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I'maBa 1

BBeneHue

«BusyanbHassAiiBuKa» (aHrmiickoe Ha3BaHue «VisualAivika») — aTo npo-
rpaMMHOe CpeJiCTBO BM3yaJIbHOTO MOJieiMpoBaHusi. OHO OpUMEeHTUPOBAHO
Ha CUCTEeMHYIO IMHAMMKY ¥ Ha OIUCKPETHO-COOBITUITHOE MOIe/IMPOBaHHeE.
EcTb pOCTOI B MCIIOIb30BAHUM PeIaKTOp AMarpaMm, KOTOPBIN [TO3BOJISIET
CO31aBaTh MPUITHbBIE HA BUA, AMAarpaMMbl IIOTOKOB M HaKOTIUTeel (aHa/1.
Stock and Flow Maps, SFM), kak 1oka3aHO Ha PUCYHKe Taxkue nua-
IPaMMBbI TaK’Ke MOTYT OBITh MCITOIb30BaHbI JIJIST IUCKPETHO-COOBITUITHBIX
Mozese.

Taxke CylecTByeT MOJENUPYIOLINIA KOMIIOHEHT, KOTOPBIV MOAAEP>KN -
BaeT CBOJ COOCTBEHHBIV BBICOKOYPOBHEBBIN SI3bIK MOJEIMPOBAHMS. YpaB-
HEeHMS MOJIeIM OTOOPAsKAaIOTCS B OTAEIbHBIX BKIAIKaX, KaK JEMOHCTUPYET
prcyHok [1.2] ITonp30BaTe b MOXET ITePeKTI0UaThCSI MEXIY JyarpaMMaMu
Y YpaBHEHUSIMMU.

EcTb pemakTop ypaBHeHMI, I[ie Bbl MOXKeTe 3a/laBaTh MHTErpasbl, Mac-
CUBBI, CTyyaiiHble QYHKIMY — B3IIIHUTE Ha pucyHOK [1.3] PegakTop oT-
KpBIBAeTCSI Cpa3y Iocje BbIOOpa OOHOTO M3 3JIeMEeHTOB Ha AMarpaMMe.

Bosee Toro, «BusyanbHasiAviBMKa» MOAAepP>XKMBAET BbIUMCIAUTEIbHbIN
3KCIIepUMEHT o MmeTony MoHTe-Kapiio, 4To Mo3BoJIsieT MPOBOAUTD aHAJIN3
YyBCTBUTEIbHOCTY Momeny. CylecTBYIOT CpeicTBa MJIsl BbIBOma rpadu-
KOB Ha AMarpaMMbl, YTOObI ITI0Ka3aTh Pe3y/IbTaThl MOIAEIMPOBAHMS B BUIE
BpeMeHHbIX psifloB (aHes. Time Series u XY Chart) u rpaduka oTKIOHEeHUS
JIJISI TPEHIA C JOBepUTEeIbHBIM MHTEpBaIoM (aHen. Deviation Chart), kak
II0Ka3aHO Ha PUCYHKEe Pe3ynbTaThl MOTYT ObITh SKCIIOPTUPOBAHBI KaK
daiinbl faHHBIX B hopmaTte CSV.

[Tomumo storo, «BusyanbHassAiiBuKa» rogaepkmuBaeT MacCUBbI U UH-
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6 I'naBa 1. BBeneHue

daiin  lNpaeka  Bug  Mmutaums  Cnpaeka
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Puc. 1.1: PemaktupoBaHue 1OTOKOBOI AuarpaMmsbl SFM.

{>)
billings

cache

nekchbl. PucyHok 1.5/ moka3siBaeT rpaduk, KOTOPbIii COOTBETCTBYET HEKOTO-
pOMY MacCUBY.

HaxkoHel, nepen HauaJioM MMUTALIMM [10JIb30BaTEIb MOXETE 3a4aTh
rapamMeTpbl MOAEIMPOBaHMS, KaK M300pakeHO Ha pUCYHKe |1.6



Mogens 1

damn [Mpaeka =l AruTagA Cnpaeka

A EDE DG @O0 QK &

Cescription Model

module Model {

Accounts_Receivable = integ (billings - losses - cache_receipts, billings /
available_capacity = if time == building_time then production_capacity elg
average_payable_delay = randomParam({0.07, 0.11);

Awaiting_Billing = integ (production_value - billings, preduction_value * bill
billing_processing_time = randomParam{0.03, 0.05);

billings = Awaiting_Billing / billing_processing_time;

Book_Value = integ (new_investment - tax_deprecation, 0);

borrowing = new_investment * debt_financing_fraction;

building_time = randomParam(0.8, 1.2);

Duarpamma YOasHeHMA

Puc. 1.2: ITaHenb ypaBHEHUIA.



I'taBa 1. BBeneHue

YpasHeHWe CnWcaHne

Twn HakonuTens: | ntegral

init (AccountsReceivable) = init (...)

billings / (1 / average_payable_delay + fractional_loss_rate)

MNapameTpol { ) “ not
average_payabla_delay 7 B e e and
» 1 BEN RGN = or
billings
i N N == |=
fractional_loss_rate 0 1 = | =
R = »

KOHCTRYHLMW R3biKa:

[f(i) [i € 1.N] |
[f(i1,i2) | i1 € 1.N1,i2 « 1.N2 ]
(i1, ..., iM) | i1 & 1NT, ., M &

b1 =>> b2

abs(x)

CK  OtmeHa [lpUMeHMTE

Puc. 1.3: IlaHenb peakTopa ypaBHEHMIA.



Net Income and Cash Flow

1000
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]
T T T A A O

-2000 o

— Model.net_cash_flow
— Model.net_income

Puc. 1.4: T'paduk TpeHIOB C JOBEPUTETbHBIMM MHTEPBATIAMU JIJIST aHAIM3a
YYBCTBUTETbHOCTM.



10 I'naBa 1. BBeneHue

Array C[i]
20—%
0 20 40 B0 &0 100

Puc. 1.5: OTo6paskeHne MacCMBOB Ha rpaduke.
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HavaneHble ycnoeuA

starttime ‘ 0.00 |

stoptime = ‘ 100.00 |

dt = ‘ 0.025 |

MeTog MHTEr pUpOBaHKUA

O MeTopa dAnepa
O MeTtop Pydre-KyTtTa 2-ro nopagka

o MeTton PyHre-KyTTa 4d-ro nopRgka

8]4 OTMmEH2

Puc. 1.6: OnipenenieHne nmapameTpoB MOJeIMPOBAHMSI.
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I'taBa 1. BBeneHue



I''maBa 2

Kak co3aaTth IpoCTyio MOoae/b

Hanpumep, Mbl MO>XXeM BOCIIPOM3BECTY CJIefyIOIIVie ypaBHeHMS 3 MOJen
”5-Minute Tutorial” gy mporpammuoro uHcTpymeHTa Berkeley-Madonna[1].

= —kaXa, a(to) = 100,

b = kaxa—kbxb, bty =0,
¢ = kbxb,  c(ty) =0,

ka = 1,

kb = 1.

EcTb IBa criocoba, Kak OnpenenTh 3T ypaBHeHusI. [IepBblii criocob
OCHOBaH Ha HeIoCpeCTBEHHOM MCI0/Ib30BaHUM MHTETPAJIOB.

CospaiiTe HOBYIO ITyCTYIO MOJe/ib U OTIpeJle/INTe ClIeayloliye TOTIOoTHN-
TesbHbIe 35ieMeHTbl SFM (anen. SFM Auxiliaries) v aieMeHTbI cOeITHEeHMI
SFM (awnzn. SFM Links), Kak 1ToKka3aHO Ha PUCYHKe YT0o06bI 1OOABUTD
HOBBIE JIEMEHTbI, Bbl MOXKETEe MCIOIb30BaTh [IaHe/Ib MUHCTPYMEHTOB Aya-
rpaMMbl.

3aTeM LIeJIKHUTE MbILIKOM I10 BKIaaKe YpaeHeHusl. [lanee 1ieykas 1o
ypaBHEHMSIM IIepeMeHHbIX, 3aBepIlInTe OlpeeeHe COOTBETCTBYIOIINX
ypaBHEHMI1 B peJlaKTOpe YpaBHeHMi1. B IepBbIil pa3 HeOOXOAMMO IETKHYTh
MBIIIKOJ 10 OHOMY M3 YpaBHEHMI. 3aTeM peJaKTOP OCTAHETCS OTKPBITHIM,
M TOT[Ia IOCTATOYHO Oy/IeT Ie/IKaThb MBIIIKO¥ 110 KaXXI0MY CIedyioleMy
YPaBHEHMUIO [IepeMeHHO. B nTore Bbl JOJKHBI TTOTYUYNUTD CJIEAYIOLI/E YPaB-
HeHMsI, Kak [ToKa3aHo Ha pucyHke 2.2

13



14 I'naBa 2. Kak co3aatpe NpoCTyIO MOZAE/Tb

daian [Mpaeka Big MmuTauua Cnpaeka

(T
H D B ? \B) @
Diagram 1

O O=ae v A

ka

kb

Puc. 2.1: [InmarpaMmma COCTOUT U3 OYOYyIIMX MHTETPaJIOB.

Ceityac HacTajao BpeMsi, YTOObI 106aBUTh rpaduK. BepHuUTECH K ITaHeIN
IMarpaMMbl, eJIKHYB 10 BKIaake Juazpamma. BeibepuTe Ha raHe I MH-
CTPYMEHTOB JIarpaMMbl JniemeHm sl 861600a pe3y/ibmamos u o6aBbTe
TaKOJ JIEMEHT Ha Ty ke AyarpamMmmy. 31eCh Bbl JOJIKHbI ITOJYIUTh HEUTO
TIOXO’Kee Ha TO, UTO M306paskeHO Ha pucyHKe [2.3] BoioeneHHblit hparMeHT
Ha 1300paskeHHOM AMarpamMmmMe — 3TO OyayIIuii 371eMeHT rpaduKa, KOTOPbIiA
MBI Jjajiee OIpeIe/TM.

3aTeM IIeJIKHUTE MBIIIKOJ 110 OyayIeMy JIeMeHTY Irpaduka, 4ToObI
OTKPBITh pefakTop rpaduka. B aTom pegakrope Mbl MOKeM J06aBUTH Clie-
Iylolye nmepemMeHHble Ha rpaduk: A, B u C. DTO TO/KHO BBIT/ISIAETh KaK
Ha pucyHKe 2.4l 9Ty nepeMeHHbIe SIBISIOTCS MHTETPaIaMu.

Cejfuac MbI TOTOBBI JIJIs 3aITyCKa MMUTaLM. Ha r/1aBHO ITaHe M MHCTPY-
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dann Mpaeka Bip MmuTauma Cnpaeka

Y N @
Ij D E ., s .
Lagram 1

module Diagram_1 {
A = integl-ka * A, 100);
B = integlka * A - kb * B, 0);
C = integ(kb * B, 0);
ka =1;

kb

1
—a

Puc. 2.2: YpaBHeHMUs1, COCTOSIIIIME U3 MHTETPAJIOB.

MEHTOB eCTb KHOIIKA 3anycka umumayuu, KOTopasi BBIVISIAUT KaK CTPeJIKa,
KOTOpas BblJieJieHa KPaCHbIM LIBETOM Ha PUCYHKe HakMuTe Ha KHOTIKY,
YTOOBI 3aIyCTUTh UMUTALNIO!

BbI IO/DKHBI YBUIETDb Pe3yIbTaThl IIOX0KMe Ha PUCYHOK [2.6]

Bo3MOKHO, UTO KpMBbIe Ha BallleM rpaduKe BBITJISASAT He HACTOIbKO
[71aIKO, KaK Ha pMcyHKe. UTOObI 3TO UCIIPaBUTb U YIYUIIUTh TOUYHOCTD I'pa-
buKOB, OTKpOJiTe MyHKT MeHIo Mmumauus / [lapamempst ModenuposaHus
¥ YMEHbIINTE 3HaUeHMe nmapamMeTpa moaenupoBanus dt. [ToBTopure 3a-
myck uMmuTtamuu. Ceifuac Bbl O/IKHBI IIOTYUYUTD O0JIee TIagKuil M TOUHbBIN
rpaduk, Kak 6bIJI0 TOKa3aHO Ha PUCYHKe paHee.

CylecTByeT TakKe APyroii MeTos, 3agaHnusi 00bIKHOBEHHbIX IuddepeH-
LIMaJIbHBIX YPAaBHEHMI1, OCHOBAHHbIN HA UCITOIb30BaHMUM AuarpaMmMbl SFM
IIOTOKOB U HaKOIIUTesel (IIOTOKOBO AUarpaMmbl).



16 I'naBa 2. Kak co3aatpe NpoCTyIO MOZAE/Tb

Mogent 1 - VisualAivika =2=

dann [paexa Bug AnuTawma Cnpaeka
mhs 0 | ®0 QR [

Diagram 1 agram z

D o=are (v A

kb

Puc. 2.3: Iloce Toro, Kak rpaduk mo6aBjieH Ha AuarpamMmmy.
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Buieog peaynstata

Tun F’Eﬂ‘;’“bﬁ'mﬂ Time Series v~ D

EE'FD"“E'GK‘ Chemical Reaction

HoctynHo BelGpaHo

~  Mogene_l

~ Diagram_1 B

YoannTs

BHuz

kg Beepx

kb
Diagram_2

Diagram_3

OK  OtmeHa  [IpMMEHWTE

Puc. 2.4: [lobaBbTe MepeMeHHbIe MHTErPaJoB Ha TpaduK IJi1s OTOOpasKeHMSI.



18 I'naBa 2. Kak co3aatpe NpoCTyIO MOZAE/Tb

Mogent 1 - VisualAivika =2=

dann [Npaeka Bug AmuTaumna Cnpaeka
=

Ehe B Y (@) ea &

Diagram 1 agram :

O OoOmarse v AR

kb

Puc. 2.5: KHormka 3anycka umumayuu.
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Mogens 1 - VisualAivika <23

dann [paeka Bug AniaTaumna Cnpaeka
’ =) ;
o ® =

Diagram 1 agram : agra

O O=are W AR

Chemical Reaction

kb

— Diagram_1.A
— Diagram_1.B
— Diagram_1.C

Puc. 2.6: Inarpamma 1ocjie 3aBepuieHns UMUTALN.
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I'naBa 2. Kak co3aatpe NpoCTyIO MOZAE/Tb



I'maBa 3

Kak co3zaTh IOTOKOBYIO MOJ€/Ib
SFM

Hakomnurenb SFM mMokeT ObITh pe3epByapoM. Torma oH CTaHOBUTCST 9K-
BUBaJIEHTHBIM MHTErpaiy, a moToku SFM cTaHOBSITCSI SKBMBaJT€HTHbIMU
rnpousBoaHbIM. HaripasiieHne rmoroka SFM B TakOM c/iydae IOKa3bIBaeT
3HAK ITPOU3BOAHO, KOTOPBI MOXKET ObIThb MOJOXKUTETbHBIM MM OTpUIIA-
TesbHbIM. CoyeTaHMe BCcex MOTOKOB SFM, nmoacoeaMHEeHHBIX K 3aJaHHOMY
HakonuTtento SFM, 3aaeT COOTBETCTBYIOIIYI0 CYMMY IPOU3BOAHBIX C BO3-
MOXXHBIMM Pa3HbIMM 3HAKaAMIU.

OmHoHarpaBeHHbIN MoToK SFM Bcerga HeceT B cede HeOoTpUIaTeIbHOe
3HaueHue, TOTaa Kak AByHaIlpaBAeHHbIN TOTOK MOXeT UMeTb 3HaUeHe
06010 3HaKa. B To ske BpeMsi, peasbHblIlt BK/IaJ, Ha MPOM3BOLHYIO 1JIsI KaXK-
IOTO TIO[ICOeITHEHHOTO MHTerpaia 3aBUCUT OT CoueTaHMs Bcex (paKTOpOB:
SIBJISIeTCS JiM IOTOK SFM IByHamnpaB/JeHHBIM WM OJHOHAIIPaBJI€HHbIM,
SIBJISIETCSI JI TIOTOK BXOISIIIMM MJIU UCXOISIIIVM.

K cuacTblo, BKIajika YpasHeHust 0OTOOpaskaeT COOTBETCTBYIOIIVE YpaB-
HEeHMSI MaTeMaTUUYeCKy OPMEHTMPOBAHHBIM CITOCOO0OM, TIe TOCTaTOYHO
JIETKO YBUAETb 3HAK KaXkKA 0V MPOU3BOSHOIN U ee peayibHbIl BKIA.

IlJist ;eMOHCTpaluy MOAX0Aa Mbl BO3bMEM IPOCTYIO0 MOJIE/Ib SKCIIOHEH-
[IMaJIbHOTO POCTa.

CospariTe HOBYIO MOZ€/b U, MCII0JIb3Y$ [TaHeIb MHCTPYMEHTOB Auarpam-
MbI, T0OaBbTe Cyieayloniue meMeHThl SFM Ha nyarpamMmmy, Kak ITOKa3aHo
Ha PUCYHKe

[llenIkHMTE MBIIKO¥ 110 HakonuTemo Cash, uToObI OTKPBITH Pedakmop
ypasHeHuti. OripenennTte HauaJibHOe 3HaueHMe paBHoe 1000, KaK MJUTIOCTPU -

21



22 I'naBa 3. Kak co3gatp mOTOKOBYIO Mozgenb SFM

dawnn [paeka Bing MmuTawma Cnpaeka

Y ®0 Q@ B
|j D B o o )
Ciagram 1

D Omarae v A

Met Interest Cash

R——=)—)

Interest
Rate

Puc. 3.1: McxogHas moTokoBas aAuarpamma SFM 111 Moaeniu SKCITIOHEeHIIM -
aJIbHOT'O POCTA.

pyet pucyHoK|[3.2] 10 3HaueHne GyneT HaYaTbHBIM 3HAUEHVEM MHTErpaa,
KOTOPBIi COOTBETCTBYeT HakornuTemio Cash.

3aTeM BbiOepuTe mOTOK Net Interest 1 M3MeHUTh 3HaUYEHME CBOJCTBA
HanpaseneHue nomoka B pefaKkTope AuarpaMM Tak, YTOObI 3HaUeHMe CBOJi-

cTBa ObIIO PaBHBIM uniflow. Bbl JOKHBI YBUIETh YTO-TO TIOXOKEe Ha PUCY-
HOK

JTO 03HAYaeT, UTO COOTBETCTBYIOUIMI ITOTOK SFM MOXXeT UMeTb TOJIbKO
HeoTpullaTeJIbHOE 3HaUeHMe, XOTS peaJibHOe BAUSHME Ha HaKonuTenab SFM
MOXXET OTJIMYATBCS 10 3HAKY, YTO 3aBUCUT TAKXKe OT HallpaBJeHUS TOTOKA
SFM. 3nechb cymHOoCTh Net Interest siBjisieTCst BXOOSIIMM ITOTOKOM JIJISI HA-
korutesis Cash. CiegoBaTenbHO, COOTBETCTBYIOIIAS TPOV3BOAHASI UMEeT
HeOoTpuIlaTebHbIN 3HAK. 3HaUeHMe HaKOMUTEeS OO/IKHO pacTu, KaK MbI
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YBUIUM Aajiee.

[Tocne Toro, Kak Mbl IpeBpaT/in NOTOK Net Interest B omHOHaIIpaB/ieH-
HbI, Hallla AMarpaMma J0oJbKHa c/ierka M3MeHuTbCs. [loxanyiicta, o6paTu-
Te BHMMaHMe Ha TO, YTO COOTBETCTBYIOLLMI 3JIEMEHT II0TOKA Terlepb UMeeT
OJIHY CTPEJIKY, TOT[Ia KaK y Hero ObIJIO ABe CTPesIKN: B Hauaje 1 B KOHIIE.
Ceituac OH UMeeT TOJbKO OOHY CTPeJKYy B KOHIIE, e UAeT COeIuHEeHNe C
HakonuTtenem Cash.

Teneps ornpenenuTe ocTaBUIMECs] YPaBHEHMS TaK, YTOObI OHY BBITJIsIE-
JIX TAKUMM 3Ke, KaK IT0Ka3aHO Ha PUCYHKe O6paTuTe BHMMAaHMe Ha TO,
YTO BaM He HY>KHO BBOJIUTD BbI30B QYHKIIMM MaKCMMyMa JIJIsI CYIITHOCTH
Net Interest. OH g06aB/IIETCSI aBTOMAaTUYECKM, TAK KaK ITOTOK OObSIBJIEH
OfHOHAIIpaBjeHHbIM. UTO BaM CjieflyeT Onpefe/inTh AJisl TOTOKA, TaK 3TO
BeipakeHne Cash * Interest_ Rate.

Te ke camble ypaBHeHMSI MOT/I OBITh HEIIOCPEICTBEHHO OTpe/iesieHbl C
IOMOILIbI0 MHTErPAJIOB, HO 371eCh MbI UCII0JIb30BAJIM 3JIEMEHThI [IOTOKOBOM
nuarpammbl SFM. Hakoniurens SFM cooTBeTcTBYyeT uHTerpany. [lorok SFM
CBSI3aH C IMTPOM3BOIHOIA.

Ecii MbI 106aBMM 37IeMeHT rpaduKa ¥ 0TOOpasyM Ha HeM 3HaYeHMe
Hakonutess Cash crioco6om, onmucaHHbIM B IpeAbiayIleli raase |2, To To-
roa Mbl YBUAUM Caenyiouuii rpaduk, UYTO JeMOHCTPUPYET PUCYHOK
3mech KOHEUHOe BpeMsl ObIJIO YBeIMYEeHO A0 3HaueHusI 36 B pemaKkTope
Ilapamempog modenuposaHusi.

Upest 3akn0yaeTcs B TOM, YTO «BusyanbHassAiBMKa» TIPENOCTaBIISIET
Pa3HOCTOPOHHIOKO MOALEPKKY YPaBHEHUM, C TOMOIbI KOTOPbIX Mbl MO-
’KeM 3aJ1aBaTh U 3aITyCKaTh JOCTATOUHO CJIOKHbIE CHCTEMbI 0OBIKHOBEHHbIX
muddepeHIManbHbIX YpaBHeHMI. Bosee Toro, «BusyanbHasiAiiBuKa» mMe-
eT CpelCTBa [Jis MPOBeAeHUs aHa/IM3a UyBCTBUTEIbHOCTU C ITOMOIIbIO
TaKUX ypaBHeHUI. B TO ke camoe Bpems «BusyanbHasiAiiBMKa» MO3BO-
JIsieM HaM MOJIeJIMPOBaTh U AMCKPETHO-COOBITUITHbIE MOAEY, KOTOPbIe
MOTYT OBITH CKOMOVHMPOBAHbBI C 0OBIKHOBEHHBIMM AV (pdepeHIaTbHbIMMU
YPaBHEHUSIMM.
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YpasHeHWe Cinucadms

Twn HakonuTens: | jntegral

init (Cash) = init (...)

KOHCTPYKLMW R3blKa:

i
integ(d, i)
lengthia)
length(a, d}

log(x)

Ok OTMmeHa  [IpHUMEHNTL

fiood |
)
[MapameTpol { ) “ not
7 B 8. and
I BEN T or
1 2 '3 f == |I=
0 - <= <
+ == =

BosEpalat MHTErpan ¢ NpoussoaHom
d ¥ HaYaNkHBIM IHAYEHKEM i,

Puc. 3.2: HauanpHOe 3HaueHne HakonuTenass SFM.
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dann Mpaeka Bug muTaumna Cnpaeka

DA EEew DO 00 Qa F

Diagram 1 agram : ag Ypasxexue INMCaHWe
O O o™ f EI L«L‘/ rﬂ\‘ Hanpaenexwne noToxa: r‘
\ /
N ’

Metinterest = ...

Cash * Interest_Rate

Cash

=}
Q23—
L MNapameTpel ) 3 not

v :
Cash 7| B8 A and
4 5 B * or
Interest_Rate
112 (/3 | f == I=
Interest 0 ~ I
Rate . .

+ >= >

Puc. 3.3: ITorok SFM cTaHOBUTCS OGHOHAMPABJIE€HHBIM.

dann MNpaeka Bng WMmuTawma Cnpaeka

DEe LE DG ® 2

Diagram 1 agram : agram 3 YpasHeHWe OnucaHK

module Diagram_1
gram_1{ Hanpaenekwe noToka:

Cash = integ (Met_Interest, 1000);
Netinterest = ...

Interest_Rate = 0.07, Cash * Interest_Rate

Met_Interest = max (0, Cash * Interest_Rate);

}

MNapameTper: ( ) « not

Cash iGN BEN RSN = and

4 | [6 6 * or

Interest_Rate

i BN B == I=
0 - <= <
+ »>= >

Puc. 3.4: YpaBHeHUS MOIeIN SKCIIOHEeHIIMATIbHOTO POCTa.
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Model 1 - VisualAivika <2=

dainn [Npaeka Bug AnuTauma Cnpaeka

Ef=]a

Diagram 1 agram z

D omare w AR

(N
~
/'

&) Qe &

Exponential Growth

Net Interest Cash
10000 o
O
Interest ]
Rate
o T T T
0 10 20 30

— Diagram_1.Cash

Puc. 3.5: 'paduK 3KCIMOHEHIIMATIBHOTO POCTa.



I''maBa 4

Kak co3aaTh MOIe/Ib CUCTeMbl
MacCCOBOT0 OO0C/TY;KMBAaHUS

JIJ1st MOZeTMpOBaHMsI CUCTEM MacCCOBOTO 00CTysKMBaHUSI «BusyanbHasiAil-
BUMKa» UCIOJIb3yeT MOAXO0Z, ITIOX0XMI1 Ha A3bIK MopenupoBanus GPSS[2], Ho
peanu3aius CoBepiiieHHast MHasl, KOTopasi MMeeT KOpHYU B QyHKIIMOHAJb-
HOM mporpaMmmupoBanui. I[logo6Ho GPSS cucrema «BusyanbHasAiBuKa»
IT03BOJISIET UCITO/Ib30BaTh OJIOKM, HO 3[1€Ch OJIOKM Y3Ke SIBJISIIOTCS 8blUlLC/Ie-
HUSIMU, KOTOPbIE MOKHO MTPUCBAaMBATh IepPeMEHHBIM MOAO0OHO MHTErpaiaM
U YUCTIAM.

Ha camoM fejte Ha MOMEHT HaIlMCaHUS STOTO TeKCTa B rporpamme «Bu-
3ya/ibHAsIAIBMKA» ellle He ObIIO CITelMalbHOM BU3YaIbHO! TTOAIe PsKKI
67I0KOB, HO MbI MOXXEM VCITOJIb30BAaTh T€ K& CaMble TOTOJTHUTEIbHbIE JTe-
MeHTbI SFM, KOTOpbIe Mbl UCITO/Ib30BaJIM PaHee B IPeAbIAYIINX IaBaX. Mbl
MIPOCTO TIpyUCBaMBaeM BbIUMCIeHMS 6JI0KOB ITepeMeHHbIM JIOTIOTHUTEb-
HbIX siemeHTOB SFM. Kak ciiegcrBue, nuarpaMmMa COCTOUT U3 3JI€MEHTOB,
COeIVIHEeHHbIX B HAIlpaBJI€HUN ITPOTUBOMOJIOXHOM TOMY, KaK Ha CAaMOM
nene 00pabaThIBAIOTCS TPAH3AKTHI.

Ha pucyske MIpeICTaB/IeHbI 6JIOKM, KOTOPbIE TPMMEPHO COOTBET-
CTBYIOT Clefyloiemy Kony Ha s13bike GPSS.

27
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O~ O~

51 52 53
Queue Facility
.-DE':I JC‘E‘

Puc. 4.1: Beruncienus 6JI0KOB KaK JOIIOJIHUTE/IbHbIE 31eMeHThI SFM.

Kog Ha s13b1Kke GPSS

GENERATE 18,6
QUEUE 3JOEQ
SEIZE 3JOE
DEPART JOEQ
ADVANCE 16,4
RELEASE 3JOE
TERMINATE

GENERATE 480
TERMINATE 1

START 1

CooTBeTCTBYIOLIME YPaBHEHMS B IIporpaMme «BusyanibHassAiiBMKa» BbI-
IJISIASIT TaK, KaK MOKa3aHO Ha PUCYHKe 3mech cpa3y 3aMeTUM, UTO
«BusyanbHassAliBKa» IPpOBepsIET COOTBETCTBME AMarpaMMbl ¥ ypaBHEHUIA.
OpaHXeBbIM 1IBETOM yKa3aHbl MIPeayIIPesKaeHNsI, KOTOpble MOXXHO ITPO-
UTHOPUPOBATh, IIOTOMY YTO MbI HE XOTUM YCJIOKHSITh AMarpaMmy.
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dann [Mpaexa Bug HramTauwma Cnpaeka

oA L ® =

Model

meodule Model {

Joe = Facility.create();
Joeqg = Queue.create();

51 = Block.gueue(Joeq) >>> Block.seize(Jog) >>> Block.depart(Joeq) >>> 52,

52 = Block.advance(random(16-4, 16+4)) »>> 53,

53 = Block.release(Jog) =>> Block.terminate;

Puc. 4.2: YpaBHeHMsI 1J1s1 BIYMCIEHMT OJTIOKOB.

B niporpamme «BusyanbHasiAiiBMKa» 610KM 00/1aal0T CBOMCTBOM KOM-
nosuyuoHHocmu. OHY MOTYT ObITh COEIMHEHBI C APYTMMM O6II0KAMM C TIOMO-
IIbIO OTIepaTopa >>> ISl CO3JaHMSI HOBBIX OJIOKOB U IIeIToUeK 6JI0KOB. biiok
repefaeT TPaH3aKThI Aajee, TOra Kak lieroyka 6/10K0B MO0 3aBepiiaeT
00paboTKy, 1160 co3maeT 6@ CKOHEUHbIN LK.

[IpuBemeHHbIe ypaBHEHMS ellle He 3aKOHYeHbl. Ceifyac HaM CyielyeT
CO3[1aTh MOTOK CJIyYalHbIX COOBITUII 1 3aITyCTUTh BCIO MMUTALMIO. [s
9TOTO MbI 0OaBJIsSIeM Ha AMarpaMmy ITOTOK ¥ COOTBETCTBYIOIINI 3/IeMEeHT
3aITyCKa, KaK MOKa3aHo Ha pUCyHKe 4.3

ITonHble ypaBHeHMs IPUBeNeHbI Ha pyucyHKe [4.4] 3nech Mbl 3aMeTuM,
YTO MCITONIb3YEeTCS CrelMaabHbIii ortepaTtop do! [jist 3amrycka 06paboTKu
TPaH3aKTOB 10 3aJaHHBIM ITOTOKY CJTyYaifHbIX COOBITUIA U I[eITOUKe OJIOKOB.
JlevicTBMe 3aITycKa Bceraa ssBHOe B MOJIeJN.

Terepb Mbl MOXeM 3aJlaThb KOHeYHOe BpeMs Kak 480 u caenarhb mar
MHTETPUPOBAHMS JOCTATOUHO MaJIbIM, CKaskeM, paBHbIM 2,5.

Ha camom pfene, mar MHTErpMpoBaHMs He UCIONIb3YeTCsI B MOJe CU-
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,'O Runner

A
O
Clients
O~ O~—O0
51 52 53
Queue Facility
O O
Joeq Joe

Puc. 4.3: DimeMeHTbI 3aBepIlIeHHOM MO EJIN.

CTeMbl MacCOBOTO OOCTYKMBaHMSI, HO OH BJIMSIET HA TO, KaK PUCYIOTCS
rpadMKu, ¥ KaK CO3AAI0TCs Tabmuilbl ¢ maHHbIMMU CSV. I'paduku pucyoTcs
BCeraa B TOYKAaX MHTETPUPOBAHMUS HE3ABUCUMO OT TOT'O, UCITOb3YeTC JIU
MEeTO[, UHTEerpupoBaHus uin HeT. [loaTomy napameTp dt JO/KEH UMETh
HEKOTOpOe pa3yMHOe 3HaueHue.

HaxkoHeIr puIiio J06aBUTh HEKOTOPbIN BBIBOJ, 151 Pe3Yy/IbTaTOB MO-
IenpoBaHusl. Bel MOXXeTe MCIIOIb30BaTh IVIABY [ KaK CIIPaBOYHUK, Iie
OTMCaHbl pa3Hble MeTOAbI OTOOpaskeHMs pe3y/ibTaToB. Kpome TOro, ecTh
ele oayH 37eMeHT SFM, KOTOPbIi MOKET ObITh ITOJIE3€H Ceifuac, M KOTOPbIA
[03BOJISIET YMEHbILIUTL HATPOMOXKAEeHNe Ha BU3YaJIbHOM IyarpaMMme.

Jlo6aBbTe K MO HOBYIO IMarpamMmy, a 3aTeM co3JaiiTe 3JeMeHT
ccoliku dnst SFM Ha 3ToVi AuarpaMme, Kak MOKa3aHo Ha PUCYHKe ITycTp
9Ta CChUIKA OYyIeT CBsI3aHa C ITepeMeHHO Joe U3 ITIaBHbIX YpaBHEHUI
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Dawnn [Mpaeka Bug MMmiTawmA Cnpaeka
Bl ¢ ® =
. LR Ny

Model

module Model {

Py
|

Clients = Stream.random(18 - §, 18 + 8); '

\ !
M -

Joe = Facility.create();

Joeq = Queue.create():

(—RL.nner = do! Block.runByStream(Clients, 51, )
L

51 = Block.gueue(Joeq) === Block.seize(Joe) »>> Block.depart(Joeq) === 52;

52 = Block.advance(random(16-4, 16+4)) === 53;

53 = Block.releaselJog) === Block.terminate;

Puc. 4.4: YpaBHeHWMs 3aBepLIEHHON MOAEN.

nuarpammbl Model. Takke 106aBbTe HOBbIE JIEMEHTbI, KOTOpbIe OYAYT
CBSI3aHHBI C JAHHBIM 3JIeMeHTOM cChlIKM SFM. OHM 6yayT BO3BpaIlaTh
CBOJiCTBa MpubOpa, KOTOpPbIe Mbl XOTMM YBUIETh Ha TpaduKax.

CooTBeTCTBYIOLIME YPaBHEHMS /11 CBOMCTB IIPUBELEHbl HA PUCYHKE
Vicrionb3oBaHHbIe GYHKIMM OTMCaHbI B paszesne[5.16]

Hampumep, ecsiu Mbl HapucyeM rpadyK OTKIOHEHMS JJIs1 CBOVICTBA [TV -
HbI ouepenn u ero craTuctTuyeckoro aHajsora ajst 10000 uMmuTamOHHbBIX
3aITyCKOB, TO TOT[la Mbl MOKEM IMOJYUYUTD CJIeAyIOII/ie pe3yabTaThl, Kak
[TIOKa3aHO Ha PUCYHKE

Ob6patuTe BHMMaHMe Ha TO, YTO 00a rpadKa OTKIOHEHUI CXOISITCSI,
TMOCKOJIbKY CTyYaiiHbIl MPOIeCcC JOCTATOYHO OBICTPO CTAHOBUTCS CTALIV-
OHaprIMEl. Taxke Mbl He UCITOIb3yeM TOT (baKT, YTO CBOVICTBO HEOTPU-

1C6poc cTaTUCTKY MOKET GbITh 106aB/IE€H B OIHOJ 13 CIeAYIOMIMX BePCHii TPOrpaMMbl
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11aTeJIbHO, HO OHO MMeeT JOCTAaTOYHO IMUPOKMIT pa3bpoc 13-3a OOIBIIIOTO
OTKJIOHEHUS.

B 3T0i1 MOiesi Mbl He UCII0/Ib30Baj 0ObIKHOBEHHbIE TuddepeHIn-
aJbHble YpaBHEHMS, HO MOI/IM 6bl. «BusyanbHasgAiiBMKa» [eiiCTBUTE/Ib-
HO IT03BOJISIET HaM MCIT0/Ib30BaTh OObIKHOBEeHHbIE N depeHIIaTbHbIE
ypaBHEHUS U OVCKPETHO-COOBITUITHBIE YACTM B OJTHO KOMOVHMPOBAHHO
MOJIEJTN.

«BusyanbHasgAliBuKa» B GymyIem.
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Dezscription ¥ [aTa Graphs

Om&r@E W AR

Holding Time

Wait Time

Queue Length Stats Queue Length

Puc. 4.5: Victionb3yiiTe ccbuiky SEM fji yMeHblIeHUs HATrPOMOXKIeHMST Ha
IyarpamMmmax.



34 ImaBa 4. Kak co31aTb MOAEIb CUCTEMbI MACCOBOT'O OOCTYKUBAHS

Dain [Mpaeka B AmTauna Cnpaeka
I [ ) (T '
EEE LE ® =

escrintion Ao Graphs

module Graphs {

Holding_Time = Facility.holdingTime(Model. Joe);
Queue_Length = Facility.gueueLength(Madel. Joe);
Queue_Length_Stats = Facility.gueuelengthStats(Model. Joe);

Wait_Time = Facility.waitTime(Model.Joe);

Puc. 4.6: II3Byiekaem cBo¥icTBa mpubopa.
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Queue Length

— Graphs.Queue_Length
— Graphs.Queue_Length_Stats

Puc. 4.7: CratucTu4YecKkue pe3ysibTaTbl MOLEIMPOBAHMS.
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I';1aBa 5

SI3BIK MOJe/IMPOBAHUS

SI3bIK MOZeIMpOBaHMS IIPOrpaMMmbl «BusyanbHasiAliBMKa» ITO3BOJISIET BaM
3a[aBaThb AMHaAMUUECKMe CUCTeMbl. Moze/ib MOKET COCTOSITh U3 HaKOIIUTe-
JIeVl Vi IOTIOJIHUTEJIbHBIX TIepeMeHHbIX. [lepeMeHHast HAKOMUTEISI MOXKeT
OBITb MHTErpajoM (pe3epByapom). [IoNoTHUTE/IbHAS [IepeMeHHast — 3TO
GYHKIMS OT APYTUX IepeMeHHbIX U BbIYMCIeHUIA.

B Teky1iei Bepcum CyIIHOCTY AMCKPETHO-COOBITUITHOTO MOIeTMPOBa-
HUS IOAJEePKUBAIOTCS TOJIBKO Yepes OIOJHUTEbHbIE TIepeMeHHbIe.

5.1 IIapameTpsl MOAEeIVPOBAHUS

3amaHbl Ipeaorpene/ieHHbIe IepeMeHHbIe, KOTOPbIe CYIIeCTBYIOT B KasK-
OOV MUMMTaLIUU:

e starttime ompepenser HauaJgbHOE BpeMs;

e stoptime 3agmaeT KOHeUHOE BpeMs,;

« dt ompenesnseT mar MHTErPUPOBAHMS 10 MOAEIbHOMY BPEMEHM;
e time Bo3BpallaeT TeKyllee MOJeTbHOe BpeMs.

[TepBble TPM KOHCTAHTHI OJIOOHO IPYTMM MTapamMeTpaM MoJeIMpoBa-
HMSI, OTIMCAHHBIM B 3TOM pasfiejie, MOTYT ObITb OIIpe/ie/ieHbl B 11aJOTOBOM
OKHe, KOTOPO€e OTKpbIBaeTCs uepe3 MeHI0 Simulation / Simulation Specs.

Eciiu Balia MMMUTAIIMOHHAS] MOJIENb COAEPSKUT TOJIBKO CYIIHOCTU M3 00-
JIACTYU IVICKPETHO-COOBITUIHOTO MOAEIMPOBaHMS, TO ITapamMmeTp dt MoKeT

37
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OBITH 3a4aH JIFOObIM. OTHAKO €ro 3HaUeHMe BIMsIeT Ha TO, KaK OTOOpaska-
10TCs1 TpadyKM, ITOCKOJIbKY 3HaUeHMs Ha rpaduke IMCKPEeTU3UPYIOTCS C
marom dt.

«BusyanbHassAliBuKa» IOgep>kKUBaeT Caeayolyie MeTOIbl UHTErPUpPO-
BaHMI:

e MeTOop, JiJiepa;
» MeTof PyHre-KyTTa BTOpOro nopsiika;

e MeToZ PyHre-KyTTa yeTBepTOoro nopsigka.

Taxkxke MMoAaaepP>XMUBAIOTCA CIEOAYVIOITNME PEXXMMbI reHePpaLlu CJIyT-IaI;'IHHX
qyuceia:

e IIPOCTOI peXXUM BKJIIOUaeT B cebs ctaHaapTHbI reHepaTop .NET ms
CJTyYaiiHBIX UMCesT, KOTOPBIN SIBJISIETCS CIa0bIM, HO OBICTPBIM;

e CTPOTMI1 PEKUM UCIIONb3YyeT KpUItTorpaduyeckunii reHepaTop CIIy-
YaiiHbIX YMCesI, KOTOPbIi BO3BpallaeT 6ojiee caydaiiHble YMcia, HO
OH JI0BOJIbHO M€ JIEHHbIN;

e peXUM C 3aJJaHHbIM HauaJbHbIM 3HaUeHMeEM [IJisl reHepaTopa, KOTO-
pbIit TTO3BOJISIET MTOMYYUTh BOCIIPOM3BOAMMYIO IMOCTIeA0BaATEIbHOCTh
TCeBIOCTYYaHBIX UMCes IJ1S1 KaXXA0TO MMUTALIMOHHOTO 3aITycKa.

Bonee Toro, Bbl MOXeTe OIpele/INTh YMCIIO0 3aITyCKOB [1JI1S1 BBIYMCIIUTEIIb-
HOTrO 3KCIlepuMeHTa 1o Mmetony MoHTe-Kapiio, KOTOpbIil OTpaskaeTcs Ha
CIeyIINX rpegonpeneieHHbIX [IepeMeHHbIX:

e runIndex Bo3BpalaeT MHAEKC TEKYIIero 3amycka MMUTALM, Hauy-
Has ¢ 0;

« runCount Bo3Bpamaer obIee KOIMIECTBO MUMUTAIMOHHBIX 3aITyC-
KOB B paMKax 3aJJaHHOTO BbIUMCIMTEIbHOIO 9KCIIEPUMEHTa.

OTH [iBe BCTPOEHHbBIE ITepeMeHHbIe MOJIe3HbI /Il IVIAHUPOBAHSI BHIUVC-
JTUTETbHOTO SKCIIEPUMEHTA TPV MTPOBEIeHMY aHAT3a YYBCTBUTEIbHOCTH,
KakK [M0Ka3aHo HIKe B paszene
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5.2 TlepemeHHBbIE

Crenyrommii CIUCOK OTIpeessieT TUIIbI IepeMeHHbBIX B Tporpamme «Busy-
albHASIAMBUKA».

e JlononHumenvHas nepemeHHas. dTo Jiobasi iepeMeHHast, KOTopasi orpe-
neneHa Kak GYHKIMS OT APYTUX TepeMeHHbIX, VJIY ITOCTOSTHHASI.

e Hakonumens. OTO [yuHaMMU4UeCKas riepeMeHHas B Mojenu. B Teky-
1ieii Bepcum Takas rmepeMeHHast MOKeT ObITh TOTBKO pe3epByapoM
(MHTerpajiom).

e ITomok. OTO MepeMeHHasi, KOTopasl BausieT Ha HaKomuTesb. [ToTok
MOKET OBITh JIMO0 BXOOSIIMM, JIMOO0 MCXOomsayumMm. Takke OH MOKET
OBITH MO0 IBYHAIIpaBA€HHBIM, JTMO0 OLHOHAIIPABIE€HHBIM.

e Tabnuya. dTo TabmmuHas QyHKIMS CO 3HAUCHUSIMM AJIS1 KOOPAMHAT X
ny.

e /luana3oH. OTO Ayara3oH UHIEKCOB )i MaCCUBOB.

 BJ0K. BerunciieHe 6710Ka, KOTOpoe o6pabaThiBaeT TPaH3aKThI U 3a-
TeM BO3BpalllaeT TPaH3aKThl, JIMOO Te 3Ke caMble, JIM00 M3MeHEHHBbIE.

 I]enouka 6710k08. BbrunciieHue 6j10Ka, KOTOpoe 06pabaThIBaeT TpaH-
3aKThl, a 3aTeM J100 3aBepiiiaeT 00paboTKy, 1160 MMeeT 6eCKOHeY-
HbIN [IUKII.

e byok 2eHepamopada. Beruncienue 6;10Ka reHeparTtopa, KOTopoe MOXeT
Ha4yaTb o6pa60TKy TPpaH3aKTOB I10 3aIlaHHOI LIeII0UKe 0JIOKOB.

e ITomoxk. ITOTOK BXOISIINX COOBITUI, KOTOPbIE IIPUXOIST B MOJIEIUPY-
eMYIO CHCTeMY U3BHe.

« Jleticmeue. HekoTopoe AeiicTBue, TaKOe KaK 3aITyCK 00pabOTKM TpaH-
3aKTOB ITIO LIeII0UKe OJIOKOB.

e Ouepedv. CyIITHOCTb OUEPeI.

e IIpubop. ITpubop — 3TO TaKOIi pecypc, KOTOPbIi MOKET UMETb TOIbKO
OIHOTO BJIAZIeJTbIIA.
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e MHozokaHanvHoe ycmpoticmeo. MHOTOKaHaJIbHOE YCTPOMCTBO — 3TO
TaKO pecypc, KOTOPbIiI MOXKET OBITh MCIOJIb30BaH HECKOJIbKMMM
TpaH3aKTaMMu.

e Ilenouxka coomeemcmaus. 1lermouka COOTBETCTBYSI MOKET 3a1eP3KI-
BaTh TPAH3aKThI 3 OMHOIO M TOTO K€ aHCaMOI.

e Maccus. MaccuB U3 IPYruX repeMeHHbIX.

Ha3BaHue nepemeHHOI B iporpaMme «BusyanbHassAiiBruKa» 4YyBCTBU-
TeJIbHO K peructpy. [lepBblit CMMBOJ NO/KEH ObITh OYKBOI MM MOILUEPKU-
BaHMeM. CiieiyroIiyie CMMBOJIbI MOTYT COA€PKaTh OYKBBI, IMOPbI U MO -
yepKUBaHUS B J11000J TTOCIeA,0BaTeTbHOCTH.

IIpumep

Total Resources, Scope, X, Vy

5.3 VYpaBHenus

SI3bIK MOZe/IMpoBaHMs IIporpaMmbl «Bu3syanbHasiAliBMKa» ITO3BOJISIET BaM
ornpenessiTb MOJesN, 3alUCbIBasi MHOXXECTBO MaTeMaTUUYeCKUX YpaBHe-
HUI ¥ BbIpaskeHN#. YpaBHEHMS MOTYT OBITh 3aIlMCaHbl B JIIOOOM MOPSIIKE.
[TopsimoK BbIUMC/IEHMIA OTIPeHeNsieTCsl, MCXOsI U3 3aBUCUMOCTEN MeXIy
repeMeHHbIMM.

«BusyanpHasiAiiBMKa» MUCIOJIb3YyeT CTaHIapTHbBIE ajiredpanveckie Bbl-
pakeHMs C TEMU XKe IpaBUIaMy IIPUOPUTETOB, KOTOPbIE UCIIONb3YIOTCS B
Java, C/C++ u Apyrux NOMyJSIPHbBIX SI3bIKaxX MPOrpaMMUPOBAHMS.

Taxoke «BusyanbHasiAiiBuKa» noaaepXXuBaeT CTaH4APTHbIe MaTeMaTu-
yeckye QyHKIMM, a TAKKe MMeeT AOIOJHUTe/bHbIe QYHKIINM, KOTOpPbIe
IenaloT Mpoliecc HarycaHue ypaBHeHU 60siee OGBICTPBIM U TTPOCTIM.

IIpumep

v
z

integ (1 + 0.2 ¥ y * sin (t) - 1.5 * t A 2, 0);
integ (Cy - 2)72, 9);

3mech GyHKIMS integ Bo3BpalllaeT MHTErpas 1o 3aJaHHO MPOM3BOJI -
HOM M HauaJIbHOMY 3Ha4YeHUI0.
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IIpumep

Adequacy_of_ Control Resources =
Control Resources / Desired Control Resources;

3nmech pegakTop ypaBHeHui1 Equation Editor aBToMaTHUueCKy 3aBepiiaeT
KakJ0e ypaBHeHMe CMBOJIOM TOUYKM C 3aTIsSITOIA.

5.4 Omnepatopsl

«BusyanbHassAiBMKa» MOAIeP;KMBAET CTaHAAPTHBIE TBOMYHbBIE 1 YHAPHBIE
orepaTopbl, KOTOPhIE CIEAYIOT OOBIYHBIM ITpaBUIaM HpuopuTeToB. Orepa-
TOPBI IPUBEIEHbI B TAGIMIIAX HIGKE.

Tabmuiia 5.1: YHapHbBIe OrmepaTopbl

not Jlornueckoe oTpulaHue
+ - 3HaK IIrca u MMHYCa

Tabaua 5.2: [IBOMYHbIE OIIEePaTOPhI

Bo3BeneHue B cTerneHb

/ + - ApudmeTndeckue orepaTopbl

<=>>= CpaBHeHue

== |= CpaBHeHMe Ha PaBEHCTBO ¥ HEPABEHCTBO
and or JlormMyeckast KOHbIOHKUMS M JU3BIOHKIINS C
IIPaBUJIOM KOPOTKOTO BbIUMUCIIEHUS

>>> Komrosuiiyisg 6710K0B

OmnepaTop KOMITO3UIMM GI0KOB TpedyeT HEKOTOPOTO pa3bsiCHEHMUS.

BoipaskeHre bl >>> b2 Bo3BpailllaeT BbIUKCIEeHME 0JI0Ka, KOTOpPOoe 06-
pabaThIBaeT TPaH3aKThI ITIEPBBIM 6JIOKOM b1, a 3aTeM BTOPHIM O6JIOKOM MJIU
IIeITOYKOi 6J10KOB b2. Eciu mocimemHnii apryMeHT b2 sSIBJisieTcsl 6JIOKOM,
TO pe3y/bTaT TOXe OymeT 6JIOKOM. B IIpOoTMBHOM ciIy4ae, eciy MocaeIHMI
aprymeHT b2 sIBsieTCs 1eMoYKOoii 6JI0KOB, TO TOTHA M pe3y/ibTaT oydeT
TaKKe 11eITI0YKOJi GJI0KOB.
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5.5 TIlocTOositHHBIE

«BusyanpHassAliBMKa» onpenessieT caefyoole IOCTOSIHHbIE.

Tabuiia 5.3: BcTpoeHHbIe ITOCTOSTHHbIE

true Jlormueckas "uctuHa”

false Jlornueckas ”10xp”

pi 3HaueHMe ynucia T

infinity [IpencraBiisieT MOIOKUTETbHYIO OeCKOHEY-
HOCTb

nan [TpencraBisieT 3HaYeHMe, KOTOPOE He SIBJISI-
€TCsI YMCJIOM

5.6 ®OyHRUUU

Huske B Tabuile MpMBeIeH CIIMCOK OCHOBHBIX IpeaoIpeaeaeHHbIX QyHK-
U

Tabmuia 5.4: OcHOBHbIE QYHKIIUN

abs (x) BosBpaimiaeT abcoMOTHOE 3HAUYEHNe
IS X

sgrt (x) BosBpaijaeT KkBagpaTHbI KOPEHb OT
X

int (x) Bo3BpailiaeT HanbobIIIe 1Ie7I0€e YUCIIO,
KOTOpPO€e MeHbllle WX PaBHO, YeM X

round (x) BosBpaiiaet 6iiskaitinee 4ncio K X

power (X, V) BosBpamiaer To XXe camoe, 4TO U ¥

mod (x, V) Bo3Bpalliaet oCTaToK OT AejieHus X /y

min (x1, x2,

)

BoBpaiiaeT MuHMManbHOE 3HaYEHME
n3 x1, x2, ...

max (x1, x2,

)

Bo3BpalijaeT MakcumasbHOe 3Haue-
Hue u3s x1, x2, ...

sum (x1, x2,

)

Bo3BpaiaeT cymmy 3HaYeHuin x1, x2,




5.6. ©OyHKIIMN 43

prod (x1, x2, Bo3BpailjaeT mnpomusBefieHMe 3Haye-

cel) HuUmm x1, x2, ...

mean (x1, x2, Bo3BpalaeT cpegHee 3HauYeHMe [JIS

) x1, x2, ...

sin (xX) Bo3Bpalaet 3HaueHue cMHYCa JIS X

cos (x) BosBpaijaetr KOCMHYC OJ1 X

tan (x) BosBpaijaer TaHreHc ajis X

arcsin (x) BosBpaliaet apkCMHYC OJIS1 X

arccos (x) BosBpalaeT apkKOCUHYC OJ1 X

arctan (x) BosBpalaeT apKTaHreHC IS X

arctan (y, x) Bo3Bpailiiaet apkTaHIreHC OJ1s1 OTHOIIe-
Hus (y/x)

sinh (x) Bo3Bpalaer runepooImIeckimii CMHYC
IUTST X

cosh (x) BosBpaiaeTt rurnepooamnieckuii Kocu-
HYC IJI51 X

tanh (x) Bo3BpaiaeT rurepobogmMuecKmii TaH-
TeHC JIJIST X

sinwave (a, t) Bo3sBpalaeT cMHyCOMAQIbHYIO BOJTHY
C aMILINTYAOM a U TIepuogom t

coswave (a, t) Bo3BpaiaeT KOCMHYCOUIATbHYIO BOJI-
HY C aMIUINTYA0M a U Ilepuoiom t

exp (x) Bo3Bpaluaer e B cTerneHu x

log (x) BosBpaiiaeT HaTypaabHbIi Jorapudm
OT X (TI0 OCHOBAHMIO €)

log (x, V) BosBpaiaet jorapmu@m OT X 110 OCHO-
BAaHUIO Y

qDYHKH,I/II/I sinwave u coswave Tp€6YI'OT HEKOTOPOTO ITOACHEHMSI. OHu
oripeneyieHbl dieayrommnm 06pa30M.

OnpeneneHnue

sinwave(a, t) a * sin(2 * pi * time / t);
coswave(a, t) = a * cos(2 * pi * time / t);
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Tabmuia 5.5: TeHepaTOpbI CITyYaitHBIX UMCENT

random (a, b)

BosBpaiiaeT paBHOMEPHO pacmpefe-
JIEHHOE (JIyYaifHOe YMCJI0O MeXIY a U
b

randomInt (a,
b)

Bo3BpalllaeT paBHOMEpPHO paclipeze-
JIEHHOe LieJioe CIy4YaiiHOe YMcIo MeX-
oyaub

triangular (a,
m, b)

BosBpalijaeT TpeyrosibHO pacripefe-
JIEHHO€e CJIyyaliHOe YMCJI0 MeXIY a U
b ¢ MmeguaHo m

normal (m, n)

BosBpaiaeT HOpMaJbHO pacrpeje-
JIEHHOE CJTyYaifHOe YMCJIO CO CPeTHUM
M ¥ OTKJIOHEHMEM N

exponential (m)

Bo3Bpaiaer rmokasaTeJbHO paciipesie-
JIEHHOEe CJTy4YaifHOe YMCII0 CO CPeIHUM
m

erlang (b, m)

BosBpaijaer ciyyaiHOe 4MCIo I10 pac-
Ipee/IeHNnIo DpjIaHra ¢ MaciTabom b
u 1ejo¥ ¢hopmoit m

poisson (m)

BosBpaLuaeT CnyqaﬁHoe YMcCiIo 110 pac-
IIpeanejleHnIo HyaCCOHa CO CpeaHuM m

binomial (p, n)

BosBpaiiiaeT 6MHOMMAIbHOE CIyJaii-
HOE YICJIO IIPY KOJIMYECTBEe ITOIbITOK
N C BEPOSITHOCTBIO P

Tabnuiia 5.6: YoIoBHOE BbIpaskeHue

if x then vy
else z

BosBpamaer vy, eciit X UCTUHHO; UHa-
Yye BO3BpalllaeT z

Tabnuiia 5.7: PasnuuHbie QyHKIIUMN

step (h, t)

Bosspaiaer 0 4o BpeMeHHU t, a 3aTeM BO3-
Bpaiaer h
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pulse (t, BosBpaiaet MMITy/IbC BBICOTBI 1, HAUMHAS

d) CO BpeMeHU t U IJINTEJIbHOCTBIO d

pulse (t, d, | Bo3Bpaiaet UMITY/JIbC BbICOTHI 1, HAUMHAS

P) CO BpeMeHH t, AJUTe/IbHOCTbIO d U ITepro-
AO0M p

ramp (s, tl, | Bosspamaert 0 o BpeMeHu t1, a 3aTeM Ha-

t2) KJIOHSIeTCSI KO BpeMeHM t2 ¢ KoadgduiineH-
TOM HaKJIOHA S

AT QyHKLIMM MMEIOT cIenyolnee onpeneneHue. OHM UCIOIb3YIOT OIN-
CaHHbIN nanee ornepatop discrete. Eciu KpaTKo, 3TOT oriepaTop BO3Bpa-
1jaeT Takoe 3HaueHue, KOTOpPOoe He MeHSIeTCS 38 UCK/II0UeHeM MHTEPBAJIOB
MHTErpupoBaHus o dt He3aBUCYMO OT TOTO, KAKMM ObI HY GBI MCITO/Ib3Y-
eMbli1 MeTOJl MHTerpUpPOBaHMSI.

OnpeneneHnune
step(h, t) = discrete(if time + dt/2 > t then h else 0);

pulse(t, d) = discrete(if (time + dt/2 > t)
and (time + dt/2 < t + d)
then 1 else 0);

pulse(t, d, p) = pulse(t + (if (p > @) and (time > t)
then round((time - t) / p)*p
else 0), 4d);

ramp(s, tl, t2) = discrete(if (time + dt/2 > tl)
then (if (time - dt/2 < t2)
then s*(time - tl1)
else s*(t2 - t1))
else 0);
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Tabnuia 5.8:
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NuaTtepnionsauus

table ((x1, v1),
(x2, y2), ...)

Co3paeT Tabauily, COCTOSIIIYIO
nztouexk (x1, yl1),(x2, y2),
..., IIe Tabauiia IIOTOM MOXKET
OBbITh MCIOIb30BaHa Kak (PyHK-
1St

table ((x1, vy1),
(x2, v2), ...) (X

OueHuBaeT 3Ha4YeHMe y [IJ1s 3a-
IQHHOTO X 110 CIUCKY ToueK (X1,
v1),(x2, y2),..., UCIIOJIb3Y4
JIMHENHYI0 MHTEPIIOJSLIO

step (t)

CosnmaeT GyHKIMIO IMCKPETHOI
CTYIIEHYATOM MHTEPIOJSIIMMA Ha
OCHOBe 3aJaHHOJ TaOGIUIIBI Tt

step (table ((x1,
v1l), (x2, y2),
o)) OO

OueHuBaeT 3HaUeHMe V 14 3a-
JTAHHOTO X IO CIUCKy TovyeK (x1,
v1), (x2, y2),..., UCTIONb3Y4
JVICKPETHYIO CTYIIeHYaTyl UH-
TepIOJALAIO

TabnuyHas (I)YHKU,I/IH MHTEPIIOINMPYET apryMeHT B COOTBETCTBUM C 3a-

IAHHO Tabmuiei.

IIpumep

Effect_of_Scope_Stability_of Rules =
table ((@, 0.5), (0.2, 0.535), (0.4, 0.585), (0.6, 0.675),
(0.8, 0.82), (1, 1), (1.2, 1.21), (1.4, 1.35),
(1.6, 1.42), (1.8, 1.47), (2, 1.5)

(Scope);

Tabnuia 5.9: @yHKIMK UHTETPaIoB

integ (d, 1) BosBpauat nHTerpas ¢ npou3BOLHOM
d 1 HavaJIbHbIM 3HAUeHMEM 1
delay (x, t) BosBpalijaeT 5KCrIOHEeHIMalbHYIO 3a-

JEep>KKy IIepBOro rnopsigka X Ha BpeMs
t Cc coxpaHeHUEeM X
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delay (x, t, 1)

Bo3Bpaliaet 5KCIIOHEHIIMAJIbHYIO 3a-
JIep>KKY IIepBOTro MOpsIIKa X, HAUMHas
C 1 m Ha BpeMm4 t C COXpaHEeHMEM X

delay3 (x, t) BosBpaijaeT 3KCIIOHEHIMAJIbHYIO 3a-
IIePXXKY TPeThero mopsiaka X Ha Bpemst
t c coxpaHeHUEeM X

delay3 (x, t, BosBpalaeT 5KCrIOHeHIMabHYIO 3a-

i) Jep>KKYy TpeThero rnopsaka X, HaumHas
C 1 m Ha BpeMm4 T C COXpaHeHMEeM X

delayN (x, t, BosBpaijaer 3KCIIOHeHIIMAIBLHYIO 3a-

n) IepPXXKY N-TO MOpsiAKa X Ha Bpems t ¢
COXpaHeHMEeM X

delayN (x, t, n, | Bo3BpallaeTr 5KCIIOHEHIMAIbHYIO 3a-

i) IepXXKy N-To MopsAKa X, HauuHag ¢ 1
" Ha BpeMs T € COXpaHEHMEM X

smooth (x, t) Bo3Bpaliaet sKCIoHeHIMaibHOeE CIyia-
>KMBaHMe MepBOro nopsigka x 3a Bpe-
M T

smooth (x, t, Bo3Bpalaert 3KCIoOHeHIMaabHOe CIyIa-

i) >KMBaHMe MepBOro nopsigka x 3a Bpe-

M t, HauMHas ¢ i

i)

smooth3 (x, t,

B03BpamaeT SKCIIOHEHIMa/IbHOE CIJIa-
JKMBaHMe TPEeTbero IopdaaKa X 3a Bpe-
MAa t

i)

smooth3 (x, t,

Bo3BpaliiaeTt 3KCIOHEHIMAIbHOE CIyIa-
>KMBaHMe TpeThero Mopsiika X 3a Bpe-
M t, HauMHag ¢ i

n)

smoothN (x, t,

B03BpamaeT SKCIIOHEHIIMaJIbHOE CIVid-
JKMBaHMe N-Tro rnmopsagka X 3a Bpems t

n, 1)

smoothN (x, t,

Bo3Bpaliaet sKCIoHeHIMa/IbHOE CIyia-
>KMBaHMe N-TO MOpsaKa X 3a Bpems t,
HauuHag C i

h)

forecast (x, t,

[TporHo3 ajist X Ha BpeMeHHOM T'OpM-
30HTe h ¢ MCIOIb30BaHNEM CPETHETO
3HauUeHUsI BpeMeH! t

47
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trend (x, t, i) | Bo3Bpamiaer gpo6HYIO CKOPOCTh M3Me-
HEHUS X, UCTIO/Ib3YSl CpefHee BpeMs t
¥ HauMHag C 1

3nech pyHKIIMM U3 cemeiicTBa del ay UCIIOAb3YIOT CJIEAYIONIYIO UIEl0,
rae ¢pyakuuy delayN aBisiioTcst 06001eHMeM ITpaBuia. Eciu Bl OymeTe
CpaBHMBATh 3TU QYHKLMM C APYTUMU ITPOrPAMMHBIMU MHCTPYMEHTaMMU
MOJeNIMpPOBaHus, TO UMelTe B BuAy, 4To GyHKkuuu delayN He MMeT
addekTa onepatopa discrete, KOTOpbIi HESIBHO MOXET MPUCYTCTBOBATD
B IPYI'MX MHCTPYMEHTAaxX MOJIEJINPOBaHMs. B cyrydae HEOOXOIMMOCTM STOT
oriepaTop MOXKeT ObITh BPYUHYIO I06aBjIeH B YpaBHEHMSI.

OnpepeneHnue

Dl1=delay(x, t) To xe camoe, 4YTO U
D1=1/t * integ(x - D1, x*t);

D1I=delay(x, t, 1) To xe camMoe, 4YTO WU
D1T=1/t * integ(x - D1I, i*t);

D3_3=delay3(x, t) To xe camoe, 4YTO M
D3 3=1/(t/3) * integ(D3_2 - D3_3, x*t/3);
D3 2=1/(t/3) * integ(D3_1 - D3_2, x*t/3);
D3_1=1/(t/3) * integ(x - D3_1, x*t/3);

D3I_3=delay3(x, t, 1) TO %e camoe, 4YTO WU
D3I _3=1/(t/3) * integ(D3I_2 - D3I_3, i*t/3);
D3I 2=1/(t/3) * integ(D3I_1 - D3I 2, i*t/3);
D3T 1=1/(t/3) * integ(x - D3I_1, i*t/3);

Hampumep, pucyHOK |5. 1| Toka3biBaeT GyHKIINM 3aI€P>KKU IIePBOTO U
TpeThero Nnopsiaka Ijsl CJiefyIoliero BXoia 1 BpeMeHHOTO MHTePBaa.

IIpumep
x=sin(time);

t=40%*dt;
dt=0.025;

@OYHKIMM 13 ceMeicTBa Smooth MCIONb3YIOT IMTOX0XKYIO M0, e QyHK-
vy smoothN gBIsiIoTCsT 06061IeHeM paBuia. Eciam Bbl OygeTe cpaBHU-
BaThb 3TU QYHKIMY C APYTMMM IIPOTPaMMHbBIMM MHCTPYMEHTaMM MOJIeJN-
pOBaHMsI, TO UMeFiTe B BUAY, UTO GyHKIMM smoothN He uMeroT adpdekra
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]

Untitled

Lirme

— Diagram_1.=
— Diagrarm_1.01
— Diagram_1.03_3

Puc. 5.1: 3agepskka mepBoro mopsaka, D1, u 3agepskka TPeTbero mopsiaka,
D3 3, njsg 3amaHHOrO BX0[4a, X, U epuona BpeMeHM!.

oneparopa discrete, KOTOpPbIit HESIBHO MOXKET IPUCYTCTBOBATDb B APYIUX
MHCTPYMEHTaX MOJeIMPOBaHus. B ciryuae HEOGXOAMMOCTY 3TOT OIEepaTop
MOKET ObITh BPYUHYIO T00ABJIEH B YpaBHEHMSI.

OnpeneneHune

Sl=smooth(x, t) To xe camoe, 4YTO WU
Sl=integ((x - S1)/t, x);

S1I=smooth(x, t, i) TO xe camoe, 4YTO u
S1I=integ((x - S1I)/t, 1i);

S3_3=smooth3(x, t) TO %e camMoe, 4YTO MU
S3_3=integ((S3_2 - S3_3)/(t/3), x);
S3_2=integ((S3_1 - S3_2)/(t/3), x);
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S3_1=integ((x - S3_1)/(t/3), x);

S3T_3=smooth3(x, t, i) To xe camoe, 4TO u
S3T 3=integ((S3I_2 - S3I_3)/(t/3), 1i);
S3I 2=integ((S3I_1 - S3I 2)/(t/3), 1i);
S3T 1=integ((x - S3I_1)/(t/3), 1i);

dyukuuu delay u smooth BeayT cebsl mo-pa3HOMY, KOTAa IepPUOL,
BpeMeHM HauMHaeT MEeHSThCS.

Oyukuuu forecast u trend umeroT cienymwliiee orpeneneHne, roe
orepaTtop init Bo3BpalljaeT 3HaYeHMe BbIpakeHMsI B HA4aJIbHOM TOUKe
MO EeJIMPOBaHMUSI.

Onpepenenue
forecast(x, t, h) = x * (1 + (x / smooth(x, t) - 1) / t *¥ h);

trend(x, t, i) = (x / smooth(x, t,
init(x) / (1 + 1 * init(t))) - 1) / t;

Ta6nuiia 5.10: duHaHCOBbIE PYHKIMU

npv (s, r, i, BosBpaijaeT 4nCTy0 IpuBegeHHYIO
) croumMmocTtsb (NPV) motoka s, Bbrumc-
JIECHHYIO M0 3aJaHHOJ CTaBKe JUCKOH-
Ta T, HAYaJbHOMY 3HAUE€HMIO 1 U HEeKO-
TopoMy KoadduimeHty £ (06b14yHO 1)
npve (s, r, i, BosBpaiijaeT KOHEUHYIO UMCTYIO [IPU-
) BeZleHHYI0 cTouMOCTh (NPVE) moToka
S, BBIUYMCIEHHYIO T10 3aJaHHO CTaBKe
IVICKOHTA T', HAYaJIbHOMY 3HaYE€HMUIO
i u HekoTOpOMY KO3 duieHTy £
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B nporpamme «BusyanbHasiAiiBuKa» @rHaHCOBble (PYHKIVU UMEIOT
clenyolee ornpeneneHue.

Onpepenenne

npv=npv(s, r, i, £) To %e camoe, 4yTO "
npv = (accum + dt * s * df) * f;
df = integ(- df * r, 1);
accum = integ(s * df, 1);

npve=npve(s, r, i, £) TO e camoe, 4TO u
npve = (accum + dt * s * df) * f;
df = integ(- df * r / beta, 1 / beta);

accum = integ(s ¥ df, 1i);
beta =1 + r * dt;

Tabnuia 5.11: OnepaTopbl MOAEIMPOBAHMUS

discrete (x) Bo3sBpaijaet 3HaueHue X, KOTOPOe He
MeHSeTCs 3a UCKIF0UeHeM MHTepBa-
JIOB MHTerpupoBaHus dt He3aBUCUMO
OT TOT'0, KAKMM ObI HY ObLT UCTIONIb3Y-
eMblii MeTOJl MHTerpUPOBaHMUS

init (x) Bo3BpaliaeT 3HaueHMe BbIpaskeHUs X
B HAYa/IbHOWM TOUKe MOZeJIMPOBaAHUSA

Onepatop init Bo3BpaillaeT HaYa/ibHOe 3HAaUYeHMe [IJ1s1 MHTerpana. Tak-
ke OH Bo3Bparmiaet 610k Block . identity ms mo6oro 6/10Ka, TakKe Kak
Bo3Bpamaer Block.terminate ms 1r060i1 Hermouku 6;10KoB. HakoHerlr,
oIepaTop BO3BpalllaeT BbIUMCIeHMe Stream. empty AJ1s1 TI060r0 IOTOKA
COOBITHIA.

B ominune OT Apyrux nMporpaMMHBIX MHCTPYMEHTOB MO EeJIMPOBAHMS
«BusyanbHasAiiBuKa» Mogaep>KuBaeT JOBOJIbHO HECTaHIapPTHbIE OlepaTo-
pbel discrete u init. OHM CBsI3aHBI C CAMUM IBUKKOM MOZEJIMPOBAHMS
rmporpaMmbl «BusyanbHasiAiiBuKa». JIio60e uic/ioBoe BbIpaskeHye MOKeT
MMeTh Haua/IbHOe 3HaueHMe. Takke Mbl MOKEM TPaKTOBATh JII0O0e UMCI0-
BO€ BbIpaskeHMe KaK HeUTO, YTO MEHSIJIOCh ObI, KaK eC/IM ObI MCIIOIb30BaJICS
MeTof ditepa. OObIYHO BaM He CJieAyeT MPUMEHSITb 3TU OIEepaTopPhl B
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BalllMx Mojensix. bosee Toro, nociegHue 1Ba ornepaTopa MOTyT ObITH CIie-
IMOUUHBIMMA [T TPOTPaMMBbl «Bu3yanbHassAiiBMKa», ¥ OHU MOTYT ObITh
IJIOXO IIePeHOCHMBIMY MeXAY Pa3HbIMMU IIPOrPaMMHbBIMU MHCTPYMEHTaMU
MOZJeNMPOBaHMS.

5.7 JIuamna3oHbI

[uamna3oH 3amaeTcs ABYMS 1[eJIOYMC/IEHHbIMM BbIpasKeHUSIMU : HVYKHUM
MHJIEKC Iyaria3oHa M ero BepXHuil MHeKC. BboipaxkeHUsI OKHBI OBbITh
OIr'paHMYEHbI IBYMS TOUKAMMN.

IIpumep

N = 10;

I_Range
J_Range

=
w =

Juamna3oHbl MOTYT ObITh 33/laHbl HA AMarpamMmme MofgoOHO APYTUM Iepe-
MeHHbBIM, a 3aTeM MCII0/Ib30BaHbl B ypaBHeHMSIX. OHM HYKHBI JIJISI MacCH-
BOB.

5.8 Maccussbl

[y onpemeeHns OMHOMEPHOI'O MacCyBa Bbl MOXKETE VCIT0/Ib30BaTh 0CO-
ObIl CMHTAKCUC:

[ Element | Index <- Range ]

3mech BbIpaskeHMe 37ieMeHTa MOXKeT 3aBUCEeTh OT MHIEKCa, YbM 3HaUe-
HMSI Oy T TIOJTyYeHbl U3 3aJaHHOTO ara3oHa.

CuHTakcuc 0600I1IeH TaKKe IJISI APYTUX pasMepHocTeit. Hampumep,
IBYMepHbII MacCB MOKET ObITh OIpezesieH Mocie no6aBaeHNs JPYTroro
MHeKca:

[ Element | Index1 <- Rangel, Index2 <- Range2 ]
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«BusyanbHasAliBMKa» MOAAEPXKUBAET 0 5 pa3MepHOCTEIA.
YToO6bI COCIATHCS HA 37IEMEHT OJHOMEPHOI'0 MacCKBa 1o 3aJaHHOMY
MHAEKCY, Bbl MOXKeTe MCIO0Ib30BaTh CJIeYIOIIYI0 KOHCTPYKIIMIO:

Array[ Index]

[ToxokMM 06pa3oM MOKHO CChIJIaThCSI HA 3JIeMeHThI IByMEpPHOTO Mac-
CMBa IO ABYM MHEKCaM:

Array2D[ Index1, Index2]

ITO MPaBWIO TaKKe 00006IIAaeTCs Ha CIy4ai Ipyrux pa3MepHOCTei.

IIpumep
n = 51;
C=[if (i ==0) or (i ==n + 1) then 0 else M[i] / v |

i<-0..ntl1 7J;

M = [ integ (q + k*(C[i-1] - C[i]) + k*(C[i + 1] - C[i]), @) |
i<-1..n7;

q=1;
k = 2;
v = 0.75;

B sTom nipumepe C 1 M 9BASIOTCSI OGHOMEPHBIMUM MaCCMBaMM C Pa3HbI-
mu nHpekcamu. Maccus C umeer 3HaueHns1 C[0], ..., C[n+17], Toroa kak
maccuB M umeer 3Hauenuss M[17, ..., M[n].

Mexay pourM, Oyara3oHbl MOIIM ObITh OIpeIe/eHbl KaK OTAeTbHbIe
repeMeHHbIe. [IJIsI POCTOTHI 3[1eCh AMaIia30Hbl OIpeeeHbl BHYTPU Mac-
cuBOB. [IpMMeHMMbBI 062 MeTOzA.
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5.8.1 ®OyHKUMMU OIS MAaCCMBOB M JMAIIa30HOB
JJ1s MacCMBOB U IMAIa30HOB OIpeie/ieHbl cyieayolye QyHKINN.

Tabmuia 5.12: OyHKIMM I1J1SI MACCMBOB U IMaNla30HOB

Length Bo3BpaiaeTt o01ee KOJIMYECTBO 3JIEMEHTOB

(a) IS 3aJaHHOTO AMarasoHa Wiy MaccuBa a

length (a, | Bo3Bpamaer KojinMueCTBO 3JIeMEHTOB [IJIS1 3a-

d) IaHHOTO MaccuBa a U pasMepHOCTU d, HaYu-
Hasg c0

Low (a) BosBpalaeT HUKHUI MHOEKC A1 3aJaHHOTO
Iyara3oHa Uiy OJHOMEpPHOro MaccuBa a

Llow (a, BosBpaiiaeT HMKHUI MHEKC 07181 3aIaHHOTO

d) MaccuBa a U pasmepHocTu d, HauuHas ¢ 0

high (a) Bo3Bpamjaer BepxHUit MHOEKC )15 3aJaHHOTO
Iyara3oHa Uiy OJHOMEPHOro MacCuBa a

high (a, BosBpanjaer BepxHUit MHIOEKC )15 3aJaHHOTO

d) MaccuBa a U pasmepHocTu d, HauuHas ¢ 0

min (a) BosBpaijaeT MMHMMAaJIbHbBIN 3JIEMEHT 3aaH-
HOr'0 MaccuBa a

max (a) Bo3BpaliaeT MakCUMa/IbHBIN 3/IeMEHT 3aaH-
HOr'0 MaccuBa a

sum (a) BosBpaijaer cymmy 371eMEeHTOB [1J151 3aJaHHO-
ro MaccuBa a

prod (a) BosBpaiijaeT npomusseneHne 3j1eMeHTOB IS
3alaHHOr0 MaccuBa a

mean (a) Bo3Bpalaer cpegHee 3HaueHMe IS SJIeMeH-
TOB 3aJJaHHOr'0 MacCKBa a

[Mocnenume GyHKIUIMM SIBJSIIOTCSI arperupyoimmumMu. [TonesHo, 4To Mbl
MoOykeM TepeaTh TaKMM (PyHKI[MSIM BpeMeHHbIe MacCUBbI, KOTOpbIe CaMM
SIBJISIFOTCS PE3Y/IbTaTOM BbIpayKeHUMN.

Cnepnyrominii mpuMep dKBUBaJieHTeH npumMepy 13 [Vensim 5 Reference
Manual, crpanuiia 30, mpumep 3] nokyMmeHTaiuu K Vensim|3].

IIpumep

efficiency = prod(factor_efficiency);
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US_population = sum(population);
revenue = [ sum([ sales[c, p] * price[p, b] | p <- product ]) |
c <- country, b <- brand 7J;

[MoskasyiicTa, 06paTuTe BHMMaHMe Ha TO, KaK CO3/1aeTCsl BpeMeHHbIIf
MacCUB [IJIsI CyMMMPOBAHMS 3JIEMEHTOB B MacCUBe-TIepeMeHHOI1 revenue.

Crnenyroiuii ipyumep OTHOCUTCS K Teopuu urp. OH BbIYUCIISIET 3HAUe-
HMS MaKCMMMHA ¥ MMHMMaKCa 10 3aJaHHO MaTpulie pa3MepHOCTU n X n,
COOTBETCTBEHHO.

IIpumep
max_min = max([ min([ A[1i,j] | j <-1..n]) | 1 <-1..n 7]
min_max = min([ max([ A[i,j] | j <-1..n]) | 1 <-1..n 7]

3mech BpeMeHHbIe MacCUBBI CO3/IAI0OTCST TOJIbKO OMH pa3 B CAMOM Ha-
yajie 3arycka MMUTAaIUNA.

MaccuBBI MOTYT COIepsKaTh ¥ BbIUMCIEHMS OJIOKOB, M PECYPCHI C 0UYepe-
nsvu. Torga K HUM MOXKHO 06paIiaThCs 10 MHIEKCY.

5.8.2 Huunmmanusanysa MaccuBa

HekoTopble MacCHBbBI MOTYT OBITh 3aJJaHbl B TaOIMUYHOI hopme 6e3 IBHOTO
yYKa3aHMs I1ana3oHoB M MHIEKCOB. CyIecTBYeT YIIPOLEeHHbIN CMHTAaKCHUC
IJIST 9TOTO.

IIpumep
Al = [0, 1, 2, 3, 4, 5];

A2 = [[0, 1], [2, 3], [4, 5]11;
A3 = [[[e, 1], [2, 311, [[4, 51, [6, 7111;

TonbKO Takye MacCUBBI Bcerna MMeIoT MHIEeKChl, HaunHaromyecs ¢ 0.

5.8.3 OToOpaskeHMe MaccMBOB Ha rpadukax

MaccuBbl MOTYT OBITh OTOOpaskeHbI Ha rpadukax. Hampumep, onpene-
JIeHHBII1 Yepe3 arperMpoBaHye B pasjene MacCyB revenue MOXKeT
BBIIVISIIETH KakK Ha rpaduke
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Mested Arrays

Mested Arrays / Run1of 3

— Matrix_Aggregation.revenue. [0].[3]
— Matriz_Aggregation.revenue. [0].[4]
— Matriz_Aggregation.revenue.[1].[3]

Matrix_Aggregation.revenue. [1].[4]

Puc. 5.2: IIpu oTobpakeHMM MaccuBa Ha rpadyKe KaskIblil 97IeMEeHT MeeT
CBOJ MHOEKC.

5.9 AHanus 9yBCTBUTEIbHOCTU

Kak 6b1710 3aMeUeHO BbIIIEe B TEKCTE, CYIECTBYIOT BCTPOEHHbIE TTepeMeH-
Hble runIndex u runCount, KOTOpble BO3BPalIalOT MHAEKC TeKYIero
3amycKa, HaumHasi ¢ 0, 1 ob11iee KOMYECTBO 3aITyCKOB B paMKaX O HOTO BbI-
YNUINTEIBHOIO 3KCIIepuMeHTa 1o Metony MoHTe-Kapio, COOTBeTCTBEHHO.

BaxkHo, 4yTO mepemeHHast runIndex sB/isIeTCS IMMOCTOSSHHOM B paMKax
TeKyI[ero UMUTAIIMOHHOTO 3aITyCKa, a 3aTeM 0OHOBJISIeTCS IJ1sl APYroro 3a-
nycka. CylecTBYIOT IIOXOXKMe C(JIy4yaifHble [TapaMeTphbl C TeM 3Ke CBOICTBOM.
OHM MOCTOSTHHBI B paMKax TeKYIIero 3alycka, a 3aTeM OHMU Iepeornpezens-
I0TCS IS APYTOro 3aIrycKa.
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Tabmuia 5.13: CrryuaiiHbie mapaMeTpbl

randomParam (a, b)

BosBpaliaeT paBHOMEpHO pac-
TpeLe/IeHHbIN CIy4aliHbli rapa-
MeTp Mexay a ub

randomIntParam (a,
b)

Bo3BpaijaeT paBHOMepHO pac-
rpenejieHHbIN Le/blil CiyJai-
HbIV TapaMeTp MeXay a U b

triangularParam (a,
m, b)

BosBpaiiaeT TpeyroibHO pac-
TpefieJIeHHbIN CTy4daliHbli rapa-
MEeTp MeXAy a U b ¢ MeanaHoi
m

normalParam (m, n)

Bo3BpaiiaeT HOpMaJabHO pac-
TpefeeHHbI CJIy4YaiHbli rapa-
MeTp CO CpeAHUM M U OTKJIOHEe-
HMEM N

exponentialParam

(m)

BosBpailaeT mokasaTesabHO pac-
IpefeeHHbIN CJIy4YaiHblil Iapa-
MeTp CO CpegHUM M

erlangParam (b, m)

Bosspamaer wiyyariHbii mapa-
MeTp I10 pacrnpeneneHn0 JpiiaH-
ra c macirrabom b u memnoit hop-
MOM m

poissonParam (m)

BosspamjaeT cryvariHbili mapa-
MeTp 1o pacnpepenenuto [lyac-
COHA CO CpeSHUM M

binomialParam (p,

n)

Bo3Bpamaer OMHOMMAIbHBIN
CIy4alHbI  [apaMeTp Opu
KOJIMYEeCTBE TOMBITOK N C

BEPOSITHOCTBIO P
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Takue mapameTpsl MOJIE3HbI /IS TPOBEAEHMS aHaIM3a YyBCTBUTEbHO-
ctu. OHM MOTYT OBITh MCITOJIb30BAHbI B YPaBHEHMSIX.

[Tepeornpernensisi HEKOTOpbIe MOCTOSIHHBIE KaK Cay4yallHble BHELIHNe
rapaMeTpbl, Mbl MOKeM ITPOBEPUTH MOJEJIb Ha YCTONYMBOCTb. [1JIs1 3TOr0
«BusyanbHasAliBuka» nogaepxkuaet meton MoHTe-Kapio. Pe3ynbTaThl
TaKOT0 aHaaM3a MOTYT ObITh OTOOpPaskeHbI Ha Irpadyike MOJOOHO PUCYHKY
e ucronb3yetcs omniys Deviation Chart gyist anemenTa Graph Element.
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Sensitivity Analysis

n 50 100 150

— Resources Economic_Resources
— Goods. Desired_Econormic_Goods
— Goods.Econamic_Goods

Puc. 5.3: I'paduK rMoKa3bpIBae€T TPEHIbI U TOBEPUTEIbHbIE MHTEPBAIbI, T.€.
HACKOJIbKO YCTOIUMBA MO/I€JIb OTHOCUTEIbHO M3MEeHEeHMIT BHEIITHUX CITY-
YaifHbIX ITapaMeTPOB.

bosnee Toro, couerast MHULIMAIM3ALMI0 MAaCCUBOB CO BCTPOEHHBIMMU I1e-
pemeHHbIMM TunIndex u runCount, Mbl MOXeM 3aJ1aTh BBIOOPKY IS
BHEIIHUX IapaMeTpoB. Vies 1oBOMIbHO IpocTa. Mbl oripeesnsemM MacCuB
CO 3HAYEHMSIMMU, a 3aTeM CChIJIaeMCS Ha HEero Mo MHAEKCY 3aITyCka, BeposiT-
HO, OTpPaHNMYEHHOMY pa3MepoM MacCHUBa.

IIpumep

A= [[1, 2, 37,
2, 3, 17,
3, 1, 2]];

Sample = mod(runIndex, length(A, 0));
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X1 = A[Sample, 0];
X2 A[Sample, 17;
X3 A[Sample, 27;

5.10 TpaH3aKTbI

BorumciieHust 6JI0KOB 06pabaThIBAIOT TPaH3aKThl. BOIbIIMHCTBO O/I0KOB
MIPUMHMMAET BbIPaKeHMsI, KOTOPbIe MOTYT MMETb IOCTYI K aTpubyTaM TpaH-
3aKTa I10 Ha3BaHMI0, KOTOPOe MOKEeT OBbITh ITPOM3BOIbHBIM MAEHTU(IMKA-
TOPOM.

Tabmuiia 5.14: IlpuMepsl aTpuOYTOB TPAH3aKTOB

transact.attribute ObpaieHme K aTpuoyTy
«attribute» TpaH3akTa

transact.ABC Obpaienne K aTpnubyty «ABC»
TpaH3aKTa

TpaH3aKT MOXeT MMeTb ITPOM3BOIbHOE UMCIO0 aTPUOYTOB.
[Tpu paspmeneHuu TpaH3aKTa Ha KOMIUM, M3MeHEeHUsT aTpMUOyTOB TpaH-
3aKTa He BAUSIOT Ha JpyTrue TpaH3aKThlI U3 TOV ke accambiient.

5.11 TIOoTOK BHEUIHMX COOBITUI

[Tepen co3maHueM TPaH3aKTOB B 6I0Ke TeHepaTopa B UMUTAIIVIOHHYIO MO-
IeJIb M3BHE JIOJIKHBI IIPUIATY COOTBETCTBYIOIIME BHEIITHME COObITHS. Takue
COOBITHS OTIPEIEISIOTCS C TIOMOIIBIO BBIUMCIEHNS TTIOTOKA Stream.

Tabnuia 5.15: Beruncinenue Stream

Stream.empty BosspamjaeT mycToi 1oToK, KO-
TOPBIN He CO3aeT BHEIIHUX CO-
OBITHUIT

Stream.take(s, n) B34Tb 3amaHHOE KOINYeCTBO N
BHEITHMX COOBITHUII 3 TTIOTOKA S
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Stream.

random(a, b)

BosBpalljaeT HOBBINi  ITOTOK
BHEIIIHMX COOBITUII C paBHO-
MepHBIM pacmpeneieHyeM
CJIYYafHBIX 3aJepkeK MeXAy a
ub

Stream.randomInt(a, | BosBpamaer HOBBII IIOTOK
b) BHEIIHMX COOBITMII C paBHO-
MEepPHBIM pacripefenieHueM
LIeJIOUMCIeHHBIX  CJIYyYaiiHbIX
3aep>keK Mexay a u b
Stream.triangular(a, | Bo3Bpamaer HOBbBII IIOTOK
m, b) BHEIITHMX COOBITUMII C Tpe-
YIOJIBHBIM  pacrpeneieHnemM
CJIy4alHBIX 3aep>KeK MexXIy a
1 b c MeguaHOM m
Stream.normal(m, n) | Bo3Bpaijaer HOBBII IIOTOK

BHEIIHMX COOBITUII C HOp-
MaJIbHbIM  paclipefeeHeM
CTyY4alHbIX 3aJepkeK CO cpep-
HMM M U OTKJIOHEHMEM N

Stream

.exponential (m]

BosBpamiaer HOBBII  ITOTOK
BHEIIHMX COOBITUII C IIOKa3a-
TeJIbHBbIM pacrpeneneHeM
CIy4yaliHbIX 3a7lep>KeK CO cpefl-
HUM M

Stream.

erlang(b, m)

BosBpaljaeT HOBBII  ITOTOK
BHEIIIHUX COOBITHUIA, TIIe cyJaii-
Hble 3aJIep>KKU paclipeeieHbl
10 3aKOHy OJpjaHra C Mac-
mrabom b u menoit popmoii
m

Stream.

poisson(m)

Bo3BpailjaeT HOBBIII  IOTOK
BHEIIHUX COOBITUIA, TIe Crydaii-
Hble 3aJlepP>KKM paclipereseHbl
110 3aKoHy [lyaccoHa co cpegHUM
m
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Stream.binomial (p, Bo3Bpaijaer HOBBIMI  IOTOK
n) BHEIIHMX COOBITUII C OMHO-
MUaAJIbHBIM  pacrpeneieHemM
CIy4alHBbIX  3aJepXXek Ipu
KOJIMYEeCTBE TIOMBITOK N C
BEPOSITHOCTBIO P

YT06bI CO3/1aTh 3aJaHHOE UMC/I0 BHEIIHMX COOBITUI, CKaykeM 15, B Ha-
yaJibHOE BpeMsl UMUTAIMM, Mbl MOKEM CO3aTh MOTOK I10 I1a0JI0OHY CJIeTy-
IOIIIeTo IIpuMepa.

IIpumep
S = Stream.take(Stream.random(@, ©), 15);

3mech MbI co3/1aeM OGeCKOHEUHbII TTIOTOK, a 3aTeM OTOMpPaeM TOIbKO
repBbie 15 cOOBITUI U3 HETO.

5.12 bBaoxk reseparTopa

BerunciieHne 6;10Ka reHepaTopa MOXKET IMPUHSITD TOTOK BHEITHUX COOBI-
TUiA, 11eITI0YKY OJI0KOB, a 3aTeM HavaTh CO37aBaTh M 00pabaThIBaTh TPaH-
3aKThl. OOBIYHO 3TO MMPOUCXOAUT HESIBHO, KOTJa IIPUMeHSeTCs] QyHKIINS
Block.runByStream, Ho nHpoOpMaLMIO O 6JIOKAX TeHepaTopa BCe Ke
cyienyeT MPUBECTH.

Tabnauia 5.16: Biiok reHepaTopa

GeneratorBlock.byStream | Bo3Bpaiiaer 610K reHepa-
(s) TOpA I10 3aJaHHOMY IIOTOKY
S BHEITHUX COOBITHUI

5.13 Biaokmu

O6paboTKa TpaH3aKTOB ITPOMUCXOIUT BHYTPHU 0JI0KOB. BiIok MoXkeT 3amep-
JKMBATb TPaH3aKThl, MOKET MEHSTD MX, a 3aTeM pa3pyllaTh. BIOKM MOKHO
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COeIVHSITD C IIOMOIIbI0 KOMIIO3UIIMM B TOM CMBbIC/IE, YTO MbI MOXKEM CO-
3[1aTh LIEITOYKY GJIOKOB, KOTOPAs Taske MOKET ObITh 6€CKOHEUHBIM LIMKJIOM,
MJIY OHA MOKET MMeTh 0OpaTHbIe CBSI3U B CJIydae HEOOXOAVMMOCTH.

OnepaTop KOMMOO3ULMM BBITTISIAUT Kak bl >>> b2, roe TpaH3aKThI
cHavayia 06pabaThiBarOTCs 6;10KOM bl, a 3aTeM OGJIOKOM MJIM II€IIOYKOIA
6710K0B b2.

PasHuIia Mesxay 0ObIYHBIM OJIOKOM U II€TIOYKOJ 6JIOKOB COCTOUT B TOM,
YTO I[eroYKka 6JI0KOB 60 3aBepiiaeT 06paboTKy, 1160 MMeeT 6eCKOHeY-
HbII UK. C IPyroii CTOPOHBI, 6JIOK IepeaeT TPaH3aKT JaIbIlle, BO3MOXK-
HO, MEeHSISI OIVIH U3 er0 aTpuOyTOB.

MbI MOXeM BBOOUTH BETBJIEHE BIUMCIEHNIT OJIOKOB C IIOMOIIbIO OITe-
paropa Block. select, wiu Mbl MOXXeM COeIMHSTh HECKOJIbKO OJIOKOB B
OJJHO BBIUMC/IEH)E C IOMOILbIO OIlepaTopa KOMITO3UIIVN.

Kom1o3uiiyst 6;10KOB ITPOTUBOIIOIOKHA TOMY HaIllpaBAeHMIO, B KOTOPOM
00pabaThIBAIOTCS TPAH3AKTHI!

Tabnuua 5.17: OCHOBHBIE BbIUMC/IEHMS OJIOKOB

Block.select(if x then BosBpaiaer 11enouky 6710-
y else z) KOB, KOTOpast 06pabaThIBa-
eT TPaH3aKThI C IOMOIIbIO
LIEIIOYKM OJIOKOB Y, eCIn
YCJIOBME X BBITIOJIHSIETCSI,
MHaue TpaH3aKThbl 0Opaba-
TBHIBAIOTCS C TIOMOIIBIO I1e-
IIOYKM OJIOKOB Z

Block.terminate BosBpaiaer 11enouky 6710-
KOB, KOTOpasi 3aBepIilaer
00pabOTKy TPaH3aKTOB

Block.identity Bo3BpaiaeTr 670K, KOTO-

pBIVi  TPOCTO MepenaeT
BXOLHOW TPaH3aKT Jajbliie
Block.transfer (b) BosBpaiiaer 11emouky 6710-
KOB, KOTOpasI IepeHanpasn-
nsieT 06pabOTKy TpaH3aK-
TOB B 3a/IaHHYIO IIEIIOUKY
6JI0KOB b. ITO MoO3BOISIET
CO37aBaTh 0OpaTHBIE CBSI3U




5.13. Bi1oku

Block.assign
(transact.attribute
<- V)

BosBpamaeTr 6JI0K, KOTO-
pbIii HA3HAYaeT 3aJaHHOMY
aTpuOyTy TpaH3aKTa 3HaUe-
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HJe V IIpu 00paboTKe TpaH-
3aKTa

BosBpamiaeT 670K, KOTO-
pbIii 3aJepskuBaeT TpaH-
3aKT Ha 3aJaHHbI UHTEP-
BaJl BpeMeHU V, KOTOPBIN
MOXKeT ObITb BbIpaskeHUEM,
KOTOpO€e MOXeT 3aBUCEeTb
OT aTpMOYTOB TpaH3aKTa
BosBpamiaeT 670K, KOTO-
pbI/i Ha3HAuYaeT HOBBIN
MIPUOPUTET TpaH3aKTaM,
rIe p MOXeT ObITh BbIpa-
>KeHMeM, KOTOpOe MOKeT
3aBMUCETh OT aTpuOyTOB
TpaH3aKTa

Block.advance(v)

Block.priority(p)

Crnepnyoluit mpuMep co3aeT IeNouKky 6JI0KOB, KOTOpas 3aJep>kK1BaeT
KaKObIN TpaH3aKT Ha 10 eIuHNUL, BpeMeHu, 3aTeM 3aJlep>KMBaeT Ha MHTe-
BaJl BpeMeHM, KOTOPbIN BBIUNC/ISIETCS U3 BBIPasKeHMs, a IOTOM, HaKOHell,
3aBepiaeT 06paboTKy.

IIpumep
B = Block.advance(10) >>>

Block.advance(20 + transact.SomeDelay) >>>
Block.terminate;

Huke npuBeneH apyroi rpumep, KOTOPbIl onpenessieT MpoCTenIInii
6eckoHeuHbIl UK. DyHkumsg Block . transfer mo3BonsieT cUMyIITOPY
pa30pBaTh UIMKIMYECKYIO 3aBUCHMMOCTD. IHaue ypaBHEHME He MOIJIO ObI
pa3pemnThbCs.

IIpumep

B = Block.transfer(B);
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MpbI MOXXeM UCMONb30BaTh CJIEAYIOLIVI TIpUMep 11 COXpaHeHUs Te-
KYIIIEro MOJIEJIbHOTO BpeMeHM B ITPOU3BOIbHOM aTpubyTe Arrival Time.
3aTeM TpaH3aKT MepenaeTcsl 3aJlaHHOI 1IerouKe 6JI0KOB.

IIpumep
B = Block.assign(transact.ArrivalTime <- time) >>> B2;

Huke onmcaHa He6osbIIast ynoBKa. Eciiu 1ierouka 6;10K0OB COCTOUT U3
MHOXeCTBa 6JI0KOB, TO MM€eeT CMbICJI Ha3BaTh MX C TOMOIIbIO ONHUX U
TeX Xe UAEeHTUPUKATOPOB, KOTOPbIE OYAYT OTIMYATHCS 110 OKOHYAHUIO,
KOTOpOE yKe OyZleT yKa3bIBaTh HA HOMeD Iara.

IIpumep

B1 = Block.advance(10) >>> B2;
B2 = Block.advance(20) >>> B3;
B3 = Block.advance(30) >>> B4;
B4 = Block.terminate;

Torga Takue ypaBHeHMS MOSIBSTCS Ha BKIaake Equations mocienosa-
TeJIbHO JIPYT 3a APYTrOoM. YpaBHEHMSI COPTUPYIOTCS 110 Ha3BaHMIO.

HakoHel, ciienyooniuii mpumMep IokKa3biBaeT, KaK CO3aTh aBe BeTBU B2
1 B3 13 ogHOro BBIUMCIEHMS, TIe pelleHne OyaeT 3aBIUCeTh OT reHepaTopa
CJTy4YaifHBIX UMCesl. 3AeCh Mbl MOIJIM Obl, HAIIPMUMED, ITPOBEPUTD AOCTYITHBIE

pecypchl.
IIpumep
B = Block.select(if random(@, 1) < 0.3 then B2 else B3);

HampoTtus, eciu y HacC eCcThb ABa BhIUMCIEHMS 6JI0KOB B4 11 B5, TO MbI
MOKeM HallpaBUTh 00a U3 HUX B Ty XKe caMyl0 1eloUKy 6JI0OKOB B, Kak
MOKa3aHO HUKe.

IIpumep
B8 = B4 >>> B;
B9 = B5 >>> B;

Torga o6a myTi 06paboTKM TPAH3aKTOB COBIOTCS B OAVH ITYTh.
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5.14 3amyck 6/I0KOB

[Tpy HaIMUMM HEKOTOPOI IIeIOYKY 6JIOKOB MbI MOKEM 3aITyCTUTh 00paboT-
KY TpaH3aKIINii C IIOMOIIbIO 9TOJ LIeITOUKM 0JI0KOB. JIJIs1 9TOTO HaM HY>KeH
6JI0K reHepaTopa, KOTOPhIi MOKET ObITh CO3JaH C IIOMOIIbIO IIOTOKA BHEIII-
HUX COOBITUIA.

Tabnuiia 5.18: 3amyck BeruncyieHnst Block

Block.run(g, b) BosBpaiaer geiicreue, KOTopoe
MOXeT ObITh TPUMMEHEHO K OITe-
patopy do! a5 3armycka 06paboT-
KM TpaH3aKLuit 1o 1ierouke 610-
KOB b, rae TpaH3akKUUU MOATO-
TaBJIMBAIOTCS 6I0KOM TeHepaTo-

pag
Block.runByStream(s, | BosBpaluaer neicTeue, KOTOpoe
b) MOXeT ObITh IIPMMEHEHO K or1e-

patopy do! a5 3ammycka 06paboT-
KM TpaH3aKLuit 1o 1ierouke 610-
KOB b, rzie TpaH3aKIuu 6epyTcst
"3 TTIOTOKA COOBITUI S

3nmech moceHsIst QyHKLMS SIBSETCS] COKpallleHHO 3alM b0 JIJIS1 BbI30-
Ba IepBoii QYHKIINMM C TOMOIIbIO BBIPAsKEHMS, KOTOPOe CO3/laeT reHepaTop
yepe3 Block.run(GeneratorBlock.byStream(s), b).

O6e dyHKIMM BO3BpAIIAIOT IeiCTBIE, KOTOPOE elle AOIKHO ObITh BbI-
TIOJIHEHO C ITOMOILBI0 oriepaTopa do !, UTo fesiaeT UCIIOTHEHME SIBHBIM B
ypaBHEHUSIX.

Cnenymwoumii mpumep WUTIOCTPUPYET MPOCTENMINYI0 3aKOHUYEHHYIO MO-
Ilefib, HO KOTOpast Hu4ero He 06pabaThIBaeT.

IIpumep
A = do! Block.runByStream(Stream.empty, Block.terminate);

31ech MyCTO¥ IMMOTOK BHEITHUX COOBITHIT 00pabaThIBaeTCsI 3aBepPIIar0-
1Ie’i 1ernoukoit 610koB. Hudero He rpoucxogut. OgHaKO 3TO ITOKa3bIBaeT
OCHOBHYIO UJ€I0.

Hwuxe npyroii mpumep.
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IIpumep

S = Stream.exponential(5);

B = Block.advance(3) >>> Block.terminate;
A = do! Block.runByStream(S, B);

Omnepatop do! MoxeT ObITh IIPMMEHEH TaKke K 3JieMeHTaM MacCKBa.

IIpumep

S = [ Stream.exponential(i) | i <- 5..10 7;

B = [ Block.advance(i - 2) >>> Block.terminate | i <- 5..10 ];
A = [ do! Block.runByStream(S[i], B[i]) | i <- 5..10 7;

5.15 Owuepenn

B nporpamme «BusyanbHasiAliBMKa» BBOOSTCSI HEKOTOPbIE CYIIIHOCTY JJISI
cbopa cratucTuku. OgHOI U3 TaKUX CYIIHOCTEN sIB/IsieTcs ouepenb. TpaH-
3aKT MO3Ke OBbITh 10OaBJIeH B ouepedb, a [IOTOM yaaieH U3 Hee. «Bu3syaib-
HasiAJiBMKa» BefeT MOACYET BCeX STUX OIepaluii.

Tabaua 5.19: KoncTpyKkTop ouepenn

\ Queue.create() \ Co3/1aeT HOBBIN OOBEKT OUepeaun \

JI71s1 TOTO, UTOOBI TTOMENIATh TPAH3aKThl B OUepeb, a TOTOM M3BJIEKATh
13 Hee, Mbl IOJDKHBI MCITOTb30BaTh COOTBETCTBYIONIME BBIUMCIEHMS OJIOKOB.
OTU BbIUMCIEHMS MMEIOT ONLMOHAIbHbIE TTapaMeTpbl IpUpalieHus coep-
SKMMOTO U €r0 YMEHbIIeHNSI, KOTOPbIE TI0 YMOTYaHUIO UMEIOT 3HAaUYEHME,
paBHoe 1.

Tabmuia 5.20: Onepanum ¢ ouepeabio

Block.queue(q) BosBpaijaeT 610K, KOTOPbIi 10-
MelllaeT TPaH3aKThl B 0uepenb q
C TIpUpallleHeM COOepP>XKMMOro,
paBHBIM 1
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Block.queue(qg, n) BosBpaiiaeT 610K, KOTOPBIii ITO-
MelllaeT TpaH3aKThl B ouepenb q
C YKa3aHHBIM IIpUpaleHmneM co-
JIep>XMMOr0, PaBHBIM N
Block.depart(q) BosBpaiiaer 6J10K, KOTOPbIi 13-
BJIEKAeT TPaH3aKThl U3 OUepenn
g C yMeHbIIIeHNEM COAEePXKMMO-
ro, paBHbIM 1
Block.depart(qg, n) BosBpaiaer 610K, KOTOPbBI 13-
BJIeKaeT TPaH3aKThl U3 ouepean
g C YKa3aHHbIM YMeHbIIEeHVEeM
COepKMMOTO, PAaBHBIM N

Jl71s1 IpyiMepa MbI MOKEM ITOMEeCTUTD TPaH3aKThl B OUepeb, 3afepskaTh
X, a 3aTeM 13BJieub 13 ouepenyt. O6bIYHO MbI TAKKe MOIJIM ObI IIOBITAThCS
3aII0JIyUYMTh HEKOTOPBI pecypc cpasy IMocie MoMeIeHusT TpaH3aKTa B
ouepemb, HO O pecypcax pacCKasbIBaeTCs Jajiee.

IIpumep

Q = Queue.create();

B Block.enqueue(Q) >>>
Block.advance(12 + random(@, 10) + transact.ABC) >>>
Block.depart(Q) >>> B2;

B /1106071 MOMEHT MOJeJTbHOTO BpeMeHM MbI MOKeM ITOTyYUTh MHGDOP-
MaIMIo O CBOVCTBAX ouepeay, HalpuMep IJIsl TOr0, UTOObI HApMCOBATh UX
Ha rpaduke, TakoM Kak rpaduk oTkiIoHeHMUs Deviation chart.

Tabmuia 5.21: CBoiicTBa ouepenu

Queue.content(q) BosBpaiaeT 3HaueHue cogep-
KMMOTO0 ouepenu Ajisl TeKylie-
ro MOJIeJIbHOTO BpeMeHU
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Queue.contentStats(q) | Bosspamaer cBOgHYIO CTaTU-
CTUKY I10 COOEPKMMOMY OYe-
peay Ha MOMEHT TEKYILero
MOZEIbHOTO BpeMeH. 3Hayve-
HMe CTAaTUCTUKU IIPUBSI3aHO
KO BpeMeHM (CTaTUCTHKA I10
BpeMeH!)

Queue.enqueueCount(q) | Bo3BpaimiaeT obiee Kommye-
CTBO A006aB/ieHuii B ouepenb
g IJIS1 TeKYIL,Eero MOebHOr0o

BpeMeHU
Queue.zeroEntry- [Ioxoxke Ha TMpembIaYIYIO
EnqueueCount(q) (YHKIMIO, HO BO3BpalllaeT Ta-

KOe KOJINUeCTBO J00aBIeHni
B ouepenb, rae He ObUIO 3a-
Iep>KKU MEXY U3BJIeueHeM
13 ouepenu U IoMellleHeM B
Hee

Queue.waitTime(q) BosBpamaer cBOOHYIO CTaTH-
CTUKY 110 BpeMeHU OXXUIaHUSI
B o4yepeny Ha MOMEHT TeKy-
IIIero MOAEeJIbHOIO BPEMEHM.
3HaueHMue CTaTUCTUKU OCHO-
BaHO Ha HAOMIOIEeHUSIX (CTaTH-
CTMKAa 10 BEIOOPKE)
Queue.nonZeroEntry- [Ioxoxke Ha TMpembIAYIYIO
WaitTime(q) dbyHKIIMIO, HO BO3Bpallla-
eT TaKyK CTaTUCTUKY, [he
ObUTa 3ajepkKa MeXKOy W3-
BJIeUeHMEM M3 odepeau u
TIOMellleHeM B Hee

Hamnpumep, mbl co3gaem BpeMeHHYI0 riepeMeHHy0 WaitTime mist co-
XpaHeHMUs CTaTUCTUKY, KOTOPast 3aTeM MOXKeT ObITh JoOaBaeHa Ha rpaduk
OTKJIOHEHMS /IS OTOOpaskeHMsI.



5.16. IIpubop 69

IIpumep

Q = Queue.create();
WaitTime = Queue.waitTime(Q);

5.16 IIpuoéop

Ipyrum BUIOOM CYIIHOCTEN, MOAAepKBaeMbIX B IIporpamMmme «BusyasibHa-
SIATIBUKa», siByIsteTcs Ipubop. [Ipmnbop — 3TO TaKoi pecypc, KOTOPbIi MOKET
MIMETb TOJIbKO OHOIO Bjajesblia. [Ipyoop MOXKHO 3aXBaTUTh, BHITECHUTD,
OCBOOOIUTH ¥ BepPHYTh. [IpU BBITECHEHMM pecypca MPesKHMIT TPaH3aKT-
BJIajie/iel] MOXKeT ObITh ITlepeHanpaBieH Ha APYIYIO 1eIOUKY 0JI0KOB [IJIs
IIPOO/IKEHMSI CBOETO BBIIOIHEHMSI. DTO IMO3BOJISIET HaM MOJeIMPOBaTh
IOCTATOYHO CJIOKHOE ITOBeIeHMe.

Tabmuua 5.22: KoHcTpyKTOp npubopa

| Facility.create() | Co3paeT HOBBIIT 06bEKT IPUGOPA |

YT0O6bI BO3/I€/ICTBOBATH HAa ITPMOOP TpaH3aKTaMM, OTIpe/ie/IeHbl COOTBET-
CTBYIOII[Me BbIUMCIIEHUS OJIOKOB. HeKOTOpbIe U3 3TUX BBIUMCIEHNUI MOTYT
MMeTh OMIIMOHAIbHbIE MapamMeTpsl. Hanboee CIOKHOE MMOBeieHNe TTPUCY-
e pyuxkuuy Block . preempt.

Tabauma 5.23: Onepanum ¢ mpubopamu

Block.seize(f) BosBpaiaeT 610K, KOTOPbIA IThI-
TaeTcs 3axBaTUTh mpubop f£f.
[To3ke 3TOT MpMOOP IOKEH
OBITH OCBOOOXKIIEH TPAH3aKTOM
Block.release(f) Bo3Bpaimaer 610K, KOTOPBIi1
ocBoboxkmaer mpubop £, Ko-
TOpBII OBUI paHee 3axBaueH
TPaH3aKTOM
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Block.preempt(f)

Bo3sBpainaeT 610K, KOTOPBbIA TTbI-
TaeTCsl BBITECHUTb 3aJaHHbIN
rpu6op f. IToske 3TOT MpUbOP
IIO/DKeH OBITh BO3BpallleH TpaH-
3akToM. CM. HIKe

Block.preempt(f,
priorityMode=£f1,
removalMode=£f2)

BosBpamaeT 610K, KOTOPBbIA IThbI-
TAeTCsl BBITECHUTDb 3aJaHHbIN
npubop £, roe ecTh OMIIMOHAIb-
Hbie ¢aarv £1 u £2 g pesku-
MOB MpUOPUTETA U YOAJIEHMS.
ITo ymomuaHnuio oba 6yseBa diia-
ra BbIK/TIOUeHbI. CM. HIKE

Block.preempt(f,
priorityMode=£f1,
removalMode=£f2,
transfer(b) via
transact.attribute)

[Tomo6HO mpenmpigyIIein (PyHK-
IIMM, HO €CJT TPaH3aKT BbITECHS -
eTcsl, TO OH OyJeT IepeHarpaB-
JIeH 1ieroyke 6JIOKOB b, rma 3a-
IaHHbIN aTpUOYT TpaH3aKTa Oy-
IeT COAepKaTh 3HaUEeHMe OCTaB-
I11erocsi BpeMeH!, KOTOpoe TpaH-
3aKT eIle J0/IKeH ObUT ObI ITPO-
BEeCTU BO BpeMs 3aaepskku. CM.
HIKE

Block.preempt(f,
transfer(b) via
transact.attribute)

Bosnee mpocras ¢opma 3anucu
IJISL TIpeabIayieii GyHKIUM CO
3HaUYeHMSIM (Py1aroB pekKMMOB 10
YMOTYaHUIO

Block.return(f)

Bo3sBpaiaet 610K, KOTOPbIif BO3-
BpaimiaeTt Ipuoop £, KoTopsiit
ObLT paHee BbITECHEH TpaH3aK-
TOM

Haubonee IIOITYJIAPHBIM BaPpMAaHTOM MCIIO/JIb3OBaHUSA SABJISAETCA IO -

CYeT CTaTUCTUKU JIJIsS OUepey, KOraa Mbl ITaTaeMcst 3aXBaTUTh IPuUobop,
CBIMUTUPOBATh HEKOTOPYIO aKTMBHOCTD C ITOMOIIIbIO 3a/IeP5KKY, a 3aTeM
0CBOOOAUTH WJIM BEPHYTH IPMOOP 00paTHO. 31eCh TPaH3aKT OJIOKMPYeTCS
B C/Tyyae HeXBATKM pecypca, YTO MOKET IMPUBECTH K YBeJIMUEHNIO BpeMeH!

OXXUaaHusd B ouepenn.
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IIpumep

Q = Queue.create();

F = Facility.create();
B = Block.queue(Q) >>>

Block.seize(F) >>>
Block.depart(Q) >>>
Block.advance(random(10, 20)) >>>
Block.release(F) >>> B2;

Kak 3TO 6bIJIO CITpaBemJIMBO U IIJIsI OUepen, Mbl MOKEM 3aIllpOCUTh
3HAUeHMsI CBOJICTB M CTATUCTUKY AJIs1 IpubOpa BO BpeMs MUMUTALIUU B
1106071 MOMEHT MOJIEJTbHOTO BPEMEHM.

Tabnuia 5.24: CoiicTBa rmpubopa

Facility.isInter- Bo3Bpaiiaer 6yseB ¢iiar, ykasbl-

rupted(£f) BAIOILVI HA TO, [IPEePBAH JIN IIPU-
6op £ B TekyIiieM MOAeIbHOM
BpeMeHU

Facility.count(£f) Bo3BpaiaeT Koam4ecTBo pecyp-

ca it mpubopa B TeKyIeM MO-
IleJIbHOM BpeMeHU
Facility.countStats | Bo3Bpamjaer CTaTUCTUKY 10 KO-
@) JIMYEeCTBY pecypca 1jist mpubopa
Ha TEeKyIIMi1 MOMEHT MOAEeIbHO-
ro BpeMeHU. 3HaueHue CTaTu-
CTUKU 3aBUCUT OT BpeMeHM (CTa-
TUCTUKA 10 BpEMEeH!)
Facility.capture- Bo3sBpaiijaet o6i1iiee KOIMYeCTBO
Count(f) 3aXBaTOB pecypca IJis mpubopa
f Ha TexkylIMiTt MOMEHT MOZe/b-
HOTO BpeMeHU
Facility.utilisation-| Bo3BpallaeT uCrnonb3yeMoe KO-
Count(f) JIMYECTBO pecypca ajst mpubopa
f Ha TekylIMiITt MOMEHT MOZE/b-
HOTO BpEMEHU
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Facility.utilisation-
CountStats(f)

Bo3BpaiiiaeT cTaTUCTUKY T10 UC-
MO0JIb3yeMOMY KOJIMYECTBY pe-
cypca it mpubopa Ha TeKyIuit
MOMEHT MOJIeJTbHOTO BpeMeHN.
3HauyeHMe CTaTUCTUKYU 3aBUCUT
OT BpeMeHM (CTaTMUCTUKA 110 Bpe-
MeHMN)

Facility.queueLength
(£)

BosBpalnjaer mJuHY odepenu
st ipubopa £ Ha Tekymuit Mo-
MEeHT MOZe/IbHOTO BpeMeHU

Facility.queueLength-
Stats(f)

BosBpamjaer CTaTuCTUKy 110
IJIVHEe ouepenyu Mpubopa Ha
TeKyIMI1 MOMEHT MOZEIbHOTO
BpeMeHU. 3HaueHue CTaTU-
CTUKM 3aBUCUT OT BpeMeHU
(cTaTUCTHKA 10 BpeMeHN)

Facility.totalWait-
Time(f)

BosBpartiaeT o61iee BpeMs OKM-
nmaHus a1 npuoopa £ Ha Teky-
it MOMEHT MOJIeJIbHOTO Bpe-
MeHMU

Facility.waitTime(f)

BosBpaujaert cTaTUCTUKY I10 Bpe-
MeHU OXXUIaHUSI B Ouepeny Mpu-
6opa Ha TeKylIuii MOMEHT MO-
IeTbHOTO BpeMeHU. 3HaueHue
CTaTUCTUKM OCHOBAHO Ha Ha-
6m0eHUSIX (CTaTUCTHUKA 110 BbI-
oopke)

Facility.total-
HoldingTime (f)

Bo3Bpaijaet ob1iee BpeMs yaep-
skaHus ripubopa f Ha TeKymmii
MOMEHT MOMEIbHOIO BpeMeH!

Facility.holdingTime
()

Bo3Bpalaet cTaTUCTUKY 110 Bpe-
MeHM yaepskaHusl mpubopa Ha
TEKYIIMiI MOMEHT MOJIeJIbHOTO
BpeMeHM. 3HaUeHMe CTaTUCTU-
KJ OCHOBAHO Ha HaOII0OeHMIX
(cTaTuCTMKA T10 BHIOOPKE)
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Kak u mpexxe, Mbl MOXKeM COXPAaHUTD JTI000€ 13 ITUX CBOVICTB B HEKO-
TOPOVi [IepeMeHHO, a IOTOM BbIBECTU Pe3y/bTar.

Bo BpeMst uMUTAIIMM Mbl MOXKEM 3aIllPOCUTD JII000€ 13 3TUX CBOWCTB.
Hampumep, MbI MOKEM ITPOBEPUTD, a He IIpepBaH Jim npubop ceiivac. Ecim
MpubOp IpepBaH, TO Mbl MOKEM 3aBepPIIMTh 00pPAaOOTKY TpaH3aKTa, Kak
MOKa3aHO B IpUMepe HIKe.

Example

Q

Queue.create();

F Facility.create();

B Block.select(if Facility.isInterrupted(F) then Busy else B2);
B2 = Block.preempt(F, priorityMode=true,

transfer(Add) via transact.P5) >>> B3;

Busy = Block.terminate;

Taxke 31ech BHITECHEHHbBIN TPaH3aKT, IPEKHMII BiIagesiel mpuoopa,
OymeT repeHaIrpaBJIeH B LIeITOUKY 6J10koB Add, rae aTpuOyT TpaH3aKTa C
Ha3BaHMeM «P5» GyneT cogepskaTh 3HaUE€HMe OCTABIIEroCss MOIeTbHOTO
BpeMeHH, B TeYeH)e KOTOPOTo TPAH3aKT ellle TO/DKeH ObLI Obl yIePsKUBATh-
Csl BO BpeMsl 3a€P>KKU.

B paspene [Alu3 npunoskeHns K JOKYMEHTY IIpUBeIeHbl TeXHUUYECKIe
JleTaiu TOTO, KaK Peajn30BaHO B CMMYJISITOP BbITeCHEHME TTpUbopa.

5.17 MHOrokaHa/IbHO€ YCTPOICTBO

MHorokaHa/IbHOe YCTPOMCTBO SB/SIETCS APYTUM BUIOM PeCypCOB, MOZ-
Iep>XuBaeMbIX B IporpamMme «BusyanbHasiAviBuKa». YCTPOMCTBO UMeeT
€MKOCTb. Takske YCTPOCTBO MOXKET ObITh MCITOJIb30BAHO MHOTMMM TPaH-
3aKTaMM, [TOKa JOCTYITHO COZEP>KUMOE.

Tabmuia 5.25: KoHCTpyKTOp yCTpoiicTBa

Storage.create(n) CosaeT HOBBII OOBEKT YCTPOTi-
CTBa I10 3aaHHOI eMKOCTH N

Cyl11ecTBYIOT BbIUMC/IEHUST OJIOKOB IJIs1 MCIIOAb30BaHMSI YCTPOICTBA.
HekoTopbie 13 3TUX BbIUMCIIEHUII MOTYT MMETb OIIMOHAIbHbIE ITapamMeT-

pBI.
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Tabmuua 5.26: Omneparum ¢ ycTpoiicTBaMm

Block.enter(s)

Bo3Bpamaer 6JIOK, KOTOPBIA
MBITAETCSI BBECTM TPAH3aKT B
YCTPOJCTBO S C YMEeHbIIIeH/EM
ero comepxkumoro Ha 1. Ilos-
K€ YCTPOWTBO [O/DKHO OBITh
OCTaBJIeHO TPaH3aKTOM

Block.enter(s, n)

Bo3Bpaiiaer 610K, KOTOPBIA
TIBITAETCSI BBECTM TPAH3aKT B
YCTPOMCTBO S C YMEHbIIeHeM
ero comepxkumoro Ha n. Ilos-
K€ YCTPOWMTBO [O/KHO OBITh
OCTaBJIEHO TPAH3aKTOM

Block.leave(s)

Bo3Bpaimaer O6JIOK, KOTODBIiA
OCTaBJISIET YCTPOWCTBO S C yBe-
JMYEHNEeM ero ComepsKMMOoro Ha
1. TpaH3aKT IO/KeH ObLT ObITH
BBe[leH B YCTPOJCTBO paHee

Block.leave(s, n)

Bo3Bpamaer O6JIOK, KOTOPBIA
OCTaBJIsIeT YCTPOWCTBO S C yBe-
JMYEeHNEeM ero CoepXMMoro Ha
n. TpaH3aKT I0/DKeH ObUT OBITH
BBel€H B YCTPOJICTBO paHee

[Tpu monBITKE BOITU B YCTPOICTBO, €C/IN COLEPKUMOI0 HeJOCTaTOYHO,
TO TOIJIa TPAaH3aKT 610KMpyeTcss. OQHAKO 3TO ITOBeIeHe MHOTO MPOoIIie,
yeM 3axBaT WM BbITeCHeHMe Ipubopa. JIpyrum oTiMumeM SIBISIeTCS TO,
YTO COAEPXKMMOE MOXKXET MeHSITbCSI He TOJIbKO Ha 1.

OOGBIYHBIM ITOIXOIOM OyIET MOACUeT CTATUCTUKM JIJISI ouepean, KoTaa
MBI [IaTaeMcCsl BBECTU TPAH3aKT B YCTPOICTBO, CBIMUTUPOBATH HEKOTOPYIO
aKTMBHOCTD C IIOMOIIbIO 3a[I€PXKKM, a 3aTEM BbIBECTU TPAH3AKT U3 YCTPOI-
CTBa 00paTHO. 3MeCch TPAH3aKT OJIOKMPYETCS B CIyuyae HEXBATKM pecypca,
YTO MOXEeT IPUBECTYU K YBEJIMUEHUIO BpeMEeH OXKUOAHMUS B OUepean.

IIpumep

Q = Queue.create();
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S = Storage.create();

Block.queue(Q) >>>
Block.enter(S) >>>
Block.depart(Q) >>>
Block.advance(random(10, 20)) >>>
Block.leave(S) >>> B2;

oy}
]

Y MHOTOKaHaJbHOI'0 YCTPOMCTBA €CTh CBOU CBOMCTBA. Mbl MOXXeM 3a-
MIPOCUTDb UX B 1000V MOMEHT MO E/IbHOTO BpeMEeHN.

Tabnuiia 5.27: CBoiicTBa yCTpOiiCTBa

Storage.capacity(s) | Bo3Bpalaer eMKOCTb YCTPOVi-
CTBa

Storage.content(s) BosBpamjaer 3HaueHue copep-
JKMMOTO [IJIS1 yCTPOWCTBA B TEKY-
1M1 MOMEHT MOJEJIbHOTO Bpe-

MeHU
Storage.content- Bo3Bpaiiaet CTaTUCTUKY I10 3HA-
Stats(s) YEeHUSIM COAEPKUMOTO YCTPOi-

CTBa Ha TeKyILIUI MOMEHT MO-
IIeJIbHOTO BpeMeHU. 3HaueHne
CTaTUCTUKU 3aBUCUT OT Bpeme-
HU (CTaTUCTUKA 10 BpeMeHN)
Storage.useCount(s) | Bo3Bpaimiaer ob61ee KOIMIECTBO
Cry4daes 1 YCTPOMCTBA S, KO-
ra Comep>kKMMoe YMEeHbIaa0Ch
Storage.used- BosBpaiiaet o61iee KOIM4ecTBO
Content(s) VICIIOJIb3YEeMOI'O COAEepPKMMOTIo
JUIS1 YCTPOMCTBA S HA TEeKYILIUit
MOMEHT MO e/IbHOTO BpeMeHU
Storage.content- BosBpaliaeT 3HaueHue UCIOIb-
Utilisation(s) 30BaHMS COOEPKUMOrO YCTPOit-
CTBA JJ151 TEKYLEr0 MOJEIbHOTO
BpeMeHU
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Storage.content-
UtilisationStats(s)

BosBpaiaet CTaTUCTUKY I10 3Ha-
YeHMSM UCII0/Ib30BaHUS Conep-
KMMOTO YCTPOMCTBA Ha TEKY-
M1 MOMEHT MOJIeJIbHOTO Bpe-
MeH). 3HaueHye CTaTUCTUKHA 3a-
BUCHUT OT BpeMeHMU (CTaTUCTUKA
10 BpeMeH!)

Storage.queuelLength
(s)

BosBpalijaer OAMHY oOuepeny
YCTPOJCTBA IJISI TEKYILIEro MO-
IeJIbHOTO BpeMeHM

Storage.queuelLength-
Stats(s)

BosBpamjaer CTaTuCTUKy 110
IJIViHEe ouepeniy YCTPOMCTBaA Ha
TeKyIMI1 MOMEHT MOZEIbHOTO
BpeMeHU. 3HaueHue CTaTU-
CTUKM 3aBUCUT OT BpeMeHU
(cTaTUCTHKA 10 BpeMeHN)

Storage.totalWait-
Time(s)

Bo3sBpaiaeTt obiiee BpeMst O5Ku-
IaHus OJ1s1 yCTPOJMCTBA HA TEKY-
i MOMEHT MOAEebHOTO Bpe-
MeHU

Storage.waitTime(s)

BosBpaujaert cTaTUCTUKY I10 Bpe-
MeHU OXUOAHUS [JI1 YCTPOil-
CTBA HA TEeKYyIIUi1I MOMEHT MO-
IeJIbHOTO BpeMeHU. 3HaYeHue
CTaTUCTUKM OCHOBAHO Ha Ha-
6m0eHUSIX (CTaTUCTHUKA 110 BbI-
oopke)

Storage.average-
HoldingTime(s)

BosBpamjaer cpenHee Bpems
yOoep>kaHUsS  YCTPOMCTBAa Ha
TeKYLIMIT MOMEHT MOZE/JIbHOTO
BpeMeHU

MBI MOKEM COXPaHUTD JIFOO0Ee 13 ITUX CBOVICTB B HEKOTOPOII IIepeMeH-
HOJ, a TIOTOM BbIBECTU pe3yJIbTarT.
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5.18 AmnHcamMO0/b TPAaH3aKTOB

KaskmpIii TpaH3aKT, CO3MaHHbIM C TTIOMOIIbIO 6JI0Ka reHepaTopa, MMeeT
CBOJ COOCTBEHHBII aHCaMOJIb TpaH3aKTOB. [Ipy 3TOM, BO BpeMsI UMUTALIUA
TPaH3aKThl MOTYT ObITh pa3AejieHbl HA MHOKECTBO KOITMIA, TOe Kaskmasi
KOIMSI OyZleT MpUHAIeXaTh TOMY ke aHCaMOJII0 TpaH3aKToB. Toraa rpyrmna
TaKUX TPAH3aKTOB MOKET ObITh CKOMIIOHOBaHa BMeCTe B OIVH TPaH3aKT,
VI OHM MOTYT OBITh 3aJIepsKaHbl, IIOKa BCE M3 HUX He COOepPyTCsS BMeCTe.

Takoke MbI MOKeEM CO31aTh TaK Ha3bIBaeMy LIeIIOUKY COMPSDKEHMS, TaK
YTOOBI HEKOTOPBIN TPaH3aKT MOT OBITh 3a7ep>KaH 0 TeX Iop, IT0Ka APyroi
TPaH3aKT 13 TOTO XKe aHCaMOJIsI TPaH3aKTOB He TOTMITAJICS ObI CMHXPOHM-
3MPOBATHCS C 3aJaHHOI 0011eli 1IeITOYKOI CONPSIKeHMSI.

Ta6muiia 5.28: KoHCTPYKTOp /1S 1IeTIOUKY COTPSIKEHMST

MatchChain.create() | Co3maeT HOBbIi OOBEKT LIETIOYKM
COIPSDKeHUS

CyILecTBYIOT CJIeIVIOIIe BbIUMC/IeHMS 6JI0KOB, KOTOpPbIE UCIIOJb3YIOT
aHcamOJIb TPaH3aKTOB, OO AJIS 11eJI0¥ IPYIIIIbI TPAH3aKTOB, KOTOPbIE
OBV pa30MTHI paHee Ha KOIUM M3 TOTO JKe CaMOTI'o TpaH3aKTa.

Tabmuia 5.29: Onepaiiny ¢ aHcaMb1eM TpaH3aKTOB

Block.split(n, b) BosBpatiaet 610K, KOTOPBIi pa3-
JlessieT KaXkAblii TPAH3aKT Ha N
KOTINIA, KaXKAast U3 KOTOPBIX Ha-
MPaBJISIeTCS B 3aJaHHYIO LIeI10Y-
Ky OJI0KOB b.

Kaskgast komust GymeT TpuHAZ-
JieskaTh OJHOMY M TOMY >Ke aH-
caMOJTI0 MCXOTHOTO TpaH3aKTa
Block.assemble(n) Bo3sBpaiaer 610K, KOTOPbIit 00b-
eqMHsIeT N TPaH3aKTOB U3 OAHO-
TO ¥ TOTO ’Ke aHCcaMOis B OOVH
TPaH3aKT IpU YCIOBUM, YTO OHU
OB pasmeneHbl Ha KOMUM pa-
Hee
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Block.gather(n) BosBpaimaet 6JI0K, KOTOPBIii CO-
OupaeT BMeCTe N TPaH3aKTOB U3
OJTHOTO ¥ TOTO ke aHCaMOJIsI IIpu
YCJIOBUM, UTO OHM OB paszere-
HbI Ha KOTIMU paHee.

[Tocne TOro, Kak N TpPaH3aKTOB
cobpaHbl BMeCTe, X BBITIOJIHE-
HJe TIPOJ0JDKAETCS
Block.matchChain(c) | BosBpamiaer 610K, KOTOPBIi1 3a-
JIlep>K1BaeT TPaH3aKT, 0Ka Apy-
ro¥i TpaH3aKT U3 TOTO >Ke CaMOro
aHcaMOJIsI He BbI3OBET MTOXOXKMI
0JIOK C TOJ1 K€ CaMOi1 LIeTIOYKOIi
COTIPSIKEHUSI C

Crnenmyro1uii mpuMep Mokas3biBaeT, Kak Mbl MOXKeM pa3061BaTh, a 3aTeM
coOupaTh TpaH3aKThl BMECTE.

IIpumep
Worker = Facility.create();

S2 = Block.seize(Worker) >>>
Block.advance(random(8 - 3, 8 + 3)) >>>
Block.split(l, S2) >>>
Block.release(Worker) >>>
Block.priority(1l) >>>
Block.gather(24) >>> S3;

3mechb 3axBaTbhIBaeTCs MPUOOP, UTOOBI CAeaTh KOMUM TpaH3aKTa C 3a-
IepPsKKOJ. 3aTeM yBeJIMUMBAETCs IIPUMOPUTET, U COOMPAIOTCS BMecTe 24
TpaH3akTa. Ha camoM Jiesie, B 3TOM IIpuMepe UCIIO/Ib3yeTCs TOJIbKO OOVH
MCXOOHbIV TPaH3aKT, HO B IpUMepe CO31aeTCsI MHOXKECTBO ero KOmuii.

5.19 BaokeHHbI€ MOLY/IN

Mopenb MOKeT cofepskaTb MOLY/IM, KOTOPbIe MOTYT ObITh BJIOSKEHHBIMMA.
Kaskmpiit MOMyJb OTIpeie/isieT CBOe COOCTBEHHOE ITPOCTPAHCTBO MMEH [IJIs
repeMeHHbIX.
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«BusyanbHagAiiBMKa» UCIIOAb3yeT MOLYJIN [IJIS1 XpPaHEHUS TIepeMeHHbIX
Y3 OOHOM U TOM e AuarpamMmmbl B OTIEJIbHOM MOZYIIE.

IIpumep
// TnobanbHaa nepeMeHHas
A=1;
module M1 {
// nepemeHHasa M1.B
B=A+1;
module M2 {

// nepemeHHasa M1.M2.C
C =2 * B;

// vcnonb3oBaTb MNonHoe Has3BaHue ana M1.B
D=C- M1.B;
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I''maBa 6

BeiBOJ pe3ybTaTOB

AnemeHm 075 8616004 Pe3ybmMamos C IaHe I MHCTPYMEHTOB AMarpaMMbl
M03BOJISIET BaM BUIETh pe3y/IbTaThl MOJEIMPOBAHMS ITPEAIIOUTUTETbHBIM
crioco6oM. PucyHok |6. 1| TOKa3biBaeT COOTBETCTBYIOIINIA 37IeMEHT Ha Ta-
HeJu MHCTpYyMeHTOB. Torma nmpescTaB/ieHe BbIBOAMMOTO pe3y/ibTaTa Mo-
KeT ObITh IpadMKOM, MM MOKET ObITh Tabauilei ¢ gaausiMu CSV, mim
YeM-TO JPYTrMM. JIeMEHT 3aJlaeT B TOYHOCTY TO, KaK Pe3yIbTaThl OyAyT
MpecTaBeHbl. [[MarpaMMa MOXeT COlepyKaTh IMPOU3BOIbHOE KOJTNYECTBO
9JIEMEHTOB C pe3y/IbTaTaMN.

Financial Model_Sensitivity

dann Mpaexa Bug rnuTauma Cnpaeka
EEB EREW DC 00 Q® &

Graphs

O Oo=mars A &

Puc. 6.1: DnemeHT 1151 BBIBOZA PE3Y/IbTATOB HA ITaHEIN AMarpaMmbl.

6.1 TI'paduk OTKIOHEHUSA

I'paduk orkmoHenus (axes. Deviation Chart) — 3T0o Hambosiee yHUBEp-
CaJIbHBIN CITOCO0 MpeCTaB/IeHMsI, KOTOPbI MPUMEHUM KaK K eIMHUIHOMY

81



82 I'naBa 6. BbIBOZ pe3y/ibTaToOB

3aITyCKY, TaK 4 KO MHOYKeCTBY 3aITyCKOB. Ec/i 3aImycK e IMHUYHbIN, TO TOTIa
rpaduK OTKIIOHEHUST CTAHOBUTCS TTOXOXKMM Ha rpadMK BpeMeHHOTr0 psijia
u3 pasgenal6.2l OnHaKo ecy UCIIONb3YeTCsl BBIYMCIUTENbHbIN SKCIIepH -
MeHT 1o Metony MoHTe-Kapio, To Toraa rpaduKk OTKIOHEeHUS TOKa3biBaeT
TPeH/IbI U JOBEPUTETbHbIE MHTEPBAJIbI IO ITPABUITY 3-X CUTM.

PucyHOK|6.2[MJITIOCTpUpYET, KaK MbI MOKEM BbIOPATh COOTBETCTBYIOIIEE
rpeficTaBaeHye s rpadyKa OTKIOHEHMUS B peJakTope BbIBOJa pe3y/ib-
TATOB. DTOT PeJaKTOP Cpa3y OTKPbIBAETCSI, KaK TOJIbKO BbI BhIOepeTe Ha
ouarpaMMe Kakoi-inbo 37eMeHT [IJisi OTOOpaskeHMsI pe3y/libTaToB. 3[IeCh
BaM cjeayeT 3aaTh 3HaUeHMe nosist Tun pe3yismama paBHbIM Deviation
Chart, a 3aTeM HaXkaTb Ha KHOTIKY IIpumeHumy, KOTOpasl He Moka3aHa Ha
PUCYHKe.

BwiBog pe3yneTata

Tun DE33’“U_E'_EU Deviation Chart -~ U

3aronosok ‘ Neren b noTok

HocTtynHo Ewipaqo
interest_payments

Finance.net_cash_fi

interest_rate .
Finance.npv_cash_|

|ossaes
net_cash_flow

net_income e

new_investment <<

Beepx
npv_cash_flow

Puc. 6.2: Boibop nipencraBieHust Ijis rpaduKa OTKIOHEHMSI.

PucyHoOK |[6.3|Toka3biBaeT, Kak rpaduK OTKIOHEHMSI MOXKET BbIT/ISIIETh
Ha IyarpamMme rnocjie OKOHYaHUSI UMUTAIUMN.
[IpencraBieHne rpadyka OTKIOHEHUSI MOXKET TaKKe IMOKa3bIBaTh CTa-
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HdeHexHBIA NOTOoK

1000 -

-1000

-2000 -

— Finance.net_cash_flow
— Finance.npv_cash_flow

Puc. 6.3: IIpumep rpadmka OTKIOHEHMUSI.

TUYecKue naHHbie. Hampumep, OHO MOKeT 0TOOpasuTh BpeMsI OKMUIaHUS
B ouepen UM CTATUCTUKY IO COIepXKMMOMY Ipubopa. 31ech Mbl IIpearo-
jaraeM, 4TO 3Ha4€HMS CTAaTUCTUKM pacIipefeneHbl ONMHAKOBO J1JiS1 pa3HbIX
MMUTALIMOHHBIX 3aITyCKOB, HO TIPM 3TOM CaMM 3aITyCKM MMUTAIM He 3a-
BUCSIT IPYT OT ApyTa.

6.2 BpemeHHOI1 psi,

I'padpuk BpemeHHoro pspa (aHen. Time Series) oTobpaskaeT OOBIYHBIN T'pa-
buK, rme BpeMeHHO psif 3aBUCUT OT MOAEIbHOTO BpeMeHu. Eciu ucmosb-
3yeTcst meton MoHTe-Kapio, To Torma 6ymeT HapuCOBAaHO COOTBETCTBY-
Iolllee KOJIMYeCcTBO rpadMKoB, MO OJHOMY Ha KaskAblit 3amyck. [loaTtomy
cjliefyeT UCII0b30BaTh IMpeCTaB/IeH e BpeMEeHHOTO psifa TOJIbKO [JIs eiV-
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HUYHOTO 3amycKa uin 151 MeToga MoHTe-Kapiio ¢ MajibiM KOJIMYeCTBOM
3aITyCKOB.

[Tomo6HO 1MoKa3aHHOMY Ha PUCYHKe 6.2} 1/1s1 0TOO6pakeHMSI BpeMEHHOTO
psiTa HeoOXoAMMO BbIOpaTh MJis 1os1 Tun pe3ynismama 3HaueHue Time
Series, KOTOpOe YCTAaHOBJIEHO 10 YMOJUYAaHMUIO.

PucyHOK [6.4 moka3biBaeT, Kak rpaduk BpeMeHHOTO Psifia MOKET BbILVISI-
IeTh Ha AuarpaMme JJisi eIMHCTBEHHOTO MMUTAIMOHHOIO 3aITyCcKa.

Chemical Reaction

50

0

— Diagrarm_1.A
— Diagram_1.B
— Diagram_1.C

Puc. 6.4: IIpumep rpadyka BpeMeHHOT0 psiaa.

6.3 TI'padpuxk XY

I'paduk XY (auen. XY Chart) moxoxx Ha rpadmk BpeMeHHOTO psifa, Omu-
CaHHBIN B MpeabIayIIeM pasjesne TosIbKO TIepBbIii BRIOPAHHBIN PSII
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CTAHOBUTCSI KoopauHaTo X a1 rpaduka. Kak u npexmne, ecyiv UCIIONIb3Y-
eTcst MeTos MoHTe-Kapio, To Torga 6yeT HapMCOBaHO COOTBETCTBYIOIIEe
KOJINYECTBO I'padMKOB, M0 OMHOMY Ha Kask[bIi 3armyck. [TosaTomy ciemy-
eT MCIOJIb30BaTh IpeacTaBieHye rpaduka XY TONbKO OIS eIMHUYHOTO
3arrycka mian gjst metona MoHTe-Kapiio ¢ MajibIM KOJIMYeCTBOM 3aITyCKOB.

[Tomo6HO MOKa3aHHOMY Ha PUCYHKe 1St oToOpaskeHms rpaduka XY
HeobxomMMo BbIOpaTh 1St 1Tonist Tun pe3ynsmama 3HaueHue XY Chart.

PucyHOK 6.5 oKa3biBaeT, Kak rpaguk XY MOXeT BBIISIAETh Ha Jua-
rpamMme.

Chemical Reaction

0 20 40 60 B0 100
Diagram_1.A

— Diagram_1.B
— Diagram_1.C

Puc. 6.5: I[Ipumep rpaduka XY.
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6.4 Taoauma CSV

Tabnauia CSV (auzn. CSV Table) npegHasHavyeHa [Jis 9KCIIOPTa JaHHBIX
CSV B gpyrue npuIoXKeHUs MU AJIS1 COXpaHeHMs TaHHbIX B ¢aiit. OTobpa-
’KaeTCcss KOMIIOHEHT TeKCTOBOTO 06JI0Ka, OTKYZa Bbl MOXKeTe CKOMPOBATh
cooTBeTcTBYyWOUIMe fnaHHble CSV. Euin ucnonbsyercsa meton MouTte-Kapiio,
TO TOraa OyIeT CO34aHO COOTBETCTBYIOIIEE KOJMUECTBO KOMIIOHEHTOB, 110
OLHOMY Ha KaXKApli1 3a1ryck. [IoaTomy ciieqiyeT UCII0/Ib30BaTh ITpeiCTaB-
neHue Tabnuipl CSV TONBKO [/ e JMHUYHOTO 3aIlycKa MM IJIs MeTozia
MonTe-Kapno ¢ MajibiM KOJTMYeCTBOM 3aIlyCKOB.

[Tomo6HO MOKa3aHHOMY Ha PUCYHKeE IIJIST OTOOpasKeHMST TabIUIIbI
CSV Heo6xommmMo BeIOpaTh 1jist mojist Tun pe3ynsmama 3HaueHue Table.

PucyHOK[6.6] okasbiBaeT, Kak Tabnuua CSV MOXeT BBII/ISAETD Ha [ya-
rpaMMe.

Chemical Reaction

Browse the C5V data

time;Diagram_1.A;Diagram_1.B;Diagram_1.C

0;100;0:0

0,025,97,53099121 093?5,2,4382?4?395833335:U.DEG?34U&94?9’IEEB€:|
0,05;9512294246587967,4,756147043923067;0,12091049019726118
0,07500000000000001,92,77434865598224,6 958076033081796,;0,267
0,1,80,48374183367055,9,048374032367139,0,4678841339623056

0,125;88 24969029512461;,11,031211102800931;0,718098680 2074481
0,15000000000000002,86,07079768541755,12,910619437359285,1, 018!
0,17500000000000002;83,94570212574838;14,690497626849885;1,36;
0,2;81,87307536222343;16,374614799183934:1,7523089838592634
0,225,779, 851621935654 36,17 966614635684075;2,1817634286515553
0,25;778800783718541:19, 470019268046443,2 649902 3600994525
0,275,7595721239192426;20,888233059194835;3,154 554548880901
0,30000000000000004,74 08182214204078,22 224548271727405,3, 69
0,325,772 25273544225614,23 48213B626861627,4,265125930882224
0,35000000000000003,;70,46880905384878,24,66408275725108;4,86.
0,375;68,72892796476157,25,77334755667811,5,497 724478560319
0,4:67,03200469268317,26,81280142961931,6,15519387 7697517
0.42500000000000004:65.37697860533603:27.785215443586143:6.8:

Puc. 6.6: ITpumep Tabauib CSV.
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6.5 IlociemHue 3HaAUYEeHUS

[IpencraBieHne NOCAeIHMUX 3HaUeHMii (aHes. Last Values) mpegHasHaueHO
IIJIST OTOOpaskeHMsI 3HaUeHUI PSA0B B KOHEUHOI TOUKe MMmuTauun. Ecim
UCIIONb3yeTcst MeTon MoHTe-Kapiio, To Torga 6ymeT co31aH0 COOTBETCTBY-
Iolllee KOJIMYeCTBO KOMITOHEHTOB, IT0 OMHOMY Ha KaXK[bli1 3a1myck. [ToaTomy
cJleqyeT UCIOMIb30BaTh MpeACcTaBlIeHe MOCIeIHUX 3HAUeHNUI TOJIbKO ISt
eIVHUYHOTIO 3amycKa Wiu ajsg metona MoHTe-Kapio ¢ MajsibiM Koanve-
CTBOM 3aITyCKOB.

ITogo6HO 1MOKa3aHHOMY Ha PUCYHKE JIJIs1 OTOOpaskeHMs MOCAeIHUX
3HAYeHMIi IIepeMeHHbIX He00X0IMO BbIOpaTh AJ1s ot Tun pesynsmama
3HaueHue Last Values.

PyicyHOK [6.7] TOKa3bIBaeT, KaK COOTBETCTBYIOLIVII 37IeMEHT MOXKET BbI-
IJISIAeTh Ha AuarpaMMe.

Chemical Reaction
Diagram_1.A = 0,004539993127146832
Diagram_1.B = 0,04539993057383099
Diagram_1.C = 98 8500600763591

Puc. 6.7: Ilpumep npencraBieHNs MOCAeHMUX 3HAUEHUNA.

ITpu oTOOpaskeHUM CTATUCTUYECKMX TAaHHBIX 3TOT 3JIEMEHT TaKkKe I0-
Ka3bIBAaeT MMHMMAaIbHOE ¥ MaKCMMaJIbHOE 3HaUeHMsI, TAKKe KaK cpefHee
" OTKJIOHeHMe. Bosee TOTO, 3TOT 37IeMEHT CIIoco6eH 0TO6paxkaTh Cpasy BCe
CBOVICTBa BMeCTe JIJIsI ouepeay, mpubopa 1 MHOTOKaHAJIbHOT'O YCTPOIICTBA.

6.6 T'ucrorpamma nmocjegHMUX 3HAYEHUN

[TpencraBieHMe IMCTOTPAMMbI ITOC/IeAHUX 3HaUeHMit (aHea. Last Value
Histogram) mpegHasHaueHO 47151 OTOOpaskeHMsI TMCTOrpaMMBblI 10 3Have-
HUSIM PSINOB B KOHEYHOM MOJEe/IbHOM TOUKe [P UCIIOIb30BaHUN MeTona
MouTe-Kapio co MHOXeCTBOM 3aITyCKOB.
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[Tomo6HO MOKa3aHHOMY Ha PUCYHKe IJISI OTOOpaskeHMSI TUCTOTPaAM-
MbI OC/IeIHMUX 3HAUYEHMIT TIepeMeHHbIX He0OX0IMMO BhIOpATh JJIS ITOJIS
Tun pe3ynsmama 3Hauenue Last Value Histogram.

PyicyHOK[6.8] TOKa3bpIBaeT, Kak COOTBETCTBYIOLINIT 37IeMeHT MOXKeT BbI-
[JISIIeTh Ha JuarpamMmme.

Untitled
EI_‘IL‘I—f
Eml_‘ll_‘l—f
400—3
zun-f I
-1LJE_1L‘I 40980 5000 5020 5040

M Line_Queue.CaptureCount

Puc. 6.8: [Ipumep rucTorpaMMbl MOCTeAHUX 3HAYEHUIA.

6.7 Tao6auna CSV nocjiemqHux 3HaAYEHUI

ITpu ucnionb3oBauum Mmetoga MouTe-Kapio npencrasienne Tabnuiibi CSV
rociaeqHUX 3HaueHuit (aHen. Last Value CSV Table) cobupaeT naHHbIe B
KOHEUYHBIX TOUYKaX MOJeIMPOBaAHMSI. ITO IIpeACcTaB/IieHNe MpeJHa3sHaueHO
IIJIST OKCIOPTa AAHHBIX B Apyrye MPUIOKEeHUS WU [IJIs1 3alIMCU JaHHBIX B
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daitn. OTobpaskaeTcss KOMIIOHEHT TEKCTOBOTO 6/I0Ka, OTKY/Ia BbI MOXKETe
CKOITMPOBATb COOTBETCTBYIOLIME naHHbIe CSV.

[Tomo6HO MOKa3aHHOMY Ha PUCYHKE IJIST OTOOpaskeHMsI TabIUIIbI
CSV nociemHnux 3HaUE€HMI ITepeMeHHbIX He00X0IMO BbIOPATh JIJISI ITOJIST
Tun pe3ynsmama 3Hauenne Last Value Table.

PyucyHok 6.9 1oKa3bIBaeT, Kak COOTBETCTBYIOIIMIT 27IeMEeHT MOJKeT BbI-
IJISIIeTh Ha AuarpamMmme.

Untitled

Browse the C5V data

Run;Line_Queue.CaptureCount
0:4994
1;5000
2,5002
3;5008
4:4985
53,5008
5;4991
£,5013
8,4988
8:4989
10,4995
1;4896
12;4998
13,4997
14,5000
15,5019
164997

Puc. 6.9: Ilpumep Tabauiibl CSV rocaeqHMUX 3HAUEHUIA.

6.8 CBoagHag cTaTUCTHMKA 10 NOCJIETHMM 3Ha-
YeHUSIM

[Ipu ncnonb3oBanuu metoga MoHTte-Kapiio npeacrasieHne CBOAHOM CTa-
TUCTUKU T10 TTIOCIefHUM 3HaueHusIM (aHe. Last Value Statistics Summary)
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cobupaeT maHHbIe B KOHEUHBIX TOUKAX MOJIEIMPOBaHMS, a 3aTeM ITPe/ICTaB-
JISieT pe3y/ibTaThl HA COOTBETCTBYIOIEM KOMIIOHEHTe.

[Tomo6HO MoKa3aHHOMY Ha PUCYHKe |6.2} [JisT 0TOOpaXkeHUsI CTaTUCTUKA
T10 TIOC/IeIHMM 3HAaUeHUSIM IlepeMeHHbIX He00X0AMMO BbIOPATh /1S TIOJIS
Tun pe3ynsmama 3HaueHue Last Value Statistics.

PycyHok [6.10] moka3biBaeT, Kak COOTBETCTBYIOLINI 37IeMeHT MOKeT BbI-
IJI1eTh Ha AuarpaMMe.

Untitled
Graphs.Queue_Length
mean 0,16899999999999996
deviation 0,3749394345485409
Minimum 0
Mmaximum 1
count 1000
Graphs.Queue_Length_Stats
mean 0,187/6680168267531
deviation 0,4122502542915388
Minimum 0
maximum 3
count 100000
is the statistics normalised? true

Puc. 6.10: IIpumep CBOOHOM CTaTUCTUKU TTOC/TI€IHUX 3HAUEHUIA.

EcTh OIMIH TOHKMIT MOMEHT, CBSI3aHHBII C 0OTOOpaskeHMeM mapaMeTpa
count i CTaTUCTUKM, 3aBUCSIIEl OT BpeMeHU. [lepen cBouM oTobpaske-
HMEM BpeMeHHas CTaTUCTMKa ITpeobpasyeTcs B IOXoxkee IpecTaBieHne,
HO Ha OCHOBe HaO/II0geHMi, IIe MapaMeTp Count HauMHaeT MOKa3bIBaTh
COBEPILIEHHO Apyroe 3HaueHue, TOr[a Kak OCTa/IbHbIe ITapaMeTpbl OCTAIOT-
cs1 KOppeKTHBIMH. B rporpamme «BusyanbHasiAiiBMKa» Takasi mpeoopaso-
BaHHAs CTaTUCTUKA HA3bIBAETCS HOPMAIU308AHHOU. TaKk 4TO, 3TOT d/IeMEHT
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He MOKa3bIBaeT nmapamMmeTp count IJisi BpeMeHHOM CTaTUCTUKU. B ocTasnb-
HbBIX CTy4dasix mapamMeTp count SIBAsSIeTCS TeM, UYeM OH U IMpeAIioiaraeTcs
OBITD.

Hamnpumep, Ha YIIOMSIHYTOM PUCYHKe 1300paskeHbI IBa 00bEKTa
CTAaTUCTUUYECKO CBOAKMN. [IepBbIit 00BEKT — 3TO OOBIYHASI CTATUCTUKA Ha
OCHOBe Hab/oaeHMi1. BTOpOi1 ske 6JI0K COOTBETCTBYET ITPeodpa30BaHHOI
BEpPCUM BPeMEHHOM CTaTUCTUKM, TJe ITapaMeTp count CTaHOBUTCS Pe3Yilb-
TaTOM HOpMaau3aluu.

31mech BaXKHO OTMETUTD, YTO IONpaBKa beccens He mpumMeHsieTCsl K
HOPMaJIM30BaHHOW BePCUU CTATUCTUKN.
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I'maBa 7

IKcropt npuiaoxeHum .NET

Bepcus niporpamMmmsl «BusyaibHassAiBMKa» ¢ KOMIWISSTOPOM ypaBHEHUN
IO3BOJISIET BaM SKCIIOPTUPOBATh BAlllY UMUTALIVIOHHbIE MO KakK Ipu-
noxkenust .NET. Takue sKCIIOpTMPOBaHHbIE IPWIOKEHMS OYIYT 3aBUCETDH OT
KOJIa ITPOrpaMMHBIX 6M6IMOTEK, KOTOPbIe OCTYITHbI B MICXOTHOM B/l TIO],
COOTBETCTBYIOLIMMMU JIMLIEH3UAMU. ITO 03HAYAET, UTO SKCIIOPTUPOBAHHbBIE
TIPWIOKEHMSI MOTYT OBITh COOpaHbI 1 3aMyIlleHbl 6€3 caMoit ITPorpaMMbl
«BusyanpHasiAiiBuka». [IporpaMmma «BusyanbHastA/iBUKa» MOKET ObITb MC-
[10JIb30BaHa TOJBKO 11 MOJEJIMPOBAHMS U IKCIIOPTA.

JTa BO3MOXKHOCTh OCOOEHHO I0JIe3Ha, /I Bbl COOMpaeTech paclIMpUTh
Bally MMMUTALMOHHYIO MOZeJ/b C IIOMOILbI0 MPou3BoabHOro kopa .NET,
KOTOPBII MOXKET ObITh BKJIIOUEH B MMMTaIuio. [Toxkanyiicra, o06paTuTech K
r1aBe ,H,)IH JIOTIOTHUTEIbHOM MHGOpMaLN.

YT0O6BI 9KCITOPTUPOBATh MMUTALIMOHHYIO MO e/Tb Kak rmpuioxkenue .NET,
TOXKaJTyiicTa, BbIbepuTe MeHI0 Mmumayus / IKcnopmuposams Kaxk NPuioie-
Hue .NET. 3aTeM BbIOepUTe KaTajor, Kyaa «BusyanbHasiAliBMKa» 3ammiieT
npunokenue. [lepen atum «Bu3syanbHasiAIBMKa» MOKET ITOMPOCUTD Bac
COXPaHUTb MOZENb B CTyuyae HEOOXOIMMOCTH.

Htorosoe npuioskenme .NET 6ymeT sKCIIOPTUPOBAHO B ITPOCTENIIIEN
dbopMe, rme oHO OTOOpaskaeT Pe3ynbTaThl B KOHEUHO TOUKe Bpemenu. Ofi-
HAaKO caM KOJI, AOCTATOUYHO 061muit. OH MOKET ObITh aalTMPOBAH JJIs pa3-
HBIX 11es1eii. [ToxkamyiicTa, IJ1s JOTIOTHUTeIbHOM MHGOpMAaIuy ITPOYNUTaNATe
pykoBoncTBO IronAivika: Simulation Library for .NET.

YTOO6BI 3aITyCTUTh TECTOBOE MPUJIOKEHNE, BAM CJIEAYET ITePeKII0UNThHCS
B COOTBETCTBYIOIIMII KaTaJjIorT, Ky/a MPUIOKeH e 6bII0 SKCIIOPTUPOBAHO.
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3aTeM BbI MOXeTe BBECTU B KOHCOJI:

$ dotnet build
$ dotnet run

910 paboTaer, eciu Bbl YBUIETE UTO-TO IMOXOKee Ha

// time
t = 10

Diagram_1.A = 220,19641241130046

31ech MOKa3aHO KOHEUYHOe 3HaueHMe IJIsI HEKOTOPOJ IepeMeHHOM
Diagram_1.A. Bl MoskeTe YBUIETh APYTOii BBIBOS, IJ1s1 Ballleit COOCTBEH-
HOJM MMMTALIMOHHOM MOZeJIN.

OTO IJIACTWINH, M3 KOTOPOTO BbI MOXKETE BbUIEIIUTD JIIOOYIO QUTYDY.

1B cucreme Windows 3HaUOK IpuUIVIaIleHus GyIeT APYTUM.



I''maBa 8

BHelrHMe Mmoayin

«BusyanbHasiAviBMKa» MO3BOJISIET BaM PaCIIMpPSTh Balll UMUTALMIOHHbIE
MOJIeJiM C TIOMOIIbIO BbI30BOB BO BpeMsI MMUTALIMM TPOU3BOJILHOTO ITPO-
rpaMMHoOro koga Ha .NET. 9To 0co6eHHO I10j1e3HO, eC/IM Bbl COOMpaeTech
SKCIIOPTUPOBATDH Balll MUMUTALIMOHHbBIE MOe/iu Kak rpuioxkenus .NET,
YTO 6BIJIO OIMCAHO B [VIaBE

s HanMcaHUs U UCIIOIb30BaHUS BHEIIHUX MOLY/eN, IOXKaIyiuCTa,
03HAKOMbTeChb ¢ pykoBoacTBoM VisualAivika Manual: Creating External
Modules.

IIpumep

F=
[<assembly("lib/DelayBlockFunction.dll")>]
[<class(VisualAivika.Demo.DelayBlockFunction)>]
extern fun (A: Block): Block;

Y1 = F(Block.advance(10) >>> Block.terminate);

3nech Tun knacca DelayBlockFunction MoskeT 6bITH OmnpesesieH
Ha si3bikax F# mam C#. Tun Knacca mo/keH ObITh PacIToioskeH B cOOpKe
DelayBlockFunction.dll.

BHeniHMe Moaynu MOTYT onpenensiTb GyHKIMUM U caMmu Momy/in. I1o-
ClelHYe MOTYT MMeThb MHOXECTBO BXOJHbBIX M BBIXOAHBIX MapaMeTpOB.
[IpencraBiaeHHas B mpuMepe GyHKIMS — 9TO JIUIIb YaCTHBINM CTyyait MOmy-
Jsl.
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ITpunoxeuue A

HeTanu peajlusanuu nmpmuoopa

OTu pasgesnbl IpUBeeHbl B KAUecTBe CIIPaBOUYHOI0 MaTepuaa Jjs 6osee
[TyOOKOTO TMTOHMMAaHMST TOTO, KaK MOIEeIVPYETCSI MOMIE/b.

A.1 BpbITecHeHMe IpuoOpa

Huke onmcaHa ioruka, jgexainas B OCHOBe Bbiunciienus Block . preempt.

OnunoHaNbHBIV TapaMeTp priorityMode yka3biBaeT, UCIIONb3yeTC s
JIV PEXXUM TIPUOPUTETA UJIN TIPepbIBaHMSA (110 YMOTYaHM10). ONIMOHAaIb-
HbIlt MapaMeTp transfer MoXeT onpeensiTh 11eI0YKYy 6/I0KOB, B KOTOPYIO
repenaeTcs TPAH3aKT B c/iydyae BbiTeCHeHM. [lapameTrp removalMode
YKa3bIBaeT, UCIIOIb3YeTCs JIV PeXUM yoaleHus (110 YMOIYaHUIO He VCIIONb-
3yeTcs).

KoHuenryanbHO, BbiuncieHne Block . preempt nbiTaeTCst UMUTUPO-
BaTh noBeneHMe 6;710ka PREEMPT u3 s3b1ka MomenupoBauus GPSS, xoTs
peanusauus B nporpaMmme «BusyanbHasiAiBMKa» OCHOBaHa Ha COBEPIIEeH-
HO IPYTUX MPUHIUIIAX, KOTOPbIe YXOISIT KOPHSIMU B (DYHKIIMOHATbHOE
IIporpaMMupoBaHue.

Y npubopa MoxeT ObITh TOTBKO OIMH BJlajiefiell, T.e. TPaH3aKT, KOTOPO-
My TIPUHAJIEXAT TTPUO0P, Ui y mpubopa BoobIie HeT Biaagenbiia. Kpome
TOrO, y Iipubopa ectb Tpu ouepenu: Ilenouka 3adepxcex, Llenouka npepol-
gaHuti u ILlenouka oxcudaHus. llemodyka 3agepskeKk U 1erouKka OXuIaHus
aHanornuHsl FIFO, B To BpeMsI Kak lierioyka nmpepbiBaHuit 6mmska K LIFO,
HO 9TU Oouepeny UCIIONb3YIOT npuoputeTsl. B ouepensax FIFO xpaHsaTcsa
COOTBETCTBYIOLI/E BEIUMCIIEHUS TPAH3aKTOB, a TAK)Ke CaMU TPAH3aKThI.
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98 IIpuiosxkerme A. [etanu peain3sainy mpmubopa

Anroputm, ripuMeHsieMblii B BbiuncieHuu Block . preempt, 3akioua-
eTCs B CJIeAYIOIIEM.

1. Eumm y mpubopa HeT BJIafieNblia, TO TEKYIINUIA TPaH3aKT CTAHOBUTCS
BJIaJle/IblIeM, HO KaK Bajiesell, KOTOPbI IOMeUeH KaK He Npepbuléar-

wuti.

2. B nporuBHOM ciyuae, eciu napaMmetrp priorityMode 3amaH Kak
false (mo ymonuaHuio), a TeKyIIuii Biagesiel] sIBJISIETCS NPepuléar-
Wum, TO TeKyIlUiA TpaH3aKT MoOMevaeTCs Kak MpepbIBaloILNiA, U ITOC/e
9TOTrO BBIUMC/IEHME TPAaH3aKTa J00aBJISIeTCS B LIEITOUKY OXKMUIAHUS
puobopa C MPUOPUTETOM TPAH3aKTa.

3. B ipotuBHOM C/1yyae, eciau rnapaMeTrp priorityMode 3amaH Kak
true M IpUOpPUTET TPaH3aKTa HIKe (MeHbIIle), Y4eM IIPUOPUTET BJia-
Jlenblia, TeKYILIMI TPaH3aKT ITOMeYaeTCsl KakK IpepbIiBaIoNNii, a ero
BbIUlCIeHNe A00aBsIeTCs B 1IeTIOUKY 3ajiepskek mpubopa c mpuopu-
TETOM TPaH3aKTa.

4. B npoTuBHOM Ci1y4dae, ecyiv napameTp removalMode paBeH false
(TI0 YMOJIYaHMI0), TO TEKYIMIT TPAH3AKT 3aMeHseT Biageblia. Te-
KYILIMIT TPAH3aKT MTOMeEYaeTCsl Kak IpepbiBawonii. [Ipenpiaymii
BJIafiesiel] BLITECHSIeTCS ¥ J0OaBJISIeTCs B LIETIOUKY ITPepbIBaHMI1 CO
CBOMM IIPUOPUTETOM.

B ciemyronuit pa3, Korga npeablayuinii Biagesnel BepHeTCs U3 Lernou-
KV [IpepbIBaHMii, 1 eciv mapaMeTp transfer He yka3aH (110 yMmoaJa-
HUIO), TO 3TOT TPAH3aKT CHOBA 3aXBaTUT IPUOOP U MIPOAOIKUT CBOE
BBINOJTHEHME U3 OGJIOKA, TIe OH ObUT BBITECHEH.

B nmpoTuBHOM ciy4dae, eciy nmapameTp transfer ykasbiBaeT Ha 1e-
TOYKY GJIOKOB, BO3BpallleHHbI BiIafesel oyneT nepeBefeH B COOT-
BETCTBYIOIIYIO 11eTI0YKY OJIOKOB, Ille yKa3aHHbI aTpuOyT TpaH3aKTa
OymeT comepsKaTh MHTEPBaJI BpeMeH!, OCTaBIIMIACS TIpU yaepkKaHUMN
TpaH3aKTa, HauMHasl CO BpeMeHM, B KOTOpOe MPekHMIA Bazesel] ObL1
BBITECHEH.

5. Ecnu mpyrue ciyyan He BBITIOTHSIIOTCS, U, CJielOBaTe/IbHO, TapaMeTp
removalMode 9BHO yKa3aH Kak true, TO TeKyIuil TPaH3aKT CTaHO-
BUTCSI HOBBIM BJIaZie/iblleM U [IOMevaeTcs Kak npepuiBatouii. [Ipeabi-
IYIIMIA Bjajiesiel] BBITECHSIeTCS M IIepeBOIUTCS B LIEIIOUKY OJIOKOB,
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BO3BpalllaeMyl0 YKa3aHHbIM ITapamMeTpoM transfer, KOTOpbIil LOJI-
>KeH OIpeesisiTh BbIUMCIeHMe 11eTouky 6;10KoB. Bpemsi, ocraBieecst
IUIS1 yoepsKaHUs TIpeKHero Baajesiblia, IepesaeTcs yepes3 COOTBeT-
CTBYIOLIMIt aTpMOyYT TpaH3akTa. Terepb mapameTp transfer saBiser-
cs1 06s13aTenbHBIM. Llerouka mpepbiBaHMii He UCIOAb3yeTcsl. [IpenbI-
OYLINIA BiIagesiel yoaasieTcss B MOMEHT TeKyllero MOJeabHOro Bpe-
MEeHN.

A.2 3axsat nmpmuoopa
[TpumeHseTcs cnenywUnii anropuTMm 415l Bbiumcienus Block. seize.

1. Ecnu y o6beKTa ecTh YKe Ipyroii Biajenell, TO BbIUMc/IeH e TpaH-
3aKTa GIOKMPYETCS A0 TeX MOp, IIOKa 3TOT APYTOil ByIajesiel He OCBO-
600UT WM He BepHeT Mpubop. B TakoM cryyae TeKyIINit TpaH3aKT
roMeuaeTcsl Kak He MpepbIBAOIINiA, ¥ OH BMeCTe C BbIUMCIEHMEM J10-
OaBJIsieTCs B LIETIOUKY 3a/iepskeK Mpubopa ¢ IPMOpPUTETOM TPaH3aKTa.

2. BrporuBHOM citydae, ecyiv y mpubopa HeT BiIaAeblia, TeKYIIMii TpaH-
3aKT CTAHOBUTCS BJIajieiblieM Ipubopa. ITOT BiIajesiel] TOMeUYaeTcst
KakK He TpepbIBaKIINIA, ¥ TPAH3AKT MIPOAOKAET CBOE BbIMIOJTHEHME.

A.3 OcBoOOXIeHMe mpuoopa

Boruncinenme Block.release JO/IKHO COOTBETCTBOBATH BbIUMC/IEHMIO
Block.seize. B ocTaibHOM, BhIUMCIIEHME OCBOOOKIEHMST aHAJIOTUUYHO
Mpolieaype Bo3BpaTa Ipubopa, onmMcaHHO Jajee.

A.4 Bo3sBpar npmuobopa

Beruncinenne Block . return go/mkHO cooTBeTCTBOBATh Block . preempt.
B ocTa/sibHOM, BIYMCJIEHMS TT0 OCBOOOXKIEHNMIO ¥ BO3BpaTy IIpubopa MMeIoT
CXO’Kee MoBeJleHNe.

Bragenbiiem mpubopa mokeH ObITh TEKYIIMI TPaH3aKT. AJITOPUTM
BbIOOpA IPYTOro BJIae/blla C/IeTYIOIIIA.
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1. Eciu miernoyka oxxugaHms mpubopa He IyCcTa, ¥ BbIYMCIeHe TpaH3aKTa
KaHayuaTa U3 ouepeau He OTMEeHEeHO, TO COOTBeTCTBYIOLIMIT TPaH3aKT
yOaisieTcs U3 ouepenu U CTaHOBUTCS BiajenbleM. Llermouka oxupa-
Hus 6;m3ka K FIFO, HO 1cronb3yeT IPUOPUTETHI.

Ecnn BeiunciieHue TpaH3aKTa-KaHAnaaTa Ob1710 OTMEHEHO, TO TPpaH-
3aKT TaKXe yga/JIsdeTCda U3 ouepenn, M aJilTOPUTM IIOBTOPSAETCA C CaMOro
HayaJia.

2. B mpoTuBHOM ciTydae, e/ LieliouKa IpepbiBaHMii TpMbOpa He ITyCTa,
" BbIYMCJIEHMEe TPaH3aKTa-KaHAMIaTa U3 ouepeny He OTMEeHEeHO, TO
COOTBETCTBYIOLIMII TPaH3aKT yHajsieTcsl U3 ouepeny U BbiOMpaeTcs B
KayeCTBe HOBOT'O BJajle/blia.

Teneps, eciv TpaH3aKT O6bUT PepPBaH BMECTE C yKa3aHMeM IlapaMeTpa
transfer, To 3TOT MapaMeTp UCITOIb3YETCSI /I [IePEeHOCa BhIUMC-
JIeHUS TPaH3aKTa B COOTBETCTBYIOIMIYIO IIEIIOYKY 6IOKOB, BO3BpaIlla-
eMylo mapametpoM transfer. IIpeabiayiiee BbIUMCIEHE OTMEHSI-
€TCsI, ¥ BMECTO HEro CO3JaeTcsl HOBOe, KOTOPOE y3Ke 3aIyCKaeTcs C
YKa3aHHOJ 1IeI0YKOoJi 6710K0B. Quepenp 11eMOYKY IIpepbhIBaHMi1 6113-
Ka K LIFO, HO ucnonbp3yeT NpuOPUTETHI.

Ecin ImapamMeTp transfer He ObL1 YKa3aH, TO TPAH3aKT IIPOAOJ/DKAET
CBO€ BBITIO/THEHME C TOTO BbIUMC/IE€HMS, ITPM KOTOPOM TPaH3aKT 0BT
BbITE€CHEH.

Ecnn BeiunciieHue TpaH3aKTa-KaHAMnaaTa OBLTI0 OTMEHEHO, TO TPpaH-
3aKT TaKXKe yga/IdeTCd U3 ouepenn, M aJilTOPUTM IIOBTOPSAETCA C CaMOro
Ha4daJia.

3. B mpoTMBHOM CiTyuae, ec/iu 1erouka 3aJepskek mpmuoopa HermycTasi, u
BbIUMCJIeHMe TPaH3aKTa-KaHauaaTa U3 ouepenyt He OTMeHeHO, COOT-
BETCTBYIOIMI TPAH3aKT yAAJISIETCS U3 Ouepeny U CTAHOBUTCS BJia-
nenbiiem. Llerouka 3agepskek 6;:m3ka K FIFO, HO McIonb3yeT Mpuo-
PUTETHI.

Ecin BeiunciieHue TpaH3aKTa-KaHAnaaTa OBLIO OTMEHEHO, TO TPpaH-
3aKT TaKKe yoa/IsIeTCsA M3 ouepenn, M aJiIrOPUTM IIOBTOPSIETCSA C CaMOro
HayaJjia.

4. Eciu Bce ocTasbHbIe CTyyay OTIaAaloT, TO 3TO 3HAUYUT, UTO BCE TPU
ouepeny IMyCThI U, CJief0BaTeNIbHO, Y IpMOOpa HeT Biiaiesblia.
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