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Abstract: The problem of object monitoring is considered. It is necessary
to constantly collect information that is quite rare over a large area and
stored on various remote objects (servers). The fact that information is rare
implies its special value. The current task is to minimize the total time for
searching and processing information throughout the system. All remote
servers are divided into groups of equal capacity. For each group, a server
is allocated that will store up-to-date information about the availability of
the necessary information. It is shown that if you first search for the
availability of the necessary information on servers that control groups of
servers, you can significantly reduce the search due to the fact that it is not
necessary to search for the necessary information on all servers. You can
only do this on servers that have traces of the necessary information and the
group of servers that this server controls. The paper shows that using further
grouping of servers, you can significantly reduce the search time for the
necessary information.
Key words: statistical models, search queries, object monitoring,
management.
1. INTRODUCTION

Historically, the heterogeneity of telecommunications systems, computer
networks, network information resources, and the audience of their users
complicates the objective monitoring and analysis of telecommunications
architectures and resources. In this regard a fairly wide range of modern technical
and technological solutions for monitoring and analysis should be used in the
operation of telecommunications systems and computer networks (for example,
radio monitoring [1], simulation of telecommunication systems [2], multi-levels
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heterogeneous routing [3], automatic monitoring & detection system for grey traffic
[4], monitoring services for scalable heterogenous distributed systems [5].
Theoretical analysis of such systems is usually carried out on the basis of
Queueing System theory [6], and various approaches are used – both a direct
analytical description focused on a specific subject area [7], and a more General
application for Markovian flow modeling of High-Reliability Telecommunications
Systems [8], for network flows analysis [9], in large-scale (military) personnel
systems [10], for transport of mixed-size sediment particles under unsteady flow
conditions [11], for analysis of waiting time process of Markov type [12]. From the
point of view of theoretical description, communication channels are usually
interpreted as edges of the graph describing the system and are passive elements.
Our article suggests a different approach.
Let's consider the task of monitoring objects. Let's assume that you need to
constantly collect information that is quite rare over a large area and stored on
various remote objects (servers). The fact that information is rare implies that it is of
particular value. More precisely, the lower the p-probability of these events
occurring, the greater the value of H = -ln(p) – the informative value of this event.
Due to the importance of the necessary information, there is an urgent task – to
increase the speed of collecting, processing the necessary information and
protection. This task is solved for the entire server system.
The purpose of this article is to present an authors’ proposal for solving the
problem of minimization the total time spent searching and processing information
throughout the system. In essence, this is a particular problem of the General task of
information monitoring. This problem can significantly reduce the search time for
the necessary information. The method of statistical modelling is used to solve the
problem and the results show the effectiveness of the proposed approach.
The paper is organized as follows. The next section discusses the decomposition
of main problem onto n-level problems. Section 3 presents new probabilistic method
for solving the problem. The main results are presented in section 4. Section 5 with
recommendations and example shows the effectiveness of the new method.
2. MATERIALS AND METHODS
The solution to this problem may be to divide all remote servers into groups of
servers with k servers in each group. Next, you need to select the servers that will
store up-to-date information about the availability of the information we need, more
precisely, information that either the necessary information is missing, or there is at
least one of the servers in the group. Dedicated servers will be called zero-level
servers. If you first search for the availability of the necessary information on zerolevel servers, you can significantly reduce the search, due to the fact that you do not
have to search for the necessary information on all servers. You can only do this on
those zero-level servers that have traces of the necessary information and the group
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of servers that this server controls. It is obvious that with a sufficiently small p, you
can significantly reduce the time for searching and processing the necessary
information. Let's take a closer look at one of the solutions to the original problem.
So, we believe that we have n servers. Let Yi be an integer random variable equal to
the number of performed procedures for searching and processing information for
n
k

the i group of servers. The total number of search queries is equal to Y = ∑ Yi . If
i =1

n
k

n
M(Y1 ) < n , then we can
k
i =1
assume that a certain amount of savings has been obtained. As a result of research
1
on the extremum of the function ϕ(k) =M(Y1 ) it is easy to prove that
k
1
ϕ( ) =
2 p.
p
It may happen that this time of searching for the necessary information is quite
long. In this case, you can split all the remote servers of each k-th group into w
groups of v servers in each. Next, you need to select the servers that will store upto-date information about the availability of the necessary information. These servers
will be called zero-level servers. In turn, the zero-level servers control the first-level
servers, which store traces of the necessary information. Let's start searching for the
necessary information on the zero-level servers. If there is data about the presence
of the necessary information on the zero-level server, then we look for traces of the
necessary information at a lower level, and only if we find these traces, we look for
information directly on the servers where it is. You can build an analog of the random
variable Yi - an integer random variable θi - also equal to the number of search
queries. Next, you need to investigate at least the function
the mathematical expectation is=
M(Y)

=
M( Θ
)

n
k

∑ M(Θ=)
i =1

i

n
M( Θ1 ) .
k

It

is

M(Y )
∑=
i

easy

to

prove

that

for

function

1
1
w=
and is equal to
ϕ(v, w) = M( Θ1 ) the minimum is reached at the v=
0
0
3 p
k
2
 1 1 
3
ϕ
,
=
3p
. It follows that at low p, the second method is more effective
 3 p 3 p 


than the first. Similar questions were solved in [13, 14]. This work is also
summarized in [15-17].
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3. NEW PROBABILISTIC METHOD
The paper considers a method for solving the problem. A random variable equal
to the number of search queries is generated and its mathematical expectation is
minimized. Let's take some numbers v1, v2 and v3 and denote k=v1v2v3. Divide the
entire set of n servers into k groups. Next, again divide the k servers into v1 groups
of v2v3 servers in each. Each group of v2v3 servers is divided into v2 groups of v3
servers in each. Next, we will perform the following actions.
1. A group of n servers, we split into groups according to v0 servers in each.
Each group of v0 servers is called a level 0 group. We also assume that the level 0
group contains v0= v1v2v3 elements. The number of zero-level groups is equal to n/v0
(integer).
2. Each group of level 0 is divided into v1 groups of level 1. Each level 1 group
contains v2v3 servers.
3. Each group of level 1 is divided into v2 groups of level 2. Each level 2 group
contains v3 servers.
4. Each element of the level 2 group will be called a level 3 server.
Let's look at how the system works. Assign each server a certain number (l,k,j,i),
where l is the level 0 index, k is the level 1 index, j is the level 2 index, and i is the
level 3 index. The total number of such servers is v0v1v2v3, where vi is the number
of servers of type i=0...3. Some of these servers store the necessary information, and
it is not known which ones exactly. Moreover, we believe that this information may
appear and also cease to be relevant for a fairly short period of time. Further
information is provided in table 1.
Table 1. Method operation
Step Fixing Main
(level)
server
1

l,k,j

Task

There is the There is no Stored
necessary
necessary
information
information

(l,k,j,1) send requests to {<l,k,j,i>=1}
== (l,k,j) servers
with
numbers (l,k,j,i)
for fixed indexes
l,k,j for all 1≤i≤v3

{<l,k,j,i>=0}

{0, 1} (no or the
necessary
information
is
available on the
group's servers

{l, k, j,i}iv=31
2

l,k

(l,k,1) == send requests to {<l,k,j>=1}
(l,k)
servers
with
numbers (l,k,j)
for fixed indexes
l,k for all 1≤j≤v2

{<l,k,j>=0}

{0, 1} (no or the
necessary
information
is
available on the
group's servers

{l, k, j}vj=21
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l

(l,1)== (l) send requests to {<l,k>=1}
servers
with
numbers (l,k) for
fixed indexes l,k
for all 1≤k≤v1

{<l,k>=0}

7

{0, 1} (no or the
necessary
information
is
available on the
group's servers

{l, k}kv1=1
4

(l) == (0) send requests to {<l>=1}
servers
with
numbers (l) for
fixed indexes l
for all 1≤l≤v0

{<l>=0}

{0, 1} (no or the
necessary
information
is
available on the
group's servers

{l}lv=01
Considered example. Let's assume that only the first x servers of the first level
contain the following information in our dedicated servers:
{<11>=1}∪…∪{<1x>=1}∪{<1,x+1>=0}∪…∪{<1,v1>=0}.
Further, let's assume that for any 1≤k≤x, only the first xk servers store 1 in the
selected files, while the remaining files contain 0:
{<1,k,1>=•}∪…∪{<1,k,xk>=•}∪{<1,k,xk+1>=•}∪…∪{<1,k,v2>=0}.
Further, for any 1≤k≤x and xk, let only the first xk servers have the value 1 in the
selected files:
{<1,k,xk,1>=1}∪…∪{<1,k,xk,xkl>=1}∪{<1,k,xk,xkl+1>=0}∪…∪{<1,k,xk,v3>=0}.
It does not matter which servers on the next third level contain the necessary
information, since this does not affect the number of requests. The total number of
requests to make is equal to
x

ζ= v 0 + v1 + xv 2 + v 3 ∑ x i .
i =1

So, for 1≤x≤v1, 1≤xi≤v2 we have
v2

P( ζ= v 0 + v1 + xv 2 (x1 + x 2 + x 3 )v 3 =
) Cxv1 (1 − p)( v1 −x )v 2v3 ∏ Cxvi2 (1 − p)( v 2 −xi )v3 p  ,
i =1

where p =1 − (1 − p) V3 . Denote by the symbol v 2x the set of all vectors x = (x1 ,..., x x )
of dimension x, each element xj can take the values of a natural series within 1≤xj≤v2,
j=1…x.
In this paper, we construct an analog of the random variable Yi - the random
variable Ξi for all 1≤x≤v
1 and x
=
(x1 ,..., x x ) ∈ v 2x , which takes the form
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v0 , b
(1 − p) v1v 2v3

... ...
...
( v1 −1)v 2 v 3
( v 2 −1)v 3
1
1
v + v + v + v ,
1
2
3
C v1 (1 − p)
 × C v 2 (1 − p)
 ×
 0
1 ≤ b ≤ v 3
×(1 − (1 − p) v3 )

... ...
...

x
x
 v 0 + v1 + xv 2 + v 3 ∑ x i
C xv1 (1 − p)( v1 −x )v 2v3  × ∏ C xvi2 (1 − p)( v 2 −xi )v3  ×

i =1
i =1
 x
x
x
∑ xi
∑ x i ≤ b ≤ v 3 ∑ x i
×(1 − (1 − p) v3 ) i=1
 i 1 =i 1
=
...
... ...

 v 0 + v1 + v1 v 2 + v1 v 2 v 3 ,
(1 − (1 − p) v3 ) v1v 2

≤
≤
v
v
b
v
v
v
 1 2
1 2 3
where b is the number of search queries.
For the random variable=
Ξ

n
V1V2 V3

∑
i =1

n
v1v 2 v 3

∑

M(
=
Ξ)

i =1

Ξ i we have

M(
=
Ξ i ) nH(v1 , v 2 , v 3 )

where

H(v1 , v 2 , v 3 )=

V1
1
1
(1 − p) v1v 2v3 +
∑ Cxv (1 − p)( v1−x ) v2v3  ×
v1 v 2 v 3
v1v 2 v 3 x =1  1

x 
x


v
v
v
v
xj  ×
×∑ 
+
+
+

∑
∑
0
1
2
3
 x (x ,...,x )∈v x

i 1=
j 1
=
=

 1 x 2
x

x

×∏ C (1 − p)
j=1

xj
v2

v3

∑( v 2 −x j )
j=1

x

x
(1 − (1 − p)v3 )∑j=1 j )

Let's go back to the tasks that were solved earlier. The rating is shown
1

min x ϕ(x) =
2p 2 . When splitting the interval [0, k] into smaller parts of the same
2

length, the equation min x,y ϕ(x, y) =
3p 3 is obtained. Using the Stirling formula [3],
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v=
v=
we can prove that when v=
1
2
3

9

 1 1 1 
1
equality H 
,
,
= 4 4 p3 is
 4 p 4 p 4 p 
4 p



met.
By analogy, we can prove the statement.
Theorem. If we consider s levels, then the estimate is valid
s

M(Ξs ) ≈ n(s + 1)p s+1

1
.
p
By taking the derivative and equating it to zero, we can show that the function

provided that the power of each level is equal to

s+1

s

f (s)= (s + 1)p s+1

1
< p < (s0 + 1)
e2

reaches

− s0
s0 +1

the

minimum at

the

point

s0=[-ln(p)-1],

and

.

4. MAIN RESULTS
If we use the symbol Ξs to represent a random variable equal to the number of
search queries at s levels and provided that the volume of each level is equal 1 ,
s+1

then as shown above M(Ξs ) ≈ n(s + 1)p
for (s + 1)p

s
s+1

s
s+1

p

, it follows That the method can be used

−s
s

< 1 , or p < (s + 1) .
From the condition
s+1

lim M(Ξs+1 )
p→∞

M(Ξs )

1
lim(s + 2)p s+2 s + 2
p→∞
(s+ 2)(s+1)
≈
=
= 0,
lim p
s
s + 1 p→∞
s+1
(s + 1)p

it should be noted that when the level increases, each subsequent method is more
effective than the previous one.
5. RECOMMENDATIONS
1. Select s0=-ln(p)-1.
2. Divide the entire set of servers into s0 levels so that the volume of each level
is equal to an integer part of the number 1 .
s0 +1

p
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3. In this case, the mathematical expectation of the total number of searches is
approximately equal to
s0

s

s0 +1
M(Ξs0 ) ≈ n(s0 + 1)p=
n min(s + 1)p s+1 .
s

Considered example. Let p=0.001. It is obvious that for s0=-ln(0.001)-1=5, the
equality is fulfilled (s0 + 1)p
respectively (s + 1)p

s
s+1

s0
s0 +1

≈ 0.01. At the same p=0.001 and s=2,3,4 we get

≈ 0.06; 0.03; 0.02. This shows the effectiveness of the new

method at s0=5 in six, three and two times, respectively.
6. CONCLUSION
The problem of reducing the number of search queries has been solved. To
compare the results obtained, the history of solving the problem was considered. It
is shown that if p<0.5 is the probability of finding the necessary information on a
1

given server and there are n servers, then you will have to make about 2np 2 queries
to find the necessary information. It is also shown that by creating another level, you
2

can reduce requests to 3np 3 . It is proved that when choosing the number of levels
s=3, it is possible to achieve that the mathematical expectation of queries becomes
3

equal 4np 4 . Moreover, it can be proved by analogy that when s levels are selected,
s

the number of queries is equal (s + 1)np s+1 .
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