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FUNCTIONS OF DISTRIBUTIONS OF AMOUNTS OF UNIFORALLY
DISTRIBUTED RANDOM VALUES OF TIMES OF PROCESSING
THE REQUEST OF THE INFOCOMMUNICATION SYSTEM

Abstract. The normal distribution of a random variable is usually used in studies of the probabilistic properties
of information systems. Using the normal distribution to approximate the distributions determined over a bounded
distorts the physical meaning of the model and the numerical results obtained can only be used as an initial
approximation. The purpose of the work is to improve methods for calculating the probability properties of
infocommunication systems. The object of study is an analytical method for calculating the request processing time
in the system, the subject is the formula for calculating the duration of sequential processing of a request by elements
of the system with uniformly distributed independent random processing times. For positive random variables, it is
proposed to use finite-interval distribution laws, for example, beta distribution. Density formulas and probability
functions for the sums of two, three, and four independent randomly distributed variables are given.

Key words: cumulative distribution function, CDF, probability density function, PDF, probabilistic properties,
infocommunication system.

Introduction. In a multicriteria performance evaluation, an additive convolution of its criteria is often
used; the weighting coefficients of the criteria are introduced [1]. The meaning of these weights and their
values are determined heuristically, based on an expert survey. In contrast to additive convolution, a
multiplicative formula is known for converting criteria efficiency functions into a general indicator with
the goal of its further optimization [2]. In this case, the output of the complex criteria be more grounded
and it is easier to understand. One of the approaches to deriving a multiplicative complex efficiency
criterion is based on a probabilistic approach: the probabilities of reaching given criteria values are
estimated. The overall probability of achieving the target values of several criteria is calculated as the
product of the probabilities of the individual criteria, if criteria do not depend on each other. An increase
in the probability of an individual criterion increases the likelihood of a complex criterion, therefore,
increases the efficiency. At the same time, for an analytical study using a simple probabilistic
multiplicative complex efficiency criterion, an analytical description of the probability distribution
functions of the criteria used, which are often difficult to obtain, is necessary.

One of the important indicators of the effectiveness of infocommunication systems is the
responsiveness, reactivity, throughput and other properties associated with the evaluation of the system’s
performance over time [3]. A probabilistic criterion, for example, the duration of data processing, is
defined as the probability of completion of data processing in a given time.

Another problem to be solved at the initial stages of the design of infocommunication systems is to
assess the impact of the durations of individual stages of data processing on the total processing time in
the system [4, 5]. This problem is solved by the most informative calculation of probability properties
durations her data processing steps.
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Mathematically, the tasks of calculating the data processing time are usually solved using an acyclic
directed stochastic graph. The same apparatus is used to calculate network diagrams using the PERT
method [6 - 8]. Computational methods PERT designed for networks of large dimension, so the use of the
central limit theorem of probability theory, justifying the use of normal probability distribution of time the
law of individual stages and network as a whole [9]. Such an approach, with a small number of data
processing stages in the network, causes difficulties in substantiating the use of the normal distribution law
defined on the interval (-co, +00). In practice a priori known minimum duration of data processing in step,
it is caused by physical features of the data processing in the step, and the maximum length is determined
by the requirements of the technical tasks. The mean or mode of the duration of the stage is unlikely to
occur, therefore, calculation based on them has little reliability. The calculation of only the largest and
smallest data processing times (interval method) is not sufficiently informative [10]. Under such
conditions, it is advisable to use a probabilistic approach with a uniform density of data processing
durations at the stages [11, 12].

With the sequential execution of the stages, the duration of processing requests is reduced to summing
the durations of processing at each stage, i.e. to the summation of independent random variables [13 - 15].
The probability distribution function of the sum of independent random variables is calculated through the
convolution formula of the distribution functions of the terms.

The topology of the connections of information processing elements in the system can be different,
but to evaluate the critical duration of information processing, a sequential chain of elements is allocated
that is likely to determine the temporal properties of the system. Estimating the duration of information
processing in such a chain of elements, obviously, comes down to summing the processing durations in
each of them. For a deeper estimation of temporal properties, it is necessary to know the probability
density function (PDF) f{¢) and/or the cumulative distribution function (CDF) F(#) of a continuous random
variable [14], and the best analytical solution to this problem is an accurate analytical description of the
PDF and CDF.

Mathematical model. Let random continuous independent quantities 7 € ¢, i € 1,..., n be uniformly
distributed on the intervals # € [0; B;], B; > 0. To simplify further analytical transformations, random
variables are ordered by increasing ;. The upper bounds of the ordered random variables are indicated by
the variables b;. Ordering condition: b; < b; 1y, i € 1,..., n - 1. For example, the largest values of the random
component of the duration of the first stage B; = 3, the second stage 3, = 5 and the third stage ; = 4 will
receive new notation b, = 3, b, = 4, b; = 5. It is known that, due to the additive properties of the arithmetic
operation of summation, changing the sequence of summing random variables does not affect the final
result [13].

In contrast to [15], the simplified Heaviside function H(¢) [17] was used to simplify analytical
dependences:

0,7r<0;

. )]

H (t)= Jundefined, r = 0;

1,0 < r.

The PDF and CDF of a random variable using (1) are described:

0,b, <t<0; @)
t)=
fi (1) bl—H(bl—t),0<t<b1;
1
0,1<0;

3)

Fl(t)z bL,0<t<bl;

1
1,b, <t

Based on these proposals, the formula expressions F(¢) and f{f) are obtained for the sums of several
independent random variables for a more general case than [13].
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The PDF of the sum of two random variables is determined by convolution [15]:

S ()= [ £ ) o (0 = w)du, )

where fi(?), f>(f) are the PDF of the first and second terms; f»(¢) is the PDF of the sum of the first and
second random variables.

The CDF F)(?) is defined similarly. Using the direct method, fi,(f) and F),(¢) can be determined by
substituting (2), (3) in (4):

0,1<0;
1 )
S (=157 [t—H(t-b)(t-b)-H(t-b,)(t-b,)],0<t<b +b,;
1%2
0,b, + b, <t
0,1<0;
1L 1. 2 2 (©)
Fo()=14757 [ = H (= b)(t=b) = H (1=b,)(t=b) [L0<t<b +b,;
172
b, +b, <t.

The characteristic function of the sum of two uniformly distributed random variables [17]:

g (py= L)

blbzp2

The uniformly distributed random variables and their sums are symmetric, therefore, the mean,
median and mode are equal, and the asymmetry coefficient is zero. For the sum of two uniformly
distributed random variables, the mode is absent [15]:

M (T)=Me(T)=2202 ;bz :
Dissipation properties:
e variance:
2 2
12
e quantile of the order of 0.2:
[2
gblbz 5
e quantile of the order of 0.8:
2 bb, ;

e 2nd order starting moment :

b12 + b22 + blbz .
3 2 7

m, (T )=
e 3rd order starting moment :

D+ b . b,b,(b, + b,)

b
ms (1) == 2
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e 4th order starting moment :

b1b2 (b12 +b22)+£b2b2 .
2 3 R

4 4
m, (T)= & —;bz

e kurtosis coefficient :
9(b' + b))+ 30bb;

Ex ()= s(b2 + b2

Below, without further explanation, formulas for calculating the properties for the sums of three and
four uniformly distributed random variables are given. The quantiles for such distributions are usually

determined by numerical methods.
The PDF, CDF, characteristic function, mean and variance of the sum of three uniformly distributed

random variables

0,:<0;
_
2b,b,b,
fins (1) = +H (t=b b, )(t=b —b,) + H(t-b —b)(t-b —b) +
+H(t—b2—b3)(t—b2—b3)2},0<t<b1+b2+b3;

0,b, + b, + b, <1t

(= H (t=b)(t=b) = H(1=b,)(t=b,) = H (t=b)(t=b) +

0,:<0;

—6,)1,1)2173 (= H (=b) (= b)) = H (=)= b)) = H(t=b)(r-b) +

Fis () = FH (t-b b))t -b —b,) + H (b —b)(t-b —b,) +
FH (t=by = b))t = by = b)) [,0<t<b +b,+b,;

1,b, + b, + b, <t

(=)0 )m o),

Xt(p): b1b2b3p3 ’

M (T)=Me(T)=Mo(T)=b1+b2—2+b3;

b} + b; + b
D (T) B
A y-quantile is calculated by numerically solving the equation F»3(t,) = y. For example, a 0.2-quantile
tho = 1.55675; 0.8-quantile fog = 2.94325 = 4.5 - 1.55675 with b, = 1, b, = 1.5, b; = 2. Since F(f) is a
polynomial interval-defined function, before solving the equation, it is necessary to determine the interval
of values ¢, in which there will be a solution to the equation. Various methods can be used to determine the
interval, for example, using a graph, or by tabulating F',3(¢) at the boundaries of the intervals, etc.

D+ by +b; . b,b, + bb, + b,b,
3 2 ’

my(1)="
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b} +b) +b; + blbz(b1+b2)+b1b3(b1 +b3)+b2b3(b2 +b3)+i

m3(T)= 1 5 4b1b2b3;
b+ bt + bt bbby (B + b7 )+ bby (b} + b7 )+ byby (by + b))
m,(T)= 5 + 5 +
2(b2b2 + b2bZ + b2b?
+ (b7 ;3 23)+b1b2b3(b1+b2+b3);

9 (b + by + b))+ 30(blb; + blb} + bib})
5 (bf + by + b} )2

Ex(T):

The PDF, CDF, characteristic function, mean and variance of the sum of four uniformly distributed
independent random variables:

0,:<0;

[ H (b)) = H (- b)) = H (= b)) (- b,)

1bybsb,
~H(t-b)t-b,)Y +H(t-b —b,)t—-b —b,) +H(t-b —b)t-b —b) +
+ H(t—-b b )t-b ~b,) +H(G(~-b, b )t—-b, —b) +
Srasa (1) = + H(t=b, = b, )t—by—b,) +H(t—by—b,)(t-by-b,) -
~H(t-b —b,—b )t -b —b, b)) —H(t—b —b,—b, )t -b —b, —b,) -
—H(r—b,—b3—b4)(z—bl—b3—b4)3—H(r—bz—b3—b4)(t—b2—b3—b4)3},
O<t<b +b,+b,+b,;
0,b, +b, +b, +b,<t;

3

0,:<0;

i BB < H (b)) - H () (b -

~H(t=b)(t—=b,) +H({~b —b)(t—b b)) +
+H(t—b —b)(t—-b —b) +H(t=b -b)(t-b -b) +
Fose)=9 4 H (1=t =) —by b)) + H(t—b, —b,)(t b, —b,)" +
+H(t—b,—b )t —by—b,) —H(t—b —b, —b)(t—b —b,—b) -
~H(t—b —by—b)(t=b ~by—b,) —H(t—-b —b, —b,)(t=b —b,—b,) -
—H(t—bz—b3—b4)(t—b2—b3—b4)4],0<t<b1+b2+b3+b4;
1,b,+b, +b, +b, <t;
(=)=t )me )=o)
% (P)= bb,bb,p
b, +b, + b, +b,

M (T)=Me(T)=Mo(T)= 5 ;

b} + b + b +b]
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b

D(T)=
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For example, a 0.2-quantile #, = 2.56716 and a 0.8-quantile #,g = 4.4328 = 7 - 2.56716 with b, = 1,
b2 = 15, b3 = 2, b4 =2.5.

b+ b +b] +b] L Dby + by + biby + byby + byb, + bib,

m,(T)= 3 5 ;
3.,3.,3 . ,3
B by +b] 4] biby (by + by )+ byby (b + by )+ byb, (B + b, )+ byby (by + by
m3( )_ 4 + ) +
b.b (b +b )+bb (b +b)
274\%2 T4 )T 0394 \"3 7 ) 3 .
+ . + Z(b1b2b3 bbb, + bbb, + b2b3b4),
(7= b +b24J5rb34 by bib, (b} + b} )+ bby (b} +b32);b1b4(b12 + by )+ byby (b] +b32)+
boby (b5 + b7 )+ bb, (b7 + b))  2(b’b] + blb] + b + bib] + bjb; + bib] )
+ 5 + 3 +

+ bbby (b, + b, +by)+ bb,b, (b +b,+b,)+ bbb, (b +b,+b,)+

+ bbb, (b, + by +b,)+ %blb2b3b4 ;

9 (b;‘ + b+ b+ b;‘)+ 30 (bﬁb; + b2b2 + b2b2 + b2b2 + bIb} + b;bj)
S(bl2 +b] + b+ bf)2

Ex(T)=

The proposed approach can be used to derive analytical expressions for the sum of a larger number of
random variables, however, the bulkiness of the formulas increases significantly. The implementation of
the proposed calculation formulas in computer programs does not cause difficulties. The temporal
computational complexity is determined by the number of operations of multiplication and division when
calculating the values of the functions in the last sub-interval of determining the functions of the sum of
random variables. For example, for F(f) with n = 2, the number of operations of multiplication and
division is 6, for n = 3 — 18, and for n = 4 — 50, this means that the number of such operations obeys a
quadratic dependence on n. Thus, the computational complexity of the formulas obtained is O(#?).

To illustrate the application of the obtained formulas, various deciles are calculated. When the
probability of completion of information processing is 0.1, the duration of the information process in a
chain of four elements having evenly distributed random durations in seconds at intervals [0; 15], [0; 15],
[0; 15] and [0; 40] is equal to #,; =24.25 s.

Risk assessments of untimely data processing are determined through decile calculations [18]. For
example, to calculate the duration of processing information in the same chain at a risk level of 10%, the
equation Fy34(fp9) = 1 - 0.1 is numerically solved, which implies 7 = 60.75 s. To calculate deciles, we
used the traditional method of numerical solution of nonlinear equations.

The graphs f1,5(¢), f123(?), f1234(f) are shown in the figure.

Summary. The obtained analytical dependences are applicable for independent random variables of
the genus. The implementation of the formulas obtained in the form of computer programs allows the use
of more complex distribution functions of random variables for more adequate modeling of data
processing in infocommunication systems.
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Figure 1- Graphs of the PDF f\,(¢), f123(f) and f1534(¢) for by =1, b= 1.5, b3 =2, b, =2.5.
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UHO®OKOMMYHUKALIMSLIBIK )KYHEHIH CYPAHBICTBI OHJAEYJIETT
BIPKEJKI YJIECTIPIMAI KE3JEHCOK YAKBIT KOCBIHABICHIHBIH
TAPAJTY ®YHKIUSJIAPBI

AnHoTanus. THPOKOMMYHHUKALMSIIBIK JKYHesep i xobanaypiH 0acTankbl Ke3eHIepiH/e IEenIiIreH MaHbI3/Ibl
MIiHAETTepAIH Oipi — MepeKTepai OHICYMiH *EeKe KE3CH Y3aKThIFBIHBIH JKYHEC JKaIMbl OHJACY YaKbIThIHA OCEPIH
Oarayiay. bys1 mMocerne nepekTepi eHICY Ke3€HI Y3aKThIFBIHBIH BIKTUMAJJIbl CHIIATTAMAJIAPBIH €CENTey apKbLIbI
TICTIUTe .

MaremaTuKalbIK TYPFBIIaH OHJIEY YaKbITBIH €CENTEy MACENEC] 9AeTTe alMKIIIK OarbITTaJFaH CTOXaCTHUKAJIBIK
rpad¥K apKbUIBI IemiMia Tabaasl. Atanras anicrep PERT ozici apKbuIbl skenulik cyyibanapisl ecentey YIiH Koja-
weutanel. PERT ecenrey omictepi ayKeIMIBI KeJiiepre apHajfaH, COHIBIKTaH OelieK Ke3eHIep MEH TyTac OapIbIK
JKEINHIH OpBIHAANY YaKbITHl VIIiH BIKTUMAJABIK YJIECTIpiM 3aHIBUIBIFBIH KOJNIAHYIBl HETI3ACHTIH BIKTUMAIIIBIK
TEOPHACHIHBIH OPTANBIK IIEKTI Teopemachl KonmaHeUIaabl. JKemimeri MoiiMeTTepHi ©HIEY Ke3eHIepi a3 OoiFaH
xKaFiaiina Oy Tocin (-oo, + 00) apanbIFbIHIA AHBIKTAJIFAH KAJBIITHI TapaTy 3aHbIH KOJJAHyla KUBIHIBIKTap
TyFbI3ajibl. Toxipubene ke3eHaeri MaTiMeTTepl OHASYAIH MUHHUMANbl Y3aKThIFbI aPUOPIIbI ONTiii, 0J1 MAJTiMeT-
Tepal eHICYAIH (HU3MKAIBIK cHIAaTTaMallapblHa OaMNIaHBICTBI, ajl MAKCHMAJIbl Y3aKThIFbI TEXHHKAJBIK TalChpMa
TaJlanTapbl HETi3iHJe aHbIKTadaabl. Ke3eH y3aKTHIFBIHBIH OpTalla MOHI HEMece MojJa BIKTHMANJBIFBl ©T€ a3,
COH/IBIKT@H OFaH HEri3JIeJITeH ecenTeyre JEreH CeHIM Jie mamanbl. EH y3aKk jkoHe KbICKa OHJIEY YaKbIThIH ecenTey
(uHTEpBaN omici) aKmaparhl JKeTKUTiKCi3. MyH/ai jkarmaiina kesexjep OOMbIHINA JACPEKTEPAl OHICY YaKbITHIHBIH
OipKenKi THIFBI3ABIK BIKTUMAIIBIK ONICIH KoJmaHraH »eH. Ke3eH OOWBIHINA IOHEKTI TypAe OpBIHIAIFaHIa
CYPaHBICTHI OHJICY Y3aKTBIFbl 3p KE3€HJIE OH/ICY YAKbITBIHBIH KOCBIHJBICHI — TOYEJICI3 Ke3IeHCOK IIamMa KOCHIH/IBICHI
ecenteneni. Toyenci3 Ke3neicoK MIama KOCHIHIBICHIHBIH BIKTHUMAJIBUIBIKTEL YJIECTIpY (DYHKIMSACHI MYILIENEPAiH
Tapaixy GyHKOHUIaphl OOMBIHINIA KOHBOIIOIHS (POPMYIIachl apKbUIEI €CEeNTeNe .

JKyiteneri akmapaTTel ©HACY dJEMEHTTEPiHIH OaiIaHBIC TOIMOJOTHICH dPTYpai OOIYBI MYMKIiH, Oipak akra-
PaTTHI OHACYAIH MIEKTIK Y3aKTHIFbIH Oaranay YIIiH )KYHEeHiH YaKbITIIA CUITATTAMACHIH aHBIKTAWTBIH Ti30eKTi Typeri
aneMeHTTep Ti30eriH epekmeneiiai. OcblHAal deMeHTTep Ti30eTiHAe aKnapaTThl OHJICY Y3aKThIFbIH Oaranay, SpuHe,
OJIap/IbIH OPKANCHICHIH/AFbl OH/CY YaKbITBIHBIH KOCHIH/BICHIHA AJbIHA/bL. YaKbITIIA CHUIIATTaMalap/bl TEPEeHIpeK
Oaranay YLIIH Y3/IKCi3 Ke3/IeHCOK [IaMaHbIH bIKTUMAJBIK ThIFBI3ABIFGI DYHKIMACHIH f(t) skoHe / Hemece F(t) ynec-
TipiM (YHKIMSACBHIH OLTy KaXKeT )aHe OyJI MoceNeHIH €H jKaKChl IeliMi — Tapally MeH ThIFbI3bIK (OYHKIHSIIaPbIHBIH
JI9J1 aHAITUTUKAIIBIK, CUITATTaMachl.

JKyMBICTBIH MakcaThl — MHQOKOMMYHHKAIUSIIBIK, KYHESIEP/IiH BIKTUMAIIBIK CHITATTaMalIapblH €CENTey JIIiC-
TEpiH XKeTinipy. 3epTTey HbICAHbI — XKYHele CYpaHbICTHl OHJIEY YaKbITBIH €CENTEyIiH aHATUTHUKAIBIK 9JIiCl, TaKbI-
PpBIOBI — OipKelKi OeTiHTeH Tayesci3 Ke3eHCOK eHIey YaKbIThl 0ap Kyie 3JieMeHTTepl apKbUIbl CYPaHBICTHI PETIMEH

— 4) ——




ISSN 1991-346X Series physico-mathematical. 6. 2020

OHJIEY Y3aKTHIFBIH ecenTey Qopmynackl. Eki, yII skoHE TOpPT Toyenci3 OipKemKi yiecTipiareH Ke3IeHCOK Imama
KOCBIH/BICHI YIIIiH THIFBI3ABIK (POPMYyTaIapbl MEH BIKTHMAIIBIKTEIH (QYHKIHSIIAPEl KeATipiIi.

Tyi#iin ce3mep: BIKTUMANIBIK THIFBI3ABIFEL, YJIECTipY (QYHKIHACH, WH(POKOMMYHHUKAIMSIBIK IKYHEIepIiH
BIKTHMAJl CUIIATTaMachl.

M.IO. Ba6uu', M.M. Byraes', A.A. Tapacos', A.1. UBanos’,
AJO. Maabiru?, K.T. CayaHOBa3, III.H. CarbinapikoBa’

'AO «Hayuno-npounsBoncrBeHHoe npeanpusitue «Pyoun», [Tensa, Poccus;
*Tensenckuii ['ocynapcTBennsiii Yuupepeurer, Ilensa, Poccus;
3 AnMatuHcKuii YHuBepcuTeT Duepreruku u Crssu, Anmarsl, Kazaxcran

®YHKIUU PACIPEJIEJEHUI CYMM PABHOMEPHO PACIPEJAEJEHHBIX CJIYYANUHBIX
3HAUYEHHUHW BPEMEH OFPABOTKH 3AITIPOCA UH®OKOMMYHUKALIMOHHON CUCTEMOM

AnHoTtanus. OIHOM M3 BaXHBIX 33a]a4, PEIIaeMbIX HA HAYaJbHBIX dTalaxX MPOSKTUPOBAHUS MH(POKOMMYHHUKA-
LMOHHBIX CHCTEM SIBIIAETCA OLEHKA BIMSHUS IPOJOJDKUTEIBHOCTEH OTHENBHBIX 3TaloB OOpPaOOTKM NaHHBIX Ha
0011y TIPOJIOIKUTENILHOCTh 00Pa0OTKH B cucTeMe. JTa 3aqada Haubosee HHGOPMATUBHO peliaeTcs uepe3 pacyér
BEPOSITHOCTHBIX XapaKTEePUCTUK IUIUTEIBHOCTEH 3TaroB 0oOpaOOTKM JaHHBIX. MaTeMaTH4ecKu 3afadyd pacyéra
BpeMeHH 00pabOTKM JaHHBIX OOBIYHO PEIIAIOTCS C IOMOILIBI0 ALUKIMYECKOr0 HANpaBIEHHOTO CTOXACTHYECKOTrO
rpaga. ITOT Ke anmapar UCIOJIb3yeTcs Ui pacuéra cereBblX rpadukoB MerogoM PERT. Pacuérusie meronst PERT
CO3JaHbl Ul CeTe OONBIION pPa3sMEpPHOCTH, MOATOMY HMCIHOJIB30BaHA IIEHTpPalbHAS IpeseNbHas TeopeMa TEOpHH
BEPOSITHOCTH, OOOCHOBBIBAIOIAS NPUMEHEHHE HOPMAIBHOTO 3aKOHA paclpeieNeHHs BEPOSTHOCTH BPEMEHH
BBITIOJTHEHHSI OTJEIBHBIX 3TAallOB M BCEH CETH B IeTOM. Takoi MOIXOX HMpH HEOOJBIIOM UHCIIE 3TaroB 00pabOTKH
JAHHBIX B CETH BBI3BIBACT CJIO)KHOCTH B OOOCHOBAHHM HCIIOJIb30BAHUS HOPMAJIBHOTO 3aKOHA pacIpeneeHus,
KOTOPBIH omnpeieniéH Ha nHTepBae (-co, +00). Ha mpakTike anpruopHO M3BECTHB MUHUMAITBHASI TIPOJOKATEITFHOCTD
00paboTKK JaHHBIX Ha 3Tane, oHa O0ycCloBleHa (U3MYECKUMH OCOOCHHOCTSIMU OOpabOTKM NAHHBIX Ha HdTalle, a
MaKCHMaJlbHas POAOJIKUTEIBLHOCTD ONPEEISIETCS] TPEOOBAHUSIMU TEXHUUECKOTo 3afanust. CpenHee 3HAUCHUE WU
MOJa IPOJODKUTENBHOCTH 3Talma MMEIOT MECTO C MalOd BEPOSITHOCTBIO, IIO3TOMY PAacdET Ha MX OCHOBE HMEET
HEOOJIBIIYI0 JOCTOBEPHOCTh. Pacdér TOJbKO HAMOOJBIIET0 ¥ HAUMEHBIIETO BPEMEHH O00paOOTKU JaHHBIX (HMHTEP-
BaJIBHBII METOJ) HEOCTATOYHO MH(OpMaTHBEH. B Takux ycioBHSX Lielieco00pa3HO MCIIOJIb30BATh BEPOSITHOCTHBIN
MOJXO0J] C PAaBHOMEPHOH IUIOTHOCTBIO JJIMTENILHOCTEH 00pabOTKM AaHHBIX Ha JTamnax. [Ipu mocnemoBaTenbHOM
BBITTOJTHEHUH 3TAIoB IPOJODKUTENLHOCTE 00Pa0OTKH 3aIPOCOB CBOJIUTCS K CYMMHPOBAHHUIO MPOJIODKUTEIEHOCTEH
00paboTKM Ha KaXIOM W3 OJTaloB, T.6. K CYMMHPOBAaHHMIO HE3aBHCHMBIX CIy4YalHBIX BeNWUUH. DyHKIUSA
pacrpezaeneHus BepOsSTHOCTH CyMMbI HE3aBUCHMBIX CITyYalHBIX BEJIMYHH PACCUUTHIBAaETCS yepe3 (hopMyiy CBEPTKH
(hyHKIMH pacTpeieNieHNs CIlaraeMbIX.

Tomonmorust COeAMHEHUH JIEMEHTOB 00pa0OTKH HWH(MOPMAIIMKA B CHUCTEME MOXKET OBITh Pa3MUIHOW, HO IS
OLIEHKH KPUTHYECKOW IPOJOIDKHTEIBHOCTH 00pabOTKM HMH(GOPMAIMK BBIACISAIOT MOCIEI0BATEIBHYIO MEHNOYKY
3JIEMEHTOB, KOTOpas, BEPOSITHO, OyAET ONpEICIsITh BPEMEHHBIE XapaKTEPUCTHKU cucTteMbl. OLeHKa IpOIoIKH-
TEJILHOCTH 00paboTKH MH(OpMALUH B TAaKOH LENOYKE 3JIEMEHTOB, OYEBUIHO, CBOJUTCS K CYMMHPOBAHUIO IIPOJIOII-
JKUTEITBbHOCTEH 00pabOTKU B KaKI0M U3 HUX. J[is 6osiee riry0OKO# OICHKH BPEMEHHBIX XapaKTEPUCTHK HEOOXOTUMO
3HaTh (PyHKLMIO TIOTHOCTH BeposiTHocTH f(t) w/mim ¢ynkuumio pacnpexeneHus F(t) HempepbIBHOW citydaiHOW
BEJIMYUHBI, U JIYYIIUM PEIICHHEM 3TOH 3a/Ja4yM sBISCTCS TOYHOE aHAIMTHYECKOE OnucaHue (pyHKIUI pacmpenee-
HUSI U TTIOTHOCTH.

Lenp pa®oThl — COBEPUIEHCTBOBAHME METOJOB pacdyéra BEPOSTHOCTHBIX XapaKTEPUCTHK WH(POKOMMYHHKa-
IUOHHBIX cucTeM. OOBEKTOM HCCIIeIOBAaHMS SBISIETCS aHAIMTUYECKUH METOA pacyéra BpeMeHH 00paboTKu 3ampoca
B CHCTEME, IpeAMETOM — (OPMYJIBI pacdéra NpOJOKUTEIFHOCTH TTOCIIE0BAaTEIbHON 00pabOTKH 3apoca 3IeMeH-
TaMH CHCTEMBI C PAaBHOMEPHO paclpe/ieIiEHHBIMI HE3aBUCHMBIMY CITy4aifHBIMU BpeMeHaMu o0pabotku. [IpuBeneHs
(hopMyJIBI TUTIOTHOCTH M (DYHKIHH BEPOSTHOCTH VI CYMM [IBYX, TPEX M YETHIPEX HE3aBHCHUMBIX PaBHOMEPHO
pacupeenEéHHbIX CIy4aiHbIX BEJIUYHH.

KarodeBble cJI0Ba: IUIOTHOCTh BEPOATHOCTH, (YHKIHSA PpacCIpeCICHUs, BEPOSTHOCTHBIE XapaKTECPHUCTUKH
MH()OKOMMYHHKAIMOHHBIX CHCTEM.
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