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Juodo GH®sx030L gm0l GHMIOE0MEo dgoMEYdoLs s IMPIWOMmIOOL
3H900L Tgbobgd, 3960dm: Jugeol GHEMx03oL FobsLOsMYdIWYd0; dmMALsbmMgdOL
bs®obbol  dodsmm»  Jmmbmgbgdo;  BHMogozol  Lobggdo—mfiyzgdHo  GHMgo30,
93BG MMHO  GHGB030, GHMOIGOIOL  20gMH056g0s.  BHEMIR030L  IMI0MmgdoL
035LOBOOLOM, J9bobowgds  FHMOBOIOL  F509doBH03MM0  SEFIMs,  396MIM©
003900U, 35393H900L s 5.8. F9dmLZs, HMAMOE FodEGH0wMm3sbo 3Omagbo  Ti, Tz,
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Us3mdsmly doBsbo. ULofigobo g@EHo3ol 33¢930L B0BsblL  HomBmowygbws
AIC9IAHH5530380 130maL53L9d0L JoHgBYdOL Fglogerols Tg9agdol HoerdmBgbs.
9 990092900, dobgsgzs domo  360d3bgEmdols s @Ib39HoEMdOLS,
303 Fgdl 9O oMH0 93909008 SMOLYIMIOL 45dM. MmO Lodlgerm
39M90Mm (335 Y4m39em3ol 9903o3L d9BOMMYWo MomEabmdol MglwmMLAL, Mg
005 603bs3L, MM JgHBOMOMEO MomEIbmMdOL MlwOLOL dm3m39d0L 3MMm3gldo
3300093 Fo6Mdmogdbgds sM(Mxz030 dM3wgbgdo s 3ol Fggo Mozl
0Bgbl  HM5x3030L §Yoermgdl ImMOL sTIMI0IOMEIMDS. F9IBHIZOMDMEOMIOL
d9dmbgg3sdo §o6dmoddbgds sbgmogg 9MiOB0MdJd0 FoMrm30lL d9Js60Bdgddo,
OMMM900350 TCP  (25003990L o300l 3OmEGM3mero), Ethernet s ULbgs.
Jugeol HglbryLgdOL 2odmygbgds begds Jugerol sGJodgd@IMol yzgws mbgby,
o3 0093 0dol LyGOEgdIl, MHMA SOLYIMWOo MHgLYOLYdO  MIE0ToMS©
39056500l BLAIGHOLEGZMNO  Lo®wdzgbyg.  MoYbsg  bsdgd™mgg
dmEobgmzolbyeo  Jugero  (o®mdmoagbl 393006003 MEmdol  LolEgdsl
153OIOM  IZOMZIPOM, WIMBIOE  JergobOm3ol sHMom, LfmMgo Sy,

Juowgddo 3w0bgds ,,E0EO 3M3MYWH30900L FMLHMMGdOL  9539JBH0, O™l
©ob39fo 45BLsbogemgdsls FoMTMoybl 3539EwM0 3MTNEHeE0s” s FgLodsdola
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053650, 50b0dbmwo 3MMmEgLgdo FoBIBHB0MGdOL MM bEGSEHOLEGH03MMO
abgogLgdol oMy 93gbgb  ®omgbMmdM03 ™3019890LsE.  M300ABYS3LYdOL
6086900 990dqds 259MBg0o3bgl Modm©9body, BHMExslMm3s60 bodboom.

3309308 md0gdBHo ©o Fgm©Ydo. 330930l MB0gIBL  HoMmdmogbl
dsbmdM0g0  dmALEbMMgdoL  LobB)dgdo  35393JO0L  X3MBgOOL  dmmbmgboms
dmdbob®qgdool  Mgg0dom,  Mog  TbolosMYdIE0s 393006 5dTFMMIOL
3@ obgmz0Lveo Jugwgdobsmzol. LoolgM@sEgom bsdmmddo bsbgz9bgdos, MmA
35394)900L X a53930L 653500900L 3MMGEs30IMHO M30L9dg00 SMOL FoMdmddbowo
603900l doM0MIEO  ZobALyBO3Mgo  IMmzwgbs.  Loolgh@ssgom  bsdmmddo
©3LIMo  53M(396980L  osbPY39BHO®©  @odmygbgdeos:  AslimdGO30
mabob®gool  0gmOooL Bosmgds@0lzmMo 99omEYdo, 39MdmE  dmmbmgbsms
099m8535¢m0 6535009008 09MM05, LEHIE0MbIMMHO  Goggdol  dosmgdsEolmeo
090605, 068300HT5300L J0dM 330l 3OM3gLOL Jo09gToE03wIMO IMOYEYOO.

doMomsoEo  99ga900 ©s  d93bogeo  Losbang.  LoolydEsgom
B5sd0™ddo Bo@o®madmeo  33¢093900Ld s FoLgdo  89wgaqdoL  LodgiboghHm
Looberg 8mdotgmdls 9909y do:

1. Jugemol  HglydLgdol TgMYHOEMEOZ0  MIMPIbMBdOLS @S  FHMIxkOZoL
MOM0YIOHMPITIMY30009090  [gomrmgdols d90mbggz5d0 MBI MOHMdS (M30m
AbgogLgds) Po®mBmoddbgds (350039990, 5dBH0O/3sboMo (ON/OFF) (ysermgdols
LodMS3gMs  299OHM056xd0L  F9gAs©.  §Yomml  oBHoMmo s  3sLoMEOo
39600m©gdol  4obsfowgds  bsbosmgds  ddodg  oa®dgwgdgdom  @s  9ga3L
LobOMEM  EOL3YOBOS.  5dBH0O/35L0M0  Fysmmgdol oIzl BgLYds
53 gbL MLOsLGWMEM EOL3YOLOOL F0EMY30¢ gL s Jugedo BsdMYsE0dYOIWMWO
3996000056930 BHM53030 M0l 1M3003byogL0, GMIol Lobgi doobftogols
06OHMmMboll  AMdMsMOoL B30l  BOOJBHITMOMOOLS3ID. o  JOMHOMOOS

54BH0O/35B09M0  ysdrmgdol  8mddggdol  BowowrE3oegde®o  Ji3939 0bY39
O3 8mdbdomgdge/lgezamo  sMJoBgd@Geol  9gdmbggzsdo.  slgom



X gEmdsL 2o5Bbos 36003690 m3z560 300MTogdgd0oL Fysemgdo, Togoomo,
Lol HgleLYdOL F9HBOMIEO CoMmEIbMds 0fj393L 0bx3METs300L Hystrmgdls
dmOob 03390065 2odmbsdme M0 GOHMITMI0EIOVIEdL. 51939, oGN30l
399960039303, OMAMOIO0ES IRIRTMJOOL  seramGomdo (Operating System),
3953990l JoMM30L  IOMmEGHM3meo (Tpansmission Contrel Protocol), Ethernet,
Jugol 250533000mdol gdmbgzg3zsd0 0deg306 d0dobstrg 3MMm(39L9gdol
53539000 ©sdsbobxgdqOL.

2. Jugeol GHMox030L 030mALs3LBY Y3560l LoMmEol doMomso
doBgbos o, GMI 56O sOLYGOIMIL I3oBOME  J5TM3IZINO0, M3003BYS3LgdOL
399mdf3930  F0HIBMOM030  BodBHMOYd0.  Jugol  M30mAbe3L  BHMR0 30
5MLgdmEo bbgoolbgs 3mEM9ws309d0, 990degds (o®dmoddbsb goblbgeggdmewo
d0bgbgdom s  FoboliosmgdEgddo  25dm3oEbgb  3Mmb3MgGH I MM™Mom
dobbdBHodgddo. gl Tgodergds 0gmlb  0bgmMIs300Ls s dgobol  LE®MwydEm@s
(0595005 ©OL30 s dgblogMgdsdo sOLYIMWO 3OHMYMTYO0), FMIBTsMYOOL
dbMH0sb ,,00530dM9g00L OHMOL  bsbyMdeogmdol* s Boowrgdol 53930l
130053 guedId0,  Lodegm  dMBIMGBOL  95839dB0  (J98oMgds),  oa3gdol
dongol  3Om@m3mwo (TCP), Ethernet o ATM-094560Hd900L doGrongs
(8096 900L FoOrI0135, FoWIEHZ0MMNYMIJOOL FoOMZd s Lbgy).

3. Looby®mGosgom bsddmddo  doegdmwo  Jggagdol  Loxgwdzguby
©Jbowos, MmI  Jugwol  GH®sxgozdo  bobyMdgwo  ©dM30IOIEgdolL
§969mgdbols doM0m50 BoJBHMOGdO0s:

— 0mdbdsM9dol 43939

— 3mbo39dms 296905309, LEHMWIEHIOS S Bd0gd;

- B658030L 2590 056905;

- Jbgerol oMrm30L LodwysEgd9d0;

— 3993539060Bg ©ox39dbgdo JoMrm30l d9JsboBagd0;

— JU9E0obl gob30m56Mgds.



4. dobimdG®030 dmdbsbmgdol Lobgdgdols 3bsgroBolomgzol
3936039093905 obsfogdol MmO 5EBIMIMHO FobILOIMYIOL godmygbgds -
d9Bmdger  JmmbM3zbgdl ImMOL  EMHMOL  06FGHIMZ5¢gdoL  gobsforgds o
dmmbmgzbsms  ImALobMgdols  boba®domdoms  qobsflogds. 65350930l
33l03MMm0  MgMMO0L  45dmYgbgdsll BEmEogl ol, MH®A sOLYOMO MHIMEOOS
3oLbmdlL dobo Fgdmbggzomo bs350gd0L 3MM3EgLYdL, Losl IMmbMzboms
dmOol 0b6@ 9635900 3obsffogdmeos 99b3MbgbEosE Mo Qo
505390 ME0s. 85306, OHMELsg IMObM3bgdl TmEOL  0bEgmzswgdo
MOHMN0YIONIMOHGE0MJIY9000,dmmbmgboms 553500900l  s®LGdIMO  MgMOOOL
399mygbgds odwgzs 86003690m356  3MI0Egdgdl, Bsdobog 30, MMmEILLE
9Jb3mbgbgosmo  gobsflogds  9MLYIMOL.  LoobyOGHsgom  Bsd®®Ado
3900053599005 BHMOxR030L MH0dq00L LYFMSEM LoOEYJOOL  YodMmM3EOL
dgomo, G®5x3030L  BHOBLYdDBY 3O 300LS @  ©ol3gMLool
993960396 G s Foblsbz™Ol Logmdzgw Y.

B53O@Aol 3MogdBH03 o PoMgdmergds s 9909agd0l 358mygbgdols ggHm.
056589000Mm3  0bxmOTo3omwo  LEBMASE™MGIOL  MdOYIGHMO  OJoEMdL
§oM0Mo9bL sboer0o, LEObFMMTsz0m FMALILYMIOOL Lobgmdgdbg dmMbM3zbsmMs
DO, 99Lm9bs3g, AOLIMZooLHobgdgE0s, MMI gMM0sbo I EH0TgEoM®O
A9m30bsewo LEHBIOEGHMWO BIOHPMBMEM3s60 0bGHgOHBgobom FogH MO
JB9msb. IMALsbOgdsms Lobgmdgdo ITU (International Telecommunication
Union) U@sbo®rGHobBosool  ULgd@mmol  6930md96s309080  25635639dwgeos
OMmO3 06xmMIsgowo  dmdbobmMgds,  0bxgm®dszool  3mA3wgdum®o
dofjmgdoom.

530l gbodsdolo,  bsgombocr®o  0bxgmlszmdmbozsgom  Jugwols
360M9dBH0Mgds  [ommoygbls  mobamglio  39ML3gJGH030L  sdmEsbsl,  MmEgboa
0936905 999 GHO™3S3006MQ583mdOl dm@olgMzobvyero Jugero,
3039060 dmdLobmEgdol MOHQ560Bs300L 1393053030l



390035¢0L{0bgd0m (39300M0L YoMl 530 GOEMBOL BIHBOL SOLGOMDS
Jugeol  GlELYdIOL (3300 MVMEIBMdOm s  dmmbmgbsms  by35000L
365350 3m33MmbgbEH0s6o  LEH®WJAHMOom;  FMGH0IgEoMGo  dmmbmgbgdols
dEom300M909;  F9M00  3MEEH0I)0YO0  IGZ0OMZOL  HoMdmdabs.  4oo3gdol
399Fm GMdEHdo 0BMIOMbMEo 35393900l sMLGOMdOL OHMOL 0bEIM35egdol
396500900l 356mbbBMT0gMHads s bbgs) 9Hmosbo Lodgarg3mdmbozssom Jugerols
Bo®bmgddo.  LooLgOGHsEom  BsdMMIdo  Jogdmwo  F9g9gagd0o  9dwgbgds
3930065839wmdol  IMe@GHolgMzob)emo  Jugwgdol  3GMMgdBHoMgdIoLs
9963 5GSE00L 3OMBEYIYOU.

31003530900 @5 LsTMAsml  53MMB530s.  OLYMHEGS300L  Fg9gd0
dmbligbgdmo s gobbowaro 0dbs d90gy BYBobsMgdbY, 3mEwmdz0dadHy s
3Mb6%339696(3090bY:

1. 306390 s dgmeég mgds@co Lgdobstgdo s 3MmEmdz0w9dgdo
(00d0E0obo, LGy, 2013, 2014 §H).

2. L5gOHIMEOHOLM byd3609MM 306139696300 ,9b9MRIG03S: OYoMmbrwo
3MOMIWYIgdo s 29630m5Mgd0oL  39ML3gEH 03900, JMmsolbo, 25-26
dsobo, 2013 §.

3. LsgOH®sdMGolm LsdgEboghm 3mbx39MabiE0s 9696093039 MY0Mbrero
3MOMBIWYIgdo s 29630m50Mgd0L  39ML3YIEH 03900, Jmmoobo, 24-25
md@mddgeo, 2015 §.

4. B5gOH®5IMOOLM Bsdg3bogdm  3mbngMgbios ,daMso 9bgMagB03s:
399m§)393900 s 39630050900l 39MOL39dEH03900%, JMmsolo, 18 ogbobo,
2015 §.

5. LsgOHmsdmEOolm  3mbggMgb3os:  ,0boeasbMm©gdol  BosODMEOMdS
99dEHOMgbgH00m 353MMdOL d9dsboBdol dqdwgdaggdol dMmgldo®,
0000ol0, 29 536MHoo, 2015 §.



@5 Pomdmpqbowos 3 bsdgF 659OMTITo:  LogPmsTmMobm  Lsdg3bogem
3Mb6739M96300  ,969M293030:  Mg0ombmo  3OMdEGIJP0 @O J9B30msMgdOL
396397303900, Jmmoolio, 25-26 dsobo, 2013 §.; LogHmsdmMolem Lodgsboghm
30bx39Mm96305 969093035 MgRoMmbmwo  3OHMdEYIId0 @S b3z0mMmYdOL
3960L39JGH03900%,  Jmmsolo, 24-25 mg@mddgemo, 2015 §;  LogOomsdmMobm
Lodgaboghm  3mbgzgMmgbgos  ,0yMoo  9bgMgBH03e: godmfi3g3900 Qo
2963056900l 39ML399dEH03900°, JMMs0Lo, 18 0360L0, 2015 §.

©OoLYOGHO300L dMmEEmds ©s LAMYIEHMMs. LEOLYIOEIEOM bsdOMmdo
3902905 9Lo35¢0L, MMbo M30L5890 WS IL3ZbOLLRD, MMIgeros dgoaogl 110
3390O®L, 12 BsbsBL, 5 bMolL ©@s A59mYygbadmeo  o@gMo@eol 105
©5LObYgdoL BsIMBsMZos.

653®Mmdols Gobss@lo
306390 ™30 9dm3bgds  (dobs Tgdmbggzomo  GHodol  Bogool
30L90900L5 s FoboliosmMYdEgdOL F5BbOEZsL. 00 FoBbom, GMI Fo® 3390
99039900 gl 0gME0s  godm30Ygbmo  dMwEolgMzoLbvIEo  BHMIxR030L
565¢0BolsmM3z0U.
d9BMdg ImmbMgbgdl MMl EMMOL 995¢9g00L 4obsfiowgdol 396mbo

pwy=Yk e

560L 3195Lmbol BHo3obl, 96w fdobwow F9dmbzgzomo Bs3ool 4oblsbmzmol geo-
960 39gMEO. 2oblbgz539dw Igom©L HoMdmMmowyqbl 99HBmdgwr dmmbmzbgdls
dm6H0b OMOL 9950900 Jobsfoggds: P(z <1) =1-P(z >1). 5g 5¢nds00mds



P(z <1) G&megsbos 00 sqndsmmdols, Gemd ¢ bsby®deomdol Mmols dwgsegdo
56 99035 MO39m0 dnmbmgbs: P(z >t) = B (t), 56w
P(z<t)=1-P(t)=1-e".

- dobgz0m 53 obEHMEgdol OBIMIBE05W0 FobLOBEOZMLZL dgBMdYE
dmmbMm3690L Mol OMOL 9159900l gobsffocrgdols Lodzz®oggl:

p(t) = e ™.

d9d0obgg30m  LoEOEIMS  AobIHowgdol  sgo  3oBmBL  gfmegds
99b3mbgb0s M0, b B5B39690w0560 Aobsforgdol 30bmbo, boagrm A s6ol 53
396500gd0l 356M539BHE0. sBgmo Asbsfiorgdols Ggdmbggzs 560l 3mslimbols Godol
6535000l 5OBGOMBOL 930 gdgO @S L3TMOLO  306MHMdS.  sdoldMZ0L
3963L5BMzOM® 7z 895w dol 50905303 MM0 JmErm©obo, ©oL3YMLOS ©s

1509 M339MIEHMEO0 2OILOY:

M, = Ttp(t)dt = the-ﬂdt = %;
0 0

D, =Tt2p(t)dt—Mf =Tt2/1e“dt—%2 =%2;
0 0

o, =D, = ¥,

3509353031600  dmwmEoboll @y BsFMOEMIZIOMIGMIO  FOIBEOL
86039369amdoms dmbz935 535b5L0SMYPIJ0 956396900560
(99b3mbgb30sMM0) 3obsfoangdolsmazob. 3654GH03M Logdosbmdsdo
99b3mbgbosmMo  Asbsfioergdol 53  m30LYdsl  0yYgbgdab, LEIGHOLEHO3WOO
9mbs399990L LyxMIz9 DBy FoLYdo JoBHoEgdOL, FoB39690¢0s6 356MbM6
99L50530LMBOL IRIOOL 3O0EHIMH0MTS.

OMEYLYE  M9omo  Bs350LsM30L  F9BMToos dMMbM3bgdL TmEOol
©OMmOL 09 9gdo s dgdmbggzomo  z LoEOOLLSMZOL  goa3s5Rbos  n
omobmdol  360d3bgermdgd0,  39baM0dMdm  Lsdmsgrm  3B60TgbgEMdSL,
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09359351900 §ob533¢0g0ge OLZIOLOSL s z LOOEOL BOTLSWM3IZoESEE
2OIBOS:

E:Zn:%; D, :Zn:(zi ~2)*/n-1; o, =./D,.
i-1 =

7 s &, 36083690 mdsmMs sFMH3930L LOBHYLEOL Fglsdsdols@ Fgodergds
300X 9gEmm, ©50gbs F9bsPRMbIdMos (5MLGdMBL) LoLEgdsdo, Ggdmbvyen
dmmbM3zbsms JmMHolb @OMOL FoegEgool  gobsffogdols 9dudmbgbioswwm@mo
3obmbo.

3963L0BOzOM® ¢t ©MOMOL  FMogdo  Jgdmlero  dmobmgbgdols
509bMd0L Fo009d5303mM0 dmermoobo M; s oldgMbos D, :

M, =Y iR () =§“i@e-lt ey A

i-1 =
D, = i’R(t) - M/ :ZF@G_H —(At)* = At.
i1 i1 I
399mbe Fmmbmzgboms M3mgbmdol Jomgdo@03®o dmermobols s
©ob3gMLool 3609369 MdIMS  BHMEMDdS, 9MgmM3g Fg0dEgds  49dM30Ygbmm
695 OH0 H53500LsM30L, 3295LMbol BHo3ol 653500l IMPYW b Jobosagdom
L5FoMNWOIBMBOL  ILOPYPIBI. IMIZom, MMT Moo Bs3sEoLamz0L
030y ¢ bsbaMIomdol, 1 Mom©gbmdol  dmorggddo  dgImlmeo

dmmbM3b9d0L Mom©gbmdgdo X, X,,... X, :
__ 0 X ) B n __ 2 B
x_zj_l % DX_EH(XJ. X) /n 1.

000l 3obg30m, M) G5 LobbEHOom gdmbggzs X ©s D, 9608369wmdydO
3939009000 113365l 3vplmbol  Bodol  6535meb  MgocMo  bszsol
053190500Md0L dqlobgd.

$90bs 99dmbgg3z0m0 (3995LMmbols) 653500l dmEgeo, Mmdgwos 0dwg3s
1539 gdsll  F9IMGd0 oM FH0350  F0300Mmm  LbYIMOTM  FMOIMgdo,
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Y39wsDg 3939 3OOl 253039900 0683m®m3s300L gobsfiowgdol mgm®mools
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Abstract

Relevance — Creation, implementation and utilization of mono-service networks is
based upon the knowledge of traditional methodology for defining and modelling
traffic in telecommunication networks. In particular, network traffic qualities;
requirements towards quality of service; types of traffic — uninterruptable traffic,
elastic traffic, unified traffic. For the purpose of traffic modeling, it needs to be
described in mathematical terms, namely arrival of bytes, packets etc. as point

process. A point process consists of a sequence of arrivals instants Ti, T2, ....Tn. The
pulsing structure of traffic, need for defining dispersion index, picks for traffic, pick
time dimensions and measuring picks for variety of services such as video-traffic ,

ATM and Ethernet traffic.
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In the multi-service networks emphasis are made on studying the arrival of
request flows, based on the results of the study the problems arising in the network
can be discussed and resolved. Thus, activities related to modeling the network are,
conducting complicated calculations, while fundamental theory that allows such
complicated calculations is the theory of request flows, one of the most complete
theories. That is why, the proposed thesis covers “Qualities and Features of Request
Flows”, to apply the results in studding pulsing or structural flows. In this case the
correlation function is a main criteria. The specific feature of correlation function for
self-similar processes in comparison to the correlation function of normal processes is

that distribution is polynomic but not exponential.

At the first stage, the research focus was identification of causes for self- similarity in
teletraffic.

In real networks the resources are limited, the sources of traffic are large and while
accessing those scarce resource the sources of traffic become interdependent. In case
of network overload, non-linearity appears in control mechanisms such as
Transmission Control Protocol (TCP), Ethernet etc.  The utilization of network
resources happen on every level of network archnitecture, thus providing opportunity
to distribute existing resources optimally, based on statistics. Modern multi-service
network is telecommunication system with medium accumulation, thus traffic in it is
flattened, which is evident in packet switching based on Leonard Kleinrock. Based on
this, existing classic theory can be applied to packet flows.

When the scale of these processes is enlarged, in addition to statistical similarity they
also show self-similarity.

The scientific novelty derived from the given research are:
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In case of independent sources of traffic, self-similarity is created by the
accumulation of number of individual on/off sources. The distribution of
active and passive periods of the source has tail and unlimited dispersion.
The wunified traffic is self-similar, and resambles Brownian motion
fractionality. However, it has significant sources of disparity i.e. limited
resources of the network causes interdependency between sources of
information.
The main factors for long-range dependence in network traffic are:
Customer behavior
Data generation, structure and search;
Traffic unification;
Network Control equipment;
Feedback based control mechanisms;
Network development

J The thesis offers method for calculating average mean of traffic
queuing, based on measuring correlation and dispersion of traffic on paths.
The results of the research are covering issues of modeling and utilization of

multi-service networks.
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