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AHHOmauyus: B ctaTbe npuBeaEH aHaIM3 KoppeanpoBaHHoN ovepeam B cucteme tuna W/T/1. Mpu aTom B Kave-
CTBE NpUMepa NPOoU3BONLHOIO pacnpeaeneHna MHTEPBA/IOB BPEMEHU MeXK Ay NakeTaMu pacCcMaTpMBaEeTCA pac-
npeaeneHne Benbynna, a BpeMéH 06paboTkM NakeToB — ramma pacnpegeneHue. NMonyyeHbl 3HaYEHUA OLLEHOK
3a[ePXKKN N Bapuaumn 3aJiepXKKM B o4epeamn Npu HaiMuumn Koppenaumii MHTEPBANOB BPEMEHM MEXKAY NaKeTa-
MW 1 BpeMéH 06paboTkm naketos. [nA pelweHns 3adayum B pabote ncnonb3yetca Teopusa Konya. MNpusengH
aHaNM3 B3aMMHOW KOppenaumMm MHTepBaNoB BPEMEHM MeXAy NakeTamu 1 BpeméH 06paboTKM MakeTos, B pe-
3y/ibTaTe KOTOPOroO MOKa3aHa 3aBUCMMOCTb MeXay KosadduumeHTom Koppenauumn MUpcoHa 1 napameTpom Ko-
nynbl Papnm — N'ymbena — MopreHwTepHa. MpuBeaéH aHaM3 NoBeAEHUA 3a4EPKKN U BapuaLmm 3a4epKKN B
3aBMCMMOCTM OT NapameTpa Konybl, a, CNef0BaTeNIbHO, OT CTENEHM KOPPENALUUN B o4epeam.

Kntouesoble cno8a: KOppensiums, Konysbl, KAYECTBO OBCNYKMBAHWA, 3a4EPMHKKA, BapUaLma 3aepKKN.

[Mpu ananuze MHOOKOMMYHUKAIIMOHHBIX CETeH H
OllCHKE MapaMerpoB KadecTBa OOCTYKHBaHUS
QoS (Quality of Service) MOTOKOB, TaKuX, Kak
3aJiepiKKa, Bapuanus 3aJIePKKH — Kak MPaBHIIO,
MPEAIONIaraloT HE TOJNLKO HE3aBHUCUMOCTH IOTO-
KOB, HO ¥ OTCYTCTBHE KOPPEISIIUNA BHYTPH ouepe-
1 [1-4]. Takue npearnonoxeHus MoryT IPUBECTH
K HEONpaBJaHHO ONTHMHCTHYHBIM IIPOrHO3aM
OLICHKH TIapaMeTpoB pabotel cerell. CremyeTr 00-
paTHTh BHHMaHHE, YTO MHOTOYHCICHHBIE HCCIIe-
JoBaHMs Tpaduka WHPOKOMMYHHKAIIMOHHBIX Ce-
Teil OKa3bIBalOT 00paTHOE [5—8], TO eCTh MOTOKH
OTJINYAIOTCSL OT TMPOCTEHINNX, OTMEYaeTcsl Hallu-
Yhe CBOHCTB caMoIionoous y Tpaduka U Koppes-
IMOHHBIX CBSA3EH MEXIy BPEMEHHBIMH MOCIEI0-
BaTENLHOCTAMHU OOCITY)KHBAaeMbIX MakeToB. B To-
XKe BpeMs, Hampumep, B paboTe [6] mpuBeIeHBI
JIOKa3aTeNbCTBA TOTO, YTO UMEETCSl 3aBUCHMOCTh
MEKy HHTEpBaIaMy BPEMEHU MEX/Ty NMaKeTaMH U
BpeMeHaMH 00pa0OTKH MaKEeTOB B OUEPEIH.

B paGorax [1, 5, 6, 8] nmpeacraBiieHbl MOACIH
ouepenu ¢ yaérom Haaumums xoppemsanuii. Creny-
€T 3aMEeTHTh, YTO JaHHbIE Pa0OTHl OCHOBAaHBI Ha
MPEATONIOKEHUN 00 JKCIOHEHIIMAIBHOM pacripe-
JIeTICHUN JUIMH TAKETOB W HMHTEPBAJIOB BpPEMEHH
MEKIY MaKeTaMHu, YTO HeXapaKTepHO Ui COBpe-
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MEHHBIX MOTOKOB [5—8]. Kpome Toro, anamus B
JaHHBIX paboTax TIOCBSIIEH OIICHUBAHHUIO 3a-
JIEPIKKH, a OIICHKA M3MEHEHUS 3aJIepKKH IIPH T1e-
penave MakeToB (IKUTTEP, Bapualds 3aJep>KKH)
HE PacCMaTpPHBACTCSL.

B pabore [9] npuBenéH pe3ynbraT aHalM3a Ia-
pameTpoB  (YHKIIHOHHPOBAHHS SDN
(Software-Defined Networking), rie yanTsiBaeTcs

CCTH

HAJIMYUE B3aMMHOI KOPPEISIMU T10CIIEI0BATEb-
HOCTEeH HWHTEPBAJIOB BPEMCHH MCKAY MaKE€TaMu U
BpeMEH 00pa0OTKU MAKETOB, MPH 3TOM CIy4aii-
HBIC MHTEPBAJIBI BPEMCHHN MCXKIY IMaKETaMH pac-
IpeeNeHbl 10 AKCIOHCHIUATBHOMY 3aKOHY, 4TO
COOTBETCTBYET Mojenu ouepenu M/G/1.

B pa6ore [10] ObLT paccMOTpeH HpUMeEp Olle-
HUBaHHUA IIapaMCTPOB KadcCTBa O6C.Hy)KI/IBaHI/I$I
tpaduka B cucreme G/G/1 ¢ KoppernmpoBaHHON
ouepenpio, pu 3ToM B [10] paccmatpuBaercs cu-
cTema, TJe B KauecTBE MPUMEpa MPOU3BOJIBHOIO
pacnpenenenuss G Ha 00eMX MO3UIMAX UCIOJIb3Y-
BetiOymna.

ercsi  pacmpesielieHne

OOJIBIIMHCTBO COBPEMEHHBIX NPUIOKEHHH B WH-

ITockonbky

(hOKOMMYHHKAIIMOHHBIX CETSAX TeHEPUPYIOT MOTO-
KM, B KOTOPBIX Clly4ailHbl€ MHTEPBabl BPEMEHU
MEXAY IaKeTaMU W JUIMHBI IIAKETOB JIyYIle OIH-
CBIBAIOTCS PACHPEACICHUAMH C «TSKENBIMUA XBO-
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cramu» [11], Bo3HHWKaeT HEOOXOAUMOCTH HCCIIE-
AOOBaHHA CUCTEM, I'IC B Ka4YE€CTBC IIPHUMEPOB IIPO-
M3BOJIBHBIX pacnpernenceHiii G HCIOIb3YITCS
HUMCHHO TaKHC pacnpeacicHud, 4YTO ABJIACTCA
IJIABHOM LIENBIO MaHHO# pabothl. [losToMy B naH-
HOW paboTe paccMaTpuBaercsi mpuMmep, TIe HUc-
MoJIb3yeTCs pacipenencuue BeitOymia ¢ koahdu-
MUEHTOM Bapualuu 60.HBH_IG CANHUIIBI JJIsI UHTEP-
BaJIOB BPEMCHHM MECXKIAY IMaKCTaMU M IaMma pac-
npeneneHue A BpeMEH 0OpabOTKH TaKeToB,
CIIeIOBATEIbHO, B KAueCcTBE MpPUMEpa CHCTEMBI
G/G/1 paccmatpuBaercst cuctema W/T'/1.

Moaenb KoppeJMpoOBaHHOM oYepenau
Paccmorpum kaHai CBSI3M C KOHEYHOM MPOIYCK-
HOM CIIOCOOHOCTBIO, COCIMHSIONINI J1Ba y3J1a —
y3en 1 u y3en 2 (puc. 1), aHAIOTMYHO MOAXOMY,
noka3zanHoMy B [5]. [lakersl mepenatorcs OT y3ia
1 x y3my 2. lHTepBai BpeMeHH MEXIy MaKeTaMu
orpenensercs BpeMeHeM MEeX]ly OKOHUYaHUEM Iie-
penaydu
(i + 1)-ro makera (puc. 1). Tak xak kaHa1, coenu-

[-r0 IIaKeTa M HaA4YaJoM IIepenaydu

HSAIOIIMKA J1Ba y3JIa, UMEET KOHEYHYI0 MPOIYyCK-
HYIO CITOCOOHOCTB, OH HE MOYKET OTIPABISATH KO-
JIUYECTBO MAKETOB OT y31a 1 K y3iy 2, mpeBbliia-
IOIllee MPOIMYCKHYIO CHOCOOHOCTh KaHana, CIeHo-
BAaTENIbHO, IS MAKETOB OOJbBLICH JUIMTEIBHOCTH
TpeOyercst Oonee AMUTENBHOE BpeMs Iepeaadd B
oboux y3max. [loaToMy WHTepBaiIbl BpEMEHH
MEKAY TaKeTaMH, NPHOBIBAIOIIMMH B y3enm 2
CHJIBHO KOPPEIMPOBAHBI CO BPEMEHAMH O0CITYKH-
BaHMA B y3ie 2. JIaHHYI0 MO/JIeIb MOYKHO HCIIONb-

JIOBAaTENbHO, MOJENb OYEeper MOXKHO TpeicTa-
BUTH B BUje cucreMmsl G/G/1.

Mopnens, oka3aHHasi Ha pUC. 1, TO3BOJUT TI0-
JYyYUTHh 3HAYCHUS OLICHOK CpeaHel 3aJep KKH ma-
KETOB B Ouepeqy, a M3MEHEHHE 3aJIePKKH MOXKET
OBITH OIPEENICHO KaK Bapuallysl 3aJIepKKH MaKe-
Ta [12]. Bapuamnus 3agepxku makera B Odepenu

o(X)=\D(X), rne D(X) — nucnepcus 3a-

JEpKKU TakeroB. Eciau BBecTH 0003HAUYEHUE

fr (x) — IUJIOTHOCTh BEPOSITHOCTEH CITy4aiHOM

BenmnuuHbl 1 (roe T — BpeMs OXXUIaHHS MaKera
B Ouepenu) IUCIEPCUI0 3aJep’KKU MOXHO OIpe-
JEIUTh COIJIACHO BBIPAXKEHUIO:

D(X)=[[x-M(X)] fr(x)ax. (D)

0
Hns ydera xoppensuuii paccCMOTpUM TOAXOJ,
noka3aHHbId B [13] a7 onpenenenus IByMEpHBIX
IJIOTHOCTEH BEpPOSTHOCTEH C HCIOIBb30BaHUEM
konyn. Ilpu ompenenenny BpeMeHH OXHAAHUA
Makera B OYepe/M M BapHalluK 3aJICPKKH (PaKTH-

YeCKH 3a/1a4a CBOJIHUTCS K OIPEACICHUIO fr (x) -
(YHKIMU TUIOTHOCTH BEPOSITHOCTH JJISI BPEMEHH
O0XKUJIaHUS B OYEPEIH.

B [2—-4] noka3aHo, 4TO eciau y4ecTb Mpemro-
noxkenne Jluammm [1], 3akmiodaromeecss B TOM,
4TOo (i+1) -l maker He OyIeT XKaaTh B O4YEpEIH
IIpY BBINIOJIHEHUHN YCJIOBHA, YTO MHTCPBAJ BpEME-
HU Mexnay npuxogoMm (i + 1)-ro m i-ro makera
Oorblle, YeM BpeMs 3aJIepKKH [ -TO MaKeTa B y3JIe

CeTH, TO MOXKHO 3amucath [;=X,+Y,,
30BaTh JJIS ONPEICIICHUS 3aCPKKH M M3MEHEHUS
3a71epIKKA B 04EpEH C YUETOM Koppensumil, Ce- A X; — BPEMs OXKHIAHMA [-TO IAKeTa B 04e-
Bxonsuan / oYepenb
WHTEepEan ' apenn Bblxommaﬂ

y3en 1

nakeramm

speMenn mexny obpaborkm
nakerTa

y3en 2 NUHKUA

< >«

>

npeMs Mexay
NOCTYNNeNMAMK ©
NONOKWTENBHBIM
npemenen
BIAMMOAEHCTBMA

BPEMA MexAy
NOCTYNNEHNAMM C
ANUTENBHOCTBLIO
VMHTEpBaANa
npesenu panwon 0

Puc. 1. Koppensauonnast Moziens ouepean
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peau u Y, — Bpems ero oocmyxusanus. IIpeamno-

Jlaras CTallMOHAPHOCTB IIpoliecca Mepeaad maKe-
TOB, OIIYCTUM MHICKC i

T=X+Y. 2)

B nmanbHeimem paccMoTpuM (YHKIUH TUIOT-

HOCTH BEPOATHOCTEM paccMaTpHBAEMbIX CiIydail-

HBIX BEJIUYUH: f) (x) — (yHKUIHA TIOTHOCTH
BEPOSTHOCTH IS BPEMEHH MEXKIy ITOCTYIICHHS-
MH; fy ( y) — (yHKIUSA TUIOTHOCTH BEPOSTHOCTH

JUTS BpEMEHHU 00CITY)KMBaHHS,

B paccmatpuBaemMoMm ciyyae npu orpeaereHuu
napaMeTpoB  (YHKIIMOHUPOBAHHA HEOOXOIMMO
YUYUTBHIBATh HAJIMYME 3aBUCUMOCTEH MEXAYy Bpe-
MCHHBIMU MHTECpBAJIaMU MCXKAY IaKCTaMU U BpEC-
MeHaMH 00pabOTKH TTAKETOB.

3aKOHBI pachpeeeHnus CIyJYalHBIX BEITHYHH
X 1 Y MOXHO OIpeennTh, aHAIU3Upys peaausa-
MO CITy4ailHOro mpolecca.

Toraa MmiIOTHOCTH paclpeneneHus CilydaitHou
BEJIMYMHBI T 3aIINIIIETCS B BHUC

fi(2)=[few (rz=)dy. 3)
0

OnHUM U3 U3BECTHBIX MOJIXOJ0B 110 OINpeerne-
HUIO JIBYyMEPHOHW IUIOTHOCTH JIBYX 3aBHUCHMBIX
CIly4alHbIX BEIIMYHMH SIBISICTCSI HMCIOJIb30BaHUE
KOMyJ, HA OCHOBE Pe3yJabTaToB Teopembl Ckiapa
[14], a MeroaMKa TPUMEHEHUS TAaKOrO IOAXO0MAa
npencrasiena B [13].

Cornacio mokasanHomy B [14,15] mus

Sxy (x,y) TIOJTY9IHM
Sxy (an’)ZC(FX (x),Fy (y))fx (x)fy (J’)a “4)
62C(u,v)
Oudv

BOJIHAs1) KOILYJIbI, JUIS HaUlero ciydast u =F (x) ;

rae c(u,v)z — IUIOTHOCTH (TIPOM3-

v=F, (y) — dyHKunu pacnpenenchus ciydaii-
HBIX BEJIMYHH.

AHanmm3 UMEIOIIUXCS MOIX0/I0B 10 TPUMEHe-
HUto Komyn [13] mokasan, 4ro Hanboee yJa00HOM
JUIS. WCTIONB30BaHMs B HAIllEM CIydae SBJISIOTCS
komynbl Gapiu — ['ymbenss — MopreHiTepHa.

Konyny ®apnu — I'ymbens — Moprenmrep-
Ha [14—18] MOXXHO TIpeACTaBUTH B BUJE:

42

C(u,v)zuv[l+9(l—u”)(l—v”)}, (5)
0 — napamerp xomyast 6 =60(R), R — xosdpdu-
[MEHT KOPPEJSIHHU, p — MapaMeTp PACIIUPEHHU.

Crnenyer ydecTb, 4TO mapamerp 60 IOKEH
YIIOBIIETBOPATH CICAYIONIIM YCIOBUSIM

~(max(1.p?)) " <0<

2
<0<—
p — uenoe qncno(p:2,3...).

P

[lpu p =2 nomyunm, yro O omnpenensiercs B
JIrana3oHe (—0,5S9<0,5), a BBIpAKEHHUE IS

Sxy (x, y) MO>KHO 3aIHCaTh B CICAYIONIEM BH]IC

fry () =[1+0(1=2u) (1-2v) ] £y (x) £y () (6)

JIst aHanmM3a pacCMOTPHM TIOTOK, CIydaiiHbIe
HWHTEPBaAJIbl BPEMCHU MCXKAY IMaK€TaMU KOTOPOro
OIKCBIBAIOTCS pachpeneneHueM BeliOyma, a ciny-
YaiiHble HHTEPBAJIBI BpeMEHH 0OpabOTKHU IMaKeTOB
— ramMMa pacrpenenenueM. To ecTh paccMarTpu-
Baercst cucrema W/I'/1, rne W — pacnpenenenue
Betioymia, I' — ramMma pacmpezeneHue.

OyHKIMS pacrpeieieHds W IUIOTHOCTh pac-
npeneneHus BeliOymia uMeroT BT

b

F(x)=1-exp —[1j (7)

a) |

(b-1) b

b\ x X

ol [ ]] o
a a a s

rae a — mapamerp macmraba; b — mapaMmerp

(hOpMBEI.
@OyHKIWS pacipene/ieHnss U MIOTHOCTh raMMma

pacrpeaeacHus UMeeT BH/T

F(x)zLy(k,lJ’ 9)

F(k) n
f(x)z;kxk_]e_% (10)
F(k)n s
rae k — mnapamerp (QOpMBI; n — HapaMeTp
MaciiTaba; y(k,lj — HemoIHas ramMma-
n

byHKIHS.
B paccmarpuBaeMoM IpuMepe pacrpe/ieleHue

BeliOymia ucnonb3yercst ¢ mapamerpamu: a =1,




Cucmempl, cemu u ycmpoiuicmea meaeKoMMyHUKayul

b=2. Toraa Beipaxkenus (7) u (8) MOXHO Tpen-

CTaBHUTh B BUJIC

F(x)=1-¢™, (11)
f(x)=2xe™. (12)

Jlyis raMMa pacripeesieHUsT HCITONb3YIOTCS T1a-
pamerpel: k=2, n=2. YuuTbIBasg, 4TO HEMOJ]-
HYyI0 raMMa (YHKIIMIO MOKHO OY/IeT MPEeACTaBUTh
B BHJIE y(a + l,x) = ay(a,x) —x%e™, To mpu ma-
k=2, n=2, MOXHO

pamerpax 3ammucaTh

5525 e ) — g

Kymmepa [19].

MoxHo MoKa3aTh [19], 4TO
M (1,2,-2z) ~ % shz, H03TOMY JUISI y(l,%} cie-
z
IyeT:

A
y 1,1 =2 4 sh| 2
2 4 ).

Torna Beipaxkenue (9) u (10) MmoxxHO 3amucaTh
B BHJIC

F(y)zl—e 2

v
(1+—yJ
2.

Crnenyer orMeruTh, 4TO NapaMeTpsl pacipere-
nennit BeiiOymma u ramma pacrpeneneHusi BbI-

(13)

OpaHbl TaKUM 00pa3oM, YTOOBI OHH UMETH KO3(]-
(UIMEHT Bapualy OOJIbIIEe CIUHHUIIBI, YTO Xa-
PAKTEPHO JUIsl PACHPENEIEHUN C «THKENBIMUA XBO-
CTaMu».

CoBMecTHasl VIOTHOCTDH pacnpeneaeHui
HHTEPBAJIOB BpeMeHH MexAy NaKkeTaMu
U HHTEPBAJIOB 00pa00TKH MaKeTOB
3Has 3aKOHBI pachpezeseHus 3aBUCUMBIX CITydaii-
HBIX BenmuuuH X # Y , yuutbiBas (4) u (5), MOX-
HO ONpEIeNTUTh COBMECTHYIO IUIOTHOCTH pacmpe-
JeNTeHNs] TaHHBIX CIy4YailHBIX BETHYNH.
B (6) Oynem HCIIONb30BaTh B KQ4eCTBE U U V
¢ynkumu pacnpenenenuit (11) u (13) u mioTHO-

ctu pacupenenenuit (12) u (14) Bmecto f (x) u

Iy ( y) . Toraa MoXxeM MONTYy4UTh
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fry (x,y):(1+9(1_2(1_e_x2 ))xl—

Al 5

e 2
YuuTeiBas, 4TO CilydalHble BENUYHHBI X U Y

b

—e 2

3aBUCUMBIC, UX COBMECTHYIO IIIOTHOCTH MOKHO
MpEACTaBUTh B BUAC BBIPAKCHUA

Fry (y,y—x)=(1+9(1—2(1—e‘y2 ))X
o [l ’ (x;y)J a3
- ) e';("‘y’}

2 (X
fare) [E22)
Torna Beipaxenue (3) it fr (x) MIPUMET BUJ

4
1 (x)zT(l+6(l—2(l—e‘yz ))x

(x-»)
[1 + 5 ) J X
x(2 ye ' ) : [@ e_;(x_y)de. (16)

[Tonyuennas ¢opmyna st fr (x) MO3BOJISIET

1-2|1

(x-)

x[1=2|1—e 2

OLIEHUTH CpeHee BpeMsl OKUIaHUs TaKkeTa B ode-
peny U BapualMIo 3aJep>KKU [IaKkeTa B O4epenu.
Jnsa 3anucu Belpaxenus (16) B 3aMKHYTOM BHJIE
HEOOXOJJMMO BBIYHCIIUTH HHTErPa

%
| e gy, (17)
0

MoskHO IIOKa3aTh, 4YTO BBIYUCJIICHHC OaHHOI'O
WHTErpajia BO3MOXHO C HCIIOJIb30BAHUEM CIIEdy-
fo1ero BeipaskeHus [20]

o0

1 —Bx—yx?
Jxv e P gy =
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IpH 3TOM Tpedyercs onpenenuts D_, [LJ —

NeT

¢byHknuoo mnapabonudyeckoro muauHApa. D, ()

MOXHO OIPENEIUTh COINIACHO CIEIYIOLUIEMY BBI-
paxenuto u3 [21]

2
V4

@)=2E

m.

D

—m—1

2
dm| =

W e4\/;erfc*
Z

()],

0

2

1 t
rae erfe(z)= Iexp —— |dt — wuHTerpan
O
BEPOSITHOCTH.
Ucnonw3ys AN pPOKCUMAIIIIO byHKIUH
erfc. (z) , ~OCHOBaHHYIO  Ha  HEpPaBEHCTBE

1 z2
erfe. (z) < Eexp -5 | JUTSl 3HAYCHUST MHTErpaa

B (17) MOXXHO MTONTYYUTH

Jr

1 2 2
§{(5 —4x —4x’ )= (1-2x)(7 - 4x — 4x )7
CpeZIHee 3HAYCHUC 3aJCPKKU ONpCACIIACTCA
KakK

E[T] =Ix-fr (x)dx=80-152-0. (18)
0
Bapuanuio 3amepXku MOXHO OIPENENUTh CO-
riacHo (1) B Buze

o(X)=\4-(E[T]), (19)

re A= |x’f, (x) dx.
0

B wurtore Beipaxenue st G(X ) MOXKHO 3allu-
caThb B BUJE
o(X)=+12-0>+90-0-8.

O4eBHIHO, YTO CTENEeHb KOPPESAINN HHTepBa-

JIOB BPEMEHU MEXK]y IMaKeTaMH ¥ MHTEPBaJIOB 00-
paboTKU MaKkeToB B OYEPE/Ir, MOKHO OICHUTH Ye-
pes mapamerp komyiasl 6. Kospduument koppe-
nsin [Tupcona onpenensiercst o popmyie:
E(XY)-E(X)E(Y)

2 2 s
.0,

R(XY)= (20)
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1
rie E(X)=a F(l + ZJ —  MaTeMaTHYecKoe

OXHJIaHKE pacrperencHus BeliOymnna naTepanos
BPEMEHHU

Gi = azl"(l + %) —a’T? (1 + %J — jaucnepcus

MCKOY ImaxkeraMu,

pacnpenenenus BeiiOynna; E (Y) =k 0 — mare-
MaTHYeCKOe OXHIAHWE TaMMa pacClpeaeiCHUs
MHTEPBAJIOB 00paOOTKH TIAKETOB B OUYEPEIH;

2 2
6, =k 67 — nmucnepcus raMma pacrpesesneHus.

MareMaTH4yecKkoro OXUAaHUSA ABYX Cllydaii-
HBIX BeIWYWH L (XY) MOYKHO ONpPENEIUTh CO-

TJIaCHO BBIPAXKCHUIO

E(XY) = TTxyf(x)f (y) dxdy +

w0 [r (x) £ (0)[1-2F (x) )
x[l -2F (y)} dxdy ,
IIpU 3TOM TTxyf(x)f(y)dxdy = E(X)E(Y)

B wurore BeIpaxkenue s R(XY) IIPUMET

OKOHYATEIbHBIN BH]T

R(XY)=0,09-6.
[Ipu p =2 nomyunm (—0,045SR<0,045),

3aBucuMocTh 3anepxku (popmyna (18)) u Ba-
puarum 3aaepxkku (popmyna (19)) or mapamerpa
KOMYJIbI, CICI0BATEIbHO, OT KO3 HUIIMEHTa KOp-
pensuy, ToKa3aHa Ha puc. 2 M pHUC. 3 COOTBET-
CTBEHHO.

AnHanu3 rpapuKoB Ha puC. 2 U pHUC. 3 MOKa3bI-
BaeT, 4TO 3aJIcpKKa U BapHalus 3aICPKKU PacTyT
C YBECIINMYCHHUEM CTCIICHU KOPPEIIAINU, YTO TOBOPUT
O TOM, YTO CTENEHb KOPPEISIUH MMEET CHIILHOE
BJIMAHUEC Ha IapaMCTpbl KadyeCTBa O6CHy)KPIBaHI/I$I
Tpadurka B MHOOKOMMYHHKAIIMOHHBIX CETSIX. DTOT
(dakT crnenyer y4WThIBaThH MPU aHAIM3E MapaMerT-
POB (YHKIIMOHHPOBaHUSI peajbHBIX CHCTEM 00pa-
00TkH TpaduKa.
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BriBoabI

B paGore npeacraBieHbl pe3yibTa- E[T]
Thl aHaIu3a  KOPpETUpPOBAHHOU soF
ouepenu B cucreme W/I'/1 npu uc-
MOJIb30BAHUKM  PACIpPENEIEHHH ¢ 60
«TSDKEIBIMH XBocTaMuy». IlokazaHo, ok
4YTO IIpM HAJIWYMH 3aBUCUMOCTCU

HWHTEPBAJIOB BPEMCHHU MECXKAY ITaKe- 20
TaMH U BpeMeHaMH oOpaboTKHU ma- .

1 1 1

KETOB B OuYepenH, Uil OICHKH Ia-
pameTpoB KadecTBa 00paboTKU -
(DEKTUBHBIM SIBJISICTCS MOMAXOJ, OC-

Puc. 2. I'padyk 3aBUCHMOCTH 3aI€P>KKH OT TIapaMeTpa KOITYJIbI

0.2 04

0

HOBaHHBII Ha HCHONL30BAHUHM KO-

yJI. glX)

Hus cuctembr W/I'/1 monyueHa

T

3aBHCUMOCTh KO3((HUIIUEHTa KOp-
pemsiun [lupcona m mapamerp 0
kormynbl @apmun — [ymbenss — 10
MoprenumrepHa.

ITonydeHbl 3HaY€HUA CpPETHErO

N

BpEMCHU OXHJaHHA TMaKETa B O4YC-

pead W Bapualuu 3aE€pPKKU TpH

0
HAJIMYUKM KOppEIsiUd MEXIy WH-

TEpBajlaM BPEMCHU MCXKAY IIaKe-
TaMU U JJIMHaAMHU ITaKCTOB.

Puc. 3. I'paduk 3aBUCUMOCTH BapUaIlH 3aCPIKKH

OT MapaMeTpa KOIyJIbl

[IpuBeneHsl 3aBUCUMOCTH CpeEll-
HEro BpEMCHU OXHJaHHA MAaKETa B
oyepeny M Bapualld 3aJepKKH OT 0, aHaIu3 Ko-
TOPBIX MOKa3bIBAET, YTO 3aJeprKKa U BapHalus 3a-
JIEP’KKU BO3PAcTaroT ¢ yBelauueHueM 0, a, cieno-
BaTeNbHO, C YBEIMYEHHEM CTENEHH KOPPESALUH B
ouepenu. [lomyueHHble pe3yapTaThl YKa3bIBaIOT Ha
HEOOXOAMMOCTh yuéTa KOPpENSIMA NPU aHaIU3e
cucreM 00paboOTKM Tpaduka B HMHYOKOMMYHHKA-
IIHUOHHBIX CCTAX.
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English

EVALUATION OF SERVICE QUALITY PARAMETERS IN W/I'/1 CORRELATED
QUEUE SYSTEM

Marina Anatolyevna Buranova — PhD, Head of the department of the organization of the edu-
cational process, Associate Professor of Information Security Department, in Technical Sciences.

E-mail: plaffy.cs@gmail.com
Address: 443010, Russian Federation, Samara, L. Tolstoy Street, 23.

Abstract: QoS evaluation (Quality of Service), such as delay, packet jitter variation, packet loss probability is
one of the most pressing tasks in designing and predicting the operation of infocommunication networks. At
the same time in the furtherance of this goal problems arise concerning features of streams being processed
in infocommunication networks: difference from the simplest ones, available self-similarity properties, corre-
lations within and between time sequences of maintained packets. That said, most of analytical works on in-
focommunication networks and their operation parameters evaluation are based on the assumption of
streams’ independence. The article presents a queuing model that enables to consider cross-correlation of
time intervals between packets and processing intervals of packets in queue. Analysis of correlated queue in
G/G/1 type system is given based on the above model. Weibulla distribution is regarded as an example of
randomization of time intervals between packets and gamma distribution as packets’ processing intervals.
Values were obtained for delay and queue delay variation estimates if time intervals’ correlations are availa-
ble between packets and packets’ processing intervals. Copula theory is used for the task in operation. There
is analysis given of time intervals’ cross-correlation between packets and packets processing intervals, which
results in revealing dependence between Pearson correlation coefficient and Farley — Gumbel — Morgen-
stern copula parameter. There is also analysis given of behavior for delay and delay variation depending on
copula parameter, and, therefore, on degree of correlation in queue. The attained results highlight the need to
consider correlations in analyzing traffic-processing systems in infocommunication networks.

Keywords: correlation, copulas, quality of service, delay, delay variation.
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