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Abstract—The report considers solution to the problem of
routing, the essence of which is to determine the shortest path
length between any pair of computer network subscribers
represented as an undirected graph, as one of the possible
methods to increase the speed and performance of computer
systems (CS). To carry out calculations and comparative
analysis of the speed and productivity of CS in a positional
binary number system (PNS) and in a non-positional number
system in residual classes (residual number system — RNS),
we consider one practical problem. Task is the routing
problem, the essence of which is to determine the shortest
path length, that is, to find the optimal data transmission
route in the computer network.
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I. INTRODUCTION

For a modern computer system (CS), the basic
characteristics of a computer can be distinguished:
performance; reliability and resiliency; scalability; software
compatibility and portability. The main task of the research
is calculation and comparative analysis of the performance
of CS operating in a RNS and in a binary PNS will be
carried out using the example of solving the problem of
determining the optimal (shortest) path length of a
computer network (CN). System performance will be
considered as the amount of computational work
performed per unit time. The most important parameter CS
performance is the speed of execution of operations of a
certain class, in our case the speed of determining the
optimal network path [1]-[3]. The essence of this problem
is to determine the optimal (shortest) path length between
any pair of nodes of the CN, presented in the form of an
undirected graph [4], [5]. There are currently many
effective routing algorithms. Routing algorithms can be
differentiated based on several key characteristics. First,
the operation of the resulting routing protocol is influenced
by specific tasks that the algorithm developer solves.
Second, there are different types of routing algorithms, and
each affects network and routing resources differently.
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Finally, routing algorithms use the various indicators that
influence the calculation of optimal routes.

In this task will look at a routing algorithm based on
tables (called vectors or matrices), supported by all routers
and containing information about the shortest paths to each
of the possible network nodes. The problem is solved by
the matrix method [3], [6]-[8], which requires knowledge
of the structure of the telecommunication network (TN) as
a whole and therefore is most often used in centralized
management. It defines a distance (solution matrix, shortest
path matrix, dispersion matrix) matrix.

Il. THE PROBLEM OF DETERMINING THE SHORTEST PATH
LENGTH
With the matrix method, operations are performed on
the matrix L of lengths of network branches, and the
optimized parameter is the path length between any pair of
nodes in the graph, where the original matrix of path

lengths is represented as [1], [2], [9], [10]: L" <[, |(1) ,

where the numerical value of an arbitrary element Iigl) of

the original matrix L determines, in arbitrary units, the
distance between nodes i and j.

If the nodes i and j are not adjacent (there is no edge),

then |; =oo. The distance inside the node is considered

ZEro (|ij = o). The length of the shortest paths between all
pairs of network nodes can be determined by using the so-
called operation "raising the original matrix L totheR -
th power" (R < (N —1), i.e. the number of iterations R
cannot exceed the value N —1 (N is the number of nodes
in the graph).

The usual raising of a matrix to a power is a sequential
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multiplication of it by itself (R-1)-n times
(multiplication "on the left", i.e. LB = L&),
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If Ii(r? is the element of the i -th row and m -th column

of the matrix L, and Ir(n?‘l) is the element of the m -th
row and j-th column of the matrix LR, then,
according to the matrix multiplication rule, the element
I$7 of the matrix L®) s:

(R _ 1@ J(R-D) | @) J(R-D)
77 =177+ +

@ _(R-D ® _J(RD
+Iim-lmj +...+IiN~INj

; ey
In the case of solving the routing problem in expression
(1) to determine the value |i§R ) we replace the operation of

“multiplication” by addition, and the operation of
“addition” by choosing the minimum from the obtained
values of the sums [4], [5], [11], [12]:

N _

1P = min{Z(liﬁ) S K )} m=1 N, )
L]

We show that the value Ii(nR) is equal to the "weight"

X, of node i with respect to the selected node n, i.e.
minimum distance to it. Indeed,

o _ 1@
Xin - Iin '
Xi(nZ) = mrjn (Iirﬁ) + X(1)mn ) = mﬂin (Iin%l) + I(:l)mn ) = Ii(nZ)v

3)
X =min (I} + ") =min (19 +179 )= 1.
m mn m

Therefore, the value |i§R), at R<N-1 (R is the

number of traversable branches of the graph) is the length
of the shortest path between node i and node j of the TN.

For a particular network, the matrix L® for which
L® = L®Y js calculated. In this case, we obtain a matrix
of solutions [2], [5], [13]. After that, the calculations stop.

As you can see, the basic operation (2) for this integer
algorithm consists of two main operations of addition and
comparison. The total number of basic type operations:

N
C; = zi'j(a'ik 'bkj):ail 'blj + &, 'sz +&; 'b3j +
+o.+ay by (i,j =1,_N), is N? .

Note that the presented matrix optimization method can
be used not only to find the path of the minimum length,
but also the most reliable path - the path with the minimum
value of the probability of message loss [14]-[17]. For this,

it is necessary to find such a path in which the product of
the probabilities @; of the serviceable state of its

individual sections |ij has a maximum value:

p=1
n

P =max [l ay;, “

where n is the number of transit sections of the K -th
along the path K =(1,2,3...) of the CS.
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Ill.  THE METHOD OF FAST IMPLEMENTATION OF THE
ROUTING ALGORITHM

Based on the use of formula (2), we consider the
method of fast (accelerated) implementation of the routing
algorithm. In this case, all operations of addition of the

form {Ii(nﬂ) +Ir(n?’1)} (see Fig. 1) are combined in time.

We use a residual class system to implement integer
arithmetic [18]-[21]. This mathematical apparatus can
significantly reduce the complexity of calculations in many
applications of computer science [22]-[26]. Among other
things, the use of a residual class system allows you to
implement error correction [27]-[29], improve reliability
and fault tolerance [30]-[33], and much more.

The time Trﬂfs) to solve the routing algorithm in the

PNS (determining the length of the shortest path between
an arbitrary pair of graph nodes) in accordance with the
expression (2), (3) is determined by the formula:

T = 20 4 Negy 780 = (2 p=1) -7+ (]log, N[)-57

rout. comp. ~ “comp.

or

. [2.(2,;—1)+5(]|og2 N[):|-T
rout.
2
Using expressions (2), (3), we determine the time
T™) for the implementation of the routing algorithm in
the RNS, which will be presented in the form of the
expression:

TRNS) _ (RNS) | | g (RNS) _ T+ N

rout. comp. comp. ~ “comp.

. Ty, = 79+ (Jlog, N[)-5-¢

)

. ~(RNS) _
comp. z-compA -

=Typ+N
or

— {1+(]|og2 N[)~10}-r
rout. 2

The effectiveness Ke(f'f) of using RNS to improve the

, (6)

performance of the routing algorithm implementation can
be determined by the expression increase data processing
speed increases.

KO _Tﬂy _ 2:(2: p=1) +5-(]log, N[) ™
- T 1+10-(Jlog, N[)

The results of the calculation and comparative analysis
of the effectiveness of the use of RNS are presented in
table I.

An analysis of the results of calculations and studies of
the performance of CS operating in RNS and in binary
PNS showed the following. From the point of view of
increasing the performance of the CS, it is preferable to use
RNS as a number system.
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Fig. 1. Routing algorithm implementation scheme

TABLEI.  ESTIMATED DATA AND COMPARATIVE
ANALYSIS OF THE EFFECTIVENESS OF USING RNS
1=1
N
w [w |
4 20 10,5 19
8 22,5 15,5 14
10 25 20,5 1,2
1=2
N
Ton. Ton K&
4 36 4 36
8 38,5 8 38,5
10 41 10 41
1=3
N
Too Ton K
4 52 4 52
8 54,5 8 54,5
10 57 10 57
1=4
N (PNs) (RNS) (PNs)
Tl'out. TrDUt Tl'Oth.
4 68 4 68
8 70,5 8 70,5
10 73 10 73
1=8
N (PNs) (RNS) (PNs)
TrOUL TTDUL Tl'OUL
4 132 4 132
8 134 8 134
10 137 10 137
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CONCLUSION

The report clarifies some aspects of the theory of graph.
For calculations and comparative analysis of the speed and
productivity of computer systems (CS) in a positional
binary number system (PNS) and in a non-positional
number system in residual classes, we considered practical
problem is optimal routing problem. A method of fast
(accelerated) implementation of the routing algorithm has
been developed. The calculated data and a comparative
analysis of the efficiency of increasing the performance of
the routing algorithm implementation using RNS and a
positional binary number system are carried out. The
effectiveness of using RNS to increase the productivity of
routing algorithm implementation has been proved by real
calculations.
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