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INTRODUCTION

The term paper “Synthesis of DATS” is performed according to the
syllabus of the discipline “Networks and databases” with the aim of
deepening and improving the theoretical knowledge and mastering the
practical skills obtained by students while studying the educational ma-
terial of this discipline in the field of computer-aided networks and da-
tabases.

The main purpose of the term paper is to master the fundamental
knowledge of local computer networks and to obtain practical skills in
this field.

As a result of the term paper execution students must:

know:

— what is a DATS and its basic components;

— what is a server and a hub;

— the stages of DATS synthesis;

— the tasks to be solved at each stage of DATS synthesis;

be able to:

~ design structurally and choose project decisions for DATS;

- choose necessary equipment and location of DATS elements.




1. PURPOSE AND TASK OF THE TERM PAPER

Mastering the fundamental knowledge of local computer networks
and obtaining skills in a computer network synthesis of data transmis-
sion system is aimed at the term paper execution.

The task of the term paper is to study and to master computer net-
work DATS synthesis process which includes the following stages:

1. DATS structure design.

2. Determination of coordinates of DATS elements location.

3. Calculation of the optimal DATS equipment configuration.

4. DATS costing.




2. INITIAL DATA AND EXECUTION ORDER
OF THE TERM PAPER

DATS, which must be designed, consists of: sources of information
(SI), hubs, communication channels and central computers. In this case,
the main purpose of hubs is to receive data from SI through low-speed
and medium-speed communication channels with their further transmis-
sion through high-speed communication channels to a central computer.

The number and coordinates of sources of information, types of pos-
sible equipment for every SI, equipment cost in network segments and
operational expenses for data transmission for a period of 300 days are
given as initial data for DATS design.

Initial data is given in the tables below:

1. Coordinates of SI, transmitted information volume (table 1);

2. Types of equipment, their bandwidth and cost (table 2);

3. The communication channels lease cost per time unit (table 3).

Table 1
Sources of information
Number Coordinates of SI, km Information volume
of SI X Y Kbytes
1 0 0 460
2 20 0 360
3 40 0 200
4 60 0 240
5 80 0 500
6 100 0 800
7 0 20 1200
8 20 20 860
9 40 20 580
10 60 20 140
11 80 20 580
12 100 20 860
13 0 40 1200
14 20 40 800
15 40 40 500
16 60 40 240




The end of table 1

Number Coordinates of SI, km Information volume
of Sl X Y Kbytes
17 80 40 200
18 100 40 360
19 0 60 460
20 20 60 240
21 40 60 500
22 60 60 800
23 80 60 1200
24 100 60 860
25 0 80 200
26 20 80 240
27 40 80 500
28 60 80 800
29 80 80 1200
30 100 80 860
Table 2
Type of equipment
N Transfer rate, bps Cost
1 50 7000
2 75 20000
3 100 50000
4 200 110000
5 600 210000
6 1200 350000
Table 3

Channels lease

Distance, km Lease cost per | minute
100 50
600 150
1200 250
3000 300




For the DATS synthesis it is necessary to complete 4 stages, which
were described before. Any DATS consists of network segments. In this'
case, DATS, which must be designed, can consist of a few network
segments, moreover SI, a hub and a server can be a component of any
network segment. So, on the first stage of DATS design it is necessary
to define the number of network segments in DATS. Then, in accor-
dance with this, the number of hubs, servers and their coordinates is de-
fined. Thereby the initial configuration of DATS is determined.

Having received the initial coordinates, it is necessary to move a hub
and a server at the optimal positions. The process of optimal hub move
can be named as the deformation of a network segment. Hereby the
minimization of distances sum is carried out between a data hub and SI.

One of six equipment types (table 2) with the definite data transmis-
sion rate and cost can be placed in any network element, besides the
communication channel lease cost depends on the distance (table 3).
Therefore the DATS synthesis foresees the necessity to select the
equipment from a given set of types, placing them in a certain SI and at-
taching a hub to them in the way of minimizing the communication
channels lease and equipment cost.

On the final stage, before the calculation of DATS cost, it is neces-
sary to perform the secondary deformation of the network segments, i.e.
to clarify the hub and server coordinates taking into account the mini-
mum equipment and channels lease cost. Thus, for the DATS synthesis
of a computer network it is necessary to complete the following steps:

1. To determine the number of hubs.

2. To calculate the hub and server coordinates in terms of minimum
distance.

3. To clarify the server and hub coordinates.

4. To clarify the equipment types.

5. To clarify the hub and server coordinates taking into account the
minimum equipment and channels lease cost.

6. To calculate the DATS cost.

Modern methods of solving the following tasks involve the use of .
machine methods for calculations. As DATS synthesis is the task of
nonlinear programming, in order to perform the calculations while
DATS synthesis, it is necessary to develop the computer program to per-
form calculations for all DATS parameters.




The variant of initial data for performing the term paper is selected in
accordance with the number of a student in the group list. The variants
of the tasks for the term paper are listed in the table 4.

Table 4
Variants of tasks for the term paper
Number of variant Numbers of sources of information
1 1,2,7,8,16,17,18,24,26,30
2 1,2,8,9,20,21,26,28,29,30
3 1,4,5,10,11,18,25,26,27,30
4 7.8,13,14,17,18,23,24,27,29
5 2.3,4,9,10,19,21,23,26,27
6 2,5,6,7,8,17,18,22,23 .25
7 2,4,10,11,16,17,19,26,27,30
8 3,4,5,9,13,18,19,20,27,28
9 3,6,8,9,12,14,15,17,18,28
10 3,5,12,16,22,23,24,25,28,29
11 4,5,6,10,11,12,19,21,28 29
12 4,7,8,10,11,14,15,16,24,25
13 4,5,7,11,14,15,16,17,25,30
14 5,6,8,11,12,14,20,23,24,29
15 5,8,11,13,14,17,18,20,21,30
16 5,8,9,17,18,19,23,24,27 30
17 6,11,12,14,15,19,20,21,24,30
18 6,9,10,15,16,17,19,23,24,27
19 6,13,14,16,19,20,23,24,26 29
20 6,8,9;17,22,23,24,25,27,29
21 1,2,7,8,16,23,24,25,27,29
22 1,2,8,9,20,23,24,25,26,29
23 1,4,5,10,11,19,20,21,24,30
24 2,3,4,9,10,19,23.24,27 30
25 2,5,6,7,8,17,18,20,21,26
26 2,4,10,11,16,20,23,24,29,30
27 3,4,5,9,13,15,16,17,25,30
28 3,6,8,9,12,18,19,21,28,29
29 3,5,12,16,22,23,25,27,28,29
30 3,4,6,11,12,15,21,22,27,30
31 4,5,6,10,11,17,18,24,26,30
32 %4.7,8,10,11,21,26,28,29,30




The end of table 4

Number of variant Numbers of sources of information
33 4,5,7,11,14,18,25,26,27,30
34 5,6,8,11,12,18,23,24,27,29
35 5,8,11,13,14,19,21,2326,27
36 5,8,9,17,18,19,20,22,23,25
37 6,11,12,14,15,17,19,26,27,30
38 6,9,10,15,16,18,19,20,27,28
39 6,13,14,16,19,20,22,23,28,30
40 6,8,9,17,22,23,24,25,28,29
41 1,2,5,9,10,17,20,23,25,29
42 2,5,10,11,15,18,24,28,29,30
43 3,5,6,8,9,10,19,21,24,27
44 4,7,8,12,14,17,23,24,26,30
45 5,8,11,15,16,19,23,24,26,30
46 1,6,k9,10,14,17,18,19,24 28
47 2,5,8,11,1318,19,21,25,29
48 3,4,8,10,14,18,19,22,26,30
49 4,6,7,9,10,11,16,20,23,27
50 5,6,11,12,14,18,19,21,23 .30
51 1,3,4,12,14,17,23,28,26,30
52 1,5,8,11,15,17,19,23,24,26,
53 1,6,9,10,14,19,21,22,24 28
53 2,5,8,11,15,18,19,23,25 29
55 3,4,8,11,14,18,19,24,26,30
56 4,5,7,9,10,11,16,20,25,27
57 5,6,11,12,15,18,19,21,27,30
58 3,7,8,12,14,18,23,24,26,30
59 5,9,11,15,16,20,23,24,26,30
60 1,2,9,10,12,17,18,19,24,28




3. THE TERM PAPER PREPARATION ORDER

The term paper preparation must include:

— Title of the term paper;

— Surname, name of a student, the number of student's record book
and academic group;

— Variant number;

— Calculation part;

— Structural scheme of the designed DATS;

— Program part (developed program to calculate the cost and parame-
ters of DATS),

— Results of program calculations.

The solution must be accompanied by explanations and references to
the literature.

All figures must be performed in the same way.

Formulas must be given in algebraic form firstly, with the formulas
signs and units explanation.

The list of references must be given at the end of the term paper.

The program listing for calculating the DATS parameters must be
given in appendixes.

The format of the explanatory note is the following:

— title-page, prepared in accordance with APP. 1;

— the list of tasks for the term paper (APP. 2);

— the list of schedule for performing the term paper (APP. 3);

— the list of abbreviations used in the explanatory note;

— summery containing brief information about the structure and con-
tent of the explanatory note (app. 4);

— the content of the term paper;

— introduction up to 2 pages;

— the main part of the explanatory note (the analysis of the initial
data, the order of calculations, intermediate results and their analysis,
the description of the program);

- conclusions;

- references;

— appendixes.

Requirements to the explanatory note:
— the explanatory note must be divided into sections and subsections
and they must be named and numerated,;
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— page setup: page size is standard A4, i.e. 210x297 mm, orientation
is portrait; all margins are 25 mm; catchwords are 17 mm;

— text is Times New Roman 12pt, with paragraphs, on the page
width;

— enumerate all figures, formulas and tables, taking into account sec-
tions and subsections number;

- formulas must be typed with the help of Eguation Editor (option of
Microsoft Word for Windows);

— enumerate all pages;

— references order: for books-author’s surname and initials (in ital-
ics), book title, volume number, the place of publication and publishing
house, year, the number of pages; for the magazine — author’s surname
and initials (in- italics), title, magazine title, place of publication and
publishing house, year of publication, issue, the number of pages.
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4. THEORETICAL DATA

4.1. Mathematical problem statement
of data transmission system synthesis
Let there is a variety of equipment types 4 = {a,,a,...a, } and a vari-
ety of bandwidths ¥ ={v,,v,..v, } respectively and a variety of costs
w ={w,,w2...wm}.
The location coordinates X ,Y; (j =1..n)and data transmission

volume g; per day are given for each SI, where n is a number of sources
of information in network segments. Maximum speed of a hub output
channel equals B. Each source of information can contain only one type
of equipment:

1 — if j-th SI is connected to the i-th type of equipment;

o, =
0 — otherwise.
So:
.o, ; =1, for any j=1..m.
=
And

n m

IDICESD

i=l j=1
While the total data transmission rate must not exceed the initial

speed of the hub (1):
> v, -0, <B )
i=l j=t
The equipment cost is:

n m

R=ZZW, '(X.i‘j

i=l j=1

The communication channels lease cost is:
m

L=chj AUTRLY Ty

i=1 j=1
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where T is the considered time interval (T, = 300 days, B = 1200 bps);
C; is the communication channel lease cost while transmitting from j
g

Vi

which is the source of information to the hub per time unit; 7, ; = —=1is
the time of data transmission per day from the j-th SI.

The total cost of both equlpment R and communication channels
lease L is the following (2):

Fzzzai,j‘di,j’ (2)

where d,.j =w,+1;; -Cj -Ty-

The task of the network segment synthesis is formulated as a task of
functional minimization (2) while performing the limitations (1).

4.2. The procedure of dats synthesis

At the first stage the task of network segments selection is solved.
For this purpose, the total number of hubs is determined and SI binding
is provided,

A hub is a device that allows concentrating data transmission chan-
nels. The method of concentration is a dynamic channel assignment
procedure in which a part of input channels, in accordance with the
coming requests, are dynamically distributed among a smaller number
of output channels. As a rule, the output channels are faster.

The number of hubs is determined by the following algorithm:

STAGE 1. For each source of information we make the list K of its
nearest neighbours (K = 3 is a design parameter) and determine the fre-
quency of each source of information appearance in the lists ®; .

If ® =max®; , then forjth SI 1S ®; S@".

All ST with the same frequencies are recorded in the list S;.
We should calculate the lower limit of the classes frequency that are
the subject of consideration:

w,, [n PNE Z,]+l

where Z; is the number of Sl in the list S; [ ] is the integer part of the
number; N is the total number of SI in the network.

13




STAGE 2. We should determine the initial multitude of candidates
for the hub S,., then add it to the SI in descending order of frequency

o, <1< ® . Their number is limited above by n/2.

At the second stage the initial coordinates of the hub and server of
each network segment are determined. The initial coordinates of the hub
are determined as average coordinates of SI of the network segments.

n n
=5 xsy=%-2y,
i=l i=l
where x,;, y, are the coordinates of the hub in the network segment; n

is the number of SI in the network segment.
In the case of the server it is necessary to take into account that SI as
well as the hub will be connected to it:
m m
xc:#'zxi s Ve =—p};'zyi s
. i=l =
where x_, y.are the coordinates of the server; m is the number of SI,
that are connected to the server and the number of hubs in DATS.
Then the method of the gradient descent is used. The functional is
minimized when X; and ¥; are changed:

F(xl’yl)=i'J(xl —xi)2 +( '}’i)z .

i=l

We receive the clarified coordinates of the hub X; and Y.

To solve this problem it is necessary to use computers.

At the third stage for each network segment the optimal configura-
tion, bandwidth of communication channels and the equipment type for
each SI are determined. The functional (2) is minimized at the limitation
(1). The algorithm of solving the problem is the following: the ma-
trix D = {a’,.ji i=1..n is composed in accordance with (2). The functional

(2) exceeds an absolute minimum only if in each column of matrix D,
the minimal element is selected. If the limitation (1) is applied, the task
is solved. While failing the limitation it is necessary to refuse the mini-
mal element in one of the columns and select the nearest one to it.

The column with the minimal fine coefficient should be chosen.

*

k; =A—",j=1..n.

J

14




Here:

ldmm J mm+1 J |

= Ivmin - vmin+l|
where d,;,;and d,,,, ;are the minimal and the nearest elements of the

min, j

first column; v,, and v, are equipment bandwidths related to
d,, and d

min, j min+l,j *

At the fourth stage the coordinates of the hub and the server of the
network segments are clarified, taking into account the values of data
streams through SI. Thus, with the method of the fastest descend the
functional is minimized:

F(xl'yl)=iz;%'J(xl "xi)z +()"| "J’i)z .

The obtained result is considered as the final.

4.2.1. The clarification of hub and server coordinates

Having received the initial coordinates, it is necessary to carry out
the optimal relocation of the hub and the server. The process of optimal
relocation of a hub (with appropriate limitations) is called the deforma-
tion of network elements. The initial deformation, described in this sec-
tion, consists in the use of methods of coordinate and gradient descent to
clarify the position of the network element. At the same time it is neces-
sary to carry out the minimization of the sum of distances between the
hub and SI.

The minimized functional is:

F(xl yl Z\/— 1) . (€)]

i=l

The same process must be done for the server.

The algorithm of the coordinates calculation.

1. We should perform the search of initial approximation of the node
coordinates, minimize the specified functional (3) by the method of
gradient search, We determine the functional gradient F(x,, yl) at the

point of initial approximation:

15




1 1-xi
B1=Y ad ;
i=l ‘/(xl _xi)z +(J’1 ‘)’i)z

z 1-yi
B2=Y 2 .
= \/(xl —x, Y+ -»)

We should perform the calculation VB1? + B2? < e, where 0,01 is
accuracy.

If the module vBI1>+ B2? is less than accuracy, it means that the

necessary coordinates of the node are found. If the module v B1? + B2? i
is not less than accuracy you should perform the second step. ]
2. Otherwise, we proceed to the method of “golden section”. This

method in comparison with others, requires the lowest amount of calcu-
lations. It is used for the unimodal function of one variable and provides
the narrowing of uncertainty interval to the specified accuracy (fig. 18).
The interval /a, b] is divided into two unequal parts in the way that the
ratio of the length of the larger segment to the total length of the interval
equals to the ratio of the length of the smaller segment to the length of
the larger segment (“golden section™):

Lo4 7.47,=17,

zZ Z

z,/2,=(/5-1/2~0.618).

At each step the uncertainty interval is illuminated in 1/0,618 times.
In order to determine the interval on the next stage it is necessary to
make the step from the point a to fulfil the next condition: F (b) <F (a). i
Leta = H,,b= H,,then new points are calculated by the formulas (4): i

H,=H,+0382(H,—H,);

4
H,=H,-0382(H, - H,). @

We calculate F (H,) and F (H,), if F (H,) < F (H,), then
H,=H, is the right limit changed, otherwise H, = H, is the left limit
changed. '

The process continues until /7, —H,, is not less than a given accuracy.

16




3. We perform a descent in the direction of anti-gradient. The initial
step of descent is selected as a distance from the starting point to the
nearest SI. We determine an intermediate value:

VX=X-HB,

where B is a gradient vector; H is a initial step. The optimal value of
the step H is defined by carrying out one-dimensional search in the di-
rection of anti-gradient. First of all, it is necessary to find the interval
of uncertainty. Let’s assign the value to the functional F(X), calculated in
the previous stage, by the variable D =F(X). If D> F(VX), where
F(VX) is the functional value in the current step, then we increase
the step. ‘

4. To increase the step it is necessary to assignD = F(VX), calcu-
lated at the third step. Let determine a new value H =H +H, and
VX =X - HB. Let make verification D > F(VX); if D<F(VX), then

we find the uncertainty interval.
5. Let’s assign H, =0 and H, =H, where H was calculated pre-

viously. Then we calculate F(X) in new points:
Fy=F(X - H,B);
F,=F(X - H,B).

6. We determine new value points by the formulas (4) and calculate

the functional F(X) in the defined points:
F,=F(X-H,B);
F, =F(X - H,B).

We make verification: If F, < F;, then the right limit has changed,
i.e. H, = Hy, otherwise, the left limit have changed, i.e. H, = H,. Then
we make a comparison H, - H, <e. If the condition is fulfilled it is
necessary to equalize H = H,. Then we recount the values of x and y .

4.2.2. The determination of the optimai
equipment configuration

At this stage of DATS synthesis it is necessary to make one more de-
formation of the network element in order to determine the optimal

equipment configuration, communication channels lease cost and chan-l

nels bandwidth. v
17

3




We use the algorithm for the basic problem of the deformed network
segment in order to determine the optimal equipment configuration of
data transmission, optimal values of communication channels operating
cost, the location of equipment types on the appropriate SI and to ob-
tain the bandwidth values of communication channels.

The initial parameters of the algorithm: # is the number of SI; L=6 is
the number of equipment types; W (L) is the equipment cost; G (P) are
daily volumes of information from the appropriate SI; Tp = 300 is the
time in working days; x;, y; are the coordinates of the hub after the pri-
mary deformation of the network element.

The communication channels lease cost is determined according to
the coordinates of the SI and the hub. Generally, the function of the
communication channels lease cost C; has the stepped nature and can be
calculated as:

L= jz_;t ;*Ch,
where C; is the communication channel lease cost per time unit while
the hub is located in the i-th zone for the j-th SI. C; corresponds to the
certain zone within the zone range C; = const, and the distance of the
hub from the appropriate SI is determined by the expression:
R=(x=x, 2 +(n-y,),

where x;, y; are the coordinates of the hub; x;, y; are the coordinates
of SI.

Thus, the hub attribution to the appropriate zone depends on the dis-
tance to the j-th source of information that is nonlinearly determined by
their coordinates.

The calculation order:

1. The calculation of distances from the hub to the data sources. Ac-
cording to them set of communication channels leases C; is constructed.

2. The matrix D compiling, the elements of which are:

dij=w+g/vi*T,*C,,
where i=1, 6 are the equipment types; j = 1, n is the number of SI.

3. The minimum values of the matrix D are located in each column
and the row numbers are fixed.

4. In order to select the numbers of equipment types the bandwidth
is summed up, and if the condition is fulfilled (1), then the selected con-
figuration is optimal.

18




5. Otherwise, the element above is taken in each column and the co- |
efficients of fines for each column are calculated:
K;=A+j/N,
where A*j=\d . . ~d,, +ljl;Aj =|v,m." —vm,.,,+1|.
6. We find the minimum value of the fine coefficient. A new ele-

ment is selected in the column, which is related to the minimum value of
the fine coefficient.

4.2.3. The caiculation of DATS cost

Having defined the equipment configuration in the previous sections,
it is possible to calculate the data transmission system cost. The cost is
influenced by the equipment types and distances from SI to the network
elements.

The equipment cost:

m n
R=33w*a,,
i=1 j=
where 7 is the number of SI of this equipment type; w; is the equipment
types cost installed to i-th SI and the hub.
The communication channels lease cost:
m n
L=ZZCj *a, *g, /v,*T,,
i=l j=I
where C; is the communication channel lease cost, while transmitting
from the j-th SI to the hub per time unit; g; is the information volume
transmitted per day; v;is the bandwidth, set to the j-th hub; T is the con-
sidered time interval.
The total equipment and communication channels lease cost:
m n
F=232a;%d,,
i=l j=I
where d;; =w; +C;*g, /v, *T,

19




5. SELF-CHECK ASSISMENT

1. What is the purpose of the term paper?

2. Give the definition for a hub.

3. Give the definition for a server.

4. Give the definition for a DATS.

5. What are the main stages of DATS synthesis?

6. Describe the algorithm for determining the number of hubs.

7. Describe the algorithm for determining the optimal equipment
configuration.

8. Describe the algorithm for determining the coordinates of a hub
and a server.

9. Describe the algorithm for coordinates clarification of a hub taking
into account the values of data streams from the sources of information.

10. What is the method of «golden section» used for?

11. What is the main purpose of a hub?

12. Describe the algorithm for communication channels lease costing.

13. Give the formulas for calculating the initial coordinates of a hub
and a server. :

14. What are the differences in functionals, which are minimized at
the second and the 4th stages of DATS synthesis?

15. List the tasks to be solved at each stage of DATS synthesis.

16. Describe the procedure of DATS costing.
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