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Jlyupkuii HarioHaIBHUK TEXHIYHUH YHIBEPCHUTET

MOJEJIb CUCTEMMU YIIPABJIIHHA JAHUMMU 3B°SA3KY AJI51 IPOLHECOPIB
MEPEXEBUX BY3JIIB (I1/IB3) B PO3INIOAIIEHOMY CEPEJOBHUIII ITPOLIECIB.

Tpoyecopu mepesicesux eyznie (IIMB), axi ModCymb 6UKOHYEAMU NPOPAMU DOOAMKIE | 63AEMOOIAMU 0OUH
3 0OHUM 30 OONOMO20I0 BUCOKOUWBUOKICHUX JIOKANbHUX AHATIMUYHUX BV3/I8 AGIAIOMbCS GANCIUBUMYU KOMHOHEHMA-
MU 0118 pO3NOOINEHUX CYMICHO 3 ‘€OHanux cucmem. TI/[B3 asnaemuvcsa cucmemor YNpasuiHHsa OAHUMU 36 513Ky OJis
JIOKANIbHUX AHATIMUYHUX 8Y3118, WO Hadae YHIQIKosawni inmepghelicu KOMyHIKayii i weuoKoOiinull ma 8UCOKOHA-
Oiunull 36’330K. Ilpoananizosano nioxoou adpecayii, saKi 00 ’€Onytoms npoepamui iHmepgeticu 38 ’a3Ky 8y3nd 00
mMepMIHALY ma eHympiuiHi 36 SI3KU MINC 6y3iamu KOMYHIKayii. 3anponoHoeano maxoxic po3uupeny CXemy
inmepgheticy coxemie, MEXHIUHY CXeMy Onsi BIOMEOPEHHs NOKPAWEHO20 38 A3KY A MEXHIUHI 8y3au O
BUCOKOHAOINIHOI 2PYNOBOI KOMYHIKAYIT MIJIC HUMU HA OEKINbKOX TOKANbHUX ananimuunux eyziax. ITJ[B3 mooice
6ymu peanizosana na 6asi sopa UNIX na eiomoeocmitixux cucmemax mini-komn romepis, ki 6 npayrosanu
Gdakmuyno y 61aCHUX OH-NATH CUCHEMAX.

Kmouosi cnosa. ITPOIJECOP JAHUX BY3JIIB 3B 13KV, IIPOLJECOP MEPE)XEBHUX BY3JIIB, JIOKAJIbHI
AHAJIITUYHI BY3JIH, CUCTEMA YIIPABJIIHHA JIAHUMU 3B A3KY, AJ[PO UNIX
Puc. 5. JIim. 8.

Menvnuk  B.M. Moodenv cucmemmoyl  ynpaeienus  OAHHBIMU  C8A3U  OJ1A  NPOUECCOPO8
cemesbix Y3108 6 pacnpedenennoi cpede npoveccos. IIpoyeccopwr cemesovix yznos (IICY), xomopvie mozym
UCROTIHAMb RPOZPAMMbL NPULONCEHUTL U 63AUMOOCLICNEO8AMb OOUH C OPYSUM UYepe3 BbICOKOCKOPOCHHbIE TOKAIbHbIE
ananumuiecKue y3ivl AGISIOMCS BANCHLIMU KOMIOHEHMAMU 0I5l PACNPEOENeHHbIX COBMECTNHO CBA3AHHBIX CUCHEM.
IV C ssnaemca cucmemou ynpasienusi OGHHLIMU CBA3U OJis IOKANbHBIX AHATUMUYECKUX Y3108, YMO NPeocmasisi-
em YHupuyuposannvle uHmep@elcsvl KOMMYHUKAYul, ObiCMpOOeucmsyiouylo U BblCOKOCOBEPULEHHYIO C6A3b.
Ipoananuzuposano nooxoodvl adpecayuu, KoOmopwvle 00BEOUHAIOM NPOSPAMMHble UHMeEpP@elchl C8A3U Y31d K
MEPMUHANLY U GHYMPEHHUE C6A3U MeXNCOYy Y3Namu KoMMYHuxayuu. IIpednosceno maxoice pacutupenHyo cxemy
unmepetica coxkemog, MEXHUYEeCKyIo cxemy O OMOOPANCeHUs VIVUUEHHOU C6A3U U MeXHuYecKue Y3l O
BbICOKOHAOEICHOU 2PYNNOGOT KOMMYHUKAYUU MeNCOY HUMU HA HEeCKONbKUX JIOKAIbHBIX AHATUMUYECKUX Y31aX.
IIYC moocem Ovimb peanuzosan Ha ocHosanuu adpa UNIX una omxaszoycmouiuugvix cucmemax MmuHu-
KOMIbIOMEPO8, Komopuvle pabomanu Obl akmuueckit 8 COOCMBEHHbIX OH-IANUH CUCIEMAX.

Kniouesvie cnosa. IIPOLJECOP JIAHUX VY3JIOB CBA3U, IIPOLECOP CETEBbBIX V3JIOB,
JIOKAJIBHBIE AHAJIMTUYIECKHUE Y3JIbl, CHCTEMA YIIPABJIEHUA IAHHBIMU CBA3H, A/IPO UNIX

Melnyk V.M. Data communication management system model for network node processors in a distributed
processing environment. Network node processors, which can execute application programs and can cooperate with each
other via high-speed local analytic nodes, have become essential components for distributed on-line systems. Data communi-
cation node processor is a data communication management system for network node processors. Data communication node
processor provides unified communication interfaces and high-performance and highly reliable communication services. We
present an addressing technique which unifies program interfaces for node-to-terminal communications and inter-node
communications. Socket interface extensions for improving performance and techniques for highly reliable inter-node multi-
cast communications on multiple local analytic nodes are also presented. Data communication node processor has been
implemented in UNIX kernel on fault-tolerant mini-computers, and is currently operating in actual on-line systems.

Key words: DATA COMMUNICATION NODE PROCESSOR, NETWORK NODE PROCESSOR, LOCAL
ANALYTIC NODES, DATA COMMUNICATION MANAGEMENT SYSTEM, KRENEL UNIX
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IHocTanoBka npodsemu. B
apxiTeKkTypi OH-MailH 00poOKHU
TpaH3aKLiil cucreMa sk OaHKIBCh-
Ki cucreMH a0 OH-JaifiH CUCTEMH
iHpopMaLiitHOro oOCIyroByBaHHS
3MIHIOBAJIMCS Bil LIEHTpalli3oBa-
HOT'O J0 PO3MOJINIEHOr0 HampsM-
Ky. Lli 3mMiHM crpsiMOBaHi Ha TO-
KpallleHHsI MacTabOBaHOCTI CHC-
TeMH 1 00YMOBIIEHI 3MEHIICHHIM
PO3MIpIB TPOIECOPIB Ta PO3BUT-
KOM BHCOKOIIBHIKICHHX JIOKaJIb-
HUX aHAJIITHYHUX BY3JiB. Posmo-
min  ¢QyHKUid oH-aitH 0OpoOku
TpaH3aKLiii moTpedye MepeKeBUX
By3J10BHX npouecopiB (IIMB), siki
MOXKYTb  KepyBaTH JeKiIbKoMa
TEpMIHANAMH 1 TPUKIAJTHUMHA
nporpamamu host-komm’rotepis, a
TAKO’)K MOXYTh CITiBIPALIOBATH
OOVH 3 OJHUM uYepe3 JOKaIbHi
aamitiudi By3mu. [1JAB3 sBis-

€TBCS cUCTEMOIO ynpaniiHHs qanumu 3B 13Ky (CY 13), mo 3abe3nedye nporpamHy miatdopMmy uis mpu-
wiagaux nporpam [IMB B posnonineHomy cepenopuiii (puc. 1). IIpu moOymoBi po3monineHoi cucremMu
OH-JIaliH 00p0oOKH Tpan3akuii 3 [IMB Ta nokaibHUMU aHATITHYHUMU BY3JIAMH HAKJIaJal0ThCsl TPU BUMO-
ru Ha CY 13 [IMB. ITorpiOHa BHUCOKa MPOAYKTUBHICTh MPUKIATHUX MPOrpaM, TOMY 110 IpOrpaMH JI0Aa-
TKiB OH-JIJAH 0OpPOOKH TpaH3aKIIiid YaCcTO yIOCKOHATIOITHCS 200 MOAU(IKYIOTECS B CTOPOHY MOKpPAIIEH -
HSL SIKOCT1 MOCIYT JUIs KiHIIeBOro kopuctyBaya; To )k CY 13 3 [IMB noBunHI miaTpuMyBaT yHiiKoBaHi i

npocTi iHTepdericu KOMyHIKauii [yis COPOILEHHS MPo-
rpamyBaHHs. Bucoka MpogyKTHUBHICTH Ta JOCHTH Ha-
IiifHI OCIYTHU 3B’SI3KYy MIX BY3J1aMH TaKOX HEO0OXiIHi
IUTSL TOTO, 1100 30€perTy 3aciyrd BUCOKOI MacITado-
BaHOCTI, OCKiUIbKH po3nofin [IMB crBoproe goaatko-
BE HaBaHTA)XCHHS Ha 3B’S30K MK BHYTDILIHIMHU BY3-
JIaMH, SIKi BIICYTHI B IEHTPaJIi30BaHUX CHCTEMaXx.

AHani3 ocTaHHIX aocaikeHb i myOJaikamii.
st 3abe3neueHHs] €IMHOTO 1 TpocToro iHTepdericy
3B’SI3Ky B PO3MOIUICHOMY CEpeloBHILi, OynH 3armpo-
MMOHOBAHI KiTbKA TPAUIIIMHKUX IiIXOIB B PO3IOIiIE-
HUX ONepamifHIX CUCTEMax Ta MEPEKEBUX OMepalii-
Hux cuctemax [1], [2]. Omnak 11i migxomu BUKITOUA-
I0Th TEPMIHAJH 3 1X ITPO30pHUX 00’ €KTIB 3B’SI3KY, SKi €
BaYIMBUMH B 3aCTOCYBaHHI NPUKIAJHUX MPOrpam
g IIMB.

Jlnst migBuIeHHsT e)eKTUBHOCTI B3aEMOJIT MK
BHYTPILIHIMU By3JIaMH 3B’sI3Ky, OyJIH 3alipONOHOBaHi
nBa migxoau. OJHUM 3 HUX € BUKOPHUCTaHHS BHCOKO-
MIBUAKICHHX 1 JIETKOBaroBux nporokoinis [3]. OxHak,
HECTaHAAPTHI MPOTOKOIHM CTPaKIaloTh Bil oOMexe-
HOTO MiAKIIOYEHHS, 0 POOWUTH HOro Ba)KKUM IS
HIIIT npu miakIOYeHH] IO TPOIECOPiB PI3HUX BUPO-
OHMKIB. [HIMI minxig momsrae y CTBOpeHHI 3B’SI3KiB
MDK BHYTPIIIHIMH BY3JaM{ y BEpPXHIH YacTHHI Bin-
KPUTHX MPOTOKONIB Ta MOKpalleHHi ioro podoru. B
pobori [4] 3B’430K MK BHYTPILIHIMU BY3JIaMH TOOY-
JIOBaHO Yy BEpXHiil "acTuHi iHTepdelicy cokeriB [5] i
UDP/IP. TIpore, sik 3a3HayvaeThcs, iHTEpdeElc cokera
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Ma€ HU3BbKY MPOAYKTHBHICTH. Kpim
’ H1 I JIrd | JAHTMPT TOrO, YIPABJiHHA 3B’3KYy IHTEp-
(elicy COKETiB HE MiIXOIUTH IS
OJHAKOBUX 3a PIBHEM BHYTPIIIHIX
BY3JIiB 3B’A3KY 3TiJHO MPHITYLIECHb
MOJIeNTi KITIEHT-CEepPBEP.
JIns miaBHUINEHHS HAAIHHOCTI
MDK BHYTPIIIHIMHU BY3JIaMHU TPYyIIO-
BOI KOMyHiIKalil TexXHiKa MYIJbTH-
TUIEKCHHUX JIOKAJIbHHUX Mepex Oyna
3amporioHoBaHa B [6], me By3mm
3’¢qHaHl IEeKUIbKOMa JIOKAJIbLHUMH
aHAJITUYHAMHU BY3JIaMH 1 TIepe-
KIIMKAIOThCS OAMH 3 OJHHUM Bpaxo-
BYIOYH MPIOPUTET KOXKHOTO JIOKA-
JBHOTO aHAJITUYHOro By3na. By-
301-BiANIPaBHUK PO3CUJIAE TAKETH
MHI=2 | =g =1 | =3 (' MHI'=1 JI0 KOXKHOI'O JIOKAJIbHOT'O aHajlTH-
H"__ﬁL'-‘-m-]-T-_l-l--:JlFE—rE_E—E;-I-{E{T_ﬂ:_-Eg yHOro By3na. Byson-npuiiMag
OTPUMY€ TIaKeTH, L0 TIepeaHi
4yepe3 HaWBHILMIA MPIOPUTET JIOKa-
JBHUX aHAMITU4YHUX BY37iB. Komm
JIOKaJIbHUN BY30JI BUSIBIISIE BiACYT-
HICTh HAMBHULIOTO MPIOPUTETY, BiH
MOCHJIa€ TIOBIAOMJICHHS 13 3aITUTOM
Ha 3MiHy NPIOPUTETY Ha iHILI BY3-
mu. OnHaK, JnesKi By3au He OyIyTh
CIIPOMOYKHI OTPUMATH II€ TIOBiIOM-
JICHHS-3aIHT, OCKUIBKH BOHO Tepe-
JAETCS 3 HU3BKOMPIOPUTETHOTO
JIOKAJIBHOTO aHAJNITHYHOTO BY37a, i
BOHH HE MOXYTb OTPUMYBAaTH MO-

a) CIpykTypa agpecn

Homenrn

&) TTpmeran agpecamii My IsTHIPYN
Puc. 3. Cuctema agpecami [ITB3

BiZJOMJIEHHSI MICJIS 3MiHH MIPIOPUTETY LBOrO By3JIa.

BunisieHns1 HeBUpilIeHNX paHillle YACTHH 3arajibHoOi npodsaemu. s BupilmieHHS IUX IpodiieM
CIOYATKy 3aIPOIIOHYEMO TEXHIUHE PillleHH, SIKe MOXe 3a0e3[eUYnTH YUCTOTY Ta yHiikoBaHi iHTEepdeii-
CH TepMiHaIIy 3B’S3KY 1 3B 513Ky MK BHYTPILIIHIMU By3JIaMH ISl OMHAKOBUX 32 PIBHEM I'PYINOBUX KOMYHi-
kamii. Jlani, npuitmemo 3acrocyBanHs OydepiB mam’sti (cucremy Oydepuzarii nam’sTi) He TUIBKH IS
TCP/IP Ha 6a3i BHYTPIIIHBOTO 3B’S3Ky MK BYy3JIaMH, aje i s TepMiHaiy 3B’s3Ky. JIJsi mokpamieHHs
COKETHOT0 iHTepdeiicy 3ampornoHoBaHo iHTepdeiic cokeTiB peanbHoro yacy. CoKeT peaibHOro 4yacy Mo-
ke OyTu mpsiMo 3B’s3anuid 3 [1/IB3 MeHemkepoM 3B’SI3Ky MK BY3JIaMH, SIKHH JT03BOJIIE ACHHXPOHHE 1
onHopiBHeBe BcraHOBieHHS |CP-3’eqnanHs Mk By3namu. bydepusauis mam’sti 06’ennye OydepHy
CHCTEMY YNPABIIHHS 1 COKET PEaJIbHOr0 4acy MOKE MEpEeIIKOMKaTH KOMIIOBaHHS AAHUX 1 MPOMDKHUX
MPOLIECIB 3 CUCTEMH, II0 MOKpAIIye MPOLYKTUBHICTh MK BHYTPIIIHIMH By3JaMH 3B’s13Ky. Hapemti, Mo-
JKHA 3alpPONOHYBATH TEXHOJIOTIIO U1 BUSHAYEHHS OPAIKOBOTO HOMEpa CKUAAaHHS siKa 3a0e31euye BUCO-
Ky B3a€MOJiI0 MK BHYTPIIIHIMHU By3J1aMHU TPYNOBOI KOMYHIKalii i Moke OyTr moOyaoBaHa Ha 6a3i MyJb-
TUTUIEKCHUX JIOKAJIbHUX aHAIITHYHHUX BY3JiB 03 OyIb-SIKOro MEeXaHi3My MepeMHUKaHHA MK HUMU.

Brposamxenns [1J]IB3 3 Bunieonucanumu meronamu B siapo UNIX moxe Oytu 3xiiicHeHe Ha Bij-
MOBOCTIHKOMY MiHi-KOMIT IOTEPi, SKHI B JaHUW Yac MiJKITFOYCHUH 1 MPaIlo€ B BIIOMUX CUCTeMax iHQOp-
ManiifHoro obciyropyBants. Omuiemo apxirektypy cucremu I1JIB3 i migxonn BupilleHHS Ta METOIH
MiABUIIEHHS MPOAYKTUBHOCTI 1 HANIHHOCTI MK By3JIaMH 3B’ A3KY.

BukJiiax ocCHOBHOI0O MaTepiaay 10CHiIKeHHS.

Apxitektypa cuctemu II/IB3. Mepexesi noriuni komnonentu [1/1B3 nmoka3zaHo Ha puc. 2.

Bysnu ma mepminanu: npouecop, mo npaitroe B [1/[B3, HazuBaeThCs By37I0M i TEpMiHATHM KIHIICBHX
KOPHUCTYBadiB Ta MPOLECOPH, L0 MpaiioioTh Big iHmux CY /I3, HazuBaroThes TepMiHanaMu. TyT HeMae
3B’S13KIB MK BY3JaM{ THILY BiTHOIICHHS BEAyUMH-TIJIETINA YU KII€EHT-CEpBEP, — BCl BY3JM MOBHHHI
OyTH piBHI.
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MMB

nayi.

Puic. 4. CTpyKTVpa MporpaMHoro
zabeznegesma [1TIB3

Yepeu mpanzaxyiu: Yepramu tpanzakuii € yepru FIFO, ne
MOBiJOMIJICHHS Bill TepMiHaJiB abo BYy3IiB B Uep3i MpOCYBaIOTHCS
BIJMOBIAHO 10 KOy TPaH3aKwii, SKWH HaTa€Tbcs IJIsT KOKHOTO
OTPUMaHOI'0 TIOBiIOMJICHHS.

IIpoyecu kopucmysauis: Tlponecu kopucrypadis (I1K), sxi
OTPUMYIOTH TIOCIYTH 3B’SI3KY 1 MOCIYTHM BHIEHHS Oydepa Bifg
[1JIB3 Ha3uBaloThCSI KOPUCTYBAallbKUMHU IMpPOrpaMamMH 1 peanizy-
totecst UNIX-mporecamu.

36’a30k: 3B’A30K € JIOTIYHOIO JIHIEIO Tepenadi MK By3ia-
MH a00 MK By3JaMH i TepMiHaJIaMH. 3B’SI30K MK By3JaMu (MiXk-
By3JI0BHii) peanisyerscs yepe3 TCP/IP 3’eaqnanHs, a 3B’30K MiX
BY3JIOM 1 TEpMiHAJIOM 3iHCHIOETBCA 10 TepMiHAIBHIN JiHIT epe-

B omnomy nanpsmvky, [1IK Bcranosmrorotes TCP/IP 38’30k
CaMOCTIHHO 1 BiATIPaBISIOTH MOBIIOMIICHHS HA 1HIII BY3JIM 32 JIO-
noMororo 3’eaHanus. OaHak med miaxin sumarae mist [1IK Buxko-
HaHHS CKJIaJTHOI IPOIIEIypHU TIPUA CTBOPEHHI 3B S3KY.

VY I1IB3 BHYTpiBY3/10BHI MEHEDKEP KOMYHIKallii BCTAHOB-
aroe TCP/IP-3’enHanHHs 3 IHIIMMHU By3JIaMu TIpH 3amycky cuctemu. [1/IB3 npumHOXye BiampaBKy MOBij-
omiieHb B TCP/IP 3’emHanHs yepe3 3B’A30K, KIHEIb SIKOr0 3HAXOAUTHCS B BY3IIi IPU3HAYCHHS, TOMY BCE,
mo [IK motpibHo 3pobutH mpu BiAmpaBieHHI MOBITOMIIEHHS, 1€ BKa3aTh aApecy By3ia MpH3HAYEHHS i

JaHi Ui TIOCUJIaHHA, SIK OyZe ONMCaHO HUXKYE.

Byson abo Tepminan MOXyTb OyTH ifeH-
Tu(ikoBaHI B €AMHOMY BapiaHTi: 3a OaraTtocu-
MBOJBEHUM HoMepoM nomena (HJI), nmiHiiHUM
rpynoBuM HomepoM (JIHT) i jorivaum Tepwmi-
HanpHUM HOMepoM (JIHT) 4m mynbrumiexc-
HUM HOMepoM rpynu (MHI) (muB. puc. 3 (a)).
L1i yncna BU3HAYAIOTHCS TAKUM YHHOM:

Homep oomena (HM): Jloriuni meHTpH
rno0anbHOi MepeXi Ha3WBaIOThCA JOMEHaMH i
H/I yHikanbHO JaroThes AjIsl KOKHOTO JOMEHA.

Jinitunuu epynosuii nomep (JIHT): rpyma
TEepMiHAJIBHUX JiHIH a00 JIOKATbHHUX MEPEX,
IIO_ITiJIKITFOYEHI IO BY3JIiB HAa3UBAEThCS JIiHIH-
Hoto rpymoro i JIHI' yHikampHi Ajs KOXHOI
rpynu. TepMmiHanu abo By3/H, IO KOHTAaKTY-
10T 3 ITI€I0 TPYIIO0, TTOBUHHI CITUTKYBATUCS HA
OHHX 1 THX K€ MPOTOKONax 3B’s3Ky. JliHiliHA
rpyma TakoX SIBISAETHCS MOIYJEM YMpPaBIiHHA
pecypcamu. Hampuknan, depra TpaH3akuii
TeHEepY€ETHCS I KOXKHOI JIIHIMHOT rpymH.

Joziunuii nomep mepminany (JIHT): Te-
PMiHAJH 1 By3JIM, IPUEAHAH] 10 TIHIHHOI TpyIH
HA3UBAIOTh JIOTTYHHUMH TEpPMiHAJIaMH, SKUM
JIHT npu3HavaroThcs OTHO3HAUHO.

Mynvmunnexcuuii Homep epynu (MHI):
MynbTUIUIEKCHA Tpyna € MiAnopsAKoBaHa
JIOTTYHUM TepMiHanaM B JiHIAHIN Tpymi 1 sIBIIs-
€TbCS ONHUM 13 O00’€KTIB MYJIBTHILIEKCHOTO
obcmyroyBanus. MHI' ogHO3HauHO mpH3HA-
YaroTbCS KOXHIA 3 MYJIBTHIUICKCHUX TPYIIL.
Barato MynbTHUIUIEKCHHX TPYN MOXYTb OyTH
BH3HAYEH] B JiHIMHINA TpyMi 1 JOT1YHUH TepMmi-
HaJl MOXeE HajJeXaTh IO ACKIIbKOX MYJbTH-
TUIEKCHUX TPYI.

[Ipuknaan agpecamnii JOriYHUX TepMiHAa-
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JIB 1 MYJNBTHILIEKCHUX TpyN npencrasieHi Ha puc. 3 (0) i (B), BiamoBigHO. 3amporoHOBaHa CUCTEMaA aj-
pecatii 00’eqHye 3B’3KH TepMiHay 1 MKBY3/10BI KoMyHikanii. Kpim Toro, ue 3sinsHsie I1K Bin cknan-
HUX TPOLEAYP aapecarlii, HeoOxiaHuX B cucremi IP-aapecartii [7], komu BianpaBisieThCs MOBITOMIICHHS
Ha BY3/M 3 0araThbMa pO3TaTY)KEHHSMH, TaK SIK JiHiIHA Ipyla MPUXOBYE MYJIBTHILUIEKCHI CTPYKTYPH JIO-
KaJbHUX aHAJTITHYHHUX BY3JIiB.

[Ipu3HaveHi 1Ba KOMyHIKaliHUX NPUMITUBH, putran i getran, ms [1K.
putran: IpUMITHB IS BiMPABKH HOBiTOMJICHb JOTTYHOMY TepMi Hally a60 MyNIbTHILICKCHIi rpymi. Moro
napaMerpaMu € KiHLeBi aapec, oociayroByrodi ID ski onucytoTs ognHUYHUI a00 MyIBTHILIEKCHUH, 1
iH(opMaIlifo 71 BU3HAUCHHS BiAnpaBKku nanux: koj tpan3akiii (KT), axpecHi naxi, Ta maHi ix JOBKUHH.
SAxmo 1K Bkazye JIHT, npu3HaueHuii BIacHOMY BY3Jy, HOBIIOMIICHHS CIIPSIMOBYIOTHCSI Ha TOW K€ BY-
3011, IO MMPU3BOAUTE JI0 BHYTPIBY3JI0BOi KOMYHIKAIIii.

getran: mpuMITHB IS OTPMMAHHS TPAH3aKLii 3 uepru. Moro mapamerpamu JIHI i (KT) mus inen-
Tudikanii yepru TpaH3akuii, i axpecu Oydepa a1 30epeKeHHs MOB1TOMIICHHS.

Cmpyxmypa npocpamtnozo 3abesneuenns By3na npaiorodoi [1J]IB3 mokazana Ha puc. 4. Komn i
tabmui [11B3 xomnakTHO peanizoBaHi B mpocTopi sSApa, i cucteMHi nponecu B [1JIB3 BincyTHi.

MeToau U1 MiABUIEHHS POAYKTHBHOCTI

Vuighixosana cucmema b6ygeprnozo ynpasninns Bkintoyae B cedbe Meroy OydepiB mam’sTi, SKU MO-
e OyTH BUKOpHCTaHMU 1is peanizauii inTepdeiicy cokeriB i TCP/IP. ¥ IIIB3, meron Oydepi mam’sri

| Pr— P TAKOX 3aCTOCOBYETHCS 10 TEPMiHAJIBHUX 3B’A3KiB,
'“’f.':"‘ i ey noyiep ki He 0a3yroTbest Ha TCP/IP mpotokomni. Take yHi-
. E P e E__,.f' ¢ikoBaHe ympaBiiHHS OydepoM [ae MOXIHUBICTH
= | A ! Ll " EI - s [1JIB3 i qyis cokeTiB peaqbHOTO 4acy OOMiHs-
- \_ | = THCca OydepamMu Oe3 KomiroBaHHS OaHUX (COKET
L4
= f v .
v 5] E ; OE Imumenss - peaTpHOrO vYacy Oyje omucaHuit Hiokde). Kpim
. W B Jl-— — | z Toro, sk ¢yHKUil BHOOpY BinampaBku (putran) i Bu-
- B [z] = Oipku (getran), mepeska cucTeMHHX Oydepis, KOX-
& Fudnuisesnm o . .. .
- : HUH 3 SKUX MICTATH Pi3HI MOBIAOMIICHHS, MOXYTh
= E"-—Y*._ A |]°* EI Oyt nepenani no 1K i mpuifHATI Bi HUX OHOYAC-
—| HO 0e3 KomiroBaHHS JaHuX. Taki 0coOIUBOCTI poo-
. « Imumennn 1T MoxkmBuM 1t [TIK oOMIH mOBiIOMIIEHHSIMH
[ Roan ) MDK JIOKQJIBHUMH MepeKaMu 1 JiHIHHUMH TepMiHa-
' JlaMH Ha BHCOKIM IIBUIKOCTI 1 MPOMYCKHIH 3AaTHO-
Cruzanns CTi, 5IKi, B CBOIO YEpry, € BaXIUBUMU (YHKLIIMH
NOPRIEOBArD N IIMB.
E] i 2 Bydpepu mnam’sati yHidikoBaHi B cHCTEMY
\‘. ; I. . ¢ ympaBiuiHHS OydepaMu 30UIBIIYIOTH HPOIYKTHB-
| . . .
El IR . Swwuenwss *  HICTD, QJI€ 11€ TAKOX 30LIBLIYE i PU3UK BUCHAKCHHS
= .
II"\_:_ r " Oydepa. Takum unHOM, B Oypep mam’sTi JOAAETHCA
: 1 | = "immmewws =  JOJATKOBUM MEXaHI3M pEry/roBaHHA Oypepom aus
ac 3 - = TITPUMKHA HAJIHHOCTI CHUCTEMH, K Oy/ie OIMUCaHO
=
. = HIDKYe.
| —aam—1]| » . ) . .
g B P & = Yoockonanenns inmepgpeiicy coxemis mons-
i — ra€ B HACTYMHOMY. 3B’SI3KM MK BY3JIaMH peali3y-
y y M p y

Puc. 6. IloMHHOBE CKMIAHHA 1714 NOPATKOBOTC  jotpest  uepes  imTepdeiic cokera i TCP/IP
HOMEpa 3B A3KY 3’e¢nnanns, ne JIHT BysmiB 3icraBmstroThes 3 IP-
anpecamu 1 TCP HoMepamu mopTa, i moBinomiieHHs BianpasieHi Bin [1K e mynprumiekcanmu 1o TCP/IP
3B’s13Ky. OpHaK, iHTepdeiicn 3BU4aiiHOro cokera MopopKyIoTh Bi mpobnemu. Ilo-mepiie, BiH gomyckae
BIZIHOILICHHS KITIEHT-CEPBEP, & TOMY CEpBEPHi BY3JIH MMOBHHHI IIOYMHATH POOOTY B IEPILY YEpry Ui TOTrO,
100 OTpUMAaTH BCTAHOBJICHHS 3’€IHAHHS IS 3alIUTY BiJ KOXKHOTO By3Ja KiieHTa. Lle mocnigoBHe CTBO-
PEHHSI BHYTPIBY3JIOBOTO 3B’SI3Ky POOMTH pOOOTY CHUCTEMHU OimbIN CKiIamHOK. [lo-apyre, OoCKimbku iHII
MPOLIECH HE MOXYTh CIIIJIBHO BUKOPHCTOBYBATH COKET, MPOLEC KOMYHIKallii cepBepa i yepra BiAlpaBKU
noBiomiteHHs moTpiOHI Mixk 1K i cokerom asist Toro, mod MyIbTHILIEKCYBATH ITOBIIOMIICHHS BiIITPaBKU
1t 3’enHanHs (uB. puc. 5 (a)). BakauBuM npu BiAIIpaBIIGHHI € Te, IO MPOIIEC CepBepa 3B SI3KY 3HIKYE
npoaykrusHicTs [11IB3.
[poronyetbest inTepdeiic cokeriB B pexxumi peanbpHoro vacy (ICPY) mis momonaHHs 1UX 1po-
OneM, AKi CTBOpIOE 3BMUaiiHU cokeT. Koau B peskumi peabHOTO 4acy COKET OTPHMYE 3alluT BCTAHOBIIE-
Horo 3’eananHs Big [1/IB3, BiH nmocunae naker 3anuty 3B 53Ky (SYN maker) piBHOCHIBHOMY 3a TpiopH-
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TETOM BY31y. SIKIIO BiH HE MOYKE€ BCTAHOBUTH 3’€IHAHHS, TOMY IO PIBHONPaBHUII BY30J1 HEAOCTYITHUI
YH BIAXWISE 3aIIUT, COKET pealbHOro 4acy yTPUMY€E COKET B CTaHi 3’€IHAHHA A0 THX Iip, MOKH 3BHYAii-
HUH COKET MPUINHUTE CIpo0y BCTAHOBUTH 3B’s130K. Ll mepeBara q03BoNsi€ MOXKITUBICTD U1l PIBHOCHIIB-
HOT'O By3Jla BCTAHOBHUTH 3’€JHAHHS SIK TUTHKH BiH OYHHAE POOOTY, TaK IO ACHHXPOHHE CTBOPEHHS BHYT-
PiBY370BOTr0 3B 513Ky CTa€ MOMKJIUBUM.

Kpim Toro, Bci 3anutu 6e3mocepeanbo 3B A3aHi 3 COKETOM PeajbHOro 4acy B HEOJIIOKYIOUOMY pe-
JKUMI, 1 pe3ysbTaTH 3aluTy Ta MOBiIOMJICHHS MPO OTpPUMaHHs Oe3mocepenHbo mosimomisitors [1/1B3
Yepe3 MepepuBaHHs MPOrpaMHOro 3a0e3MeueHH K1 CyIPOBODKYIOThCS MTapaMeTpamMu apec CTOoJIa COKe-
TiB 1 hakropis. [1[IB3 MynpTHmnekcye abo IUMyIbTHILIEKCYE TTOBIIOMIICHHS B CTOPOHY OIHOT'O COKETa
peanbpHOro yacy abo Bix Hporo. Taxum umHOM, [IK MOXYThH CHiJIBHO BUKOPHCTOBYBaTH OIUH 1 TOH e
COKET 1 He MOTPiOHO HISKMX CEPBEPHUX MPOIIECIB MPOMDKHOT HEOOXITHOCTI, SIK TTOKa3aHo Ha puc. 5 (0).

[MTocayru GaratoaapecHOro 3B’3Ky TaKOX MOOYIOBaHi Ha cokeTi peanbHoro yacy ra UDP/IP.

Metoan migBUIEeHHS] HATIHHOCTI

=% E = = Mexanizmu 6ygepnoi pecynsiyii BKIIOUA-

= - e = = . .

%E §= £ 2 ég I0Th B cebe ocobmmBocTi OydepHOi cucTremu
[ = = E = . . . .

E¥EE g — ynpasiinasa I1/IB3, ski Bxe Oynm onucai, 1

= EE £ MOXYTh MPHU3BECTH [0 HEOaKaHUX MOOIYHHX

edexris. Hampuxnan, nenopmoBana IIK abo
BHUCOKUH Tpadik JiHIi TepMiHaly MOXE€ MOHO-
MoJi3yBaTH cUCTeMHi OydepH, 10 BUCHAXKYE iX
1 CIOHyKae cucteMy 10 3HMxkeHHs. Lo yHuk-
HYTH LHMX 1pobneM, OydepHUil MeHemKep
(mbuf) TIAB3 perynroe OydepHy cucremy Ha-
CTYITHHM YHHOM.

B KOXeH NpOMDKOK Yacy BHKOPUCTOBYETHCS
JMYUIBHUK CHCTEMHHUX OydepiB i fioro BepxHs
mexa (MAXBUF) mpusHadeHa Ui KOXHOT
minidnoi rpymu, ae MAXBUF koxHoil niHii

3
g

QR

Drpumani taumi

(5]

—

=]
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§TTTETTTT
NOPRIKIBOrD Nt

Nami pan nocwanmny

IETRELTE]
OHOBTEHHT rpyliid BHU3HAYAETBCA K MMapaMeTp CUCTECMU

BT 6 KoH(irypauii. Bei 3anuti cucreMHux Oygepis B

HanmpsMKy 10 OydepHoro menemxepa I1/1B3
noBuHHI Bkaszatd JIHI' 1 KUIbKiCTE OaWTIB mJIs
Oydepis, ne OynyTh 30epexkeHi BiampaieHi abo
oTpuMaHi ToBizomileHHA. MeHemkep Oydepis
(MB) perynroe TIUMIBHEK CHCTEMHHX OydepiB
JUIA  3a3Ha4eHOl JiHIMHOI Tpymn B Mexax
MAXBUF, i skmo BiH Oyle mepeBUIIyBaTH
MAXBUF, To 3amuTyBad yTpUMY€ETHCS B CTaHi
OYiKyBaHHS 10 THX Tip, MOKH 3BUIBHUTBCA He-
00xiHi Oy epu abo MPOCTO BIAXUIISIE 3AITUT.

Tiosuwenns HadiHoCmi 6HYmMpIBy31060-
20 36’a3xy. Konn By3nmu 3’e€qHaHi JOKaJIbHUMU
MepexaMu s MiJBUIICHHS HAJIHOCTI, BOHU
MOBHHHI Y3TOIUTHCS PO BUKOPUCTAHHA B MDK-
BY3JIOBUX 0aratoaJpecHUX KOMYHIKaIlisX JIOKa-
npHOT Mepexi. [IpuiiMaeTbess MeEXaHi3M MapanebHOro pe3epByYBaHHS 3B’ A3KY, € BY30JI-BiANPaBHUK MY-
JIbTHAJpPECY€E MAKEeTH Ha KOXKEH JIOKAJbHUM aHAJNITHYHUNA BY301 3 HAJUIMIIKOM 1 BY3JH-IpUKAMadi OTpHU-
MYIOTh TUIBKH TEPIIUI 3 MaKeTiB SKUi MpUOYB BiJ JOKAIbHUX MYJIbTUMEpex. Haanumkosi makeTH, mo
MPUXOIATH TMi3HIIIe, BiiKuAaThcs. Lleil MexaHi3M He BUMarae Hi y3TOJDKCHHS MiX JIOKAIIbBHUMHU Mepe-
JKaMH, Hi BUKOPHCTaHHS TMEPEMUKaHHS MK JIOKAJIbHUMH aHAIITHYHUMU BY3JIaMH, a TOMY L€ YCyBae
KOMIIJIEKCHUH IPOTOKOJT AJIs1 BUSIBIICHHS BiIMOBH TakuX By3JiB a0o0 iX 30010.

[IpoGnema moBuHHA OyTH BUpilleHa 3 BHUSBJICHHSM HaUIMIIKOBUX MAaKETiB Ha BY3JIU-IIPHIMAYi.
MexaHi3M TpaauLifHUX MOPSAKOBUX HOMEPIB HE JOCTaTHIH, OCKUNBKM BY3JHM-IIpUiiMadi, iMOBipHO, Oy-
IIyTh BiIKMJIATH BCi MMAKETHU MPUOYTTS, KOJIU BY30JI-BiIIIPABHUK CKUIA€ TOPSIKOBUN HOMEp MICHS BiJHO-
BJICHHSI 3aBEPILEHOI HOoro cucreMu. Lle moOMuUIKOBe CKUOaHHS MPOJOBXKYETHCS O THX Mip, MOKU MOPS-
KOBHI HOMEp BY3JIa-BiANpaBHUKA TEPEBUILYE OCTaHHI HOMEP MPaBMUIBHO OTPUMAHOTO i 30€peKeHoro
By3JIaMU-TIpUHMadaMH, SIK IOKa3aHo Ha puc. 6.
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Puc. 7. BHAENCHAA CEHIAHAA NOPATKOEOI 0 HOMEpPA
Yepes NopANKOBME HOMEp Bepcil
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3 ozHi€T cTOPOHH, BY30J-BiAIPaBHUK MYJIbTHAAPECYE KOHTPOIBHUH MAKET 10 KOXKHOTO 4ieHa Ipy-
nu OaraToaJpecHoi PO3CHIKM MOBIIOMIISIOUH, IO MOPAIKOBUNH HOMEp CKHHYTO, 1 BiH OTpUMY€E Ha3an
miaTBepKEeHHs. SKmo Oyab-AKi BY3JM HE OTPUMAIOTh TaKOTO MiATBEPIKCHHS, BY30JI-BiANPaBHUK MO-
BTOPHO IMOCHJIAE MAKET YIPABJIIHHSA AJIS TUX BY3JiB, IOKH BOHO HE Oy/e MpaBHJIBHO MPUIHATE BCiMa uiie-
Hamu rpynu. Lled miaxix Bumarae, mo0 By3JIU-BiANPaBHUKM 3HAIM BCIX WIEHIB IpylH OaraToaapecHoi
poscmiiku. OmHaK, He MOTPIOHO HISKOTO MPOTOKOJY peecTpalii mpuerHaHHsa abo BUXOAY i3 rpymu Oara-
TOAJPECHOT PO3CUJIKH MIX By3JIaMH, 1100 JO3BOJIUTH KOXKHOMY BY3J1y IpUEAHATHCS a00 MMOKUHYTH TPYITy
0araToa pecHOi PO3CHUIKU BUIBHO 1 MIBUAKO. TaKMM YMHOM, BY3JIH-BiIIIPaBHUKH HE MAIOTh HEOOXiTHOL
iH(popMalLii mpo uieHiB OaraToaApecHOi TPyNH, 1 el MiaXiJ He MPEACTaBIETHC MOXKIUBHIM.

[Tpononyetbest mopsiakoBuid Homep Bepcii (ITHB), sikuit mo3Bossie By3naM-npuiiMadyaM BHSBIISTH
CKUJIAHHS TOPSAKOBOIO HOMepa y By3Ji-BinnpaBHUKY. [IHB OHOBIIOETHCS MpH KOKHOMY CKUIaHHI TO-
PSIIKOBOI'O HOMEpa 1 PO3TALIOBYETHCS B 3aroJIOBOK IMaKeTa B JOAATKY 10 Hboro (auB. puc. 7). [loroune
3HaueHHs [THB 30epiraeTbcs B He3anexHil maM’sTi (HaNpHKIIaa, Ha AUCKY), @ TAKOXK KOMIs KEIIYEThCS B
maM’ATi Ticys TOTOo, SIK 3HaYeHHS OHOBJIIOETHCS TIPH 3aITyCKy cHcTeMH. MeHepKep KOMYHIKalii Mix BYy3-
namu (BMK) BukopucroBye kemopani [IHB. Byson-npuiimau 3axommoe HaitOutbm norounuit [THB s
KOXKHOTO By3na-Bignpasuuka 1 MHI'. Konu By30:1 oTpuMye maker 3 JTOKaJIbHOTO aHAIITHYHOTO By37a, BiH
nopisaioe [THB 3 orpumanoro nmakera 3 3axoruieHuM panime. Skmjo [THB 3 orpumaHnoro makera nepe-
BHUIIY€E 3aXOIMJICHUH, puiiMay 3aMiHsie 3HaueHHs motoyHoro [IHB Ha 3Ha4YeHHS 3 OTpUMAaHOro Makera, a
TaKOX 3aMiHs€ MOTOYHHUH MOPSAKOBHI HOMEP 3HAYSHHSM 3 OTPUMAaHOr0 MaKeTy. TOMy CKUIaHHS MOpsia-
KOBOT'O HOMEpa MO)Ke OyTH BUSIBICHO B BY3Mi-IpuiiMayi, HE BUMaraody KOHTPOJIBHOIO MakeTa AJsl i€l
METHU 1 MOMHIIKOBI CKHJaHHA He BinOyBaroThes 3 THX Hip sik [THB 30epiraeTscst B He3anexHid mam’sTi,
AKUN He MOXe OYTH BTpaueHUM, HABITh SIKIO CHCTEMa 3yIUHAETHCS.

BucHOBKH i epcreKTHBY MOJAJBINNX JOCTITKEeHb

3anponoHoBaHa Moaenb apxitekTypu [1[IB3-cuctemu i MeToan Ui MOKpaIIEHHs MPOAYKTUBHOCT1
Ta HaAIHHOCTI 3B’s13Ky. MexaHi3Mm ajnpecallii, 3aCHOBaHUI Ha HAOOpi 6araTOCMMBOJIBLHOTO HOMEpa JoMe-
Ha, JIHIHHOMY TPyIIOBOMY HOMEpI 1 JIOTIYHOMY TepMiHAJIFHOMY HOMEpi abo OaraToaIpecHOMY IpyIOBO-
My HOMepi, Hagae exuHuid mpoctuil intepdeiic s [1K. T1/IB3 Bukmouae xomitoBaHHS Oydepa i cucrem-
HUX MPOILIECiB 32 JOMOMOTOI0 BUKOPHCTaHHs Oy¢epiB mam’ati, yHipikoBaHoro OydepHOro ynpasiiHHs Ta
iHTEepdecy COKEeTIB pealbHOro Yacy, 10 MiABUIIYE MPOAYKTHUBHICTH MpoleciB 3B’s3Ky. Lle mokparmrye
HaJIHHICTD cepBicy KOMYHIKallii MK By3JIaMH 4Yepe3 PErylioBaHHA CUCTEMHHX OydepiB mpHu BHKOpHC-
TaHHI iX U1 KOXKHOI JiHIHHOI rpynH, 1 A7 6araToapecHOro cepBicy JOKaNbHUX MYJIBTHMEPEX. 30Kpe-
Ma, MTOCTIJOBHUI HOMEp BepCii 103BOJISIE BUSBIATH CKUIAHHS MOPSIKOBOTO HOMEPa B KOYKHOMY BY3:1i O€3
BHUKOPHUCTaHHS KOHTPOJIBHUX MAKETiB, IO 3 JIETKICTIO MOKpalllye 6araroapecHy HaIiiHICTb.

Hapniiinuit onHOpiBHEBUH CepBic 3B’A3KYy TaKOX MPEICTaBICHUN Ha JEKITbKOX JIOKAIbHUX aHAITH-
YHHUX BY3JaX, 1€ 3’ €IHAHHS BCTAHOBIIOIOTHCS HA KOKHOMY 3 HHMX 1 KO)KEH BY30Jl BUOUpAE 1 mepeMuKae
3B 130K camocTiitHo. [Ipumyckaetbes, mo [1JIB3 moxe Oyt peanizoBana B siapi UNIX Ha BimMoBoCTiH-
KHX MiHi-KOMII'I0Tepax i B Halll Yac MOKE MPaIloBaT B peaJbHUX OHJIaiiH-CUCTEMaX.
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