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Billing system is one of the key systems of the telecommunication operator. The
problem of incorrect calculation of subscribers for the provided services appears when
billing system is overloaded. In other words, subscribers use different services free of
charge. Purchase of a new billing system is expensive, so if the system is only partially
satisfies all the requirements of the operator, the full replacement of its unprofitable. In
this case, it is necessary to find other approaches that will minimize losses in
upgrading the billing system. The purpose of the paper is to figure out the optimal
value of the buffer increment of the billing system, and determine when invested
capital would make a profit taking into account money discount factor, compared with
the price of the costs for modernization.
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BiniaroBa cucrema € OnHiI€I0 3 KIIOYOBUX CHCTEM B POOOTI omeparopis
TeNleKOMyHIKaiiaux nocuyr. Ilpm HaBaHTaxkeHid poOOTi OULTIHIOBOI cHCTEMH
BUHUKA€ IpoOiemMa, KOJIHM BifOYBAaeTbCs HEKOPEKTHWH PpO3paxyHOK aOOHEHTIB 3a
HaJaHi Nocayru. [HmmMMu cioBamu, aGOHEHTH BHKOPUCTOBYIOTH Ti UM IHIII CepBicH
6e3xomroBHO. [IpunbanHs HOBOI OLTIHIOBOI CHCTEMH BHMarae BEIHKUX (hiHAHCOBUX
BUTPAT, TOMY, SKIIO CUCTEMA JIUIIE YACTKOBO HE 33aJ0BOJIHSAE BCIX BUMOT OIIEpaTopa,
MOBHa ii 3aMiHa HepeHTabenbHa. Y oMY BUIAAKy HEOOXiqHO 3HAWTH 1HIII MiAXoAaH,
SKi JO3BOJIATh MiHIMI3yBaTH BTpaTH IPH MOJEpHi3auii OiTiHroBoi cucremu. MeToro
aHO1 CTAaTTi € BU3HAYUTH ONTHMAaJbHE 3HAYCHHS INPUPOIIEHHS €MHOCTI Oydepa
OUiKyBaHHS OLTIHTOBOI CHCTEMHM 1 MOMEHTY, KOJIM IHBECTOBAaHHMH KaIliTal IOYHE
NPUHOCUTH TIPUOYTOK 3 ypaxyBaHHAM Koe(iIlieHTa JMCKOHTYBaHHS TIpOIIEH,
MOPIBHIHO 3 BUTPAaTaMH Ha Ii MozepHi3amilo.

Knrouosi cnoea: oinincosa cucmema, 6ygep, emmicmo, npupowenns, mooepHizayis, on-line
mapugixayis, MapKiecokuii npoyec.

BuiuHroBast cucteMa sIBIs€TCS OJHOW M3 KIIOYEBBIX CHCTEM B paboTe OomepaTopoB
TENICKOMMYHHKAIIMOHHBIX yciyr. [Ipu HarpyxeHHOH paboTe OMIIIMHIOBOW CHCTEMBI
BO3HHMKAeT TMpobjema, KOraa MPOHMCXOAUT HEKOPPEKTHBIH pacdeT abOHEHTOB 3a
HpeOCTaBICHHbIe yCIyrd. MHBEIME coBamMH, aOOHEHTHI UCIOIB3YIOT T€ WM WHBIE
cepBUCH OecuiatHO. [IpnobpeTenHe HOBO# OMIUTMHTOBOI CHCTEMBI TPeOyeT OONBIINX
(hMHAHCOBBIX 3aTPaT, MOTOMY, €CIIN CUCTEMa JINIIb YACTHYHO He YIOBIETBOPSET BCEX
TpeboBaHMII omepaTopa, NoyHAas e€ 3aMeHa HepeHTabenmbHA. B sToM ciydae
HEOOXOJMMO HAWTH APyrHe MOJAXOIbI, KOTOPBIE MO3BOJISAT MHHHMH3HPOBATH MOTEPU
Ipd MOJEpHH3aLMN OWIMHIOBOW cuUCTeMbl. llenpio IaHHOWH cTaThu SBISAETCS
ONPEACNUTh OINTHMAaJbHOE 3HAYCHHE MPHUpALICHHS eMKOCTH Oydepa oxumaHus
OWIMHrOBOW CHUCTEMBI M MOMEHTA, KOTAa HHBECTHPOBAHHBIH KallUTall HAuyHET
NPUHOCUTE NPHOBUIL € y4eToM Kod(p(HIMEeHTa IUCKOHTUPOBAHMS JEHET, II0
CPaBHEHHIO C 3aTpaTaMH Ha €€ MOJICPHU3AIIHNIO.

Knrwouegvie cnosa: ounnunzosasn cucmema, 6ygep, emkocms, npupawenue, MoOepHUAYUs, On-
line mapugpurxayus, mapkosckuii npoyecc.

1. Introduction
Billing system is telecommunication software or hardware application that
provides accounting the volume of provisioning services, charging in accordance with
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the tariffs of the company, and decrementing users' balance.

According to the analysis of literature and functioning of the billing system, one of
the drawbacks was discovered. The problem of incorrect calculation of subscribers for
the provided services appears when billing system is overloaded. That is subscribers
may use different services free of charge. Since the telecommunication operators are
commercial organizations, aimed at making a profit, then the correct operation of the
billing system is one of the key issues.

Purchase of a new billing system is expensive. So, if the system only partially
satisfies all the requirements of the operator, a complete replacement of its
unprofitable. In this case, it is necessary to find other approaches that would minimize
losses in upgrading the billing system.

One of the easy methods of solving the problem could be increasing the buffer size.
However, the increase of buffer capacity entails monetary investment. Therefore it is
necessary to figure out the optimal value of the buffer increment. And determine when
invested capital would make a profit, compared with the price of the costs for
modernization.

To calculate the profit in the future, we must take into account the discount factor —
the interest rate used for the reappraisal of future income flows into a single value of
the current cost.

2. Payment Methods and Principles of Mutual Settlements. Types of Billing
There are several ways to pay for telecommunications services:

e Credit;
*  Imprest method;
*  Debit.

Credit — the payment will be charged for a certain period for a service already
provided. You pay for the right to use (monthly fee) or for the traffic (while using the
communication channels).

At imprest method of mutual settlements a user pays a certain stipulated amount,
and then pays the difference between the cost of rendered services and advance fee.

In debit methods of mutual settlements the operator receives advance payment, but
the cost of the services provided could not exceed the amount of the deposit. Besides,
the value of user fees and the charge for the provided services can be deducted from
the deposit.

Credit principles of payments are called post-paid, and debit principles are called
pre-paid.

In accordance with the credit payment methods, charging for provided services
performed in two stages.

Duration of the connection, the amount of transmitted or received information,
connection time, user attributes (direction, etc.) of a compound and type of service are
fixed in a real-time on the first stage. These data are written in a standard recording
CDR (Call Detail Record — is a data record produced by a telephone exchange or other
telecommunications equipment documenting the details of a phone call that passed
through the facility or device).

On the second stage, these data are collecting during some term, then they are
charging on the basis of the individual tariff and summarizing for each user. This type
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of billing is called off-line (delayed billing).

In off-line billing of main and VAS services the operator must either reflect the
kind of service in CDR, or simply fix the fact of use to collect a payment. While
rendering some of the main and VAS services the amount of the credit provided for
the user can be quite large, because of the difficulties in determining a debt on the
account in advance. In this case we should use such type of billing, in which CDR
entered into the system immediately after the end of providing the service. Usual, time
of arrival varies from minutes to hours. This type of billing is called on-line billing. In
this type of billing operator can control the user's debt in some limits, and even
conduct pseudo-debit calculation.

Another type of billing that allows to control user’s debt or debit balance in real-
time — hot-line billing. CDR does not accumulate while using hot-line billing.
Charging is conducted during the time of providing service. At the same time, system
evaluates of both the cost and the ability to pay for a telecommunications service
(debit principles of payments) or the difference between the maximum and current
debt (for credit payments), followed by in-call decrementing of the balance. In hot-line
billing the possibility to receive the services over a stipulated amount is excluded [1].

Thus, the billing can be classified by the kinds: off-line, on-line and hot-line. And
by the types: post-paid and pre-paid.

3. Statement of the Problem

Pre-paid users, which are charging on-line or hot-line, can receive the service free
of charge during the faulty operations of the billing system. This occurs when the
buffer waiting is full, and the data switch of the billing system has no time to process
the incoming packets. Then these packets receive requested services without fixing the
provision of services and, accordingly, without charging.

3.1. Assumptions
Let 4 be a price of the buffer unit, C be the average packet price, n, the initial

capacity of the buffer, A the intensity of the arriving packets, 4 the intensity of the
processing arriving packets via a single device.

3.2. Problem
Find the optimum buffer size for the billing system to minimize losses during its
modernization.

3.3. Solution
Assume, that the work of the billing system is described by Markov process. Let
the system receives the independent flows of packets in a random way, of types

1,...,m with intensities 4,,4,,...4, , respectively.
Denote the packet price of the k -flow by C, . Then the total intensity of packets
arrival:
A= +4h+..+4, (3.1)
The probability that arrived packet has & -th type equals:
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A
p, == (3.2)
i
Notice that the average price of incoming packet is:
c=> pC, (3.3)
k

Assume that incoming packets are processed with a single device with intensity £ .
Let x(¢) be a number of packets in the system at the moment ¢. Then x(¢) is
described by the M/M/1/n, system, where 7, is the initial capacity of the buffer.

It is well-known that the distribution of the system converges to a stationary
distribution in a long time. Therefore we assume that x(¢) has a stationary
distribution.

Let p= i Then the stationary distribution is equal to [2]:
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. This case will not

Remark. If p =1, then the stationary distribution 7, = 5
ny +

be discussed.
If the system is in the state n, +1, the new packet will be dropped. That is the
probability of failure for the incoming packet is:

1
b P 1-p)
Sailure — “ng+1 l—pn0+2

Denote the average number of lost packets during 77 by [/ , and the average loss
for the time 7' by W . Then

(3.5)

l=rm, AT (3.6)
W=1-3p.Cy =7zn0+1/1T-C 3.7
k
Consider an infinitesimal period of time from ¢ to ¢+ Af. Then the average
number of losses from missed packets during the interval [, + Af] equals 7, g +1AAL -

Thus, the rate of increase in losses from missed packet can be interpreted as
Fy = 7y 41-AC (3.8)
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Consider the time value of money to understand what is more appropriate for the
operator: either to increase the buffer capacity of the billing system, thereby increasing
the number of subscribers and profits, or to save money on upgrading the billing
system and incur losses from packets lost.

Time value of money is a concept which is based on the assumption that the money
should bring the percentage: the value of money today is higher than the value of the
same amount received in the future. Everyone would prefer to get a certain amount of
money today than the same amount in the future. Because, if you put some money in
the bank, then next year you can get not only this amount of money, but also the
interest on deposit. In other words, we can assume that $x at the moment ¢

equivalent to $xa' at time 0, where the constant « € (0;1) is called the discount

factor [3].

This means that for recalculating of future income flows into a single value of the
current cost we should use the integral effect, discounted to the present point of time,
or integral discounted effect [3].

Thus, for an infinite time interval the average cost of lost packets, taking into
account the discount factor is:

© © 7, AC
[Fa'di= |, ,ACa'di =% (3.9)
0 0 In—

(94

The increase in total income from increasing the size of buffer in a given instant is
equal to:

7, 1AC
f(n)=”"+lfc+ ”0”1 — A(n—ny) (3.10)
In— In—
nO( nO!

Where A is a price of the buffer unit, C = Zk p,C, is the average packet price,

k
n, the initial capacity of the buffer, 7 is the buffer size after expansion.

To find the largest profit from the increasing of buffer explore this function on
maximum.

To simplify the calculations introduce the notation g _ PA=PIAC then:

In !
f(n):—l_f;:m~B+1f;1:0+2~B—A(n—no)—>max 3.11)
Transform this function to a function that depends on the variable x:
=L By P B Ax—ny) (3.12)

1_px+2 1_pl10+2

To find the maximum of the function f(x) explore its derivative:

!

-B—A(x—no)] (3.13)
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X o x+2 x+2 X
f,(x):_B[p np-(A=p"")+tp " lnp-p]

(3.14)
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Calculating the second derivative and noting that B >0 when p e (0;1), B<0
when p >1, it is easy to check that f"(x) <0 for x >—2. Therefore, the function

[ is strictly convex.

Since lim,_, 5,4 f(x)=lim,_,,, f(x)=—o0, then f has a unique maximum on
the interval (—2;+00). To find it we solve the equation f'(x)=0. So the derivative is
equal to 0 if:

—p*-Inp-B—A(l- p*2)* =0 (3.15)
Denote z = p”*. Thus
—z-Inp-B-A(-zp*)*> =0 (3.16)
Ap* 22 +z(Ilnp-B-24p*)+ 4=0 (3.17)
This equation is quadratic relative to z . The discriminant of this equation is:
D=Inp-B(np-B—44p>)>0 (3.18)
Since
In—
o

the roots of a quadratic equation are:

—(1np-B—2Ap2)+\/lnp-B(lnp-B—4Ap2)

4
o= 24p (3.20)
t
—(lnp-B—2Ap2)—\/lnp-B(lnp-B—4Ap2)
24p% '
Therefore, the optimal value of x is:
. z . 1
X, :logp z, = ~ or x_ =log,z_ = Nz (3.21)
Inp Inp

As mentioned above, f attains a unique maximum on the interval x € (—2;+0).
Therefore, the equation f'(x) =0, x € (—2;+) has exactly one root. So

Inz,

, if p € (I;+x),

x" =max{x ,x }= rllrlloz (3.22)
—,if p € (0;1).
np
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This means that if x* <n,, increasing the buffer waiting is unprofitable. If x* >n,,
then increasing the size of buffer waiting would minimize the loss of
telecommunications operator and allow it to obtain the greater profit.

Remark. If the cost of the work for replacement of equipment is C > 0, then the
profit function would be:

X ng

P B+p—2
1_pn0+

Note that g'(x)= f'(x). Therefore, these functions have the same maximum at

g(x)=- ‘B—A(x—n,)-C (3.23)

1_ px+2

*

X .
Then, if g(x*) > 0 it is necessary to increase the buffer waiting for the billing

system to obtain greater profit. Otherwise, if g(x*) > 0 the increasing of the buffer
capacity is impractical.

Conclusion

1. Proposed method for calculating the capacity of the billing system, allows to
associate the economic component of the telecommunications network operator with
the technical parameters.

2. Using a new method we can calculate the optimum value of the increment of
the buffer waiting and determine at what moment committed facilities will make a
profit, compared with the price of the costs for modernization.

3. The optimal buffer waiting size allows the operator to get the greater profit and
minimize losses when upgrading the billing system.
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