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The analysis of problem-solving tasks and construction of graphs have been leading to
the development of new algorithms and software implementations. To verify the algorithm,
it is necessary to make test data in such a way, that all values for the test are predetermined.
The values for testing algorithms via graphs are: the number of vertices in the graph; the
vertex degree; connectivity of the graph; permissibility of multiple edges and loops; the
weight of the graph edges. If the values are known for the test graph then we can calculate
the expected results of the designed algorithm and match them with the actual ones in a

well-posed manner.

The algorithm and some elements of software implementation of generating finite undi-
rected graphs, with such values as the number of vertices n and the degree of the vertices
k = const, which correspond to correctness of additional conditional statements, are pre-

sented in the article.

The general scheme of the algorithm is as follows. Create two lists of vertices L1 and
L2. The list L1 is initially empty; in the list L2 we have all vertices of the graph from 1 to
n. We take the first vertex in L2, we build all k edges to it and transfer it to the list L1.
Repeat the same for each next vertex of the L2 list, except the last one. The last vertex
L2 is just transferred to L1. The algorithm immediately builds the adjacency matrix by

modeling list operations with L1 and L2.

According to the algorithm, the adjacency matrix will always be the same for fixed
n and k when the algorithm is repeated. To obtain different matrices, the rule of graph
isomorphism is used: perform the permutations of the rows and columns of the resulting

matrix.
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1. INTRODUCTION

The analysis of problem-solving tasks and construction of graphs have been leading
to the development of new algorithms and software implementations. To verify the
algorithm, it is necessary to make test data in such a way, that all values for the test are
predetermined. The values for testing algorithms via graphs are: the number of vertices
in the graph; the vertex degree; connectivity of the graph; permissibility of multiple edges
and loops; the weight of the graph edges. If the values are known for the test graph then
we can calculate the expected results of the designed algorithm and match them with

the actual ones in a well-posed manner.

The algorithm and some elements of software implementation of generating finite
undirected graphs, with such values as the number of vertices n and the degree of the
vertices k = const, which correspond to correctness of additional conditional statements,

are presented in the article.
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2. THE OVERVIEW AND TASK FORMULATION

There are different approaches to the problem of constructing graphs and their ap-
plications published in the literature. Thus, in paper [1], an algorithm for generating
nets is presented; the geometric spatial graph is the basis. The nets generator is used to
predict the crystal structure and design at the design stage. In paper [2] the problem of
generating all triangulated planar graphs is considered. The algorithm for generating a
three-connected planar graph of a given number of vertices n is described. In paper [3],
a defined algorithm for a given arbitrary graph G, and a positive integer k, can find all
the subgraphs of order k. Such results can be used for the structure of primary partial
solutions of designing and testing graph models in various subject areas. In paper [4], an
algorithm for generating random graphs is presented. The parameters are: the number
of vertices d and the total number of edges of the graph ¢. Such an algorithm provides a
general method of generating, which has only two specified values for the characteristics
of the graph itself.

Similar methods and algorithms for the modeling of applied tasks via graphs, includ-
ing testing, remain relevant. The range of applying the results of modeling has been
expanding. Algorithms are improving by reducing the computational complexity.

The aim of the present research is to obtain a method for designing test graphs for
proof verification of various methods and algorithms for problem-solving tasks via graphs.
The test graphs will be used in computational experiments, so in fact, it is necessary to
have a numerical representation of the graph, rather than a graph as a geometric image.
It is assumed that the graph is represented with adjacency matrix. Thus, the aim can be
formulated in the following way: to obtain the method for building an adjacency matrix
with specified values of the graph structure.

Input:

n - number of vertices in the graph

k = const - the same degrees of all vertices

Vi in set(1,n) - vertices are numbered from 1 to n

path(V;,V;) = 1,i # j - connected graph, there is a path between each pair of vertices

d(Vi,V,) = d(V,, Vi) - all edges are of equal weight or unweighted graph

d(V,,V,) = —1 - the graph has no loops
Output:

graph G, = {(V},V,)}, Gy, <> (input def property), G, = [Vi,] - obtain all the edges
of the constructed graph represented by the adjacency matrix.

Note, in many cases of the computational experiments a planar graph is optional, for
example, testing search tasks via graphs.

3. ALGORITHM FOR GRAPH GENERATION

The general scheme of the algorithm is as follows. Create two lists of vertices L1 and
L2. The list L1 is initially empty; in the list L2 we have all vertices of the graph from
1 to n (from 0 to n-1 according to the rules of the algorithmic language). We take the
first vertex in L2, we build all £ edges to it and transfer it to the list L1. Repeat the
same for each next vertex of the L2 list, except the last one. The last vertex L2 is just
transferred to L1. As a result, there will be all vertices of the graph with definite edges
[(‘/17 ‘/11)7 (‘/Za ‘/;2)7 sty (‘/’La ‘/zk)] in the list L1.

Now we define the complete and accurate algorithm for generation. The elements
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of the algorithm are written in the notation of Python [5]. The algorithm immediately
builds the adjacency matrix by modeling list operations with L1 and L2.

Step 1. Determine the values n, k of the structure of the graph, the initial zero
adjacency matrix mta and the fixed vector adj of the degree of vertices:

n = int(input (’Number of vertices =’))
if n<3: raise RuntimeError("n=" + str(n) + "\ Need n>=3")
k = int(input(’Specified degree of vertices =’))
if k<2:
raise RuntimeError("The degree of vertices must be not less than 2")
if k>=n: raise RuntimeError("The degree of vertices must be less than
the number of vertices")
mta = [ ] # basic adjacency matrix
for i in range (n): mta.append([0] * n) # zero initialization
isomtal = [ ] # adjacency matrix, isomorphism, rows are permuted
for i in range(n): isomtal.append([0] * n) # zero initialization
isomta2 = [ ] # adjacency matrix, isomorphism, columns are permuted
for i in range(n): isomta2.append([0] *n ) # zero initialization
adj = [0] * n # vector of degree of vertices:\ zero initialization

Step 2. Define the function of nextfirstmin() search for the vertex with the least
number of constructed edges with additional search terms:

# Find the first vertex after fm with the least number of edges

# at the time of the search

def nextfirstmin(fm):
temp = [ n+l if i<=fm else adj[i] for i in range(n) ]
return(temp.index (min(temp))) # return the number of the vertex

Let’s clarify the structure of the algorithm. If it is necessary to construct edges to the
vertex V, we search the pair points among the vertices V+1, V42, V43 and then in
the ascending order of the number of vertices. The very first vertex with the minimum
number of edges at the time of the search is the result of the search. That is, we perform
a "forward search" strictly in the ascending order of number. We construct all necessary
edges for V. Vertex of V is definitely defined by its edges. If this is done, then, obviously,
the next vertex V+1 may have a pair points only among the vertices V+2, V+3, V+4
and so on.

In case all edges of the vertices are built up to fm — 1 inclusively, then the search
for fm next pair points must be performed starting with fm + 1. The temp list must
demonstrate the complete list of the number of current links for each vertex for each
step of the algorithm. In order to obtain the index of the next pair points correctly, the
previously constructed vertices till fm incl, we determine the number by n + 1, which is
greater than n (according to the input it is also greater than k). Thus, the result of the
search is guaranteed only among the vertices fm+1, fm+2, fm+ 3 and so on, because
the degree s of each vertex at each step of the algorithm s < k < n.

In Python it is presented with two lines of function nextfirstmin().

In this interpretation, the part of the list of temp within [0 — fm] of the Python
indexes is the list L1, and the part of the temp within [(fm + 1) — (n —1)] is the L2 list.

Step 3. Define the function rib() of connection of edges of the pair of specified
vertices:
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def rib(a,b): # connect with the edge of the vertex a, b
# control of the multiplicity of edges
if mtalal [b]==1: print (’Error-multiple edge !!’, a, b)
mtala] [b]=1; mtal[b] [a]=1 # undirected graph
# the current state of the vector of degree of the vertices
adjlal+=1; adj[bl+=1

The function fixes the undirected edge in the adjacency matrix with the pair mta[a][b]
and mtalb][a] and performs the control of the multiplicity of the edges mta[a][b] == 1 for
debugging the algorithm. The current state of the corresponding elements of the vector
adj|] of the degrees of vertices is increased by 1.

Step 4. Detect the basic cycle of the structure of the edges of all vertices:

for a in range(n-1):

# we look through all vertices in turn [0-(n-2)],

# except the last one

# control: how many edges are needed to be constructed

print(k-adj[a],end="’)

while adjlal<k: # construct all ’k’> edges to the vertex ’a’
b=nextfirstmin(a) # next the first one after ’a’
rib(a,b) # connect with the edge

Scanning the vertices for the building of the edges is performed in ascending order
of numbers of vertices for a in range(n — 1). The vertex with least number of edges
next firstmin(a) is always the pair point for the adjacent edge for a at each step of the
search. At the beginning, each vertex has zero edges. That is why the very first vertex
without edges will be connected by the edge of the one already connected vertex. In this
way, we guarantee the connectivity of the whole graph after the construction of all edges.

Note, by the run of algorithm the last vertex n — 1 obtains automatically all needed
edges with accuracy (0;-1) depending on the parity of the total number of edges of the
graph.

An example of iteration of step 4 for the first three vertices at n=8, k=4 is shown in
Table 1,a and (iteration 1), Table 1,b (iteration 2), Table 1,c¢ in (iteration 3). The result
of the complete structure for all vertices is presented in Table 1,d.

Table 1
Example of iteration at n = 8,k = 4

01111000 01111000 01111000 01111000
10000000 10000111 10000111 10000111
10000000 10000000 10011100 10011100
10000000 10000000 10100000 10100011
10000000 10000000 10100000 10100110
00000000 01000000 01100000 01101001
00000000 01000000 01000000 01011001
00000000 01000000 01000000 01010110

a) iter.1 b) iter.2 c) iter.3 d) iter.n-1
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Taking into account the already constructed edges in the previous iterations, the
control number of edges that must be construct for each vertex is carried out:

print (k-adj[al,end="")

As a result of the control at n =8,k =4 we get (433221 1).

Step 5. According to the algorithm, the adjacency matrix will always be the same
for fixed n and k£ when the algorithm is repeated. To obtain different matrices, the rule
of graph isomorphism is used: perform the permutations of the rows and columns of the
resulting matrix. To calculate the vector of permutation rearr[] we use the standard
function randint() the Python library [5] to generate random numbers:

import random
rearr=[ ]; k=0; c=0 # c - control of the generator (will be ~2-3 times
greater than n)
while k<n-1:
newpos = random.randint(0,n-1); c+=1
if newpos not in rearr: rearr.append(newpos); k+=1
# add the last element to the vector '"manually"
rearr += list(set(range(0,n)) - set(rearr))

New positions of permutation are generated for all rows (columns) except the last
one. We calculate the last position as the difference of sets {0,1, ..., (n — 1)} — {rearr}.
When a new position is added, the repetition is under control (newpos not in rearr).
For example, repeated run of the algorithm for n = 8,k = 4 can provide such vectors of
permutation and meter measurements ¢ the function call randint():

(1, 2, 3, 5, 4, 6, 0, 71 , c= 29
(4, 1, 5, 3, 0, 6, 2, 7] , c= 9

(o, 3, 1, 6, 4, 7, 5, 21 , c= 11
(2, 4, 3, 6, 5, 7, 1, 0] , c= 14

In accordance with the achieved vector of permutation the program code of the per-
mutations of the rows and columns of the matrix mta[ ][ | in an arbitrary manner is
presented. For example:

# step 1: rearrange the rows
for i in range(O,n): isomtall[rearr[i]] = mtal[i][:]
# step 2: rearrange the columns of the isomtal matrix obtained in step 1
for col in range(n):
for row in range(n):
isomta2[row] [rearr[col]] = isomtallrow] [col]

Step 6. Save the constructed adjacency matrix as the text file, taking into account the
permutations of the rows and columns of step 5. There are various methods of formatting
as a text file, depending on the usage of the adjacency matrix. Python provides a lot of
formatting capabilities.

4. SOME RESULTS OF CALCULATING EXPERIMENTS

Examples of calculations of adjacency matrices of graphs are presented in Table 2,a,
in Table 2,b, and Table 2,c. The values of the structure of the graph are indicated in the
signature tables.
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Table 2

Examples of calculations of adjacency matrices

0000110010
0010000110
0101001000
0010001001
1000000011
1000001100
0011010000
0100010001
1100100000
0001100100

a)n=10,k=3

01001101111
10101001111
01011110011
00101111101
11110001011
10110011101
00110101110
11011110100
11010111010
11101010101
11111100010

00100011000110
00111000010010
11010001100000
01100100011000
01000100100101
00011000110010
10000000001111
10100000110001
00101101001000
01010101001000
00010010110100

10001010001001

11000110000001

00001011000110
c)n=14,k=5

Dn=11k=7

5. CONCLUSION

The aim of the paper is to determine the general algorithm and elements of software

implementation of the structure of the test graphs defined by the adjacency matrix. Test
graphs or adjacency matrices can be used for tasks that are modeled via graphs. The
obtained test matrices can be saved in a binary file without converting them to a text
form using the Python language tools.
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TEHEPYBAHHS TECTOBIX HEOPIEHTOBAHUX
T'PA®IB ®PIKCOBAHOI'O CTEIIEHS BEPIIINH
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Poss’a3yBanns 3amad aHastisy i koncrpyoBanHs rpadiB npuBoguTh g0 OyL0BH HOBHX
asroputMiB i mporpammuoi peamizamii. /ljas mepeBipkum asropmrmy norpibHO OyayBaTH
TeCTOBi JaHi TAaKOTO BUAY, 100 MATH Halepes 3aJaHi 3HaYeHHs mapaMeTpiB TecTiB. Jlnsa
BHIQJKY TECTYBAHHS aJITOPUTMIB Ha rpadax TaKHMH IapaMeTPaMH €: KiJbKiCThb BepumuH
rpada; cTeneHi BepHmIWH; 3B’4A3HICTh rpada; JOMYyCTUMICTh KpaTHUX pebep i meresnb; Bara
pebep. fAkino recrouii rpad Mae BijoMmi 3HAYEHHS ApAMETPIB, TOAI MOXKHA 00YUCIIOBATH
TEOPETUYHI pe3yIbTaTu MO0y I0BAHOTO AJITOPUTMY i KOPEKTHO 3iCTaBJIATH 3 PEAJBHO OTPH-

MaHUMMH.

BukiiaJieHO aJropuT™ i eJleMeHTH MporpamMHOl peasiszalii 3a1a4i reHepyBaHHS CKiHYe-
HUX HEOpi€HTOBaHMX rpadiB, mapaMeTpaMu SIKUX € KUIBKICTh BEPIIUH N i CTENeHi BepIINuH

k = const i siki BiANOBITaIOTH JOJATKOBUM yMOBaM KOPEKTHOCTI.

3aranpHa cxeMa ajroputMy Taka. CrBoproeMo nBa cunucku BepmuH L1 i L2. Cnucok
L1 — mouarkoBo mycrtumit, B cmucky L2 — Bci Bepmmuuu rpada Bix 1 mo n. Bepemo
Haliepury 3a HOMepoM BepmiuHy B L2, 6yayemo mo Hel Bci k pebGep i mepeHOCHMO B CIHCOK
L1. IToBrOpioemo OmHCaHy OHEPALii0 st KOXKHOI HACTYmHOI BepmumHU cnucky L2, kpim
ocranabol. Ocramno Bepmuuy L2 mpocto mepenocumo B L1. Asropumrm 3pa3y Oyaye

MAaTPHIIO CYMi2KHOCTI, MOJEMO0YN oneparil 3i cnuckamu L1 i L2.

Bignosiguo 10 ajaropurmy MaTpuIs CyMiXKHOCTI 3aBXKau Oyje OJHAKOBOKO AJjsi (ik-
COBaHMX N, k IpW MOBTOPHOMY BUKOHAHHI amroputmy. IIlo6 orpuMmaru pi3Hi MaTpumi,
BHKOPHCTAEMO IPABHUIIO i30MOpdi3zmy rpada: BHKOHAEMO IEPECTAHOBKH PsiAKiB i cToBIIB

OTPUMAHOI MATPHIT.

Knarowost caosa: rpad, Tect, aaroput™, izomopdism, Python.



