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YBaxxaeMu KOJIETH,

[Ipe3 nactosimata 2013 roawHa ce HaBbpmIBAaT 45 TOOWHM OT CH3JABAHETO B HAIIMS
VYHuBepCcUTET HAa MBPBOTO CTPYKTYpPHO 3BEHO “‘VI3uMciuTesHa TEXHUKA , NOJY4YWIO 3ajJadara aa
oOyJaBa CTyJeHTHTE B OOJjacTTa Ha Hal-pPEBOJIIOIMOHHATA HAyYHO-TEXHHMYECKa 00JacT, Ta3u Ha
KOMITIOTHPHHUTE HAYKU U TEXHOJIOTMH. TOBa 3B€HO U3BBPBS IbIbI U BH3XO/IAI ITbT HA PA3BUTHUE, 32
Jla IOCTUTHE J0 HACTOSALIOTO CH CHCTOSIHME W BB3MOXXHOCTH B JIMLIETO Ha KaTenpa “KommoTbpHuU
HAyKH W TEXHOJOTHH , YUHUTO BHCOKO KBATH(UIMPAH TMPEMOJABATEIICKH ChCTaB IMPOBEKIA
ChBPEMEHEH U aKTyaJieH 10 ChAbpKaHue U (opMu yueOeH U HaydHOHU3CIIeI0BaTEICKH MPOIIECH BbB
BCUYKU 00pa3oBaTesIHO KBATHU(PUKAMOHHU CTENEHH - OakanaBbp, MarucTbp U nokrop. Kareapara
npuTexaBa Oorara mMarepuaiHa 6a3a u o0y4yaBa CTYIEHTH B JBE€ CICHUATHOCTH, YMMTO 0011 Opoit
HanxBbpia 500.

[Ipe3 te3m romuuu katenpa KHT 3aBoroBa Oe3cropHM M 3HAYMMHU TO3HWIMH B o0JacTTa Ha
KOMITIOTBPHOTO 00pa3oBaHHe U C€ YTBBPAM KAaTO aBTOPUTETHO 3BEHO Cpell aHAJIOTUYHUTE B
cTpaHaTa. BcuYku ycmexw ce AbDKAaT HAa BCEOTHAWHUS W BUCOKO KBaTU(UIMpaH Tpyd Ha
MpenojaBaTeNuTe U CIY>KUTEIUTE Ha KaTeApeHus KoekTuB. Heocriopuma e 3aciyraTa v Ha HalIuTe
BB3MUTAHUIM - CTYIEHTH M JOKTOPaHTH, 3allUTWIM JOCTOMHO NpecTWKa Ha KaTeapara u
CHEIHaTHOCTTa KaKTO B CTpaHaTa, Taka BbB BCUYKU KpauIlla Ha CBETA.

C yBaxeHue u OyaromapHOCT ce OOpbIIaM KbM OCHOBaTeNuTe Ha Kartenpara. He ce
CbMHSIBAM, Y€ KaTeIpPEHMUST KOJEKTHB IIE ChbXpaHW M pa3Bue J00pUTE TPaJAULUU BBIPEKH
TPYAHOCTUTE, Th KaTo MPUEMCTBEHOCTTA Ha MJIaJINTE B KaTeApaTa € HaJIuIIE.

C nosxenaHue 3a 3paBe, ACTUE U yCIIeX BbB BCUUKU J0OpU HaYMHAHUS!

YecTHTa roauIHugal

Centemspu, 2013 r. non. aA-p uwk. Hanexna Pyckosa,
PovkoBonuren kareapa KHT

Dear colleagues!

In the current 2013 45 years have passed since the first structure section on Computing at our
University was established. It received the job to introduce the students in the most revolutionary
scientific area — the one of computer science and technology. The Section has gone a long way up
while reaching its present state and opportunities offered by the Department of Computer science
and engineering, whose highly qualified lecturers hold a contemporary in content and shape
academic and research process in all degrees - Bachelor, Master, PhD. The department has great
facilities and teaches students, whose total number exceeds 500, in two subjects.

During these years the Department of “Computer science and engineering” gained
indisputable importance in the field of computer education and established itself as an authoritative
among similar across the country. All the success is due to the dedicated and highly skilled work of
the lecturers and employees of the department. Undeniable is also the contribution of our
undergraduate and graduate students, who have successfully defended the reputation of the
Department and the subject both in the country and all over the world.

With respect and gratitude, I refer to the founders of the Department. I have no doubt that the
Department staff will preserve and develop the traditions despite the difficulties, as the succession
of the young people in the Department is available.

With wishes for health, happiness and success in all your good endeavors!

Happy anniversary!

September, 2013 Assoc. Prof. Nadezhda Ruskova, PhD
Head of Computer Science and Engineering Department
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.- Telecoms orepaTop,  MPEIOCTaBsI]  yCAyr'H  Ha
pErHOHATTHU u JIOKAJTHH WHTEPHET

http://www.telecoms.bg JIOCTABYMIIH.
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U IPYTH JOCTaBYHIIN HA (PUHAHCOBH YCIIYTH.
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_____ ASIC Depot nipenoctaBsi pa3lIupeH yCIyru
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http://www.asicdepot.com
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AJACTPA  mpeanmara  uHGOpPMaIMOHEH
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BUCOKA CTENEH Ha  HAISXKIHOCT IPH
oOpa0oTKaTa Ha Oomepaluy B peaTHo BpeMe.

http://www.sistechnology.com

ol l 1l l b Jlokannara Cisco Axkagemusi npu TY-Bapna
CISCO. MPOBEXJla KypcOBE IO Hail-HOBUTE Yy4eOHU
Mo nporpamu Ha Cisco Networking Academy -

Academy Cisco CCNA Exploration u Cisco CCNA

Security Ha OBATAPCKU ¥ AHTTUHCKA €3HK.

http://ciscoacademy.tu-varna.bg
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MUKPOITPOIECOPHA CUCTEMA 3A UBMEPBAHE
IHAPAMETPU HA MUKPOK/IMMATA

Nnus Us. Xagpxuaumos, Upuna I1. [TaBnoBa, Kpsctun Kp. ﬁopnaHOB

Pe3rome: B Hacrosmiata pa3paboTka € JAEMOHCTpUpaHa MHKPOIPOIECOpPHA CHUCTEMa 3a PETHCTPHpAaHE U
3alTUCBAHE HA OCHOBHH MapaMeTpH HAa MUKPOKIHUMATa B MOMeleHus. [lapaMeTpuTe, KOUTO Ce M3MEpPBaT ca
TemreparypaTa Ha BB3AyXa, IUIBTHOCTTA HAa TMOTOKA TJ00ajdHAa CIAbHYEBA paaualivs, OTHOCHTEIHOTO
BJIATOCHIbPKAHUE HA BB3yXa U OCBETCHOCTTA Ha MOMEIECHHEeTo. MUKpOIpoIiecopHaTa cUcTeMa MOXe J1a
paboTH caMOCTOATENTHO Oe3 TEePCOHAJICH KOMITIOTHD, a JAaHHUTE Ce ChXpaHsABAT Ha MarHuteH Hocuten. C
MOMOII[TA HA Ta3W CHCTEMa MOTar Jia Ce OICHABAT MapaMeTPUTE Ha MUKPOKIMMATA B IOMEIIEHHS C Pa3THIHO
MpeHa3HaYCHUE U PE3yNTaTUTE Jia Ce CPaBHSABAT C HOPMATHBHUTE U3UCKBAHUSL.

KawuoBu aymm: [Mapamerpn Ha MHUKpPOKIIMMAT, MUKPOIPOIIECOPHA CHCTEMa, TEMIIEPAaTypa, OTHOCUTEIHA
BIQKHOCT Ha Bb3/IyXa, OCBETCHOCT, IUTBTHOCT HA CIBHYCBA PaHaIlHsl.

Microprocessors microclimate parameters measurement system
Iliya I. Hadzhidimov, Irina P. Pavlova, Krystin K. Yordanov

Abstract: A microprocessor system for measurement and recording basic microclimate parameters like
temperature, air relative humidity, solar irradiance and illumination is discussed. The functioning of the
system can be independent due to opportunities for SD data recording without of a personal computer. By the
data collected, the microclimate basic parameters can be analyzed and compared with the official
requirements.

Keywords: microclimate parameters, microprocessors system, temperature, relative humidity, illuminance,
solar irradiance.

1. YBoa

W3uckBanusita 3a KOMPOPT U TMapaMeTpyd HAa MUKPOKJIMMATa B TIOMEIICHHS C Pa3IHYHO
npeAHa3HaueHne ca OOEKT Ha W3CIICJIBaHMsI M aHaiuu3. ToBa € OT ChHIIECTBEHO 3HAYCHHE 3a
peanu3anus Ha MEPKHU 3a eHepruiiHa eeKTUBHOCT U MKOHOMHUS Ha €HEprusi, 0COOCHO aKTyaTHH B
nHentHO Bpeme. Ch3mazeHaTa MUKPOIIPOIIECOPHA CHCTEMa € aBTOHOMHA, 0€3 HEOOXOIMMOCT OT
BpPb3Ka C MEPCOHAIICH KOMIIOTHP U UMa Bb3MOXHOCT 332 CbXpaHEHUE Ha U3MEPEHUTE MapaMeTpu Ha
MarHuTeH Hocutel oT poaa Ha SD. TakaBa cuctema MOXKe J1a C€ M3I0JI3Ba 3a ChOMpaHe Ha JIaHHU,
KaKTO M Ja ce Jajie OlEHKa Ha MapaMeTpPUTE IO OTHOUICHWE Ha HOPMHUTE 3a MHUKPOKIMMAT B
oOUTaeMHTE TTOMEIICHHS 32 ONTUMHU3MPAHE Ha CHEPTHHUHUTE HYXKIW M pealu3upaHe Ha MEPKHU 3a
HNKOHOMMNSA HA eHeer;I.

2. MuxkponpouecopHa cucrema Ha 0a3ata Ha ATMEGA328 u yyBCcTBUTE/IHHU eJIeMEHTH

3a 5ma ce peanu3upa M3MEpPBAaHE M ChXPAHECHHWE HAa YETHUPUTE MapaMeThpa, € HW3IMOI3BaHa
miatpopma ARDUINO [1] 3a mukponporiecop ATMEGA328 ¢ 10 6utoBo aHamoromudpoBo
npeoOpasyBaHe Ha curHaimure. I[lmar¢opmara mma pocraTbueH Opoil aHAJIOrOBM BXOJOBE H
nudpoBu TOPTOBE, KOWTO MoraT na ObaaT KOHPUTYpHUpaHHM W KaTo IudpoBH BXom0Be. 3a
M3MEpBaHe Ha OTACITHUTE MapaMeTpu ca U30paHu CICAHUTE YYBCTBUTEITHH €JICMECHTH

e Temneparypa — nudpos tepmomersp DS18B20 [2]. To3u TepMoMeTsp € €aWH OT Haid-
U3MOJI3BAaHUTE TIOHACTOSILIEM CEH30pPH C TOYHOCT, KOSATO 3aJ0BOJISIBA HANBJIHO IleNiTa Ha
usMmepBanero. B nuanasona ot -10°C go +85°C, tounocrra my € +/- 0,5 °C. iMa Bb3MOXKHOCT 3a 9,
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10 u 11 OumroBo mpeoOpazyBaHe Ha H3MEpeHaTa TeMIlepaTypa. MakcuMmallHaTa CKOpPOCT Ha
KOHBEpTUpaHE Ha Temrieparypara B 12 6uroBa ayma e 750 ms. J[pyro chIieCTBEHO MPEUMYIIECTBO
€ BB3MOXKHOCTTa 3a H3IMOJ3BaHE Ha T.Hap. ,,l-Wire” uHTepdeiic, KOUTO H3MoJ3Ba CaMO €IUH
¢ poB BXOJ Ha MUKporiporiecopa. Ha enna TpukabenHa Bpb3Kka MOTAT apalieIHO ChC 3aXpaHBaHE
ot ARDUINO wimm mocpeacTBOM T.Hap. ,,[Tapa3uTHO 3axpaHBaHe’ na ce BkaouaT A0 1023 mudposu
TepMoMeThpa. Te ca ¢GaOpuyHO HACTPOEHH M HE € HeoOXoauMma JOoMbJIHUTEeNHa o0paboTka Ha
nosiydyeHata temmeparypa. CurHansT € HudpoB, KOETO € IPEIUMCTBO Mpel aHAJIOTOBUTE CEH30DH,
KOUTO Ca YYBCTBUTEIHA KbM BHHIITHH €JICKTPOMArHUTHHU TOJIETA.

¢ OTHOCUTETTHO BIarochiabpkanue Ha BB3Ayxa — DHT21 [3]. To3u mudpoB ceHzop e
KOMOMHHpaH 32 CbBMECTHO M3MEpBaHE HAa OTHOCHTEIHO BIAroChAbp:KaHWE M TeMIleparypa, Ipu
o6xBat ot -40°C no +80°C tounocTTa Ha u3Mepenara temmeparypa ¢ 0,1°C, a 32 OTHOCHTEIHOTO
BJIATOChIbpKaHue TOYHOCTTa € +/- 3% (max 5%) mpu obxBat or 0% nmo 100% otHOCHTENHA
BinaxxHocT (RH). IlepuoabT Ha peructpupane Ha MOKa3aHUATA € CPETHO OKOJIO 2 CEKYHAM.

e OcBeTeHOCT. 3a pealn3upaHe Ha U3MEPBAHETO Ha OCBETEHOCTTA € M3MOI3BaH (hOTOPE3UCTOP
¢ anajoroB curHai ot cepusita ®@5/GLSS [4] cbc ChIPOTUBICHNE MPHU JIUTICA HA OCBETEHOCT 3 MQ.
UysctButenHoctta € oT 30kQ mo S0kQ 3a 10 lux, a BpemeTo 3a peakuus € 20 ms Ipu yBeJIMYaBaHEe
1 30 ms mpu HamajsBaHe Ha OCBETEHOCTTAa. PabOTHMAT TemmeparypeH jauanason € ot -30°C 1o
+70°C. Ha ¢ur. 1 e mpencraBeHa 3aBHCHMMOCTTA OCBETEHOCT/ENEKTPHYECKO CHIPOTHBIEHHE OT
IIPOU3BOJUTENA. 32 MOJIydaBaHE Ha BpBb3KaTa MEXAY OCBETEHOCT U E€JIEKTPUYECKO ChIPOTUBIICHHE
MOTaT /1a C€ M3MO0JI3BAT XapaKTePUCTUKUTE, MIPEIOCTABEHH OT MPOU3BOAUTEINS UM Jla C€ U3BBPILU
HACTpOIiKa Ha CEH30pa C MOAXOIAI JIYKCOMED.

N

oo

Joe =N

I 1

1 10 o0 Lz
®ur. 1. 3aBUCUMOCT MEXKIY OCBETEHOCT U €JICKTPUYIECKO ChlpoTuBiacHue Ha D5/GL55/3 MQ.

e[lmbTHOCT Ha mOTOKAa TioOaNHA CIbHYEBA paguanvs. 1To3W mapamMeTbp € BaXeH 3a
U3y4yaBaHE Ha T.Hap. ,,lJACUBHO CIBbHUEBO OTOIUIEHHE IIpe3 OTOIUIMTENHMs ce30H. Toil naBa
BB3MOXKHOCT J1a C€ OLIEHM KakBa 4acT OT CIbHYEBATa paJHMallds, MUHABAIlla IIPe3 MPO30OPLUTE H
OpYrd MpO3padyHM apXUTEKTYpHU €IEMEHTH, IIONaJa B IIOMELICHUETO U CIY)XH 3a IIaCUBHO
oromieHre. Ha 0a3za Ha To3M mapaMeTbp MOXKE /1a Ce HallpaBH aHAJIN3 32 Bb3MOXHHM MKOHOMMH Ha
SHeprus 3a OTOIUIEHHE. 3a U3MEPBaHe IUTbTHOCTTA Ha TJI00aIHaTa CITbHYEBA paJualys € U3IM0JI3BaH
CUJIUIMEB (DOTOCIIEMEHT C AHAJIOrOB CHUIHAJ, KOWTO NOpaau HEIMHEHHUTE CH BOJIT-aMIIEpHU
XapaKTePUCTHKH € HEOOXOIUMO Jla C€ HACTPOM C €TAJIOHEH MUPAHOMETHP 3a MOJyyaBaHe Ha TOYHO
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nokasaHue. Thi KaTO HaIPEXEHUETO, MOJIYYEHO BCIEACTBUE Ha (POTOBOJITAUYHOTO MpeoOpazyBaHe
€ MaJIKO, 32 YCUJIBaHE Ha CUTHAJIA € U3I0J3BaH onepaluoneH ycunsatea MCP602.

[Ipu nbaru kabemHu Bpb3KH, MUGPOBUAT TepMoMeTbp DS1820 u ceH30pbT 3a OTHOCHUTETHO
BJIAroChbAbPKAaHUE C€ HYXKIasiT OT T.Hap. “pull-up” cwmporuBieHue, KOETO € HEoOXOIUMO 3a
KOMIIEHCAIHsI HAa YBEIMYEHOTO CHIIPOTUBIIEHUE OT IPOBOJIHUTE JIMHUU.

2.1 Hacrpoiika Ha YyBCTBUTEJHHUTE eJIEMEHTH 32 NpeodpasyBaHe HA AHAJIOTOBUTE
CUTHAJIH B U3X0/IHA BeJIHYUHA

Hacrpoiikure ca M3BBPIICHM 3a JBaTa aHAJIOTOBH CHUTHAJAa — OCBETEHOCT M IUIBTHOCT Ha
noToka riobanHa ciabHYeBa paguanus. CTOWHOCTHTE OT aHalIOronu@poBO mpeodOpazyBaHe Ha
dbotopesuctopa ®5/GL55/3MQ ca chrmocTaBeHH MPU €IHAKBU YCIOBUS C MOKa3aHUTA Ha IU(POB
aykcomep PeakTech 5025. Ha ¢ur. 2 e mpencraBeHa 3aBUCHMMOCTTa Ha pETHUCTpUpaHaTa C
(oTope3ncTopa OCBETEHOCT U MOKA3aHHUATA Ha JIyKCOMepa.

OcseTeHocT, Ix
ijC T T T

2000 [~ =]

1000 [~

R
P il l l I I
o L
0 100 200 300 400 500 600
ADC

@ur. 2. 3aBUCUMOCT MEX 1y IMOKa3aHUETO Ha aHajmorouudposus mpeodpasysaren (ADC) u ocBeTeHOCTTA.
I'mankara nuHus e moauHoM OT 4-Ta cteneH ¢ apryMmeHT ADC.

3a MO-TOYHO MOJlyyaBaHEe Ha MOKAa3aHHMETO 3a OCBETEHOCT OT (POTOpe3ncTOopa, CPaBHEHUETO
MEXy aHaJoronudpOBUs CUTHAT U CHOTBETHUTE cToMHOCTH Ha PeakTech 5025 e orpanudeno no
2500 lux, KOMTO ca TOCTaThYHM IO W3UCKBAHUS 32 IMOMELICHUS C Pa3IMYHO MpeJHa3HAuYCHHE U ca
anpOKCUMHUPAHHU C ITOJIMHOM OT 4-Ta CTEIEH:

f(ADC) = 4,12 + 0,84.ADC + 6,495.10°.ADC* - 2,05.10°.ADC’ — 4,35.10%. ADC*. (1)

CraHgapTHOTO OTKJIOHEHHE MEXIy M3MEPEHHUTE BEIMYMHU U MOJMHOMHUATHATA (QYHKIUS €
20,6.

[lo cpumMg HauMH ce HACTPOWBAa M YYBCTBUTEIHUSAT E€JIEMEHT 3a MU3MEPBAaHE IUIBTHOCTTA HA
rJI00aTHUS TIOTOK CIIbHYEBA Pahallys.

2.2 PerucTrpupaHe U CbXpaHeHHe HA JaHHUTE OT H3MepBaHe
C nen na ce peanusnupa MUKPOIIPOLIECOPHA CUCTEMA, KOSTO MOXKE HE3aBUCUMO OT EPCOHAJIEH

KOMITIOTHD J1a JjaBa Bb3MOKHOCT 3a U3MEpPBaHE Ha JIaHHUTE, MbpBUYHA 00paboTKa U ChbXpaHEHUE Ha
MOKa3aHUsATa HA MAarHUTEH HOCUTE € BB3NPHUET CIACIHUST MOIXO/;
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¢ ARDUINO mmardpopmara e cHabmena c jaBa T.Hap. ,,Shield”, xouTo mo cChIIecTBO
MpeACTaBISIBAT HAACTpOHKa Ha cuctemara. [IspBusr e ,,Sensor shield”, koiiTo mo3BosiBa JIECHO U
yIOOHO Ja ce BKJIIOYAT YeTHpPUTE ceH3opa. Ha Ta3u HaucTpoiika BCEKM €IMH OT aHAJIOTOBHUTE U
U POBU KaHAJH € C OT/ACJICH ITUH 3a 3aXpaHBaHe, 3a3eMsiBaMe U OTBEXXaHE HA CHTHaa. Bropust e
T.Hap. ,,Data logging shield” u e mpegHa3zHayeH 3a CaMOCTOSTENHO 3alKMCBaHE HAa JAaHHUTE Ha
Security Digital (SD) kapra u uma RTC (Real Time Clock) Momyn, ¢ moMorira Ha KOHUTO, JOpH
mardopmara 1a ocTaHe M3BECTHO BpeMe 0e3 3aXpaHBaHE, PEalHOTO BpEME CE€ ChXpaHsBa U MPHU
pecrapt Ha cCUCTeMarTa, JaHHHUTE Ce 3allUCBaT B PEATHO BpEMe.

e3a 3amuc Ha JgaHHUTEe € W30paH ¢opmar, KOWTO MO3BOJSABA cienBaiia oO0padoTka Ha
pE3yJITaTUTE B Pa3IMYHU IPOrPaMHU MPUIIOKEHMS 32 IPErIe] U aHanu3. JJlaHHuTe ce perucrpupar
B CTaHJapTeH “.txt” ¢opmar, KaTo MOKa3aHUsATA OT U3MEPBATEIHUTE CEH30PH C€ 3allUCBaT BCSKA
MUHYTa. 3a Ja HE ce T'yOM TOYHOCT MNpH pPEe3KHM NPOMEHU B IOBEICHUETO HAa H3MEpPBAaHUTE
napaMeTpy, MHUKpOINPOLECOPHT € NporpaMupaH Taka, Y€ B pPAMKUTE Ha BCSKAa CEKyHIa ce
3amaMeTsiBaT nokasaHus. Crel M3THYaHE Ha €Ha MHUHYTa C€ IpecMsATa CpeJHOApUTMETHYHATa

CTOMHOCT 3a BCEKM MapaMmeThp, KOMTO ce 3amucBa Ha SD kaprata. @opmMaThT Ha 3alnKMCBaHE Ha
JAHHUTE €:

YYYY/MM/DD HH:MM:SS XXXXXXXXXX XXX.XX

[IepBusaT napamersp (XXXX, 1enouncieH) € IUIBTHOCTTAa Ha MOTOKAa CIBbHUYEBA pagualus,
BTOpHUAT (XXXX, IEIOYUCICH) € OCBETEHOCTTa, TPEeTHAT (XX, IEeTOYHCIICH) OTHOCHUTEIHATA
BJIQKHOCT M 4eTBBPTUAT (XXX. XX, ¢ maBamia 3amneras) € Temreparypara.

Ha ¢wur.3 a, 0, B, r ca npeacTaBeHnu TpaduuHUA PE3yJTAaTH OT HAMPABEHUTE TECTOBE ChC

cucremara. TecToBeTe ca HalIpaBeHU B cTas B MHTepBaia oT 15:45 no 23:30 Ha 1-Bu ronm 2013 1.
I, Wim®
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®@ur. 3a. 3aBUCUMOCT ILTBTHOCT Ha IMMOTOKA T7I00aTHA CIIbHYEBA PaIUaIlis OT BPEMETO
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@ur. 30. 3aBUCUMOCT Ha OCBETECHOCTTA OT BPEMETO
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@ur. 3B. 3aBUCHUMOCT Ha OTHOCHTCIHOTO BJIaroCbAbp:KaHUC BbB Bb3AyXa OT BPEMCTO
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@ur. 3r. 3aBUCHUMOCT Ha TeMIIepaTypaTa Ha Bh3yXa B IOMEIICHHETO OT BPEMETO
3. U3Boau

Peann3upanara MUKpONIPOLIECOPHA CHUCTEMA € KOMIAKTHA, (PYHKLIMOHATHA U YCICIIHO MOXe
Jla Ce M3I0JI3BA 3a PETUCTPUPAHE U 3allMCBAaHE Ha pa3InYHK BeanynHU. KM cuctemara Morar fa ce
BKJIIOYAT M JPYrd YyBCTBUTEIIHU €JIEMEHTH, HAlpUMEp 3a M3MEpBaHE Ha aTMOC(epHO HaJsAraHe,
omie HUGPOBU TEPMOMETPH U JIp., C KOETO Jla ce MOBUIIM HelHaTa (QyHKIMOHAIHOCT. JlaHHUTE,
IIOJIyYEHU OT M3MEpPBaHE, HAPaBEHO 3a I'OJsM MEpUOJ OT BpPEME, MoraT Ja Jajar IpeacTaBa 3a
ycIoBHsATa 3a paboTa WM OOMTaeMOCT B OMEIIEHUS C PAa3JIMYHO MpEeIHA3HAUYEHHUE, a ChILO TaKa Ja
ce HalpaBU aHAJIU3 332 BH3MOXKHOCTUTE 332 MACHBHO OTOIJICHWE Mpe3 3UMHUTE MECelH, CboOpa3Ho
apXUTEKTypHUTE U CTPOMTEIHM OCOOEHOCTM Ha crpajara. HepocraTek mpencraBiisiBa
HEOO0XOAMMOCTTa OT IIOCTOSIHHO BBHIIHO 3axpaHBaHe Ha miuatdopmara. Crehnka Hampen Ou
npeacTaBisiBano BkiarouBaHe Ha UPS, ¢ moMolnra Ha KOETO Ja ce MOANOMOTHE pEerucTpanus Ha
JaHHU Tpe3 LsjIaTa roJHa B CIy4Yad Ha MPEKbCBAaHE HA EIEKTPO3axXpaHBaHETO. AKO € HEOOXO MO
Ia ce HaOIr0/1aBa U KOHTPOJIMpa CUCTeMaTa, Ts Moxke Aa Obae nonbiaHeHa ¢ RF TpaHncusepu, enun
Ha ARDUINO Monyna 1 equH Ha nepcoHasnieH KoMmioTsp. 11o To3u HauuH JaHHUTE MOraT KakTo Ja
ce 3anucBaT Ha SD, Taka chII0 Aa ce npenasat npe3 BuptyaneH COM no aBoiikara TpaHCHUBEPH IO
n3bpaHa yectora, kato TakaBa jaBoiika APC200 e TtectBana ycmemHo Ha pascrosaue 1000 m
CBOOOJTHO MPOCTPAHCTRBO.

Hacrosimarta myOnukanus € peanu3upana OjaroapeHue Ha HayYHOU3CIIEIOBATEIICKH TIPOCKT
494-T1®D, punaHCHpaH 1ENEeBO OT AbpkaBHH OrokeT 32 2013 T.
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ACUHXPOHHO MUKPOKOHBEHWEPHO 3BEHO
C HUDOPOB KOMITIAPATOP

Humutsp C. Tsnen

Pe3rome: AHanmu3upan € MporechT Ha MPEBKIOYBaHE HAa KOMOWHAIIMOHHATA JIOTHYECKa cxeMa Ha mu)poB
KoMmaparop. Bb3 ocHOBa Ha HalpaBeHHTE M3BOJU € MPEIJIOKEHA HOBA U OPUTHHAIHA JIOTHYECKA CXeMa 3a
peaMzanys Ha TPAKTUYECKH MOJEn Ha (aKTUYECKOTO 3aKbCHCHUE MPU W3MBIHCHHE HA OIepanus
cpaBHeHre. CHTHAIBT, KOWTO TEHEpUpa CHHTE3MpaHaTa cXeMa, IMO3BOJISIBA MUKPOKOHBEHEPHOTO 3BEHO Jia
(hYyHKITMOHUPA B YCIOBHATA HA ACHHXPOHEH METOJ Ha YIIPaBIICHHUE.

KirouoBu aymm: MHUKpPOKOHBEWEPHO 3BEHO, HU(poB Kommapatop, npusHauu L7, EQ, GT, 3aKkbCHEHHE,
(haKTHUECKO 3aKbCHEHUE, ACUHXPOHHO YIPaBJICHUE.

Completion detection model for micro-pipeline stage with digital comparator
Dimitar S. Tyanev

Abstract: The process of switching a circuit of a digital comparator is analyzed. Based on the derived
conclusions logic circuit is proposed for the realization of a new and original practical model of the
completion detection in the execution of operation comparison. The signal generated by the synthesized
circuit allows the asynchronous control method of the micro-pipeline stage.

Keywords: micro-pipeline stage, digital comparator, flags LT, EQ, GT, delay, completion detection model,
asynchronous control.

1. BnLBegenue

Hacrosmoro m3cnenaBane mma 3a IeN Ch3/laBaHe Ha MOJAEN Ha (PaKTHUECKOTO 3aKHCHEHHE
(Completion detection) Ha MUKPOKOHBEHEPHO 3BE€HO C IIU(POB KOMIApaTop, MoKa3zaHo Ha ¢wur. 1.

CD
=
£ Flags
Data In ~ Data Out

®@wur. 1. Jlorudecka CTpyKTypa Ha MUKPOKOHBEHEPHO 3BEHO C HU(PPOB KOMIIAPaTop

KaxkTo e u3BecTHO, onepanys cpaBHeHHE reHepupa npusHanuTe (Flags) Ha OTHONIEHUETO
xxy, ke, =>}, (1

HEOOXOIMMHU MPU pean3aliys Ha YCIOBHH aJTOPUTMHUYHU MIPEXOIH.
[TpusnanuTe, kouto kommnapatopsT popmupa LT (Less Than), EQ (equal) u GT (Greater
Than), ce nedpuHUpAT KaKTO CIEABA

if (x<y) then LT =1, EQ=0, GT =0;
if (x=y) then LT =0, EQ=1, GT =0; (2)
if (x>y) then LT =0, EQ=0, GT =1.
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Tyk ce uma npeasua MynTudopMeH U MyaTudopmMaTeH HU(pPOB KOMIIAPATOP, YUHTO CUHTES €
U3JI0%KEH MoJIpoOHO B [1], a modydeHHUTe TOTUYECKH CXEMHU Ha OTICNTHH pa3psiy, ca MpeACTaBeHH
nmo-1oiy Ha ¢urypu 2, 3 u 4.

SN >0
6T = RC
yn—l A
EQi—] — xn_l
>0
Lh— 1 \_‘_1 \_‘_1 \_‘_1
0O
X,y 1 EQyy GT,y
@ur. 2. Jlorudecka cxema Ha i-THs OUT ®@ur. 3. Jlormdecka cxeMa Ha CTapIIus OUT
E—
GT] E GTOZGTout
2o [H:
EQ] — : EQOZEQuut
— 1
LT1 ] DO— &| 1
m_— LTO LTout

Xo Yo
®ur. 4. Jlornuecka cxema Ha MIIaAIIASI OUT

3a 51a € Bb3MOXKHO MUKPOKOHBEHEPHOTO 3BEHO Ja (DYHKIIMOHUPA B YCIOBUATA HA ACHHXPOHHO
yIpaBiieHHE, KOMMapaTopbT TpsAOBa nda peanusupa Mojen Ha (aKTUYECKOTO 3aKbCHEHHE 4pe3
curHana CD (¢ur. 1) To3m curHan cienBa Ja ce M3IMOJ3BAa B KAa4eCTBOTO HAa CUTHANl Request,
Mpe/Ha3HauYeH 3a KOHBEHepHUsl aBTOMAT, KOMTO CHHXPOHU3HUPA U3YUCIUTEIHUS MTPOLIEC.

Mogaen Ha GpaKTHYECKOTO 3aKbCHEHHUE

MopensT Ha (HhaKTHYECKOTO 3aKbCHEHHE, NpemiokeH B [2], [3], ce ocHOBaBa Ha joruyecka
¢byHKuMs Ha napasnenHara napadasta Iu3toHKIUA (dual-rail) OT TOTUYECKH CUTHAI S.

cd = Spye Y S false - 3)

To3u moznen 3a peanu3anus Ha (aKTHUECKOTO 3aKbCHEHHE 00adye € caMO TEOPETHYEH U € He
0c00€HO HaJIeK/JCH Ha MPaKTUKA. HeroBUAT HEAOCTATBK CE ABJKU MIPEeIU BCUYKO Ha (akTa, 4e Ha
MIPAKTHUKA € HEBB3MOXKHO JIa C€ OCUTYpH aOCOJIIOTHATA MapajieIHOCT BB BPEMETO Ha ()pOHTOBETE B
nsere Gasu Syye U S g TPU NPEBKIIOYBAHE HAa curHana s. OTrOBOPHOCTTA 3a TOBa ¢ Ha

TEXHOJIOTUUTE, KOUTO HE Ca B ChbCTOSIHHUE J1a TApaHTHPAT €IHAKBO 3aKbCHEHHUE B PA3IMUYHUTE BEPUTH
OT IOCIIEIOBATEIHO MPEBKIIOYBAIIN CE JIOTHUECKHU eneMeHTH. Hemo moseue, peanusanusira B YUCT
BUJ Ha QpyHKIM (3) ce mocTura ype3 IBOMHO yBeIHUYaBaHE Ha allapaTHUTE Pa3xou, KaKTO MOXe Ja
ce Buau B [4] u B [5].

[Tapadaznata pu3toHKIMA (3) TEOPETHYHO € KOHCTAHTA, HO HEWHATa NPAKTHYECKa
peanu3alys TeHeprupa CMyIleHHe, KOETO ce U3I0JI3Ba, 3a Ja ce (popMupa cUrHaji, UASHTH(UIHMpAIL]
HAYaJoTo U Kpas Ha eHO IpeBKiIouBaHe. ChITHOCTTA U €THOJIOTUATA Ha TO3H MPOIIEC Ca U3SICHEHU
B [4]. B mo-o6mara unTepripeTanys NpakTHIeCKUAT e(eKT OT Ta3u (PYHKIIUS MOXKE J1a C€ U3I0JI3Ba
B KaUeCTBOTO Ha CUTHAJI 33 Kpail Ha U3UHUCIICHUETO, MPOBEXKIAHO OT JIaJeH JJIOTUYECKU Bb3E.
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Jlormkara Ha TyK pa3rjekIaHaTa cXeMa € TakaBa, 4e Ts KaTO MHOTopaspsaHa, ¢opmupa
3aKbCHEHHETO Ha CBOETO MPEBKIIOYBaHE mocienoBaTenHo. C apyru AyMu, 3aKbCHEHUETO, C KOETO
nudpoBuIT KoMIapaTop (GopMupa W3XOJHUTE MPHU3HAIM, HU3pa3eHo upe3 curHan CD (dur. 1), ce
¢dbopMmupa KaTo cyMa OT 3aKbCHEHUSATA Ha IOCJIE0BATEIHUTE Nopa3psanu tatentHoct CD;. ToBa

pa3bupane ce u3passBa upe3 cleHaTa Jornuecka QpyHKIHU:

i=0
cD= |J CD; , (4)

i=n-1

KbJeTo 3a curHanure CD; Tyk ce ThbpCH IIPaKTHYECKa peann3alys, OCHOBaBama ce Ha (3).

3a J1a ce NPUIIOKHU B yCIIOBHATA HA MHOTOPA3ps/ieH KOMIIapaTop, NPeIBU Ha U3Ka3aHUTE T10-
rope cb00paKeHUs1, MOAEIBT Ha Napaiennara napadasna JU3IOHKIMSA CIEBA 1a C€ PpEKOHCTPYyHUpa.

Kato ce nma npeBu, 4e NopaspsAAHUTE CPAaBHEHUS NPOIBIKABAT OT Paspsj B Paspsj caMo
Clie]] PaBEHCTBO B TEKYHIMs Pa3psj M CE€ NPEKPaTsABaT Cle] TEKyIlo HEPaBEHCTBO, TO cnopen (2)
cienBa, 4ye curnansT EQ; u qustonkuusTa ( LT; U GT; ) umat BUHArk MPOTHBOIIOJIOKHHM JIOTUYECKH

croiiHOCTH. CBIIECTBEHO € Ja C€ OTOCNIekKHU Olle, Y€ TEOPETUYHO Te3M CTOMHOCTH BBH3HUKBAT
napajeisHo BbB BpemeTo. OCHOBaHHE 3a TMapayieTHOCTTa, M35SBEHA TYK, Ca OINE W JIOTHYECKUTE
CXEMH Ha KOMIIapaTopa, peacTaBeHu Ha ¢ur. 2, 3 u 4.

Bb3 ocHOBa Ha TOpHATa KOHCTATAIMs C€ pa3KpHBa €IHa HOBA BH3MOXKHOCT 3a peaju3alus Ha
(bakTUuecKOTO 3aKbCcHEeHUE. M30arBaiiku OMpe/IeIeHHeT0 U OCHOBAaBalKH Ce Ha aNTepHATUBHOCTTA
MeKAy nABoikara curHann EQ; u amstonkuusara (L7; U GT;), Tyk ce mpeiara ciexHara

Joruyecka QpyHKIus

ChmHoctTa Ha QyHKIUA (5) € TakaBa, 4e TS TapaHTUpa JIOTHYECKa CTOMHOCT HyJa IpH
PaBEHCTBO B TEKyLIUs pa3psal. Ta3u Hyna ce KOHKaTeHHpa C BCUUKM CIIe/IBallld HYJIU, 0 MOMEHTAa,
KOraTo peamiara OT IOCJIEI0BaTeIHU PaBEHCTBA CE MPEKpPaTH, KOETO € B choTBeTCTBUE C (4). C
IpeKpaTsBaHe Ha TE3U IOCIEJOBATENHU PABEHCTBA, B IOPEIHUS DPa3psl Bb3HHKBA JIOTMYECKA

€IMHUIIa KaTo CTOHMHOCT Ha am3toHkuuATa (L7; UGT;), ¢ KOETO CpaBHEHUATAa BbB BCHYKH

ciaeaBalimn pEBpSIIII/I craBar 663CMI/ICH6HI/I. HpaKTI/I‘IeCKH BB3HUKBAHCTO HA CIWHHIIA 6€HG)KI/I BBB
BpEMETO MOMEHTA Ha MOJydyaBaHe Ha KPaHUs pe3yJITar.

B ywacTHHs ciyuail, KOraTo cpaBHsSIBaHUTE KOMOMHAIINY ca €HAKBYU, 32 MApKHUPAHE Ha Kpas Ha
IIPEBKIIIOYBAHETO HA CXEMara ClIe/Ba Ja Ce M3Mon3Ba CTonHocTTa £Q() =1, Bb3HMKBAILA MTOCIICIHA

BbB BpeMmeTo. Taka okoHYaTenHO, 32 U3xoAHUs curHas CD Tyk ce mpejiara cieHaTa JIoOThyecKa
byHKIUS
i=1
CD =EQ, v U CD; (6)
i=n—1
XapayepHata peanuzanus Ha QyHKiusa (6), mpeacraBeHa Ha ¢ur. 5, ce XapakTepusupa ¢

M3MIpEeBapBallo BbB BPEMETO H3BEXKJAHE Ha pe3yiTrara Ha H3XOJ, TakKa IIOTO HEHYXHUTE
MPEBKJIIOYBAHUS MOTaT caMo J1a MOTBBPAST (IIPU TOBA ChC 3aKbCHEHUE) Beue MOTyUEHUS pe3yiTar.

EQ, CD, CD, CD,.; CD,, CD,,

®ur. 5. Jlornuecka cxema Ha curgaina CD
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BxiouBaHeTo Ha M3XOAHHUS JIOTMUECKH eneMeHT UM ce Abmku Ha €AHO W3KIIIOYEHHE.
ITocneqHOTO ce ChbCTOM B TOBA, Y€ CJIE] TEKYILO CPABHEHUE HE € U3KJII0YEHO I0sBaTa KaTo J1Ba HOBU
olepaHjia Ha cbluTe KoMOuHanuu. [Ipu ToBa ornyeckuTe CTOMHOCTH B TPUIEPUTE HA PETUCTHPA
(¢ur. 1) HAMa @ ce MPOMEHSAT, a caMo IIe ce MOTBBPAAT. ToBa 03HayaBa, ye B KOMIIapaTopa HsaMma
Jla Bb3HUKHAT HUKAKBH [IPEBKIIIOYBAHMSI, KOETO 11[€ OCYeTH reHepupaHeTo Ha curHana CD.

[TporiechT Ha MPEBKIIIOYBAHE HA JIOTHYECKaTa cxeMa OoT Gur. 5 u GopMupaHeTo Ha U3XOTHUS
CHUTHAJI, OIIMCAH MO-TOPE, € WIIOCTPUPAH ¢ KOHKPETEH IIpUMeEp, IPeACcTaBeH Ha ¢ur. 6.

11110101} =X
11100011 =Y, X>Y.
— >
Write : timi
D, naE R
CDg | >
CDs : >
CDy >
CDy ] N
D, | ,
CDy l >
EQo | >
CcD busy L GTour R

®@ur. 6. Bpemeauarpama Ha curaaia CD mipu cpaBHEGHHE Ha ABE 8-OMTOBH KOMOHWHAIINN

3. 3akiaouenue

[TocraBenara B Ha4yaymoTo Iien € mocturHata. CHHTE3WpaHa € MPUHIMITHO HOBA JIOTMYECKa
¢bynkus (6), oueHsBalia MPOABHKUTETHOCTTA Ha JIOTUYECKOTO M3YMCIICHHWE Ha MpPHU3HAIUTE Ha
otHomenue (1). XapmyepHara peanuzanus Ha Ta3u (DYHKUIMS C€ OCHOBaBa Ha MPHUHIMMA 3a
U3MpEeBapBalllo BbB BPEMETO H3BEXKJaHE Ha pe3yjTaTa, YMeTO BBH3HUKBAHE CE€ XapaKTepHU3upa C
MIPOMEHSIIIO0 C€ MECTOIMOJOXKEHUE MO IBhDKUHATA Ha paspsaHara mpexka. [Ipu BCSKO cpaBHEHHE
dbyakuusta CD teHepupa mpeneH (poHT, KOETO € HeoOXOIUMOTO YCJIOBHE 3a yIpaBlieHHWE Ha
KOHBelepHus aBTomMar. HyneBoTo HUBO Ha Ta3u (DYHKIMS CHOTBETCTBA HA MPOIBIDKUTEIIHOCTTA HA
JIOTUYECKOTO H34YMCIIeHHe. Moxe 1a ce oTOenexu CciaydalHHus XapakTep Ha CTOWHOCTTa Ha
(aKTUYECKOTO 3aKbCHEHUE, YUETO U3CTIEIBAHE € TIpecTaBeHo B [1].
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PEAJINBAIIUA HA TCP/SCTP WEB CbPBbLP

Xpucto 1. Bemuanos, Jumutsp H. Togopos

Pe3rome: T'onsima yacT oT chBpeMeHHUTe VHTEpHET MPUIIOKEHUs ce 0a3upar Ha HaACKIHA JOCTaBKa Ha
cpobmenusTa. [IporokonrsT HTTP ¢ npumep 3a nmomgodHo npunokenre. OCHOBHUTE M3UCKBAHUS, KOUTO TOM
Hajara KbM TPAHCIIOPTHHS MPOTOKOJ, Ca: HAJICKJHA JOCTaBKa Ha BCekH (aiyi M yacTWyHA mojapenda Ha
MaKeTUTEe Ha BCEKU (ailll, HO He W TOTAJHA MOJpe0a MEXITy BCHUKU MakeTH. V3MOIB3BaHUAT TPaHCIOPTECH
npotokon TCP mpenoctaBs MHOTO MMOBeYe BH3MOXKHOCTH, HO CHIIEBPEMEHHO BHACS 3HAYUTENHU Pa3XOIU
Mpu KOMYHHKaIuiTa. B moKiIana ce mpencraBs peanm3anus Ha web ChbpBbp, KONTO M3MONI3Ba TPAHCIOPTEH
npotokona SCTP. Tloka3ana e apxuTeKkTypaTa Ha CbpBbpa U PE3yJITaTUTE OT MPOBEACHUTE CKCIIEPUMEHTAIHU
W3CTIeIBaHUS 32 OIIEHKA Ha HeroBaTa ()yHKIIMOHAIHOCT.

KmrouoBu nymu: Web server, TCP, SCTP.

Implementation of a TCP/SCTP Web Server
Hristo G. Valchanov, Dimitar N. Todorov

Abstract: Many of today's Internet applications are based on the reliable delivery of messages. The HTTP
protocol is an example of such application. The main requirements that it imposes to the transport protocol
are: reliable delivery of each file and partial ordering of packets of each file, but not a total ordering of all
packets. The widely used transport protocol TCP provides many additional features, but also brings
significant cost in communication. The article presents an implementation of a web server that uses the
transport protocol SCTP. The architecture of the server and the results of experimental tests are presented.
Keywords: Web server, TCP, SCTP.

1. BLBegenue

l'onsima yacT OT cbBpeMeHHUTE MHTEpHET MpUIIOKEHUs, KaKTO U Pa3lpOCTPaHSABALLIUTE CE
00JIaKkOBM YCJIYTM HM3UCKBAaT HAJEKIHA JOCTaBKa Ha cbhoOuieHuATa. OOJIaKOBUTE CHUCTEMHU Cca
U3rpajZieHn Ha 0a3aTa Ha MHOXKECTBO web ChpBBpPH, KOMTO ca 0O€AMHEHHU B €Ha 00Ila Mpexa U
cnozensat pecypeure cu. [Iporoxkomsr HTTP e mpumep 3a mogo6no npunoxenue [1]. OcHoBHUTE
M3HMCKBaHUS, KOUTO TOM Hajara KbM TPAHCIOPTHHUS MPOTOKOJ, Ca: HAJEKJHA JOCTaBKa Ha BCEKHU
(haiin 1 yacTuyHa moape0a Ha MaKETUTE Ha BCEKH (aiiyl, HO He W 3aIb/DKUTENIHA TOTAJIHA MoApenoa
MEX1y BCUUKH ITaKETH.

M3non3BaHeTo Ha MHOXKECTBO NOTOLH (multistreaming) Ha TPAaHCIIOPTHO HUBO IIPEJCTABIABA
BB3MOXHOCTTA TPAHCIIOPTHUTE IMPOTOKOJIM J1a MOAABPKAT MHOXKECTBO MOTOLM, KAaTO BCEKU OT TAX
ChIbpKa JIOTHUYECKA IOCIEAOBATEIHOCT OT JAHHU ChC COOCTBEHa mojpenda Ha naketure. BB
BCEKH IIOTOK JJAHHUTE CE AOCTABAT 0 MPUIIOKEHUETO HE3ABUCUMO OT PE/la Ha MPUCTUTAHE CIIPSAMO
Apyrute notouu. Tasu XapakTepHa OCOOEHOCT HpPaBU MOTOLMUTE H3KIIOUUTETHO MOAXOIAIN 3a
NpexXBbpIIsIHE Ha He3aBHUcUMU web oOektu. Korato Bcekum 0OEKT ce mpenaBa B OTJENEH IOTOK,
HeroBaTta 0Opa0OTKa M BU3yallM3allusl HE 3aBUCH OT YCIEIIHOTO MpeAaBaHe U JOCTaBKa Ha JPYTu
obektn. Tekymo wu3nomBanuar mnporokod TCP He mnomabpka NOTOKOBO IIpeJaBaHe Ha
TpaHcnopTHO HUBO. Ilo Bpemero, korato € Omi1 pa3pabOTeH, MPEXKOBUTE MPHUIIOKEHHS ca UMalU
KPUTUYHHU W3UCKBAaHUS KbM TPAHCIOPTHUTE MPOTOKOJM OCHOBHO IIO OTHOILIEHUE Ha
3aIpbCTBAHMATA B MPEXHUTE M YIPABICHUETO HA IIOTOKA JaHHU. B mocnencrsue, npu nosiBata Ha
nporokosa HTTP, nporokonsT TCP ce sBABa €AMHCTBEHO pELIEHHME CPEl ChILIECTBYBAIIUTE KbM
MOMEHTa TPAHCIOPTHU MNPOTOKOJH. ChLIeBpeMEHHO o0ade, NPEJaBaHETO Ha HE3aBUCHUMH web
obektn Bbpxy TCP ce oTpa3siBa HEraTHBHO Ha BPEMETO 3a OTroBop. llpuumHuTE ca ABe: MBPBO,
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TCP Bpb3kaTa mpeocTaBs Ha MPWIOKEHUETO €AMHUYCH IOCIIEIOBATENICH MOTOK OT OalToBE U
BTOPO, OCUTYpsIBa MIOPEIHA JOCTaBKAa B pAMKHUTE Ha TO3H IMOTOK OT 0aiiTOBE. AKO €JHa YacCT OT eANH
00€KT HE Ce MOJyUH MOPan 3arydoa B MPEKHTE, MOCIIEI0BATETHO MPEaBaHUAT O0EKT HIMa 1a Obe
JIOCTaBEH Ha KJIMEHTAa, JOKATO Ta3u YacT He Obje mpeaajeHa MOBTOPHO M JOCTaBEHA YCIEIIHO.
Boenpekn mnpeamnonokeHusTa 3a moaoOpsiBaHe Ha Bpemero 3a oTtroBop mpu HTTP [2], He ca
W3BECTHH JJOCTATHUHO M3CIEABAHMS 32 JI0KA3aTEICTBO HA Ta3u XUIOTE3a.

B Hacrosimus nokian ce pasriekaaT HSIKOM aclleKTH Ha apXUTEKTypaTa M peaju3alusara Ha
HTTP coupBbp, u3nonspamy TpaHcnoptHute npotokoan TCP m SCTP. OcHoBHata wuzaes e
paspaboTBaHe Ha (YHKIMOHAJEH web CBhPBBpP, KOWTO Ja CE€ H3IMO0I3Ba 3a EKCIIEPUMEHTAIHU
U3CNeBaHMs C IIeNl MoA00psiBaHe Ha TpaduKa HA MYATUMEAUWHU CTPAHHUIM MPE3 KOMIIOTHPHU
MpEXH, U3rpajgeHu Ha 6azata Ha WAN TeXHOJOTUH ¢ HUCKA MTPOITyCKaTelIHA CIIOCOOHOCT.

2. XapakTepHu 4yepTtu Ha nporokoja SCTP

IIporoxonsT SCTP e cranpaprusupan ot IETF [3]. Toil mnpemyiara BB3MOXKHOCTH,
aHanornyHu Ha TCP- HaleXIeH CeCUITHO OPUEHTUPAH TPAHCIIOPT, TapaHTUPal] peJa Ha JOCTaBSIHE
Ha panxute. B nombanenue, SCTP mpenoctaBs HOBU (yHKIMOHaMHOCTH. 3a pasnuka or TCP,
KOWTO € OpHEeHTHpaH KbM IpenaBaHe Ha OaiitoBe, SCTP e 6a3zupan Ha chobmenus. Cecusara npu
HEro ce Hapuua ,,aconuanus’. Cb3aaBaHETO Ha acollMalvs U3UCKBa JoroBapsHe Ha 4 eramna (4-way
handshaking), kbeTo manHuTe MoraT /1a ObJaT BKIFOYCHH B TPETOTO M YETBHPTOTO CHOOIICHHUE Ha
JIOTOBApsSIHETO W JIa Ce M3IMpaTAT, KOraTo acolMalusATa € Bedye Ouia BamuaupaHa. 3a 3aiiuTa OT
Hsikou THroBe DoS ataku B mpoiieca Ha TOTOBapsIHETO € BrpajieH U MEXaHU3MBbT Ha cookie.

Enan  or Hai-xapaktepHure uyeptu Ha SCTP ca MHOromoToKOoBOTO —IpeAaBaHe
(multistreaming) ¥ MOAABpP)KAHETO HAa MHOXKECTBO anapecd Ha xocT (multihoming). Ypes
MHOTOTIOTOKOBOTO TpEaBaHe MPEJaBaHUTE B PAMKUTE HAa €HA acOIMalWs JaHHU MOTaT Ja ce
pa3nenar B HSKOJKO OTAETHU IOTOKa, BCEKHM MOIAbp)Kal] COOCTBEHA IOCIEJAOBATEIHOCT Ha
JOCTaBsiHE. 3a BCEKM TMOTOK MOXKE Ja ce KOH(UTypupa MoJpeacHa WIM HENOJpEeIeHa JOCTaBKa.
3aryOeHuTe MakeTH OT €AMH MOTOK HE BIUAAT BbPXY OCTaHAIMTE NOTOIM. ToBa MO3BOJIABA
enumuHupane Ha T.H. ,,JCP Head of Line Blocking” mpo6nem. CoblieBpeMeHHO, IpeaaBaHeTo ce
OpraHM3Mpa B pAMKUTE HA €Ha acoIMallys, Taka Y€ BCUUYKHUTE MMOTOLHU ca OOEKT Ha 001l MEXaHU3bM
3a yrpaBieHHe Ha 0OMeHa Ha IaHHU U 33IphCTBAHUSTA B MPEXKaTa.

[TongnbpkaHeTo HA MHOXECTBO aJPECH JlaBa BB3MOKHOCT BCska KpaitHa Touka Ha SCTP
acoranus a uma MHoxectBo IP anmpecu, kato 3a menrta ce 0OMEHs CIUCBK C TAX IO BpeMe Ha
npoueca Ha gorosapsiHe. 3a Bcsika SCTP crpaHa ce u3mon3Ba €IMHUYEH HOMEpP Ha MOPT IO
OTHOIIEHHE Ha Te3u anupecu. CaMo elIWH OT TAX € aKTUBEH M C€ M3IO0J3Ba 3a OOMEH, J0KaTo
OCTaHAJIMTE OCHUTYpsIBaT PE3EPBUPAHOCT B cly4yad Ha oTnajgaHe Ha aktuBHug IP anpec. Tasm
0cOOEHOCT Ha MPOTOKOJA OCUTYpsIBA BHCOKAa HAASKIHOCT Ha OoOMEHa dYpe3 MOJIbp)KaHE Ha
MHO’KE€CTBO MapUIPYTH OT THUI Kpah-10-Kpau.

3. Apxutexktypa Ha TCP/SCTP web cspBBp

MotuBarusTa 3a pa3paboTBaHe Ha Web CHPBBp HM3ILUIO OT HAYAIOTO € MPOAMKTYBaHA OT
¢axTa, ye e U3BECTHA CaMO €/IHa pa3pabOTKa C OTBOPEH KOJ Ha MOJ00EH ChbPBBP, KOATO € OasupaHa
Ha Apache [4,5]. To3u mpoekT BKIIOUBA ajganTHpaHe Ha sApoTo Ha chpBbpa — APR (Apache
Portable Runtime) 3a mognpvxkka Ha SCTP, kakto M moauduxanus Ha Opayswpa Firefox. B
HACTOSAIINS MOMEHT 00a4e TO3HU IPOEKT € B 3aCTON Mopaan GHUHAHCOBH MTPUYHHH.

[Tpu npoekTHpaHeTo Ha apXUTEKTypaTa Ha ChpBbpa ca B3CTH MPEIBU/ CICTHUTE ChOOPAKEHUS:

e Jla HE CE BHACAT ITPOMEHHU B ChIIIECTBYBaIara crnenudukamnus Ha nmpotokona HTTP;

® CHPBBPBT Jla ©Ma MOAYJIHA apXUTEKTYpa, 03BOJIsABAIIA OBACIIO PA3BUTHE.
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Texymara peanuzanus 1Mo3BoJisiBa ChbpBBPBT Aa (QYHKIHMOHMpA B PEKUM Ha OOMEH caMo ¢
TCP umu camo ¢ SCTP knuentu. MoaynHara apxutekrypa obaye JaBa Bb3MOXKHOCT ObJCIIUTE
peanu3anuy Ja MOXbpKAaT €IHOBPEMEHHO (yHKIMOHUpaHe M B jaBara pexxuma. Ha ¢ur.l e
MoKa3aHa apXUTEKTypaTa Ha CbpBbpa. Tol e peanusupan Ha e3uka C mox Linux 2.6.

O06paboTtka Ha 3asBKaTa N3npamane Ha 0TroBOp

1
v I v

VYnpasnenue na TCP cecus Vnpasnenue na SCTP cecus

KomyHukanonen Moyl

MperKa

®ur. 1. ApxuTekTypa Ha CbpBBpa

MonynpT 3a o0paOoTka Ha 3asBKaTa aHaJu3Mpa IojdydeHara 3asBka. Ormpenens ce
M3HCKBAaHUS O0CKT, MECTONOJIOKEHNE MY BbB (paiiyioBaTa cuctema M Heropara JbDKUHA. OOEKTHT
ce U3BIM4a U ce GopMHpa OTrOBOP.

MoayabT 3a U3Mpalane Ha OTTOBOP MOATOTBS BPBIIAHUTE JaHHU B MOAXOIAI popmar. AKO
€ HACTBIIWJIa TpelIka Mo BpeMe Ha oOpaboTkaTa Ha 3asBKaTa, TO3W MOIyNn (opmMupa OTrOBOp,
ChIbpKal] MH(OpPMAIH 3a IpelKara.

OYHKIIMOHATHOCTTa Ha Moxayia 3a ymnparineHue Ha TCP cecus ce Ga3upa Ha cucTteMHara
oubnmoreka Ha Linux u ce 3aKiIr04aBa B:

VYcraHOBsIBaHE U 3aTBapsiHE HA CECUsATA.

e JloTBBbpKIaBaHe U M30ATBaHE Ha 33aJPBCTBAHUSA — MEXaHU3MH, Upe3 KOUTO C€ OTKPUBAT

NPOIYCKH B MPEaBaHUTE ChOOILICHHS U CE PETYIHpa MOTOKA OT JaHHHU.

e BanuaupaHe Ha JaHHM — U3I0JI3Ba C€ IOJETO KOHTPOJHA CyMma 3a IPOBEpKa JaJld He ca
OWJIM NTOBPEJCHU JAHHUTE IO BPEME Ha MPEXBBPISHETO.

e [loapeneHo AOCTaBsiHE — MPU MPEXBBPIISHETO HA JAHHU € BH3MOXKHO T€ Ja MPUCTUTHAT B
pa30bpKaHa MOCIEI0BAaTENHOCT. TO3M MEXaHU3bM C€ TPWXKHU IpPU JOCTaBsSHE AAHHUTE J1a
ObJaT IPaBUIHO MOAPEICHHU.

e @parmMeHTHpaHE — KOTaTro MPEXBBPISHUTE JaHHU HMMaT TBBpAE TOJIsIM o0eM, Te ce
pa3buBar Ha OTHENHM (ParMEHTH NPU H3MpAIlaHe U CIEJ TOBa C€ Crio0sBar mpu
NOJTy4YaBaHe.

KomnonentsT 32 ynpasinenue Ha SCTP cecust e pazpaboTeH Ha OCHOBaTa Ha MPOTOTHUITHATA

oubnmoteka sctplib-1.0.11 [6]. HeroBoTo nmpeaHa3zHadeHue BKIIOYBA:

e JloapeneHo nocTaBsHE B paMKUTE Ha MOTOKA — 32 BCEKH MOTOK MHIMBUAYAIHO C€ CIIEAM
7l IaHHUTE TPUCTHraT IMojpelneHH. 3ary0bara Ha JaHHM B JaJieH TNOTOK HE OKa3Ba
BIIMSIHAE BBbPXY JPYTUTE MOTOLH.

e VYcraHOBsABaHE M 3aTBapsHE Ha acoLMAIMATa — BKJIIOYBA MEXaHU3MHU 32 Cbh3/1aBaHe,
HOPMAJTHO 3aTBapsiHE U MIPEKbCBAHE HA acOIHALIUS.
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e [laketupane Ha nanHu — B pamkute Ha eqHo SCTP cpoOmenne moraT aa ca makeTupaHu
HSIKOJIKO (pparMeHTa JaHHU.

o @parmeHTHpaHEe Ha TMOTPEOUTEICKUTE JAHHM — KOTATO MPEXBBPJSIHUTE IAaHHH HMAaT
TBBPJIE TOJIAM 00eM, Te ce pa30uBaT Ha OTIENHU (PparMeHTH MPH U3MPAIIAHE U CIEI TOBA
ce CriIo0sIBaT MpH MOJTydaBaHe.

e JloTBBbpKIaBaHe W M30ATBaHE Ha 33aJPBCTBAHUSA — MEXaHU3MH, Upe3 KOUTO C€ OTKPUBAT
3aryOu B IpeJaBaHUTE ChOOILICHUS U CE PErYJIMpa MOTOKA OT JaHHHU.

e BanunupaHe Ha JaHHM — MU3MOJ3Ba C€ MOJETO KOHTPOJHA CyMa 3a MpPOBEpKa Jaju He ca
OWJIM IOBpPEZICHU JAaHHUTE [0 BpEME Ha MPEXBbPIISTHETO.

[IpennasHaueHHMETO HAa KOMYHUKAI[MOHHUS MOIYJI € Ja pealu3upa JOCThla JI0

KOMYHHKAIIMOHHUTE MPUMUTUBYU Ha ONEpalliOHHAaTa CUCTEMA.

B pexum Ha pynkunonupane kato TCP cbpBbp, IpH MOCTHIIBAHE HA HOBA 3asBKa OT CTpaHa
Ha KJIMEeHTA 3a Ch3JaBaHEe Ha KOHEKIIMS, ChPBbPHT CTApPTHPa OTAENHA HUILIKA, KOSATO 00CITy>KBa Ta3u
3asBKa. ToBa 1aBa B3MOXHOCT 32 00pab0TBaHE HA €AHOBPEMEHHH 3aiBKH OT MHOKECTBO KIJIMEHTH.
Crnen ¢dopMupaHeTo Ha OTTOBOpP, paOOTHATa HUIIIKA 3aBbPIIIBA.

B pexxum Ha SCTP cppBbp uMMa onpeneneHu pasnukd. SCTP cbpBbpBT € €IHOHMILKOB,
Mopajy OrpaHUYCHUATA Ha MMPOTOTUITHATA BepcUs Ha OMOIMOTeKaTa, KOETO c€ IBJKU Ha MpolieM
npu cUHXpoHU3anuATa. To3u mpobiem ce mpenBrkaa Aa ce peurr B Obaenin peanusanuu. Beska
€/IHa Ch3/IaJIeHa acolMalisl MMa MHOKECTBO BXOJHHU M M3XOJIHM KaHAJM, KOUTO C€ Ch3JaBaT MpH
HeifHOTO MHMUMupaHe. KaHanbT, M0 KOHTO ChpPBBPBHT MpeAaBa JaHHUTE, TPSAOBa Ja € ChIIMUA MO
koiuTo ru e nonyuwi. [Ipu SCTP peanuzanusra He ce U3BBPIIBA MPOBEPKA 1y MOJydyeHaTa 3asiBKa
€ MHHaja Ipe3 MPOKCU ChPBbP WJIM HE, NMOPaAM OTCHCTBUETO HA CPEACTBA 3a OIpEAEsSHE Ha
JTUPEKTHA BpB3Ka OT Opay3bpa KbM ChbpBbpa B OuOimorekata. ToBa ChIlo MOXke Aa Obae eaHa
HACcoOKa 3a OBEI0 Pa3BUTHE.

4. EkciepuMeHTaTHH U3CJIeIBAHUS H Pe3yJITATH

Ilenta Ha EKCHEPUMEHTAIHUTE H3CICABAHUS € Ja C€ YCTAaHOBM (YHKIMOHATHOCTTA Ha
CbpBBpPa M Ja CE€ M3CIEABa IOBEACHHETO Ha JBaTa TPAaHCHOPTHH IIPOTOKOJIA B MpPEXKOBA
uHPACTPYKTYpa, U3rpajgeHa Ha 6a3zara Ha WAN TtexHonoruu. To3u THII TEXHOJIOTHUH OCHTypsIBAT
MPOIYCKaTeIHA CIIOCOOHOCT B MOPANBK MO-MajKa OT TEXHOJIOTMUTE 3a JIOKAJHU Mpexku. Topa e
ChIIECTBEH (aKTOp, KOMTO BIIMsiE BBPXY BPEMETO 32 OTTOBOP HAa web chpBbpa B riiodaneH mamad.

ExcnepumenTannaTa moctraHoBKa € mokazana Ha ¢ur.2. Ts BxmrouBa mapuipytuzatopu Cisco
2901, VLAN komyratopu Cisco Catalyst 2960, kommrorpu HP Desktop 500B CPU Intel Core Duo
E5800 3,2GHz, 2G DDR3 RAM. Ilnardopmara 3a web cppBbpa e 6azupana Ha Slackware Linux
2.6 m gcc 4.4.3. 3a xnmenra e u3nomBana OC Windows 7 ¢ 6pay3sp Google Chrome 28.0.1500.

Mexay MapmipyTH3aTOpPHUTE ca U3TPaJCHU CepUitHU BPB3KM Ha Oa3ata Ha mpotokoja HDLC.
Upe3 TAXHOTO KOH(MUTYpHUpaHE C PazIMYHU CKOpOCTH ce cumyiaupa WAN mpeHocHa cpena c
pas3IMYHa MPOIyCKaTelHa ClIoCOOHOCT. EKcriepuMeHTHTE ca N3BBPIIECHU B 1B HACOKU:

e komyHuKaius Mexny TCP knueHnt u cepBbpa, padoremt B TCP pexxum (pur. 2a).

e komyHuKaius Mexay TCP xinueHT u cbpBbpa, padorem B SCTP pexum (dur. 26). B To3u
ciyuait ce m3nomsBa MexauHeH TCP/SCTP mpokcu cbhpBBp, KOWTO HE ce pas3riiexnaa B
HacTosIaTa nyOoauKamnus.
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®@ur. 2. ExcriepiMeHTalHa IOCTaHOBKA
ExcnepuMeHTUTE ca HalpaBeHU NPHU pa3JIuyHU CKOPOCTH Ha cepuiiHaTa Bpb3Ka. KIHMEHThT
U3Ters MynTuMenuitna crpanuna ¢ pazmep 300Kb, chappkaiia pa3nuyau 00€KTH, HAMHpAIU Ce
Ha ChUIMA ChPBBP. V3BBPILEHN ca ONpEeAesieH U3MEPBAaHUS U €A OTYETEHU CPEIHUTE CKOPOCTH Ha
3apeXkJaHe Ha CTPaHULIA.
Ha ¢ur. 3 ca noka3zanu pe3yiaTtature OT MPOBEACHUTE U3CIICABAHUS.

Cropocr 64000 bps Cropocr 115200bps
7,6 kB/s 13,55 kB/s
. 7,55 kB/s £ 13,5kB/s
& 7,5kB/s £
: ¢ 13,45 kB/s
% 7,45 kB/s g
& Iy
7,4 kB/s i
7,35kB/s ° TCP-TCP  TCP-SCTP-SCTP 13,35kB/s e G G
Cropocr 125000 bps
15,2 kB/s
£ 151 kB/s
2 15,kB/s
©14,9k8/s
14’8 kB,"’S TCP-TCP TCP-SCTP-SCTP

®@ur. 3. Pe3ynTaT oT u3cneaBaHUATa

[TonydyenuTe pe3ynTatd AaaT OCHOBaHME Ja C€ 3aKIIIOUM, Y€ DPa3pabOTEHUAT CHPBBP €
(YHKIMOHAJICH W MOXE Jla C€ M3IO0J3Ba KAaTO EKCIEPUMEHTAIHO CpEJICTBO 3a OLIEHKa Ha
MpelaBaHeT0 Ha MYJATUMEIUWHUM JaHHU. Ha BTOpo MSCTO, €KCIIEpUMEHTAHO ce JoKa3a
npeaumctBoTo Ha nporokoia SCTP npen TCP no otHomeHne Ha epEeKTUBHOCTTa MY NPH MPEKOBH
nH(ppacTpyKkTypHu, u3rpaacHu Ha Oazata Ha WAN TexHomormu. HezaBucuMo oT ckopocTTa Ha
Bpb3KaTa, npoTtokoabT SCTP mo3BosisiBa MOCTHraHETO Ha IMO-JI00pH BpeMEHa Ha 3apexaaHe.
Cnensa nma ce orOenexu, ye 3a npuiaraHeto Ha SCTP ce usnonsa gombiautenen TCP/SCTP
MPOKCH CBPBBP, KONTO HEMHUHYEMO BHACS JOIBJIHUTEIHO BPEME3aKbCHEHHE NpU OOMEHa Ha
JAHHUTE.

[To-nobpute BpeMeHa, KOMTO C€ IMOJyyaBaT MNpHU 3apeXJaHe Ha CTpaHHIA C M3IOJI3BaHE Ha
SCTP, ce nmpmkar Ha OOmMs My MEXaHHW3bM 3a KOHTPOJMpaHE Ha TOTOKA, KOWTO HamalsBa
KOJIMYECTBOTO M3MOJ3BaHa ciyxeOHa mHpopmanus, B cpaBHenue ¢ TCP, korato ce mpenaBaT
MHO3KECTBO pecypcu napainenHo. ChIIo Taka, 3apekI1aHeTO Ha CTPaHUIIaTa Ce U3BBPIIBA B PAMKHUTE
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Ha enHa SCTP cecus, 3a paznuka ot TCP, kbaeTo 3a Bceku pecype ce ch3faBa HoBa cecusa. Karo
AOI'BJIHCHUEC MOKC 1da IMOCOYH, UC U ABATA ITPOTOKOJIA OCUTYPABAT HAACKAHA NOCTABKA HA NAHHUTC,
0e3 3aryba Ha nH(popMarus.

5. 3akaouenue

B nacrosmusa nmokian e mpeictaBeHa peanmsaius Ha ekcnepumentanien TCP/SCTP HTTP
cbpBBP. CHPBBPHT MPUTEIKABA MOYITHA APXUTEKTYpa, KOSTO MO3BOJISIBA HETOBO OBCIIO pa3BUTHE.
[IpoBeneHM ca eKCIEpUMEHTATHN M3CJICIBAaHUS B peajiHa MpekoBa HHpacTpykTypa. [lomyuenure
pe3yaTaTH MoKa3BaT (PYHKIHMOHATHOCTTa Ha pa3pabOTEeHUs] CHPBBP, KAKTO W TMPEANMMCTBATa Ha
npotokona SCTP npen ananormunus TCP mpum oOMeH Ha MyNTUMEIUIHHM NaHHHM TIPE3 MPEXKH,
u3rpajzeHu Ha 6a3ata Ha WAN TeXHOJIOTHH.

Karo Hacoku 3a Obaema paboTa Morar jJa ce moco4ar BhBEXJIaHe Ha HUIIKHU 32 00CITy>KBaHE
Ha MHOKECTBO KJIMEHTH €THOBPEMEHHO, KaKTO U pa3lIMpsBaHe Ha (YHKIIMOHATHOCTTA HA ChPBBHpa
C BB3MOXKHOCTTA J1a 00cimyxBa eqHoBpemeHHo TCP u SCTP cecun.
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METOAU 3A Bb3CTAHOBSABAHE HA ITBT B MPLS MPEKHN

Beunera I1. Anexcuena

Pe3srome: OcnoBrara koHuenuus Ha Multi-potokon Label Switching (MPLS) mpexa ce 6a3upa na Label
Switch Path (LSP) TexHuka, KOSTO OCHUTypsiBa BHCOKa MPOU3BOJUTEIHOCT MPH JOCTABSIHETO Ha IAKETHTE,
T.K. UTHOpHpa NpOBEpKa B MapLIpyTHUTE TabmuuM Ha ycrpoiictBata. [lpm otmagane Ha Bpb3ka, MPLS
TEXHOJIOTHSITA sI Bb3CTAHOBSBA, HAMUPANKN HOB I'BT, HO MPHU TO3W IpOIEC MOHSKOra 4YacT OT Tpaduka c
HHUCBK NIPHOPUTET MOKE Aa ce 3aryou. B To3u noxiiazn ce mpezsaraT ABa METOZa 332 Bb3CTaHOBSIBAHE Ha IIbT,
KOUTO ycTaHOBsiBaT BTOpu LSP 3a BpB3KM, mpu KOWTO HaTOBapBaHEeTO HAaxBBHPIsAs 90% u ce mosBsBa
BB3MOKHOCT 3a 3ary0a Ha makeTd. Pe3ynTatuTe mokasBat, ye NpeAsioKeHUTe MeToau nogoopssar QoS, T.k.
HaMaJsiBaT 3aryoara Ha IIakeTH ¢ I0-HUCHK MPHOPUTET 110 IPETOBapeHUTE Bpb3KU 1o LSP.

Kuarouou nymu: MPLS, Bp3cTanoBsBane Ha LSP, mpoTokon 3a Bp3cTanoBsBane B MPLS mpexa.

Methods for path recovery in MPLS networks
Veneta P. Aleksieva

Abstract: The basic concept of Multi-Protocol Label Switching (MPLS) network uses Label Switch Path
(LSP) technique that provides high performance in the delivery of packages, because ignores examination of
devices routing tables. When link faults, MPLS technology recover it, finding a new path, but during this
process sometimes part of low-priority traffic may be lost. This paper proposes two methods for LSP
recovery that sets a second LSP for connections where the load exceeds 90% and appears the possibility of
packet loss. Simulation results present that the proposed methods improve the QoS, due to minimization of
the loss of packets with lower priority in congested links on LSP.

Keywords: MPLS, path recovery, recovery protocol in MPLS network

1. YBoa

B mamm mau Multi mpotokon Label Switching (MPLS) ce yrBspan kaTo Haii-u3moia3BaHaTa
TEXHOJIOTHUS 3a JOCTAaBUMIIUTE HAa MHTEPHET YCIIYIH, 3alll0TO MIO3BOJISIBA MPEHOC HA JAHHU, Ijac U
BUJEO Tpe3 €lHAa M ChIla MPEeXOoBa MH(pacTpykTypa M IMpHUTEXKaBa peaula MpeIuMCTBa KaTo
yIpaBiieHue Ha Tpaduka ype3 MpHOPUTETH, BUCOKO KauecTBO Ha yciyrure (QoS), rbBKaBOCT IpU
n3bopa Ha MapIIPYTH, BB3MOKHOCT 3a pealu3upaHe Ha BUPTYaJHHM 4YacTHU MpPEXKU MU
Mamabupyemoct Ha pyrupanero. MPLS TexHosorusara e moaxonsia 3a roieMi MpPEXH, CbC CKBIIO
U CIELUAIN3UPAHO 000py/BaHe, T.K. OCUTYpsBa HAJEKHOCT, KOSITO CE€ MOCTUIa C JIBa METOoAa —
3alMTa U Bb3CTAHOBsBaHE. Tl KaTO Bb3CTAHOBABAHETO OTHEMA IO-MAJIKO MPEXKOBU PECYPCH U €
II0-€BTHHO PEUICHHE, OTKOJIKOTO 3alIUTaTa, CE M3I0JI3Ba M0-4eCTO OT VIHTEpHET NOCTaBYMLIMTE Ha
yciyru. B HacTosmus nokiaz ce nu3ciaeasar J1Ba PeyIoKEHH OT aBTOpa METOa 3a Bb3CTaHOBSIBAaHE
B MPLS wmpexu, mpu KOUTO ce MUHMMH3Mpa 3ary0ara Ha TMaKeTH OT MO-HUCKONMPHOPHUTETHUS
Tpaduk, KaTo Ype3 CUMYJAILUHU T€ Ca CPABHEHU C KJIACUYECKH METOH 32 Bb3CTAaHOBSBAHE.

2. U3caenBaHus Ha OTNAIaHEeTO HA Tpaduk Npu Bb3HMKBaHe HA HHIUAeHT B MPLS Mpexn

B peanna curyanuusi, BCEKM €QUH OT IPENOCTABEHUTE PECYPCH B JaJieHa Mpeka MOXKE J1a
MpeIM3BUKa TPElIKa MpU MPEAaBaHEeTO Ha MakKeTH. 103W MHLIMIEHT MOopaxkaa Mpeu3dyuclisBaHe Ha
MapuipyTH, KOETO OTHeMa BpeMe, 3a Ja Cce MPEeBKII0YM TpaduKbT OT HbTA C MOBpena IO
antepHatuBeH paboteml mbT. [Ipe3 To3u mepuon € Bb3MOXKHO OTMAJaHE Ha TOJSIM OpoM MakeTH,
KaTro To3M Opoi 3aBHCH OT penuna (akToOpud KaTro: MOMEHTHOTO HAaTOBapBaHE MO CHOTBETHATa
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OCHOBHA BPb3Ka; KOHPUTypUPaHUS METOJ 3a Bb3CTAHOBSIBaHE; M30paHaTa OT aJMUHUCTPATOpa Ha
Mpexara TpaHyJIapHOCT Ha IPUOPUTETUTE, 33 ICHH 33 PA3IMUHUTE BUI0BE TpaduK MO Bpb3KaTa.

['maBHUAT TpoGeM ce mopakaa ot (akra, ye TpaduKbT IIe MPOIbDKaBa /1a Ce M3Ipalia 1mo
OCHOBHHMSA, HO OTMagHAN ITbT, JOKATO MH(pOpPMAaLUATa 32 MHIMJCHTA JTOCTUTHE TOBA YCTPOWCTBO,
KOeTo TpsiOBa Ja MpexXBbpiK Tpaduka 1Mo aaTepHATUBHUA IBT. B TO3U mepuoj OT BpeMe MakeTuTe
me OpAar 3aryOeHu, JOKaTo yCTPOHCTBOTO, KOETO OTroBaps 3a BH3CTAHOBSIBAHETO HAa IIBT, HE
noyiyurd uH(oOpMalus, ye uMa MoBpena U TpsAOBa Ja CHpe U3MPaALIaHETO UM IO MOBPEACHUS IBT.
AKO moBpenaTa ce HamMMpa Jajed OT TOYKara 3a BH3CTAHOBSIBAHE W CKOPOCTTa Ha NpelaBaHE €
BHCOKa, OpOSIT Ha OTMAaJHAIUTE MaKETH MOXe J1a ObJie MHOTO TOJISIM.

[Ipe3 mpenxogHUTe TOMWMHU H3CJIEIBAHUATA HAa JOCTaBUMLKTE Ha VIHTEepHEeT yciyru ce
HAacoyBaT KbM MapUIpyTH3UpAlld AJITOPUTMH C HAKOJIKO MbTA 3a Mapupyrtusupane [8,11].
W3cneaBanusTa moka3Bar, 4ye € Bb3MOXHO J1a C€ NMpeaocTaBu HaOOp OT ajlTepHATUBHU IIHTHUILA B
MamabupyemMa Mpeka, KakTo ¢ IpOTOKoyd oT Tpetu cioil Ha OSI moxena, taka u mpu MPLS.
[IpeaBapuTeTHOTO (CTATUYHOTO) UM 3aJjaBaHE HaMaJlsiBa BPEMETO 3a MPEXBBHPIISIHE HAa TpaduKa 1Mo
aJITEpHATHBHUA IBT, T.K. HE C€ 3a/eJsl BpeMe 3a AMHAMUYHO M3YHUCIISIBAaHE HA PE3epPBEH MapLIpPYT.
[IpobGneMbT mpu BH3CTAHOBSIBAHETO O0aye €, 4e PEIICHHUETO KOs Bph3Ka Ie Ob/e alTepHATHBHA
IpU OTIAaJaHEe Ha OCHOBHA BpB3Ka € CYOEKTMBHO M HE BHHArM ONTHMAJIHO. B HSAKOM ciydan mpu
MpejiaraHuTe petieHus 3a JMHaAMUYHO MpeHaco4YBaHe Ha Tpaduka MpU Bb3CTAHOBSBAHE HA MBT B
MPLS mpexa ce okaszpa, ue cjel NpexBBpisSHE Ha Tpaduka Mo pe3epBHATa Bpb3Ka, TS HAMA
JIOCTaThUEH KamaluTeT Ja rmoeme Ienus Tpaduk M 4acT OT MaKeTHTE OTHAJaT M HE Ce JOCTaBAT.
3aroBa ce TBPCAT paA3IMYHU METOAM 3a BBH3CTAHOBSBAHE HA IBT, KOUTO Ja ONTHMH3HpAT
HACTOAIIUTE PEIICHUS B Pa3IMYHU aCIeKTH.

3. Kimacuuecku MeToau 3a Bb3cTaHoBsiBaHe B MPLS mpexu

3amuTara Ha JAHHOBUTE MOTOIM B CIIydail Ha MpomnaJaHe Ha BPb3Ka WM MapLIpyTH3aTop €
MHOT'0 Ba)kKHa, OCOOCHO 3a YCIYTH B peajlHO BpeMe M MYIATHMEIUIHU npuiiokeHus. OT peraBario
3HAUYEHHE € BPEMETO 3a BB3CTaHOBsiBaHE (7R), KOETO MPEICTaBIsIBa BPEMETO OT BBH3HHKBAHE HA
npobJeM 10 BB3CTAHOBSIBAHETO HAa HAIBIHO PabOTOCIIOCOOHO CHCTOSIHME Ha Mpexara. To ce

M3YHCIISABA KaTo:
TR =Tp + Tn+ Toc+ Tsw, (1)

KbeTO: Iy~ BpeMe 3a OTKpUBAaHE Ha MHIMICHTA, T,- BpeMe 3a cboOmaBaHe Ha LSR 3a nHnuaexTa,
Ty~ BpeMe 3a w30HMpaHe HA AITEPHATHBEH NbHT, Iy,~ BpEeMe 3a MPEXBBPIsHE Ha Tpaduka IO
aNTEepHATUBHUSA ITBT.

3a ma ce mnpunoxu edexTuBHO TexHomorusta MPLS, He3aBucMMO OT MeTona Ha
BB3CTaHOBSIBaHE, TPSIOBA BUHATH Ja C€ CHOIOaBa N3UCKBAHETO:

TR <= 60ms (2)

Tbpcenute pelieHHsl ca B MOCOKAa HamMalsiBaHE Ha TOBAa BPEME, KAaTO HaM-4yecToO CpeniaHo
peleHre € HamassiBaHeTo Ha 7R dpe3 3amaBane Ha cratuyau LSP, 3a kourto

The =0 (3)

B [7] ce mpemara r100aJlHO B3CTAaHOBSIBAHE ChC 3alIUTHO MPEBKJIIOYBAHE, KOETO IMpesiara
MpeABapUTelIHa HACTPOWKa Ha BH3CTAHOBSBALLMSA MBbT M JUHAMHUYHO Bb3CTaHOBsABaHe. B [5] ce
mpejJiara 3ammuTa oT Tumna 1:1, mpunaraiiku s ri00aqHO WM 32 CETMEHT M U3IOJ3BAaKKH ,,TbPBO 3a
u3BectsBane”. B [4] unesra Ha oOpaTHaTa Bpb3Ka €, Y€ B MOMEHTA Ha MHIIUJCHT 110 paOOTHHS BT,
BMECTO JIa C€ M3IIpallia CUTHAJ 32 U3BECTSABAHE 3a OTIAJaHe HAa MIBTA M TPahUKBT Ja MPOIBIIKH J1a
ce mpaia mo HepaOoTenl MbT W Ja ce IyOsT MakeTd, caMHuAT Tpaduk ce Bpblia 0OpaTHO KbM
TOYKaTa 3a Bb3CTAHOBsIBaHE. B To3u meToa morar na ce npuioxaT u asere 3ammty 1:1 u 1:N.
HepocraTpk €, 4e OKAaTO YCTPOHCTBOTO, KOETO II€ BBH3CTAHOBSIBA IOJIy4aBa BBbpPHAT TpaduK,
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MaKeTHUTE 1€ MPOIBJDKABAT J]a Ce MpallaT 0 TOYKaTa Ha MOBpPEeAa 110 NOBpeneHHs IbT. Yak Koraro
TO TOJY4d BBPHATHUsS TpaduK, 3arouBa Ja Mpenpaa BXoAAmus Tpaduk mo riodaiHust pe3epBeH
nbT. Taka 3a KpaTbK NEpUOJ BXOAALIMAT TpapUK ce CMECBa ¢ BbPHATHS 10 MPEBKIOYBAHETO MY I10
pe3epBHUS IBT. 3aToBa NpH [3] ce Aopa3BuBa uaesTa Ha [4], KaTo ce mpeajaraT JBa METOJa - Ha
r100aJIHO TIOCJIEJOBATEIHO TMPEU3UYUCIsIBAHE HAa OBT M HAa M30MPaTENIHO IOCIIEA0BATEITHO
IIpeusuuciasiBaHe Ha NbT. B u3cnensaHero ce mpemiara ¢ 28% IO-HUCKA ILIEHA 3a 3a7€JICHU
BB3CTAaHOBUTEIIHH IIBTHINA B CPAaBHEHHUE C pelieHneTo Ha [4]. JIpyro momo0HO pelieHne ce mpuiiara
npu [6], KbAETO KOraTto MbPBUSAT MaKeT cpabOTH KaTO CUTHAI 32 W3BECTSABAHE M MPUCTUTHE B
TOUKaTa Ha NPEBKIIOYBAHE HA MOCOKATa KbM alITEPHATUBHUS I'bT, MAPLIPYTU3aTOPHT, KOWTO € B
pOJIsl Ha TOYKa 3a BB3CTAHOBSIBaHE, Oydepupa MoylydeHUTEe CIIeBAllM NaKeTH, IpUHAAIEeKaAIld Ha
CBILUSI OCHOBEH BT, a MOCJIEIHUAT MTAKET, KOUTO MapLIpyTU3aTOPBT U3Mpalla M0 MOBPEAEHUS BT
e orOens3an ¢ yctaHoBsiBane Ha 6uta B EXP monero B MPLS 3arnasnara vacr.

Benuky Te3un MeToau peannsupaTr Bb3CTaHOBsBaHE Ha MbT B MPLS Mpexara B M3UCKBaHOTO
OT craHaapTa BpeMe (<60 msec), HO BUHaru B €pHO/a Ha Bb3CTAHOBSIBAHE CE NOJIYy4aBa U3BECTHA
3ary0a Ha makeTH. HUTO enuH OT TAX HE aHaJIM3Upa HATOBAPBAHETO IO AJITEPHATUBHUS IBT, a
IIPOCTO MpPEXBBbPIs Tpaduka IO HEro, KOETO O3HayaBa, Y€ IpPH IHMKOBM HATOBapBaHUS IO
aJITEpHATHBHMA BT MPOITyCKATEIHATa CIIOCOOHOCT MOXE J1a He ObJie JOCTaTh4HA 3a Lenus ooeM
Tpauk M 1a OTHazHAT MAaKeTH OT MO-HUCKONPHOPUTETHUS TpaduK, BBIIPEKH Y€ aJITEPHATUBHU Ha
TO3M ITBT ITBTHILA CHIIECTBYBAT U MMOIOOHU 3aryOu Morar ja 6b1aT nIpeo1oJIeHH.

4. Ilpennaranu MmeToau 3a Bb3cTaHoBsiBane B MPLS mpesku

[IpennaranuTe TyK METOIM CIICISAT HATOBAPBAHETO HA BPB3KUTE B MpexkaTa. Mmesra e, ue ako
IpU BB3HUKBAHE Ha MHIMJEHT CJEN MPEeXBbpJIAHE Ha Tpaduka MO CTAaTHUYHO KOHUTypupaHaTa
aIITepHATHBHA BPB3Ka TA HAMA JAOCTATHUHO KalalUTEeT 3a JBara Tpaduka, BMECTO Ja Ce U3TYOST
MAaKeTUTe, KOUTO ca C TO-HUCHK NPUOPUTET M ca HaJ KalaluuTeTa Ha Bpb3Kara, Te ILIE ce
MpEeMapHIPyTU3UPAT IO BTOPA aJITEPHATHBHA BPH3Ka, KOATO CE M3TPak/a BPEMEHHO U JHHAMHUYHO B
MOMEHTa Ha IPETOBAPBAaHETO cJeJ HMHIUIEHTa. B Te3u ciydan € BB3MOXKHO Ja ce MPUIOXKH
pa3nYeH MEXaHW3bM 32 Bb3CTAHOBSBAHE HA BT 3a TpaduKa ¢ pa3nudeH npuoputer. Hanpumep, na
ce msmpamia camo Tpaduka ¢ npuoputrer 0 m 1 1O OCHOBHHUS alNTEpPHATUBEH MBT, KOWTO €
KOH(UTypHpaH MpeABAPUTETHO (CTaTUYHO), HOKATO OOIIUs TpaduK, KOMTO HE € C TOJIKOBAa BHUCOK
npuoputeT (>2) U 1Mo BpeMe Ha MPeTOBapBaHE Ha Bpb3KaTa Ou OWII M3TYOCH, Aa Ce U3MPATH IO IBT,
KOWTO Ce M3YMCIIsiBa TUHAMHYHO B MOMEHTA Ha OTKpUBaHEe Ha WHIUACHTA. [Ipy Hamn4ue Ha TakoBa
pellleHrne ce OuaKBa HaMalliBaHE Ha HAaTOBapBAaHETO HA BXOJHO-U3XOJHHUTE IIPOLIECOPU Ha
MapIIpyTU3aTopa, KakTo ¥ 00eMa Ha U3I0JI3BaHaTa MaMeT.

Wnesta Ha Te3un METOOM € Ja c€ TOJ3Ba TEXHHUKA 3a BBH3CTAHOBSIBAHE MPH HAKOJIKO
€HOBPEMEHHO BB3HHKHAIM WHIMJEHTa, MOoJo0Ha Ha mpemraraHata B [10] texmmka Modified
Flexible MPLS Signaling (MFMS), kosiTo OCBIIECTBABa BBH3CTAHOBSIBAHETO B TeT (ha3u:
VYcranossaBane Ha LSP; IlpexBamane Ha umHuuaeHta; Bb3cranoBsBane; Koopaunamus mexnay
BXOJIHMSI MapILIpPyTH3aTOp M HAHOBO ycTaHOBeHMs mbT; [IpekparsBaHe Ha BB3CTaHOBSIBAHETO. 3a
mbpBaTa OT (ha3uTe ce M3MOJ3BA MPEACTaBEHHs] CHUTHAJIEH IMPOTOKON B [9], KoilTo ce mpeanara 3a
MpeMapuIpyTU3UpaHe B AMHAMHYHA MPEXOBa Cpela M Bb3CTAHOBSIBA MPOOJIEM C YCTPOMCTBO WUIIU
BpB3Ka JOKAIHO. [I5pBUAT OT MpeyiaraHuTe METOIU CE ChCTOU OT 1B (a3u:

o Off-line ¢paza — Ilo Bpeme Ha Tasm (aza ce onTUMH3UpAT CTATUYHUTE WHTHUIIA -
€JHOBPEMEHHO OCHOBHUTE M 3allUTHUTE MapLIPyTH, KaTO C€ HW3MOJ3Ba M OPUTHMHAIHUS
RSVP-TE nporokon. ['maBHara uen Ha TO3U €Tam € Ja c€ MUHHUMHU3UpA MPETOBAPBAHETO,
KOraTo Bb3HUKHE IPOOJIEMBT € MpoIagHaia Bpb3Ka WIH YCTPOUCTBO.

eOn-line ¢a3za — IIpes Bpeme Ha Tasu ¢asza cienq BBH3HUKBAHE Ha Mpodiema U
npeMapuIpyTU3UpaHeTo Ha Tpaduka 1O  aJITepHATUBHUS  (BB3CTAHOBSBAI) BT,
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MapLIpyTU3aTOPBT Mpujlara 3allUTeH MEXaHU3bM, KOWTO H30Hpa AMHAMUYHO HOB IBT 3a
MAKETHUTE C MMO-HUCHK IPHOPUTET.

Cnen karo ObJe OTKPUT MHLHUICHT, C€ MpPEMHUHABa KbM NPEXBBpPJSHE Ha Tpaduka IO
NPEBApUTEIIHO yCTaHOBEHATa pe3epBHA Bpb3Ka. CHINIACHO TO3M METO[I, OMHCAH IMO-TOAPOOHO B
[1,2], ako OydepbT Ha MBPBUS MAPIIPYTHU3ATOP MO AITEPHATUBHUS BT € 3aIIBJIHCH HAJl ONpeIesieH
npar (KOWTO 3a 1enuTe Ha usciensanero ce npuema 90%), OT HEro ce cTapTHpa U aaropuTbma 3a
ThPCEHE HA BTOPHU AIITEPHATHBEH IbT, KOMTO aKO CHIIECTBYBA, 11[€ TIOCTYXKHU 3a MPEXBbPIISIHE HA T10-
HUCKoOTpHOpUTeTHUs Tpaduk. Taka Opoar 3aryOeHu MakeTd B MOMEHTA Ha MPEBKIIOYBAHETO IO
QITepHATUBHUS MBT C€ IMOJy4aBa CBIIMS KaTo MpH 3alllUTHO MpeBKiItouyBaHe. [Iperenkarta e
cyOekTHBHaA — Ha 06a3a Ha pe3yNTaTUTE OT perlia CUMYJAuU U30paHUsIT KpUTEpHil 3a 3aeiicTBaHe
Ha JMHAMHUYHATA YacT Ha aJrOpUThMa 0 Bbh3cTaHOBsBaHE € 90% 3ambiaBaHe Ha Oydepa Ha MbPBUA
MapLIpyTU3aToOp, OTKPWJI HHUUIACHTA. AKO Ta3u CTOMHOCT HE € JOCTMrHaTa B MOMEHTa Ha
MPEXBBPISIHETO Ha TpaduKa, AITOPUTHMBT HE C€ CTapTUpA.

[Ipenmpuero e u u3cneaABaHe 3a OJEKOTSIBaHEe HA TO3U METOJ, KaTO BMECTO 32 BCEKH IaKET, €
JajieHa Bb3MOXKHOCTTA Ja ce u30epe airOPUTHMBT 110 Bb3CTAHOBSIBAHE J]a C€ aKTUBUPA €IHH IIBT 32
HSKOJIKO IMaKeTa, T.K. MOJI00HO pelIeHne € MHTEPECHO 3a MPEXKOBH MPHIIOKEHHUS, KOWUTO MoraT Ja
MOKPUBAT Pa3JIMYHA HHMBA HAa KA4YECTBO HA MOIbPKAHUTE YCIYTH, KOTaTO JIOMYCKAaT Ja IOHACST
3ary0a Ha MoBeYe OT €JUH MaKeT 3a BCAKO MPUJIOKEHUE Ha alropuThMa. Taka mpeiaraHusiT TYK
BTOPH METOJl YCHBBPIICHCTBA MPEAXOTHHUS KAaTO CIEAH AMHAMHUYHO HATOBAPBAHETO HA BPB3KUTE
BbB BCUYKHU MaplIPyTHU3aTOPH, HE3aBUCHUMO Jalld MHIUACHT € Bb3HUKHAI U MpPHU NMpeMUHaBaHe Ha
HaToBapeHocTTa Haj u30paH mpar (90% 3ambiaBane Ha Oydep Ha MapHIpyTH3aTOp) C€ CTapTUpa
mpoueaypara Mo ThPCEHE Ha AJITEPHATHBEH IBT 3a NPEXBBPJSHE Ha MO-HUCKONPHOPUTETHUS
Tpaduk Mo Hero, 3a Ja ce MperoTBpaTH EBEHTyalHa 3aryba Ha MAKeTH IPH HEAOCTaThbueH
KalaluTeT Ha Bpb3KaTa. MeToAbT OCHUTYpsiBa U BH3CTAHOBSIBAHE Ha IBT MPH HHLUJCHT, KaTo
MPOIIECHT 110 BH3CTAHOBSIBAHE CJe] MPEXBbPIIAHE Ha TpaduKa 1o 3alMTHATA BPb3Ka HE MPUKIIOUBA
C TOBa, a C€ MPOBEpsiBa HATOBAPEHOCTTA HA Ta3u Pe3epBHA Bpb3Ka U CE€ ThPCU aITEPHATUBEH IbT
npeau Aa e ornaaHai Tpagpuk. ONTUMATHOCTTA MPU ThPCEHETO HAa BTOPH AITEPHATUBEH BT U TYK
Kacae OIpeJle]IeHO0 HUBO Ha KaueCTBOTO Ha yciayrute. Thil KaTo 1eNiTa Ha HaMHUPAHETO Ha BTOpPU
pe3epBEH BT € J]a He ce T'yOsT MaKeTUTe C MO-HUCHK MPHOPUTET, 32 KOUTO T10 IEPBHSI PE3EPBEH BT
€ 3aJIeJIeH JOCTaThueH KalaluTeT, ce U30Mpa LUK (MOCIeI0BaTeIHOCT OT BPb3KU, (hopmupaiiu
HOB IBT JIO ChIIaTa JECTHHAIUS), B KOHTO HsAMAa MPUIIOKPUBAHE HA BPB3KH C BPB3KUTE OT
I'bPBOHAYANIHUS AITEPHATUBEH BT, 10 KOMTO Bede Ce MpeHacs U MPEeXBbpJIeHUs Tpapuk (3aIioTo
MMEHHO Te IIle Ce SBAT KaTo ,,TECHU MecTa” U e MpeInu3BUKAaT 3aryba Ha MakeTH OT MpeTOBapBaHe
Ha Bpb3KaTa).

5. EkcniepyMeHTaTHM M3C/IeABAHUS U MOJYYEeHH Pe3yJITaTh

Crnopen [12], MoaenbT Ha cCUMyJallisi BUHArd ce abCTpaxupa OT PEaIHHs CBAT, HE € CKBII,
pe3ynTaTuTe ce MmoyiydaBar Obp30 0€3 N1a BIUSAT BbPXY peallHaTa CHCTEMa, YHETO MOBEICHHE CE
U3CIe/IBa, HO ChIIO TaKa Pe3yJITaTUTE HE MOXKE Jla C€ MPEXBBPIAT AUPEKTHO BbPXY Hed, T.K. ©Ma
XapaKTepUCTHKU Ha peajHaTa CUCTeMa, KOUTO He MOrar Ja ObJIaT BKIIOUEHH B MOJIENa, HO ChHIIO
BIUSAT BbpXY pesynratute. OOMKHOBEHO ce MOJy4yaBaT Pa3iMKd B PE3yATaTHTE, MOJTYYEHH OT
pa3IMYHUTE CPEJICTBA 3a peaiu3alus Ha CUMYJAIMU C €HAKBU MapaMeTpH, KOETO JO0Ka3Ba, ue 3a
na ObJaT pe3yiATaTUTe MEXKIY Pa3iMuyHU METOIM MPH €IHU U ChIIU MapaMeTpU CpaBHUMH, TpsOBa
Jla ce M3MO0JI3Ba €IHO U CHILO CPEJCTBO U JIa c€ PadOTH BBPXY €AWH M CHI MOJIET. 3a CUMYIAI[UUTE
B HAaCTOSAIIOTO U3CJIEABaHE € N3moyi3Bad NS- 2.

3a ga ce u3cneABAT MPEIJIOKEHUTE METOAU 4pe3 CUMYNAIUs U pe3yiaTrature na Obaar
MaKCUMaJgHO ONU3KH 1O pe3yiTaTd, MOJY4YeHH B peajHa CUCTeMa, € U30paH eKCIepUMEHTaJeH
mogen (¢ur. 1), onucpamy Bpb3kute B peatHa MPLS mpexa Ha Vivacom B rp. Codus. Ot rnenna
TOYKa Ha KOH(PHUICHIIMATHOCT € pa3rieAaHo ChCTOSHUETO Ha Ta3u Mpeka KbMm 201 1T.
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®@ur. 1. Ekciepumentanna MPLS mpexa

TBil KaTO NP NPEAXOAHU U3CIEABAHUS HAa aBTOPA, IPEACTABEHU B [2] pe3yaTaTUTe 110Ka3BarT,
4ye HE BbB BCSAKAa MpeXa MOXKE /la Ceé HaMepu BTOPHU QJITEPHATHUBEH I'bT, KAKTO U B Pa3IMYHUTE
MpEeXH OpOsIT Ha LUKIIHUTE, Ype3 KOUTO ce HaMUpa AITEPHATHUBEH BT, 3HAUUTEIHO Bapupa, TYK ca
pasriefaHd caMO BapUaHTH, NPU KOMTO CBILECTBYBAa BTOpU anTepHaTHBeH NbT. IlomydeHute
pe3ynraTé ca Ha 0a3a peaqTHO M3MEpPEeHHM W3XOIHU JaHHM 3a Tpaduka, nmpeHacsH ¢ MPLS B Ta3u
Mmpexa. HampaBeHo € cpaBHEHHME MeXly pa3IMYHUTE METOJU 32 Bb3CTAHOBSABAHE 3a Ipe/ICTaBEHATa
eKCTIIepUMEHTAIHA MpEeXa TPU €THU U ChUIM BXOAHM AaHHU. Ha ¢ur. 2 e npeacraBeHo cpaBHEHHE
Ha MOJIy4E€HUTE pe3yiITaT 3a Opoii 3aryO0eH! MaKeTH Npu MPEUI0KEHUTE U KIIACUYECKUTE METOAU U
BpPEME 3a Bb3CTAaHOBSBAHE B MUJIMCEKYH/IU.

3EWGEHI‘| nNaKkeTH Bpeme 3a Bb3CTaHOBABaHe
100% 0.0500
30% 0.0450
a% 0.0400
70% 0.0350
0% 0.0300
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1% 0.0050
0% 0.0000
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®ur. 2. 3aFY6CHI/I TMaKEeTH MO0 BPEMC HAa Bb3CTAHOBABAHC U BPCMC 3d Bb3CTAHOBSABAHC

Taka mpencTaBeHUTE MOKA3aTeNU Ca BKIIOYCHH MTPH M3CJIeBaHE HA KOMIUIEKCHUTE OLICHKH Ha
METOJMTE, KaTO JOMBIIHUTECITHH KPUTEPUH Ca: Bh3MOXKHOCT 32 Bh3CTAaHOBSBAHE TPH TIOBEYE OT CHH
WHITUACHT B MPEKaTa; BpeMe 32 Bh3CTAHOBSIBAHE MPH 2 MHIIMICHTA; BpEME 32 BH3CTAHOBSIBAHE MPH
3 mHmmaeHTa. B tabnuma 1 ca mpencTaBeHN KOMILICKCHUTE OIIEHKH Ha METOIUTE — apUTMETHYHA
(Ra) n reomerpuuna (Re).

Taoanna 1. KoMIiekCHH OLIEHKH HAa METOJIUTE

Bbp3o npemapumpy Ca-
Makam | Xyanr | XackuH | XyHaeca TH3UPaHe Hruamcakx| Harapasn | AsekcueBa 1l | AsekcueBa 2
Ra 0.477 | 0.352 | 0.693 | 0.301 0.685 0.311 0.266 0.690 0.700
Rz | 0323 | 0327 | 0451 | 0.297 0.527 0.436 0.397 0.464 0.554

BpemeTo 3a Bb3CTaHOBSIBAaHE 3aBUCH OT HAYMHA MO KOWTO CHOTBETHUSAT METOJ H3YHCISABA
cbriaacHo gopmyna (1) oraenHuTe BpeMeHa. IMEHHO MO Ta3W MPUYHMHA MPEMapIIPyTU3UPAITUTE
MEXaHU3MH UMAaT MO-BUCOKH CTOMHOCTHU CIIPSMO 3alIUTHO MPEBKIIOYBAHE, KbJETO PE3EPBHUAT BT
€ MpeABapUTEIHO U3BECTEH, 3alll0TO BPEMETO BKJIKOYBA U BPEMETO 3a MPEU3UUCIISIBAHE HA IBTS.
[IpencraBeHuTe Mo-rope METOAM MpearaT Mo-KpaTKo BpeMe 3a Bb3CTAHOBSBAHE B CpPaBHEHHE C
IpYTUTE, ThI KaTO IBbPBUAT PE3E€PBEH IBT € MPEABAPUTEIHO M3BECTEH U HE CE€ 3aJ€isi BpEMeE 3a
npeusvucisiBane Ha bTs. [lakeTuTe 3amouBar Ja ce AOCTaBAT MO HOBUSI MbT, JOKATO T€YE BPEMETO
Ha MPEU3UUCIIsIBAaHE Ha JPYT PE3€pPBEH IBT 33 NAKETUTE C MO-HUCHK IPUOPUTET (AKO KanalUTEThT
Ha pe3epBHUS IBT € 3aIbJIHEH CJell MPEXBbPJIAHE Ha TpapuKa HaJl ONpENeNeH Ipar, KOWTO 3a
LIeNUTe Ha ekcriepuMenTa ce npuema 90%). CpriiacHO MOJyYEHUTE PE3yNITaTh MOXKE J1a C€ HAIPaBH
U U3BOJBT, Y€ MPEIJIOKEHUTE METOAM Ca C MHOIO OJM3KU IOKa3aTeldd CHpSAMO Hail-go0pure
MeTOAH. BTOpUAT mpensokeH MeToa € ¢ MOo-A00pH TOKas3aTeNd Mo OTHOIIEHWE Ha 3arydara Ha
MaKeTH COPSIMO IbPBUS MPEIJIOKEH METO.
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6. 3akarouenue

B noknama ca pasriemaHu gBa METOZla 3a Bb3CTaHOBABaHE Ha mbT B MPLS mpexa, kouto
MUHUMM3HMpAT 3aryb0ara Ha TIaKeTd OT IO-HUCKONPHUOPUTETHHS Tpaduk Ipu BbB3HUBAHE Ha
MHIOMACHTH B NMUKOBM MOMEHTH Ha HaTOBapBaHE HAa MpekaTa. AKO Ce NPWIOXKH €IWH OT TYK
MPEUIOKEHUTE METOAM 3a M300p Ha anTepHAaTUBEH MBT B on-line ¢a3a Ou 10BeNO M0 CICAHUTE
MOJIOKUTEITHH PE3yATATH:

e Te ocurypsiBaT TakvMBa II'BTHINA, IIPH KOUTO BPB3KUTE MOraT Ja moeMar Tpapuka KakTo mpu

MTUKOBHM HAaTOBAPBaHMS, TaKa U JOIMBIHUTEIHUA TPA(UK, IPEXBBPJICH OT IITHUILA C OTIIaTHAIN

BPB3KH.

e Te HamangBar Oposl Ha OTMAaJHAIM MAKETH OT MO-HUCKONPUOPUTETHUS TpadUK OT BT,

M3II0JI3BAaH KaTO AJITEPHATHBEH Ha OTIa HalaTa BPb3Ka.

eTe edexkTHBHO NpEeMapUIPyTU3UPAT MO-HUCKONPHOPUTETHHA TpaduK IO IBTHIIA C

HECHBIAJAIIN BPB3KH C IbPBUS aJTEPHATHBEH ITBT (aKO TaKWBa OBJIAT OTKPHUTH).

e Te ocurypsiBaT IbJIHOTA M KOPEKTHOCT Ha PE3yATaTUTE (MOJyYSHUTE ITTHUILA).

eTe BOJAT 110 MO-BHCOKA MPOM3BOJUTEIHOCT HAa MpeXara BCIEJICTBHE Ha MO-MalbK Opoii

nakeTH B Oydepure Ha MapUIPyTU3ATOPUTE U MO-MabK Opoii 3aryOeHH MakeTH.
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HUIIKOB CUMVYJIATOP 3A U3JIEABAHE HA TAPAMETPUTE
OT KEIII HAMETUTE

ITetst Kp. umutposa, Mapus [Ln. Mapunosa, Bnagumup /l. JIazapos

Pe3tome: IpencraBeHara TeMa ONMMCBA KEII CHMYyJIaTopa M3TpajieH C Il [0-100poTo pa3dupaHe Ha Kell
apXUTEKTypaTa, OTKpUBaHE HA MPEIUMCTBAaTa U HEJOCTATHIUTE TPU Pa3IMYHOTO i KoH(urypupane. To3u
CUMYJIaTOp € HU3TPajJieH CIOpe] OCHOBHUTE NPUHLMIIM Ha KEII apXWTEeKTypaTa W opraHusanusaTta. Toi
M3BEKTAa KAaTO CTATHCTHKA KAYSCTBEHUTE ITOKA3aTeIM Ha Kell OT IhbPBO HUBO C NHUPEKTHA (QYHKIUAS HA
CBHOTBETCTBHE. 3a PCATU3UPAHETO HA KEII CUMYJIATOpa € U3MOJA3BaH ChBPEMEHEH MOJXO] - €3UK 3a ONMHUCAHUE
Ha nporpaMHaTa yact Cu u usnomea GCC kommuratop moxa Linux oneparmonHa cuctema. M3rpaxkmaHeTo
My € pasficliecH Ha HSIKOJKO eTama: Ch3aBaHe Ha Cpella 3a CaMOCTOSTEIHO TecTBaHe, BepuduKaius Ha
(YHKITHOHAIHOCTTA Ha KeIll CHCTeMaTa M CUMYJallis Ha paboTaTa Ha CUCTeMara.

KarouoBu qymu: cumynarop, Kelr maMeT, KoeHUIIMEeHT Ha HEMomaieHue, Tpelc ¢aiiiose

Trace-Driven Similater for research to parameters of cache memories
Petya Kr. Dimitrova, Maria P1. Marinova, Vladimir D. Lazarov

Abstract: This paper presents simulator of cache, which is created for studying architecture of cache
systems. It could be in help of students and lector of Computer Architecture and Organizations. The results
of this simulator are statistics of direct mapping function of caches. The simulator is write on C and used
GNU compiler for LINUX. The creation of the simulator is divided on some parts: creating of a tool for
making of independent tests, verification of the functionality of cache systems and simulation of cache’s
work.

Keywords: simulator, cache memoty, miss, memory traces

1. YBoa

[Tpu cEBpEeMEHHOTO pa3BUTHE HA KOMITIOTHPHUTE CHCTEMH €IHH OT OCHOBHUTE KOMITOHEHTH,
yKa3Ballll TOJSIMO BIIMSHUE BBPXY HPOM3BOAUTETHOCTTa HA KOMITIOThPHATa CHUCTEMA, € KeIll
namerta. KemrbT € MHOro KpUTHYEH MOMEHT B paboTara Ha €JHa KOMITIOThPHA CHCTEMa, KOETO
HaJlara Hy’)kJata oT J00pOTO MO3HaBaHE Ha XapaKTEPUCTUKUTE U ocobeHocTuTe My. BaxkHo e 1a ce
MO3HAaBaT B ABJIOOYMHA TIApAMETPHUTE, KOUTO BIHSAT HA TPOU3BOJMTEIHOCTTA My — pa3Mep Ha
Kemla, (PYHKIIMK HA CbOTBETCTBHUE, AJITOPUTMU Ha 3aMECTBaHe, pa3Mep Ha OJI0Ka, METOAM 3a 3aruc U
n3Bnu4ane. J[oOpe mpoeKTUpaHUAT ¥ OpraHU3MpaH KEeIl MOKe Ja IMoJ00pH MOBEACHUETO Ha IisuiaTa
cucrema. M obpatHo - He 100pe moadpaHara Keml KOH(UTypaus MOXe J1a Ce OTpa3yd HEraTUBHO
BBPXY MPOM3BOIUTEIHOCTTa U OBbp3uHATA TIPH paboTa Ha KommtoThpa. Criopen o6sacTra, B KOSTO
IIe Ce M3MO0J3Ba, MPUIOKEHUETO, KOETO IIIe HAMEPH U ISUIOCTHATA LIeHa Ha KOMIIOThPHATA CHCTEMa
Morar Ja ce moadepat KeIoBe ¢ Pa3InIHU XapaKTePUCTUKH.

2. HumkoB cuMyJiaTop Ha Kelll IaMeTHTe

Pazpaboren e cumynarop Mo CTYACHTCKM MPOEKT Ha MepHIIeHICKUS YHHUBEpCHTET [4].
[TpoexTupanusT cumynarop e GyHkuoHaneH, Trace-Driven Simulator (Huwkos cumynamop). 3a
paboTtara ¢ HETO € HeOOXOIMMO Jia C€ M3MOJ3Ba JaHHOB (ain. Te3u (daitioBe ce HapuyaT memory
traces, ipeAcTaBIsIBaIM (DailloBe, B KOUTO CE€ ChXPAHSABAT a/IpECUTE OT ONEpaTUBHATA ITaMET, KbM
KOUTO II€ c€ U3BBPIIN OOpBIIEHUE B Mpolieca Ha paboTa Ha cuMynatopa. [IpousBoauTenHOCTTa HA
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KeIlla 3aBUCH OT Iporpamara, KOATO I U3MbJIHABA MPOIECOPBT. B ciydas tpeiic ¢halabT € TOUHO
Ta3W Mporpama. 3a TECTBAHETO Ha cHUcCTeMaTa (KeIl apXWTEKTypaTa) CIyXH pPa3paboOTeHHUST
CUMYJIaTOP, MPEJOCTaBAI YCIOBUS 3a U3MbIHEHHE Ha Tpelc QailioBe (IIpe1oCTaBeH! B 3a/1aHUETO
Ha npoekTa [6]) ce moayyaBaT pa3IndHU U3XOAHU JaHHH.

W3non3Banu daiinose:
- cc.trace (Cu KoMIuiIaTop)
- tex.trace (0OpbBILEHHS HA MPOIIECOpa KbM TEKCTOBHU JIOKYMEHT)

Teswu tpetic daittoBe chabpKAT OKOJIO 1 MITH. OOPBIIIEHUS KbM MaMeTTa. Te ce pa3audaBaT 1o
CBOETO ChIbpIKAHUE, THH KAaTO 3a pa3IMYHHUTE MPOTPaMHU aapecuTe Ha OOpbIICHHE KbM MaMeTTa U
JOOCTBIIBT JI0 TAX €a pa3IUyHMU.

VepapxuunaTa CTpyKTypa Ha IPOEKTUPAHHUS CHMYIATOp € IoKa3aHa Ha purypara (dur. 1).

set_cache_param()

parse_args();

dump_settings();

init_cache();

< Main() >
4>< read_trace_element() >
4

—»@ace( I <—>< perform_access();

print_stats();

@ur. 1. UepapxuaHaTa CTpyKTypa Ha W3BHKBaHe HA (DYHKIIMHUTE Ha KeIll CHMYJIaTopa

OyHKIMHUTE HA CUMYJIATOpa MOTAT /1a C€ pa3/essaT Ha TP OCHOBHH IPYIH :

e bpBa rpyna (parse_args(),set_cache param(), init_cache()) ca QyHKIIUU 3a HACTPOMKa Ha
CJIIEMEHTHUTE Ha KEII MOJIea

- (ynkuuara parse_args() B3UMa HOBO BbBEJECHATa CTOMHOCT OT KOMAaHAHUSA Pel U
nonaBa Ha GpyHKuMsTA set _cache param(), 3a 1a s MPUCBOU Ha ChOTBETHATA KOHCTAHTA Ha
Kelll MOJIeNa.

- ¢yHKUUATA init_cache() cIyXW 3a WHUIMAIM3AlUS T.C. HAYAJIHO YCTAHOBSBAHE Ha
CJICMCHTUTC Ha KCII MOJCIIa, ONPCACIIAHC HA TAXHATA PpA3pAAHOCT U 3aJACJIIHC HA MTaMCT.

e BTOpa Trpymna(play trace(), read trace element(), perform_access()) ca QyHKIHHTE
CBBp3aHU ¢ Tpeic (aiina:
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— OTBapsiHE Ha Tpeic (¢aiina 3a yeTeHe, YeTeM OT HEero TUIa Ha JOCThIIA 0 MaMeTTa U
azpeca ciell TOBa, B 3aBHCHMOCT OT IPOYETEHATa CTOMHOCT 3a JOCTHII J0 maMerTa (T.e.
YeTeHe, 3alliC Ha JaHHU WK YeTeHE Ha MHCTPYKIIUH)

- obpaboTBame mHbOpManusaTa perform_access(), HamupaHe search(), ako € HEOOX0IUMO
u3TpuBame delete() unm BMbKBaMe JIaHHU insert()

- BaManusATa Ha AaHHU flush(), KOATO ce M3MOJ3BA MPH ,,00paTeH 3amuc’ MOJIUTUKA Ha
3aIKC T.C. MPOBEpPKa A MPOYECTCHUTE JAaHHU B Kellla ChBIAAAT C TE3HW B ONEepaTHBHATA
[IaMerT.

eTpera rpyna (dump settings() u print_stat()) ciyxkaT 3a U3BEXKIaHE HA CHOOIICHHUE CIIE]
Kpas Ha CUMYJIalMsATa.

W3rpaknanero (IOCTPOSBAaHETO)HA KEII CHMYJaropa C€ HW3BBpIIBA B Taka Hape4eHUs
MAKEFILE. Ype3 usnbjiHeHUE HA KOMaHaTa ,,make” B TUPEKTOPHATA, KbJETO CE HAMUPA KOIBT
Ha Kelll CUMYJIaTOpa, Ce MoJIyuyaBa U3IIbIHUMUAT U3X0/eH Qaiin. Makefile npeocmaenasa:

Output File

‘ Dependency List

target: filel file2 file3 ... fileN
< TAaR=> commandl
< rap=> command?2
< Tap> I

< TAB—> commandN

Rule

®@ur. 2. OcHOBEH cuHTakcuc Ha Makefile

N3non3BanuTe Makpocu ca:
CC=gcc CFLAGS =-g
all: sim
sim: main.o cache.o

3(CC) -0 sim main.o cache.o —Im
main.o: main.c cache.h

$(CC) $(CFLAGS) -c main.c
cache.o: cache.c cache.h

$(CC) $(CFLAGS) -c cache.c

B nauanmoro Ha (aiina ca mMOCOYEeHM MaKpOCHUTE, KOMTO C€ H3IMOJI3BAaT ChOTBETHO 3a gCC
M3IIOJI3BAHUAT KOMITHIIATOP U OTILHUSATA -g 33 BKIIOYBAHE Ha JIeOBI' CUMBOJIHTE.
[Ile pasrinename (aita oTrope HamAOMYy:
- Komnunupawme ¢aiina cache.c n nonyuaBame o0ekteH (ailn cache.o, KaTo ¢ OnmusaTa —C
ocouBaMe, Y€ IMPOLEChT Ce MPEeKparsiBa 0 ModydyaBaHe Ha OoOekTHuUs (ailn, a He 10
W3MBJIHAMHUS, T.€. TpEABapUTEIIHA 00pabOTKa, KOMIWIANMs, aceMOiaupane U 0e3 ma ce
JMHKBA.

- [Togo6HO Ha cache.c koMnuIUpaMe main.c U noirydaBame o0ekTeH dhan main.o

- Kommunupame nBata o6extHu (aiina main.o cache.o kamo upe3 onyusma —Im nodassme
OTIIIUATA 32 apUTMETHYHATa OMOIMOTEKa U TIoJTydaBaMe M3xX0 ieH (ait sim

Beue MokeMm 1a m3rpaauM ompezesieH Kell MOJEN KaTo 3a IIeNiTa 3a7aeM pa3MepHOCTTa Ha
OCHOBHHTC HapaMeTpI/I OT KOMaHIHUS pe;[. HpI/I M3IIBJIHCHUEC HA CJICHATa KOMaH/Jda.

./sim -bs 64 -ds 16384 -is 16384 -a 1 -wb -wa ../trace/cc.trace

B kpaifHa cMeTka ciiel] IPUKITIOUBAHETO Ha CUMYJIALUATA C€ U3BEX/a CIETHOTO ChOOIICHHUE:
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*#%% CACHE SETTINGS ***
Split I- D-cache
I-cache size: 16384

D-cache size: 16384
Associativity: 1

Block size: 64

Write policy: WRITE BACK

Allocation policy: WRITE ALLOCATE

*** CACHE STATISTICS ***
INSTRUCTIONS

accesses: 597309

misses: 135623

miss rate: 0.2271 (hit rate 0.7729)
replace: 135603

DATA

accesses: 235168

misses: 2673

miss rate: 0.0114 (hit rate 0.9886)
replace: 2417

TRAFFIC (in words)

demand fetch: 2212736

copies back: 2211152

Oynkiusata dump_settings() ornedatBa uactra *** CACHE SETTINGS *** m.e.
KOH(pUTypamusaTa Ha Kell Mojena, a print stats() ornedarBa Bropara dyact *CACHE STATISTICS
**0T ChOOIIEHHETO 32 TMOJNIyYEHUTE CTOMHOCTH Ha KAayeCTBEHUTE IapaMeTpd Ha CHOTBETHO
KoH(puUrypupanus kenr Mojen. EqHn oT OCHOBHHUTE TapaMeTpH, KOUTO C€ CIENAT, ca KOSHUIIMEHTHT
Ha HEMONaJCHUATa M KOC(PUIUEHTHT Ha NONaJIeHHsATa. [lapaMeThpbhT, KOMTO CE€ W3BIMYA OT
MOJTYYCHUTE CTAaTUCTHYECKH [AHHM 3a OIEHKAa W AaHAIN3 Ha IPOMU3BOJUTEIHOCTTA Ha KEmI
KOHUrypanusra, € OposT Ha Henonaoenusma 6 kewia. Ha Ga3ara Ha MONyd4eHUTE NaHHU CE
M3rpakaar Tpaduky, 4Ype3 KOHMTO I10-Ka4eCTBEHO C€ MIIIOCTPUpA 3aBHCUMOCTTa Ha Opost Ha
HETIOMAJICHUSATA CIIPSIMO pa3Mepa Ha Kellla ¥ pa3Mepa Ha pe/ia B Kelia.

130000

120000

1100C0

100000

90000
£0000

B cachesize 1024

/0U0J0
60000

W cache size 4096

cache size 81392

50000
40000
30000
20000
10000

o]

B cachesize 16384

®@ur. 3. ['paduaHo npeacTaBsHe HA TOTYYICHUTE PE3yJITATH 32 HEMTONaAeHue(miss) B KeIll 3a JaHHU Ha
pa3nvHu KOH(UTYpaIlMy Ha pa3Mepa Ha Kellla U pazMepa Ha OJioka B Kella 3a cc.trace

[Tomy4yeHuTe CTOMHOCTH 3a U3CIICBAHUS TTApAMEThpP 3a HEToIaieHrne (miss) Wik HEeHaMepPeHHU
JAaHHY TpU OOpPBIIECHUE B Kellla 32 MHCTPYKIIMU MTOKa3BaT, 4ye MpHU MOBHINABaHE HA pa3Mepa Ha pena
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(6bmoka) Ha kemra or 8§ Ha 16 Oaifta miss TapaMmeTbpa HaMallsBa, CJIEIOBATEIHO OposT Ha
nonajzenusara (T.e. hit - HaMepeHM JaHHU NpU OOpBIICHHWE B KEIla) Ce YBeIWYaBa, KOETO ce
OCHOBaBa Ha MPHHIIMIIA Ha OJIM30CT B MPOCTPAHCTBOTO. ToBa HaMaleHHE Ha misS MPOIbIKABA 110
okoso 128 Gaiita pasmep Ha Oyioka B Kela, HO NMpH 256 U N0 HATaThK yBEIMYCHHE HAa paMepa Ha
0JIoka KOe(PUITMEHTHT miss 3aro4yBa OTHOBO Ja C€ yBEJIMYaBa, ThK KaTo OposT Ha OJIOKOBETE,
HamMHpallyd ce B Kella, HamaisBa. ToBa MOKa3Ba, ye pa3MepbT Ha OJOKa Ha Kella HE MOXe
Oe3kpailHO Ja ce yBeiuuyaBa, Thil KaTo cjej JaJieH MOMEHT TOBa CTaBa O€3CMUCICHO U HsIMaMme
moj3a oT ToBa. M3mos3BaHuTe B ChbBPEMEHHUTE KOMITIOTPH pa3Mep Ha peja B KEII OT ITbPBO HUBO €
64B.

C noBuIaBaHe Ha pa3Mepa Ha Kellla HaMajsiBa KOCUIMEHTHT Ha HEIOIMaJeHUE miss U ce
yBeln4aBa KoeUIMUEHTHT Ha nonajaeHue hit. Ho pasmMepsbT Ha Kell namMeTTa He Moxe Oe3KkpaifHo n1a
ce yBeln4aBa, Thil KaTO BPEMETO Ha JAOCTHII 10 JAHHUTE B KeEIlla CE YBEJINYaBa C yBEJINYaBAHETO Ha
pazmepa My. ToBa Boau 10 Hee(heKTHBHO M3IOJI3BAaHE HA KMl IMaMeTTa U 00e3cMHUCTs 100aBsIHETO
.

3. KewrbT npu cbBpeMEeHHUTE KOMIIOTBPHH apXHUTEKTYPH

N3non3Banute cvBpeMeHHU Intel apxurekrypu ca NetBurst, nznonssama Pentium 4
npouecop, Core, Nehalen, uznionspama Intel core i7, Intel core i5, Intel core i3 nporecopu. I1o
J0JTy B TaOJIMIIaTa ca OMMCAaHU KEeIIOBETE Ha TE3U apXUTEKTYPH.

Taoauna 1. [Ipumeprn mapameTpyu Ha cbBpeMeHHH Intel ke apXuTekTypu

Hugo L1(size) L2(size) L3(size)
Bupose
Intel core i7 32KB instruction and data | 256 KB shared inst/mem | 6MB shared inst/mem
cache cache cache
Intel core i5 4x32 KB instruction and | 4x256 KB shared | 6MB shared inst/mem
data cache inst/mem cache cache
Intel core i3 2x32 KB instruction and | 2x256 KB shared | 3MB shared inst/mem
data cache inst/mem cache cache
Pentium 4 16 KB instruction and data | 1024KB shared inst/mem [1].
cache cache
CPUCorel |« « « | CPU Core n
[LlI-DH Li-] | |L1I-D|| ]_.:-] |
[Lroe] | l'.zl.:.t.h, |

(b) Dedicated L2 cache

(a) Dedicared L1 cache

CPUCorel |* = | CPUCoren CPUCorel |= = =| CPU Core n
L I 1 I
1 . 1 I [Li-p|[Lia] [Li-p][Li-1]
[Li-p|[L11] [Li-p|[Lix] T I T 1
I I I [ L2 cache | [ L2 cache |
| L2 cache ] [ L3 cache |
T T L T
{c) Shared L2 cache (d ) Shared L3 cache

®@ur. 4. UmocTpupa 4eTUpUTE OCHOBHH OPTaHU3AIMK Ha C-MUTE C MHOXKECTBO spa [2]
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HEOTOPU3UPAHO ITPOHUKBAHE B KOMIIIOTBbPHA
CUCTEMA C AKTUBUPAHU 3ALHIUTHA CTEHA U
AHTUBUPYCEH CO®TYEP

[Tersp Kp. bosinoB, XKanera H. Tamesa

Pe3tome: B cratusta ca MNOpeACTaBEHU pE3YJATaTH OT OCHIIECTBEHO HEOTOPU3UPAHO IPOHUKBAHE B
omeparronHara cucteMa Microsoft Windows XP SP3 ¢ men nomy4yaBane Ha IThJICH JOCTBII IO PECYpCUTE HA
n30paHaTa KOMIIOTbpHATAa CHCTeMa. ATakara € peajn3upaHa yCIIENTHO, BBIPEKH 4e B JaJCHUS XOCT ca
AKTUBUPAHU 3alllMTHA CTCHA W aHTUBHPYCEH codTyep. biarogapenue Ha cnenmanio u3bpana ruratdopma 3a
3JI0HAMEPEHO MPOHUKBAHE U OMPE/CIICH 3JOHAMEPEH EKCIUIONT 3a Ta3u ONEpallMOHHA CHCTEMa € TOJyuYeH
ITBJIEH O€3KMYEH OTJIAIeYeH JOCTHII JO PECYpPCUTE Ha TO3W XOCT. 3aTOBa € HEOOXOANMO Ja Ce M3MO0JI3Ba 1Mo~
CUTYpHA ¥ HaJIeKJHA OTIepaIliOHHa CHCTEMA.

KuarouoBu nymm: Heotopusupano npoHUKBaHe, CKAHUPAHE, YSI3BUMOCTH, 3JI0HAMEPEH KOJI.

An unauthorized penetration into computer system
with activated firewall and antivirus software

Petar Kr. Boyanov, Zhaneta N. Tasheva

Abstract: In this article an unauthorized penetration into the operating system Microsoft Windows XP SP3
is accomplished. The aim is to gain full access to the resources of the chosen computer system. The attack is
successfully made in spite of the activated firewall and antivirus software in the given host. Thanks to a
specially chosen malicious penetration platform and specific malicious exploit for this operating system is
gained full wireless remote access to all resources of this host. In order to prevent future malicious cyber-
attacks it is necessary to be used more secure and reliable operating system.

Keywords: An Unauthorized penetration, scanning, vulnerabilities, malicious code.

1. YBoa

[Ipe3 mocneaHUTE HAKOJIKO TOAWHU Hal-ys3BUMATa OMepalliOHHA CUCTEMa 3a HEOTOPU3HPAHO
nporukBane ¢ Windows Ha kopmnopanusra Microsoft. HesaBucumo uve Microsoft exemHeBHO
pa3paboTBa pa3IMyHU KPUTHYHU BIJICHTH 32 HAMAISIBAaHE HA YS3BHUMOCTUTE B OMEPAIMOHHUTE CU
CUCTEMM, MHOTO 3JIOHAMEPEHHM MOTPEOUTENH YCHsIBAaT Ja 3a00UKOJST DPA3IUYHUTE 3aLUTHUTE
MEXaHM3MH U KaTO KpailHa CTHIKa Jla MPOHMKHAT B KOMITIOThpHATA CUCTEMa Ha CBOSTA >KEPTBA.
Haii-ronemu 3ary0u mperbprsBarT MOTPEOUTENTUTE, KOUTO H3IMOJI3BAT €JEKTPOHHO OaHKHUpaHE B
rnobamHata mpexa Internet [1], [2], [3], [6], [7], [9], [10], [11].

[lenTa Ha Ta3um cTaTUs € J1a ce CKaHupa omnepamnronHaTa cuctema Microsoft Windows XP SP3
3a pa3IMYHU YSI3BUMOCTH U CIaOOCTH U CIIE/I TOBA JIa C€ OCBIIECTBH HEOTOPHU3UPAH U He3a0elsI3aH
JIOCTHII B OINEpallMOHHATa CUCTEMa, C IIeJl MOoJlyyaBaHE Ha MbJEH JOCTBI /0 pPEeCcypcuTe Ha
KOMITIOThPHATA cucTeMa. M30paHa e Ta3u omepalMoHHa CUCTeMa, 3alI0TO BCE OIIe MHOTO OAHKU B
PenyOnuka bbarapus u ObdArapckd yHHUBEPCUTETH MPOABIKABAT Ja S M3MOJ3BAT, KaTo
noaapbxkkara Ha Microsoft Windows XP SP3 mie nmpoasmxu no anpun 2014 [10], [11].

Ta3u cratus € CTpyKTypupaHa B HAKOJKO pazzaena. B paznen 2.1 ca npeacTtaBeHn U CpaBHEHU
MPEeIUITHA HAyYHH Pa3paOOTKU Ha pa3jMuHU 3JI0HAMEpPEHU araku. B pasgen 2.2 e mitocTpupaHo
CKaHHMpaHETO Ha Oe3KMYHATa JIOKaJTHAa MpeXka 3a aKTUBHU XOCTOBE. B pasmen 2.3 € ochlecTBeHO
WHXXEKTUPAHE Ha 3JIOHAMEPEH KOJ B OMEpallMOHHATa CHCTEMa Ha XOCTa-)KepTBa. Pesynrarure ot
M3CIIeIBAHETO ca MOKa3aHu B pa3zen 3. 3akII0YeHHETO U U3BOAMTE OT CTATHUATA Ca MPEJICTAaBEHU B
paznen 4.
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2. U3ao:xenune

2.1. IlpeaniHy HAYYHH pa3padoTKH

Paznuunu BumoBe 370HaMepeHu aTtaku ¢ iatgopmara Metasploit ca pasriemaHu U
aHanu3upanu oT Ramirez-Silva u Dacier [16]. OcHoBHata cTpyKkTypa, KakTO M OTICIHUTE
KoMroHeHTH Ha Metasploit ca oGsicHenn u TectBanu oT Moore [11], [12], [13]. Onutu 3a
OCBIIECTBSIBAHE HA HEOTOPU3HMPAH JOCTHII IO PECYpCUTE HA OTICIHH KOMITIOTHPHH CHCTEMH Ca
ocbmectBeHn oT Henry [5] m Zovi [18]. OtnenHn HaumHW 3a WHXKEKTUpPAHE Ha CKJIOWTH M
JOMTBTHATE U3ITBITHUMHU KOJIOBE Ca pas3riiefanu u noka3anu ot Fewer [4], Bradbury [1] u Dodd [3].

2.2. CkanupaHe Ha 0e3:)KMYHATA JIOKAJHA MPeKa 32 aKTHBHHU XOCTOBe

[Ipean na O6bae oChIIECTBEHA OMpEeiieHa 3JI0HAMEpeHa Kubep-aTtaka, TpssOBa 1a ce 0ObpHE
BHUMAaHME Ha J[BaTa TEPMUHA €KCIIOUT U meiijaoya. TepMUHBT eKCIIOUT (exploit) mpeacrasisiBa
37I0HaMepeH copTyepeH KOJ, KOWTO H3IO0JI3Ba YSI3BUMOCT, Tpelika Wi Obr B KOMITIOTHPHHS
xapayep uiau coTyep, HIKOU OT YCIYTUTe (Services) Ha ONepalMoHHATa CHCTEMa, KaTo MO TO3U
HA4YMH NPEIU3BUKBA HEOUAKBAHO M HEXKEJIAHO MOBEJCHHE Ha cUcTeMmara (aTakyBallUsT MOoJyyaBa
IBJIEH J0CTHI 10 cuctemarta) [17]. Cnex ycnemrHOTO MHXEKTUpaHE Ha €KCIUIOWTa B CHCTEMara ce
MpeHacsi KaTo TOBap W CHITUHCKHUAT KOJ (payload), KOWTO ce W3MbJHSABA B XOcTa-kepTBa [2], [8],
[9], [10], [14], [15]. 3a kpaTKOCT MO-0JIy BMECTO JIBaTa TEPMHUHA 1€ CE€ U3I0JI3BA 3JIOHAMEPEH KOJ.

ExcniepumeHThT € HampaBeH B Oe3xkuuna jokamHa mpexka WLAN (Wireless Local Area
Network) ot 15 xocta B KOMmIOThpHA J1aboparopusi BbB DakyiTera 1Mo TEXHUYECKH HAyKd TpHU
[ymenckn yauBepcuteT ,,Emuckon Koncrantun [IpecnaBcku”. Becekn XocT m3monsBa 06€3:KHUUYCH
USB ananrtep 150Mbps Wireless N USB Adapter TL-WN721N. B kommioTbpHarta gadopaTtopus ce
n3non3Ba OexuueH pyrep 150Mbps Wireless N Router TL-WR741ND, Ha KOWTO € aKTHBHpaH
nporokonbT DHCP (Dynamic Host Configuration Protocol) ¢ men aBromaruuno pasznaBane Ha I[P
(Internet Protocol) agpecu Ha BCEKH XOCT, KOWTO C€ OMHTA Ja C€ CBBP)KE C pyrepa. bezknunara
JIOKaJIHA MpeKa M3IO0JI3Ba JABAIECET U YETUPHU OUTOBAa MPEKOBA Macka M HOMEPHT HA MpexaTa €
1.1.1.0, t.e. 1.1.1.0/24. ArtakyBammsT XOCT C€ € CBBp3ajl KbM O€3KMYHATa MpEKa M H3MOJI3Ba
ornepaunonHa cucrema Microsoft Windows 7 Enterprise SP1 u mnardopmara Metasploit Pro.

[IbpBara 3amaya € cBbp3aHa ChC CKaHMpaHE Ha Oe3KMYHATa JOKallHaTa Mpexa ¢ 1eln
YCTQHOBSIBAHE KOM XOCTOBETE Ca B aKTUBHO CHCTOSIHME. 32 OCBHILECTBSIBAHETO HA Ta3M 3ajaya e
M3MO0J3BaH yeO-0asupanusaT norpedbutencku uarepderic Access Metasploit Web Ul Ha dur. 1 e
MOKa3aH pe3yiTaThT OT U3BBPIICHOTO CKAHMPaHE Ha JokamHaTta Mpexa. Ot ¢ur. 1 ce pazbupa, de
ca orkputu 11 xocrta. XoctoBere ¢ IP agpecu 1.1.1.10 u 1.1.1.9 ca ¢ Heonpenenena onepauoHHa
CHCTEMA M Ca CBIIO MPEeXOBH BB3IU. XocThT ¢ IP aapec 1.1.1.1 e BchIIHOCT pyTepBT B JIOKaIHATA
Mpeka M u3noi3Ba Linux 6a3upana ornepanmonHa cuctema. Xocrosere ¢ IP ampecu ot 1.1.1.2 no
1.1.1.8 n3nom3Bar oneparonHara cuctema Windows 7 Enterprise SP1. M30panust XxocT-xKepTBa €
c IP ampec 1.1.1.12 u u3znon3Ba onepannonHara cucrema Microsoft Windows XP SP3. @wur. 1 e
HaIpaBeHa B aTaKyBalllaTa MaIIUHA.

sdues Braforce Q) Expel €3 Wew Haal

show | 100 [=] entries
® Address  Hostname Gperating System VM Purpose’ Swe Ve At Tage
i B L 28 .

oo —

@ur. 1. Pe3ynraTbT OT CKaHUPAHETO HA JIOKaJIHATa MpeKa U yCTAaHOBSIBaHE, ue€ XOCThT-KepTBa e ¢ [P anpec
1.1.1.12 u u3non3Ba onepannonHata cucrema Microsoft Windows XP SP3
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2.3. Un:xeKkTHpaHe HA 3JI0HAMEPEH KO/ B ONePAIlMOHHATA CHCTEMA HA X0CTa-)KepTBa

B xocra-xepTBa € aKkTHBHpaHa BIpajJicHaTa B OINEpAallMOHHATA CHUCTEMa 3allliTHA CTEHA
(Firewall), u e craptupan antuBupycHusT copryep Avast Free Antivirus Version 8.0.1489. Baxxna
CTBITKA 32 OCBHIICCTBSBAaHE Ha KMOEp-arakaTta € W300pBhT Ha IMOAXOJII SKCIUIOWT 3a JajJieHaTa
ormeparonHa cucrema. Karo Haii-nomxomsmy e m3bpan Microsoft Server Service Relative Path
Stack Corruption - Server exploit or 28 oxtomBpu 2008 r. Ha ¢wur. 2 e mokazano, 4ye 3a
oreparonHara cuctema Microsoft XP SP 3 nocera He € HaMepeHO MPOTUBOACUCTBUE CPEITY TO3H
3JIOHaMEpPEeH KOJl M MporpamMucTuTe oT Microsoft mpoabibkaBaT a THPCAT HSAKAKBO pEIICHUE 3a
peMaxBaHe Ha Ta3W KPpUTHYHA clabocT B omeparmoHHaTa cucremMa Microsoft Windows XP SP3

[2], [10].

Affected and Non-Affected Software
Thzfollowing seftware have bzen tested to determine which versiors or edtions are affected. Other versiors or editions are either past their support If= cycle or are rot affzcted, To
dztermire the support life cycle for your software version or edition, visit IMicrosoft Suppart Lifecycle.

Affected Software

Operzting System Maximum Security Impact Aggregate Severity Rating Bullztins Replaced by this Update

Wicrosoft Windows 2000 Service Mack 4 Rermote Coce Bxocution Critical ME05 040

Windows XP Servicz Pack 2 Remote Coce Bxezcuton Critical ME0G-040

I Windows ¥P Servicz Pack 3 Rermote Coce Bxacution Critical Mane I

Windows XP Professional 64 Edition Remote Coce Bxezcuton Critical ME0G-040

®@ur. 2. Kopnoparusra Microsoft u 10 AeH THEIICH MPOabKaBa a ThPCH PEIICHUE CPEITy TO3H
37I0HaMepeH Kof oT oktomBpu 2008 .

To3u 370HaMepeH KOJI MO3BOJISIBA HA KUOEP-NPECThITHUKA OTJAICYEHO Ja U3IIBJIHU CIy4YacH
kon upe3 crneruaniHo u3paboreHa RPC (Remote Procedure Call) 3asBka, KoSITO na mpeau3BUKa
MpembIBaHe Ha CTeKa ChC 3a/IaUUTe B OMpeeNieHaTa onepanrnonHa cuctema. Ha ¢ur. 3 e mokasaHo,
ye tutatrgopmara Metasploit mogabpka TO3U 3I0HAMEPEH KO M TI0 TO3W HAYMH aTaKyBaIllUAT MOXKE
Jla TO M3IOJI3Ba cpelly xocra-keprBa. OT ¢dur. 3 ce BWKIa, 4e M30paHUAT 3JII0OHAMEPEH KOJ € C
perTuHT 4 OT MakcUMasiHO 5 B 0a3zata oT AaHHU Ha mardopmara Metasploit.

€ - O Bhogt/localhost3 790 wor

Project - Pesho ¥ Account - ivan ¥ Administration ¥

@[petas;aloit'

Overview  Analysis Sessions Campaigns ~ Web Apps  Modules Tags  Reports Tasks

Modules
Search Modules | netapi
Modulz Statistes show  Search Keywords show

Found 4 matching modules

Module Type 03§ Modulz Disclosurs Date Module Ranking CVE BID 0SVDE £

Wicrosofl Server Sarvice Pelative Path Stack Comupsion October

& = Wierogof Workstabon Service Netpianage PCConnzed Overflaw Navembar 14, 2006 2)06-469 20585 30263

Microsofl Server Sarvice NetowPathCancncaize Overfiow

s Wicrozof Workstabion Service NethddARemnzteComputeriame Cverfiow
®@ur. 3. Microsoft Server Service Relative Path Stack Corruption

Hactpoiikure 3a nHxekTupaHe Ha 3moHaMmepeHus koa Microsoft Server Service Relative Path
Stack Corruption B oneparuonnara cuctema Microsoft Windows XP SP3 ca IP ampec - 1.1.1.12,
nopt 445, noproBe 3a ciaymane - or 1024 no 65535 u BpeMe 3a u3UakBaHE Ha JEHCTBHE Ha
3JI0HaMEepeHus KOJ - 5 MuHyTH (ur. 4).
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E Exploit Timeout (minutes)
0 5
Target Settings
Automatic Targsting [=]
Payload Options
Meterpreter  [=] Lstener Ports 1102465535
Auto v
]
Module Options
SM BROWSER
Advanced Options show
Evasion Options show
®wur. 4. Hactpoiiku 3a MH)KEKTHPaHe Ha 3JI0HaMepeHus ko1 Microsoft Server Service Relative Path Stack

Corruption

Ha ¢ur. 5 e nmoka3aH ycHemHo MHKEKTHPAHUT 3JI0HAMEPEH KOJ B JlaJieHaTa OIepaliOHHa
cucrema c IP agpec 1.1.1.12. Ot ta3u ¢urypa ce pazbupa, 4e Beue € Ch3AaAeHa eIHa CECUs C TO3U
XOCT U IO TO3M HAa4MH XOCTBHT € KoMIpoMmeTupaH. 1300pa3eHoTo Ha Ta3u gurypa € oT eKkpaHa Ha
MallMHaTa Ha aTaKyBallusa. BpemeTo 3a ocblecTBsiBaHE Ha KuOep-aTakaTta € OKOJO 7 CEKyH.H,
BBIPEKU Y€ MMa MHCTAJIMpaHa aHTUBUPYCHA MPOrpaMa, KOSITO € HACTPOECHA 3a JBJIOOKO CKaHUpaHE
Ha I]5J1aTa CUCTEMA.

Overview Analysis Sessions Campaiens Web Apps Modules Taes Reports Tasks o

Tack 63

Task started

@ur. 5. YcnenHo HHKEeKTUPaH 3JI0HaMEpEH KOJI U YCIIENTHO Ch3/1aJiIeHaTa CecHsi Ha XOCTa-KepTBa

3. Pesyaratn

Peanusupanara kubep-araka wusnon3Ba wu3BecTeH ome oT 2008 T. eKCIiolt, HO e
OCBIIECTBEHA BBPXY XOCT, KBACTO Ca TPWIOKEHH 3allUTHA MEXaHH3MH, KaTo Hail-HOBUTE
copTyepHH 3alIMTHU KojaoBe (security updates), akTuBMpaHa BrpaJeHa 3alllUTHA CTEHA W
WHCTaJMpaHa aHTHBHPYCHA NpoTrpaMa C Hai-HOBUTE ACHUHUIIMHM 32 BHPYCH, HO BBIIPEKH TOBA
KepTBaTa € KOMIPOMETHPaHa 3a TI0-MaJIKO OT 7 CEKYH/IH.

[TpoBepkaTa B MamMHaTa Ha KEPTBATa 3a aKTUBHH cecuu (pur. 6) He MOKa3Ba HATMYHETO Ha
TaKkMBa B OIEpallMOHHATa CHCTEMa, KOETO OT CBOs CTpaHa Jl0Ka3Ba, 4e arakara € IMpoTeKia
He3abensa3aHo.
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®@ur. 6. [IpoBepka 3a aKTUBHH CECHUU Ha XOCTa-)KEPTBa

Crnen ycmemHo peanu3upaHara KuOep-aTaka, aTaKyBallUAT MOXE Ja M30epe MOIXOJSIIH
NeNCTBUS, KOUTO MOrar Ja ObJaT U3BbpIIEHHU C xkepTBata. OT ¢ur. 7 ce pa3dupa, ue aTakyBallUsIT
MOXKE CIIOKOHWHO Ja cbOepe BakHa HHQOpMAIUs 3a KepTBaTa, Karo CKPUHHIIOTOBE, MapOIy,
cUCTeMHa MH(OpMaIHs, 1a CKaHHpa B PEaTHO BpeMe KaKBO TOYHO C€ CIyuBa Ha pabOTHUS IJIOT Ha
KepTBaTa, 1a ThPCH OompeeNeHu (aiimose, 1a KOMUpa U Aa U3TETIN BCEKHU (ailil OT oneparroHHaTa
cuctema. ChIIleCTBYBAT M Bb3MOXKHOCTH 3a M3IOJI3BaHe Ha KOMaHIHUS TepMuHal (command shell).
Bcenuky BB3MOXKHHU JICHWCTBUS, KOUTO MOTAaT a ObAar u3BbpiieHn Ha xocta ¢ [P agpec 1.1.1.12, ca
rmokaszaHu Ha ¢wur. 7.

- o Overvicw  Analysis Sessions Campaigns ~ Web Apps  Modules  Tags  Reports ) Tasks

HT AUTHORITYSYSTEM &2 F TN-PLS
Session 6 on 1.1.1.12

Seasion Type

Intormaticn

Attack Module  explo

Actions

= Caollect System Data
£ Virlual Deskiog
27 Access Filesystem
J, Search Fiesystem
£ Comunand Shell
i Create Praxy Fivat
‘i Create VPM Pivot

® Terminatz Session

% Sexsion History || @ PestExpiztaton Mocuies

®@ur. 7. Bcuuky BB3MOKHH IEHCTBUS, KOUTO MOTaT /1a ObIaT U3BBPIIICHN Ha XOCTa-KEePTBa
4. 3aka04eHune

Jlopy C aKTHBUpAaHU 3alUTHU MEXaHU3MHU, XOCTHT C ONEpalMoHHa cuctemMa Microsoft
Windows XP SP3, e komnpoMeTupaH 1 MO TO3W HAYMH € TMOJTYYEH JOCTBII 10 HETOBUTE PECYPCH.
Ta3u onepanroHHaTa cucTeMa IpoAbKaBa BCE OILE J1a CE U3I0JI3Ba B HAKOU OT OTJENIUTE, 0COOEHO
¢unancoBute, Ha (upmMu, yHUBEpcUTETH W OaHku B bbarapus. OcHoBHaTa NIpHYMHA 3a
uznon3paneTo Ha Windows XP e, ue MHOT0 OT cTapuTe MpOrpamMu He ca CbBMECTUMH C MTO-HOBHUTE
OTepallMOHHU cucTeMu Ha Microsoft.

B pe3ynraTr Ha nmpoBeneHUs yCIIEIIEH eKCIIEpUMEHT B YHUBEpCUTETCKa Jlaboparopust Ha LY
,Enuckon K. IIpecnaBcku Moxe a ce mpemyioxkar CiIeAHUTE MPENOPbKU KbM aMUHUCTPATOPUTE
no curypHocrta. KommrorspauTe cucremu ¢ onepannonna cucrema Microsoft Windows XP SP3 na
ce m3moy3BarT 3a o0paboTKa M CBhXpAaHCHHE Ha HE TOJKOBAa BaXHA M KOH(HUIACHIIMATHA 3a
yapexaenueTo nHpopmanus. [1o Bb3MOKHOCT MpeMUHAaBaHEe KbM MMO-HOBA OMEPAI[MOHHA CHCTEMA,
KOETO 1€ MOBUIIN CUTYPHOCTTA M HAJIeXKIHOCTTA Ha U3IMOJI3BAHUTE OE3KUUHU (PUPMEHH MPEXKH.

3ABEJIEKKA: ,Koilto xonupa, M3MOJI3Ba WM OCBUIECTBABA JOCTBII JO KOMITIOTHPHU
JAaHHYU B KOMITIOThPHA crucTeMa 0e3 pa3pelleHne, KoraTo ce U3MCKBa TaKoBa, ce Haka3Ba ¢ riioba 1o
Tpu xwisiau nesa.” // Hakazatenen xoxekc - YUn. 319a. (Hos - [IB, 6p. 92 ot 2002 r.) (1) (U3Mm. -
1B, 6p. 38 ot 2007 r.). BcuukuTe eKCnEeprMMEHTH ca HANpaBeHW B CHElUagHa JadopaTopus C
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0e3KMYHa JOKaJlHA Mpeka OT HIKOJIKO XOcTa. BCHYKO MIIIOCTpUpPAHO U OOSCHEHO B CTATHUATA € C
HAy4YHO-M3CIIE0BATENICKA IIe]l ¥ HUEe He HOCUM OTTOBOPHOCT B CIIy4aH Ha 3JI0ynoTpeda ¢ TiX.

Bbaarogapuoctu

Tasu cratug e noakpenena no [Ipoekt BGOS1PO001-3.3.06-0003 “U3rpakaane U yCTOWYHUBO
pa3BUTHE Ha JOKTOPAaHTH, IOCTJOKTOPAaHTH M MJaad y4YeHH B O00JIacTTa Ha NPUPOIHHTE,
TEXHUYECKUTE U MaTeMaTHueckute Hayku . IIpoekThT ce ochllecTBsiBa ¢ (pMHAHCOBATa MOJKpena
Ha OmneparuBHa nporpama ,,Pa3Butue Ha 4OBEUIKUTE pecypcu’”’, chpuHaHcupaHa oT EBponeiickus
conuayieH Gpou Ha EBpomneickus chio3.
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EFFICIENCY ANALYSIS OF SOHO ROUTERS

Radostaw Wrébel, Katarzyna Pento$, Tomasz Dtugosz

Abstract: The article presents efficiency analysis of three popular models of SoHo (Small office Home)
routers. Tests of efficiency based on bandwidth for UDP and TCP protocol in three topologies. Results are
presented on charts and tables in manner, which enabled solid and clear comparison. Authors also presented
glimpse into history of “SoHo networks” with underlined situation in Bulgaria and Poland.

Keywords: SoHo, LAN, router.

1. Introduction

First extensive network was devised at 1960s of the last century and named ARPANET
(Advanced Research Projects Agency Network) which gave birth to computer network. That
moment was a massive breaktrough in computer science and huge progress in this kind of networks
— beginning from local area network (LAN) and finishing on global network which is Internet.

Nowadays internet has become one of the most popular form of media, for evidence number
of Polish users of global network has risen significantly during the last decade (Table 1) [3].

Table 1. Internet use and frequency of use by indyviduals,
2011 (% of indyviduals) [3]

Internet users and Non-users Froquency of Use (On average)

Used Internet | Used internet Atleast once a
WIthin the 1ast 3 | witnin the fast 12 [ NOVer Lasd -m.f:‘;:w Week (Inciuding
montha monthe dally uas)

EU-27 71 73 24 56 53
BE 82 = 14 = 78
a8 51 46 7 45
70 73 24 a1 63
DK 20 o1 T 78 aa
DE 81 83 [ 53 77
EE T ke 20 59 e
IE 7S 77 F1l 55 7
L 52 53 a5 37 a7
ES 57 59 29 a8 62
[ 78 80 18 62 74
i3 s 57 0 a9 51
cY s7 =8 a1 25 54
LV 70 72 27 53 (-2
T 64 65 33 48 51
Lu S0 91 a TE .3
HU 68 70 28 56 66
T &8 [ 30 5% [
NL 91 92 7 ™8 %0
ar 79 50 18 ) 76
‘ PL &2 &5 33 45 58
85 S8 41 42 81
RO 40 a4 54 24 a7
s &7 89 29 54 [
aK T4 7B 20 58 T2
[ 59 59 B 76 55
SE 83 S s 80 a
K’ 85 87 11 70 81
[}:3 o5 o5 4 a8 o4
NO 93 94 s 52 w1
HR s &0 39 24 55
TR a0 a3 55 26 36

Such rapid development occured in a consequence of the community that crave information
and has need to communicate with others. As a further reference we use various mutimedia — http
sites (HyperText Transfer Protocol), electronic mail, internet calls VoIP (Voice over IP), Video
conferencing, Video on Demand (VoD) (Table 2).

Computer network services evolution (mainly multimedia service) puts new demands on
whole network and every single component of network. About details regarding analisis of use local
computer network find out in [4]. In this thesis autors will focuse their efforts on analysing
performance of routers used in home network LAN. Because of article size restrictions mechanizm,
structure and used protocols in computer network will not be discussed. Further information
enclosed in [5 - 7].
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Table 2. Purposes of internet usage for Poland [3]

Year

Internet 2005 | 2006 | 2007 | 2008
Electronic mail use 24 % 27 % 32 % 38 %
Finding information about commodity and services 18 % 25 % 27 % 33%
Chatting and discussion forums 15% 18 % 26 % 31 %
Online journals 13% 16 % 15% 19 %
Television and radio online 6 % 10 % 13 % 18 %
Internet calls and videoconferencing 5% 8 % 10 % 15%
Online games, file downloads (games, music, films) 12 % 16 % 17 % 12 %

2. Router in small home computer network

Computers are becoming more and more popular devices in our homes (acquired in nearly

70 % households). In addition, acording to data more often we are owners of HD TV,
mulitimedia player DVD, web camera or external hardware [3]. Devices mentioned above
form our own amusement centre and possibilities are expanding when they're connected to the
Internet. Such connection in small home network is done by router.

Routers used at home network LAN don't have to be very expensive. Essential features
for router involve reliability, productivity and be not complicated with service (configuration
usually updates through the internet). Basic features of the router [8, 9]:

¢ Internet connection.

Quantity of comunication ports.

Dynamic Host Configuration Protocol (DHCP).

Network address Translation (NAT) and Port Address Transalation (PAT).
Implemented firewall.

Possiblity of forming Demilitarized Zone (DMZ).

3. Methods of analysis

In the course of analysis we used three types of following routers:

e Tp-link WR1043ND [10].

e D-link DI-524 [11].

e D-link DIR-300 [12].

Trials were conducted when devices connected to the router either via cable or wirelessly with
a frequently changed topology variants (fig. 1) [13]:

e Variant [ — data transfer between host in local network PC1 connected with a cable with

router and server that operate in Internet network (fig. 1a).

e Variant II — data transfer between host in local network PC1 connected wireless with

router and server that operate in Internet network (fig. 1b).

e Variant III — local network is operated by three hosts. PC1 connects by cable with server

that operates in Internet network. Hosts PC2 and PC3 generate additional motion in

LAN network (fig. Ic).

e Variant IV — in local network occure 3 hosts. PC1 connected wireless with server working

in internet network. Hosts PC2 and PC3 generate additional motion in LAN network (fig. 1d).

E Puort Sert ﬂ
AN YR ) P _
L= =
PC1

PC1 Router Internet Server Router Internet Server

a) b)
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Fig. 1. Different configuration types in home network chosen to trial:
a) variant I, b) variant I, ¢) variant III, d) variant IV

Among softwares, that were used in trials was used open source movement [14 — 18]:
Netpref.

Performance Test.

Wireshark.

WinAgent TFTP Server.

Apache http Server.

In each trial devices configuration was the same, downloaded same files and ran same
services.

4. Trial outcome

First group of results come from survey based on Transmission Control Protocol that was
used to transfer data of 8129 bytes size. Second group of results refer to tests based on User
Datagram Protocol (UDP), where transferred data of 1024 bytes size. Fig. 2 -6 (below) ilustrate
outcome of conducted trials [13]. Fig. 2 shows capacity for network (variant I — fig. 1a) which
works with protocol TCP. In this investigation router WR1043ND had the best performance either
with sending or receiving information. Fig. 3 illustrates investigation outcome of wireless network
LAN (variant II — fig. 1b) where capacity stays on the same level. In the case where for transfering
data was used UDP protocol, difference of capacity fell significantly among each router (fig. 4 and
5). Fig. 6 shows results for variant III and variant IV network (fig. 1c and 1d), where additional
motion in LAN network was generated by hosts PC2 and PC3 whereas host PC1 was connected to
server HTTP. Tests were conducted relaying only on TCP. In this comparision router WR1043ND
also had the best performance.

100

g 80 )

=

s 01

£ a0

=

57 -'

[

= 0 'r'/ T T T

WR1043MND DI-524 DIR-300
Router

B Download Upload
Fig. 2. Results of real bandwith of routers — variant I, TCP protocol
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Fig. 3. Results of real bandwith of routers — variant II, TCP protocol
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Fig. 4. Results of real bandwith of routers — variant I, UDP protocol
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Fig. 5. Results of real bandwith of routers — variant II, TCP protocol
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Fig. 6. Results of real bandwith of routers — variant III i IV, TCP protocol

Results figured 2 — 6 were repetitive. Each test was conducted few times. Furthermore few
additional options were checked, for example measurements of transfer speed with different
distances from router antena in wireless network or with coding swithed off what caused speed
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improvement. Relation between routers were the same as presented above, therefore it will not be
discussed here.

5. Summary

Thesis includes trials of particular routers for small office / home office use in computer
networks. Data transfer speed is a single parameter that was examined. To maintain full image of
tested devices additional features like functionality, structure, equipment and price should be tested,
but this is not associated with the author's purpose. In the result of the trial the most productive
device was WRI1043ND router of Tp-link concern. The reason of the best performance of
WRI1043ND router is that this is the most recent device than the two others. Currently experience
further improvements of routers efficiency. In fact whole electronic market is increasingly fast
developing what we cheerfully wish for the future as well. So; not only price and extra facilities
have influence on SoHo routers. The most important are topology and kind of data.
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YIPABJIEHUE HA KOHO®OUT'YPAIIUOHHU ®AHJIOBE HA
CISCO MPEKOBHM YCTPOMUCTBA UYPE3 ITPOTOKO.JI SNMP

Hensan I. I'enkoB

Pe3tome: Kondurypannonnute (aiiyioBe ca KpUTHIHH 32 MpEKOBUTE ycTpoiicTtBa Ha Cisco Systems. be3
KOH(UrypaunoHeH (aii B MOBEYETO CIydad yCTpoiicTBaTa HE pabOTIAT WM HE M3IBIHABAT HIKOW Ba)KHU
¢ynkumu. ChXpaHEHHETO Ha BAIMAHM KOHQUrypauvoHHU (paiioBe Ha ycTpoiicTBaTa € KPUTHYHO 3a
MpexkoBaTa HH(ppacTpykTypa. THUNUYHUAT HAUYMH 3a ChXpaHsABaHe Ha (aiioBere ce WHHUIMHAPA OT
aIMUHHUCTPATOpP Ype3 KOMaHIU Ha CaMOTO YCTpodcTBOo. Taka 3a royisiMa Mpexa TpsOBa Aa ce 3amassT
KOH(QHUTYpalMUTEe PBYHO 33 BCSIKO YCTPOMCTBO MOOTAENHO. [IpemmoskeHHsT MOAXOA B Ta3d pa3padoTKa
MO3BOJISIBA IIEHTPAIM3UPAHO YIPABICHHE HAa CHhXPaHEHHETO Ha KOH(WTrypaluuTe Ha MHOTO YCTpPOWCTBA,
M3MOI3BaKy TpoTokos SNMP.

KirouoBu gymu: Cisco, kondurypauusi, SNMP, TFTP, ynpasnenue.

Managing configuration files of Cisco network devices using SNMP protocol
Delyan G. Genkov

Abstract: Configuration files are critical for Cisco systems networking devices. Without configuration these
devices don’t work at all or don’t perform essential functions. Keeping copies of valid configuration files is
critical for network infrastructure. Typical approach is initiated from an administrator typing commands onto
device, so in a big network every device’s configuration must be saved manually. Proposed approach in this
papes allows a centralized management for saving the configurations of many devices, using SNMP
protocol.

Keywords: Cisco, configuration SNMP, TFTP, management.

1. YBox

VYerpoiictBata Ha Cisco Systems ca 10cTa MONyJasSpHUA B CbBPEMEHHUTE KOMITIOTHPHU MPEXKH.
Tsaxnara KOH(UTypalus TPEACTaBIsIBa TEKCTOB ¢aili ¢ mopemuiia OT KOMaHIU, ChXpaHEH B
eneproneszasucuma nmameT (NVRAM). Ilpu BKiIfOUBaHE Ha €IEKTPO3aXpPaHBAHETO TE€ U3UUTAT TO3H
daiin, 3apexaar ro B eHeprozaBucuMara RAM mamer, M3IMIBIHSIBAT KOMaHIUTE OT HErO W Taka
noOuBaT (PyHKIITMOHAITHOCTTA, KOSITO UM € JajgeHa OT aJMUHHUCTpaTopa. be3 kKoHdurypammoHeH
(aiin HIKOM OT yCTpOHCTBaTa (HApUMEp MOBEYETO MAPUIPYTH3ATOPH) HE MPABAT HUIIO, a APYTH
paboTAT che ChBCcEeM 0a30Ba (PYHKITMOHAITHOCT M HE M3ITBIHABAT BAKHU (DYHKIIHH.

[TonabpikaHeTO HAa aKTyaJdHM KONMS Ha KOH(UrypauunOoHHUTE (aiijioBe Ha yCTpOHCTBara €
Ba)KHA 3a71a4a, 0OCOOCHO B MPEXH, KBACTO HsAMA J00pe 00ydeH aJIMUHHCTPATOpP, KOWTO MOXKE J1a
KOHHUryprpa 0bp30 ¥ MPaBUIHO JaJICHO YCTPOWCTBO MM B yuyeOHHU Ja0OpaTOpuu, KBIECTO €IUH
o0ydaeM MOXK€ JIECHO Ja HU3TpHe KOHGUTypallUWuTe, HAalmpaBeHH OT JPYr U Taka Ja IOBJIuUsie
HETraTUBHO Ha 00Y4EHHETO MY.

HopManuusT HauMH, TNpeABHAEH OT MNPOM3BOAMTENS 3a 3ama3BaHe Ha MpekoBaTa
KoH(UTYypanusi Ha YCTpPOWCTBaTa Mpearnojiara phbuHO BKIIOYBAHE HA QJIMUHUCTPATOP KBM BCSIKO
YCTPOWCTBO, KaTo Ype3 CIelualiHa KOMaHJa KOHQUTypaiusara ce 3ama3Ba Ha BbHIIEH TFTP
cbpBBp. [1oAXONBT € JeneHTpau3upaH M MpEAroiara 3ana3BaHeTo Ha BCsKa KOHpurypamus Ha
YCTPOMCTBO MooTAeNHO. [Ipn Mpeka ¢ MHOTO YCTpOKCTBA MPOLECHT MOXKE J1a OTHEME JI0CTa BpEME
U yCUJTHSL.
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[TporokonsT Simple Network Management Protocol (SNMP) e pa3zpaboten 3a HaOm0ACHUE 1
yIpaBJIeHUE Ha MapaMeTpu Ha MPEXKOBH ycTpoicTBa. Toil e wact OT cTaHmapTHUS Habop
npotokonu TCP/IP na UnTepuer u e nedunupan ot IETF [1].

B Tunuunure cum npunoxenus SNMP wu3nonsBa eIuH WM HAKOJIKO KOMIIIOThpa C
MHCTAJIMpaH CleUuaIu3upan copTyep, HapeueH MEHHKbp, KONTO HabmiogaBa WM yIpaBisBa
rpyna MpexoBu ycTpoiictBa. Ha ycTpoiicTBata pabotu cnenmanuspa copryep, HapedeH areHr,
KOWTO OTTrOBaps Ha 3allUTBAHMS OT MEHUUKBPA.

ATEHTUTE OpraHu3upar JaHHUTE 3a HaOJIOJEHWE WIM YOpaBJICHUE B CHEIHMAIHU
npoMeHyMBH. [IpoMeHnuBHUTE ca OpraHU3upaHu HEpAPXUYHO M TAXHATA OpraHU3allMsl, TUIIOBE U
omucaHusl ca chOpanu B Management Information Base (MIB) — 6a3a manHuM 3a ympaBiieHHE Ha
YCTPOHCTBOTO.

B MoMeHTa cpIiecTBYBaT TpHM pa3IMdHU BEPCUU HA NPOTOKONAa — Bepcus 1, Bepcus ABe C
nojBepcuu 2¢ 1 2u u Bepecus 3. B HacTosmara pa3padboTka ce usnon3pa Bepcus 2¢. Jledhunupanu ca
celeM THIIa ChOOILIEHUS:

- GetRequest: 3asBKka OT MEHHUKbpa KbM areHTa 3a IOJy4aBaHE Ha CTOMHOCT Ha

MIPOMEHJIMBA WJIA CIIUCHK CTOMHOCTH.

- SetRequest: 3asBKa OT MEHHUKbpa KbM arcHTa 3a IPOMsIHA HAa CTOMHOCT Ha IIPOMEHIINBA

WJIM CIIUCHK CTOMHOCTH.

- GetNextRequest: 3asBka OT MEHWIXbpa KbM areHTa 3a OTKPUBAHE HA JOCTBIIHUTE

IIPOMEHJIMBU U CTOWHOCTUTE UM.

- GetBulkRequest: ontumusupana epcust Ha GetNextRequest 3a MHOTO UTEpaIiH.

- Response: oTroBop OT areHTa, BpbIlal] CTOMHOCT WM NOTBbPXKAaBall] 3asBKa.

- Trap: acHHXpOHHO yBeIOMsIBaHE OT areHTa KbM MEHU/DKBPA 32 HACTBITMIO CHOUTHE.

- InformRequest: moTBbpkaEHNE HA Trap OT MEHUKbpa KbM areHTa [4].

Wepapxuunara 6a3a mamuu (MIB) Moxe 1a ChIbpXka CTaHAAPTHA 33 BCHUKH YCTPOICTBA
nHpopMmanusa, kakto W cnenuduuHa 3a ganeH mnorpeburten. Mudopmamusara ce cbCcTOM OT
MHOeCTBO uacHTu(ukaropu Ha obektu (Object identifiers, OID), Bcekn 0T KOUTO OMHCBA €IUH
napaMeThp WM Tpyla napaMeTpu Ha ycTpoiicTBoTo. Beeku uaeHtudukarop e nopeauna oT 4yucia
W/ AyMH, pa3/ielieHd C TOYKH, HampuMep 3a Ja ce MOJIy4Yd HWMETO, Ha3HauYeHO Ha JajeHa
MpeXOoBa CUCTeMa, TpsOBa na ce mpodere uaeHTU(dukaTopsT .1.3.6.1.2.1.1.5.0, karo nopemaumara
YHCiIa OMKCBA BT OT KOPEeHAa Ha ABPBOTO Ha 0a3aTa JaHHU 10 KOHKPETHATa CTOMHOCT.

Bpb3kaTa Mex1y MEHUIKbPA U areHTa ce OChIIECTBsABA Upe3 BbBexaaHe Ha Community string —
Ayma, urpaema pons Ha mapoia. OOMKHOBEHO Ha yCTpoiicTBaTa MoraT Ja ce 3ajJaBaT JABE HHMBA Ha
napoiu — RO, KosITo ce N3MoiI3Ba caMo 3a YeTeHe Ha napamerpute 1 RW, KosiTo Moxe 1a ce U3M0JI3Ba U
3a 3aluC Ha CTOMHOCTH. 3a peanu3anus Ha Set 3aBKU € HEOOXOMMO Ja ce pasrojara CbC CTpPUHTa 3a
YeTeHe U 3allic.

[IporokonbT SNMP ce momabp:ka OT MHOTO YCTpPOWCTBAa Ha pa3IMYHHU TMPOU3BOIUTENIN U €
CTaHIApT 3a MPEXKOBO HAOIIOJCHNE U yIIPaBICHHE.

2. U3n0:xkenune

bazara nanaun MIB nHa yctpoiictBata Ha Cisco Systems cbhabpska HaeHTHU(PHUKATOP, HApEeUEH
ciscoConfigCopyMIB, mno3BosisiBan] MaHUNYJIMPAHETO Ha KOHQUIypaloHHUTE (hailioBe.
N3non3BanuTe B pazpaboTkaTa HACHTU(PUKATOPH Ca:

- Mznpamane na SET 3asBka o 1.3.6.1.4.1.9.9.96.1.1.1.1.2.336 yka3Ba HaumHa Ha

npenaBane Ha ¢aina: 1 oznauaBa npotokon TFTP, 2 — FTP, 3- RCP, 4 — SCP u 5 — SFTP.

- Msnpamane Ha SET 3asaBka no 1.3.6.1.4.1.9.9.96.1.1.1.1.3.336 yka3Ba kakBo UCKaMe Aa

Komupame: CTOMHOCT 1 o3HauaBa (aitnm OT Mpekara, 2 — omnepalioHHAa cUCTeMa, 3 —

3amaszeHaTa cTapToBa LOHGurypauus, 4 — paborHata KoH(urypauus B RAM, 5 —

TEPMHUHAIIHUS TPO30PELL.
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- HMznpamane nHa SET 3asBka no 1.3.6.1.4.1.9.9.96.1.1.1.1.4 yka3Ba kbjie 1€ Konmupame,

KaTO CTOWHOCTHUTE Ca CHIIUTE, KATO B TOPHUS UACHTH(PHUKATOP.

- HWznpamane nHa SET 3asBka nmo 1.3.6.1.4.1.9.9.96.1.1.1.1.5 cbC CTOMHOCT CTpHHT,

cpabpakan [P anpec yka3sa cbpBbpa, Ha KOWTO IIe ce KOMUupa HHPOpMaLusITa.

- HWznpamane nHa SET 3asBka nmo 1.3.6.1.4.1.9.9.96.1.1.1.1.6 cbC CTOMHOCT CTpHHT,

ChIbpIKal] UMe Ha (hailn yka3zBa IMeTO Ha (aiiya, KOHTO I1e ce 3aIuIlie Ha ChbPBbPA.

- HMznpamane na SET 3asBka mo 1.3.6.1.4.1.9.9.96.1.1.1.1.14 cwc croitHocT 1 crapTupa

IIpoLeaypaTa Ha KOIIUPaHe.

Kato mocnenna mudpa Ha umentudukaropure TpssOBa ga ce M00aBM YHHKAIHO YHCIO 3a
BCEKH HabOp 3as1BKH, KOETO J1a ChBIA/Ia 3a BCSKA OT Ipynara KOMaHAM 3a aJeHOTo KonupaHe. Beue
M3II0JI3BaH HOMEP HE MOJXKE Jla Ce M3IO0JI3Ba OTHOBO B PAMKHTE Ha MPEABAPUTEITHO AePUHUPAHUS
MEepUO/I 3a TaliMayT, KOUTO € 5 MUHYTH.

3a HacrosmaTa pa3paboTKa ca HamucaHu ABe mporpamu Ha Microsoft Visual Studio u e3uxa
C#. 3a peanmzanus Ha ¢yHKIMUTE Ha TpoTokosa SNMP e m3non3pana Oe3riaTHaTa OMOIHMOTEKA
SNMP#Net.[3]

[IbpBara mporpaMa € 3a CbXpaHEHHE Ha KOH(PUTypalMUTe Ha MPEKOBUTE YCTPOMCTBA.
['maBHUAT ekpaH Ha IporpamMaTa € mpeacTaBeH Ha ¢urypa 1.

a2 Cisco Config Downloader - O
Cisco Device(s) Address(es): SNMF BW Community | Private
192162110 TFTP Server: 192 168.1.100
152.1681.20
152.168.1.15
Go!

@ur. 1. [Iporpama 3a 3ana3saHe Ha KOHGUTYpALIUH

[Iporpamata nmaBa BB3MOKHOCT na Obnar BbBeAeHH IP agpecm Ha ycTpoiicTBaTa, YHMHUTO
KoH(Urypanuu mie ce yeraT. [locneaHo BbBEIEHUTE aAPECH C€ 3allOMHAT U CE€ BU3YaJIM3UpaT MpH
CIIEJIBAII0 CTapTHpaHE Ha Iporpamara, a ¢ MapKepuTe MOraT Ja ce akTHUBUpa M JeaKTHUBUPA
yeTeHeTo Ha KoH(purypauuute uM. Tpsaosa na ce BpBenar Community string, KOMTO € HACTPOEH Ha
YCTPOMCTBOTO 3a 3amuc Ha mapamerpu, u aapec Ha TFTP cbpBBbpa, HA KOWTO IE c€ 3amucBar
KoHpurypanronuure ¢aitnose. [Iporpamara gaBa Bb3MOXKHOCT J1a ce u30epe Jaiy I1e ce 3arrcBa
HavyanHata (startup) KoHGUTypalus, 3alMcaHa B €HEpProHe3aBHCHMa TaMmeT, paboTHara (running)
KOH(HTrypanus, 3ariucaHa B eHeprozaBucuMara namer wid u jasere. [Ipu Hatuckane Ha OyToHa ce
OCBIIECTBSIBA KOMYHUKAILIUSI C BCAKO OT MapKUpaHHUTE YCTPOICTBa B CIMCBHKA, U3IpaIlaT ce KbM
HEro ONMHMCAaHUTEe KOMaH/IU U ctaproBara KoHpurypanus ce kornupa Ha TFTP cepebpa. Daitiosere ce
3anucBat B nupekropusita Ha TFTP cepBbpa ¢ ume, cwerosimio ce ot IP agpeca, mymara running wim
startup, yka3Baiia TuIa Ha KoH(urypamnusaTa u pasmupenue cfg.

a2 Cisco Config Uploader - O
Selected File:  |CATFTP-ROOT152.168.1.10+unning.cfg Select File
Select
Cisco Device IP Address: 152.168.1.10 (®) Startup corfig
() Runni rifi
SNMP RW Community string: Private ! unning cortig
Upload

@ur. 2. [Iporpama 3a Bb3CTaHOBSIBaHE HA KOH(PUTypaLn

KOMIIOTHpHM HAYKU M TEXHOJIOTUH 1 2013 Computer Science and Technologies 55



ExpanbT Ha BTOpaTa nporpama € nmoxkasas Ha gurypa 2.

[Iporpamara mo3BoiisiBa Ha motTpedutens na uzbepe ain ¢ KoHpurypauus, na Hanume [P
aJipec Ha yCTPOHCTBOTO, KBJETO IIIe Ce U3MpaIna KOHGHUTyparusaTa 1 community string 3a JOCTBII 32
YyeTeHe M 3aIluc, J1a ce u30epe Jaiu I ce 3alucBa B CTapTOBaTa UM B pabOTHATa KOH(PUTypalus U
C HaTHCKaHe Ha OyTOHa Ja ce M3MpaTH KOH(PUTypaIuiaTa KbM YCTPOHCTBOTO.

3. Pe3yararu

3a mpoBepka Ha pabOTOCHOCOOHOCTTa Ha MPEAJIOKEHHS METOJA € H3rpajZieHa ONMUTHA
MIOCTaHOBKA, MMOKa3aHa Ha (urypa 3. Ts ce cbCTOU OT TPU MAPIIPYTU3ATOPA, YUUTO KOHPUTYpaLlUU
1€ ce YeTaT, KOMIIOTbPHA CUCTEMA, urpaemia poyara Ha SNMP MeHUKBp, Ha KOWTO ce cTapTupar
paspaborenute nporpamu u Ha TFTP ¢cbpBBp, KBAECTO e ChXpaHsIBaT KOH(DUTYypanuuTe. BH3MOXKHO
e nsere nporpamMu — SNMP mennmpxbsp u TFTP cbpBbp 12 paboTaT Ha pasiuyHU KOMITIOTHPHHU
cuctemu. Karo codryep 3a TFTP cvpBbp € m3non3Bana O6e3mnatHata nporpama SolarWinds TFTP
Server Bepcusi 10.9.0.25, mapmpyruzaropure ca Cisco 2811, a omepamuoHHaTa cucTeMa Ha

kommioThpa € Windows 8.
@) 192.168.1. 10

TFTP Server i
Cisco
192.168.1.100 2811
@ 192.168.1. 15
Catalyst Cisco
2960 2811

.@’ 192.168.1. 20

Cisco
2811

@ur. 3. Cxema Ha onmUTHATA ITIOCTAHOBKA

3a na cpaboTu KOHUrypanusara, Ha yCTpoHcTBaTa, YUUTO (ailyioBe IIe YeTeM M 3arucBaMe
TpsiOBa 1a ce 100aBu CIeTHUAT KOHPUTYpAITMOHEH P/l

Router (config) # snmp-server community string Private rw

B mpumepa tekcrbT Private choTBercTBa Ha community string, KoiWTO TpsiOBa ga Obae
M3MHCaH U B ChOTBETHUTE €KPAaHU Ha MpHiIokeHusATa. Toil TpsOBa aa chbBMaja, 3a Ja MOXKeE Jia ce
OCBILECTBH yCHEIIHA Bpb3Ka. [[penopbuuTenHo € npu KOHKPETHH pealin3aliui 0T ChOOPaKeHHUS 3a
CUTYPHOCT J1a C€ M3IOJI3Ba PAa3JIMUYCH TEKCT, Thil KaTO CTPUHIBT Private € 0OION3BECTEH U YeCTO
M3II0JI3BaH 10 MOpa30rpaHe B MHOT'O MPEXOBHU YCTPOMCTBA.

PesyntarhT oT paboraTa Ha mporpamHre € mpeicraBeH upe3 ekpana Ha TFTP cwhpBbpa Ha
¢urypa 4. Bcuuku koHGUTYpaIuy ca U3TETJICHH YCIIeTHO. TecToBETe ¢ mporpamara 3a 3apek/1aHe
Ha KOH(pHUTYpamus B yCTPOHUCTBOTO CHIO OsXa YCIICIIIHH.
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L) SolarWinds TFTP Server = K

File Tools Help solarwinds

on 9/4/2013 5:43:55 PM binary, PUT. Completed, file name; CATETP-Foot™ 1592 1681 20statup.é A
on 9/4/2013 5:43:55 PM, binary, PUT. Started, file name: CA\TFTP-Root'152.168.1 20=startup cfg:
on 9/4/2013 5:43:56 PM, binary, PUT. Completed. file name: C:A\TFTP-Root’152.168 1. 20qunning.
on 9/4/2013 5:43:56 PM, binary, PUT. Started, file name: CATFTP-Rooth152.168.1.20+unning.cfg
an 9/4/2013 5:43:51 PM, binary, PUT. Completed. file name: CA\TFTP-Root'192.168 1 .15-startup .«
on 9/4/2013 5:43:51 PM, binary, PUT. Started, file name: CATFTP-Root'1592.168.1.15-startup ofg:
on 9/4/2013 5:43:44 PM, binary, PUT. Completed, file name: CATFTP-Root®152.168.1.15unning.
on 9/4/2013 5:43:44 PM, binary, PUT. Started. file name: CATFTP-Root'1592.168.1.15+unning.cfg
on 9/4/2013 5:43:40 PM, binary, PUT. Completed. file name: CA\TFTP-Root*152.168 1 10-startup «
on 9/4/2013 5:43:40 PM, binary, PUT. Started, file name: CA\TFTP-Root'152.168.1 . 10=startup cfg:
on 9/4/2013 5:43:33 PM, binary, PUT. Completed. file name: C:\TFTP-Root’152.168.1.104unning.
on 9/4/2013 5:43:32 PM, binary, PUT. Started, file name: CATFTP-Roott152.168.1.10+unning.cfg v

< >

CATFTP-Root | Any | TFTP Server service status: Started

@ur. 4. YcnemHo npuemMane Ha QaiiaoBeTe
4. 3ak049eHue

B Hacrosimara pa3pa0oTka € MpeICTaBeH MOJIXOJA 3a LEHTPAIM3MPAHO YIpaBICHHE HAa
koH(purypanuonaute ¢daimoe Ha Cisco MpexoBU ycTpoicTBa. Paspaborenu ca codryepHH
MPUIIOKEHHUS 32 YeTeHe Ha KOHP(UTYpallMOHHUTE (haillioBe OT MHOTO YCTPOMCTBa HaBEIHBXK U 3a
3apexaaHe Ha u30paH KoH(uUrypanuoHeH (aiim B ycTpoicTBo. [IpuimokeHusita ca TECTBAaHU B
nabopatopusara Ha Cisco MpekoBaTa akaJeMus KbM TEXHHUYECKH yHUBepcuTeT — ['abpoBo u ca
JocTa TOJIE3HM B Yy4yeOHAa cpela, KbJIETO YeCTO Ce Hajara Ja ce 3apexIaT pasInyHu
KOH(UTyparMoHHH (hailioBe 3a CUMYJIalKATA HAa PA3IUYHHU JJAOOPATOPHH YIPAKHEHUS.

bpaemure niaaHoBe MO MPHJIOKEHUETO BKIIOYBAT MHTErpUpaHe Ha (PYHKUHMOHAIHOCT Ha
TFTP cbpBBp B CaMOTO NPHIIOKEHHE, 32 Ja ce M30erHe HM3MOI3BAHETO Ha BBHIIHA IpOrpama,
no0aBsiHe Ha (PYHKIIMOHATHOCT 3a CIIEHAPUU TPHU aKTyaJu3upaHe Ha KOH(UTYypallUUTEe, KOETO I
MOMOTHE 3a OBp30 peaju3upaHe Ha TECTOBU IIOCTAHOBKM U JIADOPATOPHU YHPAXKHEHUS U
peanu3anys Ha KOMyHUKaIKs 0 CUTYPEH KpUunTupaH npotokoia — SFTP.
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A COMPARISON OF COMPETITIVE NEURAL NETWORKS AND
HIERARCHICAL CLUSTERING IN HONEYS CLASSIFICATION
BASED ON CHEMICAL PARAMETERS

Katarzyna Pento$, Deta L.uczycka, Radostaw Wrobel

Abstract: Clustering is a fundamental data analysis method. Cluster analysis is used to group data in many
fields. It’s developed here as a tool to study chemical parameters of Polish honeys. In order to apply this
technique, honey chemical features are shown by a vector with 6 coordinates representing: glucose content/
fructose content ratio, proline content, water activity of liquid honey, pH, diastase, HMF content. For
clustering honey samples according to chemical parameters, Competitive Neural Network and hierarchical
clustering were used. Results given by both methods used in this work are similar and demonstrated that
chemical parameters characterize honeys in accordance with the honey type.

Keywords: cluster analysis, Artifitial Neural Networks, hierarchical clustering

1. Introduction

Clustering is a fundamental data analysis method. Cluster analysis (CA) refers to a set of
analytic procedures that reduce multidimentional complex data into smaller groups (clusters). The
group of CA methods is integrated into many popular statistical software packages therefore it is
widely used in many research fields like medicine, biology, food processing technology,
agricultural engineering etc. [1-5]. Except classic CA methods like hierarchical clustering or k-
means clustering, other methods, like Artificial Neural Networks are used. The choice of clustering
method depends on the nature of data and different methods can provide different results.

Bee honey is a foodstuff produced by bees (A4pis Mellifera) with complex chemical
composition. The major components of honey (about 80%) are sugars, mostly fructose and glucose.
Additional compounds are carbohydrates, amino acids and proteins, volatile compounds, minerals
and vitamins [6]. Honey composition depends not only on substrates but also on geographical
origin, season and environment. In the European Union the composition and manufacture of honey
are regulated by Community Directive 74/409/EEC [7].

Honey is used for human consumption for its medical and therapeutic effects. Its immense
health benefits as antibiotic, anticancer, antioxidative, antibacterial and preserving activity as well
as positive effects on the immune system are well known [8,9]. Lately, the demand for natural
honey has increased [10]. In result, it has become an expensive product. Therefore, more and more
producers adulterate honey by feeding bees with sugar (cane sugar), adding inexpensive sweeteners
such as corn syrups, high fructose corn syrups, invert syrups or high fructose inulin syrups. As a
result, health benefits of honey are reduced or eliminated [11-13]. Also overheating can decrease
the quality of honey. Heating up is necessary during packaging process for honey liquefying.
However, heating up destroys many important and valuable honey components [14,15].

Analitycal methods make accurate determination of honey chemical composition possible.
The influence of adulteration methods on particular components reduction is the subject of many
studies. It’s not possible to indicate only one component, which can be used for detection of specific
adulteration method. Especially that the content of various chemical components in honeys can be
different depending on honey type, geographical origin and other factors, what doesn’t decrease
medical and therapeutic effects of honey. The full chemical analysis, including pollen analysis, is
very expensive and requires specific and very expensive laboratory equipment. Therefore,
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limitation on the number of chemical parameters which are used for honey types differentiation is
crucial.

In this study two mathematical methods of honeys clustering according to their chemical
features were used. Clustering process was performed using Competitive Neural Network and
hierarchical clustering. The aim of study was to compare results given by these two methods in
honeys classification based on chemical parameters and to determine the nature of the similarity of
samples classified into the same cluster by each method.

2. Materials and methods

2.1. Honey samples

In this work a total of 50 honey samples were used. Honey samples were directly obtained in
2011 from private producers. Regarding the type of honey, thirty nine samples were nectar honeys,
four samples were nectar-honeydew honeys and seven samples were honeydew honeys. In nectar
honeys group, acacia, rape, phacelia, goldenrod, buckwheat, heather, willow and many multifloral
honeys have been investigated. In honeydew honeys group, both, conifers and deciduous have been
tested. During sample collecting, honey type variety was very important.

For all samples, honey type was verified on the basis of pollen analysis accomplished in
accredited laboratory. Classification of honey sample to nectar-honeydew or honeydew honey
group was based additionally on the value of 20% honey aqueous solution conductivity.

For all honey samples the following chemical parameters were measured: glucose content/
fructose content ratio [%], proline content [mg/100g], water activity of liquid honey [-], pH [-],
diastase [-], HMF (Hydroxymethylfurfural) content [mg/kg].

2.2. Competitive Neural Networks

Competitive Neural Network (CNN) is a single layer neural network. All neurons in output
layer (competitive layer) are connected with all neurons in input layer. Each neuron in competitive
layer is associated with a reference vector (the weights vector). The data vectors are presented to the
input. The input layer only transmits informations towards competitive layer. In the applied science
there are many different algorithms which can be used for CNN training. The very often used is
Kohonen algorithm. In this algorithm, the distance between input vector and the weight vectors is
calculated. The Euclidian distance is often used (Eq.1).

(1)

d(x,w,) =||x—wl.|| =

where x is input vector, w; is weights vector of i neuron in competitive layer.

Because of the distance calculation, input vector elements and weights should be normalized
to the same range, usually <0 — 1>. The neuron, which weights vector is closest to current input
vector, becames the winner (Eq.2). The winner’s output is 1 and outputs of all other neurons are 0.

d(x,w,) = Il£11<n d(x,w,) (2)

where d(x,w) is the distance between input vector and weights vector, »n is amount of neurons.
The weights of the winning neuron are adjusted with the Kohonen learning rule (Eq. 3).

w; (k+1) = w, (k) + n(k)[x — w, (k)] 3)

where x is input vector, w; is weights vector of i neuron in competitive layer, 7 is the learning rate.
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The neuron which weights vector was closest to the input vector is updated to be closer to
input vector. Therefore, the winner is more likely to ,,recognize” input vectors similar to presented
input vector and less likely to ,,recognize” input vectors different from presented input vector. After
learning process, neurons in competitive layer can ,recognize” groups of input data. The
competitive network learns to categorize the input vectors from a learning set. Competitive
networks have one important limitation. The distance between weights vector of some neurons at
the beginning of learning process and input vector presented during net training may have high
value. These neurons don’t have oportunity to became winner and adjust weights. These neurons
are called dead neurons and never perform a useful function [16].

2.3. Cluster analysis (CA)

The aim of clustering is to devide a set of objects into groups (clusters) that are similar in
some given sense. Objects in a given group or cluster have a high degree of similarity and those
which are in other clusters are different using the same criterion. Cluster analysis (segmentation
analysis, taxonomy analysis), first used by Tryon in 1939 [17], is the group of clustering algorythms
and methods. CA can be used only for detecting clusters in a set of data without explanation the
nature of similarity. It is crucial to define a way to quantify the similarity of two objects (how close
or how far two objects are from each other). The most intuitive metric for calculating distance
between two points in Euclidean space is Euclidean distance (Eq.4).

dx,y)= X0 =)’ )

The other typical metrics used for distance calculation are as follows:
Squared Euclidean distance (Eq.5) gives the greater weight on objects that are further apart.

d(x )= (x, =y’ (5)
City-block (Manhattan) distance (Eq.6) is the aver;ge difference across dimensions.

d(x,y) =2 |x. - y| (6)
Chebychev distance (Eq.7) |

d(x,y)= Max|xl. — yi| (7)

When there is the difference in values range (i.e. one variable range is from 0 to 10 and the
second is from 100 to 10000), distance calculation based on raw data can cause the significant
effect of one variable on the distance value. In this case, data standardization is recommended.

The two main clustering algorythms are hierarchical clustering and K-means clustering.

In hierarchical clustering the data are grouped into clusters using an iterative algorithm. The
aim of hierarchical clustering is joining objects together into successively larger clusters on the
basis of the metric of similarity. The results of hierarchical clustering are usually represented by
hierarchical tree (dendrogram).

At the beginning of the algorythm, each object represents a class by itself. Then, in many
steps, more and more objects are linked together making larger and larger clusters. In each iteration,
clusters consist of increasingly dissimilar objects. Finally all elements are joined together. The five
most popular linkage rules can be used for hierarchical clustering. Single linkage (nearest neighbor)
is based on calculation the distance between two clusters as the distance of the two closest objects
in these clusters. Complete linkage (furthest neighbor) is based on determining the distance between
two clusters using the greatest distance between any two objects in these clusters. Centroid linkage
uses the distance between the centroids of the two clusters, when the centroid of a cluster is the
average point in the multidimensional space defined by the dimensions. Average linkage uses the
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average distance between all pairs of objects in the two different clusters. Ward linkage uses
variability within each cluster to calculate the similarity between clusters.

In K-means clustering the number of clusters is given a priori. The aim of the algorithm is to
produce £ clusters in which the elements within each cluster are as close to each other as possible
and as far from the other elements in other clusters as possible. The algorythm starts with &£ random
clusters, and then move objects between those clusters in order to minimize variability within
clusters and maximize variability between clusters [18].

3. Results

For this study Competitive Neural Network and hierarchical clustering were used.
Experimental data values were in a broad range, therefore data vectors were scaled into a new range
of <0.1-1>.

3.1. The results of clustering using Competitive Neural Network

The simulations were executed using Neural Network Toolbox — Matlab environment. The
number of input nodes was adequate to the number of parameters describing honey samples. The
number of neurons in output layer and the number of training epochs were empirically determined.

For this work, neural network with seven input nodes and fifteen neurons in output layer was
defined. The number of training epochs was determined as 800. Table 1 shows the results of honeys
clustering according to honey type.

Table 1. The results of honeys clustering based on six chemical parameters using Competitive Neural
Network according to honey type.

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
acacia 1 honeydew 1 honeydew 3 buckwheat 1 goldenrod 1
acacia 2 honeydew 1 honeydew 4 buckwheat 2 goldenrod 2
acacia 3 multiflower 2 | honeydew 5 buckwheat 3 goldenrod 3
multiflower 1 honeydew 6 heather 1 phacelia 1
multiflower 4 honeydew 7 heather 2 phacelia 3
multiflower 9 nectar- multiflower 3 |rape 8
honeydew 1

nectar 1 multiflower 5
nectar 3 multiflower 6

o |nectar- multiflower 7

g honeydew 4

z. | rape 1 multiflower 8

S |rape 10 nectar 2

= rape 2 nectar 4
rape 4 nectar-

honeydew 2
rape 5 nectar-
honeydew 3
rape 6 phacelia 2
rape 7 rape 3
rape 7
rape 9
willow 1
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All fifty honey samples were classified into five groups. Cluster 1 consists of 19 honeys,
mostly acacia, multiflower and rape honeys. Honeydew honeys were devided into two groups
(cluster 2 and cluster 3). Buckwheat, heather, five multiflower and two nectar-honeydew honeys
were classified into cluster 4 and goldenrod with phacelia honeys were classified into cluster 5.

3.2. The results of clustering using hierarchical clustering

The hierarchical clustering simulation was executed using Statistica v. 10 environment. For
simulation, normalized data set was used. As distance metric Euclidean distance was chosen.
Aglomeration process was performed according to Single linkage method. Fig.1. shows the cluster
dendrogram obtained for 50 honey samples according to 6 chemical parameters characterising
various types of honey. Honey samples were classified into four groups according to the similarity
coefficient of 0.32. The first cluster includes mostly rape nectar honeys. Into the second cluster honeydew
and nectar- honeydew honeys were classified. Groups 3 and 4 are similar to groups 4 and 5 from
Competitive Neural Network clustering and include multifloral with buckwheat honeys and
goldenrod with phacelia honeys, respectively.

Dendrogram

ew
muIt| ower

mu t| ovft)ar
ower

nectar-Wo g’dﬁ

r
nectar-ﬂone% ew

,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7

o
0

Euclidean distance

Fig. 1. Cluster dendrogram generated for fifty honey samples according to six chemical parameters

The results received using hierarchical clustering are generally consistent with the results
recived using Competitive Neural Network. Only eleven samples were not classified into any
cluster. That situation was observed in the case of samples described in table 1 as clasified into
cluster 1 (3 samples), cluster 3 (2 samples), cluster 4 (5 samples) and cluster 5 (1 sample).

KOMIIOTHpHM HAYKU M TEXHOJIOTUH 1 2013 Computer Science and Technologies 62



4. Conclusions

The results of honeys clustering show that chemical parameters characterize honeys in
accordance with the honey type determined on the basis of pollen analysis. Classification of
different honey types into the same cluster is the result of their chemical features similarity.
Classification of given honey type sample into the same cluster with the samples of different honey
types can be the result of the method of determining honey type based on pollen analysis. The
honey type is determined according to predominant pollen. However, content of other pollen types
can cause the chemical similarity of given sample to different honey type.

The results received using Competitive Neural Network and hierarchical clustering are
similar. In case of hierarchical clustering some groups were connected into one cluster and eleven
samples were not classified into any cluster.
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HAKOMU IMTPOBJEMMU IIPU YIIPABJIEHUETO HA
EJEKTPOHHHM YCTPOUCTBA C HUCKA KOHCYMMPAHA
MOIIHOCT

Caga H. Banos, JKeiino 1B. JKeitnos

Pe3rome: B cratusara ce pasriexnaT MOJXOAWTE 33 HaMalsdBaHE HAa KOHCYMHpaHaTa MOIIHOCT IPH
MajorabapuTHH aBTOMATUYHU EJICKTPOHHU YCTPOWCTBA C aBTOHOMHO 3aXpaHBaHE U MHUKPOIPOIECOPHO
ynpasiieHue. [TocodueHr ca MPUHIUIHUTE NMPHU TPOCSKTUPAaHE W W3rpaXKJaHe Ha MOJOOHM CHCTEMH, KaKTO U
HSIKOW TeXHH ocoOeHoctr. HampaBeH e 0030p Ha CHBPEMEHHH €THOYUITOBH MUKPOKOMITIOTPH, KOUTO MOTAT
na paboTAT B PeXHM Ha HaManeHa KoHCyMmalms. [loka3aHn ca BB3MOXXHOCTHTE 3a HaMmajsBaHE Ha
KOHCyMallisiTa Ha amaparypara TpU H3IOJI3BaHE HAa MUKPOKOHTpoyiepu. [laieH e mpuMep 3a peanHa
aBTOHOMHA MUKPOTIPOIIECOPHA CHCTEMa 33 cOOp Ha JIaHHH.

KiarwuoBn aymu: PexuM Ha HHCKAa KOHCYMHpaHa MOIIHOCT, HHCKa KOHCYMHpPaHa MOIIHOCT,
MUKPOKOHTPOJIED.

Some problems of the control of hardware low-power devices
Sava I. Ivanov, Zhejno 1. Zhejnov

Abstract: In the article the approaches to reduce power consumption of automatic compact electronic
devices with independent power supply and microprocessor control is examined. The principles of the design
and construction of such systems and some of their characteristics are listed. A survey of contemporary
single-chip microcomputers that can operate at reduced power is made. The possibilities for reducing the
power consumption of the equipment are shown. An example of a real autonomous microprocessor system
for data collection is presented.

Keywords: Low power mode, low-power consumption, microcontroller.

1. YBox

Cp3aBaHeTo Ha ChBPEMEHHA €JIEKTpPOHHA amapaTypa ¢ aBTOHOMHO 3aXpaHBAaHE HE € JieKa
3agada. Koraro ycTpoicTBOTO ce mpoeKTHpa 3a IBJIT0CpPOUHa Ha/lexkKIHA paboTa B IMOJIEBU YCIOBHUS,
€ HeoOXOoMMO IpH pazpaboTkara Ja ce B3eMaT MEPKH 3a HaMmallsiBaHe Ha KOHCyMUpaHaTa MOLTHOCT
U Jla ce IpPeIBUAU OTAETCH OJIOK 3a aBTOHOMHO 3aXpaHBaHE C M3MOJI3BaHE Ha alTepPHATUBHU
TOKOM3TOYHUIIH.

[IbpBOTO M3HCKBAaHE CE YIOBIETBOPSBA Upe3 TPIKIMBO MPOEKTUPAHE Ha ENEKTPUYECKHUTE
BEPUTU U W3MOJ3BaHE HA MOAXOJSAUIM HOBU CXEMOTEXHMUYECKU PELICHUS ¢ MOJEPHH HWHTErpaHU
CXEMH U €JEKTPOHHU KOMIOHEHTH C IIeJl IKOHOMUYHA paboTa, MpH M3IOJI3BaHE HA ChBPEMEHHH
CJIEKTPOHHHM €JIEMEHTH M YIpaBJsABall MUKPOKOHTPOJIEPEH OJIOK C BB3MOXKHOCT 3a paboTa B
PSKUMH Ha HUCKAa KOHCYMHpaHa MOIIHOCT, KaKTO U C TPIDKIMBO MPOEKTHUPAHE HA MPOrpaMHOTO
OCUTypsIBaHE.

BropusT npoliiem ce pemiaBa ¢ HM3MOJI3BaHETO HA TOKOM3TOYHHIIM, KOUTO IpeoOpa3yBar
NpUPOJHA €Heprus B enekTpuuecka. CHBpPEMEHHUTE aJTepHATUBHU 3aXpaHBaHUS 3apexaT
CIeLMAJIeH THII aKyMyJlaTopHa OaTepusi OT €HEeprusiTa Ha BAThpPA U CI'bHYEBATA CBETIMHA, KOTATO
M UMa B JOCTaThbUHO KOJIMYECTBO. B ocTaHanoTo BpeMe 3axpaHBaHETO YepIu eleKTpUuyecKaTa
SHEprus Ha 3ape/IeHUs] aKyMyJaTop, 3a Ja C€ OCUTYPAT HEOOXOIUMHTE 3aXpaHBAIU HAIIPEKEHUS 32
HOpMajHaTa paboTa Ha YCTPOMCTBOTO. YTNpaBIE€HHETO HA 3apsja Ha aKyMmynaropa ofT
aJITEpHATUBHUTE TOKOM3TOUHHUIM M M3pa0OTBaHETO HAa CHOTBETHUTE HAINPEKEHHS 32 HOpMallHATa
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paboTa Ha amaparypara ce OChUIECTBsIBA Upe3 BHUMATEIHO IPOEKTUPAH KOHTPOJIEP Ha 3apsija, KaTo
ce peanu3upa mpeodpa3yBaHe Ha CHEPTUATA C MAKCUMATHO Bh3MOXKeH 3a ycnoBusita KIT/I.

Twi KaTO 3amayuTe, MOCOYEHU MO-TOpEe, M3UCKBAT MOOTACIHO JIETAMIHO pasriexiaaHe, IMo-
HATaTHK 1€ CE CIpeM Ha MpoOJieMUTEe 3a HaMmallsiBaHe HAa KOHCyMAaIusTa 4pe3 MmomoOpsBaHe Ha
JM3aliHa U yIPaBICHUETO Ha Te3H ycTpoiicTBa. [1]e mokakeM u HAKOM TEXHUYECKHU PEIICHUS.

2. N310:xkenune

KbM onucanus kiac ycTpoHcTBa ce MpensBsBaT CIETHUTE M3MCKBaHMS, KOUTO MOraT Ja ce
YIOBJIETBOPSAT OT HAKOH CIIEHUATU3UPAHU MUKPOKOHTPOJIEPH:

- JIbawr cpok Ha ekcrioatanusa — Hana 10 r;

- Bucoka HageXTHOCT U YCTOMYMBOCT Ha TTOBPEIN: YCTPOMCTBOTO TPSOBA Ja CICAM paspsiaa
Ha OaTepuuTe, Aa ChOOIIABa HA TION3BATENS 32 ChCTOSHUETO MM, a CBIIO Taka Ja o0e3redyana
KOPEKTHO H3KJIIOYBaHe. TpsOBa J1a ce OCHTypH 3aJaJCHHAT peJ Ha H3IIbIHCHHE Ha
oTiepaIuTe.

- Heo6xonumo e mepuoIMyuHO J1a C€ U3ITBJIHABAT ONPEe/ICHH 3a/1a4M (HanpuMep u3MepBaHe
Ha HMBA C IIOMOLITA Ha JaTYUK Ipe3 HAKOJIKO CEKYH]IN).

- Hanuuune Ha pexkuM Ha HECKAa KOHCYMalMs — ako IIpU HOpMajHa paboTa ¥ TaKTOBA 4€CTOTa
4 MHz MUKpOKOHTpOJIEpBT KOHCyMHpa 1.5 mA, To npu pexxuM Ha HUCKa KOHCyMalus (Harp.
pexum Deep Sleep va Microchip) koncymanusTa € camo 20 nA.

- Maiko BpeMe 3a MpeMUHABaHE OT PEXKHMM Ha HUCKA KOHCYMAIIHsl B pealicH PeXuM (Bpeme
3a crOyxnane — Wake-Up time) - okono 50 ps.

MUKpPOKOHTPOJIEPHT B YCTPOWCTBOTO pabOTH B JBa peXWMa: JUHAMHYCH (aKTUBEH) H
cratuueH. [Ipy TuHAMUYHUS PEXUM CHCTEMHHST reHeparop padotu. KoHcymupaHnaTa MOIIHOCT €
CyMa OT TNapa3WTHaTa KOHCyMallus, KOHCyMallusTa Ha TreHepaTopa, mnepudepusTa, sIpoTo M
nopToBeTe. B AuHaMUUEH pEXUM MPHIIOKEHUETO € aKTUBHO M M3ITBJIHABA 3a1aun. KoHcymanusTa
ce ompeess oT ToKoBeTe Ha npeBkimoyBaHe Ha CMOS cTpyktypute u € GyHKIUS Ha YecToTaTa
Hanpexenueto. [lepudepusita u mopropere KOHCyMHUPAT JOMBIHUTETHO MOIITHOCT.

[Ipu cTaTuyeH pexxuM CUCTEMHUSAT TeHepaTop e u3kimoueH. KoHcyMupaHata MOIIHOCT € cyma
OT mapasuTHaTa KoHcymanus /yreuka/ B CMOS-cTpykTypuTe, KOHCyMalusTa Ha YacOBHHKA 3a
peaiHO BpeMe, cylepBaii3opure, CTpakeBHsl TalilMep, YTEUKUTE Ha MOPTOBETE M JIp. MOAOOHH.
VYTeukaTta pacte MpH MO-MaJKHU 10 pa3Mepy TPAH3UCTOPHU, IMO-BUCOKO pabOTHO HANpeXeHUe M Io-
BHCOKa TemrepaTypa.

Ha ¢ur. 1 e noka3ana npumepHa 3aBUCUMOCT Ha KOHCYMHUpPaHaTa MOIIHOCT BbB BPEMETO OT
pexxuma Ha pabota. CpeqHata KOHCyMHpaHa MOIIHOCT € cymMapHaTa KOHCYMHpaHa MOIIHOCT 3a
LIUKBJI HA YCTPOHCTBOTO.

A

MommHocT 1 IUHAMAYHO JIMHAMAYHO
| I |
[WA.V] . ,
1 1
1 1
1 1
1 1
: wake :
CTaTUYHO 1 -up 1
L |
1 1

t [us]

®@ur. 1. Koncymupana MOIITHOCT BB BPEMETO
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[TpoekTHpaHeTO Ha YCTPOMCTBO ¢ HUCKA KOHCYMAIlsl M3UCKBA HU3 OT KOMIIPOMHUCH HAa HUBO
U3aiiH 1 npusoxenue [1].

AKo ce pasriiefia mo-mojapoOHO OajaHca Ha KOHCYMHpaHaTa MOIIHOCT, CE BYDKIA, Y€ TOM
3aBHCH OT peXrMa Ha paboTa Ha MUKPOKOHTPOJIEpa, KAaKTO CIIe/ABa:

RUN- akTMBHa KOHCYyMAIIUs:

e TakT KbM SAPOTO U NepudepusTa.

e  Tummden koHCymupan Tok 50-360 pA (3V, 25° C).

e LPINTRC (31kHz) — 10 8 pA (1.8V, 25° C, PIC24F04KA201).

DOZE (3a HAKOM KOHTPOJIEPH) - aKTUBHA KOHCYMAIIHSI:
e Snpoto ce TakTyBa C MOHWXKEHA YECTOTA, epudepusiTa ¢ IbIHa.
e  OOukHOBeHO 35%-75% ot Toka B pexkum RUN.

IDLE (3a HSIKOM KOHTPOJIEPH) - aKTHBHA KOHCYMAITHS:
e Snpoto He ce TakTyBa. [lepudepusra ce TakTyBa U € BKIIOUEHA.
e OOukHOBeHO 25% oT Toka B pexkxum RUN.

SLEEP- cratnuna KoHCyMarus:
e  O6uxHOBeHO 100nA (3V, 25° C).
o TIpu 85° C 1o 1.35 pA (1.8V, 85° C, PIC24F04K A201).

DEEP SLEEP (3a HsiKkOM KOHTPOJIEPH) - CTAaTUYHA KOHCYMAIIHSI:
e SRAM, VREG, VBOR, RTCC ca u3kiatoueHH.
e  OGukHOBeHO 35 nA (3V, 25° C).

dupmarta Microchip mpemnara 16 HOBEH MUKpOKOHTpoJiepu (2 cemeiicTBa 8-OutoBH M 1
CeMEHCTBO 16—OUTOBM), CH3AAJEHU IO TexHoJoruara nanoWatt — craHmapT 3a BCHYKH HOBHU
MUKpOKOHTposiepu Ha Microchip ot 2003 1., KOMTO ca WJCATHH 3a YCTPOMCTBAa C OaTepHITHO
3axpaHBaHe M HMMAaT ChBMECTUMH DPEXKHUMHM HAa HHUCKAa KOHCYMAlus, mepudepus U pa3BOWHU
cpeactBa. Te3n MUKPOKOHTpOJIEpU MMAT rojisiMa nepudepus, MUKPONOTpeOIeHHEe U HMOIAbPKAT
USB wunTepdeiic U KamauuTUBHH CEHCOpPH. Y ChBBPIICHCTBYBaHaTa TexHoiorus nanoWatt XLP
(eXtreme Low Power) Technology npencrapisBa HaOop OT METOAM 3a TPOCKTUPAHE U pa3pabOTKa
Ha MHUKPOKOHTpOJIepH, oOe3reuaBamia KOHCyMUpaH TOK mo-Manko oT 100 nA B wakam (Sleep)
pexum, Tok Ha kKoHcyManusa Ha RTCC 800nA u va WDT 800 nA.

PexxumuTe Ha paboTa Ha MUKPOKOHTPOJIEPHUTE, H3pabOTeHH Mo TexHoJorusTa nanoWatt XLP,
ca cuctematuszupanu B Tabmwuma 1 [3].

Ta6auna 1. Pexxumu Ha pabota rpu Texosorus nanoWatt XLP

PIC16 PIC18 PIC24
RUN + + +
Beunuku cuctemu paboTsT
DOZE +
CPU e no-6aBeH ot nepudepusra
IDLE + 4
CPU e u3kmoueH, nepudepusra paboTu
SLEEP + + 4
CHCTEMHHUSAT TaKT € CIPSH
DEEP SLEEP + +
RAM e m3kimouena, Vreg He paboTu
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[Ipy ananu3 u oONTUMHU3ALMSA Ha KOHCyMHpaHaTa MOIIHOCT BpeMeTo Ha paboTa Ha
YCTPOHCTBOTO c€ pazjenis Ha HAKOJKO (a3u. Ompenenst ce TOKa BbB BCsiKa (aza, KOJIKO BpeMe ce
ryOu Ha BCEKH pabOTEH CTaJWil U ce MpecMsiTa KOHCyMalusaTa 10 BPEMETO Ha BCsKa enHa dasa.
[Tocne ce ompenens cpeHaTa MOIIHOCT Ha ISUIOTO yCTpoiicTBO. [IpoBepsiBa ce nanu TS MOXe Jia ce
HaMaJld KaTo ce HaMaJld BPEMETO 3a aKkTUBEH pekuM. OmuTBa ce J1a ce MPOMEHU HaIpeKEeHUeTo,
TaKTOBaTa 4YecToTa W peXMMa Ha pabdoTa 3a MO-MalKka KOHCyMAallis Ha BCEKH €IAWH CTaaud Ha
paboTta Ha yCTPOHCTBOTO.

Omnpenenst ce Hal-IOMIMAT BapuaHT Ha pabora u ce mpepaborsBa. [IpoBepsiBa ce mamu e
BB3MOXKHO M3I0JI3BaHE Ha JpYrH KOMOMHauMs OT pexumMu Ha pabora. [locie ce moctposiBa
rpaduka Ha koHCyManusTa. Criio0siBa ce OKOHYATEIIHO, U3MEPBa C€ U C€ MOTBhPKAaBa npoduiia Ha
KOHCYMAIIHATA.

[Hutupanusar mo-rope pexxum Ha padora Deep Sleep, KOMTO € Hall-TOOPUAT €HEPrOCTIECTIBAII]
pexuM, ocurypsiBa ¢ 90% no-Hucka koHcyManus. [Ipu Hero cpabpKaHUETO caMO Ha 2 PETUCTBPA
3a JJaHHU Ce 3ala3Ba, a Jpyrara maMmer He ce cbxpaHsBa. J[aHHuWTe obaue Morar jJa ce 3amuiuaT
npenu ToBa BbB FLASH nin EEPROM. BbTpemHusT peryinatop Ha SApOTO HA MUKPOKOHTpOJEpa
e m3kmoueH. M3mmzanero ot pexkuma Deep Sleep npenus3BukBa HayalHO YCTAHOBSBAHE Ha
MukpokoHtposuepa. IloBeyero SFR ce ycranoBsBar B cbhcrostHMe 1o monpasbupane. RTTC
MPOJBJKABA 1a OTYUTA BPEMETO U MOKE Jja TeHepHUpa CEKyHIHU UMITYJICH, P KOHCYMaIHs OKOJIO
500 nA. IlopToBeTe 3a BXOA-U3XOJ ChXPAaHSIBAT CBOETO ChCTOSIHUE. 3alla3BaT CE€ ChCTOSHHATA Ha
SFR peructpure DSGPR0O, DSGPRBI1, DSBOR [2].

Wznu3zanero ot pexuma Deep Sleep craa upe3 npekbcBaHe OT BXOJ 3a MPeKbCcBaHe, oT Deep
Sleep ctpaxkeBu Taitmep (DSWDT), npu anapma or RTCC, npu cb0yxnane ot Ultra Low-Power
Wake-Up, ot curnana MCLR wnu BkItouBaHeTO Ha 3axpaHBanioro Hanpexenue (POR).

» POR

v

Pazpemn SOSC 3a RTCC
Kondurypupaii TRIS & LAT

--DS RESET npouenypa--
Yeru DSWSRC & DSCON<DSBOR>

Wake-Up Y »|  Bwscranosu DSGRPO & DSGRP1
or DS? Wsumctt RCON<DPSLP>
N Wsunert DSCON<RELEASE>

Crannaptaa RESET npouenypa
v

Kon Ha mpunoxeHueTo

v

CpxpaHu peructpure
Ycranosu DSCON<DSEN>

v
DEEP SLEEP

®@ur. 2. brok-cxema Ha 1ukbia Deep Sleep

Eneprusita, koncymupana mo Bpeme Ha nukwiaa Deep Sleep (DS), 3a uannuanuzamus 1 POR
ce JlaBa ¢ u3pasa:

Ppg = (tps-Ips + timie- linie T toor-Ipor)- Veuppty » (D)
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KbJIETO tpg € TMPOABIDKUTENHOCTTa Ha IuKkbiaa DS, t,.. € [OpoabDKUTETHOCTTa Ha
WHUIMATU3aluaTa, tppe € NpoabbkuTenHocTTa Ha Power On Reset mpomemypata. C I BBB
dbopMynaTta ca O3HAUYEHH KOHCYMHPAHUTE TOKOBE IO BpeME Ha CBHOUTHSTA, YKa3aHH CbhC
CHOTBETHUTE MHICKCH.
3a HaMaIgBaHe Ha KOHCyMalusATa OT CUCTEMATA IIPU MPOCKTUPAHCTO CC MNpuJiarat CICAHUTC
npasuia [5]:
o Bcuukn eneMeHTH Ha cxeMara TpHGBa Ja Ca BUHAruv noa HalpeKCHUC, a YIIPaBJICHUCTO
Ha 3aXpaHBAaHETO UM TpsIiOBa J1a CTaBa Upe3 MHIUBUAYATHH €HEProCIeCTIBAIIN PEKUMHU;
e HamansgBaHeTo Ha 3aXpaHBAIIOTO HAMPEKEHUE HaMallsiBa KoHCcymanusTa. B Sleep pexum
TpsiOBa /1a ce HAIPaBy OIUT 3a HAMAJIIBAHETO MY;
e [lomsBa ce MUKPOKOHTPOJIEP C BBTPEIICH CTAOWUIN3aTOpP HA HAMPEKEHHUE W U3TOYHHK C
HSAKOJIKO H3XOJHM HaNpeKEHHUs, aKO C€ HU3HMCKBAT HAKOJIKO 3aXpaHBallld HAIMPEKCHHUS.
[TpaBuiieH n300p Ha perynaTop Ha HapPEKEHHE MOXKE J]a HAMAT| CTaTUYHATa KOHCYMAIIHs;
e Yerenero Ha RAM wu3ucksa nmoeue MomrHoOCT OT dyereHero Ha FLASH. 3atoBa e mo6pe
Jla c€ MUHUMU3Hpa NporpamMHo AocTbhia 1a RAM;

e Pesucropure kpM +V,; TpsOBa 11a ca ¢ BHCOKO CHIIPOTHUBIICHHE;

e [Jlom3Bar ce KOHAEH3aTOPH C MajKa yTeYka, KbCH CBBP3BAlM IMPOBOJHUIIH,

OJIOKMPOBBYHH KOHJICH3aTOPH, HE C€ OCTaBAT BUCSIIH BXO/I0BE;

e KBapuoBusT reHepaTop crapTupa W reHepupa crabuiHa yecrora cien 1024 nuksbia,

KOETO MOX€ J1a € nocta nuiaro Bpeme. Bvrpemnuss RC renepartop craptupa 3a 1-5 ps.

Brpanenust RC reneparop He e ToueH (10 0.25% nHetouHocT Ha yectoTtara). [lon3sa ce npu

HYKJa KBapIl;

e 3kmioyBa ce HeHyHarta mepudepus. OnTuMU3Npa ce KoJa upe3 eKCIepUMEHTHpaHe

ChC CKOpOCTTa, oOema Ha Koja, u3non3BaHata RAM. OueHsBa ce BpeMeTo, He0O0X0auMOo 3a

U3IBJIHEHHE Ha Iporpamarta;

e Ilon3ma ce SPI BMecTo 12C;

e U3bupa ce mnepudepus, KOSITO MOXKE Ja MNPOABIDKM Ja paboth W na cbOyau

MHUKPOKOHTpoJiepa B pexxuM Deep Sleep;

e [loma ce Deep Sleep, ako MpuUII0OKEHUETO HE € aKTUBHO JIBJITO BpeME - MoBeue oT 1 s,

[P €KCTPEMHU TEMIIEPATYPH, KOraTo ca HY>)KHM TOUYHU BPEMEHHM MHTEPBAJIU C MUHHUMAaJIHA

KoHcyMmanus. B pexum DS Tpsi6Ba na ce mon3Ba akTuBHA nepudepus.

OnucanuTe NPUHIMIMN 32 HAMAJISBAHE HA KOHCYMAlUATa €A MPUIIOKEHH IPU MPOEKTUPAHETO
Ha cuctemMa 3a cOOp Ha JAaHHM C ABTOHOMHO 3axpaHBaHE M HHCKa KoHcymanus. llenta Ha
pa3zpaboTKaTa € HATpylnBaHE Ha JaHHU OT JAaTYUIM, MOHTHpPAHU B H3MEpBaTelIeH MOJIYJ, KaTo
nanauTe ce oOmeHsaT mo RF kanan. Ilpensumeno e cucremara jga ce pasmojara jgajied oT
3axpaHBallla eJleKTpuueckara mpexa. KoHcymanusara U € MHOTO Majka M camMO B MOMEHTa Ha
npenaBaneTo. ETo 3al10 3axpaHBaHETO cTaBa OT JIMTUEBU OaTepuu ¢ MHOTO MallbK caMopaspsii U
IbIbT KUBOT. M30paH e ynpasisBan MUKpokoHTpodiep oT Buga MSP430 ¢ unrerpupano RF sapo
[6]. Jannute ce HarpynBaT BbB BbHIIHA EEPPROM mnamer tun 24FC64 ¢ obem 64 Kbit, chimo
pean3upaHa 1o TEXHOJOTUS C HUCKA KOHCyMalus. MakCUMalnHMUIT KOHCYMHpPaH TOK Ha IameTTa
HE HaAXBbpIS 3 mMA npu 3axpaHBamo Hanpexenue 1.7-5.5V. B pexum standby mnamerra
KoHCymMHpa 1UA TOK, KOETO MO3BOJSBA JMPEKTHO CBbpP3BaHE Ha 3axpaHBallMs W3BOJ Ha 4uIa
TIaMeT C M3XOJIEH TTOPT Ha MHKPOKOHTpoiepa. OOMEHBT ce M3BBPIIBA CepHitHO 110 nHTepdeiic [-C.
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MUKPOKOHTPONEPHT U3UCKBA KBAPIIOB KpUCTA ¢ yectoTa 32768 Hz, oT KOATO ce mosaydaBa
takToBata uectota 3a CPU 1, 4, 8, 12, 16, 20 MHz. B aktuBen pexum Ha CPU MHUKPOKOHTPOJIEPHT
koHcymupa okoisio 160 uA/MHz Ha TakToBara yectoTa. M3BUKBAT ce cOPTyepHO 5 peKUMa C HUCKA
koHcymanus — LPMO-LPM4, B kouto pexumun CPU ce wuskmouBa. CwOyxkIaHeTo Ha
MUKpPOKOHTpOJIepa cTaBa 4pe3 IMpekbcBaHe. [Iporpamara, oOciyxBamia OPEeKbCBAHETO,
BB3CTAHOBSIBA PEXKHMMa C HHCKAa KOHCYMAIUsi, KOTaro 3aBbpIIM paboTara cu M C€ H3MBIHU
WHCTPYKIIUSA 32 BpbIIaHE HA yIIpaBJeHHEeTOo. MuHUManHaTa KOHCyMalus Ha cuctemara B LPM4 npu
3amas3BaHe Ha chAbpkaHueTo Ha RAM e okoino 1pA.

PagnomonynsT koHCymMupa 15 mA Tok mpu mpegaBaHe M NMpUEMaHE, KaTO MOIIHOCTTa Ha
rpesiaBaTessi MOXKe Ja ce perynupa codTyepHo, 3a Ja ce MOCTUTHE CUT'ypHAa Bpb3Ka MPHU MMO-HUCKA
M3IIbYCHA MOIMHOCT M CHOTBETHO KOHCyMarusi. Toil paboTh C OTAeNeH KBapioB KpPUCTAI U
MOAIbPKA CHHXPOHEH M aCHUHXPOHEH MpUeMoIpeaBaTesieH CTaHIapTeH PaJluOKOMYHUKAIlMOHEH
pOTOKOI 32 cbBMecTUMOCT ¢ Wireless M-bus crannapt EN13757-4:2005.

3. 3akaouenue

[IpoekTupaHeTo Ha €JIEKTPOHHU YCTPOWCTBA C HUCKA KOHCYMHUpPaHa MOIIHOCT U aBTOHOMHO
3axpaHBaHEe M3MCKBA EHEPrHMEH aHalU3 M I0C]e TPIKINBO NMPOEKTHPAHE Ha YCTPOHCTBOTO Ha
pa3IMYHM HHBAa — aPXUTEKTYPHO, CXEMOTEXHHYECKO, aJIrOpUTMHUYHO. W3mokeHuTe mo-rope
NPUHIUIN 32 HaMaJsBaHEe HA KOHCyMHpaHaTa MOIIHOCT KacasT ONTUMH3AIMS Ha €JICKTPUUECKUTE
CXeMHU U coTyepa Ha yCTPOICTBa, IPU KOUTO PEKUMBT Ha paboTa C HUCKA KOHCYMAIUS € 3aI0KeH
olle NMpH MPOECKTUPAHETO HAa YIPABISABAIMS MUKPOKOHTPOJIED U € pealu3hpaH upe3 ChOTBETHA
TEXHOJIOTHUS, apXUTEKTYPHH pEIleHUs1 U eleMeHTHa 0a3a. 3a Ja ce moiy4yaT I0OpH pe3yiTatu e
HYXKHO KaKTO ABJIOOKO MO3HaBaHEe Ha MPHUHLMUINTE Ha JCHCTBHE M PEKUMHUTE Ha paboTa ¢ HUCKA
KOHCyMallis Ha M3IMO0JI3BaHUS MUKPOKOHTPOJIEP, Taka M BHHMMATEIHO MPOEKTHpPaHE, TECTBaHE U
HACTpOWKa Ha ynpassBaius copTyep ¢ Ie7 Hal-ITbIHO M3IOJI3BaHE Ha 3aJI0)KEHUTE Bb3MOKHOCTH

Ha Xapayepa.
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Bb3MOKHOCTHU 3A IPEJJABAHE HA TAHHU YPE3
HOJIUMEPHMU OIITUYHU BJIAKHA

Keiino UB. )KerinoB

Pe3lome: B craTusita ce pasriekaaT MpeaaBaTCIIHUTE XapaKTEPUCTUKHUTE Ha €IMH BUJ ONTHYHH BIAKHA.
[IpaBu ce cpaBHEeHHE Ha BH3MOXKHOCTHUTE 3a TpEJaBaHe HA JIAHHU Ype3 KIIACHYCCKUTE CTHKICHU ONTHYHU
BIIaKHA W MOJIMMEPHHUTE ONTUYHU BiakHa. HampaBeH € 0030p Ha HOBH KOHCTPYKIIMH HA TIOJTUMEPHU ONTHYHU
BiakHa. Omucanu ca npo@UIbT HA IOKa3aTeas Ha MpedylBaHe, MOIOBATa CTPYKTypa, CBbp3aHa C HEro,
CICKTPATHUTE XapaKTEPUCTUKH, AMCIICPCHUATA U 3aTUXBAHETO HA BJIAKHOTO. [lokazaHu ca mpeauMcTBaTa W
HEJOCTATHIUTE HA MOJUMEPHUTE ONTHYHU BiakHA. JlaleHu ca oOIacTuTe Ha MPUIOKEHUE M TCHACHIIUNTE
mpu pa3paboTKaTa Ha TO3W BHJ ONTHYHM BiakHa. [TocoYeHM ca HIKOM CHBPEMEHHH TOCTHXKCHHS B Ta3d
o0uacr.

KarouoBu nymu: [lonmuMepHN ONTHYHY BJIaKHA, CIICKTPAIIHA XaPaKTEPUCTUKY, TUCTICPCHUS, 3aTHXBAHE.

Possibilities for data transmission of the polymer optical fibers
Zhejno 1. Zhejnov

Abstract: In the article the transmission characteristics of one type of fiber are examined. A comparison of
the opportunities for transmission of data by traditional glass fiber with polymer optical fibers is made. A
review of the new structures of polymer optical fibers is included. The profile of refractive index and the
spreaded modes, associated with it, spectral characteristics, dispersion and attenuation of the polymer fibers
are described. The advantages and disadvantages of the polymer optical fibers are shown. The application
areas and trends in the development of this type of fiber are given. Some recent developments in this field
are presented.

Keywords: Polymer optical fibers, spectral characteristics, dispersion, attenuation.

1. YBox

[To-ronsgMata 4YacT OT ONTHUYHUTE MpPEXU 3a JocThll B EBpoma He ca M3rpageHu oOT
TPaIUIIMOHHUTE KOMYHUKAI[MOHHH ONEpaTopH, a OT OOLIMHHUTE, CHEPrUiHM KOMIIAHHUHM U
anTepHaTUBHU onepaTopH. IIIMpOKOJIEHTOBUAT IOCTBI BCE OLIE IIMPOKO EKCIUIoaTHpa MEIHHU
udposu adbonatHu auHuu (A)DSL u kabennu mogemu. Cpennoro nokputre Ha EBpona ¢ FTTH/B
B HauyasoTo Ha 2011 r. e oxono 10% B cpaBHenue ¢ 30% npyrane. B bearapus uma n3ocraBaHe Ha
BBBEXIAHETO HA TO3U TUIl MPEXHU B CEJIICKUTE 110 CPAaBHEHUE C rpaJckuTe paiionu [10].

B cpmoTo Bpeme MHTEpHET ChPPUCTUTE C BCEKU M3MUHAI JIEH BCE MO-WHTEH3UBHO CBAJIST
my3uka u ¢uamu. [lomsBanero Ha P2P ycmyrute OBp30 ch3gaBa B Mpexkara ,,TECHH MecTa .
ExxenneBHO cumeTpuyHaTa UM Ipupoja ynorpedssa okoio 80% OT yecToTHATa JIeHTa B MOTOKA OT
abonara. 3a J1a ce CIpaBsT ¢ pacTsIUs TpapuK, TEICKOMYHUKALMOHHUTE ONEPaTOpU Ce HYKIasT
OT MKOHOMHMYHA M NEPCHEKTHBHA TEXHOJIOTUS, KOATO Ja ObJAE CHEAMHUTETHO 3BEHO MEXIY
IpaJICKUTe MpEXHU U KpaiiHuTe morpeOutenu. JleHTara Ha mpomyckaHe TpsOBa Ja ce pasmpenenu
MEX]y OTJCIHUTE TOMOBE U allapTaMEeHTH, KOUTO OOMKHOBEHO ca Ha pa3cTosiHue He nosede oT 300
m OT Hal-ONM3KHUS MPEKOB BB3eN (pasMoJIOKEH Hamp. Ha Kpas Ha TpoToapa WM B Ma3eTo Ha
MHOTIO€TaXHO 3/aHue). Ta3u 4YacT OT MpexkaTra HM3UCKBAa Hal-TOJIEMH KalUTaJHU Pa3Xxoqu U
IIPUTECHSABA Hali-MHOT'O OIIEPAaTOPUTE.
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2. U3n0:xkenune

B navanoro Ha 2006 r. 9 eBponeicku KOMIaHUU U U3CIEIOBATEICKM MHCTUTYTH 3all0YHaxa
Jla Ch3J1aBaT TEXHOJOIHs, CIIOCOOHA Jla 3aMEHM KBapLIOBUTE BJIaKHA Mpu cTpouTencTtBoro Ha FTTH
MpPEXH, KaTO 3HAYUTEITHO IIe HaManH HeitHaTa 1ieHa. J[pyromumauar npoekT POF-ALL (Paving the
Optical Future with Affordable, Lightning-fast Link) c¢ Omomxer 1,6 mun. € umame 3a 1en
YCBBBPIICHCTBYBAHETO HA CTAHJAPTHOTO CTHIAIHO moauMepHO ontudyHo BiakHO (POF) na
ocHoBara Ha poly-methil-metha-acrilate — PMMA u usnon3BaHero My 3a paboTa B OINTHYHA
cuctema 3a Bpb3ka ¢ FTTH mpexute Ha ckopoct ot 100 Mbit/s mo 1 Gbit/s na pazcrostaust 100-
300 m. 3a croOmuTeTHA Cpella BMECTO CTaHJIApPTHO CTHKICHO BiakHO ce moyBa POF ¢ romsam
muametrsp. POF necHo ce cBBbp3Ba B TepMHUHHPA C OOMKHOBEHU MHCTPYMEHTH, TMpeaBa BUAMMATA
CBETJIMHA U MMa BUCOKa enacTU4HOCT. [lonumepHuTe BiakHa uMar BbHIIEH nauaMmersp 0,5-1 mm,
KOETO 3HAYMTEIHO 00JIeKuaBa MOHTaxa 1 pabotata ¢ Hero (Taom. 1).

Taoauna 1. /lnamMeTpu Ha chpuieBHHATA/00BUBKATA 33 CTHKICHU U HOJIMMEPHH BJIaKHA

BaakHo SMF MMF Ksapuoso POF
CobpueBunapum] 9 62,5 200 980
Oo6BuBKa [pum] 125 125 300 1000

Texnonoruara POF mosnyun W3BECTHOCT MOpaaud IIMPOKOTO Pa3lpOCTPAaHEHHE B
aBTOMOOWJIHNTE MH(POPMALIMOHHU MpEXH, ocHoBaHU Ha cranaapra MOST u ByteFlight. /Inec nan
30 mutH. MOST TpancuBbpa ca pa3noioxeHu no 60 pa3inyHu MOAEIH MAalllMHA Ha TPOU3BOAUTEIHN
karo BMW, Daimler-Chrysler, Porsche, Audi u Saab. Bucokara nagexxanoct #Ha POF cucremute B
Ta3u 00JaCT HAMaJIM IICHUTE Ha ChOTBETHUTE TPAHCUBHPH 110 2-4 € [2].

Haii-nuckara peanusupana npomyckaa cnocodHoct 100 Mbit/s na mogem 3a POF, e 20-100
IIBTH TO-BUCOKA OT cKopocTTa Ha DSL-BpB3Ka u mo3BoJsiBa 3apexaane Ha ¢uiam ¢ DVD kadgecTBo
3a MMO-MaJKo OT 3 min U peanusauus Ha yciyra VoD (Video on Demand) B peanno Bpeme. POF
HOJABPKAT €AHAKBU CKOPOCTH Ha TpaHC(Ep BbB BB3XOMAIIO U HU3XOJMAIIO HAlpaBlE€HUE, KOETO
NpaBU BB3MOKHHU BHJICOKOH(pepeHun u npenaBane P2P na mobutencku ¢puiamu. MakcCUMaIHOTO
pazcrosinue 100-300 m ynoBieTBopsiBa U3UCKBaHETO KbM KpaitHute mpexxu FTTH B eBponelickure
IPaJCKU paiioHM 3a pa3CTOSHUE MEXAYy ONTHYHOTO BIAKHO, NpeKapaHo 10 (yHIaMeHTa Ha
31aHueTo W UGPOBUS M3BOJ B OTIEIHHUTE amapTaMeHTH. 85 % oT kpaiiHuTe Mpexu B Mramms
HampuMep OTroBapsT Ha crannapta FastWeb u umar nemkuna mog 300 m. [TogoOHa e cutyanusra
B MOBEYETO €BPOMNEHCKHU CTPAHU.

Texnonoruara POF-ALL mosxe na ce moa3Ba 3a U3rpakJaHe Ha IIMPOKOJIEHTOBA JOMallHa
MpEKa C BCHYKHM INPEAMMCTBA HA IO-CKBIUTE M CIOKHH ONTHUYHU CBEAMHEHUS, WU3IPANEHU C
KBapIloBU BiakHa. Beeku cam moxe ga MoHtupa POF 3a mo-manko ot 30 min., ako ©Ma HY)KHHUTE
MHCTPYMEHTH. 3a pa3jIMKa OT CTBKIIOBIAKHECTUTE CBEIUHCHMS, KOMTO HM3UCKBAT YMOPHUTEIHO
nenene u uscymanane, POF ce pexe ¢ HoxuIla, 00BUBKATa CE 3a4MCTBA C OOMKHOBEHU 3a4HMCTBAIIN
MHCTPYMEHTH, a My(aTa Ha METJIHUS ChEAUHUTEN C€ IOCTaBsl BbPXY OOBMBKAaTa Ha BJIAKHOTO C
IIpUTHCKAIM MHCTpYMEHTH. 3a POF KOHEKTOpUTE HE € CTpallleH OCTaHaIMs Mpax BbpPXY YEIHUTE
MOBBPXHOCTH, (KOETO € €IMH OT OCHOBHUTE NMPOOJIEMHU Ha ChEMHIBAHETO HA CThKIIOBIAKHaTa). He
ce M3MCKBa LIATEIHO MOYUCTBaHE U nonupane. Hakou yctpoiictBa paboTaT u 6e3 cheaunuten. POF
MOJKE Ja C€ OTPEKE C HOXK M Ja C€ IOCTaBU HA HYKHOTO MSCTO, KOETO € MHOIO IIO-€BTHHO OT
MOHTaXa Ha CTBKJIOBJIAKHOTO OT CHEHMAIHO OOy4YeH NepcoHal. BBb3MOXKHO € Ja ce MHCTaIupa
CaMOCTOSITEITHO KabelTHa Mpeka B COOCTBEHOTO 3/1aHHE.

POF kabenute MMaT BUCOKA 3]IpaBHHA U M3ABPKAT HA ynapu, 0e3 Ja ry0sT eIacTUYHOCTTa
CH, KOETO € HEOOXOAMMO 32 MOHTaX IO CTeHUTE. [Ipyro mpeauMcTBO € M3IMOJI3BAHETO HA BUJIUMA
CBETJIMHA BMeCTO MH(]pauepBeHa. ToBa M3KIIOYBA PHUCKA 3a M3rapsHEe Ha POTOBHIATA U CIIEIOTA,
KONTO chliecTByBa NpH paboTa ¢ KBapLOBO BiIakHO. B gomoBere He OuBa 1a ce MOJ3Bar
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CTHKJIOBJIaKHA, 3aIOTO Jema Ouxa MOTJM Ja C€ HapaHAT, aKo NOIVIEAHAT B KYIUIyHTa Ha
TpaHCHUBbBPA. BI/IIII/IMaTa CBCTJIMHA NO3BOJIsIBA U BU3YAaJIHO TCCTBAHC HA BJIAKHOTO, KOCTO CIICCTABA
3HAYUTETHA CYMH IIPH HACTPOMKATa Ha MpeKara.

YC’bB’pr_IeHCTBYBaHCTO Ha TEXHOJIOrudATra u I[H3aﬁHa Ha TMOJIMMCPHUTC BJIAKHA IMO3BOJIMXA
W3BECTHO pa3lIMpsIBAHE HA YECTOTHATAa JICHTa, HO 3aTHXBAaHETO HA BIAKHOTO BHB BHUIUMUS
IMamna3oH, OO0yCIOBEHO OT COOCTBEHOTO TIOTNIBIIAHE B MaTepuania W B3aWMOJCWCTBHUETO Ha
CBETJIMHATA C XAapPMOHHYHHTE CHCTaBAIIM HA YECTOTaTa Ha TPENTEHETO Ha BBIVIEBOJOPOIHUTE
rpynd, € MHOro BHCOKO. Haili-manko  3atuxBaHe OT  CTapuTe  BJaKHA  JiaBa
nonuMeTMeTakpriatioto (PMMA) BriakHo. 3a Tpancdep cborBeTHO npu 100 Mo6ut/c Ha 300 m
TO € okojo 140 dB/km mpu gppkuHa Ha BeiHaTa 650 nm u npu 1 Gbit/s Ha 100 m e oxoso 80
dB/km na 520 nm /¢wur. 1/.

500 F
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50 1 1 1 1 1 1 1 1 1 1 1 1
410 425 450 475 500 525 550 575 600 625 650 675 700

AbnKUHa Ha BBNHaTa [nm]
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®ur. 1. 3atuxsane Ha PMMA POF kato GyHKIHS OT IbJDKMHATA HAa BhIHATA

3a peanuzaiys Ha MPEAaBaHETO € HEOOXO0IMMa MHHUMATHA MOIIHOCT Ha NpeaaBaTenuTe 24
dBm 3a mepBus BapuanT u 14 dBm 3a Bropust BapuanTt. JIeHTaTa Ha mporyckaHe 3a CTaHAApPTHO
POF cwe crpnanen npodui Ha 1oka3aTens Ha IpedyrnBaHe OOMKHOBEHO € orpanndeHa Ha 30 MHz
npu 100 m BnakHO. C 0OMKHOBEHHUTE CXEMH Ha KOJMpaHe HE MOTarT Jia ce MocTurHatr ckopoctu 100
Mbit/s u moBeue. [Ton3BaT ce cxeMu Ha KOJAMPaHE ¢ MHOTO HUBA 3a OCUTYpsIBaHE Ha HEOOXOIUMHTE
ChUETaHUs JAbDKUHA Ha BIAKHOTO U CKOPOCT Ha TpaHcdepa [8]. Ha ronemute ckopoctu e mo-godpe
na ce non3sa rpagueHTHo POF, HO ca B3MOXKHM U JpYyry pEUICHUS.

HamansiBane Ha 3aryOuTe ce OKa3Ba BB3MOXKHO 4Ype3 3aMsHa Ha BOJOPOJa B MaTepuaia Ha
BJIAKHOTO C M30Toma My jaeyrepuii. ToBa obade € MHOTO CKBIIO M HE ce mpuiara. Ypes 3aMsHa Ha
Bozopoza ¢ (ayop mpe3 2005 1. ca momydeHu rpaaueHTHU nepgiayopnoiauMmepau BiakHa (PF-GI-
POF), B xouto 3aryoute ca Hamanenu 10 50 dB/km B nuamazona 650-1300 nm. TeopeTudnusT
MUHHUMYM Ha 3aryoutre B TakoBa BiakHO ¢ okoso 10 dB/km. CnenBamara mnepcrieKTHBHA
pa3paboTKa € Ch37]aBaHEeTO Ha MUKPOCTPYKTYPHPAHO KYXO MOJTMMEPHO ONTHYHO BJIAKHO [9].

KoeduuueHTsT Ha 3aTUXBaHE C€ OMpEAETs OT Pa3CeiBaHETO M MOTIIBIIAHETO HA CBETIMHATA
BbB BllakHaTa. Pa3ceiiBaHeTo Mo)ke Na cTaBa OT HEeIHOPOAHOCTHTE Ha Marepuaia, OT 00eMHU
neeKTH, KaKTO W Ha TpaHUIaTa ¢ OOBUBKATA WJIM HA W3XOJHUTE MOBBPXHOCTH Ha BIAKHOTO.
3aryOute, 00yCIOBEHH OT T€3M MEXaHU3MH, 3aBUCAT OT TEXHOJIOTHUATA HA IPOU3BOJCTBOTO U MOTaT
CIJIHO J1a C€ HaMaJsAT MpU HeiHata ontuMm3anus. [[ombIHUTETHN 3aryOM BHACAT NMPHUMECUTE U
(byHIaMeHTaIHOTO noribinade. OT BHITIEBOOPOJHUTE MOJMMEPHHU BIIaKHA Hal-MaJIKU 3aryOu nMa
nonuMeTwiMerakpuiatHotTo (PMMA). To uma nBa pabotau mpo3opena okono 570 M u 650 nm.
Bb30yknaHeTo Ha BIIAaKHOTO Ha Te3W BBIHM cTaBa ¢ eBTUHHM cBeroawonu (LED) m uepBeHnm
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MTOJTYITPOBOTHUKOBH J1azepu. BucokoTo 3aTuxBaHe (B MOMEHTa MUHUMYMBT € okojio 70 dB/km)
OrpaHUYaBa pPa3CTOSHUETO 3a MpeaaBaHe Ha MHOpMaLKs B TakoBa BiakHo 10 100 m.

AmMopduuTe nepdiryoprnonmmepu uMaT criekTbp Ha nporyckane 600-1300 nm, a 3aryoute ca
no-masiku ot 50 dB/km. CHukaBaHeTo Ha 3aryOuTe 4YyBCTBUTENIHO yBEJIHYaBa JajiedMHATa Ha
Bpb3KaTa. Pa3nuuHuAT quana3oH Ha paboTa Ha BIAKHOTO ITbK MO3BOJISIBA U3I0JI3BaHE HA MO-EBTHHO
o0opyBaHe, KOETO Bede € pa3paboTeHo 3a KBapIoBo onTuyHO BiIakHO (800-1300 nm).

PF-POF mnpu gpmkuna Ha BbaHata 1300 nm BHacst 3aryom mox 20 dB/km, mpu 800 nm
3aryoure ca nox 30 dB/km, a nmpu 650 nm te ca 1o 60 dB/km. Munumanuute 3aryou, moixy4eHu
MpU TO3U TUI BiakHa, ca mpu 1300 nm — 15 dB/km nipu teopernuen muaumym nox 1 dB/km. Tesn
pesynaTtatu obade ca 3a BiakHa ¢ guamerbp 100-150 pm [3]. CpaBHeHHE Ha CHEKTpUTE Ha
MOTITBIIaHE HAa U30POEHUTE MO-TOpe MOJIMMEPHU ONTHYHH BIaKHA M CTHKJIEHUTE, KakTo U Ha SMF
TaKoBa € MoKa3aHo Ha ¢wur. 2.

10 000 g — ;
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) | |

{\ / A ) Heyrepumiino
£ Vi PMMA =
= - A . E—
S N p’ V
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S ~ . |
© \ \ ' 4
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@ur. 2. CiexTpy Ha MOTTBIIaHe MIPH Pa3INYHU ONTHYHH BIIAKHA

[ToBeuero POF nmaTt 0OMKHOBEHO CThIAJeH NpoQui Ha Mmoka3aTens Ha npeuynsane (SI). B
paboTHUS IMana3oH TO3U BHUJ BiaKHA padOTAT KaTO MHOTOMOJIOBM M MMAaT Hail-malka JIEHTa Ha
nponyckane. TSAXHO MpeIuMCTBO € JiecHaTa u3paboTka. MarepuaabT Ha ChpPLEBUHATA U PA3IUKUTE
MeX1y KOe(pUIIMEeHTUTE Ha IPEeYyIBaHe ChPLIEBUHA/00BUBKA BIUSAT BHPXY JICHTaTa Ha MPOIyCKaHe
Ha BJIAKHOTO. BiakHO c JIBycThIaleH Npodusl Ha IMOKa3aresis Ha HpedynBaHe (IO3BOJISABAILO
OrbBaHE IIPU MOHTAXKa MIPU MAJIKH 3ary0OH) € ¢ MO-TsCHA JICHTa Ha MponyckaHe. Bropara ontuuecka
o0OBHBKa o0Oe3reyaBa Mo-e()eKTUBHO HACOUBAHE HA CBETJIMHHUS CHOIl B y4acTbKa Ha OTr'bBaHe, a
BbTpEIIHAaTa OOBMBKA, KOSTO € C IO-MajJbK IOKa3aTeJl Ha IMpedylnBaHe, HaMalsiBa MOJOBAaTa
mucnepcusi. [lo-HaTaThIIHO pa3lIMpeHHe Ha JIEHTaTa Ha MPOIyCKaHE CTaBa BB3MOXKHO Ype3
koHcTpyupane Ha POF ¢ mskonko cwpueBuHu (Multi-Core), koeto Moxke Aa Obae ¢ €IHO- WIH
IBycThIANIEH Npodui Ha TMOKazareias Ha mnpedynBaHe. Haii-mmpoka JeHTa Ha MNpPOMyCKaHe
ocurypsBa rpaauentHoto (GI) BiaakHO ¢ mapabosindeH mpodui Ha MOKa3aTelst Ha MpedyylBaHe.
MakcumanHo mupoka JeHTa Ha npomyckaHe € nocturHara npu PF-GI-POF Bnaknara. Ilpu
apixuHa oT 100 m TakoBa BIakHO ocUTypsiBa ckopocT Ha TpaHchep 10 Gbit/s.

[TonuMepHOTO ONTHUYHO MHOTOCTBIIATHO BJIAKHO o0e3leyaBa MMOYTH ChlaTa JIEHTa Ha
MPOIYyCKaHe, HO € MO-MPOCTO 3a u3padboTka. CpaBHEHUE HA JIGHTaTa Ha MPOIYCKaHE 3a BJIAKHA C
€/IHaKBa IbJDKMHA U pa3IMYeH AU3aiiH, KOUTO ca U3paboTeHH OT paziuueH MarepHall, € MOKa3aHo
Ha ¢ur. 3.
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@ur. 3. JIeHTa Ha POITyCKaHEe HA BJIAKHA OT pa3InYCH MAaTEpUaIl U C pa3indeH NpoQui Ha IpeuyIBaHe.

Mogen Ha JioKajHa onTUYHa Mpeka Ha ocHoBata Ha POF e npennosxen B [6]. Tol peanusupa
eBTUHA 3-kaHaiHa WDM cucrema 3a npenaBaHe Ha JJaHHU, ayJIM0 U BUAEO CUTHAI IO IOJUMEPHO
PMMA BnakHo ¢ nbmkuHa 5 m /dwur. 4/.
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®@ur. 4. brok-cxema Ha mpocta POF-WDM ontrana Mpeka

Csernuunan uztounui ca LED ¢ paznuuen uBar. M3nons3Bar ce MylITHIIIEKCOP U CIUTUTED 3a
npenaBane Ha Ethernet (manHu), Bumeo W ayamo Ha 3 pa3IUYHU OBDKMHA Ha BBIHATA Ha
cBeTMHaTa: choTBeTHO 470 nm (cuns), 510 nm (3emena), 665 nm (uepBena). [IpuemHunmre ca
CHIIULIMEBU (HOTOMOTH.

3. 3akaouenue

[Tonacrosimem POF ce mpumarar 3a ympaBieHHE Ha TPOU3BOICTBEHH TPOIECH H B
aBTOMOOWJIOCTPOEHETO. THpPCEHETO MM HapacTBa W c€ IHUKTYBa OT HYXIUTE Ha KaHAIUTE 3a
npeaaBaHEe Ha AOaHHHU, 3alllUTCHU OT CMYILICHHA. POF ca wmHoOrO ImoaxoadaAmu 3a TaJIBaHUYHO
pasjensHe Ha YIpaBisSBAIlld M HUCKOCHTHAJIHH YCTPOWCTBA OT MOIINHA araparypa ¢ BHCOKO
HanpeXKeHUE — eJCKTPOKEHH, PEHTTCHOBH amapaTtu, 000pyaBaHe 3a HOHHO Jerupane. Te3u BlakHa
MPEACTABISIBAT OCOOCH HWHTEpPEC 3a aBTOMOOWMJIHUTE WHOBalMH. PaboTh ce 3a 3HAYUTEITHO
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HaMaJIsIBaHE HA LIEHUTE Ha TpaHcUBBpUTE 3a mmHata MOST, KakToO M yBeJIWYaBaHETO CKOPOCTTA U
Ha TpaHcdep ot 25 Mbit/s na 150 Mbit/s. Pazpaborenu ca nBa HoBu Buaa POF aBTOoMoOMIHM
mpexu (ByteFlight, Flextray), kouto ce HyxmasaT ot choTBeTHa amaparypa. B CAIl u Smonus
aBTOMOOWJIHUTE (PUPMU IIAHUPAT BBBEXKAaHE Ha cucTemHu, padoremu Ha ckopoctu 400 Mbit/s u
cranaapt 3a 1sax — [D-1394. Pa3zpaborenurte eBTHHU TpaHCHBBPH 3a aBToMoOmIHaTa MOST mpexa
U JAPYTd ONTUYHHU EIEMEHTH MAacOBO IIe C€ W3MOJ3BAT 3a MU3rPAXKIAHE HA JOMAIIHHU U JIOKAJTHU
Mpexu. Mankurte pa3mepu, TErjio, YyCTOHYMBOCTTa HA yJapu W BUOpaIuH, BHUCOKAaTa CKOPOCT Ha
npelaBaHe Ha JaHHU I[IOCTaBIT BBIpoca 3a HaBiu3aHero Ha POF BBB BOEHHU MPOEKTH H
aBuanusTa. Pa3paboTBaT ce BllakHa, yCTOWYMBU HA BUCOKU TeMIepaTypu U Heropumu takuba. POF
ca MEepCIeKTUBHU 3a TOJIeMH LIEHTpoBe 3a 00paboTKa U MpeaBaHe HA JaHHU U 3a CheIMHSBAHE Ha
rpyna ChbpBBPH U CYNEPKOMITIOTPU. T€ KOHCYMHUPAT MO-MAJKO €HEeprus OT MEAHHUTE Kadenu mpu
pabora. 'omemu kommioThpHH (upmu kato Hampumep Intel, m3cienBar BB3MOKHOCTUTE 3a
M3MO3BaHe HAa ONTHYHA IMWHA Ha ocHoBata Ha POF 3a oOMeH Ha NaHHUW C JbHHATA TUIATKA Ha
KOMIIOThpa. ONTUYHUTE HIMHU MOAABP)KAT IMO-BUCOKM CKOPOCTH Ha OOMEH OT aHaJOTUYHHTE
CIEKTPUYECKH H JICCHO C€ WHTETpUpaT B IeyaTHATa IUIaTKa M aKTHBHATA EJICKTPOHUKA.
KoHcTpykTOpHTE aKTHBHO TBHPCIAT BB3MOXKHOCTH 32 IIOJ3BAaHE HA ONTHYHU CHEAUHEHUS B
CUCTEeMHHTE IUIATKA HAa KOMITIOTPH, MAapIIPyTHU3aTOPH, MPEBKIIIOYBATENH, TMaMETH U JIp. THIIOBE
CJIEKTPOHHH MOJIYJIM, KaKTO M 3a CBBbpP3BaHE Ha MOMYJIHM, CTOMKH U BB3JIM B LIEHTPOBETE 3a
o0paboTka Ha JaHHHU.
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N3CJIEIBAHE HA TPOU3BOAUTEJTHOCTTA HA KIIBCTEPHA
CUCTEMA IIPU U3ITBJIHEHUE HA BUPTYAJITHA MALINHA

Hensn X. CbpmoB

Pe3rome: CpmiecTBYyBaT MHOXKECTBO 3aJayM, PEIIABAHETO HAa KOWUTO IIOCTaBsl BHCOKHM HM3MCKBAHHSA KbM
MPOM3BOJUTEIHOCTTA HA CHCTEMara. [paJullMOHHO Pa3XOAHO-¢(DEKTUBHHUTE DEIICHHS CE€ CBBP3BAT C
peanu3anys Ha KITbCTEPHU CUCTEMH. B Ta3u cTatus e u3cieBaHO U3MEHEHHETO Ha MPOU3BOAUTEITHOCTTA Ha
KJIIBCTEpPHA CHCTEMa, MPHU KOSITO BB3IUTE HA KIbCcTepa ca peann3upanu B Host onepammonna cucrema (OC),
JI0KaTO HATMYHUAT cOPTyep Ha KOMIIOTHPA CE U3MO0I3Ba MOCPEICTBOM BUPTyalHa MalllnHA.

KirouoBu gymu: kiberep, BUpTyaiiHa MaiuHa, tuHyke, OpenMPI, KVM, NAS parallel benchmarks

Study of performance of cluster system in implementing the virtual machine
Delyan H. Sarmov

Abstract: There are many problems, resolution of which places high demands on system performance.
Traditionally, cost-effective solutions are associated with the implementation of cluster systems. This article
studied climate performance cluster system where the nodes of the cluster are implemented in the Host
operating system (OS), while the available software on the computer is used via the virtual machine.
Keywords: cluster, virtual mashine, linux, OpenMPI, KVM, NAS parallel benchmarks

1. YBox

[lepconannure KoMmmiOTpu padotat moj ympasieHuero Ha OC. Beska morpeOutencka
OTIepallMOHHA CUCTEMa € TIOJJIO’KEHA Ha PUCKOBE IO OTHOIIIEHHE Ha CHTYPHOCTTA M CTaOMIIHOCTTA,
B 3aBUCHMOCT OT HW3MOJ3BAHUTE MPHUIOKECHUS M MPEKOBH yciayru. Moke 1a ce Kaxke, 4e
MTO3HAHMATA M ONHTA Ha IOTPEOUTENsI, pabOTENT Ha Hesl, CHIIO € BaXKEH (paKTOp 3a CTAOMITHOCTTA HA
cucremara. [Ipu peanuszamus Ha KIIbCTEp TPsIOBA 1a ce OTUETAT Te3U (HAKTOPH U J1a C€ MUHUMHU3HPA
pHICKa OT TPEIIKH B M3YHCICHUATA, MPEAN3BUKAHNA OT CHOWTHS B MOTPEOUTENICKAaTa ONEPaMOHHA
cucrema. C HapacTBaHe Ha Oposi Ha BB3IUTE B KIbCTEpPAa MPOMOPIIMOHATHO C€ yBeIWYaBa M
BB3MOKHOCTTA 3a TPEUIKH TOpaad HempaBWiHAa paboTa Ha MOTpeOHTEeNCcKaTa OIepalioHHa
cucrema.

3a nma ce MHUHHMH3HpA BB3MOKHOCTTA OT TPEIIKH, TPEAW3BHKAaHM OT paboTrara Ha
MOTpeOUTENCKaTa CUCTeMa, € U3I0JI3BaHa M30JIallisl Ha HUBO OMepallioHHa cucteMa. biarogapenue
Ha OBP30TO pa3BUTHE HA BUPTYaTHHTE MAalIMHU BEUYE CHINECTBYBAT MHCTPYMEHTH, C KOUTO TOBA
MOke na Obae mocturaaro. HeoOxoammo € aa ce u3cienBa MPOM3BOAMTEIHOCTTa HAa KITBCTEPA,
KOTaTO YacT OT XaplyepHHs PECypC € 3aeT C U3ITBIHEHUETO Ha BUPTYyaHa MallIiHA.

2. U3ao:xenune

[Ipu wmsrpaxkmane Ha KiabcTepa ce u3noi3Ba GNU/Linux B KayecTBOTO Ha oOlepalmoHHa
cucrema Host. M360pbT ce motuBupa ¢ Heobxomumoctra OC na mpuTexaBa MHCTPYMEHTH 3a
KauyecTBEH KOHTPOJI Ha HaTOBapBaHETO, HACTPOWKAa M MOHMTOPUHI Ha cucremara. HeoOxomumust
coryep 3a m3rpaxknaHe Ha KIbcTep ¢ u3mon3BaHe Ha MPI chimecTByBa M € ONTUMH3UpaH 3a
m3non3Bane moj ympaienne Ha GNU/Linux [1]. He e 0e3 3Hauenwe u (uHAHCOBAaTa CTpaHAa.
N3nonzeanero Ha OC ¢ OTBOpeH KOJ MO3BOJSABA Ja CE CIECTAT CPEACTBA 3a 3aKyllyBaHE Ha
JUIEH3M, KOUTO ca HeoOxomumu mipu komepcuanmaute OC. GNU/Linux moxke jecHO aa Obie
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ajanTupaHa 3a MHCTaJalUs Ha MPEHOCUMO BBHINHO YcTpoilctBo. Hammuen e codryep 3a
BUpTyaJIM3alus, C KOWTO MOXE Ja C€ CTapTupa OIEepallMOHHATa CUCTEMa, WHCTajJupaHa Ha
CTaHJIAPTHOTO JUCKOBO YCTPOMCTBO, KaTO Hall-4€CTO TOBA € TBBPAUSIT JIUCK.

Ha ¢wur. 1 e moka3zaHna cTpykTypaTa Ha €IHAa KOMITIOTBPHA CUCTEMa, KOSITO pealn3upa Bb3el
or kibcrep. Ilpu HeoOXoAMMOCT Ja ce M3MOJ3Ba KOMIIOThpa 3a HYKIUM H3BBH KIbCTEpa,
copTyephT Ha KOMITIOTHPa MOXKeE JIa Ce U3MOI3Ba MOCPEACTBOM BUPTYaTHA MaIlIHHA.
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ﬁ
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®@ur. 1. brok cxema Ha equH KOMIIOTEP 0T MPI-KiTbCcTep B BUPTYIIHA MalTiHA

B cnenpamuTe eKCriepuMEHTH ca U3MOJI3BaHU 16 €IHAKBU ABYSIPEHU KOMIIOTHPHU CUCTEMH
¢ 4 GB onepatuBHa mameTt. BupTyanHara MammHa € KOHQUTYpUpaHa 1Mo CJICTHUS HAUWH:

Ta6smna 1. [Tapamerpu Ha BUpTyaqHaTa MalllHa

[lenTpasien npouecop N3non3Ba ce peasiHus POIEcop, OT KOMTO 3a
BHUPTYaJIHAaTa MaIlIMHA € 33JIEJIEHO IBPBOTO SAPO.

OneparrBHA MAMET 2 GB

BIOS SeaBIOS Bepcus 1.7

Buneoxapra VGA compatible controller: Red Hat, Inc.

3BYKOB ajantep Intel 82801AA AC97

IDE xoHTponep IDE controller

JIMCKOBO yCTPOUCTBO [lenusT TBHPA AUCK € MPEIOCTaBEH HA BUPTYyallHATA
MaIIMHA 33 MOHOIIOJIHO M30JI3BaHE

MpesxoBa KapTa Virtio network controller

Or Tabnuma 1 ce Bwxaa, ye 3a BUpPTyaJHAaTa MallliHA € 3aJeJIeHa MOJOBHHATa OT
orepaTHBHATa IaMET, KOATO MPUTEXKaBa peaTHUAT KOMMIIOThpP. OT LEHTpaaHHUs MpoLecop ce
M3II0JI3Ba IBPBOTO SJIPO, HO TpsiOBa na ce oTOenekH, 4e MpOorpaMu KaTo Vvirt-viewer u spice
MPUTEKABaT €JIEMEHTH, padoTel Ha peaaHus KOMOIOTHp. [0 TO3M HaYMH HEU3MOJI3BAaHOTO OT
BHUpTyaJHaTa MalllHA PO ce HaToBapBa 10 12%. O0moTo HaTOBapBaHe Ha IBYSAPEHUS IPOIECOP
e 56%.
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B cnenpamus exciepument OC, paboTelia BbB BUPTyaIlHa MalllMHA, C€ HATOBApBa JI0 CTETICH
Jla U3M0JI3Ba MAKCUMAJTHUS 3aJI€JIEH 3a Hesl pecypce. 3a LeNTa Ce CTapTHPAT HIKOJIKO MPUIOKEHUS,
paboTemy eTHOBPEMEHHO:

® TIOTOYHO BHUJEO — 32 HATOBapBaHE HAa MPEKOBATA BPb3Ka U BUJIEO MOJICUCTEMATA;
e glxgears — HATOBapBaHE Ha BUEO MOJCUCTEMATA;
e komwmpane Ha manka ¢ 150 000 ¢aiina — 3a HaToBapBaHE HA AMCKOBATA MOJICUCTEMA;

e Super Pi — mporpama, KOSTO HW3YHCISBA T C TOYHOCT A0 32 MIUIMOHA 3HAaKa CIel
necetuuHus pasnenuren. IIporpamara ce n3nonssa 3a HaroBapBaHe Ha LlII BbB BupTyanHara
MammHa 10 100%.

W36poeHuTte mporpaM ca CTapTHPAaHH BHB BHPTYAIHHUTE MAIIMHU Ha 16-Te KOMMIIOTHpAa,
M3IIOI3BAaHU KaTo BB3JIU B KiIbcTepa. 1Ipn Te3u ycinoBus ca M3IBIHEHHU TECTOBETE 3a U3MEPBAHE Ha
MIPOM3BOIUTEIIHOCTTA Ha KI'bCTEpa C paboTelia BUpPTyallHAa MallMHA. 3a CpaBHEHUE ca JaJCHU
pe3yaratuTe 6e3 BKIIOUYEHa BUPTyaJlHA MalIMHA.

2.1. [Ipou3BOAMTEJHOCT HA IUCKOBATA MOACHCTEMA

Tabémmua 2. Pesynraru Ha bonnie++ 6e3 VM u ¢ Bkitouera VM

ITocnenoBaTeneH 3ammc IlocenoBaTenHo ueTeHe ThpPCEHE

CumBosn 0JI0KOBE Mpe3arnmuc CHUMBOJIH 0JIOKOBE

K/sec | % K/sec | % K/sec | % K/sec % K/sec | % K/sec | %

CPU CPU CPU CPU CPU CPU

oe3 23420 | 26 22541 | 3 12822 | 1 103186 | 100 | 47439 | 5 2209 |0
VM
c 13955 | 15 11778 | 1 6951 |1 64831 | 67 29812 | 12 1224 | 0
VM

Kakro ce Bmwxkaa or Tabmuna 2 mpou3BOIUTETHOCTTa HA JUCKOBATa IMOJCHCTEMAa HamalsiBa
3HAYUTEIIHO NpU BCHYKM onepauuu. LlsutoctHoTOo HaroBapsane Ha LI m BxomHO-W3XOAHATa
CHCTEMa BbB BUpTyaJHaTa MallllHa OKa3Ba BIMAHUE BbpXY pe3ynratute B Host OS.

2.2. MpexoB TpaHnchep

Ta6auna 3. [Ipon3BoIUTEITHOCT Ha MpEKOBaTa MOJICHCTEMA M3MepeHa ¢ netperf

Recv Socket Send Socket Send Message Elapsed Throughput
Size bytes Size bytes Size bytes Time 10”6bits/sec
87380 16384 16384 10,34 94,14

87380 16384 16384 10,25 94,04

3a BpeMeTo Ha W3MbIHEHHEe Ha netperf BbB BHpTyajHaTa MalllMHa ce HaOJI0faBa cmaja B
CKOpOCTTa Ha MpEXOBUs TpadukK. 3a ochlecTBIBaHE Ha Bpb3ka Mexay Host OS u Guest OS ce
M3M0JI3Ba MOCTOB HHTEp(eiic, B koiTo 3asBkuTe Ha Host OS umar npuoputet. Kakto ce Bmxnaa ot
pesynratute B Tabmuia 3, ckopocTTa Ha MpexoBata Bph3ka B Host OS He ce BiHsie ChIIIECTBEHO OT
paboTaTa Ha BUpTyaJlHaTa MallllHa.

2.3. CxopocT Ha onepanuy ¢ ONepaTuBHATA MaMeT

LleHTpasHUTE MPOLECOPU Ca MHOTO MO-OBP3M OT KOHTpOJIEpa Ha MaMeTTa B KOMIIOTHPHU
cucremu. [Iporpammre dYecTo ca OrpaHHYCHH B OBP30JCHCTBHETO CH OT TPOITyCKaTeIHaTa
CIOCOOHOCT Ha ITaMEeTTa Ha CHCTEMara, a He OT U3UMCIIUTENIHA IIPOU3BOAUTEIIHOCT Ha MPOLECcOopa.
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B TO3M TecT ckopocTTa Ha omepanuM C OIepaTHBHATa NaMeT ce M3MepBa C Iporpamara
stream. [IporpamaTa e crenuagHO MpOEKTHpaHa Ja pabOTH C MAacUBU OT JaHHHU, MO-TOJIEMH OT
HAJINYHUA KEUI Ha KOSITO U J]a € CUCcTeMa, TaKa ue pe3yJITaTUTE /1a ca MOKa3aTe/IHU 3a U3IIbJIHEHUETO
Ha TPUIOKEHUs, 00paboTBanIM BEKTOpU. Pe3ynTarurte, KOMTO ce M3BEXKIAT, Ca 3a YETHPH TUIA

onepanuu [2]:

a(i) = b(i) - Konmupane (Copy) oT enHa kierka Ha mamerTta B Apyra. O6paboTBat ce O610KOBE

oT 16 Oaiita OII;

a(i) = q*b(i) - Cxanmupane (Scale), mpu KOETO KOMMMPAHUTE CTOMHOCTU CE€ YMHOKABAT C YHCIIO.
O6paboTsart ce 610koBe OT 16 Gaiita OII;

a(i) = b(i) + c(i) — Cymupane (Sum), KbJAETO CTOHHOCTTA Ha KJIETKATa Ce MoJydyaBa KaTo CyMma
Ha CTOWHOCTHTE Ha JIpyrH JBe KieTku. O6padboTsat ce 6iokoBe ot 24 6aiita OII;

a(i) = b(i) + q*c(i) — Oynkmusara Triad koMOMHUpPA ONEparMUTEe CyMHUPAHE M CKaJUpaHE.
Oo6paboTtsar ce 6;10k0Be 0T 24 Gaiita OIL.

B Tabnuma 4 u Tabnuma 5 ca W3HECEHU CTAaTHUCTUKUTE OT TecTa stream, mpoBeneH 0e3 U ¢
M3MOI3BaHe HAa BUPTYyaTHA MAIlIMHA.

Tab6mmua 4. Pesynratu ot Tecta stream 6e3 u3non3sane Ha VM

OyHKIUA Ckopoct (MB/s) CpenHo Bpeme MuHuManHo MakcumaiHo
(cexyHam) BpeMe (CeKyHIH) | Bpeme (CeKyHIIN)
Copy 2757.4830 0.0117 0.0116 0.0122
Scale 2795.7367 0.0116 0.0114 0.0121
Add 3020.7900 0.0160 0.0159 0.0161
Triad 3075.3317 0.0157 0.0156 0.0158
Taoauuna 5. Pesynrtatu ot TecTa stream ¢ u3nons3Bane Ha VM
OyHKIUA Ckopoct (MB/s) CpenHo Bpeme MuHrManHo MakcumaiHo
(cexyHam) BpeMe (CeKyHIu) | Bpeme (CeKyHIIN)
Copy 1999.6384 0.0169 0.0160 0.0177
Scale 1988.6759 0.0169 0.0161 0.0193
Add 2375.0586 0.0215 0.0202 0.0236
Triad 2399.6590 0.0209 0.0200 0.0215

ITpu 16 OaiiToBU OJOKOBE MaMeT pe3yiTaTUTE MPH W3IOJ3BaHE HA BUPTyaJHA MalllMHA ca
3HAYUTEITHO TO-HUCKU B CPaBHEHWE C M3IOJ3BaHETO Ha 24 0alWTOBM OJOKOBE MameT. TecThT €
MOKAa3aTeJIeH 3a OIpeessHe Ha cnabocTuTe B cucreMara. L{eHTpamHusT mpoiecop 3ama3Ba BUCOKA
MIPOM3BOJIUTEIIHOCT CJI€]] CTAPTUPAHETO Ha BUPTyajHaTa MAllllHA, TOKATO (PYHKIIMHUTE U3IOI3BAIIN
CaMO oImcpanuu C OoncparuBHATA MAMCT MMOKA3BAT CPABHUTCIIHO HUCKHU PC3YJITATU. C YBCJIMNYaBaHC
Ha TEXECTTa Ha BXOJHO-U3XOJHHMTE OINEpallid B TECTOBETe ce HaOiMogaBa BJOLIABaHE Ha
MPOU3BOJUTCIIHOCTTA.

2.4. TectBaHe Ha KJIbcTepa ¢ u3noja3Bane Ha NAS Parallel Benchmarks

TectsT NAS Parallel Benchmarks e u3nbiiHen ¢ mpo6iem oT Ki1ac A mMocliefioBaTenHo Ha 2, 4,
8, 16, 32 saapa. Ot durypa 2 go ¢urypa 9 ca mnpeacraBeHH TpaduuHO pe3yaTaATUTE OT
M3IIBJIHEHUETO Ha BCAKAa €HAa OT TECTOBUTE MporpamMu BKIoueHa B kimac A Ha NAS Parallel
Benchmarks. TecroBere ca u3mbiiHeHN ChC M 06€3 BKIIIOUEHA BUPTyaJIHA MAIIIAHA.

1 2013
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HatoBapBanero Ha LeHTpaiHus npoiecop goctura 56% 0e3 cTapTUpaHEeTO Ha U3YHCICHUS B
KIbcTepa. B pesynrature, obaue mpu HUTO eHA OT M3IBIHEHUTE NMPOrpaMH HE ce HalmonaBa
MOHIKEHUE Ha Mpou3BoguTenHocTTa ¢ 56%. Camo npu tecroBetre EP, MG ce nHabmtonaBa psi3ko
MOHMKCHHUC Ha MPOHU3BOAUTCIIHOCTTA MPH BKIIIOYBAHC HAa BUPTyAJIHA MAlllMHA. Te3u TecTtoBe ca
CHeIMaIHo pa3pabOTEHH Ja U3BJIEKaT MaKCUMyMa OT Bb3MOXKHOcTUTE Ha mapanenHna BIIC [3.,4], vo
AOPU U MPU TAX MPOU3BOAHUTCIIHOCTTA € HAJl OUaKBaHATA. B ocranamuTe TecToBe KaTo Harmipumep
CG, IS u SP, npou3BOAUTETHOCTTAa HAMAJISIBA B 3HAUUTEIIHO MMO-HUCKHU TPAHULIH.

3. 3akaiouenue

B®3 ocHOBa Ha MPOBEACHUTE EKCIIEPUMEHTH MOXe Jia ce 000011H, 4e KIIbCTepHaTa cucTeMa
3ama3Ba paboOTOCIOCOOHOCT cjel BKIOYBAaHE Ha BHUpTyaidHa MamuHa. HartoBapBanero Ha
LEHTPAJIHUS TPOLIeCOp OT BUPTyallHaTa MalvHa AocTura 56%, T0KaTo OCTaBamloTo MPOLECOPHO
BpeMe 3a Kibcrepa € 44%. B 3aBucMMOCT OT TecToBaTa Iporpama pe3yJlTaTUTE MOKa3BaT
MIPOU3BOIUTENHOCT B MHTepBana 47-87%, cupsaMo pe3yaratute 0e3 M3MOJI3BAaHE HAa BUPTYyalTHA
MamHa. HaGmronaBa ce moBUIIEHO OMOJI30TBOPSIBAHE HA LEHTPATHUS MPOIEcOp, U3Pa3sBaIlo ce B
pe3yiaTaTy, HAAXBBPIIIM pas3nonaraeMusi pecypc. HeoOxoauMu ca TOMBIHUTENTHH H3CIEIBAHUS
Ha BIMSHHUETO Ha M3MOJ3BaHusI MeHU KB Ha mporiecu (Completely Fair Scheduler) [5,6], kakTo u
u3cieBaHe Ha MPU3BOAUTEIIHOCTTA MIPH YIIOTpeda Ha aNTepHATUBHU MEHUDKBPU Ha MPOLECH.
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KBAHTOB KOHCTPYKTOP

Huxonaii Paitues, Enena B. PaueBa

Pesrome: Ta3u cratus ce ¢okycupa BbpXYy pealm3alusaTa Ha KBAHTOB KOHCTPYKTOP 32 CBCTaBSHE H
U3IIBJIHEHWE HA I'bBKaBM KBAHTOBH CXEMHU U alroputMu. MscienBaHeTo moka3Ba passIM4HU OIEpallMOHHU
B3aMMOBPB3KH, KOUTO MOTaT Ja ObJIaT KJIAaCHYECKA CUMYTUpyeMu. [IpuioKeHneTo u3mo3Ba MajlbKk KBAHTOB
perucTpsp, ¢ pazmep a0 14 krobura. To3u eKCIepUMEHT MMOKa3Ba Kak OOLINTE MHCTAHLIMHU Ha JaJeH IpodiieM
Morar fa ObIaT KOJUPaHU B JIECHO NMPHIOKUMHU reiitoBe. OCHOBHATA LeJ € Ch3AaBaHETO Ha M300pakeHM,
KOHUTO MOraT Jja IIOMOTHAT 3a pa30upaHeTo Ha KBAHTOBUTE BEPUI'H U MOXKE OM 1€ IIOCIIyKaT KaTo I'paJuBeH
€JIEMEHT 3a T€HEPUPAHE Ha HOBU KBAaHTOBH alTOPUTMH.

KirouoBu gymu: cumysnaiysi, KBaHTOBU aJITOPUTMU, U3UUCIUTEIHA MOIIHOCT

Quantum Constructor
Nikolay Raychev, Elena V. Racheva

Abstract: This paper focuses on new realization of an simulation on implementation of quantum circuits.
The research shows various concatenations and other circuits to be classically simulatable. There is a new
approach into solving problems using quantum resources. It is referred to a small quantum register up to
about 14 qubits. This experiment shows how the general instances of the given problem can be encoded into
an easily applicable gates. Its main intention is to create images — images which may help to learn and
understand quantum circuits, and which perhaps will serve as building blocks for inventing new quantum
algorithms.

Keywords: simulation, quantum algorithms, computation

1. BLBeaenue

MMa HSKONKO MPUYHUHU, TIOPAJAX KOUTO KBAHTOBHTE KOMITIOTPHU TPsOBA Ja OBAAT MPOyUYEHHU.
[IbpBO, KBAaHTOBHUTE HM3YMCIEHHUS CKOPO I€ CE€ MPEBbPHAT B PEBOJIOLMOHHO HOBA TEXHOJOTHS.
KBaHTOBUTE KOMMIIOTPH IIe OBAAT 3HAYUTEIHO MO-OBbP3U OT KIIACHYSCKUTE KOMITIOTPU Ha HAIIETO
Bpeme. HoBuTe TeXHOJIOTMU BHUHArM MpejiaraT HOBH MEpPCHNEKTHBH, KOUTO Ca CBbpP3aHHU C Haii-
I00pUTe MHTEIEKTYaJlHH Pecypcd Ha OOIIECTBOTO M ca KIIOYBT 32 YCTOMYMBO pa3BUTHE HaA
Haykara. KBanTtoBn kommioTpu ¢ peructbp ot okomo 1 KQ (1000 xroburta) mie morar na
nemudpupar 3a KpaTko BpeMe BCEKH aKTUBEH NyONMYeH K04 Ha BCSKa KJIacH4YecKa
kpunTorpadcka cucrema. Peanuzanusara Ha KBAHTOBUTE KOMITIOTPU MOXKE J1a MPOABIKUA €IHO WU
MOBEYE JIECETWICTUSI U J1a HAlpaBU KBAaHTOBOTO M3YHUCIICHHE MPOOIeM (KaKTO M HAMUPAHETO Ha
pereHue, ThH KaTo Tpemjiara HoBa KpunrTorpadus!) 3a eJeKTpoHHATa THProBus Ha GupMu u
pasy3HaBaTeNHU CiyXOu. ToBa € MKOHOMHYECKHM M TOMUTHYECKH (DAKTOp, KOUTO € OT TOJISIMO
3HaueHue. Jlpyra mnpuynHa 3a CH3AaBAHETO HA KBAHTOBM KOMMIOTPU Ca TEXHHUTE HAy4YHU U
TEOPETUYHH acreKkTd. KBaHTOBHTE KOMIIOTPU MOTaT Ja M3MBIHSABAT POJIATA HA JTAOOpATOpHH 3a
M3Clie/IBaHe Ha KBaHTOBUTE epekTh. Beska dhyHkms Moxke ga 0b1e mpoydeHa 00CTONHO, Thid KaTo
KBaHTOBUTE M3YMCJIEHHMS CE€ OCHOBABaT INIABHO BbpXY: "KBaHTOBOTO omiuTaHe", mpu KOETO ABa
OTJENIHU KIOOUTa MoraT Aa ObJaT MpUBEIEHU B 00Ila CyNepro3ulius, Hapu4yaHa 3aruiutaHe. AKo
aTpuOyT Ha elHa OT YacTHIHTE OBbJe M3MEpeH (HampuMep, HETOBOTO 3aBbPTaHE), CIE] TOBAa aKo
Jpyra 4dacTulia UMa oOpaTHa CTOHMHOCT, Oe3 3HayeHHe KOJIKO Jajied ca Te, M3MEpPBAHETO Ha
CTOMHOCTTa Ha NPOMEHJIMBATa MOXXE Ja OBbJe HAIBJIHO HEONpPEIeNeHO, Clel KOEeTO Te ca
aHTUKOpenaTuBHU. ToBa siBIIeHWE € OWJI0 TPOTHBOPEUYUBO, MOPAJAM OTKPUTHETO HAa AMWHINAWH U
HeroBute kojiern Ilogmoncku u Posen [l], kouto ca cmsiTanu, 4e ca HAMEPUIU HEBH3MONKHO
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CJIEICTBME Ha KBAaHTOBaTa MEXaHWKa M MO TO3M HayMH Ja ce Qammuduippa KOHTpanpuMepa Ha
Ta3u Teopus. ToBa sBJIEHHE € OWMJIO JEMOHCTPUpAHO ekcrepuMeHTanHo mpe3 1980 roguna. B
JHEIIHO BpeMe MOYTH HUKOW HEe Ce ChMHSBAa B PEaJHOCTTA Ha 3aINIMTAHETO, HO (UIOCOPCKUTE
nocJeuIM Bee omle He ca sicHu. KakBo ca kBaHToBuTe m3uncineHus? Knacndyeckara nHpopmanus
0a3upa OuTa camo Ha JBE BH3MOXXHU CTOMHOCTH, JJOKATO KBaHTOBaTa MH(OpMAIUs CE 1M030BaBa Ha
KIOOWTH: KIOOWTHT AmpOKCUMHUpPA KOHIENIUATA, Thil KaTO TOW MOXKE HE caMO J1a ChABbpKa IBE
croitHocTH 0> 1 |1>, a CcBIO Taka U ""cynepno3unuuTe” oT TsX, T.€., BEKTOPHU CyMH KaTo 0> + |1>
wi | 0> - | 1>. ToBa e paguKagHO HOB JIOTHYEH METOJI, HAITBIHO HEMO3HAT MpHU KIacHyecKaTa
oOpaboTtka Ha wH(popmarusa. Tol naBa BB3MOXKHOCT 3a HOBH BHJIOBE JIOTHYECKH aJTOPUTMHU,
paboTey 3a KBAHTOBUTE PETUCTPH, KaTO MOJPeIeHN KOJEKIUU OT HAKONKO Ktobutu. [logo6HO Ha
KJIACUYECKOTO M3YHCIIsIBaHEe, CHINECTBYBA YHHBEPCAJICH HAOOp OT €JIEMEHTapHH TeidTOBE, KOWTO €
JOCTAaThYEH Ja 3aJ0BOJM BCUYKUTE HH H3YUCAUTENHH HYx au [3]. CraHmapTHa TEXHHKA B
MPOEKTUPAHETO Ha KBAaHTOBH AJTOPUTMH € M3MON3BaHETO Ha Oracle omeparop 3a pa3urpaBaHe Ha
(dazosa kickback onepanmst [2].

BhIpekn de M3YMCIIEHUETO Ha IslaTa BEpUTra KBAHTOBU QJITOPUTMHU MOXKE Ja ObJe MHOTO
HEKJIaCMYeCKO, TO BXOABT M M3XOABT TpsiOBa Aa ObJaT KiIacHM4ecku neduHupana wHOpMaIus,
Koaupana oT OutoBe [4]. ToBa e OueBHAHO, 3alIOTO HCKaMe aJrOpPUTMH 3a pelIaBaHe Ha
BBIIPOCUTE, HO pasnojaraMme ¢ "Kiacuuecku'" METOAH, 3aTOBa C€ HyXJIaeM OT uHpopmaius B
KJacudecka (hopMa, Thi KaTO caMO TOBa OTrOBaps Ha HAIIMTE BBIIPOCH. 32 Ja TOIYyYUM PE3YITaT,
Ha M3X0/1a Ha KBAaHTOBUSI PETUCTHP TPsIOBa J1a ce HalpaBu U3MepBaHe. To € eMUHCTBEHUSAT HAUUH /12
ce moxy4u uHpopMalus OT KIacu4ecka KBaHTOBa cucteMa. J[a 0000muM: KBAaHTOBUSAT KOMITFOTHP
“Ma OUTOBE KaTo pecypc, TOH paboTH ¢ KIOOUTH, U JaBa OMTOBE KAaTO M3XOJICH PE3yJITar.

2. ITocTaHOBKA Ha 3a/7a49aTa

Llenta Ha TOBA M3CJEBAHE € J]a C€ HANPaBAT KOHKPETHU U U3PUYHU €IEMEHTH OT KBAHTOBHUTE
W3UYUCIICHUS, KOUTO TUIHMYHO C€ TPETHpaT KAaTO CHEIUAIHU CIy4yau U M3KIIOYeHHs: 00001eHn
OIIepaToOpH M KOJHMpaHe Ha KiIacudyecka nHpopMmanus BbB (azaTa Ha KBAaHTOBH ChCTOsIHUS. [lo To3H
Ha4yuH IIe ce pa3paboTu OOI KBAaHTOB KOHCTPYKTOP 3a paboTa C KBAaHTOBH BEPHUTH, KOWTO IIIE CE€
XapaKkTepu3npa ¢ pelIeHusITa Ha cIeIHUTe (QYHKIHU:

1. Bupryanusupano o06o00IieHNe Ha €IWHUYHU KIOOMTOBH M KOHTPOJIMPAHU OIEPATOPH,

0a3upaHy Ha BUPTYAIM3UPaH €AMHUYECH KIOOUTOB OIIEpaTop.

2. XapakTepu3WpaHe Ha €JEMEHTAapHU OIepaTopyd Karo JWHEHHAa KOMOWHAIMS OT JBa

JOTUYeCKH 0a30BU omepaTopa.

3. Mepapxus OT elneMEHTAapHH (a30BH ONEPATOPH 33 N KIOOMTOBH IPECMSTAHHMSL.

Xapaktepusupane kato OynaeBH (pyHKIUU Ha ABOMYHA HHPOPMALUs, KOJUpaHa KbM (a3oBOTO

MIPOCTPAHCTBO Ha N KIOOUTOBH CHCTOSIHUS UPE3 €IEMEHTApHU N KIOOUTOBHU OIEPaTOPH.

5. OcHOBHMTE T'PaJUBHH €JIEMEHTHU 32 W3rPAXIAHETO HA OOLIM N KIOOUTOBU OMNEpaTopu OT

BUPTYaJIU3UPAHUTE ONEPATOPH U pas3LIMpsBaHe Ha uaenuTe 3a (ha30BO KOAUPAHE U JEKOAUpPAHE

KBM TE3H CJI0KHHU OIIEPATOPH.

Benuku pazcexaeHus U pe3yaTaTH i€ MpeoCTaBAT COIMIHA OCHOBA, HA OCHOBAaTa Ha KOSATO
7a ce rpajsaT ObJIeIIN U3CIEABAHNS B 00JIACTTa HA KBAHTOBUTE M3YHCIICHHUS.

3. TeopeTn4uHH OCHOBH

OcHoBaTa Ha KBAaHTOBUTE M3YMCIICHUS HE € byneBa jioruka, a KBaHtoBa joruka. Kem 1HemHa
JaTa BCE OINE HsAMA IMOIXOJSANI0 KBAHTOBO-JOTHYHO IPECMATAHE CPaBHUMO C KIACHYECKOTO
npecMmsTane Ha byneBa anre6pa. Mima Haif-Manko /Be ChIIECTBEHH PaziIHyuus MEXIy KBaHTOBaTa U
OyneBara joruka. EMHOTO OT TAX €, 4e BCEKHM KBAaHTOB Iporiec TpsOBa na ObAaT oOpaTtum, T.e.
BXOJIBT M M3XOABT TpsiOBa BHHATH Ja CHOTBETCTBAT €JHO3HAYHO enuH Ha npyr. [lo-cmemwmanto,
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OposT Ha BXOJHUTE W M3XOJHHUTE KIOOMTH TpsiOBa /a ObJe paBeH, JokaTo Mpu byresara loruka e
BB3MOJKHO HAJIMYMETO Ha JBa BXOJHM OWTa M CaMO €IWH H3XOJcH. B ICHCTBUTEIHOCT, BCHUKHU
OCHOBHU JIBOMYHH omepainuu Ha bynesara anre6pa ( , , 7, XOR, NAND, NOR, ...) ce onensBar
2-1, KoeTo 03HauaBa, ye T€ HEe ca 0OpaTUMHU B JEHCTBUTEITHOCT, Thil Karo equH 0=0 1=0 0
= (0, HIMa Ja MOXE Ja ce HampaBu M3BOJ OT pe3yiarara "(0", KOWTO Aa MOKa3Ba CTOMHOCTUTE HA
BXOJIHUTE OuTOBE. J[pyra pasnvka MeXIy KBaHTOBaTa U byneBara joruka €, 4e KBAHTOBUTE U3X0U
Morar Jia mpeoOpa3yBar eqHa KioouToBa ocHoBa {| 0>, | 1>}, B apyra, Hanpumep {| 0>+ | 1>, | 0> - |
1>} , a BeKTOpHaTa OCHOBa MOXe€ Ja C€ NPOMEHsS OT OTpaKeHUs WM 3aBbpTaHus [6]. Tosa
CBOMCTBO € HEBB3MOXKHO B OysieBaTa JIOTUKA, KBJIETO BCSIKA OIepanus ce TpaHchopMHUpa B €IHA OT
nsere croitHocT 0 uiu 1. C qpyru nymu B OyseBa JIOTHKAa OCHOBAaTa HUKOTa HE CE€ IPOMEHS.

4. Kro0uTH 1 reiToBe

KioOutsT € KBaHTOBa cucTeMa, B KOsTO OyneBu croitHocTn 0 M 1 ca mpeacTtaBeHH KaTo
OTIPENICJICHN JIBOMKM HOPMAaJM3UpaHd ¥ B3aUMHO TICPICHIUKYJISIPHU KBAHTOBH CHCTOSHHS
osnauenn karo110):11)} . Jigere cwerosmus oOpa3yBar ,,M3YMCIIUTEIIHA OCHOBA“ U BCSKO JAPYTO
(uncTo) chcrosiHME Ha KIOOWTa MOXKe Ja ObJe MPEACTaBEHO KaTo CYMEpPHO3UIIUS @|0) + 5[1) 34
HsKOM o 1 P Taka, 9e | o | *+ | B | ? = 1. KioGUTBT € THUIHYHA MHKPOCKOIMYHA CHCTEMa, KATO
HaTpuMep aToM, SJIPEH CIHH WK nojspusupad GotoH. Konekuus ot n KIoOUTH ce Haprya KBaHTOB
peructep ¢ pazmep mn. TpsOBa ma mpuemem, ye MHPOpPMALUATA CE CHXPaHsSBAa B PETHCTPUTE B
neonuHa Qopma. Hampumep, YucioTo 6 € MPEACTaBEeHO OT pPETrHCThpa ChC CHCTOSHUE

|1ﬁ ® |l) @ |D) . ITo-xkommakTHaTa HOTAaIUsA: |rl} 3aeMa MACTOTO Ha

Gp1) @ |@n-2) ... |a1) @ |ao) | gppero @ €101} g NpE/CTaBIABA KBAHTOB DPETHCTBD ChC
0 1 n—1

croitmoctn @ = 2 @o+27ar + ... 27 Tan g Nma 2" CcbCTOSHHMA OT TO3M BHI, KOUTO

NpEICTABIABAT BCHUKK JBOWYHHM HU30BE C JbDKMHA 7 uid gncia ot 0 go 2" - 1 u te oOpasysat
yao0Ha nzuncnuTenta 6aza. Kakro ciensa @ © {0,1}" (a e mIBOWYEH HU3 C IBJDKUHA 1), TIPEIIToara
ce, ye |%) mpuHAmNERH KbM U3UUCINTENHATA 6a3a. 10 TO3M HAYMH KBAHTOB PETUCTHP C PazMep OT
3 k1o0uTa MOKe J1a ChbXpaHsABa TPH UHIAMBHIyaTHH YHCIa, KaTo Hanmpumep 3 win 7,

0) @ [1) @ 1) = |011) = |3), (1)
1)@ [1) e 1) =111) =|7), )

HO PETUCTBPHT MOXKE Oda CbXpaHsABa ABC OT TAX CIHOBPEMCHHO. 3aH_IOTO, AKO B3€MEM IIbPBUA

KIOOUT U BMECTO J1a € 10} g | 1) MOATOTBSAME CYTIEPITO3HIIHS 1/ V2 (10} + [1) 3, clIed TOBa HUE
ToJTy4aBame:

(10} + 1) @ [1) ® [1) = —= (J011) + [111)), = — (3} + [7)).

V2 V2 V2 (3)

BebiHocT MOXeM Jja MOATOTBUM TO3U PETHCTHP B CYNEPIIO3ULIMS HA BCHUKUTE OCeM LUDPH -

TOBA € JOCTATHYHO, 32 JIa TOCTABUM BCEKH KIOOUT B CYTEPIIO3ULIUS 1,"\6 (10) +11))- Toga JaBa
1

oy o L o L _
ﬁilﬂ)+|l))(:>E(lo)Jrll))@v—@(lO)Jr|l)).

4)

KOETO MOXe I1a ObJIe IBOUYHO
\DDO} + \001) + \010) + |011} + |1EID) -+ \101} + \110) + \111}. (5)
WJIN B IECETHYEH BUJ KATO |D> + |1> + |2} + |3} + |“L} + |5} + |G} + |T}1 (6)
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7
D o).
WIM TIPOCTO KaTo ==l Ta3u moAroToBKa, KAKTO M BCHUKH APYr'HM MaHMITYJAIlMM HA KIOOWTH,
TpsiOBa Ja ce W3BBPIIBAT OT YHUTAPHH ONEpalu. A KBAaHTOBUAT TEHT € YCTPOWCTBO, KOETO
U3IIBJIHABA (DUMKCUpaHa €MHHA OIepalys Ha M30paHu KIOOUTH B OIpENeNIeH IEepUO] OT BpeMe.
N3xoauTe Ha HAKOU OT IEUTOBETE Ca CBbP3aHU KbM BXOJOBETE Ha Apyrure. PazMepbT Ha Mpexara
MpeACTaBIsIBA OPOST HA TEUTOBETE, KOMTO ChAbpka [S]. Hali-uecto cpemaHusT KBaHTOB T'eHT €
TO3W Ha Xajaamaprt [7], eAMH XaJaaMapToB T'eHT M3BBPIIBA €AMHUYHA TpaHC(hHOpMaIlHs, U3BECTHA
KaTto XamamapToBa TpaHncopMmanus. Ts ce onpenens KaTo

1 -':/ l \II
B=—=\1 /) 2 (=1)%| 2} + |1 - 2)
Ya\ / (7)

Martpuriiata Ha U34rcIuTeNHaTa 0a3a {10,

I
—

—

k

J')} " OCUTypsABa CXEMATUYIHO MMPCACTABAHC Ha

reifira Ha XamaMapT, KOWTO JeiicTBa Ha KIOOUT B ChCTOSTHUE |T> , x=0,1.
5. Cumyaarop

KBaHTOBUAT KOHCTPYKTOp € Java mpuioKeHue 3a CUMYJIMpaHe Ha KBaHTOBA MEXaHUKa, ChC
CHeIHalieH aKIeHT BbPXY KBAHTOBUTE KOMIIOTpH. CUMynaToOpbT mpejyiara GyHKIIMOHATHOCTH 3a
MPOEKTUpaHE U U3MbJIHEHNE Ha KBaHTOBH BepurH. LlenTa Ha KBaHTOBUAT KOHCTPYKTOD € Ja ce Jaje
BB3MOXKHOCT 32 Pa3BUTHUE U JIGMOHCTpPAIMM HA KBAHTOBH alroputMmu. Jlpyra OCHOBHa men €
CH3/IaBAHETO HA M300PAKEHUS U 110 TO3U HAYHMH — M0-100p0 pa3dupaHe Ha KBAHTOBUTE MTPOIIECH.

CpIlo0 Taka KBAaHTOBHUSAT KOHCTPYKTOP Mpeasiara BB3MOXKHOCT Ja €€ HMIUIEMEHTHUpAT U
U3MBJIHAT I'bBKAaBU KBAHTOBU AJNTOPUTMM, WM KBAHTOBH CXEMH Upe3 BHU3YaJIHO-OPHUEHTHPAHO
MpeACTaBsHE.

Bb3 ocHOBa Ha MPUHIMINTE HA KBAHTOBAaTa MEXaHHKA, KBAHTOBUAT KOHCTPYKTOP OCHUTypsiBa
MPUJIATAaHETO Ha KBaHTOBH peructpu. OCHOBHU OIEpally 32 MAHUITYJIUPAHE HA PETHCTPUTE, KaTo
reiita Ha Xamamapn uinu C-NOT reiita ca IOCTBIIHM 4Ype3 JIECEH 3a HM3IMOJI3BaHEe HHTEpeiic.
N3mepBanusaTa MoraT Ja ce HW3BBLPIIBAT HA CAMHWYHU KIOOWTH WM BBPXY LETHS pa3Mep Ha
peructbp. OCBEH MPWIOKEHHETO CH KaTO KBAaHTOBA M3YMCIUTENHA TEXHHUKA, KBAHTOBUST
KOHCTPYKTOP ChHIIO Taka € B CHCTOSIHUE Jla M3YMCIM BPEMETO Ha E€BOJIIOLMSATA 3a MPOU3BOIHHU
XaMUWITOHUAHH, BKIIIOYUTEIIHO HA TaKMBa, KOUTO ca HE3aBUCUMHU OT BpeMeTo. ToBa ce mpaBu upe3
YHCIIEHO MHTETpUpaHe Ha ypaBHeHUeTo Ha llIpronunrep. M34ncnsBaHneTo Ha BPEMETO 33 €BOJFOIHS
€ Bb3MOJKHO Upe3 TOYHA JUaroHanu3alys Ha He3aBUCUMUTE OT BPEMETO XaMUJITOHUAHUTE.

XapaKTepUCTUKU:

e BpemeBata eBOMIOIMS U3MON3BA JUArOHAIM3AlMs OT YETBBPTU pPEJA, BKIIOUUTETHO

ONTHMU3ALINHU 32 OTKBCICYHH XaMUJITOHUAHH.

¢ Bp3MoyKHA € UMyIalnus Ha IPOU3BOTHA KBAHTOBU AITOPUTMHU.

e lHTerpupana qeKOXEpEeHTHOCT 3a PeaTUCTUYHU KBAHTOBH M3YHCIICHUSI.

e nTerpupan popmanusbM 3a IUTBTHOCTEH OTIEPaTop.

¢ Bb3mokHOCT 3a peanuzanuu Ha pakTopuHr anroputrbMa Ha Lllop u anroputbma 3a ThpceHe

Ha ['poyBbp[27].

6. KBanToBa apuT™MeTHKA U (DYHKIIMHU 32 OllCHSIBAHE

ITpu KBaHTOBHTE KOMIIOTPU A00ABSHETO HAa BCSKA apUTMETHYHA omnepainus TpsOBa 1a Obie
BrpaJIeHO B eqMHUYHA eBorouus. Hue me ce npuabpxame kbM XagamapT U KoHTponupaHo-V (C-
V), u 1e ru u3noia3BaMe Karo IpaJuBHM €IEMEHTH 3a BCEKU APYr I'eWT U 3a paslIMpUTEIHH U
KBaHTOBU Pa3npocTpaHuTenn. Ako npuioxuMm C-V ueTupu mbTH MOJTy4aBamMe WAECHTHUYHOCT, TakKa
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4ye BCEKW Tpu cieaBamm mpwioxeHus Ha C-V me mamat odpatHoto Ha C-V[8], koero me ce
o3nauaBa C- V', Cera, ako umame aBoiika Ha C-V T'eiiT U HAKOJIKO reiita Ha XaaamapT, MOXeM Jia
mrpagum C-NOT, kakTo ciensa

S HOE b

1
|D}|D}_>|D)T(|[])+| )}_>|0}7(|0)+| }) = 10)10), @)
1
1) 1) 75100 +40)~ 1) \,uwun—\ | \,(\0)—\1})*“? ' 10)
1 .
D) = 11)—5(0) ~ il1)) ~ |1?\[(|0}—1| )= [1)]0). (11)

Enna onepanus Ha ktobut He Moxe aa ce u3BbpiBa upe3 C-NOT reit, ako KOHTPOIHHST

KIOOWT € HAacTpOeH Ha 1) ce BB3MpHeMa kaTo croMararened kioout. C-NOT redThT € MHOTO TO-
TPyJeH 3a u3rpaxaane ot eauH kiooutoB NOT. KoHcTpyknusaTa ce M34uciisiBa 1o clieHaTa MpeKa:

_—
P
fary

—
[
fuwy

— 1 HHV vi VHH—

[110) = |11) \[(\U)Hl)) \11) R0~ \10)7(\0)%\1)) ~[10) \[(\U)H\l)P

(12)
\11}\[(\0}+\1}) \11\[(\0} 2\1})=\11}7(\0}+\1}) —[111), )
. Lo
\111]'—1\11]'—.(.\0)—\1})*\11}—,5(\0}—1\1) \10} (\9}—1\1) \10} (\U} -ijt)) -
(14)
\11)[(\0) i) = \11)\[(\0)—%\1))—\11)\[(IU)+\1)) — [110). )

To3u re#T e ¢ ABa KOHTPOJIHHU KIOOWTa (MIbPBUTE IBE JTMHUU HA AMarpaMara) U eIUH KIOoOuT,

KOWTO € o0paTeH, caMO KOraTo JBeTe€ KOHTPOJU Ca B CHCTOSHHE D). A-NOT reiitst €
JIOTUYECKOTO ChEAMHEHHUE, OT KOETO MMaMe HY’KJa 32 apUTMETUKaTa. AKO IeJITa IbPBOHAYATHO CE

KOMIIOTHpHM HAYKU M TEXHOJIOTUH 1 2013 Computer Science and Technologies 87



YCTaHOBSIBA IIPU 10) | neitcrueTo e 00paTUMO U TEUT clel TeUT orepauusTa cTaBa JIOTUYHA U 32
JIBA KOHTPOITHU KIOOUTA.

T, _1?2> |O} — |2, .'1T2>

T N Tg) (16)
7. AJITOPUTMH M TAXHATA CJIOKHOCT

3a nma ce pemu naaeH mpoOieM, HE3aBUCUMO [ald KOMITIOTPUTE Ca KIACHYECKH WU
KBaHTOBH, T€ CJI€/IBaT TOUEH HaOOp OT MHCTPYKIIMH, KOUTO MOTaT Jia ce MpujiaraT aBTOMaTU4YHoO, 3a
Jla ce MOJY4YH peIICHHE 3a BCEKU €IMH MOMEHT oT mporeca. Crnenudukanusita Ha To3u HAOOp OT
MHCTPYKLMHU C€ Hapuya ajlroputrhbM. Bceku anropuThbm Moxe na Oblie MpeicTaBeH KaTo OylneBa
mpexka (N, Np, N3, ...), kpaeTo Mpexarta N, JeiicTBa 3a BCHYKH BH3MOXKHHU CIIy4al Ha BXOJ C
pasmep n Outa. UMame Hy)K1a OT €AWH alrOpPUTHM, MalllMHAa Ha TIOPUHT, KOMTO Ja mpeodpazyBa
BCEKH n B sBHO ommcaHue Ha N. Pa3smepbhT Ha KBaHTOBOTO mpeoOpa3yBaHe Ha XagamapT ce
yBenudaBa ¢ N, ¢ yBeIn4yaBaHETO Ha Oposi Ha BXOAHUTE KioOuTH. [pyr 100Bp mpumep ot cdepara
Ha MpEeXHTE € KBaHTOBaTa Tpancdopmarmus Ha Dypue ompeneneHa B M3UMCIUTENHATa 0a3a KaTto

YHHUTapHAa oIlepanus.
i’ - Qar
|y} s 2—11;2 ZE!:H yx .‘1T>_,
T (17)

Jla mpenmnosokuM, 4e MCKaMe Ja M3rpaguM TakaBa YHUTapHa eBoJouus Ha N KoOuTH .
MoskeM Ja 3alo4HeM ¢ €UH KIOOWUT, B TO3U ciydail TpaHchopmanusara Ha Dypue ce cBexaa 10
npujiarane Ha reiira Ha XagamapT. Cieq ToBa MOXKEM J1a B3eMeM JiBa KioOuTa 1 TpaHchopmarusra
Ha @ypue Moke Ja ce peain3upa ¢ JiBa XaJgaMapTOBU I'eiiTa U KOHTPOJIMpaHa MpoMeHinBa ¢a3a B
(m) momexxay uM. [lo To3u HaUMH MOXKEM Ja U3TPAdUM TPU M YETHPU KoOHWTa ¢ TpaHchopmaIusaTa
Ha Dypue, YUATO MpeXka U3TJISK/Ia Taka:

|0)—H] |0) 422 )
) ] 0)+ ¢4 1)
2 A 0) 4¢3
|23) [HF— |0)+ 22 |1)

H B(x) H B(x/2)B() H B(x/4)B(x2)B(r) H
3abeexka: UMa TpU pa3IuuHU BUaa Ha B (@) reiirose B Mpeskata no-rope: B (m), B (n/2) u B (n/4).

[oneMusT mpoOiieM Npu MPOSKTHPAHETO HA AITOPUTMHUTE HITH CHOTBETHUTE UM CEMEWCTBA OT
MpPEXH € ONTHUMAIHOTO HW3MOJ3BaHE Ha (DU3MYECKHUTE PECYpCH, HEOOXOJMMH 3a pellaBaHE Ha
npobaema. Ciio)XHOCTTa Ha TeOpHsTa UBa OT (akTa, ue TS C€ 3aHMMaBa C HEOOXOMMHUS Pa3Xxo]l Ha
HU3YUCIICHUA TTIO OTHOHICHUC Ha HAKOU OIPCACIICHU CICMCHTApHU OIICpalyr, U3IO0JI3BAHCTO Ha
MaMeTTa Wik pa3Mepa Ha Mpexa. AJTOPUTHMBT € Obp3 U e(PeKTUBEH, ako OpOsIT Ha EIEMEHTAPHUTE
oTiepaIiy 3a U3MbIHEHUE HEe Ce yBelndaBa Mo-0bp30 OT MOJMHOMHANTHATA QYHKIIHS 32 pazMepa Ha
BXO/JIa.

8. U3Boau M 3aKkjIoueHue

KoHCTpyKTOpBT 3a KBAaHTOBU H3YHUCIICHUS YCTaHOBSBa OOOOLIEHHE Ha MPUMUTHUBHUTE
KBAaHTOBH OIEPATOPH, MOJIXOAAIIM 3a ymoTrpeba NpH MPOEKTUpAaHE W aHalIM3 Ha KBAaHTOBHU
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M3YUCIUTEeTHH Bepurd. OCBEH TOBa TOW IMO3BOJISIBA MOJXOJ KbM KBAaHTOBUTE M3UYHCICHHS, MPH
KOWTO BCHUYKHU ONEPAaTOPU KOAUPAT IUCKPETHA, JBOWYHA WH(POpPMAIMs OTHOCHO CBHCTOSHUSATA,
BBPXY KOHMTO JICHCTBAT BB (ha3zaTa Ha pe3yliTara OT orneparopa. TakuBa KOAUPAHUS MOTaT J1a ObaaT
M3MOI3BAaHU CIIEJ TOBa KAaTO OCHOBA 3a TEHEpPHpaHE HAa MOJEIM HA W3YUCICHUS, €(PEKTUBHO
nexkoaupamu uHGOopMaIs, KOSTO Tpead ToBa € Owina KoaupaHa BBB (Pa3oBO MPOCTPAHCTBO.
Jlorukara B OCHOBaTa Ha KBAaHTOBHSI KOHCTPYKTOP CHIIO MPEIOCTaBs HIKOJKO HOBH CpPEACTBA 3a
00001IaBaHe Ha OCHOBHM N KIOOMTOBH OINEpaTOpH M KiIacH(pUIMpaHE Ha OIMEpPaTOPUTE 3a n
KIOOUTOBU BEPUTH.
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PA3BBUTHUE HA GPU U IOBUIITABAHE HA
HPOU3BOIAUTEJIHOCTTA C CUDA

Bennucnas Ilerpos, EMun @pencku, Jumutrbp Manosies

Pe3tome: Cratusra chappika 00001eHre Ha eBoirorusita Ha GPU apxuTekTypara - oT cieuu(uIHo Sapo,
¢ukcupana GyHKIUSI Ha Xapayepa, HalpaBeH 3a M3IbIHEHHE eIMHCTBEHO Ha rpaduku, A0 rojsiM Habop OT
napajielHd W NpOrpaMUpyeMH sapa 3a OO KOMIIOTHPHM H3uUMCIeHHA. B cratmara ce maBa m oOmia
IpeJcTaBa 3a Hal-BaXHUTE HayyHH oOnacTH, B kouto GPU MoraT na ObJaT M3MOA3BAaHU 332 U3UMCIICHUS C
o610 npennasHadenue. Hakpast cMe n30pany u KOMIIOThPHA KOHQUTYpALHs 3a HALIUTE eKCIIEPUMEHTH.
KirouoBu gymu: Mzuncnenus ¢ o0mo npegnasnadenue ¢ GPU, CUDA na NVIDIA.

Development of GPU, implementation of GPU for parallel processing
Performance with CUDA by NVIDIA

Ventsislav Petrov, Emil Frenski, Dimitar Manolev

Summary: The article contains a summary of the evolution of GPU architecture - from specific core fixed
function of the hardware designed to perform only graphics to a wide range of parallel and programmable
cores for general computing. The article gives an overview of the most important research areas in which the
GPU can be used for general purpose computing. Finally, we have chosen a computer configuration for our
experiments.

Keywords: General purpose computing with GPU, NVIDIA's CUDA.

1. YBox

Pa3BuTnero Ha rpaguuHUA Xapyep MO3BOJIsBA CHIIECTBEHO H3MEHEHNE Ha HAYMHA, [0 KOUTO
TE3W CHCTEMHU MOraT Jia Ce€ TMOJ3BaT 3a OO0 MPUIOKUMH MATEeMAaTUICCKH M3YHCIUTEIHN 3a[a4H.
Te3u pa3paboTku [OBEXJAT 10 PA3BUTHETO HAa KOHLEMIUATA 3a M3MOJ3BaHe Ha TpaduyHus
Xapayep 3a KOMIIIOTBPHU H3uucieHus ¢ oOmo npennasHayenne - GPGPU (General Purpose
Computation Using Graphics Hardware). Tasm KoHuenmus Mmo3BoJjisBa OBP30TO pEIIaBaHE Ha
MHOKECTBO CIIO)KHH TIOCJICIOBATEITHU QJITOPUTMH TIOJUICKAIM HA Tapayieln3anus, KakBUTO ca
oOpaboTkaTa U uiaTparusaTa Ha CUTHAINTE, KOMIPECHPAHETO HA BHUJICO, KPUNITOTPA(CKU aHATHU3,
CTAaTHUCTUYECKU WM3YUCIICHHS U APYrH alropuTMu oOpabOoTBAIlX €THOTHITHO TOJIEMHU MAaCHBH OT
JaHHH.

I'papuunusat npouecop (GPU) e ormenen mporecop, ONTUMHU3UpPAH 3a YCKOpsIBaHE Ha
rpaduuanTe m3uucieHus. GPU e mpoekTupaH crenuaaHo 3a MapajielHO W3IMBbJIHEHHWE Ha MHOTO
M3UYUCIICHHS C TUTaBallla 3areTasi, KOeTO € OT ChIIECTBEHO 3HaueHue ocoOeHo 3a 3D rpaduunoTo
penaupane. CbBpeMeHHUTE TrpaduyHU MpOIECOpPU Ca MAaCHUBHO TMAapajellHd U  HAMbIHO
nporpamupyemu. [lapanenHuTe W3YUCICHUS Ha ACWCTBHS C IJIaBalla 3areTas B ChBPEMEHHUTE
GPU ca oT nopsiabiiu m0-BUCOKH OT chiuTe U3BbpIieHn ot CPU [6].

[TspBOoHaYaTHO TpaUUYHUTE MPOILECOPU Ca MOJEIHPAHU, CICABANKHN HIesATa 3a TpadudHUs
kaHan. Toil e KOHLeNTyaJeH MOJAEN OT €Talu, Mpe3 KOUTO rpa@HUuHHUTE JaHHU MPEMUHABaT U
OOMKHOBEHO c€ M3MBJIHABA upe3 komOuHaius ot xapayep (GPU snpa) u CPU codryep (OpenGL,
DirectX). I'padbmunusar xanan tpanchopmupa koopauHata oT 3D mpocTpaHCTBOTO (YTOYHEHU OT
nporpamucta) B 2D mpocTpaHCTBO OT MHKCeNM Ha ekpaHa. ['padMyHHMAT KaHam BCBHIIHOCT €
"MmoroyHa JNWHUA" OT pa3IMYHUTE €Talu Ha OINEpaluuTe, KOWTO CE€ MpHiIarar 3a TPUBIbI-
HUIUTE/TTMKCEM ¥ MoTraT Ja ObaaT 00001meHu B ABa etana: ['eomerpus u Penabpunr. B Haganoro
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rpauIHE IPOIIeCOpH U3BBPIIBAT caMo PeHabpuHT erana B Xapayepa, a CPU ce u3non3Ba 3a reHe-
pupaHe Ha TpUBI'BIHULM, 32 1a MoraT GPU na ru o6pabotBar. Twit karo GPU Texnonmorusita ce
pa3BUBa, BCE MOBEYE M MOBEUYE eTanu OT rpaduunus KaHain ce m3mbiHsBaT oT GPU, ocB0oOOX-
naBaiiku nosede CPU [6].

I'paduunmsaT kanan (HapuyaH CBIIO W pEHACpUpAI] KaHAI) € MOJeN, KOWTO OIKCBa
pa3NIUYHHUTE CTHIIKU, HEOOXOIUMH, 32 a 00pabotu eana crena. Konuenmusra 3a rpaduuHus KaHasl
MOXe Ja ObJie CpaBHEHA ¢ MHCTpYKIMOHHUA KaHai mpu CPU. OtnenHuTe CTHIKHA CE W3BBPIIBAT
napajesaHo, HO ca OJIOKMpaHU JOKATO M TMOCJIeqHaTa CThIIKa He CBBbpIIM. EAuH onpocTeH Mojen Ha
(bukcupana pynkius) rpaduyueH kaHai € u300pazeH Ha ¢wur. 1.

[TpunoxeHneTo MpoMeHs CIleHaTa, HalpUMep pearupa Ha MoTpeOuTenckust Bxoa. KomnoHeHTHTE
Ha HOBaTa CIICHA Ce Mpernpamar 3a Tpancopmarus. [Ipu Ta3u cThIKa JOKATHUTE KOOPIUHATH HA
obexkTuTe ce TpaHchopmupar B riobajgHa KOopJauHaTHa cucTteMa. Kamepara e pas3moyioxkeHa B
ClleHaTa ¥ KOOpAMHATHATA CHUCTEMa ce€ Kopurupa KbM Hesd. [lo BpeMe Ha OCBETSBaHETO

Screen

Y

Rasterization = [Framebuffer

Y

Geometry

¥

IApplication

Y
Y

—= Transform »- Lighting Projection Clipping —

®@ur. 1: OnpocteH Mojaen Ha TpadUdeH KaHal

Ce M3YHUCIIABAT CTOMHOCTHTE Ha LIBETOBETE 32 BCHMYKH BBPXOBE, B 3aBHCUMOCT OT MO3MLHUATA HA
CBETJINHATa M CBOMCTBaTa Ha CHOTBETCTBAIIMTE TPUBIBIHULK. [lo Bpeme Ha cThIKaTa Ha
npoekuusta 3D cueHata ce HaHacs Ha 2D mpocTpaHCTBOTO Ha KapTuHarta. IIpe3 knumuHra,
HEHY>KHUTE IPUMUTUBU ce enuMHUHUpaAT. [Ipe3 crhhkara 3a pacTtepusanusi CKpUTUTE MOBBPXHOCTU
ce mpemaxBar (M3mon3Baiiku z-buffer aropuTsbm) U crieHaTa ce mpeBpbhIla B pacTepHa rpaduka upes
M3UYHUCIISIBAHE CTOMHOCTH 3a IIBETa Ha BCEKU MUKCET.

2. [ToxosieHus HA rpa)MUYHHUTE KAPTH

2.1. Iloxosenne 0

GPU xapayepbT M rpa@uuHHUAT KaHajl 3aroyBaT HaWCTUHA Aa ce odopmaT mpe3 1993 r,
korato SGI mycka cBosra Reality Engine mnatka 3a rpadguuna odpabotka [5]. MUmano e otaenau
IUTATKY ¥ YUIIOBE 32 MO-KbCHUTE (pa3u OT rpaduyHMs KaHal, HO Bee mak ce pazuutaio Ha CPU mpe3
bpBaTa My MojoBHHA. JlaHHUTE ca ¢ ¢uKcUpaH MOTOK Ipe3 Bcekw eauH eTan. KomOuHauus ot
,,eBTHH” Xapayep ¢ urpu karo Quake u Doom yckopsiBa pa3BUTHETO Ha ,,UTpajHaTa” UHIYCTPUS U
Bp3npuemaneTo Ha GPU [4]. Jlopu u ¢ Te3u rpaduyHu KaHAMM oOade, MbPBHUTE T'paQUIHH MPO-
LIECOPU BCE OIIE U3BEXkAAT caMO €IMH MUKCEN Ha TakT, KoeTo o3HauaBa, ye CPU m3mpama nmoseue
TpubrbiiHUI KbM GPU, oTkOoNKOTO TOM MOXKE nma oOpabotu. ToBa e moBeno 0 100aBSIHETO HA
noBeye rpadUuHN KaHaTU paboTeny napajeaHo (4 B KpaifHa cMeTKa 0 moBede rpaduyuHu spa),
Taka 4e J1a ce 00paboTBaT mapaieIHo MHOKECTBO IMMKCEIN Ha BCEKU €IUH TakT [4].

2.2. llokosenmue I
Kaprara 3dfx Voodoo (1996) e cumrtana 3a emHa OoT mbpBUTE€ UCTHHCKU 3D ,,redMbpcKku’

rpaduunu kaptH [9]. Camo 14 npeanara 3D yckopuTen, HO HHE BCe OlIe ce HyXaaeM u oT 2D
yckopuTten. Ts pabotu Ha PCI mmmnara. CPU Bce orie u3BbpIiBa TpaHChHOpPMAITUUTE Ha BBPXOBETE,
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nokato Voodoo ocurypsiBa eTanure: TEKCTYPHOTO pasmnpeneisHe (texture mapping), z-buffering, u
pacrepusanusra (rasterization).

2.3. lloxoaenne 11

ITpe3 1999 r, ca peanu3upaHu Beue TBbPBUTE KApTH 32 M3MBIHEHHETO Ha (ha3uTe B LENUs
rpaduveH kaHai (cera Beue U ¢ u3uuciaeHus 3a Tpancopmanus u ocsersenne) Ha GPU. C mosiBara
Ha GeForce256 NVIDIA u ATI Radeon 7500, Ha pa3monoxkeHue Ha MOTPEOUTENs ca IMBbPBUTE
MCTUHCKHU TpaduyHU [TPOLECOPH.

Ho 1999 r., tepmunbt "GPU" BCehbmuocT He chuiectByBa. NVIDIA BbBekIa TepMHUHA TIO
BpeMe Ha cTapTupaHero Ha Buaeokaprtara GeForce 256 [4]. ToBa mokojeHue KapTH € IBbPBOTO,
KoeTo u3noi3Ba HoBUs rpadudeH nopt (AGP) Bmecto Ha mmuara PCI, u npennara HoBu rpaduaam
¢byHKIMU B Xapayepa, KaTo HanpuMep MyJITH TEKCTypUpaHe, KapTH Ha OCBETEHOCTTA M XapayepHa
Tpanchopmarus Ha TeoMeTpusata W ocBemieHueTro [4]. [IeppBure Tpaduunm kKaHaMM ca OWIH
M3BECTHH KaTO KaHaMU C ,,(ukcupana ¢(yHKIHs", 3alI0TO €€l KaTo MPOrpaMUCTHT H3MpaTd
rpaguuHUTe NMaHHU KbM Tpaduunus kaHan Ha GPU, manHuTe HEe MOXE Ja ce mpoMeHAT [4].
Benpeku ue Taka oOpaboTkara € MHOro mo-Obp3a, OCHOBHHUAT HpoOieM ¢ (UKCHUpaH MOJEIN
(GbyHKIMS Ha KaHasa € JIMIIcaTa Ha ThbBKABOCT 3a rpadudHU €heKTH.

2.4. Illoxoaenue I11

Crnenpamara crbnka B eBomonusatra Ha GPU xapayepa € BbBEXKIaHETO Ha TPOrpaMUPYEMUTE
rpaduunu kananu Ha GPU. IIpe3 2001, NVIDIA nycka Ge Force 3, kosTo 1aBa Ha IpOrpaMUCTUTE
BB3MOXXHOCTTA Jla MpaBAT MpOrpamMH 3a dYacTUTe OT TpaduyHMs KaHajd, KOUTO ca Ouim ¢
»pukcupana ¢pynkuusa’ [5]. Bmecto na ce msnparar Bcuukute ganHud kbM GPU u te mpocrto na
MpeMHHAT Mpe3 uKcupanus rpaguueH KaHai, MPOrpaMUCTHT Cera MOXKe Ja U3MpPaTH Te3U JaHHU
3aeqHO ¢ BepTekc (vertex) "mporpamu" (HapeueHu shaders), kouto 06pabOTBAT JaHHHUTE, JOKATO ca
B rpaduunus kanan [5]. Te3u shader mporpamu ca manku sigpa - "kernels", nanucanu Ha shader
€311, TOJJOOHU Ha aceMOIep.

2.5. Iloxoaenue IV

Enna roguna mo-xbcHO, mipe3 2002, Ha ma3apa Beye ca II'bPBUTE HAMBIHO MPOTrpaMUpyEeMHU
rpaduuan kaptu: NVIDIA GeForce FX u ATI Radeon 9700. Te3u kapTu MO3BOJISBAT OMEPAIIHI
BBPXY MUKCETU C MPOTpaMUpPYyeMH BEPTEKCHU U MHKCEN (PpparMeHT) el Ippu, U MO3BOJSABAT 32
orpaHudeHa ynorpebda crnenupudHo ,,CBbpP3BaHe’ mapping Ha BXOJIHO-U3XOIHH OTICPAIMH C JIaHHU
[5].

ITpe3 2003 GPU 3anouBa ja ce M3MOJ3Ba 3a KOMIIOTHPHU HM3YHMCICHUS (TIPHUOIUZUTEITHO C
m3nu3aHero Ha DirectX 9) 3a He rpaduyHM AaHHU. 3amoyBar Ja ce MOABSIBAT M MOAIPHKKA Ha
TJIaBala 3areras U paslipeHa TeKCTypHa 00paboTKa B KapTHTE.

2.6. IToxonenue V

ITpe3 2004 r. GeForce 6 u Radeon X800 m3nu3ar Ha mas3apa u ca €JHH OT IbPBUTE KapTH 3a
n3non3Bane Ha PCI-Express muHara.

OtHocHO coryepa - 3anmouBar na ce nosBsBar GPU e3unin oT Bucoko HUBO KaTo bpyk u Sh,
KOUTO TMpenajaraT UCTHMHCKH YCIOBHOCTH M LMKJIM KAaKTO M JWHAMUYEH KOHTPOJ Ha TOTOKa B
LIEHABPHUATE MIPOTrPaMHU.

OT cTpaHa Ha xapayepa ce BbBEXKJAT MMO-BHUCOKA TOYHOCT (64-0MTOBa JABOMHA MOMJIPHIKKA),
MHoro Oydepu 3a penaupane, yenuueHa GPU namer u mosmy4yaBa 10CThI A0 TEKCTypute (¢ur. 2).

[5].
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Korato ce pasraexna rpadudHusAT KaHal 3a 00paboTka Ha rpaduka, TO TOW ChIbPKa MPOTpa-
MHUpPYEMO Vertex yCTpOIHCTBO, MporpaMupyemMo (parMeHT yCTPOHCTBO, TEKCTYPHO YCTPOHCTBO U
YCTPOMCTBO 3a IBJIOOUMHA - CpaBHEHUE/CMECBaHe - 3amuc Ha JaHHU. KoraTo ce pasriexa kaHaia
karo anrepHatuBa karo CPU (3a He rpaduunu npunoxenus), Ha GPU moxe 1a ce riena karo Ha
roJIIMO KOJIMYECTBO IMPOTrpaMUPYEMHM MOIIHOCTH C IUIaBalla 3ameTas W IIUPOKOJICHTOBA IMAMET,
KOSITO MOKE /1a C€ M3I0JI3Ba HA MHTEH3UBHU M3UUCIICHUS C NIPUIIOKEHMSI, KOUTO HE Ca CBBP3aHU C
KOMITIOThPHATa rpaduka. 3anouBa TeHISHIUS KbM nporpamupyemocT Ha GPU.

2.7. lloxosenne VI

[Tosieata Ha NVIDIA's GeForce 8 cepusita Bumeokaptu mpe3 2006 Oenexxu cienpamiaTta
cThiika B eBomonuaTra Ha GPU — npeacrassHe Ha GPU karo MacuBHO mapasneinHu mnpouecopu [S].
Apxutektypara Ha G80 (GeForce 8800) e mbpBara, KosTo UMa "yHUPUIMPAHHU", IPOTrPaMUPyEMU
shaders — T.e. HaTBJIHO MTporpamMupyeM yHUGUIIUPAH Tpolecop HapeueH Streaming Multiprocessor
(moroueH MyaTHOponecop) uaM SM, KOWTO ympaBisiBa BEPTEKCHUTE, NHMKCEJIHUTE U
reOMETPUYHUTE U3UMCIICHUs. BbBeeH € HOB TeoMeTpuYeH Melabp, A00aBsiiku MoBeye mnporpa-
MHUPYEMOCT IpU KOMOHMHHpaHE Ha BEpTEKC MIeWIbp M muKcen medappu. C To3u yHHUUIUpPaH
IU3aiiH Ha MIeWIbpUTEe, TPAIULMOHHUS MOJE] Ha rpapuyHUs KaHaj Beye € YHUCTO copTyepHa
abcrpaxiusi.

3a Ja W3MOJi3Ba TOBAa KadyecTBO Ha TrpadUYHUTE IMPOLIECOPU CE€ BBBEXAAa HOBHUAT €3HMK 3a
nporpamupane CUDA ot NVIDIA. He mHoro no-kbscHO ce cb3aBa u ATI Stream 3a ATI kaptu u
DirectX 10 3a Bcuuku kaptu (3a Microsoft Windows camo) [6].

Vertex Processing | ‘ |

Texture and |
Fragment Processing | i

| Fraamm Cmslzqr

Z-Compare
and Blend

®@ur. 2. GeForce 6 apxurektypa

2.8. IToxoaenune VII

Tennenmuara kbMm mnoBede CPU-momo6nm, mporpamupyemu GPU sapa mpoabsmkaBa c
BeBexIaHeTo Ha NVIDIA's Fermi apxurtekrypata. AHOHcHpaHa B kpast Ha 2009, HO peanusupaHa B
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Hayanoto Ha 2010, Fermi Bumeokaptute ca mbpBute GPU mpoexktupanu 3a GPGPU (General
purpose graphics processing unit) U3YHCICHUS, BHACIUKN (YHKIIUU KaTO: UCTHHCKA Hepapxus Ha
kemra, ECC, yHuduImpano aapecHO MPOCTPAHCTBO Ha IaMETTa, CIHOBPEMEHHU W3ITBIIHCHHS Ha
saaporo (kernel), mo-moOpa NPOU3ZBOAUTENTHOCT MPU HW3UUCICHHUATA C JIBOMHA TO4YHOCT [3].
Buneokaprara GTX480 Fermi uma o6mo 480 CUDA siapa (15 morounu myntumnponecopa - SM ¢
32 CUDA siapa Bcekn) [3].

2.9. IToxoaenune VIII

NVIDIA® Kepler - Hail-Obp3aTa u mo-e(pukacHaTa BHCOKONPOU3BOJUTEIHA KOMITIOTHpPHA
apxutektypa B cBeta (HPC). C HOBUTE KOMITIOTBPHH TEXHOJIOTMM M XapaKTEPUCTUKU TS €
NPWIOKUMA 32 HIMPOK KPbI OT HAYYHH H3YHCIUTEIHU TNPUWIOKEHHS M TpPaBH XUOPHUIHUTE
M3YHUCIICHHS TTO-ZIOCTHITHY 32 pa3padOTYHLINTE HAa PUIIOKEHUS M U3CIIeI0BATEIINTE.

SMX - [loctaBsi oBe4€ MPOU3BOIUTEITHOCT M €(PEKTUBHOCT Ype3 HOBUSI CHU U MHOBATHBEH
IIOTOYEH MYJITHUIPOLIECOPEH AM3aiiH, KOETO MO3BOJISIBA TOJISIM IPOLEHT OT MPOCTPAHCTBOTO Ja Ce
M3I0J13Ba OT MPOLIECOPHUTE SIJpa B CPABHEHME C yIpaBIsBaIaTa JIOTHKA.

Juuamuuen mnapanenu3bm - OmnpoctssBa GPU mnporpamupaneTo, KaTo MO3BOJISIBA Ha
MIPOrPaMUCTUTE MO-JIECHO Ja YCKOPAT BCUYKHU IApalesIHA BJIOXKEHU LUKBIIA, B PE3YydTaT Ha KOETO
GPU nuHamMH4HO pa3MHOKaBa HOBU HUIIKH B cebe cu, 6e3 1a ce oopbia kbM CPU.

Hyper-Q - Ilo3BoisiBa HSKOJKO siipa Ha Mpolecopa €IHOBPEMEHHO Ja M3MOJ3BaT €IuH
Kepler GPU, xoeTo apacTU4HO yBeIU4aBa MPOrpaMUPyeMOCTTa U €()eKTUBHOCTTA.

2.10. CiaenBaimm noKoJeHUus

ITpe3 mapt 2013 Nvidia anoHcupa HacneqHuKa Ha apxuTekrypaTta Kepler, a umenno Maxwell
apxutektypata. [Imanupa ce 1 nga ce nmosBu npe3 2014 [8]. ITak npe3 mapt 2013 Nvidia aHoHCHpa
4e kato HacneaHuk Ha Maxwell me 6b1e Volta apxutekryparta [8].

Maxwell apxutektypara, Hacnennuka Ha Kepler, me uma 3a npsB mbT uHTErpupadn ARM
npouecop (Project Denver). ToBa mie nanpasu Maxwell GPU mo-ue3zaBucum ot ocHoaust CPU.
OtnocHo Volta apxutekrypara, Nvidia eTHHCTBEHO pa3KpuBa HEHHOTO UME M CTIOMEHABa, Y€ TS I
uMma nogapenesa DRAM [9]. Ha ¢wur. 4 e nagena kaprata 3a pazsutuero Ha GPU Nvidia.

®@ur. 3. GPU Roadmap

3. Ob6saacTn Ha npuJio:keHue u codryep 6asupan Ha CUDA

[To-mony ca m30poeHW 4YacT OoT 00JIaCTUTE, KBJIETO MPOIECUTEe MOTaT Ja ObJaT yCKOpEHH,
n3nonsBaiiku CUDA napanennure nzuncinenus Ha NVIDIA Buneokaprure:
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ca:

* IIpaButenctBo & orOpaHa;

*  MonekynspHa TUHAMHKA, U3YUCIUTEIIHA XUMUS,;

*  buo-undopmarukara;

*  EnexTpoamHamuka v €JI€KTPOMarHeTU3bM;

*  Meaunuacku nzobpaxenus, CT, MRI;

*  JloOuB Ha He(T U ras;

*  (DuUHaHCOBM M3YUCIICHUS U LIEHOOOpa3yBaHe;

« MATLAB, LABVIEW, Mathematica, R;

*  ABTOMAaTH3allus HA MPOEKTUPAHETO B €IEKTPOHUKATA;

* IIporHo3upaHe Ha BpeMETO U MOJAEIUPAHE OKEaHa U IIPEHOC Ha 3aMbpCSBAHUS.
Hsikon oT Hali-nomyasipHUATE MPUIIOKEHUS, paboTel MHOTO O-0bp30, u3nonsBaiiku CUDA,

* GPUGRID.net e Novel aguctpuOyTtupaHa CyHNepKOMIIOTBPHA HH(PPACTPYKTYpa,
HanpaBeHa oT MHoro NVIDIA rpaduynu xapTé CheIUHEHH 3a€qHO, 3a J1a JajaT BUCOKa
IIPOU3BOIUTEIIHOCT Ha BCUYKH OMOMOJICKYJISIPHU CUMYJIALNH;

« NVIDIA u MathWorks cu chTpymnauuar, 3a na mamat momutHoct, ocurypena or GPU
m3uncnenusta 33 MATLAB norpebutenure. ToBa e HanmuuyHo oT Bepcusita Ha MATLAB
2010b. NVIDIA GPU yckopeHHETO TMO3BOJIsBA Ja C€ MOCTHTaT MO-0Bbp30 pe3yiaTaTuTe 3a
notpedutenure Ha Parallel Computing Toolbox u MATLAB Distributed Computing Server;

« LabVIEW GPU wu3uncnenusita pasrpbliar wu3uynciuTenHata wom Ha NVIDIA
rpadguaHUTE Tporiecopu npu u3noa3BaneTo Ha LabVIEW. MaTerpupan e koa, KOMTO N3BUKBA
GPU 3a n3uucnenus B coOCTBeHaTa napajnenHa cucrema Ha LabVIEW.

4. KomnorspHa kouurypauus 3a GPGPU

N30paxme ciemHUTE KOMIOHEHTH 3a KOMITIOThPHa KOH(HUTYpaIrus, MOAXO/SINa /1a YCKOPH

M3YHMCICHUATA TIPH 33/1a4M MOJUIeXaly Ha napaneiaHa oopadorka ¢ NVidia u CUDA:

Mainboard - GIGABYTE GA-Z87X-UD3H;
CPU - Intel® Core™ i5-4430 (6M Cache, up to 3.20 GHz)
Video card — PALIT GeForce® GTX 650 Ti BOOST OC (2048MB GDDRY5)

memory interface 192bit, Graphics Clock (MHz) Base Clock 1006MHz/Boost Clock
1072MHz, memory clock 3054MHz (DDR 6108MHz), CUDA cores 768, memory bandwidth
144.2GB/sec;

RAM - DDR3 4Gb, 1333MHz, A-Data — 2 6p, padoremu B Dual Chan-nel pexum - 06110
8Gb;

PSU - CFT-750-14CS CHIEFTEC (ITo-momHO me Obae mo-m100pe, HO MMa OrpaHHYCHHUE B
CpencTBara).

OCTaHaJII/ITC KOMITOHCHTH HEC Ca CBIIICCTBCHU 3a HpOIIyKTI/IBHOCTTa Ha cucremara.
5. 3akaodyenue

EBomorusta Ha GPU xapnyepa 10 TO3M MOMEHT NpeMHHaBa OT CHJIHO CHEIHM(DUIHO

eAMHUYHO sIIpo, ¢ GuKcupann (GyHKIUUA rpadudeH KaHA ¢ NPHIOKEHHE caMo 3a rpadudHO
peHaupane, 10 HaOOp OT MAacHUBHO MAapaJieIHd U MPOTPAMUPYEMH siipa 3a MOBEYE M3UMCICHUS C
o6mro npenHazHavyeHue. Cera apXUTEKTypaTa Ha MHOTOSPEHUTE TpapUUHU KapTH H3TICKAAT BCE
MMOBCYC M IIOBCUC KATO MHOIOAAPCHUTC MNPOHCCOPU, MU3IMOJI3BAHU 34 HUIYHUCICHUA C 0611_10
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npeaHa3zHaueHnue. B To3u acriekT Kepler apxutekTypara Moke a ce pasriexaa KaTo cucrema ot 15
IIpoLecopa, BCEKU OT KOUTO ¢ 1o 192 snpa.
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AHAJIN3 HA CUT'YPHOCTTA B GSM KOMYHUKAIUUTE

Antonms T. Tamesa, XKanera H. Tamea

Pe3ome: B crartusTa ¢ HampaBeH aHaiIW3 HAa OCHOBHUTE araku Ha no-cwiHus GSM mmdwsp AS/1.
Pasrinenanm ca mepBUTE peaTHH XapAyepHH pealn3allid Ha aTakW, IPEJCTABeHH B OOIIOAOCTHITHATA
muTepaTtypa. B pe3ynraTt Ha aHanw3a € HalpaBeH W3BOJ 32 HEOOXOIUMOCTTA OT JOMBIHUTEIHO KPUIITUPAHE
Ha uHPopmanuaTra B GSM KOMyHHUKAIIMUTE KOTATO CE MPeIaBaT YyBCTBUTECIHU U KOH(PUACHIIUAIHN JTaHHU.
Kuarouosu nymn: Kpunroananus, GSM curypHoOCT, KpUTITUPAHE.

Security analysis of GSM communications
Antoniya T. Tasheva, Zhaneta N. Tasheva

Abstract: GSM (Group Special Mobile) is the most widely used telecommunication system. Analysis of the
security of the stronger GSM cipher A5/1 is made in this paper. The first real FPGA hardware-based attacks
against A5/1 are examined and analyzed. A conclusion is made about the necessity of additional encryption
of sensitive and confidential information sent through GSM networks.

Keywords: Cryptanalysis, GSM Security, Encryption

1. YBox

I'moGannara cucrema 3a MoOmnHM KomyHuKamumun GSM  (Global System for Mobile
communications, mepBoHa4yasHo Group Special Mobile, 1982 r.) e Hal-MMPOKO H3MOI3BaHATA
cucreMa 3a MOOWIHM TeneoHHM KomyHUKanuu. CMsTa ce, 4e moBeye oT 3 Muimapja aboHaTH B
Leusl CBAT W3MOJ3BaT MOOWIHHM Tenedonn, Oasupanu Ha Tasu cuctemMa. GSM craHgapThT
neuHUpa ANrOpUTHM 3a YAOCTOBEpsSBAaHE, KAKTO M 3a KpHUNTHpaHe HAa AaHHUTE. OpUTHHAIHUSAT
kpurnrtupany mudsp AS/1 ce m3nomssa B EBpoma. C nien pasrpwinane Ha GSM u3pbH EBpona u
YIIOBJIETBOPSIBAaHE HAa M3MCKBAHETO 3a OrpaHMUYEHHE HAa M3HOCA, MO-KBCHO YMHIIUIEHO € pa3paboTeH
anroputbMa AS5/2 karo mo-ciad mudsp. [IbpBOHAYATHO MU3aMHBT M HaA JBaTa MH(BPa € OWI
IbpXKaH B TailHa, HO oOmIaTa waes € U3TeKina oT AHAEPCHH B Jokian npe3 1994 r. JluzailHbT Ha
nBara mmdbpa AS/1 u AS5/2 e usnsno npencraBeH ot bpudeno B 1999 [5]. Bennara cien toBa
cnabuar mudsp AS/2 e kpunroananusupat ot ['onnospr, Barnep u I'puiin.

B crarusra e HampaBeH aHaU3 HA CUTypHOCTTA Ha mo-cuiaHus GSM nmdwsp AS/1. Hludspst
€ IMHUPOKO aHAIM3UPAH OIIe ¢ M3THYaHETO Ha mHpopmarus 3a HeroBus aus3aiH [1, 4, 3, 8, 11].
MHOro OT TpeNIOKECHUTE MbpPBOHAYAHU aTaku cpenly A5/l Hukora He ca OWIM HaIbJIHO
MPWJIOKEHN W/WIM UM JIMIICBA MPAKTUYHOCT MPH KOHKpeTHaTa peanusanus. ExaBa B mocnennute
TOJUHU C MacOBOTO HaBJIHM3aHE HAa €BTHHU YHUIOBE C mporpamupyema joruka FPGA peamHoro
n3nbiaHeHne Ha GSM KpUnToaTakuTe € Bb3MOXKHO.

2. lInpbsp AS/1

AS5/1 e cunxpoHeH notoueH mwudbp. ['eHepupanusaT ot AS/1 KIOYOB MOTOK MOOUTOBO ce
CyMHpa C OTKPHUTHUSI TEKCT, NPU KOETO ce€ IMoJiydaBa KpHUNTOTeKCT. KomyHuKamusTa Mexmy
MobumHus Tenedon u 6azoBara cranius BS (Base Station) e pasnenen Ha kagpu, Bceku oT 1o 114
O6uta. 3a BCEKM KaJbp Ce IeHepHpa HOB KIIOUOB MOTOK. Bcuuku kanpu Ha equH TenedoHeH
pasroBop UMaT €IMH W ChIN Kitou Ha cecusita K = (ko, ki, ..., k¢3) € GF(2%), koiito ce obMeHs
Mexay mobwnHus Tenepon m BS B HawasoTo mpW ycTaHOBsIBaHE Ha pasroBopa. 22-OWTOB
nHunmanusupan; Bekrop IV = (vo, vi, ..., V1) € GF(2*) e YHUKQJIEH 34 BCEKUM Kaabp OT
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tenedoHHUs pa3roBop, HO IV e paBeH Ha 22-OMTOBUS IMyOJIMYHO WM3BECTEH HOMEp Ha Kagbpa FN
(Frame Number).

[udspsT AS5/1 ce cbcTOM OT TPU NMPEMECTBAIINA PETUCTHPA C JUHEHHU OOpAaTHU BPB3KH
LFSR (Linear Feedback Shift Registers) R, R, u R3; ¢ n1bkuHa choTBeTHO 19, 22 1 23 Outa (dwur.
1). OOGpatHuTEe BpPB3KM Ha BCEKH PETUCTBpP OTTOBapAT HAa KOCPUIIMEHTUTE Ha NPUMUTHBHU
IIOJINHOMM OT CTEIEH, €JHAKBa C AbJDKMHUTE Ha peructpute. CienoatenHo Bceku LFSR renepupa
MOCJIEIOBATETHOCT ¢ MaKCUMaJICH IMepuoja Ha moBTopeHue. Haii-ctapmmre OMTOBE Ha BCHYKH 3
pETUCTBpPA C€ CYMHUPAT IO MOJYJ 2 ¥ TEHEPHUPAT eIUH OUT OT KJIIF0UYOBATA IMOCIEIOBATEIIHOCT.

<t [ [[[ S [[[]]]]ol
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@ur. 1. Cxema Ha mudbsp AS/1

Peructpure ce TakTyBaT aCHHXpPOHHO, KaTO TAKTOBUTE CUTHAJIU HA BCeKH peructvp Ci, Cr u
Cs ce 3azaBar ¢ paBeHCTBaTa:

Ci=R[8], C; =R,[10] 1 C3 = R5[10]. (1)
Ha Bceku TakT ce u3umcisiBa OUThT M Kato (yHKIMS HA TPUTE TAKTOBU CHTHAJIA:
M=C,Cy + C1C5 + CyCs. (2)

Peructwvpst R, i = 1, 2, 3, ce TakTyBa, ako € C; = M, B mpoTHUBEH cllydail Toi ce cnupa. Ha
BCEKH TaKT C€ TaKTyBaT 2 WM 3 PErucTbpa, CIEAOBATEIHO BEPOATHOCTTA 3a TaKTyBaHE Ha NajieH
perucTsp € paBHa Ha 3/4.

AJTOpUTHMBT 32 TEHEpUPAHE Ha KIIIOUOBUS MOTOK € CIeAHUAT: B Hauanoro Tpurte perucrbpa
Ri, R, u R; ce nynupar. Cnensa ¢asa na unuyuaiuszayus, 10 BpeMe Ha KOSTO T€ C€ TaKTyBaT
CHUHXPOHHO. 3a 64 TaKTa pErUCTPUTE C€ MHUIMATU3UPAT ¢ 64-0MTOB KJTtou K: Ha i-Tusl TakT, i =0, 1,
63, i-TUAT OUT OT KJI0Ya Ce CyMHUpa IO MOAYJ 2 ¢ Hal-Milafmus OMT Ha BCEKH PETHCTBD U
perucTpure ce m3MecTBar HasgBo. KimoubT K € mocneaBaH OT 22-OMTOB MHHUIIMATU3UPAI] BEKTOP
IV, xoiTO OTHOBO CE€ cyMHUpa 10 MOAYJI ABE C MIIAJAIIUTE Pa3psau.

Cnen wHunmanusupamiata ¢asza ciefBa npedsapumenna ¢aza, TO BpPEeME Ha KOSTO
perucTpure ce TaktyBat acuHXpoHHO. [IndspeT, KoMTO ce TeHepupa 3a 100 TakTa, c€ OTXBBPII U
He ce u3non3Ba. CrenBa cvwyunckama ¢asza, B KOATO ce reHepupar 228 6ura KII0uoB MOTOK, 114 ot
KOHUTO C€ M3IMOI3BaT 32 KpUNITHpaHe Ha u3Xxo i Tpapuk u 114 — 3a nekpuntupane Ha BXOSAIINS
Tpaduxk. [Iporecure ce MOBTOPSAT 3a CiaeaBAIIUS Kaabp.

3. OcHoBHHM aTaku Ha mHpBpa AS/1

JlokaTo KpHUNTOAHAIM3bT Ha ONoKoBHUTE WWH(PpPU ce QOoKycHpa BBPXY HaMHpaHe Ha
U3II0JI3BAHUS CEKPETEH KII0Y, TO KPUITOAHAIU3BT HAa MOTOUYHUTE MN(PU OCHOBHO € HACOUEH KbM
HaMHpaHe Ha BbTPEUIHOTO ChCTOsIHME Ha mmdbpa [4, 8]. Cinex ToBa mM(BPHT MOXKE A2 MPOIBIKU
cBosATa paboTa U J1a AEKOAMPa OCTAThKa OT KPUIITUPAHUS TEKCT.
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ATtaka Ha rpy6ara cuiaa. Enqun ot mogxoauTe 3a pazouBaHe Ha mu@bpa € 1a ce KpUITupa
W3BECTEH TEKCT P ¢ BCUYKH BBb3MOXKHHM CTOMHOCTH Ha Kitoua K, TOKaTO pe3yiTarbT ChBIIAJHE C
mdporexcra C. To3n moaxon € MPUIOKUM camMo 3a MHUQPPU C OTHOCUTEITHO MaJKU KIIIOUOBU
pa3mepH, Thil KaTo arakaTa Ha rpydara cujia U3MCKBa JBITO BpeMe 3a u3uucisaBane 7 = N.

Tabauua 3a nperbpcBane. Bp3M0OXHO € 11a ce u30epe onpesesieH TeKCT Py, KOUTO BEPOSITHO
IIIe Ce TOSBH B KPUIITUPAHUTE NaHHU. TakbB OTKPHUT TEKCT MOXKeE J1a ObJe, HampuMep, 3ariaBHaTa
yacT Ha (aiis1, MOCIeA0BATEIIHOCTTA OT UHTEPBAIM B TEKCTOB (paiii u ap. 3a n30paH OTKPHUT TEKCT
Py ce wm3uucnsBaT BCHYKM ABOMKM Kirod-mmdporexct (K;,C;)) m ce chbXpaHsBaT B IaMeTTa,
coptupanu mo mmudporekcra. [Ipu u3BbpIIBaHE Ha AEHCTBUTENHATa aTaka, MHU(POTEKCTHT ce
THPCH B 3amucaHaTa TabiauIa u KIOYBT ce Bh3cTaHOBsIBa. dDa3aTa Ha MpeIBapUTEIHO U3UUCIISIBAHE
(mapedeHa oduiaiiH ¢aza) M3UCKBA BUCOKA MOITHOCT Ha M3YUCISBAHE, HO TO3M €Tal C€ M3IThJIHSIBA
camo BeaHmk. Camara ataka (HapedyeHa oHjyaiiH (aza) cienm ToBa € MHOro Obp3a, 7 = 1. To3m
nojxoxa obave, M3UCKBA rOJIsIM 00E€M JaHHU U MAMeT, KaTo CJIOKHOCTTa € M = N.

JlBaTa MeTOJa 3a aTaku ca ajlTepHATUBHU, KaTO I'BPBUAT M3MCKBAa MaKkCMMalHO Bpeme 7, a
BTOPHUAT — MaKCHMaJIeH 00eM mameT M, ChOTBETHO PaBHU Ha CIOKHOCTTA Ha 3aja4data N.

MeToasbT 3a aTaka ype3 komnpomuc mexkay Bpeme u namer TMTO (Time-Memory Trade-
Off) e BeBenen ot Maptun Xenman npe3 1980 r. [10]. Llenta Ha MeToa € 1a ce HAMaIH BPEMETO,
HEoOXoauMO 3a pazOuBaHe Ha MHQBPA, KOETO € 0COOCHO Ba)KHO, aKO aTakaTa Ce MOBTapsl YECTO.
[To Bpeme Ha odaitH ¢azata ce U3UUCIABAT m Ha OpOW BEpUTH, KaTO B TAOIHMIATa CE€ 3aIIOMHST
caMo JBOMKHTE OT HA4aJIHUS M KPaeH KJII04, COPTHpaHU 1o KpaitHus. [1o Bpeme Ha oHaiiH ¢azara
10 JaJeH KPUNTOTEKCT Ce LEeIM HaMHUpaHe Ha Kio4a K, KaTo ce mpujara ciydaiiHata QyHKius R
KbM MIMPPOTEKCTa U PE3YATaThT CE CpaBHSABA C KpaHHUTE TOYKU B Tabnuuurte. AKO ce Hamepu
CBBMAJICHUE B PeJl Ha TabauIaTa, TO ce onpenenis KIoubT K WK KpailHaTa TOYKa ©Ma MHOKECTBO
WHBEPCHH 00pa3u, T.€. T4 € dajlmBa ToUKa.

MetoasT mbpBOHAYAIHO € pa3paboTeH 3a OmokoBus mmdsp DES, xato cinen ToBa ca
MPEJIOKEHN HSKOM HErOBU MOJO0OpEeHHs M W3MEHEHHus. 3a Ja HaMaiau OposST Ha JOCTBIUTE 0
mamerTa 1o BpeMe Ha arakara, PuBect [6] mpenmnara moaudukanus Ha OCHOBaTa Ha T. Hap.
orsimunmu Touku DP (Distinguished Points). DP-ToukuTe ca kiiro4oBe, KOUTO MOTAT JIECHO Ja ce
MpOBepsIT, Hampumep, kKimod ¢ HymeBu 20 3Havemm Owurta. DP-Toukutre OOMKHOBEHO ce
XapakTepu3upaT ¢ Macka ¢ AbJpkuHa d outa. [1o Bpeme Ha odnaiin (aszaTta ce reHepupar BEpUrd 10
MOJIy4aBaHETO HA OTIMYMMA TOYKa. B ciencTBre Ha TOBa BEpUTUTE HIMAT KOHCTAHTHA JIBJDKUHA.

buprokoB u Camup [4] koMOMHHMpPAT METOJa Ha XeJIMaH C arakaTa Ha MOTOYHHTE MHUQPH,
pazpaboten ot babumxk [1] u [omuk [8]. Pe3ynTaT oT Ta3u KOMOWHAIUS € METOIHT HA KOMIIPOMHC
Mexny Bpeme, mametT U JaHHu TMDTO (Time-Memory-Data Trade-Off), npunoxxum ocobeHo 3a
noroynute mmdpu. OCHOBHATA e Ha MeTo/a € cieqHara. Heka g e ¢yHKIUS Ha ChOTBETCTBUE
Ha BCSKO OT N-T€ HaYaJTHU ChCTOSIHUS X € X HA MOTOYHUS MHUQBP B U3XOTHOTO y € Y-

y=gx),g: X—>Y. 3)

Ilenta Ha KpUNTOAHAINTHKA € Ja MHBEpTHUpa (YHKUMATA g, T.€. 3a M3BECTEH U3XO0J ) JAa
HaMepHU TaKoBa X, KOETO Ja YAOBJIETBOPsIBA TOPHOTO ypaBHeHue (3). AKO n € IbJKMHATa Ha
IIPUXBAHATUTE U3XOHU OUTOBE U 1 > logyrN, TO Morar Aa ce 3anuiar

D=n-loggN+1 4)

W3XOJIHU TIOCTICIOBATEIIHOCTH ), V1, ..., ¥D-1, KAKTO € ITOKa3aHo Ha ¢ur. 2.

3a na ce pa3due MOTOYHUAT WH(BP, € JOCTaTHUHO J1a C€ HAMEPAT BHTPEIIHUTE ChbCTOSIHUSA X;
3a Bcuuku D Ha Opoit m3xoau y;. Cien ToBa mudBPHT MOXKE JIa CE IMMyCHE Ja pabOTH Hampes U J1a
reHepHpa cJcaBalIuTEC U3XOOHHU MMOCICI0BATCIIHOCTH.
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@ur. 2. 3anuc Ha D Ha Opoii N3XOHU MOCIICAOBATEIIHOCTH OT MIPUXBAHATHTE OUTOBE

MetoabT ¢ Tabaumu abra (rainbow tables) [13] e Haif-moOpUAT B MOMEHTA 32 KPUTITOAHAIH3
Ha OJOKOBUTE MHU(PH, HO € MO-JIOUI MOJAXO0A OT OPUTHHAIHHS Ha XeJIMaH B cly4ail Ha MOTOYHU
mdpu. CpXxpaHsSBaHETO HA MHOXECTBO PAa3IMYHU TOYKM B TAOJMIMTE BOAM 10 HamalliBaHE Ha
BPEMETO 3a MPEIBAPUTEITHO U3UUCIISIBAaHE HA TAOMUIMTE M U3IOJ3BaHATA MaMET, HO 3ae/IHO C TOBa
HapacTBa BpeMETO 3a OHJalH @QazaTa W JocThla A0 TabmumuTe. 3a Ja MpeMaxHaT Te3u
Henocrarbim npe3 2006 r. bapkam, Huxam u lamup [2] mpeacraBiat mMoguduuupan METOA Ha
TaOIUITUTE bTa, HapedeH Tabauuu ThHKA aAbra (Thin-Rainbow Tables), koiiTo e edukacen, nopu
U B ClIydail Ha MHOXXECTBO BXOJHH JaHHU. [Ipy HEro mo-kbcu MOCIEIOBATEIHOCTH IBIU OT S Ha
Opoil paznuuHu (PYHKIIUHU CE MOBTApAT Ha BCSKA CTHIIKA / BT BHB BCAKA BepuUra:

Jisfos oo S 1o fos s S s J1o S s ]S (5)

Taka Bcsika Bepura 1e cbabpika £S5 +1 Touku u ako ¢ > D, MOXKe Ja c€ MOCTUTHE MAKCUMAaJIeH
KOMHpOMI/IC HpI/I HaJIMYHU MHOXECTBO JAaHHMH. HpI/I reHepHpaHe Ha MHO>KECTBO TaG.HI/II_II/I, BCsdAKa OT
TSX UMa CBOSI YHUKAJHA TTOCIICIOBATEIHOCT BT f1, f2, ..., fs.

4. XapayepHu peaju3anuu Ha aTaku Ha mm@bpa AS/1

Kpunroananu3bsT Ha MOJEpPHUTE KPUNTOrpad)CKU alrOpUTMHU M3UCKBA BHCOKA MOIIHOCT Ha
M3YHCIUTETHUS MPOIEC, KOATO MOXKE J1a C€ MPEeI0CTaBH OT cynepkommioTpu, kato IBM BlueGene,
Cray umu SGI; pa3npeneneHu H3YUCIUTENHU CHUCTEMHU; HHTETPATHU CXEMU CbC CIELUATHU
npunoxenus ASICs (Application Specific Integrated Circuits) u MacuBU ¢ IPOrpaMHUPYEMHU TOJIETA
FPGAs (Field-Programmable Gate Arrays).

C mono6pennsita B FPGA TexHonorusta nmpeKOHPUTYPUPYEMUTE H3YUCICHHUS CE Hajarar
KaTo eeKTUBHA, EBTHHA aNTEPHATUBA 32 HAKOW MPUIIOKEHUS HA CYNIEPKOMITIOTPUTE. 3a pas3jiuKa OT
CTaHJIAPTHUTE TMPOLECOPU MPEKOHPUTYPUPYEMUTE BEPUTH MPEAOCTaBAT MHOTO IO-BHCOKa
M3YMUCIUTEIHA TPOU3BOJAUTEIHOCT HA CPaBHUTEIHO TIO-HUCKA IleHa. Te He JocTurar
npou3BoguTennHOocTTa Ha crenuanHute ASICs, o6aue TIXHOTO mpenmporpaMupaHe JgaBa
BB3MOXKHOCT 32 M3MOJ3BAaHETO UM 3a Pa3JIMuHU NpOoeKTH. EqHOKpaTHUTE pa3xoau 3a MPOECKTUPAHE
ca MHOIO MO-HHCKH OTKOJKOTO Ja ce mpoektupar cneruannu ASIC uyumnose. I[lopagu ToBa,
n3pabOTBaHETO HA YCTPOMCTBA 32 KPUITOAHAIH3 ChC CIIELUAIHO MPEeIHA3HAYCHUE BeUe € JOCTHITHO
Y 32 UHCTUTYIIMHU U3BBHH NMPABUTEICTBEHUTE areHIUH.

[TapanenHoTO yCTpOHCTBO 3a pazdbuBane Ha kojoBe ¢ ontumusupana iesa COPACOBANA e
BHCOKO MPOM3BOJUTENCH KIbCTep, cheTosimy ce oT 120 Xilinx Spartan3 XC3S1000 FPGAs,
pa3paboTeH chBMeCTHO OT YHuBepcutet ,,Kpuctusn Andpextc B Kun u Pypcku YHuBepcurer B
boxym mpe3 2006 [12]. B momenta COPACOBANA ¢ npekondurypupyema mapanenna FPGA
MallnHa, ONTHUMH3MpaHa 3a 3a/ladyd M0 pa3OuBaHe Ha KOJOBE. B 3aBHCHMOCT OT alrOpUTHMA,
mapajesiHaTa apxuTeKTypa Ha XxapJayepa MOXe Ja HaJAMHHE [0 MPOU3BOAUTEIHOCT
KOHBEHLMOHAJTHUTE KOMIIOTpU ¢ Hakosnko mnopsabka. COPACOBANA e mnpoektupaHa 3a
M3MbJIHEHHE Ha TUIIMYHATA KPUNTOAHAJUTHYHA 33/1aya, KOSITO CE€ XapaKTepusupa ¢ HapajesHu
orepaliy, KOUTO UMaT MHOTO OTpaHHYeHa HEOOXOAMMOCT OT KOMYHHUKAIHS €IHA C IPYra, MaIbK
TpaHcep Ha JaHHM MEXAYy XOCTa M BB3JIUTE, 3all0TO M3YMUCICHHUSATa JOMUHHUpAT Haj
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KOMYHHKAIIMUTE U Ce U3MCKBA MHOTO MaJIKO JIOKaJlHA MaMeT, KOSITO MOKe Jla ObJie peaiu3upaHa oT
RAM wmonynute na FPGA.

ATtakara ,,ipeanoJio:ku u onpenean’. [Iepara peanuzupana xapayepHa ataka ¢ FPGA e
aTakaTa ,,IpeanoNioku U ompenenu’ (guess-and-determine). Ts € MHTETUTeHTHa araka OT BUJA
aTtaka Ha rpybara cwia. OcHOBHara Hjaes Ha aBTOpa M AHIEPCHH € Ja C€ OTraTHE ISUIOTO
ChABpKAHUE HA PETUCTPUTE R; U R, ¥ mosoBuHara oT peructbpa Rz. [1o To3u HauuH ce onpenens
TaKTyBaHETO Ha BCHUYKH TPH PETHCTPHU U BTOpaTa MOJOBHHA Ha R3 MoXe /na Obae moiydyeHa ot 64
OWTa Ha KIIOYOBAaTa TOCIENOBATEIHOCT. B Hall-momms ciiydail BCEKHM OT OOIIO 232 KaHIuIaTu
TpsiOBa N1a ce CpaBHU C KJIIOYOBAaTa MOCIEAOBATEIHOCT, KOETO HM3UCKBA ToOjsiMa H3YHCIUTEIIHA
MOIIHOCT. XapjAyepHa peajlu3alus Ha arakata ¢ Moaudukanus Ha uaesTa Ha AHIEPChH €
npemnioxkena ot Kenep u 3aiin [11]. Te ca npeninoxuiam HauMH Aa c€ U3KIIOYAT 3HAUYMMA YacT OT
BB3MOXXHHUTE KaHIMJAaTH Ha MHOTO paHEH eTam OT Mpolieca Ha MpoBepKa. ABTOpUTE TBBPAST, ue
TEXHHUAT NOAXO0J HaMajsiBa CJIIOKHOCTTA Ha aTakara o 241.(3/2)11 C OYAaKBaHO KOMIIOTHPHO BpEME
oT 14 TakTOBM IIMKBJA 3a €IHO MPENANnojoxeHue. B pesynrar Ha ToBa, B HAW-JIOMIMS CiIy4au,
croxuaoctta e 2°'** takra. Artakara e peammsupana ¢ Xilinx XC4062 FPGA. Cxemara peannsupa
ceZieM mapaJiesTHO paboTeIH AIrOpUThMa, KaTo padotu Ha yectoTa oT 18,65 MHz, koeto onpenens
BpEME 3a aTakaTa OT OK0JIO 236 THHU.

ITpe3 2008 r. I'ennpromuc, HoBoutn m Pyn ['enaprommc [7] mpennaratr momudukanus Ha
atakaTta Ha Kenep u 3aiill, KaTo U3XBBPJIAT IPEIIHUTE BB3MOXKHOCTH 3a R3. ClI0XKHOCTTa Ha Is1ara
araka e oxono 2°*%% XapnyepHo yctpoiictBo COPACOBANA ce u3nos3Ba 3a peanusaius Ha
arakara. Xilinx Spartan 3-1000 FPGA, c koiito e peanmuzupan COPACOBANA, cbpaspxka 7 680
eJIeMeHTa, KaTo BCEKH OT Chabprka ape Tadbymnu 3a ThpceHe LUT (Look-up Table), 2 tpurepa u
JIPYTU CXEMH, KaTo Obp3a JIOTHKA 33 TMPEHOC WIH CIeIHATU3UPaHN MyATHILIEKcopr. TabmuiuTe 3a
TBPCEHE MOTaT Ja ce KoH(pUrypupaT Karo 16 pa3psaHu mpeMecTBally perucTpu. ToBa Mmo3BoJIsBa
Bcuuku 15 360 Tpurepa, Hannuynu B Spartan 3-1000 FPGA, na peamusupat 15 360/64 = 240 sapa
Ha mmdbpa AS/1 6e3 ympaBiaeHuero. Peanmusamnusata OTKpHBa BBTPEIIHOTO ChCTOsTHUE Ha AS/1
cpenHo 3a okono 6 yaca (B Hai-momms ciydail okono 12 waca). HeoOxommmm ca camo 64
MOCJIeZI0BATEIHHU OUTA OT KIFOYOBUS MMOTOK 0€3 MpeIBapUTeNIHO U3UHCIIIBaHE Ha TAHHUTE.

ATaka ,,KOMIPOMHC Mexay Bpeme, nmamer W AaHHu®. Tazu TMDTO araka pa3kpuba
BBTPEIIHOTO ChCTOsSIHUE Ha AS5/1 ¢ ompeneneHa BEpOSTHOCT B paMKHUTE Ha HIKOJIKO MUHYTH [9].
N3znonsBa ce otHOBO ycTporicTBorTo COPACOBANA, kakTo BB (pa3ara Ha NMpeH3vnCIIsIBaHe, Taka
¥ BbB OHJIaWH (ha3aTa Ha aTakara. M[30paHa € araka ¢ MeToaa TAGJMIM ThHKA Abra ¢ OTJIHYUMHU
TOYKH.

Odnaitn ¢dazara Ha TpeIBAPUTETHO H3YUCISIBAHE MOXKE Jla C€ M3IBJIHU C MaKCHUMajHa
gectota 156 MHz. Besika crhiika B pabotara Ha AS5/1 usucksa 64 takta. Enun FPGA cpabpxa 234
TMDTO enemenTta, kato Bceku ce cheTton OT 2 AS/1 snpa mpu odmaitH ¢azara. CiaegoBaTrenHo
COPACOBANA ¢ B ChCTOSHHE 1a H3IBIHABA 2°° CTHIKH B CEeKyHJa IIpU IIPEIBAPUTEIHOTO
H3UMCIIsIBaHe, KaTo Bceku eauH oT 120-te FPGA wu3menHsABa 0KO0JI0 2% crBnkm B CeKyHna. 3a
CpPaBHEHUE, IIEPCOHATHUAT KOMIIIOTHD € B ChCTOSIHUE 14 U3IIBJIHABA CaMO 2%? CTBIIKH B cexyHna [3].

Artaka Ha mmudbpa AS5/1, peanuszupana Mo MeToaa Ha TaOJUIIUTE THHKA Jbra, € U3IIbJIHEHA C
MOMOINTa Ha Xapayepa CbC crnenuanHo npenHasHauenne u Hucka neHa COPACOBANA,
M3MOJI3BaH 10 BpeMe Ha aBeTe oduiaitH u oHnanH ¢asu. [loHeke oHIaliH €IeMEHTHT 3aeMa IIo-
roJisiMa IIony oT Tas3u Ha ogmaiiH, B equH FPGA morar na ce peanusupar 160 oHnaiiH eleMeHTH.
[Ipu Ta3u Hal-BHCOKA CIOKHOCT Ha JM3aiiHa, MakcuMaiHara yectorata € 80 MHz. Axo OposT Ha
OHJIaliH eJIeMEeHTHUTE ce HaMasu 0 120 e Bb3MOKHO MaKCHMMaJIHATa 4eCcToTa Ja ce yBeauuu 10 120
MHz. Bropusar BapuaHT € u30paH OT wu3cienoBaTeNckus exkun, nopaau 12,05% mno-Bucokara
IIPOU3BOIUTENIHOCT B cpaBHeHHe ¢ nbppBus. CinepnoBarenHo COPACOBANA e B cbcTOosiHUE Ja
M3IBIHSABA 20 "0 CTBIKH B CeKyHJa 1Mo BpemMe Ha oHmaiH (azata. Kato ce oryere menara Ha
COPACOBANA ot 10 000 € u ta3u Ha nepconaneH kommoTsp (PC) ot 200 € ce nonyuyaBa okoso
330 meTH TO-mO00pO chOTHOmIEHWE MeHa-epekTuBHOCT B moim3a Ha COPACOBANA. Ilpu
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cpaBHsiBaHe Ha m3pasxonBanara eHeprus (COPACOBANA — 600 W, a PC — 150 W) otHOBO ce
nony4yaBa okoso 4000 mbhTM 1MO-7OOpPO  CHOTHOIIEHHE KOHCyMalus-e()eKTUBHOCT 32
COPACOBANA. Aptopute ca uzbpanu HabOp OT mapaMeTpH, KOUTO MPEAOCTABIT Pa3yMHH CPOK
oT 95,4 nmeHa 3a TpPEIBApPUTEITHO W3YMCISIBAHE HA TaOJMIUTE W pa3Mep Ha TaOIUIUTE, KOETO
ompesens KanauTeT Ha mameTTa oT 4,85 TB, kKakTo U OTHOCHUTETHO MaJIbK OpOl Ha TOCTBHIUTE JI0
ramMerTa.

Twit kato TMDTO e BeposiTHOCTHA aTaka, MPOLEHTHT HA YCIEX, KAKTO U OHJIAHH CJIOAKHOCTTA
1 OpOST HA JOCTBHITUTE JI0 MTAMETTA 3aBUCAT OT OpOsl Ha MPUXBaHATUTE MPOOU OT JaHHU. AKO OpOsT
Ha TOYkHUTE ¢ naHHU € D = 64, toraBa ycnexsT € P = 63% u COPACOBANA wu3uncisiBa BCUUKU
pesyararu 3a 27,6 CeKyHIU, KaTO pe3yiaTaTUTe ce ThpcAT B 10 aucka 3a Mo-Majko OT 7 MUHYTH.
AKO OposIT Ha TOUKUTE C JaHHU ce yBenuuH a0 D = 204, toraBa ycnexsT € P = 96%, obaue ce
yBEJIMYaBa, KAKTO BPEMETO 3a U3UUCIISIBAHE 10 88 CEKYH]IU, TaKa U BpeMeTo 3a ThpceHe B 10 aucka
10 0K0J10 22,03 MUHYTH.

5. 3akaouyenue

C pasButuero Ha FPGA TexHonorusTa, KOsTO IPEIOCTaBs MHOTO BHCOKAa W3YMCIHUTEIHA
IIPOM3BOJUTEIIHOCT Ha CPaBHUTEIHO HHUCKAa II€HA, CE€ Cb3[aJle BB3MOXKHOCT 3a H3IMOJI3BaHE Ha
NPEKOHUTYPUPYEMHUTE HW3YMCICHHUS 3a pealn3alusi Ha YCTpOMCTBa 3a KpUNTOAHAIU3 Ha
celuiecTByBamuTe mudpu. Ilo-Huckara eHa Ha eHOKpaTHATa pa3paboTKa Ha TE3U YCTPOWCTBA I'M
HaNpaBy JOCTBITHU M 32 UHCTUTYLIMU M3BBH MPABUTEIICTBEHUTE areHIIMU, KaTO HAYYHU MHCTUTYTH
U THPrOBCKM JApYXeCTBa. 3aeJHO C TOBa, o0aue, Te cTaBaT JOCTBIIHM MU 3a HEAOOpOKEIATEIHU
rpynupoBkU. llpakTHueckuTe XapAyepHH peaau3aluy CbC CHELHMATU3UPAHOTO YCTPOUCTBO
COPACOBANA na GSM mmmdnpa AS/1 Bede ce oChIIEeCTBIBAT MAKCUMAJTHO 3a Yac, KaTo MpH TO-
MaJIka BEpOSITHOCT 3a YCIEeX, T€ MoraT Jja OTHEMAaT caMO MHUHYTU. ToBa IOCTaBsl BBIPOCHT 3a
HEOO0XOAMMOCTTa OT JAONBIHUTEIHO IM(pHpaHe MNpH IMpeAaBaHe Ha KOH(DUICHLMAIHU U
YyBCTBUTEIHU JaHHU B GSM KoMyHUKaluuTe.
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PERFORMANCE EFFICIENCY OF NATURAL VS. SURROGATE
KEYS IN A DATA WAREHOUSE ENVIRONMENT

Ivan Pavlov

Abstract: Modern data warehouses use almost ubiquitously surrogate keys as a cornerstone of the physical
data architecture. We analyze experimentally the performance of surrogate vs. natural keys using the
industry standard TPC-DS database and typical reporting SQL queries with varied execution characteristics.
Our results partially confirm the generally accepted principle that surrogate keys provide enhanced query
performance.

Keywords: databases, data warchousing, surrogate key

bbp3oaeiicTBUe HA eCTECTBEHUTE U CYPOTaTHUTE KJIKOYO0BE B CKJIA/IOBE OT JIAHHU
Wsan I1aBnoB

Pe3tome: MogepHuTe CKJIafioBe OT JaHHU MOYTH BHHATH M3MOJ3BAT CYpOTaTHH KJIIOUYOBE KATO OCHOBHA YacT
oT (u3HuyecKkaTa apxXWUTEKTypa Ha gaHHuTe. Hue cpaBHABaMe EKCIEPUMEHTATHO OBpP30AEUCTBHETO Ha
CYpOTaTHHTE M €CTECTBEHUTE KitouoBe, minomsBaiiku TPC-DS 6a3zara mannu u SQL 3asBKM ¢ pa3ianyHU
XapaKTEepUCTUKHU Ha u3mbjicHUe. Hammure pe3ynratu 4acTUYHO MOTBBPKIABAT UIUPOKO MPUETHUS MPUHIIUI,
Ye CypOTaTHUTE KIFOYOBE MOBHIIABAT OBP30J€HCTBUETO HA 3asSBKHTE.

KarouoBu qymu: 6a3u JaHHH, CKIAI0BE OT IaHHU, CypOTaTHU KIIFOUOBE

1. Introduction

Unlike OLTP systems which often rely predominantly on natural keys, modern data
warehouse architecture is based on surrogate keys. The concept of immutable surrogate key has
been defined back in 1976 by Hall, Owlett and Todd (see [4]) as a solution to the following
perceived problems:

e Situations where updates to the natural keys are needed but without losing the identity of

the updated object.

e Distinguishing different states of objects that happen to coexist in the system and are

represented by the same natural key.

e Creating an object instance before it exists in the real-world.

In everyday database parlance those advantages translate to benefits for schema management,
historization, and the protection of referential integrity in a data warehouse. There is also the
widespread belief that integer surrogate keys offer better performance than character-based natural
keys. In fact an underlying principle of data warehouse design is that joins between fact tables and
dimension tables are always done on surrogate keys. From a more general relation theory
perspective the advantages and disadvantages of both key types are discussed in [3].

Limited research have been directed at the experimental comparison of both key architectures.
In [1] the authors use an artificial relational database schema to analyze average query speed in the
cases of Insert, Update, natural key modification, and Select SQL statements. They find that insert
and update statements work better in a natural key architecture while modification of natural key
works much better in a surrogate key architecture. Their results in the case of data retrieval
operations are inconclusive and depend on the query type. The queries used however are too simple
to be of much practical value.
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In [5] a simple relational schema is used with a single join statement. The database table sizes
are apparently too small and the reported performance differences between the surrogate and the
natural key setup do not look significant.

In this article we focus exclusively on the performance of data retrieval operations and use a
modified TPC-DS database (see [2]) as the underlying database schema physically realized on an
Oracle 12c database. TPC-DS is a decision support industry benchmark that models a real-world
data warehouse for the retailing business. It has two main advantages over contrived relational
schemas for the problem at hand:

e It contains a large volume of data and provides scripts which can populate the database to
any needed size.

o It gives answers to real-world business questions and allows queries of various
complexities and execution profiles.

2. Database setup

A limited subset of the tables and fields used in the following sections is presented on Figure
1. We have modified the original database schema by adding to some of the fact tables natural key
fields along with the surrogate key fields. Previous research does not mention specific control over
the indexing and optimizer statistics of the natural and surrogate key fields which undermines the
value of the comparison of data retrieval speeds. We explicitly make sure that the natural key fields
have exactly the same indexing and optimizer statistics characteristics as their surrogate
counterparts. This allows us in most cases to compare execution speed for similar execution plans.

As much as possible an effort has been made to control the effects of the various caching
mechanisms in Oracle on the performance. Multiple query runs and time averaging has been used to
control the other factors that may influence runtimes. Besides, the queries has been executed in such
a way that if caching and buffering are not eliminated their effects will favor the queries that use
natural keys.

Figure 1. A subset of the TPC-DS database
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We focus on several kinds of queries, borrowing some from [2] and others from the official
set of SQL queries provided by TPC-DS. The kinds of queries examined are:

e ][O intensive queries

e CPU intensive queries

e Reporting queries

e  Queries joining multiple fact tables

The data retrieval queries were run on Oracle 12¢ on a virtualized Oracle Linux R6, with a
dual core 1.6 GHz Intel processor and 2 GB of RAM.

3. Experiments

The queries have been run on database tables which have the following sizes:

Table 1. TPC-DS table sizes used

Table Name Row Count

Inventory 6,000,000
Store sales 1,500,000
Catalog sales 60,000
Catalog returns 76,000
Item 10,000
Date dim 75,000

The queries chosen all had runtimes of at least 2 seconds. We have restricted ourselves to
testing the performance of hash joins (HJ) and nested loop joins (NL). Merge joins on key columns
are seldom relevant in a data warehousing environment and thus we did not include them in the

query set.

The table below summarizes the results of dozens of independent runs. The “total joins’

b

column indicates the number of joins in the query. In the first variant all those joins were made on
surrogate keys. In the second variant each query is rewritten and a number of the joins were made
on natural keys - this number is indicated by the “NK joins” column.

Table 2. Query and results description

e Ui To.tal N.K Join Result
joins Joins strategy

CPU intensive 4 4 HJ SK better: 25-75%
10 intensive 3 3 HJ SK better: 20-100%
Reporting 3 2 HJ SK better: 10-30%
Reporting 3 1 HJ Inconclusive
Simple aggregation 2 1 HJ Inconclusive
Complex reporting 5 1 HJ Inconclusive
Simple query 3 2 HJ SK better: 5-10%
Complex reporting 10 4 HJ Inconclusive
Star-join 15 2+1 HIJ+NL Inconclusive
CPU intensive 11 0+3 HJ+NL Inconclusive
Simple join 1 1 NL SK better: 70-100%
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4. Discussion

The presented results point to the following conclusions. For queries in which almost all or all
joins are made on natural key columns and the join strategy used by the optimizer is hash join, there
is a significant performance degradation. This is even more true when the joins are made using the
nested loop algorithm. In this case the joins on natural keys are sometimes twice as slow. In other
situations, where only part of the joins are made on natural keys, there is no evidence of any
performance degradation. This is probably because the input of the operations involving natural
keys is relatively small. The conclusion which can be drawn is that using a surrogate key
architecture in data warehousing offers performance benefits which are sometimes significant.

In order to be able to execute the TPC-DS queries without significant alteration we had to
remove the historical data from the dimension tables. It can be argued that one of the main functions
of surrogate keys is to support exactly this type of data historization in the dimension tables. It may
be interesting to repeat the experiments allowing for history records in the dimension tables and
rewriting the “natural key”-version of the queries to account for this.

Another unexplored area is the performance of natural vs. surrogate keys in analytical
database systems like Teradata or SAP Hana. The architecture of such database systems will
probably eliminate all effects the choice of key architecture might have on query performance.

Literature

[1]. Aleksic, S., M. Celikovic, S. Link, I. Lukovic, P. Mogin. “Faceoff: surrogate vs. natural keys”.
In Advances in Databases and Information Systems, Springer Berlin Heidelberg, 2011, pp. 543-546
[2]. Poess, M., R. Nambiar, D. Walrath. “Why you should run TPC-DS: a workload analysis”. In
Proceedings of the 33rd international conference on Very large data bases, 2007, pp. 1138-1149.

[3]. Wieringa R., W. De Jonge “Object Identifiers, Keys, and Surrogates: Object Identifiers
Revisited”, Theory and Practice of Object Systems, 1(2), 1995, pp.101-114.

[4]. Hall P., J.Owlett, S.Todd. “Relations and entities”.In G.M.Nijssen, editor, Modelling in
Database Management Systems, North-Holland, 1976, pp. 201- 220.

[5]. Dragos-Paul, P. O. P. "Natural versus Surrogate Keys. Performance and Usability." Database
Systems (2011), pp.55-63

For contacts:

Ivan P. Pavlov

Adastra Corporation

E-mail: ivan.pavlov@gmail.com

TU-Vara

Faculty of Computing & Automation

KOMIIOTHpHM HAYKU M TEXHOJIOTUH 1 2013 Computer Science and Technologies 108



MOIEJIMPAHE HA CBABPXKXATEJIHO-BASUPAHU CUCTEMMU,
Bb3CTAHOBABAILLIU U3OBPAKEHUSA

Mapusina LB. Ctoesa, Buonera T. boxunkoBa

Pe3rome: JloknanbT MpeNcTaBs OMHT JIa C€ OCHTYpPH O0OOIEHa apXUTEKTypHA paMKa 3a MPOEKTUpaHe Ha
CUCTEMH, OCUTYpSIBAIlM ChIbpPIKATCIHO-0a3upaH JOCTHII 0 0a3a JaHHU OT M300pakeHUs, HepapXuucH
MOJIeT 3a W3TpaxJaaHe Ha 0a3aTa JaHHU C H300pPaKCHHUsS, OTYMUTAIIM OIPEICICHU TEXHU CBOMCTBA W
(dhopmanu3aiys Ha ONMMCAHUETO HA ChIbPKAHUETO HA M300paKEHUITA, KAKTO U MspKaTa 3a MMoJI00He MEXITy
nBe u3oOpakeHus. [lpeacraBeHuTe apXHWTEKTypHA paMKa Mpeajara u300p MpU MPOSKTUPAHETO OT BCHUYKU
BB3MOXXHH THUIIOBE KOMIIOHCHTH TNPU HM3TPaXKJaHeTO Ha 0aza JaHHW OT m3o0paxeHws. [IpeiacraBeH e u
MpUMeEp Ha TIpe/JIaraHus OT HaC epapXuieH MOJICN Ha OTIHCaHKe Ha ChIbPKaHHUETO Ha H300paKeHHE.
Kuwo4oBu ayMH: CbIbpKaTeTHO Oa3WpaHW BBH3CTAHOBSBAIN H300pKCHUS CHUCTEMH, 0Oa3u JaHHH OT
M300paKCHUS, MOJICIIMPAHE Ha TaHHU, MOJICIHPAHE Ha CUCTEMHU

Content based image retrieval system modeling
Mariana Ts. Stoeva, Violeta T. Bozhikova

Abstract: The need for content-based access to image and video information from media archives has
captured the attention of researchers in the recent years. Research efforts have led to the development of
methods that provide access to image and video data. Our work tries to provide modelers with a framework
and corresponding models for building an image database from a collection of images. We propose a
framework and block diagram offering a choice of all possible components in order to build up an image
database from a corpus of images and users’ requirements. We describe some examples which support
understanding of our models.

Keywords: content-based image retrieval systems, image databases, image retrieval, data modeling, system
modeling

1. Introduction

Content-Based Image Retrieval (CBIR) systems are in the focus of attention of all visual
information systems investigators. New visual query specification methods, new indexes for data
setting, and new ways for similarity determination between the saved in the Image Data Bases
(IDB) image description data and describing queries [6] are used for image search and retrieval on
the base of their contents. The last investigations examine the content based IDB in the context of
the object relation model and the Query-by-example philosophy.

The basic directions for the content based IDB development according to [1] are:

e creation of new methods for image description and image property extraction;
e development of efficient data models that allow content based direct organized access;
e claboration of the image similarity search and retrieval methods;

e formulation of similarity measures that are necessary in the process of images indexing and
retrieval; formulation of queries and complex queries processing.

The key directions for each realization are [5]: efficient description and effective extraction;
flexibility and extend ability of the capabilities of the content based access; efficiency and utility.

In this paper we are trying, by using the achievements in the area of the CBIR systems, to
create a generalized framework model of the CBIR systems that should be valid for the different
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types of realizations and applications. Our work tries to provide modelers with a framework and
corresponding models for building an image database from a collection of images. We propose a
framework and block diagram offering a choice of all possible components in order to build up an
image database from a corpus of images and users’ requirements. We hope that our work will
contribute for the creation of comprehensive environment for modeling and prototyping of CBIR
systems and for the development of methodology for image database engineering. Section 2
presents a review of the principle expected features that a framework should include and describes
its architecture. An example application is presented in Section 3. The paper finishes with
conclusions.

2. Content-based image databases modeling

Image databases designers use three main inputs: an image collection, user’s requirements,
and an application domain. Each input induces constraints on the databases to be built. Modelers
must find a compromise between these constraints.

In order to determine the actual needs of IDB designers, we have studied various projects [2],
[3], [6]. Our review of IDB can be summarized as follows:

e Volume of data IDB has to manage huge amounts of data. They use two main strategies
(indexing and classification) in order to virtually diminish the amount of data to be researched
during the image retrieval.

e An image is described by a combination of syntactical (color histograms, textures, shapes)
and semantical (also called meta-data) information and a query can be expressed using a
combination of syntactical and semantical image features.

e Granularity image descriptions are generally composed of global and local information.

e Most image databases offer a dual search interface (using either classical queries or query-
by-content

The existing systems have been designed by a careful choice of basic mechanisms (indexing
or classification) and features of images (syntactical or semantical). Such a choice depends on the
database application domain, on images themselves (i.e. on their main characteristics), and on
users’ requirements.

Our conviction is that an efficient framework should:

e be generic enough in order to cover most of modelers requirements, whatever their image
corpus and their users’ requirements may be.

e provide a convenient support for both syntactical and semantical information
e provide a convenient support for local and global descriptions.

The creation of our framework of CBIR system steps on the base of the published in [2], [3],
[4] models but it differs from them by structure, components, and data models. It includes: built-by-
modules subsystems, processing and algorithms types, data models. This framework offers a choice
of all possible components in order to build up an image database from a corpus of images and
users’ requirements.

As a result of the analysis of the existing IDB, of their structures, organization and abilities
for access that they give, a generalized architecture of the possible image data processing in the
basic processes of saving and retrieval of IDB images is presented. This generalized our
architecture-based framework for building an Image Databases from a Collection of Images. It is
displayed on Fig.1. and may be used for presentation of the key editions and methods that are
proposed in the literature.

In our method’s architecture, the basic components are the two mutually connected processes:
image saving and inserting in IDB and image retrieval by user’s query. The two basic subsystems
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,DB Generation Subsystem” and “DB Retrieval Subsystem” correspond to these main processes. In
the first subsystem, the images that are added to IDB are processed by features extraction
algorithms or by expert. In this way the images are described by syntactical and semantical
attributes, which are presented in our data model. The data model includes connected sub-
descriptions on different levels. Each one of them includes attributes, a set of components and
spatial relations between components. The types of the extracted image features, their describing
characteristics and the levels of their extraction (image, object, components) are determining for the
abilities of access to the saved data.

Image Query-by-
example

Direct Query
Specification

( )

E Query Image Description

/ Image Description Model \

Level : Image
Global attributes: Meta, Color, Texture-A#t(I); Set
of objects - Set(I)
Spatial Relation of image objects - Rel(I)

Image Description
Global attributes: Meta, Color, Texture- Att(I); Set
=bf component objects - Set(I)
Spatial Relation of image objects - Rel(I)

| Object Component —
K_> Object Description _j

Level : Object Component €~

» Level : Object

Local attr.: text, color, texture, shape- Att(o)
Set of object components - Set(o)
Relation of image components - Rel(o) j

Index access Similarity seaigkhing '

Feature Matching] Subsystem

Saving, Index \ V4

1 1
1 1
1 1
1 1
1 1
1 1
1 1
Similarity measure i
1 1
1 1
1 1
1 1
1 1
1 1
1 1

Retrieval Images

[ 1L ]

Fig. 1. The framework architecture of CBIR design

Within our model an image, denoted by / is described in terms of simple and of complex
objects. Let us denote O; a set of simple and complex objects. Each object o0 €0y is described by
Attributes (semantic and syntactical (colour, texture, shape) denoted by Att(o)), Set of object
components Set(o), and Spatial Relation between Objects Rel(o)). We denoted by Descry the set of
image description: Descr;={< Att(o), Set(o), Rel(0)>} ,cor

The images inserted in IDB together with their feature description data form a property
presentation that is saved in a data structure of IDB. The features in the form of coded vectors can
be used as indexes for direct organization of the access to IDB or for data clustering.

According to the level of the used presentation of image contents two approaches for indexing
techniques may be determined: indexing on the base of global distribution of the image
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characteristics and indexing on the base of the typical peculiarities of local image areas or regions.
The small computing complexity and the precision and exactness of the retrieval process are
achieved by integration of text annotation with the images as in [6], [5].

Fig. 2. Image ;.. - Plan of ancient town Troy

The ,,DB Retrieval Subsystem” has to search and discover an answer of user’s query. This
subsystem is divided in two subsystems: ,,Query Processing Subsystem” and “Feature Matching
Subsystem”. This process is determining the system rapidity. The first subsystem processes the
query primarily. The query specification may be done by example image, drawn by the user’s draft,
or exact and clear information from the user about the primary features of his interest. The
cognitively based presentation has an important role in query processing on different levels. The
query presentation is a result of the same processing for the same properties extraction so as
inserting image in IDB. The same algorithms for properties extraction are used also for the query
image named “Example” and the result is a presentation that is used for the query index forming.
The search of a similar index to those in the IDB is implemented by the “Feature Matching
Subsystem”. The similarity matching of the sample index with the IDB indexes aims parts of the
images to be found that are similar to a given sample or to a defined variant of a given sample. The
type and depth of the properties extraction from the inserted in IDB images are determining for the
functionality and flexibility of every visual information system. As in most cases the extracted
characteristics-indexes are multi-dimensional; the approach of similarity search is perceived. The
similarity search uses a similarity measure as a similarity criterion. The measure evaluates the
similarity degree between two images and is determining in the process indexing and similarity
integration of multi-dimensional index vectors of the image and the query.

In accordance with our data model we can define in a generous aspect the similarity measure
that evaluates similarity between query image (Q) description and a saved in IDB image (I)
description. The measure sim(Q,I)e [0,1] and is given by (1).

rel.number

HO, ﬁOQH att.number 2 §
H01 ﬁOQH a %’ \/Wl z‘ [Atti (Okl)_Atti (OkQ)] W, z [Relj (Okl)_Relj (OkQ)]

Sim(Q) = : W)

(0120,

where wi, w, are weigh coefficients and w;+ w; =1;

O, N OQ" is the number of common objects and

||01mOQ|| is the number of all objects in compared images. In a case of absolute identity

Sim(Q,I)=1 and is 0 in absence of common objects. Those images from IDB whose presentation is
evaluated by the similarity measure as maximal similar are returned as a query result.
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As an example for illustration of our frame work architecture and data model we present an
image (Fig. 2) denoted by Iy, Which is a plan of ancient town Troy presented in the archeological
literature. The principal of image decomposition is depicted in Fig. 3.

Image L. Plan of Troy, Set of objects (A,B) Attributes (I,i.,), Relations (A,B)

Level 0
Object A: Troy II, Object B: Troy III,
Attributes (A), Attributes (B), Level 1
Relations (A1, A2, A3) Relations (B1,B2) eve

S T

s Al: Me?garons , | B2: Pillar House,
3: City Wall I, . .
A2: City Wall 11, | Attributes (A3)  [Mmoutes AD | py: city Wanl 1, Attributes (R2)
Attributes (A2), Attributes (B2), Level 2
Relation (A21,A22) Relation (B11,B12)
N > | >
A22.: FO Gate, * B22: Dardanos Gate,
A21: Gate and Ramp, Attributes (A22) B21: U Gate , Attributes (B22)

Attributes (A21) | Attributes (B21)

Level 3

Fig. 3. Hierarchical composition of the image I,

In the first level there is image description with global attributes. Set of objects includes two
complex objects A (Troy II) and B (Troy III). Their descriptions compose the next level 1. By their
sides these objects consist also of separate components. In the level 2 are presented components of
object A - Al( Megarons), A2 (City Wall II) and A3(City Wall I). The next level 3 contains
descriptions of components (A21: Gate and Ramp), A22: FO Gate). Analogically the object B is
decomposed to two objects B1(City Wall II) and B2(Pillar House) and B1 contains B11 (U Gate),
B12( Dardanos Gate). For the example image I;1.n We obtain the set of simple objects:

Level 2(Lyjan)={ A1,A21, A22, A3,B11, B12, B2}
Under the control of an expert, a set of all objects can be defined:
Olyian ={1, A, A1,A2,A21, A22, A3,B,B1,B11, B12, B2}

Each object is presented by its description. Descr, =< Att(o), Set(o), Rel(o)>
For example the object A description can be presented by records:

Descry =<Attributes “Troy II”, area geometry, Sub- objects Al, A2. A3, Spatial relation
matrix 3x3)>

3. Conclusions

In this paper, we proposed a framework and a block diagram offering a choice of all possible
components for building an image database from a collection of images together with our data
model. Image descriptions in our model are based on set of simple and complex objects. Objects
can be either syntactical or semantical described in different levels commonly with their spatial
relations. With our framework architecture based our and another’s experience we try to make the
CBIR systems design more understandable. Despite their specificity, we are trying to bring their
design to closer to this of the ordinary object-relation systems.

The future development of this work we see in the development of the methodology for image
database engineering by using of new methods, approaches and strategies. We already began the
creation of a program tool that will poses different feature extraction algorithms, indexing and
classification algorithms and combination strategies that are organized in a library.
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OIIEPAIIMOHHUTE CUCTEMM 3A PEAJIHO BPEME —
TEKYLHO CbCTOAHHUE

I'puma B. CnacoB, Orusin K. O0perenon

Pe3rome: C HampenBaHEeTO HAa TEXHOJOTHHTE W YBEIMYaBAHETO HA W3YMCIWTEIIHATA MOI Ha MPOICCOPUTE
BCE TMO-IIMPOKO MPHIJIOKEHHE HaMUpPAT OIepanuoHHHTE cuctemMu 3a peanHo Bpeme (RTOS) kakto B
CHCIMATU3UPAHN CUCTEMH 3a aBTOMaTH3alus, Taka u B PC-0a3upaHu cucTeMu, a B TIOCICIHO BpEeME U BbB
BrpajicHd MHUKPOIIPOLIECOPHH CHUCTEMH. BbB BCe MmoBede yCTpOMCTBa, KaTo MOOWIHHM Tele(OHH, TaOaeTH,
WTPH, aBTOMATHU3AIMS HA JoMa U T.H., CE U3IOJI3BAT CUCTEMHU 32 PEATIHO BpEME, KaTO M3UCKBAHUSTA KbM TAX
cTaBaT Bce mo-ronemu. HacrosmaTta ctaTus uma 3a 1el Ja HalpaBy Operie]l Ha ONepallMOHHUTE CUCTEMU 3a
peaxHo BpeMe, KaTo pasriiena U CpaBHH TSIXHATa (HYHKITHOHATHOCT.

KiouoBu 1ymMu: OnepanMoHHU CHCTEMH, PEATHO BpEeMe, BIPallcHW CHUCTEMH, paslipeeiieHHe Ha 3aJadqH,
npuopuretu, PC-6aszupanu cucremu, LINUX, RTAI RTOS, QNX, WIN CE, VxWorks

Real time operationg systems — state of art

Grisha V. Spasov, Ognyan K. Obretenov

Abstract: With technology development and the increased processors’ computing power the operating
systems working in real time (RTOS) are more widely used, as well as in specialized automation systems
and in PC-based systems, and furthermore, recently in integrated microprocessor systems . In more and more
devices like mobile phones, tablets, game consoles, home automation, etc. are used operating systems in
real-time and the requirements for them become larger. This article aims to provide an overview for real-time
operating systems and to examine and compare their functionality.

Keywords: operation systems, real-time, embedded systems, scheduler, tasks, priority, PC-based systems,
LINUX, RTAIL RTOS, QNX, WIN CE, VxWorks

1. YBox

Pa3BuTueTO Ha TEXHOJOTMUTE IMpe3 MOCIEAHNUTE TOJMHNA M HAIPEIBAHETO Ha KOMIIOThpHATA
TEXHHKA JIOBEJIE J0 MosiBaTa Ha BCe MO-ObP3U U MO-MaJIKU MUKPOIPOLECOPHU CUCTEMHU. Te OT CBOA
CTpaHa HampaBUXa BB3MOXHO BCE IOBEYE Pa3pabOTUMIM Ja CH MOCTABAT M pealu3upaT 3aqauu,
CBBP3aHH ChC CHCTEMH 3a PEaTHO BpeMe.

AKO Tpei BpeMe CHCTEMHTE 3a peajlHO BpeME M3IJIeKIaxa CKBbIIM U TPYAHOAOCTBHITHHU 3a
IIMPOKO M3MOJI3BaHE, TO Cera TOBa HE € Taka. YBelMuaBaHE Ha MPOM3BOAMTEIHOCTTA, BrpajeHaTa
nmamer ¥ Opos Ha sjapaTa mIpolecopu, yinecHH pazpaborunuute Ha RTOS na ynoBieTBopsT
M3UCKBAHMATA 32 CHCTEMHUTE C PEaIHO BpeMe C BCe MO-MMPOK Habop oT mporecopu [14]. Tora
nosene usnonsBaneTo Ha RTOS, kato OC, BbB Bce NIOBEUE U MOBEYE YCTPOMCTBA.

OcHoBHaTa 1€l Ha €JHA OIEpallMOHHA CHUCTEMa € Ja NPeJoCcTaBs Bb3MOXKHOCT Ha
pa3paboTYuLNTe HAa TMPUIIOKEHUS Ja UMAT JIECEH JOCTHII M HAYMH 32 YIPaBICHUE HA pecypcuTe Ha
cUCTeMara, KaTo OCUTYpSAT ChIIO Taka M HAAEXKAHOCT Ha paboTa, MOIYIHOCT, JIOTHYECKa
KopekTHOcT. JloOaBsHeTo Ha wu3uckBaHeTo enqHa OC na e 3a peaslHO BpeMe BOIM /10 HOBA
nepUHUIMS, B KOATO OCBEH KOPEKTHOCT Ha Pe3yJITaTUTE Ce M3UCKBA U TAXHATa HaBpeMeHHocCT [1].

B 3aBucuMOCT OT BB3MOXKHOCTTA Ha CHCTEMarTa Jia pearupa/iaBa pe3ysiTaTH 10 OTHOIICHUE Ha
nousituero HABPEMEHHOCT wu edekra oT HEM3MBbJIHEHUETO My MOXE Jla CE HalpaBH CJIeIHATa
knacuukanus: cuinHo kKputuyHa (hard RTOS), ymepeno kputmuna (firm RTOS) u cmabo
kputnuHa (soft RTOS) omepanmonna cuctema 3a peanHo Bpeme [1]. Ilpu pasnuunute cucremu
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HEU3IIbIHECHUETO Ha M3MCKBAHETO 3a BPEME Ha OTTOBOP BOAM CHOTBETHO IO CIEIHUTE PE3YINTaTH U
IIOBEJICHUE:

ellpu hard RTOS Bcsko HeM3MBIHEHHE HaA JAJCHO HW3WCKBaHE BOAM 1O CPHUB U
HEepaboTOCIOCOOHOCT Ha cucTeMara. TakuBa ONEpPAllMOHHM CHUCTEMHM HAMUPAT IMPHIIOKEHHE B
obmacTTa Ha: GOPJOBU CHUCTEMH B aBTOMOOWJIHATA M aBUAIIMOHHATA MPOMHIIUIEHOCT, yIpaBlICHHE
Ha peaKkTOpH, CUCTEMHU 3a YIPABJICHUE HA Bb3AYIIHUS TpaduK U Jp. .

ellpu firm RTOS, xbM H3UCKBAaHOTO BpeMEe 3a OTIOBOP CE€ JOMYCKaT OrPaHUYECHU
OTKJIOHEHMs, HO CHCTEMara KaTo IsUI0 JOIYyCKa ,,MajKWh™ MpOIYCKH, KOUTO HE HapyllaBaT
HOPMAJTHOTO (YHKITMOHUPAHE.

o [Tpu soft RTOS ca gonyctumu HapylIeHus: Ha M3UCKBAaHUATA 32 BPEMETO Ha OTIOBOP, KOETO
BOAM JO BIIOIIABAaHE HA IPOM3BOJUTEIIHOCTTa, HO HE M N0 CpUB Ha cucremara. Hamwupar
MPUIIOKEHNE B! MYITUMEAUMHUTE CUCTEMH, MOOMIIHUTE KOMYHUKAIIUU, MPEKOBUTE IPUIIOKEHNUS,
KOMITIOTBPHUTE UTPH U [1.P.

3a 51a ce OCHUTYpH Ha MPWIOKECHHSTA, PaOOTENM TOJ[ OMEPAIIOHHUTE CHCTEMHU 3a PEeallHO
BpeMe, MOCTUTaHe Ha M3MCKBAHMSTA 32 HABPEMEHHOCT W MPEJCKa3yeMocCT, TpsiOoBa Ja ce A00aBu
HOBA MO-ClenuaTHa (QYHKIMOHAIHOCT, KaKTO KbM TPAJUIMOHHHUTE, M3MOI3BAHU B CTaHIAPTHUTE
OC xkomrmoHneHTH, Taka U HOBHU crnenuduuan 3a RTOS: ynpaBienue Ha mamerTa, ynpaBjieHHE Ha
3a/launTe, CHHXPOHU3AIINS, BXOAHO-U3XOJHU ONEpaIlii, MEXaHU3bM 3a TallMepH, NMPEKhCBAHUS U
CbOUTHUS, KOMYHUKALIUS MEXKY MPOIIECH.

ToBa e BaxxHO KakTo 3a cneruanuzupanute RTOS, (kato VxWorks), Taka u 3a HaACTpOUKHUTE
u pasmupenusta Ha ctanaaptaa OC no RTOS ( RTAI).

Ocsen Te3u Mexanusmu 3a RTOS ca BaxxHU M HAKOM KOJMYECTBEHH MapaMeTpU: JlameHmeH
nepuoo ( Latency), nepasnomeprocm na omeosop (Jitter) n Hati-eonsimo epeme 3a omeosop (Worst
Case Response Time).

Ilerra Ha Hacrosmata cTaTUs € Ja HaOpaBH CpaBHUTENEH 0030p Ha HSIKOM OT
pa3MpOCTPaHEHUTE CUCTEMHU 3a PEaTHO BpeMe 0 OTHOIICHWE HAa TOPEH30POCHHUTE MEXaHH3MH U
KOJMYECTBEHUTE MapaMeTpH.

Cratusita € oOpraHu3upaHa KakTO CIeABa: ONHCAHME HAa HAYMHU 32 KOJUYECTBEH W
¢dbynkumnonanen aHanmu3 Ha RTOS, kparko omucanue Ha RTOS, mpencraBsHe Ha cpaBHUTETHU
XapaKTePUCTHUKH, 3aKITIOYCHHE.

2. Ilapamerpu n pynkuuonaanoctu npu RTOS
2.1. [TapameTpuTe, 1aBAIIHM KOJIUYECTBEH OLIEHKA

AHaIM3bT U CPABHEHHETO Ha KojuyecTBeHUTE mapamerpu Ha RTOS e cnoxnHa 3amaya,
nopanau (akra, 4e pe3ynaTaTHTe ca CHIIHO OOBBP3aHHM C XapAyepHUTE YCTPONCTBA, M3IMOJI3BAHH B
TecToBeTe [2].

B nureparypara ce aHanmu3upar paziMyHU KOJIMYECTBEHH XapaKTEPUCTUKH, HA KOUTO
pa3IMYHUTE AaBTOPU JaBaT pa3iauyHa BaxHOCT. CbriacHo [3] HaH-BAKHUAT KOJUYECTBEH
napametsp 32 RTOS e ,Haii-ronsmoro Bpeme 3a otroBop™ (Worst response time), o KOHTO Moxe
na ce kBanudunupa cuctemara karo hard, firm unum soft. Cnopen Tanenbaum [11] chriacHo To3u
napametsp RTOS ca camo aBa Buma (hard u soft). ToBa Bpeme € B mpsika Bph3ka C 00OIIOTO
HaTtoBapBaHe Ha cucremata. CbriacHo [4] Hail-BaKEH MapaMeThp € BPEMETO, MpPe3 KOETO
MpEeKbCBaHUATA 3a 3a0paHeHU. Bce mak Moxke Ja ce OTHENSIT TPU OCHOBHHU MapameThpa, OKOJIO
KOUTO ce 00eANHSIBAT MOBEYETO aBTOPH:

e Jlatenten nepuoa (Latency) — TO3M mapameTbp c€ HM3CJIEABa KaTO CHCTEMAaTa 3a PEajHo
BpeMe ce pasIiiex]a KaTo 4yepHa KyTus. M3mepBa ce BpeMeTo OT MOMEHTAa Ha Bb3HUKBAaHE Ha
CbOUTHETO O MOMEHTA Ha TeHEepHpaHe Ha OTTOBOP.
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e HepaBHOMepHOCT Ha otroBop (Jitter) - ToBa € BpeMeTO OT MOMEHTa Ha Bb3HHUKBAaHE Ha
CHOMTHETO O MOMEHTA Ha MOEMaHEe Ha YMPaBJICHHETO OT ChOTBETHATa 0OpaboTBaIla MporpamMa.
To3u napamMeTpp € MHOI'O BAXCH 3a CUCTCMH, KOUTO BBBCKAAT HAHHU, 3aBUCHUMU OT BPEMCTO.
Tununuen npumep ca cuctemure ¢ L{IIY npu meTanopexemure MallimiHu, KbIETO MPE3 ONPEaeICHO
BpEMeE Ce YeTe MO3UIUATA, 0 KOSATO ca TOCTHUTHAIM paOOTHUTE OPTaHU Ha MaIllMHATa, U Ha 0a3za Ha
TE3W JaHHHW ce IpaBH KOpEKIUs Ha 3ajaHuero. HepaBHOMEpHOCTTa MpHU TE€3U CHUCTEMHU BOJAU 0
BJIOIIIABaHE Ha paBHOMEPHOCTTA Ha ABMxeHue [15] [16].

¢ Haii-romsimo Bpeme 3a otroBop (Worst Case Response Time) — ToBa € mapaMeTsp, OT KOHTO
3aBHCH Kak Ie KilacuuirpaMe cUcTeMaTa M KaTo ISUI0 e Ce M3IMOJ3Ba 3a OLEHKa Jallu Ta3u
CUCTeMa MOXe JIa M3IIBJIHSABA OolpeneicHa 3aaada. OneHkara Ha TO3U mapaMeThp € CII0KHA 3a/1a4a,
3al0To TpsiOBa Ja ce aHaJIM3UpaT M MPEABUAST BCUUKH BB3MOXKHU CHUTYyallMH, KOUTO MOrar Ja
BIUSIAT HAa BpPEMETO Ha OTroBop. ToBa ca Kakto codTyepHH (mporpaMHa 3abpaHa Ha
MPEKbCBAHMATA), TaKa M XapAyepHHU CUTYyaIMH KaTo pabora ¢ DMA.

2.2. KomnoneHnTu u pyHkunonannoctu Ha RTOS

[Ipy cpaBHEHHMETO Ha CHUCTEMHTE 3a pEaTHO BpeMe OT O0COOEHO 3HaueHHe ca
(YHKIIMOHATHOCTUTE Ha KOMIIOHEHTUTE, KOUTO CHCTEMara MOJAbp)Ka U OCUTYpsBa Ha MPUIOKHHS
codryep.

[Ipu cpaBHEHHETO 11I€ C€ pa3rienaT ClIeJHUTE KOMIIOHEHTH:

e Vrpasienue Ha 3agauute (Multitasking) — npu cuctemure 3a peasHo BpeMe ce MPaBU SICHO
pasrpaHU4YeHUe MEXIY ,IUIaHUpaHU W ,HeIUIaHUpaHu' 3ajauu. Besdka muiaHupaHa 3ajgada ce
XapaKkTepu3upa c orpeseseH KOHTPOJIEH OJIOK U MPU Hesl MPeIBAPUTENIHO ca SICHU U3MCKBaHMSTA 32
pecypcu. Te3u 3amaum ce ympaBisiBaT oT cuctema 3a pasmpezaeneHue (Scheduler). Cucremara 3a
pasmpeneieHre M 3a7add, OOCIY)XBAallld TPEKbCBAaHUS WM CUCTEMHHM W3BUKBaHMS, ca
,HeIaHupanu™ 3amaud. Te3w 3agaud moemarT MbJICH KOHTPOJI Ha CHUCTeMaTa M MOrar Ja ce
U3MBJIHSABAT HENPEKbCHATO, MEPUOIUYHO MIU MO cbOuThe. M3nuckBaHe KbM yHpaBiIeHUE Ha
3aJjauuTe M MPEBKIIOYBAHETO UM € Ja € C BB3MOXXKHO MHUHUMAIHO BpeMe, Ja MOJIAbpiKa OCBEH
CTaHJIaPTHUTE MEXaHU3MH 3a MPEBKIIOYBaHE, Oa3upaHu HA MPUOPUTETH M HA MpepasnpeleneHue,
HO u crieranusupanu 3a RTOS karo RR (round robin) [11]

e CUHXpOHHU3AllUg € BaXeH MEXaHW3bM 3a BCAKa OIEpallMOHHA CHUCTEMa, IO3BOJISIBAILL
3aJlaydTe Jla W3MOJ3BaT CIIOJAENCHO OIpeNeseHH pecypcu, Karo mameT, Oydepu, xapayepHuU
ycrpoiicTBa. OOMKHOBEHO ce M3Moi3BaT ceMadopu U MyTekcH 3a cuHxponuzanus. Ho mpu RTOS
TpsiOBa Ja ce MoAoOpH TO3M MEXaHM3bM KaTo ce M30eTHE OCHOBHHS MPOOJIEM 3a Taka HApEUYCHOTO
oOpbIane Ha mpuopuTeTa. ToBa € ChbCTOSHUE, KOTaTO BUCOKOIIPHOPUTETHA 3a/1a4a Yyaka pecypc oT
HuckonpuoputetHa. Toa npu RTOS moke ma noBene A0 KPUTUYHU PE3yJTaTH B OTrOBOpa Ha
naneHo ceoutne. 3a ToBa nmpu RTOS TpsiOBa 1a ce Thpcu M3MOI3BAHETO HA JOIBIHUTEIHNA TEXHUKU
3a cuaxpoHu3anus kato RIP (priority inheritance protocol) [13] nmu PCP (priority ceiling
protocol). Te3n TeXHUKH MO3BOJISIBAT U30ATBaHE Ha MPOOJIEMUTE C IPUOPUTETHUTE.

e YrpaBieHUE Ha MpeKkbcBaHUATA - Thil kaTo RTOS BuHaArm ca cBbp3aHu C ynpaBJIeHHE HA
Xapayep, MEXaHU3MbT 3a MPEKbCBAaHUSA € OT 0coO0eHO roysiMo 3HayeHue. Cucremara TpsiOBa na
NpeOCTaBsl JICCEH HAuWMH Ha pa3paboTuumure jAa nHmar 3anadd (tasks) 3a oOcmyxBaHe Ha
coTyepHHU U XaplyepHH NMpeKbcBaHus [ 1].

e YrpaBieHus: Ha OPOSYM U YACOBHUIM — TO3M MEXAaHU3bM, KaKTO U NMPEKbCBAHUATA, TPsIOBa
Ia € MHOTO J1o0pe moaabpxkaH. M3uckBar ce GyHKIMU 3a OpOsuM, TaliMepH M YaCOBHHUIM, KaKTO U
JOCTBII 10 BIPAJICHUTE B IPOLIECOPUTE YACOBHUIIM 32 HAHOCEKYHIU BPEMEHA.

¢ VrpaBjieHrEe Ha KOMYHHUKAIMATa MEXKIY 33/1a4H - TOJAbPKAaHUTE MEXaHU3MH 32 OOMEH Ha
naHHM Mexnay 3amaunte kakto B OC, taka m B RTOS ca: o0ma mamer, COKETH, OIMAalIK{d OT
choOmIeHus, nmeHoBaHu kaHanmu (pipes) U FIFOs (¢aiin Bxox, daiin usxon) [16]. N3uckBanusra
IIPU CHCTEMHTE C PEATHO BpeMe KbM ropen30poeHUTe MEXaHU3MH ca HaJIMYMe Ha HeOJIOoKupala u
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aCMHXPOHHA KOMYHHUKAIIMs U ONepaluu ¢ orpenereHo Bpeme. Hamocneabk Tasu KOMyHUKALUS ce
pasmmpsBa oT eqHa RTOS xbM pasnpenenenun RTOS.

¢ YIpaBiieHHE Ha MaMeTTa — TOBAa € MEXaHU3bM, KONTO € HEOTMEHHA YacT OT CTaHAAPTHUTE
OC, Ho e mpobnemaTuieH Mexann3bMm B RTOS, 3amoro enun mporec Moxke na Obae OJIOKHpaH OT
JUICa Ha TMaMeT WM BPEMETO 3a OTrOBOP Ja CTaHE MHOIO TOJISIMO TMPHU €Ha OIeparus 3a
MPEXBBPJIIHE HAa CTpaHUIA OT JUCK B mameT. CHcTeMUTE 3a MaJKUTE MPOLECOPH HE MOAAbPKAT
TO3W MEXaHU3bM, HO TIOBEUYETO MPOIecOpH UMar BrpaaeHu B cede cu MMU (memory management
unit), Taka e Hakou oT RTOS npennarar u To3u MmexaHusbM [ 1].

o [Tognbprkanu mporecopHu miarGopmu - Tazu xapakrepuctrka Ha OC gaBa Bb3MOXKHOCT Ha
pa3paboTuuiUTe A2 HAMAJSAT BPEMETO U Pa3XOAMTE 3a pa3paboTKa Ha CHCTEMH 3a PeallHO BpeMe.
[ToBeueto ceBpemenan RTOS nmogabpxat cuctemu Ha 6a3a Ha nporiecopu ARM, MIPS u x86.

3. O0u1 nperyien Ha n30panu (monyasipun) RTOS
3.1 Microsoft Windows CE Embedded 6.0

[Tocnennara Bepcust Beue e mox umero Windows Embedded Compact 7, Tyk e pasrienana
npeaxoaHaTta Bepcusi Win CE Embedded 6.0. Ts mogabpxka cuctemu, Oa3upaHd Ha apXUTEKTYPH
ARM, MIPS, SH4 u x86.

WinCe moxka3Ba MHOro J00pa CTaOMJIIHOCT TIpH BCSKaKBM HaroBapBaHus. Ilmatdopmara
MPEIOCTaBs HAKOJIKO MPAKTUYECKH MHCTPYMEHTA 3a MPOBEpKAa HAa CHUCTEMaTa Jajld OTroBaps Ha
M3UCKBaHMATA 3a peasHo Bpeme. TakuBa cpeacta ca: Kernel Tracker, ILTiming u OSBench. Te
JaBaT BE3MOXKHOCT M 3a eObreane Ha 3afaun. HTepecHa (YyHKIIMOHATHOCT € ChIIO0 MPEBEHIUATA
Ha CHCTeMara OT IpeToBapBaHe. [Ipy omuT 1a ce 3amycHaT MHOXECTBO 3a/1a4H, CUCTeMara CIIeIn
HATOBApPBAHETO W JlaBa CHOOIIEHUE 3a MPETOBAPBAHE W IMPEAOTBPATSBA MyCKaHE HAa HOBU 3a/1a4
[9].

3.2 QNX Neutrino

QNX Neutrino e exna ot Haif-pasnpoctpanenute RTOS, xosto mpezara ,,onpeaensieMo
BpeMe 3a otroBop®. Ta3u cucrema ce 0a3upa Ha apXUTEKTypara ‘“MUKpOsIpa’”’, KOETO MO3BOJISIBA
MHOT'O TojisiMa HaJeXIHOCT W mpeBeHUus. [IpoGiemMu u cpuBOBe Ha 3a1aud, KOUTO paboOTAT B
SJIPOTO, HE BOAM JI0 CPUB HA I[UIOTO SJIPO U CUCTEMa, KaKTO MPHU CHUCTEMUTE C OOMKHOBEHU siApa
[6].

3.3 Real Time Application Interface (RTAI)

Ta3zu cucrema, KOSATO ce sBsIBA HaACTpoWKa/Momudukamus Ha cTaHAapTHO Linux smapo,
MOJIYYX HMIMPOKO PA3MPOCTPAHCHUE TP MAJKU TIPUIIOKEHUS, B TECTOBU M M3CIICJIOBATEIICKHU 3a]a4H,
KaTo M B MeIWIMHATA. Ts € cucTeMa ¢ OTBOPEH KOJ (Open source), KOeTo W JaBa MHOTO J0OpO
CHOTHOIIIEHUE IIeHa/KauecTBO. ChrIIacHO MHOTO M3CIEIOBATENN Ta3U CUCTEMa MOXKE Ja PEIId Ha
90% oT 3agaunTe 3a peasHo BpeMe B ChUe€TaHue Ha TOBa, ye KaTo € Linux 6a3upaHa, ToO MOXe J1a ce
W3MOI3BAT M BCHYKH OCTaHAJM CTaHIApTHU NpuiioxkeHus no Linux [7].

RTAI mMomamdunupa CTaHmapTHOTO SAPO KaTo Ch3JaBa OOJACTH, M30JMpa CTaHIapTHATa
cucreMa B 00JIacT, Ch3JaBa Jpyra o0JIacT 3a peaJlHOTO BpeMe M IpaBU Ta3u 00JacT ¢ Hal-BHCOK
npuoputer. ChIO Taka Ch3/aBa MHKPOIUIAHUPOBYHMK, KOHTO pasmpeiciisi BpPEMETO MEXIY
pealHOBpEeMEBHTE 3a/auu U ocTaHanuTe. CucreMaTa 3a IUIaHUPaHE MO3BOJIsIBA paboTaTa KakToO Ha
peaTHOBPEMEBHUTE 3aJ]auH, Taka U Ha ocTaHanuTe 3agauu ot OC.

RTAI xaro RTOS uma nmobpurte pe3yaTaTd, MOJIYyYE€HHW TPH TECTOBETE, HO KaTO OCHOBEH
HEJOCTaThK MOXKE J1a Ce JIaJie IMTcaTa Ha TapaHIluu U cepTUUKATH 3a KauyecTBaTa U HAJACKIHOCTTA
Ha cucTeMara.
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3.4 Wind River VxWorks

VxWorks e emna ot Haii-usnom3Banute RTOS BBB BrpajcHUTE CHCTEMH, CHIIO H B
KocMoHaBTHKaTa [5]. Ta e cepTuduIMpana oT HAKOJIKO areHIMH, Y€ OTroBaps Ha CTaHIapTUTE 3a
CHUCTEMH 32 peajHO BpeMe, HAICKTHOCT U KPUTUYHU MPUIIOKEHHUS [8].

SnpoTo Ha cucTeMara MO3BOJISIBA 3aJauuTe ga ObAaT TpymUpaHH MO (QYHKIUMU M Ja ca
M30JIMpaHU B 3alIUTEHU CTPYKTYpH. Ta3u cucrema e ¢ Hall-100puTe KOJIMYECTBEHH MTapaMeTpHu.

Karo HemoctaTbk MOXe Ja ce Kaxe, Y€ € CpPaBHHUTEIIHO NO-TPyAHA 3a HWHCTalalus M
KOH(pUTyparus, cbriacHo TecroBere u aHanusute Ha dedicated-systems.info [12].

4. PesyaTaTn OoT cCpaBHeHHe HA mapaMeTpH U xapakrepuctuku Ha RTOS
4.1 KosimyecTBeHH XapaKTePUCTUKH

KonnyecTBennuTe xapakTepuCTHKHA ca Oa3upaHW Ha u3cienBaHusaTra Ha Rafael Aroca [2].
M3mepBaHusiTa ca HarmpaBeHH Ha eiHa 1 cbina miatgopma PII 400mhz, 256 M6 RAM. B tabnuna 1
ca JaJeHH KPUTHUYHHUTE CTOMHOCTU OT M3MEPBAHMATA HA TPUTE BPEMEBM IapaMeTbpa Ha YETUPH
nonynsipur RTOS. Ot HanpaBeHuTe M3MepBaHUs Hall-100pH IMOKA3aTeNn 3a CUCTEMH, paOdOTeIH B
cunHo kputnuHo (hard) peanno Bpeme, mokazsat RTAI u VxWorks.

Tabauna 1 — M3mepenn BpeMeHa

WinCE Qnx RTAI VxWorks
Bpeme 3a otroBop 20.00 mkc 20.00 mxc 5.00 mkc 3.85 mkc
JlatenTHOCT 99.00 Mkc 35.20 Mkc 11.40 mMxc 13.40 mMxc
HepaBHomepHOCT 88.80 MKC 32.00 mxc 7.01 mxc 10.40 mxc

4.2 PyHKIUOHAJIHHN XaPAKTePHCTHKH

OyHKIIMOHAIHUTE XapaKTePUCTUKU ca 0a3WpaHM Ha U3CIEBaHMATA, HampaBeHH oT Ramesh
Yerraballi [10] u mokymeHTanusTa Ha BCSIKa OT ONEPAIMOHHUTE CHCTEMH, B3€TH OT TEXHHTE
¢dbupmenn caiitoBe, kakto ciensa: Windows CE [9], 3a RTAI [7], 3a QnX [6], 3a VxWorks [8].

4.2.1 IlnanupaHe ¥ MHOT032Ia9HOCT

Pasrieqann ca KakBM HHBa NPUOPUTETH C€ MOJABPXKAT M JajdM Ca IO3BOJICHU HUILIKH.
[Tnanupanero Ha 3amaunte u3noia3Ba mexanumamure FCFS (First Come First Serve) m RR (Round
Robin). FCFS ne e noaxoasny 3a RTOS, 3amoTo enuH npouec Moxe Ja 3aeMe pecypca 3a MHOTO
BpeMe. RR e nmono6en va FCFS, Ho npemaxBa onucanus Henocrarbk Ha FCFS, xaro He3aBucHMMO
OT HE00X0AMMOTO BpeMe 3a 3ajavara, RR nmaBa camo mo enuH KBaHT BpeMe Ha BCHUYKHU IPOIIECH,
KaTo TM 00XO0Ka LHUKJINYHO. BCHUKM pasriexanHu CUCTEMU M3IOI3BAT IUIAHUPAHE HA 3a/la4UTe C
¢ukcupan npuopurer, RR u eqna numka. Camo RTAI u VxWorks nma mo-no0pu napameTpu 1o
OTHOILICHHE Ha OpOsl Ha IPUOPUTETUTE B CPABHEHHUE C OCTAHATIUTE CUCTEMHU.

4.2.2 YnpapjeHue HA IPEeKbCBAHUS U CHOUTHS

VYnpasnenuero Ha npekbeBaHeTo (Interrupt Service Routines —ISRs) okasBa ronsimo 3naueHue
3a MPOU3BOAUTEIIHOCTTA Ha cucTemara. [lo-moOpure cucTeMu mpeiyiarat KakTo BB3MOXHOCT 3a
yIpaBjIeHUE Ha XapJyepHHUTE NpekbcBaHusA, Taka u codryepru (POSIX) mpexkbcBaHUSA/CHONUTHS.
Haii-no6pa ¢ysaxmuonannoct npemrarat Qnx u VxWorks, mopanu ToBa, 4e Te mpemiarat u
BBH3MOKHOCT 32 BJIO’KEHH MTPEKHCBAHUSI.
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4.2.3 CuHXpoHHM3aIIUN

MexaHu3MHUTEe Ha CHHXPOHHM3aIUsl MO3BOJSBAT Ha 3aJauyuTe Jla CIOAENSAT OOIIM PECYpCH.
Benuku cucremu, ocBeH RTAI, us3mon3sar craHgapTHUTE MEXaHU3MU, KaTo ceMadopu, MyTeKCH U
nporokonu RIP mmu PCP/HLP. Tyk naii-cmabu mapamerpu mma RTAIL Ilpu tazu RTOS ce
m3non3Ba FIFO 3a cunxponuszanus.

4.2.4 MexaynpouecHa KOMyHUKAIUSA

OCHOBHHTE MEXaHW3MHU 32 MEXIYIPOIIECOPHA KOMYHHUKAIlMs ca: olIla maMeT, KaHajw,
omamku, crobmieHus, FIFOs. C pa3mupeHneTo oT eHa KbM pa3lpeesieHa CHCTeMa Ce MOsABSIBaT U
coketn U RPC, kouTo ce HM3MON3BaT Karo 3a JIOKATHA KOMYHUKAllMsg M Taka U 3a OoOMEH B
pasnpenenenu cucremu. WinCE mpemnara camo ,,00ma mamer‘, RTAI npennara u FIFOs, xaro
Hal-MHOTO MEXaHM3MH 3a KOMyHUKanus npempraratr cuctemutre Qnx (CwoOmenus, Kanamm,
Omnamku, Coketn ) u VxWorks (Cro6menns, Kananu, Onamku, Cokern , O6ma nmamer, RPC).

4.2.5 Ynpasienue Ha mameT

Ot pasrnexnanute cuctemu camo RTAI He npeasara Te3u MexanussM ( Bypryanna namer u
JVMHAMUYHO 3aJIeJIIHE Ha MaMeT), HO BBIIPEKU TOBa 0OOlIaTa Mpenopbka KbM pa3padoTUULIUTE € /1
ce U30srBa M3MOJI3BAHETO HA TE3U MEXAHW3MH, NMOPAJAH BH3MOXKHOCTTA MPH I'pEIIKa B JIOTUKATa Ha
noTpeOuTeNncKaTa 3aja4a /1a ce KOMIPOMETHUPA BPEMETO 3a OTIOBOP.

4.2.6 lHonabpxanu miaaTGopmu

[Monnpwkkara Ha TOBEYE XapAyepHH IUIATGOPMHM JaBa IOBeYe BB3MOXKHOCTH Ha
paszpaboTtunnuTe 1a ObJAT MO T'BBKABH B M300pa Ha Xapayep W Ja MYJTHILUTAIHAPAT pa3paOOTKUTE
cu. Benuku RTOS mogbpikat MHOMKECTBO mporecopau miatgopmu (x86, ARM, SH4, MIPS ) u
OpOSIT UM HEMPEKHCHATO CE YBEINYABA.

5. 3akirouenne u Obaema padéora

bescropro n36opbT Ha RTOS e cnokHa 3amaya, KOSTO 3aBUCH OT IIeHA, (DYHKIIMOHATHOCTH,
xapayep, BpeMe Ha pa3paboTka, CIOXKHOCT Ha 3a/iadara, BpeMe 3a OTroBOp W T.H. Besika emHa oT
RTOS ce pa3BuBa ¢ BpeMeTo, 100aBAT ce HOBU (HYHKIIMOHATHOCTH, MOJIbPKaHU IIATHOPMH, a
CBIIO Taka ce nogssBat HoBU RTOS.

AHanM3UpaiKyd pe3yJaTaTUTEe, MOXKE Ja C€ Kaxke, 4ye BCHYKM OT pasriaexnaanure RTOS
pasmoiiarat ¢ MHOTO OoraT apceHall OT MeXaHU3MHU U (PYHKIIMU 33 peallu3upaHe Ha 33aJa4d C PEasTHO
BpeMeBu (ynkmuu. C Hali-go0pu mapamerpu OescropeH auaep € VxWorks, HO He Beska pupma
MOJKeE Jla CH 5 TIO3BOJIH, a CHIIO TaKa M HE BCsAKA 3a/1a4a MMa JocTaThbueH OropkeT 3a Tasu RTOS.

RTALI ce oka3Ba eqHa pa3yMHa ajJTepHaTHBA, 0COOEHO 3a HAYYHO-PA3BOMHHU 1IEITH.

braema 3agada e na ce aHanM3HWpaT MO-33TbJIO0OYEHO peanu3anuuTe Ha Linux Oa3upaHute
RTOS. Jla ce mombepe moaxomsmia Linux 6asmpana RTOS um nma ce peanmsupar u TecTBat
MPUIIOKEHHUS 32 pealHO-BpeMeBa 3a/1a4a, CBbp3aHa ¢ o0paboTka Ha nanHu ot LIITY. Chmio Taka u
Ja ce aHaluM3upaT BB3MOXKHOCTH 3a HaMalsBaHE Ha BIMSHMETO Ha JIATEHTHOCTTa U
HEpaBHOMEPHOCTTA NPHU BbBEkKAaHETO, 00paboTKaTa U U3BexkIaHe Ha pe3ynrat ot L{ITY.
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3AIIIUTA U TIPEMAXBAHE HA BUPYCH OT USB
YCTPOUCTBO

ITers B. benesa — IlumurpoBa

Pe3tome: B Hacrosmus Jokiag ce pasriexiaT HAauYMHM Ja ce OTKpHUAT BUpycu Ha mnpeHocuMmu USB
YCTPOMCTBA, CHOCOOHM Ja 3apa3siT KOMIIOTbpA OIIE C OTBApsHETO MM (CJIe[ KaTo ycTpoiicTBaTa Obaar
CBBp3aHH KbM KOMMIOTHpa). ChIIO Taka ca JaJeHH MPAaKTUYEeCKH OMHCAHMS KaK Ja ce MpOLEAHpa IMpH
OTKpHMBaHE Ha BHpPYC Ha TaKOBa YCTPOWCTBO — Kak Ja c€ IpeMaxHe BHpyca M Kak Ja ce 3alluTH
YCTPOMCTBOTO OT IOCIIENBAILO 3apa3sBaHe C TO3W Bui Bupycu. OlepalyioHHAaTa CUCTEMa, M3IO0JI3BaHa 3a
omnucanusdTa, ¢ Windows 8.

KirouoBu gymu: 3amura, Bupyc, autorun.inf

Protection and removing viruses from USB drive
Petya V. Beleva — Dimitrova

Abstract: In this paper, some ways how to discover viruses in portable USB devices are considered (these
viruses can infect the computer when they be connected to). Also, practical descriptions how to remove the
virus and to protect the device are given. The operational system used for the descriptions is Windows 8.
Keywords: protection, virus, autorun.inf

1. YBox

Koraro wu3non3Bame WHTEpHET, BUPYCUTE BHHAru ca TMpUYMHA 3a OE3MOKONCTBO.
ChpIecTBYBaT MHOTO HAuMHH, Ype3 KOUTO KOMITIOThpHATa CHCTEMa MOXE Jia C€ 3apa3h ChC
3noHamepeH codryep. EauH oT TaX € 1a ce u3noa3Ba Beue 3apa3eHo ¢uiamn yctpoicTBo. M3BecTHr
BUpYCH KaTo ,,Ravmon®, , svchostexe®, , Orkut is banned”, , Autorun.inf”, , Recycler”,
,,autorun.vbs “, , kavo.exe*, ,,Heap4la*“, , newfolder.exe®, , newfolder.com®, , ppt.exe“ m np. ce
pasnpoctpanssar upe3 USB ycrpoiicTBa, HO TOBa MOoxe Aa ce uzberne, ako USB ycTpoiicTBOTO €
3alUTeHO cpenly 3anuc (write protected). ToBa He € 3aIbJDKUTENIHO, aKO Ha KOMIIIOTbpa €
MHCTaJMpaHa a00pa aHTUBHPYCHA 3alllMTa, HO HE BCUYKM AaHTHBHPYCHU MpOrpamMH Morar Ja
OTKpUSAT TE3U BUPYCH, a aKO TO HAMPaBAT, HEBUHATU €a CIIOCOOHU Ja ' U3TPUSAT.

2. IIpenna3Bane Ha komnwTpu 1 USB ycrpoiicTBa

ETo m HsAKOIKO Ha4YMHA, Ype3 KOMTO MOXKE J1a ce MpeArna3u HHPOPMAIHITa Ha KOMITIOThpPa U
USB ycrpoiicTBara.

e 3aopana na AUTORUN 3a WINDOWS 8

3abpanara Ha aBTOMAaTHYHOTO cTaptupaHe Ha USB ycrpoiicTBO mnpenmasBa u OT
aBTOMaTHMYHOTO CTAapTUpPaHE Ha BUPYCHUTE, KOETO MOXKE Jla 3apa3H cucTeMara. 3a a CTaHe TOBa, Ce
MpaBH CIEAHOTO:

1. 3a ma ce mosBu Kyrtuara Run, ce u3non3sa kinaBuniHa komOuHaims Windows Logo+R,

cien koeto ce uznucaa gpedit.msc u ce Hatucka OK.

2. OrBaps ce nuanoros nposoper; Group Policy Editor, a or tam ce usoupa: Computer

Configuration >> Administrative Templates >> Windows Components >> AutoPlay Policies
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3. B nmecnms manen ce HaTucka ABYKpaTHO BhpXYy Turn off Autoplay (kakto e moka3aHo Ha

¢wur. 1)

File Action VWiew Help

o A1 E T

4[] Windows! A
[ Active

Add fe
g Lpp Pi Select an it=m to view its description.  betting
[ 2ppru [E 1urn oft Auoplay e
|7 Appliz [t=] Prevent AuluPlay Mo remembering user chuices, Hul

1 AutaPl |t| Disallow Auteplay for nen-velume devices Mot
&[] Rackug 2] Set the default behavior for AutoRun Mot
7] Bioms=
i [ Bitlod
|71 Creder
] Cesklu
[ Mesktn
7] Cevice
[ Tigital
] Eventf
i+ [ Eventl
] Event?
(] Famnily
1+ [ File Ex
| File Hi:
] came v = 5
< 2 Edtended A Standard /

®@ur. 1. Group Policy Editor
4. U306upa ce Enabled u All drives u Apply:

T L 3
E urm off Autaplay Frevious Setting Dext Setting
() Met Configured  Commart:
(® [nakled
() Disal
Supported on: [ afeast Windows 2000
Optiors: Help:

|urn oft Autoplay or, This pelicy scizing allows you to turn off the Autoplay fecture. -

All drves ] Autoolay begins reading from a drve as soon as you insert
media nthe drive As a result, the serup file of pregrares and the
music or audiz media stzrt immezciately,

Priorto Windeowe ¥P P2, Autoolay ic dizabled by defavlt
on removable dives, such as thetloppy disk crive (but not the
CO-ROM drive), ant v nebarark drives,

Stating with Windows £F 5P2, Autoplay 15 enabled tor
rernuvable drives as well, inclading Zip crives and sume USE
mazc ctorage devices,

Il yuu enable this pulicy szlling, Auluplay iz dizabled un
Z0-ROM and remaovaslz mediz drives, or disabled on all drives.

This policy sztting cisables Autoplay on additionel tyoes of
drives. You cannot use this setting to enable Auzoplay on drives
on whick it is disablzc by d=fault

®@ur. 2. Group Policy Editor

e 3awuma na USB ycmpoiicmeo cpewiy 3anuc

3a na ce 3amutu USB ycTpoiicTBo cpemy 3amnuc, € Heooxoaumo B mojeto RUN na ce u3nume
diskpart (ToBa e BrpajgeHa mnporpama B Windows, KOSTO Ch3aaBa, MOAMQUIMPA, U3TPUBA WIH
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MIPOMEHS JISJIOBE | 3alllUTaBa OT 3aIliC), CIIe]l KOETO Ce€ OTBaps MPO30PElbT, MoKa3aH Ha (urypa 3

[11[3].

[N C:\ Windows' system32' diskpart.exe

Microsoft DiszkPart version 6.1.7681
Copyright (C» 199?-2888 Microsoft Corporation.
On computer: CHMP-HEGTAZRPU

DISKPART >

®@ur. 3. [Ipo3open Ha Diskpart

BbBexxna ce komaHara, KoSTo IIe TOKaXKe CIUCHK, ChAbPKAI YCTPOUCTBaTa HA KOMIIOTHpa
(tBBpau nuckoBe u mobmnau USB ycrpoiictBa) — list disk. Iloka3Ba ce momobGen Ha ¢ur. 4
IPO30peil.

C:' Windows' system32 diskpart.exe
Microsoft DiskPart version 6.1.7661

Copyright <G> 1999-2808 Microsoft Corporation.
On computer: CHP-HEGTAZRPU

DISKPART > list di=sk
Disk #iif Status

8B
Online 3823 MB 2888 K

®ur. 4

B cayudas mobunHoTo yctporctBo (duram mamet) e Disk 2. Tpsadsa muHoro mobpe nma ce
3allOMHU KOW € HOMEpPHT Ha JKCKa Ha ¢uiall maMeTTa u Ja ce BbBeae koMaHzaara select disk x (Ha
MSCTOTO Ha X ce 3amucBa HoMepbT Ha USB ycTpoiictBoTo — B ciydas — select disk 2), cinen xoeto
ce MmokasBa mojjo0eH Ha ¢ur. 5 mposoper.

C:'Windows' system32h diskpart.exe

Microzoft DiszkPart version 6.1.7681

Copuyright <C>» 1999-2008 Microsoft Corporation.
On computer: CHMP-SAEGTAZRFPU

DISKPART > li=st disk

Disk HH#H# Status

BB
Online 3823 MB 2888 K

DISKPART > select disk 2
Disk 2 is now the =zelected disk.

DISKPART >

®ur. 5

Crnen xato USB ycTpoiicTBOTO € M30paHo, 3a Ja ce 3amuThu oT 3amuc (write protected) ce
BBBEXIA KOoMaHna attributes disk set readonly, cnenm koero ce mokasBa momobeH Ha ¢ur. 6
po30pell.
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Windows system3zhdiskpart.exe

DISKPART > attributes disk set readonly

Dizk attributes set successfully.

DISKPART >

®ur. 6

CJICI[ U3IIBJIHCHUCTO HA TC3U CTHIIKHU, HA (bnam IIaMEeTTa HAMa Ja MOXKE Ja C€ 3allUIlIC HUIIO U
e M37U3a ChOOIIeHHEe, Y€ € caMo 3a 4eTeHe. AKO Clie[l TOBa Ce Hajara 3aluc BbpXYy Hesl, ce
U3No0J3Ba KoMauaa attributes disk clear readonly.

o zmpueane na eupyca Autorun.inf

Korato ce mocraBu USB ycTpoiicTBO, ce Mmoka3Ba ChOOIIEHUE 32 aBTOMAaTUYHO CTapTUPaHE.
Ako Ha (hnam ycTpoicTBOTO MMa BUPYCH, TOBA III€ 3apa3y KOMITIOThPHATA CUCTEMA. 3aTOBa BUHATH
TpsibBa na ce m3bupa Cancel u MBPBO /a ce MPOBEPsIBA YCTPOMCTBOTO 3a HATUYMETO HA BUPYCH.
Enun ot HaunHuTe 3a ToBa € : [2][3]

1. IIpomepsiBa ce xos e OykBara Ha USB ycrpoiictBoTO ( B cityyas € G: );

2. Or wmenio Start ce u3dupa komaHga Run (32 mo-KpaTko MoOKe Ja ce H3IO0JI3Ba

KJ1aBuIrHaTa komouHarus Win+R) u ce BpBexaa cmd, 3a 1a ce€ OTBOPH KOMAHIHUST MPOMIIT

Ha Windows (Windows command prompt);

3. 3a nma ce otBopu mupekTopusta Ha USB ycTpoilcTBOTO, ce M3MbJHABA KoMaHaata cd \.

[Tokassa ce, ue tekymara gupekropus € C:\>, cien koero ce u3mbiHABa komanaa G:. 3a na

ce BUAM CHIBbPKAHUETO Ha TUPEKTOpHSATa M Ja c€ MOKaXaT aTpuOyTHUTE Ha OTAEIHUTE

¢aiinoBe, ce M3MbBIHABA KOoMaHpaara attrib. Axo ycTpoicTBOTO € 3apa3eHo, Iie ce BHIAT

daiinoBe karo autorun.inf, autorun.vbs, kavo.exe, vbs, Heap4la, newfolder.exe, com,

ppt.exe u T.H. ATtpuOyrure Ha Te3u ¢ailioBe OOMKHOBEHO Ca: CaMO 3a YETCHE, apXHUBHH,

cucteMHHU U ckpuTh. CrieBaiiaTta cThIIKa LIe € Jja ce pemMaxHaT. ToBa cTaBa ¢ KOMaHaaTa:

4. G:\> attrib —s —h —r \autorun.inf; @aitnbT autorun.inf obuxkHoBeHo e ¢ shr atpudyru

(super, hidden, readonly), a ToBa ro mpaBu TPyACH 3a U3TPUBAHE. 3a IENTA TE3U aTPUOYTH

ce MmpemMaxBar;

5. MWsmenasaBa ce G:\>attrib, 3a 1a ce mpoBepu yCHENIHO JIU ca MpeMaxHaTH aTPUOYTHUTE;

6. Cnensa komangara G:\> dell autorun.inf;

7. OtHoBO G:\> attrib, 3a ce BUaM, 4e BUPYCHT BEUE HE € B CIIHCHKA;

8. 3a &a ce mpoBepU ChC CUTYPHOCT JalHd BUPYCHT € U3TPHUT, € Xy0aBo Jla ce u3le3e OT

Windows command prompt u ga ce uzBaau 6e3omacHo USB ycTpolcTBOTO, Clie]] KOETO TaK

Ce MOCTAaBs U Ce MPOBEPsIBA OTHOBO ChC CTHIIKA 3.

9. Jpyr HauuH, Ype3 KOUTO MOXKE Ja c€ OTKpHE autorun.inf e, cien kato ce nocrasu USB

YCTPOMCTBOTO, Ja C€ HATIPABH CIETHOTO :

10. Cnen natuckane ¢ necen 6yron Ha My Computer ce u36upa onuus Explore;

11. OtBapsane Ha yctporictBoTo 0T Windows Explore;

12. 3a na ce Buay autorun.inf € He0OXOIUMO J1a HSIMA CKPUTH MAaNKW. 3a HenTa ce u3dupar

OoTMeTKHUTE (KakTo € rmoka3aHo Ha ¢ur. 7) BbB Folder Options:
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General View | File Typesl Qffline FiIesI
~ Folder views
*f'ou can apply the view [such as Detailz or Tileg] that
you are uzsing for thiz folder to all folders.
Apply to All Folders I Fieset All Folders |
Advanced settings:

Dizplay simple folder view in Explorer's Folders list ;I

[0 Display the contents of system folders

Dizplay the full path in the address bar

O Display the full path in the title bar

O Do nat cache thumbnails

| Hidden files and folders

O Do nat show hidden files and folders
(& Show hidden files and folders

Hide extenzions for known file types

[0 Hide protected operating system files (Recommended)

O Launch falder windows in a separate process

|21 Managing pairs of Web pages and folders LI
Restore Defaults |

()8 | Cancel | ASpply |

®@wur. 7. Folder Options

e MW3kirouBaHe HA autorun.inf 3a NOCTOAHHO

ToBa mie mpemnoTBpatu ObjelIa mosiBa Ha autorun uepBes. CIETHUST TEKCT CE€ KOMHpa B
notepad u ce 3ama3Ba ¢ pa3IIMPEHHE .Feg., CIe]l KOETO CE pecTapTupa KOMIIOTHPHT. [1][2]

REGEDITS5
[HKEY LOCAL MACHINE\SOFTWARE\Microsoft\Windows

NT\CurrentVersion\IniFileMapping\Autorun.inf]

@="@SYS:DoesNotExist”

3. CpaBHHTeJIEH aHAJIN3

B tabnuna 1 ca npeacraBeHu pe3yaTaTy OT HAIIPABEHO MPOYYBAHE, OTHOCHO BH3MOXKHOCTHUTE
Ha HSKOJKO AaHTUBUPYCHU MpPOTpamMH 3a OTKPHUBAHE Ha PAa3JIMYHU BHJOBE auforun BHUPYCH.
Bepcunte Ha TecTBaHUTE HporpaMu (KakTO W BHPYCHUTE ACHUHUIMM) Ca AKTyaJU3UPaHU KbM
24.08.2013 r. KoraTo anTuBHpyCHATa mporpaMa He 3aceue Wid camo OTKPUE BUPYCUTE, MPOBEPKATA
U MMOYUCTBAHCTO MM € HUZBBPUHICHO W TCECTBAHO C BCHUYKU I/136pOCHI/I MCTOAU — IIPCMAXBAHC
MOCPEACTBOM rpauuHaTa cpejia Ha OlepalMoOHHATa CHUCTEMa U Ype3 M3MOJI3BAHETO HAa KOMaHTHUS

pexKUM.
Tabauna 1: Pe3ynratn 0OTHOCHO BH3MOKHOCTHTE HA HIKOW aHTUBUPYCHHU MTPOTPAMHI
Avira Microsoft
Avast F-secure AVG AntiVir Security
Personal Essentials
. OTKpHUBa U
Autorun.inf OTKpHBa OTKpHBa HE OTKpUBA HE OTKpHBa
N3YHUCTBA
OTKpUBa U
Newfolder.exe | oTkpuBa OTKpHBa HE OTKpUBA HE OTKpHBa
N3YHUCTBA
OTKpHUBAa U | OTKpHUBa U OTKpUBa U
Recycler HE OTKpUBA HE OTKpHBa
U34YHCTBa U34YHCTBa N3YHUCTBA
Svchost.exe OTKpHUBA OTKpHUBA HE OTKpPHUBA HE OTKpPUBA OTKpHUBa
OTKpUBa U
ppt.exe OTKpHUBa OTKpHUBa HE OTKpHUBA HE OTKpHUBA
N3YHUCTBA
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4. I3Boau M 3aKJIIOYECHUSA

Hanpasenurte mpoyuBaHus couart, 4ye OT aHAJIM3a MOTaT Jja Ce HAIpaBsIT CICAHUTE U3BOIM:

1. Pa3nuyHMTE aHTUBHUPYCHU MPOTPAMH MMAT pa3inyHa €(EeKTHUBHOCT 3a OTKPUBAaHE H

M3UYUCTBAHE Ha autorun BUPYCH;

2. [TIlpenBup daxra, ye Ha €IUH KOMIIIOTHP HE MOXE Ja C€ MHCTajJHpa IMOoBe4Ye OT e/Ha

aHTUBUpPYCHa Mporpama (mojy4yaBa ce€ KOH(MIUKT MEXAY TAX), OYEBHJHO HsAMa Kak Ja ce

MMOCTUTHE ISTOCTHA €()EKTUBHOCT CaMO C aHTUBHPYCEH coTyep;

3. Haara ce u3moa3BaHETO HAa METOJI 3a ITOYMCTBAHE, ITIOJOOCH Ha ONMCAHUTE B IOKIaga. B

3aBUCUMOCT OT TMPEINOYUTAHUITA HA CHOTBETHHS MOTpEOUTEN, MOXKE Jla ce m3bupa pabota

310 B rpaduyHa cpena miam 0e3npoOJieMHO Ja ce CIpaBH C KOMAaHIHHS PEXHUM Ha

Windows.

[Ipensua dakra, 4e cpeTHOCTATUCTUYECKUAT MOTPEOUTEN Hall-uecTo HEe MOXeE J1a CH TIO3BOJIH
M3TO0JI3BAaHETO Ha aHTUBUpYceH codTyep karo Kaspersky, Norton u apyru (CKbIIO TUIATEHU ca |
HaTOBapBaT CUCTEMaTa), TO HE MOxXke Ja ce oyakBa 100% curypHOCT OT cTpaHa Ha aHTUBUPYCHUS
copryep. Ilopamu Ta3m mpuumHa € g00pe MOTpeOMTENUTE Ja TMO3HABAT TMOHE C€IWH HA4YMH 32
OTKpHBAaHE M IIpeMaxBaHe Ha BUpycH OoT npeHocumu USB ycTpoiicTBa, KakTo U Ja UMaT MO3HAHUS
KaK J1a ce MpeAnassT OT TsIX B Oberie.
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AN APPROACH TO CREATING A VIRTUAL 3D MODEL OF A
MEDIEVAL TOWN

Stanislav D. Kostadinov, Tzvetomir 1. Vassilev

Abstract: This paper presents an approach for 3D reproduction of a medieval town. A procedure for creating
a virtual model of a destroyed medieval town is proposed. Technical solutions of API for visualization of 3D
models are compared. A few virtual museums are reviewed and new architectural solution for fast and light-
weight application for visualization is made. Flexible and easy to learn modelling tool for creation of virtual
models is proposed.

Key words: Virtual Museum, Cultural Heritage, VRML, X3D, WebGL, JOGL.

Ioxxox 3a cb3naBaHe Ha BUpTYaseH 3D Mo/es Ha cpeITHOBEKOBEH rpaja
Cranucnas JI. Kocragunos, [iseTomup M. Bacuies

Pe3tome: Ta3um cratwmsi mpencTaBs €QWH TOIXOJ 3a TPHUMEpPHA PENpPOIYKIHS Ha CPEIHOBEIKOBEH Tpal.
[IpemiokeHa € MeTOMKA 3a Ch3/laBaHe Ha BUPTYaJeH MOJIEI Ha pa3pylleH CPeIHOBEKOBEH rpaj. CpaBHEHU
ca pasnuunu APl 3a Busyanuzanus Ha 3D monenu. PasrimemaHu ca HSIKOJNKO BUPTYadHH MYy3€H U €
MPEICTAaBEHO HOBO apXHUTEKTYPHO PEIICHUE 33 Ch3/IaBaHE Ha OBP30 M MAIIKO MPUIOKEHHUE 33 BU3YaIH3AIIUA.
[IpenaoxeH e I'bBKAB M JIECEH 3a YIOTpeOa HHCTPYMEHT 3a Ch3/1aBaHEe Ha TPUMEPHHU BUPTYAIHU MOJICIIH.
KurouoBu nymu: Bupryanen myseit, KynrypHo naciencrso, VRML, X3D, WebGL, JOGL.

1. Introduction

In the recent years many scientists in the field of Computer Graphics collaborate with
historians to build virtual models of historical buildings and monuments, which were destroyed
during the years. Two major projects were started in the last 2 years in Bulgaria that reveals a new
look of old historical sites. The first one, started in 2011 is a virtual tour of the ancient Philippopolis
which is one of the previous names of Plovdiv, Bulgaria. The other one is the virtual museum of
Sofia, Bulgaria. It is part of the candidacy of Sofia for the European cultural capital in 2019. A year
ago, team from Great Britain started a project of photographing and cartographing Cherven
medieval town. Some high scale images from a weather balloon from different views were made.

The work, described in this paper, is a part of a joint project of computer scientists and
researchers at the regional history museum in Ruse, Bulgaria, for creating a virtual 3D model of the
medieval town of Cherven, situated near Ruse. During the years the town was destroyed, but
multiple excavations were performed and archaeologists have built a relatively detailed plan of city
and some buildings.

The rest of the paper is organized as follows. The next section reviews previous work on
virtual reconstruction. Section 3 studies the existing software for 3D modelling and existing format
and APIs for implementing 3D visualization on the Web. Section 4 describes in details the proposed
approach. The last section concludes the paper and gives ideas for future work.

2. Previous work on virtual reconstruction
A few teams have attempted to create virtual museums in the early 90's. First two of them are

the museums in New York and Paris. They contain high resolution images and do not match the
phrase 'virtual museum' as it is used nowadays. Most of the images do not have any accompanying
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comments and they are just sorted image sets. In the latest 90s, new site has been created by the
Canadian Museum of Civilization [1]. It has been a new phase of Internet museums that include
rich text pages associated with the images of the city of New France, Canada.

A next level of the collaboration of technologies and historical artefacts is the natural
historical museum of Los Angeles. The team from LA has created a site with huge set of artefacts
with intuitive search engine that provides quick access to each museum object. On-line shop and
event exhibition plan have been integrated, too. A similar type of site is one of the biggest
collections of on-line historical, scientifically and political objects that are situated in the so called
ibiblio. It is a digital library and archive with more than 2500 collection hosted on 25 servers.

One of the first virtual museums that contain 3D tour is the Smithsonian museum of national
history [2]. The navigation in each museum hall is not very intuitive and the traffic between the
client browser and the server is flooded with JPEG images used to refresh the scenes. Newer and
more sophisticated way of representing historical buildings or museum halls is the Google art
project [3]. The open source project provides high quality image viewer and building navigation
through museum halls. Navigation is done by multiple AJAX requests to server for images of each
view. This kind of virtual museums does not allow simulation of human walk through the historical
monument or real museum hall. It just makes approximations of user's manipulations and provides
limited set of views.

One of the pioneers of virtual reconstructions of monuments is Yiorgos Chrysanthou with his
reproduction of the old city of Nicosia [4][5].

Fig. 1. Reconstruction of Nicosia by Yiorgos Chrysanthou

In 2012, a team from USA led by Kuzminsky and Gardiner worked on ancient human fossils
and made a 3D model of them [6]. That was a new step forward of virtual museums and progress of
the quality of the virtual museum representations. Benefits of that museum conservation were that
people all over the world have the ability to have access to ancient skeletons in a three dimensional
view and it became easier to ordinary people to imagine what artefacts look like in a real scale.
Other 3D models of museum artefacts were made by the teams of Fabio Bruno and Stefano Bruno
[7] and Fernand Cohen and Zexi Liu [8].

@ (N BNENE Q- |-~ P -

Fig. 2. Semantic annotation in Research space project
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2012 was the year in which semantic technologies stepped in the virtual museums. A team
from Sirma Group developed application called ResearchSpace [9]. It is a project of the British
Museum that was built on the basis of RDF (Resource Description Framework) database
management system called OWLIM. Semantic technology enables machines as well as people to
understand, share and reason with them at execution time. With semantic technologies, adding,
changing and implementing new relationships or interconnecting programs in a different way can
be just as simple as changing the external model that these programs share. Next challenge for that
team is implementation of ConservationSpace, initiated by National Gallery of Art in Washington,
USA.

3. Study of 3D modeling software and API for 3D on the Web

3.1. 3D Modelling software

One of the most powerful design suites were developed in the last few years by Autodesk
Company. That manufacturer provides software for building architectural, mechanical, electrical,
structural and plumbing systems. They provide CAD systems but the suites that best fit to the needs
of creation a virtual model of medieval town are Autodesk 3DStudio MAX and AutoCAD Civil 3D.
They are extremely sophisticated and the learning curve is not steep.

3DStudio MAX enables artists and designers to focus more energy on creative, rather than
technical challenges. It's more oriented to flexible creation of dynamic animated object rather than
in static ones like construction materials. That suite provides too many features, which makes it
tough to learn and it makes the whole 3D model too "expensive" of time and human resources. The
product allows exporting in gbXML or the so called Green Building XML which is very close to
X3D language family. An advantage of 3DS MAX is the big community and the great variety of
file formats. Some of the disadvantages are:

» the number of vertices and polygons per mesh is limited to 65536;

» accurate vertex normal vectors cannot be stored in the .3ds file (3DS MAX file

extension);

» directional light sources are not supported.

AutoCAD Civil 3D is a part of the Autodesk Infrastructure Design Suite and it provides
solutions mostly used by engineers and designers to create buildings and infrastructure. One of the
advantages of Civil 3D are the surveying tools which can work with more than 4000 real-world
coordinate systems and generation of 3D models for GPS machine control. The suite can create
point clouds that are part of surfaces. That will be useful for steep terrains where huge meshes
compose ground details. Civil 3D uses tin surfaces that contain triangles only and that makes it hard
for maintaining in comparison with rectangular meshes but it is excellent for rough terrain areas
because it uses optimal number of points.

Another popular software tool is Rhinoceros. It is commercial NURBS-based 3D modelling
software and it is mainly used by architects, marine designers, jewellery designers and automotive
designers. The tool provides great variety of formats for saving of the resources. They can be XML-
based, JSON-based or special formats like these used by Autodesk tools. That makes Rhinoceros
flexible for use and it can export all the data to 3DS MAX format whenever it is necessary. Its
advantages are:

* provides mesh modelling tool (other mesh tools can be added with different plug-ins);

* easy to learn in few days for general purpose and it is intuitive in its use;

» simplified and optimal for generation of meshes and basic 3D primitives.

All of the above mentioned solutions provide student licenses and they can be used for the 3D
Cherven town model without paying any license taxes. They should provide a tool set for creation
of huge meshes and view with algorithms for smoothing them. The algorithms for smoothing
should be similar to the one from the museum viewer and its algorithm should be fast [10].
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3.2. Formats for 3D on the Web

One of the pioneer formats for description of 2D and 3D scenes is VRML. It is an
abbreviation of Virtual Reality Modelling Language. This language provides primitives
(parallelepipeds, spheres, cones, cylinders, set of points, set of lines, and set of planes) and its own
flexible format of transforming them by rotation, translation and scaling. Complex elements are
presented by set of points, lines or polygons. They could be visualized in a few coordinate systems
and the connection between the systems could be presented with transformation data the same way
like the primitives. VRML provides a way for definition of scripts that can be used for animating
the elements from the scene. VRML was mostly used a decade ago and because of its
transformation flexibility it was used for animation of animals and architectural constructions [11].

Google developed another JSON-based format called O3D. It was created for interactive 3D
graphics and originally it was build in as chrome plug-in. Latest implementation of O3D is a JS
library implemented on the top of WebGL. In fact, O3D visualization and interaction with 3D
object is integrated with the settings of the objects. That makes the meta data hard for reading and
maintaining.

Another format that has a fast-growing community is WebGL. It is similar to O3D because it
keeps the source code of rendering the scene and the scene objects in one place. It is partially
supported by some of the newest version of the browsers (Firefox, Safari, Chrome) but others like
Internet Explorer do not support it at all. A paper of Diego Cantor-Rivera and Terry Peters
describes how to use WebGL in medical imaging [12].

Nowadays, XML based formats are the most preferred formats for transferring data through
Internet. There are a lot of XML editors and they have high level of compression which is important
for decreasing the traffic between server and client. An XML successor that is similar to VRML is
X3D. In fact, X3D extends VRML and provides some new primitives like Humanoid animation,
NURBS and GeoVRML. X3D allows fast access to its tags (elements) if it is used in combination
with DOM or XPath, etc. X3D was used as format for representation of historical sites like
Stonehenge [13].

Some of the most innovative geographic information systems use standard called CityGML. It
is an XML successor and the abbreviation comes from City Geography Markup Language. Gerhard
Groger and Lutz Plumer used it to focus on the semantic model of the 3D models, its structures,
taxonomies and aggregations [14]. Since 14-th of March 2012 Open Geospatial Consortium
adopted CityGML as an official standard. After that date CityGML became a standard for
transferring geographical data through web services.

There is no adopted 3D format for data transfer between a server and a client [15]. VRML and
other JSON successors were used in the last decade of the 20-th century but after that XML-based
formats became more popular because they are user-friendly, they can be edited easier and a lot of
XML editors were made to support developers and even ordinary users.

3.3. API for 3D visualisation on the Web

There are a lot of viewers for X3D or VRML files. Most of them are outdated and not
maintained by their developers. Such tools are OpenVRML and FreeWRL. They need installation
plus additions settings. They are not compatible with all browsers under all operating systems and
that restricts the client.

Google O3D is one of the latest tools used to visualize 3D object on the web. In the beginning
it was a plug-in to Chrome but later it was organized as a JavaScript library implemented on the top
of WebGL. It could be run on Internet Explorer, Firefox, Chrome and Safari. However, your
browser should be compatible with WebGL, it works with a limited set of graphics cards and it has
no implementation for mobile devices.
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Java applet is good solution of both desktop and web-based applications. There are some fine
applications that are based on Java, or example, the applet that renders 3D scene by using the JOGL
APIL It is an extension of OpenGL used by Java developers. There are some applications with
similar architecture. One of them is combined with Xj3D but it is quite slow and complicated for
additional use.

Current existing solutions for visualization of 3D object are too big, too slow or have too
much hardware restrictions. A useful solution might be a JOGL application. It should be fast and it
should generate low traffic between server and client. It will be open source, cross-platform and
cross-browser.

4. Proposed approach

The authors of this paper propose the following procedure for creating a virtual 3D model of a
destroyed medieval town:

1. Studying existing plans of the town and buildings.

2. Taking aerial photographs of the ground and comparing with the existing plans.

3. Studying the terrain in Google Earth and creating a new accurate plan of the town based

on existing maps, air photographs and Google Earth maps.

4. Selection of an appropriate 3D modelling software.

5. Collecting textures for the old buildings, created by artist and designers.

6. Creating the virtual model using the selected software.

7. Developing an application for the visualization. It can be used for both online and

standalone version of the system. The customer will be able to navigate through the streets

and look inside some of the buildings.

The most flexible 3D modeling software for generation of virtual 3D model of a medieval
town is Rhinoceros. The application provides tool for mesh modeling and a set for manipulation
which facilitates construction of the complex shapes. The tool provides functionality for export in
file formats compatible to other well-known modelling tools which makes it easy to replace it later
if necessary. This tool is more oriented to modelling rather than in rendering 3D scenes which fits to
the need of the reconstruction. Another useful functionality is creating meshes from point cloud
data. This technique speeds up generation of objects part of the 3D model and it is well-known from
other reconstructions. Last but not least, this tool exports data in XML format that is simplified and
human-readable format and easy to be parsed from any client-side application.

XML successors fit best to this application because they have high compression ratio. X3D is
a good solution because it is standardized and other applications can use it too.

The tool for visualization of the virtual museum will be implemented with Java technologies
because they are cross-browser and cross-platform. Java applet will be used for the presentation
layer and JOGL will be used for rendering 3D objects. SAX parser will be used for parsing of the
model file.

5. Conclusions

This paper presented an approach for creation and visualization of a virtual model of a
medieval town. Most of the tools and sites do not provide realistic view of the presented historical
monuments. Some fast and light-weight solutions were presented in order to implement new
application that will satisfy user's environment and needs.

As a conclusion, such application for visualization of virtual models of towns is one step
ahead in each direction: loading speed, realism, interaction, cross-platform, cross-browser, model
compatibility with other applications and simplicity of model generation.
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TAKCOHOMMSA HA JAHHU I'PAIUBHU BJIOKOBE

Bacux b. MueB

Anoranus: PazpaboTkaTta Ha apXUTEKTypa Ha MPEANPUATHETO € MPOIIEC Ha MOJICIIUPAHE U JOKYMCHTHPaHE
Ha BCHUYKH ACTIEKTH Ha opraHu3anusaTta. PazpaboTeHa ¢ TakCOHOMHS Ha JIaHHH TPaJUBHUTE OJOKOBE, KOSITO
ce 0a3mpa Ha TPU OCHOBHHU KIACU(DHUKAIMOHHU TpU3HAKa: aOCTpakmus, oOXBaT M 3psutocT. T Moxke Ha
MOCITY)KU TpH crenupuIMpaHe W CbXpaHEHHWE Ha WH(OpManus 3a JaHHU TPaAJAUBHUTE OJIOKOBE.
PazpaboTkara Moke ma ce mpuiara Kato pbKoBomeH Martepuan 3a WT oTmenu, KOMTO 3amoyBaT Aa
peanm3upaT NpoeKTH B 00JIacTTa Ha CHHXPOHU3AIUATa Ha On3Heca M HH(POPMAIIMOHHNUTE TEXHOJIOTHH.
Kuawo4oBu aymu: apXuteKkTypa Ha NOPEANpUSATHS, apXUTEKTypa Ha JaHHUTE, MOJCIHpAaHE Ha JaHHWU,
Taxconomus, EIM, 3D Model, eTOM.

Taxonomy for data building block
Vassil B. Milev

Summary: The Enterprise Architecture is the process of modeling and documentation of all aspects of the
organization. The taxonomy of “data building block” is developed, which is based on three main
classification criteria: abstraction, scope and maturity. It can be used for specifying and storing information
for data building blocks. This work can be used as guidance material for IT departments, which will begin to
implement projects in the field of synchronization of business and information technology.

Keywords: enterprise architecture, data architecture, data modeling, taxonomy, EIM, 3D Model , e TOM.

1. BLBeaenue

PazpaboTkara Ha apxuTekrypa Ha mupeanpustuero [14,19] e mporiec Ha MoaenwpaHe u
JOKYMEHTHpPaHE Ha BCHUKM acleKTH Ha OpraHU3aIMATa, 3a Jla Ce rapaHTHpa, 4e yCIYyTr'H, IpOIEecH,
NPUIIOKEHUS, MH(POPMAILs, JaHHU, TEXHOJIOTHU, MECTA, XOpa, CbOUTHSI U CPOKOBE ca ChOOPa3eHHU C
LEJUTe W 3a/auuTe. ApXUTEKTypara € (yHIaMEHTaIHAa OpPraHU3alMs Ha CHCTEMH, peaJu3upaHa
Yype3 HEWHUTE KOMIIOHEHTH, BPB3KUTE MOMEXIYy MM, M C OOKpbXKaBallara cpela, KakTo M
MIPUHLMIIATE, ONPENEIAIA HEHHOTO MpoekTupaHe U pas3Butue [13]. 3a ma ce ocurypu CHHXpOH
MEXIy pa3BUTHETO Ha OuwsHeca u uwHbopmarmoHnHute TexHomormu (MT) [11], e Heobxomumo
Ch37laBaHE Ha TAKCOHOMUU [4], yOBIETBOPSBALIY I'bBKABOTO UM Pa3BUTHE.

OOUKHOBEHO NpH CTPYKTYpUpaHE Ha IJAHHUTE C€ M3MOJI3BaT CTOTULIM WIN JOpU XWIAIU
MMEHAa Ha apXUTEKTypHUTE eJIeMeHTHU OT JaHHU. [lo-rojsimMara yacT OT MMEHaTa ca OMOHHMH,
CUHOHHMMH U IICEBJJOHUMH, Ch3A3JJCHU B OTCHCTBUETO Ha TpH (hakTopa:

®  CTaHJApTH 32 UMEHYBAHE;

e  TJIe/IHA TOYKA HA KOPIOpAaTUBHATA apXUTEKTypa Ha JaHHU;

e [UIAHUpPAHE Ha Ch3/1aBaHE U U3IOJI3BAHE HA JTaHHUTE.

Ilen Ha HAcTOSIIIUS JAOKJIA € Ja MPEACTaBU CUCTEMa M CPEJICTBA 3a pEIIaBaHe Ha TO3MU
npo0sieM, T.e. 4pe3 W3MOJI3BaHE Ha MajKO Ha Opoil TUIIOBU apXUTEKTYpHHU €JEMEHTH, HapeueHHU
“mannu rpaguBHu OsokoBe (Data Building Blocks, DBB), kouto ca cucreMaTuzupaHu, OMUCaHHU
BU3YyaJIH3UPaHHU, Ja C€ ONTUMHU3HpA ACHHOCTTA MO0 MOJCITUPAHE HA TaHHHU.

Ta3u 1en ce peanusupa upes pazpaboTka Ha TakcoHomus [4,17] na DBB, kosTo knacudunmpa
M0 OTpeAeNeH! MPU3HAIM OCHOBHUTE apXUTEKTYpHU KOMIIOHEHTHU, U3MOJI3BAHU MPH MOJEIHpPaHE
Ha JIaHHUTE.
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2. Misicto u poJist HA JaHHU T'PaJAUBHUTE 0JI0KOB€ U TSIXHOTO ONHCAHHE

Mscroto u ponsta Ha DBB ce uzsicusBa upe3 3D MOJIEJI Ha apxuTektypa Ha naHHuTe [16]
u pasmmpenus uapopmarroneH moaen (Extended Information Model, EIM) [7], npencraBenu Ha
¢ur. 1 u ¢ur. 2. Moxenure omMcBaT KOHKPETHH ApPXHUTEKTYpHU pEIICHHUS B 0OJacTTa Ha

MOZICIIMPAHC HA JaHHHU [6,8], KOUTO CC ABABAT THUIIOBU U MOI'aT MHOTOKpPATHO [1a 6’bI[aT H3I10JI3BaHU
B pa3JIMYHU IIPHUIIOKCHUS.

Mucus n
CTapTerua

Knuent

Yenyra NocTrasunum Q6wK Guanec
ChIHOCTH

MaprkeTuHr MpoaykT Pecype

¥npaeneHue Ha

npeanpHATHeTOo

OomeidHn Ha npegmMeTHaTa obnacT

®@ur. 1. 3D moaen Ha apXUTEKTypa Ha faHHuTe [16].

Konuenryainex
MoAe

Arperupanu Ou3Hec
CBIHOCTH

JlaHHM rpaauBHU OJIOKOBE

PaswupeH nHpopmaLumoHeH Mmoaen

@ur. 2. Pasmupen nnpopmanuoner mozen [7] .

[IpencraBnsBaT (HYHKIIMOHATHO O0OCOOCHM €IWH WM Tpyna OOEKTH, KOWTO pealu3upar
KOHKpeTHa (PYHKIUS B pAMKHUTE Ha JOMEHH OT KOHKpPETHA MpeIMeTHa 00JIacT.
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[Ipumepu 3a rpaguBam OsiokoBe [9, 10, 15] ca mpencraBenu Ha ¢ur. 3: KoMyHUKauu chC
cryznenTa, Jlanuu 3a cryaenta, Ctarycu Ha cryneHTa B Arperupana busznec Coinnoct (Aggregated
Business Entity, ABE), Ctyaent B mpeamersa oosact - O6pa3oBaHue.

ArpervpaHa 6M3HecC CbLHOCT /_\
Tekywo

CbCTOAHWE Ha

Bnageete

KomyHukauuu
OB Ha e3nLM CTyAeHTa C cTyaeHTa Buorpadma
CryneHt J R —

no CTyaent CTyAeHT

nacnopTH crarycu

aHHN
ocC (Haceneuow (CemeeHW | cneuvanHocT || Komyhukauum || | Cubutue |
cTaryc

MACTO

CreneH Ha
BnageeHe

KpumuHanex
cTaTyc

K MscTo Ha
YR CLBUTHETO
[laHHuW rpaaneHu Gnokose \_/

@ur. 3. Arperupana ouzHec cbIHOCT - CTyEHT.

ObpasosaTteneH
craTyc

OT M3KJIIOUMTETTHO 3HAYCHHE 3a pa3padoTKa HA KAUeCTBEHU MOJICIH Ha JIAaHHU € JACTalTHOTO
ormmcadue Ha DBB, xoeTo Bxmousa:

®  U3BBPIIBA CE TEKCTOBO OIMCAHUE Ha CHITHOCTTA;
e u3bposBar ce ABE, B KouTO rpaguBHUAT OJIOK y4acTBa,
e  u30posBAT Ce€ CHIIHOCTUTE, KOUTO y4acTBAT B IPaJUBHUS OJIOK;

L OIIKMCBAT CC MpaBuia Ha U3IIOJI3BAHC U pC€ain3alus.

[Tpumep: KomyHukanuu ¢ nepcoHa

Tabauna 1

HasBanue KomyHnukanuu ¢ nepcona

Onucanue [ToapoOHo onrcaHne Ha TPagUBHHS OJIOK

ABC CTyneHT, IpenoaaBares, CIyKUTel

CBbp3aHU CHIIHOCTU [lepcoHa, KOMyHHKallM1, KOMYHUKAIMU C IEPCOHATA
TIpaBuna

3. TakcoHOMHSI HA JaHHM IPAIUBHUTE 0JI0KOBE

TakcoHoMusiTa (OT TPBUKH TAEG-CTPON, MOPAABK M VOLLOG-3aKOH) € HayKa 3a KilacH(pHKaius,
BKJIIOYBAIIA MpaBUia, TEOPUs, METOAN U TpuioxkeHueto um [4, 17]. [IpeacraBisgBa KOJIEKIUS OT
KOHTPOJIMPAHU YCIIOBUS U JICKCHKA, OPTaHU3UpaHU B HiepapXuyHa CTPYKTypa.

busHec TakcoHOMMHTE WM Taka HapedyeHUTE Kiacudukaiuu, Bede ce pajBaT Ha JOBEpHE,
KaTo JIMIICBAIIO 3BEHO HA MPOCKTHU 3a ynpaBlieHUEe Ha JaHHU. [lox TakcoHOMHS B JOKIAAa IIE Ce
pazoupa HabOp OT W30paHW TEPMHHH, HW3MOJ3BAaHM 3a HW3BJIMYAHE HA OHJIAWH ChIbpPXKAHUE.
Paspaborenata mnpumepHa TakcoHoMmusi (¢ur. 4) me ce H3MON3Ba MpU CHEHUPUIUpPAHE U
ChXpaHEHHE Ha WH(OpMAIUs 3a TaHHU TpauBHUTE OJ0KOBE [9].
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/] 31 Hueawa
3. 3panocT Ha 3pAnoct
DBB \\/ 3.2. Kputepuu 3a
3pAnocT
2.1. Bug Ha

DBB 2. MpeameTHK AeilHocTTa
N ofnactu '\
2.2 ABE

2.3. Bugpoee DDB

1.1. Huea Ha
abcTpakuma

L e WL 1.2. ianbnHABaHKU

ponu

)

1.3. Jetainuaayus

®@ur. 4. TakcOHOMHS Ha TaHHU TPATUBHATE OJIOKOBE.

OCHOBHUM KOMIIOHEHTH Ha TAKCOHOMHUSTA CE SIBSIBAT:

1. A0cTpakumst

Vka3Ba mnpenHazHaueHuero Ha DBB, HeroBust pa3paboTuuk © COOCTBEHHMK, KakKTO H
peanuzupaniys ro Mmojein. Bxirousa cieaHuTe HUBA:

1.1. HuBa Ha aOcTpakuus - MOJETUPAHETO HA JaHHU CE peau3upa B paMKUTE Ha TPU MOJIENa
- KOHIIENTYaJeH, JIOTHYeCKH U (pu3nuecku. [laHHU TpaJuBHUTE €JIEMEHTH BBIIPEKM U YaCT OT
o0IIMsI MOJIeN Ha JJAaHHU, TTOJIKAT Ha ChIIUTE 00PaOOTKH.

1.1.1. KonnenTyaneH Mojen - OOMKHOBEHO C€ Ch3/1aBa B MH()OPMAIMOHHUS €Tall CTPaTETrHs
3a ynpasieHue. Chabpika KIOUOBUTE CHIIHOCTA U OTHOIICHUS U MPeCTaBs rpaguyHO, HA BUCOKO
HUBO KOHIEMNIMATA 3a Jara IpaauBHUsA Osok. He 3aBucH OT u3NOd3BaHaTa 3a peanu3anus
wiatopma U mporpaMeH e3uk. Peammsupa ce upe3 msnonsBane Ha Metoga PER (Process-Entity-
Relation) [6, 8].

1.1.2. Jlornuecku MoJen - ONUCBa KOHKPETHUTE CTPYKTYPHH €JIEMEHTH (TaONMUIM), TEXHUTE
aTpuOyTH U CbOTBETHUTE TUNOBE AaHHU. Onpeaens NpuiIoKUMUTE OU3HEC IPaBUIIA.

1.1.3. ®u3uvecku MOAET - KpalHOTO MPEJCTaBsIHE Ha CTPYKTYpHUTE Ha 0a3ara JaHHU, KOUTO
ca moJiydeHu oT Mojena. Chabpika moApoOHU crenuduKaIyy 3a MpoeKTUpaHe Ha 0a3u JaHHHU.

1.2. I3nbaHsABaHU pOIH

1.2.1. ApxuTekT - pa3paboTBa CHUCTEMHATa apXHUTEKTypaTa Ha MPEANPHUATHE, BKIIOYBAIIA
apXHUTEKTypaTa Ha JaHHHUTE, IPHIOKEHUATa U nHppacTpykryparta [13, 19].

1.2.2. TIpoekTaHT - MPOEKTHpa MPWIOKEHUATA W CHI'BTCTBAIMMTE TW 0a3uW NaHHH, KaTO
Ch37aBa JJOTUYECKUS MOJIEN HA JAHHUTE.

1.2.3. Pa3zpaboTuuk - pazpaboTBa MPUIOKEHUATA U (PU3NISCKUAT MOJIENT Ha Oa3ara JaHHHU.

1.2.4. CoOcTBEeHHK - OTroBapsi 3a CHOTBETHM JAaHHH TPAJMBHU OJIOKOBE - CBhXpaHEHUE,
aKTyaJlH3aluu, HOBHU NPUIIOKEHHUS.

1.3. JleTaiinu3anus

1.3.1. Ilpeanpustue/opranu3anusi - CbBKYIHOCT OT B3aMMOJICUCTBAIM E€IEMEHTH, KOUTO
peanu3upaT KOHKpETHU OM3HEC MPOLIECH U IpecienBaT onpeaenenu uenu [13, 14, 19].

1.3.2. IIpoekT - W3BBPIIBAHE HAa CHBKYIIHOCT OT PA3HOPOJHHU JACHMHOCTH 3a pellaBaHe Ha
CJIO’KEH HECTaHJApTEH MpOoOJieM MPH HAJIIOKEHU OTPaHUYCHHS OTHOCHO BpeMe, pa3xo/H, KauyeCTBO
U crienu(UYHU U3UCKBaHUS KbM HEroBaTa OpraHu3alys.
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1.3.3. IIpunoxkeHue - mporpama 3a peaju3nupaHe Ha KOHKpPETHa 3ajaya.
1.3.4. Monyn Ha NPUIIOKEHHUE - YacT WM (PparMeHT OT MPHIIOKEHUETO, 3a peau3upaHe Ha
KOHKpETHATa 3ajjaya .

2. IlpenmeTHH 00acTH

OcHoBHa 3a/1aua Ha UHPOPMAIIMOHHOTO MOJICTUPAHE € pa3paboTka Ha PopMaIHO ONMHCAHHE
Ha JaJeHa mpeaMeTHa oOmacT (OOMKHOBEHO 3acsraiia €IHO NPEINpHUsTHE), HE3aBHCEII0 OT
0COOCHOCTHUTE Ha peanu3allys Ha MoJiela U CbOTBETHOTO MPOrpaMHO ocurypssane. [Ipenmernara
obnact kacae cdepa Ha JCHHOCT B pealHHs CBAT, 32 KOSATO € Ouja mocTaBeHa 3ajadaTta aa Obae
MpPEeXBbpJIEHA B KOMMIOTHPHUS CBAT. [Ipumepu: TeneKOMyHUKallMM, YHUBEPCUTETH, MEAMIIMHA,
ThproBus. T4 ce pa3nens KakTo cle/Ba :

2.1. Bun Ha neHOCTTA - 32 BCSIKA OpraHU3allMsl ca TUIIMYHU TPU HAIPaBJICHUS B JIEWHOCTTA,
KOUTO C€ OIKCBAaT ChC CHOTBETHUTE OM3HEC MpOIeCH. SIBABAT ce OCHOBHUTE JAOMEHHH, KOUTO
TpsiOBa na OBJAT MOJENMPAHM TPU H3rpaXaaHe Ha HH(POpMAIMOHHATA HHQPACTPYKTypa H
MIPUJIOKEHHUS B €IHAa opraHu3anus. MHoro no6pe ca pa3Buty B koHnenmnusata The New Generation
Operations Systems and Software (NGOSS) na TeleManagment Forum (TMF) [12] u mo
cniermaaHo B Mojena Ha mporecu The enhanced Telecom Operations Map (eTOM) [1].

Ha 1, 2 u 3 nuBa ot monena eTOM [1] ce u3BbpiBa aeTailin3aius Ha OMKUCAHUTE MO-TOpe
o0acTu 10 mOJAIpoLecH (HampuMep, TMarHoCTUKa Ha MPOOJIeMH HIIM KOHTPOJI Ha MOKa3aTelluTe 3a
MIPOU3BOUTEIHOCT HA PECYPCUTE):

2.1.1. Crparerus [6,7,8] - BKJIIOUBa 1N CIEKThP BBIPOCH CBBP3aHU ChC CTpATErusATa Ha
OpraHm3alysITa, pPa3BUTHETO HA WHPPACTPYKTypara W YIpaBICHHWE HA KU3HEHUS IHMKBI Ha
MPOAYKTUTE (YCIIYTHTE).

2.1.2. Onepauurionnu npouecu [7,12] - sBABat ce Hali-BaXXHUTE MPOLIECH B €JHA OpraHU3aIlus,
KOUTO 00e3reyaBaT NpeCTaBsIHETO U OCUTYPSIBAHETO HA YCIYTH U MPOIYKTH.

2.1.3. YnpasieHue Ha opraHu3anusara - o0xBaia oOIIy BBIIPOCH 10 OCUTYpsIBaHE JCHHOCTTA
Ha OpraHM3alMATa, TaKMBa KaTo YIpaBlIeHWE Ha Kaapu, (UHAHCHM W aKTHUBM, 3HAHUS, BBHHIIHU
BPB3KH U T.H.

2.2. Arperupanu Ou3HeC CHITHOCTH [ 7]

[IpencraBisBaT TSCHO CBBP3aHU pa3IUYHU 00EKTH, OOCAMHEHH B €qHA rpymna. Ts ce ChbcTou
or DBB, kouTo u3sicHABaT W JeTalIM3upaT OCHOBHATAa OWM3HEC CHIMHOCT-OOCKTH, y4acTBAIIH B
cboTBeTHUSI mporec. ABE ce sBSBaT OCHOBHHM 3a TPEANPUATHETO MTAHHHU, KOWTO 3aBUCIT OT
cheparta, B koATo TO aeiictBa. I[lpumep 3a ABE B obGmactra Ha 00pa3oBaHHMETO ca: CTYJEHT,
mpernojaBaTell, IUCIUIUINHA, PECYPCH U T.H.

2.3. Bunose rpaguBHH OJ0KOBE

B monena SID (Shared information and data model) [2,12] 3a Bcsika ABE ca onpenenenu
CIIETHUTE JaHHU IPaIuBHU OJIOKOBE.

2.3.1. OcHOBHU JaHHU - ONMKCBa OCHOBHUTE NaHHU Ha ABE, xaTo ompenens chIIHOCTTa Ha
OCTaHaJIUTE OOEKTH.

2.3.2. Crparerus M IUIAHUPAHE - ONMCBA 3aJa4M, KPUTEPUU U CPOKOBE 32 M3IIBIHEHUE Ha
pelIeHus.

2.3.3. Cneuundukanus - onucsa pa3inyHu crarycu Ha ABE.

2.3.4. KomyHukanusi - OTpa3siBa JaHHMU, Kacaelli MOOWJIHHW, CTAllMOHAPHU W HHTEPHET
KOMYHHKAIIHH.

2.3.5. Kondwurypanus - omucBa BbTpemHaTa cTpykrypa Ha ABE - macmoptHu naHHU,
(bupMeHH TaHHH, BXOJI, U3XOJ U T.H.

2.3.6. [TapameTpu 3a €EeKTHBHOCT - OMKCBA IMAPaMETPH 3a OIICHKA HAa MPOU3BOIUTEITHOCTTA
(edexTuBHOCTTA ) KauecTBOTO HA ABE.

2.3.7. CpencrBa 3a TECTBAHE - OMKMCBA CPEACTBA M MHCTPYMEHTH 3a olleHKka Ha ABE.

2.3.8. I[Ipobnemu - onucsa npobdiemu, Kouto kacaat ABE.
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2.3.9. Cp0utus BBB BPEMETO - ONMUCBA CHOUTHSI W TAXHATA HCTOPHYECKA CBBP3aHOCT B

kourekcra Ha ABE.

B Tabmuma 2 ca mameHu mpuMepu 3a JaHHU TpaauBHU OsiokoBe Ha “IIpenomaBaren” wu

“Crynent” 3a ABE.

Taoanma 2

Kareropus IIpenogaBarten CryneHnt JducuunimHa
DBB

CbmiHOCT [Ipenonasaren CryaeHt Juciumimaa

Crparterus u njiaH

3agaun ¥ KpUTEPUU

3agaun U KpUTEPUU

Crartycn Hayuna crenemn, ObpasoBarenen, cemeeH, (U3mut
HAy4YHO 3BaHNE, KpUMHUHAJICH
KomyHnukanus KomyHnukauuu ¢ KomyHukauuu cbe Komynukanuu ¢ apyru
penojaBaTes CTYZAEHTa JUCHUTUTUHA
Kondurypanus [Nacnoptau nanam |[lTacropTHU naHHU Jlannu 3a
JUCLUITMHATA
ITapamerpu 3a [Tapamerpu 3a ITapamerpu 3a [TapameTpu 3a
e(eKTHBHOCT e(EKTHBHOCT e(heKTUBHOCT e(EKTUBHOCT
CpencrtBa 3a ATtecTanus M3nutu OO6chxIane
TecTBaHe
IIpobaemu [Ipobnemu Ha [Ipobnemu Ha cTyaenta |[IpoGiemu Ha
TIpernoaaBaTens JTUCIMIIIINHATA
Hcropusi/onorpadus |buorpadus Ha buorpadus na crynenra |Mcropus Ha
penojaBaTes JUCLUITMHATA

3. 3psi10CcT HA rPaUuBHUTE 0JIOKOBE

OTunTaHe HUBOTO Ha 3PSUIOCT HA APXUTEKTYPHUTE KOMIIOHEHTH IIPU MOJEJIMpAaHE HA JaHHUTE
€ B OCHOBaTa Ha IOJyyaBaHE JETail/IHa U SICHA KapTHHA 3a ChCTOSHUETO Ha apXUTEKTypaTa Ha
NPENpUATHETO M B YaCTHOCT HAa JAaHHU TIpauBHU OnokoBe. Moxenure Ha 3psutoct [18,19,20]
OIIpENIeNIAT BU3KATA U IIbTHATA KapTa 32 YChbBBPIICHCTBAHE HA MpoLeca 10 MOJEIUpaHe Ha JaHHH B

CIHa OpraHu3anus.

3.1. HuBa Ha 3psioct

Monenst Ha 3psutoct Ha [aponn Kepunep [3], uzBecren kato Project Management Maturity
Model (PMMM) ce cbcTon oT 5 HuBA ((ur.S), BCAKO OT KOUTO MPEACTaBS pa3inyHa CTEICH Ha
3psUTIOCT Ha MPOLECUTE IO Ch3/1aBaHe Ha MOJIEIM Ha JIaHHU B €JIHAa OpraHu3aIlusl.

BazoBu———p|
3HaHus

OnpepensiHe
Ha npoueca

yC'bB'prIJeHCTBaHe—»
Ha npoueca

YnpaBneHne Ha—|

Ha npoueca

O6Lwa TepMUHONOruA

MocToAHHMU
nogo6peHus
BeHuYMapKkuHr '

——+ EanHHa meTtogonorusa .

O6wm npouecu

®@ur. 5. HuBa Ha 3psIocT Ha TpaguBHUATE OJIOKOBE

3.1.1. OOma TepMUHOJIOTHS - OpraHU3alMATa OCh3HABA BAXKHOCTTA OT YIpaBJICHUE HaA
JAHHUTE M CH IOCTaBd LEIU MO TAXHOTO MojenupaHe [6, 7, 9] m mocneasBamio MbIHOIEHHO
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U3MOI3BaHe. 3arnoyBaT Npoy4YBaHus U AEWHOCTH MO U3ydaBaHE M MoJydyaBaHEe Ha 0a30BU 3HAHUS 3a
MOJIeTIMpaHe Ha IaHHU ¥ B YACTHOCT 3a JIaHHU TPaJMBHUTE OJIOKOBE.

3.1.2. OGmm mporecu - opraHu3aiys € HaTpylnaiga 3HaHUsS B 00JlacTTa Ha MOJIEIMpPAHE Ha
JAaHHYW U OCh3HaBa HEOOXOAMMOCTTA OT OOIIH MPOIIECH IO YIPaBIECHUE, ChXPAHCHHUE U TIOIIbpKAHE
KauyecTBOTO Ha JaHHHUTE, FrapaHTUPALY CTaHAAPTU3aLUs HA JEHHOCTTAa U MHOTOKPATHO U3IOJI3BaHE
[13].

3.1.3. EquHHa METOAOJIOTHS - OpraHU3alisl OCh3HaBAa BaXKHOCTTA OT M3IOJI3BAHE HA €IMHHA
METOAONOTHA, Oa3upaHa Ha apxuTekTypHus noaxox [11,15,19], rapanTupama cuHepreTudeH
edeKT, OT eIHOBpEMEHHAaTa pa3padOTKa Ha apXHTEKTypuTe Ha OW3HEC NPOLEeCUTe, TAaHHUTE,
MPUJIOKEHUATA U HHPPACTPYKTypaTa.

3.1.4. BeHuMapKuHT - Ha TOBa HHMBO OpraHH3alMATa MPOYyYBa HA-IOOpPHTE NPAKTUKUA B
o0nactTa Ha MHGOPMAITMOHHOTO MojJenupaHne [7] u BHeApsABa Te3U OT TAX, KOUTO ChOTBETCTBAT Ha
HEWHUTE LEIU U 3a7a4H.

3.1.5. IloctossHHM TTOIOOPEHMSI - HA TOBAa HUBO OPTaHM3AIUATA € Ch3/aia U MOIbpxKa 100po
HUBO Ha yNpaBlIeHHE Ha JaHHHUTE cu. [lepnoandHO ce mpoBepsBa KaueCTBOTO U IIBIHOLIEHHOTO UM
U3IOJI3BaHE.

3a mMojiena ca BaIMIHU CIEIHUTE IIpaBuia:

® BCSKO CJIE/IBAI[0 HUBO 3aIl04Ba CJIE]] 3aBbPILBAHE HA MPEIXOAHOTO;

® HBaTa MOTaT Jia C€ MPUIIOKPUBAT;

® 32 BCSIKO HUBO Ce pa3paboTBaT moka3aTeliy, O0XBalalllK MEeTTEe MEPCIEKTUBY HA paMKara.

3.2. Kpurepuu 3a 3psutoct

Kputepunre 3a 3psiocT AaBaT MpeicTaBa 3a XapaKTEPUCTUKUTE HA KOUTO TpsOBa 1a
OTrOBapsAT JAHHU TPATUBHUTE OJOKOBE M 3a TAXHOTO BIHSHHE BBPXY BBH3MOXKHOCTHTE 34
MpeMHHABAaHE KbM CJIE/IBAIU HUBA HA 3pssocT. Te MoraT ia mojiydar clieHaTa KiacupuKamus :

3.2.1. KopektHocTt - ompeaens gaiu DBB cboTBeTcTBa Ha mpaBuiiaTa M TEXHUKHUTE 3a
Mojenupane Ha JaHHu [9,15] (T.e. manu e BanuaAeH MOJEN Ha JaHHWUTE). ToBa BKIIIOYBA JAHarpamMu
KOHBEHIIMM, MpaBUjia 3a HMMEHYBaHe, MpaBuja 3a CTPYKTypUpaHE, IpaBHiiaTa 3a CbCTaBa U
HOpMaJIM3UPAHE.

3.2.2. IlpnHotara - oTHacs ce n0 ToBa jganu DBB ceabpka wsmara uHpOpManus,
HeoOXoruMa 3a MoAKpena Ha u3McKkBaHaTa (hyHKIIMOHATHOCT Ha cuctemara B ABE.

3.2.3. TloureHoct - ompexnens nanu DBB, BkitouBa Bcuuku OW3HEC MpaBUiIa, KOUTO CE
npujiarat KbM JaHHUTE.

3.2.4. Ilpocrorata - o3HauyaBa, ue DBB chbabpka MUHUMaTHUTE BB3MOXKHHU CHIIHOCTH U
OTHOIIICHUS.

3.2.5. I'bBKaBOCTTa - onpeaesns ce JekoTara, ¢ koaro DBB moxe f1a ce cnpassi ¢ IpOMEHH B
On3Heca WM B HOpMaTUBHATA ypeaoa.

3.2.6. Nnrerpanus - onpezens ce kKato cbBMecTuMOCcT Ha DBB ¢ ocTananuTe apXUTeKTypHU
KOMITOHEHTH Ha MOJIeJIa Ha IaHHU Ha OpraHu3alusiTa.

3.2.7. Pa3zbupaeMoct - ompenens ce KaTo JEKOTa, C KOSITO KOHIICTIIUUA U CTPYKTYPH B JaHHH
rpaauBHUS OJIOK MOTAT Ja ObaaT pazOpaHu.

3.2.8. TlpumoxxumocT - ompezenss ce OT TOBa Jald KOHKPETHHs JTaHHHM TPaJHBEeH OJIOK,
¢burypupa B XpaHWIMIIETO Ha JaHHHU, KAKTO U MOXE JIU J1a ObJaT U3NBJIHEH B paMKUTE Ha CPOKa,
OIO/PKETHU OTPAHUYCHHS U TEXHOJIOTHS Ha MTPOEKTA.

3.2.9. CrangapTU3UPAHOCT - OTpa3siBa IOKOJKO BCUUYKH MPUJIOKUMHU CTAHJIAPTH Ca CIa3eHH,
HE3aBUCUMO OT TEXHUS IPOU3XO/I.

3.2.10. 3a mHOTOKpaTHa ynoTtpeba - DBB Tps6Ba na ocurypsiBa Bb3MOKHOCT 32 MHOTOKPaTHA
ynorpeba, KakTO CaMOCTOSITETTHO, TaKa M B ChCTaBa Ha IPYTH MMO-MallaOHU MOJIEIIH.

3.2.11. Amromatu3upana oOpaboTka - ompeaens CTeneHTa Ha GopMaiHu3aius, KOsSTO
MO3BOJISIBA J]a CE W3IMOJ3BAT MPOTPAMHH WHCTPYMEHTH 32 BBBEXKIAaHE, ChbXpaHEHHe, 00paboTka,
aHaJIM3 U BU3YyalIH3alys Ha OMUCAHHUETO.
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4. Jakaouenue

[IpencraBeHusT Marepuajq JaBa Haif-o0lla TMpeAcTaBa 3a CHUIHOCTTA, W3MOI3BAHUTE
MPUHIMIIA U XapaKTePUCTUKUTE HA e€AHa MHOro oOckxkmana B UT cpemure Tema, KakBaTo €
apxuTekTypata Ha maHHute [9, 15, 18, 19]. HanpaBenn ca u3Boau 3a QyHIaMEHTaHATA POJISI U
MSICTOTO Ha apXHUTEKTypaTa Ha JaHHU B apXUTEKTypaTa Ha MpeInpHusITHEeTo. Pasriexaa ce MICcTOTo
U poJisiTa Ha BaXEH, CIOPEI aBTOPa, APXUTEKTYpPeH €JEeMEHT - JaHHU TpaJuBHU OJOKOBE.
[IpencraBeHn ca MoOJENHTE, B KOUTO TOW y4acTBa, ChIBPKAHUETO HA OMHCAHHUETO MY, KaKTO U
MIPUMEPH 32 MPUIIOKEHUETO MY.

Pa3zpaboTena e TakcoHOMUS HA JaHHU TPAIUBHUATE OJIOKOBE, KOSTO ce 0a3upa Ha TP OCHOBHH
KJIacU(PUKALIMOHHU TIpU3HaKa: a0CTpakius, OO0XBaT M 3psulocT. TS MOXKe Ja TOCIYXH NpHU
cnenudunpane U ChXpaHeHHE Ha WHQOpMaNUs 3a NaHHU TpaauBHUTE OnokoBe. Pa3paboTkara
MOJXKE Jla ce Tpuiara Kato pbkoBojeH Matepuan 3a UT oTmenu, KOUTO 3amoyBaT Jla pean3upar
MIPOEKTH B 00J1aCTTa Ha CUHXPOHU3ALMITA Ha OU3Heca U MH()OPMALIMOHHUTE TEXHOIOTHH.
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METOAUKA 3A PASBPABOTKA HA PASIIIMPEH
NHOOPMAIIMOHEH MOJEJI

Credan Kanues

AHoTanusa: 3HAYCHUETO HA TOIXOJAI MOJET Ha JaHHW W HETOBOTO YIIpaBJeHHUE € Ho0pe m3BecTHO Ha IT
obmHoctTa. Ta3zum cratus uMMa 3a [el JAa MpeIcTaBd METOAMKa 3a H3MON3BaHeTO Ha Pasmmpen
Nndopmanmonen Mogen (Extended Information Model, EIM), pazpaboTeH oT aBTOpa M BKIIIOUBA:

- Kparko onucanue Ha Mozena.

- Pe4HMK Ha HU3MONI3BaHUTE TEPMUHM.

- Jle#iHOCTH IO peanu3anusaTa Ha MOJENA.
KiarouoBu qymMu: apxuTekTypa Ha IpEANPUSATHA, apXUTEKTypa Ha JaHHUTE, MOJEIUpaHe Ha JNaHHu, , EIM,
eTOM, SID, PER model.

Method for extended information model
Stefan Kalchev

Abstract: The importance of appropriate data models and their management is well known in IT
community. This paper aims at presenting a method for using Extended Information Model (EIM) developed
by he authors and includes:

- Brief description of the EIM model

- Glossary of terms

- Activities in realization of the method.
An example of the application of the model in particular problem domain, i.e. Education is given.
Keywords: enterprise architecture, data architecture, data modeling, EIM, eTOM, SID, PER model.

1. BnLBeaenue

B cbBpemMeHHUs CBAT U 0COOEHO BHB BUCOKOTEXHOJIOTMYHUTE KOMIIAHMM HapacTBa pojsiTa Ha
uHpopManuaTa, HEMHOTO CTPYKTYPHO MpEICTaBIHE U €(EeKTUBHOTO YIpaBlieHHE Ha JaHHUTE.
Pazpaborenusar or aBropa Pasmmpen Wudbopmanumonen Monen (Extended Information Model,
EIM) [8] ocurypsiBa Ha KOMIIAaHUUTE KOHKYPEHTHO IPEUMYILIECTBO, 3aKJII0YaBAIO CE B:

e  Peanuzauus Ha IPO3padyecH U HANECKIAECH MEXAHU3BM 3a YIIPABJICHUE HA JAHHUTE,

e MuHuUMH3UpAaHE HA Pa3XOAMTE CBBbP3aHU C AJIMHHUCTPUPAHE HA TOJSAMO KOJIHMYECTBO
pasnpbCHATHU U €1a00 UHTETPUPAHU UHPOPMALMOHHU CUCTEMH;

e [loBumasane Ha koedwuienTa Ha uznonssane Ha UT undpacrpykrypara;

e  OnTuMH3UpaHE HA TOJSIMO KOJIMYECTBO MapaMeTpH Ha ONEpaIliOHHATA U CTPAaTeTHYeCcKa
JIEUHOCT Ha OpraHU3alusITa.

Hen Ha HacTOsIIMSA AOKJAA e Ja npeactaBu Mmeroauka [17] 3a msnon3sane Ha EIM [§]
Mojielia B IEHHOCTTa Ha €/IHAa OpraHu3aius. MeToaukaTa BKIIIOYBa:

e Kparko onucanue Ha EIM Moznena;
L] Pe‘IHI/IK Ha U3IIO0JI3BBAHUTC TepMI/IHI/I;

e JleliHOCTH MO peanu3anys Ha METOANKATA.
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2. PazmmmpeH uH(pOpMaAIHOHEH MOeJT

2.1. OCHOBHM NPVHIIMITA HA MOJIeJa

Mognenst EIM cnyxu 3a CTpyKTypupaHE NaHHUTE Ha Lisla opraHu3auus [12] u or Tasu
rJIe/lHa TOYKa ChOTBETCTBA HAa THIA KOPIOPATMBHM MOJENM Ha naHHMTE. Toil mpencraBisBa U
ounmanusupa Hemara, KOUTO Ca BaXXHH 3a €HA OpraHU3alMs, KaKTO M MpaBUiIaTa, KOUTO TH
ypexnaar.

e MoaenbT € mpeaHa3HaueH 3a OpraHW3allMH C pa3liivHa cdepa Ha JIEHHOCT, KOUTO ce
XapaKTepU3UPaT C opueHTalysa KbM KIHMEHTa H BUCOKO TEXHOJIOTHYHO HUBO Ha 000pyIBaHE.

e MouenbT € Ch3JaZeH Ha JOCTaThYHO BHCOKO HHUBO Ha aOCTpakIus, KOETO TO IpaBH
MPUJIOKUM B OPraHU3aliy C pa3jiniHa CTPYKTYpa.

® MOI[GJ'IBT npeacTrasjisiBa CAMHHO MHTCTPUPAHO MMPEACTABAHC HA JTaHHUTEC, HE3aBUCUMO OT
BUJa Ha CUCTEMAaTa WU MNPHUIIOKCHUCTO. HeszaBucum oT 0coOEHOCTHUTE Ha MMpaKTU4YCCKaTa
pcanunsanusa MOACI, KOHTO CIIYKH 3a NPCACTaBAHEC Ha Ba’XHH OT IJICAHA TOYKA Ha OusHeca
KOHICIIIWU U CBIMHOCTHU, TCXHUTC XaPAKTCPUCTHUKU U OTHOILICHHA.

e MonensT npurexkasa CTpyKTypa Ha HUBA. Beaxo HuBO Ha moxena EIM npencrasisBa
KOHKpETHA apXUTEKTYypa, ChCTOAIIA C€ OT HIKOJKO 0JIOKAa, MOCTPOEHH MO (DYHKIIMOHAIIHO-
CMHCIJIEH IIPU3HAK.

e MoaenbT npeABMKIAa CPEACTBO 3a BU3yalM3allys, B KaueCTBOTO Ha KOETO € u30paH
MoAenbT 3a Mosenupane Ha nanau PER (Process-Entity-Relation). /[uarpamuTte, moctpoeru B
cpoTBeTcTBUE ¢ PER Monena [10], ca narnenuu u uapopmatuBau. PER monensT [7], koiiTo €
MPOIIECHO OpHEHTHpaH, yiecHsBa B3aumojeictBuero ¢ moxaena e¢TOM (The enhanced
Telecom Operations Map ) [3,6] 1 10 TOYHO ¢ HACHTU(DUIIMPAHUTE OT HETO MPOIIECH.

e MouenbT U3MOJI3BA €IMHHA JIOTUKA 32 MPEICTaBsIHE HA JAaHHUTE BbB BHUJ Ha arperupaHu
omsHec cwhmHOCTH (Aggregated Business Entity, ABE) [8] u chcTaBnsBamu T JaHHH
rpanuBHu OnokoBe [19]. Toa moamomara 3ambi0oueHOTO pazbupane Ha mojaena EIM u
MPUHIMIIUTE Ha HETOBOTO ch3faBaHe. Ch3gaBa ce OCHOBa 3a pa3paborka Ha Oa3a EIM Ha
cOOCTBEHM MOJCIH, TPEIBIIKIAIIN ISUIOCTEH IOTJIeN BhpXY HMH(OpMalMoHHATa cpefa Ha
opraHu3alusTa.

e MozenbT HE ce sBsiBa M30JIMpaHA CTPYKTypa, KOETO € €IHO OT HErOBUTE ChUICCTBEHHU
npenumctsa. Toif ce 6azupa Ha Tpu Mozena (¢ur. 1):

e Mogen eTOM [3]- pa3paboTka Ha KapTa Ha MPOIECUTE, KOUTO CE JIEKOMIIO3UPAT 110
4-T0 HUBO.

e Mogen SID (Shared information and data model) [4,6,15,20] - undopmannoneH
MOJIEJT Ha OpraHu3aIKiITa, Ha KOWTO ce 0a3upa pa3pabOTEHHIT OT aBTOPUTE MOJEIN
EIM.

e Mogen PER [7,10] - Moxen 3a CTpyKTypupaHe Ha JaHHUTE, B KOMUTO OOEKTHTE ca
TUNU3UPAHU U PA3IO0JI0KECHU Ha MepapXUYHU HUBA CIIOPE] IIPEJHA3HAYCHUETO CH.
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PXMTEKTYpa Ha
WHbopmaunsaTa
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ApxuTekTypa Ha
npeanpusTMETO

06w nHdbopmaunoHeH
moaen (SID)

PaswnpeH
MHOPMaLMOHEH

ApxuTtekTypa

ApxuTekTypeH | HaAaHHWTE

no,qxoV

®@ur. 1. [Ipomwsxon na EIM

2.2. bazoBu xomMnounenT Ha mozaega EIM

Ha cnenBamara ¢ur. 2 ca npeacraBenn 6a30BUTE KOMIOHEHTH Ha Mojena EIM.

Konuenryanen
Mojiel

Arperupanu OusHec
CBIIHOCTH

Jlauuu rpajauBHH OJIOKOBE

PaswwupeH nHpopMaLuMoHeH MoAaen

®wur. 2. bazosu komnonenutu Ha EIM

Moges Ha npegMeTHATa 00J1aCT

Ilenra Ha Monena Ha mpeaMeTHaTa OOJIaCT € Jla yJOBU M MPEACTaBH ChOTBETHUTE OM3HEC
M3MCKBaHUATA. 3a TaKbB MOJIEN € BaXHO Ja ObAe MPOCT U JieceH 3a pa3dupane. To3u mozen Ha
JAHHWTE 1€ Mpe/ICTaBIsIBa OCHOBA 3a MO-HATATHIICH aHAJIW3, Taka Y€ HE € HE0OXOaUMO Ja yJIOBU
Bcnuku Aeraiinu. B EIM monensT ce W3mon3Ba 3a OmpeesiHe Ha OCHOBHUTE OW3HEC NaHHH, C
KOUTO pabOTH OpraHu3anusTa, HapedeHH arperupanu ouzHec cpbimHocTH (ABE) [8,12].

Konuenryasen moaeJ

OOMKHOBEHO c€ Ch3/laBa B €Tara CTpaTerus 3a ynpasieHue Ha nHpopmanusara. Tol chabpika
KITFOUOBUTE OOCKTH W OTHOIICHHSI W TIPEJCTaBs OT BUCOKO HHMBO CTPYKTypaTa Ha JaHHUTE B
PaMKHTE Ha €/IHa OpraHu3arusl.

Arperupanu 0u3Hec CbIIHOCTH

OCHOBHM JaHHM Ha OpraHM3alMATa, CTPYKTYpUPAHH KaTO TICHO CBBbP3aHU (DYHKIIMOHAIHO
pasnuuHu o0ekTH, odearHeHu B eaHa rpyna [8,12]. [Ipumepu: KaueHT, CToka, pecype H T.H.

Jannu I'paguBau biokose

OnuceaT KOHKPETHU apXUTEKTYPHU PEUICHHS B 00JIacTTa HA MOJIEIMpaHe HAa JaHHU, KOUTO CE
SBSIBAT TUIIOBU U MOTaT MHOTOKPATHO Ja OBbAaT U3IM0JI3BaHHU B PA3TUYHU MIPUIIOKEHUS.
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[IpencraBnsBat GyHKIIMOHAITHO 000COOCHH €AMH WIH TPyMa 00EKTH, KOUTO pealu3upaT KOHKPETHA
¢GyHKIMS B paMKUTE Ha JOMEWH OT KOHKpeTHa mpeamerHa obmact [11,19]. Ilpumepu: Knuentu
OCHOBHHU JIaHHU, KJIMEHTU GUPMEHH TaHHU, KOMYHHUKAIUS C KIUEHTHU U T.H.

3. Peunuk

ApxuTeKkTypeH nmoaxoa [9] - umesra 3a TICHO U €()EKTUBHO B3aMMOJICHCTBHE Ha OW3HEcCa U
MH()OPMALIMOHHUTE TEXHOJIOTHH CTaBa OCHOBAa Ha apXUTEKTYpHUS MOIXOJ, MPU KONTO TE3U IBE
MOHATHSI Ce pasriiekIaT KaTo €IHO ISUI0 - apXUTEKTypa Ha mpeampusthuero. B ocHoBara Ha
CUHXPOHHU3AIMITAa Ha Ou3Heca ¢ HHGOPMAIIMOHHUTE TEXHOJIOTUU CTOU apXUTEKTypaTra Ha JaHHUTE,
KOSITO IbK ce 0a3upa Ha MH(POPMAITMOHHUTE MOJIENIN Ha JaHHUTE.

IIpouecen moaxox [21] - AeliHOCTTa Ha BCAKAa OpraHu3alus MpPEACTaBiIsiBA BepuUra oOT
CBBpP3aHH MOMEXIY CH OW3HEC MPOIECH - OT MapKeTHUHTa U IUIAHUPAHETO 10 MpoJaxOute u
oOcitykBaHETO ciiell TX. EcTecTBEHO € J1a ce ThbpCH Bph3Ka MEX]y BepUrara CBbp3aHu MPOLECH U
o0e3neyaBamuTe TH JaHHU MPU peaTn3upane Ha THPOPMAITMOHHU CUCTEMH.

Apxurektypa Ha uHdopmanusra [16,17] - nmpouec Ha opraHu3auus U TMPEACTaBIHE Ha
3HaYMMa 3a MoTpeduTenute MHPOpMalUs B MHTYUTHUBHO paszdupaema ¢opma, ¢ HU3MOJI3BaHE Ha
CHOTBETHU CPEJCTBA 3a KaTaJIOTU3allMsl U HaBUTAIIMSL.

ApxXuTeKTypa Ha JaHHHUTe [18] - cbecTOM ce OT MOJENU, NOJUTUKHU, IIPaBUIa U CTaHJAPTH,
KOUTO PEerIaMEHTUPAT KOU JIaHHU c€ ChOMpaAT U KaK Ce ChXpaHSIBaT, MOJAPEICHH, UHTETPUPAHU U
U3MOI3BaHU B MTH(OPMAITMOHHUTE CHCTEMHU U B OPTaHU3AIMUTE.

Nudopmanuonen moaen [20] - oTpa3gBa NOpoOIECUTE IO Bb3HUKBAHE, MpPEIABaHE,
npeoOpasyBaHe U H3MOJI3BaHe HA MHGOPMAITUS B CUCTEMH C pa3linyHa MPUPOAA.

O0eKT (CBIIHOCT) - MHOXECTBO €K3EMIUISIPU, TPUTEKABAIIM €IHU U ChIIH XapaKTEPUCTUKHU
Y TOAYMHSBAIIY CE HA €IHU U ChIIU MpaBmwia. Bceku 00eKT B HHPOPMAITMOHHUS MOJIEN TPsOBa 1a
MMa YHUKaJIHO UM€ U Aa ObAe uiaeHTuduuupan c kiod. Crensamure 00EKTH ce SBSIBAT OCHOBHU
kommnoHeHTH Ha mojena PER [7].

O6exT Bpb3ka (OB) - jormyecko CBbp3BaHE MEXIY JBa WM IOBEYE THIOBH OOEKTa.
M3non3Ba ce mpu penanuu OT TUM “MHOTO KbM MHOTO”. 3a MIEHTH(HIMpPAaHE U3MO0JI3Ba ChbCTaBEeH
KJTIOY.

Oo6exT npouec (OII) - BxirouBa gJaHHM 3a Ipoleca, MpeAMET Ha Moaenupane. M3paszssa ce ¢
rJ1aroj - mpojana, KyInyBa, IopbuBa.

OcHoBen 00exkT (OQ) - BKIIOYBA OCHOBHM JaHHU 332 OOCKTH, KOUTO MPSKO HIJIM KOCBEHO
ydacTBar B nporeca. M3passBa ce cbC ChUIECTBUTENHO UME -. KIIMEHTH, CTOKU, KHUTH, aBTOPH.

Ioguunen obext (IIO) - mpencTas moaApoOHM NaHHU 32 OCHOBHUSL 00ekT. M3passBa ce c
MMETO Ha OCHOBHHUs OOeKT M mosicHeHue - kimeHt DJ (bupmenu nanHu), kimeHt KOM
(xomyHuKanuun), KueHt U] (MaauBuayaHu JaHHHN).

Cnomararesien o0ektT (CO) - Bug mogunHEHW OOEKTH, KOUTO CBIIECTBYBAT OTHOCHUTETHO
CaMOCTOSITEITHO B pAaMKUTE HA TPUJTIOKEHUETO M HE y4acTBaT B o0ekTa mporec. Te morat ga Obaar
HaI'BJIHO CAaMOCTOSITENTHU UM OOBBP3aHU C OCHOBHHUTE OOCKTH B pejalus n:m - aBTOPU HAa KHUTH,
CHOUTHS ChC CTY/IEHTA U T.H.

Obexr cnucbk (OC) - BKIIOYBA JAHHU C OTHOCUTEIHO MOCTOSHEH XapaKTep, SBSBAIIU CE
aTpuOyT Ha OCHOBHHA OOeKT. M3passBa ce CbC CBHUIECCTBUTENHO - Ipaj, Npodecus, CouuaieH
cTaTyc, 00pa3oBaHHe, OTIEIN.

4. Meroauka 3a peaju3anusi Ha MojeJia
Meroaukara onvcBa AeiiHocTHTE (PUT. 3), KOUTO € HeOOXOAMMO Aa ObJAT peaTu3upaHu MpH

pa3pabotka Ha monen EIM 3a exna opranmsauus. Karo mpeamerHa oGiacT 3a JIEMOHCTpaus Ha
MeToauKkara e uzdpana obdiactra BY3 — Buciie yueOHO 3aBeieHUE.
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eTOM—

1. Macne,n.sage CTOIHOCTHE YTOUHsBaHe Ha
npeameTHaTta obnacrt epiraHa — > AOMEiiHITE Ha
M.MopTsp u3cnejBaHe
Cranpapt
ISQO/IEC 12207 [lomeriHm
3. PaspaboTka mogen Haf/ﬂome"m (2,’Cb3nasane Ha xapTﬂ
npeameTHaTa obnacr Ha BuaHec npouecuTe
ABE
ABE ~ 4. PaspaboTka Ha Mpoueck 2-po HUBO
KOoHUenTyaneH moaen 3a L
BCEKWU AOMEH
5. PaspaGoTka Ha 6. PaspaboTka u
KoHUenTyanHwu MoAenu Ha KapToTeKMpaHe Ha LaHHW

arperupaHuTe 6usHec \ABE/ rpaavBHUTe Grokose

CbLHOCTH (ABE)

®@ur. 3. Jleitnoctn 3a peanuszanus Ha mogena EIM

4.1. U3caenBaHe Ha mpeaMeTHATA 00J1aCT

B 3aBucumocr ot crneundukaTta Ha mpeAMeTHATa 001acT ce U3MO0I3Ba €UH OT MPEATIOKEHUTE
MO-7I0JTY TIOAXO/IU 32 U3CIIe/IBaHe IEHHOCTUTE B €1HA OpraHU3aIus:

e Cnopen moaena eTOM [3] - cxemata eTOM B rpaduueH Bua WIIOCTpHpa OW3HEC-
npouecuTe, HeoOXoauMH 3a (YHKIIMOHHMpAaHE Ha TEJIEeKOM oreparopa Ha yciayru. Ha
HyneBo HUBO Ha € TOM auarpamara ca pa3nosoKeHU TpU BUAa POLECH:

e Crparerusi, ungpacTpykrypa u npoayktu (SIP - Strategy, Infrastructure, Product)
- BKJIIOUBA €Ml CIIEKTHP BBIIPOCH, CBBP3aHHU ChC CTpATETUSATAa HA OpraHU3aIUsITa,
pa3BUTHETO Ha WHQPPACTPYKTypara W YIOpaBICHUE HA >KU3HEHHUS IUKBI Ha
MPOAYKTUTE (YCIIYTHTE).

e Omnepaunonnu mnpomecu (Operations) - sIBSIBAaT Ce HAall BaAXKHUTE MPOIIECH B €IHA
TEJIEKOMYHUKALMOHHA KOMIIaHMs, OCHOBAa Ha KOUTO C€ SIBSIBa NIPEICTaBSHETO U
OCUTYPSIBAHETO Ha YCIyTH U OMJUIMHT.

e Ynpasienue Ha opranmsanusTa (Enterprise Management) - ob0xBama oOum
BBIIPOCH 10 OCUT'ypsIBaHE JIEHHOCTTAa HAa OpPraHM3alMATa, TAaKWBa KaTO YIpaBJICHUE
Ha Kajpu, GUHAHCH U aKTUBH, 3HAHUS, BHHIIIHUA BPH3KHU U T.H.

e Cnopen croiinocTHaTta Bepura Ha M. Iloptep [13,14] - croliHOCTHaTa Bepura € OT
10JI3a TPY aHAJTM3UpaHe Ha oNpeeNieH! NEHHOCTH, Ype3 KOUTO OpraHU3alluuTe MoraTt Aa
TeHEepUpPaT CTOMHOCT M KOHKYPEHTHO MpeauMcTBO. OpraHuzanusrTa ce MpeacTaBs KaTo
BepUra OT JEMHOCTH, Ch3JaBallyd CTOMHOCT. [lopThp pasrpaHnuyaBa mopenuiia OT YECTH,
B3aMIMHO CBBP3aHU T€HEPUYHU NEHHOCTU BBB (upmurte. [loaydeHusIT MOAen € M3BEeCTeH
KaToO CTOMHOCTHA Bepura, KbaeTo [lopThp onpenens OCHOBHU W MOJIIbPKAIIM JACHHOCTH,
KaKTO € TOKa3aHo Ha ¢wur. 4.
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Jonbneawin LenHoCTH
WudpacTpyktypa Ha dompmaTta
YnpaeneHwe Ha nepcoHana
Pa3BuTne Ha HOBW TEXHONOrUK
KayecTBeH KOHTpOn

OCHOBHW AeAHOCTH

®@ur. 4. CroitnocTHa Bepura Ha M. ITopTep

Cnopea Crangapra ISO/IEC 12207 (dur. 5) [2, 5] - CtanaapTbT onucBa MpOIECUTE,
KOUTO C€ U3BBPIIBAT MIPH pa3paboTKa Ha MPOTPAMHO OCUTYPSIBAHE.

OCHOBHM npouecy | NOMOLIHK npoueﬁ:ouxymemaumq
- YnpaBneHve Ha KOHdJHprauHHTé\
2 ObesneyaBaHe Ha Ka4ecTBOTO
'%\ % . p YnpaeneHue Ha npobnemit
% ‘%'9 %ﬂ %\ % OpraHU3aLuoHHKN NpoLEecH
SlllE YnpaBneHve,
s YCbBbpuJaHCTBaHg/
= %. WcpacTpykTypa””
®© OGyHeng/

®@ur. 5. Bunose netinoctu criopen Crangapra [ISO/IEC 12207

4.2.Cbp31aBaHe Ha KapTa Ha Ou3Hec npouecure eTOM

3a Bceku oT m30paHUTE MO-rope JNOMEWHM ce pa3paboTBa KapTa Ha Ou3Hec mpouecute. Ha

¢ur. 6 ca npeacTtaBeHH 00pa30BATEIHU MPOLECH C IEKOMIIO3UIHS Ha 00pa30BaTEIHUTE YCIYTH J10
BTOPO HUBO.

~

~

Apyrw
npoLiecu

\

0-BO HUBO O6pazoBaTenHu npouecu
1-B0 YnpaeneHue Ekcnnoarauus Ekcnnoarauus
B3aWMOOTHOLLEHUATA W ynpasneHue W ynpaeneHue
HWBO ChC CTYAEHTUTE Ha ycnyru Ha pecypcu
I
2-po MnauupaHe | | MpoeexaaHe T.l;a;..,“ep;:: Opyru
HWBO Ha N3nuTK Ha N3nNUTK s ycnyru

v

TaHHUTE.

@ur. 6. O0pazoBaTeITHU TPOIIECH

Ha BTOpO HHMBO Ha JNEKOMMO3UIMS CHOTBETHHUSAT MPOIIEC CE peaTu3rpa BB BHJ Ha MOJEN Ha

KoMmioTspHH HayKH ¥ TEXHOJIOTUHU
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4.3. PazpaboTka Mo/e/1 HA IpeMeTHATa 00J1aCT

MopensT Ha mpeaMeTHaTa 00JIacT MPEACTaBs B IPy0 W OMPOCTEH BUJ OCHOBHUTE OOEKTH B
e/lHa IpeaMeTHa 00JacT U Bpbh3KUTe moMexty uM. Toil ce onmucsa ¢ momomrra Ha crangapta CDIF
(CASE Data Interchange Format) [1].

P CwmeTkm OpraHuanpa

I'Ipocné/:\ﬂBa

Porosoam YyacTBa
6usHeca ypes e

4% ¥
Mpenogasaren/ YyebHu 3aHsaTus/
cnyxuren ycnyrm

OpraHusaums CTyneHTn

AN N

| LN ) Paspa6oTea |
| y | . |
Mpurexasa CnopasymeHus . Boance o

MpuTexasa . MpuTexasa

V3yvasa
OcurypsiBa

AKTUBU Pecypc Ovcuvnmmba  |*

3a nnamé

Macueun

®@ur. 7. Moxen Ha npeaMeTHaTa obact BY3

Otr Hero ce uW3BEXKIAaT OCHOBHUTE JaHHU Ha opraHuszauusTa, npeacrabisBamuy ABE. 3a
npenMerHaTa obnact BY3 ToBa ca: mpemnomaBaren, CTyeHT, yUeOHH YCIyTH, TUCIUIUIMHA, PECYpC
H T.H.

4.4. Pa3paboTKa Ha KOHLENTYaJeH MO/JeJ HA BCEKH T0MeilH

Mopenst EIM mpenBmxkna paspaboTkaTa Ha JBa BHJA KOHIICITYaJHH MOJENAa - IPOIEC
OpPHEHTUPAH M arperupaHa ChUIHOCT opueHTHpaH. Ha Tasu ¢asza or meronmkara ce pa3padoTBaT
IIPOLIEC OPUEHTUPAHUTE KOHLENTYaTHU MOJIENIM HA JAaHHU, KOUTO CHOTBETCTBAT HA 2-PO HHUBO HA
JexoMIo3upanuTe npouecu B moaena e TOM. Ilpumep 3a npoBexaHe Ha U3MUT € AaJeH Ha ur.8.

OB M3nuTaHu cTyaeHTn
on
00 | Mpenopagaren | | Avicumnnuna | | CrygeH |
\
oC | Cneumanvoct | [ Twun | | Kypc | | Ouerka

®@ur. 8. KoHmenryaiesn Moes Ha U3INAT

4.5. Pa3pa0oTKa Ha KOHIENTYAJHH MO/JeJIM HA arperupaHu OM3Hec ChbIHOCTH

ABE ca Hali-Ba)XHUST apXUTEKTypeH KOMIOHEHT B Mozena EIM. Upes Tsax ce chOupaT mbiaHU
JaHHU 332 KOHKpeTHa OuszHec enunuia. Ha dur. 9 e npencraBena “ABE — Cryment*.
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ArperupaHa 6usHec mmuom———x
Tekywo

CbCTORAHWE Ha

Bnapeene

KomyHukaumm
OB Ha e3KLIKM CTYASHTA c c:imen'raj Eitn
[ .
00 - | —
no CTyneHt CTypneHT
NacnopTHK cratycu
OaHHK1

ocC Hacenero CewmeeH | Cbutie |
MSACTO cTartyc
KpumuHaneH \ CreneH Ha K MsacTo Ha
cratyc BrnageeHe YRS cebuUTHETO
OBpazoeaTeneH
craryc [aHHu rpagueHun bnokoee

®@ur. 9 . ABE - Ctynent

‘ CI"IELlHBHHOCTN KOMYHHKE.LI,HII‘I ‘

Te ce m3rpaxaar Ha 6a3aTra Ha KOMIIOHEHTA TaHHU TpaauBHU O0sokoBe [11,18]. B cberaBa um
€ BKJIIOYeHa 0a3oBa CBHIMHOCT (B CiIydass - CTYIEHT), 4Ype3 KOSITO T€ ydacTBaT B IIPOIIEC
OpUEHTHPAHUsI KOMIIOHEHTEH Moiel. 3a onricannero Ha ABE ce m3non3Bar cieHuTe NaHHU:

e HawmmeHoBaHmue;

e [IpennasnaueHue;

e (CobabppikaHue - BKIIOUYEHUTE TaHHU TPaJUBHU OJIOKOBE;

e VYwyacrtue - Ou3Hec nporecute, B konuto ydactsa ABE.

4.6. Pa3paboTka M KapTOTeKHPaHe HA JTaHHHU T'PaAMBHUTE 0JI0KOBE

JlaHHU TpaguBHUTE OJIOKOBE Ca THUIIOBU APXUTEKTYPHU €JIEMEHTH, KOMTO C€ H3IO0J3BaT
MHOT'OKpAaTHO MpH pa3zpaboTBaHe Ha KoHUenTyanHu moaenu Ha ABE. I[Ipumep e nanen Ha ¢ur. 10:
I'panuBHUAT 650K “KOMyHHKalMU ChC CTyIEHTA™ ce M3IMOII3Ba Ipu pa3padboTka Ha moaen Ha ABE,
OTHACSII C€ N0 JIMYHOCT WM opraHusanus. ['pamuBHus Onok “buorpadwus* ce umsmonssa mnpu
pa3paboTka Ha ABE, oTHacsII[ ce 10 TUYHOCT

OB KomyHukauuu Buorpadus
C NMYHacTTa
T ®
00 JugHoct |
MHC;I'O Ha
OC ‘ KomyHukauuu ‘ Coubutuna cubuTneTo

@ur. 10. anau rpaguBaute 610K0Be - Komynukamnuu u buorpadus

3a omucaHue Ha JaHHU IPAJAMBHUTE OJOKOBE CEe M3MOI3BAT CICIHUTE TaHHHU:
e l3BBpIIBa c€ TEKCTOBO OMHMCAHUE HA CHIIHOCTTA;

e U36posBar ce ABE, B KouTO rpaguBHUS OJIOK y4acTBa;

e M30posiBar ce ChIIHOCTUTE KOUTO y4acTBAT B ITpaiuBHUS OJIOK;

e Onwucaar ce mpaBujia Ha U3IMOJI3BAHE U PEATH3ALIUS.
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5. 3akarouenue

B nokmana e mpencraBena MeToauka 3a pazpadborka Ha mojena EIM. Onucanu ca OCHOBHUTE
MPUHIUIIA Ha MOJIENA, KOUTO I'0 MPaBAT MPUIOKUM 3a MOJIETTUPaHE JAaHHUTE Ha €IHA OpraHU3alus.
Hakparko ca u3siCHEHW OCHOBHUTE KOMIIOHEHTH Ha Mojela. B pedHHMK ca OnmucaHu OCHOBHHTE
IOHSTHS, U3MIOJI3BaHU B METOAUKATA. [[eMHOCTHTE B METOJIMKATA Ca OMHCAHHU IIOCICIOBATEIHO ChC
CHOTBETHHU TIPUMEPH.

MeTtoaukara MOKe J1a IIOCIYKU 3a CTPYKTypUpaHe TaHHUTE Ha Is1a opranu3auud [11,18,21]
¥ OT Ta3H TJIeHA TOYKA J1a o(hUIHaIn3Upa HelllaTa, KOUTO Ca BaKHU 3a €JHa OpraHu3aIus, KaKTo U
MpaBujIaTa, KOUTO TH ypEXKaarT.
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CIIEKTPAJIEH AHAJIN3 HA ITOCJIEJOBATEJIHOCTUTE
HOJYYEHMU OT ObOBIIEH P-UYMEH CAMOCBUBAILI
I'EHEPATOP

Antonus T. Taiesa

Pe3ome: Crarusita mpencraBs @ypue aHanus Ha MOCIEAOBATEIHOCTUTE, MOJIYYEHH OT 000OLICH p-MueH
camocBuBal] reHepatop. IlpencraBeHm ca pe3ynTaTMTe OT CHEKTPAJIHUSA aHANU3 HaX Te3H
[I0CJIEI0BATEIHOCTH, TOKa3Ballly [IPAKTUYECKU IIYMOIIOI00OHUTE CBOICTBA Ha TeHepaTopa U Bb3MOXKHOCTTA
3a HErOBOTO MPUJIOKEHNUE Ha MTPAKTHKA.

KirouoBu gymu: pGSSG, kpuntorpadus, CTaTHCTHKA, TICEBIOCITYYaifHI MOCIEA0BATETHOCTH

Spectral analysis of the sequences obtained by the p-ary Generalized Self Shrinking
Generator

Antoniya T. Tasheva

Abstract: The paper introduces the Fourier analysis on the sequences of the p-ary Generalized Self
Shrinking Generator. The results of the spectral analysis of those sequences are presented, proving the
practical randomness properties of the generator and its ability to be used in practice.

Keywords: pGSSG, Cryptography, Statistics, Pseudorandom sequences

1. YBox

TexHONOTUYHUAT HanpeabK Ha 21-BM BEK HEMUHYEMO Hajlara HyXKJaTa OT CUTYPHOCT Ha
nHpopManuaTa, mpeaaBaHa 1Mo ,,Mpexkara®. 3a 1enTa B IMOCJICIHUTE JECETHJICTHS CE€ pa3BUBAT
W3cleBaHMsATa B o0iacTTa Ha Kpunrorpadusra, KaTo Te€ ca HACOYEHH KbM Ch3/aBaHE,
000CHOBaBaHE W U3CJEJBaHE Ha HOBH HAUMHU 3a KpuntupaHe Ha uHpopmanusarta. lllupoxo
MPUJIOKEHNE B Ta3W O0JIACT HAMHPAT MOTOYHHUTE IMIM(PH, OCHOBABAIIM CE€ HA MPOCTATa ONMEPALUS
cymMa IO MOAYJ JIB€, NPWIOKEHA BBPXY SBHHMS TEKCT W KIHOYOBA IOCIECIOBATEIHOCT OT
nceBaocayyaitHu 6utoBe. Te mpeaocTaBAT BH3MOXKHOCT 3a KPHUIITUPAHE B PEATTHO BpeMe W 3a Jia
ObJaT peajHO MPWIOKHMHM Ha TMpaKTHKa, TPsAOBa na OBbAAT H3CIEABAHU U JOKAa3aHU TEXHUTE
CTaTUCTUYECKU CBOMCTBA U YCTOMYMBOCT Ha KPUIITOAHAIIU3.

To3u noKknan € MOCBETEH Ha MPOBEACHUS CIEKTPAJICH AaHAIN3 BBPXY IOCIEI0BATEIHOCTH,
MOJIy4eHU OT 00OOIIeHHs P-UYeH CaMOCBHBAIIl Te€HEpaTop, MpeaokeH B [6]. B HagamoTo noknana
MpEACTaBs HAKpaTKO apXWUTEeKTypaTa Ha reHepatopa. CneaBa onMcaHue Ha TPUHLWINA Ha
CHEKTpaJIHUsl aHAIM3 M HEroBus anropuTbMm. Hakpas ca momecTeHU pe3yiaTaTUTe U MU3BOJUTE OT
TAX.

2. CpurHOCT Ha 00001ICHUSI P-HYeH CAMOCBHMBAIIl TeHepaTop

O06o00menusaT p-uden camocBuBaml reHepatop pGSSG (p-ary Generalized Self-Shrinking
Generator) mpencraBisBa Mmoaudukamus Ha camocBuBamus reHepatop SSG  (Self-Shrinking
Generator) Ha Maiiep u lledencbax [3] u 3a paznuka OT Hero, pabOTH 3a BCSKO MPOU3BOJIHO
MPOCTO YKCIIO p, a He caMo nipu p = 2. Ha durypa 1 e npencraBena apxutekrypara Ha pGSSG.

ApxuTekTypara Ha p-uuHUS 0000mIeH camocBuBall reHeparop pGSSG ce cbcTOM OT eauH
p-udeH LFSR (pLFSR - p-ary Linear Feedback Shift Register) peructsp 4 ¢ npmxuna L (ur. 1).

Toii renepupa m-niociemoBarentoct (a;)., or p-uunum wudpu (r.e. (a)s,0<a <p—1) u
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0<i<L-1. Muoxurenure Ha obpaTHuTe Bph3kK B pLFSR ce onpenenar oT KoepUIUEHTUTE Ha
IPUMHTHBEH MOIMHOM B Pa3lIMPEHHETo Ha moneto Ha I'anmoa GF(p"). Beeku rpayBeH eleMeHT Ha
pLFSR moxe na cexpaHsBa enHa p-uyHa mudpa. PerucrbpbhT ce WHUIMANH3UpaA C p-W9IHATa

nocienoBaTentoct (dy, @, ..., d; ;).
Taxkr i
\|f Api+1 Api+2 «.. Api+(p-1)
pLFSR 4 ‘L
@ p-UYEH U3X0]1
P [IpaBuio 3a .
nu30o0p

A2

[Tamert 3a mpeoOpa3yBaHe
Ha p-U4YHO YUCIIO B

(p=D*[log,(p -] gra

JIBomueH n3xo l

®@ur. 1. P-uuen 000011eH caMOCBUBAII TEHEPATOP

Yact ot wm3xomnara pLFSR mocnemoBarenHoct ce u3bupa m 3a m3xon Ha pGSSG
HOCpe,Z[CTBOM OIINCaHUsA B JOJIHOTO onpe,ueneHI/Ie aHFOpI/IT’bM.
Onpeodenenue: ANTopuTbMBT Ha p-UUHUS OOOOIIEH CAaMOCBHBAI TEHEPATOP CE€ CHCTOM OT

CIIETHUTE CTHIIKU:
1. P-nuynuat LFSR ce TakTyBa ¢ TakTOBa OCIEN0BATENHOCT C ntepuof 7.
a

a a

2. Wsxomnara pLFSR nocnenoBatenHocT ce pa3aess Ha p-TOPKU (a pit(p1) ),

i=0,1,..

3. Ako a, =0, TO LsIaTa p-Topka ce OTXBbpI, T.e. u3xoaHata pGSSG nocne0BaTeHOCT

pid> i+l Y pit2 00t

€ CBHUTA.

4. Koraro a, # 0, chorBeTHara uudppa a OT p-TopKaTta (opMHpa YacT OT M3XOJa Ha

GSSG.
5. Camocurara p-uyHa GSSG u3xoJHAa MOCIEIOBATEIHOCT ce Mpeoldpa3yBa B JABOMYHA
KaTo BCAKA p-uuHa udpa ce MpencTaBs C ’_log2 (p—l)—‘ Oura, KbIETO |_x € Hal-MaJKOTO

prra,,;

IS0 YUCII0, MO-TOJISIMO WJIM PaBHO Ha X. Beska u3xomna mudpa i cbe croiHoCT oT 1 110 p—1
or p—uHata GSSG mnocnenoBaTeNHOCT €€ MPEACTaBs 4Ype3 JABOMYHOTO IPEICTaBSHE Ha
YHUCIOTO:

zflogz -1l _ p-1

(i-DH+ 5

(1)

Karo npumep, npeoOpa3yBaHeTo Ha Bcsika p-udHa nudpa 3a p =3, 5, 7, 11, 13 e nokazano B
Tabmuma 1.
6. Bcska p-uuna Hyna npu i-tata cu nosiea (i=1,2,3,..) B reHepupaHara p-u4yHa

MOCJICOOBATCIIHOCT CC IMMPCACTABA YpPE3 ABOUIHOTO IMPEACTABAHC HA YUCIIOTO dl',
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d;_1+1)mod p, akod;_1 < p-1
dl-=( i-1+1) p i-1<P 2)
1, akod;_|=p-1

npu HavaHo cberosiaune d, =0.

Ot anmroputhMa Ha pabota Ha pGSSG renepartopa crieaBa, 4Ye TeHEpUpaHATA p-WYHA
MICeBJIOCTyYaiiHa MOCIIEIOBATETHOCT € ceuma, cmanena Bepcus Ha pLFSR mocnepoBarenHocTTa,
KOraTo CTOMHOCTTa Ha IbpBaTa mudpa B p-TOpKaTa € HyJa. B NpOTUBEH ciydail, KoraTto
CTOMHOCTTa Ha mbhpBara mudpa B p-TOpKara € pa3audHa OT HyJa, B TEHepUpaHaTa
MOCJIEZIOBATETHOCT CE U3BEXK/Ia ChOTBETHATA IM(pa B p-TOpKata.

Taoauna 1. /IBonuno nmpeoOpasyBaHe Ha p-uuHaTa Iudpa.

p-udyHa JIBOMYHO NpeACTaBsiHE HA p-UYHATa M ppa

uudpa p=3 p=5 p=17 p=11 p=13
1 0 00 001 0011 0010
2 1 01 010 0100 0011
3 - 10 011 0101 0100
4 - 11 100 0110 0101
5 - - 101 0111 0110
6 - - 110 1000 0111
7 - - - 1001 1000
8 - - - 1010 1001
9 - - - 1011 1010
10 - - - 1100 1011
11 - - - - 1100
12 - - - - 1101

OcHoBeH eneMeHT B apxuTekTypara Ha pGSSG renepartopa € HeaBonuHusIT pLFSR peructsp.
HeroBure anre6puynm cBolicTBa ca 0000meHn B pa3padorkure Ha Golomb u Gong [1], [2]. 3a cera
TOM ce U3I0JI3Ba NO-PpsIAKO B cpaBHEHUE ¢ nBonuHuTe LFSR peructpu.

3. OCHOBM Ha CHIEKTPAJHUSA AHAJIH3

3a ga ce otkpue aanu reHepupanute or pGSSG mocienoBaTeNHOCTH UMAT MEPUOJUYHU
CBOMCTBA € HEOOXOAMMO Ja C€ W3BBPIIU CIEKTpaJieH aHalu3. ToBa € €IMH OT Hall-BaKHHUTE
CTaTUCTUYECKU TECTOBE, 3alI0TO OTKPUBAHETO HA MEPUOJUYHOCT UHAUKUPA CEPUO3HU OTKIOHEHUS
OT Cly4allHUTE CBOWCTBAa Ha W3CJIEIBAHMS TICEBIOCIYy4YaeH reHepaTop. CHEKTPaTHUSAT TeCT
u3cneABa MHUKOBUTE  CTOMHOCTH B JUCKPETHOTO  mpeoOpa3zoBanne Ha Dypue Ha
MOCJIeI0BATETHOCTTA, TEHEPUPaHa OT MCeBAOCTyYaliHus renepatop. Llenra My e na mpoBepu ganu
OposT Ha MUKOBETE B AUCKPETHOTO MpeodpasoBanue Ha Dypue, mo-ronemMu ot 95% ot onpexneneHa
IIparoBa CTOMHOCT, 3HAYUTEIHO C€ pazandasa OT 5 % OT BCUUKU CTOMHOCTH.

®dypue aHaTU3bT C€ ChCTOU OT CIETHUTE €TaIlu:

1. Jlormueckure Hym ,,0” ¥ eMUHUIH ,,1”° OT U3XoMHATA MocienoBarenHocT A = (a;, ay, ...,
a,) Ha pGSSG reneparopa ce mpeoOpa3zyBa B MOCIEAOBATEIHOCT X = X, X2, ... , X, OT ,,—17 w0 ,,+17,
KpaeTo x; =2a;,—1,i=1, ..., n.

3a u3BBpIIBAaHE HA TECTa CE€ MPENopbuBa Jla ce M3CJeIBAT MOCIEI0BATEIHOCTH C JbJDKUHA
muHuMyM 1000 Ourta.

2. UzBbpiiBane Ha AUCKpETHO npeobpazoBanne Ha Dypue ([AI1D) Hax mocnemoBareTHOCTTa
X
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n—1 ; 1
fj: Y. X;| cos @ +isin @ , j=0,...,n-1
k=0 h n (3)

[Tonyyenata nocnenoBaTeMHOCT F OT KOMIUIEKCHH MPOMEHIMBU MPEACTaBs MEPUOJUUHUTE
KOMITOHEHTH Ha MOCJIEIOBATETHOCTTA OT OMTOBE 3a Pa3IMUYHU YECTOTH.

3. Hamupane Ha nocienoBaTeaHocTTa M OT MOLY/INTE HA KOMIUIEKCHUTE YECTOTH f;.

[Topamu cumetpusta Ha JIIID camo croiinoctute ot 0 mo n/2 — 1 ce pasranexaar M = |F’|,
kpaeTo F’ e mocnemoBarenHocT oT mepBure n/2 enementa ot F. ITlocnmemoBaremnoctra M
MPECTaBIsIBA PEAULIATA OT MMKOBH CTOMHOCTH.

4. N3uucisBaHe Ha mparoBaTa CTOHHOCT 1 = @ .
3a #a yooBIIETBOpsIBA M3UCKBAHUATA 3a CllydaliHa IICEBOCIy4YaliHa MOCIe0BaTENHOCT, 95 %
OT MUKOBUTE CTOMHOCTH HE TpsiOBa J1a peBuIaBar npara 7.
5. M3uncnsiBaHe Ha OYaKBaHMS TEOPETHYEH Opoil Ny OT MHKOBUTE CTOMHOCTH, KOMTO Ca IO-
MaJIKu OT mpara T’
No=0.95n/2. 4)

6. [IpebposiBane Ha peanHus 6poit mukoBe N; oT nocnenoBareaHoctra M mox npara 7.
7. 3uncngaBaHe Ha CTOMHOCTTA
Ny~ Ny

/n.0,95.0,5
2 (5)

8. 3uucnasane va P—cmounocmma

. ]y 2 2
P — cmotinocm = erfc E = T J'e du
V4
d|/N2
| ©
9. Onenka Ha pesynraTta oT Pypue aHanu3a.
Axo umzuucnenara P—cmounocm < 0.01, To mocienoBaTeaHOCTTa HE € IceBAOCIyYaiiHa. B

IIPOTUBEH Cilydail OCIE0BATETHOCTTA MOXKE J1a CE CUMTA 3a ClydaiiHa.
4. ExcriepuMeHTaIHH pe3yaTaTH

3a IpOBEXIAAHETO HAa TECTOBETE € M3IOJI3BaHA METOJAMKATa, IpeuiokeHa oT HanuoHnamHus
MHCTUTYT 110 ctannaptusanus u Texnojgorun Ha CAIL] (NIST - National Institute of Standards and
Technology) [4, 5]. Ta chabpka MHOXKECTBO TECTOBE, KOMTO Ca MPEJHA3HAYCHU 32 OTKPUBAHE HA
OTKJIOHEHHE Ha T[OBEJICHHETO Ha TECTBAHUTE [BOMYHU IOCIECIOBATEIHOCTH OT HAI'BJIHO
ciydaiinute TakuBa. NIST npenopbuBa M3MOI3BaHETO HAa TE3U TECTOBU IPOLEAYPH KaToO I'bpBa
CTBIIKa B TpPOBEpKaTa Ha MPHIOKUMOCTTa Ha TceBaocaydaitHute reHeparopu (PRNG — Pseudo
Random Number Generators) 3a cneruuuHiTe KpUNTOrpadCcKu MPUI0KESHHUS.

3a 1enTa Ha MPOBEXKIAHETO HA CIEKTPAJHUA aHaU3 ca TECTBaHM 3 paznuyHu pGSSG
reHeparopa ¢ MOJIMHOMHU Ha 0OpaTHUTE BPB3KHU, NajieHu B Tabmuna 2. 3pepmenu ca mo 100 Tecra
BBpXY mocnenoBareaHocTd ¢ abmkuHa 1 000 000 6uta, B pe3ynrar Ha koero ca mosydeHu 300
pasnuuHu P—cmotinocmu.

Tabauna 2. [lomnHomMu Ha BpB3KUTE Ha m3nomsBanute pGSSG

Ne | pGSSG/LFSR ITosimHOM Ha o0paTHaTa BPb3Ka
1 |LFSR p=257L=32 X7 +x+10

2 |LFSR p=257,L=32 X2+ 75x° +174x + 33

3 |LFSR p=257,L =232 X7+ 188X +200x + 107
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Ha ¢wur. 2 ca mokazanu mogynute M Ha mepBute 2 000 yectorHH KOMnoHeHTH oT JI1D Ha
nocienoBatendHoct ¢ abukuHa 1 000 000 Gura, renepupana ot 1™ pGSSG. C murbTHA IUHES €
NpeJcTaBeHa TeopeTuyHara nparosa croHoct T = 1732,1. @uryparta noTBbprK/1aBa NPaAaKTUYECKH
MOJTyYEeHHUs Pe3yiTar, 4e no-mMajiko oT 5% (49674 ot 1 MiIH.) OT TUKOBHUTE CTOMHOCTH MONaaT Hall
npara 7. Ilony4eHMST CHEKTBHp € IIYMOMNoJ00€H, KOeTO MHAMKUpa (akTa, 4e He ChIIECTBYBAT
MEPUOIMYHO MOBTAPSAIIU C€ KOMIIOHEHTH B MOCJIEI0BATEIHOCTUTE, TeHepupanu oT pGSSG.

[Ipu u3BbpuIBaHE Ha craTUcTHUeckus Dypue aHanus € U30paHO HMBO HA 3HAYUMOCT o =
0.01. Cpennute croiiHOCTH Ha pe3yiararute oT Pypue anHanmza Ha uzciaeaanutTe 300 u3XoaHU
MOCJIEIOBATEIHOCTH Ca TpEeACTaBeHH B Tabimuma 3, a XuCTorpamMaTa Ha paslpenelieHue Ha
P—cmoiinocmume e npencrasena Ha ¢wur. 3.

MU T T T T T T T T

2610~ -

N

20001

JI Wiif

1=14321

I /N

1010

H M \ W u..

] | | | | | | | |
0 =02 A00 600 210 10310 1200 1400 1300 aco =000

500

®@ur. 2. Moaynu Ha yectotHUuTe KomnoHeHTH oT JI1D na pGSSG nocnenoBaTenHocT

Tabauua 3. Pesynraru ot @ypue ananuza Ha pGSSG

CpenHa cTOHHOCT P-croiiHOCT Iponopuus
ot 100 recra Ha 1*" pGSSG 0,008266 97%
ot 100 tecra na 2™ pGSSG 0,739918 99%
ot 100 tecra Ha 3™ pGSSG 0,334538 97%
O0ma cpenHa CTOMHOCT 0,360907 97,67%
25 m— pGSSG 1
20 L pGSSG 2
= — pGSSG 3
§ 15 —4—CpegHo |
LA

01 0,2 02 04 05 06 07 0& 09 1
WHTepeanu

®@ur. 3. Xucrorpama Ha P-croiinocture oT @ypue anammza
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Twit kaT0 P-cmounocm > 0.0001 [5], mocnenoBateHOCTTa TeHepupana oT pGSSG Moxe na
ce cMATa 3a Henepuoouuuwa ¢ oosepumenta eeposmuocm 99%. Ilponopumsra (tabnuma 3) Ha
MOCNIEIOBATETHOCTUTE, TMPEMUHANIM  CIEKTpalHMs TecT, ce ompenens OT Opos Ha
MOCJIeIOBATETHOCTUTE, KOUTO UMatT P-cmotinocmu > (0.01. I3BoabT, KOWUTO MOXE J1a C€ HaIlpaBH €,
4ye gcuuku nponopyuu nonaoam 6 dogepumennus unmepeanr 97,28% -+ 100%, karo Bcuuku 300
U3CIeBaHU MOCIE0BATETHOCTU Cd NPEMUHANU YCReWHO chekmpannus Dypue ananus.

OTr aHanm3a Ha pe3yATaTHUTE MOXE Jla C€ HalmpaBH U3BOJABT, Y€ H3CICIBAHUTE
MOCJIEZIOBATETHOCTH Ca HEMIEPUOJUYHNA U PABHOMEPHO pa3IpesieiieHd U OTTOBapsAT Ha TOCTaBEHUTE
KBbM TSX U3UCKBaHUS 32 TICEBAOCTYYAHOCT.

5. 3akaouyenue

Hanpasenust craructuuecku @ypue aHanu3 Ha reHepupanute pGSSG nmocnenoBaTenHOCTH
Jl0Ka3Ba, Y€ TEXHUAT CHEKThp € IIymornonoOeH. ToBa Moka3Ba, ye B IOCJIEIOBATEIIHOCTUTE,
nosiyueHu ot pGSSG reHepaTopa, HE ChIIECTBYBAT NEPUOANYHO MOBTAPSILU C€ KOMIOHEHTH, T.€.
T€ ca HenepuooOu4YHu U PAGHOMEPHO paznpeodeienu. Te3n CBONCTBA MOTBbpKIAaBat, ye pGSSG
MOCJIEIOBATETHOCTUTE Ca HAITBIIHO HEMPEICKa3yeMHU U HE3aBUCEIIH OT SAPOTO Ha reHepaTopa.

[Tpunoxenust ananu3 Ha Dypue, KaKTO U MPOBEACHUTE IPYTH CTATUCTHYECKU TECTOBE [7],
JI0Ka3BaT IIYMOMOJOOHUTE CBOWMCTBA 3a M3XOJHHTE MocienoBarenHocTd Ha OOoOIIeHHs p-UYeH
CaMOCBHBAIll TE€HEpaTop, KOETO JaBa OCHOBAaHHME Ja C€ TBbPAM, Y€ TeHepaTopbT OM uMaj
MPAKTUIECKO MpuiioxkeHue. Toa obadye € HEOOXOIMMO, HO HE M JOCTAaThYHO YCIIOBHE 32 HETOBaTa
0e3yCIIOBHA TPHJIOKUMOCT, 3aToBa B OBJACHIE € HEOOXOAUMO Jila Ce€ HU3BBPIIM OOCTOCH
KpUIITOAHAIN3 HA MIPEAJIOKEHUS T€HEPaTop.
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COMPUTER-MATHEMATICAL ALGORITHM FOR THE
SOLUTION OF THE GENERAL SECOND PROBLEM OF
PORTFOLIO SELECTION UNDER RISK-PART 1-THEORY

Lyubomir N. Sotirov, Stela L. Sotirova-Nikolova, Samuil V. Nikolov, Vladimir N.
Nikolov, Trifon I. Ruskov, Ivan T. Ruskov

Abstract. The terms of strictly convex, convex and non-convex problems of portfolio selection under risk
and new measures of risk are introduced. Algorithms for direct and iterative solving of the general second
problem of portfolio selection under risk are proposed. The synthesized analytical solutions allow the
interpretation of the investigated optimizational models of the expected return at fixed acceptable minimal
risk as an information service in Internet.

Keywords. portfolio selection, strictly convex, convex and non-convex problems, expected return, risk,
linear algebraic systems equations, information service in Internet

KomnioTspHO-MaTeMaTHYeCKH aJITOPUTHM 32 peliaBaHe Ha 0011a BTOopa 3a/1a4ya 3a n300p Ha
noprgeils B yCJI0BUA HA PUCK - YacT 1 - Teopust

Jro6omup H. Cotupos, Crena JI. CotupoBa-Hukonosa, Camywnn B. Hukonos, Bmagumup H. Hukonos,
Tpudon U. Pyckos, Usan T. Pyckos

Pe3ome: BuBexkar ce MOHITHATA CTPOTO M3MTBKHAIM, M3ITPKHAIIM ¥ HEU3bKHAIH MPoOJIeMu 3a U300p Ha
nmopT¢ et B yCIOBUS Ha PUCK, KAKTO U HOBU HAYMHHU 32 M3MEpBaHe Ha pucka. [Ipeamarar ce airopurmu 3a
TUPEKTHO W WTEPATHUBHO pEIlIaBaHe Ha oOImaTa BTOpa 3amada 3a u300p Ha MOpTQEis B yCIIOBHS Ha PHCK.
CuHTe3MpaHUTe aHAMTUYHU PEIICHUS TIO3BOJISIBAT HHTEPIPETHPAHETO HA M3CIEIBAHUTE ONTHMHU3AIOHHA
MOJICTTH Ha OYaKBaHATa BB3BPBIIAEMOCT MPH OIPEICICH MTPUEMIIUB MUHIUMAJIEH PUCK KaTo WH(pOpMAI[OHHA
yCIIyra B UHTEPHET.

KirouoBu xymu: m360p Ha TOpTHE, CTPOro W3MbKHAIM, H3ITHPKHATN U HEU3ITBKHAIN MTPOOJIEeMH, O9aKBaHa
BB3BPBIIAEMOCT, PUCK, CUCTEMU JINHEHHY aNreOpUYHH ypaBHEHVsI, TH()OPMAITMOHHU YCIYTH B UHTCPHET

1. Introduction

By investing funds in various securities, the investor creates an investment portfolio with the
purpose of obtaining income in the future.

His goal is to form this portfolio in a certain way so as to minimize risk and to obtain the
desired expected return or to maximize expected return at a determined risk level.

We will name these formulations a first and a second problem of Harry Markowitz [5,6,7].
We will investigate the more general case of second problem of portfolio selection, where
optimizational model is of the expected return at fixed acceptable minimal risk.

Obviously, the first problem can be solved by the methods of strictly convex, convex and
non-convex quadratic programming under linear limitations, investigated by the authors as well (see
references).

The algebraic method, proposed here for solution to the so formulated general second
problem of portfolio selection under risk, differs from the so far known methods of global nonlinear
optimization.

It reveals additional possibilities, related to the design and building of the new kind of
informational services in Internet — portfolio selection under risk.
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2. The models of the strictly convex, convex and non-convex problems of portfolio selection
under risk

To input the goal function of the formulated problem, we will denote the portfolio variance
as:

o= %xTVx, (1)

where

x" =[x;,x3,...,x, ] is the vector of unknown allocation of the investment,

n is the number of securities in the portfolio,

Xi, 1=1,2,...,n is the weight of the i-th security in the investment.

Negative values of x; , i=1,2,...,n are acceptable, which corresponds to the so called short
sales.

The negative value of x; marks the sale of the i-th security and not its purchase and keeping.

If x; =0, the security is not included in the portfolio.

The value x; >1 marks availability of securities which amount is greater than the investor can
buy.

This is possible only in the cases when the investor can obtain additional funds.

To fulfill the investment requirements of a long sales the solutions x need to be positively
semi-determined, i.e. x>0.

V is the symmetrical variance-covariance matrix of correlation among the various investment
assets of dimensions n-by-n of the kind:

Oy On Oy O,
O Op Oy O
V=lo, o0, o0y - 0y, (2)
_O-ln O-Zn 0-311 o O-rm _

where o; 1=1,...,n are variances and oj; i=1,...,n; j=1,...,n are covariances.

In the strictly convex case the variance-covariance matrix V has only positive eigen values. In
the convex case V may have positive as well as zero eigen values. In the non-convex case the
symmetric variance-covariance matrix may have positive as well as negative eigen values.

The first new measure of quadratic risk (1) is introduced in [14], where the variance-
covariance matrix is of the kind:

o, /'y O Oy e Oy,
Opn O /YZ Oy "' O
Vien =| O3 O3 O3 /ys e O3, | (3)
Jln Gln o—3n e JIZ’I /yn

where o, /y,,1=1,2,...,n are coefficients of variation of the first type.

The second new measure of quadratic risk (1) is introduced in [15,17], where the variance-
covariance matrix is of the kind:

VO /'y O O3 O,

O VOn !y, O 0,

new2 | O3 (o O Yy o, | (4)

O-ln
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where F /y,,1=1,2,...,n are coefficients of variation of the second type.
We will present the portfolio expected return as:

Y, =y, )

where y' =[y; . v2,... V] »

yi is the expected return of each asset i=1,2,...,n.

As the goal of the portfolio management we set the maximization of the measure of William
Sharpe [8,9], which is of the kind:

§,=—, (6)

where o, 1s the standard deviation of the portfolio as a measure of risk.

We will examine a task, which solves the structure of the optimal algebraic portfolio of
securities from the viewpoint of the investor goals.

Task. To build a structure of an algebraic portfolio of securities where the expected return is
calculated at a fixed acceptable minimal risk.

The formal description of the task is:

x'y>Yy (7)

where Y is the minimum acceptable expected return of the portfolio.
We will assume that:

Y(): Ymin (8)
under the linear and nonlinear constraints of the kind:
yminSYpSymax (9)
1 . R _
G;Z;mi“ = E(lenxl - xTQz 1Q1I/11x1 + lelzx - xTQ2 1QlVlzx) ) (1 0)

where the variance-covariance matrix V is presented in a block form of the kind:

[t k] o
Vo Va
where V| is a scalar, V; is a vector row, V»; is a square (n-1)x(n-1) matrix.

The matrices Q1 and Q2 are presented below.
The vector x is decomposed as follows:

X x' :[xza Xys 0y xn]‘ (12)
The constraints (9) can be violated in case the investor uses additional borrowed funds.
e'x=1, (13)

where e'=[11,..1].

David Luenberger notes in [4], that when short sales are possible, most or all the optimal x;,
i=1, 2,... have nonzero values (positive and negative), so that nearly all assets are used. Vice versa,
when short sales are not possible, typically a lot of weights are equal to zero.

3. Computer-mathematical PSM4A2-algorithm for the solution of the general second problem
of portfolio selection under risk

Step 1. Forming the input arrays of algorithm data:
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We will assume that the investor has evaluated in a certain way the expected return of each
security, i.e. he has built the expected return vector y and has estimated the variance-covariance
matrix V.

The values of the vector y and the square matrix V are calculated using statistical and historic
data of the assets return over a certain period of time.

We will assume that the investor projects to obtain expected return Y,>Y, at the following
acceptable minimal risk:

1 o o _
Jimi“ = E(x]Vllxl _xTQzlganxl +xV,x _xTQ21Q1V]2x)

Step 2. Determining the eigen values », and eigen vectors-rows ¢, of the variance-covariance
matrix V on the base of correlations of the type:
qV=x4q. i=12,.n
q, = [q” q, q°°q, ], i=L2,..n

The eigen vectors need to be normalized so that their length is equal to one.
Step 3. The following scalars, vectors and matrices are formed:

Vi, Viz,
4 91 s 0 Y
q 4 9y 0 4y,
0=| ¢y 93 9 " 43, |
9oy Do Doz 7 Duoin

where Q is a rectangular (n-1)-by-n matrix.

o=[lo, o]
where @ and g, are of the kind:
QIT = [qn s Gy Y3 qm,ll
9 9 " 4y
q» 9y = 4y
0,=| q» 95 0 43 |,
o2 D3 7 Yoo

where Q; is a square (n-1)-by-(n-1) matrix,
The eigen vector-rows, (n-1) in number, forming the Q matrix, correspond to all eigen values
7:,i=12,.n—1, except the least one y,,.

Step 4. The following system of linear algebraic equations of the kind is formed:
Ax=d,,

0
Where 4 =/ |

T
e

Where e is n-dimensional single vector:

dy = [0T= 1] >
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where O is (n-1)-dimensional zero vector:
o"=[o, 0, -, 0]
Step 5. The above system is solved in three ways:
—by means of the algebraic expression of the following kind in the cases of long and short

sales:
x, = 4;'d,.

The relative error of this solution of the system of algebraic equations is calculated by means
of an expression of the kind:

dz - Az (Azildz)

e,

—by Matlab left division solver for the case of long or short sales:
x, =4, \d,
The relative error is of the kind:
I = 4(4\ o ),
—and by means of the Matlab-function Isqnonneg(A,,d,), which is applicable only for the case
of long sales:

X, = lsqnonneg(Az,dz)
The relative error is of the kind:

||0l2 — A, Isqnonneg (Az,afzm2 /||a’2||Z

The first two approaches allow the interpretation of the algorithms as information services in
Internet.
Step 6.The following scalar and subvector are formed:

=T
X1 x :[xza X35 xn]"

Step 7. The minimal variance o’,.., the minimal standard deviation o, ,the expected return
v, and Sharpe measure s, are estimated, using the formulas, given above.

The synthesis of the proposed algorithm is carried out with the help of the direct and inverse
transformations, published and applied in [3].
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COMPUTER-MATHEMATICAL ALGORITHM FOR THE
SOLUTION THE GENERAL SECOND PROBLEM OF
PORTFOLIO SELECTION UNDER RISK-Part 2-APPLICATIONS

Lyubomir N. Sotirov, Stela L. Sotirova-Nikolova, Samuil V. Nikolov, Vladimir N.
Nikolov, Trifon I. Ruskov, Ivan T. Ruskov

Abstract. The terms of strictly convex, convex and non-convex problems of portfolio selection under risk
and new measures of risk are introduced. Algorithms for direct and iterative solving of the general second
problem of portfolio selection under risk are proposed. The synthesized analytical solutions allows the
interpretation of the investigated optimizational models of the expected return at fixed acceptable minimal
risk as an information service in Internet.

Keywords. portfolio selection, strictly convex, convex and non-convex problems, expected return, risk,
linear algebraic systems equations, information service in Internet.

KomnioTbpHO-MaTeMaTH4YeCKH aJIrOPUTHM 32 peliaBaHe Ha 0011a BTOpa 3aja4a 3a n300p Ha
nopr¢eiis B yCJI0BUSA HA PUCK-YACT 2 -NIPUJIOKEHU S

Jro6omup H. Cotupos, Crena JI. CotupoBa-Hukonosa, Camywnn B. Hukonos, Bmagumup H. Hukonos,
Tpudon U. Pyckos, Usan T. Pyckos

Pe3rome: BuBexxar ce MOHATHATA CTPOTO U3IIBKHAIM, M3IIBKHAIN ¥ HEU3bKHAIHM MpoOiIeMu 3a U300p Ha
nmopT¢ et B yCIOBUS Ha PUCK, KAKTO U HOBU HAYMHHU 32 M3MEpBaHe Ha pucka. [Ipeamarar ce airopurmu 3a
TUPEKTHO M WTEPATHUBHO pEIlIaBaHe Ha oOImaTa BTOpa 3amada 3a u300p Ha MOPTHEHT B yCIOBHSA HA PHCK.
CuHTe3UpaHUTe aHAMTUYHU PEIICHUs TTO3BOJISIBAT HHTEPIPETHPAHETO HA M3CIEABAHUTE ONTHMHU3AIHOHHH
MOJICTTH Ha OYaKBaHATa BB3BPBIIAEMOCT MPH OIPEICICH MTPUEMIIUB MUHIUMAJIEH PUCK KaTo WH(pOpMAI[OHHA
yCIIyra B UHTEPHET.

KuarouoBu xymu: m360p Ha TOpTHEHII, CTPOro M3MBKHAIM, H3ITHPKHATN U HEU3ITBKHAIN MTPOOJIEMH, OYaKBaHa
BB3BPBIIAEMOCT, PUCK, CUCTEMU JINHEHHY aNreOpUYHH ypaBHEHVsI, TH()OPMAITMOHHU YCIYTH B UHTCPHET

4. A practical example with the classical quadratic measure of risk

Three different stocks are available. We will present their characteristics as follows:

0.0050 —0.0100  0.0040
7 =|-0.0100 0.0400 —0.0020 |, V,, =0.0050, ¥, =[-0.0100 0.0040]
0.0040 —0.0020  0.0230

y =01, 02, 015}  e"=[, 1, 1] 0" =[0, 0]
The eigen values of the matrix V are respectively equal to:

0.0431
eig(V) =|0.0231]
0.0018
The corresponding determinant is:

det(7 )=1.8%10"°

The corresponding conditioning number is :
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cond( 7 )=23.8304,

We will assume that the investor wants to obtain expected return Y, >0.1 at the fixed minimal
risk, given by the formula (10) in [18].
We can form the following data arrays for the above synthesized algorithm:

[-0.2656 09527 —0.1477 ~[-0.2656 [0.9527 -0.1477
101146 0.1833 09764 [ ' | 0.1146 |>=* |0.1833 0.9764 |

-0.2656 0.9527 -0.1477
A4,=| 0.1146 0.1833 0.9764 |,
1 1 1

d! =[0.01] det(A2)=1.0418, cond(A2)=3.5585.

Then we can write the following about the solution of the second problem of portfolio
selection under risk, obtained in Matlab environment by the first two ways, which interpret the
direct solutions, which can be interpreted as information service in Internet:

0.9189
=x,=| 02327 |
~0.1515

This is the case of short sales,
where
x,=09189, %' =[0.2327,-0.1515]

The number of floating point operations when the left division solver is used, is:

flops=100.

The number of floating point operations when the respective algebraic expression is used for
obtaing the same result, is:

flops=135.

Besides, the solution of the system of algebraic equations is obtained with error, equal to zero:

Alz AZZO.O.

The minimal acceptable risk as minimal variance is equal to:

o pimin = 8.3308.107*

The values of the minimal standard deviation as a measure of risk, the expected return and the
Sharpe measure are:

& = 0.0289,
Y, =0.1157,
S,, = 4.0087.

We can write the following about the solution of the second problem of portfolio selection
under risk, obtained in Matlab environment by means of the Matlab-function Isqnonneg(A,d>),
which interprets iterative solutions, which are not object of interpretation as information service in
Internet:

0.7750
x, =|0.2085 |,
0

This is the case of long sales, where:
x, =0.7750, X, =[0.2085, 0]
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The number of floating point operations is:

flops=1280.

The solution of the system of algebraic equations is obtained with error, equal to:

A;=0.1283.

The minimal acceptable risk as minimal variance is equal to ¢’,smn = 7.4088.10°* . The values
of the minimal standard deviation as a measure of risk, the expected return and the Sharpe measure
are:

o, =0.0272
Y, =0.1192
S, =4.3793.

5. A practical example with the first new quadratic measure of risk

We will present the first new variance-covariance matrix as follows:

0.0050/0.1  —0.0100 0.0040 0.0500 —0.0100  0.0040
V..=| —0.0100 0.0400/02 —0.0020 |, ¥, =|-0.0100 02000 —0.0020|, V... =0.0500,
0.0040  —0.0020  0.0230/0.15 0.0040 —0.0020 0.1533

Vs = [-0.0100 0.0040], »" =[0.1, 0.2, 0.15] e =1, 1, 1] o"=Jo, o]

The eigen values of the matrix Vi are respectively equal to:

0.2008

eig(V,,,) =[0.1534 .

0.0492
The corresponding determinant is:
det(v,,,)=0.0015.
The corresponding conditioning number is :
cond(v,,, )=4.0813.
We will assume that the investor wants to obtain expected return Y, >0.1 at the fixed minimal

risk, given by the formula (10) in [18].

We can form the following data arrays for the above synthesized algorithm:

[-0.0674 0.9966 -0.0477 _[-0.0674 _[0.9966 -0.0477
"1 0.0338 00501 09982 [ <' | 0.0338 |°=* |0.0501 0.9982 |

-0.0674 0.9966 -0.0477
4,=| 0.0338 0.0501 0.9982 |,
1 1 1

d: =[0,01] det(A2)=1.0258, cond(A,)=3.6235.

Then we can write the following about the solution of the second problem of portfolio
selection under risk, obtained in Matlab environment by the first two ways, which interpret the
direct solutions, which can be interpreted as information service in Internet:

0.9721
x, =x,=| 0.0640 |
-0.0361
This is the case of short sales,where:

x,=09721, X' =[0.0640,-0.0361]

The number of floating point operations when the left division solver is used, is:
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flops=100.

The number of floating point operations when the respective algebraic expression is used for
obtaing the same result, is:

flops=135.

Besides, the solution of the system of algebraic equations is obtained with error, equal to zero:

A1= A2=0.0.

The minimal acceptable risk as minimal variance is equal to:

O-zplmin =0.0234 .

The values of the minimal standard deviation as a measure of risk, the expected return and the
Sharpe measure are:

O 1o = 0.1529,
Y,, = 0.1046,
S, =0.6841.

We can write the following about the solution of the second problem of portfolio selection
under risk, obtained in Matlab environment by means of the Matlab-function lsqnonneg(A;,d,),
which interprets iterative solutions, which are not object of interpretation as information service in
Internet:

0.9360
x, =|0.0628 |,
0
This is the case of long sales,where:
x, =09360, X' =[0.0628, 0]
The number of floating point operations is:
flops=1280.
The solution of the system of algebraic equations is obtained with error, equal to:
A3=0.0348.

The minimal acceptable risk as minimal variance is equal to o?,;mn =0.0217 . The values of the
minimal standard deviation as a measure of risk, the expected return and the Sharpe measure are:

Gy = 0.1473
Y,, = 0.1062
S, = 0.7206.

6. Conclusion

The solution to the second problem of portfolio selection under risk is investigated in the
theory and practice of non-linear programming and is accompanied by a complicated iterative
procedure, which hinders the interpretation of the second problem of Markowitz as an information
service in Internet.

The general algebraic approach and method in the current paper allows the non-linear
optimization problem of portfolio selection under risk to be solved by means of linear analytical
algorithms at acceptable precision and velocity, which allows the interpretation of the general
second problem of portfolio selection under risk as an information service in Internet.

It is important to note the effect from the usage of the first new measure of risk Vw1, which
is the improvement of the precision of the iterative solution. In the common case, the precision of
the iterative solution, as well as that of the analytical solutions improves. However, the Sharpe
measure decreases, which can be compensated by the unique quality of the first new measure of risk
to transform the non-convex quadratic forms of risk into strictly convex ones [14, 16, 17], which
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extensively maximizes the application field of the portfolio optimization methods, worked out so far
[1,2,12,13], as Internet information service, by significantly simplifying the proof of the sufficient
conditions of Lagrange optimizational method.
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MN3ITOJI3BAHE HA PA3IIO3HABAHE HA KOMIIOHEHTH 3A
EBOJ/IIOIIMOHEH AHAJIU3 HA COPTYEPA

Tonop I1. Yonakos, JIuMuThp . bupos

Pe3rome: B mpakTrkara yecto ce Hayara JiopaboTBaHe W MPOMSHA Ha Beue CHINECTBYBAIll, HO HEMO3HAT 32
pazpaboTuunure coPTyepeH NpoayKT. 3a IOCTUraHe Ha KAueCTBO Ha MPOMEHHUTE € He0OXO0IUMO MO3HABaHE
Ha apXWTEKTypaTa Ha MPOAYKTAa W MO BH3MOXKHOCT €TAllMTE Ha Pa3BUTHETO My. B HacCTOSAIIMS TOKYMEHT
MpecTaBsIME IMOJIXOJ 32 aHaJN3 Ha €BOJIOIMATA Ha MPOAYKT, 33 KOMTO MMaMe caMO IpOTpaMHHS KOJ 3a
HSIKaKBa TOCJIEIOBATEITHOCT OT BEPCHUU.

KirouoBu gymu: 06paboTka Ha KOJl, peCHKHHEPUHT,CBOIIONHS Ha coTyepa.

Using component recognition for analysis of software recognition
Todor P. Cholakov, Dimitar Y. Birov

Abstract: In practice it is often necessary to develop and change an already existing software product. In
order to achieve the necessary quality of the changes it is necessary to have knowledge of the product
architecture and if possible its evolution. In this paper we represent an approach for analysis of software
evolution of a product if we only have its code base for set of versions.

Keywords: code processing, reengineering, software evolution.

1. YBox

B mnpaktukara wecto ce Hamara na ce paspaborBa wiHM jgopaborBa codryep, KOWTO
pa3paboTUuIIUTe HE TIO3HABAT U 32 KOWTO €IMHCTBEHOTO, C KOETO pasloJarar, € MPOrpaMHHUST KO/
3a MOCJIEIOBATETHOCT OT Bepcuu Ha mpoaykra. [lpenu na 3amo4yHatr cepro3HH MPOMEHHU IO TaKbB
MPOJYKT, € HEOOXOAMMO J1a c€ M3BIEKAT 3HAHMS 32 HErOBaTa apXUTEKTypa W MO BB3MOXHOCT 3a
HEroBara eBOJIOLUS.

EBomonmsita Ha codTyepa € MHOTO BaKHA OT TJIeJJHA TOYKA HA TOBA, Y€ Upe3 Hesl MOXKe Jia ce
00sICHU 3al10 AaJieH METOJ] JIM KJIac U3TJIeX ]1a TOYHO MO TO3W Ha4WH, a HE 10 JPYT.

3amagara, KOSTO CH IOCTaBsIME B TO3U TEKCT, € Jia M3BJICUEM 3HAHHS 3a CBOJIOIUATA HA
copryepa upe3 aBTOMaTU3UPAHOTO Pa3MO3HABAaHE HAa CHCTABHUTE MY KOMIIOHEHTHU IPHU Pa3IMuHU
Bepcuu Ha 00paboTBaHUS cOPTyep M Pa3IUYHM ApaMEeTPH Ha Pa3IIO3HABAILUS aIlTOPUTHM.

[IpanmnonoxeHuero, OT KOETO TphI'BaMe, € Y€ ¢ BPEMETO CBHP3aHOCTTa B PaMKHUTE Ha JaJieH
KOMITOHEHT C€ yBelln4aBa OT LIEHThpa KbM MepudepusTa My, a CaMUIT KOMIIOHEHT CE€ pa3pacTBa.
CodTyepbT KaTo LISJI0 CE YCIOXKHSIBA C BPEMETO, a KOMIIOHEHTUTE MY MMAaT CKIIOHHOCT MO-CKOPO
KbM CJIMBaHE, OTKOJIKOTO KbM pazzaensHe. OOpaTHHUAT ciydail - KOrato KOMIOHEHT Ce pa3fens Ha
JIB€ WJIM KOTraTo JBa KOMIIOHEHTa CTaBaT MO-cIabo CBbpP3aHHM, € WHAMKATOP 3a CH3HATEIHO U
[EJICHACOYCHO MPECTPYKTypUpaHe Ha KOfa.

HabnroaBaiiky €BOJIOLIMOHHOTO PAa3BUTHE HA Ja/ieH MOAYJ, KAKTO U KOHKPETHOTO MSICTO Ha
naneH koA (Kjac) B paMKHUTE Ha MOJYJa, MPOrPaMUCTHT MOXKE J1a CH Ch3/aJie JTOCTaThYHO J00pa
Mpe/icTaBa KakBa € Omia ujesTa Ha TO3M MOJIYJ U Kak ce € MPOMEHsIa C BpeMeTo, KOeTo Ou My
JaII0 HEOOXOAUMOTO pa3dupaHe 3a MO-HATATHIITHU MPOMEHH IO KOJIa.

OcTananaTa 4yacT OT HACTOSIIIMSI TEKCT € OPraHU3MpaHa KaKTo Clie/iBa:

B cexuus 2 e ommcaH HakKpaTKO aIrOPUTHMBT 32 pa3No3HaBaHE HA KOMIIOHEHTH, KOUTO
u3non3Bame. B ceknusa 3 € onucaH moaxoAbT, KOMTO MpeajaraMe 3a aHaJIu3 Ha €BOJIONMATA Ha
coryep, upe3 pa3mo3HaBaHEe HA KOMIIOHEHTHUTE MY 3a pa3UyHU Bepcuu. B cexuus 4 e omucan
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eKCTIIEpUMEHT, OCHOBAH Ha TO3H TOJXO0JI, KaTo Ce pa3riexaa KOIbT Ha HIKOJIKO BepucHH Ha Ant. B
CeKIIUs 5 ca OMMCaHU HACOKH 3a Objela padora mo mpoodiema.

2. AITOpHMTHM 32 Pa3no3HaBaHe HA KOMIIOHEHTHTE HA copTyepeH NMPOAYKT

AJTrOpUTHMBT, KOUTO U3MOI3BaMe pa3ynTa, KaTo BXOJ Ha rpad) Ha M3BUKBAHUATA C TEXKECT HA
BCSKO pedpo, ykaspaiia Oposi Ha M3BUKBAHUATA OT KOJa, OTrOBapsll Ha M'bPBUS BPBX, KbM KOJa,
OTrOBapsIl Ha BTOPHS BPBX.

Karo mapamersp Ha anropurbMa 3ajaBaMe€ MHHMMalHaTa CTEIEH HAa CBBP3AaHOCT @, MpPH
KOSITO MOXEM Jla TPUEMEM, Y€ J1Ba BbpXa IPUHAIIECKAT KbM €IUH U ChIIU KOMIIOHEHT.

[IppBaTa cThIKA HAa HAIIWs AITOPUTHM BKJIIOUBA MpeoOpa3yBaHe HA BXOIAIMIMA Ipad B HOB,
KaTo B HOBMS I'pad) BbPXOBETE OCTABAT CBIUTE, HO pedpaTa U TEXHUTE TEKECTH ChOTBETCTBAT Ha
CTETeHTa Ha OIU30CT MEXIy BbpxoBere. CTerneHTa Ha OJIM30CT € METPHKA, KOATO CME pa3paboTHIIN
CIELIMAJIHO 3a LIEJINTE Ha pa3llo3HaBaHE Ha COPTyepHU KOMIIOHEHTH U IE s pas3rielamMe B IOBeYe
noapobHocTu no-goiy. Karo pezynrar ot nmpeobpa3yBaHueTo Ha rpada Moxke Ja ce MOsBIT HOBU
peOpa Mexay BBPXOBETE, KaKTO M CEHMO3HO Jla CE€ H3MEHM TEeXECTTa Ha HIKOM OT Bede
chliecTByBamuTe. JJokato opurnHaNHUAT rpad € OpUSHTHPAH M TerjiaTa Ha pedpaTa Mexay IBa
BbpXa Ca pa3jMYHU B 3aBUCHUMOCT OT IIOCOKaTa, TO pe3yJaTaTHUAT Irpad € HEOpUEeHTHpaH, KaTo
METpHKaTa 3a CTEIIEH Ha CBbP3aHOCT J]aBa €IHAKbB PE3YJITAT U B IBETE TIOCOKH.

Bropata cThlKa B Halllus aJIFOPUTHM € Ja NMOAPEIUM BbpPXOBETe Ha Irpada (OT TyK HaTaThK
IIe TOBOPUM CaMO 3a pe3yaTaTHus rpad cien TpaHcpopMmanusaTa) IO HaAMaJsABAIl pel Ha TAXHATa
MaKCUMaJlHa CTEIEH Ha CBbP3aHOCT C HAKOW APYT BPBX.

Karo Tpera cThrika 00X0xaaMe MOIy4eHUs CIIUCHK U 32 BCEKU BPbX M3IIBJIHABAME CIEIHOTO:

1. Bzemame peOpoTO, OTroBapsIlO Ha MaKCUMalHaTa CBBP3AaHOCT C TEKYIIUs BpPbX U

IpoBepsiBaMe JIaIK APYTHUS BPbX BeUe € MOCTaBEH B HAKOW KOMITIOHEHT.
2. AKo0 BTOpHAT BPBX € IOCTABEH B KOMIIOHEHT M CTENEHTa Ha CBBbP3aHOCT MEXKIY JBaTa €
MO-TOJIIMA MJTM paBHA HAa @, IIOCTAaBSIME TEKYIIHSI BPbX B ChIIMS KOMIIOHEHT.

3. AKO BTOpPUSAT BPBX HE € IIOCTAaBEH B KOMIIOHEHT, HO CTEIICHTa Ha CBbP3aHOCT MEXAY /BaTa

€ Mo-roJIsiMa OT (9, TOCTaBsIME TEKYILUS BPbX B HOB KOMIIOHEHT.

Cren karto cMe MPEMUHANIN IIpe3 LeUsl CIIUCHK, BCEKH BPbX MMa aCOLMMpPaH KOMIIOHEHT WX
e ocranan nzonupan. CienBa a ce oTOenexu, 4e Thid KaTo MsipKaTa 3a CBbP3aHOCT € CUMETPHUYHA U
CM€ COpPTHpaJIU BbPXOBETE Ha rpada mo MakCUMaHaTa UM CTEIeH Ha CBbP3aHOCT, TO :

1. Bceku eneMeHT, YusATO MaKCUMaJlHa CTENEH Ha CBBP3aHOCT € 110 TOJIIMa OT @, 111€ MTOoNa He

B HSKON KOMIIOHEHT.

2. AKO HSKOH BpbX A CMe€ IO CIOKHJIM caM B KOMIIOHEHT, 10 TOYKa 3 MO-rope, TO APYTUAT
BPBX OT peOpOTO C MaKCHMaJlHA CBBP3aHOCT IlI€ CE MOSIBU KaTO HAKOM OT cieaBaluTe B
CIHMChbKa M HEroBaTa MaKCHUMallHa CBBP3aHOCT M€ € ChIlaTa, KaTo Ha A, Mopaau
CUMETPUYHOCTTA Ha MApKaTa 3a CBBbP3aHOCT.

B nurteparypaTa chlecTByBaT alrOpUTMH, KOUTO HaMajsBaT CTOMHOCTTA Ha @ U 0OXOXKIAT
W30JIMPAHUTE BBPXOBE UTEPATUBHO, JOKATO TOJISIMA YacT OT TAX MOMAJHAT B HAKOW KOMITOHEHT [1,
2, 3]. ToBa oT enHa cTpaHa moxoOpsiBa KIIbCTEpU3ALUATA, KATO HaMalsiBa Oposi Ha MOTEHIMATHUTE
KOMIIOHEHTH, HO OT J]pyra pa3MHBa I'PaHULIUTE Ha KOMIIOHEHTHUTE. 3a LI€JIUTE Ha HAlIKsl aHAJIU3 CMe
MpeLEeHIH, Y€ € MOo-700pe KOAbT, KOMTO HE € OCTaThYHO CBBP3aH C HUKOH KOMIIOHEHT, Jla ce
pasriexia Kato OT/IeNIEH.

OcHOBHa poJis B TOPHUS aIrOPUTHM HUrpae Mspkarta f 3a CBbp3aHOCT MEX1y JBa BbpXa X U Yy
Ha rpada. Ta3u msapka geduHUpamMe 1o CICTHUS HAYUH:

f(x,y) = w(x,y)*=w(y,x) + col(x,y)+co2(x,y) + rf(xy) (1)

Knnero
e w(x,¥) e OposAT Ha TUPEKTHUTE BPB3KH OT X KBM Y
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lous(x)noutiy)|*

o col(xy)= , KbJEeTo out(X) € MHOXECTBOTO OT BCHYKH BBPXOBE

lout(x)|+|out(y)|
pedepupanu ot Bbpxa X. Ta3u GyHKIHUS H00aBsS CTENEH HAa CBBP3aHOCT MEXIY JBa BbpXa,
KOTaTo €HOBPEMEHHO pedeprpaHuTe OT TSIX BHPXOBE Ca OTHOCUTEIHO TOJISAM ST OT U3001110
pedepupaHuTe BHPXOBE.

linCx)ninlyd|®

e co2(x,y)= KBJIETO iN(X) € MHOXECTBOTO OT BCHYKH BBPXOBE KOHUTO

lin(x)|+|in(3))
pedepupat Bbpxa X. Tazu QpyHKIUsA 700aBs CTENEH HA CBBP3aHOCT MEXAY JBa BbpXa KOTaTo
MHO)KECTBOTO OT €IHOBPEMEHHO pedepHpaniure T BbPXOBE € OTHOCHUTEIHO TOJISM ST OT
pedepupparuTe ru BBPXOBE.

e 1) T e )
vuxy WLEY) Lesrinryiuyy Wiox)
-

lin(x)+1] lin(y)+1]

Ta3zu QyHkuus me 106aBu CBHP3aHOCT MEXIYy ABaTa BbpXa, akO CpelHaTa CBHP3aHOCT OT

HAKOM OT BbPXOBETE U OKOJIHOCTTAa MY KbM APYTHs € OTHOCUTEIHO roJIAMA.

OCHOBHOTO MPEAUMCTBO Ha Taka JeduHUpaHaTa MspkKa 3a OJM30CT €, e TS B3eMa IpeIBU/ He
caMmo JAMPEKTHaTa Bpb3Ka MEXIY JBa BbpXa, HO U MEX]y TEXHUTE OKOJHOCTU. [To To3u HauuH ce
neUHUPAT BPB3KU M MEXKIY BbPXOBE, KOUTO WHAYE HE ca AUPEKTHO CBBP3aHHU, HO CE IMOJI3BAT IO
nono6eH HauuH. ToBa eMMMUHUpA /10 ToJIsiMa CTENeH U He0OX0JUMOCTTa OT UTEPAaTUBHO JA00aBsSHE
Ha BbPXOBE KbM KOMITOHEHTHUTE.

3. AHaJIN3 Ha eBOJIIOLMATA HA cOPpTyepeH NMPOAYKT Ype3 pa3no3HABAHE HA KOMIIOHEHTHUTE MY
B HSIKOJIKO Pa3/IM4YHH BePCHH

Hamusat moaxon 3a aHamy3 Ha €BOJTIONUTA Ha cOPTyepa BKIIIOYBA CICTHUTE CTHIKU, KOUTO
MpujiaramMe BbpXy BCsIKa OT BEPCHUUTE Ha MPOAYKTa C KOUTO pa3iiojiarame:

1. H3BamvaHe Ha KOMIIOHEHTHTE Ha COQTYEPHHS MPOAYKT 32 KOHKPETHATA BEPCHS.

2. HW3Bnuyane Ha KOMIOHEHTEH rpad) Ha U3BUKBaHUATA. BB BIpoCcHUS rpad BBPXOBETE ca

pa3no3HATUTE OT IbpBaTa CThIIKA KOMIOHEHTH, a ABIUTE MYXKAY JBa BbpXa Ca C TEXKECT

oOmusAT Opoil Ha M3BUKBAHHS OT EJIEMEHTHTE HA IbPBUS KOMIIOHEHT, KbM KOWTO U Ja €

€JIEMEHT BbB BTOPHSI.

Crnen xaTo moiyyuM Taka aepuHupaHuTe Tpady OT TAXHATA MPOMSHA C TECUCHHE HA BPEMETO
(BepcuHTE Ha MPOAYKTA), MOXKEM JIa U3BJICYEM CIICTHUTE 3HAHUS:

e JlajgeH KOMIIOHEHT MOXeE J1a € OWJI pa3/ielieH Ha HAKOJIKO KOMIIOHEHTa. ToBa MOXe J1a ce

onpeneay aBTOMAaTUYHO, aKO ToJisIMa YacT OT €JIEMEHTUTE B JaJieH KOMIIOHEHT B Clie/iBallia

BEpCHs CE€ HaMepsAT B JiBa WJIM IOBEYE JAPYTHM KOMIOHEHTa. ThH Kato B OOIMMs CIydaid

CTENEHTA Ha CBBP3aHOCT MEXKIY €JIEMEHTHUTE B Ja/JICH KOMIOHEHT HE HaMmallsiBa, a MPU Taka

neduHUpaHaTa MspKa 3a OJHM30CT, 3a J1a C€ OTIENAT JIBa €JIEMEHTa, KOUTO ca OWJIM B €IUH U

ChIIM KOMOHEHT, TpsiOBa Ja ca pasleisiT W HM3MOJI3BAHUTE W W3IMOJ3BAIIUTE TH CIIEMEHTH.

Toect paznenssHETO HA KOMIIOHEHT Ha YaCTH U3MCKBA JIOCTA YCUIIUA.

e Hsxonko koMIoHeHTa MoraT Aa ce o0eauHsaT. ToBa € 10CTa MO-BEPOSITHHUAT CITydaid, Thil

KaTO C BPEMETO BPB3KUTE MEXIY KIAaCOBETE CE€ YBEIMYABAT.

e Hsakou KOMIIOHEHTH MOKE J1a ca mpemMaxHaTh. ToBa ChIIO € PSAAKO CpEellaH Clly4ad B

HOpPMAaJTHHS TPOIIEC HA PAa3BUTHETO HA cOPTyepa.

Crnenpamata CThIIKa, KOSTO IpeanpueMamMe, € Ja aHajdu3upamMe KOMIIOHEHTHHs rpad Ha
W3BUKBAHUATA U MIPOMSIHATA MY C BPEMETO:

e Hsxou KOMIOHEHTH MOXE Ja Ce CBbp3BAaT MO-CUJIHO B TeUeHHE Ha BpemeTo. ToBa e

MHMKAIMS, Y€ €BeHTYaIHO B ObJICI] MOMEHT T 1€ CE CIIEST.
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e Hskoil KOMIIOHEHT MOXeE Jia CTaBa BCE MO-MAJKO CBBP3aH C OCTAHAINTE KOMIIOHEHTH.
ToBa € MHOUKATOP, Y€ TO3M KOMIIOHEHT € BCE IMO-M30JMPAH W CBEHTYaJHO B CIICABAIIUTE
BEPCHUH MOXE J1a OTHAIHE.

e KoMNOHEHTH WM Tpyna OT KOMIIOHHETH, KOUTO Ca HM30JHMpaHH OT BCHYKH OCTaHAIH,
BEPOSITHO Ca MBPTHB KOJ| HITM MOJIYJI, KOWTO BCE OIIE € B IMPOIIeC Ha pa3paboTKa.

e  AKO BPB3KHTE MEKIY KOMIIOHCHTUTE BHPBSAT B €IHA IOCOKA, TOBA € UHAMKATOP 3a A00pa
HepapxudHa CTPYKTypa Ha KoJa.

B cnenamarta cekuus Iie pasriegamMe peajeH INpUMep C aHaIW3 BBPXY HAKOJIKO
IIOCJIEZI0BATEIHU BEpcuu Ha Ant.

4. ExcnepuMeHTAaJIeH aHAJIHU3 HA HAKOJIKO BepPCHH Ha Ant, C IOMOIITA HA TOPHUSA MOIXO0/

M3nbaHuXMe anropurhbMa 3a pa3sno3HaBaHE HAa KOMIIOHEHTH BbpPXY HSKOJIKO Bepcuu Ha Ant
cbe ¢=0,5. Tazu CTOMHOCT Ha @ BOJAW 10 OTHOCUTEIHO T'OJIEMH KOMIIOHEHTH, Taka 4€ MOXKEM I0-
JICCHO J1a pPOCJICAUM BPB3KUTC MCIKY TAX.

BbB Bepcust 1.1 monmyunxme KOMIOHEHTEH Tpad HA M3BUKBAHUATA ChC CaMO 6 KOMITOHEHTA,
KaTo MOBEYETO OT KJIACOBETE ca B €AMH KOMIIOHEHT, a B OCTaHAJIUTE KOMIIOHEHTH UMa 1o 1-2 kiaca.
ToBa e UHIMKATOD, Y€ MbpBaTa BepcHus Ha Ant ce € ChCTOsUIa OT CHJIHO CBBP3aHO SAPO U HIKOJIKO
KJlaca, KOUTO HE ce M3IOJI3BaT. B cienBamm BepcHM Te3W KIAacoBEe WM IIe chOpMUpaT HOBHU
KOMITOHEHTH, WM II€ C€ MPUCHEAUHAT KbM SAPOTO. AKO HSAKOM OT TSIX OCTaHAT M3OJUPAaHU B
NpOABIIZKCHUC HAa HAKOJIKO BEPCUH, TOBA O3HAYaBa, Y€ Ca MBPTHB KOA U CJICABA Aa CC MAXHAT B
clieqBaiaTa Bepcusl.

B®B Bepcus 1.3 momyunxme J0cTa moBede KOMIOHEHTH W KOMIIOHEHTHHS rpad u3riexna
KaKTO CJIeqBa:

14

®ur. 1. KommnoneHnTen rapd Ha u3BukBaHusaTa 3a Ant 1.3

EnuH oT KOMHOHEHTHTE, KOWTO pa3nmo3Haxme BBbB Bepcusi 1.1, ce € ciisil ¢ OCHOBHMS
KoMmroHeHT. [losBuiamM ca ce M HAKOJIKO JONBIHUTEIHM KOMIIOHEHTa, KOMUTO Ca CBBP3aHU C
ocHOBHUsA. KakTo Moke na ce BUAM OT rpada, UMa HAKOJIKO YECTO M3MOJ3BAaHU KOMIIOHEHTa —
sanporo(1), BuzyanHoTo simpo(5) u konzonara(2). JlobaBeH e kommoHeHT ide(3), KOWTO ChINO €
CHJIHO CBBP3aH C sIpoTo. 3a0es3BaT ce HAKOJIKO KOMIIOHEHTa, KOUTO HE ca CBbP3aHU C OCHOBHUS
rpad, KOUTO ce ¢heTosT OT 1o 1-2 kiaca. OT rpada Ha W3BUKBAHUATA MOXKE Jia CE HANpaBH U3BO/,
4ye apXUTeKTypara Ha codTyepa B Ta3u BepcUs € [eHTpAIU3UpaHa OKOJIO JBa OCHOBHU KOMITIOHEHTA
— sapoto (1) u Buzyanuoto sapo (5). [IpaBu Brewarnenue cbio ide komnoHeHTa (3), KOWTO UMa
BPB3KH KbM SJIPOTO, HO KbM HETO HsIMa BPB3KH OT HUKBAE. OUEBUIHO TO3H KOMIIOHEHT € 3aMHCIIEH
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KaTo uHTEepdelc 3a A0CThI KbM (PYHKIIMUTE HA CHCTEMaTa, Thid KaTO B MPOTHUBEH Clydaid Ou OwII
HU3JINIICH.
3a Bepcus 1.5 Hemara U3MIeKAaT 10CTa MO Pa3IndHoO:

@ur. 2. KomnonenrteH rap¢ Ha u3BMKBaHUsTa 32 Ant 1.5

IToBedeTro OT HEU3NON3BAaHUTE KOMIIOHEHTH OT 1.3 ca u34e3HaM, HO Ha TAXHO MSCTO ca ce
MOSIBUJIM MHOKECTBO HOBM HEM3MOJI3BaHM KiacoBe. Gui sIpOTO M KOH30JHUAT KOMIIOHEHT ca
M3UYE3HAIU HAbJIHO. APXUTEKTYpaTa ABHO € J0CTa MO-LEHTPAIU3UPAHA, KATO BCUYKU KOMIIOHEHTH
MIOJI3BaT WM Ca U3MOJI3BAHU €IUHCTBEHO OT AApoTo. OTHOBO ce 3a0ens3BaT HAKOJIKO KOMIIOHEHTA,
KOUTO M3IION3BAT SAPOTO, HO HE Ca M3IOJI3BAHU OT HHUINO, KOETO M MHIMUKATOp 3a NOTCHIHUAJICH
MBPTHB KOJ| UM 32 UHTEepQeicH 3a BbHILIEH JOCTHII 0 CUCTEMATA.

B®B Bepcust 1.7 rpada Ha U3BUKBAHUATA U3TIIEXK/Ia MHOTO ITOJA00HO:

21 : 20
El =

®@ur. 3. KomnonenrteH rap¢ Ha n3BukBaHusTa 32 Ant 1.7

OTHOBO apXUTEKTypaTa € CHJIHO IEHTpPAJM3UpaHa, BBIPEKH Y€ CE TMOSABSBAT M JIUPEKTHH
BPB3KH MEXKIy KOMIIOHEHTHTE, KOMTO €a MO CKOPO MPH3HAK 332 CHTPOIMHUS, Thil KaTO KOJIMYECTBOTO
UM € TpeHeOpexkuMo Manko. 3abens3Ba ce pa3pacTBaHE Ha KoAa KaTo o0eM W Karo Opoi
KOMITOHEHTH, HO ITPH TOBA HE C€ MPOMEHS OCHOBHATA apXUTEKTypHA UjIesl.

Karo 3akiroueHre MOKeM J1a KaKeM, ue ¢ BpeMeTo Ant € pa3BHJI 3BE3/I0BHIHA apXUTEKTypa U
BBIIPEKH Y€ OT BPEME Ha BPeMe ce MOSIBsIBA MbPTHB KOJI, TOH CBOCBPEMEHHO C€ OTCTPAHSBA.
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5. bbaema padora

Kato Bbp3MOkHOCTH 32 OBACIIN pa3pabOTKA MOTAT Jla Ce TTocovaT JIB€ OCHOBHM HAIPABIICHUS:
e [logoOpeHue Ha anropuThMa 3a pa3MoO3HABAHE HA KOMIIOHEHTH, 4Ypa3 W3BIMYAHE Ha
JNOMBJIHUTETHU 3HAHMS 3a CHUCTEMAara, BKJIIOYMTEIHO AaBTOMATHYHO HWMEHYBaHE Ha
KOMITOHEHTHTE.
e ABTOMaTH3MpaHEe Ha CPAaBHEHHUETO HA KOMIIOHEHTHUTE rpadu U U3BOJUTE OCHOBAHH HA
TOBa CpaBHEHUE.

6. 3axkiaouenue

I'padure Ha W3BHKBaHMUATA, KOMOMHHUPAHU C aJrOPUTHM 32 pa3llO3HaBaHE HAa KOMIIOHEHTHTE
MOTaT Ja JAajaT MHOTO J00pa mpejcTaBa 3a apXUTEKTypaTa Ha aHAIU3UpaHus copTyepeH MpoayKT,
KaKTO W 3a HelHaTa MpoMsHA C T€YEHUE Ha BpemeTo. Bb3 OCHOBa Ha MPEJIOKEHUS MOIXOJ €
BB3MOJXKHO J1a c€ B3eMaT HHPOPMHUPAHU PEIICHUS 32 IPOMSHA, MPECTPYKTyprUpaHe U pa3paboTKa Ha
MPOJIYKTA.
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EJIMH MOJIXO/I 3A CTETAHOTIPA®CKA 3AILIIUTA HA
LIU®POBM MMPOJAYKTHU

Emanyun Ct. CtostnoB, boxkxugap Ct. CTosiHOB

Pe3rome: /[Hec, moBede OT BCSKOTa, € JIECHO Ja ce TeHepupaT IudpoBH maHHUA. ToBa ca T.H. ,,ITUGPOBO
POIIEHU MPOAYKTH - TOKYMEHTH, W300paKCHUs, ayJuo M BUJCO 3aIHCU, COPTyep, CNEKTPOHHU KHUTH,
uudpoBH MONENH, KapTH W T.H. TSIXHOTO MPHIIOKEHHWE Ce MPOCTHUpa B PA3NIWYHM OOJACTH Ha HAIIETO
chBpeMue - OW3Heca, HayKaTa, M3KyCTBOTO, 0oOpa3oBaHHeTO, NH(POBHTE KOMYHHKAIMW, HAI[IOHAIHATa
CUTYPHOCT, pa3y3HaBaHETO, BOGHHOTO JIEJI0 U Jp. 3a€HO C TOBAa BB3HHKHA HEOOXOIMMOCTTA OT TSIXHATa
HaJCKIHA 3alllUTa, KOETO € OT IIBPBOCTEIIEHHO 3HAYCHHE B CHhBpPEMEHHHUS WH(GOpPMAIMOHEH CBAT. ToBa
HAJIOKU OBP30TO Pa3BHTHE HA JIBE CHBPEMEHHU HAyKH — KpurrTorpadus u creranorpadus. To3um Jokian
pasriiex/ia eIMH OT ChBPEMEHHUTE BApPHAHTU Ha CTEraHorpadusaTa — IudpoBaTa cTeranorpadus, U npejara
¢/IHa ujies 32 HEHHOTO MPIIOKEHUE KbM BCSIKAKBU MU(PPOBH MPOTYKTH.

Kuarouou nymn: Creranorpadus, CKpuBail METO/, BIUTUTaHE, U(PPOB OTICYATHK.

An Approach to Steganographic Protection of Digital Products
Emanuil St. Stoyanov, Bozhidar St. Stoyanov

Abstract: Today, the generation of digital data is easier than it has ever been. These are the so-called
digitally born products — documents, images, audio and video recordings, software, e-books, digital models,
maps, etc. They are more and more widely employed nowadays in a variety of fields, such as business,
science, art, education, digital communications, national security, intelligence service, military science, etc.
Their global application has brought forth the need for their being reliably protected and has made it an issue
of paramount importance in the modern world of information. This necessity has imposed the fast
development of two contemporary sciences - cryptography and steganography. The present report treats one
of the recent variations in the development of steganography - digital steganography, suggesting a universal
idea for its application to all types of digital products.

Keywords: Steganography, Watermark, Fingerprint, Secret Image, Stego Object, Cover Image, Embeding.

1. YBox

CreranorpadusTa € ApeBHO M3KYCTBO [1] 1 Hayka 3a mpenaBaHe Ha CKPUTH JAaHHU 110 TaKbB
HAYMH, Y€ HUKON OCBEH IMOIyJaTess J1a He pa3depe 3a ChIeCTBYBaHETO UM. ToBa € B IPOTUBOBEC
Ha Kpuntorpadusara, Ipu KOATO CHIUIECTBYBAHETO Ha JJaHHUTE HE € CKPUTO, a CaMO TAXHOTO
ceabpkanue. "Creranorpadus” e Tpblika JymMa U O3HadaBa [5] CKpUTO mucaHe (TailHOMUC).
Kopenunte u nocturar no 400 r. mp. H. €., KbJIETO APEBHOIPBIKUAT UCTOPUK XEPOJIOT CIIOMEHABA
JIBa IIpuMepa.

[Ipe3 usnaTa UCTOpHUS Xopara ca Kpwid HHQOpMALHs MO0 MHOXKECTBO YJIUBUTEIHU HAYWHU.
Oco0eH wWHTEpec 3a HAc NPEICTABIABAT CHBPEMEHHUTE CTEraHorpadCku METOIU, KOUTO ca
HaI'bJIHO PA3IMYHU OT ApeBHUTE. J[HeC, ¢ pa3BUTHETO HAa KOMITIOThPHATA TEXHHUKA, ChbBPEMEHUTE
KoMyHHKanuu u Internet ycayrure, ce o000cobu e€IHO HOBO HampaBieHHE - IMQpoBara
creraHorpadus. Tst u3yuaBa Bb3MOXKHOCTUTE 3a CKpUBaHE Ha MHPOpPMAIMS B Apyra, aHAIU3UPAUKH
0COOCHOCTUTE B IM(PPOBOTO MPEICTaBSIHE HA JJAaHHHU, KAKTO W CJIa0OCTUTE HA YOBEIIKUTE
BB3NpuATHs [6]. B TO3u moknag € mpensiokeH MOAXO0H, ¢ MOMOIITa Ha KOMTO MHOTOKPATHO C€
YBEJIMYABaT BH3MOKHOCTHTE 33 MPHIOKEHHE Ha IudpoBara creraHorpadusi — MPaKTUYECKH BBHB
BCAKa 00JIaCT OT ChBPEMEHHHS >KMBOT, KBAECTO B EJIEKTPOHEH BHUJ C€ ChXpaHsBa W HU3IOJI3BA
1 poBo MpeacTaBeHa HHGOpMaIHsL.
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2. I3n0:xkenune

Enun or Hall-momynsipHUTE ChBPEMEHHU METONU 3a cTeraHorpadceka 3ammure € LSB (Least
Significant Bit), ocHOBaBaIll ce€ Ha U3IMOJI3BAaHETO HA Hall-Mallko 3HaUMMus OWT [3] 3a mpeacraBsHe
Ha CKpuTU naHHU. Crnopen apyru u3cienBaHus [4] cbBCEM YCIEIIHO MOrar Jia c€ M3MOJI3BaT U
MOCIIEAHNUTE JIBa, 0€3 TOBA Jla ce 3a0eNeXH OT YOBEIIKOTO OKO.

MeroauTe 3a creraHorpad)Cko CKpUBaHe, KOMTO CE M3MOJI3BAT B TO3U JOKJIAJ, Ca aBTOPCKHU U
TAXHOTO ONMCAHHE HE € MpeaMeT Ha Ta3u crarus. [logpobHo ca pasrienanu B [6]. [Ipencrasnssar
nmopenuiia oT TpaHchopmaIu 3a CKpuBaHe Ha 8§ OUTOBO M300paxkeHue B 16 OUTOBO (PECIIEKTHUBHO
16 6utoBo B 32 6uTOBO). basupar ce Ha ocobeHOoCcTHTE B IM(PPOBOTO MPEICTABSIHE HA TMTUKCEIINUTE
npu npemuHaBane ot 8 6utoBu RGB 1BeTHN kKaHanu B 16 OUTOBH, KaTO CHIIECTBEHO M3MOI3BAT U
c1ab0CTUTE HA YOBEUIKUTE BB3MPUATHSA [6].

2.1. OcHOBHH NOHATHSA

[udposara creranorpadus € OTHOCHUTETHO Mianga obnact B mHpopMarukata. [lo Tasm
IPUYMHA BCE OLIE HsAMa pa3paboTeHa eIuHHAa TEPMUHOJIOTHUS U Ce Hajara ImpeaBapuTeaHo aa Obaat
dhopmyaupaHu BCUYKU MOHATHSA, C KOUTO C€ pabOTH.

[Mudposara creranorpadus Moke 1a HU3IMO0J3Ba PazHOOOpPa3HO MHOKECTBO HOCHUTENIHM Ha
CKpHUTa HH(pOpMAIMs KaTo M300pakeHUsl, 3ByKOBH WM BHUleo ¢aitnose, [P makern, TpancnopTHU
cioeBe (kato aitnoere MP3) unu nportokonu (kato UDP) u ap. B crarus [6] mogpobHO ca
pasriieaHl OHE3W TOHATHS, OTHACSIIM C€ TMPEeAM BCUYKO KbM cTeraHorpadusi, 06asupaHa Ha
U POBUTE N300paKEHUSL.

2.2. EquH nmoaxoj 3a CKpUBaHe HA MPOU3BOJIeH HU(POB MPOAYKT B H300pakeHue

[{udpoBuTe MPOAYKTH MOTaT Ja Ce MPEACTABAT KaTo eAMHUYHU (aiinose ¢ pazmep K bytes. B
CIIyJauTe, KOraTo ca MHOTOKOMIIOHEHTHH (HampuMep — copTyepHUTE MaKeTH), € Bb3MOXKHO Ja Ce
cBenaT 10 eIUHCTBEH (paiin upe3 apxuBupane. Thi KaTo METOAMTE, M3MOJI3BAaHU B TO3M JOKIA,
paboTAT U3ISIIO ¢ M300PAKEHHMS, 11I€ CBEJIEM HelaTa J0 TAX.

[udpos RAW N — | R| Creranorpadcko
— —> G
MPOAYKT U300pakeHue | y Creranorpadcku —51 H300paxeHue
METO/T
3a CKpHBaHe
IIpukpusamio _g ’
HU300paxeHne [J
Creranorpadcku |
METOJ
[udpos RAW N 3a M3BJMYAHEe | "L R] TIpukpuBaIIno
«— A |— G
HPOIYKT u3o0paxenue | y —p] HU300pakeHne

@ur. 1. [IpyHnunHa cxema 3a IpuiaraHe Ha cTeraHorpad)CKu METOAM KbM HU(POBH MPOAYKTH

B ocHoBara Ha mpemnaraHus MOAXOA CTOM HAEATA, Y€ BCHYKM (aiioBe, 0e3 3HaYCHUE OT
TAXHOTO TpEAHAa3HAUYCHUE, CTPYKTypa WJIM THII, C€ CBhXpaH’IBAT B EJICKTPOHEH BHUJ KaTo
MIOCJIEIOBATEIHOCT OT OaiiToBe. B ciyuaunre, koraro TeXHUTE pa3Mepy OTTOBApAT Ha YCIOBHETO OT
¢dopmymna (2), ToraBa Te Morar a ObJaT MHTEPIPETUPAHU KaTO PACTEPHU U300paKeHHsI C pa3MepH
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MxN nukcena, upe3 npomsiHa Ha Tunia uM B RAW — popmat, Hekommipecupan (8-bits, Grayscale). B
KOHTEKCTa Ha IudpoBaTa creraHorpadus Te3u M300paKeHUs ca MOIXOIAINM Aa ObJaT 0OEKT Ha
CKpHBaHE U 3aTOBa Morar jga Obaar HapeueHH cekpeTHH (Secret Images). [IpouechT Ha ckpuBaHe
M3HCKBA JIa € HATMYHO U Ol eHO u300pakeHue, Hapeueno npukpuamio (Cover Image). Heka To
uma pasmepu PxQ mukcena. 3a na moxe Secret Image ycnemno na ce ,,Bmere” B Cover Image,
3aIBIDKUTEIHO TPsiOBa Ja € W3MBJIHEHO orpaHudeHueTo(3). Pe3yntaTbT oT Tasu omepanus €
M300paKeHNe HEepa3InYMMO OT MPUKPUBALIOTO, KOETO € IMPUETO Jja c€ Hapuia CTeraHorpagcko
u3odpaxenue win Stego Object.

K=MN @)
M<P, N<Q (3)

ITo TO31 HaYMH CKPUBAHETO Ha KAKBB J]a € IU(PPOB MPOIYKT CE CBEXK/IA 10 METO]] 3a BIUIUTAHE
Ha u3o0paxkeHne B m3o0OpaxeHue. Ilpu oOpaTHus mpolrec ce M3BIMYAa €KBHBAJCHTHO KOMHE Ha
BIuieTeHOoTo RAW m3o00pakenue. Upes moBTOpHA CMsiHA HA THIA My KbM TO3H, KOHTO € OmiI mpenu
mpoleca Ha CKpHBaHE, C€ Bb3CTAHOBSIBA OPUTMHAIHUAT BUJ Ha (paiija, HETOBUTE IMbPBOHAYAIHU
(dopmar U cTpyKTypa, KOETO OCUTYpsiBa IIPABUIIHOTO MY UHTEPIPETHPAHE U IO MPaBU TOYHO KOIIHE
Ha ckputus nudpos mpoaykt (Secret Image). @urypa 1 oHarneasBa OMUCaHMs MO-TOPE MOAXO] HA
CKPHMBAaHE M W3BJIMYaHE HA MPOU3BOJICH HU(PPOB MPOIYKT C U300paXKeHHUE.

Pasrnexnanero Ha mpousBojeH (aitn kato Grayscale mzoOpakeHue Aomycka Tod na Objae
CKpUT camo B enuH oT RGB kananmrte Ha nBeTHO M300pakeHue. ToBa Ha MpaKTUKA O3HAYaBa, Y€ B
€IHO MBJIHOIBETHO M300pa)KeHHE MOraT Ja c€ CKPHUAT 10 3 pa3nuyHu (aiina, yJOBICTBOPSIBALIH
ycnosusTa (2) u (3).

ChimecTByBaT MHOTO M pa3iMYHU M3HCKBaHMA KbM KadyecTBaTa Ha pa3paboTBaHUTE
CTeraHorpa()cKu METOIH, 0-BaXKHU OT KOUTO Ca:

e  3ama3BaHe CTPYKTypaTa Ha Hoceuus (MpuKkpuBamus) (ai;

e ckpuBaHe (aKTa Ha MPUCHCTBUETO HA JApyra HH(OpMAIHS;

®  YCTOWYMBOCT IO OTHOLICHME ONUTHUTE 3a MpEeMaxBaHE WIM MOBPEXkKJAaHE Ha CKpHUTara

nHpopManus;

Ta6auna 1. Bb3MoXXHOCTH 32 puiIarane Ha cTeraHorpad)cku METOON BBPXY Pa3iIUYHU BUIOBE HUPPOBH

MIPOJTYKTH.
Secret
. Wsnvanuma Texcmog .
Hszobpaicenue | 36yxoe ¢haiin Apxueen paiin
npozpama O0OKyMeHm
Cover

Hzobpasicenue (RAW) + + ! + !
Hzobpaosicenue (ne RAW) - - - - -
3eyKo6 ¢haiin (WAV) + + ! + !

3eyKo06 ¢haiin (ne WAY) - - - - -
Hsnvanuma npoepama - - - - -
Texcmos 0oKyMeHm - - - - -

Apxusen paiin - - - - -

+ Bb3MokHO € 0e3 HapyIiaBaHe CTpyKTypaTa Ha daiiia

Jlerenaa ! Bw3MoxHO e 6e3 HapymaBaHe CTPyKTypaTa Ha (aiina npu onpeeeHn yCIoBHs

- Herb3MoxHO € 6e3 HapylIaBaHe CTPyKTypara Ha Qaiiia

B Tabmuma 1 ca moka3aHu BB3MOXHUTE KOMOWHAIIMHM 3a ChYe€TaBaHE Ha JABa HHUQPPOBH
M3TOYHUKA, OTYUTAUKKU CIIOMEHAaThTe M3uckBaHusg. OT Hes ce BKIa, ye 3a npukpusauy (Cover)
M3TOYHUIIM MOTaT Ja ce M3MOJi3BaT (hailjioBe, B YUATO CTPYKTYpa JIUIICBA Ciy)xeOHa MH(popManus
(header). TakuBa dopmaru ca: RAW (3a uzoOpaxkenusi), WAV (3a 3Byk), TXT (3a TekcToB
nokymeHT). OCBEH TOBa ChIBPKAHHETO Ha HocemuTe (QaitioBe TpsOBa Ja € TSACHO CBBP3aHO C
HECHBBPIICHCTBATA B YOBCUIKUTE BB3MPUATHS, KAKBUTO MMa TpPHU BB3MPUEMAHETO Ha 00pasw,
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3BYILIM, CETUBHOCT, OOOHsSHUE. Bblpeku ve TEKCTOBUTE NOKYMEHTHM HMaT moaxonsu] Qaiinon
¢dopmar (TXT), Te He Morar aa ce M3MOJI3BAT 32 HOCUTEIHM Ha ckpuTa nHpopmanusi. ToBa e Taxa,
3aI[0TO HE € Bb3MOXKHO Jla C€ YAOBJIETBOPU BTOPOTO M3HCKBaHE - CKpuMBaHE (hakTa 3a HaJlM4yhe Ha
apyra uH(OpMaIHsL.
OT Ka3aHOTO AOTYK MOTaT Jja C€ HAMPaBsT CICAHUTE 3aKIIFOUCHUS:
e Haii-nenoaxoasmum 3a Hoctenu (Cover) ca BCHYKU MU(POBH M3TOYHUIIM TMPUTEKABAIIN
header nnu TakuBa, B KOUTO HHPOPMALKATA CE MPEACTABS C TBHPIE OTPAHUYCHO MHOXKECTBO
ot croiiHocTH. [IpuMep 3a ToBa ca TekcToBUTE (DailyioBE, IPH KOWTO OTACITHUTE CUMBOJH CE
IIPEJICTaBAT caMo ¢bC cToitHOCTH OT 0 10 255.
e Bceku nudpoB U3TOUHUK € TTOAXO/II 3a CKpuBaHe (Secret), cTura /1a ca yaoBJI€TBOPEHU
ycnoBusita (2) w (3), mo30BONSIBAIIM My Jla C€ MPEACTaBU B eIHOKaHATHO RAW -
n300pakeHue.

2.3. IIpunoxxkenne Ha cTeranorpadgusTa 3a HyKAUTe HA PA3JIMYHH OTPACIH

[Mudposara creraHorpadust ce poau Karo Hayka OYKBaJIHO B IOCIEIHUTE TOAMHU. T3
BKJIFOYBA B ce€0€ CH CIICTHUTE HaIpaBieHus [S]:

— BrpaxJaHe Ha HHPOpMaLUs C eI HEHHOTO CKPUTO IMpe/laBaHe;

— BrpaxkaaHe Ha 1udpoBU BOAHM 3HaU (watermarking);

— BrpaxaaHe Ha uaeHTH(UKannoHHN HoMepa (fingerprinting);

— BrpakJaHe Ha 3aryiaBus (captioning).

B chBpeMeHHHTE KOMYHUKAIUKN C OypHO pa3BUBAIIN C€ MYITUMEAMHHUTE TEXHOJIOTHH OCTPO
ce MOCTaBsl BBIPOCHT 3a 3allUTa HAa aBTOPCKUTE MpaBa W MHTENIEKTyallHaTa COOCTBEHOCT BBHPXY
U(ppPOBO TpenCcTaBeHUTe MPOAyKTH. OCOOEHO aKTyaJeH cTaBa BBIPOCHT, KOTraTO TOBOPUM 32
nudposara naayctpusa. Kem Hest cmamgat Hanpumep codryepHaTa, pororpadckara, 3ByKo3anrcHaTa
U KUHOMHAYCTpuHu. OCBEH TOBa 3alllMTaTa HAa aBTOPCKHUTE MpaBa € MPHOPUTETHA 00JIaCT U 32 MHOTO
Ipyrd oOTpacid, KOMTO ca caMo [oTpedutenn Ha uudpoBu mnpoaykTd. TakuBa ca
aBTOMOOMJIOCTPOEHETO, CaMOJIETOCTPOCHETO, TeOe3MsATa, AapXUTEKTypara M CTPOHUTEICTBOTO,
HAy4YHO MU3CJIEJIOBATEJICKH, BOCHHU OpraHU3aIiH U Jp.

2.3.1. 3ammTa Ha aBTOPCKHUTE MPAaBa U HHTEJIEKTYAJHATA COOCTBEHOCT

[IpenuMcTBaTa, KOMTO JaBaT MPEICTABIHETO U MPeIaBaHETO Ha MU(PPOBU JaHHH, MOTaT Ja ce
OKa)kaT 3aCEHYEHH OT JICKOTAaTa, C KOSITO € Bb3MOXKHO TAXHOTO OTKpaJBaHe Wi Moauduiupane. 3a
TOBA ce pa3paboTBaT pa3IMYHU METO/IU 3a 3alllUTa, UMaIl OPraHu3allMOHHO TEXHUYECKU XapaKTep.
EnHo or Haii-epeKTHBHUTE TEXHMUYECKH CPEACTBA 3a 3alluTa Ha IudpoBa MH(oOpMarus ce sBsSBa
BrpakJIaHEeTO B 3amuTaeMusi 00eKT Ha HeBHAUM Haamuc-eTukeT (label), koiiTo ce Hapuya nudpos
BozieH 3Hak (LIB3). TepmunbT <<digital watermark>> e Gun u3noa3BaH 3a MbPBU IBT B paboTara
[7]. 3a pa3nuka oT oOukHOBEeHHTE BOAHM 3HaNM [[B3 morat na Ob1aT HE camo BUAUMH, HO U (KaToO
MpaBWIO) HeBUIMMU. HeBuanmuTe udpoBH BOIHU 3HAIM CE aHATTU3UPAT OT CIICUATHU ICKOJEPH,
KOWUTO M3JIM3aT C PelIeHUE 3a TAXHATa KOPEKTHOCT (aBTeHTHYHOCT). [[B3 Moxke na chabpka B cede
CH aBTEHTHYEH KOJ, HHPOpMaLus 3a COOCTBEHHKA, KAKTO M yrpasisBamia nHpopmanus [S5]. Haii-
noaxoAsay o0ekTH 3a 3ammTa ¢ [{B3 ca HemoaBmxHU nM300pakeHus, GaiaoBe ¢ ayauo U BUIEO
naHHW. B Ta3m Bpb3Ka BCHUYKM HUPPOBU TPOAYKTH, KOUTO MOTaT Ja c€ CBedaT N0 HU(PpPOBU
M300paKeHMs, CHII0 MOTaT Jla Ce 3aIUTAT C HEBUAUM IU(POB BOJCH 3HAK, YKa3Balll TEXHHS aBTOP.

JHlpyra TexHOJIOTHs, KOATO MMa MHOTO o0mo ¢ Tasu Ha [[B3, m3mon3Ba Brpaxkmane Ha
UICHTH()HUKAIIMOHEH HOMEP OT MPOU3BOIUTENS Ha U(POBHsI MIPOAYKT. Paznukara ce 3akitouaBa B
ToBa, ue mpu <<fingerprinting>> BCIKO 3allUTCHO KONMWE WMa BrPAJICH YyHHUKAJICH
UACHTU(PUKAIIMOHEH HOMEp, OT KbJETO IMPOM3IU3a M HAa3BaHMETO — OYKBAJIHO <<npwbcmos
omneuamvk>>. Te3n HOMepa MO3BOJISIBAT HA MPOU3BOJUTENNTE Jia MpocieasBaT Obaemara cbaoa

KOMIIOTHpHM HAYKU M TEXHOJIOTUH 1 2013 Computer Science and Technologies 179



Ha CBOMTE IPOAYKTH - HE C€ JIM 3aHMMAaBa HIKOM OT KYyIyBayUTE€ C HE3aKOHHO KOIIMpaHe
(Tupaxkupane). AKo € Taka, TO <<npbCcmosuam omneyamvk>> Obp30 I1e NOKaKe BAHOBHUKA.

Tesn merogu ca MPUIOKUMHU BBB BCHUUKHM OTPACIIH, KOMTO CE 3aHMMAaBAT ChC Ch3JaBaHE H
KOMEpPCHAITHOTO Pa3NpOCTPaHEHUE HAa TOTOBU IIU(PPOBU MPOILYKTH.

2.1.1. IlpnioxkeHue Ha CTEraHOrPaUATA B CCKPEeTHHTE KOMYHHUKAMHA

CKpUTH KOMYHUKAIIUA CE€ W3MOJ3BaT HE CaMO OT BOCHHM, IIMHOHCKH U pazy3HaBaTEITHH
OpraHM3aly, HO W OT pAa3JIUYHU JIbpKaBHU HMHCTUTYHHH KaTto Ilpe3uneHTcTBO, HSIKOU
munuctepctea (MBP, MBHP), BbHmHA nunimomamus u Ap. He psako ce wm3mon3BaT W OT
OU3HECMEHH, PHKOBOJCTBATa Ha JAbP)KaBHU M YaCTHH (UPMH C Orjies oma3BaHe Ha (upmeHara
TaifHa, HOYy-Xay, U300peTeHUsI U p.

CekpeTHa KOMYHUKAIIAS MOXKE J1a C€ OCBIIECTBSIBA KAKTO Ype3 KPUIITUPAHE Ha MpeaBaHaTa
nH(popMaIus Taka 1 upe3 o0e3rneuaBaHe CeKPeTHOCTTa Ha camus Tpaduk. [lepcnexkTuBeH cnocob 3a
OCHUTYpSIBaHE CEKPETHOCTTA HA KOMYHUKAIIMATA € CKPUBAHETO Ha camus (PaKT, Y€ ce OCHIIECTBIBA
CeKpeTHa KOMYyHHUKalusa. Ta3u ujes e 3ajlerHara B camaTa ChIIHOCT Ha cTeraHorpadusara — naa
CKpHBA MOCIAHUETO 10 HAYKH, KOMUTO HE MO3BOJIsABA 1a Ob/1e BUASHO [2].

[Ipu kpunrorpadusta € B cuiaa oOpaTHUS MPUHIMI - Pa30bPKBa C€ MOCIAHUETO O HAYWH,
KOITO He 1mo3BoJIsiBa 1a Ob/e pazdopaHo. OCHOBEH HEAOCTATHK NPU U3MOI3BaHEe HAa KpUnTorpadusra
€, 4e MpeaBaHeTO Ha CeKpeTHa MH(POpMaIHsl € OTKPUTO (BUIUMO) 32 HEOTOPU3HPAHU ITOTPEOUTETH
Y JIECHO MOTarT Jia sl MPUXBAaHAT, KOMUPAT U aTaKyBar.

OtuuTaliku mpeaMMCTBaTa M HENOCTAaThIMTE Ha JABara Merojaa (KpUNTHpaHE H
creraHorpadusi), 100bp MOAXOA € ChYETABAHETO MM 3a MOCTUTaHE HA MaKCHMallHA CUTYPHOCT U
3aIuTa.

3. Pe3yararun

Ha 0Gazara Ha mpemyiokeHHus B TOYka 2.2 MOAXOJ 3a CKPUBAaHE Ha MPOU3BOJIHU HU(PPOBU
MPOAYKTH B W300paKEHUS, W pa3pabOTEHUs] aBTOPCKHM METOJ, OMHCaH B [6], Osxa peaqn3upaHu
YCIICIIHO CIICAHUTE €KCIIEPUMEHTH, onrcaHu B Tabmuia 2. 3a BCEKH OT MPOBEPEHUTE Cllyyau Osixa
KOHCTaTHpaHu MbJHO ckpuBaHe U 100% Bb3cTaHOBsIBaHE HA CKpUTaTa MHPOpPMAIUS.

Tabsmna 2. IIpoBeieHN eKCIEpUMEHTH

OobsaacTu Ha
Onucanue Ha eKCIIEPUMEHTA
NPHUJI0KEHU e
CkpHBaHe Ha CEKPETHO U300paKeHUE B LICH3YPUPAHO.
Domozpamempusn -
CkpuBaHe Ha CTEpEOIBOMKA B eJMHINYHA aepOPOTOCHUMKA.
Ckpusane Ha DEM (Digital Elevation Model) ¢ Bucoka pe3omoiust B DEM ¢ Hucka
€30JTFOLIHSL.
T'eooe3usn P
CkpuBaHe Ha HHGOpMAIUs B IIUPPOBU KAPTH.
CkpuBaHe Ha 3BYKOB (haiii1 B H300paskeHue.
CkpuBaHe Ha 3BYKOB (haiiil B ApYT 3ByKOB (haidI.
3eykoodpabomxka CkpuBaHe Ha U300pakeHHEe B 3BYKOB (haiil.
CKpuBaHe Ha TEKCTOB (paiisl B 3BYKOB.
CKpHBaHe Ha U3ITBJIHUMA OPOTpamMa B 3BYKOB (haii.
CkpuBaHe Ha N300pakeHHE B H300pakeHHE.
Pacmepna CkpuBaHe Ha 3BYKOB (haiil B m300parkeHue.
oopabomka CKpuBaHe Ha M3IIBIHMMA IPOTPaMa B H300paKeHHE.
CkpuBaHe Ha TEKCTOB (haiii B n300paxeHue.
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4. Jakaouenue

JKuBOTHT Ha CHBPEMEHHOTO HH(POPMAIMOHHO OOIIECTBO € HEMHUCIUM 0€3 pPa3BUTHUETO H
IIOCTHUKCHUATA HA HOBUTC I_II/I(I)I)OBI/I TexHoJioruu. I oilemure MNpCaAN3BUKATCIICTBA Ca Haii-Beue
OKOJI0O BBIIPOCHUTE 3a 3alluTa Ha HH(OpMalMiITa, aBTOPCKUTE MpaBa M IOBEPUTETHOCTTA Ha
KoMyHHKaruaTa. [logxoapT, KOWTO € MpEeJACTaBeH B TO3W JOKIAJ, ce 0a3upa Ha ChBPEMEHHHTE
cTeraHorpa)CKu METOAM M TMpEeJACTaBisiBa €IHa CThIIKa KbM pa3peliaBaHeTO Ha Te3U
NpCaAN3BUKATCIICTBA.
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METOIMU 3A ITIOJTYHABAHE HA MEJIMIIUHCKHU OBPA3U,
CPABHUTEJIEH AHAJIU3 U KOHTEKCTYAJIHU TPOBJIEMH
B TIOJIYYEHMTE U30BPAKEHUSA

['eprana B. MapkoBa, Mupocnas H. I'b1p60B, Mapraputa K. Togopoa

Pe3ome: Ilpomecht Ha mnonyyaBane Ha oOpa3 mpu (UKCUpPaHH YCJIOBUS, OTHACISHE HA PETHOHH,
MPEICTaBISIBAI HHTEPEC, KIACU(DUITMPAHE U JIaBaHE HA CKCIIEPTHA OICHKA CJICl aHAIU3, € U3KIFOYUTEITHO
TpyJieH Tpoilec B o0JacTTa Ha MEIUIIMHCKaTa JUArHOCTHKA. B Hacrosimara pa3paboTka € HalpaBeHO
MpOoyYBaHe, KaTo ca pasriiefjand (pakTOpHTe, MOBIUABAIIM MTOJYYaBaHETO HA MEIUIIMHCKY H300paKEHUS B
pa3IMYHUTE MOJATHOCTH BHB (pm3uueH M MH(OOPMATUYEH AaCIEKT, CHIIHOCTTA M KOHTEKCTa Ha o0OpasuTe,
KaKTO ¥ CMHCHIIAa Ha EKCTepHAIHUTE H300paxkeHus. HampaBeHu ca W3BOJAM 32 HEOOXOAMMOCTTa OT
JOpa3BUBaHE Ha METOAUTE MPH IOJydaBaHe M MOCTOOpadOTKa Ha 3aCHETHTE CTAaTHMYHH 00ekTH ¢ Digital
Single Lens Reflex (DSLR).

KarouoBu nymu: MenuuHCKN n300pakeHus, MemuiuHcKY HHGOPMAIIMOHHU CUCTEMU, CETMEHTAITHSI

Methods of medical images obtaining, a comparative analysis and contextual problems in the
received images

Gergana V. Markova, Miroslav N. Galabov, Margarita K. Todorova

Abstract: The process of image obtaining in fixed conditions, separation of regions of interest, classification
and giving of an expert assessment after analysis is an extremely difficult process in the field of Medical
diagnostics. In the present study a research has been made and the factors which influence the obtaining of
medical images in the different modalities in a physical and informatics aspect, the essence and the context
of the images as well as the meaning of the external images have been examined. Conclusions have been
reached about the necessity of a further development of the methods in the obtaining and post-processing of
the shot static objects with DSLR.

Keywords: Medical images, Medical Information Systems, segmentation

1. YBox

[TonmyyaBanero Ha HM300pakeHUs, KOUTO C€ HYKIASAT OT EKCIEPTEH MPELU3EeH aHajlu3, €
ciokeH mporiec. Toif oOxBalia TuIaHupaHe Ha JIEHHOCTTa, KOETO BKIIIOUBA 3ajadaTa, KOATO TpsOBa
Ja ce pa3peuid, MOAXOAslla amaparypa, IONBJIHUTEIHU aKcecoapu M YCJIOBUS, ONEparop,
OTIpE/IETISAI HACTPOHWBAHETO W, OOEKT M aHaIM3aTop-eKcrepT. Bceku eaumH oT Te3u (paxTopu
JIOTIpUHACS] 3a KOPEKTHOTO peuieHue Ha 3agadara. dopmupanHeTo Ha oOpa3a B Ch3HAHHUETO Ha
YOBEKa € CBOJIOIMOHHO MPOrPaMUPAHO, BBIIPEKH WHAMBHIYATHUTE MY OCOOCHOCTH, CBBP3aHH C
BB3NpUATUATA My. Kamo enemenmapHo vb3npusmue ce CYUTa Bb3NPUIATHETO HA LIBETa, Thil KaTo ce
CBEXJIa 70 OIICHKA Ha OCBETEHOCTTA, IIBETOBUS TOH, HACUTCHOCTTAa Ha TOHA. Bu3yamHara cuctema
Ha YOBEKa € aJanTupaHa KbM BB3NPUEMAHETO Ha EJIEKTPOMArHUTHO H3TbYBAaHE B OIpeJEeH
JMana3oH Ha BHIMMara cBeTnHa. Ta ocurypsiBa mosede oT 90% ceH3opHa uHpopMamus Ha
rJIaBHUA MO3bK. T03H Mpoliec 3armoyBa ¢ MPOeKIUsATa Ha U300paKEHUETO BbPXY peTUHATa Ha OKOTO
Y 3aBBpIIBa ¢ 00paboTKaTa OT BHCIIUTE KOPTUKATHHU O0JIACTH, KOMUTO B3€MAaT CUCTEMHH PEIICHUS
3a (opmupane Ha BusyajeH oOpa3. O60coOeHH ca JIBe TPYIU MEPIENTUBHUA ONEPALNH: OYeHKA HA
pazcmosHuemo 00 obekma W nocokama, B KOATO ce Hamupa. KomMOMHamusTa OT TE3U NaHHU
(dbopMupaT 3HAHHETO 3a MPOCTPAHCTBEHOTO MOJIOKEHHE Ha 00EKTa U HEroBOTO JBMXKeHue. Haii—
CII0JICeH ce cuuma npoyecvm TPU Bb3NpUEeMaHeTo Ha (opmaTa Ha obekTa. Cien gukcupaHeTo Ha
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JIETAWJINTE C€ YCTAHOBSIBAT M MPOCTPAHCTBEHHUTE OTHOLICHHS Mexay Tiax [l1]. Bowopeku
yEIHAKBEHUTE B €BOJIIOLMOHEH TIJIaH BB3NPUATHS, Ha BCEKU MHIUBUJ MPU pa3lo3HaBaHE Ha Ja/ICHU
00€eKTH, BIUSAT Ipyna oT (pakTOpH, KOUTO B €IHA WM JApYyra CTENeH MOraT Jia 3aTpyJHSIT HETOBUTE
BB3MpUATUSA. T03M (PakT € Mpsiko CBbp3aH ChC B3EMaHE Ha PEIICHUs MPHU pazuuTaHe Ha 00pasu OT
MeIMKa-CIeuaanucT. Bcesiko TEXHOJIOrMYHO MOAOOpeHHe Ha amapaTHata 4acT U codryepa
JOTIPUHACS 32 TIO-TOYHATA IUarHOCTHKA.

Menununckute uzoopaxkenus (M) npuHanmexar KbM pa3iuuHu ,,MHOXecTBa”. OT emxHa
cTpaHa Te ca 4acT or Meauuunckute uH(opmanuonHu cucremu (MUC), or apyra TeXHHAT
KOHTEKCT OMpe/Ielis 3ApaBHUS CTaTyC Ha MallMeHTa U OT TpeTa — T ca CJI0XEeH O0EKT 3a Ch3/1aBaHe,
00paboTKa, aHAIM3UpaHe, ChXPaHIBaHE U apXUBUPAHE.

2. O0pa3uTe B MHTErpUPAHUTE MEeAUIMHCKN HHPOPMALMOHHM CUCTEMH

Bb3HMKBaHETO M YCBBBPIICHCTBAHETO Ha wuHTerpupanute MUC e mnpenu3BUKaHO OT
HEeoOXOMMOCTTa 3a ChXpaHsBaHE, IMpelaBaHe W apXWBUpaHE HA JaHHW Ha MmanueHTH. Te ca
cBbp3aHu npsko ¢ E-3apaBeomnasBane, Kubep-menunuHa, MOOUITHH YCTPOWCTBA 3a 3APaBHU IIENH,
Tenemenuumnaara. Momynure 3a 00pa3u B Ta3u CIOXKHA CHCTEMa UMaT BbBEJCHU CTAaHIAPTH, KOUTO
paspemniaBaT HE CaMO ChXpaHSBAaHETO WU OOMEHa, HO YaCTHYHATa MOCTOOPa0OTKAa Ha TMOJYYCHUTE
obopasu. TakuBa mnpumepu ca PACS (Picture Archiving and Communication System),
peHreHoIoTHYHO-uHpopMaMoHHn cuctemMu - RIS, cpeactBa 3a oOpaboTka Ha CHHUMKOBH
pE3yNTaTH OT SIpeHa AMATHOCTHKA [27], CHCTEMH 3a BH3yalHu3alus Ha MEAWIIMHCKA WH(OpMAIIHS,
CUCTEMH 3a PEKOHCTPYKIUS U MojydyaBaHe Ha 3D o0pa3u u TenepaauoaoruiyHu uicineaBanus. Enqun
or paszpaborunrure ¢ IMAGE Information Systems [23]. Ilpemsarat ce pa3au4HU MOMYIIH,
oOe3nevaBammy: nUGPOBU3UPAHE HA aHAJIOTOBO BHIECO, 00pabOTKa Ha pe3yiaTaTUTE B OINpejaesieHa
MOJIAJIHOCT, KOMIPECHUpaHe Ha W300pakeHHs 3a TeIepaauoJIoTHsTa, YNpaBiIeHHWE Ha pabOTHUTE
nporecu u ap. Hampumep moxynsT 1Q-STITCH cBbp3Ba HKOIKO paauorpadud B €IHO
n300pakeHue.

[IpakTukara MokasBa, 4e BCE OILE JUICBAT HAa BCUYKM HHBA YEIHAKBEHH CTaHIAPTH M
HECHhBMECTHMHUTE amapaTHU U copTyepHU 0a3u Ha KpynHHU paspaborumuu kato General Electric,
Toshiba, Philips, Siemens PICKER 3arpynHsBaT uHTErpanusaTa Ha MEIUIIMHCKUTE YCTPOIMCTBA MPHU
TpaHncdep u Buzyanusupane Ha qanHud. Crangaptst DICOM-3.0 [3], 2011r. (Digital Imaging and
Communication in Medicine) e cnenuduuen u ce ommyaBa oT odmomnpuerute dhopmaru BMP,
TIFF, JPG, GIF, PNG. To3u cranaapT cbXxpaHsBa JOIBIHUTEIHA HHPOPMALINA 3a NCHCTBUTEITHUTE
pa3MepH, MO3UIUOHUPAHETO, TUIBTHOCTTA, MAIAOHOCTTa, PeKMMa Ha 3aCHEMaHEe U Jp. MmapaMeTpu
Ha 00€KTa, KaKTO U MEePCOHAHU JIaHHU 3a caMmus narueHt. [IpeauMcTBoTO Ha TO3H dopMarT e, 4e B
enuH ¢ain B “xenppa’ My ce ChAbpiKa HH(OpMAIMATA 32 MMalMeHTa, BUIa Ha CKAHWHTA, pa3Mepa Ha
M300paXEHUETO, a B “TsioTo” - maHHUTE 3a 2D mnmm 3D-00pa3, 3a paznuka OT MPEeaxOoKIallus ro
cranaapt Analyze format, mpu kKoiTO maHHWTE ca pasneieHu B aBa daina - *.img *.hdr. dpyro
npeauMcTBO €, ue enuH (aiin DICOM moxe na chappika KoMIpecupaHna nHpopMalus cbe 3aryoa
nnu 6e3 3aryba Ha nH(opmarus.

3. ChbIIHOCT M KOHTEKCT HAa 00pa3uTe B MeMIIMHATA

KbM HacTosmmss MOMEHT B MEAUIIMHATA BCE MO-YECTO CE pa3unTa Ha U300pakeHus, 3a /1a ce
OTKpHe, TNPOCIEIN, CPaBHH M aHAJIM3Mpa HAIMYME HAa €IWH WM JApYr OOeKT Ha HuHTepec. B
HWCTOPUYECKH TUTAaH HANpeabKbT B pa3BUTHETO Ha gobuBaHeTo Ha MU ce napmxu Ha
“TeXHOJOTMYHMS HATHCK, OKa3aH OT Pa3BUTHE B APYT'H IPHUOPUTETHO (PHUHAHCHPAHH OOJIACTH.

Morar na ce nepuHUpPAT HAKOIKO MPUYUHHA, KOUTO OOYCIaBAT BCE MO-TOJIsIMaTa 3HAYUMOCT
Ha MMU:
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1. HapactBamiata CIIO)KHOCT Ha OHOJOTMYHOTO TIO3HAHWE, CBBP3aHO C pa30OupaHe Ha

YHUKATHOCTTA Ha YOBEUIKOTO TSJIO U HETOBUTE CTATUYHU U JUHAMUYHU CBOKCTBA.

2. Hampenpka B €BOJNIONMOHHOTO pa3BUTHE Ha W300pa3sBallUTe TEXHOJIOTHHA U

3a1bJI004aBaHETO UM BBB BCE M0-0a3UCHH (DYHKIIMOHAIHU HUBA.

3. YCKOpEeHO pa3BUTHE Ha KOMITIOTHPHUTE TEXHOJIOTHU M MPEKOBHUS OOMEH, KaTro: TpU- U

YEeTUPUMEPHHU TIPEACTABSIHUS; BB3MOXKHO HAcJarBaHe Ha H300pKEHUS OT pPa3IUYHU

YCTPOWCTBA; Ch3/IaBaHE HA CPEIH 332 BHUPTYAIHA PEATHOCT; TPAHCIMpaHe Ha N300paKeHHs Ha

OTJaNIeyeHN 00CKTH B pearnHo Bpeme B mHealth u Tenemenumnunara.

4. N300paxkeHHWsTa ce Hajarar kKaTo ¢(QEeKTHMBHM CpEACTBAa C HApacTBAIlO 3HAYCHHE 3a

npeaaBaHe Ha WH(GOpMAIHs BbB BU3YaJTHO-OPHEHTUPAHU PA3BUTH KYJITYPH.

5. Bce mo-pactsmo konndecTBo WHGOpPMAIUs 3a MAIUEHTHTE, 9acT OT KOETO MOXE Ja Cce

MIOMECTH B METaJJaHHUTE Ha N300paKEHUS UM BbB BUAMMATA UM CKCTIO3HITHSI.

[Tomydenure obpaszu Ha cucreMara ,,JOBEIIKO TsUI0” ca CIOXKEeH O0EKT OT (U3WYHA TIeIHA
TOYKA C HETOBUTE XapPaKTEPUCTUKH [5] - MPO3pavyHOCT, HEMPO3PAYHOCT, U3 TbUBATEIHA CITOCOOHOCT,
OTpakaTeTHa CIOCOOHOCT, MPOBOAMMOCT, HAMarHeTU3WpaHEe, KaKTO M TIPOMEHH B Te3U
XapaKTePUCTHKH C TCUCHHE Ha BPEMETO. 3a Jia Ce Moyur WH(pOpMAaIHs 32 OCHOBHHUTE CBOWCTBA Ha
o0ekTa u o0pa3uTe B HETO, MOKAa3Balll €IHA WM IMOBEYE OT TE3U XapaKTEPUCTHKH, CE Hayara
TEXHUAT aHAJIH3.

Ha ¢wur. 1. e moka3aH eNeKTPOMAarHUTHHST CIEKTHD M THIIOBETE MOJATHOCTH C TEXHUS
NMepUMEThpD Ha TOJ3BaHE 3a TOJy4aBaHe Ha oOpa3su. KbpMm cxemara Moxke na ce m00aBu U
eKCMEePHAIHOMO 3dcCHeMAane B CEKTOpa Ha BUAMMATA CBETJIMHA, BBHIIPEKHU Y€ B MEAUIIMHATA HE €
MIPHUETO 32 OTJeITHA MOJIAITHOCT, HO ChIIECTBYBA, MaKap M HE J00Ope OMUCAHO W Pa3BUTO.
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®@ur. 1. EAeKTpOMarHuTHUAT COEKTHP U MOAATIHOCTUTE B HETOBOTO MPOCTPAHCTBO [4]
4. MeToau 3a reHepupaHe HA MeUIIMHCKHA 00pa3u 1 Mpo0dJeMH NPHU U3rpakaaHe Ha odpasa.

Meroaute 3a reHepupane Ha MU u TssxHata 1000paboTKa MoraT Jia ce pa3eiiiaT B ABE TPYIH,
B 3aBHCHUMOCT OT @pemesus ¢paxmop npu mwiKyéaHemo - BeJHAra JId Ce pa3uuTa OT CHEIHATHCT
WJTU MOJKE JIa C€ TIPWIIOKH JIOMIBIHUTENIHA cOPTyepHa 00padoTKa Mpear aHAIH3a.

1. H3mon3BaHe HAa BUCOKOTEXHOJOTUYHHM METOAM MPHU MIbPBOHAYAIHO TeHEpHpaHe Ha o0pas,

KOUTO MaKCHMallHO (CIope]] Bb3MOKHOCTHTE Ha arapara) HamalsBaT ILIyMa, MOBHILIABAT

KOHTpacCTa, U 10 TO3U HAYUH U3ACHABAT 30HUTC HA NUHTCPCC B NJaJICH 06pa3.

2. Ta3m kareropusi BKJIIOUYBA TOPENOCOYCHUTE METOJAM, KaTo pas3liupsiBa u3bopa oT

BB3MOKHOCTHU U BKJIIOYBA JOIMBJIHUTCIICH CIICHUAIN3UPAH CO(I)Tyep 34 OTKpUBAHC Ha p’b6OBe

Y CeTMEHTAIUs Ha U3CJIeIBAaHUS OOEKT.

Penrrenosu X-mbuu, paiMOaKTUBHOCTTA, MAarHUTHUAT PE30OHAHC, YITPAa3BYKBT C Pa3BUTHUETO
HAa UHCTPYMEHTapUyMa 3a BHU3yaJlu3MpaHe, MPEOCTaBAT JHEC €AHU OT Hail-epeKTUBHUTE
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MHCTPYMEHTH 3a IMarHocTHKa U jeueHue. ChllecTByBaT: Penmeenosa Kkomniomvpua momozpagpus
(X-ray CT), Emucuonna romniomoepua momoepagpus (ECT), [losumponna emucuonna
momoepagua (PET) - momydaBane Ha 00pa3 upe3 H3MON3BaHEe Ha paauodapMaieBTUK |
MO3UTpOHEH paznan, Oonogomona emuccuona komniomvpua momozpaghusi (SPECT) mpu Bceku
aKT Ha paJAropas3naj u3ibuBa caMo €IUH TaMa-KBaHT.

[Ipu momyuaBaHe Ha pewmeeHoume U30Opaxcenus BBHIHUTE ce abcopOupar OT IUTBTHU
CTPYKTYpPH KaTO KOCTH, HO MPEMUHABAT Ipe3 MO-MaJIKO IUIbTHUTE oOnactu. Criopes Mo3uusaTa Ha
3aCHeMaHe Ce€ HacjiarBaT MPOCTPAHCTBEHO O0OekTH. llpu ThpceHe Ha MO-TUTBTHU CTPYKTYPH,
HampuMmep Mpu Mamorpadusi, B ThKaH BUHAru ce Hacjaarsat o0pasu Mo JBe NPUYUHHU — HaJIU4ue Ha
3D crpykTypa, penpoaynupana B 2D mpocTpaHCTBEH 00pa3 M IOMBIHUTEIHOTO MpECcHupaHe MpH
TO3M BUJ u3cienBane. [loseuero mudpposn MU nHec usmonssar 4096 crerneHu Ha cuBaTa ckaia [4,
9]. IIpobmeM e, ye MaNKUTE Pa3IUKH B SPKOCTTA HE MOTAT Jla CE€ BB3MPHEMAT OT KJIACHYECKUs
JUCTIIICH, KaKTO M BBH3MOKHOCTHTE HA BHU3yallHUS amapaT Ha CHEIHATUCTa Ja paslo3Hae Te3u
CTETEeHH.

Penmeenosume anapamu, 0T KOUTO ca MOJY4YEHH PEHTIeHOrpad)CKU CHUMKHU, UMAT CIICAHUTE
npobJyieMu B 00pa3za:

* MPOCTPAHCTBEHATA DPAa3JEIMUTENIHAa CHOCOOHOCT € IMO-MajKa, MOpaad OrpaHHuYCHHITa Ha

pazaenurenHa CnocoOHOCT Ha KaMmepara;

* MOpaay JOMBIHUTETHOTO KOHBEPCHUPaHE (IbUCHUE — EIEKTPOHU — JTbUYCHHE), IIYMBT CE

yBEJIMYaBa;

* MOSIBSBAT CE T€OMETPUYHU U3KpuBsBaHUs, HapedueHU [IMH-ymrbTHEHO WM3KpHBSIBaHE, IO-

CHEIMaIHO KbM TPAaHUYHUTE PHOOBE HA ISUIOTO H300paKeHHE.

[Tpu CT upe3 mo3uIMOHUpAaHE Ha amapaTUTE, Ce 3aCHEMAT HSIKOJIKO MPOCKIIUN OT Pa3IuyHU
BINIK (MO3ULMK) C eN U3TPaXJIaHE Ha CPe30BE B Pa3jIMYHU PaBHUHH, KOETO HE € BB3MOXKHO C
oOuKHOBEH peHTreH. Ha ¢ur. 2a,6 e mwiroctpupaHna eiHa 30Ha Ha 3aCHEMaHe, HO C pa3jIMyHu 00eKTH
Ha UHTepec.

@ur. 2. a, 6 CT-00pa3 Ha IpbJIcH KOII B /1Ba pa3IHYHH PEXKHUMA: a) BU3yalIu3upar ce Oenure 1podoBe
0) BU3yanu3upar ce MEKUTE ThKaHU [4]

3navyenuero Ha CT-uemooume € CBBHP3aHO C HAKOJIKO OT CICAHUTE (PYHKIHH:

v TIpenocTaBsHE Ha CPE30B 00pas;

v\ HaaMyMe Ha BUCOK KOHTPACT, MPEBB3X 0K AN TPAJAUIIMOHHATA PAIHOJIOTHS;

v\ Chb3laBaHe HA KIMHHYHM OOpasH, 4ype3 MEKIUHEH KOHTPOJ Ha (DU3MYHUTE OIIUH W

peXuMHTE Ha paboTa;

v\ Busyanuzalnusd Ha AUTUTAIHU 00pasd, KOUTO MOraTr aa ce a000paboTar, 3a 1a ce

JOCTUTHE ThPCEHUUSAT ACTaiil B MHPOpPMAIIHITA.

MRI-memooume wWMaT TPUIOKECHHUE 3a aHAIM3 4Ype3 H3MOJ3BaHE Ha MOpPQPOMETpUs H
aBTOMaTU3HMpaHa cerMeHTalus Ha TbKaH [11, 12]. Llenra e cerMeHTHpaHeToO HAa OTJAEITHU Y4acThIIH,
KaTo ce ceue paBHUHA OTrope HaJoiy. B oTaenHuTe cpe3oBe ce paszinnyaBaT 000COOEHH y4acTblIH,
neUHUpaHW B CHBara CKajga, OT YHHUTO pa3Mep, MOJOXKEHHE, IUIBTHOCT M ¢opMmMa ce ChIu
MPABWJIHOCT WM crieln(uKa U MaToJIoTHs Ha ONpeAeseH! aHaTOMUYHU CTPYKTYypH. B pesynrar Ha
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M3MOJI3BaHUTE aBTOMATU3UPAHN TEXHUKHU CE pas3riekJaT B HIKOM CIy4au KayeCTBEHM, a B IPYTH —
KOJIMYeCTBEHH NapameTpu. [ eHepupanure maHHu ce komrmpecupar. llomydenure uzoOpaxeHus
MOTaT Ja ca ¢ pasMepHocT 256 x 192 dpi mpu brba Ha 3acHemane 45°, kakto u 124 x 124 dpi ¢
MPUIIOKEHO MHTepnoiaupane — 254 x 256 dpi [14]. Texuukure 3a cermentupane u B MU morar na
ObJaT pa3eicHu B KJIACOBE:

e  PbuHH, MOJIyaBTOMATUYHU U aBTOMATUYHH.

e Pixel-6a3upanu (;iokaaHM MeToan) U OazupaHu Ha 001acTu (TTI00ATHH METOH).

e PpbuHO ouepTaBaHe, HUCKO HUBO Ha cerMeHTanus (mparoBo, oOeTuHsIBaHE Ha 00JacTh U

Ip.), KaKkTO ¥ BB3 OCHOBa Ha MoJeN (MYJITHUCIEKTPAJIHH, IMHAMHUYHO IPOTrpaMHpaHe,

cJIieIBaHEe Ha KOHTYpa | T.H.).

e Knacuuecku (mparoBo, kpaii-6a3upanu), CTAaTUCTHYECKHU, PA3MUTH MHOXKECTBA, HEBPOHHU

MPEXH.

CermMeHTHpaHETO MPH METUIIMHCKK OOpa3u 00XBallla BCUYKH MMO3HATH METOAM M TEXHHKH,
KaTo HE ChUIECTBYBA YHHBEpPCAJIHO MPHJIOXKUM aJIrOPUTBbM MpU MpuUjaraHe Ha JaJeH BUJ
cermenTanus. Ha ¢ur. 3. e mokazan o06pa3 Ha aopTa, KaTo B UYEPBEH LBAT CE BIXKJA BXOISAIIUAT
KPBBEH MOTOK, a B CHH (ONy-LIEHTHP) — HU3XOAAIUAT. CKanaTa BJSICHO CIIYXKH 3a ONPEACTUTEN.

®@ur. 3. MRI-006pa3 Ha aopTa

FMRI npeaMHO ce€ W3I0J3Ba 3a BU3YAJHO IIPEACTAaBIHE HA MOJEIUpaHa JAUHAMHUYHA
MO3bYHA AKTHBHOCT, KOETO € TpPYJEH TeXHWYeCKH mpobieM. Heroata CpaBHUTEIHO BHCOKa
MIPOCTPAHCTBEHA Pa3IelIMTEIHA CITIOCOOHOCT JaBa BH3MOXKHOCT 32 Pa3padOTBaHETO Ha aTOPUTHM,
KOWTO IMOKa3Ba, HAOJIOJaBaHUTE OT MAalMEHTa ABWXKEIM ce m3obpaxenus [13] - ¢ur. 4. To3m
MOJIeTT MOJKE J1a C€ M3II0JI3Ba 32 PEKOHCTPYKIUS HA IPYTH BUIOBE JUHAMUYHH H300pakeHus (KaTo
CBHHUIIA U CTIOMEHHU).

®@ur. 4. [IpuOIM3UTEITHO ce Onpeaessl KaKBU ABIKEIN ce 00pa3y BIKA MAMCHT BT

[Tocnenuute gocTukeHus B obnactra Ha OOJAYHUTE CUCTEMU KOPEHHO M3MEHST MOAXOIUTE
3a ChbXpPAHSIBAHETO M AOCThIA Ha JaHHW, B ToBa uucio u MU. Ilpe3 2011 roguna e craprupain
npoekT 3a BbBexgaHe Ha mHealth ype3 wu3nmon3Bane Ha MoOOMIHHM TenedoHH, cMapTHOHH,
KOMYHUKAIIMOHHU CaTEJIUTH, NAIMEHTCKH MOHUTOPHU B CTPaHH U 00JIACTU C MHOTO OTJAJIEYEHO UITU
JIMTICBAILIO 3[IpaBeona3Bane [28].
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5. ®axkTopu, onpeaeaAld KAa4YeCTBEHUTE XaPAKTEPUCTUKN HA H300pasKeHHeTo, MOJIY4YeHO ¢
Pa3IH4YHM YCTPOHCTBA (MOJAAJTHOCTH)

KakTo 6e mocodeHo, B 00pa3HUTE MEAUIIMHCKH MOJATHOCTH C€ M3MOJI3BAT PA3IMUYHU METOIH,
OCHOBAaHU Ha ONpEJEJICH BHJ M3JIbYBAaHE HA CUTHAJ/BBJIHA, 32 Ja C€ JIOCTHTHE [0 BHU3YaJHO
Mpe/ICTaBsHEe Ha CTaTUYCH 00pa3 uiM mnpoiec B AuHamuka. OOII0TOo €, 4e He3aBUCHMO OT HAYMHA Ha
noOuBaHE W BB3MOKHOCTTA 3a JONBJIHHUTENIHA 1000paboTKa, ce€ CTUra 10 BHU3YATHOTO WM
npencTaBsHe. B mocieqHUAT eTan Ha aHalu3 OT CIENHMATUCT Bh3HHUKBA 3a/1adaTta 3a CYOCKTHBHO
pasno3HaBaHe Ha OT/AENsHE Ha 00EKTH U TEXHUTE T'PaHUIIH.

Ocmpomama 6 oopaza ¢ equH OT BaxHUTe (QakTopu HpuU (opMHpaHe M pazyuTaHe HaA
n3o0paxenuero. GakTopure, AOMPUHACSIIY 32 HATMIUETO U, MOTAT J]a ce CBEAAT J0 cienHuTe [5]:

1. XapakTepUCTHUKHUTE Ha CHUCTeMara, oOpaboTBamia obOpasuTe: Touka Ha (GOKyCHpaHe H

pa3Mepa Ha JAeTEeKTOpa;

2. TeoMeTpuUATa U XapaKTepUCTUKUTE Ha clieHaTa: (jopMara Ha 00eKTa, HEroBaTa Mo3ULUs U

JIBUKCHHE,

3. ycimoBuATa 3a HaOJIOICHHE.

Konmpacmwvm ce omnpenens Karo pa3iukaTa B WHTEH3WBHOCTTa Ha ChCEAHH OO0JACTH B
n3o0pakeHuero. ToBa e ammurynata Ha Dypue-tpanchopmanus B HU300paKEHUETO, KaTO
(GyHKIUS Ha MpOoCTpaHCTBeHa yectoTa. OT Ipyra cTpaHa TOW ce M3pa3siBa B PA3IUKUTE B SPKOCTTA
W/WJK 1[BETA, KOWTO TIPABH €IMH OOCKT Pa3IuduM M C€ orpeaess oT [6]:

1. mpoueca Ha 00paboTka Ha 0Opa3a - U3TOYHUK HAa UHTEH3UTET U e(peKTrBHA abcopOuus win

YYBCTBUTEIHOCT MPHU yJIaBSHE OT YCTPOUCTBOTO;

2. XapaKTepHCTUKU Ha clieHaTa - (U3WYHM CBOICTBA, pa3MepbT U ¢opmara Ha OOEKTa,

U3MOJI3BaHETO HA KOHTPACTHH BEILECTBA;

3. ycloBHs - OCBETJICHHE U CIIEUAIN3UPAHO 000PYIBaHE C TUCILICH.

[Ipu anmapatuTe, wW3nmon3Bami X-Tb4YH, CIHEKTHPHT Ha Jbya MOBIUsSBA KoOHTpacTa. OT
3HAaYEHHUE € TUTBTHOCTTA U JIe0eMHaTa HAa ThKaHHUTE CIIOEBE, KOMTO TOM Cpella Mo MPOTEeKEHUE Ha
MPOEKIMOHHATa JUHUA. Taka HapeueHata mexka paouayus (C TolIMa IbKMHA Ha BbBIIHATA) CE
W3IOI3Ba NMPU MaMorpaduu U TaM KOHTPACThT € MO-BUCOK, B CPABHEHUE C TO3H IPH MpUiIaraHe Ha
TBBpAa paauauus. Jpyr dakrtop, KOMTO BIuse Ha KOHTpAcTa, € e(peKTUBHOCTTA HA YCBOSIBAHETO HA
nerektopa. [Ipu mo-Bucoka abcopOuroHHa ePEeKTUBHOCT c€ MOoJyyaBa MO-BHCOK KOHTpacT. [lpu
CT-o0pa3a KOHTPacCThT MEXIY €IWH OOCKT M HeroBus (POH 3aBUCH MPEIUMHO OT CHOTBETHUTE
3aTUXBAIIA CBOMCTBA, HO CHIIO M OT MHOXKECTBO (PU3WYHM (PAKTOPH KATO HAMPHMEP CHEKThpa Ha
peHTreHoBaTa Tpb0a M KOJIKO JIb4a ca pa3npbCHATH.

IIymbm B u300pa)KEHUETO € CBBP3aH C HM3IBUBAHETO W OTKPUBAHE HA JOMBIHUTEITHH
CBEeTJINHHU TMOTOUM M JPYI'H BHJIOBE €JIIEKTPOMATHUTHU BBIHU, KOUTO CE€ OMNPEAeNsAT Karo
cToXacTHuHU Tpornecu. [Ipu mpunaraHe Ha HAKOM OT TEXHHKHUTE C yBelMYaBaHE Ha IIyMa ce
moo0psiBa KOHTPACThT, HO B TE3M CIIy4al YeCTO ca MpeMaxBaT MajlKd JeTailiu, a B JIPYrd -
IIPEeMaxBaHETO Ha IIyMa HaMaJsBa Ps3KOCTTa Ha phOoOBeTe U ce ryOu nHpopmanus 3a apredakTure
Karo 1su10. T.e. ako HUBOTO Ha IIYM € BUCOKO B CpaBHEHHE C MHTEH3UTETa Ha 0Opasa, Torasa ce
ryom BaxkHa wuHpopManusa. Ilpu pemmeenocpaghuume KBaHTOBUST IIYyM HMa CTATUCTHYECKH
XapakTep M € OOMKHOBEHO noMHUHHUpaIl mymoB (akrtop. [IpomechT Ha (POTOHHOTO OTKpHUBAaHE €
BehIHOCT [loacon-nporec [7]. CTangapTHOTO OTKJIOHEHHE Ha (POTOHOBHUS IIYM € PaBHO Ha KOPEH
KBaJpaTeH OT cpeauus Opoi ¢oronu. OTHOMIEHUETO curHai KbM IryM (Signal-to-Noise Ratio -
SNR) Torasa e:

SNR = N/\N =N (1)

KkbzeTo N e cpeanust Opoit chOpanu ¢ortonu. Koraro N € MHOTO TOJSIMO, OTHOIIEHUETO CHUTHAI
KBM IIyM € ChIIO MHOTO ToyisiM0. DOTOHOBHUSAT IIyM CTaBa MO-3HAYUM, KOraTo OposT chOpaHu
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¢dbotorn e mabk. OT TyK W W3BOABT: ToBa OOsICHsABA 3al0 J03a HE MOXKE /a ObAe HamaisiBa 0e3
nocieAcTBHe 3a KoHTpacTta. ITo To3n HauuH mie ce Hamanu SNR Ha HenpUeMIMBO HUBO.

B CT-o6paszume ce mosiBABaT TpW BUJA IIyM: KBAaHTOB IIyM, €JIEKTPOHEH IIyM W IIyM
MOJIyYeH B pe3yaTaT OT OrpaHMYCHHs AMHAMHUYEH 00XBaT Ha JAeTekropa. PakTopuTe, MOBIUSBAIIN
IyMOBETE ca clienHuTe [4]:

1. O6mara excno3unus. IToBumasanero Ha mA/s yBenmuuaBa SNR. Ilo To3u HauuH ce

HaMajisiBa OTHOCHUTEIHHUAT KBAHTOB IMyM, HO 3a CMeTKa Ha jo3arta (oOabpYBaHETO) Ha

naruenTa. [Ipu BUCOKOKOHTpAcTHU M300paskeHHsI OOJIbYBAHETO M BHCOKUTE HMBA Ha IIyMa

Morar ja 0bJ1aT ToJepupaHu upe3 PEeKOHCTPYKIIMOHEH alrOpUThM.

2. Ilpunarane Ha Pexonctpykuumonen anroputbMm (PA) — nBoiika mpuiaranun GUITPH U

MHTEPIOJIAMOHEH METOJI OKa3BaT BIUSHHE BBbpPXY ILIyMa B m300paxeHuero. PA mpeBpsbiia

M3MEPEHUST IIYM B CTPYKTYPHUpPaH IIYM B H300paKeHHUETO.

Hanara ce u3BOAbT, 4e BB3MOXKHOCTTA 32 OTKPHBAaHE HAa HUCKO-KOHTpPAcTHA MH(pOpMaIus €
MHoro no-Bucoka npu CT, oTkonkoTo B paguorpadusta. OcHOBHATA MPUYMHA €, Ye MPU BTOpaTa B
M300pakeHUETO ce HacIarBaT MHOYKECTBO CTPYKTYPH.

[Ipu PET wma HanmuyeH (OHOB IIyM, HO TOM IMO3BOJISIBA Pa3TpPaHUYAaBAHETO HA PA3THMYHHUTE
ThKaHu. CobiiectByBa M T.H. Speckle mrym, xoiiTo HamamnsiBa KauecTBOTO Ha HM300pa)KEHHETO.
Pazpaborenn momaxomm karo Bayesshrink Wavelet Threshold [8] wamansBar mo MuHHEMYM
HAJINYUETO MY.

Apmegakmume u mexnuam npousxoo. llpumepu B MEIUIMHCKA HW300paKEeHHS ca
apredakti kato MetanHu Xuikd B CT-uzoOpaxenus u reomerpuuHu aepopmammu B MR-
m3obpakerus [10]. Hexemannte edektun BbpXy oOpaza mMorar Ja ce IMOsBSAT U B CIEACTBHUE HA
mudpoBata oOpaboTka Ha 00pasa, KaTo IOsBa Ha MOTPEHIHO H30CTpsiHE Ha pbOoBere. Ilpu
peHTreHorpaguuTe MOJIyYeHHUTE apTedakTH MPOU3NIU3AaT OT APACKOTUHU B JIETEKTOpa, MBPTBU
MTUKCEJIM, HENPOUYETeHH CKAaHUPAHHW JIMHUHU, HEXOMOT€HEH peHTreHoB mHTeH3uteT. CT-apredakru
ca: Stairstep aprTedakTH — CTHINAJIOBHJIHO HAKhCBAaHE HA I[BETA 10 HAKJIOHEHH pPBHOOBE W
NOBBPXHUHM, KakTo M mnpu 3D wuzoOpaxenus; Bearclaw apredaktu — mposiBsBar ce KaTo
CTBIIAJIOBU/IHU CBETJIMHHU KOHYCHU; apTeakThT ,,lib(YTEk’ € MHOTO YECTO CpelllaH U Cce MpOosBsBa
npu obpa3 Ha KailuupaHa Iulaka. ToBa ce IBDKM Ha KOMOHMHALMS OT 3acWiIBaHE Ha Jib4a U
orpaHWYeHaTa MPOCTPAHCTBEHA pasleiauTenHa crocoOHocT [9]. JIBe OT Haif-uecTuTe MPUYMHU 32
Hanmune Ha aprepaktu B SPECT u PET ca IloacoHOB 1IymM U JBM)KEHHETO Ha MAIMEHTa MO BpeMe
Ha MpOBEXJaHe Ha u3cienBaHero. M3cienoBatenu ca pabOTWIM BHPXY MHOIO alrOPUTMH 3a
KOpPEKILIMs Ha TBMKEHUETO, HO JI0 Cera HsAMa HaJIeKICH METOJ 3a HErOBOTO pa3peliaBaHe, 3a0ems3Ba
ce KaTo pa3MHUBaHE 10 pPbOOBETE B CErMEHTUTE Ha TPAHCMHUTHPAHOTO U300paskeHue.

3a nma ce u30erue HEMpPaBUIIHOTO THIKYBAHE, € Ba)KHO J1a ObJie U35ICHEH U Ja ce M03HaBa MOHe
MIPOM3XOABT Ha T€3U apTePaKTH.

B Obpeme ce odakBa, ye PEHTICHOBHUTE Iperjieqd Morar jaa ObaaT A0 ToisMa CTEleH
M3MECTEHHU OT OCTAaHAJIMTE MO-CJI0KHU METOAM 3a U3BJIMYaHE Ha M300pakeHus - ynrpa3BykoBu, CT
u MRI. TsaxHOTO pa3BUTHE € CBBP3aHO C YChbBBPIICHCTBAHETO HA IIJIOCKUTE ACTEKTOPHU ITaHEIU C
TOJISIM 3pUTENIEH BI'bJl U Obp30 oTunTaHe. OyakBa ce Ja CTaHaT JOCTBHIIHU U 3a u3rpaxaane Ha 3D-
n3zobpaxkenus. llle mpoabmku MogoOpsIBAHETO HA JETEKTOPHUTE B MOCOKA HaMallsIBaHE JO3HMTE Ha
paauanys U rojydaBaHe Ha U300pa)KeHUs ¢ TOJIsIM KOHTpAcT. BbBek1aHETO HA MMOBeYe BT B TO3U
METO/I ChIL[0 U34YaKBa CBOETO Pa3BUTHE.

Crannmaptaute peHTreHoBu oopasu u CT ocurypsiBaT aHAaTOMHUYHHA U300payKEHUST HA OCHOBHH
opranu, a SPECT, PET u fMRI [12] ce u3non3Bat 3a mpocieasBaHe Ha (yHKIUSATa Ha OpraHa.
SAcHo e, ye Ou OMJIO0 M3KITIOYMTETHO IOJE3HO, aKO AaHATOMUYHHUAT M (PYHKIIMOHATHHUAT o0pa3 ce
o0enuHAT. MynTUMOJAIHUTE N300pakeHHsI Ce SBABAT KaTO OCHOBHA MTOCOKA KbM MOA0OpsSBaHE Ha
MEIUIIMHCKaTa o0pa3Ha qUarHoCTHUKa, T.€. KOMOMHHUpaHeTo Ha aHaTomuuHa Tomorpadus (CT, MRI,
yATpa3ByK, nudy3Ha ontuuHa Tomorpadus) u ¢pynkunonaaHa tomorpadus (SPECT, PET). Kem
TO3W MOMEHT cTaHjaapTusupanute MM morar na ObaaT HaMbBIHO MHTETPUpPAHU B OOJHUYHHUTE
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nHpOpMaMOHHN cucTeMH. [10 OTHOIIEeHHEe Ha JIeKapcKaTa HaMeca Mo BpeMe Ha TpeABApUTEITHUTE
HAaCTPOWKM W PEKUMH 3a paboTa ce ThpPCH pelleHHe 3a HEHMHOTO HaMassBaHe B Ipoleca Ha
dbopmupane Ha H300paKEHWETO M 3aCHJIBAHE HA BIMSIHUETO BBPXY paOOTHHUS MpOIEC Ha
noobpabotka Ha Otaenu 3a oOpa3zHa TUarHOCTUKA.

6. AHa/IM3 HAa XapaKTepa Ha IPelIKaTa NPH pa3JInYHUTE MOJATHOCTH B IOJy4YeHHTe 00pa3u

AHaNM3BT HA TPEUIKUTE € MpoOjeM Ha BCHUKH HAYYHH HM3CIICABAHUSA M KIMHUYHHU YCIYTH.
N300paxeHusTa KaTo JaHHU BKIIOYBAT H3BECTHA HEOMPEAENEHOCT U C€ HU3HUCKBA TEXHUSAT
CTaTUCTUYECKH aHanu3. M300pbT Ha TexHmdecku (aktopu (KVp, mA, Bpeme B pamuorpadus)
MOBJIMSIBA HA TI0SIBaTa HAa CTAaTUCTUYECKH KOJIECOAHUS KATO 6U3VALEH WYM U CAYYAUHU KOAeOAHUs 8
cmotHocmume Ha nukceiume B aurutanaute cuctemu [5,11]. Tesu oOpasu 3aBucsAT ot n3dbopa Ha
pa3Mepa Ha TUKcela, CTENEHUTE HAa CHMBaTa CKajla W BPEMETO 3a ToJy4yaBaHe Ha oOpasa, T.e.
CHILIECTBYBa HENpPEKbCHATa TMpPOMSHA TMpH 3aJaBaHETO HAa Te3W U JPYrd [POMEHJIUBH.
HesanmoBonuTenna e ,,CHTYpHOCTTa” Ha Ka4eCTBEHO IMOTy4YaBaHe Ha O0pa3 Ha BCUYKHU €Tald B
npoueca Ha (GOpMUpaAHETO My MpU AIPEHUTE U exorpadcKuTe JaHHHU. 3a Ja Ce pa3uere AaJieH
06pa3, pasuUTAIIHUAT CICHHUAJIUCT OCBCH INO3HAHUA 3a MCTOAUTC HaA IOJYYaBaAHC TpH6Ba aa €
3armo3HaT U C BEPOSITHOCTTA HA rpelmikaTa u gakropure, Kouto s popmupar. Knacudumnupar ce npe
KaTerOpuH TPELIKU: Onpedenumu u Heonpeoeaumu.

1. OnpeaenuMuTe TPEIIKH C€ IMOJy4yaBaT B PE3ysTaT Ha HENMPAaBUIHO (HYHKIMOHHpAHE Ha
anaparypaTa U HEI'bJIHA KOPEKLIMs Ha BBHIIIHM BIUsSHUS. ToBa MOXe Jja ce HaMaJM MPU 4pe3
JOIIBIHUTEIHU HACTPOMKH 3a NapaMeTpH, NPELEHKA Ha BPEMETO 3a EKCIIOHUPAHE.

2. Heompenenumu rpetiky ca Tpeliky, KOUTO He Morar Ja ObJaT HaMalIeH! upe3 MpeMaxBaHe
WM KOpUTHpaHe Ha BbHIIHM (akTopu. [IpeansBukanu ca OT MbpBOHAYAHU HETOYHOCTH BbHB
BEJIMYMHUTE, KOUTO CE U3MEPBAT, KAKTO U B IIPOLIECa HA [10JIy4aBaHE U BU3YyaIM3aLUATa M.

AKO Te ca U3BECTHH, MOXE Ja C€ HampaBu HU300p MEXIy pa3IU4HU TEOPETHYHHU
BEPOATHOCTHH Pa3IpPEIEICHNs], YUUTO CBOMCTBA Ca IPEICTABEHU YPE3 MATEMATUYECKA aHAIIU3.

3a 1a ce yBeIMYHM TOYHOCTTA Ha Pe3yJITaTUTE, BIUSHUETO Ha JIBETE KaTETOPHH I'PEIIKH TpsiOBa
na ce Hamanu. Ha ¢ur. 5. ca mocoyeHn Tpu MOHATHUS, KOUTO MIIFOCTPUPAT IpapuHO HAJEKAHOCTTA
IIPU U3IIBJIHEHHE Ha HAKOJIKO KOMOMHAIIMY TIPU CEPUHTE OT U3MepBaHus [5].

a) 0)
L d ..
B) » » .t. F)
. A »*
»
-

@ur. 5. a) TOYHOCT, HEMIPENYOESACHOCT, MPEITU3HOCT. 0) HETOYHOCT, MPEAYOSACHOCT, JINIICA HA TPEIM3HOCT.
B) HETOYHOCT, HEMPEAYOEIEHOCT, JIUTICA Ha MPELU3HOCT. T) HETOYHOCT, TIPEyOeICHOCT, IPEIIU3HOCT.

7. Bucoko-cneuuaJau3upaHd HHOBATHBHU TEXHUKH

[Ipe3 mocnenHUTEe TOAMHU CE€ MPEJOCTABAT TEXHOJOTHYHU PEIICHHUs, KOUTO ca MO-yI00HH,
0e30omacHM W TPUEMIMBH 3a MAalMEHTHTE. 1€ MOCTaBAT CEPHO3HU IPEIU3BUKATEICTBA IpEN
pa3paboTYuLIUTe Ha CaMOTO YCTPOMCTBO M pazyMTaHeTO Ha oOpasa. EnHa oT TaX e fe3xmcuuno-
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nacuena Kancyina enoockonus [15, 16] u anreorpadus ¢ HaONIOACHUE HA IEIUS BT B peaHO
Bpeme. Karmcynara ce ABMXKH TIACHBHO TMpe3 CTOMAIIHO-YPEBHUS TPaKT C IOMOINTA Ha
MepucTaiITHKaTa U Mpe/laBa CHUMKH Tpe3 IEeNUAT IbT 0e3:xkuuHo0. PezomonusTra Ha n3o0pakeHusTa
e 256 x 256 dpi npu kagbp B cekyHaa. @opmynupar ce ciegnure npobinemu: 1. Kancymure Ha
PillCam nHe morar ma KOHTpOJMpAT CBOSTA MO3HIIMS M MOCOKATa Ha JIBIDKEHHE. T03M HEIOCTaThK
BOAM 0 TPOMYCKHM B u300paxkenusta. 2. Pemenumero demosaicked-uzoOpakeHue e ¢ HUCKa
PE30ITIONMS M BaXKHU PETMOHU MOTaT Ja ObJaT HEBOJHO IMPOIMYCHATH. B TO3UM cMUCHI ce ThpCAT
pellieHus, CBbP3aHU C TIOBWINABAHE HAa PE30JIONHUATA U E€IHOBPEMEHHO C TOBa, Ch3/laBaHE Ha
KoMIipecus, 0a3upaHa Ha pa3inyHaTta TexecT Ha R-,G-,B-komnonenture. 3. Bpemero 3a pa3unrane
€ MoBe4e OT BpeMeTo Ha 3acHemaHe. [IpobmeMbT € Kak /a ce M3BIEKBT caMO KaJpHUTe C JaHHH,
npencrapisBamu  uHTEpec. 4. CTaTUCTUYECKW ca OTYETeHHW CIydyal Ha YCJIOXKHEHHS TpU
MIpEMUHABaHe Ha KarcyjaTta. 3a pa3peniaBaHeTo Ha MpooJieM C JJoKaim3anusara v, ce usnoiaszpar CT
i X-1pun. ONMUCAaHOTO TEXHOJIOTHYHU PEIIEHUE € eIUH NMPUMEDP 3a OTBbPKIaBaHe Ha (akTa, ue
BCEKH HOB MeTOJ B 0OpaboTkara Ha MU e chbImbTCTBaH OT MHOXKECTBO '€HEPUPAHU HOBU, KOHUTO
MIPEJICTOSIT J]a CE PelllaBar.

8. EKCTepHaHHI/ITe MCEAUIINHCKH 06p33l/l KaTO0 U3TOYHHK HA KOHTEKCT.

Menununckara ¢ororpadus (excrepHamHO 3acHeMaHe) [25] e crenuanu3upana ooIacT Ha
dotorpadusra, obesneyaBamia ¢ JOKyMEHTAMITa KIMHUYHOTO CHCTOSHUME Ha ManueHTa. Ts e
MHCTPYMEHT Ha HEBPO-O(TAJIMOJIO3H, IEPMATOJIO3U, XUPYP3H; HM3IOJI3BAa CE 3a METUIMHCKH U
XUPYPrU4ecKd TMpoLEIypH, MEIULUHCKH HW3Jenus, MpoOM OT ayToncus W 3a LEeJIWTe Ha
npenonaBanero [2, 18, 23]. Ilpu mpoyuBane Ha Acorumanuara no OMOKOMYyHUKanuu [26] Ha
MeAuIUHCKH (doTorpadu, ce ycTaHoBsiBa, 4e okoiio 90% ca 3aeTu B YHUBEPCUTETCKH OOJHULIU U
M3CJIEIOBATENICKH LIEHTPOBE, a OCTaHAJIMTE - Ha CBOOOJHA NMPAKTHKA, pabOTeIM B KIMHUKHU IO
JepMaToJiorus, o(pTaaMoIorusl M MacTHYHA XUPYprus. 3a cbkaneHue B bbiarapus HsiMa TakaBa
MPaKTHKA, KAaKTO U He ca 06ocobenn Otaenu 3a 00pa3Ha AMArHOCTHKA.

Crnenunanuzupanute GoTorpaCcKu TEXHUKH H3IMOI3BAT (HOTOMUKpOTpadusi ¥ yIATPABHOJIECTOBA
¢dnyopecueniyst. OGEKTH Ha 3aCHEMaHe ca: TUIIOBETE KOXKa, Je3UH U MOP(OIOTUYHH aHOMAIIUH Ha
yepena, KJienauu, KIOHKTHBA, 4YacT OT TOpca, rjaBaTa U pblieTe (JOKyMEHTHPaHEe Ha HEBPOJIOTMYHU
aHomanuu). M3momnsBar ce KOHBEHIIMOHAIHU KaMepu U OMOMUKPOCKOICKH Kamepu. Cuura ce, 4e
IpU EKCTepHAJTHOTO CTAaTUYHO 3acHEMaHe, €JUHCTBEHaTa IPOMEHJMBA € pa3BUTHETO Ha
npociieicHusl OOEKT - paHH, JIe3UH, TMIeTHA BBbB BpeMETO. BCHUKM OcTaHalu YyCIOBUS TpsAOBa na
OCTaHaT ChUIUTE - MO3UIMOHUPAHE, OCBETJICHHUE, PEKUM, YBEIUYECHHE, MEepPCHEKTHBA, KOHTPACT
[17]. Bempeku ToBa, Te3W MPUHIIMIIK HA YCIOBHA CTaHIAPTHU3AIIMS CJIeBA Ja Ce MpUjIarat 3a BCEKU
HabOp OT JIBE WM MTOBEYE CHUMKH, Hal[paBeHU MO pa3inyHo BpeMe. [IpakTruecku € u3KII0UUTETHO
TPYAHO J1a € CTaHAapTU3UPAT aOCOIIOTHO TE3H MIPOMEHIIUBH.

CMHUCBIIBT Ha TO3U BUJ MpOCIeAsiBaHEe MOXKeM J1a GopMylIupaMe B IBE IOCOKHU:

1. ®ukcupaHe Ha oOeKTa 4Ype3 HEeroBaTa JOKAIM3AIMS U XAPAKTEPUCTHKUTE MY KAaKTO M

HErOBOTO KJIacu(HIpane;

2. TlpocnensiBane Ha pa3BUTHETO Ha OOEKTa 4Ype3 CpPaBHSABAHE HA CTAaTUYHHTE OOCKTH B
M300pakeHUETO.

JluckyTtupar ce B cenuain3upanu usjanus [24] BbOpOCUTE 32 MUHUMAIIHU, HO JOCTAaThYHU
rmapaMeTpH 3a ToJlydaBaHe Ha o0pa3 3a MenuTe Ha aepMmaTojornynara gororpadus. Haxou aBropu
[19] mocouBaT, ye B ImpakTUKaTa Ha KJIMHUYHATA JE€PMATOJIOTHS IO OTHOLIEHUE HA PE3O0JIIOLUATA
OT/IaBHA € JOCTUTHAT HEOOXOoauMuAT MUHUMYM. Jlpyru aBTopu [20] cumrtar, ye pe3oaouus OT
768x512 ppi (24 OutoB UBAT) € AocTaThuHAa. Miot W HEroBHTE CBHAaBTOPH, MpEAIOarar, 4e
pezomonusi Ha kKamepata oT 1.3 Mp (1280x960 ppi) e moaxomsma 3a JAepPMATOJIOTHYHO
npociensBane [21]. OTunrta ce JOKOJIKO MO-BHCOKATa PE30JIONHUs OM MMalila CMUCHII, JaIH J1a HE
Oblle HaMajieH OposAT Ha MHUKCEIWTe W JO0 KakBa CTENeH Ja ce moo0pabotu obOpasza, 3a da ce
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M3BJIEKAT NMPABWJIHUTE IPAHULM, UBIT U Apyra uHdopmanus 3a Hero. Jpyr npobiem e yiurcarta Ha
HeyenHakBeH craHmapT RAW (8, 10, 12 Oura Ha mukcen), mpeAoCTaBsl] Isutata WH(oOpMaIus,
HeoOXoauMa 3a ch3/laBaHe Ha n3o0paxenue. [Ipu Hero He ce ryou nHpOpMaIHs 3a 3aCHETHST 0OEKT,
¢daitreT e 2-6 metu mo-romsim ot JPEG (aiin, a mocmemHuMAT ce moiydyaBa B pe3yaTaTr OT
CTaHJapTU3UpaHa KoMmIpecHus. Pa3nuuHu nmpous3BOIMTENN Ha TEXHHMKA M3IMOJI3BAaT CBOM CTaHIApTH:
*.crw (Canon), *.ptx (Pentax) and *.nef (Nikon). B pe3ynraT Ha TOBa KOHBEpTHpaHE ce€ MOJTyyaBaT
CHUMKHU C pa3jiM4yHa CTENEeH Ha KOMIIpEecHUs M HE3aBUCHUMO OT BHCOKATa PE30JIOIUs, CE MOoJyyaBa
KOIMe ¢ MHOro apredakTd, 3ary0a Ha ()UHU JETaiiH, JIOIIM NMPEXOAW B LBETOBU MOPIIBK H
CBETJIOCEHKHUTE, KOETO Ce BU3yaln3upa Karo 3aryoara Ha nHGopMaius B pa3jinyHa CTEIEH.

TexHuKarTa, KOATO OTTOBaps HAITBIHO Ha TOPEU30pPOCHHUTE U3UCKBaHus, ca kamepu Tun DSLR
— digital single lens reflex. M3mon3Baiiku AWTUTAIHUTE OTJIEAATHO-PE(ICKCHUTE Kamepu, ce
MIPELU3UPAT CIECTHUTE eKCMEPHATHU USUCKBAHUA.!

1. YnaBs ce moBeue CBETJIMHA, PEAYLHPAT CE€ YACT OT HIYMOBETE, BH3MOKHO € KaueCTBEHO
M300paKeHHe MPH JIOIIO OCBETSBAHE.

2. Hamnuuero Ha spKa OKOJIHa CBCTJIMHA ITPU 3aCHCMAHC Ha o0OeckTa ce KOMIICHCHpA.

3. Usnmom3Bane Ha RAW ¢opmar 3a wmsxomnu aiinoBe, Karo cleABa JOMBIHUTEIHO
konBeptupane 10 JPEG ¢ pasnuuna cteneH Ha kommpecus 0e3 ma ce ryom wmHbopmarus,
MpeACTaBIIsIBaIa HHTEPEC.

4. DSLR wu3non3Bar yHUBEPCAIHU U CIICHUATU3UPAHU OOEKTHUBHU, CBETKABHUIIM U aKCECOapH
KBM TsIX, QUITPH 3a pa3nKa OT KOMIIAKTHUTE TUTUTAIHU KaMEpH.

Hanara ce u3BOIBT, Y€ EKCTEPHAIHOTO 3aCHEMAaHE MMa CBOETO MSCTO B MEAMIIMHCKATa
JMAarHOCTHKA, BHIIPEKH HETIMKUPAHETO My Ha (pOoHA Ha Pa3BUTUETO HA BHCOKO-CIECIMATU3HPAHUTE
MHOBaTHBHU TEXHUKH. Bbnpekn Oe3ycioBHaTa pa3iWka Ha JOOMBAHETO HAa 00pa3 uUpe3 CIOKHH
METO/M, BbB BTOpATa yacT Ha aJTOPUThMa — MOCTOOpabOTKaTa MOrar Jia ce U3Io3BaT abCOIOTHO
WICHTUYHN CETMEHTALMOHHH METONH, CJeJ KOMUTO MOXKE Jla C€ NPHCTHIIM KbM CpPaBHSIBAHE U
knacuduuupane. [IpeaMMCTBOTO Ha TO3M METOJ € BH3MOXHOCTTA 3a MOYTH ITbJIHEH KOHTPOJ Hal
METaIaHHUTE, TEHEPUPAHU OT XapAyepa Ha nojaydeHoto M.

9. U3Boaun

OT HampaBeHOTO MPOy4YBaHE Morar jaa ce (GopMysaMpar CIACTIHHTE H3BOJAH, CBBP3aHH C
obpaboTkarta Ha MU:

1. Bcsika OT MOJAJHOCTUTE TMPENOCTaBs pa3yniTaT, BB3MOXKEH 3a HEWHUs oOcer Ha
reHepUpaHe Ha JJaHHH.

2. Bcesika OT MOJAQTHOCTUTE TEHEpUPA HAKOJIKO BHAA ITYM, KOUTO MOTAT Ja MOIMpeyYar B eIHa
WJIM JIpyTa CTENEH 3a MOoJyJYaBaHe Ha KauyeCTBEH 00pas.

3. MU, He3aBHUCMMO OT HayMHa Ha TONyyaBaHe, MoraT Ja ObJaT TOUIOKCHH Ha
mocToOpaboTKa 3a JOU3SICHIBAHETO HA JeTainuTe B oOpas3a. TpymHO MoOXe Ja ce TpereHu
,,CTETICHTA Ha M3ACHSABaHE”, B3EMaKH MpeBU] HAINIMETO Ha apTe(akTUTEe U CrieUu(UKUTE
Ha YOBEIIKaTa BU3yaJlHA CHCTEMA.

4. Tlpu u3Bexaane Ha oOpaza Ha MOHUTOP ckajaTta oT 4096 cTerneHn Ha CHBOTO MOXKE J1a CE
BHU3YaJIH3Upa caMo OT CHEIHAIN3UPaHu MOHUTOPU. YOBEIIKOTO 3peHHE ChINO HE O MOTJIO Ja
pasrpannyu Te3u spkocTtu. OcTaBa Bh3MOXKHOCTTA CHUCTEMarTa 3a IeHepHpaHe Ha oOpa3 Ja
pabotu ¢ qo0Ope OanaHCUpaHW BXOJHM JaHHH, 3a Jia Pa3lo3Hae M IMPHIOKH OYaKBAHOTO OT
Hesl BU3YAJIHO CETMEHTHPAHE, U3Pa3eHO ¢ M3IOJI3BAaHE HA Pa3jIMueH OT CHBHS I[BAT, aKO UMa
TakaBa ONIUS B HEMHATa MOJIATHOCT.
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5. VIHOBaIlMOHHHUTE TEXHOJIOTMYHU PEIICHHs pas3periaBaT He 10 Kpall ompeaesieH mpooaeM u
IIOCTaBsAT HOBU, Hail-yecTo CBbpP3aHu C JaHHU, OT KOUTO HC MOraT Aa €€ OTACIIAT TC3HU, KOUTO
HU UHTEpeCcyBar.

6. CnoxxHOCTTa Ha amaparypara M coenudukara Ha 4YOBEIIKaTa BHM3yajHa CHUCTEMa BCe
nmoBeue yOexmaBaT aHAIM3aTOPUTE, Y€ EKCIEepTUTEe-JIeKapd HE MOorar Ja ce CIpaBsT B
OYaKkBaHaTa CTENEH C MPaBWJIHO pa3yUTaHE Ha CTAaTUYHUTE OOpa3sM U € HeoOXoIuMo
BBBEXK/IAHE B MPAKTUKaTa Ha OOJIHUYHHUTE MEAMIIMHCKH 3aBeneHus, Ha Otmenu 3a oOpa3Ha
JMarHOCTHKA.

7. EXCTEpHAIHOTO MEIMIIMHCKO 3aCHEMaHe € HerjawkupaHo. JlumcBaT cre3uanu3upaHu
ycTporicTBa 3a aoOuBaHe Ha cratuyHn MW 3a cnenududHM KOXHM W3MEHEHUS.
CriennanucTuTe-JIeKapy IOpYU ¢ HATUYHU W300paKeHUS HSIMAT WHCTPYMEHTApHyM, C KOWTO
Jla CpaBHAT HACTBIIWINTE IPOMEHU BBHB BpeMero. Pa3paboTkure Ha Ta3u Tema ca J10CTa
orpannueHu Ha Opoit [22]. KauecTBOTO MM € CIOpPHO, THH KAaToO ca MPOAYKT Ha CIOACICHU
BrieuatTiaeHus win Ha (ortorpadu, 6e3 aa ca pa3paboTHIIM M3UCKBAHUS 3a IEIUs 00XBaT Ha
YCIIOBUSI 3a TMPaBWJIHM BXOJHM JaHHM WJIM HA JIEKapu, H3MON3Ball KOHBEHIIMOHAIHU
JTUTUTAIHU arapari.

8. Jluncar pa3paboOTeHH METOAM C ONHCAHWE W CTaHJApTU3WpaHEe Ha 3acHEMaHe Ha
OTACIHUTC KOXHHU MHN3MCHCHA II0 THIIOBC, TAXHOTO KHaCI/I(pI/II_[I/IpaHe U Tpujiaranc Ha
noctoOpaboTKa NpH ClieicHe Ha U3MEHEHsTa, KOUTO HACTBIIBAT, @ UMEHHO:

- @ukcupaHe Ha O00CKTa Ype3 HEropara JIOKAJIU3AlUS W XapaTPepUCTUKUTE MY —
toniorpadust Ha oOeKTa, JIMHEHHU OYepTaHUs M PHOOBe, 00EM, MJON[ U MBAT, KAKTO U
HEroBOTO KJacu(uImpane.

- IIpocnensiBane Ha pa3BUTHETO HAa OOEKTa Ype3 CpaBHSABAaHE Ha CTaTUYHUTE O0Opa3u B
U300paKeHUETO, PETUCTPUPAHE HA MPOMSHA 110 TOPEU30POCHUTE KPUTEPHUH.

IMocnenaure aBe TOUKH 1€ ObIAT 00EKT HA HAIIETO IT0-HATATHIIHO U3CJIEABAHE.
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ERP COST AND RETURN ON INVESTMENT
CONDITIONS OF SUCCESS OF AN INVESTMENT

David Jessula

Abstract: Many firms are now aware of ERP (Enterprise resource planning) advantages. That IT system can
gather all the enterprise functions with a unique database. Cost and Return on Investment must be integrated
in firms strategies. A clear appreciation of conditions of success is essential.

Keywords: ERP (Enterprise resource planning), CMR (customer relationship management), SMR (supplier
relationship management), ROI ( Return on investment)

1. Introduction

Enterprise resource planning (ERP) is an IT system gathering all software modules
processes of a company with a unique common database.

They are now integrated in many firms: big, middle or small enterprises. Best known in the
IT market are SAP, Oracle, Sage, Cegid ...

The software modules are independent : purchasing, procurement, inventory management,
accounting processes...They can integrate the whole internal functions of the firm in a same and
unique tool and enlarge external functions such as customer relationship, supplier relationship
management and also e-business processes.

Using a workflow motor, when a data is put in the system, all the modules sharing the same
database enters the data with a defined programmation.

All ERP suppliers can submit many proposals. The ERP market is getting larger and
companies must adapt their strategy as to define best choices of investments.

Two questions are generally studied: what is the cost of an ERP implementation ? and What
is the Return on investment?

2. ERP cost
Two sort of costs must be analysed:
ERP software costs

Other costs such as licence, maintenance etc

a) ERP software costs

Four steps belong to a progressive implementation:

Set up : définition of goals, means, needs and production of a migration plan

Detailed specification :research of the optimum adaptation of modules to the customer
processes du client and to the operating modes

Realisation: dévelopment of spécifices, interface and data recover

Exploitation: operationnal production and necessary adjustments setting up

Cost can be appreciated in men/days

1,6 how much time, in a dayly mesure, external interventors are necessary
With an average price of :

1000 euros by day for a project director

800 euros by day for a functional consultant

600 euros by day for a technical consultant
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Detailed as:

1) Set up

Orientation study
Organisation study
Migration plan

Software installation
Formation of internal teams

- Project and pilotage structure

- General Scheme of implementation

- Integration quality Plan

Project Fonctionnal Technical Total
director Consultant consultant ©
Total days 19 15 9 43
cost (euros) 19000 12000 5400 36400
2) Detailed specification:
By sector, process
Parametring
Maquetting
Adequation
Setting up Plan
Parametring file
- Fonctionnal deviations
- Testing
- Planning and charges
Project Fonctionnal Technical Total
director Consultant consultant
Total days 12 65 10 87
cost (euros) 12000 52000 6000 70000
3) Realisation
Fiabilisation and data recover
Development spécifics, interfaces
Organisation of formation
Technical setting up
Testing and homologation
Project Fonctionnal Technical Total
director Consultant consultant
Total days 26 43 54 123
cost (euros) 26000 34400 32400 92800

KoMmioTspHH HayKH ¥ TEXHOJIOTUHU
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4) Exploitation

Site pilote implementation

Running in
Development
Project Fonctionnal Technical Total
director Consultant consultant ot
Total days 10 16 13 39
cost (euros) 10000 12800 7800 30600
With a TOTAL :
Project Fonctionnal Technical Total
director Consultant consultant ot
Total days 67 139 86 292
cost (euros) | 67000 111200 51600 229800

Total software cost euros 229.800 can be appreciated as an average cost depending of the firm
dimension, sector, specifications...
Total days are about 9-10 months, generally minimum

b) Other costs

Other costs can be evaluated as to be added to Euros 229.800 software cost

Software 229800
Licence 30000
Formation 75000
Servers 10000
Maintenance 35000
Interfaces 10000
Total 389800 €

Other costs may represent nearly half of the total ERP cost
Total cost may be appreciated linked with the company sector or other specifications

Examples:
Miro: French paper distributor

Global budget of 150.000€ including software, services and developments

Christofle: french luxury distributor

SCM Planning

New software (Logility Planning Solutions, American Software): Inventory Planning,
Distribution Resource Planning, Demand Planning)
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Investment: 110000 euros

Zhendre-froid industriel:

scheduling: 24000 euros

commercial management: 34 000 euros
inventory management: 46000 euros

Medecins du monde:
ERP Qualiac: modules Finance, Purchases, Stocks, accountings, budget, Web purchases
Cost 400000€ on 4 years

3. Return on investment ROI

Ernst Young : majority of firms do not calculate ERP ROI
Causes:

Difficulty to quantify ROI

Not compulsory

Charge or investment?

Quantitative criterias ( costs reduction, profitability, financial results ...) and qualitative ones
(less time loosed, customer satisfaction, ...) are generally integrated.

ROI of majority of firms:
Less than 2 years: 33%
From 2 to 3 years: 51%
From 4 to 5 ans:12%
More than 5 ans: 4%

84 % less than 3 years

Thomson
ROI positive 18 months after project initialization
ROI 80 millions euros trois years after

4. ERP Strategy

ERP Strategy has not always been a success
In a global strategy there is always an ERP strategy

SUCCESS AND FAILURES
Failures: AMR, Snap-on, Foxmeyer, Danone
Success: Avantis Pharma

AMR-Budget-Hilton Hotels: after 4 years and 125M$ spent on development, the project
“Confirm” reservation system for hotel and rental car bookings crumbled in 1992

Snap-on (machinery, tooling): 50M$ lost sales, profit -22%: 3 years of design and
implementation with the new order entry system Baan (1997)

FoxMeyer (pharmaceutical industry), has claimed that a bungled ERP installation from SAP
et Accenture in 1996 helped drive it in bankrupcy. The case is still unresolved
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Danone:

SAP end 2000 to get homogeneous processes in 120 countries and save S0M€ by year

Budget 150M€

3 trades: water, fresh milk products and biscuits: Evian,Volvic,LU (selling to Kraft Foods,
buying Numico (nutrition))

WHAT ARE FAILURES CAUSES

Bad project planning and sheduling

Bad profitability analysis

General management insufficient support
Delays, budgets exceed

New technology inexperimented
Suppliers inable to respect their plannings
Human factors

SUCCESS

AVANTIS Pharma (Frankfort)

Développement of new supply chain concepts and implement of an Advanced Planning
System (SAP APO)

Production planning reduction: from 4 months to 3 weeks

Inventory reduction :100M$

Cycle time reduction

Better customer service

Transport costs: - 10 %

What are Success conditions

A clear strategy

Optimize custumer service
Enforce cooperation partnerships
Global supply chain management
Security

New IT tools

Empowered employees
Benchmarking

An ERP implementation is always an investment. Many firms have investments plans largely
more important that less than 0,5 million euros for an ERP. ERP strategy must be appreciated on
ROI specially when quick success is obtained. Success conditions are above all qualitative.
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N3MEPBAHE HA KAYUECTBEHUTE XAPAKTEPUCTUKHU HA
CODYTEPA

Anexcanasp . umoB

Pe3tome: KadectBoTo Ha codTyepHuTe cHuCTEMH TpUAOOWBA BCE TMO-TOJISIMO 3HAa4YeHHWE KaKTO 3a
coTyepHaTa MHIYCTPHS, TaKa M 3a U3CJIEAOBATEINTE B 00JacTTa Ha COPTYEpHOTO MHKEHEPCTBO. Thi KaTo
Ka4ecTBOTO € CyOEKTUBHO MOHATHE, CE Hallara KauyeCTBEHUTE XapaKTEPUCTUKH Ja ce (HopMaIu3upar u J1a ce
neduHUpaT MOAXO AN METPUKH 3a TAX. B Tazu Bpb3Ka B cTaTUsATa ce paBy 0030p HA TEKYIIOTO ChCTOSHUE
Ha METPUKHUTE MPEJCTaBUTEIHA U3BaIKa OT U3BECTHUTE KAUECTBEHU XapaKTEPUCTHKU Ha coTyep.
KirouoBu nymu: KadectBenu xapaktepucTiky Ha copryepa, CopTyepHH METPHUKH.

Measurement of software quality characteristics
Aleksandar D. Dimov

Abstract: Quality of software systems receives more attention from both practicioners and academy in the
area of software engineering. However quality is an abstract notion and have different perspective,
depending on the users. In this respect it is needed to have formal measures for software quality and this
paper makes a review of the state of the art in the area.

Keywords: Software quality characteristics, Software metrics.

1. Introduction

Software systems are getting an increasing impact in all areas of human life. This fact leads to
a natural increase in the number of users and developers, which in turn raises the level of
complexity in software systems. In order to manage the level of complexity in software systems,
both researchers and practicioners in the area of software engineering should focus on software
architecture. It is defined as [1] “the structure or structures of the system, which comprise software
components, the externally visible properties of those components and the relationships among
them”. It has also been noted that when designing the architecture of a software system, one should
focus on the so-called quality characteristics toward such systems. Quality characteristics may have
different definitions depending on the domain. For example, in terms of Service Oriented
Architecture, they are refered as Quality of Service, which covers a wide range of techniques that
match the needs of service requestors with those of the service provider's based on the network
resources available [2]. In other domains quality requirements are called non-functional
requirements and should be distinguished from functional requirements. The latter define what the
system should do and the fomer put some additional conditions (in form of constraints or
specifications) on how the system should perform or deliver its functionality. Throughout this paper
we look at software system quality characteristics at a more abstract level and consider the related
meanings as synonyms. Therefore we will refer to them just as system qualities.

Traditionally, quality of software is given a primary importance with respect to such
application domains like embedded systems, safety critical sytems, real time systems and so on.
However, in recent times, terms as testability, maintainability and others that look at the system, not
during its execution, but during design time, gain bigger attention. Another interesting characteristic
is system usability or also learnability, which look at the system from users point of view.

Although important software quality is still a general and quite abstract notion, which may
have different meanings. One may ask the question “What does it mean that the system is usable?”.
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For example, console interface may be regarded as more usable than graphical interface by
advanced users, while beginner or intermediate users would prefer GUI. Another example is
maintainability, which may be regarded as part of complexity, but may also have its own meaning,
as we will see in next sections.

Currently there doesn’t exist a universally accepted measurement framework of software
quality, although there exist a lot of examples for software metrics in general [7]. A common
approach for formalization of software quality is needed, which will establish unified measures for
different quality characterstics of software systems. In such terms the goal of this paper is to study
the current state of the art in measurement of software quality. This way we make the first step in
unification of software quality characteristics.

2. Quality characteristics of software systems

Quality scenarios may be used to put in order different viewpoints in system quality. As
defined in [1], a quality attribute scenario is a quality-attribute-specific requirement. It consists of
six parts, as follows:

(1) Source of stimulus — this represents an entity (a human, a computer system, or any other

actuator) that generated a stimulus, which make the software system to change its state.

(2) Stimulus — this represents a condition that needs to be addressed when it is detected by
the system.

(3) Environment — the environment represents the combination of system state and the state
and the condition of other actors which interact with it. For example, the system may be
in an overload condition or may be running when a stimulus occurs, or some other
condition may be true.

(4) Artifact — this may represent the whole system or some pieces of it that are stimulated.

(5) Response - this is the activity undertaken after the arrival of the stimulus, or it may
represent a specific change in the system state.

(6) Response measure — this is the metric of the system quality. In other words, when the
response occurs, it should be measurable in some fashion so that the requirement can be
tested.

In order to be able to reason about quality, a formal definition of measures is needed, in the

last part of quality scenario definition, given above.

Further in this section we present the current classification of quality characteristic of
software systems and show their known measures. The list could be never complete and in this
paper we focus on the following characteristics: testability, modifyability, maintainability,
complexity, security, scalability, dependability.

Testability

Testability looks from the viewpoint of the efforts needed to perform system testing.
Measures of testability may be used by different software development stakeholders, like project
managers, testers and software developers. Popular metrics for testability are usually based on
object-oriented characteristics of the system and include [3]:

e Depth of Inheritance Tree (DIT) — this is the size of the longest path of the class

inheritance tree [4];

e  Number of children — this is the number of classes that inherit from a given class;

e  Number of methods — this is the number of the methods that a given class provides;
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e Number of fields — this is the number of fields in the class.'

The common drawback of all these metrics is their orientation towards a single class and this
way they are difficult to be generalized into a common metric for testability of a complex system as
a whole. There may also exsist difficulties if the system is not designed following the object-
oriented principles, for example in the case of legacy systems.s

Modifyability and maintainability

Modifyability and maintainability are similar quality characteristics and measure the level of
ability of the system to change, due to corresponding changes in the user or environment
requirements. Some options to measure modifyability and maintainability suggested in [5], include
different measures for software complexity. For example the McCabe merics [8] for cyclomatic
complexity or Halstead [9] complexity metrics may be used. The consideration is that if the
complexity of the system is, higher, then it is more difficult to understand and hence — harder to
modify and maintain. Other measures that may be used are simpler complexity metrics like lines of
code, number of methods and again, DIT.

Although helpful complexity metrics have some disadvantages when used to measure
modifyability and maintainability. For example, if the system is well documented, the
maintainability may remain high, even for bigger code complexity values.

Dependability

According to Avizenis [10], dependability is defined as capability of a software system to
deliver a service that can justifiably be trusted. Main threats for dependability are software errors
which can be activated and finally cause a failure of the system. It is believed that a failure
represents unwanted system behaviour when it no longer delivers a service as per the specification.
Here we put special attention on dependability as it is characterized by a number of attributes,
which are often recognized as separate quality characteristics. These attributes are as follows:

e Reliability — represents the belief that the system will be failure free for a given period of
time;
e Availability — represents the degree of readiness of the system to deliver correct service;

e Confidentiality — means absence of unauthorized disclosure of information within the
software system;

e Safety — means absence of catastrophic consequences on the user(s) and the environment
even in case of failure;

e Integrity — represents absence of improper system state alterations;
e Maintainability — represents ability of the system to be repaired and updated.

Software reliability has a long history of research [11] and is usually measured as a
probability of failure free software operation for a specified period of time in a specified
environment. Althoug well defined and widely accepted, there exist the problem, with lack of
models that makes possible correct evaluation of reliability. There exist two big groups of models
for evaluation of reliability of software — black box and white box models. The first group of
methods treats the software as a monolithic whole, i.e. as a black-box, and obtains a value for the
reliability via statistical methods. The most common source of input data for such statistical
methods is software testing. A common drawback of all black box reliability models is that they
make specific assumptions that may lead to bias in the reliability estimate [12]. The group of white

! There also exist a number of additional metrics, described in [3], all of which are based on object oriented
characteristic
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box models take information about the internal structure of the software, in most cases based on the
architecture [13, 14]. A drawback of white-box models is that they do not define how to obtain
quantitative values in step (3). One possibility is to use the black-box models.

Formal definition of availability is more straightforward than reliability [1]. It may be defined
as:

Ny (1)
a=—""-,
At, +At,

where a is software availability, Aty is the mean time between failures and At is the mean time to
repair the system from the failure. However, there does exist different understanding of what
availability is. For example in [15], two similar notions of availability and accessibility are defined.

The situation with other properties of dependability (except maintainability, which has been
discussed above) is similar — there does not exist widely accepted formal definitions and models for
safety, integrity, confidentiality, although some work exist in formalization of safety and security,
as the latter is considered as a general notion which combines integrity, confidentiality and
availability.

Safety

As stated above, safety — means absence of catastrophic consequences on the user(s) and the
environment even in case of failure. A notable approach to measure safety is presented in [16],
however it aims at evaluation not of the software system safety itself, but of the maturity in
development process used to build a safe system. For instance, the approach proposes the following
safety metrics:

e Percentage of software safety requirements, defined as the number of software safety
requirements, divided by the number of software requirements.

e Percentage of software hazards, defined as the number of software safety hazards divided
by the number of System Safety hazards.

The lack of metrics, aimed at evaluating safety of software systems and their constituent
components, means that more work is needed in definition of safety measures and models for their
formal evaluation

Security

Approaches for measurement of security use additional metrics. For example, the authors of
[17] use several industry standards for definition and calculation of software security. A widely
known list of vulnerabilities and their measures, together with scoring of vulnerabilities are used,
both represented by industry standards. The vulnerability measures are:

e The distance between a possible attacker and the system;

e The complexity of the attack required to exploit the vulnerability once an attacker has

gained access to the target system;

e The number of times an attacker must authenticate to a target in order to exploit

vulnerability;

e Different impacts of a successfully exploited vulnerability.

The security of the software is represented by the following equation:

Sec = Z(Pn X Wn)’ ()
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where W; is the weight of the i™ software weaknes, which is defined by the vulnerabilities
that activate it and P; represents the risk of the corresponding weakness.

3. Conclusions

The paper makes a brief overview of some of the currently known measures for different
software quality characteristics. The presented here quality characteristics may not be complete but
claims to be representative, as it shows some of the most widely used ones. Table 1 summarizes the
facts, listed in section 2 about software quality measurement.

Table 1: Comparison of software quality characteristic measures

Quallty . Measure Formal models for evaluation
characteristic
Testability Object oriented metrics (OOM) N/A
qulf}{abll}ty and OOM and complexity Most of them are deprecated
maintainability measures
A lot of models mainly for
Percentage. reliability and availability.
Dependability Metrics are not available for all Howevere, most models have
dependability properties serious limitations for practical
application.
Available only for
Safety development process, not for N/A
the software itself.
Security There exist some metric Yes

A deeper analysis of most measures shows that they are abstract and more work is needed in
the area of software quality measurement. As seen in table 1 directions for future research include
refinement of measures as well as work on elaboration of formal models for their calculation.
Additionally for many characteristics like usability, adaptability and etc. there doesn’t exist sound
enough measures.
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CPABHUTEJIEH AHAJIN3 HA METOIMUTE I1PH
PA3IIO3HABAHE HA JIMIIA

ITets I1. ITerpoBa

Pe3tome: Mertoaure 3a pas3no3HaBaHE Ha JMIa Ca pas3IM4YHd 10 HuaeATa CH, HO B3aMMOCBBP3aHU B
ﬁepapxntma CTPYKTYpa. Bcexn cJcaBall MIpPOMCHA 6Bp3OHCﬁCTBHeTO U Ka4YCCTBOTO B pPa3lO3HABAHC B
IIOJIOXKHUTEIIHA ITOCOKa. B craTmsara e HalpaBCH aHaJIn3 Ha CbBPECMCHHUTC MCTO/IU 3a pa3lO3HaBAHC HA JIMIIA B
KOHTEKCTa Ha TEXHUTEC MMPEANMCTBA 1 HEAOCTATBIIU.

KiaouoBn AYMMU: pa3rio3HaBaHEC, METOAU B PA3IIO3HABAHETO, TOYHOCT Ha pa3llO3HaBaHE.

Comparative analysis of methods for face recognition
Petya P. Petrova

Abstract: There are different methods of face recognition. Although, they are different in concept, they are
interrelated in structure with changes that boosts the quality of recognition. This should be connected to the
last sentence. This article analyses the current methods of face recognition with their advantages and
disadvantages.

Keywords: Recognition, methods of detecting, recognition accuracy

1. YBox

[Ipy Hanmuyue Ha pa3MyHU AJITOPUTMU M METOAM 3a pa3lo3HaBaHe Ha H300paKeHUs,
TUIUYHUAT METOJ 32 pa3lo3HaBaHE Ha JIMIIA Ce ChCTOM OT TpU KoMmmoHeHTa. IIpeoOpasyBaHe Ha
M3XOJHOTO H300paK€HWE KBbM IThbpPBOHAYATHHS OOJNMK (mpepaboTka WM MaTeMaTHUYeCKH
npeoOpa3yBaHus, HalpUMep H3YMCICHHE Ha TJIaBHUSAT KOMIIOHEHT). PasnensHe Ha KIIOYOBU
XapaKTePUCTHUKU - B3eMaT C€ MIbPBUTE N TJaBHU KOMIIOHEHTH, OTHOCHO THUCKPETHOTO KOCHHYCOBO
npeoOpasyBanue. TpeTusT € MEXaHW3bM Ha KJIACH(PHUKAIMA WIM MOJICIUPAHE - KIIBCTEPEH MOJEN,
MeTpHKa, HEBPOHHHU MPEXHU U T.H. M3rpaxkaane Ha MeTOIu 3a pa3lo3HaBaHe ce 6a3upa Ha anpuopHa
uHpopManusg 3a MpeAMETHaTa OO0JIACT - XapaKTEPUCTUKH Ha YOBEHIKOTO JIMIE B YaCTHOCT U
peryivpaHe Ha eKCIIEpUMEHTATHUTE JIaHHU, TOSBSABAIIM CE B X0J1a Ha pa3paboTKa Ha METOAMTE.

B [1] cpen pasnuuHuTe NOAXOMM 3a pas3lo3HaBaHe Ha oOpa3u ce Qopmynupa
CTaTUCTUYECKUAT MoaAxoJ. CKOpO HEBPOHHUTE MpPEXKOBU TEXHUKH M METOIU, BHECEHH OT
CTaTUCTHYECKaTa TeopHsl 3a OOydyeHHE ca 3aciyXWiIu BHHUMaHue. J[u3allHbT Ha cucremara 3a
pasno3HaBaHe W3MCKBa 33/1bJI00YEHO BHUMAHNE BbPXY BBIIPOCH KaTO: MOJIEN KJIACOBE ChC CIICACHE
Ha cpeziara, MOJIeNl Ha MPEACTaBsIHEe, U3BIMUYaHe Ha OTAEIHA YacT U U300p, KIbCTEpU3UpPaH aHAJIN3,
Kiacuukarop 3a mpoekTupane. [o0amHUAT mpoOsieM B pa3NmoO3HABAHETO HA CIOKHU MOJCIH C
MIPOM3BOJIHA OPUEHTALIMs, MACTO U Malad, ocTaBa Hepa3peleH.

2. lIpunuunen komnoHeHnTeH aHaau3 (Principal component analysis - PCA)

[IpeaumctBa Ha PCA

PCA e cnenmduyen ciayyait Ha GakTOpeH aHaIM3, MOJIE3€H B aHAIW3a HA JIBJITH CEPUU BHB
BpemeTo. CiIyXH 3a pa3InyHH JOMYCKAaHUSI OTHOCHO OCHOBHATA CTPYKTYpa U OMpEENsi COOCTBEHU
BEKTOPH 32 DPa3IMYHU Malku Martpuiu. [lo-go0bp € OT mo-paHHUTE ABYMEPHH H3IOJ3BaHU
CTAaTHUCTUYECKU TEXHUKU. V3cnenBaT ce BBTPEIIHUTE B3aUMOJCHCTBUS MEXIy HAO00p OT
MIPOMEHJIMBH, MpUYMHEHH OT o0mu TeHaeHuuu. PCA e HauuH 3a uaeHTHUQUIMpaHE HA MOJEIH B

KOMIIOTHpHM HAYKU M TEXHOJIOTUH 1 2013 Computer Science and Technologies 205



JAHHWTE, a CHILO Taka U 3a M3pa3sgBaHE Ha JAHHHUTE 10 TaKbB HAUMH, Y€ Jla MOJYEPTasT TEXHUTE
IIPWINKHU U Pa3IuKu.

PCA ce mom3Ba 3a KoMIlpecMpaHe Ha JaHHM 4pe3 HamaysiBaHe Oposi Ha pa3Mepute, 0e3
ChIIICCTBECHA 3ary6a Ha I/IH(bOpMaI_[I/ISI. OCHOBHHUTE KOMIIOHEHTH ca TaKrMBa, 4€ BCCKHU CJICABAII]
00sICHSIBa €IMH MAaKCUMYyM OT OCTaHaJIUTE Bapualuu. [IbpBUSAT KOMIIOHEHT € TaKbB, Y€ /1a 00SICHU
MaKCUMAaJTHUAT MPOLEHT Ha OOIIOTO pa3ceiiBaHe, a BTOPUAT KOMIIOHEHT Ja OOSICHU TOBEYETO OT
ocrananute Bapuanun. PCA e HanmbiHO HenmapameTrpudeH (plug-and-play): Bceku Habop OT TaHHH
MOXe Ja ObJie BKIIOYEH KbM OTTOBOpA, HEM3HMCKBAIl HUKAKBU MMapaMEeTpU 3a KOpUTHpaHe u 0e3
OrJie]l Ha TOBa KaK JJaHHUTE ce 3amucBar. Moxe J1a ce cuuTa 3a MoJI0XKUTeIHa (QYHKITHS.

Orpannuenus Ha PCA

PCA e HecraTucTHueckH METOJ M HsAMa BEpOSTHOCTHO pasnpeneneHue. PCA mpencrass
JAHHUTE B ONpPOCTEHAa W penyuupana Gopma. HoBuTe npomeHIMBH ca JIMHEHHM KOMOWHAIMK Ha
OpUTHMHAJHUTE IPOMEHIMBU. B nonwiHenwue, 3a ga padotu PCA

2=t (1)
cYX

TOYHO, C€ M3IOJI3BAT CTaHIAPTU3UpaHu JaHHU. KaTo cpenHaTa CTOMHOCT 12 € Hyla U 00eKTUBHATA
OLIEHKA Ha BapHaluATa Jja € €UHULIA:

z, =i" 2)

1

KBIETO z;, =" € CTaHJapTU3MpaHa MPOMEHIINBA.

Crangaptuszupane - pesynrarure Ha PCA ca OTHOCHO HecTaHAApTU3MpPaHU IPOMEHIIMBHU.
[Topangu ToBa anamusupanero Ha PCA wu npuioxenuero my € no-tpyaHo. PCA ce cBbp3Ba ¢
0cBOOOXKJaBaHE OT B3aWMOCBBP3aHOCT M B3aWMO3aBHCHMOCT Ha TPOMEHJIMBUA. MeTombT
MPAKTUYECKH € HEMPWIOKHUM IIPHU aHAJIU3 C Pa3IMYHM YCJIOBUS Ha OCBETEHOCT. IIbpBHTE OCHOBHU
KOMIIOHEHTH OTpa3sBaT MPOMEHHUTE B OCBETIIEHUETO. Pa3BuBaT ce M300pakeHus, CXOAHU C HUBOTO
Ha CBETJIMHATA.

3. Jluneen nuckpumuHanTeH aHaiau3 Ha Fisher (Fisher’s Linear Discriminant-FLD)

[TpoeKIMOHHUTE MPOCTpAaHCTBA HA M300paxkeHnaTa B LDA (iMHeeH NMCKPUMHUHAHTEH aHAIIN3
Ha Fisher [2, 3], LDA) mpocrpancTBeHaTta (YHKIHS MHHHUMH3HMpPA BBTPEKIACOBOTO, KAKTO H
MaKCHMH3HMpa MEXKIYKJIAaCOBOTO pa3CTOSIHUE Ha IPOCTPAaHCTBEHUTE npusHauu. Ilpumepst
MIPOCKTHPA B MMPOCTPAHCTBOTO XapaKTepUCTHKH 3a aBa kiaca upe3 PCA u FLD - ¢wur. 1. Craboct
e, ue PCA e arHoCTHuY€H KbM M3TOYHMKA Ha JaHHU. [ToaxoabT u3nonsBa uiacaan3upaHu yClIOBUS -
17100 THU HACTPOMKHM Ha CBETIMHATA, HEYTPATHO U3PAKEHUE HA JIMIIETO, JIUIICA HAa CMYILEHUS KaTo
oumsia U Opazu (HEBB3MOXKHO Jla C€ MOCTUTHE 4pe3 IpenaBaputenHa odpadorka). [Ipoeknunre Ha
¢wur. 1 ca ocemectBenn upe3 PCA u FLD.

Tualun: 2
+
[
=]

@h@ : : : :
s O Gl

T R Y Pt

reatire 1

®@ur. 1. [Ipoexuu B IpOCTPAHCTBOTO 3a JBa Kjaca
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4. Pa3no3HaBaHe ¢ U3M0JI3BaHe HA KJacoBe cienPUYHU JUHEHHN POeKINH

B [2] TpenupoBbUHATA CEpUsi ChABPKA JUIA C HAKOJKO YCIOBHH YCJIOBHS HA OCBETEHOCT.
Upes nuHeHa KOMOMHALIUS MOXKE Ja C€ MOoJy4yaT OPYTH YCIOBHS Ha OCBETEHOCT. 3abensi3aHa e
BHCOKa TOYHOCT Ha OTKpuBaHe (okojio 96%) 3a mmMpoka rama OT YCJIOBUATAa Ha OCBETJICHHE,
pas3iiniH HU3PAXKCHUA Ha JIMOCTO U HAJIWUYHUCTO WM OTCBCTBUCTO HA OYMJIA. KakTto u nHwucka
pasno3HaBaeMOCT Ha MeTo/a Ha COOCTBEHHM JIMIa B aHAJIOTMYHU YCJIOBHUA. MHOro BBIIPOCH ca
3arajka. MGTOI[T:T CC IpuJiara B rojisimMma 6&3& JaHHU. Axo He ce MNPOMCHS BI'bJIBT, CKCIICPUMCHTUTC
ce MPOBEXJAT C MPOMSHA Ha OCBETJIEHHETO, Oe3 Ja ce mMpoMeHAT Apyru dakrtopu. Janu meroasT
me Obne epukaceH MpU ChUYETaHHWE € Heu3BecTHO. HeoOxomuma € mpeaBapuTeliHa KayeCTBEHA
obOpabotka. Crien ToBa M300paKEHUATA CE€ TMPEBEXKAAT KbM CTAaHIAPTHU YCIOBHUSA. MeTombT ce
0a3upa Ha JIMHEHHA pa3IeTMMOCT Ha KJIACOBETE B MPOCTPAHCTBOTO HA U300PaKECHHUETO.

5. ABTOMAaTH4YHA NHTEPHpeTAlUs U KOAUPAHe HA JTHIEBH N300paKeHH sl ¢ U3MOJI3BaHe HA
rbBKaBu moaesim (Automatic Interpretation and Coding of Face Images Using Flexible
Models)

JluneBute n3o00paxkeHus B [4] ca TpyIHHU 3a THJIKYBaHE U CUITHO IPOMEHJIMBH. M3TOUHHIN Ha
MMPOMCHJIMBOCT - BbHIIICH BUM, 3D mo3a, U3paxXKCHUC Ha JIMLICTO, KAKTO U OCBCTJICHUC.

Il

@ur. 2. OCHOBHU BHIOBE BapHaIlii Ha CHBO

[Ipobnem e mbpBUAT pexkuM Ha Bapuanuu, 80% oT Bapuanuure Ha CcUBOTO. Jlpyrure
Bb3MOKHU Bapualuu ca OyiokupanHu. M3BbpiiBa ce Ha OCHOBaTa Ha KOHTYpUTE Ha JIMIATA.
W3Bnnuar ce ype3 JMHMM Ha IJaBaTa, yIIWTE, YCTHUTE, HOca, Bexaute u ouute. KoHTypute ca
KJIIOYOBU TO3ULUH, MEXJY KOUTO MO3MLHUATA HAa TOUYKUTE, KOMTO NPHHAUIEKAT HAa KOHTYypa, ca
M3YUCICHH upe3 wuHTepronanus. KirodoBHUTE TOYKM ca MOCTaBEHHM pPBYHO B HAOOp OT
TPEHUPOBBUBBYHU M300paxkeHus. V3pnudane Ha nHGoOpMaNMATa 33 MHTEH3UBHOCTTAa Ha MUKCENA €
JeKalla Ha JMHUATA, IEPIEHINKYJIIpHA Ha KOHTYpa 3a BCsAKa To4Ka OT KOHTypa. [Ipu Tepcenero Ha
KOHTYPUTE Ha HOBO JIMLIE, CUMYJIAlMsTa C IieJieBa QyHKLUS € OT ABE ChCTaBisBamy. [IspBara ce
yYBEIMYaBa C MHTEH3MBHOCTTA HA IUKCEIUTE, M3BJICUEHU OT NEPIECHIUKYJSPHUS KOHTYp Ha
nuHUKTE. BTopara e chBHajseHne Ha KOHTypa ¢ ¢popMmaTa Ha KOHTypa Ha npumepa. Exctpaxupa ce
KOHTYp Ha d4epTuTe Ha aunero. KOHTYypHMAT Mojen u3IoJi3Ba HOJyToHOB Mojen. [loBumasa
TOYHOCTTa IpH pa3no3HaBaHe. [Ipenu3BHKATENCTBO € MPABUIHOTO pa3NpeAeiIeHUEe Ha Te3U
KOHTYpH. M3110113BaHETO HA TO3U METOJ] B Pa3lIO3HABAHETO € HEOCTATHYEH.

6. CpaBHeHHe OT eslacTH4YHA rpauka

B crartum [5], [8] yoBek e mpezacTraBeH KaTo rpaduka, YMHTO BHPXOBE Ca Pa3MOJOKEHU B
KJIIOYOBU TOYKM Ha JIMLETO, KaTO KOHTYpUTE Ha IJ1aBaTa, yCTHUTE, HOCOBETE, U TEXHUTE KpalHu
TOUYKH. 3a BCSIKA IIOBBPXHOCT € MAapKMPAHO PA3CTOSHUETO MEXAY BbpXOBeTe. BbB BesKa Touka ce
M3YHCIABAaT Koe(uIUeHTuTe Ha (yHKuuuTe Ha ['abop 3a merTe pa3jnMyHU YECTOTH U OCEMTE
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paznuuHu opueHTanuu. Habop oT TakuBa KOehUIIMEHTH {J [} ce Hapuua (jet). Te xapakTepusupar

MECTHHUTE YacTU Ha M300paKEHUETO M C€ M3IOJI3BAT 3a ABE OCHOBHHM 33Ja4yM. 3a HaMHUpaHE TOUKH,
CHOTBETCTBAIIM HA MPEIBAPUTEIHO OMpEIeTIeHa 30HA, Ha JBE pPa3IMYHU U300pakeHus. 3a
CpaBHEHHUE Ha JIB€ ChOTBETCTBAIIM 30HHU OT Pa3InYHU H300paxkeHus. Bcexu koepuimeHt

J,=a, exp(zgoj) 3)
3a TOUKHTE OT €/lHa O0NACT HA PA3IMYHU U300PAKEHHS Ce XapEKTEPU3UPA € AIUTUTY/A d, KOSTO

0aBHO Ce NPOMEHsS ¢ M3MEHEHHETO HAa TOYKMTE W (asara ¢, KOATO €€ BbPTH ChC CKOPOCT,

MPONOPIIMOHATHA HA YECTOTaTa Ha BBIHOBUS BEKTOpP OT OCHOBHHS YEWBIIET. 3a IMOJlydyaBaHE Ha
OBpP30 W HANEXKIHO COMMKABaHE MPU THPCEHE C TOMOINTAa HAa MPOCTH MOJEIH KaTo HampuMmep
mudys3us. [To-chBBbpIICeHUTE PYHKITUN HA CXOJCTBO BKIIIOUBAT HH(pOpManus 3a ¢asara.

& e

@ur. 3. Enactinuna rpaduka, o0XBaramia HOpTPETHOTO H300paKeHNE

[TogoOpeHune Ha MeTo/Ia € MPUJIAaraHeTO Ha JIMHEWHH ITPeoOpa30BHUS Ha jet 32 KOMIIEHCHPaHe
npoMmsiHaTa Ha brejaa [6]. B mo-panHa Bepcusi HE ce W3MOJ3BAaT MbPBOHAYATHHUTE OIpPEACIICHU
KJIFOYOBH TOYKHU U CTPYKTypHU rpaduku [7], [8]. Hsakou oT Tsax mon3Bat MHOXeCTBO jets (dur. 4). B
HEU3BECTHO M300paKEHHE ca HaMEpPeHHW TOYKH Ha ChOTBETCTBHE. HamepeHu ca TOYKH, KOUTO Ce
OCHOBaBaT Ha M3KpHBEHaTa Mpexa. M3MepBa ce HiKakBa MsApKa 3a HEHHOTO HapyllaBaHe, KOATO Ce
OTHACS 3a U3MEpPBaHE Ha Hal-MHOTO MOI00HHU 00pa3y.

®ur. 4. I'bBKaBa PCUICTKA, HACJIOKCHA BBPXY I/I306pa)KeHI/I€TO M HEHHOTO HU3KpHUBSABAHC

7. PaznosnaBaHe ype3 ckpuT Moaesa Ha Mapkos (HMM) u nceBao AByMepHH CKPUTH MO/ EJIH
Ha Mapkos (P2DHM)

MertoasT [14] HamansiBa M3YMCIUTEIHATA CIOKHOCT Ha npeauinauss HMM, kato ce 3ama3Ba
ChIIATa CKOPOCT Ha pasno3HaBaHe. MeroabT HMM e MOIIEH MHCTpYMEHT 3a MOJEIUPAHE Ha
pa3IMYHM TpoLleCH U paslo3HaBaHEeTO Ha oOpasu. MoaenbT MO3BONIABAa Ja CE€ OTYUTAT
HETMOCPEACTBEHO MPOCTPAHCTBEHO-BPEMEBUTE XAapAaKTEPUCTUKM HAa CUTHAJIWTE U 3aTOBa C€
M3MO0JI3BAT B TIOCIICTHO BPEME U B Pa3O3HABAHETO HA M300payKEeHUS (B YaCTHOCT JIUIIA).
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]
1
§={2,1,1,3,2,2,2,3,3,1}

a3

@ur. 5. Inarpama Hva HMM 3a nopeauna ot O HaOmM0AeHNS U TOCTIEIOBATEIHN WICHOBE S

Bceku Mozen Ha ¢urypara ¢ Habop ot N-djieHOBe, Ha (Ur. 5 ropHaTa 4acT OT rpadukara
S=(S,.5,,8,), (4)

MEXIy KOUTO ca Bh3MOXKHH Mpexoau (Ha purypata aeru) - [13]. BbB Bceku MOMEHT cucTeMarta € B
MHOTO crenududHo chctosiHue. [IppButre mMomenu Ha Hidden Markov mmar crmemnus cMucshi.
CrnenBaioTo ChCTOSIHUE 3aBUCH CaMO OT TEKYIIOTO ChCTOsTHUE. [IpeX0oabT BB BCSIKO ChCTOSTHUE CE
reHeprpa OT HaOMI0JaBaHUS CHUMBOJI M CHOTBETCTBA Ha (DU3MYECKHUS CHUTHAJI Ha H3XOJHATa
cuMyJiupaHa cucrema. [Ipu peanHu MpolecH MOCIEeIOBATEIIHOCTTa OT CHCTOSIHHUSTA € CKPUTa OT
HaOmoneHusra. V3BecTHa € H3XOJHATa CHCTEMaA, IIOCIIENOBATEIHOCTTa OT HAOJI0JaBaHUTE
CHUMBOIJIH,

0=0,0,..0;, (5)
KbleTO Besko HaOmogeHue O,- cumBonr Ha V u T - Oposr Ha HaOmoaeHUATa B
nocjenoBaTenHoCTTa. Pa3no3HaBaHeTo ce u3BbpiBa upe3 ckputu mojenu Ha Hidden Markov.

MMa HAKOJIKO IIEeJICBH BBIIPOCA:
1. Ilpu nopenuna ot Hadmoaenus O = O,0,...0, ¥ NOTPEOUTEIICKH MOJEI

A=(4,B,7), (6)
KakK Ce OIICHABA BEPOSATHOCTTA
P(O/ 1) (7)
OT 00pa3yBaHETO Ha TO3M MOJIeJl MopeauLa oT HabmoaeHus? Hapuda ce pasnoszHaBaHe Ha 00Opasu.
2. Ilpu cemectByBaHeTo Ha nopeauna or HabmoneHus O = 0,0,..0, 1 NOTPEOUTENCKU
Momen A = (A, B, 7[), KaK J1a ce u30epe MOoCIeI0BaTETHOCTTa OT ChCTOSIHUATA

0=99,-49; » )

3a J1a ca ONTHMANTHU (HEOOXOAUMH 3a MOCIIeBAIIA KOPEKIMS Ha MapaMeTpuTe Ha Mozena)?

3. KakBu o0Opasu kopurupar mapaMmeTpuTe Ha Mojela A, 3a MaKCUMH3WpaHE Ha P(O//i)?
MonenbT na ChbOTBETCTBA IIOBEUE HA HETOBHUS KJIAC, €IHO OT M300pa)KeHHsTa, Ha KOUTO € JajieHa
MOCIIEOBATETHOCT OT HAOIIOICHUSI.

[IbpBUAT MpoOieM MMa TOYHO aHAIUTUYHO PEHICHHE - MpoIlelypa Ha TUPEKTHHUS oOpaTeH
npexoa. OcraHanuTe HAMAT TOYHU AHATMTUYHU pEHICHUS. 3a BTOpHs NpPOOJeM pelieHUue e
anropuThMbT Ha Viterbi, a 3a TpeTusT - anroputbM Ha Baum-Welch. Besiko cberosiHue nma camo
€IHO clieBalo. Bb3MOXKHO € MJIaBHO MOCTHIIBAHE B CHIIOTO ChCTOsIHME. Moienu kato To3u B [13]
ca ¢ HIMPOKO MPUIIOKEHHUE B Pa3[I03HABAHETO HAa U300paKEeHHUS.

§.0.0.0

®@ur. 6. JImHeeH ckput Mozel Ha MapkoB
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JIBymepHUAT Mozaen Ha MapkoB MOXe Ja CUMyJIMpa MOJEIHpAaHE W3KPUBABAaHE Ha
M300pakeHUETO.

B3anMHuTE pa3nonoKeHus Ha y4acThUUTE HE Ca OTAEJICHU XOPU30HTAIHO UM BEPTUKAIIHO, a
ca B JBeTe NMOCOKM eaHoBpeMeHHO. Upe3 P2D-HMM ce HamansBa M34MCIUTENIHATA CIOMXKHOCT.
CbcToM ce OT HSKOJIKO JIMHEMHM BEPTUKAaJHU MOJEIM Ha BEPTUKAIHO HUBO W JIMHEEH
XOpPU30HTAJIEH MOJENI Ha TOPHOTO HUBO Ha BXOJa, HA KOWTO MOCTHIBAT M3XOAHUTE MOJEIU Ha
HUCKO HUBO — ¢ur. 7. Bcsko cbecTossHME Ha Mojesia C Hall-BUCOKO HUBO BKJIIOUBA IOPEIUIIA OT
CBhCTOSIHMSI Ha CHOTBETCTBALUS MOJEJ HAa MO-HUCKO HUBO. MOJEnuTe OT MO-HUCKO HHUBO HE ca
CBBbp3aHu Mo Mexay cu. [IbpBoHavyanHo [11] Hall-BHCOKOTO HUBO Ha MOJIEIUTE € BEpTHKAIHO. B
[15] momenuTe OT BUCOKO HUBO Ca HAMPABEHU XOPU3OHTAIHHU. BepTUKAIHUAT MOJEN HA MO-HUCKO
HUBO € ChOOpa3HO C TOBa-OYMTE Ja MOraT Ja Ce paslojiaraT Ha pa3iudHu BHCOYMHH. [lpu
MICEBJOBYMEPHUS MOJET MOXE Ja ce pasmienar JoKadHuTe JaedopMalud M B3aUMHOTO
pa3MoIoKEHNE HA yJacThIUTE B H300pakeHnero. OTunTa ce Xxapakrepa Ha nedopmanusra.

@_) -
D) 8 @0 @0

®ur. 7. [IceBno-AByMepeH CKpUT Mozaen Ha MapkoB

®\._.-/ ~——
e @D €0
e

[Toganennte Ha Bxoga HMM ca kBanmpaTHU y4acThIM OT u3o0paxeHus - ¢ur. 8. Yacture ce
eKkcTpaxupar ¢ 75% TpUNOKpUBaHE €IWH C JpYr, KOETO JaBa Hail-moOpa TOYHOCT WpHU
pasnosno3HaBaHeTo. [lpy HMM wuma BB3MOXKHOCT 3a CErMEHTUPAHO pa3lo3HABaHE Ha
n3o0paxenue. To € MOCIETOBETIIHOCT OT ChbCTOSTHUS, ur. 8 [9].

L
.

N
-

®@ur. 8. OTcTpaHsaBaHe Ha YYaCTHIM OT oOpa3err

B [9], xaro HauanHa WHUIMATW3AIUS BCEKH MOJEN M3II0JI3Ba BCUUYKHUTE HM300paKCHHUS OT
npeaBapuTenHara noAarotoka. B [10] ca HampaBeHM €KCIIEPUMEHTH B pa3lO3HABAaHETO Ha
KOMITpecupaHu u3o0paxkeHus. buna e nocrurnara 99,5% tounoct B chuiata 6a3a. Hemocrarbk Ha
HMM e, ue He pasnonara ¢ auckpuMmuHauusa. B [12], 3a na ce ompenenu jaiy AageHO JIMLE CE
ChIIbpKa B MOJATOTOBKATA, € Ch3/IaJIeH allrOPUThM Ha BeposiTHocTuTe. [IbpBOHauanHara moapenda
ce oOpa3yBa OT T€3U MOJENHU. 32 HEMO3HATO U300pakeHNE MOCIUTE Ca MOJPEICHH 110 BEPOSTHOCT
Ha OTroBOpa Ha HEHU3BECTHOTO u300paxkeHWe. [oisiMa CTOMHOCT Ha OTKJIOHEHHE OT
I'bpBOHAYANIHATA TIO/Ipe10a MOKa3Ba, Y€ N300paKEHUETO MPUHAMTICIKH KbM Klaca Ha HEU3BECTHHUTE
Tuna.
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8. 3akarouenue

PCA e dakropen aHanmm3, KOWTO € IIOJNI€3€H TPU IBJTH CEpUU BBB BpemeTo. [lpu
aBTOMaTHU4YHaTa MHTCpIpECTAalsad WU KOAUPAHC Ha JIUIICBU I/I306pa)KGHI/I$I C HU3IIO0JI3BAHEC Ha I'bBKAaBHU
MOJICJI HEJIOCTAThK €, 4e n3o0pakeHusTa ca neopmupanu A0 cpeana Gopma u cuBo HUBO. [lpu
CpaBHEHHE OT eJacTHyHa rpaduka 4OBEK € MPEACTaBeH Karo rpaduka, KaTo ce MOA3BaT KOHTYpPH.
I'bBKaBa pelieTka, HacIOKeHa BbPXY M300paXEHHETO W HEWHOTO M3KpPHUBSBaHE, WIKOCTpUpAT IO-
paHHa Bepcus 3a pasmo3HaBane. HMM e WHCTpYMEHT 3a MOJIeTUpaHe Ha PA3TUYHU MPOIECH KaTo
pasno3HaBaHe Ha 00pa3u. 3a HaMalIIBaHE Ha M3YUCIUTEIHATA CIIOXKHOCT ca MPHJIOKEHUTE TICEBJIO-
JIBYMEpPHU MOJIEINU Ha MapKoB, KbJETO CE OTYUTA CHIIHOCTTA Ha AepopMalusTa.

MeTtoauTe 3a pa3no3HaBaHE ce IOMBIBAT. Bcekw cienmBaiy JaBa HOBa HAcOKa M UIes 3a
MPEIMMCTBO TpeJ NPEeIXOJHHS U TOHE eIuH MpoOjeM 3a pellaBaHe, NMPeAU3BUKATEICTBO 3a ITO-
HAaTaTbIIHUTC CKCIICPUMCHTH. Bcexu nma u npeauMCcTBa U HEAOCTATBhIIU. HpeHHOCTaBKa 3a IIO-
n00Bp € BpEeMETO Ha M0sIBaTa UM Thil KATO TEXHOJOTUUTE Ca BJlacTBalllaTa JOMUHAHTHA CHUJIA, KOSITO
KOHTPOJIHMpa TAXHOTO pa3BUTHE. BpbX B pa3mo3HaBaeMOCTTa KaTO TOYHA MOAUGUKALUSA 3a Hai-
n00Bp METOJ HsMa, IOHEXKE pPAa3BUTHETO HAa METOJUTE W alrOPUTMHUTE 3a pa3lo3HaBaHE
MpoabiDKaBa W 10 AHec. [IpoleHTHhT B pa3mo3HaBAaEMOCTTa € BaXKEH, HO HE M OMpEAeIsn] B
cpaBHeHHETO Ha MeronuTe. OOEKT Ha M3ClIe[]BAaHE W HMHTEpec € Habop Julla B NMPUCHCTBHE Ha
CMYIICHHUA KAaTO IMMpOMAHA Ha KOCA, HAJIMYHC HaA 6pa,ua u oumna. 11 xeMm HaCTOAIIUAT MOMCHT BCEC
Ollle UMa MHOTO IIPEIU3BUKATENICTBA B Ta3U HACOKA.
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KOMITIOTBPEH METO/l 3A BE3SKOHTAKTHO OITPEJAEJISIHE
HA ICUXOJOI'MYEH CTPEC B I'OBOPA

[Tersp C. AOCTOJIOB

Pe3tome: B cratusita e pasrienad mpoOieMbT 3a M3IOJI3BaHE HAa KOMITIOTBPEH METOJ 3a OINpeneisHe Ha
MICUXOJIOTHYEH CTpec B roBopHa mH(popMmauus. Hanpasen e mperiien Ha ChIIECTBYBAIUTE aHATU3aTOpU Ha
cTpeca, U3MOJI3BaHM B MIPAaKTUKaTa Ha IpaBopas3aaBaTenHuTe oprau. [Ipeanoxena e mporpama Ha Matlab 3a
KOMITIOThpHA 00paboTKa Ha 3ByKoBa WHpopmarus. Ha ocHoBara Ha MUPPOBO HHTETPUPAHE Ca MPEIIOKEHH
EMIIMPUYHM KOJIMYECTBEHH KPUTEPHH 32 OLIEHKA Ha cTpeca. B nombiiHeHHE € IpUIIosKeH METO/] 3a aHaIu3 Ha
3BYKOBH CHTHaiu ¢ TpaHcopmanus Ha XwunOepr-Xyanr. IlokazaHum ca mnpuMepu 3a aHaiu3 Ha
WH(OPMAITMOHHN CUTHAIH, HAIIPAaBEHHU YCIOpPEAHO ¢ monurpadceko nicnensane B MTHCTUTYyTa MO IICUXOJIOTHS
Ha MBP.

KirouoBu gymu: nonurpad, ncuxonoruueH cTpec, XunoepT-XyaHr Tpancdopmarns

Computational methods fot uncontactless determination of psychological stress speech
Petar S. Apostolov

Abstract: In this paper the problem of using computer-based method for the determination of psychological
stress in speech information is discussed. A review of existing stress analyzers used in the practice of law
enforcement agencies is made. A Matlab program for computer processing of speech information is
proposed. On the basis of the numerical integration empirical quantitative criteria for evaluating the stress
are proposed. In addition the method is applicable for the analysis of sound signals by a Hilbert-Huang
transformation. There are examples of the analysis of data signals carried along with polygraph examination
at the Institute of Psychology of the Ministry of Interior.

Keywords: polygraph, psychological stress, Hilbert Huang transformations

1. YBoa. llosmrpadgcku MeTox 3a Bepupuranus HA HCTUHATA

[Tonurpadckute n3cneaBaHUs YCTAHOBSIBAT JAlIM W3CIEABAHOTO JIMIE Ka3Ba MCTUHATA WU
Tbke. B mpaBoOXpaHUTENHTE W MPaBOpa3gaBaTeHUTE WHCTUTYIMU Ta3W AUQEpEeHIHUAIUs € OT
0coOCHO BaXHO 3HayeHuwe. Mpaesra 3a ch3maBaHE HA HayuyeH IMOJAXOJ MpU MOIUrpadcKutTe
n3cneaBanus ce nosiesisa npe3 20-te u 30—re roquHu Ha XX BeK.

[Ipe3 1948 r. KnmuB bakcTbp cb3maBa u ornaBsBa 3BeHOTO Ha I[PV 3a pasnutu, koero
W3IOI3Ba ACTEKIHATA Ha TbKaTa, KAaTO OCHOBEH MeToJ Ha padora. Toil € ocHOBaTeN Ha OIX0/a Ha
1M(poBO OLICHABAHE WM KBAaHTUTATUBHHUA MOJAXOJ B Mojurpadckute uscnensanus. Ilocpenctsom
MPUKPETICHU TaTYUIM KbM TJIOTO HA M3CJIEABAHOTO JIUIIE CE€ OTUMUTAT, a B OCIEACTBUE U OLICHABAT
HACTBHIUIUTE (PU3UOJOTMYHUTE MPOMEHM B KOXKHO-TAIBAHWUYHOTO CHIPOTHUBIICHUE, TUXATEITHUTE
JBUKEHUS, B KPBbBHOTO HAJISITAHE U MYJICa, KOTaTO U3CIIEIBAHOTO JIMIIE U3pUYa TbKa HA 3aa/ICHUTE
BBIIPOCU OT KOHKPETHUSI popMaT TecT U30paH 3a CbOTBETHHUA Ka3zyc. Te3u (pHU3HOIOTrHYHU MPOLEecH
HE MOTaT Ch3HATEIHO Ja ObJaT KOHTPOJIMPAHU OT U3CIEABAHOTO JIMIIE, Thi KATO PETYIHUPAHETO CE
OCBIIIECTBSIBA OT aBTOHOMHATa HEpBa CUCTEMA.

[Monurpadckute u3ciaenBaHus UMaT BUCOKA BAMIHOCT M HAACKIHOCT. BB Bpb3Ka ¢ TOBa
TBBpJEHUE, MOXE Ja ce mocoun u obemHO u3cimensane Ha H. Enciam ot 1990 r., xpaero ce
pasriiexaa BAIUIHOCTTA HA MONMUTPadCKUs TECT MPH peaidHu ciydad. EHCIM M3Moii3Ba JaHHHU OT
npoBeaeHU nonurpad ek uzcnensanus B paznuanu ctpanu - CAlLl, Kanana, Anonus, Uspaen u
[Tonmma. Ha 6a3ara Ha pasrinenanu 2042 ciydasi, 32 KOUTO MMa PEATHU JAHHU 32 TIOTBBPJCHA BHHA
WJIM HEBUHHOCT, BaIAHOCTTA € 98% [1].
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brnuzka o HayyHaTa KOHIEMIUS HA mojurpada € Ta3u Ha ONMHUCAHOTO B HACTOSINATA CTATHS
TEXHUYECKH CPEJCTBO, HAPEUCHO 3BYKOB aHAJIM3aTOpP HA CTPEC, C KOETO CE M3BBPIIBAT MOJAOOHH
QHATMTUYHHA JIEUCTBHS, HO MO OE3KOHTaKTeH HayuH. B ocHoBaTta Ha [elicTBHE Ha ypena €
3BYKOBHST aHAJIM3 HA YOBEIIKAaTa ped. B nureparypara e mpuero, 4e KOraTo U3CIEABAHUIT OOCKT
TOBOpPH HEMCTHUHA, UMa OCHOBAHHWE J]a CE CUMTA, Ye JIMIETO € B IICuXoJjioruyeH ctpec. CienoBareaHo
OTYUTAHETO Ha CTpPeca B rOBOpA € €ANH BHJI OE3KOHTAKTEH ,,JIETEKTOP Ha JIkkara”.

2. TeopeTuan OCHOBaHMHUHA. Hper.ne;[ Ha CbIICCTBYBAIIUTEC METOAM U TEXHUIECCKH CPEIACTBA

VYcnopenHo ¢ nonurpa)cKUTe U3CIEABAHUSA, B MHOTO CTpaHM c€ paboOTH 3a Cbh3/laBaHE Ha
OE3KOHTAaKTHH MPHOOPH 3a YCTAHOBSIBAHE Ha JIOCTOBEPHOCTTA IMPH pa3CliCBAHUS Ha NMPECTHIHU
JEsiHAA OT IPaBOOXPAHUTENIHUTE OpraHu. EnHa 4YacT OT TAX ca CBBbpP3aHU C M3CIEABAHUSA Ha
YOBEILIKHS FOBOP U MTO-TOYHO HA IICUXOJOTUYHHUS CTPEC B IJlaca.

Hayuynust dyramamedT ce 6a3upa Ha OTKPHBAHETO Ha TJIACOBUS MHKpPO-TpeMop mpe3 50-te
roguanHa Ha 20 Bek. IIpe3 1971 r. Onod Jlunona, uscnenoBaten B JIOHZOHCKUS YHHUBEPCHUTET,
myOJIMKyBa pe3yJITaTUTe Ha M3CJIEABAaHETO, KOETO € 3amouHai npe3 1957 r. B cnucanue Scientific
American. B cratusta Ha Jlunony [2] ce nedpuHupa NOHATHETO ,,[ICUXOJIOTUYEH TPeMOp” . ABTOPBT
M3MO0JI3Ba M3CJCABAaHUATA Ha siBJIeHHETOo OT Maptun Xommupeid u JIxo Pendwuiim, mpoBeneHn
necerwiieTre npeau tosa B Hannonannara 6onnuna B Jlonnon. Te oTKpuin, ye KOHTpaKLIUATa HA
BOJIEBU MYCKYJI € ChIIPOBOJIEHA C TpeMop moJ ¢opmara Ha ociuianuu. Crnopen Jlumona, Bcuuku
MYCKYJIA B TSUIOTO, BKIIOYMTEIHO TJIACOBUTE CTPYHH, BUOpupar B auama3zoHa ot § go 12 Hz.
ABTOPBT CUMTa, Y€ TPEMOPHT € (PYHKIHUSA HA CUTHAIUTE KbM M OT JIBUT'ATEJIHUTE HEBPOHU U Ue €
aHAJIOTMYEH Ha CaMOHACTPOIBAIlla CE€ CEPBO CUCTEMA ChC 3aTBOPEH LUKBJI. MyCKyJInUTe ce CBUBAT U
OTITyCKaT, KaTO [0 TO3U HaUYMH HNOJAbPKAT MOCTOSTHHO HAIpEeXXeHUe, M0J00HO Ha MYCKYJIEH TOHYC.
B MomeHTH Ha cTpec TSAJIOTO Ha MHAMBHMJA Ce€ NOATOTBS 3a oTOpaHa (OuTka) WM OBP30
OTCThIIJIEHHE (OSArCTBO), KaTo yBelMYaBa TOTOBHOCTTa HAa MYCKYNHUTE 3a JeiicrBue. TexHute
BUOpAIMK Ce yBeIMYaBaT OT HOpMaJIHUS quana3oH 8 1o 9 Hz no crpecupammus 11 no 12 Hz. Te3u
TPENTEHMsI Ce BKJIIOYBAT B YOBEILIKATA Pey, KaTO MOLYIMpaT roBopa. Te3n MojyaalMu He Morar Jia
ObIaT JOJIOBEHH OT YOBEIIKOTO YXO, HO CBHIIECTBYBAT €JIEKTPOHHU MNPHOOpPH, KOUTO TH
YCTaHOBSIBAT C BUCOKA TOYHOCT.

Cratusta Ha O. Jlunonx Tperupa MEIUIMHCKM aclleKTM M HUKBAE HE CTaBa AyMa 3a
U3II0JI3BaHE Ha TICUXOJOTMYHMS TPEMOp 3a Bepu(UKalMsg Ha UCTHHATA. Te3u HaydyHM pe3ynTaTu
KapaT MHOTI'O YY€HHU M MH)KEHEpH J1a KOHCTpYyHMpaT peaulia TEXHUYECKH CPEACTBA 3a Ch3/laBaHE Ha
3BYKOB ,,JICTEKTOp Ha Jbkara’. M300peTeH € MeToJ 3a NeTeKTHUpaHe Ha ICHXOJOTHYHHS CTPEC C
OLIEHKa Ha IICUXOJIOTUYHUTE IIPOMEHHU B YOBELIKHS I1ac, KOMTO € 3amuTeH ¢ [Tatent - US Pat. Ne
3971034 na umero Ha ben. ['macoBuTe MOjenu Ha CTpeC MBPBO ca MPEACTABEHH KAaTO METOJ 3a
U3MEpBaHE Ha IICUXOJOIMYHHUS CTpEC, Karo c€ 3allo4He OT «YCTpPOMCTBO 3a OILIEHKa Ha
ncuxonioruanus ctpec» (PSE — Psychological Stress Evaluator), mpoextupano or ®opa, ben u
MaxKuctbsh npe3 1971 r. Ypenst PSE 3anuca B rpaduueH Buja quarpaMa BbpXy JIGHTa OT XapTus,
noJ00HO Ha eJIeKTpOoKapauorpaMa. YCTPOHCTBOTO € MarHero(oH ¢ MPOMEHIMBA CKOPOCT Ha
BB3IPOU3BEXKIaHe Ha 3ByKa. Cien 3amuc, CKOpOCTTa Ha JIHTaTa ce 3a0aBst § MMbTH U CUTHAIBT CE
IIPOIYCKa Ipe3 (PUIATPU C pa3IMUHO 3aTUXBAHE U CE aHAIU3Mpa. Beska peakiys B 3anMcaHus TOBOP
MIPOM3BEXK/Ia BEPTUKATHH JBIKECHHS Ha MHCELA, KOUTO CE aHAIM3HMpAT M ONPEAEISIT CYOEKTHBHO
KaToO CTPECOBH WJIM HE- CTPECOBU MOeNH (1a0oHn). 3a KpUTEPUH CIyXKaT IbKUHATA U (popmaTa
Ha 1mabioHa. OO0 Ka3aHo, OIEHSBAHUTE IJIaCOBU IIA0JOHU Ca BbB BCSKaKBH (DOPMH U pa3MepH.
Te BkIrOYBAT pa3iIMKK 32 MBXKE U KEHH, PETHOHATHU U MEXyHApOJHU JIMHTBUCTUYHU Pa3JIUKU U
ap. He3zaBucumo OT TOBa, MOAENUTE HAa YOBEIIKH TJIaC UMAT MHOTO OOIIM XapaKTEPUCTHUKU U
0J00HHM OTJIMYUTEHU YEPTH, CBBP3aHU ChC CTpPECa, a MMEHHO, Y€ TEHICHLUATA IPU CTPEC € J1a Cce
¢dopmupa 1mabIoH ¢ NPUOIU3UTEIHO MPaBOBIbIHA Gopma. B TakbsB citydail ce TOBOpH 3a T. Hap.
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TeHneHus «Onokupaney. Ha dwur. la e mokazan mabiioH pu Mpou3HACIHETO Ha aymara “fix” mpu
JuIca Ha ricuxonorudeH crpec. [11abaoHbsT nMa npubIM3UTETHO TPUBI'bIHA Popma.
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@ur. 1. [1labnonu Ha aymara “fix” npu orcbeTBHE (a) M Hanmu4uue (0) Ha MCUXOJIOTUYEH CTpeC

Ha ¢ur. 16 e nokasan chIiuAT mabIOH NpU HATUYME Ha MCUXOJoruyeH crpec. Popmara
Hano/100sBa MPaBOBI'bIHUK.

B mocnepHute TOAMHHM ca CB3NAJCHH peavlla KOMIIOThPU3HMpAH cpeacTBa. B Tiax ce
M3TOJI3BAT PA3IMYHU CITOCOOHU, 3aMMCTBAHU OT TEOpHsATa Ha mMudpoBaTa 00pabOTKAa Ha CUTHAIHTE.
OrneHkara Ha cTpeca ce ompeeliss OT HUBOTO Ha MOIIIHOCTTA HA CUTHAIMTE B KOHKPETHATA YE€CTOTHA
nenta. CreuuaneH UHTEpeC TMpPEACTaBisABa Cbh3AaJeHUAT B HalMoHamHUS HWHCTUTYT IO
ynoctoBepsiBane Ha uctuHata NITV (National Institute for Truth Verification) kommoTspu3upan
ananmu3arop Ha ctpec CVSA (Computer Voice Stress Analyzer). PproBoauTen Ha mpoekTa € Yapns
XbuMOBI, O-p. CVSA mpexacraisBa NPeHOCMM KOMITIOTBP ¢ MUKpO(OH M BrpaiueH codryep 3a
BH3yaJlHa U KOJIMYECTBEHA OIleHKa Ha cTpeca. MeTonsT € 3ammTted ¢ mateHT Ne US 2005/0131692
Al mon wmmero , Method for Quantifying Psychological Stress Levels Using Voice Pattern
Samples”’[3]. Ha ocHoBara my e cb3maaeH FACT amroputrbm 3a oreHka. [IpereHuuure Ha
Ch3JaTEIUTE HAa alropuThbma ca, 4e Toil ocurypsiBa 98% touHoct. [IpyHIMIBT Ha nAelcTBUE Ha
CVSA e chbmMsAT KaKTO HAa aHAJOTOBUS ypell, HO C€ M3MOJI3BA JUCKPETU3alMsl Ha CUTHayia. ToBa
Mo3BOJIsSIBA J1a ce (opMupa KOIUYECTBEHA OIICHKAa HAa HHUBOTO Ha cTpec. TS ce mu3paszsiBa B
ornpezensiHe Ha opmara Ha MoJieNa, KaTo KOJIMYECTBEHUTE OLIEHKH ce 0a3upaT Ha apoKCHUMUpaHa
¢dbopMa Ha mabIoOHUTE.

Pe3ynrarture Ha r1acoBUTE aHAJIM3aTOPU HA CTpeca He ce MpueMaT €JHO3HAYHO OT HayyHaTa
obmHocT. [Iperennunre Ha MHCTHTYyTa 3a BepudUKaMs HA HCTHHATA CE OCHOPBAT OT MHOTO
aBTOpU W u3cienoBatenu. B [4] aBTOpbT WM3BBpIIBA M3CIEABAHMS, KATO UMUTHPA MCUXOJOTHYEH
cTpec B maboparopau ycnoBus. Toil Moaynupa 3ByKOB CUTHAJ IO MOJ00ME HA TTIACHUTE CTPYHH U
YCTaHOBSIBA, Y€ MOCOYEHUTE B MAaTE€HTa MIAOJOHM Ce TOJy4yaBaT MPU YECTOTHA MOJAYJALUs, KOETO €
B IIPOTUBOPEUYHUE ChC CHABPIKAHUETO HA ATEHTA. B pe3ynTar ce mpaBu 3aKIIOYCHHETO, Y€ YPEAbT €
HeHanexAeH. Jlo moo0HM 3aKiIoueHus JOCTUTaT U Apyru aBTopu. B [5] ca pasrinenanu mpaBHH
aCTeKTH Ha TO3W BHJ M3CIIEBAHUS. ABTOpUTE HE Ca CIECTHWIM KPUTHKH KbM BCHUYKH METO[IH,
MpUEMalKH T'M 3a MIapJIaTaHCTBO.

3. U3caenBanusi ¢ MeTO/1 32 eMIIMPUYHO pa3iarane Ha curnaaure (EMD)

OT HanmpaBEeHOTO M3JIOKEHUE B TIPEAXOHATA TOYKA, MOXKE JIa CE HAIPABSAT JBa U3BOJIA:

e Jlo MOMeHTa HSIMa TEXHUYECKO CPEJCTBO, KOETO C BHCOKA JIOCTOBEPHOCT Jla YCTAHOBSBA
cTpeca B YOBEmKHS riac. He € W3BECTHO MacoBO H3MOJ3BAHE HA TaKMBa TEXHUYECKH
CpEelICTBa OT MPABOOXPAHUTEIIHUTE OPTaHu;
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e Brbnpeku NpoTUBOPEUMBHUTE PE3YNITATH, NPOABIDKABAT YCHIIMATA 33 Ch3/laBaHE HA TaKWBa
CpEIICTBa C HOBH METO/H, CBbP3aHU C KOMITIOTBPHU JITOPUTMH M mHdpoBaTa 00padoTKa Ha
CUTHAJINTE.

OU3NOTOTUYHUAT MUKPOTPEMOp, KAKTO M YOBEIIKHSAT IJIac, € HEJIMHEEeH, HeCTalMOHApeH
npoiiec. YecTtoTata U aMIUTUTylaTa HA MUKPOTPEMOpa Bapupa 3HAUUTEIIHO BbB BpeMeTo. ETo 3a1io
pasriegaHuTe METOIU 3a aHAJIM3 Ha TJIACOBHS CTPEC, KOMTO M3IOI3BaT muQpoBa oOpaboTka Ha
curHanute karo 0bp30To npeodpaszyBane Ha Dypue (FFT), uamat nobpa Bpemena pezomonus. Tosa
3HAYUTEJTHO HaMalisiBa €()EKTUBHOCTTA HAa OTUYMTaHeTO Ha cTpeca. EMD e HOB MareMarnuyecku
METOJl, KOWTO € aJIrOPpUThM 3a pa3jlaraHe HAa HEJIWHEHNHU, HECTALMOHAPHU CUTHAJIM B JIMHEHHA
KOMOMHAIMsSI OT XapMOHHMYHM CUTHamu. ToBa mMmo3BoisiBa Aa ObAAT CBOEBPEMEHHO 3a0ensi3aHu
KoJeOaHusATa B 4YeCTOTATa M aMILTUTyaaTa [6].

EMD pa6otu 4pe3 umaeHTH(UIIMpAHE HA BPEMEBU CUTHAJIHU TOPEAUIM, KOUTO pa3KpuUBaT
(bU3MYECKUTE XapaKTEPUCTUKU Ha curHama. CUTHATBT Ce pasjiara Ha MHOXECTBO CTal[MOHAPHU
CUTHAJIM, KOUTO TPEJCTaBIABAT Te€3U (PU3WYHH XapaKTEepUCTUKH. Te ca u3BecTHU Karo Intrinsic
Mode Functions (IMFs) — npuceim ¢yHkiuu Ha mozaena. DyHKIMUTE OTrOBapsAT Ha CICTHHUTE
KpUTEPUU:

e OpOsAT HA EKCTPEMYMUTE U HYIUTE B JAJCH HHTEPBAI TPsOBa qa ObJAT WM paBHU, WM Ja

Ce pa3IMyaBar ¢ eIMHHUIIA;

e BBB BCAKAa TOYKAa Ha (PYHKIMATA, CpeaHaTa CTOMHOCT Ha OOBHBKara, nepuHUpaHa OT

JIOKQJTHUS MaKCUMYM B OOBUBKaTa JAeprHUpaHa OT JIOKATHIS MUHAMYM, € paBHA Ha HyJa.

EMD e wureparuBeHn mnpouec, yuito pesynrar ¢ IMFs. Hrepauuure ce mpekparsBar Ipu
JIOCTUTaHE Ha HayalHO 3ajajeHa ToyHocT. Kpurepusar moxe ga Oble CTaHAAPTHO OTKIOHEHHE
MEXJy J1Ba ChCEIHHU pe3yaTaTa. [IpouechT ce n3passsa B CIEIHOTO:

® TOpHAaTa W JOJHA OOBUBKM Ha CUTHAJla C€ MOJENUpAT C MpHJIeKallus My MaKCUMyM U

MUHUMYM, KaTO C€ W3MO0JI3Ba KyOUUYHa CIIaliH-(QyHKIUS;

® U3BJIMYA CE CPEHATA CTOMHOCT OT CUTHAJA, 3a /1a C€ MOJIyYd HOB CUTHAJ;

e ompenens ce ganud HoBUAT cur”Han € IMF, kaTto ce H3MO0a3BaT ONHMCAHUTE MO-TOPe
KPUTEPUH;

e ako HoBudar curHan e IMF, Toii ce u3Baxkna OoT HavanHusg 3a uTepauusra curHai. C
[IoJIy4eHaTa pas3jiMKa, IpoLeaypara 3amoysa oT Hayauo 1o noiuydasane IMF.

Ha ¢wur. 2 e nmokazaHo mpuioXeHHWE Ha aJrOpuThbMa MPH pas3jlaraHe Ha CJIOXKEH CUTHall Ha

IMFs [6].

Empirical Mode Decomposition
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®ur. 2. Pasznarane Ha ciioxxeH curgan gHa IMFs
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C nonyuenute IMFs or EMD mnporeca, ce u3pbpuiBa tpancopmanus Ha Hilbert-Huang
(HHT). OpurnHaqHusT CUTHAJ Cc€ MPEACTaBs KAaTo JIMHEHiHa KOMOMHALMSA OT PEalHUTE YacTH Ha
aHaJTMTUYHATa QyHKIMS. AMIUIMTYJaTa MOKe Jja ObJe MpecTaBeHa KaTo (yHKIUS Ha 4ecToTaTa U
BpeMeTo. ToBa pasmnpenienenue € M3BeCTHO KaTo XHI0epT-CIeKThP.

4. ExciepMMeHTAJIHH U3CJ1eIBaHUSA

3a menute Ha mpoyuBaHeTo B MHctuTyTra mo mcuxonoruss Ha MBP Gsxa mposenenu 21
cTangapTHH nosmrpadcku Tecta ¢ 16 nmuma-nooposoniu. [To Bpeme Ha TecToBeTe OsiXxa HalpaBEHH
ayJIio 3amnucH ¢ npodecuoHanHa anaparypa. Y 4aCTHUKBT 3allMCBa Ha MATbK JIUCT XapTHs YUCIO OT
1 no 7, koeto monaurpaucThT HE 3HAE, U I'O MOCTaBs HA CTOJA MOJ JAECHUS CH Kpak (csaga BbpXY
muctuero). IlomurpaducTbT UMHCTaNUpa [MaTYMLIMTE U OOSICHSIBA NPEJHA3HAYCHHETO UM U
CBIIECTBOTO Ha TecTa. TeCThT 3alouBa KaTo ce ChoOIaBa UMETO U Bb3pacTTa Ha yyacTHUKa. [Ipe3
OTIpe/ieNIeHN UHTEPBAIN OT BpeMe, MOIUTrpaducThT 3aJjaBa BHIIPOC KbM YYaCTHHKA KOE€ € YHCIIOTO,
KaTo NOCIEAHUIT OTroBapsi BUHAru ¢ ,.He . Ilo TO3M HauMH TOHM Ka3Ba HEMCTHHA B €IUHUSA OT
OTTrOBOPHUTE U TOBA C€ OTYUTA Ha mosurpada.

OtroBopure ,He’ ce aHAIM3UpAaT C KOMIIOTbpHa mporpama Ha Matlab. Ompenens ce
malbJoHBT Ha JyMaTa U ¢ IMUGPOBO MHTErPUpAHE CE€ OMpenens IJIoTa My. YCHOpPEIHO C TOBa,
CUTHAJIBT NpPEMUHaBa Npe3 HHUCKoYecTOTeH (uarhp ¢ rpaHuuHa yecrora 14Hz. OuarepsT €
CHUHTE3WpPAaH C METOJ Ha KOMIIPECHpaHW KOCHHYCH [7] W mMa mapameTpu OJM3KH 10 HICAJICH
GunTHp.

CrnenBa mpuiaraHe Ha aJrOpUTHM 3a ompeneisHe Ha npuchkiuTe GyHkuuu — IMFs, u ce
M3YHCIsABA YecToTara Ha (yHKUMATA OT Hail-BHCOK pex. Ilmomra Ha mabioHa ce cpaBHsBa ¢
KpPUTEPUUTE OT NATEHTHUS JOKyMeHT Ha NITV.

W3xoaHuTte NaHHU ChIBbpPXKAT MHPOpPMALKS 32 CTENEHTa Ha ICUXOJOTHYHHS CTPEC, CHOpen
MaTeHTHUS TUKYMEHT, u dyectotata Ha IMF ot Haii-Bucok pen. Ha ¢ur.3 ca mokazanu mabioHbT
npu Jmrca Ha 6mokupane u npuckbiara ¢pynkuus IMF ¢ vectora 10.3862Hz.

Shape

0.5 -

I I
I I
I I
I I I I I I
0 500 1000 1500 2000 2500 3000 3500
samples

@ur. 3. [1la6mon u IMF na nymata “He”

Ha ¢wur. 4 e mokazana Xunbepr-XyaHnr Tpanchopmaiusira Ha ChIara ryma
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®@ur. 4. Xundepr-XyaHnr TpaHchopMalis Ha gymMara “He’”

Ha ¢wur. 5 ca nokasanu B rpaduueH Bua o000meHn ganHu 3a yecroture Ha IMFs, xorato
U3CJIeIBaHUTE JIMIAa Ka3BaT UCTHHA U HEUCTHHA (C MpeKbCcHaTa JUHM). JJaHHUTE 3a HEMCTUHA ca
MHTEPHOJIMPAHH, Thi KaTO ca 6 MbTH MO-MaJIKO Ha Opoii.

1 1
False - interpolated
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@ur. 5. Yecrotn Ha npuckiiute Gpynkunu IMFs Ha nzcneasannte 100poOBOILU

I'padmkure nMatT NpUOIM3UTETHO eNHAKBB XapakTep. CpelHUTE CTOMHOCTH HA YECTOTUTE Ha
IMFs 3a HeucTHHa ca

N
— F .
Frae=Y = 152.788 _ 5975428 Hz, N =21. (0.1)

= N 21
Cpennute cToitHOCTH Ha yectoTuTe Ha IMFs 3a ucrtuna ca

_ N
F e =Z£=M=6.07688 Hz, N =126.. (0.2)
i=1

N 126

C ornen Ha WHIHOTAa HAa W3cienBaHUATa, ¢ mporpamute median(.) u std(.) mHa Matlab ca
W3YHUCICHH CTATUCTHYCCKU TAaHHH:

=9.1394Hz, F

m_True

=8.2203Hz ;

® CTaHJAPTHO OTKIOHeHue: F, ., =4.4047Hz, F, ,,  =4.5216Hz.

e MeJIMaHHa CTOUHOCT: F

m_False
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Busyanuust orsien Ha ¢popMuTe Ha MAOIOHUTE U PE3YATATUTE 110 KPUTEPUUTE OT MMaTEHTHUS
JOKYMEHT He MOTBBPIXKIaBa 3asBEHUTE MPEeTeHIIMK Ha HCTUTYTA 110 BepudUKalus Ha ucTHHaTa. B
Ta3u OLEHKAa BaXKHA poOJII Wrpae HOPMHpPAHETO Ha IIa0JloHA, MO-TOYHO OMpefeNisHe Ha
MPOIBIDKUTEITHOCTTA Ha €X0TO B cTasTa (peBepOeparusaTta). HeodxoauMo e mperu3Ho u3MepBaHe ¢
TECT-CUTHAJI C OIpeleieHa MNPOIBIKUTEIHOCT, KaKBOTO Ie ObJe HaNpaBeHO B CJeIBallu
U3CIIeABAHMS.

Ot Hayunara nmyonukarus Ha Onod Jlumonn, ce pazOupa, 4e mpu HATUYHE HA ICUXOJIOTHYCH
CTpec, 4ecToTara Ha TpemMopa ce yBenudana. OT H3UHCICHUATA CE BIDK/IA, Y€ CPEIHATA U MEHAHHA
IMFs uecroTu, npu M3roBapsiHe Ha HEMCTHWHA, UMAT MO-BUCOKH CTOMHOCTH ¢ Manko Haa 1Hz. Ot
JIpyra CTpaHa, aKO YecToTaTa Ha ICHXOJOTHYHHS Tpemop € Han 14Hz, ToraBa TpsiOBa na Hama
IMFs, T.e. uecTorara na e Hyna. ToBa ce HaOmonaBa B 3 ot 21 Ha ciyqaute False (14.29%) u B 27
ot 126 npu True (21.43%), KoeTo He MOTBBPKIaBa Ta3H XUIIOTE3A.

5. U3Boan

B 3akmodeHne Moxe Ja ce Kaxe, 4e C IMPEeIIoKeHHUs copTyep HE MOXKE Ja ce Bepuduimpa
JIOCTOBEPHO TICUXOJIOTHYEH CcTpec. BeposTHHTE (akTopu, KOUTO BOIAT O TO3W HETATUBEH
pe3ynTar, ca CIeaHuTE:

e TecroBere ¢ wW3CIEOBAHUTE IHUIA Ca TPOBEIACHH MPH OOCTOSTENCTBA, KOWUTO HE

MIPOBOKHUPAT MCUXO0-(PU3UOTOTHYHA PEaKIHsl Ha CTpec. AKO TaKbB TECT C€ TIPOBEJIE C JHIE OT

KPUMUHAIHAS KOHTHHIEHT, 3allJIalliecH0 OT e(eKTHBHA NpPHCHIA, PE3YITaTHTe IIe ca

pasIuyHHU.

e bposar Ha wu3cinenBaHuTe nuua - 16, a Ha TectoBete — 21 € TBBpAE MaabK 3a

CTAaTHUCTUYECKHU 3aKJIFOUECHUS.
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II.

II1.

Iv.

N3NCKBAHNMA 3A OOPOPMAHE HA CTATUUTE 3A CITMCAHUE
"KOMITIOTBbPHU HAYKHU 1 TEXHOJIOT' ™

Cratuute ce MpeACTaBIT pa3levaTaHd B JBa €K3eMIULspa (OpUrMHaJ M KOIKMe) B pa3Mmep 10 6

ctpanuiy, Gopmar A4 Ha agpec: Texuuuecku ynusepcutetr — Bapua, ®UTA, yi. ,,Ctynenrcka” 1,

9010 Bapna, kakTo W B €JNEKTPOHEH BHJ Ha HMEHI aapecu: peter.antonov(@ieee.bg wumm

jppet@abv.bg.

TexcTbT Ha craTusTa TpsiOBa na BkimouBa: YBOJl (mocraBsne Ha 3amaudarta), U3JIOKEHUE

(m3npmHeHne Ha 3amadata), SAKJIIOYEHUE (momyuenu pesynratu), BJIATOJAPHOCTHU kbMm

ChTPYIHUIINTE, KOUTO HE ca ChaBTOpW Ha pbkommca (ako wma Takua), JINTEPATYPA wu

uHpOpPMaLUsA 32 KOHTaKTH, BKJIIOYBAINA: HAyYHO 3BaHME W CTEMEH, UME, OpraHu3anus, MoJelIeHHe

(xaTenmpa), e-mail agpec.

Benukn martemaTtnuecku ¢GopMmynu TpsOBa Ja ca HANMCaHMW SICHO W YeTIMBO (IIPernopbyuBa ce

n3noji3zyBane Ha Microsoft Equation).

TexcTsT TpsiOBa Aa Obae BbBeneH BB (aiin BB popmar WinWord 2000/2003 ¢ mpudt Times New

Roman. ®opmarupanero TpsioBa 1a ObJie KakTo cieBa:

1. Pasmep Ha mmcta - A4, moneta: JsBo - 20MM, asgcHO - 20MM, TOpHO - 15MM, J0JHO - 35MM,
Header 12.5mm, Footer 12.5mm (1.25cm).

2. 3armaBue Ha OBITAPCKU €3HK - pa3Mep Ha mpudTa 16, ynedeneH, raaBHN OyKBU.

3. Enun npaseH pen - pazmep Ha mpudTta 14, HopmaseH.

4. Hwmena Ha aBTOpUTE - UME, HHUIMAIH Ha mpe3nMe, pamunus, 0e3 3BaHUs U HAYYHU CTEICHU -
pasmep Ha mpudTa 14, HOpMaseH.

5. JlBa mpa3nu pena - pazmep Ha mpudra 14, HopmaseH.

6. PestoMe u KJII0YOBU AyMU Ha OBJITApCKH €3UK, 710 8 pesa - pazmep Ha mpudra 11, HopmaseH.

7. 3ariiaBue Ha aHIVIMICKH €3MK - pa3Mmep Ha mpudra 12, ynedeneH.

8.  Enun npasen pen - pazmep Ha mpudTa 11, Hopmanen.

9. Vmena Ha aBTOpUTE Ha aHTJIMICKHU €3UK - pa3Mep Ha mpudTa 11, HopmaieH.

10.  Enun mpasen pen - pazmep Ha mpudra 11, Hopmaen.
11. Pe3toMe u KJIIFOUOBH TyMH Ha aHTJIIMICKH €3UK, /10 8 pena - pazmep Ha mpudTa 11, HopmaeH.
12.  OcHoBuuTe pazmenun Ha cratusita (YBoa, Wsnoxenwe, 3akimiouenue, bmaromaphoctw,

Jlutepatypa) ce popmaTHpaT B €THOKOJIOHEH TEKCT KAKTO CJIC/IBA:

a. HawumenoBanme Ha pa3gen Wi Ha moxpaszien - pasmep Ha mpudra 12, ynebenew,
HEHTPHpaH, €AUH Npa3eH pel Mpeayd HaUMEHOBAHHETO M €IMH MpPa3eH pel Cled HEero -
pa3Mep Ha mpudTa 12, Hopmases;

b. Tekcrt - pazmep Ha mpudTa 12, HOpManeH, OTCTHII Ha MBPBHU pel Ha naparpad — 10 mm;
pascrostuie oT maparpad no crecennute (Before u After) 3a nenus texct — 0.

c. llutupane Ha nUTEpaTypeH M3TOYHUK - HOMEp Ha M3TOYHUKA OT CHHCHKAa B KBaJpaTHU
cKoOu;

d. TekctsT Ha GopMyaUTE CE MO3UIIMOHHUPA B cpenara Ha pena. Homeparus Ha hopmynuTe -
ISICHO TIOJIpaBHEHA, B KPBIJIU CKOOH.

e. Durypm - HEHTpUPAHH, pa3NONIOKEHHE cTipsiMo TekcTa: “‘Layout: In line with text”. Homep
¥ HauMEHOBaHWE Ha (uryparta - pazmep Ha mpudTa 11, HopmaneH, eHTpupan. OTCTosHNE
OT ChCcemHUTE Tmaparpadu — 6 pt.

f.  Jluteparypa — BCcekH JIUTEpATypeH U3TOYHHK CE€ MPEACTaBs C: HOMEP B KBaJIpaTHU CKOOU U
TOYKa, COUCHK Ha aBTOpHUTE (IBPBUAT aBTOp 3amoyBa ¢ (aMuiIMs, OCTAaHAIUTE — C UME),
3arjiaBue, U3ATeNICTBO, IPajl, TOJMHA HAa U3/IJaBaHE, CTPAHMIIH.

g. 3a KOHTaKTH: HAy4yHO 3BaHUE M CTENEeH, HuMe, Mpe3uMe (MHULUAIH), GdaMUIns,
opranusanus, nojenenue (kateapa), e-mail agpec, ¢ mpudt 11, 15cHO MOAPaBHEHO.

OO6pazern 3a ¢opMaTupaHe MOXKETE J1a M3TETJUTe OT ajapec http://cs.tu-varna.bg/ - Cnucanue

KHT, Spisanie Obrazec.zip.
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To3u Opoii OT ciHCaHUETO c€ OTIEYarBa
ChC CPEJICTBA OT HAYUHO-U3CJIEIOBATEIICKU
NPOEKT, (PMHAHCUPAH L[EJIEBO OT

IbPKaBHHS OFOJDKET.
G 9
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