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ANYCAST ROUTING IN DELAY TOLERANT NETWORKS

Delay Tolerant Networks (DTNs), as a class of useful but challenging networks, are
receiving more and more attention. In such networks, no end-to-end contemporaneous
path is guaranteed between any two nodes and message delivery can be fulfilled by
leveraging nodes’ movement.

Anycast is a service that allows a node to send a message to at least one, and
preferably only one, of the members in a group. The idea behind anycast is that a client
wants to send packets to any one of several possible servers offering a particular service
or application but does not really care any specific one. Anycast can be used to
implement resource discovery mechanisms which are powerful building blocks for
many distributed systems, including file sharing etc.

Anycast in DTNs means that a node wants to send a message to any one of a
destination group and intermediate nodes help to deliver the message by leveraging their
mobility when no contemporaneous path exists between the sender node and any node
of the destination group.

Anycast in the Internet and mobile ad hoc networks has been studied extensively in
the past, due to the unpredictability of network connectivity and delay, and limited
storage capacity, anycast in DTNSs is a quite unique and challenging problem. It requires
both re-definition of anycast semantics and new routing algorithms.

Moreover, in unicast in DTNs, the destination of a message is determined when it is
generated, while in anycast, the destination can be any one of a group of nodes and
during routing, both the path to a group member and the destination can change
dynamically according to current mobile device movement situation.

In this paper, I’ll also define three semantics models of anycast in DTNs, namely
CM (Current Membership), TIM (Temporal Interval Membership) and TPM (Temporal
Point Membership Model), which unambiguously define the intended receivers of a
message in the anycast routing. Based on the model, I’m also propose a novel routing
metric named EMDDA (Expected Multi-Destination Delay for Anycast) which utilizes
the uncontrolled random moving characteristic of mobile devices.

REFERENCES
1) S Jain, K. Fall, and R Patra. Routing in a Delay Tolerant Network. In Proc. of the
Conference on Applications, Technologies, Architectures, and Protocols for Computer
Communication, pages 145158, Portland, OR, USA, 2004.
2) D. Katabi and J. Wroclawski. A Framework for Scalable Global IPAnycast
(GIA). In Proc. of the Conference on Applications, Technologies, Architectures, and
Protocols for Computer Communication, Stockholm, Sweden, 2000.

Scientific supervisor — V.V. Lukashenko, Associate professor



KOMITIOTEPHI TEXHOJIOT'Ti

UDK 004.4:0047(043.2)
Sandii 1.O.
National Aviation University, Kyiv

DIGITAL SIGNAL PROCESSING OF SPECTRUM ANALYSIS

The spectrum analysis is the important field of great scientific and industrial branch
named the digital signal processing (DSP). The tasks of digital signal processing are the
most diverse ones and they require a certain level of performance of microelectronic
components. DSP is concerned with the representation of the signals by a sequence of
numbers or symbols and the processing of these signals. Since the goal of DSP is
usually to measure or filter continuous real-world analog signals, the first step is usually
to convert the signal from an analog to a digital form, by using an analog to digital
converter. Often, the required output signal is another analog output signal, which
requires a digital to analog converter. Even if this process is more complex than analog
processing and has a discrete value range, the stability of digital signal processing
thanks to error detection and correction and being less vulnerable to noise makes it
advantageous over analog signal processing for many, though not all, applications. The
advantages of parallel computing for solving problems of this kind of complexity are
quite large, so to implement them in recent times it is often applied FPGA architecture.
A currently observed rapid development of electronics technology is characterized by
fast increasing usage of digital technologies in existing and future projects. This is due
primarily to the known advantages of digital signals application: high potential noise
immunity, capability of optimizing the usage of the frequency spectrum, the prospects
of application in various telecommunication and information systems of universal
hardware and software solutions, etc.

One of the key factors of development in this direction obviously is technological
progress. The successful implementation of future development of information
technology is largely based on the achievements of digital signal processing (DSP),
designed to solve the problems of the reception, generation, processing and transmitting
information in real time, which is especially important and often absolutely essential for
digital signal analysis. The implementation of complex DSP algorithms in real time
requires, in turn, the use of effective fundamental DSP algorithms (filtering, spectral
analysis and synthesis of signals), which use efficiently appropriate technical resources.
Thus, currently there is an urgent scientific and technical problem of improving the DSP
algorithms and devices for the spectrum signal analysis.

The digital spectrum analyzers are employed in such branches as: audio and speech
signal processing, sonar and radar signal processing, sensor array processing, spectrum
estimation, statistical signal processing, digital image processing, signal processing for
communications, biomedical signal processing, seismic data processing, etc.
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HPOTOKOJIA MAPIIPYTHU3AIIL HA OCHOBI AHAJII3Y CTAHY KAHAJTY

[Ipu Benmkii KiNbKOCTI poyTepiB Ha MiINPUEMCTBI ab0 AEKIIBKOX MpoBalaepiB
3aCTOCYBaHHS CTaTHYHUX MapHIPYTiB CTa€ JOCUTh TPYAOMICTKHM. Y LbOMY BUIAJIKY
OLIBII TPAKTUYHO BHKOPHCTOBYBATH IMHAMIUHI MPOTOKOMM MapuipyTtu3amii. Bonn
aBTOMAaTHYHO OOMIHIOIOTECS iHQoOpMaIli€lo mpo BimoMi iM Mepexi THM caMHM
BHOMpArOYM HAMKpaIli MapIIpyTH s CBOTX TaOIHIb MaplUIpyTH3alii Ta MiATPUMYIOUH
1X aKTyaJIbHHUMU.

B nmoxmazi po3risiHyTI IPOTOKOJIM MapLIpyTH3allii Ha OCHOBI aHAJI3y CTaHy KaHAITy
(link-state routing protocols), Taki sIK MPOTOKOJ MEPHIOTO HAWKOPOTLIOrO BiJKPHTOTO
mapmpyty Open Shortest Path First (OSPF) i mpoTtokon oOMiHy &IaHHMH Mix
npomixkHuME ciucTeMamu Intermediate System-to-Intermediate System (IS-IS). O6unsa
MIPOTOKOJY MiATPUMYIOTH MEPEKHI MacKH 3MiHHOI JOBXHHH, MOXYTh 3aCTOCOBYBATH
MYJIBTHKAaCTOBY PO3CHJKY Ul 3HAXOJUKEHHS NPHWIEIIHX POYTEpiB, BUKOPHCTOBYIOUH
hello maketu, i MOXXyTb HiITPUMYBaTH ayTeHTH(IKALIIO IPH OHOBJICHHI MapIIpYTIB.

OSPF noOynoBanuii mst mapmpytusanii IP agpec 1 cam mpaimroe sk mpotokon 3
piBus Ha IP, IS-IS cnouatky € mepexxuum piBaem Mozeni OSI. IlIupoke BpoBamKeHHs
IP anpec cnpusino 3poctannto nomynsipaocti OSPF. IS-IS He Bukopucrosye IP anpecu B
SIKOCTI MapuIpyTiB. BiH € HeliTpambHUM BiTHOCHO MepekeBHX anpec, B Toi yac OSPF
0yB crpoekToBanuii 1 [Pv4. OcHoBHa BiaminHicTe OSPF 1 IS-IS nomnsrae B Tomy sk
BOHH [IUIATH aBTOHOMHY CHCTEMY HAa 30HH 1 SIK 3IIHCHIOETBCS MapUIPYTH3AIis MiX
3oHamu. Henonik IS-IS B ToMy, 110 MapiipyTu3atopu 2ro piBHS MOXYTb CIUIKYBaTHCS
TINBKY 3 TAKUMH JK MapIIpyTH3aTOpamMH, y 1To piBHS - Taka x curyanis. s B3aemonii
MDK MapmpyTtuzaTopamy 1ro Ta 2ro piBHs i BiAIIOBIZHUMH 30HAMU BHKOPHUCTOBYIOTHCS
Mapmpytuzatopu piBHs 1-2. V' OSPF 30HHM BigMexoByIOThCs iHTepdeiicaMu Ha
MapIIpyTH3aTOpi, TAKAM YHHOM TPUKOPAOHHUI MapmpyTtuzatop (area border router,
ABR) Mosxe mepe0yBaTH B KUIBKOX 30HaX OJTHOYACHO, €()eKTHBHO CTBOPIOIOYH KOPIOHU
BcepequHi cebe. Toxi six xopaorm IS-IS 30H 3HaXOAATHCA MK MapUIpyTH3aTOPAMH
piBHS 2 abo piBHA 1-2, m0 pobuTs Mapmpytusarop IS-IS wactunoro numre oxHiel 30HM.
Takox IS-IS He miaTpuMye HyIbOBY 30HY (MaricTpanbHy 00JacTb, 4epe3 SIKy MOXKe
npoiTH Bech MikoOnmacHuit Tpadik). JloriyHMM mHOsiCHeHHsIM 1poro € te, mo OSPF
CTBOPIOE MEPEXKy 3 TOIOJIOTIEI0 3ipKa 3 OaraTbMa 30HaMH MEPECiYHUMH 3 HYJIHOBOIO,
toxi sk IS-IS cTBOpIOE JIOTiUHY TOMOJIOTIIO 3 OCHOBHHM PIiBHEM 3 MapIIPyTHU3aTOPiB 2ro
piBHS, ¢iniii - MapmpyTH3aTOpiB piBHA 1-2 1 OKpeMuX o0NacTeil 3 MapuIpyTH3aTOPiB
piBHA 1 .

VY npotokoni OSPF 6inblre po3umpens i 1oaaTkoBux (QyHKLiH. OIHAK MPOTOKOI
IS-IS Binmpasnse MeHITY KiNbKicTb ciryx00Boro tpadika i Moxe MacmrabyBaTHCs UL
BEJIMKUX MepexX. SIKImo B3ATH OIHAaKOBY KIUIbKICTH pecypciB, IS-IS  3moxe
MiATPUMYBaTH OUIBIIY KiNBbKicTh MapmipyTn3aTtopiB B 30Hi aHix OSPF. Lle cmpuse
ToMmy, mo IS-IS BukopucToByeThCs B iHTEpHET-TIpOBaiAepiB.
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TEXHOJIOI'IA 3ABE3IEYEHHSI TAPAHTO3JATHOCTI BE3ITPOBIIHUX
MEPEX

CyuacHi TeHICHII] pO3BUTKY TEIEKOMYHIKALlill IMOB'sI3aHi 3 MOSBOI0 HOBUX IHOCIYT
Ta CepBiCiB, IO € OUIBII BUMOIJMBHMH A0 ICHYIOUMX MEpPEX. 3 KOKHHM THEM I
HOCIYTH CTalOTh OULTBII aKTyaJbHUMH cepel KopucTyBadiB. [loOymoBa, cydacHoi
MYJIBTHCEPBICHOT 0€3ApPOTOBOI MepeXi € ayXe 3pYYHHM DINICHHSM Ul iCHYFOUHX
MPOBaKICPIB, K PE3YIbTAT - 3ATYYCHHS III¢ OUTBIIOT KITBKOCTI a00OHCHTIB.

Ilpn mepexomi 1O CTBOPEHHS CHCTEM IIMPOKOCMYTOBOTO pagiofoCTyIy 3
IHTETPAIi€l0 MOCTYT CTaJI0 3pO3yMiNIO, IO OCHOBHI IPHHIUIH, 3aKIaeHi B 0e31poToB1
CHCTEMH Ha MOIEpEe/IHIX eTanax, moTpe0yoTh 3Ha4HOI Kopekiii. Ha curaamsHOMY piBHI
MepLIOYEProBe 3HAUCHHS JIICTaJ0 ONTHUMajbHE BUKOPUCTAHHS CHEKTPAJIBHOTO PECypCy
pazmiokaHary rnpu OyAb-sSKUX CIiBBiTHOMICHHAX "IIBUAKICTH - IEPEIIKOI03aXHIICHICTB" .
Ha piBHi npoTokomiB cTano HeOOXiIHMM 3a0e3ledyBaTH 3aJaHUid piBEHb SIKOCTI
obcyroByBanHs (QoS) Oyap-skoMy a0OHEHTY Mepexi. 3 miero metoro B 2004 porti OyB
pospo6uennii crannapt IEEE 802.16-2004, mio siBisie co0010 po3paxoBaHy Ha BBEACHHS
B Micbkux Oe3nporoBux Mepexax (WirelessMAN) TexHonorito 06e3npoBigHOTO
HIMPOKOCMYTOBOTO JIOCTYITY OIEPaTOPCHKOTO KIIAcy.

Jns nudepenmianii cepBicy 1 mATPUMKH SKOCTi 00cIyroByBaHHs cucteMa WiMAX
Ma€ CHeliabHUA MeXaHi3M, ychaakoBaHUH Bin TexHoiorii ATM, 3BaHuil miapiBHEM
kxoHBepreHmii ConvergentSublayer (CS). IlizpiBens xonseprenuii WiMAX sBise
co0or0 TporpaMHuil iHTepdelc KaHAIBHOTO PIiBHSA 10 MEPEXKEBOro DPIBHS Mepexi.
PoGoTa minpiBHsA KOHBepreHuii 3acHOBaHA Ha (UIBTPALl B 3arajJbHOMY MEpPEKEBOMY
Tpadiky 3a crieriaabHUMU i1eHTHIKaTOpaMu, 3BaHuX kiaacudikaropamu Classifier, Tak
3BaHHX cepBicHUX MOTOKIB ServiceFlow (SF), ¢ HananHsaM koxHOMY BuiieHoMy SF Ha
kaHaneHoMy MAC piBHI Mepexi HeoOXimHOT skocti oGcimyroByBanHs QoS.Kpim
ServiceFlow B8 WiM AXomnmioHaTbHO BUKOPUCTOBYETHCSI MTOHATTS KiTac 00CIyrOBYBaHHS
ServiceClass (CS), mo mpezacTasisie cOO0I0 OIMUC BUKOPUCTOBYBaHOTO TUITy QOS i iforo
mapameTpiB (aTpuOyTiB).

Takum umHOM, B Mepexi WiIMAX, mo-mepmre, Bechb Tpadik Moxke OyTH
kiacugikoBaHuit i po3mineHuii Ha Ge3nmiu cepBicHuX mnoTokiB SF, mo-gpyre, ms
KOYKHOTO CepBICHOTO MOTOKY, 0OCIYyrOBYIOUOTr0 poOOTY TOTO YH IHIIOrO JojAaTKa i / abo
KOpHCTYBa4a 3a/1a€Thesl piBeHb skocTi QoS 00cmyroByBaHHs 3 HEOOXITHUMH HapaMeTpu
KaHaly 3B'sI3KY.

Hayxosuii kepisnux — M.M.I'y3iil, k.m.H., doyeHm
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JOCJIIKEHHSI IPOTOKOJIIB MIKIOMEHHOI MAPIIPY TH3ATIIT

[aTEepHET — MHOXHMHA aBTOHOMHHUX cHUCTeM (AS), KUIbKICTh SKUX TIOCTiHHO
30ibIIyeThCs. B 3B’s3Ky 3 UM Bce OLTBIN aKTyalnbHUM CTa€ MUTaHHSA MapIIpyTU3arii
MDK IMMH CHCTEMaMH Ta B3a€MOJII Pi3HUX MPOTOKOJIB MapmpyTu3auii. Big Bubopy
IIPOTOKOJTY 3aIEXUTh e(heKTHBHICTh (DYHKIIOHYBAaHHS BCi€l Mepexi, ONTHMAIbHICT Ta
cTabinbHICTE 11 poboTu. [l BH3HAYSHHS MapIIpyTy MK aBTOHOMHHMH CHCTEMaMH
BUKOPUCTOBYIOTbCS IPHHIMIN JUHAMIYHOI MapHIpyTH3amii, came BOHH Oyiu
posrisiHyTi B gmomoBimi. Ilpm Takiit Mapmpyrnsamii 3amuTH  IpO  MapuIpyTH
PO3paxOBYIOTHCS IIPOTPAMHUM 3a0€3MEIEHHSAM MIPUCTPOIB.

OpHi€r0 3 KIIOYOBHX MPOOJIeM MapIupyTu3alii € Te, mo Tpadik B iHGopMariiHiit
MepexXi B 3HaYHIH Mipi TE€TEpOTeHHUI: 0 MEpeXi MepelaroThes K PI3HOTO POAy HaHi,
TaK 1 ayzio Ta Bimeo B peaspHOMY uaci. Lle Moke MPHU3BOAMTH O MEpEBaHTAKEHHS
MepeX mepenadi JaHuX Ta MapIIpyTH3yHUYOoro 00JafHaHH 1 HaBiTh JI0 1X BiIMOBH.

CyyacHMH CTaH Mepex Iiepefadi JaHUX BHUMarac BHKOPUCTaHHS aJITOPHTMIB
MapIupyTH3amii sAKi 37aTHI 00’ €KTHBHO BU3HAYAaTH MapIIpyTH, Oepydd IPH LBEOMY J0
yBaru IOTOYHY 3aBaHTAXEHICTh KaHAIB, THI TpadiKy, NPOIYCKHY 3AaTHICTH i
HaJi{HICTh KaHANIB 3B’ S3KY.

VY 3aragpHOMY 3HAuYCHHI CIOBa MapIIpyTU3allisl O3Ha4Yae MepecyBaHHS iHpopMarii
BiJ JDKepera 0 MyHKTY NpH3HA4YCHHS depe3 00’eaHaHy Mepexy. BoHa He mMoxe OyTu
e(heKTHBHOIO 0e3 pamioOHaTbHOTO BHKOPHCTAHHS HAsBHHUX PECYpPCIB - B TEPIIYy Yepry
MapIIpyTH3aTOPiB i KaHamiB 3B's3Ky. DYHKIIOHYBaHHSIM MPOTOKOJIIB MapIIpyTH3aLil
MOXKHa BBaXaTH e(QEKTUBHUM, KOJIM KOXEH pecypc 3aBaHTKCHUH, aje He
nepeBaHTaxeHnil. lle o3Hadae, mo KoeQillieHT BHUKOPHCTAHHA pecypcy IIOBHHEH
HaOJIVDKaTUCs 0 OAMHMII, ale He HACTIJbKH, 00 Yepry MakeTiB 10 HbOTO - HEMHHYYe
SIBUIIC B MAKETHUX Mepekax - Oysiu O MOCTIHHO BEIMKUMU, IPUBOISMYN IO 3aTPUMOK i
BTpAT Uepe3 TEePEIOBHEHHS BHYTPINIHIX Oy(epiB MapIIpyTH3aTOPiB.

B momoBizi po3rasaaoThest IPOTOKOIN MDKIOMEHHOT MapIIpyTH3aIlii, IPHHIUIH iX
pobotu, kpurepii BHOOpY ONTHMANbHOTO MHIIAXY Ieperadi JaHMX, iX MepeBard Ta
HEJIOJTIKH.

PimienHs, ski IiCHYIOTb ChOrOAHI B 00HacTi MapuipyTu3auii JJI03BOJISIOTH
3a0e3neynTH CTiliKe 3'€THaHHS Ta Tepeaady, OAHAK NUTAHH MiIBUIICHHS epeKTHBHOCTI
nepenaui  iHdopmauii, (edexTnBHOro  BHOOpPY  UULIXiB  Hepedadi  JIaHUX,
MePEeBaHTAXKEHICTh, CKOPOYCHHS YHCIAa BY3bKHX MiCIh) 3QIIMINAIOTHCS, SK 1 paHile,
aKTyaJbHIMH.
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CTPYKTYPHA OPI'AHI3ALISA NPOBJIEMHO-OPIEHTOBAHUX
CUCTEM HA ILJIIC

IIpobneMHO-OpieHTOBaHI OOYUCIIOBAJIbHI KOMIUICKCH Ta CHCTEMH NMPHU3HAYEHI Ui
pO3B’s3aHHS BH3HA4YECHOTO KiIacy 3amad B mpoOnmeMHid ramysi. lle o0 ’enHaHHS
armapaTHUX 1 MPOTpaMHHX 3ac00iB YHIBEpPCAIBHOTO 1 CIIENiasli30BAaHOTO MiIXOMIB VIS
pO3B’sI3aHHSA 3aad.

Pexondiryporni xomm’rorepu Ha 6a3i I[IJIIC edekTHBHO 3aCTOCOBYIOThCS B
OaraThox  0OOJacTIX: PpPEKOH(]IrypoBHI  BHCOKONPOXYKTHBHI  0araTtonpolecopHi
O00YHCITIOBANIbHI CHCTEMH; €MYJIAMis W TPOEKTYBaHHSA HOBUX OE€3IpOTOBHX CHCTEM
3BSI3Ky; HaykoBe OOYMCICHHA B pealbHOMY MacmTabi 4acy W MOZIETIOBAaHHS;
CrelianizoBaHi ~ aBTOHOMHI ~ BOymoBaHI — NpHCTpOi;  KOAYBaHHSA-ICKOAYBaHHS
iHpopmanii; 1mdpoBa 00poOKa CHTHANIB; POOOTOTEXHIKA W HEHPOHHI Mepexi;
KOMYyHIKamiifHi 3ac00H; KOHTPOJEPH ISl KepyBaHHs CKJIAJIHUMH 00'€KTaMH.

ba30B0I0 KOMITIOHEHTOIO CYyJacHHX PEKOH(IrypoBaHHX KOMII'IOTEPIiB € KPHCTAIH
FPGA. [lns po3poOKH CHCTEMH 32 OCHOBY B35TO IHCTPYMEHTAJIBHHH MOXynb Xilinx
ZC702 Evaluation Board cimeiictBa SoC  Zyng-7000. PeanmizoBana 3a 28-HM
TexHoJorielo Zyng-7000 mictuts 2-snepHy mnpouecopHy cucreMy ARM Cortex-A9
MPCore, mo ocHameHa MynbTuMenia-miacucreMoro NEON i moxmymem o00poOku
oriepalliii 3 MIaBar0u0r0 KOMOIO ITOABIHHOI TOYHOCTI, a TAKOXK KeII-TTaM’SITTI0 1-ro Ta 2-
TO piBHS, KOHTPOJIEPOM MYJBTHCTAHIAPTHOI MaMsTi 1 MHUPOKUM HabopoM mepudepii.
ITnarpopma Zyng-7000 EPP yHikaneHa THM, 1110 TOJIOBHA B Hill — MPOLIECOPHA CHCTEMA
ARM, a He mnporpamoBana jorika. lle o3Hauae, mo cTBOpeHa Kkommanieo Xilinx
cucTeMa 3abe3nedye 3arpy3Ky Iporecopa 3a BKIFOUYESHHSM JKUBIICHHS (10 CTapTa JIOTiKU
FPGA) i 3amyckae HeoOXigHi OIepariiiHi CHCTEMH HE3aJIeXHO BiJl KOMYTOBaHOI
MaTpHIIi MPOrpaMoBaHoi JoTiku. [Ticist 3arpy3ku po3poOHUKH MOXKYTh 3alIpOrpaMmyBaTH
TIPOIIECOPHY CUCTEMY, 10O MPH HEOOXiTHOCTI 3KOH(IrypyBaTH MPOrPaMOBaHy JIOTIKY.

TIpoext po3pobienuii 3acodamu CAIIP ISE 14.4 xommanii Xilinx.

Hayxosuii kepienux - B.M.Onanacenxo, 0.m.H., npoghecop
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CUCTEMA IEPEJAYI JAHUX B TEJEKOMYHIKALIAHIA MEPEXI
KOCMIYHHUX AITAPATIB

Ha mpotszi ocTaHHBOro IecATHpidYs y CBITI AyXe TocTpo Iocrana mpobiema
3aMiHM CTaHAApTIB Ileperadi JaHWX TeJIeKOMYyHiKamiiiHoro obOiamHaHHA y cdepi
aBIOHIKH, OCKIIbKA BOHHU HE BIJIMOBIJJAIOTh CYYaCHHM BHMOTaM y IIBHIKOCTI Tepenadi
nanux.Came 11 mpoOiema Oyna BHpilleHa BBEJSHHSM HOBOTO  CTaHAAPTY
TENEKOMYHIKaIliil aBiaI[iifHOro i KOCMIYHOTO OOJaJHaHHS , SKHU 3apa3 HOCUTh Ha3BY
SpaceWire , sika Mae HOBY, MO/I(iKOBaHy CHCTEMY Hepeadi JaHuX.

SpaceWire - HOBa TelcKOMYyHiKalliiiHa Mepexka Ui KOCMIYHHX amapariB 3
npomnyckHoto 3aaTHicTio 10 400 MOIT / cex , 3acHOBaHA HAa YacTUHI CTaHOAPTY
3'ennannaa |EEE 1355, By3ni skoi 3'€qHYIOTBCS 32 JONOMOTOIO TOCIIIOBHIX 3'€HAHBb
THUITy TOYKA-TOUKa, SIKA MPAIIOE€ B TOBHOAYIUICKCHOMY PEXKHMI.

Mepexa SpaceWire cxiiaaeTbes, B 3aralbHOMY BHIAJKY, 3 JSSKOTO YHCIa BY3JiB
a0OHEHTIB 1 MEpeKeBHX BY3IIB - MapIIPyTH3YIOUMX KOMyTaTopiB. Bysmu-aboHeHTH
Mepexi SpaceWire - 1e mpucTpoi, mepenaBaibHi i MPUiMardi MOTOKKA JaHWX. BoHH
MOB'sI3aHI 3 MapUIPYTH3YIOYMM KOMMYTaTopoM a0o OJWH 3 OJHUM JAYIUIEKCHUMHU
KaHayiamH, 3BaHuMH JiHKaMu (link). By3on ocHamenuii ogHuM a0 AeKinbKOMa JiHK-
MOPTaMH 1 iHTepercoM 3 HKepesoM JaHUX. Bix XocT-pucTporo By30II MpuiiMae aHi,
KoAye iX 1 BiAmpaBisie B CBiil mepenaBady, Oe3mocepenHbo MiIKIIOUeHH 10 JiHKy. Ha
IHIIOMY KiHII JIiHKA JaHi MpuiiMae npuiiMad, KU iX BIIHOBIIIOE (IEKOAYE) 1 mepenae
azpecaroBi (iHIIOMY XOCT-IIPHCTPOI0) a00 Ha BHXIZHUH MOPT MapIIPYTHU3YIOUOIO
komytaropa. [lpuitmMay 1 mepenaBady 3 HEOOXiTHMMH €IEMEHTAMH YNPABIIHHS i
iHTepdeiicaMu 10 XOCT-IPUCTPOIO  YTBOPIOIOTH KOHTposiep JiHkKa SpaceWire.
Ipn Hagxo/KEHHI 3arojioBKa MaKeTa y BXiAHMH MOPT MapLIpyTH3aTopa MakKeT BiJpasy
MapIIPYTH3YETHCS 1 MOYMHAETHCS HACKpi3HA Mepenada MOTOKY CHMBOJIB MakeTa y
BUXITHHHI TOPT, 63 mpomixkHOi Oydepusarii 1 30epiraHHs B MapmpyTu3aropi . Takum
YIHOM, B MEPEKEBOMY BY3JIi BiIOYBa€ThCS i MapHIPYTH3aLlisl BXiJHOTO MaKeTy, i ioro
KOMYTalIlisl.

Po3zninphe DS - komyBaHHS KOXKHOTO 3 JIIHKIB 3a0e3Meuye CIpOIIeHHs nepeaadi Ha
BHCOKHX MIBUJIKOCTSIX Ha 3HA4HI, HEJOCSDKHI B MapajeibHHX LIMHaxX BifgcTaHi. Kpim
TOTO, Ie JO3BOJISIE 1 1aJli HAPOIIYBaTH MPOMYCKHY 34aTHICTh KaHairy SpaceWire.

TakuM 4MHOM, BBEAEHHS TAKOTO CTAaHIAPTY 3 JAQHOKI CHCTEMOIO IMepenadi JaHux
MOTPiOHO BIPOBagUTH B YKpaiHi , o 3a0e3nedmino O MO3UTHBHHIN pe3ylbTaT B 3aXUCTI
1 pO3BUTOKY Taiy3i aBiOHIKH i KOCMOHA()THKH B HAIIi JepKaBi.

Hayxosuii kepisnux — Jlykawenxo B.B. k.m.H., doyenm
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KOMITIOTEPHI TEXHOJIOT'Ti
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INPOI'PAMHI 3ACOBM NNPENCTABJIEHHSI CUTHAJIIB
B KOMIT’'IOTEPHIM MEPEXI PYXOMHUX EOM

BaxuBoo 9acTHHOIO KOMYyHiKamid OuIBIIOCTI CyYyaHMX KOMIaHI —cranu
0e3MpoBOJIOBI MIMPOKOCMYTOBI MEpeXi TMepenadi JaHuX. MepekeBe 0oO0JagHAaHHS J1ae
3MOTY IIBHJIKO KOH(IrypyBaTH JIOKaIbHI 00UMCIIOBABHI Mepexi B cepelieHi OymiBens i
CTBOPIOBATH JIiHII pagio3B’s3Ky 3 BiAJaIEHUMH Ha JIECATKH KUTOMETpiB odicamu. 3 ix
JOIIOMOTOI0 MOXKJIMBO OpraHi3yBaTH MIChbKI OHOpHI Mepexi 3B’S3Ky, KOTpi
3a0e3MeyyIoTh IHPOKOCMYTOBHUI JOCTYI 10 IHTepHeTy 1UIsl IPUBATHUX MiANPHEMCTB Ta
JepKaBHUX ycraHoB. Ha nonady BHILE3raflaHUX IepeBar, JUisi 6e3MpOBOJOBHX MEPEX
po3po0ieHO psAn MpOrpaMHUX Ta amapaTHHX 3aco0iB KOHTPOMO 3a Tpadikom i
yHOpaBIiHHS 0€3MEKOI0.

Po3znoBcromkeHicTh 6€3MPOBOJOBUX TEXHOJOTIH B HAIll Yac CTABUTH MiJ] 3arpo3y Ti
Mepexi, e BOHU B)X€ BUKOPHUCTOBYIOTHCS i Ti B KOTPHUX HE MAIOTh 3aCTOCOBYBATHCS.
Tpaguuiiini 3aco0m 3axucTy Oe33aXHCHI Iepel TNPHHIUIOBO HOBHMH KJacaMu
0e3mpoBoIoBUX 3arpo3. [Ipu 1bOMy CHTYyaIlisl YCKJIAIHIOETBCA THM, IO HEOOXIIHO
3aXUIIaTH CBOIX KOpHUCTyBayiB (KOTpi MOXyTh OyTH BignameHuMu Bin odicy),
HETMOPYIIYIOYH TIPH IbOMY (PYHKIIIOHYBaHHS CYCIOHIX MEpex, SKUM OW IMiZo3piTnM
BOHO He OyI10.

Jns anamizy Tpagiky OempoBoJOBOi KOMII'IOTEpHOI Mepexi Ha (ismyHOMY piBHI
TIPONIOHYETHCSI BUKOPUCTATH MporpaMHuii 3acid «TpuroHomerpudeckuii psg Dypsey,
IO Jla€ 3MOTY aHaJi3yBaTH JaHi NpeicTaBieHi B iMIynbcHOMY BHrisiai. [Hrepdeiic
NporpaMy  JO3BOJISIE  BBECTH TECTOBY IOCHIJAOBHICT, IIO B  IOJAJIBLIOMY
BUKOPUCTOBYETBCSI JUISI PO3PaxyHKy KOOPIMHAT IIOCTIJOBHOCTI TOYOK rpadiky
MOJIENIIOI0U0i MOCHIOBHOCTI OIT B OecrpoBonOBiil KoM 'toTepHid Mepexi. Jlns
KOZYBaHHS OIT BHKOPUCTOBYETHCS YaCTOTHA MOJTYJISIIIS.

Ilicns orpumanHs QYHKIIT Ha MOMEPEIHFOMY €TaIli € MOXKIIUBICTH PO3KIACTH i1 B
psin ®ypbe. Inrepdeiic momaTky nae 3Mory 3agaTH KUIBKICTh T'apMOHIK, @ TaKOX
3MEHBIIYBATH 3aBAHTAKEHICTh TpadiKy OTPUMAHUMU JaHUMH.

TakuM YMHOM 3 JOIOMOrO pO3KIaJaHHi (QYHKUil, 1m0 onucye Tpadik B
6e3npoBOBili KOMIT'IOTepHIN Mepexi, B KiacuuHuil psg Dyppe € MOXKIUBICTH
OTPHMATH JOAATKOBY iH(OpPMAIlil0 Ha OCHOBI KOTOPOI MpoBeCcTH Knacudikarito 06’ekra
PO3Mi3HABaHHS.

Hayxosuii kepisnux — M.K. [leyypin, 0.m.n., npog.



