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Hacrosee yueGHoe mocobue mpeaHazHAueHO JJIsl TPOBEACHUS MpaKTHIe-
CKUX (JJaDOpaTOpHBIX) 3aHATUH NMPU U3YYEHUU TUCHUILIMHBI «MyJbTHCEPBUCHBIE
CETH CBSA3W». 3aHATHUS MPOBOASTCS C MPUMEHEHUEM CIEIMATU3UPOBAHHOTO S3bIKA
Bbicokoro ypoBHs General Purpose Simulation System — oOmieneneBas cucrema
moaenaupoBanus (GPSS) B ycoBepienctBoBannoi Bepcuun GPSS World 5.2.2.

[TocoOue comep UT TEOPETUUECKYIO YacTh U 14 He CBSA3aHHBIX APYT C ApPY-
IOM MPAKTUYECKUX 3aHATUMN, MOCTPOEHHBIX MO HApACTAIOLIEH CI0KHOCTU. TeMbl
3aHATUN HANpaBJCHbl HA U3YYCHHUE BEPOSATHOCTHBIX MPOIECCOB B OTIEIBHBIX JIie-
MEHTax CUCTeM M ceTeil cBs3u. [Ipu 3ToM, B OOJBIIMHCTBE 3aHATHI MPOBOJIUTCS
COIIOCTABJICHUE METOJOB HMUTAIIMOHHOTO U aHAJIUTUYECKOTO MOJEIUPOBAHUS.
Taxoit moxo/ BIOJHE OMpaBIaH, TaK Kak MPU UCCIETOBAaHUN COBPEMEHHBIX Telle-
KOMMYHMKAIIIOHHBIX CHUCTEM IIUPOKO MPUMEHSIOTCS MMEHHO 3TH JIBa METOJa,
00beIMHEHHBIE OOIIMM Ha3BaHUEM — METOJIbl MATEMAaTUYECKOTO0 MOJIEITUPOBAHUSI.
EcTtecTBeHHO, 4TO B JaHHBIX 3aHATHUSAX OCHOBHOE BHUMAaHHE YICNISACTCSA METOMY
UMUTALIMOHHOTO MOJIETUPOBAHUS, TaK KaK aHAIUTUYECKUM METOJaM IpU H3yye-
HUHM TEJICKOMMYHUKAIMOHHBIX CHUCTEM B HampaBieHHH MH(POKOMMYHUKALIUU TO-
CBSIIIIEHA OT/EbHAs AucuuIUIMHA — Teopus Tenerpaduka.

[Tockonbky naHHOE MOCOOME SIBISETCS JOMOJIHUTEIbHBIM MaTepHaioM K
JEKIIMOHHOMY KypCy ¥ K OCHOBHOM JIUTEpaType MO IuCHUIUTMHE «MYyIbTHCEPBUC-
HBIE CETH CBSI3U», TO B HEM OTCYTCTBYIOT CHELHUAIbHBIE pa3leibl C JIE€TalbHbIM
U3y4eHHEM MPUHIMIOB MojenupoBanus Ha si3bike GPSS. B To xe Bpems B 3 -M
paszene mpuBeICHbI CBEICHUS, HEOOXOAUMBIE JJIi TOHUMAHUS MPAKTUYECKUX 3a-
HATUH, NPUBEAEHHBIX B 4-i1 yacTh. Psij| cipaBOUHBIX JaHHBIX MPUBEAEH B MPUIIO-
YKEHUSIX K TTIOCOOUIO.

Lenpro n3yyeHus yueOHOro nocoOus siBisieTcs:

— INOHMMAHHC OCHOBHBIX IMPHUHIMUIIOB IMOCTPOCHHA HMHTAIMOHHBIX MOJIG.HCI\;I,

BKJTFIOYAs pa3pabOTKy HEOOIBIINX (PparMeHTOB;
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— o0ecneynTh OCBOCHHE CTYACHTAMH HABBIKOB IO COCTABIICHUIO OTIEITHHBIX
IporpaMM, MOJCTUPYIOMIMX 3JIEMEHTHI TEJIEKOMMYHHKAIMOHHBIX CETed, MPOTroH
pa3paboTaHHBIX MOJIETICH U aHATHN3 PE3YIbTATOB;

— H3YYCHHE CIIOCOOOB BBOJIA MCXOIHBIX JAHHBIX U U3MEPECHUS PE3YIbTUPYIO-
IIMX XapaKTEPHUCTUK;

— MpUOOpeTeHre HABBIKOB aHaIn3a (PYHKIIMOHAIBHBIX 3aBUCUMOCTEH B Telle-
KOMMYHHKAITIOHHBIX CUCTEMaX M BBIPAOOTKU PEIICHUH 1O pe3yiabTaTaM WX aHa-
au3a.

B mocoOGun paccMaTpuBarOTCS BOMPOCHI M3YUCHHsS CIEIUATU3UPOBAHHOM
porpaMMbl UMUTAIIMOHHOTO MOJICIIMPOBAHUS U PAa3BUBAIOTCS HABBIKU €€ MCIOJIb-
30BaHMS IS aHaIW3a (DYHKIIMOHUPOBAHUS CETEH M CETEBHIX AJIEMEHTOB. B mpo-
1ecce 00y4YeHus CTYACHThI MPOXOSAT BECh ITUKII UCCIEAOBAaHUS CeTel, HaYMHasi OT
CTPAaTETUYECKOTO IIJIAHUPOBaHUS (OMpeeieHre e JKCIIEpUMEHTa), BbIOOpa
(GaKTOPOB M OTKJIMKOB MMHUTAITMOHHOW MOJICTH, Pa3padOTKH aJrOPUTMa MOJICTH,
HaIMCaHWe MPOrpaMMBbl U 3aKaHUYMBAsl CEPUEH UCTIBITATEILHBIX MPOTOHOB, aHAJIN3a
pE3yNbTaTOB U (POPMYIUPOBKH BHIBOJIOB.

B pesynbraTe m3ydeHusi HacTOSIIETO y4eOHOTO MOCOOUS B COCTaBE JMCIIH-

IIJIMHBI ((MyJ'IBTPICCpBI/ICHBIC CCTH CBA3M» CTYACHTHI MMOJYYaT NPEACTABIICHUC!

—~ O COBPEMEHHOM COCTOSHHH IPHKJIAJHOTO HANpaBlICHUS — UMHUTAIIMOHHOE
MOJIETUPOBAHUE;
— 00 OCHOBHBIX MPHHIMIIAX I[OCTPOCHHS CIIEMAIM3UPOBAHHBIX IIPOrPaMM
UMHTAILIMOHHOTO MOJICTHPOBAHUSI.
N3yuar:
— CTPYKTYPY UMHTAIIMOHHOTO Iporpammuoro komriekca GPSS World;
— OCHOBHBIE onepaTopsl s3bika GPSS World;
— TpaBuiia BEIOOPA OIEPAH/IOB IS IIOCTPOCHMS KOHKPETHBIX MOJIEIIEH.
OBnazaeror:
— OCHOBHBIMH NPHHIUIIAMA MMUTALMOHHOTO MOJIEINPOBAHHS;

— HaBBIKAMH CUCTCMHOI'O MBIIIJICHUA,
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— CIIOCOOHOCTBIO CTAaBUTH 33Ja4M MO MOJEIUPOBAHUIO TEIEKOMMYHUKALIMOH-
HBIX CETEH, peaIN30BbIBATh 3TY MOJEIb U IPOBOJUTH CEPUIO SKCIIEPUMEHTOB;

— YMEHHEM MCIOJIb30BaTh METOJbl aHajJu3a U ONTHUMM3ALUU [1apaMETPOB CH-
CTEMBI.

B nenom nannoe yueOHOoe mocobue 3akiaabiBacT GyHIAMEHT CIeHaIbHbBIX
3HaHMI B OOJACTH MCCIEAOBAHUS PA3JIMYHBIX TEJIEKOMMYHUKAIIMOHHBIX CETEH, B
TOM YHCJIE MYJIbTUMEIUNHBIX CETEH, MyJIbTUCEPBUCHBIX U CETEH CIEAYIOIIETO IO-
xoserus (NGN).

Jpyroii Ba)xHOU LEIbI0 JAHHOTO MOCOOMUS U AMCHUILUIMHBI «MoienupoBaHue
CUCTEM U CETEH CBSI3U» B LIEJIOM SIBJISIETCS] IOJTOTOBKA K POBEACHHIO J1ab0opaTop-
HBIX pa0OT B MOCIEAYIOUIUX CEMECTpPaxX MPU U3yYEHUU CHEUAIbHBIX TEIEKOMMY-
HUKAIMOHHBIX TUCIUIUINH.

B CK® MTYCH naxoruieHa onpeenéHHas 6aza mporpaMMHBIX MPOJTYKTOB
JUTSL IPOBEACHUS J1TAOOPATOPHBIX PabOT U pazpaboTaHbl METOAMYECKHE YKa3aHUsS K
IPOBEJCHUIO ATUX padoT. B uncne Takux paboT HEOOXOAUMO OTMETUTH CIIEAYIO-
II1E IECTh Ja0OPaTOPHBIX PadoT:

— nmaboparopnast pabora «HMccnegoBaHue COTOBOM CETH TMOABUKHOM CBSI3U
cranaapra GSMy, npoBoAUTCS MpU U3YYECHUU AUCHUILUIUHBI «MOOWIbHBIE CHUCTE-
MBI CBSI3U»;

— nmaboparopHasi paboTa «AHamu3 KadecTBa OOCIy)XMBaHUsS aOOHEHTOB B
CEeJIbCKOM TeneOHHON ceTh», MPOBOAUTCS MPU M3YYEHUM AUCHMIUIMHBI «CeTn
CBSA3UY;

— nabopatopHas pabota «MccnemoBanue texHonorun Frame Relay B cersx
nepeayu JaHHBIX», TMPOBOJUTCS MPU U3YYCHUU MUCHUIUIMHBI «MylbTHUCEpPBUC-
Hble cetu cBsa3m» (cet NGN);

— naboparopHas pabota «VccrnenoBaHnue NMpOMyCKHOW CHOCOOHOCTH CETH C
KOMMYTalMel MaKeToB», MPOBOJUTCS MPU MU3YUYCHUH JUCHUIUIMHBI «MysbTUCEp-

BucHbIe ceT cBs3m» (cetu NGN);
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- naboparopHas pabora «MoaenupoBanue (pparMeHTa MyJIbTHCEPBHCHOM ce-
TH KOMMYTAIlUW TIAKETOBY», MPOBOIUTCS MPU U3YYCHUU NUCIHIUIAHBI «MyIbTH-
cepBucHbIC ceTh cBs3m» (cetr NGN);

- nabopartopHasi pabora «MozjenupoBaHUe MYJIBTUCEPBUCHOW CETH CBS3HY,
TPOBOAUTCS MIPH U3YYCHUU NUCHUIUIMHBI «MYJIbTUCEPBUCHBIC CETH CBSI3U» (CETH
NGN).

Onna u3 atux pador (McciaemoBanue mMapuipyTH3aropa CETH KOMMYTAIHH
MAKETOB METOJAAMH UMHTAIMOHHOTO W AHAJIUTHYECKOTO MOJICITMPOBAHUS) BKIIIO-

yeHa B HacTosimiee nocodue (Pa3nen 5) kak nmokasarenbHast padbora.
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1 O0mue NPUHIMIBI MMATAITMOHHOTO MOJAEJTHMPOBAHMS CUCTEM
1.1 OcHoBHBIE ONIpeaCICHUS

NmuranmonHoe MoienMpoBanue (CUTYalluOHHOE MOJICIIMPOBAHUE) — METO/,
MO3BOJISIONIMNA CTPOUTH MOJIEIH, OMHUCHIBAIOIINE MPOILIECCHl TaK, KaK OHU MPOXO-
v Obl B IEHCTBUTEILHOCTH. TaKyr0 MOJEIh MOKHO «IIPOUTPATH» BO BPEMEHU
KaK JJIsl OJTHOTO UCIIBITAHMS, TaK M 33JJaHHOTO WX MHOecTBa. [Ipu sToM pe3ynbra-
Thl OYIyT ONpPENEsAThCS CIy4ailHbIM XapakTepom mporieccoB. [1o aTuM gaHHBIM
MOYHO MOJIYYUTh JOCTATOYHO YCTOWYUBYIO CTATUCTUKY. MOJIeTUPOBAHUE — METO/T
pelIeHus 3a1ay, Py UCIOJIb30BaHUN KOTOPOTO, UCCIEAyeMasi CUCTEMA 3aMEHSIET-
cst 0osiee MPOCTHIM OOBEKTOM, ONMHCHIBAOIINM PEATBHYIO CUCTEMY U HA3bIBAEMbBIM
MOJIEIIBIO.

NmuTanmonHoe MOACIMPOBAHUE — 3TO METOJ] UCCIEOBaHUS, IPU KOTOPOM
u3yyaemasi CUCTeMa 3aMEHSIETCS MOJIEJIbIO, C JIOCTATOYHON TOYHOCTBHIO OIMHUCHIBA-
IOIIEN peaIbHYI0 CUCTEMY, C KOTOPOH (C MOJIENbIO) MPOBOISTCS IKCIIEPUMEHTHI C
LEBI0 MoJIydeHus uHpopMauu 00 3ToH cucTeMe. DKCIEPUMEHTUPOBAHUE C MO-
JIETIbI0 HA3bIBAIOT MMUTALMEH (MMUTALUS — 3TO MOCTHXKEHUE CYTH SIBICHUS, HE
npuberas K SKCIIEpUMEHTaM Ha peajbHOM 00BEKTE).

NmuTanimoHHOE MOAETUPOBAHUE — 3TO YACTHBIM ClIydaill MaTeMaTHYECKOTO
MopenupoBaHusi. CyIecTByeT KilacC OOBEKTOB, JIJIsi KOTOPHIX MO Pa3TUYHBIM MPHU-
YHHAM HE pa3padO0TaHbl aHATMTUYECKUE MOJENH, MO0 He pa3paboTaHbl METOMbI
pEelIeHHs MOTy4eHHOU Mojienu. B 3ToM ciyyae aHamuTUYeCKas MOJIEIb 3aMEHSIET-
Csl IUMUTAaTOPOM WJIM UMUTALIMOHHON MOJENbI0. IMUTAlMOHHBIM MOJIETMPOBAHUEM
WHOT/Ia Ha3bIBAIOT MOJYyUYCHHUE YaCTHBIX YUCICHHBIX peIieHUu chopMyaTupoBaHHON
3a/1aud HA OCHOBE AHAIMTUYECKUX PEUICHUN WIM C MOMOIIbI YHCICHHBIX METO-
JIOB.

NmuTanmonHasi MoJiesb — 3TO KOMIIBIOTEpHAs MpOorpamMMa, KOTopasi OMHUCHI-
BACT CTPYKTYPY M BOCIPOU3BOAMUT IOBEICHUE PEATbHON CHCTEMBI BO BPEMEHH.
NmMuTanmonHas MoJieb TO3BOJISIET MOJy4aTh MOAPOOHYIO CTATUCTUKY O Ppa3iiny-

HBIX aCIICKTax (I)YHKI_[I/IOHI/IpOBaHI/IH CHUCTCMBI B 3aBUCHMMOCTH OT BXOAHBIX JaHHBIX.


http://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%B4%D0%B5%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%B4%D0%B5%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D1%82%D0%B8%D1%81%D1%82%D0%B8%D0%BA%D0%B0
http://www.simulation.ru/consulting/our_approach/
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B0%D0%BB%D0%B8%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D0%BC%D0%B5%D1%82%D0%BE%D0%B4%D1%8B
http://ru.wikipedia.org/wiki/%D0%A7%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%BD%D1%8B%D0%B9_%D0%BC%D0%B5%D1%82%D0%BE%D0%B4
http://ru.wikipedia.org/wiki/%D0%A7%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%BD%D1%8B%D0%B9_%D0%BC%D0%B5%D1%82%D0%BE%D0%B4
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I/IMI/ITaHHOHHaH MOACIb — JIOTHKO-MAaTEMAaTHYCCKOC OIIMCAaHHEC O6T>GKTa, KO-
TOPOC MOIKCT OBITH MCIIOJIL30BAHO I OKCIICPUMCHTHPOBAHUA Ha KOMIIBIOTCPC B

HCJAX IIPOCKTUPOBAHMSA, aHAJIN3d 1 OICHKHU (1)YHKLII/IOHI/IpOBaHI/I$I 00BEKTA.

1.2 TlpuMeHeHNE UMUTAIIMOHHOTO MOJIECIUPOBAHMS

— MMuTannoHHOE MOJCIMPOBAHUE NMPUMEHSECTCS B CIydYasx, KOrja IpoBeje-
HHE YKCIIEPUMEHTOB HaJl peaibHON CHCTEMOM HEBO3MOKHO MIIH HEIEIeco00pas3Ho,
HarpuMmep:

— 10 MPUYUHE XPYIIKOCTH WX JOPOTOBH3HBI CO3IaHUS MPOTOTHUIIA, INOO U3-3a
JUTATEIILHOCTH TIPOBEICHHSI SKCIIEPUMEHTA B PeajibHOM MaciTabe BpeMeHH,

— JIOPOTO HIIM HEBO3MOKHO SKCIIEPUMEHTHPOBATh Ha PealbHOM OOBEKTE;

— HEBO3MOXXHO TOCTPOMTHh AHAIMTHYCCKYIO MOJEb: B CHCTEME €CTh BpeMs,
NPUYMHHBIC CBSI3H, NOCICACHCTBHE, HEIMHEHHOCTH, CTOXaCTHYCCKUE (CITydaiHbIe)
TICPEMEHHBIC H JP.;

— Heo0XOJUMO HMUTHPOBATH MIOBEJICHUE CHCTEMBI BO BPEMCHH.

Paznnyaror (usmdeckoe W MaremMaTudyeckoe MojenupoBanue. [IpuMepom
bu3nUecKoil MOJCIN ABISCTCS YMCHBIICHHAS KOIMMUSA CaMoJjeTa, ImpoayBacMmas B
NOTOKe BO3ayxa. [Ipy HMCIMOMB30BaHMKM MATEMAaTHYECKOTO MOJICIUPOBAHHS TOBE-
JICHHE CHCTEMBI OIMCHIBAETCS C MOMOIIBI0 hopMyi. OcoObIM BHIOM MaTeMaTHYe-
CKUX MOJICJICH SIBJISIFOTCS UMHTAIMOHHBIC MOJICIIH.

[{es1b UMUTALIMOHHOTO MOJCIUPOBAHUS COCTOMT B BOCIPOM3BEICHUM IMOBE-
JICHUST UCCIICyeMOW CUCTEMbI Ha OCHOBE Pe3yJbTaTOB aHAIM3a HaubOoJiee CyIile-
CTBEHHBIX B3aUMOCBS3CH MEXIy €€ 3JIEMEHTaMHU WU JIPYTMMHU CIIOBaMH — paspa-
ootke cumynaropa (anri. Simulation modeling) uccnenyemoit npeameTHON 00J1a-
CTH JJIs TIPOBEICHUS Pa3IMYHBIX SKCIIEPUMEHTOB.

MIMUTAalIMOHHOE MOJICIIMPOBAHUE IO3BOJSCT MMHTHPOBATH IMOBEICHUE CH-
CTeMbI BO BpeMeHH. [IpruéM III0COM SIBIIIETCS TO, YTO BPEMEHEM B MOJIEIIA MOK-
HO YIPaBIATh: 3aMEIATh B Claydae C OBICTPONPOTEKAONIMMHU MPOILECCAMHA U
YCKOPSTHh I MOJICTUPOBAHMS CHUCTEM C MEIJICHHONW HM3MEHYHMBOCTBIO. MOKHO

HMHUTHUPOBATh IMOBCACHHUEC TCX O6’beKTOB, pCaIbHBIC JSKCIICPUMCHTBI C KOTOPBLIMH


http://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
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JIOPOTH, HEBO3MOKHBI Wi onacHbl. C HACTYIUICHUEM 3TOXHU MEePCOHAIBHBIX KOM-
MBIOTEPOB MPOU3BOJICTBO CIOKHBIX U YHUKAJIBHBIX M3CIUNA, KaK MPAaBUIIO, COMPO-
BOXK/TACTCSI KOMIBIOTEPHBIM TPEXMEPHBIM UMUTAITMOHHBIM MOJACIUPOBAHUEM. JTa
TOYHAsl U OTHOCHUTEJIbHO OBICTpasi TEXHOJIOTHS IMO3BOJISIET HAKOMUTH BCE HEOOXO-
JMMbIE 3HaHUs, 000pyJOoBaHUE U MOTyPadpuKaThl A1 OyAyLIEro u3aenus eme 10
Hayana npousBojcTBa. KommneiotepHoe 3D-MonenupoBaHue TEnepb HE PEAKOCTH
JaXxe I8 HeOOJIbIIUX KOMIIaHUH.

NmMutanmsi kKak METOJ PEIICHUs HEeTPUBUAIBHBIX 3a7ad MOJTy4YniIa Hadalb-
HOE pa3BUTHE B CBs3H ¢ co3maanneM OBM B 1950-x — 1960-x rogax. MoHO BbIIE-
JIUTH CJIEYIONTUE PA3HOBUIHOCTH UMHUTAIINH:

— meroa Monte-Kapio (MeToJ1 CTaTUCTUUECKUX UCTIBITAHUMN);

— MCTOJ UMHUTAIIMOHHOI'O MOACINPOBAHUA (CT&THCTH“IGCKOG MOI[GJII/IpOBaHI/IC).

1.3 Buapl *UMUTAIMOHHOT'O MOJEIUPOBAHUS

B nacTosiiiee BpeMsi HCIOJIb3YIOTCSI HECKOJIBKO BUJAOB UMUTAIIMOHHOTO MO-
JIeTUPOBAHMS, OCHOBHBIE U3 KOTOPHIX CJICAYIOIIHE:

— areHTHOE€ MOJICIMPOBaHME — OTHOcHUTelbHO HoBoe (1990 — 2000 rr.)
HaIpaBJICHUE B UMUTAIIUOHHOM MOJICIUPOBAHUM, KOTOPOE UCTIONIB3YETCs ISl UC-
CJIEIOBAHUS JICIICHTPAIM30BAHHBIX CUCTEM, TMHAMHKA (DYHKIIMOHUPOBAHUS KOTO-
PBIX ONpeneNsieTcs He TI00ATbHBIMU MPaBUJIaMU U 3aKOHAMHU (KaK B JPYTUX mapa-
JIMTMax MOJICIMPOBAHMS), @ HA00OPOT, KOI/Ia ATU TJI00aIbHbIE TTpaBUiia U 3aKOHBI
SBJIIOTCSL PE3YJIbTATOM HHAUBUAYaJIbHOW AaKTUBHOCTHM YieHOB Tpynmbl. Llens
areHTHBIX MOJEJIEN — MOJYyYUTh MPEJCTaBICHUE 00 ATUX TIO0ATBHBIX MpaBUIaX,
o0l1lleM TMOBEJECHUU CHUCTEMBI, UCXOJI U3 MPEINOJI0KEHU 00 MHANBUIYATBHOM,
YaCTHOM TOBEJICHUU €€ OT/IETbHBIX aKTUBHBIX OOBEKTOB U B3aUMOJCUCTBUU ITHX
O00OBEKTOB B CUCTEME. ATEHT — HeKasl CYI[HOCTb, 00Jiajaronias akTUBHOCTBIO, aB-
TOHOMHBIM TMMOBEICHUEM, MOXKET MPUHUMATh PEUICHUS] B COOTBETCTBUU C HEKOTO-
pbIM HaOOPOM TpPaBUJI, B3aMMOJICHCTBOBATh C OKPY)XCHHEM, a TAKKE CaMOCTOS-

TCJIBbHO U3MCHATHCA,


http://ru.wikipedia.org/wiki/1950-%D0%B5
http://ru.wikipedia.org/wiki/1960-%D0%B5
http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4_%D0%9C%D0%BE%D0%BD%D1%82%D0%B5-%D0%9A%D0%B0%D1%80%D0%BB%D0%BE
http://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D1%82%D0%B8%D1%81%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%90%D0%B3%D0%B5%D0%BD%D1%82%D0%BD%D0%BE%D0%B5_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
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— JIUCKPETHO-COOBITUITHOE MOJCIUPOBAHUE — TOAXOM K MOJEIUPOBAHUIO,
npejuiararonii abcTparupoBaThbCsi OT HEMPEPHIBHOM IMPUPOJBI COOBITUM W pac-
CMaTpuBaTh TOJIBKO OCHOBHBIE COOBITHSI MOJIECIUPYEMOW CHUCTEMBI, TaKHe, Kak:
«OXKHJIaHHE», «00pabOTKa 3aKa3ay, «JIBHXKEHHUE C TPY30M», «Pa3rpy3Ka» U JpyTHE.
JIMCcKpeTHO-COOBITUIHOE MOJIeIMpOBaHUE HauOoJee Pa3BUTO U UMEET OTPOMHYIO
chepy NPUIOKEHUNW — OT JIOTHCTHKH W CHCTEM MAacCOBOTO OOCIY)XKHBaHUS [0
TPAHCIIOPTHBIX U MPOU3BOACTBEHHBIX CHUCTEM. DTOT BHJ MOCIMPOBAHUS HanOO-
Jee MOAXOAUT IJi MOACIUPOBAHUSI TEIEKOMMYHHKAIIMOHHBIX MpoiieccoB. OCHO-
BaH /[xeddpu 'opnonom B 1960-x rogax.

— CHCTE€MHAas JUHAMHKA — MapajurMa MOAECIUPOBAHUSA, TAEC JIJI1 UCCIECIYyEMON
CUCTEMBI CTPOSITCS rpaduuecKkue AuarpamMMbl MPUUMHHBIX CBSI3€H M TI100abHBIX
BJIIMSIHUW OJHUX MapaMeTPOB HA JPYrHe BO BPEMEHH, a 3aTEM CO3J/IaHHAS HA OCHO-
BE ATHUX JAWarpaMMm MOJEIb UMUTHUPYETCS Ha KomIbroTepe. 1o cyTtu, Takon BUI
MOJICTUpOBaHusl OoJiee BCEX JPYTruX MapajurM MOMOTaeT MOHSTh CYTh IMPOHUCXO-
JISIIETO W BBISIBJICHUS MPUYMHHO-CJICICTBEHHBIX CBSI3eH MEXIy OOBEKTaMU M SIB-
neHusiMu. C OMOIIBIO CUCTEMHON TUHAMUKHU CTPOSAT MOJIETU OM3HEC-IPOIIECCOB,
Pa3BUTHS TOPOJA, MOJECIIH ITPOU3BOJICTBA, TMHAMUKHU MOMYJISLINN, YKOJOTUH U pa3-

BUTHUA sntuaeMun. Metoj ocHoBaH J[xeem ®oppectepom B 1950 rogax.

1.4 Tlpumep NOCTpOEHUS UMUTALIMOHHOM MOJIETTU

[IpumeHeHre MeTo/Ia UMUTAITMOHHOTO MOCIMPOBAHUS MOXKHO TPOIEMOH-
CTpUpOBATh Ha TpUMeEpe pabOThI OTHEICHHUS OaHKa MO OOCITYXUBaHUIO (U3NUe-
CKkux nui. JlomycTuM, 94TO HEOOXOIUMO OIPEICITNTh MUHUMAIBHOE KOJIWYECTBO
00CITy>KMBAIOIIEro MepcoHana, KoTopoe obecreunBaeT TpedyeMoe KauecTBO cep-
BHCA.

Kputepuii kauecTBa cepBuca 3aJalM MPaBUIOM: CPETHUI pa3Mep odepeau
KJIIMEHTOB HE JOJKeH mpeBbimarh N denmoBek. OueBHUIHO, YTO IS PEIICHUS TI0-

CTaBJICHHOM 3aJa4u HGO6XOI[I/IMO HUMCTb JOCTAaTOYHBLIC 3HAHHUA O CUCTCMC. KAKHC


http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%81%D0%BA%D1%80%D0%B5%D1%82%D0%BD%D0%BE-%D1%81%D0%BE%D0%B1%D1%8B%D1%82%D0%B8%D0%B9%D0%BD%D0%BE%D0%B5_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%B5%D1%84%D1%84%D1%80%D0%B8_%D0%93%D0%BE%D1%80%D0%B4%D0%BE%D0%BD
http://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%BD%D0%B0%D1%8F_%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D0%BA%D0%B0
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KJIMEHTHI MOCENAl0T OaHK, KaKOe KOJIWYECTBO KIMEHTOB MPUXOJIUT B TEUCHHUE pa-
0oyero AHs, a TaKKe CKOJIBKO BpEMEHH 3aHUMAET O0CTY>KMBAHUE OJTHOTO KIIUEHTA.

XoTs aHHas 3a/laya U MOXET IMOKa3aThCsl CHEHUATM3UPOBAHHOMN, CXOXKHUE
po0IeMbl BOBHUKAIOT BO MHOTUX O0JIACTSX, IJ€ 3aJ€HCTBOBAHBI JIIOJICKHE U TEX-
HUYecKue pecypebl. Oriata BpeMeHd paboThl KBaTU(GUIIMPOBAHHOTO pPaOOTHUKA U
BPEMEHU HCIIOJIb30BAHUS CJI0KHON TEXHUKH COCTABIISIET HEMAJYIO JOJII0 PACX0I0B
KoMIanuid. OnpenieeHue ONTUMAIBHOTO TpadrKa UCTIOIb30BAHUS PECYPCOB, MO3-
BOJISTIONIETO cucTeMe 3(P(GEKTUBHO BBITIONHATH MOCTABJICHHBIC 33/1a4H, MTO3BOJISET

CHHU3UTDH pacxoabl, a 3HAYUT YBCIUNUUTD HpI/I6BIJ'IBHOCTB.

Ha mepBoM sTame pemieHus 3aJadd CO3/aeTCsS MOJEb, KOTOpas COOTBET-
CTBYET CTPYKType U Ou3Hec-mpolieccaMm oTheseHus OaHka. B xone pazpaboTku
MOJIEJI YYHUTHIBAIOTCA TOJBKO T€ JI€Tald, KOTOPBIE OKA3hIBAIOT CYIIECTBEHHOE
BJIIMSIHUE HA M3ydaeMble acleKkThl paboThl cucTeMmbl. Hanmpumep, Hanuuue otaene-
HUSI 00CITYKUBAaHUS IOPUINYECKUX JIUI WM KPEIUTHOTO OTJENa HE BIUSET HA 00-
CITy’)KUBaHHE (U3UYECKUX JIHII, TTOCKOIBKY OHM (U3NYECKU U (HYHKIIMOHAIBHO OT-
JIeJIeHbl OT nocyegHero. CXxeMaTHyHO TaKyl0 MOJENb MOYKHO IMPEJICTaBUTh B BUJIE
MOCJIEIOBATEIBHOCTH CIAEAYIOMUX AecTBUM (pucyHOK 1.1).

Ha BTOpOM 3Tame Ha BXOJ MOJEIM MOAAIOTCS UCXOJIHBIE JaHHbIE: UHTEH-
CUBHOCTb MPHUXO0/a KIMEHTOB, CpeHEE BpeMsi 00CTYyKUBAaHUS KIUEHTOB, KOJIHYe-
CTBO JOCTYIMHOTro nepcoHana (tadnauna 1.1). Ha ocHOBaHMM 3TUX JaHHBIX MOJIEIb
UMUTHPYET, UJIK BOCIIPOU3BOJIUT, pabOTy OaHKa B T€UEHHE 3aJaHHOTO NMPOMEKYT-

Ka BPEMEHHU, HallpuMep, paboyero JHs.

Mprxoa OxnpaHue Obcny¥meaHne Yxona
KNWEeHTa B o4Yepeam KNWeHTa

@—-@—E}E]]]_}E{E—@%i})—@—@—@

-

—_
MepcoHan

Pucynok 1.1 — Moaens o0cimykuBaHUs KJIMEHTOB OaHKa
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Ta6numa 1.1 — Jlunamuka coOBITUIM 00CTY>)KMBaHUS KJIMEHTOB OaHKa

Bpewms CoO0bITHE

19:54 kyneHT Nel 67 npuii€n u BcTall B 04epeab

19:56 kyneHT Nel 68 npuii€n u Bctall B ouepeapb

19:57 kJueHT Nel 64 3akoHYMII 00CITY)KMBATHCS U YIIEN
19:57 kiueHT Nel67 Hauan o6ciyKuBaTbes

Crnenyrouuii aTan 3akjt0o4aeTcsl B aHAJIN3€ CTATUCTUKU, COOPAHHOM U Ipen-
CTaBJIEHHOW Mojeinbo. Eciu cpennuii pazmMep odepen KIMEHTOB MPEBBIIIAET BbI-
OpanHblii nipenen B N 4esoBeK, TO KOJIMYECTBO JOCTYIMHOIO MEepcoHala CIEoyeT

YBEJIUYUTH U BBIOJTHUTH HOBBIM SKCIIEPUMEHT (PUCYHOK 1.2).

S0%
60% -
40%
20% -
Elc:!’:- T T T T
1 2z 3 + S [
ANHHAa o4epeam Cpi‘..‘lHrE%I@

Pucynox 1.2 — Jluarpamma npooiKUTENBHOCTA 00CITY>)KMBaHUs KIIMEHTOB OaHKa

B 3aBUCHUMOCTH OT JOCTYIIHOI'O O6CJ'Iy>KI/IBaIOIHeFO IICpCoHalIa

B pe3ynbraTe mpoBeneHUsI CEPUM IKCIIEPUMEHTOB HAJl MOJEIBIO MOJIb30Ba-
T€JIb MOKET ONPEAECIUTh ONTUMAIBHOE KOJIMYECTBO MEPCOHANA, MPU KOTOPOM (110
BbIOpAaHHOMY BBIIIIE KPUTEPHIO) CPEIHUIN pa3Mep ouepeau KIMEHTOB HE MpeBbILIa-
eT N yenoBek. M0OXHO OpUEHTUPOBATHCS U Ha 0o0Jiee TOHKUI KpUTEpUH, Hapu-
Mep, 4TOObI BEPOATHOCTD 3aJCPXKKHU MOJIb30BATENS B OUEPEIU CBEPX JTOMYCTUMOTO
BPEMEHHU HE TPEBBIINIAIa HEKOTOPO 000CHOBaHHOM BenmnuuHkl. [Iporiecc moabopa
napamMeTpoOB MOXKET OBbITh OCYIIECTBJIEH TAK)KE U C MOMOILBbIO BCTPOEHHOI'O ONTH-
MU3aTOpa, KOTOPBII B aBBTOMAaTUYECKOM PEXUME MTPOBEPSIET Pa3INYHbIE COYETAHUS

M HaXOJUT JIy4dlICC PCIICHUC.



16

1.5 IlpeumyniecTBa UMUTAIIMOHHOTO MOACIUPOBAHUS

[IpruMeHeHne UMUTAMOHHBIX MOJEINIEH AA€T MHOYKECTBO NMPEUMYIIECTB I10
CPABHEHUIO C BBINOJHEHUEM JKCIIEPUMEHTOB HAJl PEalbHOW CHCTEMOW M MCIOJIb-
30BaHUEM JIPYTUX METOIOB.

Croumocts. JlonycTnM, KOMIAHUS YBOJIMJIA 4acThb COTPYIHHUKOB, YTO B
JaJbHENIIEM MPUBENO K CHM)KEHUIO KauyecTBa OOCIYKHMBAHWSA U TOTEPH YacTH
KJIMEHTOB. [[puHATHE 000CHOBaHHOE PEIICHHE MOMOTJIa Obl UMUTAMOHHAS MOJEIIb,
3aTpaThl Ha IPUMEHEHHE KOTOPOM COCTOSAT JIMILb U3 LEHBl IPOrPaMMHOT0 obecre-
YEHUsI 1 CTOUMOCTHU KOHCAJITUHTOBBIX YCIYT.

Bpems. B peanbHOCTH OLEHUTH 3(PPEKTUBHOCTb, HAIPUMEP, HOBOW CETH
pacrpocTpaHeHus NPOAYKLIMU WIM U3MEHEHHON CTPYKTYPBI CKJIaJa MOKHO JIMIIb
yepe3 MeCSAUbl WM Aaxe rojpl. MIMUTanuoHHas MOJEIb IMO3BOJIAET ONPENEIIUTD
ONTUMAJIBHOCTh TAaKUX M3MEHEHHH 3a CUMTAHHbIE MHUHYTBI, HEOOXOIUMBIE IS
IIPOBEJEHHUs DKCIIEPUMEHTA.

IHoBTOpsiemocTb. COBpeMEHHAsl )KM3Hb TPEOYET OT OpraHu3aluii ObICTPOi
peakuy Ha U3MEHEHHE CUTyalluu Ha pbiHKe. Hampumep, nporao3 o6beMoB cripo-
ca MPOAYKLUHH JOJHKEH OBITh COCTABJIEH B CPOK, M €r0 M3MEHEHHUs KpUTHYHbI. C
IIOMOILIBI0 MUMUTALMOHHON MOJEJIA MOXHO NPOBECTH HEOTPAHUYEHHOE KOJIMye-
CTBO IKCIEPUMEHTOB C Pa3HbIMU MapaMeTpaMy, YTOObl ONPENENIUTh HAWTyUIIHi
BAPUAHT.

TounocTh. TpaauuMOHHBIE pacueTHbIE MAaTEMAaTUYECKUE METOMbI TPEOYIOT
INPUMEHEHUSI BBICOKOM CTENEHM aOCTPAKIMU W HE YUWUTHIBAIOT Ba)KHbIE AETAJIU.
NMuTannmoHHOE MOJAEIMPOBAHUE TO3BOJISET OIMCATH CTPYKTYPY CHUCTEMBI M €€
IPOLIECCHl B €CTECTBEHHOM BHJIE, HE MpUOErast K MCIOJIb30BaHUI0 (OPMYIT U CTPO-
IrMX MaTEMAaTHYECKUX 3aBUCUMOCTEN.

Harasagnocrs. Mutanyonnass mMojieinb 00Ja1aeT BO3MOKHOCTSIMU BH3ya-
JAU3alUu mpouecca paboThl CUCTEMBI BO BpPEMEHHM, CXEMaTHYHOIO 3a/JaHus e

CTPYKTYpHI U BbIJIa4M PE3yJbTaTOB B IpaueckoM BHjIE. DTO MO3BOJISIET HATJISI-
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HO NPEICTABUTH NOJYYEHHOE PELICHUE W TOHECTH 3AJIOKEHHBIE B HEro MIEU 0
KJINEHTA U KOJLIET.

YHuBepcaJbHOCTh. VIMHUTaIIMOHHOE MOJEIMPOBAHME IO3BOJISAET pelIaTh
3aJja4M U3 JI00BIX 00JacTel: TENIEKOMMYHHMKAIUH, IPOU3BOCTBA, JIOTUCTUKH, PU-
HAHCOB, 3paBOOXPAaHECHUSA U MHOI'MX APYruX. B KaXaom ciydae MOAEIb UMUTH-
pYeT ¥ BOCTIPOU3BOAUT PEATIbHYIO KU3Hb U TIO3BOJISICT MPOBOIUTH IIMPOKU HAOOp

OKCIICPUMCHTOB 0e3 BIMSHMSA Ha PCaAJIBbHBIC OOBEKTEL.


http://www.xjtek.ru/consulting/solutions/manufacturing/
http://www.xjtek.ru/consulting/solutions/logistics/
http://www.xjtek.ru/consulting/solutions/asset_management/
http://www.xjtek.ru/consulting/solutions/asset_management/
http://www.xjtek.ru/consulting/solutions/healthcare/
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2 MecCTO MMMTAITMOHHOTO MOJAEJTUPOBAHUS NPU aHAIHU3E
TK-cucrem

2.1 Buasl MoienupoBaHus

Jl1ist ucclieIoBaHMs TIPOIECCOB B PA3IMYHBIX PEATBHBIX CUCTEMaXx, KaK Ipa-
BUJIO, CO3JIAIOTCSI MOJIENH, OTPaKaIOIIMe CBOMCTBA CHUCTEMBI, CYIIECTBEHHBIE IS
TeNield JaHHOTO aHanu3a. Hampumep, A M3ydeHus 3aBUCUMOCTEH MEXTy Harpsi-
’KCHHEM, TOKOM U COTIPOTHUBIICHUEM HCIIOIB3yETCS aHATUTHYSCKAst MOJICIb — 3aKOH
Owma (U = IR).

Haulonee nomymnsipable MOJIENH, UCTIOIB3YEMBIE JUISI U3YyUEHUS TEICKOMMY-
HUKAIMOHHBIX CUCTEM M paziuyaromuecs: (popmoi oToOpaxkeHusi 00beKTa, Mpe/-

CTaBJICHBI HA PUCYHKE 2.1.

MCTOI[I)I MOACIUPOBAHUA TCIICKOMMYHUKAIIUOHHBIX CUCTCM

Hatypnoe MaremaTtnueckoe

AHaIMTHYECKOE I/IMI/ITaI_[I/IOHHOC

Pucynok 2.1— OcHOBHBIE BUIBI MOAETUPOBAHUS

[Ipu HATYpHOM MOJEIMPOBAHUM XAPAKTEPUCTHKU UCCIEAYIOTCS HAa peab-
HOM 00BekTe. MccnenoBaTens, Haxoas1Ch Ha peanbHoM 00bekTe (ATC, y3en cBsi3u,
0a3oBasi CTaHIUSI COTOBOM CeTH) WM HaOmronas 3a npoueccamu B TK-cetu ¢ mo-
MOTIBIO CPEACTB TUCTAHIIMOHHOTO MOHUTOPUHTA, COOMPAET CTATUCTHKY 3a HEKO-
TOPBIM MHTEPBAJI BPEeMEHU (JIeHb, HENENs1) U aHamu3upyer e€ pesynbTarhl. [loa-
CUMTHIBAsI, HapuMep, ynuciio Be30BOB N, moctynuBimmx Ha ATC B yac HauOOIb-
el Harpy3Kd, U YUCIIO N U3 HUX, KOTOPHIM OBIJIO OTKA3aHO B YCTAHOBJICHUH CO-

CIMHEHUS, UCCIIE0BATEIb MOXKET OIICHUTh BEPOSTHOCTD MOTEph Kak: P =n/ N.
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Mopuenb anekBaTHa, HO BO3MOKHOCTU OrpaHnyeHbl. Henb3s, Hanpumep, Ui
HeJel dKCIepUMEHTa MOMPOCUTh a0OHEHTOB 3BOHUTH Yallle UM TOBOPUTH MEHb-
mie.

[Ipu MaTemMaTHUECKOM MOJAEIMPOBAHUU pEATbHOMY OOBEKTY yCTaHaBIIMBa-
€TCsI COOTBETCTBHE HEKOTOPOIO MaTeMaTH4eCKOro o0bekTa — mojenu. [lpu stom
MOJIEJIb JIOJKHA OTPaXXaTh BCE 3JIEMEHTHI PEAJIbHOM CUCTEMBI (CBOMCTBA BXOJHOTO
NOTOKA, XapaKTEPUCTUKU OOCITYKMBAIOIINX YCTPONUCTB, TUCIUILUINHBI 00CTyKUBa-
HUS U Ap.). B 3aBUCUMOCTH OT CIOXHOCTH MOJENH CO3/1a€TCA Ta WU UHAS CTENEHb
NPUOJIMKEHUST MOJIETN K pealbHOMY OOBEKTy. Pa3nuuaroT aHaTuTHYeCKOE U UMU-
TAallMOHHOE MaTEMaTUYECKOE MOJEIMPOBAHNE.

AHanuTu4ecKkoe MOJECIMPOBAHUE — MpolecC (PYHKIIMOHUPOBAHUS CUCTEMBI
oToOpaxaercs (PyHKIMOHAIBHBIMA COOTHOLIEHUSMU (YpPaBHEHUSIMU) WM JIOTHYE-
CKUMH YCIIOBUSIMU. YpaBHEHHUS PEIAOTCs B OOLIEM BUJE WK YUCICHHBIMH METO-
namu. llprumepoM aHaMUTHYECKOM MOJENH MOXET CIYXHUTh (opmyia DpiiaHra
(2.1), onpenensiromasi BEpOSTHOCTh TIOTEPH BBI30BA B 3aBUCHMOCTH OT WHTCHCHB-

HOCTH Harpy3KH M YHCJIa KaHAJIOB:

A'U

Py=—2 2.1)

v Al
Jj=07j1
Nmuranmonnoe moaenupoBanue (MM) — mpouecc GyHKITMOHUPOBAHUS CH-
CTEMBI BOCIIPOU3BOJUTCSI C TOMOIIBIO MOJEIUPYIOMIETO allfOPUTMa — MPOTPaAMMBbI
st OBM. TIpy MHOTOKpaTHOM BOCHPOU3BEACHUH CIyYalHbIX COOBITUH, BEIMYUH
U QYHKIUNA Y TIOCHIEIYIONIEH CTaTUCTHUECKOM 00paboTKe Pe3ysIbTaTOB OMpeIes-
IOTCSl CTATUCTHUYECKHE XapaKTePUCTHKU O0BhEeKTa MccieoBanus. Hampumep, eciu
[0 pe3ysbTaraM MporoHa u3 M BbI30BOB ObLIO MOTEPSHO M BBHI30BOB, TO BEJIMYHMHA
HOTEPh ONPEACISIeTCS KaK U IPU HATYPHOM MOJICITUPOBAHUY, a UMeHHO P =m / M.
Y UMHUTAIIMOHHOTO MOJAETUPOBAHUS MPAKTHUECKA HEOTPAHUUYCHHBIN KJIacc MCCIIe-
JyEMBIX CUCTEM.
[To cpaBHEHMIO C aHATUTHYECKUM MOJICTUPOBAHHUEM HMUTAIMOHHOE TO3BO-

JISIeT TOJIYYUTh CKOJIb YTOJIHO TOYHOE OTOOpaKeHHE pealbHOTO OOBEeKTa, MpaBja
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3a Cu€T BPEMEHHU M JCHEeT, 3aTPAayeHHbIX Ha pa3paboTKy MOJAETUPYIOIIeH Mpo-
rpaMMbl, 1 MAIlIMHHOTO BPEMEHU PAacXOAYyEMOro Ha nporoHsl. THOTIAa Ha 3TO yXO-
JAT JHU U MECSILIBL.

AHanuTH4YecKoe MOJIETUPOBAHUE MPU HATUYUM TPEIBAPUTEIHLHO pa3pado-
TaHHOTO MAaTEMATUYECKOT0 anmapara IMO3BOJISIIOT JIETKO MMOJy4aTh HYKHBIE Xapak-
TepUCTUKUA. OJTHAKO AHAIUTHUYECKOMY OMHUCAHUIO MOAAAETCS TOJBKO OYEHb Orpa-
HUYEHHBINA KPYT cucTteM. B 0CHOBHOM, 3TO cucTembl 0e3 nocneaeicTBus. [loaTomy
IpU BBIOOPE MOIXOMSIIEH aHATUTUYECKON MOJENN U3 MUMEIOIIErocs psaa MpUuxo-
JUTCSL AeNIaTh JOMYUIEHUS O XapakKTepe pealbHbIX MPOLECCOB, YTO, B KOHEUHOM

C‘-IéTe, ACJIaCT MOACJIb MCHCC aHGKBaTHOﬁ, a4 MHOI'Ja 1 BOBCC HC HpPII‘OIIHOfI.

2.2 3anauu aHajav3a U CUHTE3a, MPU MPOCKTUPOBAHUU U

HCCJICAOBAaHHUU CUCTCM U CETEeH CBA3U

Nmuranmonnoe moaenupoBanue cucteM u cereid cBa3u (CuCC) npennasHa-
YEHO JJIsi U3yYCHHUS TPOIECCOB OOCITYKMBAHUS CUCTEMAaMHU U CETSIMHU IMOCTYIAr0-
X TOTOKOB COOOIICHUI W KOJMYSCTBEHHOM OIIEHKU KauyecTBa 00CTyKUBaHUSI.
MaremaTudeckass MOJICNb Mpoliecca 0OCTY)KUBAHUS BKIIIOYAET YETHIPE OC-
HOBHBIX JICMCHTA!
— cucTeMa pacnpeneiieHus uHGopMauuu (CUcTeMa OOCTY>KUBAHUS — Y3JIbl,
JIMHUU CBSI3H, CETH);
— BXOJIHOH MOTOK COOOIIEHMI;
— JUCIUILIMHA 00CITyKUBaHUS;
— XapaKTEePUCTUKU KavueCcTBa OOCITYKUBAHMUS.
Nmutanmonnas Mogens (M) pemiaeT cienyromue 3a1a4u:
— HCCIIEIOBAaHUE BXOJIHOTO MOTOKA BHI30BOB M OMKUCAHUE €T0 XapaKTEPUCTHK;
— HCCIIEIOBAHUE U TIOMCK ONTHUMAIIBHON CTPYKTYPBI CUCTEMBI 00CTY>KUBAHHUS;
— HCCIICIOBAaHUE W OIPEACIICHUE ONTUMAJLHBIX aJITOPUTMOB OOCITYKMBaHUS

BBI30BOB;
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— OIpEAeNIEHHE MPONYCKHBIX CIOCOOHOCTEW CTPYKTYPHBIX 3JIEMEHTOB CHUCTE-
MBI (Y3JI0B Y JINHUH CBSI3U);
— OIpeAeNIeHHE KauecTBa OOCITYKUBAHHS BBI30OBOB.

JloMuHMpYIOlIee MOJIOKEHUE B UMUTAIMOHHOM MOJICJIMPOBAHUM 3aHUMAIOT
3aJlayd aHaJIKM3a — OIpPE/ICNICHUE XapaKTEPUCTUK KauecTBa 0OCIy)XKMBaHUS B 3aBU-
CUMOCTH OT MapaMEeTPOB U CBOMCTB IMOTOKA BBI30BOB, MAPAMETPOB U JTUCLUILIAHBI
cucteMbl oOciyxuBanus. OOparHas 3ajada — 3ajaya CUHTE3a, T.€. HaXOXKJIECHUE
apaMeTpOB CHUCTEMBI B 3aBUCMOCTH OT CBOWMCTB BXOJHOT'O MOTOKA M TPeOyeMOro
KauecTBa 00CITyKMBaHUS METOJIaMH MMUTALIMOHHOTO MOJIEIUPOBAHUS HE PEIIAET-
cs. OHaKO MHOTOYHCIICHHBIE AHAIU3bl PA3jIUYHBIX CTPYKTYpP C OLIEHKOW Kaye-
CTBEHHBIX MOKA3aTeJIe U CTOMMOCTU CHUCTEMBI OMOTalOT MPOECKTUPOBILKUKY C/ie-
JaTh NPaBUIbHBIN BBIOOp Hauboee MPUEMIIEMOTO BapUaHTa.

KauectBo dynkimonupoBanus CuCC unu e€ 3QheKTUBHOCTh OIEHUBACTCS
TaKUMH MOKa3aTeIsIMU KaK MPOMYCKHAasi CIIOCOOHOCTh CETH M OTIENbHBIX €€ ya-
CTEH, BEPOATHOCTh NOTEPH BBI30BOB, IMAKETOB WJIM COOOILEHUH, BpEMs TOBEICHMUS
coobmienuii (makeroB) u p. Kpome Toro, B psizie ciiydaeB NPUXOJUTCS YUUTHIBATh
U Takue OoJiee CIIOKHBIE MOKa3aTesld KaK HaJa&KHOCTh, MOMEXO3AIIUIIEHHOCTD,
YCTOWYMBOCTH, CTOUMOCTb U MHOTHE JIpYyTHE.

[Tonsitue a3pdexruBHocTh CuCC, KaK MpaBUiI0, OTHOCUTCS K YUCILY TPYIHO-
OTIPENETUMBIX, TOCKOJBKY 3P (HEKTUBHOCTh JOJKHA YUUTHIBATH COBOKYITHOCTb 11€-
JIOTO Psiia XapaKTepUCTUK, MPOTUBOACUCTBYIOMMX NIpyr apyry. Hampumep, kak
camMo€ OYEBHIHOE, — MPOMYCKHAas CIOCOOHOCTh MapuipyTu3aropa (KaHaja, ajan-
Tepa) u ero neHa. Ho ecte u Oonee ckpbIThie poTrBOpeuns. Hanpumep, xapakre-
PUCTUKHU NOTEPU ITAKETa B CETU U €ro 3a1epKKU. J[axke Takou, Ha EepBbIA B3I
HE3HAYUTENbHBIN MapamMeTp, Kak eMKOCTb Oydepa /Uit XpaHeHHUs NTaKeTOB B o4epe-
II¥, HY>KJIaeTCsl B TIATEIbHOM BBIOOpE, TaK KaK Mayias eMKOCTh YBEJIMUMBAET IO-
TEpH MAKETOB, a 0OJIbLIAsE — YBEJIMUYMUBACT 33JI€PKKH B MAPIIPYTU3ATOPE U B CETU B
LEJIOM.

AHQJIUTUYECKU PacCUUTATh ONTUMAJIBHBIA 00HEM Oydepa naxe aJjist ogHO-

ro HamnpaBJICHUs] MOKa HEBO3MOXHO. A B CETH OJHOBPEMEHHO (YHKIIMOHUPYET
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MHOKCCTBO MAapHIpyTHU3aTOPOB U KAHAJIIOB, INEPCAAOTCA ITOTOKU PA3JIMYHBIX KJIAC-

COB U, COOTBCTCTBCHHO, PA3JIMYHbIX Tpe6OBaHI/Iﬁ K Ka4dCCTBY O6CJIY)KI/IB8,HI/ISI

(Q0S). 1 onTuMHU3NpyeMbIX XapaKTEPUCTHK B CETH HE JIBE, a Ooyiee JecaTKa.

I/IMI/ITaHI/IOHHaH MOJCIIb AOJIKHA BBIABIIATH 3aBUCHMOCTH 3THX XadPaAKTCPHU-

CTHUK OT OI'PpOMHOI0 4uCiia CCTCBBIX IIApaMCTPOB H B IICPBYIO OYUCPCIAb TAKOI'O

TpyAHO Qopmann3yeMoro, kak koHurypamus cetu. Hemocpencrsennoe Hammca-

HHUC MOI[E?J'IHpYI-OHleI IIporpaMmsbl  ABJIACTCA MCHCC 3HAYUTEILHOU 3azlaqeﬁ 110

CPaBHEHHIO C MJICOJIOTUYECKOI pa3pabOTKOil MO, T.e. C ONpeIeICHneM HeoO-

XO0AMOTI0 IepCyHsA HCCIACAYCMBIX XAPAKTCPUCTHUK W IMApaMCTPOB, BJIMAIOININX Ha

9TH XaPAKTCPUCTUKH.

[ToaTOMy MpakTUYECKH HWHTEPECHBIE MOJEIH PEIKO CO3JAITCI Cpasy,

OOBIYHO OHM IIpoxXo AT HeKOTOpBIﬁ UK YCOBCPHICHCTBOBAHUA, KaK 3TO IIOKA3aHO

Ha pUCYyHKE 2.2

Nmuranus ciy-
YalHBIX BO3-

JIEUCTBUN

N

[Toctpoenue u

KOPPEKTUPOBKA

MOJIEJIN

N

Brimmonsenne
MPOroHa MOJIe-

JIA

N

O6paboTka pe-
3yJIbTaTOB MO/Ie-

JIMPOBAHUSA

AHaln3 pe3ynbTaTOB MOJAEIUPOBAHUS U PUHSITUE PEIICHUIN

Pucynok 2.2 — Iukn Moaudukamnuii Moaenu

2.3 Peanuzanus ciaydaitHbix Bo3nercTBuil B Moaesix CuCC

2.3.1 Cny4aiiHble U CTallMOHAPHBIE MPOLECCHI B TEJIEKOMMYHHUKAIUSAX

bonsmuHCTBO IMpoHeCCOB B COBPEMCHHBIX TCICKOMMYHHKAIIHUAX CBsA3aHBI CO

CIIy4ailHBIMH COOBITHSIMU. B mepByto ouepenb 3TO COOBITHSA, CBSI3aHHBIE C JEH-

CTBUSMH a0OHEHTA — YEJIOBEKA:
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— BBI3OBbI Ha YCTAHOBJICHHE TeNE(HOHHOIO COCAUHEHHS] B (PUKCUPOBAHHBIX U

MOOMIBLHBIX CCTAX,

(aitnoBbIif 0OMEH ¢ y4acTHEM YEI0BEKa,

IMPOOOJIZKUTCIIBHOCTD BUICO KOH(bepeHHHI\/'I;

Pa3sMCPHI IICPEAABACMBIX TAHHBIX]

pasMepsl BUACO (HaityioB u Jp.

Hapsiny ¢ 9TUM Cy1ecTBYIOT U JETEPMUHUPOBAHHBIE TIPOLIECCHI:

TCIICKOMMYHHUKAIIUOHHBIC CPEACTBA MOHUTOPHUHIA,

pa3Mepbl MakeToB MpH (PUKCHPOBaAHHOW Hape3ke cooOuieHuil. Hampumep,

naketsl B 160 6aiit npu [P-teneponnu;
— TOKaJIpoBas Mepeaya TEIEnporpaMm;
— MEXMaIlIMHHBIA 00MeH B cucteMe M2M u np.

B cBsA3u ¢ 3TUM cucteMbl UMUTAMOHHOTO MoaenupoBanus CuCC noiKHbI
MMETh B CBOEM COCTABE CPENICTBA FEHEPALMH CIIyYalHBIX IIPOLIECCOB U BENIWYHH. B
IIEPBYIO0 OYEPEb 3TO OTHOCUTCA K OIPEIEIICHUIO CIIyYalHbIX UHTEPBAIOB MEXKIY
BBI30BAaMU B MOTOKE TPEeOOBaHMI Ha MPEAOCTABICHUE YCIYT CBSI3M U MPOJOJIKH-

TETHHOCTH pean3aliyi CaMOil YCIIyTH.
2.3.2 T'enepaTopbl paBHOMEPHO PACTIPEICIEHHBIX CIIyYalHBIX YACEIT

Jlis paboThl CTOXaCTUYECKUX MMHUTALIMOHHBIX MOJeNel HeoOXoauma reHe-
panusi ClIy4allHbIX YKCeNl ¢ PABHOMEPHBIM 3aKOHOM paclpe/ieleHUs] 1 BO3MOKHO-
CTBbIO MCIOJIb30BAaHUS 3TUX UYMCEN Ul TeHepalluu CllydallHbIX BEJIMYUH C Tpeoye-
MBIMH XapaKTEPUCTUKAMH.

Ha panHux sTanax pa3BUTHSI UMUTALIMOHHOTO MOJAEIUPOBAHUS JIJIsl ATOM 11e-
JM UCTIOJIb30BAIMCh (PU3NYECKUE AATYUKHU, TIOCTPOCHHBIE, KaK MPABUJIO, C UCIIOJIb-
30BaHUEM reHeparopa myma. OTIMYUTENBHON 0COOEHHOCTBIO TAKMX I€HEPATOPOB
SBJIIETCSI HETIOBTOPUMOCTh OJIHAXK/bl CT€HEPUPOBAHHOM IOCIEN0BATEIBHOCTH. Y
ATOTO CBOMCTBA €CTh KaK JOCTOMHCTBA (OTCYTCTBUE KOPPEISIIMU MEXKIY IKCIEepH-

MeHTaMI/I), TaK U HEOJOCTAaTKH (HGBOSMO)KHOCTB B TOYHOCTHU IMOBTOPHUTH 3KCIICPH-
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MEHT IIPU U3MEHEHUH OJTHOTO M3 MMapamMeTpOB, YTOOBI MPOAHATU3UPOBATH BIUSHUE
Ha paboTy CHUCTEMbI IMEHHO 3TOT0 IapamMeTpa).

Opnaxo 6oJiee CyIIeCTBEHHBIM OKa3aJcsl HEIOCTATOK (PU3MUECKOTO JaTYuKa,
3aKJIIOYAIOIIUIICS B €r0 HECTAaOMJIBHOCTH M B NEPBYIO OYEPEh B TEMIIEpPaTypHOMH
3aBUCUMOCTH. boisiee yZ0OHBIMU OKa3aJIUCh JATUYUKH IICEBAO CIy4YailHBIX YHCEN
(IICY), nonyyaemble C TOMOIIBIO PEKYPPEHTHBIX MaTeMaTnyeckux MeroAos. [1CY
HEJb3sl Ha3BaTh B IOJIHOM CMBICIIE T€HEPATOPAMU CIIyYalHBIX YUCEI, TOCKOJIbKY
MOCIIEI0BATEIHLHOCTH ATHX YUCEIl PACCUMTHIBAIOTCS MAaTEMAaTHUECKUA U MOTYT OBITh
B TOYHOCTH BOCIIPOM3BEJIEHBI CKOJb YTrOJHOE Yucio pa3. Ho ¢ Touku 3penus pe-
maeMbIx ¢ noMoibio 3tux [ICY 3amay oHU JOJKHBI BECTU ce0s KaK HUICaIbHO
Cly4daiiHble ynciia. Baxknenmmm cBoiicTBOM mnocienoBarenbHocTd [ICH momxHa
OBITh €€ MPUTOJHOCTD JJISl PEIICHUs ONpPEAEIEHHOr0 Kilacca 3a/1ay, B CBSA3H C YeM
JA100BIE aNTOPUTMBI U KOHKPETHBIE YHCIIOBBIE 3HAYEHUS JOJKHBI MPOBEPATHCSA Ha
CIIy4ailHOCTh T€HEPUPYEMBIX UYUCEN, T.€. JOJKHBI YJIOBIETBOPATH ONPENEIEHHOM
IpynIe TECTOB.

Hwuxe, B kauecTBe npumepa pacCMOTpPeHsI 1Ba MeTona renepannu [1CY.

a) Meroz cepenrHbI KBaJpaTOB I FEHEPALMM PAaBHOMEPHO pPacIpeeIEH-

Hbix [1CY. IIpeanoxen @oun Heitmanom B 1946 rogy. AIroputm o4eBUJICH:

Xo = 4567 (Xo)? = 20857489
X1 =8574 (X1)? = 73513476
X, =5134 (X2)? = 26357956
X3=3579 U T.J.

[Tonyuennyro nocnenoBaTeabHOCTh [ICY MOXKHO BBICTPOUTH B PSIA:

4567857451343579.......ccccvvenneee.

HavansHoe 3Hauenue B atoMm psae I1ICY (B nanHowm ciiydae Xo = 4567) BbI-
OupaeTcsi MPOU3BOJIBHO, HO MPHU KEJIAHWU MOBTOPUTH MPOTOH C TEM K€ PSIOM

CJIy4alHbIX BO3JIECHCTBUN HY)KHO HAUMHATH C OJTHOI'O M TOIO K€ YUCJIA.
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6) CMemlaHHbli KOHTPYIHTHBIN METO, SIBIAIOIIUNCA B HACTOSILEE BPEMS
HauOoJIee MOMy/IsApHbIM (2.2).

Xi+1 = (@Xi + C) mod m - (2.2)

Omneparst Mod M o3HAYaET MOJYYEHUE OCTATKA OT JICJICHUS HEKOTOPOTO
yucia (B JaHHOM CiIydae COJAepKUMOTo ckoOOK) Ha M.

OnuH n3 rmaBHeIX napameTpoB reHepatopoB [ICHU — mepuoa moBTOpeHUS
CIIy4ailHOM IMOCJIEeI0BAaTEIbHOCTH — 3aBUCUT OT BBIOOpA MapaMeTpPOB PEKYPPEHTHI.
Jl5ig mosydeHus HauOOJBIIETO MEepHoa PEKOMEHAYEeTCsl BRIOUpaTh ¢ HEYETHOE, a
3HAYEHUE A MOJOUPATH U3 COOTHOILICHHUS :

dmod4 = 1, T.e. @ AOMXKHO NMPUHUMAThH OJHO W3 3HadYeHui: 1, 5,9, 13, 17 u
T.J.

JIns aHanmu3a kadecTBa reHepupyemoit nocienoarenbHocty [ICYH ucnosb-
3yeTcs rpynna tectoB. Hanbonee BaxxHble U3 HUX:

a) YacroTHslii TecT. B gecatuuHol cucreme Kaxaas nudpa JOJKHA MOSB-
naTbes ¢ yactoror 0,1. B nmpuBen€HHON BbIIE MOCIECAOBATENBHOCTH JJIsI METOAA
CepelMHbI KBaapaToB u3 16-u mudp uudpa 5 BcTpeTminach 4eThipe pasa, a mudpbl
0 u 2 — vu pa3y. Ho genare 3akimroueHre 0 HEMPUTOJHOCTH JAHHOIO METOAA MOJTy-
yenus [ICY no takoil KOpOTKON BBIOOpPKE HElb3sl. JloCTaTOUHO HAIEXKHYIO OLIEHKY
MO>KHO TTOJTYYUTh Tpu MoriHocTH BeiOopku He Meree N = 10000.

0) Cepuanbhpiii TecT. YacTOTHI MOSIBICHUS Pa3IMYHBIX KOMOMHaIui. Tak
JTt00bIe KoMOMHAIMK U3 TPEX 1udp (Hanpumep, 222 win 357) NOIHKHBI TOSBISTHCS
c wactorou 0.001.

B) UnTepBanbHbiil TecT. [loacuér yncna 3HaAKOB MEXAY MOBTOPAMHM KaKHUX-
1160 1Mdp ¥ CpaBHEHUE X C PACUETHBIMU.

r) ABTOKOppeIsiiMOHHbIE TecThl. Koppensauust Mexay ciaydyalHbIMU 4Yucia-

mu Xi ¥ Xi+k , Tne K — cimydaiiHoe cMmelieHue B rocieaoarenbHoctu gncen (K = 1,

2,3.....).
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2.3.3 llonyuyenue cnyyaitHbIX YMCeN C 3aJJaHHBIM 3aKOHOM pacIipe/ieIeHHs
OCHOBHOi CTIOCOO MCTIONB3YET CIEIYIONIYI0 3aBUCHMOCTD:

Ecim cnyyaitHas BenmuuHA 1) IMEET IDIOTHOCTH pactpeneincaus f(X), To cimy-
. _ (M _
JaifHas BeauunHa & = f_oo f(x)dx = F(m) uMeeT paBHOMEpPHOE paclpeeieHue,

rae F(m) — dynkmus pacnpenenenus. Takum o6pa3oM, YTOOBI MONYYUTh CIydaii-
HOE 4ucI0 1M ¢ QpyHKuuel pacnpeaeneHus F(n), cienyer B3aTh paBHOMEPHO pac-
npeaencHHoe ciiyyailHoe yuciao & u pemuTh ypaBHeHue F(1) =  oTHocutenbHo &,
PaccMoTpuM Tpu Haubosee pacpocTpaHEHHBIX CITydasi.
a) lHTepBaJibl C 3KCIIOHEHIIMAJIBHBIM PaclpeesICHUEM.

Vpasrenne F(n) =& B mannoM ciydae nmpuruMaeT Bug 1 — e ™ =&, Or-

* 1 * *
ciomae™=1-&mu t=- - In (1 — &). Tak kxak BenmuuHa & pacrpejesieHa 1o
PaBHOMEPHOMY 3aKOHY, TO MOKHO HPOM3BECTH 3aMeHy | — & = & , koropas

yIpoIlaeT OCHOBHYIO opmyiy (2.3):
1

=—2Ing (2.3)

[IpakTuyecku s1a popMyna mpumeHseTcs cieayromum obpazom. C momo-
IIBIO JATYMKA PABHOMEPHO PACTIPEACIEHHBIX YHCEIT BEIOMPACTCS CITydallHOE YHCITO
0<&< 1 m nng 3a7aHHON MHTEHCUBHOCTH TOTOKA BBI3OBOB A ONpENENsCTCS WH-
TepBaJj JI0 O4epeHOro BhI30Ba. Hampumep, nmpu A = 2 BbI3/c momyunm: aiis &3 = 0,7
uatepBai t1= 0,18 ¢, a 11 & = 0,2 monyuum t, = 0,8 c. Dopmupys, Takum oopa-
30M JJIMHHYIO TOCJIEI0BATEIbHOCTh MHTEPBAJIOB MEXIY BBI30BAMHU, MOJCIHPYIO-
1as IporpaMMa IMUTHPYET ITyacCOHOBCKHM IMTOTOK BBI30BOB.

dopMUpOBaHUE HWHTEPBAJIOB, PACTIPEICIEHHBIX MO OSKCIIOHEHTE, MOXKHO

NPOMLTFOCTPUPOBATh U rpaduuecku (Pucynok 2.3).

0) PaBHOMEpHOE pacripenecHue.

1 monydeHus Ciry4alHOTO 4YMCiia X, pPABHOMEPHO PAaCHpPEAEIEHHOTO MEX-
1y HEKOTOPBIMH YuclIaMu a U D, Hy»HO BbIOpaTh ciaydaitHoe uncio &, rae 0 < & <
1, u Berunciauts x =a +(b—a) & Ecmua=0,T0x =b &

JlaHHBIH cITOCOO MPOMJUTIOCTPUPOBAH HA PUCYHKE 2.4.
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Pucynox 2.4 — IlonyueHnre paBHOMEpPHO pacipene€HHOTO CIy4aifHOTO YHC-
na

B) Bb100p 01HOTO 13 paBHOBEPOSITHBIX COOBITUH.

Taxoii BEIOOp B MPaKTUKE UMUTALMOHHOTO MOJIEINPOBAHUSI BCTPEUAETCS

4acTo, Halpumep:

— BBIOOp HOMEpa aOOHEHTa, MHULIUKPYIOLIEro B JaHHBI MOMEHT CBOW BBI30B;
— BBIOOp HOMEpa MopTa KOMMYTaTopa, Ha KOTOPBIH MOCTynaeT uH(opMaIm-
OHHBIN Kajap;
— BbIOOp [P-ampeca aboHeHTa, KOTOPOMY HampaBisieTcs HHGOPMAIIMOHHBIN
MakeT, u T.1.
Bo Bcex mpuBeAEHHBIX Cilydasix MpUHUMaETCs (B TaHHOM 3a/1a4e), 4To pac-

CMAaTpPUBAIOTCA PaAaBHOBCPOATHBIC COOBITHS.
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Jliig mosy4eHus cliydailHOrO HoMepa COOBITHS HY)KHO BBIOpaTh CiIydailHOe
yrcio &, rae 0 <& < 1, u Berunciuth K =& N, roe  — obimee ynciio coobituii. [1pu
npoOHoM K, ero 3HaveHue OKpyTIISETCs 10 IENOTO B OOJIBIIYIO CTOPOHY.

Hamnpumep, Hy)HO BbIOpaTh 0JJUH U3 256-1 BX0J10B KOMMyTaTopa. Brioupa-
eTcs ciydaitHoe uucio &, Hanpumep, & = 0,3 u Bbaucisercs

k=&N=0,3*256 = 76,8. Muumuupyetcs 77-i mopT KOMMyTaTOpa.

2.4 MexaHW3M CUCTEMHOTO BPEMEHU
2.4.1 OOmwue 3ameyaHust

OYHKITMOHUPOBAHUE UMUTALMOHHON MOJENH JOJKHO MPOTEKaTh B UCKYC-
CTBEHHOM BpEMEHHU, 00ecIeurBasi TOSBICHHE COOBITHA B HYKHOM TOPSJIKE M C
HEOOXOIMMBIMU UHTEpPBaJaMU Mexay HUMU. [Ipu 3ToM ya00HO MOJIB30BATHCS HE
ACTPOHOMHUYECCKMMH CIUHUIIAMH BpeMEHU (MUHYTBI, CEKYHIIbI), a HEKOTOPBIMH
YCIIOBHBIMH €IUHUIIAMH, TaK HA3bIBAEMBIMH CIMHHUIIAMH MOJICIHLHOTO BPEMCHH
(e.M.B.). COOTHOIIIEHHE MEXITY ACTPOHOMUYECKUMH €AMHUIIAMHU U €.M.B. OCTAIOTCA
BHEC MMHTAIIMOHHOM MPOTPaMMBI M YCTaHABIUBAIOTCS MPOTPAMMHCTOM TIPH TLIa-
HUPOBaHUM dKcniepuMeHTa. Hanmpumep, eciiu Moaenupyetcs: HeOobInasi cenbekast
WM yUIpexJeH4Yeckas TeaedoHHasi CeTh C MHTEHCUBHOCTHIO 4 BBI30BAa/MUH (CpeEi-
HUW MHTEPBAJI MEXK/y BBI30BaMU COCTABIISIET 15 CEeKyHI), TO 1ejaecoo0pa3Ho omnpe-
nenuth 1 e.M.B. = lcek. [Ipu Oonee MHTEHCUBHBIX MMOTOKAX, HApUMeEp, Bbiaada |P-
MaKeTOB B KaHAJI CBS3M C MHTCHCUBHOCTBIO 1 MITH. TTaKeTOB/C (CpeTHMI MHTEPBaJ
MEXJy TakeTaMu cocTaBisieT | MKC), MOXHO BbIOpaTh 1 e.Mm.B. = 10 HC win 1
e.M.B. = 20 Hc. BbiOop 3HaueHUs: €.M.B. MPOU3BOJIbHBIN, HO HANpaBJeH Ha ya00-
CTBO pabOTHI ¢ onepaHaamMu. JKenaTenpbHO H30€TaTh C OJTHON CTOPOHBI MHOTO3HAY-
HBIX YKCEJ, a C JPYrod — ApoOHbIX 3HaueHuit. J[as omepaTopoB generate u ad-
vance yno6Hee moaOUparth IBYX — TPEX3HAYHBIE OTIEPAHIBI.

Cy1iecTByeT J1Ba OCHOBHBIX MEXaHU3Ma CHCTEMHOTO BPEMCHH:

— IIIar JI0 CJIEAYIOMEro COOBITHUS;

— (UKCHpPOBAHHBII 11Iar.
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2.4.2 MexaHu3M CUCTEMHOI'O BPEMEHH C IIaroM 10 COOBITHS

PaCCMOTpI/IM 9TOT MCXAaHN3M Ha IIPUMEPE MOJACIIN I[ByXKaHaJ'H)HOI\/'I CHUCTCMbI

oOcmyxuBaHus TeJe()OHHBIX BBI30BOB C noTepsiMu (Prucynok 2.5).

VR W W ol | [ ol | A i* A >t
o 1 L U ts 7 o tw t12 t14 t16

{3 t11 t13 t17
p I N e e,

ts ts t15
Kaﬂz—-—_—_———>t

Pucynok 2.5 — Imutarnus AByXKkaHaJIbHOU TeIe(OHHONU JTMHUU

B aByxkaHanbHYIO CHCTEMY IMOCTYMAaeT BXOMASIIUNA MOTOK A. B HauambHBIM
MOMEHT (cucteMHoe BpeMs to = 0) onepaTtop generate onpenensier uHTepBai 10 1-
ro BbI30Ba (MOMEHT t1) u mporpamma conpoBoxaeHust Bpemenu (I1CB) nomemaer
t1 B Oydep Oyayuux coowituii (BBC). [lanee TICB BriObupaer B8 BBC camoe mMeHb-
niee Bpems (B JaHHbIII MOMEHT OHO €IMHCTBEHHOE U PaBHO t1) U cuCTEMHOE BpeMs
(CBp) cranoButcsi paBHbIM t;. B 3TOT MOMEHT mporpamMma JOKHA BBIOTHUTH
CHEYIOIINE AECUCTBUS:

— omeparop generate 1oJKeH ONpeaeanTh UHTEPBA A0 CIEAYIOUIEro BbI30BA,
T.€. HAUTH MOMEHT 7]

— 3aHATh KaHal | W ompenenuTh (C MOMOIIbI0 onepaTopa advance) MOMEHT
€ro ocBO0OXKIeHus — t3;

— ynanutb u3 bbC Bpems t; u momecTuts Tya Bpemena t u ts;

— BoIOpaTh 13 BBC Ommkaitiiee Bpemst (B TaHHOM Citydae 310 tp) U crienaTh ero
HOBBIM CHCTEMHBIM BpeMeHeM, T.e. CBp = to.

B moment t; HeoOxoaumo:
— UMUTHUPOBATH OYEPEAHON BBI3OB;

— ONPEICIUTh BPpeMsl MOCTYILICHUS CIICAYIOIEero Bbi3oBa (14);
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— 3aHATH KaHAI 2 ¥ OMPEACIUTh MOMEHT €ro 0CBOOOKIeHHS — 15;

— ynamuth u3 bbC Bpems t2 u nomectuts Tyza Bpemena t4 u t5;

— BbIOpath u3 BBC Ommxkaiiiee Bpems (JaHHOM citydae 3To t4) u caenats ero
HOBBIM CUCTEMHBIM BpeMeHneMm, T.e. CBp = t4.

B momenT ty HeoOxoauMmo:

— OTPENEeIUTh BpeMs MOCTYIICHHS CIIeYIOmEero Be3oBa (16);

— 3a(UKCUPOBATH MOTEPIO0 BBI30BA, TaK KaK B MOMEHT t4 00a KaHasa 3aHATHI;

— ynanuth u3 bBC Bpems t4 u momecTuTs TyAa Bpems t6;

— BbIOpaTh u3 bbC Ommkaiiiiee BpeMs (JaHHOM citydae 3To tS) u caenartb

CBp = 1s.

B MOMEHT ts............... U T.J.

B MomenThl BpemeHH t3 U ts TpOMCXO0IUT OCBOOOKIEHUE COOTBETCTBYIOIIIE-
ro KaHaJia ¥ y4&€T 3Toro akra B COOMpaeMoi CTaTUCTHKE.

PaccmotpeB Bech nporox u3 10 BEI30BOB MOKHO MOACYUTATH, UTO 3 U3 HUX
MOJIYYHJIA OTKa3 B OOCTY>KMBAHUM (MIOMEYEHBI *), U clleJaTh BBIBOJ, YTO BEPOSIT-
HOCTB MOTEPh B 3TOM cucteme coctapisier P = n/N = 3/10 = 0,3. OxHako, nenatb
BBIBOJIBI TIO TAKUM KOPOTKUM BBIOOpPKAM HEJb3sl — CIUIIKOM BEJIHMKA BEPOSITHOCTD
MOJIYYUTh 3HAYUTENIbHBIE OTKJIOHEHHUS TMOJYyYEHHOTO pe3ysbTaTa OT UCTHUHHOTO.
Hwuxe (mm. 2.6.2) Oyner mokazaHo, Kak 3aBUCHUT JJIUTEIIBHOCTh MPOTOHA OT JKeJlae-

MOU JIOCTOBEPHOCTH PE3YJIbTATOB UCIIBITAHUM.

2.4.3 MexaHN3M CUCTEMHOTO BpEMEHH ¢ (PMKCHPOBAHHBIM IIIATOM
[Tpu puxcupoBannom miare (PIII) Bcst BpeMeHHast 0Ch pa3aensieTcsl Ha JJIMHHYIO
cepuro nHTepBasioB At u CBp mpu KaKJI0M IUKIIE YBEJIMYMUBAETCSA HA 3TOT UHTEP-
Baj. [IpoBoauTcst mpeaBapUTENbHBIA aHATU3 COOBITUM, KOTOPbIE MOTYT MPOUCXO-
JUTh B OTHX MHTEPBAJaX, M OIIEHKA BEPOSTHOCTEH ITHX coObITHIA. B mporecce Mo-
JETUPOBAHUA I KaXKJI0ro MHTEpBajga At MPOMCXOIUT PO3BITPBIII 3THX BEPOST-
HOCTEH M NPU HACTYIUIEHWU KaKOTO-JTUOO COOBITHS MPOBOAUTCS €0 peau3anus

(MOCTYIUIEHHE OYEPETHOTO BBI30BA, 3aHATHE WJIM OCBOOOXKIEHWE KaHAlla U Jp.).
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PaccmoTpum 3TOT mponecc TakKe Ha NMPUMEPE ABYXKAaHAJIBHOM CHCTEMBI C IIOTE-
PSAMH.

Takasg cuctema MOXET HAXOAUTHCS B OJHOM U3 TpEX coctossHui (PucyHok
2.6). IlepenymepyeM 3TH COCTOSHUSL B COOTBETCTBUU C YMCJIOM 3aHATHIX KaHAJIOB,

T.€. coctossausa SO, S1 u S2.

Pucynox 2.6 — CocTosIHHSI CHCTEMBI U BEPOSITHOCTH TIEPEXOI0B

Monenb 1ByXKaHaJIbHOM CUCTEMbI PYHKIIMOHUPYET CIAEAYIOLIUM 00pa3oM:

— u3 coctosHus SO (00a KaHaja CBOOOHBI) CUCTEMa MOKET BBIMTH TOJBKO B
cllydae TOSIBJICHHUSI HOBBIX BbI30BOB. Ecim 3a Bpemst At moctynut 1 BeI30B, cucTeMa
neper et B coctostuue S1. Ecnu — 2 BbI30Ba, TO B cocrosiHue S2. Hakonen, ecnu 3a
Bpems At moctynut 6osee 2-X BBI30BOB, TO CHCTEMaA MEpPEHAET B cocTosiHUE S2, a
JIMIITHUE BBI30OBBI OYIyT MOTEPSHBI,

— u3 coctosiHus S1 (3aHAT OJMH KaHaI) CUCTeMa 3a BpeMsi At MOXKET MepenTu
B cocrosiaue SO (0cBOOOMIICS OWH KaHAI), B cOCTOsSTHUE S2 (TIOCTYIWII OJUH WA
0oJiee BBI30BOB), UJIM OCTAThCSA B TOM K€ COCTOSIHUM, €CJIM OCBOOOAMIICS OAMH Ka-
HaJI ¥ IOCTYTHJI OJTUH BBI30B,

— u3 coctostHMs S2 (00a KaHama 3aHATHI) CHCTEMa MOXKET MEPEHTH B COCTOsI-
Hus SO umu S1, ecnu 0cBOOOIATCS ABA WM OWH KaHaj, COOTBETCTBeHHO. [Ipu mo-
CTYIUICHHH HOBBIX BBI30BOB B COCTOSIHUU S2 OHU TEPSIOTCS;

— CHCTeMa MOXET OCTaThCsl B TOM K€ COCTOSIHMM, €CJIU 3a Bpemsi At He ObLIO
HU HOBBIX BBI30BOB, HU OCBOOOXKICHUN KaHAJIOB.

[Ipu noctpoennn mMozaenu ¢ GpukcupoBaHHbIM maroM (PII), npuHIKTIHATE-
HBIM BOTIPOCOM SIBIIsIeTCS BBIOOp MHTEpBasia Al. Uuciao coObITHI, KOTOPHIE MOTYT

HAaCTYIINTh B KAXKJOM MHTCPBAJIC MOKCT HCUUCIIATHECA ACCATKAMU, U ITPU MAJIbIX At
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Ha PO3BITPHILI BEPOATHOCTEN ITUX COOBITHI MOXKET YXOJUTh 3HAUUTEIHLHOE BpEMS,
YTO YBEJIUYUT 001Iee BpeMs ITPOrOHA.

Bri6upats 60bine HHTEpBajbl At HEIb3s MO CISIYIONINM IPUYUHAM:

— npu OIII 3a MOMEHT HacTyIUIEHHs COOBITUSI IPUHUMAETCS KOHELl HHTEpBaJia
At, T.e. cOOBITHSI B MOZIEJIM MOTYT HACTYTaTh TOJBKO B ONpPEACIEHHBIE JUCKPETHBIE
MOMEHTBI BPEMEHH, a HE B MIPOU3BOJIbHBIE MOMEHTHI HEMTPEPBHIBHOIO BPEMEHU KaK
y peanbHOro o0wekra. Hapyiiaercss anekBaTHOCTh MOJENIN OOBEKTY U, MpU OOJIb-
mux At 3To NpUBEAET K HECOCTOATEIIBHBIM OLICHKAM;
— B OonbiIoM uHTEpBaie At MOXXET OJJHOBPEMEHHO MPOU30UTH OOJIbIIE OJTHO-

ro coObITus, a npuHuun PII onpenenser ToapKoO GaKT BOSHUKHOBEHUSI COOBITHS B
uHTepBasie At, a He KOHKpETHBIM MOMEHT. W, Hanpumep, B CUTyallnu, KOrja B He-
KOTOPOM MHTEpBAJIC MOCTYNUJI HOBBIM BBI30B, M MIPOU30LLIO OCBOOOXKIEHUE KaHA-
Ja, IMEET 3HaYeHHE O4EepPEAHOCTh 3TUX COOBITUN. ECiu BBI30B MOCTYNUT paHblle
O0CBOOOXKIEHHUSI, TO OH OyJleT MOTepsH (MPU OTCYTCTBUU JIPYTUX CBOOOJHBIX KaHa-
JIOB), @ €CJIU MO3KE, TO OH 3alMET TOJBKO YTO OCBOOOAUBIIMICS KaHAI.

EanncTBeHHBIN crioco0 00pbObI ¢ ITUMU HENPUATHOCTIMU — YMEHBIIICHHUE
JUINTEIBHOCTU HMHTEpBasia Al HACTOJIBKO, YTOOBI BEPOSITHOCTh HACTYIJICHUS JBYX
nu O0oJiee COOBITHH OblIa TPEHEOPESKMMO Majia. ITOro MOYKHO JOOUTHCS, JOBES,

HaIrpuMep, BEPOSITHOCTh NMOSIBJICHUSI HHTEPBAJIa C OJIHUM COObITHEM 110 P1 =
0,1. B Takom ciyyae BEepOSITHOCTh HYJIEBOIO MHTepBaja cocTaBuT Py = 0,9 u 3Ha-
YUT JUTUTENBHOCTh POrOHA BO3PACTET Ha mopsiaok. [Ipumep pacuéra cucteMHOTO
BpeMeHH ¢ DI npuBOaUTCS HUXKE.

B Hacrosimiee Bpems yalle NpUMEHSETCS MEXAHU3M CUCTEMHOTO BPEMEHU C

[IarOM JIO COOBITHSL.
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2.5 MopaenupoBaHre METOAOM BIIOKEHHOW MapKOBCKOM 1IETTH

PaccmoTtpuMm cucteMy, KoTopas MOKET MPUHUMATh OJHO W3 K cocTosHmit
noiHOW Tpynmbl. Llenb Ha3bIBa€TCA MapKOBCKOM, €CIM YCJIOBHAas BEPOSTHOCTH
pactipenenenus Pjj(m) (mepexoga U3 cOCTOSHUS | B COCTOSHHE j) HE 3aBHCUT OT
HOMepa ucnbliTanus M, T.e. Pij(M) = Pj; 1 pe3ynbTaThl M-TO UCTIBITAHUS HE 3aBUCST
OT IPEIUCTOPUU COOBITUH.

PaccMoTtpuM, Kak U npexse, JByXKaHAIbHYI0 cucTeMy ¢ norepsmu (Pucy-
HOK 2.6) ¥ ME€XaHW3M CUCTEMHOTO BPEMEHH ¢ (PMKCHPOBAHHBIM IIaroM. B kaxbrii
MOMEHT BPEMEHHU CHCTEMA MOXKET HAXOIUTHCSA B OJHOM U3 TPEX COCTOSIHUU B 3a-
BUCHMOCTH OT YHCJIa 3aHATHIX KaHatoB S (T.e. S1, S2, S3). OyHKIIMOHNPOBAaHUE

TaKOW CUCTEMbI 0TOOpaKaeTCsi MAPKOBCKOM IETBIO ¢ TPEMs COCTOSHUAMU (2.2):

Poo Po1 Po?
P = P1o P11 P1» (2.2)
Poo P P2

UtoOBl ompeAenuTh 3HAUCHUS MPEICTABICHHBIX B MATPUIIC BEPOSTHOCTEH
nepexona Pjj, Hy’)KHO KOHKPETU3UPOBATh 3aKOHBI PACIPEIAECICHUS CIIy4alHbIX Be-
JIMYMH, C TIOMOIIBI0 KOTOPBIX OMKUCHIBAIOTCS CIYyYalHbIE MPOIECCHl B UMUTAI[MOH-
HOU mozenu. IlycTh B cHCTEMY MOCTYMAET IMyaCCOHOBCKUM MOTOK BBI30BOB C IMa-
paMeTpoM A, a KaHAJIbl OOCTY>KMBAIOT BBI30BBI C SKCIIOHEHIIMAJIBHBIM pacipeesie-
HUEM JITUTEIIbHOCTH O0O0CTYKUBAHUS logen M C HHTEHCUBHOCTBIO U, TAC U = 1/Togcn

Torma BEpOATHOCTH MOCTYIIEHHS BBI30BA 3a BpeMsl At onIpeaennuTcs KaKk

Py=1-e¢?t 3 BEPOSITHOCTH OCBOOOIKIEHHUS 3a BpeMs At 3aHATOr0 KaHajia coCTa-
But Py = 1- e "Ml TloacTaBisis modydeHHbIe 3HAYCHHS B MaTpHity (2.2), mocie

HECIIOKHBIX MPeoOpa3zoBanuii moaydum (2.3):

e—?»At 1— e—?»A'[ 0

P= 1- e At g (At 1-e M (2.3)

0 1— 8_2 LAt e—2 LAt




34

OTmeTHM, 4TO JaHHAsE MaTpHIla HOCUT MPUOIMKEHHBIN XapaKkTep, MOCKOIb-
Ky mpeamnosaraer, uto At — 0. VIMEHHO MOA3TOMY BEpOSTHOCTH HACTYILJICHUS
JBOMHBIX COOBITUH Poy (IPUXOJT Cpa3y ABYX BBI30BOB) U Py (0CBOOOXKIEHUE CPa3y
JIBYX KaHAaJIOB) MPUHSATHI PAaBHBIMH HYIIIO.

OT maHHO¥M MaTpHIBI JIETKO MEPEeHTH K MpoLeaype PO3bIrphilia cOObITUI B

UMUTAIMOHHOW Mojaenu (Pucynok 2.7).

oMt 1 oMt

SO ¢ > ¢
0 1

Sl R 1— e—uAtA e—(k—‘rp)At N 1— e—kAt R
0 1

_ ,2uAt —2nAt
S2 N 1-e R e R
0 0.1 1

PucyHnok 2.7 — Po3bIrpblil IEPEeX0/10B B MAPKOBCKOM LIETIH.

2.6 MeTopl TIIaHUPOBAHUS SKCTIEPUMEHTA
2.6.1 Crparernueckoe miaHHpPOBaHUE

BaxHeWIMM 3TarioM UMHUTALMOHHOIO MOJEIUPOBAHUS SIBISETCS IUIAHUPO-
BaHHE PKCIEPUMEHTA, KOTOPOE PA3AEISIETCS Ha CTPATErMUYE€CKOE U TAKTUYECKOE.

CrpaTernueckoe IUIAHUPOBAHUE — 3TO ONpPENENICHUE LU SKCHEPUMEHTA,
T.€. TOTO, PaJy YEro MPEeIIoIararoTCs 3aTpaThl MATEPUAIIBHBIX U JIIOJCKUX peECyp-
coB. [IpuMepaMu Takux 1eA€il MOTYT OBITh CJIETYIOIIHE:

— MpUOOpETEeHHE HOBOTO 000PYAOBAHUS — HE CIUIIKOM JOPOroro, HO B TO K€
BpeMs 00€CTIeUnBAIOIIETO HEOOXOIUMYIO MMPOYCKHYIO CTIOCOOHOCTH;

— ormpezelieHne He0OXO0IUMOTo YKciia 0a30BbIX CTAHIMI JIsl TOKPBITHS HEKO-
TOPOTO TOPOACKOTO palioHa ¢ 3aJJaHHBIM KaueCTBOM OOCIIyXKMBaHMs (C JOIMYCTH-
MO BEPOATHOCTBIO MOTEPD);

— OIpe/elieHne MOTOKa MyJabTuMenuiiHoro tpaduka mexay JIBC npenmpus-

tus u Internet ass Ber6opa mpoIrycKHON CIOCOOHOCTH KaHaa TOCTYIIa;
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— OmIpeaeeHne NHTEHCUBHOCTHU Tpaduka MEXy y3JIaMU MarucTpalbHOM ceTu
JUTsl BBIOOpA MPOMYCKHBIX CIIOCOOHOCTEN MarucTpaibHbIX KaHAJOB;

— BBIOOP IHUCHUIUIMHBI O0CITY>KMBaHHS Pa3HO MPUOPUTETHBIX MTOTOKOB ITAKETOB
B MAapUIPYTU3AaTOPE CETH I MOJTYYEHHUs HAWITydIlero KadectBa OOCTY>KWBaHUS
(QoS).

[Ipu cTpaTernyeckoM IUIAHUPOBAHWUA B IIEPBYIO OYEPEAb OMPEIEIAIOTCA
BBIXOJIHBIE MEPEMEHHBIC, Ha3bIBaAEMbIe PEaKIUed (OTKIMKOM) CHUCTEMBI, KOTOpPbIE
MHTEpECYIOT uccienonatens. Kak nmpaBuio, 3To TO, paau 4ero pyKoBOJCTBO KOM-
NAaHUU PeIIaeTca Ha MPOBEICHUE UMUTALIMOHHOTO MO/ICIIMPOBAHUS.

He meHee oTBeTCTBEHHOM 3a/1ayeil sIBISIETCS BHIOOP BXOJHBIX MEPEMEHHBIX
(paxtopoB). EcTrecTBEHHO, YTO Cpeld MHOXKECTBA UMUTHPYEMBIX (PaKTOPOB HEOO-
XOJMMO BbIOpaTh TOJIKO T€, KOTOPBIE BIMSIOT Ha BbIOpaHHbIE OTKINKU (PrcyHOK
2.8). ®akTopsl OBIBAIOT KOJUYECTBEHHBIEC (UHCIIO Aa0OHEHTOB, BEIMUYMHA BXOHOTO
MOTOKA, MPOITYCKHAas CIIOCOOHOCTh KaHalla M JIp.) U KaueCTBEHHbIC (AMCIUILIIMHA
oOCITy’)KMBaHUs, paclpeeIeHne IPUOPUTETOB U Ip.).

He Bcerna ynaércs cpa3y onpenenuTb Hy HbI nepedeHsb (akTopoB, a TEM
0osee — HEOOXOAUMBIE Mpeiebl BapbUPOBAHUS YMCIEHHBIX 3HAYCHUH 3TUX (ax-
TopoB. IloaTOMY, Kak Mmoka3zaHO Ha PUCYHKE 2.2, HEOOXOJUM 3Tal MOCTENEHHOTO
YTOYHEHUS CTPYKTYpbl Mozenu. IIpoBoas mocnenoBaTeabHO psll SKCIIEPUMEHTOB,
MOKHO YTOYHSTH NepeyeHb (HaKTOpPOB M MpHJIaBaeMbIX UM 3HadeHuil. Ilpu stom
MOJKHO OTKa3bIBAaThCS OT BapbHpPOBaHUS (PAKTOPOB, HE BIUAIOMINX Ha BHIOpaHHbBIE
oTKJIMKHA. Heo0XoanuMo yTOUHATh 3HAYCHHUSI, TPUCBABAEMbIe TIEPEMEHHBIM, CHIIb-

HO BJIMAIOIKUM Ha OTKJIMKH.

dakToppl —> s OTKIMKH
— MOJENb 2
—> 2
—_— rd

Pucynox 2.8 — ®@akTophl ¥ OTKIUKH MPU CTPATETUIECKOM TUTAHUPOBAHUU
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2.6.2 TakThueckoe TUTaHUPOBAHUE

HOI[ TAKTHUYCCKHUM IINTAHUPOBAHHUCM ITOHHUMAIOT IINIAHUPOBAHHUC OJHOI'O JKC-

nepumenTa. [Ipy 3ToM yale Bcero pemarTcs CeayoIue BOIPOCHL:

OTIpe/ieNIeHUE pa3Mepa BhIOOPKH;
— YYET HaYaJIbHBIX YCIOBHM;
— CXOAMMOCTb PE3yJbTaTa;
— METOJIbl CHI)KEHUS TUCTIEPCUU Pe3yJIbTaTa.

Paccmotpum Ba Hanbosee BaxXKHBIX BOMPOCA.

a) OnpeaeneHue pazmMepa BHIOOPKH.

Pa3mep BBIOOpKHM — 3TO YHMCIIO €IMHUYHBIX MCHbITaHuid. Hampumep, uucio
MAKEeTOB, MOCTYIMAIOIMINX B CUCTEMY B OJHOM IPOTrOHE, WIH YUCIO Teae()OHHBIX
BBI30BOB B COTOBOW CHUCTEME MOOMIIBHOM CBs3M 3a nporoH. Haubonee npocto pas-
Mep BBIOOPKH OIPEAEISETCS MO OLIEHKE JOBEPUTEIBHOTIO HHTEpBaJa JIJIsl OMHOMU-

aJIbHOM cxeMbl (2.4):

g=+ty ==+ |BED 2.4)
p ==+

rie P — OIlCHKa BEpOSITHOCTH MOTEPH MMAaKEeTa WM BHI30BA,
D — nucniepcust onieHKH P,
N — niuHa mporoHa (pa3mep BHIOOPKH),
B — noBepuTeabHAs BEPOSITHOCTD,
tp — dyHKIMS TOBEpUTENBLHON BEPOSITHOCTH,
€ — IOBEPUTEIbHOE 3HAUYCHUE (JOMyCTUMOE OTKIIOHEHUE OT D).
HctrHHOE 3HAaueHHE BEPOSTHOCTH TMOTEPh P MOKET OTJIMYATHCA OT €ro U3-
MEpPEHHOr0 Ha Mojelu 3HaueHus (oueHku) p. Ilpuuém 31O OoTiIMuME (pa3HOCTH
|p — P|) C noBepuTenbHOM BeposSTHOCTHIO  Oyaer He Oonbiie € (2.5), T.¢.
Plp-pl<e=8p (2.5)
CkazaHHOE MPOWLIIOCTPUPOBAHO Ha pucyHke 2.9. [lns paccmaTpuBaemoit
OMHOMMAIILHON CXEMBbI, OTKJIIOHEHUE Pa3IUYHBIX 3HAYEHUW OIEHOK P OT HX

CPEOHEr0 3HA4YE€HUs MOJUMHSETCS HOPMaJbHOMY 3aKOHY pacnpenencHus. llpu
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3TOM, B BhIpaxxeHHH (2.5) B onpenenser BEpOSTHOCTh TOTO, YTO MCTUHHOE 3HaYe-
HUE€ U3MEPSIEMOMN BEJIMYMHBI IOTEPH P HAXOAUTCSA B TOBEPUTEIBHOM MHTEPBAJIE OT
(p — ¢) mo (P + €),KaKk MOKa3aHO Ha 3alITPUXOBAHHONW YaCTH HOPMAJIBHOM
IUIOTHOCTH pacrpexneneHus. 3Hauenne tg B BelpaxkeHun (2.4) ompenemnsiercs Mo
CIEIUAIBHO COCTaBJICHHOHN Tabmuie (2.1) it PyHKIMU HOPMAaJIbHOTO pacipese-

JeHus1, GparMeHT KOTOPOU MPEACTABICH HIKE.

Tadbmnura 2.1
B 0.8 0.9 0.95 0.99
ts 1.28 1.64 1.96 2.58

~— f—

p—¢ p p p+e
Pucynok 2.9 — onpenenenre 10BEpUTEILHOTO HHTEPBAIA

PaccMoTprm Ha 4acTHOM IpUMEpPE — KaK BIUSET JJIMTEIbHOCTh MPOrOHA Ha
BEJIMYMHY JIOBEPUTENILHOTO HHTepBaia. [Iycts B dpopmyie (*) p=0.1 u tg = 1.96,
YTO COOTBETCTBYET JIOBEPUTENbHOW BeposiTHocTH [ = 0.95 (3amTpuxoBaHHas
yacTh Ha pucyHke 2.9). Torna npu amutensHocTu nporona N = 1000 moBepuTennb-
HbI uHTEepBan okaxercs paBHbiM (0.081+0.119, T.e. ¢ BeposiTHOCTBIO 95% HCTUH-
HOE 3HaueHHe BeposATHOCTH TMoTeph Oymer 0.081 < p < 0.119. Ecou yBenuyuth
MPOA0JKUTEILHOCTH TIporoHa B 100 pa3, T.e. caenatb N = 100000, To noBepu-
TeJIbHBIN MHTEpBaN cokpatutcsa B 10 pa3 u torna, momyuum 0.0981 < p < 0.1019.
HamomHauM, 9TO 32 UI3MEPEHHOE 3HaUYCHHUE BEPOSITHOCTHU MOTEPh ObLIO BHIOpAHO P
= 0.1, T.e. B JaHHOM cCJly4ae OTHOCHUTEJIbHas OIMOKa He mpeBbIiacT 2%.

0) Y4€r HayanbHBIX YCIOBHM — 3TO YUYET BIMSAHUS HA PE3yJIbTAaThl KCIIEPH-
MEHTa HayaJlbHOTO mepuoja. /[emo B TOM, 4TO cpa3y MOCJE 3alycka MOJENN BCe

KaHaJIbl ¥ BCE MECTa B ouepeasx eé myctol. [lo3ToMy B 3TOT nepuoi moTepu Bbl-
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30BOB B MPUHIIMIIE HEBO3MOXXHBI U PE3YyJbTAaThl MPOrOHA MOTYT OTMETUTH CIIMIII-
KOM XOpOII€€ KAYECTBO CUCTEMBI.

[Ipenmnonoxum, 4T0O UMUTALIMOHHAS MOJIEIh CETH C KOMMYTAallUE€H MaKeTOB
COIEepKUT 16 MarucTpaidbHBIX KaHAJoOB C ouyepedsMu. JlmMHa Kaxaoul ouyepenu
paBHa 50, T.e. 00111€€ KOJTMYECTBO MECT OXuaaHus B cucteme paBHo 800. A Tenepb
MPEACTAaBUM, YTO MAJIOONBITHBIM 3KCIEPUMEHTATOP YCTAaHOBWII IJIMHY MporoHa N
= 600. OueBUAHO, YTO B ATOM ClIydae Ja)ke MpH OTKa3e BCeX KaHAJIOB He OyaeT
3a(MKCUPOBAHO HU OJHOM moTepu makera (Bce 600 BBEAEHHBIX B CUCTEMY MTAKETOB
3aiiMyT MeCTa B OYEPEasiX), U IKCIIEPUMEHTATOP JOJO0XKHUT PYKOBOJCTBY, UTO MPO-
MYCKHBIE CMOCOOHOCTH KaHAJIOB, KOTOphble (GupMa coOupaercss mpuodpectu yjo-
BJICTBOPSIOT 3a/IaHHBIM TPEOOBAHUSIM.

JIns1 CHUKEHUA BIIMSAHUS HAYAJIBHOTO MEPHUOJIa HA PE3yJIbTaThl SKCIIEPUMEH-
Ta PEKOMEHAYETCSI:

— HCIOJIb30BaTh MAKCUMAJIbHO BO3MOXKHBIE 10 JTMHE TPOTOHBI;

— MCKIII0YaTh IPOTPaMMHBIMM CPEICTBAMU HAYAJbHBINA MEPUOJ U3 YUUTHIBAC-
MOM CTaTUCTHUKHU,

— BBIOMpaTh HAYAJIbHBIC YCIOBHS OJIM3KUE K TUTTUYHBIM (TIpEBapUTEIIbHAS 3a-

rpy3Ka KaHajioB U o4yepeien).



39
3 Kparkue cBeeHusi Mo CTPYKType si3bika GPSS
3.1 Mogenp Kak cucTeMa MacCOBOr0 OOCITYKUBaHUS

B marematnyeckux mozaensax (MM) cloXHBIX OOBEKTOB, MPEACTABICHHBIX B
BUJIe cucTteM MaccoBoro obcmyxkuBanus (CMO), dburypupyroT cpencrtBa oOCTy-
YKUBaHUSI, HAa3bIBaeMble oOCTyKuBaromumu anmaparamu (OA), u o0ciayKuBaembie
3asiBKM, Ha3bIBaeMbl€ TpaH3aKTaMu. Tak, B MOJIEIM MHOTOKaHaJIbHON Tesie(OHHON
coenuHUTeNnbHON uHUU OA oTOOpaxkaroT TesleOHHbIE KaHaJbl, a TPAH3aAKThbl —
MOCTyHaroIKe Ha 00padOTKy BBI30BHI (3asBKHU Ha TeJae(OHHBIC PA3TOBOPHI).

Cocrosaane CMO xapakrepuzyercsa cocTostHusAMH OA, TpaH3aKTOB U O4epe-
ner k OA. [lapaMmeTpbl BXOJHBIX OTOKOB 3asBOK — BHelHUE mapameTpsl CMO.
BrIXxoaHBIMU MapaMeTpaMu SBISIOTCS BEJIMYMHBI, XapaKTEPHU3YIOIIME CBOWMCTBA
CHUCTEMBbI — KaueCTBO €€ PyHKIMOHUPOBaHUS. [[puMephl BEIXOIHBIX TapaMeTPOB:

— npouszBoguTenbHOCTh CMO — cpenHee 4uciao 3asiBOK, 0OCIYyKUBAEMBIX B
€IUHUIlY BPEMEHH;

— K03 PUIMEHTHl 3arpy3ku 00OpYJAOBaHUS — OTHOILIEHUE BPEMEH OOCITYXKHU-
BaHus (3aHsToct OA) K 001eMy BpeMeHH! B KaxaoM OA;

— cpenHee Bpemsi 00CTy>KUBaHUS OJTHOM 3asBKHU.

OcHoBHoe cBoiicTBO OA, yuuthiBaeMoe B moaenun CMO, — 3To 3aTparsl
BpeMeHHU Ha oOciykuBaHue. Hampumep, 1TuTenHOCTh pa3roBopa, BpeMs rnepesa-
Yy 1o nakeTta uiaM kaapa. [lostomy BHyTpeHHUMH napamerpamMu B moaenn CMO
SBJISIOTCSL BEJIMUUHBI, XapakTepusytomme 3To cBoictBo OA. OObUHO BpeMs 00-
CIIY’)KMBaHUS pacCMaTpPUBACTCS KakK ClydyaiiHas BEJIMYMHA U B Ka4€CTBE BHYTPEH-
HUX MapamMeTpoB PUTYPUPYIOT MapaMeTphbl 3aKOHOB pacipeaeieHus: 3TOW BEJIUYH-
HBI.

NmuTtanimonHoe MojieMpoBaHue MO3BOJIAET ucciaenoBate CMO npu pas-
JUYHBIX THUIMAX BXOJHBIX MOTOKOB M MHTEHCHUBHOCTSIX IMOCTYIUJICHHS 3asiBOK Ha
BXOJIbI, IpY Bapuanusax napamerpoB OA, mpu pa3auvHBIX JUCIUILIAHAX OOCITy-
YKUBAHMUS 3a5BOK.

JucrumirHa 00CITy>)KHBaHUSL — MPABUIIO, 10 KOTOPOMY 3asBKU MOCTYIAOT

U3 odepereil Ha oOciyxuBaHue. BennuuHa, XapakTepusyrollas IpaBo Ha MEPBO-
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ouepeHoe O0CTy)KHMBaHKE, Ha3biBaeTcs nmpuopureroM. B mogensx CMO c odepe-
JISIMU 3a51BKH, IPUXOSIIKE Ha BXoA 3aHAToro OA, 00pa3yloT ouepein, OTAeIIbHbIE
JUIsl 3asBOK Kaxkaoro mpuopureta. [Ipu ocBoOoxnennn OA Ha oOcinyXuBaHHE
MPUHUMAETCS 3asiBKa U3 HEIYCTOM ouepean ¢ HanboJiee BHICOKUM MPUOPUTETOM.

OcnoBHoil Tunn OA — yctpoiictBa. MiMeHHO B HUX IPOUCXOIUT 0OpaboTKa
TpaH3akToB C 3aTparamu BpemeHu. K OA MOXHO OTHECTH Tak»Ke HaKOMUTeNH (ma-
MSTb), OTOOpaXKarollIe CPeICTBA XpaHEHHs COOOIIEeHUM, (HalIoB, MAKETOB U Y-
rUX BUJIOB MH(OpPMAIUK B y3JIaX KOMMYTAIlMU TeJie U MH()POKOMMYHUKAIMOHHBIX
cucteM. Hakonutenu XxapakTepu3yrOTCs HE BpeMeHaMU OOCIY)XKMBaHUS 3asiBOK, a
€MKOCThI0O — MAKCHUMAaJbHO BO3MOXHBIM KOJIMYECTBOM OJHOBPEMEHHO HAaXOMs-
IIUXCSl B HAKOTTUTENIE 3asIBOK.

K snementam umurtarmonssix mozeneir CMO, kpome OA, OTHOCAT TaK»kKe
y3JIbI U1 UCTOUYHUKH 3asBOK. CBsi3u OA Mexay coOoii peanusyroT y3Ibl, T.€. Xapak-
TEPU3YIOT ITPaBUiia, IO KOTOPHIM 3asBKU HAMPABISAIOTCS K TOMY Wik nHOMY OA.

Jist onucanus mojeneit CMO mipu ux uccinenoBanuu Ha DBM pazpaboTansl
CIICIUAJIBHBIC SI3BIKM UMUTALIMOHHOTO MojenupoBanus. CyliecTBYIOT oOleresne-
BbI€ SI3bIKM, OPUEHTUPOBAHHBIE Ha omucaHue mupokoro kinacca CMO B paznnu-
HBIX MPEAMETHBIX OOJACTAX, M CHEIUATU3UPOBAHHBIC S3BIKU, MPEIHA3HAYCHHBIC
JUISL aHaJM3a CUCTEM OMpelesieHHoro Tuma. I[lpuMepom oOIieneneBbix sS3bIKOB
CIIY’KUT IIUPOKO pacTpoCTpaHeHHbIN 51361k GPSS.

GPSS (General Purpose Simulation System) — oOmierieseBas cuctemMa Mojie-
JMPOBAHMS CIIOKHBIX cucTeM, paspabortanHas Jxepdpu 'opmonom. IlepBona-
YJaJlbHO pa3padaThiBaiach U TojanepkuBanach kommanuei IBM. B nHactosiee
BpEeMsI IMCIOTCSI BEPCHH Pa3IMYHbIX pa3zpadoryrkoB. GPSS World — camast cospe-
meHHas Bepcusi GPSS mmsa mepconansueix O9BM u OC Windows. Paspaborana
komnanueir Minuteman Software. B Poccun u crpanax CHI' pacmpoctpansercs
000 «3nuna-Komnerorepy» (Kazanb).

Cuctema GPSS World — 310 MormHas cpeia KOMIBIOTEPHOT'O MOJICIUPOBa-
HUS OOIIEro HazHaueHUsl, pazpaboTaHHas sl TPOoPECCHOHAIOB B 00JaCTH MOJIe-

JUPOBAHUS. DTO KOMIUIEKCHBI MOJETUPYIOIIUNA WHCTPYMEHT, OXBATHIBAIOLIUN
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00JaCTH KaK JUCKPETHOTO, TaK M HEMPEPHIBHOTO KOMITBIOTEPHOTO MOCIUPOBA-
HUs, O00JaNalolMii BBICOYANWIIUM YPOBHEM HMHTEPAKTUBHOCTH W BU3YaJIbHOTO
MpEICTaBICHNUS] HH(POPMAIIHH.

HcnonszoBanne GPSS World maer Bo3MOXHOCTh OLEHHTH 3()(HEKT KOH-
CTPYKTOPCKHUX PEIICHUH B YPE3BBIYANHO CIOKHBIX CUCTEMAaX PEAIbHOTO MHUPA.

Cucrema GPSS npemgnazHaueHa Il HalMCaHUS MMUTAIIMOHHBIX MOJEICH
CHUCTEM C JUCKpEeTHhIMHU coObITHsAMHU. Hanbonee ynobHo B cucteme GPSS onucei-
BAIOTCS MOJICJIA CUCTEM MaCcCOBOTO OOCITYKUBaHHUS, JII KOTOPBIX XapaKTEPHBI OT-
HOCHUTEIIBHO TPOCTHIE TpaBujia (HYHKIMOHUPOBAHUS COCTABISIONINX WX DJIEMCH-
TOB.

B cucreme GPSS monmenupyemasi cuctema MpEICTaBISETCS C MOMOIIBIO
HaOopa a0CTPaKTHBIX AJIEMEHTOB, Ha3bIBaeMbIX 00bekTamMu. Kaxkiblit 00beKT npu-
HAJUICKUT K OTHOMY U3 THUMOB 00BEKTOB. OOBEKT KaXKJ0T0 TUIIA XapaKTEPU3yeTCs
OTIPEICTICHHBIM CIIOCOOOM TOBEIICHUS U HAa0OpOM aTpUOYTOB, OMPEACISIEMBIX TH-
nom oObekTa. Hanmpumep, ecau paccmotpeTs paboTy Tenerpaducrta mo4roBOro oT-
JIETICHUS CBSI3U, TPUHUMAIOIIETO, COPTUPYIOMIETO W OTIPABIISIONICTO TEICTPAMMBI,
u paborty mapmpytuzatopa cetu JIBC unu cetu Internet, npuaumaromero, oopa-
OaTHIBAIOIIETO M BBIJAIOIIETO MAKEThl B HAMPABICHUS CBSI3U, TO MOXHO 3aMETHUTh
0O0JIbIIIOE CXOJCTBO B MX (DYHKIIMOHUPOBAHUU. B 000MX Ciiyuasx UMEIOTCs 00beK-
ThI, IOCTOSIHHO MPHUCYTCTBYIOIINE B CHCTEME (ITOYTa WM MapIIpyTU3aTOpP), KOTO-
pbie 00pabaThIBAIOT MOCTYMAIOIINE B CUCTEMY OOBEKTHI (TEIerpaMMbl WU TaKe-
Tbl). B Teopun MaccoBoro o0ciy>kMBaHusl 3TU 00BbEKThI HA3BIBAIOTCSA MPUOOPAMU U
3assBkamu. Korjga o0paboTka moCTynuBIIEro 00beKTa 3aKaHIMBACTCS, OH MTOKHUIAeT
cuctemy. Ecam B MOMEHT TOCTYIUJICHUS 3asIBKH MPUOOP 0OCTY>KUBAHHUS 3aHST, TO
3asiBKa CTAaHOBUTCS B 04YEPE/lb, TJI€ U XKJET JI0 TeX MOp, TTOKa TPUOOP 0CBOOOIUTCS.

Odepenu TakXKe MOXKHO TPEACTABIATh ce0e KaKk HEKOTOphIE OOBEKTHI,
(GYHKIIMOHUPOBAHUE KOTOPBIX COCTOMT B XPaHCHUU JPYTHMX OOBEKTOB. Kakbrii
O00BEKT MOXET XapaKTePU30BaATHCS PSIIOM aTPUOYTOB, OTPAKAIOIIUX €r0 CBOMCTBA.
Hampumep, nmpubop o0cyKuBaHUS UMEET HEKOTOPYIO MPOU3BOIUTEIHBHOCTD, BHI-

pakaeMyr0 YHCJIOM 3asBOK, 00OpabaThbiBaeéMbIX UM B enuHUIly BpeMenu. Cama 3a-
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SIBKa MOYKET UMETh aTpUOYThI, YIUTHIBAIOIINE BpeMs €€ MpeObIBaHMS B CHCTEME,
BpeMsl O>KHMJIaHUS B o4epequ U T.1. boyiee CloKHbIE 3asBKH, TaKue Kak MHPpopMa-
ITMOHHBIC MMAKEThI, MOTYT UMETh Tropa3fo OOJbIIee YUCIO aTpuOyTOB (Mapamer-
poB). Hanmpumep, s IP-makera B cetu Internet arpuGyramu siBisitOTCS ajapeca OT-
MIpaBUTEIIS U oJTydaress, mpuoputet, CoS (kiacc ceppuca) u Jp.

XapaKTepHbIM aTpUOYTOM OYEpPEr SIBISETCS €€ TEKyIIas JIrnHa, HaOIromas
3a KOTOpOMl B XOj€ pabOThl CUCTEMbI (WJIM €€ MMHUTAMOHHON MOJIENH), MOYKHO
OTIPEJICNTNTh €€ CPEIHIO JUTMHY 3a BpeMsi paOoThI (MU MOJICTUPOBAHUS) U CPE/I-
HIOIO TIPOJIOJKUTEITHPHOCTD OKHTaHMSI.

B s3pike GPSS omnpenenens! kiaacchl 00bEKTOB, ¢ TOMOIIBIO KOTOPBIX MOXK-
HO 3a/1aBaTh MPUOOPHI OOCITY)KMBAHHUS, TIOTOKH 3asBOK, OYEPEINd M T.H., a TAKKE
3aJ1aBaTh NIl HUX KOHKPETHBIC 3HAUCHUS aTPUOYTOB.

Heckonbko 4acoB, Heenb WM JIET pabOThl UCCIEyeMON CUCTEMBI MOTYT
OBITH MpOMOJeapoBaHbl HAa DBM 3a Heckonbko MUHYT. COOTHOIIEHHE BPEMEHHU
peajbHOro IMpoiecca U BpeMEHHM MPOTOHA MOJIEM 3aBUCUT OT XapakTepa peaib-
HBIX TIPOIECCOB (MOITHBIC TTOTOKH MAKETOB, TeJe(DOHHBIC BHI3OBHI, PEAKAE OTKA3BI

000py1I0BaHUs1) U TPOU3BOIUTEILHOCTU MOJieupyroiieit OBM.

3.2 Iporpammupoanwue B cucteme GPSS World

3.2.1 OomeneneBas cuctema moaeupoanuss GPSS World

GPSS World — obmienenesas crucreMa MOAEIMPOBaHUs, OCHOBaHA Ha OPH-
TMHAJIBHOM SI3bIKE KOMIIbIOTEpHOTro moxaennpoBanuss GPSS, umeer pacmmpeHHble
BO3MOXKHOCTH, BKJIIOUasi IOJIb30BaTEIbCKYIO CPEAy C MHTEIPUPOBAHHBIMH (PYHK-
MU paboThl ¢ THTEpHeT.

GPSS World pa3paborana ajist orepaTHBHOIO MOJYYEHUS TOCTOBEPHBIX pe-
3yJIbTaTOB ¢ HAMMCHBIIUMHU YCHIIHSMH. B cooTBeTCTBHM ¢ 3TUMU meisimu B GPSS
World xoporiio nmpopaboTana Bu3yanu3alus Mpolecca MOACIMPOBAHUS, a TaKKe
BCTPOCHBI 3JIEMCHTHI CTATUCTUYECKOW 00paboTku naHHbIX. CHIIbHAas CTOPOHA

GPSS World — 310 ero mpo3pa4HocTh JIs OJb30BaTEI.



43

[Ipo3padHoCTh A TONB30BATENS IIEHHA MO TPeM NpudyruHaMm. Bo-TiepBhIX,
OIACHO TMOJaraTbCs Ha HEMPO3pPaYHOC MOJICIUPOBAHHME THIMA “dCPHBIN SIIHK,
BHYTPEHHHE MEXaHU3MbI (YHKITMOHUPOBAHUSI KOTOPOTO CKPBITHI OT MOJIH30BATEIIS.
Majio Toro, 94To B 3TOM Cllydae HeJb3s OBbITh YBEPEHHBIM, MOIXOIUT JU OHO JUIS
KaKOT0-JIM00 KOHKPETHOTO Cjydas, HO W HEBO3MOXKHO TapaHTHUPOBATh, YTO OHO
paboTaet, KaKk 3ayMaHo. Bo-BTOpPBIX, YIaUHbIC HMUTAIIMOHHBIE MOJCIU SIBJISTIOTCS
OUYCHb IICHHBIMH W TPUTOJIHBI B TEUCHHUE JJIUTEIHLHOTO IEpPHOJia BpeMeHH. Bo3-
MOKHO, TTOTpeOyeTCs, 9TOOBI HOBBIE COTPYAHUKHA O3HAKOMIIMCH C BHYTPCHHUMH
MPOIIECCaMH MOJICTTH, a 3TO TIOYTH HEBO3MOJKHAS 3aj7ava, €ClId MOJEIbh HE WMEeT
BBICOKOTO YPOBHS MPO3PAYHOCTU. B-TpeThuX, OTHUM U3 HamOolee 3PpGEeKTUBHBIX,
HO HaWMMEHEE M3BECTHBIX MPEUMYIIECTB KOMITBIOTEPHOTO WMHUTAIIMOHHOTO MOJIe-
JIMPOBAHMUS SIBIIAETCS BO3MOKHOCTh IPOHUKHOBEHHS B CAaMYIO CYTh ITOBEJICHUS CH-
CTEMBI, KOTJIa ONBITHBIN MpodecCHoHaN B 00JIaCTU MOJICTUPOBAHUS MOXKET BUICTh
BHYTPCHHIOIO JUHAMUKY B HanOoJiee BaKHBIC MOMEHTHI BPEMEHHU TIPOIecca Mo/Ie-
JVPOBAHUS.

GPSS World 6pu1 pa3paboTtan ¢ 1ebi0 pemuTh Bee 3TH mpodsieMbl. GPSS
World siBisieTcsi 00beKTHO-OPUEHTUPOBAHHBIM SI36IKOM. ET0 BO3MOYKHOCTH BH3Y-
QIBHOTO TIPE/ICTABIICHU HH(POPMAIMKA TO3BOJISIIOT HaOMIOAaTh U (PUKCHPOBATH
BHYTPCHHHE MEXaHW3Mbl (YHKIIMOHUPOBaHUS Mojeieii. Ero MHTEepakTUBHOCTH
MO3BOJISIET OJIHOBPEMEHHO HCCIIEIOBATh W YMNPABIATH MPOIECCAaMU MOCIUPOBA-
HUs. C MOMOIIBIO BCTPOCHHBIX CPEJICTB aHAIM3a TaHHBIX MOYKHO JIETKO BBIYHCIIUTH
JIOBEPHUTEIIbHBIC MHTEPBAJBI U MPOBECTH TUCIICPCHOHHBIA aHanmm3. Kpome Toro,
TeNeph €CTh BO3MOKHOCTh aBTOMAaTUYECKU CO3/IaBaTh U BBITIOJIHATH CIOKHBIE OT-
CCUBAOIINE U ONTUMHU3ZHPYIOITUE IKCITCPUMEHTBI.

GPSS World 6b11 pa3zpaboTan, 4TOOBI ITOJHOCTHIO UCIOIB30BAaTh BO3MOYKHO-
CTU UMEIOILEHCS BBIYMCIUTEIBHON CUCTEMBI. VICIONb30BaHNE MEXaHU3Ma BUPTY-
ATBPHOW TIAMATH TIO3BOJIICT MOJEISAM peajbHO JOCTHTaTh pa3Mepa MUJUIHApIa
OaifT. BeITecHsIOIMass MHOT0331a4HOCTh ¥ MHOTOIIOTOYHOCTh O0ECIEeYMBAIOT BbI-
COKYIO CKOPOCTh PEaKIMKM Ha YIPaBISIOMIAE BO3ICHCTBUS U JIAIOT BO3MOYKHOCTH

GPSS World omHoBpeMeHHO BBIOIHATE MHOYKECTBO 3a1ad. DTO TaK)Ke O3HAYAET,
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qT10 cuctema MojaenupoBanuss GPSS World Moxxer mcnonbn30BaTh BBIYUCIIATEIb-
HBIC BO3MOXKHOCTH, MPEIOCTABIISIEMbIE CUMMETPHYHBIMA MHOTOMPOIIECCOPHBIMU
apxutektypamu (SMP).

GPSS World coueraer B ceOe GQyHKIUH TUCKPETHOIO U HEMPEPHIBHOTO MO-
JenupoBaHus. BO3MOXKHOCTh Tiepexojia U3 JAUCKPETHOW (a3bl MOAETUPOBAHUS B
HEMpepbIBHYIO a3y u oOpaTHO 00ecreuynBaeT TECHYIO CBSA3b C HEMPEPHIBHBIM MO-
nenupoBaHueM. B HempepbIiBHOH (Da3e MOTYT OBITh YCTaHOBJICHBI MIOPOTOBHIC 3HA-

YCHUA, YIIPABIIIOMINUC CO3AAHNCM TPAH3AKTOB B ,Z[HCKpGTHOfI (1)8,36.

3.2.2 OCHOBHBIE 3JIEMEHTHI 1 CBOMCTBA

TpauncasTop. BricokodheKTUBHBIN TPaHCIATOP SIBISETCS YacThIO MPO-
rpammbl GPSS World, xotopsiii cozmaet MammHAYIO porpammy (IIporpammy JUist
MpoIECCOpa) U3 UCXOJHOM MporpaMmbl pazpadbotuurka. [lepen BkiatoueHreM B 00b-
exT “[Ipouecc MomenupoBaHus” BCE ONEPATOPHI MOJAETU MPOXOJAT TPAHCISALUIO.
TouHO Tak ke MHTEPaKTUBHBIE ONEPATOPHI TPAHCIUPYIOTCA B TI00ATBHOM 001acTH
BUJMMOCTHU IPEXKAE, YeM OHU OyAyT mepefaHsl CylecTByromeMy o0bekty “IIpo-
1IECC MOAECTUPOBAHUS .

Apxutekrypa. Ha ypoBue untepdeiica GPSS World npexacrasisier coboi
peaN3aInio apXUTEKTYPhl “TOKYMEHT-BU], OOIIEH IJisi BCEX MPUIIOKEHUM OTie-
parnmonHoit cucrembl Windows. OOBEKTBI MOTYT OBITh OTKPBITHI B HECKOJIBKHX OK-
HaX, U3MEHEHBI ¥ COXPaHEHBl Ha MOCTOSHHBIX HOCUTENSIX MHpopMmanuu. [TpuBbru-
HO€ MEHIO TJIABHOTO OKHA M OJIOKMPOBKA HEAOCTYIHBIX KOMaH/I MEHIO, HE OTBIIE-
Kas BHUMAaHHWs, HANpaBJIACT MOJb30BaTeNs K kKoHeuHou nemu. GPSS World 6wt
pa3paboTaH C MeNbI0 JOCTUYb TECHOW MHTEPAKTUBHOCTH JIaX€ B MHOT03a/Ia4HOM
Cpelie C UCIIOJIb30BaHNEM BUPTYAITbHON TaMSITH.

MHoro3agauHoctb. MHuoronorounas apxurekrypa GPSS World nmo3sosnser
COBMECTHO 3aIlyCKaTh HECKOJBKO IMPOILIECCOB MOAEIMPOBAHUSA U HKCIIEPUMEHTOB.
OMHOBPEMEHHO BBITIOIHIIOTCS HE TOJBKO OOHOBJICHHE OKOH, TOJB30BaTEIbCKUIN

BBO/J, I[HCKOBI)Iﬁ BBOJ-BbBIBO, IICYATh WU MIPOLHCCC MOACIMPOBAHNA, HO TAKIKC B O/~



45

HO U TO K€ BpPEeMs MOXKET OBbITh 3aIyLIECHO JH000€ KOJMUECTBO MPOIECCOB MOACIIH-
pOBaHUA.

BuprtyaabHas nmamsaTtse. [Iporieccsl MOaennpoBaHus HETOCPEACTBEHHO HE
OTpaHUYMBAIOTCA pa3MepoM (U3MUECKOW MaMATH C MPOU3BOJIBHBIM JOCTYIIOM
(O3Y), B kotopoii BoinonHseTcs: 00beKT “Ilponecc MmoaenupoBanus”. Mcnonb3ys
MEXaHHU3M BUPTYaJIbHOM MaMATH, MOJIETH MOTYT IOCTUTaTh pa3mepa 10 ruradaiira.
KonndecTBO 00BEKTOB TaKkKe OIPAHMYMBAETCS TOJBKO OOECrEeYMBaEMbIM pa3Mme-
poMm daiina moakadyku. J[IsS JOCTHKEHHS ONTHUMAIBHOW MPOW3BOIUTEIHHOCTH
HEO0OXOIMMO HCIIOJIb30BaTh 3HAYUTENbHBIA 00bEM peanbHOU naMsTH. Beiaenenue
U yIpaBJeHUE MaMAThIO JIJI1 0OBEKTOB MPOUCXOAUT HEBUJIUMO JIJIS TIOJIH30BATEIIS.
OOBEKTHl aBTOMAaTUYECKU CO3/IAt0TCS 10 TEX MOp, IMOKA HE MOTpeOyeTcsl JOMOJIHU-
TeJabHask nHMOpMaIus.

HNuTtepakTuBHocth. GPSS World moanep:kuBacT BBHICOKHI YPOBCHb HHTEP-
aKTUBHOCTU JaXe BO BpeMs Ipolecca MojJeiaupoBaHus. Mcmonb3ys KoOMaHIy
rJIaBHOTO MeHIo okHa Mojenn Command (Komanaa), ycKopsroIye KIaBUIIN WA
HAaCTPOWKHU MOJEIH, 3aKpeIuisis 3a (PyHKIIMOHATBHBIMU KIIABUIIAMH COOCTBEHHbIE
KOMaH/Ibl, MO’KHO TIepe/IaBaTh CyIIeCTBYIoNeMy 00bekTy “IIporiecc moaenupona-
HUs® JI000M omepaTtop. MOXXHO HCIOJIB30BaTh JAUAIOTOBOE OKHO ‘‘Simulation
Command” (“Komanpga™) jyisi BBoJIa ONEpPaTOpPOB, OTCYTCTBYIOIIMX B BhITAJ1at0-
IIIEM MCHIO, a C TIOMOINBIO KoMaHabl INClude MOXXHO MOCHLIATEH MIPOLECCY MOICIIH-
POBaHUS UHTEPAKTUBHBIC OTIEPATOPHI JTFOO0H CII0KHOCTH.

Busyanuszamus. GPSS World otiruaercs BRICOKMM ypOBHEM BU3yalTU3aIUH
BBITIOJIHAIOMIETOCST TIpoliecca MojenupoBaHusi. [y HaOmroAeHUS M B3auMO/ICH-
CTBUS C MPOLECCOM MOJEIUPOBAHMS MCIOJIB3YIOTCA JBAAUATh PA3IUYHBIX OKOH,
COOTBETCTBYIOMUX Oosbieit yactu 00bekToB GPSS. st momydenusi, coxpaHeHUs
U TeYaT BU3YAJIBHOTO TMPEACTABICHUS COCTOSIHHS MpOIlecca MOJICIUPOBAHUS HE
TpeOyeTcs JOTMOTHUTEIBHBIX YCHIIHA, KPOME OTIepaIiuii C OKHAMHU.

Anumanusi. B GPSS World cymiecTByeT psii aHUMAIlMOHHBIX BO3MOYHO-

cTed. YpOoBeHb UX peaiu3Ma U3MEHSETCSl OT a0CTPaKTHOM BU3yalu3aluu, HE Tpe-
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OyIolIeil HUKaKuX YCHJIMH, 0 BBICOKO PEATMCTHYECKHX NUHAMUYECKUX H300pa-
KEHHI, BKIIIOUAIOIIUX B C€0s1 CII0KHBIE 3JIEMEHTBI, CO3/IaHHBIE MI0JIb30BATEIIEM.

AocrpaktHas anumanusi. B GPSS World Bctpoena dyHkims xomrurekc-
HOW CTUJIM30BaHHOW aHMManuu. Jta QyHKIUA oOecreunBaeTcst OONbIIUM KOJIHYe-
CTBOM OKOH, KOTOpbIE JUHAMHUYECKH 0TOOpakaroT o0bekThl GPSS B mporiecce mMo-
JICITUPOBAHUS TIO MEPe U3MEHEHHS UX COCTOSHUS. [l co3/laHusl TaKol aHUMAIUU
He TpeOyeTcs AOMOJHUTENbHBIX YCuIHi. I'paguueckue n3o0paxxeHnus MOryT ObITh
COXPAHEHBI JIsl BKJIIOUEHUS B OTUETHI U/WJIM paclieyaTaHbl.

MocTt-npoueccopuas anumanmsa. GPSS World umeer BHemnwmii uHTEp-
(eiic, KOTOpBI MOXKET MOAJEPKUBATh AHUMAIlMOHHBIE MAaKEThl, YIpPABIIEMbIE
TPaCCUPOBOYHBIMH JIaHHBIMU. TakuM ciocoOOM MOTyT ObITh pa3zpaboTaHbl (HOTO-
peaNucTUYHble aHUMalMU. JlJI1 MCIOJIB30BaHUs ATOro MHTEp(derica HeoOX0IUMO
CO3/1aTh BBIXOJIHOHM MOTOK, coJiepkaHue M (opMaTHpOBaHHUE AAHHBIX KOTOPOTO
yIOBJETBOPSIET MpaBUjIaM aHMMAIMOHHOTO TaKeTa, MOCTaBISIEeMOrO0 CTOPOHHUM
pa3pabOTUUKOM.

OneparuBHas anumanus. GPSS World umeer nadop PLUS-miponienyp mu-
HAaMHUYECKOIO BbI30BA, MO3BOJISIOLUINX BbI3bIBATh (YHKIMM BO BHELIHUX HCIOJHS-
embIx (¢aitnax. 1o obecrneunBaeT ONnepaTUBHYIO CBS3b C aHMMAIlMOHHBIMU TaKe-
TaMU JPYruX pa3padOTUYUKOB.

S3bik mogeaupoBanmusa. GPSS World ssasiercs peanumzarueit GPSS, 00-
HICTIENIEBON CHCTEMBI MOJCIUPOBAHUS, YTyUYIICHHONW BCTPOCHHBIM SI3BIKOM MIPO-
rpammupoBanus PLUS — s3p1koM mporpaMMHUpOBaHUS HU3KOTO YPOBHS MOJIEIH-
pOBaHUA.

Ota Bepcus GPSS BrurowaeT B cedst 53 trna OJ0KOB U 25 KOMaH]I, a TaKkKe
Oonee yeMm 35 CHCTEMHBIX YHCIOBBIX aTpHUOyTOB, KOTOpbIe OOECIEUMBAIOT TEKY-
1€ NTEPEMEHHBIE COCTOSIHUS, JOCTYIHbBIE B JIFOOOM MECTE MOJIEIH.

PLUS — 310 HeOonbImoNn, HO 3P dEeKTUBHBIA NPOLETYPHBIN A3BIK MPOrpam-
MUPOBaHUs, CO3/1aHHbIN U3 12 TunoB onepaTopoB. Ero a¢¢dekTHBHOCTH BO MHOTOM

oOecrieunBaercs OO0NbIIONW OMONIMOTEKON Mpolenyp, COAepKalled MareMaTrhye-
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ckre PyHKIMU U GYHKIIMA MAHUITYJISIIAN CO CTPOKAMHM, U OOJIBIIIOTO Habopa Bepo-
SATHOCTHBIX pacrpe/ieieHuH.

B GPSS World mozaens ompeaensercss Kak IMOCIICIOBATSILHOCTD OIEPaTO-
poB. 1o oneparopsl GPSS, onepatops PLUS-nnponienyp wnu onepatopsr PLUS-
HKCIIEPUMEHTOB. 3a HMCKIIOUYEHHWEM CITMCKOB JAHHBIX (YHKIHH, BCE OIMEPaTOPHI
GPSS nomxHBI COCTOSTH U3 OJHOM TEKCTOBOM CTPOKH JUIMHOM 110 250 CUMBOJIOB.
JIroboii onepatop GPSS MokeT BXOAUTh B MOJICNIb U COXPaHAThCS B ¢aiiyie MoJe-
JIM WM MOXKET OBITh TIEPE/IaH MPOIECCy MOJCIUPOBAHUS B MHTEPAKTUBHOM PEIKH-
Me.

IHonumopdubie TUNBI JaHHBIX. [lepeMeHHbIe MOTYT IPUHUMATh 3HAUYCHUS
OJTHOTO W3 YeThIpeX THUIOB. [lepeMeHHbIC, yIpaBisieMbIe MOIB30BATEIEM, TAKHE,
KaK SYEHKH, JIEMEHTBI MaTpPHUII, MapaMeTPhl TPAH3AKTOB U MIEPEMEHHbBIE MOJIh30Ba-
TEJsl, MOTYT TIPUHUMATH IEJIOYUCICHHOE, BEIIECTBEHHOE, CTPOKOBOE U HEOIpeie-
JICHHOE 3HaYCHHE. 3HAYCHHSI BPEMECHH MOTYT OBITh IEJIBIMU WJIA BEIECTBECHHBIMU
JIBOMHOM TOYHOCTH.

[IpeoOpa3zoBanusi THUIIOB MPOUCXOIUT aBTOMATHYeCKH. [Iporeaypsi, KoTo-
pbie TpeOYIOT B KadeCTBE apryMeHTa 3Hau€HUE OMPENEICHHOTO THUIA JAHHBIX,
MPUHYIUTEIHHO MPeoOpa3yloT apryMeHT K COOTBETCTBYOIIeMy Tuily. Hampumep,
€CIIv BBI MepeaéTe CTPOKY IMpoleaype, KoTopas TpeOyeT YncioBoe 3HaueHue, Oy-
JIET UCITOJIB30BaH YKMCIOBOM 3KBUBAJICHT 3TOU CTPOKH. TOUYHO TaK ke, €CJIM BbI IIbI-
TaeTech 3amucarh (Write) JncaoBoe 3HaYCHHE, OHO OYyJeT aBTOMATHYCCKH TPeod-
pa3oBaHO B TEKCTOBYIO CTPOKY.

CTpokoBbI€ BEIMYUHBI UMEIOT MHOTO BapMAHTOB HCIOJIb30BaHUs. OHH MO-
I'YT MCIOJIb30BaThCS B MOTOKAX JAHHBIX IS CO3JaHUs OTYETOB WM (DailyioB C pe-
3yJbTaTaMu, a TakXke JJIS MPSIMOTO0 JIOCTYMa K BHYTPEHHUM JaHHBIM. CTPOKOBBIE
KOHCTaHThI 0003HAYAIOTCS 3aKIIOYCHUEM CTPOKH MEXKIy Mapoi JBOWHBIX KaBbl-
yek. J[ns mpeacTaBiaeHUS TBOWHBIX KaBBIYEK BHYTPH CTPOKH HCITONB3YETCS IMapa
JIBOMHBIX KaBblYeK. Hampumep, i1 npeacTaBieHuss OAHOM CTPOKU BHYTPHU APYroun
CTPOKH HEOOXOAMMO HCITOJIb30BaTh 6 CHUMBOJIOB KaBblUeK. BHYTpeHHsS CTpoka

(mozcTpoKa) 3aKI0YaeTCd MEXIY ABYMsl MapamMu JIBOMHBIX KaBBIYEK, a UTOrOBas
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CTpoKa Oy/eT 3aKJII0YaThCsl MEXTY €Ile OJTHOM mapoi JBOMHBIX KaBbIueK. buOmmo-
TeKa MPOLEAYP COJACPIKUT MHOTO CTPOKOBBIX MPOIETYP, KOTOPHIE MOTYT HUCIIOJIb-
30BaThCs IJIS1 CO3JIaHUSI M MAHUTTYJIMPOBAHUS CTPOKOBBIMH JJAHHBIMHU.

Teneps sueiikaM U MaTpUIlaM MOXKET ObITh PUCBOCHO 3HaUYcHKE Unspecified
(HeompenecHHbIM THN JaHHBIX). Komannma initial mosBossier mpucBauBaTh 3TO
3HAa4YCHHE sUehKaM, AJIIEMEHTaM MaTpUIlbl U Jaxke LeiabM MmaTpuuaMm. Ecmu ane-
MEHT JaHHbIX UNnspecified ObLT UCTIONB30BaH B ONEpaliu, KOTopas TpeOyeT HEKo-
TOPOTO 3HAYCHHsI, MPOU30MIET OCTaHOB MO omuoOKe. bubnnoreunas mpouemypa
mucriepcuonHoro aHanmusa (ANOVA) teneps pacmo3naet 3nemenTsl Unspecified B
MaTpHUIle Pe3yTbTaTOB KaK HEIOCTYITHBIC PE3yIbTaThl IPOTOHOB SKCIICPUMEHTA.

MHoromepHbie MaTpulbl. MaTpuilbl MOTYT UMETh 10 6 u3mMepeHun. /lu-
HamMHuueckue okHa “Matrix” (“Matpuia’”) mo3BOJISIOT MPOCMATPUBATh JIFOOBIC TMO-
NEepPEUHbIE CEYEHUSI MATPHUIIbI, OTHOBPEMEHHO MOKHO OTKPBITH JIFOO0E KOJIMYECTBO
TaKuX OKOH. /{711 MCmoyib30BaHUS BO BPEMS MCTIOJHEHUS MPOIETYPHl MOTYT OBITh
CO3/IaHbI BPEMCHHBIC MAaTpPHUIIbI. J[Is1 WHUIMAIM3AIMA MATPHUIIBI ¢ TpeMs U OoJiee
MU3MEPCHUSIMH MCTIONB3YIOTCS prucBanBatomue PLUS-omnepatopsr.

Boipaxkennsi. GPSS World moaaep:kuBaer mmpokoe UCIOIb30BaHUE BhIpa-
xenud. OHM MOTYT ucnoib3oBatbess B PLUS-mporenypax unam B omeparopax
GPSS (ecnm 3akmr04YeHBI B CKOOKH). DTO O3HAYAET, YTO B OTMIEPAHIaX OJIOKOB M KO-
MaHI MOTYT TIPOU3BOANTHCS dPPEKTUBHBIC BEIYUCICHUS. BRIpaskeHUsT MOTYT IPO-
U3BOJUTH MPOCTHIC BBIUMCIICHHS, BBI3BIBATH MPOIEAYPHI, BHIMOIHSIIOIINEC MaTeMa-
TUYECKUE WJIM CTPOKOBBIE OMEpaIuy, MPOU3BOJUTH BHIOOP BEPOSITHOCTHOTO pac-
NPEJICIICHUST WJIM BBITIONHATH 3aJaHHBIC TI0JH30BATEIIEM AJITOPUTMBI, BKITFOUAs

(haiisioBBIN BBOJI-BBIBOI.

3.2.3 Kunaccsor s3p1ka GPSS
A3bik GPSS coctouT n3 HaOOPOB AIEMEHTOB, Pa3/IeIIEMbIX Ha 5 KJIaCCOB:
— JIUHAMHUYECKHE;

— anmapaTHO-OPUEHTUPOBAHHBIC;
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— CTaTUCTHYECKHUE;
— OIepalMOHHbIE;
— BBIYHCTUTEIBHBIC.

JluHaMMYecKue >JIEMEHTHI, COOTBETCTBYIONINE 3asiBKAM B CHUCTEME MaccCo-
Boro obcnyxkuBanusi (CMO), HazsiBatorcss GPSS Tpan3akramu. OHU co3aaroTcs u
YHUUTOXAKOTCI TaK, KaK 3TO HY)XHO B mpouecce MozaenupoBaHuss. C KaxabIM
TpPaH3aKTOM MOKET OBITh CBSA3aHO HEKOTOPOE YHCIIO MapaMeTpoB, HECYITUX B cebe
HE0O0X0MMYI0 HH(GOpPMALIKMIO 0 KaKJIOM TpaH3akTe. Hampumep, npu moaenupoBa-
HUW CETH KOMMYTAIIMH TMAKETOB TaKMMH IapaMeTpaMH MOTYT OBITh: BPEMS BO3-
HUKHOBEHHMS TIAKeTa, aJpec Mojydaress, aapec OTIPaBUTENs, KaTeropus CpOYHO-
CTH, PUHAJJIEKHOCTh JAHHOTO MaKeTa K ONpeleIEHHOMY COOOLIEHUIO U Ip.

ANNapaTHO-OPUEHTHPOBAHHBbIE 3JIEMEHThI, COOTBETCTBYIOIINE OOCITYXKH-
BarommM npudopam CMO, BkITtoUaroT B ce0s1 OJJHOKaHATbHBIE 1 MHOTOKAHAJIbHbIE
ycTpoicTBa. OgHOKaHAIBHOE YCTPOMCTBO MJIM IPOCTO YCTPOWCTBO, MOMKET 00-
CJIy’KMBaTh OJJTHOBPEMEHHO TOJBKO OJIMH TPaH3aKT (IepenaBaTh OJUH MaKeT, MO/I-
Jep)KUBaTh OJUH TeJe(OHHBIA pPa3roBOp U Ap.). MHOrokaHajabHOE YCTPOKCTBO
(MKY) — HeckolbkO TpaH3akTOB oJHOBpeMeHHO. KonnuecTtBo kanamoB B MKVY
yKa3bIBaeTCs B Ha4aJie MPOrpaMMBbI CTICIIMAIILHBIM OriepaTopoM Storage.

Crarucruueckue 3neMeHTl GPSS ciyxar mist coopa u 06paboTKu cTaTH-
CTUYECKHUX JAHHBIX O (PYHKIIMOHUPOBAHUH MOJICTUPYEMOIN CUCTEMBI. ITO OUepeIn
u tabmuibl. Kaxnas odepenp obecnieunBaeT cOop u 00pabOTKYy AaHHBIX O TpaH-
3aKTaX, 3aJ€p’KaHHbIX B KaKOH-TMOO TOYKE MOJENHU, HalpuMep, Mepesl YCTpOu-
CTBOM oOcmyxuBaHusi (KoMMyTaTop, MapuipyTtuzarop). [Ipu stom, coOupaercs
nopoOHAasi CTATUCTUKA O TAaKUX MapaMeTpax Ovepeu Kak: CpedHssl AJIMHA ouyepe-
JIU, CPEIHSS MPOJODKUTEIIHOCTh OKUJAHWS, MaKCUMallbHas HaOJIOmaBIIasICsS B
JAHHOM TIPOTOHE JUIMHA ouepeau W Apyrux. HWudbopmarus mo ammapaTHO-
OpPUEHTHUPOBAHHBIM JIEMEHTAM COJICPIKHUT CPEIU MPOUYNX JAHHBIX U TAKUE BaKHBIC
noKasaTesid Kak koduimeHT ucnonb3oBanus kanana, a B MKY — cpennee uucio

HCIIOJIBb30BAHHBIX 34 BPEMs ITPOrOHa KaHaJI0B.



50

Tabmuibl UCTIONB3YIOTCS TSI TIOMYYEHUST PACTIPEACTICHH HEKOTOPHIX CITY-
YailHeIX BennuuH. Harpumep, Bpemsi npeObIBaHUsI TPAH3aKTa B MOJEINIH, BPEMs 3a-
JIEPKKHU TAKeTa B CETH, BPEMsS HAXOXACHHS MaKeTa B OYEPEIU, KOJIHMYECTBO TIO-
BTOPHBIX BBI30BOB, C/ICITAHHBIX A00OHEHTOM JI0 YCTAHOBJICHHS COSITUHEHUS U JP.

Omnepanmnonnblie >1emeHTsl GPSS, Ha3biBaembie Oi10kamMu, GOPMUPYIOT JO-
TUKy paOOThl MOENH, JaBas TpaH3aKTaM yKa3aHWs, KyJa WATH W 4YTO JeNaTh
naneiine. Monens cucreMmbl Ha GPSS — coBOKYMHOCThH 0JI0KOB, 00bETMHEHHBIX B
COOTBETCTBHH C JIOTUKOU pabOThI peaibHOM CUCTEMBI B OJI0K-cxeMy. biok-cxema —
9TO (UTYPBI, COSAUHEHHBIE MEXITYy COOOW JTUHUSMHU, MOKA3BIBAIONIUMHU B3aWMO-
JefcTBUE OJIOKOB B IPOIIECCE MOJCIUPOBAHUA. BIOKKM MOTyT BKJIIOYATh 4YacTd
IPOrpaMMbl, OTOOpakarolue, HampuMmep, padboTy MapIIpyTH3aTOpa, MPOIECCHI,
MPOUCXOISIINE B MOOUIILHOM LIEHTPE KOMMYTalluK, paboTy oHOM 0a30BOM CTaH-
IIUU U JIp.

K BbIYMCIMTENBHBIM 3JIEMEHTAM OTHOCATCS apu(pMETHUCCKHE TEpEeMEH-
Hble U QyHKIMU. OHU UCMIONB3YIOTCS VISl BHIYMCIICHHUSI HEKOTOPHIX BEJIUYMH, 3a-
JAHHBIX ApPU(PMETHICCKUMH BBIPAKCHUSIMH WA TaOJWYHBIMH 3aBUCHMOCTSIMU.
Apudmernueckre nepeMeHHbie U (DYHKIIMM OMHUCHIBAIOTCS B CAMOM Hayaje IMpo-
rpammbl. Hampumep, omucanue (QyHKIIMU Ha3HAYEHHS MPUOPUTETOB MOCTYIAIO-
IIIUM B CUCTEMY ITaKETaM:

prior  function rnl,d3 ;apryment — caydvaitHoe uucio (rnl)
5,1/.8,2/1,7 ;YHKIIUSL — 3HAYCHUS TPUOPUTETOB 1, 2 wu 7.
[To sToit pyHkum 1-ii mpuopurer OyaeT npucBauBaThes nakeraMm B 50%
ciy4daeB, 2-ii — B 30% u 7-i — B 20%. OOpatienue K 3Toi (PyHKIIMH U3 TPOTPaMMBI
MIPOUCXOIMT IO €€ CHMBOJIMYSCKOMY UMEHH (B JAaHHOM CjIydae 3TO MeTKa — Prior).
Brimonaenne nmporpammbl GPSS-Mozenu mpoucXoauT ¢ MOMOIIBIO yIPaBIIs-
IOIeN MPOTPaMMBI — cUMyJIsiTopa. CUMYJISTOp TIEPEMEIIaeT TPAH3aKThI OT OJIOKOB
K OJ0KaM 1moJo0HO ToMy, Kak B Mojaenupyemoir CMO nBuxyTcs 3asiBKH (ITaKEThI),

H306pa>1<aeMHe TpaH3aKTaMH.
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3.2.4 baoxu GPSS

Kaxxapiii 670K COAEP)KUT HEKOTOPYIO ACTATU3ZUPYIONIYI0 HH(OpMAIIHIO, KO-
TOpasi MOXKET OTHOCUTHLCS K TPEM Pa3TUIHBIM KaTETOPHSIM:

a) Mecromonoxenne. Kaxaplii OMOK 3aHUMaeT OMpPENEIEHHOE MECTO B
0JI0K-cXeMe. DTO MECTO MOXKET ObITh MOMEYEHO U CUMBOJIMYECKHUM UMEHEM (MeT-
KOM).

0) Onepanus — GyHKIMOHAIBHOE Ha3HAYEHHE OJI0Ka.

B) OmepaHasl — 3amal0T WHGOPMAIHIO, CIEMUDUIHYIO ISl JAaHHOTO THIA
omoka. Omnepanasl ob6o3HavaroTcs 6ykBamu A, B, C, D, E, F, G. Ectp o0s3aTens-
HbIE€ U HeoOs3aTeNbHbIe onepaHabl. [ 3amucu onepaHioB UCHOIb3YETCs MO3U-
ITMOHHBIA TTPUHITHI, T.€. 3aISAThIC MMPUCYTCTBYIOT BCeraa, KpoMe KoHedHoU. Heko-
TOpbIE OTIEPAH/IBI 33/IAF0TCS TI0 YMOITYAHHUIO.

PaccmoTpum onuH 13 HamboJee CIOXKHBIX OJIOKOB, KAKUM SIBJISIETCSl OJIOK

dbopmupoBanus Tpan3aktor generate AB,C,D,E (Tabmuna 3.1)

Tabmuma 3.1 — [lapameTpsl OJIOKOB TpaH3aKTOB

Orme- 3Ha4YeHUE 10
3HayeHue
paHa YMOJTYaHUIO
A CpenHsist BeTMYMHA HHTEPBAJIOB MEXTY MTOCTYILIE- OO0s13aTeNbHBIHI
HUSIMH TPAH3aKTOB onepaHy
B Momudukarop pazdpoca HHTEPBAIOB MEXIY TPaH- | Homp
3aKTaMu
C CwMmelieHre Havyaia BbIJIa4d TPAH3aKTOB Hounp
OrpaHuyeHne 4uciia BbIJJaBaCMbIX TPAH3AKTOB Hounp
E YpOBEeHb NPUOPUTETA BBIIABAEMOTO TPAH3AKTA Honp

3.2.5 JIBmxeHue TpaH3aKTOB BO BpEMEHU

B HayanbHBIT MOMEHT B MOJIEJIM HET HU OJTHOTO TpaH3akTa. B mpouecce Mo-
JEeTMPOBAaHUS TPaH3aKThl BO3HUKAIOT (070K generate) m yHHUTOXKArOTCS (OJIOK
terminate) Tak ske kak BbI30BbI (TpeOOBAHMs, TAKETHI) BXOAAT U BBIXOIAT U3 MO/IE-

JIAPYEMOU CUCTEMBI.
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B Mozenu 0THOBPEMEHHO MOKET CYIIECTBOBAaTh MHOKECTBO TPAH3aKTOB, HO
CUMYJIATOP B KaXIbli MOMEHT IIPOJBHUIacT TOJBKO OJWH TPAH3AKT, IPU ITOM
TpaH3aKT MPOABUTaeTCs OT OJI0Ka K OJIOKY /10 OJHOTO U3 CIEAYIOIINX COOBITHIA:

— TpaH3akT BXOMUT B Onok advance u 3axepkuBaeTcsi B HEM Ha BpeMsi, yKa-
3aHHOE B €r0 ONEPAH/AX;

— TpaH3aKT BXOJIUT B OJIOK terminate u mokumgaeT MoIeib;

— TpaH3aKT MBITAETCS BOWTHU B CIEAYIOUIMI OJIOK, HO TOT OTKa3bIBAE€TCS €r0
npuHATH. Hanpumep, 370 MOXKET IPOU3ONTH, ECIU CIEAYIOIIMM YCTPOUCTBOM SIB-
JIIE€TCSI OTHOKAHAJIBHOE YCTPOUCTBO, KOTOPOE B JAHHBI MOMEHT 3aHATO. TpaH3aKT
3aJIep’KUBAETCS B MPEAbIAYLIEM OJIOKE, MTOKA MOSIBUTCS BO3MOKHOCTbH IPOABIKE-
HUS (HaIpUMeEp, TIOKa 3aHSAThI BCE KAHAJIBI).

B s1ux ciydasx cumynsaTop npekpamaer oOpaboTKy JaHHOTO TpaH3aKTa M
HAYMHAET MEPEMEIEHUE OYEPEAHOTO TPAH3AKTA.

[IporpamMmucTy AOCTYIIHBI Yepe3 CTaHAApTHBIA uncioBoi atpudyt (CHA) W
— TEKylllee COJEpKUMOoe OJioKa (HampuMep, YHCIO KaHAJIOB B MHOTOKaHaJIbHOM
YCTPOMCTBE WJIM YHCIIO TPAH3aKTOB B ouepenn), a uepe3 CHA N — oOmiee konmmye-

CTBO BXOJ0OB B OJI0K ¢ HayaJa IIporoHa.

3.2.6 TaiiMep MOJEIBHOTO BPEMEHU

Kaxxnoe nponBukeHue TpaH3akTa 3TO COOBbITHE, MPOUCXOJALIEE B OIpeie-
JEHHBIM MOMEHT BpeMeHU. /{151 coOmroaeHus MpaBUiIbHON BPEMEHHOM MOCIe10Ba-
TEJIBbHOCTH CUMYJISITOP UMEET TaliMep MOJEJIBHOIO BPEMEHH, KOTOPBIM KOPPEKTH-
pyercs B COOTBETCTBUH C JIOTUKON ITPOrpaMMBl.

Ocob6enHocTy paboThl TaliMepa:

— eIUHHIIAa MOJEIBHOTO BPEMEHH OIpeAeseTCs] pa3paboTYNKOM, KOTOPBIN 3a-
JA€T BCE BPEMEHHbIE MHTEPBAJbl B JAHHOW MPOrpaMMe B OJHUX U T€X K€ €IUHU-

Lax;
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— CHMYJISITOp TPOJIBUTAET TaliMep K MOMEHTY OuYepeaHOTr0 OMKaiIiiero co-
owTus, T.€. B GPSS peanuzoBana mporeaypa MOJEIBHOIO BPEMEHU «I0 OJuxKam-
IIIETO COOBITHA», KaK 3TO ObLIO OmMUCaHo B 1. 2.4.2.

3HaueHus TaiiMepa JMOCTYIHBI MporpamMMucTy uepe3 cucremuslie CHA: cl
(oTHOcUTENBHOE BpeMs) U acl (abcooTHOE BpeMs).

JIJist onipefiesieHnsi OYePEeTHOTO WHUIHAIU3UPYEMOTO TPAH3aKTa CUMYJISATOP
BEJIET JIBA CIIMCKA TPAH3aKTOB:

— cmucok Tekymmx coowprtrii (CTC) comepKuT TpaH3aKThl, IIAHUPYEMOE
BpEMs TIPOJBIIKEHUS KOTOPHIX PABHO WIJIM MEHBIIIE TEKYIIETO MOJACIBHOTO BpeMe-
HU (OHO MEHbIIIE ISl TeX, KOTOpbIe ObUTH 3a0JIOKMPOBAHBI, KAaK HAIPUMED, BHI30BBI
WJIU TIAKEThI, CTOAIINUE B OUEPEIU U *KAYIIHUE OCBOOOKICHUS KaHaa);

— cnucok Oyayuux coObituii (CBC) conepXuT TpaH3aKThl, IUIAHUPYEMOE
BpeMs TIPOJBUIKEHUSI KOTOPBIX OOJIbIIE TEKYIIEro. JTO, HAPUMEP, BHI3OBBI WJIH
nakeTbl, 00pabaTbIBa€Mble B KaHajaX CBS3M, KOrJa BpeMsi OKOHYaHUsI 00pabOTKu
yxe ompeneneHo. CbC opranusyercss B MOpSIKE BO3pACTaHUS TJIAHUPYEMOTO
BPEMEHHU TPOJBWIKEHUS TPAH3aKTOB M HCIIOJIB3YETCS KaXIBIA pa3, KOTJa HYXHO
YBEJIMYUTHh CHCTEMHOE BpEeMsI /10 OUEPETHOTO OJIMKANUIIEro COOBITHS.

CTC u CbC uaeHTUPUIUPYIOT TPAH3AKTHI IO UX MOPSAKOBOMY HOMEPY B Te-

KYLIEM MPOTOHE.

3.2.7 Ympasmustomue ornepatopbl GPSS

Omnepatop simulate — nagaso.

Omnepatop Start — nuHa nporona. Hanpumep, 10000.

Omneparop clear — OOHYJISIET BCE 3HAUYECHUs, HAOpaHHBIC B MOJIETH, KPO-
Me 3HaueHui resepatopos cl u acl.

Omepatop reset — cOpoc HAaKOIUICHHOM CTATHUCTHYECKON HH(pOpPMAITUU.
[Tpu 3TOM COCTOSHUS anmmapaTHBIX (YUCIa KaHAJIOB), TMHAMHYECKUX U 3allOMUHA-
I0IMUX (JUTMHBI o4Yepenieli) OOBEKTOB M T€HEPATOPOB CIyYaWHBIX YHCENI COXpaHs-

torcs. Taitmep ¢l — o6nynseTcsi, acl — coxpaHsercs.
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3.3 Kpartkoe onucanue s3pika GPSS

3.3.1 Crpykrypa omeparopa

Mogens (mporpamma) Ha sizbike GPSS mpencrapmsier coboil mocienoBa-
TEJIHLHOCTH OIEePaTOPOB (MX TAK)KE HA3BIBAIOT OJIOKAMH ), OTOOPAKAIOIITUX COOBITHSA,
npoucxonsimue B CMO npu nepeMenieHusx Tpan3akToB. [IocKoabKy B HHTEpIIpe-
tatropax GPSS peamusyercs coObiTuitHbIN MeToa, © B CMO MOXeT ObITh OJHO-
BPEMEHHO MHOTO TPaH3aKTOB, TO HHTEPIIPETATOP OYAET MOMEPEMEHHO HCIIOTHSITH
pasHble (PparMeHThl MPOrpaMMbl, UMUTUPYS IPOJBUKEHUS TPAH3AKTOB B TEKYIIUN
MOMEHT BPEMEHHU JI0 X 3aICP)KKH B HEKOTOPBIX YCTPONCTBAX W OUEPEIIX.

B 3amucu omeparopa BBIJCISIIOT YETHIPE YacTH: METKY, Ha3BaHUE, MMOJIC Tie-
PEMEHHBIX U KOMMEHTAPHUH.

[Ipumep onepatopa. [ludpamu yka3aHbl MO3UIMH B CTPOKE, HA KOTOPBIX MO-

TYT pacnoJiaraThCsl YeThIPE YaCTU ONEePaTopa.

met generate 30,5 ;reHepaTop Tese@OHHHIX BH3OBOB

<METKa> <Ha3BaHHUC> <I0JI¢ ICPEMCHHbIX> <KOMMCHTapuu=>

MeTka MOKET 3aHMMaTh TO3UIIMHM, HAYMHAS CO BTOPOM, UM oIepaTropa — ¢
BOCBMOM, IMOJIe ONEPAHAOB — C JEBATHAAIATON, KOMMEHTapHil 00s3aTebHO OT/ie-
JISI€TCSI OT TIOJISl OTICPAHAOB IIPOOESTIOM M 3HAKOM ;.

[Tone omepaHIOB MOXKET OBITH IMYCTO, UMETh OJWH WM OOJIee ONEPaHJIOB,
o0003HaYaeMbIX HIDKE IIpU omucaHuu 0J0koB cuMmBojiamu A, B, C,... Onepangamu
MOTYT OBITh WJACHTH(PUKATOPHI YCTPOWUCTB, HAKOMHUTENICH, CITy>)KEOHBIE CJIOBa H

CTaHAapTHBIE uncioBbie aTpuOyThl (CHA).

3.3.2 CranmapTHbIC YUCIOBBIC aTPUOYTHI
K CYHA oTHOCATCSI BEJIMUMHBI, 4YaCTO BCTpPEUAIOIIMECS B pa3HbIX 3amadax. K

yucity Haubosee ynorpeoumbix CHA OTHOCSTCS ClIeAyIOIIUe ONepaH/Ibl:


javascript:termInfo(%22СМО%22)
javascript:termInfo(%22транзактов%22)
javascript:termInfo(%22событийный%20метод%22)
javascript:termInfo(%22стандартные%20числовые%20атрибуты%22)
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— S — 00BeM 3aHATOM MaMATH B HAKOIIMTEJE WJIM YHCJO 3aHATHIX KaHAJIOB B
MHOI'OKaHaJIBHOM YCTpOﬁCTBC;

I — 06beM CBOOOTHOM TaMSTH B HaKomuTese (CBOOOHBIX KaHAJIOB);

f — cocrostHue ycTpoiicTBa (3aN0IHEHO, CBOOOIHO, YACTUYHO 3aIIOJTHEHO);

(J — TeKymasA AJInHa O4YEepeau,

P — mapaMmeTp TpaH3aKTa (KaKIblid TPAH3aKT MOXKET UMETh JI0 12 mapamer-
poB);

— V — LEJOYHCIICHHAsl MepeMeHHas (BEIIeCTBeHHass U OyjieBa MEpEeMEHHBIE
obo3nauvarotcs fv u bv coorBercTBEHHO);

— X — XpaHuMas niepeMeHHas (epeMeHHas1, JUISi KOTOPOH aBTOMAaTHYECKHU ITO/I-
CUHTBHIBACTCS CTATUCTHKA);

— acl — rekymiee Bpems;

fn — byHKIW;

N — cay4JaiiHas BEJIMYNHA;

rnl — cnydaiiHasi BeJIMYMHA, pABHOMEPHO pacIpeieIiCHHAasl B TUAMa30He
[0, 1] m npyrue.
[Ipu 3TOM CCBUIKH Ha CHA 3aIACBIBAOTCS B BUJIE!
<CYA>$<unentuduxarop>.
Hanpumep, g$ord osnauaer ouepens ¢ umenem ord, a fn$cos — ccbuika Ha
GYHKIHIO C IMEHEM COS.

CraHgapTHbIe YHCTIOBBIE aTpUOYTHI CIYKaT AJI COKpPAIIEHHOIO YKa3aHUs
pa3IMYHBIX BEJIHYWH, GUTYPUPYIOIIUX B MOJIEIIH.

[Tpumepst CHA: V2 — nepeMenHas Homep 2; g4 — mirHa odyepenu Homep 4;
x5 — xpanuMas BenaruuHa HoMep 5; fn7 — dyHkIMs HOMep 7; p4 — 3HaYCHHE Mapa-
MeTpa HoOMep 4 TpaH3akTa; *6 — colepXKuMoe mapameTpa HoMep 6 TpaH3akTa; S*3
(wmu fn*3 — mamate (W QyHKIES), ONpEeIICHHasT B IMapaMeTpe HoMep 3 TpaH-
3aKTa).

Kaxnomy o00bexTy B GPSS (Tpan3akTt, 070K, maMsaTh, O4epelb U JAp.) COOT-

BCTCTBYIOT anI/I6y'TBI, OIIKUCBIBAIOIIHUE €TI0 COCTOAHUEC B ,Z[&HHBIIZ MOMCHT BPCMCHH



56

(apudpmernaeckue wmm gornyeckne). CHA ObIBatOT agpecyembie (OTHOCSIIHAECS K
KOHKPETHOMY O0BEKTY) U 0e3apecHbIE.

[Tpumeps! agpecyembix CHA:

— n$metl — yrcIo TPaH3aKTOB, BXOAUBIIMX B OJIOK ¢ METKOI metl;
- s$kan3 — tekyiee comepkuMoe maMITH (HaPUMEpP, YUCIIO 3aHITHIX KaHa-
JIOB B MHOT'OKaHaJIbHOM yYCTPOMCTBE) ¢ MMeHeM Kan3;
— r$kan3 — yucmo cBOOOIHBIX AYEEK MAMITH (HAIIPUMEP, YUCIO CBOOOIHBIX
KaHaJIOB B MHOTOKaHaJIbHOM YCTPOMCTBE) ¢ UMeHeM Kan3;
— g$vetvs — Tekymias IMHA OYepear K KaHalaM BETBH C UMEHEM VEtv5;
— (advetvb — cpenHss IrHA OYepeId K KaHAIaM BETBU ¢ ©UMeHeM VEtv5.
bezanpecubie CHA:
— ¢l — Tekymiee 3HaUCHHE OTHOCHTEIHPHOTO BPEMEHHU C Hayaja Iporecca Mo-
JEeTUPOBAHMS,
— acl — texymiee 3HaueHHE aOCOIIOTHOTO BPEMEHHU C Havaya Mpoliecca MoJe-
JUPOBAHMSI,;
rnl + rnN — ciyuaiinbie yncia, BbIJJaBa€Mbl€ OJTHUM U3 JaTYMKOB CIIy4alHbIX
YHCelL.
[Tonuenit mepeuenr CYA si3pika GPSS ¢ mpenenamMu nx m3MeHeHUI MpuBe-

JIEH B MPUJIOKEHUU [

3.3.3 IIpumeps! HanboIee YaCTO BCTPEUYAIONTUXCS OIEPAaTOPOB
PaccmoTpum Hambosee 4acTo BCTpEUAIOIIUECs OMEPaToOphbl, COMPOBOXKIAS
3HAKOMCTBO C HUMH MPOCTHIMH ITPUMEPAMH MOJICTICH.
a) VIcTouHuk# 3asBOK OOBIYHO OTMHCHIBAIOTCS OJIOKOM:
generate A,B,C,D,E
3nece A u B cimyxar s 3alaHus MHTEPBAJIOB B €IMHUIIAX MOICIIBHOTO
BpeMeHHU (€.M.B.) MEXK/y TOSBICHUSIMH 3asBOK, IPU 3TOM MOXXHO HCITOJIb30BaTh

OJIWH U3 CICAYIOINX BAPUAHTOB!:
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— HMHTEpPBAJ — PAaBHOMEPHO pacnpenenénHas B auana3one [A — B, A+B] cuy-
YyaiiHas BEJIUYMHA;
— HHTEepBaJ — 3HaueHue QYyHKINH, YKa3aHHOH B B, yMHOXeHHOMU Ha A;
— C —3azaepxka B BRIpaOOTKE NEPBOTO TPAH3AKTA B €.M.B.;
— D — uucno BbipabaTbiBaeMbIX MUCTOUHUKOM TpaH3akToB. Eciu D mycto, TO
YHCIIO BHIpaOaThIBAEMbIX TPAH3aKTOB HE OIPAHUYCHO;
— E — nmpuopurer 3asBok. Ecnu E mycTo, To nmpuoputeT 3asBku paBeH 0 (ca-
MbIM HU3IIM). YeM Bbilie 3HaueHue E, Tem BbIlie IPUOPUTET.
Hanpumep:
generate 6, fn$exp,15
DTOT ornepaTop ONMUCHIBAET HICTOYHUK, KOTOPBIN BhIpadaThIBaeT 15 TpaH3ak-
TOB C UHTEpBaJIaM{, PaBHBIMHU MPOU3BEACHUIO uncia 6 1 3HaueHus pyHkuuu EXP;
generate 36,12
3/1ech YMCIIO TPAH3AKTOB HE OTPAHUYEHO, HHTEPBAJIBI MEX/1y TPAH3aKTaMH —
Cy4yaliHpIe Yucya B quaras3oHe [24, 48], T.e. nuamnasoH onpeaensieTcs kak 36 £ 12,
0) @yHKIMU, HA KOTOpPbIE UMEIOTCSI CCBUIKM B ONEpaTopax, JOKHBI ObITh
OTKCaHBI C TOMOUIBIO OJIOKA CJIEAYIOLIEro THIA:
metl function A, B
3a HUM CJIelyeT CTPOKa, HAUMHAIOIIASICS C MePBOU MO3UIINHU:
X1,Y1/X2,Yo X3,/ . Xn,Yn
3necb meTka Metl — upentudukarop pyHkuuu, A — aprymeHT pyHkuuu, B —
TUI (QYHKUHUHU, Xi U Yi — KOOPAMHATHI Y3JIOBbIX TOUEK (DYHKIIMH, 3aJaHHON TaOIny-
Ho. Hanpumep:
exp function rnl,cl2
0,0/.2,.22/.4,.51/.5,.6/.6,.92/.7,1.2/.8,1.61/.9,2.3/.95,3/.99,4.6/.999,6.9/1,1000
D10 omucaHue HempepbIBHOU (C) QyHKIMU €Xp, 3agaHHONi TabauyHO 12-10
y3JIOBBIMM TOYKaMH, apryMEHTOM SIBJII€TCS Ciy4aiiHas BeiauuuHa (rnl), paBHo-
MepHO pacnpeaenéHHas B nuana3one [0, 1]. Mnu:
bbb function *4,d6
1,2/2,5/3,11/4,20/5,18/6,12/7,9
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JHuckpernas (d) ¢dynkuus bbb 3amana 6-r0 y3moBeiMu TOUKaMu, apryMeHT —
YEeTBEPTHIN MMapaMeTp TpaH3aKTa, BO30YIUBIIEro oOpaileHrue K GyHKIMU C METKOU
bbb.

3/ech apryMeHT 3aJjaH ¢ MCIOJIb30BaHWEM KOCBEHHOU ajpecaliud, Mpu3Ha-
KOM KOTOPOU SIBJISIETCSI CHMBOJ *, T.€. 3alUCh *4 03HAYAET, UTO apTyMEHTOM SIBJISI-
€TCsl BEJINYMHA, YKa3aHHas B 4-M NapaMeTpe TPaH3aKTa, BBI3BABUIETO (PYHKIUIO (B
JTAHHOM TpPUMEPE MOXKHO HCIIOJIb30BAaTh PABHOIICHHYIO 3amuch *p4). B obmem
Cllyyae KOCBEHHas aJipecallysi BBIMOJIHSIETCS IMyTEM 3aliCU OmepaHaa B BUJIE
CUA*CYA, nanpumep: S*X2, 4TO 03HAYaET €MKOCTb MaMsTU, 3aHATAs] B HAKOIHU-
TeJe, UMEHEM KOTOPOTO SBJISIETCS 3HAUYCHUE TEPEeMEHHOU X2, wim *pS — JjiMHa
ouepeq ¢ UMEHEM, 3allMCaHHbIM B MMapaMeTpe 5 TpaH3aKTa

B) TpaH3aKThl MOTYT MOPOKIATHCS U OTIEPATOPOM PA3MHOKECHUSI:

split  AB,C

HoBble TpaH3aKThl MOPOXKAAOTCA, KOT/Ia B TAHHBIN OJIOK BXOJIUT HEKOTOPHIN
TpaH3akT. [Ipu 3TOM co3maercss ceMenCTBO TPaH3aKTOB, BKJIKOYAIOIIEE OCHOBHOM
(Bomeamuii B 0;10K) TpaH3akT U A ero konuil. OCHOBHOM TpaH3aKT MEPEXOJUT B
CICAYIOIINI TI0 TIOPSIIKY OJIOK, a €ro KOIMHMH IepeXxoaaT B 010k ¢ MeTkou B. Jlms
pasznudeHus TpaH3akToB mapameTrp C OCHOBHOTO TpaH3aKTa yBeJIMUYMBaeTcs Ha 1, a
TPaH3aKTOB-KONW — Ha 2, 3, 4,... U T.1I.

OOpartHoe aeiicTBuE — cOOpKa TPAH3aKTOB BHITIOJHIETCS ONepaTOPaAMHU:

assemble A
gather A

CorsacHo omeparopy assemble mepBbiii U3 BOIICAIIMX B OJIOK TPaH3aKTOB
BBIAJIET U3 HETO TOJBKO TOCJIE TOTO, KaK B ATOT 010K npuayT eme A — 1 TpaH3ak-
TOB TOTO K€ CEMENCTBA. ITOT OMepaTrop yaAo00eH, HarpuMmep, 1Jii COOPKHU cooOIIIe-
HUSI, COCTOSIIErO0 W3 HECKOJbKUX IMakeToB. BTopoll omeparop oTiM4YaeTcsi OT
MPEABIIYIIEro TEM, UTO U3 0JI0Ka BHIXOAAT BCe A TPAH3aKTOB.

r) Onepatopsl 3aHATHS TPAH3AKTOM U OCBOOOXKICHUS OT 00CTYKMBaHUS OJ1-
HOKaHaJILHOTO ycTpoiicTBa A!

seize A
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release A
3anepkka B IBKeHNH TpaH3akTa o CMO onuckIBaeTCsl OTIepaTOpOM:
advance A,B
3neck onepanabl A 1 B IMEIOT TOT ke CMBICH, YTO U B oriepaTope generate.
[Tpumep:
OOcmy)KMBaHHE TpaH3aKTa B YCTPOHCTBE Kan mpoao/KUTEILHOCTBIO | €TH-
HUI] MOJICTPHOTO BPEMCEHH, T/Ie |L — PAaBHOMEPHO paclpeieiieHHas B JHAara3oHe

[7,11] ciydaiinast BeTMYrHA, ONMCHIBACTCS CACAYIONTMM (PparMeHTOM IPOTPaMMBI:

seize kan
advance 9,2
release kan

AHaJOTMYHO OMNMCHIBACTCA 3aHSITHE TPAH3AKTOM MaMATH B HAKOIMTEIE,
HanpuMep, B MHOTOKaHAJIBHOM YCTPOMCTBE:
enter  vetv,b
31ech TOMUMO MMEHHM HakomuTens (VEetv) ykaswsiBaeTcst o0beM TpeOyeMoi
JTaHHBIM TpaH3akToM namsty (b).
OcBoOoskaeHne b syeek maMsaTH B HAKOMUTEIE C UMEHEM VEtV BBITTOIHAETCS
OTIepPaToOPOM:
leave  vetv,b
OtcyrcTBHUE onepanaa b o3HayaeT, 4To 3aHMMAaeTCs (OCBOOOKIACTCS) TOJIb-
KO OJIUH KaHaJ.
JIns HaKomuTeNe B MOJIETM HYXKHO 3ajJaBaTh OOIIMI O0ObeM MaMsTH, YTO
JIeJIaeTCsl B CJICAYIOIIEM OMMMCAHUM HAKOTIUTEIS:
vetv storage n
31ech: VetV — nMst HaKOIUTEes,
N — o0beM ero maMmsTe (YMCIIO KaHAJIOB B MHOTOKAHAJILHOM YCTPOWCTBE C
UMCHEM Vetv).
B nienom mansbIi (hparMeHT NporpaMMbl TPUMET CIICTYIOITUI BU/I:
vetv storage n ;OTIPENICIIUTh YCTPOMCTBO C N KaHaJIaMH

enter  vetv,b ;3aHATH D KaHamoB
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advance 9,2 ;3a7IepPIKaTh TpaH3aKkT Ha 9 & 2 €.M.B.
leave vetv,b ;0CBOOOIUTH b KaHAIIOB
n) Ecnu TpaH3akT NpUXOIUT Ha BXOJ 3aHSATOTO YCTPOMCTBA WM Ha BXOJ
HAKOMUTENSA C HEJOCTATOUHBIM 00BEMOM CBOOOJHOM MaMATH, TO TPAH3AKT 3aJiep-
JKUBAETCS B OUEPEIM K 3TOMY YCTPOMCTBY WJIM HakonmuTeto. ClexeHne 3a CoOCTo-
SHUEM YCTPOMCTB M Ouepeled BBINOJNHAET uHTepnperarop. Ho ecnm B monemu
TpeOyeTCsl CChUIAThCS Ha JJIMHY OYeped WM COOMpaTh CTATUCTUKY IO €€ JIJIMHE,
TO TpeOyeTcs SIBHOE yKa3aHHUE ITOUW ouepenu B Mojienu. [lenaercs 3To ¢ MOMONIbIO
OTEepaToOpPOB BXOJa B 0UEPE/lb U BBIXOJA U3 OUEPE]IU:
queue  vetv,b
depart vetv,b
CoriacHo 3THM oleparopaM o4epe/ib A YBEIMUMBAETCS U YMEHbIIIACTCs Ha
b eaunMIl cOOTBETCTBEHHO, eciu b=1, To moyie B MOXXHO OCTaBHTH ITyCTHIM, T.€.:
queue vetv

depart vetv

3.3.4 VI3MeHeHue MapIIpyTOB TPAH3AKTOB.
N3MeHeHne nUHEHHON MOCIe0BATeIbHOCTU BBIMIOJHEHUS! OJIOKOB B CHUCTE-
Me GPSS ocyiecTBiisieTcs ¢ MOMOIIBIO CIETYIONINX 0JIOKOB:
a) YCIIOBHbIE EPEXO/IbI.
Biok transfer A,B,C HaIpuMep:
— transfer .75,metl,met3
¢ BeposTHOCThIO (.75 akTUBHBIA TpaH3aKT MEpeUaE€T K OJOKYy C MMEHEM
met3, a ¢ BeposiTHOCTHIO (.25 — K OJ10KY ¢ mMeHeM Metl;
- transfer .75,met3
¢ BeposTHOCThIO (.75 aKkTUBHBIA TpaH3aKT Mepern€T K OJOKYy ¢ MMEHEM
met3, a ¢ BeposiTHOCTHIO 0.25 — K ciemyroeMy OJI0KY;
- fin
BesycrnoBHbIi iepexo k 070Ky ¢ uMeHeM fin.,

0) bnok test X AB,C
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B nmanHom cnmyuae mepexon K omeparopy, momMedeHHoMy meTkoit C, mpowuc-
XOJIUT, €CIIM HE BBINOIHIETCS yciaoBue A x B. Onepanj X MOXKET MPUHUMATD Clie-
TYIONIHE 3HAYCHHS: € — PaBHO; Ne — HepaBHO; | — MeHbIIe; le — MeHbIIe MM paBHO;
g — 6ob1ie; ge — Oonblie unu pasHo. Hampumep:

test |  g$vetvs,10,met7

Ecnu Texymiast niunaa ouepenu B BeTBu 5 (Q$vetvs) menbiie 10-u, BBIMOIHS-
eTcsl cienylomas KoMaHja. B MpoTHUBHOM cilyd4ae OCYIIECTBISIETCS TMEPEX0a K
osoky ¢ metkoil met7. C momMoIbio 3TOH KOHCTPYKLIMH MOYHO IMPOBEPSTH BO3-
MOKHOCTh YCTAaHOBKH TakeTa (BbI30Ba) B OYEpEb OTpaHMYEHHOW UTHHBI. B naH-
HOM CJIy4ae YMCJI0 MECT 0KHIaHusl B ouepenu VetvS ycranosieHno paBHbiM 10-u.

B) biok gate x  kan3,met4

VYcnoBHBIN niepexo] Kk MeTke Met4 B 3aBUCUMOCTH OT COCTOSIHUS OIEpaHjia
X, XapaKTepU3yIIer0o MHOTOKaHAIBHOE YCTPOUCTBO ¢ uMeHeM Kan3. Onepann x
MOXET MPUHUMATH CIEAYIOIIUEe 3HaYeHus: U (yCTpOMCTBO 3aHATO); NU (yCTpOii-
CTBO CBOOOIHO); | (YyCTpO#CTBO 3axBaveHO); Ni (yCTPOMCTBO HE 3aXBaueHO); SE
(MKY nycro); sne (MKY we niycro); sSf (MKY 3anoaneno); snf (MKY nHe 3amoi-
HEHO).

r) Onepartop nepexoja B MUKINYECKUX TPOIEypax BRITISAUT TaK:

loop ab

31eck & — HOMep napaMeTpa TpaH3aKTa, B KOTOPOM COAEPKHUTCS YUCIO IO-

BTOpPEHHI (BUTKOB) IMKJIA, D — MeTKa oreparopa, ¢ KOTOPOTO HAYWHACTCS MOBTO-

pAromascsa 4acThb.

3.3.5 CnocoOnl 3a1aHKs SKCITOHEHIIUATBHOTO 3aKOHA paclpeeIeHus

a) AHAUIUTAYECKHHA CITOc00

DKCNOHEHITMAIBHBIN 3aKOH PACIIPEICIICHUS OMUCHIBAETCS TUIOTHOCTHIO
FPity=14 exp(—it),

7€ A — MHTEHCUBHOCTD MTOTOKA COOBITHI ¢ (PYHKITUEH pacTIpeIeIeHHs IKC-

MOHEHIMAILHOTO 3aKkoHa (3.1):
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T
B = p®y dt=1-exp-AT)
i (3.1)

Pucynok 3.1 @yHKIMS 3KCIOHEHIIMAIBHOTO 3aKOHA PacIpeieIeHHUs
W3 pucynka 3.1 BUIHO, 9TO MOCKOJIbKY HCKOMBIMHU SIBIISIFOTCSI 3HaYEHUS [3
CIIy4YallHOW BEJIMYUHBI 7, TO, 3a/1aBasi 3HAYCHUE (., KAK PABHOMEPHO pacCIIpeeIICH-

Hoe B muana3one [0,1] cmyyaitHol BenmuunHsl, 10 hopmyse (3.2)

Bzﬁmﬁa, (3.2)
HaXO0JMM MCKOMOE 3HaueHue. Hanmpumep, mapa onepaTopos:
eks fvariable —log((1+rn8)/1000) ;3kcIOHEHIIMATILHOE PACIIPEACIICHUE
generate (2#v$eks) ;TCHepaIlis MyacCOHOBCKOTO MOTOKA
00ecreunuT reHepalro MOTOKa COOBITHI C SKCIIOHEHIMAIBHBIM PacIpeieIeHUEM
WHTEPBAJIIOB MEXKIY HUMH, IPHU CPETHEN IIMTEIbHOCTA NHTEPBAJIIOB PABHOM 2-M.
0) TabmuunskIil criocod

DtoT crnocob onucax B myHkTe 3.3.3. 0).

B) C moMoIipio BCTpoeHHON 0nbmoTeku mpouenyp GPSS

3.3.6 OmepaTop U3MEHEHHS TApaMETPOB TPAH3AKTOB:
assign  AB
rae A— HoMep mapaMeTpa TpaH3akTa, B — mpucBanBaeMoe eMy 3HaUYCHHE.
B cnenyromux oneparopax napametp A yBennuuBaeTcs (yMEHbIIAETCS) HA
3HaueHue B:

assign A+,B
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assign A-B

3.3.7 BpruuciauTenbHBIN oneparop variable

BrruncnurenbHblid oneparop variable mpucBamBaer mepeMeHHON ¢ HOMe-

pom M 3HaueHue apuhMETHIECKOTO BEIpKEHUS A:
M variable A

Hanpumep, ciemyroriasi mapa ornepaTtopoB MPUCBOUT 3-My MapaMeTpy TpaH-
3aKTa pa3HOCTh uncen 216 u o0beMa 3aHATOM MaMATH B HAKOMUTEIe Mem2;

met5 variable k216-s$mem2

assign  3,v$met5

B GobIIMHCTBE OMEpaH/I0B MOKHO HCIIOB30BaTh 3HAKA apU(PMETHICCKHX

OIeparfii CJIIOKCHHS, BRIYUTAHMS, YMHOXKEHUS U aeienus (+, —, # u /) coorBet-

CTBCHHO.

3.3.8 OmnepaTtop mpuCBOCHUS
Crnenyromuii onepaTtop MpUCBAaWBACT XPAHUMOM MEPEMEHHOM, YKa3aHHOM B
A, 3HaUeHwne, 3almMcatHoe B B:

savevalue AB

3.3.9 Ilpexacrasnenue ructorpaMm

YacTo cBelleHHs] O HEKOTOPHIX BEJIIMUMHAX, XapaKTEPU3YIOUIUX MOEIUpPYe-
MBIH TIpoliecC, YA00HO MPEACTaBIATh B BUE TUCTOrpaMM. 3aJiaHue TUCTOTPaMMBbI
BBITIOJTHSIOT B Pa3jiefie OMUMCAaHUM C MOMOIIBIO ONepaTopa:

71 table AB,CD

3nech 71 — ums rucrorpammsbl; A — TabynupyemMasi BennurHa; B — rpanuia
JIEBOTO MHTEpBaia ructorpammel; C — mmpuna uHTepBasioB; D — uncno uHTEpBa-
70B. @opMHUpPOBaHUE TUCTOTPAMMBI POUCXOUT C TIOMOIIBIO OrepaTopa:

tabulate A
BrinosHeHne 3Toro oneparopa yBeIUYMBAET HA €IUHUILY YUCIIO MO aHuI

B I-il HHTEPBAJl TUCTOTPAMMbI BEJIMYUHBI, UMsI KOTOPO yka3aHo B A. lpu atom i-ii
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MHTEPBAJI COOTBETCTBYET TEKYILIEMY 3HAYECHUIO NIEPEMEHHOM, SABIIAIOLIEHCS apry-

MCHTOM IJIsI THCTOTPAaMMBI.

3.3.10 VYnanenue TpaH3aKTOB

C nomomipio CIEAYIOIIETO ONepaTopa TPaH3aKThl BBIBOJATCS U3 CUCTEMBI U

B JTAJIbHEWIIIEW CTATUCTUKE HE YUYUTHIBAKOTCS.
terminate A

CornacHo 3TOMY OIepaTopy U3 UTOTOBOTO CUETYMKA BBIYUTAETCS 4uCio A.
B Havane ucrnogHeHus: MpOrpaMMbl B CUETUHMK 3aHOCUTCS YHUCIIO0, YKA3aHHOE B KO-
MaHje Start , T.e. 3a1a€Tcs UIUTEIIBHOCTh IPOrOHA.

MopenupoBaHue npekpamiaeTcs, Korja coJepKUuMoe cueTurka OyaeT paBHO
win MeHbIne Hyns. Onepann A B omeparope terminate B 3aBUCUMOCTH OT MecTa
€ro yCTaHOBKH MOYKET OBITh PaBEH HYIIIO, CIUHMIIC U Ja)xKe OONbINCH BEIMYHHE.
[Tpu 3TOM XOTs OBI B OJTHOM M3 OIepaTtopoB terminate 3snaueHue A JTOJDKHO OBITH
HE HYJIEBBIM, NHAYE IMPOTOH HUKOTAA HE 3aKOHYMUTCS.

Cnmcok OCHOBHBIX orepaTopoB si3bika GPSS ¢ kpaTkum TMOsSICHEHHEeM WX

¢bynkuunii nansl B [punoxenusx b u B.
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4 TlpakTH4ecKue 3aHATUSA N0 U3YYEHUIO CIIOCOOOB
MO/IeJTUPOBAHUS CUCTEM U CeTell CBSA3H

4.1 3ameyaHus 1o NPUMEHEHHIO cucTeMbl Moaenuposanus GPSS World

Jucunmumaa «MoaenupoBaHuss CUCTEM M CETEU CBA3W» INPEAIOaracT oA-
HOBPEMEHHOE M3YYEHHUE KaK B3aMMOCBSI3€i OCHOBHBIX XapaKTEPUCTHK U MapameT-
POB CBSI3HBIX CHUCTEM (BIMSIHHE (PAKTOPOB HA OTKIIMKH), TaK U MPUHIUTIOB UCTIOIb-
30BaHUs KOHKPETHOM Mojenupyomeid cucremsl (B ganHoM ciydae GPSS) nmms
aHanM3a 3TUX B3auMOCBs3ed. OJIHaKo, O0BEM ayJUTOPHBIX 3aHITHH, BbIJCICHHbBIX
JUTISL U3y4eHUs 3Toi aucuuiiuisbl (18 yacoB ni1s nHeBHOU (hopmbl 00ydeHus u 12
4acoB — ISl 3a04HOM), HE MPEANojaraeT ACTAIbHOIO U3YYEHHUSI BCEX OTPOMHBIX
BO3MOXHOCTeH cuctembl GPSS.

B To ke BpeMsi Apy>KECTBEHHBIN MOIb30BATENbCKUI UHTEP(DENC CUCTEeMbl
GPSS World no3Bossier paboTtath ¢ Hel, Biajes JIMIIb OOIIECH KOMIBIOTEPHOM
TPaMOTHOCTBIO, 1 BO MHOTHX CITy4asiX pacCMaTpUBaTh MPUBEAEHHBIN HIKE HaOOp
porpamMm Kak HEKOTOphIM 4€pHBIN sS1MK. B TO ke BpemMs He0OX0AMMO JaTh XOTS
Obl MUHUMAaJIbHBIE CBEICHHUS O TIOPSIKE 3alycKa Mporpamm, Croco0ax U3MEHEHUs

napamMeTpoB U JOCTyNA K PE3yJIbTaTaM MOJEIUPOBAHUS.

4.1.1 3anyck MOAEIUPYIOIIEN TPOTPAMMBL.

énxkuyTh Ha sipabike GPSSW Ha pabouem ctone u nanee mo kHomnke ~OT-
KpbITh” (2-51 KHOTKA CJIeBa Ha IKaje WHCTPYMEHTOB). B MosIBUBIIEMCSI MIEpeyHE
BbIOpaTh OJIMH U3 MOAYJIEH MO YKa3aHHIO MpernojaBaTelis U BEIBECTH €ro Ha pado-
YU CTOJI.

Jliist 3amycka mporpamMmbl, HOKMUTE rociieoBaTensHo: Command — Create
Simulation — Command — Start. B mosieuBmemcst okue Start Command ycrano-
BUTE MPOJOJLKUTEIBHOCTh JKCIIEPUMEHTAa B BHJIE YMCIIa BBI30BOB (TPAaH3aKTOB)
BBOJMMBIX B CUCTEMY. YYECTh, YTO YEM MPOIOJIKUTEIBHEE SKCIEPUMEHT, TEM
TOUHEE pe3yJbTaT MOJEIUpOBaHUs (MeHblIe nucnepcus). s nenei madoparop-

HOH pa6OTBI MOXXHO OrpaHMYMUTBCA YHCIIOM TPAH3aKTOB, PaBHBLIM, HAIIPpHUMCD,
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10000 nam 100000. Haxas “OK”, Bel 3anyckaere MOAEIUPYIONIYIO MPOrpamMmy, a

nocJie €€ 3aBepIIeHUs U JOCTYI K CTaHJJAPTHOMY OTUETY.

4.1.2 loctyn K pe3ysibTaTaM MOJEIUPOBAHUS

OCHOBHBIE pE3yJIbTaThl MOJCIMPOBAHUS MPEACTABIAIOTCS B CTaHIaPTHOM
oT4éTe, KOTOPHI aBTOMATHYECKH BBIBOAUTCS Ha PabOYUil CTOJ MO OKOHYAHUH
nporona. KoHkpeTHble 3HaUCHHs OTYETA PACCMATPUBAIOTCS MOCICIOBATEILHO 10
Mepe BBITOJHCHHS 3aHATHIA.

JIns JocTymna K MaTpuiliaM u THCTOTpaMMaM, MPH UX HAJTWYMHU B JAaHHOM MO-
nyJe, HeoOX0auMO HaxkaTh cieayronue kaomnku: Window—Simulation Window u

oanee Matrix Window wiu Table Window.

4.1.3 BHeceHue U3MEHEHHI B MapaMeTpbl MOAEIUPYEMOUN CUCTEMBI

[TapameTpsl, noasexamive U3MEHEHUIO (MHTEHCUBHOCTh BXOJIHOTO IOTOKA,
YHUCJIO KaHAJIOB, KaHaJIbHAsl CKOPOCTH U JIP.), YKAa3bIBAIOTCA B KaKJIOM KOHKPETHOM
3a1aHUH.

JIns1 BHECEHUSI N3MEHEHHUM B UCXOJHBIA MOJYJIb IIPOTPAMMBI HY’KHO BBI3BaTh
3TOT MOJYJIb, HaXKaB KHONKY WINAOW u B OTKPBIBIIIEMCSI MCHIO BBI3BaTh MUMSI IPO-
rpamMmbl oJ1 HoMepoM 1. Heobxoarmo noMHuTh, 4T0 OBM BBINOIHSAET BHIYUCIIE-
HUS HE C UCXOJIHBIM, a C MAalIMHHBIM MojayJieM. [loaToMy mociie mo0bIX U3MeHe-
HUIl B HCXOJHOM MOJyJie HEOOXOJUMO CHOBA 3aIllyCKaTh MPOTrpaMMy TPAHCISITOP
sarmyckom: Command — Create Simulation (uzu Retranslate).

He 3a0b1BaiiTe mociie KakJ0ro NporoHa OOHYJATh MPEABIAYIIYIO CTaTUCTH-
Ky Haxxaruem kuHomok Clear wim Reset. [Tpu Bbixojie U3 mporpaMMsbl MO OKOHYA-
HUU 3aHATHUS NTIOMHUTE, YTO BCE M3MEHEHUS U IOJYyYAEMBbIE PE3YJIbTaThl COXpPaHE-
HUIO HE TIOJJIEXkKAT.

Jiisa 6osee OeTaTbHOTO W3YYEHHsS] OCHOB KOMITBIOTEPHOIO MOJIEIHPOBAHUS
MOKHO 00paTUThCsl K MOHOTrpaduu [1], a 11t OBIaeHHs] HaBbIKAMHU MOJEIUPOBA-

uust Ha GPSS World ciienyer o6patuthes k yueOHOMY mocoouto [2].
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B oTuére mo mpakTUYECKUM 3aHATHUSAM HEOOXOIUMO MO KAXKIOMY IYHKTY
IIPEACTABIATh IPOrPaMMBI ¢ KOMMEHTAPUAMU U OCHOBHBIE PE3YJIbTAThI IPOTOHOB.
N3yunTh QyHKIIMU KUCIIONIB30BAHHBIX ONEPATOPOB U ONEPAH/IOB, a TAKKE CO-

ACPKAHUC CTaHIAPTHBIX OTYETOB.

4.2 TlpakTuueckue 3aHATUs
[IpakTnueckoe 3anstue Nel

OO0bekT wuccienoBanus. OAHOKaHAIBHOE YCTPOMCTBO € HEOTPaHUYECHHOU
OYepebIo.

OnHokaHaNbHBIE YCTPONCTBA MIMPOKO MPUMEHSIOTCSI B COBPEMEHHBIX TEJIe-
KOMMYHUKAIIMOHHBIX cucTeMax. Bes ceTh Internet na 3-m ypoBHE ceMuypOBHEBOM
MOJIEJIA TPEICTaBIAET COOOM MHOKECTBO MapIIPyTH3aTOPOB, CBA3AHHBIX MEXIY
co00l 0OHOKaHAIBHBIMU JIMHUSIMU CBsi3u. OCHOBHas paboTa MapiipyTuzaTopa co-
CTOUT B CIEAYIOIIEM:

— nonyuyuB |P-maker, mMapmipyTuzaTop aHaIM3UPYET €ro agpecHyl 4acTb U
ONpeIEIIAET HAPABJICHUE €ro NallbHEUIIIEeH epe1ayn;

— €CJIM KaHaJ B BHIOpAaHHOM HAaMpaBJIC€HUU CBOOOJICH, TO OH 3aHUMAETCS IS
nepeayu 3TOro NakeTa;

— €CIIM KaHaJ 3aHAT Nepeayeii paHee MpUIICANIEro MmakeTa, TO JAaHHBINA MaKeT
yCTaHaBJIMBACTCS B o4epe/b (3amuchiBaeTcsi B Oydep oxxkumanus) u 0yner o0ciy-
KEH 110 Mepe OCBOOOXKIACHMSI KaHaa.

[Ipu ananuze padotsl |P-ceTelt HauOonbIIMI UHTEpPEC MPECTABISIET BpeMs
3aJIepKKU MaKeTa B MapipyTu3arope (0KuJaHue B o4epeu + nepeaaya 1mo KaHa-
ay).

B peanbnpix MapiipytuzaTopax 00bEM Oydepa (IjMHa odepean), KOHEUHO,
orpannyeH. Ho B TaHHOM 3aHSTUU MBI MIPEABAPUTEIILHO PACCMOTPUM TEOpETUYE-
CKYIO MOJI€JIb C HEOIPAaHUYEHHOM 0Yepeiblo, Kak 0oJiee MpoCTyIO.

Ctporo roBops, MOCTYNUBIIMI B MapLIpyTU3aTOP MaKET HE cpa3y MOCTyIa-
eT Ha 00pabOTKy B OJTHO M3 UCXOJSIINX U3 MapIIpyTu3aropa Hanpasienuid. [Ipen-

BApUTEJILHO TAKET J0JKeH 00padoTaThCs B YCTPOMCTBE aHau3a ajapeca (0OBIYHO
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CHeLMATbHBIA MUKPOMPOIIECCOpP) AJIs BEIOOpA HaIpaBlIeHUs AalbHEHIeH nepea-
yy nakera. C TOYKM 3pEHUsS TEOPUU MACCOBOTO OOCIYKMBAHHS 3TO TUIIMYHAs
nByxdazHas cxema. OmHako, mpeHeOperas BpeMeHeM pabOoThl MHKPOIIPOIECcCopa
[0 CPAaBHEHHUIO CO BPEMEHEM Iepe/iauu MakeTa 1Mo KaHally (4TO, KaK MPaBHIIO CO-
OTBETCTBYET JIEUCTBUTEIILHOCTH), PACCMOTPUM TIpOLIeCC IMepefauyn MaKeTa 4epes
MapuIpyTU3aToOp Kak paboTy OAHOKAHATIBFHOTO YCTPOICTBA.

Jluctunr 1 — UmuTanmonHast Mojiesib — MOAYJb 1 — Mojienb o fHOKaHaJIbHO-
ro YCTPOMCTBA C HEOrPAaHUUYEHHON 0YepeIbIo.

; Momesib OIDHOKAHAJIBHOTO YCTPOMCTBA C HEOTPAHMUYEHHOM Ouepenbi.

generate 20 ; TeHepallMsa TPaH3aKTOB C MHTeprajsoM 20 e.M.B.
gueue fff ; YCTQHOBUTBH TpPaH3aKT B ouepelb C uMmeHeM fff
seize kkk ;3aHATH KaHaJ Cc uMmeHeM kkk

depart fff ;yuTm m3 oudepenu fff

advance 19 ;3alepxaTh TPpaH3akT B kaHajyle Ha 19 e.M.B.
release kkk ;ocBobommuTh KaHan kkk

terminate 1 ;BHUECTb 1 M3 IJIMHEI NPOTOHAa

e.M.B. — eIMHMIA MOIEJIbHOT'O BPEMEHU.

3amaHue. TuarenbHO U3yUnTe KaXKIbIi OIepaTop U MPUBEIEHHbIE OlIEpaH-
JIbI 10 KOMMEHTapHsIM U TI0 CTIPABOYHBIM JJaHHBIM B [Ipunoxenusix b u B.

[TpousBecTr 3amyck mporpammbl (Command —start) Ha JIMHY MpOroHa B
10000 TpaH3aKTOB.

N3yuuts conmepxxkumoe ctanaaptaoro oruera (REPORT), ocobenHo B yactu
XapaKTePUCTUK 0OCITYKHUBAIOIIET0 YCTPOHUCTBA (KaHalla) U OUepe/Iu.

OOGpaTuTe BHUMaHUE HA TO, YTO JaHHAS MOJIEIh CTATUCTUUECKU yCTOMYMBA
TOJIbKO, €CJIM JITMTENIbHOCTh 3aJep>KKU TpaH3akTta (omepaHa A ormeparopa
advance) MeHbllle MHTEpBaJa MEXKIy MOMCHTAMH TOSIBJICHHUS TPaH3aKTOB (OIle-
paHn A omeparopa generate).

Yo6enutech B 3TOM, I3MEHUB COOTHOIIICHUE OMEPAHJI0B HAa MPOTHUBOMOJIOXK-
HOE U TPOBEMS JIBa IKCIEPUMEHTA C Pa3IUYHON JIMHOM TmiporoHa. OObsicHUTE
npuanHy 3aBucuMocTH 1auHbI odepenu (AVE.CONT) ot mamuHbl poroHa.

B uncxomHoMm BapuaHTe OTCYTCTBHE B omeparopax generate u advance ome-
paHIOB B HCKIIOYAET CIy4alHOCTh B pabOTE YCTPOMCTBA, YTO, KaK MPABUIIO, HE

COOTBETCTBYET PEAJbHOU CUTyalMu. VICKIIt0OueHne COCTaBIIsAI0T, HAIPUMEDP, CUCTE-
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MBI HaOJIOJEHUS, B KOTOPBIX PA3IMUYHBIC NATYMKHA YE€pe3 PaBHBIC MPOMEXKYTKH
BPEMEHH BBIJAIOT B [ICHTPAIBHBIN MYHKT COOOIIICHHS OJTMHAKOBOM JTTUHBI.

Buecute cnydaitHoCTh B paboTy MOJeH, 100aBUB ONEepaH/Ibl B:

generate 20,20 — 1UTENBHOCTh HHTEPBAJIA MEXKY MOMEHTAMH TOSBIICHHS
TpaH3aKToOB OyAeT MeHAThCs oT 0 10 40 .

advance 19,10 — muTenBPHOCTD 3aJEPXKKU TpaH3aKTa B KaHale OyneT Mme-
HATHCA OT 9 110 29.

CpaBHHTE JaHHBIC B HOBOM OTYETE C MPEABIAYITUMUA U OOBSICHUTE MPOU30-

meamue N3MCHCHMUA.

ITpakTnueckoe 3anstue Neo2

O0mbekT uccienoBanus. OQHOKaHAIBHOE YCTPOMCTBO C OrpaHUYEHHOM OYe-
penbo.

Haubonee TunuynHast cutyauust Juisi MApIIpyTU3aTOPOB B CETAX C KOMMYTa-
el makeToB. BakHO OTMETUTD, UTO OrpaHUYEHHE OUEPEIN B MAPIIPYTU3ATOPAX
BBITIOJIHAETCS] HE CTOJIBKO C LIEJIbI0 KOHOMUU Oy(pepHOi naMaTu (maMsaTh, KaK U3-
BECTHO, CTPEMUTEIBHO JCIIEBEET), CKOJIBKO U3 HEOOXOAUMOCTH OIPaHUYUTD Bpe-
Ms IpeObIBaHMS TAKETOB B y3/1aX CETU. 3aCTPSABILUNA CBEPX JOMYCTUMOTO BPEMEHU
MAKET, BO-NIEPBBIX, YTPAUMBAET CBOIO aKTyalIbHOCTh (BO3MOKHO, YTO OH YK€ HE
HY>KE€H T0JIy4yaTelll0), a BO-BTOPbIX, HAXOASCh B OUEPEAH, ITOT MaKET 3aACPKUBACT
T€X, KOTOPBIE MPUXOJAT B y3€i nocie Hero. Beioop Hanbomee 1enecoodpa3Horo
OTpaHUYEHUS IS ITIMHBI OUepe/in — CIOKHEHNIIass ONTUMH3AIOHHAs 3a/1a4a.
CAMILKOM JUIMHHBIE OY€PEIN B CETH MPUBOIAT, KaK YK€ OTMEYAIOCh, K OOJIBLIIUM
3aJiep>KKaM MaKeTOB B CETH, a CIUIIKOM KOPOTKHE — YBEJIIMYMBAIOT MOTEPH MaKe-
TOB, T.K. TAKET, MOCTYMUBILIUHN B y3€Jl IPH 3aHITOCTH BCEX MECT 0XKHJIaHUS B HYXK-
HOM HampaBJICHUH, TOKUJAET CUCTEMY U CUUTAETCS IOTEPSHHBIM.

OrpanuuuTh ouepelb B UMUTHPYIOIIEH MPOrpaMMe MOKHO Pa3IUYHbIMU
cnocobamu. Hanpumep, MOXHO 100aBUTH B IPEABLAYIINI MOAY/Ib oneparop test:

test L g$fff,10,met ;04epeib MEHbIIIE TeCATH?
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JlaHHBIN omepaTop MpPOBEPSICT HA «MEHBIIEE» TEKYIIYIO JJUHY OYepeIu C
umeneM fff (crammapraeii yucnosoit atpudyT q$fff, cm. Ilpunoxenne I') ¢ yncmom
10 1, ecnu OHO HE MeHbIIE (BCIOMOraTeNIbHbIN onepany L), To HampaBisieT TpaH-
3aKT K MeTKe met.

Takum 00pa3oM, oOCTy)KMBaHUE TpaH3aKTa (TMAKeTa) MPOO0KACTCS TOIBKO
B TOM CIly4ae, €Clid B OYepeau eCTh CBOOOJHBIC MecTa. B MPOTUBHOM ciiyyae C
TIOMOIIIBIO oreparopa savevalue k nepemenHoi Otk mpuOaBiiseTCs eIUHMIIA.

JIuctunr 2 — MmMutannoHHas MOAENb — MOYJb 2 — Moaens OHOKaHAIBHOU
CUCTEMBI C OTPAHUYEHHOU 04EPEBIO.

; Momesib OIDHOKAHAJIBHOM CUCTEMEl C OT'PAHMUEHHOM OuYepelbi.

generate 20,20 ;TeHepauus TpaH3aKTOB C MHTepsBajoM 20 e€.M.B.
test L QSfff,10,met ;ecTp CBOOOIHHE MecCcTa B ouepenm?

queue fff ;da. YCTAaHOBUTBE TpPaH3akKT B odepelb C uMeHeM Ifff
seize kkk ;3aHATb KaHal Cc umMeHeM kkk

depart fff ;yuTm m3 odepenu fff

advance 19,10 ;3amepxaTb TpaH3akKT Ha 19 e.M.B. (B CcpenHeM)
release kkk ;oceobommure kaHan kkk

terminate 1 ;BBIUECTb 1 M3 IOJIMHB [NPOT'OHA

met savevalue otk+,1 ;zBadbuxcupoBaTh OTKaz B IepeMeHHOM otk
terminate 1 ;BEHUECTb 1 M3 IOJIMHB NPOT'OHAa

3aJlaHKe. 3amyCcTUTE MPOrPaMMYy U IPOAHATU3UPYHTE OTYET.
CHuMHTE 3aBUCUMOCTH:
— Toue (p) Ons1 4-x 3nauenutl p 6 npedenax om 0,5 do 1,5;

- P(p) — BEPOANMHOCNb noniepu mpaHsaxkmada.

3neck: Tox — cpennee BpeMs oxunanus B ouepeau (AVE.TIME ¢ REPORT),
a p= tsuf/tur — 3arpy3Ka KaHaia, onpejeisieMasl Kak OTHOIIICHUE BPEMEHH 3aJICPiK-
KU TpaH3akTa B oreparope advance K MHTEpBATY MEXIy MOMEHTAMHU MOSBJICHUS
TPaH3aKTOB B oreparope generate. BeposTHOCTh moTephb onpenensercs Kak OTHO-
IICHUE YUCIIa TIOTEPSHHBIX MakeToB (mepeMeHHas Otk) k oOmeMy 4Hciy BOIIE-
IIMX B CHCTEMY MMaKeToB (yCTaHABJIMBACTCS KoMaHIoi Start).

B Teopun Tenerpaduka BeIMUMHA P SBISETCS TVIABHBIM MapaMeTpOM, OIpe-
JENAIONIMM CTENEeHb 3arpyKeHHOCTH oOcayxuBarolieil cucremsl. [lpu atom, p

ompenenseTcs Kak p = At, rie A — MHTEHCUBHOCTh BXOJIHOT'O MOTOKa TpeOOBaHU, a
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t — nMTenpHOCTh 00CTYXKUBaHUs. 3HaUEHHE P MOXKET MeHsThcs oT 0 10 1 u mpu
npuOIMKEHUU K 1 Takue mapamMeTpbl Kak JJIMTEIbHOCTh OXHIAHUSA WU JJIMHA

ouepeqId PE3KO BO3PACTAIOT (TEOPETUUECKHU JO OECKOHEYHOCTH).

IIpakTnueckoe 3ansatue Ne3

[TocTpoeHHe TMCTOrPaMMBbI PacTIPEICIICHUS BPEMEHU OXKHUIaHHSI B OUEPE/TH.

JlonoaHUTh iporpaMmy MoJiyJib 2 OIepaTopoOM:

wtime qtable fff,0,50,40
IIOCTaBUB €ro mnepea omneparopom generate. Onepann A (fff) — umsa ouepenn, ome-
panx B (0) — Hayamo rucrorpamMmsl o ocu adcrmce, onepann C (50) — mivHa wH-
TepBajia B €AMHUIIAX MOJCILHOrO BpeMeHu, onepan D (40) — uncino uHTepBaoB.
[Tomo6pats onepanst B, C, u D myist HarmsimHOTO MpeACTaBICHUS THCTOTPAaMMBI Ha
9KpaHe MOHHUTOPA.

Jluctunr 3 — IMuTanoHHast MOJIeNb — MOAYJIb 3 — [locTpoeHne ructorpaMmMbl
; llpuMmep noCTpoeHMe TUMCTOI'PaMMEL

wtime qgtable fff,0,50,40 ;onucaHue odopMaTa I'MCTOI'PAaMMEL
generate 20,20 ; TeHepallMsad TPaH3aKTOB C MHTeprajsoM 20 e.M.B.
test L QSfff,10,met ;ecTbp CBOOOIHHE MecCcTa B ouepenm?
queue fff ;da. YCTaHOBUTB TpaH3akKT B odepenpb fff
seize kkk ;3aHATH KaHaJ Cc uMmeHeM kkk

depart fff ;yvtu u3 ouepenm fff

advance 19,10 ;3alepxaTbh TpaH3aKT B KaHaJjle Ha 19 e.Mm.B.
release kkk ;ocBobommTh KaHan kkk

terminate 1 ;BEHUECTb 1 M3 IOJIMHB NPOTOHAa

met savevalue otk+,1 ;zaduxcupoBaTh OTKa3 B IIepeMeHHOM otk
terminate 1 ;BEHUECTH 1 M3 IOJIMHB NPOTOHAa

3ananue. 3apucoBarh rucTorpamMmy B otdére. COnocTaBuTh OPUEHTHPO-

BOYHBIC JaHHBIC, IIPCACTABIIAICMBIC FHCTOI’pﬂMMOﬁ, C TOYHBIMH 3HAYCHHUAMMU, IIPH-

BEJIEHHBIMU B OTYETE B COOTBETCTBYIOIICH TaOIHIIE.

ITpakTrueckoe 3ansitre Ned

OOBeKT uccienoBanus. MHOrokaHajgibHOE YCTPOMCTBO C OTPAaHUYEHHOM

OYEepPEIbIO.
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MHorokananeHbie  ycrporictBa (MKY) sBmsitorcss Hamboiee MaccoBOi
CTPYKTYpOU B TeJIe(POHHBIX CETAX C KOMMYyTallMel KaHaJIOB. ¥Y3JIbl KOMMYTAllUU U
mHorouncieHHbie ATC cBSI3bIBaIOTCS MEXTy COOON CTaHIAPTHBHIMU Tele()OHHBIMU
KaHaJaMH, YUCJIO KOTOPBIX MOYKET JOCTUTaTh HECKOJIBKUX ThICSY.

[IpuHun paboThl MHOTOKAHAJIBLHOTO YCTPOWCTBA C SIBHBIMHU MOTEPSIMHU CO-
CTOMUT B CJIEIYIOLIEM: IOCTYNUBILINK BbI30B MBITAETCA 3aHIATh CBOOOJHBIN KaHaJ B
HEKOTOPOM COCIMHUTENLHOMN JIMHUM [IJIs1 YCTaHOBJIEHUS TE€Ie(OHHOTO COSTUHEHUS
1, €CJIM TaKOW CBOOOIHEIN KaHa HaXOJUTCS, TO OH 3aHMMacTcsa. Eciau B MHOTrOKA-
HaJbHOM YCTPOMCTBE (B MyYKE KaHAJIOB) BCE KaHAJbI 3aHSTHI, TO BBI30B MOJIY4YaeT
OTKa3 U CYUTAETCS NOTEPSAHHBIM. [0 COOTHOLIEHNIO YKCiia OTEPSHHBIX BBI30BOB
(n) x oOmIeMy 4KCITy BEI30BOB, IIOCTYNMHBINKX 3a BpeMs HaOmoaeHus (N), onpene-
JISI€TCS TJ1aBHAsL XapaKTEPUCTHKA CUCTEMBI C MIOTEPSMU — BEPOSTHOCTD ITOTEPH BBI-
3oBa P =n/N.

B otnuuure ot npeablaynield MOAENH B JAHHYIO MOJIETh BHECEHO U3MEHEHUE,
CBSI3aHHOE C pean3alyell MHOTOKAHAJIIBHON CXEMBI.

B cucreme GPSS ucnons3ytoTcsi pazHble omnepaTopbl A7 3aHITHS U OCBO-
00X/IeHUsI KaHAJOB B OJIHOKAaHAJIbHBIX U MHOTOKaHAJIbHBIX YCTPOICTBax, a UMEH-
HO Seize v release ng ogqHOkaHaNBHBIX cucTeM U enter wiu leave — nis MHOTO-
KaHaJIbHBIX. [Ipy 3TOM 4MCIO KaHAJIOB B MHOTOKAaHAJIBHOM CHUCTEME 3aHaETCs OT-
JenbHBIM omeparopom Storage (cm. muctunr) ¢ umeHeM MKY, B koTopom yka3bl-
BAETCs YMCJIO KaHAJIOB (B JaHHOM ciiy4ae omnpeseneHo, yto B MKY ¢ umenem ggg
umeercs 10 xanamo). Oneparop test | mepenact Tpan3akT Ha qanpHEiee o0cy-
KUBAHUE TOJIBKO MPHU HAJMYMUU CBOOOJHBIX MECT B OUYEpeaH, T.€. B Clyyae, Koraa
1-# onepan (4MCIIO 3aHATHIX MECT B OUEpEIM) MEHbIEe 2-T0 (00I1ee YMCIO MECT).
B npoTtuBHOM cityuae, TpaH3akT OyAeT YUYTEH KaK NMOTEPSHHBIA B MEPEMEHHOH C
umerHeM Otk.

JIuctunr 4 — ImutaunnoHHAst MOENb — MOAYJIb 4 — AHaIU3 NOTEPh B MHOTO-

KaHAJIbHOW CUCTEME

;BeposTHOCTE NOTEPh B CHCTEME C OTPAaHMUEHHOV ouepenbo
kan storage 10 ;YCTaHOBKAa d4MCJla KaHaJloB
generate 8,8 ; TeHepallMd MHTEPBAJIOB MEXIYy BH3O0OBaAMMU
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test 1 QSoch,7,met ;ecTb CcBOOOIHEIE MECTa B ouepemm-?
queue och ;Oda. YCTAaHOBUTE TPaH3aKT B OUepenb
enter kan ;3aHATbH KaHaJ
depart och ; OCBODOOMTE MECTO B OUepelun
advance 100,100 ;3alepXxaTb TpP.Ha BpeMsa OOCIYyXMBAHUSA
leave kan ;OCBOOOIMTL KaHal
terminate 1 ;IIOKMHYTh CUCTEMY

met savevalue otk+,1 ; YBENIUYUUTL UMCJIIO IIOTEPH HAa E€IOUHUILLY
terminate 1 ; TIOKMHYTb CUCTEMY

3ananue. 3anmycTUTe MPorpaMMy U MpoaHaAIU3UPYNUTE OTUET.

CHUMMTE 3aBUCUMOCTH:

— Toorc (V) Ons 4-x 3nauenuii p 6 npedenax om 0,5 0o 1,5;

— P(v) — sepossmuocme nomepu mpanzaxma.

B nanHOM cirydae p =tsu/Vlyr, TIIE V — YHCIIO KaHAIOB, 33JaBaeéMO¢e OIepaTo-

powm storage.

IIpakTrueckoe 3ansTre NoS

OO6nbekT uccnenoBanusi. Mojenb pas3iesieHusl MOTOKOB TPAH3aKTOB Ha 3 pa3-
HO MPUOPUTETHHIX TOTOKA.

TenekoMMyHHKAIIMOHHBIE CUCTEMBI, KaK IIPABUIJIO, PACCMAaTPUBAIOT BHI30OBHI,
oOnafaroue pazauyHbIMU npuoputeramu. OcoO0eHHO HeoOoxoaumo auddepeHu-
poBaTh KauecTBO oOcimykuBaHUs BbI30BOB (QOS) B MynbTHCEPBUCHBIX ceTsXx. W3-
BECTHO, YTO MOTOKOBBIE BUJIbI Tpaduka (peub, BUAC0) TPEOYIOT MEPBOOUEPETHOTO
oOCTy>KMBaHMS, TaK KaK JOITYCTUMOE BpeMsI 3aJIEPKKU B CETH ISl HUX HAXOJAUTCS
B nipenaenax 150 — 250 mc, a ¢aitnoBblii 0OOMEH JaHHBIMA HE KPUTHYEH K 3a/1epK-
KaM, ¥ UX 3HaYEHUsI MOTYT JOXOAUTH O HECKOJIbKUX CEKYH/I.

PeanbHble MapmipyTH3aTOphl aHATU3UPYIOT TPEOOBAHUS MO MPUOPUTETHO-
ctH epenayn (kiaaccel oocyxuBanus — COS), HaxoasIIHecs: B 3aroJIOBKE MaKeTa,
U B COOTBETCTBUH C dTUMHU TPEOOBAHUSIMH OPTAHU3YIOT HECKOJIBKO OUYepenen Jyis
BbIJIaUM MMAKETOB B KaXK/IbIi KaHall. Hanbomnee gacTo peanu3yeTcs, Tak Ha3bIBaeMast
MpoLEelypa OTHOCUTENbHBIX MPUOPUTETOB, B KOTOPOH MIPHU KaXJAO0M OCBOOOXKIEHUU

KaHajia BEIOMpPAETCS OUepeTHOM MaKeT U3 HanboJjiee IPUOPUTETHON OUepeIu.
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NmuranmonHas Mojielib. [lpu renepaiiiy TpaH3akTa orepatopoM gener-
ate emy NprCBamMBAETCS CaMbIi HU3IINAW NPUOPUTET «0», €ClIn MHOE HE YKa3aHO B
orepaszie 5 oneparopa generate. 9ToT NpUOPUTET MOKET OBITh, IPU HEOOXOUMO-
CTH M3MEHEH B JIIOOOM MECTE IMPOrpaMMBbI OIIePaTopoM Priority ¢ ykazaHuem HOBO-
ro nmpuopurera (Hampumep, priority 17) nim B Gosee CIOXKHBIX CIIydasx ¢ IOMO-

IbIO (PYHKIINH, KaK B MPUBEIEHHOM HUXKE IPUMEDE.

Jluctunr 5 — MMuTanmoHHast MOJENb — MOAYJIb S — Pacmipenenenue mpuo-

PUTETOB
; PacnpenesieHre TPaH3aKTOB IO NIPUOPUTETAM
sSss function rnl,d3 ;aprymMeHT - cjaydarHoe umciyo (rnl)
.5,1/.8,15/1,7 ;OYyHKUMA — umcrya 1, 15 wmm 7
generate 30,20 ;reHepaluusa MHTEPBAJIOB MeXOy BE30OBaMU
priority fn$sss ;OpuCBOeHME NPUOPUTETOB MO OYHKIUU SSS
advance 1000

terminate 1

Omneparops! priority u function ¢ mmenem SSS pasensaT oOIIHI TOTOK TpaH-
3aKTOB CIIy4ailHbIM 00pa3oM (JaTuuK ciydailHbIX uucen Inl) Ha 3 motoka. Ilpu
stoM 50% Bcex TpaH3akTOB nOJayduT npuoputeT Nel, 30% — NelS u 20% — Ne7.
ApryMeHTOM (pyHKUMHU B JAHHOM Cly4yae SIBJSIETCS CIIy4ailHOE 4MCIlo, BbIOMpae-
Mmoe B unrepBaie 0 — 1, a pyHkuuelr — HoMep HOBOI'O MPUOPHUTETA JJI TPAH3AKTA.
Omneparop advance c¢ upe3mepHo OoibInon 3aaepxkoit (ormepana 1000) mo3Bosser
COXPaHUTh B OTYETE BCE CTEHEPUPOBAHHBIE TPAH3AKThl U HAONIOAATH MPUCBOECH-
HbIE UM IIPUOPUTETHI.

3ananne. OOBSICHUTE CTPYKTYpY omepartopa priority. M3menure omnepaHbl
onepaTopa function st pa3aeneHust o0IIero MOTOKa TPaH3aKTOB Ha 2, a TIOTOM Ha
4 mpuopurera.

ITpakTrueckoe 3ansitre Neb

OObexT uccnenoBanus. Mozenb CUCTEMBI C 3-5 pa3HO IPUOPUTETHBIMU
ouyepesiMU TPAH3aKTOB.

Uccnenyercs mapuipytuzarop |IP-makeToB B ceTu ¢ KOMMYTAIMEll MMaKeToB.

AHaIM3UpyeTCs NpoLeaypa BblIaud MAaKETOB B KaHAJ CBSI3U C 3aJaHHOM MPOITYCK-
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HOW CITOCOOHOCTHI0. Pa3HO MpHOpUTETHBIC TTOTOKU JJIS BBIIAYU B 3TOT KaHAJ T10-
CTYIAIOT U3 HECKOJIbKMX BXOMSAIIUX KAHAIOB C CYMMApHON MHTEHCHBHOCTBIO A =
> Ai , TJIe Aj — FHTEHCUBHOCTB IOTOKa i-ro npuoputera (i =0 + 127).
CoOTHOIIIEHHE MEKIY IMOTOKAMH OIPEISISCTCS MCCASI0BaTEIeM B 3aBHUCH-
MOCTH OT KOHKpETHOH cuTyanuu. OCHOBHBIE HCCIICIYEMbIC XapaKTCPUCTUKH —
JUTATEIFHOCTH 3aJICPIKEK MAaKeTOB B y3JIe B 3aBUCHMOCTH OT KaHaJIbHOW CKOPOCTH,
UHTCHCHUBHOCTH CYMMAapHOI'O MOTOKA M COOTHOIICHHEM MEXIy MHTEHCHBHOCTIMHU

ITOTOKOB PA3JIMYHBIX ITPHOPUTCTOB.

JIucTuHr 6 — HMHTaHI/IOHHaH MOJCJIb — MOAYJIb 6 — I/ICCJIGI[OBEIHI/IG oucpcau

C IpUOpUTCTAaMH

; Monmenp ouepenemnm C NPUOPUTETAMU

Sss function rnl,d3 ;dyHKUMA CJyd. PaclIpelefieHUs IPUOPUTETOB
.5,1/.8,2/1,5 c Bep. 0.5, 0.3 um 0.2
och function pr,d3 ;oyHKUMS pacHpenejieHMs IOJIMH odepeney IIo
1,30/2,15/5,7 IPUOPUTETaM
generate 20,20 ;reHepauusa TpaH3. C uMHTepBaJoM 20 e.M.B.
priority fnS$sss ; BEIODOP HOMEepa NpMopuTeTa
assign ocher,pr ;NpPMUCBOEHME OUepPenM HOMepa IIpuopuTeTa
test L Q*ocher, fnSoch,met ;ecTh cBoBOI. MecTa B ouepelnm?
queue pr ;da. YCTaHOBUTL TpaH3akKT B ouepelb
c mMeHeM 1,2 wmam 5
seize kkk ;3aHATH KaHaJ Cc uMmeHeM kkk
depart pr JYUTU U3 ouepenu
advance 19,10 ;3alepXxaTh TPaH3aKT B KaHajle Ha 19 e.Mm.B.
release kkk ;ocBobommTh KaHan kkk
terminate 1 ;BEHUECTHb 1 M3 IOJIMHB NPOTOHAa
met savevalue otk+,1 ;3aduxcupoBaTh OTKaz B IepeMeHHOM otk

terminate 1
OCc0OEHHOCTBIO TAHHOW TMPOTPaMMBI SIBJISIETCS IPUMEHEHHE B OrepaTopax

queue u depart B kauyecTBe UMEHH OYepeny Homepa mpuoputera (Pr). Oto maer
BO3MOYKHOCTh MIPUMEHSATH OJTHU U T€ K€ ONEPATOPHI AJIsi TPAH3AKTOB JHOOOTO MpH-
oputeta. B nanHom ciyuae umMmenamu ouepeau OyayT uudpsl 1, 2 umm 5.

JIsist 3TOTO MPHUMEHSETCS ornepaTop assign, KOTOPhIH MOXKET BOILIEIIIEMY B
HEro TPAH3aKTy OINpPEACIIUTh UM NTapaMeTpa U NPUCBOUTH 3TOMY IapameTpy 3Ha-

yeHue. B JaHHOM CcCJIy4dac, 1mapamMmeTpy ¢ UMCHCM ocher — IMPUCBAUBACTCA YUCIOBOC
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3HaueHHUe 1Mo Homepy npuoputeta (1, 2 wim 5). B nanpHeimem 3ToT mapamerp Oy-
JIET OTpEENITh UMs ouepenu B onepaTtope test L.

Omneparop test L cpaBHUBaeT Ha “MeHbIIE” TEKYIIYIO JJIUHY OYEPEeaH MO
Homepom npuopureta (Q*ocher), xpansierocs B mapamerpe Tpansakra ocher, ¢
YUCJIOM MECT B MPUOPUTETHBIX OUYEPEiX, ONpeAesseMblx (QYyHKIHUEH C UMEHEM
och. B ucxoaHoM BapHaHTEe JAHHOTO MOJYJIS JUTUHBI JOIYCTUMBIX OYepeeH 1o
MIPUOPUTETAM pPaBHBI COOTBeTCTBeHHO 30-#, 15-1 u 7-i1.

3ananue. BeimonHute nporon Moaysns 6 U mpoaHaM3upyHTe OTYET B HACTU
ouepeneit ¢ umeHamu 1,2 u 5. 3MeHuTe IuHbl odepenel B (PyHKIHH C UMEHEM
och, mpousBeanTEe MPOTrOH U OOBSICHUTE UBMEHEHHUSI B OTUETE.

N3menute omepanpl omneparopa generate Ttak, 4ToObl CyMMAapHBIN MOTOK
obu1 paBeH 400 makeToB/c. MeHsIs ¢ MOMOIIBIO omnepaTtopa advance mpomycKHyrO
crmocooHocTh KaHaiia ot 200 go 600 makeToB/c, CHUMUTE 3aBUCHUMOCTHU JJINTEIIb-
HOCTEHN 3aJIepKEK MAKETOB Toxi M BEPOATHOCTEW MOTEPH MAKETOB P MO KaXJAoMy
MPUOPUTETY B 3aBUCUMOCTH OT MPOITYCKHOM CIOCOOHOCTH KaHaJja.

N3menute nporpammy Moaysbs 6 Tak, 4ToObl OHA UMHUTHpPOBaia MHOTOKa-
HaJbHYI0 cucTemMy. CHUMHUTE 3aBUCHMOCTH CpEIHEH IMTEbHOCTU OXXHUAaHUS
Toxi (3Hauenne AVE.TIME B REPORT) u cpenneit qjymmnbl ouepenu Doy (3Haue-
aue AVE.CONT B REPORT) mo kaxmoii KaTeropuu OT 4YMciia KaHajioB. Eciu
3HAYCHUS OTKIMKOB Toxi U Doy McCUE€3arollle Majibl, U3MEHHUTE NTapaMeTphl CUCTE-

MBI TaK, YTOOBI HNCCIICAYCMBIC 3aBUCUMOCTHU OKA3aJIUCh HauoOoJee HarJsiAHBIMH.

IIpakTrueckoe 3ansatre Ne/

OOBeKkT uccneaoBaHus. ITyacCOHOBCKOE paclpeielicHue IOTOKOB pas-
JINYHBIX COOBITHIA.

OnuH n3 HanboJiee YacTO MCTIOJIB3YEMbIX B TEOPUHU TeleTpaduka mpocTeii-
I TIOTOK BBI30BOB ONMKCHIBACTCS ITyaCCOHOBCKHMM pacrpeaenenuem (4.1):

Pty =& e, (4.1)

r7e: A — HHTEHCHBHOCTD BXOJSIIEr0 IMMOTOKA BBI30BOB [BBI3/€.BD. ],
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t — uHTEpBaN BpeMeHH [en. Bp],
Pi(t) — BeposSITHOCTD TIOSIBIICHHSI POBHO | BBI30BOB B HHTEpBae t.
IIyacCOHOBCKMI MOTOK BBI30BOB HEMOCPEIACTBEHHO CBS3aH C 3KCIOHEHIIM-

IbHBIM pacIpeiesieHueM TE€M, YTO MHTEPBAJIbI (Z) MEXIAY BbHI30BAMH ITyacCOHOB-
CKOTO TOTOKA pacIpeseleHbl 110 SKcroHenTe: P (Z < t) = 1 —e . A rak kak B
OIepaTope reHepalyy TPaH3aKToOB generate ycTaHaBIMBAIOTCS UMEHHO MHTEPBAJIbI
MEXIy BBI30BaMH, TO B MOJYyJI€ 7 pean30BaH SKCIIOHEHUUAJIbHBIN I'€HEepaTop CO
CpPEIHUM MHTEPBAJIOM PaBHBIM 2 (3TO O3HAYAET, YTO UHTEHCUBHOCThH BBI30BOB CO-
ctaiset 0,5 BeI3/en. Bp.).

[Iporpamma pabortaer cienyronum obpaszom. Omepatop «generate 100»
Hape3aeT BPEMEHHOM MpoliecC Ha paBHbIE UHTEpBaibl BpeMeHu B 100 e.M.B. (eau-
HHUIIBI MOJICIIEHOTO BpeMeHH). B 310 Bpems omeparop «generate  (2#v$eks)» reme-
pPHUpYET CIIy4aliHOE YUCIIO TPaH3aKTOB, KoTopoe (pukcupyetcs B cuérunke sch. Co-
JEepKUMOE ITOr0 CUETUYMKA B Havayie kKaxaoro uHtepsaia B 100 e.M.B. Tabyaupy-

€TCsl U CUETUYUK OOHYJISETCA.

Jluctunr 7 — UmutannoHnHast Mmonesbs — MoAyJib 7 — [locTpoenne myaccoHOB-

CKOTO pacIpeeieHus

;llocTpoeHMe MyaCCOHOBCKOTO paclipellesieHus

tab table x$sch,10,2,40 ;IIOCTPOEHME TUCTOTPAMME

eks fvariable — log((1+rn8)/1000) ; OKCIIOHEeHLMaJIbHOe paclpen.
generate (2#vSeks) ; TeHepalua Iyacc. I0TOoKa
savevalue sch+,1 ; CUETUMK COOBITUM B MHTepBajie t
terminate
generate 100 ; TeHepalusa MHTEePBaJioB t
tabulate tab ; QuKcauusa 4Yucila CODHTMM B MHTepBaje t
savevalue sch,0 ; ODHYJIeHME CUE€TuMKa COOHRTMM B MHTepBajle t
terminate 1 ;oflee 4UMCJIO MHTEPBAJIOB T

3amanue. CHATh THCTOrpAaMMY IIyaCCOHOBCKOTO pacmpeenenus. Paccuu-
TaTh TEOpEeTUUYECKOe pacnpeneneHue no popmyne Ilyaccona. [IpoBeputs runoresy
0 3aKOHE paCTPEEICHHS UCCIIEyEeMON CITy4yallHON BEIMYHMHBI IO KPUTEPHUIO CO-

rnacus x> (cM. mpuioxkeHue A).



78

[Ipaktrueckoe 3ansaTue No§

OOBekT uccneaoBanms. IlyaccoHOBCKOE pacnpeelieHue BXOSAMIEro Mo-

TOKa M SKCIIOHEHIMAIEHOE PAaCIPEIeICHUs JUIUTEILHOCTH O0CITY >KUBaHHUSL.

PaccMoTpenHbie B IpeAbIAyIIUX 3aHATHSIX 00BEKTH (PYHKIIMOHUPOBAIH MPU
MHTEpBaJIaX MEX]y BbI30BAMU M JJIUTEIBLHOCTAX OOCITYy)KMBaHUS pacupenenEHHbI-
MU TI0 3aKOHY paBHOMEPHOH MIoTHOCTH. J{Jist 3Toro B onepatopax generate u ad-
vance B KauecTBe ollepaH/ia B MCIob30Bajioch NOCTOSIHHOE uncio. OJHaKo B pe-
AJIbHBIX TEJIEKOMMYHUKAIIMOHHBIX CUCTEMax ropas/io yallle BCTPEUaroTCsl WHTep-
BaJIbl, pacmpeaenéHHble MO0 IKCIOHECHIMATBHOMY 3aKOHY. JDTO OTHOCHUTCS KaK K
IIyaCCOHOBCKOMY BXOJSIIIEMY MOTOKY, B KOTOPOM HHTEPBaJIbl MEKAY BbI30BaMU
pacrmpeeNieHbl M0 SKCIIOHEHTE, TaK U K JJIMTEIBHOCTH 00CITyKUBAHHU.

Kak mpaBuiio, BbI30Ba MOAUYMHSIOTCSA ITyaCCOHOBCKOMY 3aKOHY, €CIIM OHHU
UCXOAAT OT OOJIBLIOIO KOJUYECTBA MCTOUYHHUKOB (TEOPETUUYECKH OECKOHEYHOrO),
HU OJIMH U3 KOTOPBIX HE SBJSETCS MPEBAIMPYIONIUM. DKCIIOHEHITHAIBHOE pactpe-
JICJIEHNE JUINTENbHOCTH 3aHATUSl KaHAJIOB XapaKTepHO IS Telle()OHHBIX pa3roBO-
poB. IIpuMeHuTenbHO K mepedaue JaHHBIX BpeMs Mepenadyd MakeTa Mo KaHaly
IpsIMO MPONOPLUUOHANBHO €ro JIJIMHE, T.€. KOJIu4ecTBy O0auT (Out) B HEM. U ecnu
JUIMHY MAaKeTa anmnpoOKCUMHUPOBATh SKCIIOHEHIIMAIBHBIM pacnpeesieHueM (4To He-
PENKO COOTBETCTBYET JEHCTBUTEIBHOCTH), TO MOXHO W JJIUTEIBHOCTh 3aHATHS
KaHaJja rnepejayeil 0JHOro Makera CUMTaTh pacripeaeaéHHON 0 HIKCIIOHEHTE.

Peanu3zanus SKCIOHEHLIMAIBHOTO pacHpeleneHus Ui JJIMTENbHOCTEN 00-

CIIY’)KUBaHUSI ¥ WHTEPBAJIOB MEXIY BBI30BAMH OCYIIECTBIIICTCS, KaK TMOKa3aHO B
. 1
paznene 2.3.3, ¢ momoIbio Jorapudmuueckoi pyHkuun t = — Fl In & B nucTtunre

nporpaMmsl 3Ty (GYHKIIHIO BeITOHsIET oreparop fvariable (4.2):

fvariable —log ((1+rn8)/1000). 4.2)
HpI/I 9TOM CPCAHEC 3HAYCHUC MHTCPBAJIIOB MCKAY TpaH3aKTaMH yCTaHaBJIM-
BaeTCsl HEMOCPEJICTBEHHO B orepatope generate (cpegHuii HHTEpBaI MEXKY BbI30-

BaMH B JJaHHOM CJIy4a€ YCTAHOBJICH PABHBIM 2 e.M.B.), a CpcaHsiasd AJIUTCIIBHOCTD
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3a7iepKKU B oreparope advance (TpaH3aKkThl 3aJepKHBAIOTCI B CpPEJIHEM Ha 3

€.M.B.).

Jluctunr 8 — UmuTanmonHast Mojiesib — MOAYJ b 8 — Peanuzarus myaccoHOB-

CKOTI'O U 3KCIIOHCHIIHMAJILHOI'O pacnpez:eﬂeHHﬁ

;pearim3alma IIyaCCOHOBCKOI'O BXOIOHOTI'O IIOTOKa M 3JSKCIIOHEHLMAaJIBHOI'O
; paclripenesieHmMAa IOJIMTEeJIbBbHOCTUM ODCHIyXMBaHUS

tab table ml,0,0.2,100 ; TUCTOTpaMMa 3alepXek

eks fvariable -log((1+rn8)/1000) ;3KCHOHEHII. pacHnpenejeHue
generate (2#vSeks) ; TeHepalusa IOTOKa
advance (3#vsSeks) ;3aIepxKa TpaH3aKTa
tabulate tab ; TalyIaALMAa 3alepXekx

terminate 1

B omeparope fvariable matumk crmywaitHbix umcen rn8 mpu xaxkaom oOpa-
IICHUU K HEMY BBIOMpAET Cily4yaiiHoe Iiefioe yucio B auana3zoHe ot 0 g0 999. [le-
nenueM Ha 1000 st yucna nepeHocsTcs B auanazoH ot 0 10 0.999. Utoos! nuzbe-
*atb cutyanuu «log 0» x 3HaueHuro 8 mpubasisercss 1 ¥ OKOHYATEIBHO JHara-
30H umncen s jorapudmupoBanus ycrtanapiupaercs ot 0.001 mo 1.

JIJIss TOCTPOCHHS TUCTOTPaMMBI 3ajiepkek B orepaTope table mpucyrcTByer
onepana M1, seisitomuiicss CHA, onpenenstommum BpeMs Ku3HU TpaH3akTta. One-
pannsl B, C u D onpenensitor ¢popmMaT rucTorpaMMbl IO OCH aOCIIHCC.

3ananue. 3apukcupoBarh 3 — 4 THCTOrPaMMBI 3aJI€PKEK, MIPU Pa3ITMYHBIX

3HAa4YCHHAX BXOIAIICTO ITOTOKA.

[IpakTrueckoe 3ansTre Ne9

OO0®bekT nccienoBanus. MHOrokaHallbHOE YCTPOMCTBO € IBHBIMH ITOTEPSIMHU.
B 1naHHOM 3aHATUM TNPOBOAUTCA aHAJIW3 MHOTOKAaHAJIBHOIO YCTPOWCTBA
CPEACTBAMHM JABYX METOJOB MaTEMaTHYECKOI0 MOACIMPOBAHUS: AHAJIUTUYECKOTO U
MMHTAIMOHHOTO. MeETOonbl aHaJIUTUYECKOTO MOJEIMPOBAHUS MHOTOKAHAIBHBIX
YCTPOMCTB ONUCaHbl B MHOTOYMCIIEHHBIX padoTax mo Teopuu Ttenerpaduka. B
OOJBIIMHCTBE CIIy4aeB 3TH padOThl pacCMaTPUBAIOT CHUCTEMBI C ITYyaCCOHOBCKHUM

BXOJAIIMM ITOTOKOM BBI3OBOB M C OKCIIOHCHIMUAJIBHBIM PACIpPCACICHUEM AJIUTCIIb-
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HOCTU O0CHy>KMBaHUA. B CBSI3U ¢ 3TUM ISl COMTOCTABUTEIHHOTO aHAIU3a MHOTO-
KaHaJbHOW CHCTEMBI ABYMsI METOJJaMU HEOOXOIMMO UCIOJIb30BaTh MOJEIb CUCTE-
MBI C 3KCHOHEHIMAIIbHBIM PAacHpeIeICHUEM KaK [l MHTEPBAJIOB MEX]y BbI30Ba-
MU, TaK U JUIs JUINTEIbHOCTEHN 3aepHKEK.

AHanutuyeckas MoJienb

HaunOouiee peanpHyt0 CUTyallMio IPH OTPaHUYEHHOM 4YHCIIe KaHAIOB (V < o)
OTpaXkaeT paclpeesieHne OplaHra Wik yced€HHoe pacmnpeneneHue lIlyaccona
(4.3):

yi

P=—L_  i=0v. (4.3)

v VI
J=0 j
rae Pi — BEpOATHOCTb TOrO, YTO B CIIy4ailHbIA MOMEHT BPEMEHH B V-
KaHAJIBHOM YCTPOWCTBE 3aHATO | KAHAJIOB,
Y = At — Harpy3Ka Ha V-KaHaJIbHYIO CUCTEMY, 3aBUCSIIAs] OT UHTEHCUBHOCTHU MOTO-
Ka BBI30BOB A M CpEAHEN JUINTEIBHOCTH 3aHATHUS KaHAJOB .
Hauboiiee BaXHBIM B pacrpe/ielICHUH DpJiaHra SBISIETCS COCTOSIHHE | = V,
T.€. COCTOSIHUE, KOT/Ia 3aHATHI BCE KaHAJbl. Pa3ymeeTcs, 4To 3TO TO COCTOSIHHE, KO-
rJa HaCTynaroT NoTepu (0TKa3bl B 00CTYKUBAHUU). BEpOsSTHOCTH ATOTO COCTOSHUS
onpenensercs hopmyon Dpianra (4.4):
Pi=P,=P=P,=P,=E, (Y). (4.4)
3nece 3HaueHus Py, P, u P, ABASIOTCS BEPOATHOCTAMM MOTEPH 110 BPEMEHH,

I10 BbI3OBaM U I10 HAIrpy3Ke¢ COOTBCTCTBCHHO.

P(i) A Pacnipenenenue Dpganra
e S
— S
./ T T~ \
/ / ~ .
. 7’ N \
/4| 7 N N ‘< Pacnpenenenwue Iyaccona
- /
/ N\
!, \
N
,’ / N
7|7 ~
— ~
= —
0 1 2 3 4 5/ v=6 71 8l 9




81

Pucynox 4.1. Orubaromue pacnpeneneHnii BEpOsITHOCTSH YUCEN 3aHATHIX
KAaHAJIOB JUIsl POCTEMIIEro BXOAAMIEr0 NOTOKA.

[Tocnennee obo3nauenue E, (Y) sBisercs oOMENPUHATHEIM 0003HAYCHUEM
dbopmynsl Dpnanra. Hanbonee dacras npaktudeckas 3ajgada, OnpeaesieHus] HeoO-
XOJJMMOT'O YHUCJIO JIMHUWA B My4YKe ISl OOCIY>KMBaHUs MOCTYMHAIOLIEH Harpy3KH,
pU 33JJaHHON BEPOSITHOCTH MOTEPh JaHHOU (HOpMYJIOi B IBHOM BHUE HE peIllaeT-
csi. [ToToMy 4TO HEBO3MOXKHO BBIPA3UTh YMCIIO KaHAJIOB V, Kak GyHKIHIO OT Y U P.
B cBsizu ¢ 3TUMHU TpyAHOCTAMH, Qopmyia DpiaHra TaOyJupoBaHa B Pa3IMYHbIX
CIpaBOYHMKAaX M 3amadyHukax. Kpome Toro B mocnegHee BpeMs NOSIBUIOCH He-
CKOJIBKO YJOOHBIX NMPOrpaMM, MO3BOJSIOUIUX OYEHb JIETKO M3 TPEX BEIMYUH —
Harpy3ka (Y), yucio kaHayioB (V) U BEPOATHOCTb MOTEPh P — HAWTH JII00YI0 Mpu
JBYX APYTUX U3BECTHBIX.

NMurtanmonHas MoJiesb. B nmporpaMMHOM MOyJTe, peain30BaHbl SKCIIO-
HEHIIMAJIbHBIE PACTPENICIICHUS i1 UHTEPBAJIOB MEXIAY BBI30BAMH W JJIUTEIBHO-
ctelt 3anepxek. KpoMe Toro, peanu3oBaH MOIyJlb, 00ECIEUUBAIOIIUN TOCTPOCHUE
TUCTOTPAMMBbI JIJI1 COMOCTABJICHUSI PE3YJIbTaTOB UMUTAIIMOHHOTO MOAEIUPOBAHUS

C AaHAIUTUYECKUMHU pe3yibTaTaMu 1o Gopmyiie DpiaHra.

JIuctunr 9 — mutaimoHHas MOJENnb — MOJIYyJIb 9 — MHOrOKaHaIbHAS CUCTE-
Ma C HOTEPSIMHU

; AHaJIM3 MHOTOKAHAJILHOM CUCTEMBI C IIoTepAMm

raspr table s$ggqg,0,1,12 ;rucrorpamma P;

ggg storage 10 ;yCTaHOBKAa 4YMCJia KaHaJIOB

eks fvariable —log((1+rn8)/1000) ;>KCHIOHEHI. pacHnpeleseHue
generate (2#vSeks) ; TeHepallus BHISOBOB
gate snf ggg, met ;MHOTOKAH. YCTPOMCTBO He SBaloJIHEHO?
enter ggg ;da. 3aH4aTb KaHalul
advance (18#vSeks) ;3amepxaTh TPaH3aKT
leave ggg ; OCBOOOIMTE KaHAaJ
terminate ; BEIBECTM TPAaH3aKT U3 CHUCTEME

met savevalue ot+,1 ; 3adMKCHMPOBaTE OUEPEeHOM OTKasz
terminate ; BEIBECTM TPAaH3aKT M3 CUCTEMEH
generate 50
tabulate raspr

terminate 1
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3aganue. OTKpeITh MoOayib 9 U 3ayCTUTh MOAEb.

1 Tloctpouth pacnpenencaue Dpianra no ¢opmyne (4.1), mpu Harpyske
Y =9 Dpn u uucne kananoB V = 10. Harpy3ka Haxogutcs kak Y = At , rae A ompe-
nensiercs mo onepanny A onepatopa generate (A = 1/tyueps) , @ t — o onepanny 4
orneparopa advance (t — IIUTeIbHOCTD 3aJCPKKH).

2 CHATH TUCTOTpaMMY JJIsl PACIPEIENICHUs YUCa 3aHAThIX KaHAJIOB IPU TOU
e Harpy3ke Y = 9 Dpi. 71 MyacCOHOBCKOTO BXOJHOTO MOTOKAa M AKCIOHEHIIH-
albHOrOo oOciyxuBaHus. B wucxoaHoMm Bapuante (Moaynb 9) yCTaHOBIEHO
Y =0.5*18 = 9 Opu.

3 CHATB TUCTOTpaMMYy JUISl PaCIIpEAEIICHUS YUCTIa 3aHAThIX KAHAJIOB MIPU TOM
e Harpy3ke Y= 9 Dpi. npu paBHOMEPHO paclpeieEHHOM BXOJHOM IOTOKE U
PAaBHOMEPHO pacHpeeIEHHOW IUTEIBHOCTH OOCTY>KUBAHUS. Y CTAaHOBUTH JIJIsi
storo generate 2,2 u advance 18,18.

4 CpaBHUTH MOJYYEHHBIE HIKCIIEPUMEHTAIbHBIE 3aBUCUMOCTH (.2 U 1.3) ¢
TEOPETUYECKUM PaclpeIesieHneM Dpiianra 1o Kpurepuio cornacus x2. (Cm. mpu-

JOXKeHHUE A).

[Ipaktrueckoe 3anstue NelO

O6wekT uccienoBanus. OpgHOKaHAlIbHAas cUCTeMa C OECKOHEYHOU ouepe-
JIbI0, C MTYaCCOHOBCKUM BXOJIHBIM IMOTOKOM M KCIOHEHIIMAIBHBIM OOCTYKHUBaHU-
eM.

Takasi, 4HUCTO TeOpEeTHUYECKasl CUCTEMA SIBJISIETCS HauboJiee UCCie0BaHHOM
B TCOPHUH MACCOBOTO OOCITY>KHBAHUS U MIO3TOMY B HAMOOJIbIIICH CTETICHU TTOAXOIUT
JUIS. COOCTABUTEIIBHOTO M3YYEHHUS METOJIOB AHAIMTHUYECKOTO0 U MMHUTAIIMOHHOTO
MOJICTTUPOBAHUSI.

AHanuTnyeckas MOJeNb

OCHOBHOI XapaKTepUCTUKOW, HAMOO0JIEe YaCTO MCIOJIb3yeMOW JIJIsl TPAKTH-
YECKUX Pacy€ToB, SIBJIAETCS BEPOSTHOCTh OXKHUAAHUS JUIS TOCTYIMBIIETO BBI30BA

P(y>0), roe vy — Bpems oxxuaanus. 1o cyiiecTBy, 3T0 BEpOSTHOCTh TOTO, YTO BBI30B



83

710 Hadaja oOCIyKMBaHUS OyIeT OXUAaTh OCBOOOXKICHMS KaHamia. /[ mpocTeii-
IIET0 MOTOKAa BBI30BOB 3Ta BEPOSITHOCTh COBMAAAET C BEPOSTHOCTHIO 3aHATOCTH

BCEX KaHAJIOB WJIM C BEPOSATHOCTHIO IMOTEPh 10 BpeMeHH (4.5):

w — Ey (Y —
P> 0) = Poy=Pi= 7, P = — (Z)[l(_; —=Du (V). (4.5)

B manHOM citydae CyMMHpOBaHHE MPOBOJIUTCS IO BCEM COCTOSTHUSM (1), TIpH
KOTOPBIX 3aHSTHl BCE KaHAJIbl M UMEETCA OYepe/ib 000U JUIMHBL: OT HyJs 10 Oec-
KOHEYHOCTH. Pacy€THoe COOTHOIIEHHE IJi1 BEPOSITHOCTU OKUJAHUS TOJyUYeHHOE
DpsaHroMm, HasbIBaeTcsi BTOpoi (opmysoii Dpnanra, obo3nauaercs kak Dy(Y) u
TaOyJIMPOBAHO JJIsI TPAKTUUECKOTO MpUMEHEeHHUs. Tabiuilbl, Kak U B cilydyae mep-

Boil opmyisl — E, (Y), mo3BoNSIOT 110 JIFOOBIM JBYM M3 TPEX IapaMeTpoB — Y, V,

P — onpenenuts Tpetnii. 3aeck Dy (Y) sBisercst oOmenpuHsaTeiM 0003HaYCHIEM 2-
i hopmynsl DpnaHra, KoTopas TadyIMpoBaHa BO MHOTHX MCTOYHHKAX.

OdyeHp BaXHO OTMETHTh, YTO OJHOKAHAJIbHASI CHUCTEMA C HEOTPaHUYEHHOU
OYepeIbI0 MOKET OBITh CTATUCTHYECKH YCTOMYMBA TONBKO mpu Y < 1. B mporus-
HOM cllyyae ouepellb K KaHaily OyAeT pacTH 10 OECKOHEYHOCTH, B UEM MOXKHO
yOeIuThCs, COMOCTaBUB PE3YJIbTAThl IPOTOHOB Pa3HOM IMTEIBHOCTU (HAIpUMep,
B 10000 u 50000 TpaH3aKTOB).

Belie npuBeA€HHBIE COOTHOIIEHUS CAEIaHbl Il IPOU3BOJIBHOIO YMCIa Ka-
HajoB V. B maHHOM 3aHsATHH V = 1, a B ClIelyIOUUX 3aHATUIX OyAYyT pacCMOTPEHbI

cucreMmbr c V> 1.

Jluctunr 10 — Umutanmonnas mojaenb — MoAyiib 10 — oqHOKaHAIbHAS CH-

cTeMa ¢ OECKOHEUHOU OYepe/Ibo

*aHaJM3 OIOHOKAHAJIbHOM CMCTEeMBl C OECKOHEUYHOM OuYepenblo

eks fvariable -log((1+rn8)/1000) ;3KCIOHEHI]|. paclpelejieHUue
generate (20#vSeks) ;renepanusa TpaH3.uHTepB. 20 e.M.B.
queue fff ;YCTAHOBUTBH TpaH3. B odepenp Ifff
seize kkk ;3aHATBE KaHaJl ¢ uMeHeM kkk
depart fff ;yvTu U3 ouepenm fff
advance (19#vSeks) ;3alepxaTh TpaH3aKT Ha 19 e.Mm.B.
release kkk ;ocBoOOoIMTL kKaHan kkk

terminate 1 ;BEIUECTH 1 M3 IOJIMHEL NPOT'OHa
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JlaHHasi UMUTAIIMOHHASI MOJIEJIb MMOYTH MOJIHOCTHIO aHAJIOTMYHA MOJIETU 3a-
Hatusg Nel. HcknroueHue COCTaBISIIOT OINEpaHAbl B olepaTopax generate u
advance, B KOTOpBIX paBHOMEpHBIC pacHpe/CIICHUs HWHTEPBAJIOB 3aMCHCHBI Ha

DKCIIOHEHIIHAILHEIE.
3aganue. OTkpbITh Moayib 10 1 3aIyCTUTh MOJIEIIb.

1 IToctpouts mo tabmumam D,(Y) rpaduk 3aBUCUMOCTH BEPOSITHOCTH OXKH-
nanus P(y > 0) ot Harpy3ku Y Ipu U3MEHEHUHU apryMmeHta B mpenenax 0,2 <Y <
0,9.

2 IlocTpouTh Ha TOM k€ IpaduKe SMIUPUUYECKYIO 3aBUCHUMOCTh BEPOSITHO-
ctu oxkumanus (mapamerp ka"aina UTIL) ot Tex ke aprymenToB. Hamomuum, 4to
Harpyska mojcuuTbiBacTcs kak Y = t, / t,, rae t; — Bpems 3aJep:KKA TpaH3aKTa B
omeparope advance, a t, — JTUTETFHOCTh UHTEPBAJIOB MEXKIY BBI30BAMH B OIepa-
Tope generate.

3 Tloctpouts 3 rpaduka no . 1 u 2, Mensist AnurensHocTh porona (10000,

100000 u 1000000). OOBACHUTD UMEIOIIHECS PA3TUUK.

IIpaktrueckoe 3anstue Nel 1

OOBEKT UcCCceI0BaHMA. MHOrokaHalbHAs CUCTEMA C OECKOHEYHOH OdYe-
pPEeIbI0 ¢ ITyaCCOHOBCKMM BXOJIHBIM ITOTOKOM M SKCIOHEHIIMAJILHBIM 00CITyKHBa-
HUEM. B JaHHOM 3aHATHM MCCIEAYIOTCS Pa3WyYHbIC XapaKTEPUCTUKH MHOTIOKa-
HaJILHBIX YCTPOUCTB ¢ OECKOHEYHOM OuepeIblo.

11.1 Cpennss avHa odepeau

AHAJIIUTUYECKU CPEHSS ITTMHA O4YepeIn orpeensercs no gopmyse (4.6):

S=32 (i—v)P, =YDy (WIV-Y)=APGr>0/(V-Y).  (46)
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3/1ech V — YUCIIO KAaHAJIOB B CUCTEME, & OCTaJbHbIE MMapaMeTpPbl UMEIOT TOT
*e cMbIch, 4To U B 3aHaTuu NelO. OTmMeTrnM, 4TO B MHOTOKaHAJIBHBIX CHCTEMAax
YCJIOBUEM CTAaTUCTUUYECKOW YCTOMUMBOCTH SIBJISIETCSI HEPABEHCTBO Y < V, T.€. TOJb-
KO B 3TOM cllydae o4yepe/b He OyJeT pacTu J0 O€CKOHEYHOCTH.

DKCIEPUMEHTAIBHO CPENHss JTMHA odepenu (S) Mo pe3yiabraTaM IporoHa

¢dukcupyeTcsi HEMOCPEACTBEHHO B cTaHaapTHOM oTuéte B mapamerpe AVE.CONT.

JIuctunr 11 — UMutarnmonHas MoJienb — Moayib 11 — ananus cpenneit nmu-

HBI ouepeu

;OnpenesyieHMe CcpelHeV OJIMHE odepenu

ggg storage 5 ;UMCJIO KaHAaJIOB B IIy4YKe

eks fvariable — log((1+rn8)/1000) ;3KCHIOH. paclhpelejieHue
generate (2#vSeks) ;reHepaluusa NyaCCOHOBCKOI'O I[IOTOKA
queue fff ;YCTAHOBUTBE TpPaH3akKT B ouepenp fff
enter ggg ;3aHATHL KaHal
depart fff ;yuTu u3 odepenm fff
advance (3#vsSeks) ;obOciyxmuBaHME C DKCIOH. pacClIpenejieHVeM
leave ggg ;ocBOoOOOUTH KaHaJl ggg

terminate 1

3amanue. MccnenoBaTh 3aBUCUMOCTD PACXOKIECHHN PE3YIbTaTOB aHAIUTH-
YeCKOW M MMUTAIIMOHHON Mozeneil oT Benuuunbl P(y > 0). Ilapamerpsl mojaeneit

(4, v, n) ycTaHOBUTH UICHTUYHBIMU. Pe3ybTaThl IPECTaBUTh TPadUICCKH.

11.2 BeposATHOCTH NMPEBBIICHUS IJIMHON OYepeId 3aJaHHON BETMYUHBI N
AHaTUTUYECKN 3Ta BEPOATHOCTH OMPENEISAETCS C UCIOJIb30BAaHUEM BTOPOM
dbopmyiel Dpaanra (4.7):
P(S > 1) = S pansa Pi = (Y 1V Dy (V) = (Y /W)™ P(y > 0). (4.7)

Jlmda monydyeHuss aHaJOTUYHOM BEPOATHOCTM HA HMMUTALMOHHOM MOJEIH
HE0OXO0aMMa JIOCTATOYHO CIIOXKHAsI mporpamma. [1oaToMy HUXKE MPUBOIUTCS TPO-
rpaMma, MO3BOJISIIOLIAs MOJTYYUTh HECKOJIbKO NpHOIMKEHHYIO OleHKY. [Ipuuém
pa3Hulla B pe3ysibTaTax aHAIUTHYECKOW M MMHUTAIMOHHOW Mojelie OyaeT Tem

MCHbBIIC, YCM MCHBIIC 3TH BCPOATHOCTH.
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JIuctunr 11a — UmutanmonHas moenb — MoAyJb 11a

;Bep. NpeBHIIEHMS YCTAHOBJIEHHOV IJIMHEL ouepenn (NpUOJIM3UTEJILHO)

ggg storage 5 ;UMCJIO KaHAaJIOB B IIydKe

eks fvariable -log((1+rn8)/1000) ;®KCHOH. paclIpeIejyieHye
generate (2#vS$eks) ; TeHepauusa NIyaCCOHOBCKOTO IIOTOKA
test L Q$fff,10,met ;ecTb CBOOOIHHE MeCTa B OUepenmu?
queue fff ;da.YCTaHOBUTE TpaH3aKT B ouepenb fff
enter ggg ;3aHATH KaHal
depart fff ;yuTu m3 odepenu fff
advance (8#vS$Seks) ; oOCcyxmMBaHye C BKCIOH. paclIpenejieHueM
leave ggg ; OCBODOOMTE KaHAaJ
terminate 1

met savevalue otk+,1 ; 3a@UKCHUPOBATE OTKaszs B IepeMeHHOM otk

terminate 1

[TpuOmkE€HHBIN XapakTep JaHHOM MOJENH 3aKJI0YaeTcsl B TOM, YTO peau-
3yeTcs 04epeib OTPaHUYCHHON JUIMHBI, paBHOW IIapaMeTpy N, U BMECTO BEPOSITHO-
CTH TPEBBILICHUS JIJIMHOW OYeper 3aaHHOW BeIW4yuHbl N, T.€. P(y > 0), umura-
LIHOHHAsI MOJEJb OIPEACISIET BEPOSTHOCTh ITOTEPU TPAH3aKTa M3-3a OIPAHUYCH-
HOU OYEpEN.

3ananue. MccnenoBarh 3aBUCMMOCTD PAaCXOKJIECHUN PE3yJIbTaTOB aHAIMTH-
YeCKOM M MMHUTAMOHHOW Mojeneit oT BenuuuHbl P(y > 0). [TapameTtpsl Mojaenei

(4, v, N) yCTaHOBUTH UIACHTUYHBIMH. Pe3ynbTaThl MPEACTaBUTh rPaQUUCCKH.

11.3 BeposATHOCTH OKUIAHUS CBBIIIE JOTTYCTUMOTO BPEMEHH.
DTO Tak Ha3bIBAEMbIE YCIIOBHBIE TTOTEPH.

AHaMTHYECKH 3Ta BEJIMYMHA TOJIY9IaeTCs TOCTATOYHO pocTo (4.8):

P(> 1) = T, P (7> ) Pi= Dy (¥) e"0-D = p(y > 0) =010 (4.8)

3nech BennuMHa t; BhIpa)K€Ha B YCIOBHBIX €IMHUIIAX BpeMeHHU (Yy.€.B.).
VYcnoBHBIE €IMHUIBI BPEMEHU IIUPOKO MPUMEHSIOTCS B TEOPUU TelieTpaduka, T.K.
MO3BOJISIOT abCTParupoBaThCsi OT KOHKPETHBIX ACTPOHOMUYECKUX €IMHUIL (4ac,
MUH, MKC) M TIOJTy4aTh MaTeMaTUYECKUE BBHIPAKCHHS B YHU(DUIIMPOBAHHOM BHJIC.
Omnpenensercs kak ly.e.B. = tepo6cn T.€. YEPE3 CPEAHION JIIUTEIBHOCTh 00CITYKHU-
BaHMUS.

Ha umuranmonnoit mojaenu BeposTHOCTh P(y > t;) onpenensercs mo rucTo-

rpaMMme B CTaHAapTHOM oT4yé€Te. TouHee 1o Tabnuile B 0OT4éTe, B KOTOPOU 1O BEp-
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TUKAJIM OTKJIAABIBACTCA BPCMA, 4 B IIOCJICIHCM CTOJ'I6I.[C — HAKOIUICHHBIC IMPOICH-
THBI.

Jluctunr 116 — UmMutarmonHas Mojieiab — Moayib 116

;BepOHTHOCTb OXMOaHMA CBHIIE IOOIIYCTMMOI'O BPEMEHU t

ggg storage 5 ;UMCJIO KaHAaJIOB B IIydKe

wtime qgtable ff£f,0,0.5,40 ;pacnpeneseHue OJIUT. OXUIAHUS

eks fvariable - log((1+rn8)/1000) ; OKCIIOH. paclpenejieHue
generate (2#vSeks) ; TeHepalusa NyaCCOHOBCKOTO IMIOTOKA
queue fff ; YyCTAQHOBUTL TpaH3. B ouepenb fff
enter ggg ;3aHATL KaHal
depart fff ;yuTu m3 odepenu fff
advance (3#vSeks) ; OOCHyXMBaHMe C BKCIOH. paclhpene.
leave ggg ;OCBODOOMTE KaHaJl

terminate 1

3aanue. CHATH 3aBUCMMOCTH BEpoITHOCTH P(Y > t,) OT H0IyCTUMOTO
Bpemend t,. [Ipenenbl u3menenus t, momodpaTh Tak, yTo0bI P(Y > t,;) H3MEHSIIOCH
npumepHo ot 0,001 mo 0,1. ITpu 3TOM COOTBETCTBYIOMUM 00pa30M HYKHO MOA0U-

patb orepan il B oreparope gtable.

11.4 CpenHsas JUTUTEIHHOCTD OKUIAHHS PACCMATPUBACTCS B JIBYX BapHaH-
Tax:

— Y3 — CpeoHss ONUMENbHOCTb ONCUOAHUS OJIs 3A0ePAHCAHHBIX 8bI30608, M.e.
NOOCYUMAHHASL MOJILKO Ccpedu mex, KOMopble NOCMYNUIU HA 0OCTYHCUBAHUE NOCTE
HEKOMOpOo20 OHCUOAHU,

— Y — CPeOHss ONUMENbHOCb 0XHCUOAHUSL OJIs 6CeX 6bI306806, M.e. 05 00020
NOCMYNUBULE20 HE3ABUCUMO ONL NPOYEOYPbL OHCUOAHUSL.

AnHanuTHuecku oba nmapaMerpa moCUUTHIBalOTCS 10 Gopmysam (4.9):
v.-=1NV-Y), vy=1.Dy()=Dy(Y)/(v-Y)=P(y>0)/(v-Y). (4.9)
31eCh BEIIMYMHBI Y, U Y BBIPAKCHBI B YCJIOBHBIX €IMHUIIAX BpeMeHH (y.€.B.).
DMITUPUYECKH 3TH ITapaMeTPhbl BBIBOASTCS HEITOCPEACTBEHHO B CTAHIAPT-

HOM OTYETE B CTPOKE (JUEUE:

v~ AVE.(-0),  y- AVE.TIME



88

SaHaHHe. HOCTpOI/ITB Ha OAJHOM I‘pa(l)I/IKC 3aBUCUMOCTHU CPCOAHUX TJIIUTCIIb-

HOCTEH OKHIAHUS OT CTEIICHH 3arpy3Ku KaHama: v, (p) Uy (p) UId aHATUTHIECKUX

U SMIIUpUYECKuX HaOmoaeHu. OOBACHUTH pe3yJIbTaThl HAOIIOACHUH.

IIpaktrueckoe 3ansaTue Nel?2

Mopens 1Byx(}a3HOM CUCTEMBI C IOTEPSIMHU.

PeanbHble TeIEKOMMYHUKAIMOHHBIE CUCTEMbI HUKOI' /1A HE COCTOST U3 OJIHO-
ro obciyxuBatoiiero ycrporicrsa. Hanpumep, B JIBC co3ganHblii B KOMIIBIOTEpPE
M0JIB30BATEJS TIAKET, MPEK/IE YeM MOMacTh B KaHaj qocTyma K Internet, B 3aBucu-
Moctu oT KoHpurypauuu JIBC npoHaer uepe3 HECKOJBKO OOCTY>KUBAOIINX
yCTpoHcTB (a3 oOCiIy KuBaHUS): KaHAIbI, KOMMYTaTOPhl, Mapuipytuzatop. Kax-
JI0€ U3 3TUX YCTPOWCTB, CTPOTO TOBOPS, TOKE HEJIB351 pACCMAaTPUBATh KaK OTAEIIb-
HOe oOciyXHBarollee ycrpoiictBo. Hampumep, B KOMMyTaTtope Mbl MOXKEM OT-
JIEIBHO paccMaTpUBaTh padOTy BXOJHOTO MOpTa (KOHTPOJIIEPA), IEHTPATBLHOTO
npoiieccopa, pazaudHbeix moayiei 110, ob1ied muHbl, BeIxoaHOro nopTta. [Ipuuém
TaKylo JCTAIM3AIMI0 MOXKHO MPOAOJKUTh. Hampumep, B paboTe HEHTPaIbHOTO
MpoIECCOpa MOXKHO OTACIBHO paccMmaTpuBarth paboty AJIY, ympaisomiero
YCTPOMCTBA, MaMATH, UHTEPHENCOB.

B naHHOM 3aHSATHM HCClIETyeTCsl CUCTEMA C ABYX(a3HBIM OOCTYKUBAHHUEM.
Kax11p1il TpaH3aKT IOJKEH O0CITYKUBAThCSl BHAYajle KaHajJoM C UMEHeM [T , a 3a-
TeM KaHaioMm ¢ uMeHeM KkK. Eciu k MOMEHTY MOCTYIUIEHHUS] TPaH3aKTa K JII000MY
W3 KaHaJIOB JIaHHBIM KaHall 3aHsiT (MpoBepKa oreparopoMm gate Nu), To TpaH3aKT
bukcupyeTcsl Kak MOTePSHHBIA B ITepeMeHHBIX Ot] miau Ot2 B 3aBUCUMOCTH OT HO-

Mepa ¢asbl.

JIuctunr 12 — UmutanimonHast MoAenb — MOAYJb 12

;MOmesib OBYxX®a3HOM CUCTEMH ODCIYXMBAHMA C MNOTEPSIMU
;C OOHUMM BXOIHEIM IIOTOKOM
generate 20,20 ; TeHepalusa TpaH3. C uHTepB. 20 e.M.B.
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gate nu rrr,otkl ;ycTpoMCTBO rrr CBODOIHO?
seize rrr ;0a. 3aHAaTb kaHaJyl C MMEHEeM Irrr
advance 29,20 ;3alepXaTb TpaH3akKT B a 29 e.M.B.
release rrr ;OCBOOOOMTE KaHaJl C MMEeHEeM Irr

vtor gate nu kkk, otk2 ;2-a dasa. YcrpomcTro kkk cBOBOOHO?
seize kkk ;I0a. BaHars kaHaJ ¢ mMeHeMm kkk
advance 19,19 ;3alepxaTh TpaH3aKT Ha 19 e.Mm.B.
release kkk ;ocBobommThe KaHal kkk
terminate 1 ;BEHUECTHL 1 M3 IOJIMHEI OPOTOHAa

otkl savevalue otl+,1 ;llorTepsa TpaH3akTa B 1-1 daze
terminate 1 ;BHUECTb 1 M3 IOJIMHHE [IPOT'OHA

otk2 savevalue ot2+,1 ;lloTepsa TpaH3akTa BO 2-U daze
terminate 1 ;BHUECTb 1 M3 IOJIMHEL [IPOT'OHA

3ananue. Otkpoiite nporpammy Moaynb 12 u 3amyctute e€. Onpenenute
CTEIEHb 3arpy3KH Ka)J0TO KaHaja W JOJI0 MOTEPSHHBIX TPAH3AKTOB B KaXKIOM

¢daze. Onpenenure CcyMMapHyIO BEPOSITHOCTb ITOTEPH TPAH3AKTOB B IBYX (ha3ax.

[Tpaktrueckoe 3ansatue Nel3

JloGaBneHne 2-ro MOTOKa, BXOJSIIEro cpa3y Bo 2-10 ¢a3y (BO BTOpOil Ka-
Hal).

Crydau, Kor/ia TpaH3akThl (TaKeThl) MOTYT MOCTYIAaTh HE TOJIBKO B HAYaJIhb-
Hyl0 ¢a3y, HO ¥ B MPOMEKYTOUYHBbIC OYCHbh MHOTOYHCIICHHBI. Hampumep, Ha pu-
cyHke 4.2 mpejcraBieHa cxema jJocTyna B Internet ¢ qByMs BXOAHBIMH TIOTOKaMHU
A Ao YKI1 u YK2 — y31b1 nocTyna aboHEHTOB, a y3en YK3 — y3en Beixoga B In-

ternet. Kanan 1 cBss3eiBaet y3ibl YKI u VK2 (1-5 ¢daza obcnmyxuBaHusi), a KaHal

2—-YK2 u YK3 (2-1 paza obcmyxuBaHus).

7»1 7¥2

Kanan 1 Kanan 2 B Internet

Pucynok 4.2 — BapuanT noctymna B cetb Internet

v

Jluctunr 13 — UMutannonHas Moaesb — MOyb 13

;MOmesyib OBYxX®a3HOM CUCTEMH ODCHYXMBAHMA C MNOTEPSIMU
;C IBYMS BXOIHEIMM IIOTOKAMMU
generate 25,20 ; TeHepalls BTOPOIO INOTOKA
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transfer ,vtor ; 0E3YCJIOBHEM IIEePexon
generate 20,20 ; TeHepalusa TPaH3aKTOB ([IaKeToOB)
gate nu rrr,otkl ;xaHas rrr cBobomeH-?
seize rrr ;3aHATH KaHaJl C MMEeHEM Irr
advance 29,20 ;3alepXxaTh TPaH3aKT B KaHale
release rrr ;OCBOOOOUTEL KaHaJl rrr
vtor gate nu kkk,otk2 ;xanan kkk cmoBomen?
seize kkk ;3aHATBL KaHaJ Cc uMmeHeM kkk
advance 19,15 ;3alepxaTbh TPpaH3aKT B KaHale
release kkk ;ocBobommTh KaHanl kkk
terminate 1 ;BBHIUECTb 1 M3 IOJIMHEL [IPOT'OHA
otkl savevalue otl+,1 ;IIOTepsa TpaH3akTa B 1-¥ daze
terminate 1 ;BHIUECTb 1 M3 IOJIMHE [IPOT'OHA
otk2 savevalue ot2+,1 ;IIOTepsa TpaH3akKTa BO 2-U daze
terminate 1 ;BEHUECTH 1 M3 IOJIMHEI NPOTOHAa

3amanne. Bremonaute mporon moxyns 13 m B otuére (Report) B camom
Hayase (MaccuB ¢ HazBanueMm LABEL) no nanubiM kosnonku ENTRY COUNT mpo-
CIIEIUTE 32 JIBXKEHHUSIMU TPAH3AKTOB IO OJIOKaM MPOrpaMMBbl. Y CTAaHOBUTE U 00b-
SCHUTE MECTOHAXOKJAECHHE BCEX TPAH3aKTOB, BBIIAHHBIX JIByMs oliepatopaMu gen-
erate. Onpexnenute B Kakoi (a3e 0OCITyKMBaHUS BEPOSITHOCTh MTOTEPU TPAH3AKTOB
BBIIIE U MU3MEHUTE BXOJHBIE MapameTpbl MoAenu (PakTopbl) Tak, 4TOObI COOTHO-

MECHUE OTKIIMKOB U3MCHHJIOCH Ha O6paTHOC.

[Tpaktrueckoe 3ansitre Nel4
N3yyeHre OCHOBHBIX 3JIEMEHTOB CTaHJAPTHOTO OTYE€TAa U CTaH-

HAAapTHBIX YU CIIOBBIX anI/I6YTOB.

O3HaKOMHUTBCA Ha KOHKPETHBIX MPUMEPaAX C OCHOBHBIMHU 2JICMEHTAMH CTaH-
JAPTHOTO OTYETa U CIOCOOAMM HCIOJIb30BaHUS CTaHAAPTHBIX YMCIOBBIX aTpUOY-
ToB (CHA).

PaccmoTpers Mozi€b MHOTOKAHAIBHOM CUCTEMBI ¢ MPOCTEUIINM ITOTOKOM

BBI3OBOB, OKCIIOHCHIIMAJIbHBIM O6CJ'Iy>KI/IBaHI/IeM u OFpaHquHHOﬁ OoucpCaAbIO.
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JIuctunr 14 — UMutaunoHHas Moellb — Moaynb 14. M3ydyeHue cranaapT-

HBIX YHCIJIOBBIX aTpUOYTOB.

;MOIeJIb IJIg M3y4deHMda CTaHIapTHOTO orTuéra m CUA

vpot fvariable
kan storage
eks fvariable
generate
test 1
queue
enter
depart
advance
leave
transfer
met avevalue
fin test e
savevalue
final terminate

NS$met/NSfin
10

; IIOOCUET BEpPOATHOCTHM IIOTEPDb
y YCTAaHOBKaA 4YMCJia KaHaJIOB

—log{ (1+rnl) /1000} ; BEIUMCJIEHME DSKCIIOHEeHTH
(10#vSeks) ; TeHepaluusa NPpOoCTeMmero IIoToKa

Q*och, 7, met
och

kan

och
(11#vSeks)
kan

, fin

otk+1
tgl,1,final
verp,vsvpot
1

;odepenb MeHblle 7-17
;da.llocTaBUTh TpaH3. B OUepenb
;3aHATbH KaHal
;IIOKMHYTBE OUepenb

;3alepXaThb TPaH3aKT
;OCBODOOMUTE KaHaJl
; OE3YCJIOBHE NIEPEX0on
;YBEIMYMTE Ha 1 YMCJIO NOTEPHb
; DAHHEIM TpPaH3aKT IOCJIEeOHUM?
;O0a. BEUMCIMTE BEp. NOTEPH
; BEIBECTM TPAaH3aKT M3 CUCTEMEL

BreinmoasuTh 3adIllYCK MOJACJIN U BBIIIKCATDb B TCTPpaAb COACPKUMOC CTAHAAPT-

HOI'0 OTYETA AaHAJIOTUYHO HpI/IBe,ZIéHHBIM HHMKC (bpaI‘MeHTaM.

®parmeHT otuéTa Nel

OOBsicHUTE 321(1)I/IKCI/Ip0BaHHO€ B OTYETE YHUCIIO TPAaH3aKTOB, IIOCTYIIMBIINX B

kaxaeii 010k (ENTRY COUNT), 1 uncno TpaH3aKTOB, IPUCYTCTBYIONMINX B HEKO-

TOpBIX OJIoKaXx Ha MOMeHT okoHuyaHus nporoHa (CURRENT).

label loc block type
generate
test
queue
enter
depart
advance
leave
transfer
met savevalue
fin 10 test

11 savevalu
final 12 terminate

O©oo~NooThWwWwN -

entry count current
100010 O
100010 O
85887 5
85882 1
85881 0
85881 4
85877 0
85877 0
14123 O
100000 O
1 0
100000 O

®parMeHT oTuéTa No2

ConeprkaHus OTUETa B UaCTH OYEPEU ¢ MMeHeM OCh:

queue max cont.

entry  entry(0)

ave.cont. ave.time
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och 7 6 85887 16103 3.357 7.821

— Max — 7 — MaKkCUMaJIbHOE 3HaYeHUE JJIMHBI OYEPEIH 32 BPEMS IIPOTOHA;

— cont — 6 — Tekymiee 3HAaYEHWE JJIMHBI OYEpPEIr B MOMEHT OKOHYAHUS IPO-
rOHa;

— entry — 85887 — uncno TpaH3aKTOB, BOMIEIINX B OYEPE/Ib;

— entry(0) — 16103 — umcao TpaH3aKTOB, BOLIEAIINX B HYJICBYIO O4Yepe/lb, T.€.
TeX TPAH3aKTOB U3 OOIIET0 YKCiIa, KOTOPBIC BOILUTH B OYEPEIb U TYT YK€ MEPEILIN B
KaHaJ1 0e3 OKUIaHUS,

— ave.cont — 3.357 — cpeaHssa AIMHA OYEPEIN;

- ave.time — 7.821 — cpenHee BpeMs OXKHIAHHSI TPAH3AKTa B OUEPEIH.

@®parment otuéra Ne3

COIIGp)KaHI/ISI OT4YE€Ta B YACTU MHOT'OKAHAJIbHOI'O YCTpoﬁCTBa C UMCHEM kan:
storage cap. min. max. entries avl. ave.cont. util.
kan 5 0 5 85882 1 469  0.939

cap. — 5 — YMCII0 KaHAJIOB B MHOTOKAaHAJIbHOM YCTPOWCTBE;

min. — 0 — MUHUMAJIBHOE YHCIIO 3aHATHIX KaHAJIOB;

— max. — 5 — MakcMMaJIbHOE YHCIIO 3aHATHIX KaHaJIOB,

entries — 85882 — umcino TpaH3aKTOB, BOMICAIINX B MHOIOKaHAJIBHOC
YCTPOMCTBO;

— avl. — cocTrosHUEe MaMATH K MOMCHTY 3aBEpILICHUS IMpolecca MOICIUPOBaA-
Hus 1— noctynHo, 0 — HE IOCTYITHO.

— ave.cont — 4,696 — cpegHee YKMCIIO 3aHATHIX KAaHAJIOB;

— util — 0,939 — creneHp 3arpy3Ku KaHaja WM JI0JIS BPEMECHH, B TCUCHHE KO-

TOPOI'o KaHall 3aHAT.

B ykazaHHOM mporpaMmMHOM MOJyJi€ MCHOJIb30BAHbBI CIEIYIONINE CTaHIAPT-

HBIC YU CJIOBBIC anI/I6YTBII
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- CYA - g*och — o3HadaeT ynciao TpaH3aKTOB, CTOSAIINX B JAHHBIA MOMEHT B
oyepean ¢ MeHeM Och.

— CYA — N$met — cueruynk BX0m0B B omepatop ¢ uMmeHnem Mmet. Ilepemennas
VPOl MOACUMTHIBAET BEPOSTHOCTH IMOTEPb, KAK OTHOIICHHE YKCIIa TPaH3aKTOB,
npomeamx yepe3 omneparop ¢ merkoit met (CHA - N$met) k obmemy umcity
tpan3akToB (CHA — N$fin).

- CYA - tgl — coumepxumoe cuérurka 3aBepiicHus. B jgaHHON mporpamme
no/IcYET mepeMeHHON VPOt MPOU3BOAUTCS HE MIPU BCEX TPAH3aKTaX, a B LIETAX KO-
HOMHH BPEMEHH, TOJIBKO MPHU MPOXOJE MOCIEAHETO TPAH3aKTa, T.€. TOJIBKO TOT/Ia,
korga tgl=1.

- CYHA — rnl...rn8 TI'eHepatopsl CiIy4JailHBIX YKcCeN BhIpAOATHIBAIOT CIyYaii-
Hble ynciia B uHtepBaie O....... 0,999999, ucnonp3yeMble Kak apryMeHThI (PyHK-
U, HATIPUMED, TS OTIPEJICIICHHs] HOMepa y3j1a oTrpaBuTelisa. Bo Bcex ocTanbHBIX
ciydasx Inl...rn8 — caydvaitasie yncia B uaTepBaie 0...999. B nanHoit mporpam-
Me I'nl ucnonb3yercs A ONpeeleHns NePEMEHHON ¢ MIaBarollel 3amsaToil, pac-
IpEeIeTICHHON M0 AKCIIOHEHIIMAIFHOMY 3aKOHY. Takoe pacmupezieneHue naeT QyHK-
st — log (rn1/1000). B nporpamme ucnonb3yercs ¢pynkmuus — log{(1+rn1)/1000}
BO M30€KaHWEe BO3HUKHOBEHUS CIIydasl C BBIYMCIIEHUEM HECYIIECTBYIOIIETO Jora-
pudMa HyJIs.

— CYA — ml — Bpems Xu3HU TpaH3aKTa. ¥ JOOHO MCIOJIB30BATh IS POPMU-

poBaHUs TAOJIUIIBI pacTIpeICIICHHUS] BPEMEHH O0OCITYKUBaHUS.

[Tonneiit cnucok CHA npuBenén B [Ipunoxenuu I

[Ipaktrueckoe 3ansatue NelS

O3HaKOMJICHUE C MPOLIEAYPaMU IT'€HEPALIMU BEPOSITHOCTHBIX pac-
MpeacICHUN

JlanHoe 3aHsATHE TPEeIHA3HAYCHO ISl O3HAKOMIIEHHSI CTYJEHTOB C 3-Msl CIIO-
co0aMH MOJTy4eHUs! BEPOSITHOCTHBIX pacipeieNeHuii: TaOJIMYHbIN, aHATUTUYECKUI
U C IOMOIIbI0 BcTpoeHHOUM B GPSS Oubnmorexu nporeayp TeOpeTUIECKUX BEPO-
SATHOCTHBIX pactupenencHuii. buommoreka GPSS conepxut 24 pacnpenencHus.
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a) Jluctunr 15a — [Iporpamma popMupoBaHus BpEMEHHBIX HHTEPBAJIOB C
DKCIOHEHIMAJIBHBIM PACIPEAEICHUEM C IOMOLIBIO AHATUTHYECKOTO BBIPAKECHMUS.

*DKCIIOHEHLMAJIbHOE paclipenesieHre OJIMTEJIBHOCTU ODCHIyXMBaHUS

tab table ml,0,0.2,100 ; TUCTOTpPaMMa 3alepXek

eks fvariable -log((1+rn8)/1000) ;3KCHOOHEHIMAJNILHOE PAaCIp.
generate 2 ;TeHepalus IIOTOoKa
advance (3#vsSeks) ;3aIepxKa TpaH3aKTa
tabulate tab ; TabynauMsa 3alepXek

terminate 1
0) Jluctunr 156 — [Iporpamma popmupoBaHusi BpeMEHHBIX HHTEPBAJIOB C KC-

IMMOHCHIUAJIbHBIM PACIIPCACICHUCM IIPpH TaOJIMYHOM 3aJaHnHn (I)YHKLII/II/I

*3KCIOHEHIIMAaJIbHOe paclpenesjieHre IJIUMTEJIbLHOCTU OOCIYyXMBAHUS

tab table ml,0,0.2,100 ; TUCTOTpaMMa 3aldepXxek
eks function rnl,c24 ;TabiIMUYHOE BSKCIIOHEHLMAaJIbLHOE pPaclp.
0,0/.1,.104/.2,.222/.3,.355/.4,.509/.5,.69/.6,.915/.7,1.2/.75,1.
38/.8,1.6/.84,1.85/.88,2.12/.9,2.3/.92,2.52/.94,2.81/.95,2.99/.9
6,3.2/.97,3.5/.98,3.9/.99,4.6/.995,5.3/.998,6.2/.999,7/1,8

generate 2 ; TeHepalusa IoToKa
advance 3, fnSeks ;3alepXka TpaH3akKTa
tabulate tab ; TabynauMsa 3amepXex

terminate 1

B) JIuctunr 158 — [Iporpamma ¢hopMupoBaHUs BpEMEHHBIX HHTEPBAJIOB pPa3-

JIMYHBIX PACIPEICIICHUH C IOMOIIBIO BCTPOEHHBIX MPOLETY].

*DKCIMOHEHUIMAJILHOE paclpelejieHUe JNIUTEJBHOCTU OOCIYyXMBAaHUS

tab table ml,0,0.2,100 ; TUCTOTPaMMa 3alepXex
generate 2 ; TeHepalusa IIoToKa
advance (exponential (1,0, 3)) ;6udbimuoreka OpolLenyp

*apryMeHTE: Stream (rn),Locate (coBur), Scale (cxaTrue)
tabulate tab ; TabynaLuMa 3alepXex

terminate 1

*pPaBHOMEPHOE pacnpelesieHre IJIMTEJIBHOCTY OOCIIYyXMBAaHUA

tab table ml,0,0.2,100 ; TUCTOTPaMMa 3alepxek
* generate 2 ; TeHepalusa IIoToKa
advance (uniform(1l,2,10)) ; OubnmMoTeka MNpoLUenyp
*apryMeHTH: Stream (rn), Min, Max
tabulate tab ; Tabynnaumsa 3alepXekx

terminate 1

*TpeyTroJIbHOE pacHnpelesieHre IJIMTEJIBHOCTY OOCIIYyXMBAaHUSA

tab table ml,0,0.2,100 ; TUCTOTpPaMMa 3alepXek
* generate 2 ; TeHepallusa IIoTOoKa
advance (triangular(l,2,12,5)) ;6ubamoTeka OPOLENYP
*apryMeHTH: Stream (rn), Min, Max, Mode
tabulate tab ; TabynauMsa 3alepXek

terminate 1
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3amaHue.
1. TIlpomsBectu 3amyck MmporpamMMm ¢ 3-Ms BapHaHTaMH MOJYYCHHS IKCIIO-

HEHLMAJIBHOr0 pacnpeeneHus. PaccMoTpeTs THCTOrpaMMBl.

Buaumanue. [Ipu kax10M HOBOM 3aItycKe MPOrpaMMbl HEOOXOAUMO YJIAJATh C
AKpaHa MpeapIAyIIe TUCTOTPaMMbl. B MPOTUBHOM ciydae mporpaMma no Kaxmio-
My TpaH3aKTy OyzeT oOpalarbes K 9KpaHy, YTO MHOTOKPATHO YBEITUYUT JJIUTEIb-
HOCTb ITPOTOHA.

2. IIpoBecTu COMOCTABUTENHHYIO OIEHKY MPOU3BOAUTEIBHOCTH paccMart-
pUBaEcMbIX BapHaHTOB.

C 3TOH LENpI0 MPOU3BECTH 3AIYCK KaXJAOW MPOrpaMMbl C JJIMHOW MPOTOHa,
paBHoii N = 5000000. C nmomoIib0 CEKyHAOMEpPA U3MEPUTH MPOAOIKUTEILHOCTH
MPOTOHOB U 3a)UKCUPOBATH PE3YJILTATHI B OTUETE.

[Ipon3BOAUTENBHOCT MPOTPAMMBI CTAHOBHUTCSI BaXKHBIM ITapaMETPOM, €CIIA B
pe3ysibTaTe MpOroHa HEOOXOIUMO COOpaTh JOCTATOYHYIO CTATUCTHKY IO PEAKO
BO3HUKAIOIIUM COOBITHSAM. Hanpumep, Korja HY>KHO OIIEHUTH IJIOMIaJb «XBOCTa»
pacnpeneneHusl.

3. s 2KCMOHEHITMATBHOTO pacipeaesieHrus 15B MpOU3BECTH CEPUIO TPO-
rosoB ¢ mmurensHocTaMu Nqi= 1000, No,= 10000, Nz= 100000 u N4=1000000.
OOBSICHUTH PA3TMUHYIO CTENIEHb CTIIAKEHHOCTHU MOJIYYEHHBIX TUCTOTPAMM.

4.  3akpbITh C MOMOIIBIO * TMPOrpaMMy SKCIIOHEHIIMAIBLHOTO pacIpesesie-
HUS U OTKPBITH MPOrpamMMy PaBHOMEPHOTO pacrpeseneHus. 3aduKcupoBarh ru-
CTOrpaMMy B OTYETE.

S. 3aKkpbITh IPOrpaMMy PAaBHOMEPHOTO PACIIPEEIIEHNS U OTKPBITH IPO-
rpaMMy TPEYroJIbHOTO pacnpeeneHus. 3apuKcupoBaTh THCTOIPAMMY B OTUETE.
6. 3anmyCTUTh OJHOBPEMEHHO BCE TPU MTPOTPAMMBI U3 JIUCTUHTA 158 ,

yOpaB 3BE3/10YKHU TIepel BceMu ornepaTopamMu generate. OObICHUTH CTPAHHYIO
dbopMy TOJTy4eHHOU TUCTOTPAMMBI.

Bapbupyst (0OCMBICIIEHHO) TapaMeTpaMu pacipeiesieHui (orepaHbl B onepa-
Tope advance), MOJIyYUTh HECKOIBKO «IK30THUECKUX» M0 (POpME TUCTOTPaMM.
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5 JlaGopaTopHble 3aHATHS
JlaGopaTopnas padora Ne 1

HccnenoBanue MapuipyTu3aTopa CETU KOMMYTAllMU TAKETOB
METOJIaMH UMUTAIIMOHHOTO U AaHAJTUTUYECKOTO MOJICIUPOBAHUS

5.1 Ienb paOoThI:

5.1.1 OcBoutpb npuémsl KoHGUTYpau (PParMeHTOB CETH KOMMYTAIIUU Tia-
KETOB Ha MPUMEPE MCCIEAOBAHUS MapLIPyTHU3aTOPa METOIaMH UMHUTALIMOHHOTO U
aHAJIMTUYECKOTO0 MOJIETTUPOBAHUSI.

5.1.2 OcBouth cOCOOBI M3MEHEHHUS TapaMeTPOB MapIIpyTH3aTopa (BXO-

HbIE€ TIOTOKH, KAHAJIbHBIE CKOPOCTH, JIOIIYCTUMBIE JJIMHBI ouepesiell U ap.) A yI0-

BJICTBOPCHUSI TPEOOBAaHUIT K CUCTEMeE 10 KauecTBy oOciyxuBanus (QOS), mpu 3a-
JAHHBIX TapaMETPax BXOJAIIMX MOTOKOB MAKETOB.

5.1.3 OcBouth crocoObl MOCTPOEHUSI OCHOBHBIX (DYHKIMOHAJIBHBIX 3aBH-

CUMOCTEH (parMeHTOB CETH.

5.2 OO0BexT ucciegoBanus. Cxema HMCCIEIyeMOro MapIIpyTHU3aTopa

MpEICTaBICHA HA pUCYHKE 5. 1.

1 MapuIpyTH3aTOP MapuIpyTH3aTop

— ~ —
2 1 / un

. > OYEPEJIb KAHAJI CBSI31

Pucynok 5.1 Cxema uccrienoBaHusi MapuipyTiu3aropa

B unTepecytoleil HacC 4aCTH, MapIIPyTU3ATOP padboTaeT CISAYIOIIUM 00pa-

30M:
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— BCE MAaKeThl BXOJALINE U3 Pa3HBIX HANPABICHUIN MOCTYNAOT B EHTPAIbHBIN
nporeccop (WK CIeNUaIN3UPOBAHHBINA MPOIECCOP BBIOOpA MYyTH), KOTOPBIA BBI-
Oupaer KaHaJl (HampaBJICHHUE) JaNbHENIIEH ITepeaadn MaKkeTa;

— TpU HAJIMYUHM CBOOOTHBIX KAaHAJIOB, MPOLIECCOP HEMEUICHHO MPUCTYMAeT K
nepeaaye Makera;

— €CJIM KaHaJl 3aHAT, TO MaKeT CTaBUTCA B COOTBETCTBYIOIYIO odepeab U Oy-

JeT TIepeiaH 1o Mepe OCBOOOKICHNUS KaHaa.

B teopun tenetpaduka Takoil BUA OOCITY:KUBaHHUS KIacCU(PUIHUPYETCS Kak
oOCiIy’)KMBaHH€E C HESIBHBIMU MOTEPSIMHU, a KOHKpETHEE — OOCITyKHMBaHUE C O4epe-
JSIMU.

OCHOBHBIMU XapaKTEPUCTUKAMM, ONPEIACISIONIMMUA KaueCTBO (PYHKIIMOHU-
poBaHMsI ceTell mepefadn JaHHbBIX, KaK M JIOOBIX CeTel ¢ KOMMYyTaluell MaKeToB,
ABJIAIOTCS JUIUTEIBHOCTH 3a/IEPXKEK MAKETOB, BKIIOYAs JIKUTTEP, U BEPOSITHOCTU
NOTEPh NMAKETOB. VICTOUHUKAMU 33aJIepKEK U MOTEPh SIBISAIOTCSA y3J1bI KOMMYTALlUU
(MapuIpyTHU3aTOPBl U KOMMYTATOPbI) U KAHAJIBI CBSI3U, Y€PE3 KOTOPHIE 3TU MAKETHI
nepenarorcs. Kaxaplil y3en nim KaHal, BCTPEYAOUIMECs Ha IyTH NPOJBHKEHUS
NIAKETa, BHOCAT CBOIO JIOJIFO B 3TH XapaKTEPUCTHKHU.

Huxe npuBomsTCS METOOUKH OMNpPEAENICHUS OCHOBHBIX BEPOSITHOCTHO-
BPEMEHHBIX XapaKTEPUCTUK MApPIIPYTHU3aTOPa C MOMOILIBIO aHATUTHYECKON U UMU-

TAaIlMOHHOM MOJEIICH.

5.3 Anxamutnueckas MOIEIb

B03MOXHOCTH aHATUTUYECKOTO MOJEIMPOBAHNUA, KaK IIpaBuio, Ooyee orpa-
HUYEHBI TI0 CPAaBHEHUIO C UMUTAIIMOHHBIM, TIO3TOMY B JJAaHHOW J1TaOOpaTOpHOU pa-
00Te€ MBI OTPAHUYMMCSI PACUETOM TOJIBKO JBYX XapAaKTEPHUCTHK: CPEAHSS JTHMHA
ouepenr MaKeTOB M CpefHee BpeMs OOCIyKHMBaHUS TaKeTa MaplIpyTH3aTOPOM,
KOTOPOE€ COCTOWUT M3 BPEMEHH OKUJIaHWs OOCTYKMBAaHHS U BPEMEHHU Tepe/laduul Ta-
Keta 1o kaHamny. [Ipu 3ToM B 00enx mMonensx (aHATUTUYECKON M MMHUTAIIMOHHON )

paccMmaTpuBaeTcs ToJibko cuctema M/M/1/co (omHOKaHaIbHAsI cCUCTEMa C Iyacco-
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HOBCKHUM ITOTOKOM IIaAK€TOB HAa BXOJC, 9KCIIOHCHIUAJIBbHBIM PACIIPCACICHUEM BpPC-

MEHH O0CTYKMBaHUsI MPU OECKOHEYHOM ouepein).

OTU XapaKTEepPUCTUKHU JIETKO PACCYUTHIBAIOTCA MO (Qopmynam XUHYHWHA-

[Tonsiuexka u JlutTia, kotopeie s cucteMbl M/M/1/co0 IpUHUMAIOT CIIETYIONTUAN

Bup (5.1):

q=p/(1-p) u tq = q/4, (5.1)

rae (| — CpeIHsisl JUIMHA OYepPEeId B PACCMATPUBAEMON CHCTEME,

A — MHTEHCUBHOCTb BXOJITHOTO IMOTOKA IMAKETOB K pacCMaTpUBAEMOMY KaHaly,

t — cpenHsisa IUTENbHOCTh OOCTY>KUBaHUS (TMIepejaun MaKeTa 1o KaHaiy),

(p = At) — Harpy3Kka oJIHOKaHAIBHON CHCTEMBI MAaCCOBOTO OOCITY )KHBaHMUS,

tq — cpennee BpeMsi OOCITYKUBaHUSI TAKETA.

;1 e
inte
skor
ochm
tab
dlin
oantT
tprd

otk

5.4 UmutanmmonHast MOJEIb

Mogenupyromas nporpaMma mpeIcTaBiIeHa HUKE.

; JTIPOTPAMMA MOJAEJIMPOBAHM A PABOTBI MAPIHIPYTU3ATOPA (POYTEPA).

.M.B. = 1 mkc
rval equ 50 ;MHTepBaJl Mexny IakKeTaMu
equ 100 ;yCTaHOBKAa KaHAaJIbHOM ckopocTu, MOuT/C
ax equ 100 ;MakcuMalsibHas IJIMHa odepenu
table ml,0,200,30 ;3aHecTu 3HaueHume CUA ml (BpeMsa
XM3BHM TpaH3akKTa)
a equ 500 ;OnvHa nepenasaeMoro gfrtnf B
ax
fvariable 8#dlina/skor ;BHUMCIIEHME BPEMEHU Iepelaun
nakeTa IO KaHaJy
fvariable —log((1+rn8)/1000) ;3KCHIOHEHI|. pacrnpereseHue
generate (interval#vseks) ; TeHepalus MOTOoKa MNakKeTOoB.
test L QSoch, ochmax, otk ;eCcTb MecTa B odepenm?
queue och ;da. YcTaHOBKaA [akeTa B oduepelb.
seize kan ;3aHATE KaHal.
depart och ;[IOKMHYTE Ouepenb
advance (vStprd#vsSeks) ;3amepxaTh MakeT B KaHajle Ha
BpeMs ero Inepenaun.
release kan ;OcroOOOMTE KaHaJ.
tabulate tab ; 3a@ukcupoBaTh COOBITMe B Tabiuile tab
terminate 1 ;IIOKMHYTH CUCTEMY
savevalue ot+,1 ; 3aduKCcHUpoOBaTh IOTEPH IIaKeTa
terminate 1 ;TIIOKMHYTH CUCTEMY
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B ucxongHou Bepcun MOJIENIb XapaKTEPU3YETCsl CIACAYIOIMIMMHA MapaMeTPAMMU:

— Bxopguoii motok maketoB A = 20 xllakeros/c.

B monemsix GPSS renepainusi mOTOKOB MAaKETOB (TPAH3aKTOB) OMPEACIIACTCS
B orepaTope generate onepaHaoM A Kak MHTEpBaI MEXIY MOMEHTAMH MOCTYILIe-
HHUS TTAKETOB tyyy, KOTOPBIN MOJCYUTHIBACTCS KAK by = 1/A = 1/ 2*%10% = 50 mkc.

B GPSS Bce BpemeHHbIE HMHTEpBANIbI 33JAIOTCA B EIUHHUIIAX MOEIBHOTO
BpeMeHH (€.M.B.), a B JaHHOU mporpamme npuHato 1 e.m.B. = 1 mkc. [losTomy B
IepBOM orepaTope (3KBHBaJIeHT) MeTke interval mpucBoeHo 3nauenue 50 e.M.B.
DTO0 3HAaUEHWE HCIIOJIB3YETCS B orepaTope generate coBMecTHO ¢ (YHKIMEH dKC-
MOHEHITMAIBHOTO PaCIpPeIeNICHUsI STUX UHTEPBAJIOB.

- KananpHas ckopoCTh 331aéTCsT BTOPBIM OIepaTopoM. B MCXoaHOM BapruaHTe
ycTaHoByieHa ckopocTh 100 Mowut/c.

— B tperbeM omepaTope yCTaHOBIIEH MaKCUMAJIbHO JOIMYCTUMBIN pa3Mep oue-
penu naketoB (00bEM OydepHoro HakomuTens). B ucXolHOM BapuaHTE yCTaHOB-
JIeHa MaKcUMallbHas JunHa ouepeau — 100 nakeTos.

— B deTtBEpTOM oOmeparope ycTaHABIMBACTCS CPEIHSS JIMHA TIEPEIaBacMbIX
MaKeToB B OailTax, a B CIEAYIOIIEM OMEepaTope B 3aBUCUMOCTH OT TOW JIMHBI U
KaHAJIBHOW CKOpOCTH SKOIr BBIUHMCIISIETCS CpefHee BpeMs IMepeaadn MmakeTa Mo Ka-
HaJIy B €.M.B. DTO cpeaHee Bpems (MeTka tprd) cOBMECTHO C DKCIIOHEHIIMATLHOM
byHKIHEH pacrpeneneHus UCIob3yeTcsl B oneparope advance st 3aJepKKu Ta-

KCTa Ha BpCM: €T0 IIepcaadu 110 KaHally.

31echr HEOOXOIMMO OTMETUTh, YTO SKCIIOHEHIMAILHOE paclpeieseHue 10-
MyCKAEeT MOSIBJICHUE B CEPUU ONBITOB ¢ OECKOHEYHO Majloll BEPOSTHOCTBHIO OECKO-
HEYHO OOJBIION BENMYMHBI (B HAILLIEM Cllyyae JJIMHBI Maketa). PeanbHble ke Tex-
HOJIOTUH BCET/ia OTPaHUYMBAIOT JUIMHY MAKETOB (KaJIpOB) KaKOH-TMO0 apryMeHTH-
poBaHHOM BeanunHou. Harpumep, B ATM 310 53 Gaiita, B Ethernet — 1500 GaiiT, B
Frame Relay — 4500 0Oaiit, a B IP-nakete Bepcun IPv4 ninuHa makera orpaHuYeHa

TOJIBKO pasMCpOM IIOJIA B 3arOJIOBKC IIAKE€TA, YKa3bIBAIOIIWMM Ha €ro AJIUHY. 910
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MI0JIE COCTOMT M3 2-X OAWTOB M, CIEAOBATEIHHO, JIMHA MAKETa HE MOXET MPEBBI-
cuTb 65535 Oaiir.

B nmanHO# Momenu peamn30BaHO AKCIIOHEHIIMAILHOE pacipeaesieHue JTHH
MAaKETOB IO JIBYM IPUYHHAM:

— JUIS YOPOIIEHUS] MOJEIH, CTPEMJICHUE TPUOJIU3UTD Tpoliecc GopMUPOBaHMS
MAaKEeTOB K pealbHOMY, MOTpebOBano Obl y4éTa oueHb MHOTHX ()aKTOpOB, B TOM
YHUCJIe M TaKUX, KaK MauyeyHbIi XapaKkTep MOTOKa MaKEeTOR,;

— HEBO3MOXXHOCTH COINOCTABJICHHS PE3yJbTaTOB aHATUTHYCCKOTO U MMHUTAITHU-
OHHOT'O MOJICTTUPOBAHUS, TaKk Kak cuctema M/M/1/oo npenmnonaraer 3KCHOHEHITU-
albHOE pacHpeie/iCHUue JUIMTEILHOCTH OOCITYKHUBaHUs, a, CIICI0BATEIIbHO, U JIJIH-
HBI IAKETOB.

B 10 e BpeMs Takoe JOIyIeHHe HUCKOJIBKO HE MEIIaeT JOCTHKEHHIO OC-
HOBHOM I1eJ11 JTabopaTOpHOU paboTHl — OBJIaJICHUE MPUEMAMU U3YYCHUS TEIEKOM-

MYHHUKAIIMOHHBIX CUCTEM C ITIOMOIIIBIO AaHATTUTHYCCKUX U KMHUTAIIMOHHBIX MOI[@J'ICfI.

5.5 JlabopatopHoe 3ajaHue

5.5.1 OTKpbITH IPOrpaMMy MOJCIUPOBAHUS FOUtEr.

5.5.2 3adukcupoBath B pabouel TETpa i UCXOIHBIC TAPAMETPhI MOJIEIIH:

— BXOJHO# moTok — A = 1/interval = 1/50 emB = 1/50*10%c = 20 xIlax/c;
— KaHajbHas ckopocTbh — SCOr = 100 6ut/emB = 100 M6ut/c;

—~ MakcHMalbHas auuHa ouepeau — ochmax = 100;

— cpennss quHa nakera — dlina = 500 OaiiT;

— BpeMmsl Tepelavyd [0 KaHally I[akeTa cpeaHed BenumuuHbl — tprd =

8#dlina/skor = 8*500/100 = 40 e.m.B. = 40 MKc.

5.5.3 Omnpenenutb, B COOTBETCTBUM C MCXOAHBIMHU JaHHBIMHU 1.5.5.2 pac-
4&THBIC 3HAYEHUS JIJISl CPEHEN JIMHBI OYEPEId M CPETHETO BPEMEHU OOCITYKUBa-
Huss o n. 5.3: q=p/(L—p) u t4= /A,

e p — ONMpENENsIeTcs Kak p = Atorg = 20%10%*%40*%10° = 0.8
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5.5.4 3anyctutb MOJENb U 3a()UKCUPOBATH OCHOBHBIE PE3YJIbTaThl IPOTOHA!

— YHUCJIa TOTePSHHBIX MTAKeTOB (BeaudnHa Ot);
— cpennss umHA ouepenu (AVE.CONT);
— cpennee Bpems oxuaanus (AVE. TAIM);

— ko3 dunmeHTs! ncnoab3oBanus kanana (UTIL).

JIMUTeIbHOCTh MPOTrOHA Ha JTaHHOM dTane npuHATh paBHoit 1000000 Tpan-
3aKTOB.

5.5.5 CormocTtaBuTh pe3yNbTaThl, NOJy4YeHHbIE TI0 M. 5.5.3 u 5.5.4, T.e.
0 C Qumur H tq C tQI/IMI/IT

[Ipu 5TOM InMHA 0YEPEAU (upur OTIPEIETSAETCS HEMTOCPEACTBEHHO IO PE3YJIb-
taty nporona kak AVE. CONT, a niauTenbHOCTh OOCITYKUBAaHUS BBIUYUCISETCS
CYMMHPOBAHHEM JITUTCIILHOCTH OKUJAHHUS U BpeMeHH repenadn mo kanany (5.2),
T.C.

tgmur = AVE. TAIM + tyrg (5.2)

Hamomnaum, 4To BhilIeipUBEAEHHAS aHATUTUYECKass MOJIeNb Mpearnojaract
Haju4re OECKOHEUHON odepesu, T.e. MpUMEHUMa TOJIbKO Tipu p < 1, nHaye ode-
peas OyAeT pacTu 10 OCCKOHEUHOCTU M €€ COCTOsSIHUE OyJeT HeomnpeaeaéHHbIM
(KOHKpeTHee — OHO OyJIeT 3aBUCETh OT MPOJAOHKUTEILHOCTH €€ paboThl). B cBs3M C
ATUM CJIEIYIOIINE MYHKTHI 3aJaHusi, MPOBOJUMMBIEC C YBEJIMYEHUEM HArpy3ku (a,
CJIeI0BaTEIbHO, U 3HAYEHUS P), OYAYT BBHIMOJHSITHCSA TOJIBKO C UMUTAITMOHHON MO-
JENBIO.

5.5.6 Ilpu manpHeimux moroHax (GuUkcUpoBaTh B Tabmuie 5.1 crnemyromniue
pe3yabTaThl:

— BEPOSTHOCTb MOTEPHU MAKETOB (Pyor). OmpeniensieTcs Mo OTHOIISHHUIO YHCia
NOTEPSIHHBIX MakeToB (Savevalue ot B oTuéTe) K 00IIEMy YHCIY MOCTYHAIOIIUX B
HarpaBJIeHHE MAKEeTOB (IIMHA MPOrOHa, 3a1aBaeMasi B komane start);

— cpennss pHa ouepenu (AVE CONT);

— cpennee Bpemst oxxunanus (AVE TIME);

— ko3 dunmreHTs! ucroib3oBanus kanana (UTIL).
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— BEPOSATHOCTH MPEBBIIICHUST 0OIIETO BPEMEHHU 3aJP>KKH MAaKeTOB (0KUJaHUE
+ mepenada) JOMYCTUMON BEMUIHHBI (Lyon), T.€. Prpes = P(tsan > tyon). DTa Bepost-
HOCTbH ONPEJIEISICTCS OPHEHTHPOBOYHO IO TUCTOTPAMME M TOYHO — 110 Tabmuie tab
B otuére. Hanpumep, ecnmu t,o, = Imc = 1000 e.M.B, TO B mociiegHeM cToJIO1e Tab-
el (%) B crpoke unTepBaia B 1000 e.m.B. OyAeT yka3aHa 101 MAKETOB, 00pa-

00TKa KOTOPBIX YIOXKUIACH B tyon.

Tabnuna 5.1 — 3aBUCUMOCTh KauecTBa 00CITy>KMBaHUs OT BXOJIHOM HArpy3Ku U ma-
paMeTpOB CUCTEMBbI

Howmep Bxonunle manHbIe Brixonnbsie jaHHbIe

OIbITA A scor |ochmax| Pyor CONT | TIME | UTIL Pupes

1

2

5.5.7 IIpoecTu 3 3KCriepyMeHTa JIJIsi 3HAYEHUN BXOJHOTO MOTOKa A, 1.25A
u 1.5\. Jonmyctumoe BpeMs 3aIepKKHU MPUHATHh PaBHbBIM t,o; = 4mc = 4000 e.M.B.
Pe3ynpTaThl 3aHecTH B Tabauiy S.1.

5.5.8 M3meHnss pa3mep MakcuMalibHOU ouepeu (0Ochmax) mpu BXOIHOM IIo-
TOKE paBHOM 1.5\, ompenenuTh BIUSHHUE ITOW BEIUYMHBI HA BEPOSTHOCTU Ppor U
Pupes. [Ipenenbl n3MeHeHuss OChmax BeIOpaTh CaMOCTOSITEIBHO JUIS TONTYyYCHHS
HanOoJIee HATJIAIHBIX 3aBUCUMOCTEN. Pe3ynbpTaThl 3aHecTu B TabmuIty S.1.

5.5.9 Ilpu BXxomHOM MOTOKE paBHOM 1.5\, W3MEHEHUEM MPOMYCKHOH CIO-
COOHOCTH KaHaJI0B (oreparop SKOr) u MakcuMalbHOM ouepenu (0chmax) moouThces
BBITIOJTHEHHST OCHOBHBIX KA4YECTBEHHBIX IOKaszaTesjed wmapuipyTuszaropa Phor U
Prpes (mapametpsl Q0S) npu MUHHUMAaNbHON KaHAJIBHOW CKOpoCTH. Benmnuuny no-
MyCTUMOI'O0 BPEMEHHU 3aJEPKKU MPUHATH paBHOU 1y, = 4mc = 4000 e.m.B. 3Haue-
HUS BEPOATHOCTEU Pror M Prpes B34Th U3 TaONMLBI 5.2 MHANBUIYAIBHO O OpuUraj-

HO. Pe3ynbratel 3anectu B Tabiuiy S.1.
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OOpaTtuTe BHUMaHUE: NIPU YBEIMUYEHUN KAaHAJIBHON CKOPOCTH, yJTydIIarOTCs
o0a rokasarensi — BEPOSITHOCTH Pror U Prpes, @ IPU U3MEHEHUH MAKCUMAJIbHOM
ouyepequ, HapuUMep, MU €€ YMEHBIICHUN BEPOATHOCTD Ppor OyJET yBEIMYMBATH-
Csl, @ BEPOATHOCTh Pppes OyzieT ymeHbmaThes. [1oaTOMY Ipu ONTUMH3aLUU CUCTE-
MBI, €CJIM HE YAOBJIETBOPSIOTCS 00a mMoKazarens, TO YBEIMYMBACTCS KaHaJIbHas
CKOPOCTbB, & €CJIA TOJBKO OJMH U3 HHUX, TO BBINOJHAECTCA COOTBETCTBYIOLIASI KO-
PEKTUPOBKA MAKCUMAJIBHON OYepEIH.

Tabnuna 5.2 [IpenenpHble MOKa3aTeNn KauecTBa AJIsl OLICHKH OpUragamu

Bpurana 1 2 3 4 5 6 7 8

Pror 0.01 | 0.01 0.02 0.02 0.03 0.03 0.04 0.04

Prpes 0.10 | 0.11 0.12 0.13 0.14 0.15 0.16 0.17

5.5.10 IIpomecTu OICHKY JOBEPUTEIHLHOTO WHTEPBAIA JJI BEPOSTHOCTH TI0-
Tepb maketoB (5.3):
P(l— P)

P N
rac P- Ha6n1011aeMa51 OIOCHKAa BCPOATHOCTH,

N — JIJIMTENbHOCTh MPOTOHA (YUCIO MPOMYIICHHBIX CHUCTEMOM IMaKeTOB-
TPaH3aKTOB),

E=+ (5.3)

tp — xoadunmenT, 3aBuCAIMI OT JOBEpUTENBHOM BeposTHOocTH P. s

$=0,95 Bemunna 1g = 1,96.

5.5.11 IloBToputh n.5.5.5 (comocraBieHue pe3ynbTaTOB AaHAIUTUYECKOTO U
UMUTALMOHHOTO MOJEIIMPOBAHUS) IPU PA3IMYHBIX JUIMTENBHOCTSAX IPOTOHOB.
[IpeacraButh rpaduyecku, Kak MU3MEHSETCS OTHOCUTEIbHASI MOTPEIIHOCTh MOJIe-
JUPOBAHUS MPU U3MEHEHUU JITTUTEIbHOCTU MIPOTOHA, T.€. IPEJACTABUTH (PYHKIIHUIO
0 (N). OTHOCHTEIBHYIO MMOTPEIIHOCTH ONpenesaTh o popmyie (5.4):

0 = (Spaca— Somr) / Spaca-- (5.4)

rie S — MPOU3BOJIBHBINA PACCUUTHIBACMBIN WITH U3MEPSEMBbIi TapaMeTp.

5.6 ConepxaHue oT4yeTa
5.6.1 Tlo kaxx10oMy MyHKTY Ja0OpaTOPHOTO 3aaHusl 3a(pUKCUPOBATH BXO/I-

HBIC U BBIXOJHBIC JaHHBIC 1 3aHCCTU UX B Ta6J'II/II_[y.
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5.6.2 Ilo mm. 5.5.7, 5.5.8 u 5.5.11 pe3ynbrarsl 3KCOEPUMEHTOB IPEICTaA-
BUTbH IPaPUUECKHU.
5.6.3 Ilo m. 5.5.9 3apucoBaTh TUCTOTpaMMy M yKa3aThb Ha HEW 3HAUYECHUE J0-

MyCTUMOTO BPEMEHH 3aJEPKKH Loy

5.7 KOoHTpOJbHbBIE BOIPOCHI

5.7.1 Kakue (akTopbl MOAETUPYEMOM CUCTEMBI BIUAIOT Ha (DYHKLIHOHUPO-
BaHHME MAapUIPyTU3aTOPa U KaKuM 00pa3om?

5.7.2 Kakue OTKJIMK{A MOJEIUPYIOLIEN CHCTEMBI XAPAKTEPU3YIOT Ka4eCTBO
paboThI cuctembl (Q0S)?

5.7.3 Kak npoBOIUTCSI ONTUMU3AIUSI CUCTEMBI IO HEOOXOJIMMOU CKOPOCTH

KaHaJla 1 MaKCUMAJIBHOU JUTMHE 0YePEe/IN JJIS BHITOTHEHHS mapaMeTpoB Q0S?

JlabopaTtopHnasi pa6ora Ne 2

OntuMu3zanusa CTPYKTYPHBIX IAPaMETPOB B CETAX
C KOMMYTaIlMeN ITaKeTOB

1 Ilenb paboTHI.

M3yuuTh TpUHIUIB OpraHu3andd HUHQOPMAIMOHHOTO OOMEHAa B CETH C
KOMMYTallMEl IAaKEeTOB B JeuTarpaMMHOM pexume. MccnenoBars 3aBUCUMOCTD
Ka4ECTBEHHBIX ITOKA3aTENEN CETH OT MapaMeTpPOB €€ CTPYKTYPHBIX 3JIEMEHTOB.

2 Kpatkue cBefeHUs 00 00HEKTE MOACITUPOBAHUS

2.1 OO6mue npuHuuMIbl noctpoenus cerei ¢ KI1.

Kommyramus naketoB (KII) sBisieTcs B Hacrosiiiee BpeMs €IUHCTBEHHBIM
COCOOOM KOMMYyTaluu, MpeAHa3HAYeHHbIM JJii OOMEHa BCEMHU BHUAAMH
uH(popmaluu B ceTsax cienyromiero nokonenus. KII Bceneno ucnonp3yercs B ceTH
Internet u ns nepegaym JaHHBIX B COTOBBIX CETSX.

KII mpenycmatpuBaer pa3OuMBKYy  JJIMHHBIX COOOIICHHWM Ha OTACIbHBIE
MOPIIMU - TTAKEThI, CHAOKEHNE KaXKJIOTO IMaKeTa ajpecoM IMOodydaTesss U APYyTUMHU
HEOOXONMMMBIMU JIJIsI TIepeaydl MO CETH aTpudyTaMu | TOCHIEI0BATEIHHYIO
repeady 3TUX MAKETOB Yepe3 CETh OT OJHOr0 MapLIpyTH3aTopa K IPyromy 10
MapuipyTus3aropa nojyyarend. [Ipu 3Tom ceTb B COOTBETCTBUM C NPOTOKOJIAMHU
cereBoro ypoBHs (3-uit  ypoBeHb OMBOC) BbBIIONHSET HOPOUETYPHI
MaplIpyTH3alKY, 3alIUTHl OT OMIMOOK, OpraHu3anuu ouepeaeit (Oydepusauus B
MaplIpyTHU3aTOpax), yIpaBiIeHUs: IOTOKaMH U JIp.
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JImst Kakmoro makeTra B COOTBETCTBHHM C €T0 aJPECHBIMH TMPU3HAKAMU MBI
OylneM pa3iauyarh y3eJd—OTHpaBUTENb M Yy3el—-ToiyyaTenb. Kak mpaBuiio, 310
MapmpyTu3aTopsl. [lepBriii obecreurnBaeT aOOHEHTY—OTIPABUTEIIO TOUKY BXOJ1a
B ceThb KII, a BTOpoii — TOUKy BBIXO/1a U3 CETH K aDOHEHTY—T0JIy4aTeto.

O JlnvHa noJst JaHHBIX B Pa3JIMYHBIX MPOTOKOJIAX CTPOTO HE OTOBapUBa-
eTcs, HO B 3arojioBke |P-makera Bepcuu |IPv4 nns ykazanust oOuieit JyinHBI (3aro-
JIOBOK + JaHHBIE) OTBEJICHO 2 OaliTa, T.e. He OoJee 65535 Gait. [IpakTHuecku ya-
1€ BCEr0 MPUMEHSIOTCS MO0 o4eHb KopoTkue makethl (100+200 OGait nyis make-
TOB yIpaBlieHUs W s naketoB IP-tenedonnn), mubo makersl miuuHOM 1500 GalT
no hopmaTy HHPOPMAIMOHHOM YacTh Kaapa Ethernet.

JlediTarpaMMHBIA PEXUM IE€pEladd IAKETOB, PACCMATPHUBAEMBIA B JAaHHOMU
paboTe, B OTIIMYME OT PEKHMa BHUPTYAIbHBIX KAHAJIIOB MPEAIOIaracT BBIIAUY
MaKeTOB B CETh 0€3 MpeIBapUTEIHLHOTO YCTAHOBJICHHUS coeauHeHus. [Ipu sTom
MaKeThl TMepPEAarOTCs HE3aBUCHMO APYT OT JIpyra, MOTYT JOBOJIWTHCS MO y3ja
MOJIy4aTesis 1Mo pa3jIuvyHbIM MapiipyTaMm Hu, B 00IleM ciiydyae, MOTYT MOCTYIAaTh K
aboHeHTy (Ha 4-blii ypOBEHb) HEYMOPSAOYEHHO, a TaKXKe C MOTEPSIMU WU C
JyOJISIMU TTaKETOB.

B mo0om ciydae, KaXIbIi  MapuIpyTHU3aTOp  COJACPKUT  TaOJIHILY
MapHIpyTH3alud (CTaTUYECKYI0 WIM JUHAMUYECKU OOHOBISIEMYIO), B KOTOPOMl
KOKJIOMY aJpecy IMOoJydaTessi COOTBETCTBYET OJHO M3 UCXOJAIIUX W3 JAHHOTO
y3J1a HalpaBJICHUH Mepeavn TaHHbIX (HalpuMep, MOPTOB MAPIIPyTH3ATOPA).

2.2 TIpob6nemsbl napameTpuueckoil ontumusamuu B ceTsx ¢ KII.

UpesBblyaliHas CIIOKHOCTH NapaMeTpuueckor ontumuzanuu B cersax ¢ KII
BbI3BaHAa, BO-TIEPBBIX, OOJIBIIMM  KOJMYECTBOM  TIOKa3zareled  KadecTBa
GYyHKIMOHUPOBAHUS JTHX CETEH, a BO-BTOPBIX, OOJBIIMM KOJIUYECTBOM
CTPYKTYPHBIX TIapaMETpPOB CETH, BIUSAIONIMX HAa ATHU ToKazarenu. [Ipuuém, kax
MPABUJIO, ITH BIUSHUS pa3HOHAIIPABJICHBI.

Cpenu nokaszareneil kKauecTBa OTMETUM CHEAYIOIINE:

- BEPOSITHOCTh MTOTEPH MAKETA,

- BpeMs 3a/ICP’KKH TMAaKeTa B CETH;

- BEPOSITHOCTH JOCTYIa aDOHEHTOB K yCJIyraM CETH;

- CIIEKTP YCIIYT IOCTYIHBIX AOOHEHTY B MPOU3BOJILHBIE MOMEHT BPEMEHH,

- MIOKa3aTeNu HaJAEKHOCTH U )KUBYYECTH CETH;

- BOIpPOCH HMHGOPMAIMOHHON 0€30MacHOCTH (JIOCTYMHOCTh, KOH(UICH-
[IUAJTLHOCTD, 1IETIOCTHOCTh HH(MOPMAITUH) U JIP.

CTpyKTypHBIE TapaMETPhI, BIUSIOIINE HA 3TH MOKA3aTENH:

- KOH(UTYpaIus CeTH;

- pacrnpeiefIeHUe KaHAJbHBIX CKOPOCTEM MO0 BETBSIM CETH;

- MHTEHCHMBHOCTh BXOJIHOIO TOTOKAa MAaKETOB C JeTalu3alueld 1o BUJaM
Tpaduka, pazMepam U IPUOPUTETHOCTHIO MMAKETOB;

- MaTPHUIIBI TSATOTEHUN HH(OPMAIIMOHHBIX MTOTOKOB 10 BUaM TpaduKa;

- pasmepsl OydepoB B MapHIpyTH3aTOpax A OXUIAIOIMUX Tepeaadu
MaKEeTOB;
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- MPOM3BOUTENHHOCTD Y3JIOB M ITTUTEIHHOCTh 00Pa0OTKM MAKETOB B y3JIaX.

- aJITOPUTMBI MapIIPYTHU3AIUU TTAKETOB B CETH U JP.

O4eBUHO, YTO HEBO3MOXXHO MPOBOJHUTH BCEOOBEMITIONIEE HCCICAOBAHHE B
paMkax ojaHOW JsabopaTopHoil paboTel. IloaToMy B nabopatopHOM 3ajaHUU
(Pazmen 5) mpoBoOAWTCS TPHUHIMI BapbHPOBAHUS TOJBKO OJHOTO WM JBYX
napameTpoB Mpu GUKCUPOBAHHOM 3HAYEHUU OCTAJIbHBIX.

B ycnoBusax pa3HOHANpPaBIEHHOTO BIMSHUS KaKOro-IMOO0 mapameTpa CEeTH Ha
JBa WK OoJee MmokaszaTens KauecTBa €€ (PyHKIIMOHUPOBAHUS, 0COOYIO BaXKHOCTh
npUOOpETaeT BOMPOC NPABWIBHOTO BBIOOpA KPUTEPHUS ONTUMAIBHOCTU. ITO,
HaIMpuMep, TO, YTO YaCTO HA3bIBAIOT COOTHOIICHHEM II€Ha/KaueCTBO YCTPOMCTBA.
[Ipu sTOM, HE HETANM3UPYETCA, YTO €CTh KAYeCTBO (YHMCIIO MOPTOB, MPOIYCKHAs
CIIOCOOHOCTh, HAIEKHOCTD, YA00CTBO OOCTY>KMBAHUS | T.1I.).

OpHoii 3 HamOoJee 4acTo HCMONb3yeMbIX (OopM OOOOIIEHHOTO KpPUTEPHS
SBIISICTCSI CYMMa ITOKa3aTeNel ¢ UX BeCOBRIMH Ko dunnentamu. Hampumep:

K= 11'11 a; ¢
rjae: C; — 3Ha4eHUe I-ro MmoKa3aTelsi CeTH (CUCTEMBI),

a; — BeCOBOU KOOQPUIUEHT C KOTOPBIM  CIEAyeT  y4YWUTHIBATh -t
noka3areinb B OOOOMIEHHOM KpUTepuu. BpIOOpOM 3THX KpUTEpUEB JOJKHBI
3aHUMAThCS BBICOKOKBAJIN(DUIIMPOBAHHBIE SKCIIEPTHI.

[TonoOHbII  KpuTepuil  HCNONB3YETCA,  HAlpUMep, B  IPOTOKOJE
MapuipyTu3auud BHYTpeHHHX poyTepoB (Interior Gateway Routing Protokol-
IGRP), a Ttakxe B ero mno3gHed Bepcun EIGRP (ycoBepiueHCTBOBaHHBIN
BHYTPEHHHI MPOTOKOJ MapIIPyTHU3aLUHU UTIO30B).

Haunyummii nyTe B 3TOM IPOTOKOJIE B YIIPOIIEHHOM BapHaHTE BbIOMpAETCS €
WCIIOJIb30BaHUEM 00O0OIIEHHON METPUKH, BBIYUCISIEMOU 110 hopmyIie:
R=[(Ki/Be) + (K2* Do)l r,
rae: Be = mpomycknast criocoOHOCTh (AF) camoro memsieHHOTO KaHajia B myTH (B
orcyTcTBUHU 3arpy3ku) * (1 - Z). 3mech 3arpy3ka Z uzmepsieTcsl Kak 1oy oT 1.
dakrnyecku Be = AF(1-Z) — 310 mmmpuHa c60600H01 TIOJIOCHI KaHAIa B KOUT/C;

D. = 3anep:kka nmakeTa B He3arpyKe€HHOU CETH B C;

I = OTHOCUTENbHAsI HAAEKHOCTh ((PyHKLHMS AOJM MAaKETOB, YCIEIIHO MepeaaBae-
MBIX T10 TAHHOMY TIyTH);

K1, K2 — KOHCTaHTBI, ¢ MOMOIIIbIO KOTOPBIX MOXKHO YUUTHIBATh MOJIb30BATENLCKHE
MPEINOYTEHUS PU BEIOOpE abTepHATHBHBIX MAPIIPYTOB.

B nporokone IGRP nmo ymomganuio ycranosieno: K;=10"; K;=10° D~=21mc
(s xanana T1; 1,544 M6ut/c); r = 1.

[1yTh, UMEIOUIMI HAUMEHBILIYIO0 O00OIIEHHYI0O METPUKY, CUMTAETCS JTyUILUM.
B Takoii cxeme MOSABISETCS BO3MOXKHOCTb, MCIOJIb3YsS BECOBbIE KOA((DUIIMEHTHI,
aJanTHUpPOBaTh BHIOOP MAapHIPYTOB K 3ajJadyaM KOHEYHOTo moJib3oBatesns. Hampu-
Mmep, yBenmunBas Ki unu ymenbimas Kz, MOKHO mokaszaTh, 4TO Majioe BpeMs JI0Be-
JICHUS TTaKeTa BayKHEE BBICOKOI MPOIYCKHOM CIIOCOOHOCTH ITyTH.

B nannoii padote (1. 5.5) B kauecTBe 000OIMIEHHOTO KPUTEPHS UCTIONB3YETCS
otHoeHue K = C / (—IgPcy.). Bopoc 06 00bEKTUBHOCTH TaKOTO KPUTEPHUS MOKET


https://ru.wikipedia.org/wiki/%D0%91%D0%B8%D1%82_%D0%B2_%D1%81%D0%B5%D0%BA%D1%83%D0%BD%D0%B4%D1%83
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OBITh IPEIMETOM OTACIBHOTO MAapKETHHIOBOTO aHAN3a, TaK KaKk TPeOyeTCs Como-
CTaBJIeHHE yiiepoa (BO3MOXKHO (PMHAHCOBOT0) OT MOTEPH MAKETOB C 3aTpaTaMH Ha
apeH/y JOCTaTOYHO HIMPOKOIOJIOCHBIX KaHAJIOB.

2.3 HWccnenyemble 3aBUCUMOCTH.

K uuciy rnaBHbBIX Moka3zaTeneit kauyecTBa (yHKIIMOHUPOBAHUS CETH, KOTOpbIE
MO’KHO HaOI0AaTh HA JAHHON UMHUTALIMOHHON MOJIEIH, OTHOCSITCSI:

- BEpOSITHOCTh TIOTEPU MAKETOB B TPOIIECCE Mepeiayuy 1Mo y3JiaM CEeTH;

- BpeMs JIOBEJCHUS IaKETOB OT Y3/a-OTIPABUTENS [0 Y3Ja-TOJydaTes
(4acTo 3TO BpeMs Ha3bIBACTCA BPEMEHEM 33/ICPKKHU TTAKETa B CETH).

CymiecTByeT HECKOJIBKO MPUYMH notepu nakeroB B cetu KII. Hanpumep:

- HEMCIIPaBUMBbIE OLITMOKH MpH Tepeade mo KaHamy;

- cOou npu 006pabOTKE B y3/1aX CETH;

- UCTeUeHHEe cpoka xu3HM nmaketa (TTL);

- OTCYTCTBHUE CBOOO/IHBIX MECT B OUEpPEH ITAaKETOB Ha BbIJIauy B KaHaJ CBS3U.

[Tocnennsiss mpuumHa sBisieTcss HauOoJsiee CYLIECTBEHHOW, OCOOEHHO B
3arpy’KeHHBIX CETSAX U MOAPOOHO aHAIU3UpPYETCs B HacTosen padore. Bompoc o
IPaBUJIBHOM BbIOOpE 00BbEMa Oydepa i ouepein MaKeTOB OCIOKHAETCS TEM, UTO
3TOT 00BEM BIMSET OJHOBPEMEHHO Ha 00a TIaBHBIX MOKA3aTeNsl KauyecTBa CETH.
Yem Oojplle MECT B OuUepend, TEM MEHBIIEe MOTEPU IMAKETOB, HO OOJbIIe
JUIUTEJIBHOCTh 3a/epkKKHU, U HaoO0opoT. [loatomy Bompoc 00 00béme OydepoB
JOJDKEH  pemaThCsl KOMIPOMHUCCOM MEXIY JAOMYCTUMBIMH TOTEPSIMH U
JONMyCTUMOM 3ajiepKkoil. B  wuaeane He0OXOIUM HEKOTOPHIA 00O0OIIEHHBIN
KPUTEPUH, YYUTHIBAIOMINUNA B aOCTPAaKTHBIX EIWHHUIAX Kak yImepod OT MoTepH
MAKETOB, TaK U OT UX YPE3MEPHOU 3aACPKKH.

JlonyctuMoe BpeMsl JOBEIEHHUs NaKeTa B CETU OMNpPEACIsETCS XapaKTepoM
00pabOTKH TOTO WJIM WHOTO BUJAa MH(POpPMAIUKA HA TOJIH30BATEIHLCKOM YPOBHE.
Hampumep, ynopsiioueHue pedeBbix MmaketoB B IP-tenedonuu, BUIEO KaapoB B
TeJeBUJCHUE W BOOOIIE 000 OOMEH B peXuMe pEeaJbHOrO0 BPEMEHH, KOTIa
OpUIIEAIIMNA C ONO3JaHWEM IMAKeT YK€ HE HYXEH M INpUpaBHUBAETCS K
NOTEPSTHHOMY.

XapakTepHoil 0COOCHHOCTBIO TpeOOBaHUN K BPEMEHHU JOBEICHUS SIBJISIETCS
TO, YTO CpEAHHME 3HAYEHHUs OSTOTO BpPEMEHH, KOTOphIC, KaK MpPaBWJIO, JIETKO
OTIPEMETSIOTCA AHATUTUYECKUMU METOJIaMHU, HE HMHTEPECYIOT 3aKa3uhuka CeTH.
bonee BaXHBIM SIBISIETCS TOKa3aTelb BEPOATHOCTH TPEBBIINICHUS BpPEMEHHU
JIOBENICHUSI OMPEIEIEHHOTO MOpOTa, 33a/1aBaeMOTO IS KaXKI0H Taphl y3JI0B CETH,
oo mns cetd B 1enoM. Takum oOpas3oM, mepes] aHaTUTHKAaMU CTOUT 3a7ada B
omnpeseeHun pacrpeneiacuus P(t) - BeposiTHOCTEH TOBEACHUS MaKeTa 3a Bpems t.

[TpakTueckn TpeOoBaHME 3aKa3yMKa MOXET 3a/laBaTbCsi B  BHUJE
JIOMYCTHMOI JI0JIU TIAKETOB, JIOBOJMMBIX 32 CBEPXJIOMYCTUMOE BPeMsI P oy (t>150n) <
Q. Hampumep: P(t>1c) < 0.01, ycranaBiuBaeT TpeOOBaHHUE K CETH, YTOOBI HE
MeHee 99% Bcex TepelaHHBIX I[MaKeTOB OBLJIO JOBEJAEHO 3a BpeMs, He
npesbimatoniee lc. Tak TpedoBanuss MCO-T k kadecTBy mepenadyd MakeToB B
Internet nna kiacca peasnibHoro BpeMenu (PB) cocraBnsier 1o 100 mMc 3anepxku
pu xuTTepe 10 50 Mc, a s anactuaHoro tpaduka (OT) — mo 1 ¢ 3amepKKH.
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BpeMﬂ AOBCIACHHUA IMAKCTOB 3aBHCUT IMPAKTHYCCKHU OT BCCX IIAPaMCTPOB

CETH, MPUBEIEHHBIX BhIIIE (1. 2.2).

3 Bompocsl aj11 caMOCTOSTEIbHOM OAT0OTOBKHY
3.1 OnummTe npoueaypy nepenadu cooOIIeHU B CETU ¢ KOMMYTallUU TTaKe-

TOB C MPUBS3KOHN K ypoBHsIM Mozienu BOC?

yue?

TH.

3.2 Kakue cymecTByIOT peXKMMbl KOMMYTAIIMKM MaKETOB U B YeM HMX pasJiv-

3.3 Yto MOXET ObITh ICTOYHUKOM ITaKETOB JIJIS y3J1a — OTIPaBUTENS?

3.4 Kak BeIOupaeTcs JyiMHa TaKeTa Mpu pa3OoUBKe COOOIECHUS?

3.5 Kak opranmsyercst 00pab0TKa MakeToB B y3Jax?

3.6 HazoBuTe OCHOBHBIE KaueCTBEHHBbIE ITOKA3aTeaN (YHKIIMOHUPOBAHMUS CeE-

3.7 Ot kakux mapaMmeTpoB U Kak (KaueCTBEHHO) 3aBUCHUT BpPEMS JOBEACHUS

aKeTOB?

3.8 Kak 3agatorcst TpeOOBaHMs KO BPEMEHH JI0BE/ICHUS TAKETOB?

3.9 Yewm omnpenensitoTcs IBHbIE U HESIBHBIE ITOTEPU MTAKETOB B CETU?

3.10 Ot kakux mapaMeTpoB 3aBUCUT BEPOATHOCTH SIBHOW MMOTEPU MAKETOB?
3.11 Ot kakux nmapameTpoB 3aBUCUT BEPOATHOCTH HEIBHOU ITOTEPHU ITAKETOB?
3.12 B kakux ciydasx BO3HUKACT HEOOXOIMMOCTh HCIOJIh30BaHUA 0000-
HIEHHBIX KPUTEPUEB ONMTUMU3ALIUU CETH (CUCTEMBI)?

3.13 Kak Bb1OMparoTcss 00001IEHHBIE KPUTEPUU?

3.14 Kak onpenensitorcs BecoBble KOYPPUIMEHTHI B 0000IIEHHBIX KPUTEPH-
ax?

3.15 Kak nelicTBytoT BecoBbie KOA((GUIUEHTHI MTPU BHIOOPE ONTHUMAIBLHOTO
MapiipyTta B mpotokoisie IGRP?

4 Onucanre UMHUTAIIMOHHON MOJIEIN
4.1 Peamm3aiyst OCHOBHBIX DJIEMEHTOB MOJIEIIH.
Mogenupyemasi ceTb IpeACTaBIsACT COOON 5-U Y3JIOBYIO CTPYKTYPY KOJIblie-

BOM KoH(purypauuu (Pucynox 1).

=

Pucynok 1. Cxema MoaenupyemMoil CeTH.
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B cetp noctynaroT 2 Buaa tpaduka: aynuo tpaduk (nakersl |IP-renedonun) u
TpaduK JaHHBIX (akeTsl (aiinoBoit uHbopMaluu). CyMMapHBIA BXOISIINMA B CETh
MOTOK TAaKeTOB 3adaércs omepaTopoM vhdpot kak cpenHee 4YHUCIO BXOJSIIMX
MAaKETOB B CEKYH/TY.

DTOT TOTOK oOmeparopoM priority pasOmBaeTcs Ha TIOTOK JIaHHBIX C
IPUOPUTETOM | U ayJro MOTOK ¢ 0oJiee BBICOKUM mpuoputeroM 2. Oneparop prior
yCTaHaBJIMBAET COOTHOIIIEHHE MeXAy moTtokamu mnaketoB D u A. B ucxomnom
BapHaHTe NpUHATO cooTHolieHue 1:1. Omeparop kanskor ycranasiuBaeT oiHy H
Ty K€ OUTOBYIO CKOPOCTH JUisl BceX 10-u KaHaIOB MOJECIUPYEMOU CETH.

B Mopenupyemoil ceTH MMHUTHpPYIOTCS JBa TUHa Tpaduka: NpsIMOU
(mepena€rcss TOJIBKO MEXKIY CMEXKHBIMH Yy3JaMHu, T.€. IO OJHOM BETBH) H
TpaH3UTHBIN (TIepeaaéTcss ¢ OJHUM TPAH3UTOM, T.€. MOCJIEIOBATEIBHO IO JBYM
BeTBsAM). B mcxomgHoM Bapuante omepartop transfer ¢ BepostHocThio 0,5 1MHOO
3aKaHYMBAeT OOCIY)KMBAHHME IIaKeTa IEpPBOM BETBbIO (MPAMON MOTOK), JHOO
nepesaéT ero Ha J000CITyXKHMBaHUE B CIEAYIONIYIO BETBb (TPaH3UTHBIM IMOTOK).
BeposiTHOCTB makeTa OBITh TPAH3UTHBIM 337aETCsl onepatopom Ptranz.

B xaxaom y3ne B KaKAbIM UCXOASIIMKA KaHal OPTraHU3YIOTCA JIBE OYEpeau
s oxuparonmmx D u A makeroB. KonnuectBo mect oxunanus (00béM Oydepa)
3agaércs oneparopamu bufD (s makeroB nanubIX) 1 BUFA (m7st ayauo makeToB).

JInuHbI TakeToB ycTaHaBimBaroTcs omepatopoMm dlpakD (mnst makeToB
nannbix) U omeparopoM dlpakA (mans aymmo makeroB). Uerbipe omeparopa
(tdoplD, tdop2D, tdoplA, tdop2A) ycTaHaBIMBAaIOT JONMYCTHMBIC BpEMEHA
3aJIep’KEK B 3aBUCUMOCTH OT Bua Tpapuka U HAIMYMsI TPAH3UTA.

¥Y3ea (MapuipyTusaTop)

Bxoasinuii Bydep A Hcxoasmmii
KaHaJ \ 5ydep D

Pucynok 2. Cxema npoxo0kKIeHus TaKETOB B y3JIE.

B nenom pabota Mozeian MPOUCXOIUT CIEAYIOIUM 00pa3oM:

- JUId KaXIOro makera ¢ paBHOW BEpOSATHOCTHIO BbIOMpaeTcss oaHa u3 10
BETBEH CETH,;

- B BbIOpaHHOM BETBM MaKET WM Cpa3y MOCTyMHaeT B KaHAJl Ha BblAady, WIH
noctymnaer B Oydep oxuaaHus, Ui, PU OTCYTCTBUU CBOOOAHBIX MecT B Oydepe,
MOKUJAET CUCTEMY U (PUKCUPYETCS KaK MOTEPSIHHBIN;

- 10 OKOHYaHUU 00CITy>KMBaHUs B TIEPBOM BETBU MaKET WM (PUKCUPYETCS KaK
JNOBEACHHBIA J10 y37a Tnoiiydarens (NpsSAMOM TaKeT) WM mepeaaéTcss Ha
JOOOCITYKUBAHKE B CJIEIYIONIYIO BETBb MO KOJbILY (TPAH3UTHBIN MMAKET).
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4.2 TlapameTphl CETH, yCTaHABIUBAaEMbIE B MOJICIIH.

[lepBbie 12 omepaTopoB, NpHUBEAEHHBIE B JUCTUHIE Mporpammsel (1. 4.4),
MO3BOJISIOT CO3/[aBaTh MIMPOKUNA JUANa30H YCIOBUM MPOBEACHUS IKCIIEPUMEHTOB.
Opnako B JaHHOM JiabopaTOpHOM 3adaHuu (I. S5) BapualMsiM MOJBEPraroTCs
TOJBKO mepBbie 4 mapamerpa (BXOJHOW MOTOK, KaHajdbHas CKOPOCTh U OOBEMBI
oydepoB D u A). OctanbHble 8 mapaMeTpoB, OMPECIIeMbIC XapaKTePUCTUKAMHU
M0JIb30BATENBCKUX MTOTOKOB U TPEOOBAHUSIMU K HUM, HE MEHSFOTCSL.

4.3 CpencrBa HaOIIOACHUS 32 pe3yIbTaTaMU ITPOTOHOB.

Pe3ynbrarel mporona oTodpaxaroTcsi THCTOTPAMMAaMH BPEMEH JOBEICHUS U
CUETUNKAMU COOBITHIA.

Pacnipenenenuie BpeMEH NOBEICHUSA:

-tdov1 A — rucTorpamMmma BpeMEHHU JOBEACHUS MPSMBIX A-ITaKETOB;
- tdov1D — ructorpamma BpeMeHHU JAOBEACHUS MPSMBIX D-makeros;
- tdov2A — rucTorpamMmma BpeMEHHU JOBEACHUS TPAH3UTHBIX A-TIAKETOB;
- tdov2D — ructorpamma BpeMeHH JOBEACHUS TPaH3UTHBIX D-makeToB.

CuéTunku COOBITHIA:

- YUCJIO MAKETOB, COPOIIEHHBIX M3-3a OTCYTCTBHS MeCT B Oydepe ans ayauo
nakeToB OtkbUfA n mns makeroB manabx OtkbufD. Ywncino sBHBIX MOTEPH;

- YHUCIIO MAaKEeTOB MPEBBICUBIINX JONMYCTUMOE BpeMs noBeneHus OtkdoplD u
otkdoplA (mis mpsmeix MapmpyToB) u Otkdop2D, otkdop2A (mist TpaH3HTHBIX
MapuIpyToB). YnciI0 HE SIBHBIX MOTEPD;

- SUM — CyMMapHO€ 4YHCJIO TOTEPSHHBIX MAKETOB (SBHBIE M HE SIBHBIC
NoTepH).

[]

"1 4.4 JIucTHHT MOJETUPYIOUIEH TPOrpaMMBbl

*  MOOeslb CeTM KOMMyTaluM I1aKeTOB
* 1 emmuHMIa MOZIOEJIBHOTO BpeMeHM paBHa 10 MkC
* YCTaHOBKA IIapaMeTPOB MOIEJIM—————————————————————————————

vhdpot equ 100000 ;uHTeHC. BX. IOTOKA (UMCJIO HaK/CeK)

prior function rnl,d2 ;byHKUMS pacop.dakeToB II0 IIPUOPUTETaM.

.5,1/1,2 ;ApTyMEeHT-CJlydyallHoe umucJjo rnl,

kanskor equ 200 ;KaHajlbHasg CKOpPOCThL B BeTBAX, Mbit/c

bufA equ 5 ;UMCJIO MEeCT OXUIOaHMA OJja A

bufD equ 10 ;UMCJIO MeCT oXunaHma njdg D

dlpakD equ 1500 ; ONViHA nakeToB D

dlpakA equ 160 ; OJIHA HakeToB A

Ptranz equ .5 ; BEPOATHOCTL TPAaH3UTHOTO IakeTa

tdoplD equ 50 ; OOMIyCTUMOE BpeMs IOOBeIOeHMS NPSAMBIX [akKeToB D
tdop2D equ 150 ; OOMIyCTUMOE BpeMs IOOBeIeHMS TPaH3MTHBX [IakKeTOB D
tdoplA equ 10 ; DONIyCTMMOE BpPeMsa IOBEeIeHMS IPSMBIX [IaKeTOB A
tdop2A equ 30 ; DOIIyCTYMOE BpeMs IOOBEeOEeHMS TPaH3UTHEIX I[1aKeToB A
K e e —————————————— o ———— e

tdovlA table ml,0,2,40 ; TUCTOTP.OOBeIeHM IJiS NPSAMBIX A

tdovlD table ml,0,10,40 ; TUCTOTP.OOBeIeHMs IOJig NPSAMBIX D

tdov2A table ml,0,2,40 ; TUCTOTP . JOBEOEHMSA TPaH3UTHEX A

tdov2D table ml,0,10,40 ; TUCTOTP . DOBEIEeHMSS TPAaH3UTHBX D

kanl function 1rnl,dl0 ;BEIDOP 1-T0 KaHaJa

.1,12/.2,23/.3,34/.4,45/.5,51/.6,15/.7,54/.8,43/.9,32/1,21
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kan?2 function P$kan,dlo0 ; BEIOOP 2-TO0 KaHaja
12,23/15,54/21,15/23,34/32,21/34,45/43,32/45,51/51,12/54,43
raspr function rnl,c24 ; DKCIIOHEHUMAJIbHOEe paclpelejieHue

0,0/.1,.104/.2,.222/.3,.355/.4,.509/.5,.69/.6,.915/.7,1.2/.75,1.38/
.8,1.6/.84,1.85/.88,2.12/.9,2.3/.92,2.52/.94,2.81/.95,2.99/.96,3.2/
.97,3.5/.98,3.9/.99,4.6/.995,5.3/.998,6.2/.999,7/1,38

vint variable 100000/vhdpot ;uHTepBas MexOy I[IaKeTaMu

tkanD variable 8#dlpakD/kanskor/10 ;BpeMms nepemaum naxkera D
tkanA variable 8#dlpakA/kanskor/10 ;BpeMms mnepemaum naxkera A
sumD variable p$kan ;HOMep odepeIM B 1-¥ BeTBU

SumA variable pSkan+100 ;HOMEep ouepenm BO 2-¥ BETBU

DoAl function ©pr,d2

1,tdovlD/2,tdovlA ; BEIOODP TMCTOTPaMMBl IOJIA IPAMEIX
DoA2 function ©pr,d2

1,tdov2D/2,tdov2A ; BEIOOP TI'MCTOTPaMMBl IOJI TPAaH3UTHBIX

Sum variable xS$SotkbufD+x$SotkbufA+x$SotkdoplD+xSotkdop2D+xSotkdoplA+xSotkdop2A
*PacuéT CyMMAapHBIX [IOTEepPb (ABHBEIX M HE SBHBIX)

generate v$vint, fnSraspr ; P"eHepaluMusa BXOIHOTO IIOTOKa
priority fn$prior ;paszesieHMe MNOTOKa Ha NPMOPUTETH.
assign tranz, 0 ;IpusHaK "Oes TpaHszuTa (npamag) "
assign kan, fnSkanl ; BEIOOP l1-TO kaHajJa
test e pr,1l,mett ;opuopureT 1 ?
assign tkan,vStkanD ;Ia.Bpemsa nepemaum myis D
assign ocher, v$sumD ;HOMep ouepenn B l-M KaHaje
test 1 Q*ocher,bufD,otbd ;ecTp MecTO B ouepemmu D?
transfer ,rabl ;0a.K obciyXxmBaHMo
mett assign tkan,vsStkanaA ;Bpemsa nepenmauy njsa A
assign ocher, vSsumA ;HOMep ouepenn B l-M KaHaje
test 1 Q*ocher,bufA,otba ;ecTtp MecTO B ouepenu A?
rabl queue p$ocher ;YcTaHOBKa B ouepelb
seize pS$kan ;3aHATL KaHAJ
depart pSocher ;OCBODOOOUTL OUepenb
advance pStkan, fn$raspr ;repernada rnakeTa [0 KaHajly
release p$kan ; OCBOOOOMTEL KaHaJ
tabulate fn$DoAl ;OoonycTmMmoe t OJd NPSMBIX
transfer Ptranz,met ;€CTb TPAaH3UT?
S
assign tranz,1 ;Oa.llpu3Hak "c TpaH3UTOM"
assign kan, fnSkan? ;BEIDOP 2-T'0 KaHajJa
test e pr,l,mtt ;opuopureT 1 2
assign tkan,vS$tkanD ;da.BpeMma nepepmaum njisa D
assign ocher, vSsumD ;HOMep ouepelnM BO 2-M KaHajJe
test 1 Q*ocher,bufD,otbd ;ecTtpr MecTO B ouepenu D?
transfer , rab?2 ;0a.K obciyXmBaHMo
mtt assign tkan, vStkanaA ; BpeMa nepepmaum njia A
assign ocher, vSsumA ;HOMep ouepeIM BO 2-M KaHajJe
test 1 Q*ocher,bufA,otba ;ecTtp MecTO B ouepenu A?
rab?2 queue pSocher ;YCcTaHOBKA B ouepelb
seize p$kan ;3aHATL KaHal
depart pSocher ;OCBODOIUTE OUepelb
advance pStkan, fnSraspr ;llepellada IakeTa IO KaHajly
release pSkan ; OCBOOOOMTEL KaHaJ
tabulate fn$DoA2 ;oonycTuMoe t Oyia TPaH3MTHEX
K e e
met test e pStranz,0, tr ;IIaKeT MNpSIMOM?
test e pr,1l,mlt ;a.llakeT D?
test 1 ml, tdoplD, otlD ;0a.BpeMsa niigs D OpeBBIUNEHO?
transfer ,fin ;Her
mlt test 1 ml, tdoplA,otlA ;BpeMs nOJia A IIPEBBIUIEHO?
transfer ,fin ; Her
tr test e pr,1l,m2t ;IIakeT TPaHB3UTHBIM

test 1 ml, tdop2D, ot2D ;0a.Bpems mnjs D IpPeBHIIEHO?
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transfer ,fin ;Hem

m2t test 1 ml, tdop2A, ot2A ;BpeMsa mJjig A MNpPEeBHIIEHO?
transfer ,fin ; Her

K e — ——_—_—_—_—————————

otbd savevalue otkbufD+, 1 ;UMCJIO OTKas0B B odepenu D
transfer ,fin

otba savevalue otkbufA+,1 ;UMCJIO OTKas0B B ouepenu A
transfer ,fin

otlD savevalue otkdoplD+, 1 ;UMCJIO OTKas0B MNpsaMBIX D
transfer ,fin

otlA savevalue otkdoplA+,1 ;UMCJIO OTKas0B IMPSMBIX A
transfer ,fin

ot2D savevalue otkdop2D+, 1 ;UMCJIO OTKAs0B TPAH3UTHHEX D
transfer ,fin

ot2A savevalue otkdop2A+,1 ;UMCJIO OTKAs30B TPAH3UTHHX A
transfer ,fin

4

fin savevalue summa, vSsum ;IIOOCUET CyMMapHBEIX IIOTEPH

final terminate 1 ; IIOKMHYTEH CHUCTEMY

5 JlabopaTtopHoe 3agaHue

5.1 N3yunth MOJENb CETH, CHOCOObI BBOJA MCXOJHBIX JAHHBIX W
CUMTBIBAHUSI PE3YJIbTATOB IKCIIEPUMEHTA.

5.2 UW3meputh BBIXOJIHBIE MApaMETPhl ISl UCXOJHOTO COCTOSIHUSI CHCTEMBI
(T.e. Il YCTAHOBJICHHBIX B IPOrpaMMeE HCXOJIHBIX JaHHBIX). 3adukcupoBaTh 4
TUCTOrPaMMBbI (CXEMaTUYHO) U 3HAYEHUS 7-U CUETUYMKOB COOBITUM, TPUBEAEHHBIX B
n. 4.3. Ilapamerpsl THCTOrpaMMm (BETUYMHY HHTEpBaJla M YHCJIO HHTEPBAJIOB)
nonooparh Uil Haubojee HArIsAHOTO MpeACTaBiICHUS (YHKIHOHATBHBIX
3aBUCUMOCTEM.

5.3 H3meHss Harpy3Ky Ha CETh C MOMONIBIO TAPAMETPOB BXOJHOM MOTOK WJIU
KaHAJIbHAsI CKOPOCTh, TOCTPOUTH TpadUK 3aBHCUMOCTH CYMMAapHBIX IMOTEPh OT
cpenHero ko3ddurrenta ucnoap3oBanus kanaios (Py (UTIL)).

54 U3meHsd KaHAJIbHYIO CKOpPOCTh JIOOMTBHCS CHMXKEHHSI BEPOSTHOCTH
CYMMapHBIX MIOTEPh MAKeTOB (IBHBIX U HE SABHBIX) 110 Py < 0,01.

5.5 Bapbupys 4-ms napamerpamu (BXOJHOM TMOTOK, KaHajdbHAas CKOPOCTD,
pasmepsl OydepoB) nmoaoOpath 4-5 HamboJIee MHTEPECHBIX COCTOSHUM CHCTEMBI,
OpUEHTHUPYSCHh Ha KOA(DPUITMEHT UCIIOIH30BAHUS KaHAJIOB (HApUMeEp, MePErpy3Ku
ui  Henorpy3ku). OOBSCHUTH OPUTHHAIBHOCTH JTUX COCTOSHUHM, T.€. Ieib
MCCJICIOBAHUS CUCTEMBI B 3TUX COCTOSTHUSX.

[Ipu aHanM3e rucTorpaMm MpousBecTd ¢ momoinbio komauasl Window>Tile
COBMENICHHE BceX 4 THUCTOTpaMMBI B OJHOM OKHeE, 3aduKCHpoOBaTh JTH
THUCTOTPaMMbI B OTUYETE (CXEMATUYHO) U OOBSCHUTHh UX COJCPNKAHUE W TIPUUUHBI
pasnuuus. [ KaXX10¥ r’MCTOrpaMMBbl YKa3aTh:

- IOIyCTUMOE BPEMsI IOBEACHHS IMaKeTOB Ha BpeMeHHOM ocu tdopxx;

- TJIOIIATU «XBOCTOB» (BEPOSTHOCTH NPEBBIMICHUS JOIMMYCTUMOTO BPEMEHHU
P(taos > tron));

- Cpe/IHME 3HAYCHUS MPEACTABIICHHBIX CIIy4aiHbIX BeauuuH (Mean:);

- BEpPOSTHOCTH CYMMAapHBIX ITOTEPh MAKETOB Py (IBHBIX M HESIBHBIX);

- HaOJIO/IaBIINECS B KAXKJIOM OMBITE KOA(PPUITMEHTHI HCTIOIB30BaHUS KAHAJIOB
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(UTIL).

5.6 Ilpu omHom w3 3HaUYeHHH KOA(P(UIMEHTA HCIOIH30BAHUS KaHAJIOB
(Hanbosee XapaKTEpPHOM C TOYKH 3peHUS ()YHKIIMOHATHHBIX 3aBUCHMOCTEH) CHSITh
CIIEYIOIEe TPU 3aBUCHMOCTH BEPOSTHOCTH TIOTEPh IAKETOB OT pPa3MEpOB
Oydepor oxunanus (D) u mocTpouts X Ha 0THOM TpaduKe:

- BEPOSITHOCTD SIBHBIX TMIOTEPh MAKETOB Pyyy(D);

- BEPOSITHOCTD HE SIBHBIX IMMOTEPh MAKETOB Piepn(D);

- CyMMapHasi BEpOSITHOCTh MoTepb maketoB Py (b).

B cymMapHbie moTepu BKIIOYAIOTCS Kak SBHBIE MOTEpPH (M3-3a 3aHITOCTU
OydepoB oxkuJlaHusA), TaK U HESIBHbIE (M3-3a MPEBBIIICHUS JIOMYCTUMOTO BPEMEHH
3agepkku). Ilpu BeIOOpe pasmepoB OydepoB s COKpalleHUs OOIIEro IoJjs
3HAUYEHUU apryMEHTOB NPHUIEPKUBATbCA TMpaBuja: pasmep Oydepa maKeToB
JTaHHBIX Dp JOJDKEH BIBOE TpPEBBINIATH pasMep Oydepa ayauo MakeToB Da.
3apukcupoBaTh B OTYETE pa3Mepbl OyPpepoB MUHUMH3UPYIOIIHMX notepu. Eciu
¢ynknus Ps(b) He uMeeT SBHOrO MUHUMyMa, U3MEHUTH (OCMBICIICHHO) MCXOTHBIC
JaHHBIE TaK, YTOOBI TAKOW MUHUMYM TOSIBUJICS.

5.7 J1ns NOMY4YEHHOro B M. 5.6 ONTUMAJILHOTO 3HAaY€HUs1 pa3MepoB Oy(epoB
ba u Dbp, Bapeupys KaHAJIBHYHO CKOpPOCTh, TMPOBECTH ONTUMHU3AIUIO CETH  IIO
0006ménHomy kputeputo K = C / (—IgPs). 3adukcupoBars B 0TuéTe 3HAYCHHE
KaHAJIbHOW CKOPOCTH, ONITUMU3UPYIOIIEeH 0000EHHBIN kpuTepuii K.

6 OtuéT no padote

[lo pe3ynpraraM BbINOAHEHUS T.0. 5.2+5.7 naGopaTopHOro 3agaHus
NpPEICTaBUTh TPapUKH, TUCTOTPAMMbI M IMOKa3aHUS CUETUYMKOB MOTEPh MAKETOB.
Cnenatp BBIBOJIBI 110 KaXK/IOMY ITyHKTY 3aJJaHUSI.

7 KOHTpOJIBHBIE BOIPOCHI

7.1 Kak BBOASTCS B MOJIEJIb OCHOBHBIE ITApAMETPhI CETU?

7.2 OOBSICHUTH HAa TUCTOIPAMMAaX BEPOSITHOCTHO-BPEMEHHBIE XapaKTEPUCTH-
KM MpoIecca Nepeladyu nakera B ceTh. B uém oTiauume rucrorpamm Juist ciado u
CUJIBHO 3arpy’KEHHBIX CETEU?

7.3 Ha kakue mokasaTelld CUCTEMbl U KaK BIUSIOT pa3Mepbl OyPpepoB Oxu-
nanus? IlokasaTe 1o pe3ynbraTaM SKCIIEPUMEHTOB.

7.4 IlpenactaBuTh U OOBSICHUTH PE3YNHTATHI ONTUMHU3ALMHN CETH MO pa3Mepam
oydepos.

7.5 IlpenctaBuTh U OOBICHUTH PE3YIHTATHI ONITUMHU3AIMHN CETH IO 0000IIEH-
HOMY KPUTEPHUIO.
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[Ipunoxenue A

Kpurepuu cormnacus mist IpOBEPKHA TMIIOTES

Kpurepuu cornmacust npuMEHSIOTCS I POBEPKU THITOTE3BI O 3aKOHE pac-
IIPEAEICHUS UCCIEAYEMOU CIy4aliHOM BENIWYMHBL. BO MHOTMX IPakTHUYECKHX 3a-
Jlagax TOYHBIA 3aKOH paclpeesIeHust Heu3BeCcTeH. 1103ToMy BBIABUTAETCS TUIIOTE-
32 0 COOTBETCTBUU HMEIOLIETOCSA 3MIIMPHUYECKOrO 3aKOHA, IIOCTPOCHHOIO IIO
HAOJIIOJIEHUSIM, HEKOTOPOMY TeopeThueckomy. JlaHHas rumore3a TpedyeT craru-
CTHUYECKOM MPOBEPKH, 110 pe3yJibTaTaM KOTOpoil OyaeT 1100 moaATBep:kIeHa, 100
ONPOBEPTHYTA.

Kputepuii cormacus IlupcoHa y°— OJMH U3 OCHOBHBIX, KOTOPBIH MOKHO
IIPEACTABUTh KaK CyMMY OTHOIIIEHUM KBaJIpaTOB PACXOKACHUN MEXAY TEOPETHYE-

CKUMH U SMIIMPHUYCCKHUMHU YaCTOTAMH K TCOPCTHYCCKHUM 4YaCTOTaAM:

_ (m;—n;)?
D AR (A1)

n;
20e S — YHUCIIo TPYyIIl, Ha KOTOPhIE pa30UTO SMIIMPUUECKOE pacpeielICHHE,
m; — HabJIroJaeMas yacToTa Ipru3HakKa B 1-i rpymre,
N — TEOpETUYECKAs YacCTOTa.

Jlnst pacnpeneneHus x> cOCTaBIEHbI TaOIMLBI, Ie yKAa3aHbl KPUTUYECCKUE
3HAYEHUS KPUTEPHS COTIIACHUS Y2 JUIsl BHIOPAHHOTO YPOBHS 3HAYUMOCTH O, U CTeEIe-
Hel cB0OOIbI K.

Yucio creneneit cBoOo b K onpenensercss Kak YKciIo IPYIII B PsAAy pacmpe-
neneHus (S) MUHyc 9uciio csasei: K = s — r. [Toa urciiom cBsizeld MOHMMAETCs YUC-
JI0 TIOKA3aTeJIeN SMIIMPUYECKOTO psAa, UCTIOJIb30BAHHBIX MTPU BBIYMCICHUU TEOPE-
TUYECKUX YaCTOT, T.€. MMOKA3aTEJIEH, CBI3bIBAIOIINX SMIIMPUYECKUE U TEOPETUYE-
CKHME 4acToThl. Hanmpumep, 1ipy BeIpaBHUBAHUM MO KPUBOM pacnpeesieHus DpJiiaH-
ra Wil HOPMaJIbHOT'O paclpenesieHus uMmeercst Tpu cBa3u. [loatomy uunciio crene-
Hel cBo0oIbI onpeaensercs kak K = s — 3. J{ns pacnpenenceaus [Tyaccona uuncio K

=s-2.


http://helpstat.ru/2012/04/statisticheskie-tablitsyi/
http://helpstat.ru/2012/04/statisticheskie-tablitsyi/
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IIpu MOJHOM COBNAJEHHH TEOPETUYECKOTO M AMIIMPHYECKOrO paclpejese-
Huii ¥?= 0, B npotuBHOM ciydae x> > 0. Eciu %pace > (rans TO TPH 3aJaHHOM
YypOBHE 3HAUMMOCTH M YHCJIE CTeNeHel CBOOOBI THIIOTE3y O HECYLIECTBEHHOCTH
(cIy4alfHOCTM) pacXOKIEHHiT OTKIOHSEM. B ciryuae, ecinu paca< Yraon, THIOTE3Y
IPUHMMAEM U C BEPOSATHOCTHIO P MOKHO YTBEPIKIATh, YTO PACXOKICHHUE MEKIY
TEOPETUYECKMMHU U SMIUPUYECKMMHU YaCTOTAMHU CIIYYaiHo.

[pumep: IIpoBepuM TUCTOrpaMMy, MOJTy4eHHYIO B 3aHATUM 9 s 9-u Ka-
HAILHOTO YCTPOICTBA, Ha COOTBETCTBHE PACIPEICICHHIO DplaHra. B maHHOM
cilydae 4YMCIIO TPYNI B PALy pacupeseneHus (YUCIO MHTEpPBAOB THCTOTPAMMBI)

paBHo 10. [ToaTroMy sMmnupuyeckue u pacy€THbIC JaHHBIE CBOJIUM B TaOiuily A.1l.

Tabmua A.1 — Pacuér kputepus cornacus [upcona

Pi ni m; ni—mi |(ni—m)? (ni — mi)?/n;

I BlooNogswn k|-

N

X=X

DMIUpUYECKUE JaHHbIC IJI JaHHON TaOMuIbl M; OepyTCs HEMOCPEACTBEHHO
u3 otuéra momyns 9. Pacu€rHeie 3HaueHus BhIUMCIAIOTCS Kak Ni = Pi*N, roe P;
onpenensercs no Qopmyne OpianHra (MOXKHO BOCIOJB30BaThCS MPOrPaMMOit
elangcalc), a N coorBeTcTBYeT /JIMHE MPOroHa (YMCIIO, yCTaHABIMBAEMOE MPH KO-
mane Start).

[Tocae aToro mpoBepsieTcs TUNoTe3a 1mo Tadauie A.2, 0 COOTBETCTBHUU THCTO-
rpaMMbl pactpezelicHuio Dpianra. B HalreM ciiydae 4uciio creneHei cBo0obr K
=5 -3 =10 -3 =7. Ilycth B pe3ynbTaTe pacuera mno taonuie | okazajioch, 4yTo

¥?>=2,5. Torna mo tabnuue 2 g K = 7 naxomum, uro 2.17< x?<2.83, u nenaem
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BBIBOJI O TOM, UTO C BEPOATHOCTHIO P, nexaiieit mexay 0.9 u 0.95, runoresa o co-

OTBCTCTBHH SMIIMPHUYCCKOI'O pACIIPCACIICHUA PACIIPCACICHNUTIO BpﬂaHra ABJACTCA

paBAONoOg00HOM.

Takum oOpazoM, 1000i1 KpuTepuit coryiacusi He MOATBEPKIAET OJHO3HAYHO

MMPAaBUJIBHOCTDb THUIIOTEC3bI O 3dKOHC PACIIPCACICHUA HCCHCIIyeMOﬁ cnyqaﬁHoﬁ BC-

anunHbl. Kputepuil nuib onpeaenser BepoOSTHOCTh NPABWIBHOCTH THIIOTE3bI.

A ITIpU IIPOBCPKE HCCKOJIBKUX T'HIIOTC3 (HaHpI/IMep, COOTBCTCTBHUC SMIIMPHYICCKOTO

pacmpeziesieHus HOpMaJTbHOMY WJIM SPJIAaHTOBCKOMY) MOKHO MPHUHSTH O0Jiee BEpo-

ATHYIO.

Tabmuna A2 3HaueHUs KBAaHTHIIU Y2, B 3aBUCUMOCTH OT YPOBHSI BEPOSTHOCTH U
qrcia CTerneHer cBo0o b1 K

k Bepostaocts P()? > 4%
0.99 0.95 0.90 0.70 0.50 0.30 0.10 0.05 0.01

1 0.00016 0.0039 | 0.016 0.148 0.455 | 1.074 2.71 3.84 6.63
2 0.020 0.103 0.211 0.713 1.39 241 4.61 5.99 9.21
3 0.115 0.352 0.584 1.424 2.37 3.66 6.25 7.81 11.3
4 0.297 0.711 1.06 2.20 3.36 4.88 7.78 9.49 13.3
5 0.554 1.15 1.61 3.00 4.35 6.06 9.24 111 151
6 0.872 1.64 2.20 3.83 5.35 7.23 10.6 12.6 16.8
7 1.24 2.17 2.83 4.67 6.35 8.38 12.0 141 18.5
8 1.65 2.73 3.49 5.53 7.34 9.52 134 155 20.1
9 2.09 3.33 4.17 6.39 8.34 10.66 147 16.9 21.7
10 2.56 3.94 4.87 7.27 9.34 11.78 16.0 18.3 23.2
11 3.05 4.57 5.58 8.15 10.3 12.90 17.3 19.7 24.7
12 3.57 5.23 6.30 9.03 11.3 14.01 18.5 21.0 26.2
13 411 5.89 7.04 9.93 12.3 15.12 19.8 22.4 21.7
14 4.66 6.57 7.79 10.82 13.3 16.22 211 23.7 29.1
15 5.23 7.26 8.55 11.72 14.3 17.32 22.3 25.0 30.6
16 581 7.96 9.31 12.62 15.3 18.42 235 26.3 32.0
17 6.41 8.67 10.1 13.53 16.3 19.51 24.8 27.6 33.4
18 7.01 9.39 10.9 14.44 17.3 20.6 26.0 28.9 34.8
19 7.63 10.1 11.7 15.35 18.3 21.7 27.2 30.1 36.2
20 8.26 10.9 124 16.27 19.3 22.8 28.4 31.4 37.6
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Ta6muua b1 — Croucok 0ioxkos GPSS

[Tpunoxenue b

Onepanasl
A B C D E
ADVANCE Cpennee Monugukarop
(3amepxath) Bpemsa{@} paszopoca [ K, craj, cra
Sumsa cra*j
kpome fnj, fn$ nms
fn*j]
WIu MouduKaTop
Gynxmuit [fn fn$ mms,
fnj]
ASSEMBLE Cuerunk
(coemuunts) | coemunenus {@}
ASSIGN Homep Hasznauaemas Howmep
(Ha3HAYHTB) napametpa{@} [BenmunHa{@} MOTUPHUINPYIO-
e QyHKIUKI
[@]
BUFFER
(B0300HOBHTH
MIPOCMOTP)
DEPART Wmst ouepenu Yucno equnni [@]
(MOKMHYTH {ums}
ouepein)
ENTER (BotiTn) Wms muoroka- | Ywmceno equnni [@]
HaJBHOT'O YCTPOUi-
CTBa {UMs}
GATE Nms Crenmyrommii 6110k
(BrycTHTB) JIOTMYECKOTO  [IPY HEBBITIOJIHEHUH
MEPEKIIIoYaTeNs]  IOrHYeCKOro YCIOBUS
{ums} [mmst]
GATE Nwms 6moka AS- | Crenyromuii 6710k
(Bmyctuts)  |SEMBLE GATHER [npu HEBbITIOTHEHUH
nm MATCH ITOTMYECKOTO YCIOBUS
{ums} [mmst]
GATE Wwms mpubopa Crenyrommii 6510k
(BrycTHTB) {ums} [PY HEBBITIOJIHCHUH
ITOrUYECKOro yCIOBHS
[mmst]
GATE Nwms Crnenyromuii 0110k
(BIIycTHTB) | MHOTOKAQHAJIBHOTO [IPU HEBBIIIOJIHEHUU
ycrpoiictBa {uMs} [TOTHYIECKOTO YCIOBHUS
[1Mms]
GATHER Cuetunk cOOpKH
(coGpar) {@}
GENERATE Cpennee Bpemsa | Moaudukatop WNHuTrepBan OrpaHnyu- | YpOBEHb
(renepupoBath) |uHTepBasna {uMs} [pazopoca [K, craj, cra$ [cmemenust renb [K,Craj, mpuopure-
ums, kpome FNJ, FN$ [k craj, cra$ cra$ ums]  ra [k, craj,
MM | W MOAMMUKATOD [AMS ] cra$ vmsi|
byaxmn [FNJ,
FN$wms |
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LEAVE Ums Yuco eqununil [@]
(BBIATH) IMHOTOKaHAJILHOTO
ycrpoiictBa {@}
LINK Nwmst e Kpurepwuit npucoenn- | AnpTepHaTHB-
(BBECTH B L€M) [1OJb30BATEIISA merns {LIFO,FIFO,PJ} st 610K
{ums} {ums}
LOGIC {I,R,S} | Nmsa
(BO3IEHCTBO-  [TOrMYECKOrO
BaTh HA JIOTU-  [IEPEKITIOYATEIS
4eCKHI nepe-  |{ums}
KJTFOYATeIh)
LOOP Howmep Crenmyrommii 6510k
(opranmszoBarh [mapamerpa {@} {umst}
ITAKT)
MARK Howmep
(otmeTuTH)  MapameTpa
{@}
MATCH Anpec compsi-
(CMHXpOHUM3UPO PKEHHOTO OJIOKa
BaTh {ums}
MSAVEVACVE | Wwmst maTpuiist Howmep ctpoku {@} Homep Bemnuuna, | Tun
(coxpanuth  |[{ums}[+1] crondua {@}  [KoTOpyIO MaTpPHULIBI
3HAYCHHUE) clienyer [X,H,B
coXxpaHuTh  paH L]
{@}
PREEMPT Nms mpubopa Bo3moxxuocTh 3axBaTta | biok, B koTto- | Ilapamerpsr
(3axBaTHUTB) {ums} [0 IPUOPUTETY pBIi IepexoAUT BaxBaueHHO-
[PR] BaXBaYEHHBI  [FO TPaH3aKTa
rpansakT [ums] [@]
PRINT Hwoxuuit npenen | BepxHuil npenen MHeMoHu- VYka3zarenb
(HaredaTats) [mms] [mms] HecKoe [pa3duBKH 1O
0003HaYeHHE  (CTPAHUIIAM
hiremeHTa( 1) [mro0ast
OykBa]
PRIORITY Hogoe 3nauenue | Bo3MOXKHOCTB
(Ha3HaYMTH  [IPUOPHTETA BO30OHOBJICHUS
MIPUOPUTET) {@} mpocmotpa-[BUFFER]
QUEUE Wwms ouepenu Yucno enunnil [@]
(BCcTaTh B {rms}
ouepe;n)
RELEASE Nms npubopa
(ocBobomuth) | {ums}
RETURN Wwms mpubopa
(BepHYTB) {ums}
SAVEUALVE | Ums Benmnuwnna, KoTOpyIo
(coXpaHHTh  [COXpaHAEMOI ClIelyeT COXPaHUTh
3HAaYeHUE)  BETUYMHBI {@}
{nms}[£1]
SEIZE Nwms mpubopa
(3aHsTB) {ums}
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SELECT IMapamerp, B ko- | Hmwkuuii npenen {@} | Bepxuuii
(B JIOTMYECKOM  [TOPBIN 3aHOCST npenen {@}
pexume) {V, HOMep dneMeHTa
NV, I, NI, SE, {@}
SNE, SF, SNF,
LR, LS} (BbI-
Opatp)
SELECT IMapamerp, B ko- | Hmwkuuii npenen {@} | Bepxuuii Hccneny-
(B pesxuMe Max Topblii 3aHOCAT npenen {@} eMBbIii
1 min) HOMEp 3JIEMEHTa aTprOyT
(eIOpats)  {@} nrobon
CUA,
Kpome MX,
MH)
SELECT [Tapametp, B ko- | Hwxkuwuii npenen {@} | Bepxuuit Bennunna | Uccneny
(B pexuMe  [TOpBII 3aHOCST mpenen{@} ISt CpaBHE-  [eMBIi
OTHOILIEHHUS)  [HOMEp IJIEeMEHTa Hus{ (@} ATpUOyT
(BoiOpate)  {@}
SPLIT Uwncno nmoromko | Crnenyromuii 6nok s | [lapametp, B Ywucno ma-
(pacmenuts) | {@} [MOTOMKOB KOTOPBIil 3aHO-  [paMETPOB y
{ums} CAT MOPSIIKO-  [KaXKAO0TO
BBII HOMEP TOTOMKA
{@} {@}
TABVLATE WMst TaOIUIIBD Becogoii dpakrop {@}
(TabynupoBaTh) |{mms}
TERMINATE | Cuyeruuk umcia
(3aBepminth) BaeprieHuii[@]
TEST [epBas Bropas BenmmunHa Crnemyrommii
{G,GE,E,NE,LE,Besnunna {@} {@} 0JIOK TIpU He-
L} (mpoBeputsb) BBITIOJTHEHUH
CJIOBHS {UMs}
TRANSFER Pexxum BBIOOpa IepBorit Bropoit
(B ycnosuom BOTH MCCIIeTyeMBIi OJIOK MCCIIelyeMbIT
pexume) (Tepe- {ums} 0JIOK
JIaTh) {nms}
TRANSFER Pexxum BBIOOpa [NepBbrii 610K {nMs } Bropoti 610k
(B cratnueckom {@} {umst}
pexume) (ie-
penars)
TRANSFER Pexxum BBIOOpa brok B koTOpBIi TIE-
(B OE3YCIIOBHOM |[HE MCIIOJIB3YETCS  [PEXOAUT TPAH3aKT
pexnme) {ums}
UNLINK Nwms nenu brnok, B koTopsrii BX0- | Cuerdnk Howmep Apry-
(BBIBECTH U3 [OJIL30BATEJISI UTSIT BHIBS/ICHHBIC TPAaH-  [BHIBOJIUMBIX mapamMeTpa  MEHT
LeTIN) {umst} BaKThI TpaH3aKTOB [@] wviu  jmapHOCTH
{ms} {@,all} [BACK] {@}




120

[Tpunoxenue B

[Ipumepsl npumenenus onepatopoB GPSS

B maHHOM NpWIOKEHWHM TOKa3aHbl MPUMEPHI HCIIOIB30BAHUS OIEPATOPOB
s3pika GPSS ¢ KOHKpeTHBIMU 3HAYEHHUSMHU MOJIOJCH B MOJe EPEMEHHBIX U C TI0-
SCHEHMSIMU OCOOEHHOCTEH BBIOOpA ITUX OINEpaHIoB. B mpuiioxkeHue BKIIIOUECHbI
TOJIBKO T€ OIEpPaTOPhl, KOTOPHIC MPUMEHSIIOTCS B MPAKTHYCCKUX 3aHATHUAX HACTO-
SIIIETO TTOCOOMSL.

generate 12,4,50, 5,1 — reHeparus TpaH3aKTOB, HHTEPBAJIbl BPEMEHU MEXTY
NOSIBJICHUSIMHA TPAH3aKTOB PaCIpeie]ICHbl PABHOMEPHO B jauamna3one [12— 4,12+4],
NEPBBIM TPaH3aKT MOSBUTCS C 3aJepKKoi B 50 eTMHUIl MOJIEIIBHOTO BPEeMEHH, BCe-
ro OyJeT CO3/IaHO 5 TPaH3aKTOB, TPUOPUTET TPAH3AKTOB PAaBEH CAUHUIIC.

generate 12,4,50,1 — To ke, HO KOJWYECTBO T'C€HEPUPYEMBIX TPAH3aKTOB HE
OTpaHUYECHO.

generate 6, fn$fff,50,5,1 — To ke, HO HHTEpPBAT BPEMEHHU MEXKIY TOSBICHHS-
MU TPAH3aKTOB €CTh IIeJiasg 4acTh MPOU3BEACHHS 4ucia 6 Ha 3HaueHUE (PYHKIIUU
FFF.

fff function rnl,c4

0,0/0.1,0.8/0.5,1.6/1.0,1.9 — omncanue pyukuuu fff, ee aprymenTom siBasieTcs
ciyyaiiHas BeJMYMHA (Ha 3TO yKa3bIBaeT 3HaueHue nl), paBHOMEpPHO pacrpeie-
neHHas B quanasone [0,1], pyHKIus sBIseTCS HEMPEPHIBHOM YUCIOBOU (yKa3aTelb
¢), 3agaHHoi TabnuuHo yeThipbMs Toukami: (0;0), (0.1; 0.8), (0.5,1.6), (1.0; 1.9).

fff function *2,d4

0,12/1,9/2,8/3,6 — To e, HO apryMEHTOM SIBJIIETCSl 3HAUYEHUE BTOPOTO Mapa-
MeTpa TPaH3aKTa, JJI1 KOTOPOTO BBIYHCIISICTCS 3HAYCHHE TUCKPETHON BEITMYHUHBI
(d) umcnoBoit pynkuu fff, 3agaHHON TAOJMYHO YETHIPHMS Y3JIOBHIMH TOYKAMHU.
D710 TeKyliee 3HAYCHUE OKPYIIISIETCS A0 OnrpKaifiiero OOJbIIero 3HAYCHUS apry-
MEHTAa B Y3JIOBOM TOYKE.

enter mem,12 — 3aHATHE TpaH3aKTOM 12 €IWHUII €MKOCTH B HAKOIUTEJE

mem.
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leave mem*2 — ocBoOOxneHne K enuuuI] mamMaTy B HakKomnureire mem , rue K-
3HaueHHUe 2-TO MapaMeTpa TPaH3aKTa.

str storage 4096 — onmcanue HakomuTens Str eMkocThio 4096 enuHuII.

terminate 3 — yiajeHue TpaH3aKTa U3 CUCTEMBI, TIPU 3TOM COJACPIKUMOE MTO-
rOBOI0 CYETYMKA YMEHBINAETCS Ha 3 €IMHUIIbI, MOJCIMPOBAHUE 3aKAaHUMBAECTCS,
€CJIM COACPKUMOE CUETUYMKA CTAHET PABHBIM WJIM MCHBIIIC HYJIS.

advance a,6 — 3azep)Kka TpaH3aKTa Ha BPEMsl, ONPEICISIEMOE COICPKUMBIM
noJyicii A 1 B, CMBICJT BEJIMYMH, 3alIMCBIBAEMBIX B ATUX ITOJMNOISAX, TAKOM Ke, KaK U
B OJI0Ke generate.

split 3,11l,6 — xonmupoBaHue TpaH3akTOB. B maHHOM cllydae CO37ar0TCS TPH
KOITMK MCXOIHOTO TpaH3akTa. VICXOMHBIN TpaH3aKT HAMPABISCTCS B CIICTYIOITHIT
10 MOPSAAKY OJIOK, a co3aanHble kKonuu — B 0sok ¢ Metkoit lll. Tlpu sTom, mapa-
MeTp 6 OCHOBHOTO TpaH3aKTa yYBEJIIMYMBAETCS HA €IUHUILY, a TPAH3AKTOB-KOMUN —
Ha 2, 3, 4 COOTBETCTBEHHO.

assemble 5 — oObemuHeHHMe TpaH3akToB. IlepBbIil, W3 BOIICAIIUX B OJIOK
TPaH3aKTOB MPOJOJIKUT ABMKECHUE B CUCTEME TTOCJIE TOT0, KaK B OJIOK MPUIYT eIIe
YeThIpE TPAH3aAKTA.

assign 2, nap — u3MeHeHHe MapaMeTpOB TPAH3aKTOB, B JAHHOM CJIy4ae BTO-
poil mapameTp TpaH3akTa moxy4duT 3HaueHue NAP.

assign  3+,v4 — u3MeHHWTCS 3HAYCHHE TPETHEro MmapamMeTpa TpaH3aKTa — K
HeMy npubaBuTCs 3HaueHue V4.

transfer , mmm — Ge3ycnoBHas mepeada yrnpaBICHHs ONEPaTopy ¢ METKOMH
(HOMEpoM) mmm,

transfer ,both,labl,unn — nepexon k oneparopy ¢ metkoii lasl. Eciu oH He-
BO3MOXEH, TO K OMepaTopy C METKOW UNN, e€Cii U OH HEBO3MOXEH, TO TPAH3aKT
3aJIEP)KUBACTCS JI0 CIAEAYIOIMIET0 MOMEHTA JUCKPETHOTO MOJIEIHHOTO BPEMEHH, B
KOTOPBIH TIOBTOPSIOTCS YKa3aHHBIC TIOTBITKH MTePEXo/ia.

transfer .4,aaa,laé — Tpan3akT ¢ BeposITHOCTHIO 0.4 MEPEXOINUT K OMEPATOPY

C MeTKOM lag u ¢ BepoATHOCTHIO 0.6 K omiepaTopy ¢ METKOU aaa.
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transfer pick,Smk7,smx21 — paBHOBEpOSITHBIN MEPEXO]] K OlEepaTropam C HO-
Mepamu Smk [, smk(+1, SmxT+2,..., Smk21.

transfer fn,aaa,5 — nepexox K omeparopy, METKa KOTOPOTO paBHA CyMMe
3Ha4YeHUs] PYHKIIMH aaq W 4yucia S.

loop 6,met — opranuszamus MKIA — MEPEXO 5 pa3 K ONEpaTropy ¢ METKOM
met 1 Ha IeCTOH pa3 — K CISAYIOIIEMY IO MOPSIAKY OTepaTopy.

test e v7,k256,laé — nepexos 1o ycinoBuio (yclIoBHas Iepeaava ypaBIcHuUs):
B mo3unusax 13 — 18 3amuchiBaeTCsl 3HAK OTHOIICHUS, B TIEPBBIX JBYX IOJITOJIAX
TIOJISl TIEPEMEHHBIX 3aIllUCHIBAIOTCSl CPABHUBACMBIC BEIIMYHMHBI, €CIIM YCIIOBUE BbI-
HOJHSIETCS, TO Tepexo/ia HeT, MHaue Iepexo] eCTh K ONepaTopy ¢ MeTKou /as.
CuMBOJIBI OTHOIICHHH:  — Oombie, | — MeHbIe, ¢ — paBHO, Ne — HE PABHO,
le — MeHbIIIe WM paBHO, Je — OOJIbINIE WM PaBHO. B maHHOM mpuMepe mepexoja
HeT, eciu V7 = 256, nHaue mepexo/1 K onepaTopy ¢ Homepom las.

queue sqV — omepaTop OpraHU3AlUU OYEPE/H, UTMHA OYepean SOV YBEITHUYU-
BaeTCs Ha CIUHUILY.

depart sqv — To ke, HO JIUTMHA OYepEer YMEHBIIACTCS Ha CAMHUILY.

priority 2 — TpaH3aKTy NMPUCBAMBACTCS IPUOPHUTET 2.

tabulate mat — B cooTBeTCTBYIONIUIT HHTEPBAJ THCTOIPaMMBbI ¢ UMEHeM Mat
00aBIAETCS €QUHUIIA.

5 variable x2 — k25 — BbIUMCIUTENBHBIN ONEPATOP, B JAHHOM ClIydae HU3 Xpa-
HUMOW BEJIMYMHBI HOMEP 2 BBIYMTAETCS YHUCIIO 25 U pe3yNbTaT MPUCBAUBAETCS Tie-
PEMEHHOI HOMEp O.

savevalue 5,*3 — xpanumas BenmurHa HOMEp 5 (X5) moaydaer 3HaYeHHE Tpe-

THEro MapaMeTpa TPaH3aKTa.
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[Tpunoxenue I'

Ta6nuna [' — Ciucok cTaHJapTHBIX YUCIOBBIX aTpUOYyTOB

Turer 00bEKTOB CumBonmueckoe | Jlmama3oH u3- Onwucanne
0003HavYeHUEe MEHCHUS
TpaH3aKThI PF +(231-1) Tekylee 3HauCHHE TIa-
pametpa (popmara F
PH +(21-1) «c110BOY, H — «1oiyciio-
BO», B — «Oaiity», L —
PB +(27-1) «ILJTABAOIIAS TOYKA))
TpaH3akTa, 0OpabaThiBa-
PL +(2%4-1) €MOr'0 B JJTaHHBIII MOMEHT.
PR 0..127 [Tpuopurer o6pabaThiBac-
MOTO TPaH3aKTa.
MI +(2%1-1) TpaH3akTHOE Bpems
MP [TapameTpuueckoe TpaH-
3aKTHOE BpEeMs
brnoku N 241 CYeTyuk BXOJ0B B OJIOK
w 251 CUYeTuuK TEKYIIEro Co-
JIepPKUMOTro OJI0Ka
[TamsiTh F Jlornueckue | CocTosiHUE YCTPOMCTBA
«1» mm «0»
FR 0...999 Koadpunment ucnonb3o-
Banus (B goJisix ot 1000)
FC 281 CueT4nK BXO0B
FT 2811 Cpennee Bpemsi/ TpaH-
3aKTa
S 2L Tekyuiee coaepxumoe
naMsTH
R 231 Yucao cBOOOAHBIX €1H-
HUI] TTAMSTH
SR 0... 999 KoaddumenT ucnomnsso-
BaHus (B noisax ot 1000)
SA 231_ 1 Cpennee cogepRUMoe
aMsTH
SC 281 CdeTuuK BXOJ0B
ST 231_1 Cpennee BpeMsl TpaH3aK-
Ta
SM 2311 MaxkcumainbHOe coaep-

KHUMOC€ ITaMATHU
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I[TepemeHHbIE V +(2%1-1) 3nauenue apudmeTHye-
CKOW MEPEMEHHOU
FV 1078... 10" | IlepeMeHHBIE C MIaBa-
IOIIEN 3amsITON
BV 1 nm 0 3HaueHue OyJneBCKOM me-
PEMEHHOU
DyHKIMN FN +(2%1-1) | 3nauenue QpyHKIHU
Ouepeu Q 281 Texymias aauHa ode-
penu
QA 2311 Cpenssis IjiMHa odepe-
hi17
QM 281 MaxkcumaiabHas JyTiHA
ouepean
QC 2%-1 OOG11ee YUCIIO dIIEMEH-
TOB B OYEpEIH
QzZ 2311 Yuciao 3JICMEHTOB, HE
3aJep)KaHHBIX B OYEPEIU
QT 2311 Cpennee BpeMs Ipe-
ObIBaHUS TPAaH3aKTa B
ouepeIu
QX 2311 Cpennee BpeMs TpaH-
3aKTa B ouepeaun 6e3 yde-
Ta HYJEBBIX BXOIOB
Tabsurp! TB +(2%1-1) CpenHee 3HaYEHUE ap-
T'YMEHTA TaOJIHITBI
TC 231 CyeTUuK BXOJIOB B
TaOJIUITY
™ %L1 CpenHee KBaJIpaTUYHOE
OTKJIOHEHHE apryMeHTa
Matpuisl MX (a, b) +(2%1-1) Texymiee cogepKaHue
MH (a, b) +2P- 1) Matpuisl (popmara X —
MB (a, b) +(27-1) «CIIOBOY», H «TOITyCI0BOY,
ML (a, b) +(2%4- 1) B — «6aiit», L — «mnaBa-
Iol1as TOYKay) CTpoKa— a,
cronben— b
Slueiiku XF +(2%- 1) Texylee comepKanue
XH +(2P-1) MaTpuisl (popmara F —
XB +(27-1) «CI0BOY», H «11011yCII0BOY,
XL +(224-1) B — «0aiit», L — «masa-

Io11as TOYKay)
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['pynmsl G 21 Yucao 4aeHOoB TPYIIIbI
B TEKYIIMH MOMEHT Bpe-
MEHH
Crucoxk 1osab30Ba- CA 251 Cpennee yncio 3JieMeH-
TeIs TOB B CIIHCKE
XF 2151 TeKymiee 4uCIo 3Ie-
MEHTOB B CITHCKE
XH 2151 MakcuManbHOE YHCII0
JJIEMEHTOB B CIIHCKE
XB 2311 O611ee YKuCI0 dIEMEH-
TOB B CITHCKE
XL 2311 Cpennee BpeMs npebbi-
BaHMS DJIEMEHTOB B
CITHCKE
Cucremusrle RN1...RN8 0...0,999999 CnydaiiHoe yucio, uc-
aTpuOYTHI MOJIb3yEeMOe KakK apry-
MEHT QYHKIUH
0...999 CnyvaiiHO€ 4HCIO B
APYTUX CIydasx
C1 2211 Texyuiee 3HaueHue oT-
HOCHUTEIHHOT'O BPEMEHH
AC1 2211 Texymee 3HaueHUE a0-
COJTIOTHOTO BPEMEHHU
TG 231 CozepKaHue CUeTUNKA

3aBEPIICHMSI
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