permutations of

compatible with the colors). 0 at the
beginning of each list corresponding to an
input isomorphism from u to v means that u
is mapped in v.

>with(combinat):
>
in_groupoid_fibre:=proc(V,E,v,
u)
local
i,j,perm,p,L,test,lu,lv,EE;
L:=[1;
if

vertex_color(V,u)<>vertex_colo
r(V,v) then RETURN(L) end 1if;
lu:=in_colored _edges(E,u);
Iv:=in_colored_edges(E,V);

1T nops(lu)<>nops(lv) then
RETURN(L) end if;

ifT nops(lu)=0 then L:=[[0]]:;
RETURN(L) end iT;
perm:=permute(nops(liu));

for jJ from 1 to nops(perm) do
p:=perm[j];

1:=1; test:=1;

while (i<=nops(lu)) do

it (lufilfzl=tviplillizDand

(vertex_color(V, lu[i][1]2])=V
ertex_color(V,Ivlp[i]1]1I11I2]))

then i1:=i+l1l; else test:=0;
1:=nops(lu)+1

end 1f

end do;

iT test=1 then

L:=[op(L),[0,op(p)]]; end if;
end do;
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(vertex_color(V, lufi]1l2])=v
ertex_color(V, IvlplillI1lI2D)

then i:=i+l; else test:=0;
1:=nops(lu)+l

end i1f

end do;

if test=1 then

L:=[op(L),[0,0op(p)1]; end if;

end do;

RETURN(L)

end proc:

> 1n_groupoid_fibre(V1l,E1,5,4);
[[0,1,2,3],]0,3,2,1]]

Procedura
show_groupoid_fibre(V,E,v,u)
afiseazda mai intuitiv lista
bijectiilor din fibra
grupoidului, ardtédnd asocierea
lui u cu v si asocierile
dintre extremitdtile initiale

ale muchiilor din G( _, u) \{u} cu
extremitdtile initiale ale
muchiilor din G( _,v)\{v}.

>
show_in_groupoid_fibre:=proc(V
JE,v,u)

local i1,morph,lu,lv,L;

lu:=[u,op(in_vertices([seq(E[1
1[1]1.1=1..nops(E))].u))]:
Iv:=[v,op(in_vertices([seq(E[i
1[11.i=1..nops(E))1.Vv))1;
L:=in_groupoid_fibre(V,E,v,u);
for 1 from 1 to nops(L) do
morph:=[cat(convert(u,name), -
>~ ,convert(v,name), ;
- ,seq(cat(convert(lu[j],name),
>~ ,convert(Iv[L[i][j1].name), "
> ).3=2..nops(LLi1)))1;
print(morph);
end do
end proc;
>
show_in_groupoid_fibre(V1,E1,5
,4);
[4->5; 2->5; 2->2; 3->2; ]
[4->5; 2->2; 2->2; 3->5; ]

RETURN(L)

end proc:

> i1n_groupoid_fibre(V1,E1,5,4);
[[0,1,2,3],]0,3,2,1]]

The procedure
show_groupoid_fibre(V,E,v,u)

prints more intuitively the
list of bijections in a
groupoid fibre, showing the

association of u with v and
the associations of the tails
of the edges in G( _, u) \{u} with
the tails of the edges in G( _,
v) \{v}.

>

show_in_groupoid_fibre:=proc(V
,E,Vv,u)
local 1,morph,lu,lv,L;

lu:=Ju,op(in_vertices([seq(E[1
1[11,1=1..nops(E))].u))1:
Iv:=[v,op(in_vertices([seq(E[1
1[1]1.1=1. .nops(E))]1.v))1;
L:=in_groupoid_fibre(V,E,v,u);
for 1 from 1 to nops(L) do
morph:=[cat(convert(u,name), -
>~ ,convert(v,name), " ;
~,seq(cat(convert(lu[j],name),
>~ ,convert(Iv[LLi]lLj]1].name), "
> ).d=2..nops(LLi1)))1:
print(morph);
end do
end proc;
>
show_in_groupoid_fibre(V1,E1,5
,4);

) [4->5; 2->5; 2->2; 3->2; ]

[4->5; 2->2; 2->2; 3->5; ]

The procedure
show_in_groupoid(V,E,c) prints
the lists of bijections in all
groupoid fibres. Its parameters are
the list of vertices V (with colors), the list of
directed edges (with colors) E and a name (or
string) that will be use to denote the
groupoid.
>show_in_groupoid:=proc(V,E,c)

local W,1,];

Annals of the ,,Constantin Brancusi” University of Targu Jiu, Engineering Series , No. 2/2009

331



Analele Universititii ,,Constantin Brancusi” din Targu Jiu, Seria Inginerie, Nr. 2/2009

Procedura
show_i1n_groupoid(V,E,c)
afiseazd listele bijectiilor

din toate fibrele grupoidului.

Parametrii  sunt  lista varfurilor

insotite de culori V, lista muchiilor orientate

insotite de culori E $i un nume ce va fi

utilizat pentru a desemna grupoidul.

>show_in_groupoid:=proc(V,E,c)
local W,1,]j;

W:=[seq(V[i][1].,i=1. .nops(V))
1;

for 1 from 1 to nops(V1l) do
for j from 1 to nops(V1l) do
if
nops(in_groupoid_fibre(V,E,VV[
i].VW[j]D)>0 then

print(cat(convert(c,name), (,
convert(VV[i],name), , -,
convert(VV[j],name), ) ));
show_in_groupoid_fibre(V,E,VV[
i1.vwib

end 1f;

end do

end do

end proc:

>show_in_groupoid(V1,E1,1);
I(1, 1)
[1->1; 1->1; 5->1; 4->5; ]
12, 2)

[2->2; 1->2; 1->1; ]
[2->2; 1->1; 1->2; ]
12, 3)

[3->2; 1->2; 1->1; ]
[3->2; 1->1; 1->2; ]
13, 2)

[2->3; 1->3; 1->1; ]
[2->3; 1->1; [->3; ]
1(3, 3)
[3->3; 1->3; 1->1; ]
[3->3; 1->1; 1->3; ]
14, 4)

[4->4,; 2->4; 2->2; 3->2; ]
[4->4; 2->2; 2->2; 3->4; ]
14, 5)

[5->4; 2->4; 2->2; 3->2; ]
[5->4; 2->2; 2->2; 3->4; ]

W:=[seq(V[i][1].,i1=1..nops(V))
1;

for 1 from 1 to nops(V1l) do
for j from 1 to nops(Vl) do
if
nops(in_groupoid_fTibre(V,E,V[
1].V[j]))>0 then

print(cat(convert(c,name), (,
convert(VV[i],name), , -,
convert(VV[j].,name), ) ));
show_in_groupoid_fibre(V,E,VV[
i1.wWhD

end if;

end do

end do

end proc:

>show_in_groupoid(V1,E1,1);
I(1, 1)
[1->1; 1->1; 5->1; 4->5; ]
12, 2)

[2->2; 1->2; 1->1; ]
[2->2; 1->1; 1->2; ]
12, 3)

[3->2; 1->2; 1->1; ]
[3->2; 1->1; 1->2; ]
1(3, 2)

[2->3; 1->3; 1->1; ]
[2->3; 1->1; 1->3; ]
13, 3)

[3->3; 1->3; 1->1; ]
[3->3; 1->1; 1->3; ]
14, 4)

[4->4; 2->4; 2->2; 3->2; |
[4->4; 2->2: 2->2: 3->4; ]
14, 5)

[5->4; 2->4; 2->2; 3->2; |
[5->4; 2->2; 2->2; 3->4; ]
1(5, 4)

[4->5; 2->5; 2->2; 3->2; ]
[4->5; 2->2; 2->2; 3->5; |
(5, 5)

[5->5; 2->5; 2->2; 3->2; ]
[5->5; 2->2; 2->2; 3->5; ]

The procedure in_orbit(V,E,u)
computes the orbit in I (G)
corresponding to the identity

function on G( _,u).
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15, 4)

[4->5; 2->5; 2->2; 3->2; ]
[4->5; 2->2; 2->2; 3->5; ]
1(5,5)

[5->5; 2->5; 2->2; 3->2; ]
[5->5; 2->2; 2->2; 3->5; ]

Procedura in_orbit(V,E,u)
calculeaza orbita 1lui I (G)
corespunzatoare functiei
identitate pe G(_,u).
>in_orbit:=proc(V,E,vv)

local 1,L,VV;

L:=[1;

W:=[seq(VLil[1],1=1. _.nops(V))
1:

for 1 from 1 to nops(VV) do
if

nops(in_groupoid_ fibre(V,E,vv,
VWI[Li]))>0 then
L:=[op(L),VV[i]] end ifT;

end do;

RETURN(L)

end proc:

>i1n_orbit(V1,E1,4);
[4,5]

Procedura
in_orbits(V,E)calculeaza toate
orbitele lui I (G).
>i1n_orbits:=proc(V,E)
local i1,L,Lo,vv,VV;

L:=L1;
W:=[seq(V[i][1].,i=1..nops(V))

while(nops(VV)>0) do
vv:=VW][1];Lo:=[VV[1]];
VV:=subsop(1=NULL,VV);

1:=1;

while (i<=nops(VV)) do

if

nops(in_groupoid_ fibre(V,E,vv,
VWI[Li]))>0 then
Lo:=[op(Lo),VV[i]];VV:=subsop(
1=NULL,VV); else 1:=i+l1l end 1if
end do;

L:=[op(L),Lo];

end do;

RETURN(L)

end proc:

> in_orbit:=proc(V,E,vv)

local i1,L,VV;

L:=L1;

W:=[seq(VLi][1],1=1. .nops(V))
1;

for 1 from 1 to nops(VV) do

if

nops(in_groupoid_fibre(V,E,vv,
VWI[i]))>0 then
L:=[op(L),V[Li]] end iT;

end do;

RETURN(L)

end proc:

>i1n_orbit(V1l,E1,4);
[4,5]

The procedure
in_orbits(V,E)computes
orbits of I(G).
> 1n_orbits:=proc(V,E)
local 1,L,Lo,vVv,VV;

L:=[1;
W:=[seq(V[i][1],i1=1..nops(V))

while(nops(VV)>0) do
vv:=VV[1];Lo:=[VV[1]]:;
VV:=subsop(1=NULL,VV);

1:=1;

while (i1<=nops(VV)) do

if
nops(in_groupoid_fibre(V,E,vv,
VWI[i]))>0 then
Lo:=[op(Lo),VV[i]];VV:=subsop(
1I=NULL,VV); else 1:=i+l1l end 1if
end do;

L:=[op(L),Lo];

end do;

RETURN(L)

end proc:

the

>1n_orbits(V1,E1l);
[[1].[2,3],[4,5]]

Let us notice that the elements of each

groupoid G are determined by the elements

of the groups Gy, and by sets of the form

H={xweG, such that r(xy)=w} such that
d(H)=[w], where w runs in a set U that
intersects each orbit of G. Therefore a better
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>in_orbits(V1,E1l);
[[1].[2,3],[4,5]]

Sa facem observatia cd elementele fiecarui
grupoid G sunt determinate de elementel

grupurilor Gy, si de multimile de forma

H={xweG, such that r(xy)=w} cu
proprietatea ca d(H)=[w], unde w parcurge o
multime U ce intersecteaza fiecare orbitd a
lui G. De aceea o reprezentare mai eficientd a
in-grupoidul asociat unui graf orientat
etichetat se obtine alegdnd un reprezentant
wpy in fiecare orbitd [u] si stocand toate
izomorfismele input de la wy,; la wy,;. Pentru
orice alt ve[u] este suficient s memoram un
izomorfism input de la v la wp,). O procedura
Maple pentru construirea unei astfel de
structuri poate fi usor scrisd utilizand
procedurile precedente. De asemenea avand
o astfel de structurd, se pot dezvolta
proceduri Maple pentru calculul tuturor
elementelor in-grupoidului, determinarea
orbitelor, etc. Dezvoltarea unui pachet
complet de proceduri va fi facutd Tmpreuna
cu studentii de la Ingineria Sistemelor.
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a complete package in joint wok with System
Engineering students
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