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CYYACHI MOBH ITPOI'PAMYBAHHA
JIJII CACTEM HAJAHHA TEJEKOMYHIKAIIMHUX MMOCJIYT

Makarenko A.O., Bondarchuk A.P., Khotyns'kyy Ye.B., Lymar V.M. Current programming
language system for providing telecommunication services

In the paper the research results of modern programming languages used to develop programs for
individual units of modern systems of telecommunication services. It was determined that one of the most
promising and one that is booming implementations approach to the creation of modern systems of
telecommunication services is technology OpenFlow Softswitch. This technology is a logical
continuation of the post NGN (IP Multimedia Subsystem) and Softswitch component of such systems. Its
main instrument is the OpenFlow specification, which describes the basic components of OpenFlow-
networking principles and interaction of the components. Organization for Standardization specifications
are ONF - Open Networking Foundation. The results of the analysis of existing software for modern
systems of telecommunication services following conclusions can be made that most existing software for
modern systems of telecommunication services written in high-level languages: C, C ++, Python, Java,
Rybu; cross-platform are Java-only controllers FloodLight, Beacon and Maestro, others work on Linux-
platforms; dominant programming languages for switching systems are C and Java. It is shown that the
results of existing research software for the creation of modern systems of telecommunication services
and open source software, the most promising and those that are actively developing developments
controllers Beacon, FloodLight (in the language of Java), Trema and MuL (in C). Determined that based
programming languages C and Java, the programming language developed special networks on the one
hand represent high-level flow control methods in the network, on the other hand hide all the details on
proper and correct installation rules for low-level switches. Currently the following languages are
Frenetic, NetCore and Nettle. The most popular programming language among programmers, including
and modern systems of telecommunication services is language Java. There are 4 main reasons: cross-
platform; friendly syntax; object-oriented language; memory management.
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Maxkapenko A.O., Bongapuyk A.Il., Xoruncbkmii €.b., Jlumap B.M. Cyuachi moBu
NMpOrpaMyBaHHsI IJIsl CHCTEM HaJJaHHS TeJeKOMYHIKaliHHUX MOCIYT

B crarti BHCBITJIEHO pe3ylbTaTH JOCHI/PDKEHb Cy4acHHMX MOB MpOrpaMyBaHHs, sKi
BUKOPUCTOBYIOTBCSI 3 METOK PO3POOKH MNporpaM JUisi OKPEMHX BY3JIB CYYacHHX CHCTEM HaJaHHS
TEIEKOMYHIKAlifHUX TOCHyr. Bu3HaueHO, IO OJHIEI0 3 HAWOUIBII TMEPCIEKTUBHUX MiIXOMIB 10
CTBOPEHHSI Cy4aCHMX CHCTEM HaJIaHHS TelleKOMYHIKaliiHuX nocayr € texHosorist OpenFlow Softswitch.
IMoka3aHo, 110 Ha OCHOBI MOB nporpamyBanHs C Ta Java, po3poOJieHO creliajibHi MOBH MPOrpaMyBaHHS
Mepex - Frenetic, NetCore i Nettle. HaiOimpm mOMyIsSpHOIO MOBOK MPOTpaMyBaHHS cepen
MIPOTPaMICTIB, B T.4. i CyJaCHHX CHCTEM HAJaHHS TEJICKOMYHIKalliiHUX MOCIYT, € MOBa Java.

Kurouosi ciioBa: MoBa nporpamyBaHHs1, TeniekomyHikauiiai nociayrd, NGN, OpenFlow Softswitch,
C, C++, Python, Java, Rybu, Frenetic, NetCore i Nettle

Maxkapenko A.O., bougapuyk A.Il.,, Xoruncokuii E.B., JIbimap B.H. CoBpemeHHbIe SI3BIKH
NMPOrpaMMHUPOBAHHSA JUIl CHCTEM NPeJ0CTaBJIeHHs TeJIeKOMMYHHKAIIMOHHBIX YCIYyT

B cratpe oTpakeHBI pPE3yNbTAaTHl HCCIEIOBAHWN COBPEMEHHBIX S3BIKOB MPOTPAMMHPOBAHHSA,
HCTIONB3YEMBIX I Pa3pabOoTKH MPOrpaMM IS OTACIBHBIX y3JI0B COBPEMEHHBIX CHCTEM NPEI0CTaBICHUS
TEJICKOMMYHHUKAIMOHHBIX yciryr. OmpenesieHo, 4YT0 OJHMM W3 HambOoJiee NMEepCIEeKTHUBHBIX ITOJIX0JI0B K
CO3/IaHUI0 COBPEMEHHBIX CUCTEM NPEAOCTaBIEHUS TEICKOMMYHHUKAMOHHBIX YCIIYT SIBISAETCS TEXHOJIOTHS
OpenFlow Softswutch. IToka3ano, uTo Ha OCHOBe S3BIKOB mporpammupoBanust C u Java, pa3zpaboTaHbl
crenuaibHbIe A3bIKM TporpaMMupoBanus cetedd - Frenetic, NetCore u Nettle. Hanbonee momynsipHbiM
SI3BIKOM TIPOTPaMMHUPOBAHUS CPEJH MPOrpPaMMUCTOB, B T.4. U COBPEMEHHBIX CUCTEM IPEJOCTaBJICHUS
TEJIEKOMMYHHUKAIIMOHHBIX YCIIYT, SIBIIIETCS A3bIK Java.

KoaioueBble ciioBa: s3bIK IPOrpaMMHUPOBaHMS, TeJIeKOMMYyHUKaonnsle yeiryru, NGN, OpenFlow
Softswitch, C, C++, Python, Java, Rybu, Frenetic, NetCore i Nettle

© Maxkapenko A.O., Bonoapuyx A.Il., Xomuncokuii €.5., Jlumap B.M., 2016
21



ISSN 2518-7678 Hayrkoei 3anucku YH/JI3. — 2016. — Ned(44)

Beryn

JloHenaBHa JOCTaBKa TEJIEKOMYHIKAI[IWHUX TOCHyr Oyja BEepPTUKAIBHOIO, BHMaraia
CHeIiali3oBaHoi 1HQPACTPYKTypu Ta Opi€HTAIil Ha Te, M0 BUUILIO y omeparopa. BaximumBum
eneMeHToM Oysno aboHeHTChke oOsiamHaHHs. ChOrojiHI, KoM aOOHEHT Mpalioe B JIEKIIBKOX
Mepekax OJIHOYaCHO, Taka CepBiCHA NpPaKTUKa CTae He3pydHor. Tomy HIIKOM JIOTIYHUM
MIPOJIOBKEHHSAM PO3BUTKY TelneQOHHUX «iHTenekTyanpHux Mmepex» (IN) B emoxy NGN crana
apxitektypa IMS (IP Multimedia Subsystem), opieHTOBaHa Ha HamaHHS OYIb-SIKOTO CEpPBICY B
OyIb-sIKOMY MICIII MEPEXKi 3 TTAKETHOI0 KOMYTAIli€r0. Y TOH Yac sIK Ha HACUYEHUX PUHKAX MPUOYTKH
BiJl TPAIUIIHHUX MMOCIIYT 3MECHIIYIOThCS, 3aBAaHHsIM IMS € moOymoBa e1MHOT Mepexi, 3aBISKU SKii
aOOHEHT MOK€ OTPUMAaTH BKa3aHi BUILE MOCIYTH, BKIIOYAIOYM KOHBEPIE€HTHI1 MOCIYTH BiJ MEpPEk
¢dikcoBaHoro Ta MOOUTBHOrO 3B’s3Ky. IlepeqyMOBOIO IBOTO € 3MEHIICHHS B 3araJlbHOMY
CEpBICHOMY IaKeTi OIEPaTOPiB YaCTKHU rOJ0COBHUX cepBiciB [1].

IMS sk KOHIETIiSi BUKOPUCTOBYETHCS OMEPATOpaMH U 3MEHIICHHS CTPATEriyHUX PU3HKIB
pu BHOOPI HUISIXIB TEXHIYHOTO po3BUTKY. B 1inomy IMS — 1e iHCTpyMeHT, SIKUi Ja€e onepaTopy
HAa TJi CTPIMKO3POCTAalO4YO0i KOHKYPEHIil yTpUMyBaTH aOOHEHTa 3a JONOMOTOK HaJaHHS
MYJIBTUCEPBICY Ha YHIBEpCAIIbHUI TepMiHaJ (KOHBEPIEHIIis CEPBICY).

Meperki HacTYITHOTO MOKOJIIHHS MatOTh JBa BapiaHTH o0ynoBu [1-7]:

- 3 BAKOPUCTaHHAM NporpamMHux komyrtaropis (Softswitch) 1 mepianuirozu (MGW);

- 3 BUKOPUCTaHHSAM IPOrpaMHO-anapaTHoro komiiekcy IMS.

Apxitektypu IMS 1 Softswitch maroTe piBHeBUl po3moain (aOOHEHTCHKHX MPHUCTPOIB 1
TPAHCHOPTY, YNPABITIHHA BUKIUKAMH 1 CEaHCAaMH, CEPBEPIB MOJATKIB), MPH YOMY MEXI IUX
JIOTIYHUX PIBHIB MPOXOAATH B 000X KOHIEHISX/apXITEeKTypax MPAaKTUYHO B OJHHMX 1 THUX XK€
Mmicisax. [Ipoctro B apxitektypi Softswitch 3a3Buuaii 300pa)ar0Th MeEpeXeBi NPHCTPOi, a
apxitexktypa IMS Bu3HauaeThCs Ha piBHI QyHKIIH. AOGCOIIOTHO OJHAKOBI TAKOX 1/1€1 HaJaHHS BCIX
nocyr Ha 6azi [IP-mepexi Ta po3noainy GyHKIINA yIpaBliHHSI BUKIAKOM 1 KOMYTAIii.

Ilepm 3a Bce, Softswitch - me oOmagHaHHA KOHBEPreHTHUX Mepex. DYHKIS yHIpaBiIiHHS
LIUTI03aMU SIBIISIETbCA JIOMIHYIOUOI. Y cBoro uepry, IMS mpoekryBanacsi B pamMKax MOOUIBHOI
cribHoTH 3GPP [6], moBHicTiO GasyeTrbest Ha IP. OcHoBHUM 11 mpoTokosioM € SIP, 1o n03Bosisie
BCTaHOBJIIOBaTH OJHOPAHIOBI cecli MK aODOHEHTaMH 1 BUKOpUCTOBYBaTH IMS TiIbKHU SIK cUCTEMY,
1110 HaJlae cepBicHI QyHKIIT 3 6€3MeKH, aBTOpHU3allii, TOCTYIy 10 MOocayr i T.1. OyHKIis ynpaBliHHS
[NUTIO3aMHM 1 caM MeJialuiio3, B JIaHOMY BHUIIAJIKy, JUIIE 3acid it 3B’s3Ky 3 aOOHEHTaMu
¢ikcoBaHUX Mepex (TesehoHa Mepeka 3aralbHOTO KOPUCTYBAHHS).

Ane B IMS yacTkoBO 3riamKyrOThCs MPOOJIEMH CYMICHOCTI OOJIaHAHHS, BJIACTHBI <«ITYIIY»
pimens  Softswitch [1-7], ockiabku B3aeMofisi (QYHKUIOHAIBHUX MOJIYJIB PETYIIEThCS
crangaptamu. HoBuil miaxia 10 HagaHHS MOCTYr BUSBUBCS HAJA3BUYAWHO BIATUM 1 3a0€3MEYUB
POYMIHT TOCIYT, L0 NOBMHHO IMPHUHECTH JOJATKOBUH NPHUOYTOK omeparopy. BukopucraHus y
¢ikcoBanux mepexxax NGN [7] Ta B moOunbHUX Mepexax 3G ognakoBoi cuctemu IMS, Bracwhe, i
BIIKpMBAa€ TNEPCHEKTHBY KOHBepreHuii ¢ikcoBanux Ta MobOumpHHUX Mepex (FMC) Ha
omeparopchbkoMy piBHI. OmnepaTopy HaTAIOTHCSA MMUPOKI MOXKIMBOCTI MO YIPABIIHHIO MEPEKHUMU
pecypcamu, onTUMIi3allii Ipoecy JOCTABKH IMOCIYT Ta PO3LUIMPEHHS KIIIEHTChKO1 0a3u.

[lepenymoBamu Mirpauii «TpaguLliMHUX» MEPEX «TpaauliiHux» omneparopiB 1o IMS e
MoJlJIbla CTpaTeriyHa Oe3NMepCHeKTHUBHICTh MO3MIIOHYBaTH cebe Ha pUHKY K «OiToBa» TpyoOa,
CIIOCTEpIraloyy JIMIIE «BTpadeHy KOPHUCTbY»; MOCTIMHUN BIATIK MpUOYTKIB 10 mpoBaiiaepiB VoIP i
ISP; BiTHOCHO BHCOKI MOTOYHI E€KCIUTyaTallifiHi BUTpAaTH 1 BHCOKa BapTICTh BBEAEHHS HOBHX
cepBiciB; «IcTopuuHe» TSHKIHHS 10 PO3MOAUIEHOi, BIIKPUTOI Ta CTaHAApTHU30BAaHOI apXITEKTYpH;
3pimicTh TexHomorii IMS i SIP, a Takox HasIBHICTh BIAOBITHUX CTaHAAPTIB.

VY nporeci ctBoperHs mepexxk NGN Ha mepine Miclle BUXOISITh MUTAHHS BUKOPUCTAHHS MOB
IporpamMyBaHHs 3 METOI PO3POOKH MPOrpaMu JJIsi OKPEMHUX BY3IIB CY4aCHHUX CHUCTEM HAJaHHS
TeNeKOMYyHIKamiiHux mociayr. [lpum 1mpoMy Ha TemepimHIA Yac HEIOCTaTHRO BHCBITIICHI
JOCHIUKEHHST JAHOTO MUTAaHHSA, BHMKOHAHI Ha TaKOMy JK piBHI, fK Iie Oyino 3poOieHo ams
nonatkoBux nociyr nudpoux ATC abo mis mocayr iHTeNnekTyansHoi Mepexi B TM3K, To6To Ha
PiBHI 10CTaTHHOMY JJISl aHAJI3Y 1 CHHTE3Y, 1110 1 00YMOBIIIO€ aKTYaIbHICTh IaHOI CTATTI.
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Cryninb HaykoBoi po3podku. Mepexxi NGN B nmanuii 4ac po3misiialoTbes y 0ararbox
poboTax, BKIIOYarour MoHorpadii, YMCIeHHI CTaTTI B HAYKOBO-TEXHIYHUX KypHaJIax 1 JOMOBiI Ha
KoH(pepeHIisx. Y poborax i B JOKyMeHTax psmy opranizauidd, takux sk ITU, IETF, ETSI, IMS
Forum, 3GPP, po3rnsnyTi TexHiuHi pimenHs crBopeHHs Mepexk NGN [1-7]. HaykoBi ocHOBH 111 X
peamizamii wmictiateest B poborax B.K. CreknoBa, JI.H. bepkman, M.M. Kmumama, B.B.
ITommoscrkoro, Boxma 0O.J., Everitt D., Ferguson M.J., Fuhrmann S.W., Levy H., Takagi H. ta
1HIIMX BYCHHX [8].

HesBaxaroun Ha BenMKy KuUTbKicTh myOsikarid mo NGN, cepea HMX TOKH IO MPAKTUIHO
BIJICYTHI aHaJTITUYHI JOCII/KEHHS, CIPSIMOBaHI HA BUBYCHHS BUKOPUCTAHHS MOB NPOTPaMyBaHHS
IUIS PO3POOKH MPOrpaM OKpEMUX BY3JIIB CyYaCHUX CUCTEM HaJlaHHS TEJIEKOMYHIKAI[IHHUX MOCIIYT.

Meta po60OTH - JAOCIIJUTH CydacHi MOBH HPOTPAMYyBaHHS, SKi BUKOPHUCTOBYIOTHCS 3 METOIO
PO3pOOKHU Mporpam Jjisi OKPEMHUX BY3JIIB Cy4aCHUX CUCTEM HaJlaHHS TEJIEKOMYHIKAIIHHUX MOCIYT.

1. Apxirekrypa IP-myabTuMeniiiHoOI mixcucremu

Apxitekrypa IMS no3Bosisie HaJlaBaTh HOBITHI MyJbTUMEIINHI IMOCIYTH Ha YHIBEPCATLHOMY
o0JaZHaHHI 3 BUKOPUCTAHHSM pI3HUX CIOCOOIB JOCTYNy, 3MEHIIYIOYM PHU3HKH, OB s3aHi 3
BBEJICHHSAM OKPEMHX MOCIYT, 1 HaJaroKyl4u BHYTPIIIHI Oi3HEC-TIPOLIECH omepaTtopa. Alle mepi
HDK OyayBaTH 1I0-HEOYIb, O0akaHO 3PO3YMITH, HACKUIBKM BCE 1I€ BaM JIOCTYIHO. | juis mouaTky
JOLTEHO OI[IHUTH PU3WKH, TIOB’s13aH1 3 HOBOIO iHIIIaTHBOIO.

3okpema, niacuctema IMS 3abe3neuye HajlaHHS NOCIYT B MAKETHOMY CEPEIOBUIIL: 1€ MOXE
OyTu abo By301 TenedOoHHOI Mepexi, ad0 TeJIeMaTHYHUI BY30J1, 200 BY30J1 MEpexi nepeaadi MOBH
B Mepexi Iepepadi JaHMX. Y BCIX TPbOX BMIIAQJKaxX YMHHA HOPMAaTHBHO-TIpaBoBa 0a3za HakJagae
CyTTEeBI 0OMexkeHHs1 Ha peamizanito FMC (Hanpukiian, By30d Telne@OHHOT MEpEKi HE MOXKE MaTh
nigkaodeHHs: abonentiB mo Ethernet). Kpim Toro, 3anexxno Bing obpanoi 6a3oBoi mociyru, IMS
MOTpAIUISE MMiJ] OOMEXEHHS BiIIOBITHOI CITy>KO0H 1 10 B3aemoii pizHux nmociyr. [IpaBna, 3 meBHUMU
po30ixHOCTsIMH IMS BiAnoBigae BUMoraMm a0 oOjaJHaHHs BIANOBITHUX CIYyXkO, ajge B MiACYMKY
BapTO MPOAyMaTH, K Mepexka Ha 6a3i IMS Oyzae BigmaBaTucs B ekcruryataiito. Ciif Takox MaTu
Ha yBa3i, o cama no cobi IMS He € HabopoMm cepgiciB. SAapo IMS numie 3a6e3nedye peanizaiiro
0a3oBoro Ha0Opy BHYTPIIIHBO MEpPEXKEBUX MOCIYI Ha 3pa3oK aBTOpH3allli, YIpaBIiHHSA
3’€AHAHHSIMH 1 MyJIbTUMEIIHUME cecismu. HalOinpmn mikaBi JOJATKOBI MOCIYTH peani3yrThCs
cepBicaumu 1atdpopmamu (SDP), siki yacTo sABISIOTH COOOIO aBTOHOMHI 1 JENIeBl TEXHIYHI
pimeHHs. Aje iX Tex Tpeba KymyBaTH 1 MiJKIHOYaTH. TakuM UYMHOM, BaXKJIMBO, L0 KIHOYOBI
nepeBarn IMS 1o mBHIKOMY BHUBEJEHHIO CEpBICIB Ha PUHOK 0arato B 4OMY BHU3HA4YarOThCS
BJIACTUBOCTSAMH HE 1€l MificucTeMH, a cepBicHUX miatdopm (SDP) Ta iHCTpyMeHTanbHUX 3ac001B
(cepBepiB nmonatkiB - AS). Cama mo cob0i IMS ne Hece B coOi Oyab-sky killer application.
BinmnoBigHO, BUBHAUYNTH €KOHOMIYHHUM e(eKT Bia BrpoBamkeHHs IMS Tex ckmagno. Amxe IMS -
JUIIE 3pYYHUH MEeXaHI3M JOCTaBKM Ta 00poOku (Tapuikamii) cepsiciB. KpiM Toro, Bumora a0
HOBMX IOCJIYT PUHKOM HalyacTillle HIK4Yl BiJl mepeadadyyBaHUX - BIUIMBAIOTH 1 COLIOKYJIBTYpHI
OOMEXeHHs, Ta IHEPTHICTb IyOJiKM, 1 IOTaHe€ BHYTPIIIHE TOKPUTTS MOOUIBHMX MEpex, 1
€KOHOMIUHI KPH3H, 1 T1 K PETryIsATOPHI 0OMEXKEHHS.

Apxitektypa IMS, sika 3a70BOJIbHSIE BUKJIAJICHUM BHUIIlE BUMOTaM, BU3HAY€HA B CTaHJapTax
3GPP, €Bponeiicbkoro iHcTUTYTY cTanaapTiB 3B s13ky ETSI 1 popymy Parlay (puc. 1) [2, 3, 9].

VHidikoBaHa cepBicHa apxiTekTypa IMS nmiaTpumye mMpoKuid COEKTp CepBICIB, 3aCHOBAaHUX Ha
rHydkocTi mpotokosny SIP (Session Initiation Protocol), i MHOXHMHH cepBepiB aruTiKallii, sKi
HaJaloTh SK 3BUYaiiHI TenedOHHI TMOCIYrM, TaKk 1 HOBI cepBicM (OOMIH MHUTTEBHUMHU
MOBIIOMJICHHSIMH, MHUTTEBUI 0araroTouedyHWid 3B’A30K, TMepeladya  BiJEOTMOTOKIB, OOMIH
MYJbTUMEAIMHUME MOBiJOMIIEHHSIMU TolI0). CepBicHa apXiTeKTypa sBisie c0000 Hadlp JOTTYHUX
GbyHKLIN, sIKI MOXKHA MOAUTUTH Ha TPU PIBHI: PIBEHb TPAHCIOPTY Ta aOOHEHTCHKHUX MPHCTPOIB 1
1IUTI031B, PIBEHb YIPABIIHHS ceaHCaMU U piBEeHb cepBepiB arutikariii [1, 9].

Pigenv mpancnopmy ma abonenmcokux npucmpois. Ha 1poMy piBHI IHIMIIOETbCS U
3MICHIOEThCA curHamizamis SIP, HeoOXiMHa 711 BCTAaHOBJICHHS CEaHCIB 1 HaIaHHs 0a30BHX MOCHTYT,
TaKuX K IEPETBOPEHHS MOBH 3 aHaJOroBoi abo mudposoi popmu B IP-nakeTH 3 BUKOPHCTAHHIM
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npotokoiny RTP (Realtime Transport Protocol). Ha nipoMy piBHI (QyHKIIIOHYIOTH MeIIaILIIO3H, SKi
MepeTBOPIOIOTh 0a30Bi motoku VoiP y tenedponnmit ¢popmar TDM. MeniacepBep Hamae pi3Hi
MefiacepBicH, y TOMY YHUCII KOH(EpEeHI-3B 30K, 30ip TOHOBHX CHUTHAIIB, PO3Mi3HABAHHS MOBU

TOLIO.
. . . Ceprepn
Tiroui SCP @ CAMEL, ANSI-41, P
INAP. TCAP
| Parlay IP
Pisens Tenedonmi ﬂnﬂarmnil
CEPREPIR Inun cepricH L IM-58F Tenedomnm OSA-GW
. cepeicu | TAS) .
ATk CepBICH
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PiecHs
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BHETHEAMH :
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PipeHb TpaHCMOPTY
TA ADOHEHTCEEHY I I T T

MPHCTPOIE

P
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7,
e,
VolP YolP

Puc. 1. Crpoienuii Bapiant apxitektypu IMS

Pecypcu meniacepBepy AOCTYIIHI BCIM arulikaimisiM, ToOTO Oynb-ska ariikauis (TosocoBa
nomTa, Oe3komroBHuid Homep 800, iHTepakTuBHI VXML-cepBicu ToOImIO), sKili HEOOXiTHO
BIJITBOPUTHU ONOBIIIEHHA a00 oTpuMaTH 1upu HabpaHOro HOMEpa, MOYKE€ BUKOPUCTATH 3arajlbHUN
cepBep. MeniacepBepy TakoX HIATPUMYIOTh HeTeneoHHI (GYHKIII, HAOpUKIaA, THPAKyBaHHS
MOBJICHHEBUX TOTOKIB JUIsl HaJaHHS cepBicy MUTTeBoro OararoroukoBoro 3B’s3ky (PTT). Ilpu
BUKOPUCTaHHI Ul PI3HUX CEpPBICIB 3araJlbHOrO IIyJia MejiacepBepiB BiJmMagae HEOOXiIHICTh Y
IUTaHYBaHH1 ¥ 1HXKUHIPUHTY MeJllapecypciB 71l KOXKHOT OKpEeMOT aruTikarii.

Pisenv ynpasninns euxnuxkamu i ceancamu. Ha 1bomy piBHI peasnizyerbesi GyHKIIS yIpaBIiHHA
Bukiaukamu ¥ ceancamu CSCF (Call Session Control Function), sika peectpye aOOHEHTCHKI
OpUCTpoi M Hampamisge CUTHAJIbHI TMOBIIOMIIEHHS MpoTokony SIP 10 BiANOBITHMX cepBepiB
arutikaiiil. @ynakuis CSCF B3aemoie 3 piBHEM TpaHCHOPTY ¥ AOCTymy AJis 3a0e3MeueHHs SKOCTI
o0CITyroByBaHHS 3a BciMa cepBicaMu. PiBeHb yIpaBiIiHHS BUKIMKAMU i c€aHCaMU BKIIOYA€ CEPBEP
abonentcrkux ganux HSS (Home Subscriber Server), e nientpanizoBaHo 30epiratoTbCsi YHIKaIbHI
cepBicHi mpodini Bcix aboHeHTiB. I[Ipodine MICTUTH MOTOYHY peecTpauiiHy iH(pOpMaIliro
(manpuknana, IP-agpecy), maHi poyMiHTy, AaHl IIOAO TeNe(POHHUX MOCIYr (HANpHKiIaa, HOMEp
nepeaspecailii), 1aHi 040 0OOMiHY MUTTEBHUMH MOBIIOMJICHHSIMH (CIIHCOK aOOHEHTIB), MapaMmeTpu
roJI0COBOI MOMITH (HAIPUKIIAJ, BITAHHS) TOLLO.

LlentpainizoBaHe 30epiraHHs J03BOJISIE PI3HUM aIlIiKalisiM BHUKOPUCTOBYBATH Il JaHI JUIS
CTBOpPEHHS MEPCOHAIbHUX TOBIAHMKIB, 1H(OpMaLi Ipo MPUCYTHICTh y Mepexki aODOHEHTIB PI3HUX
KaTeropii, a Takox o0’eHaHuX mociyr. LleHTpanizalis Tako ICTOTHO CIPOIIY€E aMiHICTPyBaHHS
KOPUCTYBAIBHUIIBKUX JaHUX 1 TrapaHTye€ OJHOPITHE TOJIaHHS aKTUBHHUX AOOHEHTIB 3a PI3HUMH
cepBicamu. Ha piBHI yrpaBiiiHHSI BUKJIMKaMHU i ce€aHCaMU TaKOX peani3yeThest (PyHKIIS yIpaBIiHHS
menianumrozamun MGCF  (Media Gateway Control Function), sxi 3a0e3neuyroTh B3a€MOJIIIO
curHamizamii SIP i3 curnamizamiero iHmMX Memiannmo3iB (Hanpukian, H.248). Oysknis MGCF
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yIpaBsg€ PO3MOAIIOM CEaHCIB MO0 MHOXHHI MEIIallIio3iB, Ul MeaiacepBepiB 1€ BUKOHYETHCS
¢dynakmiero MSFC (Media Server Function Control).

Pigenv cepsepie annikayiii  (npocpam). lleii piBeHb MICTHTH CepBEpU aIUTIKAIlHd, sKi
3a0€31evyl0Th OOCIIYTrOBYBaHHS KIHIIEBHX KOpUCTyBadiB. Apxitektypa IMS i curnamsamis SIP
3a0e31euyl0Th JOCTAaTHIO THYUKICTh JUIS MiATPUMKHU PI3HOMAHITHUX Tele(OHHHUX H 1HIIMX CepBepiB
aruTiKarii.

Cepsep annikayiti menegonii. Apxitektypa IMS miaTprMye MHOXKUHY CEepBEpiB arutikamii 1uis
tenedonnux ceppiciB. CepBep Ttenmedonnux arumikanii TAS (Telephony Application Server)
npuiiMae i 06poOmoe moBinomiieHHs poTokoiay SIP, a Takok BU3HA4ae€, SIKUM YHHOM Ma€ OyTH
iHimioBanuii BuximHui BUKIWK. CepBicHa sorika TAS 3abesneuye 0a3oBi cepBicH 0O0pOOKH
BUKJIIMKIB, BKIIOYAIOYM aHami3 I[Udp, MapUIpyTHU3allil0, BCTAHOBJICHHS, OYIKyBaHHS U
IIepeHanpaBIeHHs] BUKIMKIB, KOHpepeHI-3B 430K Tomo. TAS Takox 3a0e3neuye CepBiCHY JIOTIKY
IUIE 3BEpHEHHsS JO MejiacepBepiB 3a HEOOXIJHOCTI BIATBOPEHHS ONOBIIICHb 1 CHTHAIIB
IIPOXO/IKEHHS BUKITUKY.

Sxmo Buknumk iHinioBanuii y T$3K, cepsep TAS 3abe3neuye curnamizanito SIP o ¢ynxmii
MGCF nans Bumadi KoMaHAM MeiallUTI03aM Ha MepeTBOPEHHS OITiB MOBJIEHHEBOTrO motoky TDM
(T$p3K) y motix IP RTP, i manpaBnenns ioro na IP-ampecy BigmosigHoro IP-tenedony. TAS
0o0po0Outoe TpurepHi Toukd BUKIUKY IN BiamoBigHO A0 Mojaeni TenedoHHOro BUKIUKY. [lpu
JOCSITHEHH]1 BUKJIMKOM TpurepHoi Touku TAS mpumnuHse o0poOKy BUKIHMKY W mepeBipse mpodiss
aboHeHTa (e MicTUTbCS 1H(pOpPMALis PO Te, sIKI MAlOTh OyTW 3aisHI cepBepU arulikaiiil) Ha
HEOOXiTHICTh BUKOHAHHS jaoaaTtkoBux nociyr. TAS ¢opmye nosimomnenns ympasiinas ISC (SIP
I[P Multimedia Service Control) 1 mnepenae ymnpaBiaiHHS BHKJIMKOM BiANOBIIHOMY CEpBEpPY
arutikanii. Leit MexaHi3M Moxe OyTH BUKOPUCTAHWH U BUKJIMKY SIK YCHaJKOBaHUX cepBiciB IN,
Tak 1 HOBUX cepsiciB Ha 0a3i SIP. B ognomy moBimomienni IMS MOXyTh MICTHTHCS NaHi Mpo
nexinbka TAS, siki HaAaOTh NEBHI MOCITYTH PI3HUM THUTIaM a0OHEHTCHKHX MPUCTPOIB [6, 7, 9].

Hanpuknan, oaun cepBep TAS nHanmae mocimyru [P Centrex (4acTkoBi MilaHM HyMeparlii,
3arajbHi JOBIIHUKH, aBTOMAaTHYHUN PO3MOJILI BUKIIMKIB TOIO), 1HIINHN cepBep miarpumye YATC 1
Hajae nocayrd VPN. Bzaemoqis JekiabKoX cepBepiB arulikalid 3/iHCHIOEThCS 3a JOMOMOTIOI0
curHamizauii SIP-I quist 3aBepiieHHs] BUKIUKIB MK @DOHEHTCHKUMU MPUCTPOSMU PI3HUX KIIACIB.

@Dynxyia komymayii nocaye IM-SSF. ®@ynkuiga komyranii nocayr IM-SSF (IP Multimedia -
Services Switching Function) 3a0esneuye B3aemopito moBimomieHHs SIP 3 BignmoBigHUMHU
nosinomneHHsiMu CAMEL, ANSI-41, nincucrem INAP (Intelligent Network Application Protocol)
a6o TCAP (Transaction Capabilities Application Part). Ils B3aemomisi 103BoJsIE MIATPUMYBAHUM
IMS IP-teneonaM OTpHUMYBAaTH JOCTYI JI0 CEPBICIB BU3HAUYEHHS IMEHI CTOPOHH, KA BUKIMKAE,
6e3komToBHOTO HOMepa 800, mepeHoCy JIOKAIbHOTO HOMEpa TOIIO.

Hooamxosi cepsepu menegonnux annixayiu. llpuknangHuil piBeHb MOXE TaKOXX MICTUTH
ABTOHOMHI HE3aJICKHI CEepPBEPH, SKI HANAIOTh JOJATKOBI MOCIYTH B OyAb-sKiil CcTajli BUKIUKY 3a
JI0NIOMOT 00 TpurepiB. Jlo Takux Mociayr HajexaTh HalOip HOMepa, nepeajpecallis Ta BCTAHOBJICHHS
KOH(EPEHII-3B 3Ky, TTOCIYTH TOJIOCOBOI IMOIITH, MOCIYTH 1IHTEPAKTHBHOT MOBJIEHHEBOI B3a€MO/IIT
(IVR), VoiP VPN, nonepennro oruiadeHuii OiTiHT, OJTOKYBaHHS BXiTHUX 1 BUX1THUX BUKJIHKIB.

Inwi cepsepu annixayiti. Ha npuximagHoMy piBHI TakoX MOXYTh IHepeOdyBaTh cepBepu
artikanin  SIP, ski He BHUKOPHUCTOBYIOTH MOJENb TelepOHHOrO BHKIMKY. Taki cepBepH
B3a€EMOJIIOTh 13 KJIIEHTaMH aOOHEHTCHKUX MPUCTpOiB A HagaHHa cepsiciB PTT, cepsiciB
npucytHocTi Tomlo. Peamizamis cepBiciB Ha 0a3i SIP (HeTenedoHHUX cepBiCiB) y 3araibHii
apxitektypi IMS nmo3Bosisie 3A1HCHIOBATH B3a€EMOJIIIO JBOX BHUJIB CEPBICIB 1 CTBOPIOBAaTH HOBI
3MillIaHl TOCIYTU. SIK MpHKIIa] MOKHA HAaBECTH BiOOpakeHHS Ha TUCIUIET CHUCKY aOOHEHTIB i3
BKa31BKOIO CTaTyCy MPHUCYTHOCTI B Mepexi. [HIMil nmpukia - BUKOPUCTAHHS OJHOTO MOIMEPETHBO
OIJIAYEHOT0 PaxyHKY JUIsl OIJIaTH MOCIYT TenedoHii i Bifeo 3a 3auTOM.

LImo3 siokpumozco cepsicnoco docmyny OSA-GW. T'myukicte apxitekrypu IMS mno3Boisie
cepBic-TIpoBaiiiepaM JonaBaTu cepBicu 10 Mepexi VoIP muisxom B3aemomii 3 IiIOYUMH
aruTiKamisiMu, a0do X NMUIIXOM 1HTerpallii 3 BJacHUX abo po3poOJeHuX TpeTiMu ¢ipMaMu cepBepiB
artikanid Ha 6a3i SIP. Oxpim TOroO, cepBic-TipoBaiiiepy MOXYTh HaJaTH MOXJIMBICTH CBOIM
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KJIIEHTaM pO3pOOJIATH 1 BIPOBAHKYBATH CEPBICH, SIKI 33/1110Th pecypcu mepexi VoiP. Hanpukiarn,
MIIMTPUEMCTBO MOYKE peajli3yBaTH CEpBIC aBTOMATUYHOI reHeparlii MOBJICHHEBOTO a00 MHUTTEBOTO
MOB1IOMJICHHSI IOZI0 JIOCTaBKH 3aMOBJICHHSI.

Onnak HaWyacTilie TWpaIioO4Yl Ha TaKUX MIIIPHEMCTBAX BHPOOHWKM HE3HaWOMI 13
nporokoniamu Tenedonnoi curnamnizanii (SS7, ANSI41, CAMEL, SIP, ISDN Tomo), xo4a if MarOTh
OCBITY B Taly3i iHGopmamiitHux texHosorid. s po3s’s3annsa miei npooiemu dopym Parlay y
ticHoMy cmiBpoOiTHHLTBI 3 3GPP it ETSI po3pobuB npukinanuuii nporpamuuii inrepdeiic Parlay
APl ms opramizamii B3aemopii 3 TenehoHHUMH Mepekamu. Bzaemomiss SIP 1 Parlay API
31ilCHIOETBCS 3a onomororo o3y OSA-GW (Open Services Access, Gateway), KUl BXOJHUTb
10 TpuKIagHoro piBHA apxitektypu 3GPP IMS. Inmn npukmamHi cepBepH, K 3ralyBajiocs BHIIE,
3abe3neuyroTh B3aemoito Mixk SIP i mporokomamu tenedonii (ANSI-41, CAMEL, INAP, TCAP,
ISUP rtomro). Illmo3 OSA-GW 1no3BoJisie KOPIOpaTUBHUM arutikaiisiM Ha 6a3i Parlay orpumarn
noctym 1o iHdopmaiii o0 TPUCYTHOCTI 1 CTaHy BUKJIMKY, BCTAHOBIIOBATH U PO3PHBATH CEAHCH
3B’S3KY, HE3AJICKHO YIPaBIATH cerMeHTaMu BUKIMKY. 103 OSA-GW peanizye intepdeiic Parlay
Framework, sikuii 103BOJIIE KOPIIOpPATHBHUM CEpBEpaM aIUTIKAIii peecTpyBaTHCS B Mepexi i
YIpaBIsie JOCTYIIOM JI0 MEPEKHHUX PECYPCIB.

Poszsumox apximexmypu IMS. BinpuiicTs 13 OMMCaHUX BUILE CEPBICIB OYIIM By3bKOCMYTOBHMHU
ceppicamu mepenadi MoBJieHHS U ganux. OpHak curHamizamis SIP i1 apxitektypa IMS
HIATPUMYIOTh 1 IIMPOKOCMYTOBI MYJIBTHMEiiHI CEepBiCH, Taki SK BilIaJgbHE TeneOaueHHs i3
O0araroaapecaumu (IP multicast) BimeomoTokamu, BiZ€O 3a 3alHMTOM, BIICOCIIOCTEPEIKEHHS,
BifeoTeneoHis, BiICOKOH(EPEHII-3B’A30K, BIpTyalbHi JEKIiiHI 3amu i O6arato goro iHmoro. s
peatizallii Takix CepBiciB y Mepexi MatoTh OyTH BCTAHOBJICHI JOJATKOBI MYJIbTHUMEiiHI cepBepr
aruTikamii i aboHeHTChKi mpuctpoi (puc. 2) [2, 7, 9].

E 3 . . Cepeepn
Hiroui SCP C A:ﬂliﬁ’ "_;?EII;“ L, T
| Parlay IP
PiseHE - e ) HNonarkosi
cepeepis Wiy TR Bmm_, IN-S5F NOCIYTH OSA-GW
anmikaii Sl LI BineoreneoHii
Pmmfb Service
}"[lPﬁHJIIH.HH B[‘f_‘l]{&[’
BHETHEOM @ SIP-ISC
T CEAHCOM u
|
CurHansHwi SCSF
W3 o
. DSL, 802.11, MRFS MGFS
Pigens TpancnopTy GPRS
H aboHeHTChEHX I I
MPHCTPOIR . .
PHETPO Memacepsep Memammrs
Non-51P Multicast _ IM, PTT,
Bi.ﬂ.ﬂﬂl ET B],.:'J,f-":l 34 3-H.IIH'I"|T"PM.
SAMTHTOM pifeoTenepoHia

Puc. 2. Togarkosi mociyru IMS
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3 posmmpeHHsM chepu 3acTOCYBaHHS MYJIBTUMEIIMHUX TMOCIYT BHHHKIA HEOOXITHICTH
Mepexoly BiJ BHUKOPUCTOBYBAHMX ChOTOJHI 0a30BUX MEXaHI3MIB 3a0€3MEUeHHS SKOCTI
oOciyroByBaHHs Ha Oinbil e(peKTUBHI MexaHi3Mu. KpiM MOHITOPUHTY AOCTYMHOI MPOIMYCKHOI
3IaTHOCTI HEOOX1JIHO KOHTPOJIIOBATH KUIBKICTh aKTUBHHMX CEaHCIB 3B’SI3Ky peanbHOro 4vacy. B
apxitektypi IMS aboHeHTChKI mpucTpoi ¥ cepBepu arwmikamiii VoiP 1 mHMpoKocMyroBux
MYJIbTHMEIIHHUX TIOCTYT HAJCHJIAIOTh 3alIUTH Ha IHIIIIOBAHHS CEaHCY uYepe3 3arajlbHHUN €JICMEHT
CSCF. @ynkuis CSCF Bu3Hauae piBHI Tpadika, B3a€EMOJIIIOUN 3 MEPEXKEIO TPAHCTIOPTY U AOCTYMY, 1
MOXE€ BIJIMOBHTH Yy BCTAHOBJICHHI JOJaTKOBHX C€aHCiB. BiamoBimHO, IS MIATPUMKH ITHX
MOIIMPEHNX a0OHEHTCHKUX MpHUCTPOiB y Mepexi IMS HeoOximHO 3a0e3neuuTH B3aEMOJII0
MIITPUMYBaHUX HUMH CTAHJIAPTIB CUTHam3amii W mporokomy SIP. I3 miero Meroro Bxke
3alpONOHOBAHI HOBI IPaHUYHI CUTHAJIbHI IILTIO3H.

OcHoBHa niepeBara IMS B ToMy, 110 OCITyra OJTHOMaHITHO 3MOXE MPAIFOBATA Ha MEPEXki BCiX
oreparopis. S0 Mepexa Oyze peanizoBaHa - yHi(pIKOBaHHUN CepBiC CTaHE TOCTYIHUHN B OyIb-sKil
TOYLIl MPUCYTHOCTI a0OHEHTa, SIK IIe BiOyBaeThcs chboroJHi B Mepexi [ntepuer. Lle, BnacHe, 1 €
KIHIIEBOIO METOIO BCIX OMEpaTOpiB, sIKi BIPOBAIKYIOTH IMS.

2. HoBitHs Texnoaoris OpenFlow Softswitch

Opni€ero 3 HaUOUIBII MEPCIEKTUBHUX 1 TaKoOi, 10 OYPXJIMBO PO3BUBAETHCS pealizalliil miaxomay
70 CTBOPEHHSI CYYaCHHX CHCTEM HAJaHHS TEJICKOMYHIKaiiMHUX mochyr € texHonoris OpenFlow
Softswitch. Jlana TexHojoris € joriuHuM mpojosxkeHHsM cucteM moct NGN (IP Multimedia
Subsystem) Ta ckianoBoi Takux cuctem, sk Softswitch. OCHOBHUM 11 TOKYMEHTOM € crerudikais
OpenFlow [10], B siKiii onucyroThcst ocHOBHI komnoneHTH OpenFlow-mepex, npuHImmm podoTH i
B3aemojii kommoHeHTiB. Opranizamiero crangaptusamii s cnemudikanii € ONF - Open
Networking Foundation (www.opennetworking.org). Jlo 3acroBHukiB ONF BXoasaTh Bci 0e3
BHUKJIFOUCHHSI MIKHAPOJHI BUPOOHHMKHM TEJICKOMYHIKAIIHHOTO OONagHaHHs. Bapro Bia3Ha4uTH
HaiiBimomimux 3acuoBuukiB - Nokia, Cisco, Huawei, Facebook, Google.

OpenFlow - mpoTokoi yrpaBiiHHS MPOIECOM OOPOOKH aHUX, IO MEPEAAIOTHCS M0 MEPEKi
nepenavl JaHUX MapuIpyTH3aTopamMH 1 KOMYTaTopaMu, SKUI peali3ye TEXHOJIOTII0 MpOrpaMHO-
KOHQITypy€eThCs MEPEXKI.

[IpoTOKONM  BHKOPHCTOBYETBCS  JJIsi  YIPaBIiHHS  MEpPEKEBUMH  KOMyTaropam i
MapuIpyTU3aToOpamMH 3 IIEHTPaAJIbHOIO MPUCTPOIO - KOHTPOJIEpa Mepeki (HalpuKiaji, 3 cepsepa abo
HaBiTh NEPCOHANBHOrO KOMIT'toTepa). Lle ympaBiiHHSA 3aMiHIO€ ab0 JOMOBHIOE MPAIIOIOYY Ha
KoMyTaropi (MapuipyTu3aTopi) BOynOBaHy IporpaMmy, ska 3/1iCHIOE T0OyI0Ba MapUIpyTY,
CTBOPEHHSI KapTH KomyTamii i T. 1. KoHTponep BUKOPUCTOBYETHCS JUIsl YIPABIiHHS TaOIULSIMU
IIOTOKIB KOMYTaTOPIB, Ha MIJCTaBl SKUX MPUIMAETHCS PILIEHHS PO Nepeaavy NpUHHATOro Makera
Ha KOHKPETHUH NOpPT KoMyTaropa. TakuM 4YMHOM B Mepexi (OopMyroTbcs NpsMiI MepexeBi
3’€HAHHS 3 MiHIMAJILHUMU 3aTPUMKaMU Tepeadi JaHuX 1 HeOOXiTHUMU TapaMeTpaMu.

3rimHo crnernudikaiii OCHOBHUM €JIE€MEHTOM CHCTEMH CTBOPEHHSI CY4aCHUX CHCTEM HaJaHHS
TenexkoMyHikamiitaux nociyr € OpenFlow Softswitch komyTarop Ta koHTpOIep (puc. 3).

[TopiBHsinbHA Tabmui nepesar TexHojorii OpenFlow Softswitch mokazana nHukue (tabin. 1)
[11].

binbmiicte icHyrounx II3 11 CTBOpEHHsS Cy4yaCHMX CHUCTEM HAJaHHS TeNEeKOMYHIKaI[iiHUX
MOCIIYT HamicaHa Ha MoBax Bucokoro piBas: C, C++, Python, Java, Rybu [12, 13].

Kpocnnardopmennumu sBisitoTbest TibkU Java-kontponepu FloodLight, Beacon 1 Maestro,
1HII TparoloTh Ha Linux-muiatdopmax.

VYeci posrnanyti [13 11t cTBOpeHHS CyyaCcHUX CHUCTEM HaJIaHHS TEJIEKOMYHIKALIHHUX MOCIYT €
OaraTornoTokoBuMH, okpiMm POX.

Vi 13 miarpumytots nporokon OpenFlow Bepcii 1.0 i, oTke, IpaIiOIOTh 3 yciMa iICHYIOUUMH
IIPOrpaMHUMU 1 allapaTHUMH KOMYTaTOpaMHu.

VYci KOHTpoJiepu po3poOIIsiIics 3 a0CONIOTHO PI3HUMH LIJISIMH, TOMY HEMa€ YHIBEpCaIbHOTO
KOHTpOJIepa, SIKUI /03BOJIsiE€ BUPILIYBAaTH YCi 3aBOaHHA B pi3HuX cepenosumax (WAN, neHTpu
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00pobku nanux). Koxxen koHTponep Mae cBoi nepesaru i Hegoniku. Hanpuknan, kontposep POX
J03BOJISIE MIBUAKO PO3POOJISITH OATKU JUI HBOTO B MOpiBHsHHI 3 iHmmMu. [Ipote C, C++, Java -
KOHTPOJIEpH, 10 BUMAraroTh OUIbIIE TPYJOMICTKOTO HANMCAHHS JOAATKIB, ICTOTHO BUTPAIOTH 10
MPOAYKTUBHOCTI. Po3mojiieHi KOHTpoJepH MalTh CKIAIHINTY apXiTeKTypy 1 BHUMAararoTh
CKJIQIHIIIUX QJITOPUTMIB, TPOTE TO3BOJSIOTH MiABUIIUTH MPOJAYKTHBHICTh, MAacCIITAa0OBAHICTh 1
HaAIAHICTH piBHSA ynpasiinas IMS.

Tabmuus 1. IlepeBaru Texnonorii OpenFlow Softswitch

Softswitch OpenFlow Softswitch
[Tlintpumka Oaratbox mpotokoiiB: STP, RIP, | Bci oOuncnenHs 1 Jiorika BUKOHYIOTHCS
OSPF, BGP... koHTposepom Ta OpenFlow Softswitch
[Iponasens Hamae crieniaibHi iHTEpdEcH 3aranpHUl IporpaMHuil iHTEpderic
Softswitch ans komyranii L2; Opun npuctpiit OpenFlow Softswitch mns L2-
Mapmpytuzatop st MapmpyTtusamii L3 L4

OpenFlow Softswitch

OpenFlow Softswitch OpenFlow Softswitch

Puc. 3. OcHosHi komnoHneHTu OpenFlow Softswitch mepexi

3 TOYKM 30pYy apXiTEeKTypH ycCi KOHTPOJEPH BHKOPHCTOBYIOTh MOIYJIBHUI TPHHIUI, IO
JI03BOJISIE HAPOLIYBAaTH MEpEeXeBl cepBicH Ui J0jAaTKiB ycepeauHi I13 mis cucrem komyrarii,
po3MmMpIooun (QYHKIIOHAJIbHI MOXJIMBOCTI KOHTpoJiepa. YCi KOHTPOJEPU MAIOTh IYXKE CXOXKHM
0a3oBuii HaOIp cepmiciB: cepBick st 00podku OpenFlow moBigomiieHb, MATPUMKH 3’ €IHAHB 3
KOMYyTaTopaMu, MEXaHI3MH MiANUCKHU/TeHepalii MOoAi s MOAyTiB 1 JOJATKiB, MEXaHI3MHU
YIPaBIiHHSA MEPEKEBUMHU IPUCTPOSIMHU 1 TOOYIOBHU TOIOJIOTT MEPEXI.

Jns ycix KOHTpOJiepiB Ha JaHMW MOMEHT CTBOPEHI PpEeno3UTOpii Halpi3HOMaHITHIIINX
JOJATKIB, OUTBIIICT 3 SKUX HOCHTH MOCHITHHUIBKUN a0 yuboBuii xapaktep. OJHUM 3 TaKHX, IO
PO3BUBAIOTHCS 1 Mae OaraTto A04aTKiB € peno3uTtopiit koHTposepa FloodLight.

3 TOYKH 30py HaAIMHOCTI, ICHYIOUl KOHTPOJIEPU HE 3[]aTHI MPOTUCTOSTH 3arpo3am, OB’ I3aHUM
3 BIIMOBaMH KOHTPOJEpIB 1 iX JOJAaTKiB, OCKUIbKM Taki MEXaHI3MHM B HHUX HE 3aKJaJeHl.
Buxmouennsam € posnoaiieni koHTposiepu: Onix, sKi 3[aTHUW TepeAaBaTH yMPaBIiHHS 3 By3Ja
KOHTpOJIepa, L0 BiAMOBUB, Ha crpaBHHH, 1 Kandoo, B skoMy y pa3i BiIMOBH JIOKaJbHOTO
KOHTpOJICpa YIPaBJIiHHs [EPEAacThCA Ha BEPXHiil piBEHb - KOpeHEBOMY KOHTpouepy [12, 13].

ITpo npoayKTHBHICTH 1 MacITabOBaHICTh KOHTPOJIEPIB MO JOCTYIIHUX MaTrepianax i iHTepHeT
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pecypcaM CyauTH YyKpail ckiagHo. lle moB’s3aHO 3 HACTYMHMMH TNpoOJeMaMH: CTapiHHSA
JOCIIJDKEHb 1 1X BIATBOPIOBAHICTh - IMPOEKTH PO3BHUBAIOTHCS, 1 XapaKTEPUCTHUKH KOHTPOJIEPIB
3MIHIOIOTHCS, BIIMIHHOCTI B METOJIMKAX JIOCHIKEHb, HE00 EKTHBHICTh PE3yJbTATIB.

Ha ocHOBi copMynpoBaHMX BHMOT JI0 KOHTPOJIEPIB 1 IMPOBEJACHOTO aHaJi3y OTpPHUMaHi
pe3yabTaT, npeacrasicHi B a0, 2 [12, 13]. V wiit Tabnuii KypcHBOM BHILIEHI KOHTPOJIEPH, IO
MPEJCTABISAIOTh HANOUTBIINI IHTEpPEC O Pe3yNbTaTax MOPIBHIHHA.

3a migcyMKaMu JOCIiKeHHs icHyrounx I3 mms cucrteM koMmyTarlii 3 BiIKPUTHM MTOYATKOBHM
KOJZIOM, HaWOUIbII TMEpPCIEeKTHUBHUMHU 1 TaKUMH, IO AaKTUBHO pPO3BUBAIOTHCS PO3POOHUKAMHU
ABIISIOTHCS: KoHTposiepu Beacon, FloodLight (na moBi Java), Trema i MuL (ua moBi C).

3. CneniajibHi MOBH MPOrpaMyBaHHS /Il CTBOPEHHSI MPOTPaAMHOI0 3a0e3MeYeHHs CUCTeM
HAJAHHS TeJEeKOMYHIKANIHHUX MOCYT

HanuBnsuuck Ha mmpoke 3actocyBaHHs MOB Bucokoro piBHs C, C++, Python, Java, Rybu Ha
ocHoBi MOB mporpamyBanHs C, Python Tta Java, po3pobieHo crenianbHi MOBH HpPOTpaMyBaHHS
MepexK, sIKi, 3 OJHOro OOKY, NMPEACTaBIsAIOTh BHCOKOPIBHEBI crOCOOM YMpaBiIiHHS MOTOKAMHU B
Mepexi, a 3 I1HmOoro OOKy, MPHUXOBYIOTh YCi JeTaji MO MNpaBWJIbHIA 1 KOPEKTHIH YCTaHOBII
HU3BKOPIBHEBHX TpaBWJI Ha Komyrtatopu. Ha manuit wac takumu moBamu € Frenetic, NetCore i
Nettle.

Tabmuus 2. [opiBasuHs [13 3 BIAKPUTHM MOYATKOBUM KOJIOM

o = ” g =

= S ) S é < S 5

5 = = n £ 3 s

2 & 2 5 &3 g 9

T = [y = Bk o

M = =
1 NOX N i N N )

Classic

2 NOX + - + + +
3 POX + + + + -
4 SNAC + - + + -
5 Beacon + + + + +
6 Maestro + - + + +
7 Floodlight + + + + +
8 Trema + + + + +
9 MUL + + + + +
10| ONIX - - + + +
11| Kandoo - - + + +

Frenetic - me omHa 3 mepmuxX MOB MporpamyBaHHs Mepex [14]. BOynoBanuii B MOBY
3aranpHOrO porpamyBaHHs Python. Cxnagaerbes 3 ABOX YacTHH:

e oOMekeHa, aje BUCOKOpIBHEBa JeKJIapaTHBHA MOBa 3aluUTIB 10 Mepexi - network query
language;

¢ (yHKIIOHAaTbHA MOBa 3arajlIbHOTO MPU3HAUEHHS JJIs PEaKTHUBHOTO YIPABIIHHS MOJTITHKAMU
MapIpyTu3ailii B Mepeskax - network policy management library.

NetCore (Network Core Programming) [15] € po3Butkom moBH Frenetic. NetCore mpomnonye
O1TBIII BUCOKOPIBHEBY MOBY 3a 3aBJaHHSM ITOJITHK MapIIPYyTH3AIIii:

1) MoskHa BUKOPUCTOBYBATH JOBiIbHI (PYHKIIIi 110 0OpOoOIIi MAKETiB, a HE TLIBKM 3a3Jaleriab
3a/1aHi.

2) MoxHa BHKOPHUCTOBYBATH TpymoBi cumBoiu (wildcards), a He TiIbKH IpaBWiIa 3 TOYHHM
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31CTaBJICHHSM 3aroJIOBKa ITAKETIB.

3) MoxHa 3a/1aBaTi MpaBHJjIa MPOAKTUBHO (10 TOTO MOMEHTY, SIK BOHH 3HAI00ISTHCS).

VYce 11e € mepmuM KpOKOM JI0 MOXJIMBOCTI 3aB/JaHHs JUHAMIYHHUX MIPABUJI MapHIpyTU3alLii, SKi
BpPaxOBYBaTUMYTh IIOTOYHI cTaHuW Mepexi. Kpim Toro, NetCore noaaTKoOBO Haga€ MOMKIJIMBICTh
aHami3y ictopii Tpadiky.

Nettle [16] € momepemnukom Frenetic. Ile OyB mepmmii miaxid, SKHH BHKOPHUCTOBYBAaB
¢ynkuionansHy peaktuBHy MoBY (FRP) mns mporpamyBannss OpenFlow komyratopis. Nettle
npuiiMae Ha Bxia motik OpenFlow moaiit (manpukiam, switch Join, port_change, packet_in) i Bugae
notik OpenFlow nosigominens (install, uninstall, query_stats). Nettle npencrasisie Huk4nii piBeHb
B po3p00I1i MEpEKEeBUX TOAATKIB. 3 iHIIOro 60Ky Frenetic - 1ie HagOyaoBa Haj kKoHTpodepom NOX,
toni sk Nettle € MOBHOLIHHUM pIMIEHHSAM s PO3pOOKH HE JHIE OKpEeMHUX IOJaTKiB, aje i
KOHTpOJIEpa B LIJIOMY.

IcHyroui MOBM TporpaMyBaHHS MOJITUK KOMYTAIlii MOJETHIYIOTh CTBOPEHHSI HOBHX JOIATKiB.
Ko>xHa 3 MOB Mae CBOi IepeBart.

Moga NetCore BBOIUTH MOHSTTS CTaHy KOHTPOJIEPA, K ICTOPIIO yCiX MAKEeTiB, sIKi KOJIU-HEOYIh
IPOXOAUIM uepe3 koMyTaropu Mepexi. Mosa NetCore 103BoJIsie IMHAMIUHI OJITUKH, BUMaratouu
IpU [bOMY SIBHOI BKa3iBKM IapaMeTpiB 3arojoBKa, BiJl SKHUX 3aJeKUTh momituka. OcTaHHi
OOMEKEeHHsI X04 1 HE € KPUTUYHO BAXKIMBUMHU - KOMIIUIATOP MOBU 3MOKE CHHTE3yBaTH HEOOXiTHI
npaBuia OpenFlow i 6e3 HUX, IPOTE BiIMOBA BiJl BUKOPUCTAHHS TAaKMX BKa31BOK MPU3BOAMTH 0
CepHO3HOI0 MOTIPIIEHHS OKA3HUKIB IPOAYKTUBHOCTI CUCTEMH.

Omnwmcu BenMKOi KibKOCTI Motk Ha mMoBax Frenetic i NetCore moTpeOyroTh mornepeaHboi
KOMIIUJIAMIT, B pe3yapTaTi KO BUXOJIUTH JOJATOK, IO YIpPAaBIf€, BIANOBIAa€ yciM BHOpaHUM
MOJTITUKAM.

Cucrema Nettle € cykymHicTIO iHTepIpeTatopa BiAMOBIIHOI MOBH 1 KOHTpoOIepa, sKa
CaMOCTIfHO BHUPIIIIyE€ MOJIMBI KOH(MIIKTH MK IOJAaTKaMH, IO YIPaBISAIOTh, Oe3MoceperHbo B
npoiieci ix po6oTu.

CepenoBunie BHKOHaHHA Frenetic aBTomMaTHMuHO O00poOJse «Apyri» NAKeTH, IepeciaHi
KOMYTaTOpOM BJK€ MicJs TOro, K JOAATOK 3A1HCHUB OOpOOKY BIANOBIIHOTO MOTOKY MO HOro
MEPIIOMY TIaKETY.

ITpote, 1106 MoOynyBaTH MO-CIPaBXKXKHLOMY HAAIMHY MEpexXy nepeadi JaHUX, He0OX1IHO MaTH
MO>KJIUBICTD MEPEBIPSTH 110 CHHTE3YIOTHCS AOJATKOM IPaBHUJa HA CYNEPEYHICTh CHEelM(IKaIisiM.
ITpu 11pbOMy iCHYE JIEKiJIbKa albTepHATHMBHUX BapiaHTIB peaiizalii Takoi nepeBipku. OnuH 3 HUX -
OesrocepenHsi TEpeBipKa, IO CHHTE3YIOThCa jgojaTtkoMm mnpaBuwin OpenFlow depe3 3acobu
JMHAMIYHOT MepeBipku crenudikaii.

[TepcnexkTuBHUM k€ € cmoci0 mepeBipku crenudikamiii yepe3 GopMaibHy BepudiKaIliio
nporpaMm. 31idcHUTH ¢opManbHy Bepu@ikalilo JojaTkKa, II0 YOpaBis€, HAMMCAHOTO Ha
yHIBEpCalbHIH MOB1 IpPOrpaMyBaHHS, € HE MOXJIMBUM uepe3 HaaMIpHY OOYMCIIOBAJIbHY
cknagHicts. IIpoTe, Bepudikalist r1oraTka HAMMCAHOTO Ha CIeLianbHIH OOMEXEHIH MiJAMHOXHUHI
TaKOl MOBH CTa€ IIUIKOM MOXIIMBOIO. TOMYy aKkTyaJlbHUM CTa€ 3aBJaHHS CTBOPEHHS Takoi MOBH,
BUPA3HOI MOTYXHOCTI SKOI BHCTa4yae il ONUCY HECKIaJHUX JOJaTKiB, L0 YIPaBIAIOTh, a
BJIACTHBOCTI JO3BOJISIIOTH TPOBOAUTH BepU(IKalLlil0 MPOCTUX BIACTUBOCTEN 3a MPUIHIATHUN Yac.

3rigHo 3 nanumu Oracle, moHan 3 MiJIbSApAM NPUIIAIB y CBITI NpamooTh Ha Java. Tak yomy x
Java taka monynspaa? MoxHa BUIUTUTH 4 OCHOBHI IPUYUHU:

1. Hanincane oiuH pa3 mparioe cKpi3b (KPOCIuIaThOPMHICTD):

Moga Java xoporra TuMm, 110 OAWH 1 TOW e HamucaHui Koj Oy/e mpalroBaTh, HapUKIaI;

¢ i Ha Windows;

e i Ha Linux;

e i Ha MacOs.

Toni, K Ha IHIIMX MOBaxX MPOrpaMyBaHHS NOTPIOHO HamucaTu He 1, a Bipasy 3 pi3HUX KOIH -
mix Windows, mix Linux 1 mig MacOs. Taky ocobnuBicThk Java, 1m0 “HamucaHe OJWH pa3 MpaItoe
CKpi3b~’, HA3UBAIOTh KpOCIIATPOPMHICTIO (puc. 4).

Konu motpiOHO mucaTu mporpaMu MOBOIO Java, BOHM 3aBXAH OyAyTh 30epiraTUCs OKPEMUMU
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¢daitnamu. Ilpu uwomy ui  ¢aiin 3aBxau OyayTh MaTH po3mHMpeHHs .java. Hampukmnan,
Program.java. SIkmio, HampukiIam, KOJErd 3aX04yTh O3HAHOMHTHCS 3 TakuM (aijaoMm, BOHHU JIETKO
3MOXKYTh HPOYMTATH HAIMCAHMW Y HbOMY KOJ|, IIOCh Mepenucartd abo jomnucatd B ¢ailii, SKIIo
Oyne notpidHo. ToMy 110 1€ KO JIFOAMHOYNTAOCTIbHHIA.

Windows
o s = 011000010
S ¢ 101010001 M .
M :Q 5 000101000 (Java Virtual —>» Linux
e 001010101 Machine)
Program.java KomMninatop Program.class \
MacQOS

Puc. 4. KpocmnardgopmeHicTs y Java

Jaii, Konum 3amycKaeThCs KOMITUIATOP (SKO[0 OyTH 30BCIM TOYHHMH, TO II€ HA3WBAETHCS
KOMIIJISATOP javac), KoA 3 JIOIMHOYUTA0eTHHOIO IePETBOPIOETHCS B TaK 3BaHUN 0ailiT-koa (TOOTO y
BUDJISITI pi3HUX KOoMOiHari# 0 1 1) i cTae BUHATKOBO MamuHOYUTA0CIbHUM. [1icis IbOTO 3’ SIBUTHCS
e oauH (hai, SIKHiA 3aBXKId MaTUMe po3iupeHHs .class. Y Hamomy npukiaa — Program.class.
[Totim JVM (Java Virtual Machine) Bukonye 6aiT-K0I.

2. pyXHiil CHHTaKCHC:

Po3pobuukn MoBH Java He cTany BUHAXOIUTH BEJIOCHUIIE] 3 HYIIA, a, TPy00 KaKydu:

® B35l BCe Halikpaile Bif MoBH mporpamyBaHHi C — i HOro mpsMOro CHaJKoeMIs — MOBHU
nporpamyBaHHs C ++;

® BUJIAJIUIIN BCE, [0 BBAYKAIH 3aiiBUM 1 He 0coOiuBo BaanmuM y C i C ++;

e BHECJIM HOBOBBEICHHS B HOBY MOBY IporpamMyBaHHs Java.

I Burpanu Bix takoro migxoay. Ockinbku Mixk Java, C 1 C ++ € 6araro crniibHOTO0, IporpamicraMm
Oyno HabaraTo Jieriie MepexoJUTH Ha HOBY MOBY. AJKe He TpeOa aOCOIIOTHO BCE BUMTH 3 HYJIS,
6araTto KOHCTpYKLiH Oynu Bxke 3po3ymitnmu. 11lo Takox copusiiio MIBUJIKOMY POCTY MOIMYJISPHOCTI
Java cepen nporpamicTis.

3. O0’eKTHO-Opi€EHTOBaHA MOBA — II€ TPOrpaMyBaHHs 3a JIOTIOMOI'0I0 KJIaciB 1 00’ €KTIB.

4. KepyBaHHs nam’4TTIO.

3riJHO PeUTUHTY YKpaiHCBKOi CIiIBHOTH mporpamicTiB dou.ua Java B 2016 p. €, gk 1 paniuie,
HaWTOIIMPEHIIIa MOBa MporpaMmyBaHHs (puc. 5).
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Java
JavaScript
FPHP
Pytihon
Ruby
Objecive-C
PL-SGL
FascalDelphi
T-50L
AclonScnipt I
Edang
CoffeeSonpt

Puc. 5. Buxopucranss B 2016 p. MOB IIporpaMyBaHHs
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BucHoBknu

[Ipu nocmiKeHHI MOCTaBICHUX 3aBJaHb OTPUMAaHI pe3yiabTaTd, Ha MIACTaBl SAKHUX MOXKHA
3pOOUTH HACTYITHI BUCHOBKH:

1. Opnniero 3 HalOUTBII MEPCIEKTUBHUX 1 TaKoi, MO OYPXJIMBO PO3BHBAETHCS peaizamiid
HIAXOLY A0 CTBOPEHHS CYYaCHUX CHUCTEM HAJaHHs TEJIEKOMYHIKAI[IHMX IMOCIYr € TEXHOJIOTIs
OpenFlow Softswitch. [lana TexHONOTisI € JIOTIYHUM MPOIOBXKEHHSIM cuctem moct NGN (IP
Multimedia Subsystem) Ta ckmamoBoi Takux cucrteM Softswitch. OcHOBHUM 1i JOKYMEHTOM €
cneuuikauis OpenFlow, B sikiii onmuCyOThCsl OCHOBHI KoMoHeHTH OpenFlow-mepex, nmpuHIHm
poboTH 1 B3aemoii koMoHeHTiB. Opranizaiieto crangapTu3samii 1 cnenudikarnii € ONF - Open
Networking Foundation (www.opennetworking.org). Bapto Big3HauuTH HalBiAOMIIINX
3acHoBHuKiB - Nokia, Cisco, Huawei, Facebook, Google.

2. 3a pe3ylnbTaTaMHu IMPOBEACHOTO aHamizy icHyrouoro [I3 mns cydacHHX CHCTEM HaJaHHS
TEJIEKOMYHIKalIHUX MOCIYT MOXHA 3pOOUTH HACTYITHI BUCHOBKH:

e OimpmricTh icHytoworo I3 s cydacHHX CHCTEM HaJaHHS TEIEKOMYHIKAiWHUX IOCIYT
HamucaHa Ha MoBax Bucokoro piBas: C, C++, Python, Java, Rybu.

® KpoccIuIaT(OPMEHHUMH SBISIFOThCA TUTbKM Java-konTtposiepu FloodLight, Beacon i Maestro,
=TI mpairoroTh Ha Linux-mardopmax.

e [IepeBaXat0ouYMMHM MOBaMHU IIporpamyBaHHsl [uid cucteM komyTauii € C ta Java.

3a miJcyMKaMu JOCHiJKeHHs icHytodoro II3 juis CTBOpEHHS CydyaCHMX CUCTEM HaJaHHS
TEJIEKOMYHIKAIHHUX IOCITYT 3 BIAKPUTHM TOYaTKOBHUM KOJOM, HaWOUIBII TEPCIEKTHUBHUMH 1
TAaKUMHU, 110 aKTUBHO PO3BHUBAIOTHCS PO3POOHMKAMU SBIAIOTHCA: KOHTpojepu Beacon, FloodLight
(ma moBi Java), Trema i MuL (una mogi C).

3. Ha ocHoBi MoB nporpamysanHs C Ta Java, po3po0ieHo creniajgbHi MOBU IPOTrpaMyBaHHS
MepexX, AKi 3 oAHOro OOKYy MpPEACTaBISIOTh BHUCOKOPIBHEBI CIIOCOOM YIPaBIIHHS MOTOKAaMH B
Mepexi, a 3 IHIIOro OOKy NPHXOBYIOTh yCl JeTall MO NpaBWIbHIA 1 KOPEKTHIN yCTaHOBII
HU3bKOPIBHEBUX NpaBUJ Ha komyTtatopu. Ha nmanuit yac takumu moBamu € Frenetic, NetCore 1
Nettle.

VYeci icayroui MmoBu mnporpamyBanHs OpenFlow Mepex HamaroTh po3pOOHUKOBI MEPEKEBHUX
JOJATKIB Takl KOHCTPYKILIi MOBH, B TE€pPMIHaX SKHUX 3pY4YHO OIMCYBAaTH MpaBUJa YIpPaBIiHHS
MOTOKAaMHU, abCTparyro4uch THM caMUM Bij piBHA koMaH komyTtatopa OpenFlow Softswitch.

Haii0inpm momyssipHOIO MOBOIO NPOTPaMyBaHHS Cepell MpOrpaMicTiB, B T.4. 1 CyYacHHUX
CUCTEM HaJaHHS TEJIEKOMYHIKAI[IHHUX MOCIYT, € MoBa Java. MokHa BUAUIMTH 4 OCHOBHI IPUYUHHU:
KpOCIUIaT(hOPMEHICTh; APYKHIHM CHHTaKCHC; 00’ €KTHO-OPIEHTOBaHA MOBA; KEPyBaHHS IaM SATTIO.
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