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AN UPLINK POWER CONTROL ROUTINE FOR QUALITY-OF-SERVICE EQUALIZATION IN
WIRELESS DATA TRANSFER NETWORKS CONSTRAINED TO EQUIDISTANT POWER LEVELS

Background. Power control is a process of adjusting transmitter power output in a communication system to achieve
satisfactory performance within the system. In wireless data transfer networks, this process refers to uplink connection,
when information about the transmitter power output is sent to the base station, whereupon the power is adjusted in
accordance with one or more transmit power control commands received in the downlink. The uplink power control
is intended to ensure quality of service declared by the system provider including maintaining a sufficient signal-to-
noise ratio and link data rate, reducing interference, overloading, and preserving the battery life.

Objective. Whereas the sum of power levels is constrained to the grand total of the powers transmitted in the uplink off
all the transmitters, the quality-of-service equalization is a fundamental task. Henceforward, for a set of equidistant
power levels, the goal is to achieve the quality-of-service equalization by non-decreasing powers when moving away
from the base station with using the distances from the mobiles to the base station. Inasmuch as the uplink power grand
total is “allowed”, the sum of all the powers should be as much as closer to the grand total.

Methods. Principally, ratios of distances to the base station are calculated using an initial value of the path loss exponent.
Then the case of the overloaded network is checked out. After that, the base station power responses are calculated
using the ratios and the principle of the equal quality of service, wherein the received uplink power should be closely
the same for all the users by every uplink transmission. If the farthest/closest transmitters’ powers are out of the power
range, they are set down/up to the proper maximum/minimum. The path loss exponent is decreased if the proper
maximum is re-violated. Finally, the base station power responses are rounded to values within a set of power levels.
Results. The suggested algorithm deals with powers in watts fitting wireless data transfer networks working in shallow
areas (like Wi-Fi, Bluetooth, etc.), for which the number of power levels is relatively great and the range of active
uplink transmission powers is relatively narrow. The routine which implements the algorithm still can be optimized
depending on the programming environment and paradigm. For instance, C++ and Python will fit for speeding up the
performance. Nevertheless, the routine would not sustain the UMTS update frequency, unless a network works with a
few tens of users.

Conclusions. The uplink power control routine stated with the six algorithmic items effectively equalizes quality of
service in shallow wireless data transfer networks, where user uplink powers are constrained to equidistant power levels
in watts. It is not a one-step but a multi-step process during which four types of conditions are successively tried to get
satisfied. Eventually, the factual sum of all the powers transmitted in the uplink may become “harmlessly” less than
the grand total.

Keywords: wireless data transfer network; equal quality of service; uplink power control; distances to the base station;
power levels; path loss exponent; dichotomization.

Introduction

Power control is a process of adjusting trans-
mitter power output in a communication system to
achieve satisfactory performance within the system.
In wireless data transfer networks, this process re-
fers to uplink connection, when information about
the transmitter power output is sent to the base
station (mobile-to-base), whereupon the power is
adjusted in accordance with one or more transmit
power control commands received in the downlink
(which follows the uplink) [1, 2]. The uplink power
control is intended to ensure quality of service de-
clared by the system provider [3, 4]. This also
includes maintaining a sufficient signal-to-noise
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ratio and link data rate, reducing interference, over-
loading, and preserving the battery life [5].

One of the most important aspects of the qua-
lity-of-service principle is ensuring equal access for
all the users. Along with that, reducing interference
relates to effective spectrum management [6, 7]. The
latter is very important for overall wireless commu-
nications, which have been growing dramatically.
All these items are thoroughly intertwined influenc-
ing each other. Thus, ensuring quality-of-service
equalization additionally helps to sustain the in-
creasing transmission of radio waves, which threat-
ens not only with interference, but also with plausi-
ble health issues [8].
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In general, the base station manages a definite
set of power levels of the transmitters/mobiles linked
to it. This is the centralized power control [6]. Obvi-
ously, the performance of the base station cannot be
compromised by high power local mobiles which
may tend to mask out weaker mobiles farther away
from the base station. Therefore, transmit power
output of the nearer mobiles is decreased, whereas
the farther mobiles are adjusted to have higher trans-
mit power outputs [8, 9].

For instance, a table of GSM power levels is
defined, and the base station controls the power of
the mobile by sending a GSM “power level” num-
ber/tag/identifier. The mobile then adjusts its power
by an appropriate accuracy: at the maximum power
levels it is typically +2 dB, whereas this relaxes
to =5 dB at the lower levels. The power level
numbers vary according to the GSM band in
use [3, 4]:

1) the power level table for GSM 900 has 18
power levels — from 2 to 19, which correspond to
power output levels from 39 dBm (7.94 W) down to
5 dBm (3.2 mW) with a step of 2 dBm;

2) the power level table for GSM 1800 has 19
power levels — 29, 30, 31, 0, 1, 2, ..., 13, 14, 15,
which correspond to power output levels from
36 dBm (3.98 W) down to 0 dBm (1 mW) with a
step of 2 dBm;

3) the power level table for GSM 1900 has 18
power levels — 30, 31, 0, 1, 2, 3, ..., 13, 14, 15,
which correspond to power output levels (in dBm)
33, 32, 30, 28, 26, 24, ..., 4, 2, 0 (in milliwatts: 2000,
1585, 1000, 631, 398, 251, ..., 2.5, 1.6, 1).

The UMTS uses its own conception of uplink
power control [1, 2, 6]. The transmitter is capable
of changing the output power with a step size of 1,
2, and 3 dB depending on a set of transmit power
control commands. Thus, once the set is for
“down”/“up” within the most accurate power control
range, the transmit power is reduced/increased by 1
dB; otherwise the transmit power is not changed.

The main problem in such a power adjustment
is that it is too slow. Indeed, GSM cellular systems
has their update frequency of 2 Hz. The UMTS up-
dates powers at 1500 Hz, but it reacts against weaker
or stronger signal (received by the base station) only
with a single step, so abrupt changes of signal power
are impossible to compensate [6, 10].

Contrary to the centralized power control, mo-
biles can be allowed to update their powers
autonomously, considering quality of service they
perceive [8]. As the mobiles become independent of
the base station, they can be considered as selfish
agents (players) who try to maximize their utilities

(i. e., throughput and connectivity) [6]. Then meth-
ods of decision-making theory are applicable. Thus,
non-cooperative game theory models of wireless
network power control claim that the selfish mobiles
maximizing their own utility are opposed to maxim-
izing the overall performance of the wireless data
transfer network, in which the mobiles operate [6,
7]. Then, with a utility function assigned for each
mobile, the most stable and advantageous situation
in the game is determined. However, substantiation
of the utility function relies only on distances from
the mobiles to the base station, rather than distances
between each pair of mobiles [6]. This does not im-
prove measuring interference if to compare the
game theory approach to both the table-of-power-
levels and one-step-adjustment approaches men-
tioned above. Besides, re-calculation of the power
according to the most favorable situation becomes
exponentially slow when the number of mobiles op-
erating simultaneously linearly increases.

Problem statement

Whereas the sum of power levels is constrained
to the grand total of the powers transmitted in the
uplink off all the transmitters, the quality-of-service
equalization is a fundamental task [1, 2, 7, 9, 11].
Power levels can be equidistant like in GSM tables,
but their selection might be driven by distances from
the mobiles to the base station. These distances are
estimated by a GPS navigation technique, which is
presumed to be used in the game theory approach
as well. Henceforward, for a set of equidistant power
levels, the goal is to achieve the quality-of-service
equalization by non-decreasing powers when mov-
ing away from the base station with using the dis-
tances. Inasmuch as the uplink power grand total is
“allowed”, the sum of all the powers should be as
much as closer to the grand total.

Parameters used for uplink power control

A number of active transmitters N is deter-
mined automatically. So, there are seven types of
parameters used for uplink power control. Some of
these parameters are defined by the system, the rest
of them are measured.

The system-defined parameters are:

1. An initial (nominal) value of the path loss
exponent p. Values of exponent p are normally in

the range of 2 to 4, where p becomes greater for

propagation of radio waves in relatively lossy envi-
ronments. The path loss exponent can reach values
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in the range of 4 to 6 in covered environments
(buildings, basements, sport-arenas, etc.). As the
time goes by (say, in years), u can be increased if

the area where a base station operates becomes over-
built with various architectural constructions.
2. A maximum-tolerated grand total py of the

powers transmitted in the uplink off all the trans-
mitters (either in dBm or watts). Value py. depends
on the capacity of the network. Occasionally, ps

can be expressed as a maximal number of user trans-
mitters which could effectively simultaneously work
within a scope of the same base station.

3. A maximally possible transmitter power out-
put p... (either in dBm or watts).

4. A minimally possible transmitter power out-
put p, (either in dBm or watts).

5. A set of uplink power levels G = {E,},L: 1>
where p, =p, and p;, =p_ ... As these L levels
are assumed to be equidistant,

ﬁl:p0+(1_1).w vi=L L. ()
L-1

The measured parameters are:

1. Powers {p,} ,/(V:l transmitted in the uplink.
They are measured by user transmitters themselves.
Then they are sent to the base station in the nearest
uplink transmission.

2. Distances {d,} 7, to the base station. They

are estimated by a GPS navigation technique. They
are sent to the base station along with powers
{p,} ,](V:l. Thus, each transmitter sends a pair of its
current power and distance. The said current power

is to be considered as a request for the next uplink
transmission.

For further processing, distances {d k}llcv=1 are

sorted automatically by the base station in descend-
ing order:

d.>d,, Vi=1, N-1. )

i+l
Thus, the closest transmitter has the greatest index,
and the farthest transmitter has index 1. Obviously,
powers {p,} ,j(vzl are not sorted.

Ratios of distances to the base station

The reduction in power density of radio waves
as they propagate through space is called path loss.
Path loss is a major component in the analysis and

design of the link budget of a wireless data transfer
network. If a transmitter is distanced by d meters
from a receiver, then the path loss in the simplified
form is estimated in dB as

H =10ulgd, 3)
where system losses are included into the path loss
exponent. If a transmitted power iS p, . <mi» and

the received power is p,.., then path loss (3) can
be re-written as

H =10ulgd = 101g Liransmit
rec
whence
lgd* :@M d* _ Ptransmit

rec prec

and the power received at the base station is

p .
Pre = it )
Hence, quality of service can be equalized by taking

into account factor d" in (4) for each pair of active
transmitters. This is why ratios of distances

d}

r.. = —
ii+l u
d[+1

Vi=1, N1 5)

by the path loss model (3) will be used further. Ra-
tios (5) are calculated by the base station, which is
assumed to “know” the path loss exponent over the
area wherein this station operates.

User power requests and base station power re-
sponses

The base station is tasked to map power re-
quests {p,} ,j(vzl in every uplink into powers {pZ} ,]{VZI
corrected so, that quality-of-service equalization
could be ensured as accurately as possible. Values
{p;},’f: , are factual base station power responses.
When the base station receives power requests
{p k}ﬁzl, it checks whether they not exceed the

maximum-tolerated grand total by the power de-
scending order, i. e.

N
> pi<py (6)
=1
by
p;=2p;y Vi=1L N-1. 7
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Descending order (7) is necessary due to (2) and
(4). If (6) and (7) hold then the powers are not cor-
rected:

pr=p, Vk=1,N. (8)
Otherwise, they are corrected so, that
N *
> pp<py )
k=1
by
Pe<Pmax Vh=1, (10)
and
po<p, Vk=1N. (11)
Meanwhile, the difference
N *
Py — z Py (12)
k=1

by (9) should be minimized. In particular, the mar-
ginal case

N *
Z Py =Dy (13)
k=1
in (9) is plausible and acceptable.
A case of the overloaded network
If, occasionally,
Npy > ps (14)
holds, then the farthest-from-the-base-station
p
Noff_N—a(—ZJ (15)
Py

transmitters whose distances are {dw}fvvzo{f, where

function &(x) returns the integer part of x, will be

turned off:
=0 Yw=IL, N, by Ny<N. (16)

This is done so because those N  transmitters
would overload the network. Then

(17)

and only power requests {p,} ,’i x,bsf)fH are going to be

considered as (after the respective re-indexing under

the updated N ) “new”

(obs)
d N
{ =N j+1

{pi} 11(\/:1 by distances
considered similarly as “new” {d} IJCV:I )

Those N i farthest-from-the-base-station trans-

mitters will receive a command in the following
downlink to turn off. Nevertheless, such a turn-off
is not permanent. The turned-off transmitter be-
comes inactive just for a period of a single update
(e.g., for 1/1500 s in the UMTS). After that, it is
likely the transmitter will start searching for another
network, if the current network continues discon-
necting it by sending “zero” power responses (16).

Raw calculation of the base station power
responses

Ensuring the equal quality of service implies an
equal received uplink power for all the users by every
uplink transmission. This means that, for the neigh-
boring transmitters,

:pi+l :ﬂ
dt, df

i+l

P oo vi=1, N_1. (18)

It follows from (18) that the uplink power of i-th
transmitter should be set at

%

. pldn .
p; =TSl —ypry Vi=LN-1. (19)
di+1
Obviously,
Py =Apy bysome A>0. (20)

Then power of every farther transmitter is expressed
by the closest one with (20):

* *
PNy =TNIONPN = TN NAP N

* *
PNo2=TNoNAP N =N aN A NaONM s

and so on, including the power for the farthest trans-
mitter

N-l
* * *
Dy =TPy =Tpl3Psy = :{H”s,m }“PN-

S§=

Therefore,

N-1
Py = [ ITresn prN Vk=L, N-1. (1)

5=

Then, using marginal case (13) and the-closest-
transmitter expression (21),
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N N-1( N-1 (obs) _ (obs) _ N ) 28
ZpkzkpN+ [ rss+l]7“pN Py Py Py =Py P max™V over (28)
k=1 k=1\s=k If
N_1/ N-1 p: <pyVu=N-N 4. +L N (29)
=}\,pN 1+I€Z_‘i{s_krss+l] pZ (22) by0<Nunder<N’

So, the nominally appropriate uplink power of the
closest transmitter is

Py

N-1{ N-1 ’
];[Hrssﬂj

p}=kpN= (23)

and nominally appropriate uplink powers of the re-
maining transmitters are

pZHrssH
P N-1{ N-1
1+ Z[Hrs,sﬂj
k s=k

Vi=1L N-1. (24

=1

Note that uplink powers by (23) and (24) called
nominally appropriate due to formulae (23) and (24)
cannot give

p,eG={p}r, Vk=1, N (25)
at once. Condition (25) is necessary for finally set-
ting the uplink powers.

Setting down/up to the proper maximum,/minimum

When a cycle of the raw calculation of the base
station power responses is completed, there is a sub-
task to check whether conditions (10) and (11) are
not violated. If

p >pmaXVv—1N by 0< N <N, (26)

over over

then (10) is violated, and response powers of those

N ... farthest-from-the-base-station transmitters

are set down (currently, not finally) at the proper
maximum:

p::pmax V—l Nover by O<N0ver : (27)
Subsequently, the remaining powers, which are
Py ¥y ,, with their respective distances

{d, N\ ., are corrected once again with using
(23) and (24) by

then (11) is violated, and response powers of those
N closest-to-the-base-station transmitters are

set up (currently, not finally) at the proper minimum:

under

p::po Yu=N-N
by 0< N

+1, N

under

< N.

(30)

under

Subsequently, the remaining powers, which are

{p,t} p with their respective
{d, } kel Nuwser | are corrected once again with using
(23) and (24) by

©9 = py, by

-N under

distances

ps = p® —p N 31)

under *

Theoretically, both cases (26) and (29) are pos-
sible. The case with rectifying situation (29) always
follows the case with rectifying situation (26). How-
ever, even after having re-corrected powers by (31),
there still can be a violation (re-violation) of condi-
tion (10). Then the path loss exponent is adjusted
“manually”.

Adjusting the path loss exponent

If (10) is re-violated after having rectified situ-
ation (29), the path loss exponent, despite the real
losses in the surrounding environment, is decreased
“manually”. It is a subtask wherein the path loss ex-
ponent must be minimally decreased down to value

u* such, that conditions (10) and (11) hold both at

this value. In fact, p~ will become a maximally pos-

sible value of the path loss exponent, at which con-
ditions (10) and (11) hold both.
Firstly,

Mupper =H and Hiower = M- (32)

Secondly, for some Ap 4., >0 a mini-procedure

b
l'ngwse)r = A“ dec (33)

is executed until (10) and (11) hold both. This is a
primal rough stage of determining the interval

) within which the unknown p° is

(obs)

and Hiower = Hiower

Hiower

(P- lower; n upper
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enclosed. Thirdly, a procedure of decreasing gradu-
ally the path loss exponent is executed until the dec-
rement becomes too small. Thus,

Ap = Bupper — Hiower (34)
2
is calculated and a new path loss exponent is
B=Hower T AHR. (35)
The powers are re-corrected again and
Ap©® = Ap, Ap=Ap©®® /2. (36)
If (10) is still violated then
u© =y and p=p - Ay, (37)
otherwise
p) = and p=p© £ Ap. (38)

The sequence of assignments (36) and either (37) or
(38) is repeated while Ap > ¢, where ¢ is an insig-

nificant change (either decrement or increment) of
the path loss exponent.

Uplink power control with equidistant power
levels

After the raw calculation of the base station
power responses is complete and conditions (10)
and (11) hold both by marginal case (13), a power
control algorithm pulls the powers to condition (25).
For this, a step

:pmax_pO

L-1 (39)

Ap

of set G={p,}}, of the L power levels is used. If
powers {p,:} ,lcvzl do not satisfy condition (25), they

should be rounded to values within set G ={p,} -, .
Firstly, remainders

P =(p;—p0)—Apa{”kA—;”°] vk=LN (40

are calculated and the powers are rounded to fit set
_ =L .
G={pia:

*(obs)

P =p,, pp=ps Pr (41)

Secondly, a set /, of indices is found, for which

A .
pi >7p Vl+€[+,

+

(42)

whereupon

pik(Obs) = p: 5 p;i = p;i(Obs) +AP V i+ € 1+‘ (43)

l+
Thirdly, a set I, of indices is found, for which

pL>Dpy Vigel,. (44)

If 1, = then condition (25) is trivially true, and
the requests

{p;}i\;] = {po}jlc\;l (45)
are returned to the following downlink transmission;
otherwise,

Ioz{q}gzl and isz:|IO|. (46)
Then, while (9) is violated, the following mini-pro-
cedure is executed:

pi*(obs) _ p;“i , P;i _ p;“i(obs)

-Ap, 47)

and

PO = = b (48)
Obviously, subroutine with (40)—(48) is executed
only for those transmitters who are active (i. e., are

not turned off due to the overloaded network).

Uplink power control routine for quality-of-ser-
vice equalization

Basically, this is a multi-step routine based on
the stated above in the successive order. The routine
is formed by the following algorithm:

1. Ratios of distances to the base station are
calculated by (5).

2. The case of the overloaded network is
checked out using (14)—(17).

3. Raw calculation of the base station power
responses is executed by (23) and (24).

4. Setting down/up to the proper maxi-
mum/minimum is executed, if required, by using
(26)—(31).

5. The path loss exponent is decreased using
(32)—(38) if (10) is re-violated.

6. The base station power responses are
rounded to values within set G ={p,} ,L= , by using

(39)—(48).
It can be successfully implemented in C++,
Python, or similar environments, without any
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special requirements. The single bottleneck is in
those iterations occurring after the raw calculation.

Examples of the uplink power control routine
application

For exemplifying the uplink power control rou-
tine application, let p =4 as it normally is for areas

with city buildings and constructions. Note that
powers are in watts. Fig. 1 shows a location example
of 800 active users (transmitters) with sufficiently
great range of uplink powers and their levels. The
uplink powers are corrected according to Fig.2. A
result of some limitations to the network is hardly

1250
1000
750
500
250

-250
—500
=750 |
—1000
—1250

seen in Fig. 3, but it is well seen in the correspond-
ing Fig. 4. A location example with turning the far-
thest users (transmitters) off is in Fig. 5, whereupon
Fig. 6 shows a trivial distribution of grand total of
the powers transmitted in the uplink.

Those illustrations are much simplified but
they give a general imagination of what results of
the routine application are expected. Another
important property is the time performance, which
is better for cases like that in Fig. 6 (the result in
Fig. 6 is obtained in about 25 times faster than that
in Fig.4). By the way, increasing the number of
power levels does not retard the time of the routine
execution.

—1250 =750

—250

0 250 500 750 1000 1250

Fig. 1. A location example of 800 active users (transmitters) by psy =64, p . =02, p,=0.001, L=200 (distances to the

base station which is at the origin are in meters)

— 1200 800
{pl}lzl {dk}k:1
0.2 = 1400
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0.16 . 9 1200
014 [~ 14 1000
0.12 N 800 7
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0.08 T 14 600
0.06 [~ {p* }800 — |
0.04 KTkt \ 400
0'002 | | | | | | | | | | | | | | | = 200
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 &
_—>

Fig. 2. Power responses by 200 power levels to transmitters in Fig. 1
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Fig. 3. A location example of 800 active users (transmitters) by py =32, p.. =02, p,=0.02, L=20 (distances to the
base station which is at the origin are in meters)

— 4,20
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Fig. 4. Power responses by 20 power levels to transmitters in Fig. 3
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Fig. 5. A location example of 1217 users (transmitters), among which 327 are currently turned off (highlighted with the different
color) by py =173, =0.2, p;=0.02, L=20 (distances to the base station which is at the origin

pmax

are in meters)
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Fig. 6. Power responses and turn-offs by 20 power levels to transmitters in Fig. 5

Discussion

The suggested algorithm is directed to work
with powers in watts. A transition to decibel-milli-
watts can be done but it is not worth for wireless
data transfer networks working in shallow areas (like
Wi-Fi, Bluetooth, etc.), for which the number of
power levels is relatively great and the range of ac-
tive uplink transmission powers is relatively narrow.
The routine which implements the algorithm still
can be optimized depending on the programming
environment and paradigm. For instance, C++ and
Python will fit for speeding up the performance.

Nevertheless, the routine would not sustain the
UMTS update frequency. Experiments show that it
takes no shorter than 0.5 to a few milliseconds for
correcting the power requests within a network with
a few hundreds currently active users. However, net-
works with a few tens of users process their power
requests much faster (no longer than 0.5 ms that fits
the UMTS update frequency). Moreover, the rou-
tine could be sped up by an appropriate implemen-
tation of dichotomization [12] by (32)—(38).

An apparent advantage of the uplink power
routine is that it is capable to smooth much the
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B.B. PomaHiok

NPOrPAMA KOHTPOIMIO TMOTYXXHOCTI ¥ BUCXIOHOMY HAMPAMKY O BUPIBHIOBAHHA AKOCTI CEPBICY B
BE3MNMPOBOJOBUNX MEPEXAX NEPEJAYI AAHMX 3 OBMEXXEHHAM OO PIBHOBIOOANEHWMX PIBHIB MOTY>XHOCTI

Mpo6nemaTtnka. KOHTpOnb NOTYXHOCTi € NPOLLECOM perynioBaHHs BUXiAHOT MOTY>XHOCTI nepefaBaya B cUCTEMI 3B’s13Ky Ans 4OCSI-
HEHHS 3a[0BiNbHOI NPOAYKTUBHOCTI B L cucteMi. Y 6e3npoBoaoBuX Mepexax nepegadi JaHux Liel Nnpouec BigHOCUTBCA 4O BUCXIOHOI
niHii 38’A3Ky, KOnu iHdopmMaLis Npo BUXiAHY NOTYXHICTb NepeAaBada HagcunaeTbcs Ha 6a30By CTaHL,jH0, NICNS YOro NOTYXHICTb perynto-
€TbCA BiAMNOBIAHO A0 oAHiei abo BinbLue KOMaHA KepyBaHHS MOTYXHICTIO Nepefadi, Wo NpUIMMaloTbCs Y HU3XIAHIN NiHil 38°a3ky. KepyBaHHsi
MOTYXXHICTIO BUCXIZHOI NiHii 3B’A3Ky Npu3HayeHe Ans 3abe3neyeHHs AKoCTi 06CNyroByBaHHS, 3asBNIEHOI CUCTEMHUM MPOBanAepOM, BKIHO-
Yyarouu NiaTPUMKY AOCTaTHBOrO CNIBBIAHOLLEHHS CUrHanN/LWyM i LUBUAKICTb Nepefadi AaHuX y 3'€QHaHHI, 3MeHLUEHHS iHTepdepeHLii, nepe-
BaHTaXeHHS | 36epexxeHHs CTpoKy cryxbu b6aTapei.

MeTa pocnimkeHHs. Y TON Yac Sk CyMa PiBHIB MOTY)XHOCTi oObMexXeHa 3aranbHOK CYMOI MOTY>KHOCTEN, WO nepeaalTbes y BU-
CXifHin niHii 38’A3Ky Bif, yCiX NepegaBadiB, BUPiBHIOBaHHSA SKOCTi 06CcnyroByBaHHs € pyHAameHTanbH1M 3aBaaHHaM. Biatak, matoumn Habip
piBHOBIOAANEHNX PiBHIB MOTYXHOCTI, METOIO € JOCATHEHHSI BUPIBHIOBAHHSA SIKOCTi CepBiCy 3a HecnagHWX NOTY)XHOCTEN Npw BiAAaneHHi Big
6a30B0i CTaHLU,ii 3 BUKOPUCTAHHSM BigCTaHen MOBINbHMX By3riB 40 6a30Boi cTaHuii. Ockinbku gesika 3aranbHa cyma NoTYXXHOCTI BUCXIQHOT
niHii “ao3BoneHa”, cyma BCiX NOTY)KHOCTEN NOBUHHA ByTW MakcMMarnbHO HabnukeHow A0 Uiei 3aranbHoi cymu.

MeToaumka peanisauii. CniBBigHOLWEHHs BiagcTaHeln 0o 6a30BOT CcTaHLii 064MCHIOITLCS 3 BUKOPUCTAHHSIM NMOYATKOBOrO 3HaYEHHS!
nokasHuka BTpaT Ha Tpaci. [1oTiM nepeBipAeTbCA BUNagok nepeBaHTaxeHoi Mmepexi. [icnsa uboro noTykHocTi-Bigno.igi 6a3oBoi cTaHuji
064YMCIOITECA 3 BUKOPUCTaHHSIM LMX CMiBBIAHOLLEHb | MPUHLMNY PiBHOT SKOCTi 06CnyroByBaHHs, NPUYOMY NPUIRHATA NOTYXHICTb BUCXIa-
HOI NiHii 3B’A3Ky NOBMHHA BYTW NPaKTUYHO OOHAKOBOK Af1si BCIX KOPUCTYBAYIB y KOXHI nepedadi no BUCXIOHIM MiHii. SKWO NOTY>XHOCTI
HaviBigganeHiWwnx/Hanbnmkimx nepeaaBadiB 3HaxXo04ATLCS N03a Aiana3oHOM MOTYXXHOCTI, BOHW BCTAHOBIIOIOTLCS JOHM3Y/00BEPXY A0 Bi-
OMNOoBIAHOrO MakcuMyMy/miHiMymy. MokasHVK BTpaT Ha Tpaci 3MeHLLYETbCS, SKLLO BiAMOBIAHWIA MAKCMMYM NOBTOPHO NopyLIyeTbes. Hape-
LTI, NOTY>XHOCTI-BiANOBIAj 6a30B0OI CTaHLii OKPYrnioTbLCS 40 3HAYEHb Y MeXax AesiKoro Habopy piBHIB MOTYXHOCTI.

Pe3ynbTaTu gocnigkeHHs. 3anponoHOBaHWIN anropMTM CTOCYETLCSI MOTYXKHOCTEN Y BaTax, L0 NigxoauTb 6€3npoBogoBUM Mepe-
Xam nepepfadi AaHux, SKi NpaLoloTb Y HEBENMUKNX panioHax (Hanpuknag, Wi-Fi, Bluetooth i 7.4.), ANs SKkux KinbKiCTb PiBHIB MOTYXHOCTi €
BiJHOCHO BENUKOI0, @ Adiana3oH akTUBHWX NOTYXXHOCTEW nepefadi No BUCXIOHIN NiHii € BiGHOCHO BY3bkuM. lNporpama, Wwo peanisye anro-
puTM, BCe Lle Moxe OyTu OnNTMMI3oBaHa 3amnexHo BiA cepefoBuLLa NporpamyBaHHsa Ta napagurmu. Hanpuknag, C++ i Python gapgyTb
MOXINUBICTb NPULIBUALLNTK poboTy. MMpoTe us nporpama He nigTpyMae YyactoTy oHoBrieHHst B UMTS, AKLLO Tinbku Mepexa He npauoe 3
nuvLe AekinbkoMa AecsiTkamy KopUCTyBadiB.

BucHoBKu. [porpama KOHTPOMO NOTY)XHOCTI BUCXIOHOT MiHii 3B’A3Ky, BUKIMaAeHa Y LWeCTU anropuTMibYHNX enemeHTax, ethekTuBHO
BMPIBHIOE SKiCTb 06CnyroByBaHHs B ApiOHNX 6e3npoBoA0OBMX Mepexax nepeaadi AaHuX, Ae NOTYXXHOCTI BUCXIOHOT NiHiT 3B’3Ky oBMexeHi
piBHOBIgAANEHUMM PIBHSIMU MOTYXHOCTI y BaTax. L nporpama € He 0gHOKpPOKOBKM, a 6araToKpOKOBUM NPOLLECOM, Nif, Yac SKoro nocni-
[OBHO HaMaralTbCs 3a40BOMbHUTY YOTUPU TUNK YMOB. 3peLUToto, pakTUYHa cyma BCiX MOTYXKHOCTEN, NnepeaHux y BUCXIOHIN MiHii, Moxe
cTaT “HeLLKiANMBO” MEHLLOM, HiXX 3a3HayeHa 3aranbHa cyma.

KniovoBi cnoBa: 6e3npoBogoBa Mepexa nepefadi AaHUX; piBHa AKICTb 06CNYroByBaHHS; KOHTPOMb MOTYXXHOCTI BUCXIAHOT MiHii
3B’513KY; BiAcTaHi 40 6a30B0Oi CTaHLi; piBHi NOTYXXHOCTI; MOKa3HWUK BTpaT Ha Tpaci; AMXOToMi3aLlis.
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NPOrPAMMA KOHTPOIA MOWHOCTU B BOCXOAALLEM HAMPABNEHUW OJ1A BbIPABHUBAHNA KAHYECTBA CEPBUCA
B BECMPOBOAHbIX CETAX NEPEJAYM AHHBLIX C OFPAHUYEHWEM 0O PABHOYOANEHHbBIX YPOBHEN MOLHOCTH

Mpo6nemaTtuka. KOHTposb MOLHOCTY SIBMSIETCSI NPOLLECCOM PerynmpoBaHus BbIXOAHOW MOLLHOCTU NepeaaTyuka B CUCTEME CBA3M
ONs JOCTWDKEHWS YAOBNETBOPUTENBHOW NPON3BOANTENBHOCTU B 3TON cucTteme. B 6ecnpoBoOaHbIX CeTsIX Nepefayn AaHHbIX 3TOT Npouecc
OTHOCUTCS K BOCXOASILLEW NNHUM CBA3M, Koraa MHOPMaLms O BbIXOLHOW MOLLHOCTY NepegaTtyuka HanpaenseTcs Ha 6a3oByto cTaHumio,
nocrne Yero MOLLHOCTb PErynupyeTcsl B COOTBETCTBMU C OHOMN unn Gonee koMaHgamu ynpasBrneHust MOLLHOCTbIO Nepeaayu, npuHnuMae-
MbIMU B HUCXOASALLEN NUHUM CBA3W. YNpaBneHne MOLLHOCTbIO BOCXOASALLEN NTMHUM CBA3W NpeaHa3HadeHo Ans obecneveHns kavyecTsa
obcnyXmBaHus, 3asBNMEHHOro CUCTEMHbIM NMPOBanAepoM, BKIoYas nogaepKaHne 4oCTaTOYHOro OTHOLLEHWS CUrHarm/LLyM 1 CKOPOCTb ne-
pefayn faHHbIX B COeQNHEHUN, YMEHbLLEHUE UHTepdEPEHLNM, NEPErPY3KY 1 COXpaHeHUe cpoka cnyxbbl 6aTtapen.

Llenb uccnepgoBaHus. B To Bpemsi kak Cymma ypOBHEW MOLLHOCTM OrpaHudeHa obLiert CyMMOW MOLLHOCTEN, NepefaBaemMbiX B
BOCXOZASILLEW NMHUM CBSI3N OT BCEX NepedaTyukoB, BblpaBHMBaHME kadecTBa obCcnyxuBaHus aBnseTcs yHAamMmeHTanbHbIM 3a4aHneM.
Moatomy, umes Habop paBHOYyAANEHHbIX YPOBHEN MOLLHOCTU, LIENbio SBNSIETCA AOCTMKEHNE BblpaBHUBaHWS Ka4yecTBa cepBuca npu He-
ybbIBaOLLMX MOLLHOCTSIX MpU yaaneHun ot 6a30BoW CTaHUMM C UCMONb30BaHWEM PACCTOSIHUIA MOGUIbHBIX Y3MoB A0 6a30BOM CTaHLUN.
Mockonbky Hekas obLiasi cyMMa MOLLHOCTU BOCXOASLUEN NMHMKM “pa3pelueHa’, Cymma BCeX MOLLHOCTEN JorkHa ObiTb MaKkcMmarnbsHO
NpUBNMKEHHOW K 3TOM 0bLUen cymme.

MeToguka peanusaummu. COOTHOLLEHNS pacCTOsiHWI 0 6a30BOW CTaHLUM BbIYUCTIAKOTCS C UCMNOMNb30BAHMEM UCXOAHOIO 3HAYEHNs
nokasaTens noTepb Ha Tpacce. 3aTem NpoBepsieTCs Cry4an neperpyxeHHon cetu. lNocne aToro MOLWHOCTU-OTKNNKN 6a30BON CTaHLMK
BbIYMCASAIOTCS C UCMOMb30BAHUEM STUX COOTHOLLEHWUIA U NPUHLIMIA PaBHOIO KayecTBa 06CnyXMBaHusi, NpU4EM NpUHUMaemMasi MOLLHOCTb
BOCXOASLLEN NIUHUK CBSA3W AOMKHa ObITb NPAKTUYECKN OAMHAKOBOW ANs BCEX NOMb30BaTeNeN B Kaxaon nepegaye no BOCXoAsiLLEN NTIMHNM.
Ecnv mowHOCTM cambiX yAaneHHbIX/Gnuxanwmx nepefaTyMkoB HaxoAsiTCs BHE AuanasoHa MOLLHOCTW, OHW yCTaHaBnvBaloTCH
BHW3/BBEPX K COOTBETCTBYHOLLEMY MaKCUMyMy/MUHUMYMY. [TokasaTenb NOTepb Ha TpPacce yMEHbLUAETCs, ECINIM COOTBETCTBYHOLLNIA MaK-
CUMYM MOBTOPHO HapyluaeTcsl. HakoHeL, MOLLHOCTU-OTKIIUKM 6a30BOW CTaHLMKU OKPYIMSIOTCA OO 3HAYEHWW B npefernax HeKoToporo
Habopa ypoBHeW MOLLHOCTW.

Pe3ynbTatbl uccnepgoBaHusA. [NpeanoxeHHbI anroputM OTHOCUTCS K MOLLIHOCTSIM B BaTTax, YTo noaxoauT 6ecnpoBogHbIM CETSIM
nepefayn AaHHbIX, paboTalmm B Hebonblnx paioHax (Hanpumep, Wi-Fi, Bluetooth v T.4.), ANA KOTOPbIX KONMYECTBO YPOBHEW MOLLI-
HOCTM SIBNSIETCSH OTHOCUTENBHO BOSbLLMM, @ AnanasoH akTUBHbLIX MOLLHOCTEN nepeaaym no BocxoasaLwen IMHUN SBRSIETCS OTHOCUTENbHO
y3kum. Mporpamma, peanuaytoLlas anroputM, BCe elle MOXET ObiTb ONTUMU3MPOBaHa B 3aBUCUMOCTM OT cpefbl NporpaMMUpoOBaHUst U
napagurmbl. Hanpumep, C++ 1 Python no3sonat yckoputb paboTty. Tem He MeHee 3Ta NporpaMma He NoaAEPXUT YacToTy 0BHOBNEHNS
B UMTS, ecnu Tonbko ceTb He paboTaeT ¢ NULLb HECKONbKUMU OECATKaMM Nonb3oBaTernen.

BbiBoAbl. [porpamma KOHTPOSS MOLLHOCTM BOCXOASALLEN TMHUM CBSI3U, U3NOXEHHas B LLECTU anropuTMUYECKUX aremMeHTax, ad-
(PEKTMBHO BblpaBHUBAET KAYECTBO OBCMYXUBAHNS B MENKUX 6ECNPOBOAHbLIX CETSIX NEpPefayn AaHHbIX, FAe MOLLHOCTU BOCXOASLLEN NNHUM
CBS13V1 OrpaHUyeHbl paBHOYAANEHHbIMWU YPOBHSIMIW MOLLIHOCTU B BaTTax. OTa nporpaMMa siBsieTCs He OAHOLIAaroBbIM, @ MHOrOLIaroBbIM
npoLieccoM, BO BPEMSI KOTOPOTrO NMOCHEAOBATENbHO MbITAOTCS YAOBNETBOPUTL YETHIPEM TUNAM YCroBuiA. B koHLEe KOHLOB hakTuyeckas
CyMMa BCeX MOLLHOCTEWN, nepeAaBaeMbiX B BOCXOAALLEN NMUHUM, MOXET CTaTb “Oe3BpeaHO” MeHbLLen, YeM yka3aHHas obLuas cymma.

KnioueBble cnoBa: GGCHpOBO,ﬂHaﬂ CeTb nepefayn AaHHbIX; paBHOE Ka4eCTBO OﬁCJ‘Iy)KVIBaHVIﬂ; KOHTPOSb MOLLHOCTW BOCXOAsLLEN
JIMHUN CBA3U; PpacCToAHUA 00 6a3oBoW cTaHUMy; YPOBHN MOLLHOCTU; NOKasaTesb NoTepb Ha Tpacce; ANXOTOMU3aUNA.
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