1 OcHoBHBIE TIOHATUS MOJeJIMPOBaHMA.

1.1

IlousiTue mMojesiMpoBaHMUs.

Modesu - yIpOIIEHHOE TIPEICTABIEHNE SBJIEHUs] U 00bEKTa, KOTOPOe O3B0~
JIIeT U3ydaTh 00bEKT B OoJiee min yji00HOM dhopme.

Modeauposarue - n3ydenrne 0ObEKTOB C MIOMOIIBIO UX MOJIEJIEH.

1.

2.

1.2

BrigesnTh ocHOBHBIE 3j1eMEHTBI 0OHEKTA.
ITocTpouTs Mo1€Ib.
UccitenoBars Moeb.

TlonyuuTh pe3ynabTaThl.

Bunapsr mogenupoBaHus.

Konuenmyaavroe - B BUjie HEKOTOPBIX MTOHATHI, OIIPEJIE/IEHNI, ONTUCAHUT
B3aUMOJIEHCTBUIA.

QDusauueckoe - mpearIosaraeT MoCcTpoeHne (U3MIECKOr0 AHAJIOTa HEKOTO-
poro ob6beKTa.

CmpyxmypHo- PyHKUUOHAADHOE - TIPEJICTABIIAETCS B BHjIe IPadUKOB, JTHa-
rpamMM, OJIOK-CXeM, HEKOTOPBIX OMMCAHNI B3aNMOIEHCTBUIA.

Mamemamuueckoe - IpeicTaBisieT cob0it OPMATM30BAHHOE OIIICAHUE 00b-
€KTOB, UCIOJIB3YIOIee MaTeMaTudeckue (OYHKIUN, BbIPAYKEHUSI.

Hmumayuonnoe (simulation) - npe/osiaraer cymecTBOBaHAE IPOTPAMM-
HOIl peaJin3aly MOJIEIN, KOTOPOs BBIIOJHSAETCS Ha KOMIIBIOTEPE MHOT'O-
KpaTHO.

Komnvromeproe - nipeamnoaraer UCIOJb30BaHUE KOMIIBIOTEPHBIX TEXHO-
JIOTHIA.

1.3 MaremaTrndyeckoe MOJeJIMPOBaHUE.

Anaymz o0beKTa 3aMEHSIeTCsl AHAJIM30M MaTEeMATHIecKol Mojenmn. Maremaru-
JecKasi MOJIETIb 9TO HAOOP (POPMAIBHBIX COOTHOIIEHUN MEXKy MapaMeTPAMU U
IIepeEMEeHHBIMU.



1.3.1 Tpwu pa3mesa MaTeMaTUKH:

1. Jugdeperyuanvroie u urnmezpasvroe ypasrerus. Takas MOJeNb - JeTep-
MHUHHPOBaHHASI.

2. Cayuatinwie npoyecco. Takast MOsesb - geTepMuHIpoBaHHast. Kazkoe mo-
CJIeJIyIOIIee COCTOSTHUE MEHSAETCsl HE3aBUCUMO OT IIPEJIBIIYIIETO.

3. HUccaedosarue onepayuti. VICIIOIb3yeTCs s HAXOXKIEHUsI HEKOTOPBIX OII-
TUMAaJIbHBIX TTapaMeTpPOB.

1.3.2 JIBa »Tamna:

1. IlocranoBka 3a1a4n.

2. HCCJIe,[LOBaHI/Ie MaT. MOJIEJIN.

1.4 HWMwmuraiimoHHoe MOAeJIMPOBAHUE.

IIpeamonaraeT cyiecTBOBaHME MTAKETOB MIPOrPAMM JIJIsI KOMITBIOTEPHON MMUTA-
[IUU [IOBEJEHUsI OO bEKTA.

1.4.1 Yernbipe sTama:

1. Ycranosienune ajieKBATHOCTH MO/IEIH.
2. Unentudurarms mapaMeTpoB.
3. OreHKa 3HAYUMOCTH TIAPAMETPOB.

4. CrpyKTypHOe Ipeobpa3oBaHue.

1.4.2 TIlIpomecc mogeanpoBaHus - (pasbl:

1. ompesenenne cuCTEMBbI

2. dopMaI3aIsa OIIUCAHMST

3. IIOJArOTOBKA JAHHBIX

4. TPaHCJISIHS MOJIEJIN

5. OIeHKa aJIeKBATHOCTU

6. mIaHUpPOBAHUE HKCIIEPUMEHTA
7. IJIaHUPOBAHUE IIPOIOHOB

8. MakKeTHBII SKCIIEPUMEHT

9. amaJm3 pe3y/ibTaToOB



10. naTepnpeTAIIAA
11. peanmzarmus

12. nmokyMeHTHpOBaHUE

1. Omupejiesienne cucreMbl - 0OPUCOBATH KPYT 331249, KOTOPbIe OYIyT OIKMCHIBATH
CUCTEMY, ONPEIEUTh IEPEMEHHbIE U TaPAMETPHI.
2. @opmasu3anys - HAWTH B3aUMOCBSI3U MEXKJy JIEMEHTAMHU U [IaPaMETPaMHU.
3. IlogroroBKa JTaHHBIX - ONPE/IEIEHUE JAHHBIX OTPAYKAIONINX IIIMPOKUI CIIEKTD
obbeKTa.
4. TpaHcjsiius - MpPeJICTAB/I€HIE MOJIEJN B BHJE HEKOTOPOIO IIPOIrPAMMHOIO
KOMILJIEKCA.
5. OneHKa aJIeKBATHOCTH - IPOBEPKA:

1) IMonnora y4era ocHOBHBIX (hDAKTOPOB U OrPAHUYECHMUIA.

2) CoOTBETCTBHUE UCXOJAHBIX JAHHBIX MOJEHM PEAJIbHBIM.

3) Hanuune B MOJie/in BCEX JAHHBIX, HEOOXOJAUMBIX JJIsi HAKOIJIEHHUS OT-
BETHBIX BEJINYUH.

4) Ccunrakcuyeckas KOPPEKTHOCTh IIPOIPAMMHOIO MOJIEJIUPOBAHHUSI.

5) IupaBuibHOCT IPEOOPA30BAHUS JAHHBIX B KOHEUYHBINA DE3YJILTAT.

6) OCMBICJIEHHOCTD PE3YJILTATOB [IPH HOPMAJIBHBIX yCIOBHIX.



1.5 Tabaumna. Kiaccudukaiyst ob1ux Moaxo/10B MOJIEIH-

poBaHMUSI.
Tloyxom, IIpumepst | YpoBHU Arpubyrs] Bpemst Tomo- Brruauc- Crpyk-
rpadust JICHTIST TypHBIE
n3Me-
HEHUsT
1 | Monens, | Y, Maxkpo Hempe- Ammpo- Her
OCHO- JIMHAMU- pBIB- KCH-
BaH- qecKue HOCTH MaJIbHO
Has Ha | CHCTe- Herpe-
YPOBHSIX | MBI. PBIBHO
2 | Mukpo Mogesnn Mukpo Hermpe- Huckper- Cunxpomn- | I[lepemen-
aHAJIU- HAJIOTO- / Makpo | pbIB- HOE HbIE Hast
THUYe- objaxke- | 6e3  00- | HOCTB, CTPYK-
cKue HUs paTHOIA JIUCKPET- TYpa
MOJIeJIn CBSI3U HOCTH MOJIe N
3 | Momenmu | Mogemn | Mukpo Hempepsist Cobbirmii-| I'pad Acunxpont ITepemen-
JIMCKpeT- | oue- HOCTb, HOE HBIE Hast
HBIX pezeii, JIUCKPET- CTPYK-
COOBITHIT | yIpaB- HOCTh Typa
Jienue MOZIen
TEXHO-
JIOTIde-
CKUMU
IIporiec-
camu
4 | Mynbtu- | Teopus C 06- | Hemnpepsoisr Herpe- Cunxpon- | Ilepemen-
yPpOB- urp, paTHOIA HOCTb, PBIBHOE, HBIE Hast
HEBbIE COIICETH | CBSI3BIO JICKPET- | IUCKPEeT- CTPYK-
MOZIen MUKPO / | HOCTB HOE TYpa
MaKpO MOZIen
5 | KnerounsiitMonennb Mukpo Huckper- | duckper- | Pemerka | Cunxpon-| Her
aBroMar | pasje- HOCTb HOE Hast /
JIeHust ACHHXPOH-
pecypcoB Hast
6 | Heitponmnnie Mukpo Hermpe- Hermpe- T'pad Cunxpon- | Ajar-
cetn pBIB- PBIBHOE, Hast Tanus
HOCTD, JIACKPET-
JIUCKpeT- | Hoe
HOCTH
7 | OBoJtio- Muxkpo Huckper- | Jduckper- Cunxpon- | Ajar-
[IMOHHBIE HOCTH HOE Hoe Tanus
aJro-
pUTMBI




2 IIpuHIIUOBI IOCTPOEHNS MMHUTAINOHHBIX MOe-
JICA.

2.1 DJaeMeHTbl UMUTAIMOHHON MOIEJIMN.

1. cocrosiHue

2. cobbiTHe

3. JIaTYUK CJIyYIaliHbIX TUCET
4. Taiimep

5. menu coOBLITHI

6. 11e/Ib MOJIEJTMPOBAHUST

7. cuyeT4YuKu

8. OJIOK MHUIMAJIM3AIUN

9. KpuTepuii OCTAHOBKHI

10. meTompr 06PAOOTKY PE3YIHLTATOB

1) CocrosiHne cucTeMbl JOIPKHO OBITH ONPEJETICHO ¢ JOCTATOYHOMN CTere-
HBIO JeTAJIbHOCTH, HEOOXOAMMO U JOCTATOTHO JIJISI BEPOSITHOCTHOI'O IIPOZIOJIZKe-
HUsI MOZIeJIMPOBaHus (IIPIMED: B CHCTEME MaCCOBOTO OBCIIY?KUBAHUSI COCTOSTHHE
3a/1a€TCA TEKYIUM YHCJIOM 3asBOK B Hell, ha3aMu TEKyIIero o0C/Iy >KUBAHUS B
Hell 1 MOMEHTAMHU HACTYIAIONIUX COOBITHH KazKI0r0 BUJIA).

2) IToj cobpITHEM MOIEIN IIOHUMAETCS CKAIKOOOpa3Hble I3MEHEHUS €€ CO-
CTOSIHHST; OHO MOXKET OBITh HEPBUIHBIM (IIPHOLITHE 3asBKY WM 3aBepIieHne 06-
CJIy?KUBaHWsI) U BTOPUYIHBIM (IIpHEM 3asBKH Ha OOCIyKHBaHNE, IPOJIBUKEHIE
0vepe/in), KOTOPOe HACTYNAET BCJIEJCTBAE EPBUIHOIO.

3) C nOMOIIBIO JATYMKA CIAyIalHBIX YUCeS B MOeIu (POPMUPYIOTCS ee
OtIepe/IHbIE COCTOSHMUSI, CIIydaiiHble HCIa TeHEPUPYIOTCS B COOTBETCTBUU C 3a-
JTAHHBIM DAaCIpPeeIeHIeM.

4) VIMuTAIOHHBIN [IPOIECC PA3BUBAECTCS B MOJEILHOM (CHCTEMHOM) Bpe-
MEHH, CYeTYHUK MOJEJILHOIO BPEMEHN HA3bIBAEHUCS TaiiMepOM.

5) Jloruka MOJesIn peajin3yeTcss B mporuecce o6paboTKu menel COOBITHIA.
B menu Texymmx coObITHIl HAXOIATCHA COOBITHSI, KOTOPble HACTYIIAIOT B OJIUH
MOMEHT MOJIEILHOTO BpeMeHH ([IPUMEP: yXOJI U3 CUCTEMBI OOCIIY JKUBAHUS 3a51B-
KU, BBIOOPKa Ha 0OC/Ly?KUBAHUE U3 OdYepejid I'OJIOBHON 3asaBku). B memnu Gyy-
IUX COOBITUI HAXOAATCS COOBITHS 3allIAHHUPOBAHHBIE IIOCPEJICTBOM JATINKA
CJIyUaiiHBIX 9HCeJl Ha TOCJeyoIne MOMEHTBI CUCTEMHOIO BpeMeHH (IpuMep:
3aBeplreHre 00CIy KUBAHUS, IPHOBITHE OYePEIHON 3asIBKU, [I0JIOMKa 00CIIYKHI-
BAIOIIET0 YCTPOHCTBA, YXOJI U3 09ePe/I 3a51BOK ). B 1iemn 3a1epKaHHbIX COObITHI
HAXOJIATCs COOBITHS, PA3BATHE KOTOPBIX 3a0JI0KUPOBAHO.



6) Llesb MomeupoBaHUst - OLpeJeJIeHUe oKa3aTeseil KadecTBa (DyHKIU-
OHUPOBAHUS CUCTEMBI.

8) oy vHMNMANM3AINel TOHUMAETCS TIOBEJIEHIe MOJIEJIH JI0 HAvaJIa po-
rOHA B UCXOJHOE COCTOsIHME (CYIIECTBYET HEKOTOPBIA IIEPHO/] yCTAHOBKH ).

9) KpuTepuii OCTAHOBKU OIIPEJE/IsieT MOMEHT IIPEKPAIIEHUsT TPOrOHA MO-
Jesin (CYeTYnKY ucia 00CIIyKIUBAEMbBIX 3asBOK, IIPABUJILHOE YIIPABJIEHHUE [IPO-
FOHOM II0 JIOCTUZKEHUH TOYHOCTH OJIHOIO M3 [OKa3aresieil).

10) oGpaboTka pe3y/IbTaTOB MOJENU COCTOUT B C2KATUU IIOJIyYEHHON WH-
dopMaIum, BEIYUCIEHNE CTATUCTUYECKAX OIEHOK TOYEUHBIX M MHTEPBAJIbHBIX,
OIIEHKU CTATUCTUYIECKON 3HAUNMOCTH PA3JIMYHBIX [TAPAMETPOB, TIOCTPOEHUE T'H-
CTOTPAMM ¥ CTATHCTHICCKUX (DYHKITHIT PACIIPE/ICTICHI.

2.2 0Oo6wbexkTel GPSS.

2.2.1 Kuaccel cymHocreii(entities).

Cucrema CyraocTn ATpubyTo AxTuBHOCTH

ABuanus Asrommior Ommubka Curnan Top-
Diepon Yroa Kype Moxkerne Ilo-
Kopmyc BOpPOT

BaBoj Heram Kou-Bo 3akas 06-
Cranku IIponzBoan- paboTka
Pabornuku TeJbHOCTH IInanuposa-

VYmenne Hue

2.2.2 CrangapTHbI€ YUCJIOBbIE aTPUOYTHI.

HOSBOHHIOT OTpaSI/ITI) 3aBUCHMOCTH IIOBCJICHMA TpaH3aKTOB OT COCTOAHHUA CU-
CTEMBI.

V1, V2, ...

BV1, BV2, ...

2.2.3 TpansakTbl(3asBKH, 3alPOCHI COOOILEHUSI).

JBmKymuiics TPAH3aKT HA3BIBAETCA aKTUBHBIM. JIOIrMYecKmii TPAH3aKT IIPeJi-
CTaBJIAETCH 3allAChIO U HAXO/IUTCA B CHUCKAX OIPEIEIAIONINX TeKyIee I0JI0Ke-
HUE ¥ CTATYC KaXKJIOro U3 HUX. TPaH3aKThl MOI'YyT HAXOJUTChsI B OJHOM OJIOKE,
OJTHOBPEMEHHO B HECKOJIBKUX WJIU KJATh BO3MOYKHOCTH 3aHATH OJIOK.

2.2.4 CerMeHT MOIECJIMN.

Kaxkaprit i-it cermMeHT mMeeT ¢BOi 6JI0K TeHepaIi TPAH3aKTOB.
GENERATE
............................ —— CerMeHT

TERMINATE

Bce cermentnl n 6s10Kku UMEIOT OFMH MAacIITad BPEMEHH.



2.2.5 IlapameTpbl TPaH3aKTOB:

PR - npuopurer rpanzakra (1o ymomauanuio 0)
MARK TIME - 3nadenune abCcOJIIOTHOIO BPEMEHHU IIPU BXOJE TPAH3aKTa B
MOJIEJIb.
DELAY INDICATOR - Tpan3akT He CMOT TIepeiiTh K CJIeyIoneMy O6JI0KY.
TRACE INDICATOR - Bbiiaercst cOOOITEHIE O TPOJIBUYKEHUN TPAH3AKTA.
CURRENT BLOCK - nHomep 6J10Ka, IJie HaXOIUTCS TPAH3aKT.
NEXT BLOCK - ciemyromuii 6J10K B KOTOPBII JI0JIZKEH [TePEATH TPaH3aKT.
CHAINS - B Kakux Iensx JaHHbIA TPaH3aKT.

2.2.6 Cocrosinus TpaH3aKTa:

ACTIVE - naxogsmuiics B 06paboTke.
SUSPENDED - oxwujarormuii B e Oy ymnux COObITHIA.
PASSIVE - maxoasmmiicst B COCTOSIHUM TTOKOSI.
TERMINATED - nojgiexkarmii yJIaJleHui0 U3 TEKYIIel MOJIEIH.

2.2.7 Ilenu TpaH3aKTOB:

Future Events Chain (mens 6ytymunx coObITHIA)

Current Events Chain (nens Tekyrmunx coObITHIA)

Delay Chain (unens 3ajepxKek)

Pending Chain (uens 3aBucanus Ha yCTPOUCTBe)

User Chain
I TC - conepkat TpaH3aKThI, KOTOPBIM IMPEICTOUT ITPONRTH XOTs OB OUH OJTOK
JI0 YBEJIMYEHHUS MOJICIHLHOTO BPEMEHH, YIIOPSI0UYEeHHBIE 110 YOBIBAHUIO IIPUOPU-
rera. [Ipu ucuepnanuu IITC B Hee nmepeHocsaTcs GanxKainme 10 BpeMeH TPaH-
sakThl u3 [IBC.
I BC ymopsmodena 1mo BpeMeHN aKTUBAIINA TPAH3aKTOB.
ITers MOBTOPHBIX TIOTBITOK COJEPIKUT TPAH3AKTBI, KOTOPBIE HE YIAOBJIETBOPSIOT

osiokam GATE, TEST, TRANSFER ALL, TRANSFER BOTH.

2.2.8 IIenu yctpoiicTB:

Kaxxmoe ycrpoiicTBO nMeer deThipe Ienu TPaH3aKTOB.

Pending - oxwumanne BO3MOXKHOCTH IIPEPBATH YCTPONCTBO B PEXKUME IIpe-
DPBIBaHMUSI.

Interrupt - mens npepBaHHBIX TPAH3AKTOB.

Delay - oxxuarommx BO3MOXKHOIO 3aHSITHSI YCTPOICTBA.

Retry - oxxujarommux roTOBHOCTH.

2.2.9 YVYcrpoiicTBa U MaMsiTH.

Yempoticmeo - 00bEKT, KOTOPBIM B JIIOOO MOMEHT BPEMEHH MOXKET BJIAJIETH
TOJIBKO OJIUH TPaH3aKT.
SEIZE - 3aHsITh HEKOTOPOE yCTPOICTBO.



PREEMPT - 3annmaer ycTpoiicTBO Tpan3akT ¢ 00Jjiee BHICOKUM IIPUOPH-
TETOM.

STORAGE - mamMsaTh, onpenenasieTcst CBoeil EMKOCTBIO.

ENTER - 3a#TH HEKOTOPOE KOJIMIECTBO SIEEK.

LEAVE - ocBoboauTh.

PakTopbI YerpoiicTsa TTamars
Ouepenn Paznenbnast O6bmas
HocrymHaocts Paznesnpuas Obmast
Pecypc Bpewmst IIpousBouTeILHOCTH
Heonnopomanocts Bosmorkaa Hckroueno

W nenrudukarop Ectp Her

BBIXOJIA

BosmozknocTs Ectp Her
[IpepPbIBAHUS

FAVAIL - pocrynHocTh yCTpOiicTBA.
SAVAIL - f10oCTyInHOCTH HAMSTH.
FUNAVAIL - He0CcTyIHOCTb.
SUNAVAIL - #HeaocTymHOCTb.

2.2.10 Amncam06/1 U TPpyHOObI.

HesaBucumo paboThl, KOTOpasl BBIIIOJIHSAETCsI APAJIIEIbHO, HEe MOTYT 0becevn-
BaThCS OJHUM TPAH3aKTOM. 3aIlyCKAIOIMNNA UX TPAH3AKT JIOJI?KEH PACIIEILISITCS
¢ mocsemyromeii cOOPKOil KOMIIOHEHTOB. Bce TpaH3aKThI B MOENIAX MPUHA-
JIeZKAT K MHOXKecTBaM ancamOsrsM. KaKaplil TpaH3akT TPUHAJIEKAT TOJHKO
onHoMmy aHcambuo. Tpauzakt BBemeHHbIH B Moueab 6jjokom GENERATE mno-
JiydaeT HOMepP aHcaMOJis M CTAHOBUTCS IIEPBBIM M €IMHCTBEHHBIM YJIEHOM HO-
Boro ancamb0Jist. [loromku popmupyembie ipu Bxojie B 6,10k SPLIT monasator
B TOT ke aHcambuib. Jlnsa coequnenus ciyxkut 610k ASSEMBLE. Tlocse Bxoma
B HEro HAYMHAETCS IOJICIET WIEHOB aHCAMOJIS ITOKA KOJUIECTBO HE JOCTUTHET
napamerpa A oH ux OyJeT CYUTATh.

** pucynok **

GATHER - to ke camoe, uro ASSEMBLE, To/ibKo ABMKEHME TIPOI0JIZKA-
10T Bee TpanzakThl B nopgaake FIFO(First In First Out).

MATCH A - cunxponusupoBTh (A - yKa3bIBaeT Ha COIPSKEHHbIH GJI0K).
[Ipu Bxoze B oun u3 6;10k0B MATCH u 06HApYKEHUN B COTPSI)KEHHOM YJIEHA
TOro 2Ke aHcambOJisi, 06a TpaH3aKTa IPOIOJIKAT ABrmxkeHue. [Ipu orcyrcrBun
[apbl aKTUBHBIA TPAH3aKT 33/I€PXKUBAETCS B IelH TapHOCTU. [IpuHaiiexXHoCTh
TPaH3aKTa K aHCAMOJIIO OIIpeesiseTcsi TOJIbKO reHeTndeckuio. OIHAKO MMeeTcst
BO3MOXKHOCTD MX [IPOU3BOJILHO IPYHINPOBATE. KaXxK/Iplil TPAH3aKT MOXKET IIPH-
HAJJIEKATD JII0OOMY 9HCJIYy TPYIIIL.

JOIN - mpucoemHUTh TPAH3AKT K TPYIIIIE.

REMOVE - ynajisier TpaH3aKT U3 T'PYIIIIHL.

EXAMINE - onpenejisier IpuHaJIe?KHOCTb K I'PYIIIIE.



2.2.11 TIlpuopuTeT TpaH3aKTOB U IIpepbIBaHUE.

Mexanu3m npuopuTeTa.

TpaH3akT MOXKET UMETh IEJOUYUCJIEHHBIN IPUOPUTET, 110 YMOJIIAHUIO HYJIEBOIA.

IIpu renepamuu B 6;10ke GENERATE A,B,C,D.E -> zagaer npuopurer. Eciu

mapamMerp He 3aJaH, TO OH HYyJIEBOM.

PRIORITY - cmena npuopurera. 3alljIaHUPOBAHHBINA HA OJIMH MOMEHT MOIEJTh-

HOT'O BpeMeHU 0oJjiee IPUOPUTETHBIN TPaH3aKT 00pabaThbIBAETCsI PAHbIIIE.
IIpepbiBanue o6CTy>KUBaHUS.

B03MOXKHO TOJIBKO JJIsl YCTPONCTB.

PREEMPT A (A - ums ycrpoiicTsa) I03B0JISI€T IPEPBATH 00pabOTKY TPaH3aKTa

Ha yCTpOCTBe A, B Cilydae eC/ii IPUOPUTET Y aKTUBHOIO TPAH3aKTa BBIIIE, YeM

y obpabaThIiBaeMOil 3asIBKH.

RETURN A - cuumaer npepbiBanue ¢ ycrpoiicrBa A. IlpepbiBatoiasi 3asiBKa

cama IIPepbIBATHCS He MOXKET.

2.2.12 Jloru4yeckue KJIIOYH.

Vcnonw3ytores [jist yIpaBIeHns IBUKEHIEM TPAH3aKTa.
LSj - jlorugeckuit Kjrod.
Suauenue 1, ecsm B nosioxkeauun "SET"
0, ecsin B cocrostanu "RESET"

2.2.13 [TIlepemeHHbIEe U cOXpaHAeMblie 3HAYEHUS.

GPSS conocraBisier ¢ iepeMeHHBIMI BbIPAYKEHUsT HAJT KOHCTAHTAMU CTAHIAPT-
HBIMU YHUCJIOBBIMU aTpPUOyTaMu, (DYHKIUSIME, COIEPKAIUMA apU(PMETHIECKUE
U JIOTHYECKHE OIEePaTOPHI.

VARIABLE - nesoe

BVARIABLE - jorudaeckoe

FVARIABLE - neitictBurensnoe

CoxpaHsieMble 3HAYEHUS.
TpanzaKkTbIHE MOI'YT CCHLIATHCS APYT Ha ApyTra. VX obIienne peaausyercs depes
COXpaHSeMbIEe 3HATCHUS.

SAVEVALUE - ckajsipHasi BeJIMdnHa

MSAVEVALUE - marpurna

2.2.14 HaxkomnJjeHne CTaTuCTUKH.

Ouepenn.

OzkujiaHne BO3HUKAET B MO/JIEJIH TIPU OJIOKUPOBKE, HO U3MEPEHUE JIJINTETbHOCTH
oxujanus Haduaaercs upu sxoze B 6ok QUEUE(perucrparop ogyepen).
DEPART - 3abparb TpaH3aKT U3 OYEpEIH.

TpansakT Mmoxker Haxomurcs B Heckobkux odepelissix QUEUE-QUEUE-SEIZE-
DEPART-ADVANCE-RELEASE-DEPART.



CraHapTHBIE YUCIOBBIE ATPUOYTHI MOI'YT UCIOJIB30BATH HE TOJBKO JIJIsl CTATH-
CTUKW HO U JJI YIPABJICHUA TPAH3AKTOM.

lucrorpamma pacipejiesieHusi BpEMEHU OXKHUJAHWUS B OYEpPEe/Id JIOJIZKHA ObITh
ommcana Tabsuneit QTABLE.

Tabaursl 00Ilero Ha3HAYEHUS.

CraTucTuKy MOXKHO cOOpaTh HE TOJBKO BpeMEHHU OxKuaaHus. IHTepBaJs nepexo-
Jia OT OJHOTO OJIOKA JI0 JAPYrOro HA3bIBAETCS TPAH3UTHBIM BPEMEHEM.

MARK - 1mosBoJisier 3alI0MHUTH CUCTEMHOE BPEMsI, HAYAJI0 OTCUYETA.
TABULATE - okonuanue Momenta orcuyera. Eciau 60k MARK me crout, To
Bpems ¢ 6i1oka GENERATE.

TABLE - onucanue Tabui.

2.2.15 TpaccupoBkKa.

TRACE - BrJItO9aeT MHIMKATOP TPACCUPOBKU. B 3TOM cilyvae mpu BXo/jie TpaH-
3aKTa B OY€PEIHOM OJIOK B 2KyPHAJI BBIJIAETCS TPACCUPOBOYHOE COODINEHHE.
UNTRACE - BBIKJIIOYAET TPACCHPOBKY.

2.2.16 TemepaTopbl CJOydYalHBIX YUHCEJI.

TenepaTop TeHepupyeT MyJIbTUILIMKATHEHO ¢ YacToToit 231 — 2(uckiouas Houb)
RNj - Beigaer savenue [0,999]
RN3@24+40 mosryunm [40,63]



3 Omnucaunme a3sika GPSS.

Mogens B GPSS onpeiessiercst mocie 10BaTeIbHOCTHIO MOJIETBHBIX OTIEPATOPOB.
MogenbabiM onieparopoM MoxkeT 66T GPSS oneparop mim nporeaypa Ha si3bI-
ke PLUS. GPSS oneparop - 6o komania ub0 OJI0K.

Kax it GPSS omneparop 3anuceiBaercst B 0JHOI cTpoke j10 250 CUMBOJIOB.
Omneparop cocraBjien u3 objacreil, KOTOpble pa3/eieHbl TPOOEIOM MU pa3fie-
JIATEJIEM

<HOMEP CTPOKU> <MeTKa> <JaeiicTBue > <omepaHabl > <;KOMMEHTa-
puii>

ecJii KOMMEHTapuil ¢ HOBOIi cTpoku, TO *.

IIpumep:

;GPSS World Sample File

GENERATE 300,100 ;HOBBIil KJHEHT

QUEUE BarberQueue ;nagano oxuganust

SEIZE Barber ;3axBar mim oXXujgaHue mapuKkMaxepa
DEPART BarberQueue ;okoHYaHUE OXKUIAHUS
ADVANCE 400,200 ;cTpukka

RELEAZE Barber ;ocBob0xKaem mapukmaxepa
TERMINATE ;kymeHT yxomaut

3.1 GPSS komaHabI:

BVARIABLE - onucanue JIOrudeckoii mepeMeHHoO.

CLEAR - yHMYTOXKAeT CTATUCTUKY U YIAJISIeT BCe TPAH3aKTHI.

CONDUCT - Bbmmosusier nporneaypy Ha sizbike PLUS.

CONTINUE - B0306HOBJISIET MOIEJIUPOBAHIE.

EQU - nasnauaer mepeMeHHO 3HAYEHUE.

EXIT - zakanymBaeT ceanc MOJEIUPOBAHUS.

FUNCTION - ompenessier byHKIHIO.

FVARIABLE - omnpejesisier 1iepeMeHHY0 JefiCTBUTEILHOTO THIIA.

HALT - ocranaBiuBaeT UMUTAIUIO U yaJIsIeT BCE KOMAaHIIbI B OYEPEe]In.

INCLUDE - BriiiounTh (aityi B MOJIEIb.

INITTAL - wHunuaausupyer win MOAUMDUIMPYET 3HAYCHUST JIOTHIECKUX
KJIFOUEl, COXpaHsIeMbIX 3HAYEHUI U MATPUILY.

INTEGRATE - ycTraHOBUTBH U3MEHEHUE [I€PEMEHHON.

MATRIX - omnpejesisier MaTpHIry.

QTABLE - omnpesiesisier Tab/uiy 1jisi BpeMEeHU OXKUJIAHUS B OYePeIu.

REPORT - ycranaBauBaer uMst (haiijia B OTYETE UM 3AMPANTABAET OTUET.

RESET - obuysisier cTraTuCTUKY MMUTAIAN.

RMULT - ycranaBiuBaeT CTapTOBbIE 3HAUECHUS IEPBBIX CEMU M€HEPATOPOB
CJIyJalHBIX YUCE]T.

SHOW - BbIumc/IsieT U BBIBOJUT 3HAYEHUE BBIPAYKEHUS.



START - ycranaBauBaeT 3HAYEHHWE CUETUYMKA 3aBEPIICHUS W HAYUHAECT

UMHUTAITHIO.

STEP - BbIOJIHSAET KOHEYHOE YUCJIO OJIOKOB.
STOP - ycranaBauBaer ycjioBU€ OCTAHOBKH, yKa3bIBAET HOMED UTPAH3aK-

Ta 1 HOMep OJIOKA.

3.2

STORAGE - ompejesisier maMsTh.
TABLE - omnpesesisier Tabuuity.
VARIABLE - ormpejiesisier miepeMeHHYIO.

GPSS 6s0oku:

ADOPT - usmenenne comepKuMOTO aHCaMOJIsI.

ADVANCE - nomecTnTh TpaH3aKT B Iellb OYIyIIX COOBITHUIA.
ALTER - npoBepka u MojuduKaIms TpaH3aKTa B TPYIIIIE.
ASSEMBLE - oxwujanue u yHUUYTOXKEHUE CBI3aHHBIX TPAH3aKTOB.
ASSIGN - usmeHenve mapamMeTpa TPAH3AKTA.

BUFFER - nomecTuTh TpaH3akT B KOHEIT IEIU TEKYIIUX COOBITHIA.
CLOSE - 3aKpbITh IOTOK JIAHHBIX.

COUNT - moMecTuTh KOJUIECTBO CYIIHOCTEH B MapaMeTp TPaH3aKTa.
DEPART - ymeHnbIieHre KOJIMIECTBA 3JIEMEHTOB B OU€DEJIH.
DISPLACE - uzmenenue cjeyrorero 6J0Ka Jijisi TpaH3aKTa.
ENTER - 3ansaTh nin 0XXujaTh 3aHSITUsT B ITAMSITH.

EXAMINE - npoBepuTb pUHAJJIEXKHOCTD K TPYIIIIE.

EXECUTE - BbIIOHUTS JI€fICTBHE OIIPEJIE/IsIEMOe APYTUM OJIOKOM.
FAVAIL - ycranoButs ycrpoiicrso "nocrymso".

FUNAVAIL - ycranoButs ycrpoiictso "He jgocTymHO".

GATE - npoBepka cyniHocTeil U M3MeHEHUE HaIlPaBJIEHUs MTOTOKA TPaH-

3aKTOB.

GATHER - oxxujiaTh CBSI3aHHBIX TPAH3aKTOB.
GENERATE - cosmanve TpaH3aKTOB M YCTAHOBKA IIEMHU OYILYIIUX COOBI-

INDEX - uzmeHnenue mapaMeTpoB TPAH3aKTa.
INTEGRATION - BKJIFOUYATBH WK BBIKJIOUYATH UHTEIPUPOBAHUE II0JIB30-

BaTeJIbCKUX 9JIEMEHTOB.

HOJIb.

JOIN - ycraHOBUTH YjleHA B YUCJEHHYIO WJIM TPAH3AKTHYIO TDYIIILY.
LEAVE - ocBo6oauTh nIaMsTh.

LINK - mepemecTuTh TPaH3aKT B IIEIb MOJb30BATEIS.

LOGIC - ycraHOBUTB JIOTUYECKHIA KJTFOY.

LOOP - ymeHnbiiaeT napamMeTp U IepexXouT Ha OJIOK, eCJIii pe3yJibTaT Ha

MARK - momeraer cucTeMHOE BpeMsi B MapaMeTp TPaH3aKTa.
MATCH - oXujaTh COOTBETCTBYIONIETO TPAH3aKTA JJIs JTOCTUXKEHUS CO-

eIMHEHUSI.

MSAVEVALUE - ycraHOBUTBH 3HaYeHHE B 3JIEMEHT MaTPUIIbI.
OPEN - uHunuajmsnpoBaTh MOTOK JAHHBIX.



pa.

PLUS - Beruncinrs PLUS BeIpaskenue u COXpaHUTh PE3yJIbTaThI TapAMET-

PREEMPT - 3amenuTsh BJ1aJiebiia yCTPOHCTBA.

PRIORITY - u3sMeHUTH IPUOPUTET TPAH3AKTA.

QUEUE - yBeinunTh KOJUYECTBO JIEMEHTOB B OU€PEIH.

READ - B34Tbh 04Yepe/iHyI0 CTPOKY U3 MOTOKA JIAHHBIX.

RELEASE - ocBo6oauTh ycTpoitcTBO.

REMOVE - u3bsiTh TpaH3aKT U3 IPYIIILI YACIOBOM WU TPAH3aKTHOM.
RETURN - ocBobouTh yCTPORCTBO TPAH3AKTA 3aMEIIAIOIIEr0 KaKoW-T0O

TPaH3aKT.

SAVEVALUE - ycTraHOBUT 3HAYEHUE COXPAHSIEMON BEJTUIMHBI.
SAVAIL - ycranoButh namsath "mocrymnuo".
SCAN - TecTupoBaTh rpyIily TPAH3aKTOB U IIOMECTUTH 3HAYEHUE B TIApa-

MEeTPhI.

Ta.

HMA.

SEEK - u3MeHUTb yKa3aTejb CTPOKU B IIOTOKE JAHHBIX.
SEIZE - ycTaHOBUTH WM OXKUJIATH YCTAHOBJIEHUS BJIAJIENIbIIA YCTPOWCTBA.
SELECT - momecTuTh HOMEp BBIIEJIEHHOIO 00bEKTa B TApAMETp TPaH3aK-

SPLIT - co3narh CBsSI3aHHBII TPAH3AKT.

SUNAVAIL - ycranoButh namsth "He gocTymHo".

TABULATE - o6HOBUTBH Tab/IHUILy.

TERMINATE - yHUYTOXHUTH TPAH3AKT U YMEHBIIATH CUYETUNK OKOHIA-

TEST - nposepurh apudMeTnyeckoe yCJIOBUE W M3MEHUTH MOTOK TpaH-

3aKTOB.

Ta.

TRACE - noMeruTh aKTUBHBIN TPAH3aKT MHIMKATOPOM CJIEXKEHUSI.
TRANSFER - nepemectuTbest Ha CIEUATbHBIN GJIOK.

UNLINK - ymamunTs Tpan3akT U3 €U IOJIb30BATES.

UNTRACE - BBIKJIIOYATH UHJUKATOP CJIEKEHUs JIJIT AKTUBHOTO TPAH3aK-

WRITE - nociarh 3Ha4YeHNE B MIOTOK JAHHBIX.

3.3 Crangaprabie ynciaoBbie aTrpubyToi(SNA):

Nmwurarus mepemeHHbIX cocTosiamii. SNA MOryT ObITh YUCJIOBBIME UJITH CTPOKO-
BBIMH, MOT'YT UCIOJIb30BaThCA KaK OIE€PaH/Ibl B BbIPAKECHUAX.

€ - 0bbekT($umst, aucio, *aapec).
p - IapaMeTp TpaH3aKTa.

A1 - MHOXKeCTBO aHCaMOJIsl aKTUBHOIO TpaH3akTa(int).
AC1 - 3naueHue CUCTEMHOrO BpeMeHU(MEHSAETCsl C MOCJIEHErO BbIIIOJIHEe-

unst koman sl CLEAR)(real).

BVe -pesysbrar onerku jorudeckoii mepemennoii.(BV1,BV5,BV$LogKey).
C1 - 3HaueHHe OTHOCUTEIHHOIO CHCTEMHOTO BpeMeHH (MEHsIETCsI € TIOCIIe I

Hero BbinosHeHns Komau sl RESET)(real).



CAc - cpesnHee IO BPEMEHM KOJUIECTBO TPAH3AKTOB B IENU MOb30BATE-
ssi(real).

CCe - obrmee KOJMIECTBO TPAH3aKTOB B LENH T10Jb30BaTes s (int).

CHe - Texymiee KOJMIECTBO TPAH3AKTOB B NN I0Jb30BaTe s (int).

CMe - MakcHMaJIbHOE KOJIMIECTBO TPAH3aKTOB B IENH MoJIb30BaTess(int).

CTe - cpeanee BpeMsl TPaH3AKTOB B LENHU I0Jb30BaTess(real).

Fe - ycrpoitcrso 3ausTo(l-ecan 3ansaro, 0-uer)(int).

FCe - KOMYeCTBO TPAH3AKTOB MBITAIOIIUXCS 3aHATH YCTPOHCTBO WK 3a-
xBaTUTh(int).

Fle - ycrpotictso 3axBaueno 6iaokom PREEMPT(1-1a, 0-rer).

FNe - pesynbrar Boraucienus ¢ynkiuu(real).

FRe - 3ausrocTs ycrpoiicTsa (1o Bpemenn x,/1000 or 0 go 1000)(real).

FTe - cpennee Bpemsi 3a KOTOPOe 3aXBaTbhIBaeTCs ycrpoicTso(real).

FVe - ycrpoiicrso jmocrymHo.

GNe - KOJIMYIeCTBO WICHOB B 4UCJI0BOH rpynme(int).

GTe - KOIMYIECTBO YJIEHOB TPAH3AKIIMOHHO rpy bl (int).

LSe - norugeckuil Kiod yCTaHOBJIEH.

MBe - Tpanzakr ®kayT B 6;10ke MATCH.

MPp - TpaH3aKTHOE BpeMsi MUHYC TEKYIIEE BPEMs MUHYC p.

MXe(m,n) - 3HAUEHNE 3JIEMEHTa MATPHILI € B CTPOKE M U CTOJOIE 1, B
MATPHIE PA3MEPHOCTH GOJIbIIE 2 OCTAJIbLHBIE MHIECKCHI PABHBI 1.

M1 - TpaH3UTHOE BpeMsl paBHOE abCOJIOTHOMY CHCTEMHOMY BPEMEHU MH-
nyc MARK-Bpems Tpanzaxra.

Pp - sHaveHne napameTpa akTUBHOrO TpaHsakTa(int, real, string).

PR - npuopurer Tpansakra(int).

Q€ - KOJIMYECTBO 3JIEMEHTOB B OUEPE/IH.

QAce - cpennee 110 BpeMeHU KOJIMYECTBO 3JIEMEHTOB B odepe/u(real).

QCe - KOIMIECTBO BCEX BXOJAANIMX B 0Y€peb d7aeMeHTOB(int).

QMe - MakcHMaJIbHOE KOJINIECTBO JI€MEHTOB B odepeau(real).

QTe - cpesiHee Bpemsi oxKujlaHus B ouepenu(real).

QXe - cpejsHee BpeMsl, HCKJIIOYAsi HyJIeBoe BpeMsi oxujanusi(real).

QZe - KOIMYECTBO JIEMEHTOB ¢ BpeMenu oxkuganus 0(int).

Re - gocrymnublii 06beM mamsTu(int).

RNe - cayuaitnoe quciio ot 0 10 999, re e-HOMEp CIydaifHOTO reHepaTo-
pa(int).

Se - ucnonbayembrii 06beM mamMsiTH(int).

SAe - cpesHee 10 BpeMeHH 00bEM ITaMsTH UCHOJb3yeMbrii(real).

SCe - obiee KOIMIECTBO NAMSITH.

SEe - namsars mycra(l-na, O-mer).

SFe - mamsTe nosnaa(l-ma, 0-Her).

SRe - sansitocTh namsTu (10715 Bpemenu x/1000 or 0 mo 1000)(real).

SMe - MaKCUMAJILHBIA 00bEM UCHOJIb3yeMOll TaMSITH.

STe - cpennee BpeMsi 3aHATOCTH TAMATH HA OJHY €IWHUILY ITaMSTH.

SVe - mamsars jgocrynna(l-ga, 0-uer).

TBe - He B3Bemennoe cpeHee 3IEMEHTOB TaOJIATIBL.

TCe - KosuecTBo 3j1eMeHTOB B Tabume(int).



TDe - cpesee KBaJpaTHIHOE OTKJIOHEHHE 37IeMeHTOB B Tabimre(real).
TG1 - kommdectso ocrapmuxcss TERMINATE 6s10k0B Ji0 3aBeprienns(int).
Ve - pesysibrar BRIUUCIIEHUs JAefiCTBUTEIBHON nepeMenHo (real).
We - Kosm4uecTBO TpaH3akTOB B GJoke €(int).
Xe - 3HaveHne coxpaHsieMoii BesmanHbl £(int, real, string).
XNT1 - KOJIM4IecTBO aKTUBHBIX TPAH3aKTOB.
71 - 00 beM OTIEPATUBHOM MAMSITH CHCTEMBI.
IIpuopurer | Oueparopsl, HCIOJIB3yeMbIE B BBIPAYKEHUIX
8 A - crenenn: — AP
#(unnm *) - ymaoxkenue: Ax B — A-B
/ nmesienne: A /B
\ - nesouncientoe genenue: A\B — |A/B]
@ - ocrarok or jenenns: AQB — AmodB
- BBIYUTAHNE
+ cy0XKeHue
>=(GE) (1-ma, O-uer)
<=(LE) (1-na, O-ner)
> G
<L
=E
I=NE
& AND
| OR

el RS IO N NSO S S B PN EEN PN |




4 d3eik PLUS.

4.1 Owucanue npoueayp.-

Omucanne nporneaypol-byHKINE HAET [0 WK Iocse 6JI0Ka.
PROCEDURE <ums > (< CIHCOK 3JIEMEHTOB™>)
BEGIN
END

4.1.1 JlokajibHbIe TepeMeHHbIE.

TEMPORARY <crmcok cKaJsipHBIX ePEMEeHHBIX >

TEMPORARY MATRIX <wumsi> (< cOMCOK BEPXHUX IPAHUIL> ) (MAKCHMAIBHAST
pasMepHOCTh - 6)

RETURN <soipaxenne>

4.1.2 BpbizoB nporeayp.

< UMl IPOIIEJTYPBI > (< CIIUCOK apryMeHTOB > )

4.2 Omneparopsl a3bika PLUS.

JAR */ - KOMMEHTapUH.
<UMdA> = <BbIpaKeHHe>>; - IIPUCBOECHUE.
<MeTKa>:
GOTO <merka>;
IF (<Boipaxenue>) THEN <omeparop>;
ELSE <omneparop>;
WHILE (<Boipaxkenue>) DO <omeparop>;
INCLUDE "(cnernmanuzanus daitna)"

4.3 bBubamoreunvie PyHKIINN.

iy - HOMED TpaH3aKTa.
Query XN Exist (¢,) - 1, eciiu TpaH3aKT CylIECTBYET.
Query XN Parametr (t,, par) - 3HaueHHe napaMeTrpa.
Query XN Assembly (¢,) - Homep ancamost.
Query XN Priority (t,) - npuopuTer TpaH3aKTa.
Query XN M1 (¢,) - orMeTKa BpeMEHH TPaH3aKTa.

4.3.1 CrTpokoBble NPOIEaAYPhI.

Length (Str) - ayuna cTpOKH.
Trim (Str) - o6pe3aer HaYaJbHBIE U XBOCTOBBIE IPOOEJIBI.
DataType (<aaHHbIe™>) - BBIIAET CTPOKY HJIM APIYyMEHT.
Value (Str) - unciioBoit 9KBHBAJIEHT CTPOKH.
String (< mauuble™>) - npeobpasyer JaHHbIE B 9KBUBAJICHTHYIO CTPOKY.



String Compare (Strl,Str2) - cpasrenue nByx crpok 1o ASCIT komam(Strl<Str2
- (-1), Str2=Str2 - (0), Str1>Str2 - (1)).

Lower Case (Str) - B HuKHHI perucrp.

Upper Case (Str) - B BepxHuit perucrp.

Left /Right (Str, MaxCount) - Bospammaer 1octpoky suuabl MaxCount
cJieBa,/ CIpaBa.

Find (SubStr, Str) - BozBpamaer mozunuio SubStr B Str.

SubString (Str, Offset, MaxCount) - Bozeparmaer nogctpoky jymab MaxCount
¢ nozunmu Offset uz Str.

Word (Str, WNumber) - Bosspaiaer cioso ¢ Homepom WNumber.

Align/Plase (InsStr, Str, Offset) - 3amena mogcrporu InsStr ¢ npasoit/ eBoit
nosunun Offset B Str.

Catenate (Strl, Str2) - ckiienBanue JByX CTPOK.

PolyCatenate (Strl, Str2, ... ,StrN) - ckienBanue N ¢TpoK.

Copies (Str, Count) - ckienaer Count konuii cTpoku Str.

4.3.2 Maremaruvyeckue OyHKIIUN:

ABS(A) - abcomoTHOE 3HAUECHUE.
ATN(A) - apkTaHreHc.
COS(A) - xocunyc.
EXP(A) - skcroHeHTa.
INT(A) - nenast 9acThb.
LOG(A) - narypasubHblii jorapudm.
SIN(A) - cunyc.
SQR(A) - KBaJPATHBI KOPEHb.
TAN(A) - TanreHc.



4.4 PacnpepaesieHue cJiydailHOU BeJIMYNHBI.

4.4.1 Tabauna. Pacnopenaenenus.

Haspanme pacmpemese-
HUS

GPSS

Kommenrapum

1. Bera - pacnpeeie-
HIe

BETA(A,B,C,D,E)

A - remeparop CHY, [B,C] - un-
TepBaJl N€HEPUPYEMbBIX 3HAYEHUH,
D,E-1e,2e omupenesentoe 3HaYeHIE

2. BunomunaabHnoe

BINOMINAL(A,B,C)

B - Ko/m4ecTBO HE3aBUCHMBIX HC-
npitanuii  Bepuysmm > 0, C -
BEPOATHOCTh YCIEIIHOIO UCHBITA-
aus|0,1]

3. JluckpeTHo - paBHO-
MepHOe

DUNIFORM(A B,C)

[B,C| - uHTEpBaJ TeHEPUPYEMBIX
3Ha4YCHUN

4. DKCIOHEHITNATIBHOE

EXPONENTIAL

B - Bemuuuna capura, C - Bejm-
9UHAa JIIS C2KATHUS PacCIpeesIeHus,
B+C - cpennee 3natenne

D. DKCTpEeMAJIbHBIE
3HaYeHud Tuia A

EXTVALA(A,B,C)

6. DKCTpEeMAJIbHBIE
3HaveHns Tma B

EXTVALB(A,B,C)

7. l'eomeTputeckoe

GEOMETRIC(A B)

B - BepoATHOCTD yCHENTHBIX UCIIbI-
rannit [0,1]

8. 'amMma

GAMMA(A,B,C,D)

B - cupur, C - cxarue, D - mapa-
MeTp POPMBI

9. ObparHoe pacrpe/e-
senne [aycca

INVGAUSS(A,B,C,D)

i,| ‘i,

10. O6parHoe pacipe-
nenenne Beitbymra

INVWEIBULL(A,B,C,D)

11. Pacupenenenne | LAPLACE(A,B,C,D) —|—

Jlamaca

12. JlorJIatracoso | LOGLAPLACE(A,B,C,D) | —||—

pacIpe/ie/ieHne

13. Orpunaressaoe | NEGBINOMIAL(A,B,C,D) | B - Koim4ecTBO yCIEIIHBIX UCIIbI-
OMHOMMAILHOE TaHMWIA, IOCJIe BO3BPAIACTCS IICIIO

Gezycremubix uctbiranuii, C - Be-
POSITHOCTBH yCIIEXa

14. Jlorucrudeckoe

LOGISTIC(A,B,C)

B - casur, C - cxxartue

15. Jlorsiorucruueckoe

LOGLOGISTIC(A,B,C,D)

D - dpopma

16. Jloraopmaasnoe

LOGNORMAL(A,B,C,D)

17. ITapero

PARETO(A,B,C)

18. Ilupcona Tumna 5

PEARSON5(A,B,C,D)

19. Hopmasbraoe

NORMAL(A,B,C)

B - cpennee snauenune, C - cran-
JAapTHOE OTKJIOHEHHE

20. ITyaccona

POISSON(A,B)

B - cpejHee 3Ha4YeHue

21. Iupcona tuma 6

PEARSONG(A,B,C,D,E)

B,C| - unrepsan, D,E - mapamer-
[B, psa, D, p
pBI

22. TpeyronbHOe

TRIANGULAR(A,B,C,D)

[B,C] - unrepsamn, D - mona, D €
B,C

23. PaBnomepnoe

UNIFORM(A,B,C)

B,C| - uarepnai

24. Beiibyia

WEIBULL(A,B,C,D)

B - cupur, C - cxkarue, D - dpopma




MEPHBIX pachnpeeeHuii.

Tabsmia pacnpemesieHus.

4.4.2 ®dopMupoBaHUe CIyYalHbIX YHCEJI OJisi JUCKPETHBIX HEPaBHO-

Buauenne CB | Ornocuresnpuas gacrora | Cymma gacror | duamoson | Unarepsan
2 0,15 0,15 0,0..0,15 1
5 0,2 0,35 0,15..0,35 2
8 0,25 0,6 0,35..0,6 3
9 0,22 0,82 0,6..0,82 4
12 0,18 1,0 0,82..1,0 5

[0,1] — 0,523664 — N3 — Cuyuaitroe Yucso = 8

Rasp FUNCTION RNG6, D5(D - auckperHoe, 5 - 9HCJIO0 OTPE3KOB)
.15,2/.35,5/.6,8/.82,9/1,12

TRANSFER FN, Rasp ;o0parienue K pacrpejeseHurio;
GENERATE FN$Rasp ;B 6510ke;

Kokookok sk kok kokokkok Kook okok ok ok okok kok kok skok ok

rpaduk

4.4.3 dopMupoBaHHe CIyYalHbIX YHCEJI IJI HEIIPEPbIBHbIX paciipe-
JIeJIeHMIA.

RaspN FUNCTION RNG6, C5 (C - HenpepsIBHO€, 5 - YHCJIO OTPE3KOB)
.1,14.2/.35,30.4/.6,50/.85,64.7 /1,80

Y(2) = Y (@) + T =Yl

Tip1—2 — IIZZ) xT € [Zi;xi+1]

ok skok ok ok sk ok ok ok k skook ok ok ok ok ok ok ok ok

rpaduk

4.4.4 Ilpumep onmucaHUs SKCHOHEHIIUAJIBHOTO pacIpe/ieJIeHUs.

IIyacconoBckuit moTOK.

AT
Py(T) = BI0 o \T k= 0,1, ...
Py (T) - BepositHOCTD, 9TO k asBOK mpuer 3a Bpems T.

A - CpeJiHsIi MHTeHCUBHOCTD ITOCTYIJICHUS 3asBOK.

T, =T, [-LN - (1— RN,)]

T, - UHTEPBAJ MEXKY 3asBKAMI.

T.p - cpeauit uoTEpBAJI.

RN, - paBHOMEDHO paclipejiesieHHoe ciydaiinoe uucio B [0,1]



4.4.5 IIpumep Ha GPSS: Annpokcumanus dyHknuu T, Ha 23 oTpes-
Kax.

XpDisFUNCTIONRN200,C24
0,0/.1,.104/.2,.222/ ...../.995,5.3/.998,6.2/.999,7/.9998,8
[-LN(1—RN,)] [0,+ «]
RN,, =0.999999 13.815
> 0.999999 — 0.0199%
AAFAA A
GENERATE 360, FN$ XpDis
f(t) = p- e " - mIoTHOCTD pacupeieIeHns.
fi=

A T' i=1,2,..

F =ent

~ - ettr _
f(t]r) = I(:f(t)) = wets ) — . e—ht

4.5 Pacnpenesnenue ¢a3oBoro Tumna.

ITopoxkraeTcss cucTeMoit TOJIeKAITUX TPOXOKIEHUIO (pa3 0OC/TyKUBAHUS C 10~
Ka3aTeJIbHO paCHpe,ZLeJIeHHOfI JAJJINTEJIbHOCTDBIO.

4.5.1 Pacnpegeisienne DpJaHra

Pacmnpenenenne r-ro mopsiaka.

_ K (p’t)T71 —put
0=

Tz_l(ut)i
I _ —ut
F(t)— Te’
i=0
—-1)... k—1
e = N
W
D=1,
. 12
1. Haiitu 7 = [ +0, 5]

2. Borauciurs p =

=

4.5.2 T'unep3KcrioHEHIMAJIbLHOE paclipeejieHne

;i - BEPOSITHOCTH BBIOOpA i-i1 (passl,
[4; - 3HAYEHHUE [TapaMeTpa pacipeesienns i-it hasbl.



4.5.3 Pacnpenenenue Kokca

Kaxkast i-s1 pasa obciryKuBaHusl OINHEHHAs paciipeiesennto Kokca Tpebyer
[IPOJIBUKEHUS] B BEPOSITHOCTBIO ¥Y; W 3aBEPIIEHUs] C BEPOATHOCTBIO §; = 1 — ;.

fr = (1 —y)aX +yla+b)k, a,b— MomenTn /151 TIEPBOIT U BTOPOIT hasbi
00CITY > KUBAHUSI.

4.5.4 Tunep»3pJIaHTOBCKOE pacmnpeesieHne
4.5.5 Pacnpenenenue Hpiorona

JnuTesHOCTD MI0001 pean3aIiy IPOIecca 37ech COOTBETCTBYET CIIyIailHOMY
BPEMEeHH OJIy»KIaHns 3agBKH 110 M300pasKeHHON CeTH ¢ MOKA3ATeIbHBIM pPac-
npejie/ieHneM ¢ mapaMeTpoM {v;},i = 1,m, ¢ 3aepxkKoit B y3/JaX U OJHEM
IIOTJIOIIAIOIIIM COCTOSTHUEM.

4.6 IIpeobpa3oBaHue pacrpejejeHni

CwMecu pacnpemesieHuiA.
f(z) =Y, P{Y =i} fi(x) — auckpernoe
F(x) = [ F,(@)9(y)dy — nenpeprrsoe
OrHoureHue.
filz) =A-eAmh=pe ™ 7% X =YV .Z
F(z):=PZ<z= [ (1—e ) p-et¥dy
f(z) = f(;x Aype "dy = Ay f(;x ye—y(x\-s-u)dy = (ﬂjﬁ\‘zy
Caeprka.
IIpuBoAUT K CYMMUPOBAHUIO CPEIHUX U JIUCHEPCHUIL.
Z1..xN - UMeoT QYHKIWO pacupeiesnenns F(x)
Maxkcumym. F™(z)
Munumym. 1 — [1 — F(z)]"
JomnosmauTenpHas (pyHKIUs pacipeneieHus.
F(z)=1- F(x)
Spmanra. F(t) = Y7} % cemh
I'nnepskcnoHeHmmanbHoe. F(t) =Y 0 ;- e M

Tunepspsanrosoe. F(t) = 31—} (“Z.tl)l oM 4y % et




5 IIpumepsbl Mojesieii cucTeM.

5.1 MHuorokaHajJbHbIEe CUCTEMBI

Chans STORAGE 3
GENERATE (EXPONENTIAL(1,0,1))
QUEUE Wait
ENTER Chans,1
DEPART Wait
ADVANCE 27
LEAVE Chans,1
TERMINATE

GENERATE 5000,,1
TERMINATE 1

5.2 IlpuopureTHasi cucreMa oOCJIy>KUBaHUS

Work VARIABLE (GAMMA (2,0,P2(3,3)))
GENERATE (EXPONENTIAL(L,0,5.0)),,.3
ASSIGN 1,1 ;tun Tpansakra
ASSIGN 2,0.3 ;Bpemst 00CTy JKUBAHUS

Common QUEUE Sque
PREEMPT Chan, PR, Rept, 100
SAVEVALUE Time, V$§Work
ASSIGN 5, X$Time

Wait ADVANCE P5
TRANSFER ,Out

Rept ASSIGN 5, V$Work
TRANSFER ,Wait

Out DEPART Sque
RETURN Chan
TERMINATE

kkk

GENERATE (EXPONENTIAL(1,0,3.33)),,,,2
ASSIGN 1,2

ASSIGN 2,0.6

TRANSFER ,Common

koK ok

GENERATE (EXPONENTIAL(1,0,2.50)),,,1
ASSIGN 1,3



ASSIGN 2,0.9
TRANSFER ,Common

kksk

GENERATE 5000,,,1
TERMINATE 1

5.3 KBaHTOBaHUe BpeMeHU

BasiBka obpabaTbiBaeTcst He OOJibllle, YeM KBaHT BpeMeHu (. OOciyKeHHast you-
paercst U3 MOTOKA, HEJ000CTyKEeHHasT B KOHEI O9epe/id Ha, JI000CIyKIBaHHUE.

Intro SEIZE Fcty
TEST G F5, X$Quantum, Last
ASSIGN 5, (P5 - X$Quantum)
ADVANCE X$Quantum
RELEASE Fety
TRANSFER ,Intro

Last ADVANCE P5
RELEASE Fcty

5.4 KpyroBoe obciy>knuBaHue

kokosk Kook koK sk Rk kokookok ok ok ok ok ok

PUCYHOK
1) O6ciykuBanyre ogepenu N0 OJHON 3asBKe M3 KaXKJOi Helycroii puepesu.
2) Ho ucuepnanus 3asBOK B TEKyIIell ouepeiu, BKII0Yas Te, KOTOPbIe IPUILLIHA
B MOMEHT OOCJIY>KUBAHUSI.
3) O6cayKuBaHe BeeX 3asBOK, HAKOIMBIINXCSI K HAUAIY O0CIIyKUBaHUSI.
IIpumep momenu 2:

INITIAL $Empty, 1
kkk

GENERATE (EXPONENTIAL(1,0,1))

ASSIGN 1, AC1

ASSIGN 1, 1

ASSIGN 3, 0.25

TEST E X$Empty, 1, Inql

SAVEVALUE Pointer, P2

SAVEVALUE Empty, 0

Inql QUEUE *2
TEST E X$Pointer, P2
DEPART *2
TRANSFER ,Server
;IIOBTOP MPEIBLLYINETO OJI0KA ¢ TAPAMETPOM 2:
GENERATE (EXPONENTIAL(2,0,1))

kksk



ASSIGN 2, 2

TEST E X$Empty, 1, Inq2

;TIOBTOP TPEIBIAYIINEro OJI0Ka ¢ IapaMeTpoM 3.

Server SEIZE Fcty
ADVANCE P3
RELEASE Fcty
TEST E Q*2, 0, 0, Zzz
ASSIGN 4,3
ASSIGN 5,1
ASSIGN 6,1
SAVEVALUE Qmax,0

Check TEST GE Q*5, X$Qmax, Next
SAVEVALUE Qmax, Q*5
ASSIGN 6,P5

Next ASSIGN 5+, 1
LOOP 4, Check

Out TEST E P6, 0, Zpt
SAVEVALUE Empty, 1
TRANSFER ,Zzz

Zpt SAVEVALUE Pointer, P6
Zzz TERMINATE 1

5.5 VYder HaAEJBHOTO U CYTOYHOTI'O IMKJIOB.

8 4acoB B JIeHb, 7 YaCOB B ISATHHUILY.
*A* - pabounii UK

GENERATE 1,0.3
QUEUE QQQ
SEIZE FFF
DEPART QQQ
ADVANCE 0.8,0.5
RELEASE FFF
TERMINATE 1
;e2KeITHEeBHbIC IIepePbIBbIL
GENERATE 24,0,8
FUNAVAIL FFF
ADVANCE 16

koK ok



TEST E 182,0,0ut
FAVAIL FFF
Out TERMINATE
*** - BRIXOIHBIC JTHI
GENERATE 168,0,103
LOGIC $2
FUNAVAIL FFF
ADVANCE 65
FAVAIL FFF
LOGIC R 2
TERMINATE

6 ODKcnepuMeHTbI HaJ MOIEJISIMMN.

B mporecce mMuTAIIMOHHOTO SKCIIEPUMEHTA HAJ, MOEJIBIO C YIETOM CIIyJailiHbIX
HCXOJIOB KaXKJIOTO IIPOTOHA HEOOXOIUMO:

1) Knaccudunuposars ¢hakTopbl HA CyNIECTBEHHBIE U HE CYIIeCTBEHHbIE.

2) Pa3ne/uTh U OLUEHUTH KOJMYECTBEHHOE BJUAHUE (DAKTOPOB U MX KOM-
O6uHAIM Ha 1EIeBYI0 (DyHKIHIO.

3) Haiitu nHauBbironseiinyo KoMOMHAIHMIO (GAKTOPOB.

1) Tucnepcuonnblii anams.

2) Perpeccuonnbiii anajus u HhaKTOPHBIIL.

3) Mero/ibl CTATUCTUIECKON OLTUMU3AINH.
IMousiTus

DKCIEpUMEHT HAYMHAETCsI C BBIOOpA OJHON WM HECKOJILKHUX IeJIEBbIX
(YyHKIMA, KOTOPbIE KOJIMYECTBEHHO OIIEHUBAOT [T0JIE3HOCTH CUCTEMBI.

IIpumep:

Tunuunas 3a/1a4a CUCTEM MaCCOBOIO OOCJIy>KUBaHU: ODeCIedeHre MUHU-
MaJIbHOTO BPEMEHM PEAKIUU CUCTEMBI DU ONPAHMYEHHBIX 3aTPATaX WU MUHU-
MU3AIWs 3aTPAT [IPU CPEIHEM BPEMEHU PeaKInu He DoJiee 33 aHHOTO.

BoJtee cimoxxno: obeceanTs 00C/IyKUBaHIE MAKCAMAIBLHOTO IIPOIEHTA 3a-
sBOK 3a BpeMs He 0oJjiee 3aJ[aHHOTO WM MUHUMU3AIWA BPEMEHH, 33 KOTOPOE
00CI Ty KMBAETCs 33 [aHHBII IIPOIEHT 3asIBOK.

M3mepenne 3HaueHUs 11eJ1eBO (DYHKIUMYN HA3BIBAETCA HAGJIIOAEHUEM, a B
BCE UX MHOXKECTBO - PE3YJIBTATOM.

OcHoBHas 3aJa4a: - U3y4nuTh BiusHAE (DAKTOPOB HA PE3YJILTAT.

Kazxmoe moBTopenue MoieimpoBanme - IMPOTOH.

Hasnaunm 3Hauenue(yposHu) GakTopoB, KOTOPBIE GY/IyT OLPENeIIsTh yCIIo-
BUSI KakKJIOT'O MPOroHa. Ec/iu BiMsiHuEe HEKOTOPOro (DAKTOpa 3aBUCHUT OT 3HAUE-
HUsI JIPYTOr'O U HE CBOJMTCS K CyMME BJIMSIHUI, TO TOBOPSIT O B3aNMOAENCTBUMI
aTux dakropoB. Kombunarus yposueil onpezensier ycjioBue mporosa. Ko-
/18 yCJIOBUSI IIPOrOHA HEM3MEHHBI, Mbl HA3BIBAEM STHU IMPOTOHBI PEMJIMKAMMU.

Pesynbrarer B COBOKyIIHOCTH 3AIOHSIOT MATPHUILy Pe3yiabTaToB. IIpoTs-
KEHHOCTHh MATPHIIBI 110 M3MEPEHUIO JIOJIZKHA, ObITH paBHA YUC/y YPOBHEH 3TOro



dakropa. Kaxknas pasMepHOCTb MATPUIIBI PE3YIBTATOB COIIOCTABIISIETCS OIIHO-
My u3 hakTopoB. Eciu ucmoab3yercs: HECKOJIBKO TeJIeBhIX (DYHKIIUN, TO CTOIBKO
K€ U B MaTpUIIE.
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