PyKOBOZICTBO I10 ITporpaMme
«BusyanbHagABuKa»

CopokuH JlaBup dpHecToBUu <davsor@mail.ru>,
Poccus, Pecriybimka Mapwmii 951, Momkap-Ona

15 aBrycra 2026 T.


mailto:davsor@mail.ru




OrnasiieHue

{1 BBemenue|

2 Kak co3gaTh IPOCTYI0O MOAEJIb|

[3 Kak co3gaTh MOTOKOBYIO Mojae/ib SFM|

4 Kak co3gaTh MOAe/Ib CMCTEMbI MaCCOBOTO OOC/TY;KMBaHMS|

[5 S$I3BIK MoaeaMpoBaHUSA|
[5.1 TlapameTpbl MOAEAUPOBAHMS| . « « « v v v v v v v e e v
[5.2 TIepeMEeHHBIE| . . . . . . . . v v v i i e e e e e e
(5.3 VPaBHEHMS| . . . . . v v v v i i e e e e e e e e e e
[5.4 OmepaToOPBI . . + v v v v v e e e e e e e e e e e e e e

[5.6 DYHKIMU| . . . . o v v v it et e e e e e e e e e
(5.7 MAMA30HBI . .« + « v v v v o e e e e e e e e e e e e e e
5.8 MaACCUBBI . + v v v v v e e e e e e e e e e e e e e e
[5.8.1 OyHKIMM AJ1T MACCUBOB M IMANa30HOB| . . . . . . .
[5.8.2 MHuMIManmM3amms MacCMBal. . . . « v v v v v ...
[5.8.3 OTtobpaskeHMe MacCUBOB Ha rpadukax| . . . . . . . .
5.9 AHAIMU3 UYBCTBUTEIBHOCTH| . « « v v v v v e v e e e e e e n
5.10 TPAH3AKTBI . « « « v v v v e e e e e e e e e e e e e

[5.12 BIOK T€HEPATOPAl . » « « v v v e v e e e e e e e e e e e
53 BIOKU . . o v o o e e e e e e e e e e e e e e e e e e
[5.14 3amyCK OJIOKOB| . . . .+ v v v v e e e e e e e e e
[5.15 OUepemm| . . . . . . v i e e e e e e e e e e e
[5.16 TIpMOOD| . . . . v o o o e e e e e e e e e e e e e




4 Orn1aBiieHne

[5.17 MHOTrOKAHA/IbHOE YCTPOMCTBO| .+ « + v v v v v v v e v e v s 78
[5.18 AHCAMOJIb TPAH3AKTOB| . + « & « & v v v v e e e e e e e e e 82
[5.19 CBA3YIOMIASI HEMMOUKA . + « & v v v v e e e e e e e e e e e 83
[5.20 CUTHAMBI . « v« v v v e e e e e e e e e e e e e e e 88
B.21 CTaTUCTURA . « v v v v v e e e e e e e e e e e e e e e 89
[5.21.1 CraTucTMKa Ha OCHOBE HAOMIOOEeHMIM| . . . . . . . . . 90

[5.21.2 CTaTMUCTMKA C IPUBSI3KOM KO BDEMEHM| . . . . . . . . 91

[5.22 VI3MEHIEeMAST CCBIIKAl » + « « v o v v e e e e e e e e e e e 93
[5.22.1 9ddekTrBHAS TpoBepKa YCIOBHbIX BbIpaskeHU| . . 95

[5.22.2 OCO6E€HHOCTU MOJE/JIbHOTO BpeEMeHM| . . . . . . . . . 96

[5.23 OYHKUMM KOHBEMEPAl. . . « v v v v v v v e e e e e e e e e . 96
............................. 98
[5.25 BIOXKEHHBIE MOIYIIM| + « « & v v v v e e e e e e e e e e e v e 98

[6 BbiBOI pe3ynbTaTOB| 101
(6.1 TpadMK OTKIOHEHMSI| . . . « v v v v v e v e e e e e e e e e 101
(6.2 T'pa@UK IKCTPEMYMOB| . « ¢ v v v v v e v e e e e e e e e e 103
(6.3 BpeMEHHOM PSIZ . . .« v v v v v e e e e e e e e e e e 105
6.4 Tpabmx XY| . . . . . . ... .. 106
6.5 Tabmuua CSV| . . . . . . . . e 107
(6.6 TlocmemHye 3HAUEHMSI . . . . . . v v v v v v it e e e e 108
[6.7 T'mcrorpamma mocjiegHMX 3HAYEHUM| . . . . . o v o o v v v . 108
(6.8 Tabauua CSV nocimegHux 3HaYeHMMm| . . . . . . . . . . ... 109
(6.9 CBomHasi CTaTUCTMKA 110 OCJAeAHUM 3HAUEHUsIM| . . . . . . 110

[/ _lloToku u HaKonUTEIM| 113
(7.1 HakommTenb MHTETPATAl . . . « v v v v v v v v e e e e v e s 113
(7.2 MaCCUB MHTETPAMIOB| . « &« « v v v e v e e e e e e e e e e e 115
[7.3  MaccuB HAaKOIIUTEIEN MHTETPAA] . « « « v o v v v v v v v o & 116
[7.4 HaxkomuTesb KOHBEMEPAl . . . . v v v v v v v v e e e e e e 118
(7.5 MaccuB HAaKOIUTEIEeM KOHBeepal. . . « « « v v v v v v v . . 121

[ YacTumunoe mopenupoBaHue| 125
9 Ixcnmopt npuinokeHnun .NET| 129

(10 BHeniHue momynan 131




OriaBieHue 5

A JleTanm peajmsanyy npuoopa 133
[A.1 BBITECHEHMe IPMOODA| . . « v v v v v o v e e e e e e e 133
A.2 3axBaTmpumoopal . . . . . ... ... 135
IA.3 OCBOOOXAEHME IPUOOPA| . . « « v v v v v v v e v v e e e o 135
[A4 Bo3BpaT OpMoopal . . . v v v v e e e e e e e e e 135




Orn1aBiieHne



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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I'naBa 1. BBeneHue

Magens 1 -VisualAivika

dain MNpaexa Bug AnuTayma
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Puc. 1.1: PemaktupoBaHMe IMOTOKOBOI AuarpaMmbl SFM.

nekchl. PucyHok [1.5(1moka3piBaeT rpadmk, KOTOPbIii COOTBETCTBYET HEKOTO-

pOMY MacCUBY.

HakoHel, nepen, HaUaJioM MUMMUTALIMM M10JIb30BaTeIb MOXETe 3aaTh
rapaMeTpbl MOIEIMPOBaHMSI, KaK M300paskeHO Ha pucyHKe 1.6
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npv_cash_flow = npv(net_cash_flow, discount_rate, 0, 1);

npv_income = npv(net_income, discount_rate, 0, 1);

price = randomParam(0.9, 1.2);

principal_repayment = Debt [ debt_retirement_time;

production = available_capacity;

production_capacity = randomParam{2200, 2600);

production_value = price * production;

reguired_investment = 2000;

tax_deprecation = Book_Value [ tax_deprecation_time;
tax_deprecation_time = 10;

tax_rate = 0.4,

taxable_income = gross_income - direct_costs - losses - interest_payme

taxes = taxable_income * tax_rate;

YpasHeHMA

Puc. 1.2: ITaHenb ypaBHeHU.



10 I'naBa 1. BBeneHue

Accounts_Receiy
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Tun HakonuTens: integral

init (Accounts_Receivable) = init {...)
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Puc. 1.3: IlaHenb penakTopa ypaBHEHUMN.
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Net Income and Cash Flow

1000

-1000

]
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.



12 I'naBa 1. BBeneHue

Array C[i]
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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» nns nporpammsl Berkeley-Madonnal1].

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

Ceifuac HacTaao BpeMsi, YTOObI 406aBUTh TpaduK. BepHuTech K maHeam
IMarpaMMbl, IEeJIKHYB 10 BKIaaKe /Juazpamma. BeibepuTe Ha IMaHeIn UH-
CTPYMEHTOB JIarpaMMbl DiemeHm 0s 8b1800a pe3yibmamos u [006aBbTe
TaKOJ1 3JIeMEHT Ha Ty ke AuarpaMMy. 31eChb Bbl JO/DKHBI IOJIYYUTh HEUTO
TIOXO3Kee Ha TOo, YTO M306pakeHo Ha pucyHKe [2.3| BoineneHHblit GpparmMeHT
Ha M300paskeHHO IuarpaMme — 3TO OyIyIuii 37ieMeHT rpaduKa, KOTOPbIi
MBI Jlajiee OIpeneInM.

3aTeM IIeJIKHUTE MBIIIKO 10 OyayiemMy 37eMeHTy rpadmKa, YTOObI
OTKpBITh pefakTop rpaduka. B aTom pegakTope Mbl MOkeM A00aBUTD Clie-
Ioylolye nepemMeHHble Ha rpaduk: A, B u C. DTO JO/KHO BBIT/ISIAETh KaK
Ha PUCYHKe OTU nepeMeHHbIe SIBJISIIOTCS UHTeTrpaJlaMu.

Ceriuac MblI TOTOBBI 151 3aITyCKa MMUTaUuu. Ha rimaBHOI IaHe/ iy MHCTPY-
MEHTOB eCTb KHOTIKA 3anycka umumayuu, KoTopasi BbIVISIAUT Kak CTpesika,
KOTOpasl BblJleJieHa KPACHBIM 1IBETOM Ha PUCYHKE HakmuTte Ha KHOIIKY,
YTOOBI 3aMyCTUTh UMUTALINIO!

BBl JOKHBI YBUIETH Pe3Y/IbTaThI TOX0KME Ha PUCYHOK [2.6]

B03MOXXHO, UTO KpuBbIe Ha BallleM rpaduke BbIIISAAT He HACTOIbKO
IJIaIKO, KaK Ha pUCyHKe. UTOOBI 3TO UCIIPABUTh U YIYUIIUTh TOYHOCTD I'Pa-
(duKoB, OTKpOJiTe MYHKT MeHI0 Mmumayus / [Tapamempst MoOenuposaHust
M YMEHbIINTE 3HaUeHye napaMmerpa MmoaenupoBanus dt. [loBropure 3a-
myck uMuTtanyu. Ceifuac Bbl JO/DKHBI MOTYYMUTH OoJiee TIaaKMit ¥ TOUHBINA
rpaduK, Kak ObIJIO TTOKA3aHO HAa PUCYHKe paHee.

CyliecTByeT TakyKe APyroi MeToj, 3a/iaHus 0ObIKHOBEHHBIX IuddepeH-
[IMaJIbHBIX YpaBHEHUI1, OCHOBAHHbII HA MUCIIOJb30BaHMM AuarpaMmmbl SFM
ITOTOKOB M HaKOIIMTesel (IIOTOKOBO AYarpaMmbl).



Mogens 1 -VisualAivika

dain lMpaeka Bug AnaTauma OxHo Cnpaeka

’ a0 )
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Mogene Diagram 1

~  Mogene_1 n Ol:| I:El:l (@ lf-ﬁ [El rﬁr

~ Diagram_1

A

B
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ka

kb B
Diagram_2 ka
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Lwarpamma YnasHeHWA

Puc. 2.1: [ImarpaMma COCTOUT U3 OYOYIIMX MHTETPAJIOB.
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18 I'naBa 2. Kak co3aatpe NpoCTyIO MOZAE/Tb

Mopgens 1 - VisualAivika

dain Mpaeka Bug MiruTauma OxHO Cnpaeka
) (o
|j D E p ) @

Mogene Diagram 1

~ Mogens_l module Diagram_1 {

=i - #* .
~ Diagram 1 A =integ(-ka * A, 100);

A B =integlka * A - kb * B, 0);

5 C = integ(kb * B, 0);

ka =1,
C
kb =1
ka
kb
Diagram_2

Diagram_3

1A | YpasHeHns

Puc. 2.2: YpaBHeHMs1, COCTOSIIIME U3 MHTETPAJIOB.



Mogens 1 -VisualAivika

dain lMpaeka Bug AnaTauma OxHo Cnpaeka

’ a0 }
s 0 ® =
Mogene Diagram 1

~  Mogene_ n O 1 I:ED ( [EI M |E| ﬁi{;

~ Diagram_1

A

B

C

ka

kb B
Diagram_2

Diagram_3

N

l

Lwarpamma

Puc. 2.3: [Toce Toro, Kak rpadguk mo6aB/ieH Ha AMarpamMmy.
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20 I'naBa 2. Kak co3aatpe NpoCTyIO MOZAE/Tb

PefakTop BLIECAA PE3yLTaTOR

Buleog pezyneTata

Tun pesynstatd| Time Series

3aronosok

Chemical Reaction

HocTynHo BeiGparo

~ Mogens_l A
~ Diagram_1 B
|+ :
. L )
B
C
ka ==t | Bsany
kb
Diagram_2

Diagram_3

OK  Otmena IpUMEHITE

Puc. 2.4: [JobaBbTe IIepeMeHHbIe MHTEIPAIOB Ha TpaduK I OTOOpaskeHMSI.



Mogens 1 - Visi

dann MNpaska Bug AnuTauma OxHo Cnpaeka
: S '
ol L ® =

Monene Diagram 1

~  Mogene_l “ O (| EED ( LE L.L/ |E| Cﬂ“

~  Diagram_1

Diagram_2

Diagram_3

kb

Huarparma

Puc. 2.5: KHonka 3anycka umumauuu.



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

Mo gene 1 - VisualAivika

dann [Mpaeka Bug AnuTanma OxHo Cnpaeka

. )
nEB 0 ® =
Mogent Diagram 1

~  Mopgene_l n O (| EED r lEl Lﬁ |E| (ﬁ‘

~ Diagram_1

A Chemical Reaction
8 0o
1
A J
C J
ka q
50
kb B ]
Diagram_2 ]
L e s e B e A e
Diagram_3 B 3 4 &
Ic
L
kb
— Diagram_1.A
— Diagram_1.B
— Diagram_1.C
Hwarpamma

Puc. 2.6: InarpamMmma 1ocjie 3aBepiieHns UMUTALN.



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 -

23



24 I'naBa 3. Kak co3gatp mOTOKOBYIO Mozgenb SFM

pyet pucyHok|[3.2] 9To 3HaUeHMe GyIeT HaualbHbIM 3HaUE€HEM MHTErpaia,
KOTOPBbIN cOOTBeTCTBYeT HakonuTemto Cash.

3aTeMm BbiOepuTe MOTOK Net Interest 1 M3MeHUTh 3HaYEHME CBOJCTBA
HanpasneHue nomoka B peflakTope AMarpaMm Tak, YTOObI 3HaUeHMe CBO-
CTBa ObIO pPaBHBIM uniflow. Bbl JOIKHBI YBUAETD UTO-TO ITOXOKEe HA PUCY-
HOK [3.3L

JTO 03HAYaeT, UTO COOTBETCTBYIOUIMI ITOTOK SFM MOXXeT UMeTb TOJbKO
HeoTpuULIaTeIbHOe 3HaUeHMe, XOTS peajbHOe BIMsHMe Ha HakonuTenb SFM
MOXeT OT/IMYAThCS 10 3HAKY, YTO 3aBUCUT TaKKe OT HallpaBJIeHUs [IOTOKa
SFM. 3gech cymHoCTh Net Interest siBisieTcst BXOASIIMM ITOTOKOM [JIsI Ha-
konuTtens Cash. CiiemoBaTenbHO, COOTBETCTBYIONIAS ITPOU3BOAHAS MMeeT
HeoTpullaTeJbHbIN 3HAK. 3HaYeHMe HAaKONUTEJISI JO/IKHO PacTy, KaK MbI
YBUIUM Aajiee.

[Tocne Toro, Kak MbI ripeBpaTuau noTok Net Interest B omHOHAIIpaB/ieH-
HbI, Hallla JMarpaMma J0oJ/bKHa cJlerka n3aMeHuTbes. [loxkainyiicra, obpaTu-
Te BHMMaHMe Ha TO, YTO COOTBETCTBYIOIIMI 3JIEMEHT IIOTOKA Terepb UMeeT
OIIHY CTPEJIKY, TOI/Ia KaK y Hero 06bl10 Be CTPeIKM: B Havajie 1 B KOHIIE.
Ceifuac OH MMeeT TOJbKO OAHY CTPeJIKy B KOHIIe, I7ie UAeT CoeIuHeHle C
HakornuTesnem Cash.

Terepsb orpeenTe OCTaBIIMeCs ypaBHEHMS TaK, YUTOObI OHUM BbIT/ISITE-
TV TaKVIMM Ke, Kak M0Ka3aHo Ha pucyHke 3.4 O6paTuTe BHMMaHKe Ha TO,
YTO BaM He HY>KHO BBOAMUTDb BbI30B QYHKIIMM MaKCUMyMa JIJIsl CYIITHOCTU
Net Interest. OH mo6aBJIsIETCS aBTOMATUUECKM, TAK KaK IIOTOK OOBSIBIEH
OJHOHAIIpaBJeHHbIM. UTO BaM CjiefiyeT OIpefe/nThb A IT0TOKA, TaK 3TO
BeipakeHMe Cash ¥ Interest Rate.

Te ke camble YpaBHEHMSI MOIJIM ObITh HEITOCPEeICTBEHHO OTIPe/ie/IeHbI C
TOMOIIbIO MHTErPAIOB, HO 3[€Ch MbI MCIOJIb30BAJIM 3JIEMEHTbI [TOTOKOBO
nuarpammbl SFM. Hakoniurens SFM cooTBeTcTBYeT MHTerpainty. [florok SFM
CBSI3aH C ITPOU3BOLHOIA.

Ecnu mbl fo6aBuM 371eMeHT rpaduka 1 oToOpa3uM Ha HEM 3HaUeHMe
HakonuTesst Cash crroco6om, onucaHHbIM B IIpenbIayIiei raase |2, To To-
IIa Mbl YBUAMM CIefyloummii rpaduk, YTo JEMOHCTPUPYET PUCYHOK [3.5]
3mech KOHEUHOe BpeMsl ObIJIO YBEIMYEHO A0 3HaueHUs 36 B pemaKkTope
Iapamempoe modenuposaHus.

Wpest 3aKkm04YaeTcs B TOM, 4TO «Bu3syanbHasiAiiBMKa» MIPENOCTaBIISIET
Pa3HOCTOPOHHIOIO MOAIEPKKY YPaBHEHU, C TOMOIbI KOTOPBIX Mbl MO-
’KeM 3a[1aBaTh ¥ 3aITyCKATh JOCTATOUHO CJIOXKHbBIE CHCTEMbI OOBIKHOBEHHBIX
nuddepeHManbHbIX YpaBHeHMi1. Bonee Toro, «BusyanbHasiAiiBuKa» umMe-
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eT CpeaCcTBa IJI MPOBEIeHMs aHA/IM3a YYBCTBUTEIBHOCTYU C TTIOMOIIIbIO
TaKUX ypaBHEHUI. B TO ke camoe Bpems «BusyanbHasiAiiBMKa» IO3BO-
JIsieM HaM MOJIeJIPOBaTh U AMCKPETHO-COOBITUITHbIE MO, KOTOPbIE
MOTYT OBITH CKOMOVHMPOBAHBI C 0OBIKHOBEHHbIMM A depeHIanTbHbIMMU
ypaBHEHUSIMUA.
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Model 1 - VisualAivika

daiin  [lpaeka  Bug  WmwTaumA  OxkHo  Cnpaeka

nEAe L O ® 2 )

Mogene DCiagram 1
v Mode Om&crE W AR
~ Diagram_1 . .
Cash
Interest_Rate Met Interest LA
)
Net_Interest ®< > >
Diagram_2
Diagram_3
Interest
Rate
Ouarpamma

Puc. 3.1: McxogHas moTokoBas aguarpamma SFM [j11 Moaenu 3KCITIOHEeHIIM -
aJIbHOT'O POCTa.



YpasHeHne lpwToK OTTOK OnuvcaHwe

Twun HawkonuTens: | integral

init (Cash) = init (...)

lood |
MapameTtpsl:
() « not
i 8 8 =* and
4 5 B * or
I B e == |=
0 - <= | <
. + = >

KoHCTPYHKLMA A3blka:

Lfi) i« 1M1

[£(i1,i2) | i1 € 1.N1, i2 & 1.N2 ]

[F(T, .y iM) i1 € 1N, ., M < 1.NM ]
b1 >>> b2

abs(x)

OK Ortmena  [pumMeHWTE

Puc. 3.2: HauanbHoe 3HaueHne HakonuTensa SFM.
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Pepaktop ypaeHeHwiA: Diagram_1.Met_Interest

YpasHeHwe
Hanpaenenwe noToxa: uniflow s
Met_Interest = ..

Cash * Interest_Rate

[MNapameTpor
Cash () @ not
Interest_Rate N BHN REN e and
a8 5N RN B or
1 2 3 [/ == I=
0 - o= <
+ = =

KOHCTRYKLMA A3blka:

[fi) i€ 1.N]

[F(i1,12) | 11 € 1M1, i2 € 1.N2 ]

[F(i1, .ony i) |01 & 1UNT, L, M & TUNM ]
bl >>> b2

abs(x)

0K OTMmeHa MpUMEHKTE

Puc. 3.3: ITorok SFM CcTaHOBUTCS OGHOHAMPABJIE€HHBIM.



Painn Mpaska Bug

oEs o

Mogens

s~ Model_l
~ Diagram_
Cash
Interest_Rate
MNet_Interest
Diagram_2

Diagram_3

Puc. 3.4: YpaBHeHMSsI MO/ SKCIIOHEHIIMATbHOI'O POCTa.

Model 1 - Visualivika

HMrnTawma OxHo Crnpaeka
® 2=
Diagram 1
module Diagram_1 {

Cash = integ (MNet_Interest, 1000);

Interest_Rate = 0.07;

Met_Interest = max (0, Cash * Interest_Rate):

YpaBHEHA
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Model 1 -Vi

Qain lMpaska  Bug  MmutaumA  OkHo  Cnpaexa
S
s | I ® =]

Mogene Diagram 1 agram 2

~ Model 1 u OI:I:EuflEI L |E‘ﬂ“‘

~  Diagram_l

Cash Exponential Growth
Interest_Rate Net Interest Cash
Net_Interest T
10000
Diagram_2 ]
Diagram_3 i
5000 o
T T T T
o 10 20 30
t
— Diagram_1.Cash
Huarpamma

Puc. 3.5: I'padmK 3KCITOHEHIMATBHOTO POCTA.



I''maBa 4

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

JIJ1st MOZeTMpOBaHMsI CUCTEM MacCCOBOTO 00CTysKMBaHUSI «BusyanbHasiAil-
BMKa» UCIOJIb3yeT MOAXO0Z, ITIOX0XMI1 Ha A3bIK MopenupoBanus GPSS[3], 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.
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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.
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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.



39

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

41
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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.

e CuzHan. OTO OUCKPETHBIN CUTHAJ, KOTOPBI MOKET MCITYCKATh BXOS-
IIJie COObITUS.

 Jleiticmeue. HekoTOpoe AeiicTBIe, TaKoe KaK 3aITyCK 00paboTKM TpaH-
3aKTOB I10 11eT10uKe 6I0KOB.

e QOuepedv. CylIHOCTb OUYepe .
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e IIpubop. ITpubop — 3TO TAaKOI pecypc, KOTOPbIit MOKET MMETh TOJIbKO
OJIHOTO BJIaJenblia.

e MHnozokaHanvHoe ycmpoticmeo. MHOTOKaHaJIbHOE YCTPOMCTBO — 3TO
TaKO pecypc, KOTOPbIiI MOXKET OBITh MCIOJIb30BaH HECKOJIbKMMM
TpaH3aKTaMMu.

o I]lenouxka coomeemcmeus. lleriouka COOTBETCTBUS MOKET 3adep>Kn-
BaTb TPAaH3aKThI M3 OAHOTO M TOI'O JKe a”HcamoJs.

o Cmamucmuxka no HabideHUsaM. 3HaUeHMe CTaTUCTUKM, KOTOpOe OC-
HOBAHO Ha HAOIIOOeHMIX.

o Cmamucmuka no 8pEMEHU. 3HayeHune CTAaTUCTUKHM, KOTOPOE 3aBUCUT
OT MOJE/IbHOI'O BpeMEHN.

o Ccolnka. VIsmeHsieMast CCbIIKa, sTY€iiKe KOTOPOil MOTYT ObITh ITPUCBO-
€HbI UMCia ¥ 3HAUeHUST CTaTUCTUKU.

e Maccus. MaccuB U3 OPYIUX IepeMeHHbIX.

Ha3BaHue nepemMeHHOI B IiporpaMme «BusyanbHassAiiB1Ka» 4YyBCTBU-
TeJIbHO K perucTpy. [lepBblii CMMBOJI JO/KEH ObITh OYKBOI MM ITOTYEPKIU-
BaHMeM. Ciiemymolye CMMBOJIbI MOTYT COAepsKaTh OYKBbI, UM PHI U IO -
YyepKMBAHMS B JIF0OOI ITOC/IeT0BATEIbHOCTIN.

IIpumep

Total_Resources, Scope, x, Vy

5.3 VYpaBHeHus

SI3bIK MOe/IMpoBaHMs IIporpaMMbl «BusyanbHasiAliBMKa» ITO3BOJISIET BaM
ornpenensiTb MOOEeIN, 3alUCbIBasi MHOXKECTBO MaTeMaTUUYeCKUX YpaBHe-
HUI U BbIpaskeHUi. YpaBHEHMS MOTYT OBITh 3aIlMCaHbl B JIIOOOM MOPSIIKE.
[TopsimOK BBIUMCIIEHUI OTIpenenseTcsl, UCXOAs1 U3 3aBUCUMOCTEN MeXIy
repeMeHHbIMNA.

«BusyanbHasiAiBMKa» UCIOIb3yeT CTaHIapTHBIE ajirebpandyecKyie Bbl-
paKeHUs C TeEMU Ke TpaBUIaMy ITPUOPUTETOB, KOTOPbIE UCIIONb3YIOTCS B
Java, C/C++ u Opyrux MOMyJISIPHBIX SI3bIKaX IMIPOTPaMMUPOBAHMSI.
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Taxke «BusyanbHasgAiiBuUKa» rnoagepXXuBaeT CTaHLapTHbIe MaTeMaTu-
yeckye QyHKIMH, a TaKKe MMeeT AOIOJHUTe/IbHbIe QYHKIINM, KOTOpPbIe
IlenaloT Mpoliecc HalucaHue ypaBHeHMi 60jiee ObICTPBIM U ITPOCTHIM.

IIpumep

y = integ (1 + 0.2 * y * sin (t) - 1.5 * t A 2, 0);
z = integ ((y - 2)"2, 0);

3mech GyHKIMS integ Bo3BpallaeT MHTErpasl o 3aJaHHO0 IPOou3BOJI-
HOJi ¥ HAa4aJIbHOMY 3HaUYEeHUIO.

IIpumep

Adequacy_of Control_ Resources =
Control_Resources / Desired_Control Resources;

3mechb pemakTop ypaBHeHmit Equation Editor aBTOMaTUYeCKY 3aBepIiiaeT
KaKI0e ypaBHeHMEe CMMBOJIOM TOUKM C 3aTISITOA.

5.4 Omnepartopsl

«BusyanpHasAliBuKa» NoaaepkuBaeT CTaHAapPTHbIE ABOMYHbIE U YHAPHBIE
oTIepaTopbl, KOTOPbIE CIeIYIOT OOBIYHBIM ITpaBUIaM mpuopuTeToB. Orepa-
TOPBI IPUBEIEHBI B TAGIMUIIAX HIKE.

Tabmuiia 5.1: YHapHbIe orepaTopbl

not Jlornueckoe oTpuLiaHue
+ - 3HaK IUII0ca ¥ MMUHYCa

Tabnauia 5.2: [IBOMYHbIE OIIEPATOPSI

Bo3BeneHnue B cTernieHb
/ + - ApudmeTrnyeckue onepaTopbl
<=>>= CpaBHeHMe
== |= CpaBHeHMe Ha PaBEHCTBO ¥ HEPABEHCTBO
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and or Jlornuyeckast KOHbIOHKIVS U IU3BIOHKIINS C
MIPaBUIOM KOPOTKOTO BbIUMCIEHMUS
>>> Kommnosuiyus 6710K0B

OmnepaTop KOMITO3UIMM GIOKOB TpeOyeT HEKOTOPOTO pa3bsICHEHMS.

BoipaskeHue b1l >>> b2 Bo3BpalllaeT BbIUKCIeHMe 0/10Ka, KOTOPOe 00-
pabaThIiBaeT TPaH3aKThI ITIepPBbIM 0JIOKOM b1, a 3aTeM BTOPHIM OJIOKOM MU
LIEITOYKOM 6;10KOB b2. Eciu rocyemumii apryMeHT b2 sSIBJIsIeTCsI 6JIOKOM,
TO pe3yJbTaT Toxke OymeT 6J10KOM. B IpoTMBHOM ciTydae, eciiu IMoC/IegHUIA
aprymMeHT b2 sSBJsSeTCS IIeIOYKOi 6JIOKOB, TO TOT[Ia U pe3ylabTaT OymeT
TaKKe 11eITI0YKOJi 6I0KOB.

5.5 TIlocTOositHHBIE

«BusyasibHasIA7iBMKa» OIpeaesiseT CIeayiolye OCTOSTHHbIE.

Tabmuiia 5.3: BcTpoeHHbIe TOCTOSIHHbBIE

true Jlormueckas “ucTuHa”

false Jlornueckast "J10kp”

pi 3HaueHue ynuwIa

infinity IIpencraBiisieT MOIOKUTEIbHYIO OECKOHEY-
HOCTb

nan [IpencraBiseT 3HaUeHMeE, KOTOPOE He SBJIS-
€TCS YMCIIOM

5.6 ®OyHRUUMU

Huke B Tabnuile IpMUBeIEH CIIMCOK OCHOBHBIX MTpenoIpeie/IeHHbIX (PyHK-
LUIA.

Tabnauia 5.4: OcHOBHbIE (PYHKIIMM

abs (x) BosBpaiiaeT abcoMOTHOE 3HAUEHME
IUTST X
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sqrt (x) BosBpailjaeT KBagpaTHbIIT KOpeHb OT
X

int (x) Bo3Bpaiaet HaubOIbIIIE 11eJI0€ YMCIIO,
KOTOpOe MeHbIlle UJIM PaBHO, UeM X

round (x) BosBpartiaer o6yisKaiiiiee 9mcio K X

power (X, V) BosspaiaeT TO e camoe, 4TO U ¥

mod (X, V) Bo3Bpaliiaet ocTaTox OT geyneHus x/y

min (x1, x2,

D)

BoBpaiiaeT MyuHMManbHOE 3HAYEHME
u3 x1, x2, ...

max (x1, x2,

)

BosBpamjaer mMakCMMaZIbHOe 3Haue-
Hue n3 x1, x2, ...

sum (x1, x2,

)

BosBpaiaeT cymmy 3HaueHuii x1, x2,

prod (x1, x2,
D)

BosBpamjaeT mpousBeneHue 3Haue-
Hum x1, x2, ...

mean (x1, x2,

D)

BosBpamjaeT cpenHee 3HaueHue 1
x1, x2, ...

sin (x) BosBpaljaer 3HaueHue cuHycCa IJIs X
cos (x) BosBpaijaetr KoCMHYC Oj1s X
tan (x) BosBpaijaeT TaHreHC o8 X

arcsin (x)

BosBpaljaeT apkCUMHYC IJI5 X

arccos (x)

Bo3BpaiaeT apKKOCHMHYC IJIsT X

arctan (x)

Bo3BpalaeT apKTaHTeHC IJIsT X

arctan (y, x)

BosBpalaet apkTaHreHc Jj1s OTHOLIe-
Husa (y/x)

sinh (x) Bo3Bpaiaet rumnepooamueckuit CMHYC
IUTSL X

cosh (x) BosBpaiaeT rumnepooamueckmii Kocu-
HYC IJIS X

tanh (x) BosBpaiaet runepoogmyeckuii TaH-

TeHC OJIs X

sinwave (a, t)

Bo3BpaiiaeT CMHYCOUAATIbHYIO BOTTHY
C aMIUIUTYAOM a U Tiepuogom t

coswave (a, t)

Bo3sBpaillaeT KOCMHYCOUAATbHYIO BOJI-
HY C aMIUIUTY0M a U TTlepuojiom t

exp (X)

BosBpalaer e B cTerneHn x

47
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log (x) Bo3sBpaiiiaeT HaTypaabHbli1 Tjorapudm
OT X (TI0 OCHOBAHMIO €)

log (x, v) BosBpaiiaet jorapu@m OT X 10 OCHO-
BaHUIO Y

OyHKUMM Sinwave 1 coswave TpeOyloT HeKOTOPOTo MosicHeHus. OHu
ompee/ieHbl CJIeAyoIMM 06pa3oMm.

Onpepenenue

sinwave(a, t)
coswave(a, t)

a * sin(2 * pi * time / t);
a * cos(2 * pi * time / t);

Tabnuiia 5.5: TeHepaTOpbl CIyYaitHbIX YMCET

random (a, b) BosBpailjaeT paBHOMEpPHO pacripene-
JIEHHO€e CJIyYaiiHOe YMC/I0 MeXKIY a U
b

randomInt (a, BosBpailjaeT paBHOMEpPHO pacripee-

b) JIEHHOE 11eJI0€ CTy4aiiHOe YMCII0 MEeXK-
ayaub

triangular (a, BosBpaijaeT TpeyrosibHO pacrpeje-

m, b) JIEHHOE€ CJIy4aiiHOe YMCI0 MEeXAY a U
b ¢ MeguaHoOM m

normal (m, n) BosBpaimjaer HOpMaJibHO pacmpeje-

JIeHHOe CTy4YaiiHOe 4MCIIOo CO CpefHUM
M M OTKJIOHEHVEM N

exponential (m) | BosBpamjaer rokasaTeabHO pacmpepe-
JIeHHOe CTy4YaiiHOe 410 CO CpefHUM
m

erlang (b, m) BosBpaiaet ciyyaitHOe 410 110 pac-
npefeneHnIo dpiaHra ¢ maciitabom b
" 11e10% hopmMoii m

poisson (m) Bo3Bpaiaer ciydaiiHOe YMCIIO T10 pac-
npenenenuto [lyaccoHa co cpegHUM m
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binomial (p, n) | BosBpamaer 6MHOMMAIBHOE CITyYaii-

HOE YMCJIO MPY KOJIMUYECTBE TOTBITOK
N C BEPOSTHOCTHIO P

Tabauiia 5.6: Yc10BHOE BbhIpaskeHue

if x then vy
else z

Bo3Bpalaer y, eciu X MCTMHHO; MHa-
ye BO3BpaIllaeT Z

Tabmuia 5.7: PaznuuHblie QyHKIUM

step (h, t) | Bosspamaer 0 1o BpeMeHu t, a 3aTeM BO3-
Bpailaert h

pulse (t, BosBpaiaet MMITy/IbC BbICOTBI 1, HAUMHAS

d) CO BpeMeHu t U OJINTEeNbHOCTBIO d

pulse (t, d, | Bo3Bpaiaet MMITy/JIbC BbICOTBI 1, HAUMHAS

P) CO BpeMeHH t, AJIUTe/IbHOCThIO d 1 Iepuo-
AOM p

ramp (s, tl1, | Bosspaujaer 0 o Bpemenu t1, a 3atem Ha-

t2) KJIOHSIETCSI KO BpeMeHM t2 ¢ koadpduiiyeH-
TOM HaKJIOHA S

49

ITu GYHKUMYU UMEIOT ciefyloliee onpeaeneHne. OHU UCTIONb3YIOT OMU-
CaHHbIN Janee onepatop discrete. Ewiu KpaTko, 3TOT oriepaTop BO3Bpa-
[1aeT Takoe 3HaueHue, KOTOpoe He MeHseTCs 38 MCK/II0UeHeM MHTEePBa/IoB
MHTErpupoBaHus 1o dt He3aBUCUMO OT TOTO, KAKMM ObI HY GBI UCITO/Ib3Y-
eMbli1 MeTOJ, MHTerpUpPOBaHMUSI.

OnpeneneHnue

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
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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);

Tabnuma 5.8: UHTeprionsmus

table ((x1, y1), Co3gaeTr TabIMINy, COCTOSIIIYIO
(x2, v2), ...) n3ztouek (x1, yl1),(x2, y2),
..., Tme Tabauiia MOTOM MOSKET
OBITH MCITOJIb30BaHa KaK (yHK-

10785
table ((x1, v1), OueHuBaeT 3HaUYeHMe y [IJ1d 3a-
(x2, y2), ...) (xX) IIAHHOTO X IO CUCKY ToveK (X1,

v1), (x2, y2),..., UCTIONb3Y4
JIVHEVHYI0 MHTePIOSLUIO
step (t) CosgaeT GyHKIMIO IVICKPETHOM
CTYIIeHYaTOM MHTEPIOJSLUN Ha
OCHOBe 3aJIaHHO¥ TabaUILIbI t

step (table ((x1, OueHuBaeTr 3HauUeHue y 114 3a-

vl), (x2, y2), IaHHOTO X 110 CIIUCKY Tovyek (x1,

o)) () yv1), (x2, y2),..., UCTIONb3Y4
JVICKPETHYIO CTYIIeHYaTyl MH-
TEePIIOJISILIUIO

TabauuHast GyHKIMS MHTEPIIOIUPYET apryMEHT B COOTBETCTBUM C 3a-
IaHHOI Tabmue.

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);
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Tabmuia 5.9: ®yHKUIMM MHTErpaIoB

integ (d, 1) BosBpamar MHTErpas ¢ mpom3BOIHOMN
d 1 HayaJIbHBIM 3HAYEeHUEM 1
delay (x, t) BosBpaijaeT 5KCrIOHEeHIMabHYIO 3a-

JEep>KKy IIepBOro rnopsgKa X Ha BpeMst
t Cc coxpaHeHUEeM X

delay (x, t, 1)

Bo3BpalliaeT 5KCIIOHEHIIMA/IbHYIO 3a-
TIeP>KKy MepBOro MOpsSiiKa X, HauMHast
C 1 u Ha BpeMm4 t C COXpaHEHUEM X

delay3 (x, t) BosBpaijaeT 3kCIIOHeHMAIbHYIO 3a-
IIeP>KKY TpeTbero Mopsiaka X Ha BpeMsi
t C COXpaHeHMeM X

delay3 (x, t, BosBpaijaeT 3KCIIOHEHIMAIbHYIO 3a-

i) IePXXKY TPeThero nopsiaKa X, HaumHast
C 1 M Ha Bpem4d t € COXpaHeHUeM X

delayN (x, t, BosBpaijaeT 3KCIOHEHIMAIbHYIO 3a-

n) JIeP>KKYy N-TO MOopsiaKa X Ha BpeMs € ¢
COXpaHeHMEM X

delayN (x, t, n, | Bo3BpalaeT 5KCIIOHEHIIMAIbHYIO 3a-

i) IepsKKy N-TO MopsaKa X, HauMHasg C 1
U Ha BpeMs t ¢ COXpaHEeHUEM X

smooth (x, t) Bo3sBpalijaet sKCIIoHeHIIMa/IbHOE CIyia-
>KMBaHMe IepBOro nopsigka x 3a Bpe-
M €

smooth (x, t, Bo3Bpaliaet sKCIIoHeHIMa/ibHOe CIyia-

i) >KMBaHMe epBOro nopsigka x 3a Bpe-

M4 t, HauMHag C 1

i)

smooth3 (x, t,

Bo3Bpalaer sKCIOHeHIMalbHOE CI/Ia-
>KBaHMe TpeTbhero rnopsangka x 3a Bpe-
Mda t

i)

smooth3 (x, t,

BosBpaijaer sKCIioHeHIMa/IbHOE CIyia-
>KMBaHMe TpeTbero rnopsaka X 3a Bpe-
M t, HauMHas ¢ i

n)

smoothN (x, t,

B03BpamaeT 9KCITIOHEHIIMaJIbHOE CIVIa-
KMBaHMe N-Tro rnopsanka X 3a BpeMs t

51
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smoothN (x, t, Bo3Bpalijaet 3KCIIOHeHIIMaJIbHOE CIJia-

n, i) >KMBaHMe N-TO MopsiaKa X 3a Bpems t,
HauMHag C i

forecast (x, t, |IIporHos ajia X Ha Bp€EMEHHOM TrOpy-

h) 30HTe h C UCII0JIb30BAHMEM CpeIHero

3HauYeHMs BpeMeHU t

trend (x, t, i) | Bo3BpamiaeT JpoOHYIO CKOPOCTh M3Me-
HeHMS X, UCIIONIb3Y4 cpegHee BpeMs t
M HauMHas C 1

3neco GyHKIMM U3 cemelicTBa del ay UCHOMB3YIOT CeNYIOIIYIO UEH0,
roe pyukuyu del ayN gaBisioTcs 06001eHeM mpaBuia. Eciu Bel OymeTe
CpaBHUBATh 3TU GYHKIMY C IPYTUMU IIPOTPAMMHBIMM MHCTPYMEHTaMU
MoAeIMpoBaHusI, TO uMMelTe B BuAy, uTo ¢pyHkummu delayN He uMerOT
s dexra oneparopa discrete, KOTOPbI HESIBHO MOXKET IPUCYTCTBOBATD
B IPYIUX MHCTPYMEHTaxX MOJAEJMPOBaHMs. B cyryuae HEOOXOAMMOCTM 3TOT
orepaTop MOKET ObITh BPYYHYIO 100aB/IeH B ypaBHEHMUS.

OnpepeneHnmne

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

D1T=delay(x, t, i) TOo xe camoe, 4YTO W
D1I=1/t * integ(x - D1I, i*t);

D3_3=delay3(x, t) To xe camMoe, 4YTO u
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, i) TO xe camoe, 4TO U
D3T 3=1/(t/3) * integ(D3I_2 - D3I_3, i*t/3);
D3T 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>XKKU IIepBOTO U
TpeThero MnopsaKa IJs cJiefyIoliero BXoa 1 BpeMeHHOTO MHTepBaJia.
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IIpumep
x=sin(time);

t=40%dt;
dt=0.025;

Untitled

Lirme

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

Puc. 5.1: 3agepskka rnmepBoro nopsiaka, D1, u 3agepykka TpeTbero ropsaka,
D3 _3, njis 3a4aHHOrO BX0O/1a, X, U IIepuoaa BpeMeH!.

DyHKIMM U3 ceMelicTBa SmOOth MCIONb3YIOT MOX0XYI0 UIel0, e PyHK-
uuy smoothN saBisitoTcst 06061eHeM rpaBuia. Ecin Bbl 6ygeTe cpaBHU-
BaTh 3TN PYHKIMMK C IPYTMMM IPOTrPaMMHBIMM MHCTPYMEHTaMM MOZeny-
pOBaHMsI, TO MMeiTe B BUAY, UYTO GyHKIMM SmoothN He uMmeroT addexTa
oneparopa discrete, KOTOpbI HESIBHO MOXKeT IIPUCYTCTBOBATH B IPYIUX
MHCTPYMEHTaX MOJeNnpoBaHusi. B cyiyuae He0OXOIMMOCTHM 3TOT OIepaTop
MOXXeT ObITh BPyUHYIO 100aBIeH B YpaBHEHMSI.
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Onpepenenue

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

S1I=smooth(x, t, 1) To xe camoe, 4YTO u
S1T=integ((x - S1I)/t, i);

S3_3=smooth3(x, t) TO xe camoe, 4YTO WU
S3_3=integ((S3_2 - S3_3)/(t/3), x);
S3_2=integ((S3_1 - S3_2)/(t/3), x);
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);
S3T 2=integ((S3I_1 - S3I_2)/(t/3), 1);
S3T 1=integ((x - S3I_1)/(t/3), 1i);

@dyukiuu delay 1 smooth BemyT cebs Io-pa3HOMY, KOTia Iepuom,
BpeMeHM HauMHAeT MEeHSThCS.

Oyukuuu forecast u trend umeroT cienymwliee orpeneneHne, roe
orepaTtop init Bo3BpalljaeT 3HaYeHMe BbIpakeHMsI B Ha4aJIbHOM TOUKe
MOJIeJIMPOBAaHMS.

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;

Tabmuia 5.10: ®uHaHCOBBIE QYHKIMU

npv (s, r, 1i, BosBpaijaeT uncTy0 IpuUBeIEeHHYIO
) crouMmocTts (NPV) moroka s, BbIumc-
JIEHHYIO 110 3a[JaHHOi CTaBKe AVICKOH-
Ta I, HAYaJIbHOMY 3HaUeHUIO 1 U HeKo-
TopoMy Koadpduumenty £ (06b19yHO 1)
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npve (s, r, i, BosBpamjaeT KOHEUHYIO YUCTYIO IIPU-
) BefeHHYI0 cTOoMMOCTb (NPVE) roToka
S, BBIUMCJIEHHYIO 110 3aJJaHHOV CTaBKe
IVICKOHTA T', HAYaJIbHOMY 3HaYE€HUIO
i u HekoTOpOMY KO3 duimeHty £

B nporpamme «BusyanbHasiAiiBuKa» GrHaHCOBbIe (PYHKINMU MMEIOT
clieyrolee onpeneseHue.

OnpeneneHnune

npv=npv(s, r, i, £) TO Xe camMoe, 4TO U
npv = (accum + dt * s * df) * £;
df = integ(- df * r, 1);
accum = integ(s ¥ df, 1i);

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

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

Tabnauia 5.11: OnepaTopsl MOAEIMPOBAHMS

discrete (x) Bo3Bpamjaer 3HaueHue X, KOTOpoe He
MeHSIeTCs 3a UCK/IIYeHeM MHTepBa-
JIOB VIHTErpupoBaHus dt He3aBUCUMO
OT TOTO, KAKMM ObI HY GBI UCIIONb3Y-
eMblIli MeTOJl MUHTETPUPOBAHUS

init (x) Bo3BpaliaeT 3HaueHMe BbIpaskeHUs X
B HAYa/JIbHOWM TOUKe MOJeJIMPOBAHUSA

Omnepartop init Bo3Bpalaer HauajJbHOE 3HaUeHMe AJ1s MHTerpaia. Tak-
ke OH Bo3BpamaeT 610k Block . identity ms moboro 6/10Ka, TakKe Kak
Bo3BpaiiaeT Block.terminate mis 106071 ermouku 6;10KoB. HakoHerlr,
oIlepaTop BO3BpalllaeT BeIUMCIeHMe Stream. empty AJIs1 TI000r0 ITOTOKA
COOBITHIA.
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B omsinune OT Apyrmx nporpaMMHBIX MHCTPYMEHTOB MOJIeJIMPOBaHMS
«BusyanbHasiAiiBuKa» Mogaep>KuBaeT JOBOJIbHO HECTaHIAPTHbIE OMepaTo-
pbl discrete u init. OHM CBSI3aHbI C CAMUM ABVUKKOM MOJEIMPOBAHUS
rporpamMmbl «BusyanbHasiAliBuKa». JIio60e uicIoBOe BhIpaskeHye MOKeT
MMeThb HauaJIbHOe 3HaueHMe. Takske Mbl MOKEeM TPaKTOBATh JIF0O0Oe UMCII0-
BO€ BbIpaKeHMe KaK HeUTO, YTO MEHSIJIOCh ObI, KaK eC/Ii ObI MCIIOIb30BaJICs
MeTop ditepa. OOBIYHO BaM He CJIeAyeT MPUMEHSTb 3T OIepaTopPhl B
BalIMX Mofessx. bosee Toro, rocjaeaHme aBa orepaTopa MOTYT ObITh CIle-
UM GUIHBIMU JIJIST TIPOTPaMMBbl «BusyanbHasIAliBUKa», U OHM MOTYT OBITh
TJIOXO MePEHOCUMBIMU MEKIY pa3HbIMM IIPOTPAMMHBIMU MHCTPYMEHTAMU
MO eIMPOBaHMUSI.

5.7 JIuana3oHBbI
[uamna3oH 3amaeTcsi ABYMS [eJIOYMCIEHHbIMY BbIPAKEHUSIMU : HVYOKHUM

MHOEeKC Oualia3OHa 1 ero BerHI/II‘/JI MHAOEKC. Bpra)KeHI/ISI O OJIDKHbI OBITH
OI'paHMYEHbI IBYMS TOUKAMMU.

IIpumep

N = 10;

I Range
J_Range

B
v =z

Jnamna3oHbl MOTYT OBITh 33/IaHbI HA AMarpamMmme Mogo0OHO IPyruM Iepe-
MEeHHBIM, a 3aTeM UCII0/Ib30BaHbl B ypaBHeHMSIX. OHM HY>KHBI /IS MaCCU-
BOB.

5.8 Maccussl

JIyig onpemeieHns: OMHOMEPHOIO MacCHBa Bbl MOXKETE VCIT0/Ib30BaTh 0CO-
ObIi1 CUHTAaKCUC:

[ Element | Index <- Range ]
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3mechb BhIpaskeHMe 3JIeMeHTa MOXKET 3aBUCETh OT MHEKCa, YbM 3HAUe-
HMS OYAYT MOTy4YeHbl U3 3aJaHHOTO IMara3oHa.

CuHTakcuc 06006I1eH TaKKe IJIST APYTUX pasMepHocTeit. Hampumep,
IBYMEPHbBI MacCUMB MOKET ObITh OIIpeesieH IMocie J006aBaAeHNs JPYToro
MHAEeKca:

[ Element | IndexI <- Rangel, Index2 <- Range2 ]

«BusyanbHasAliBMKa» MOAAEPKUBAET 10 5 pa3MepHOCTeIA.
YToO6bI COCIATHCS HAa 37IEMEHT OSHOMEPHOI0 MacCuBa 1Mo 3aJaHHOMY
UHJIEKCY, BbI MOXeTe MCIO0/Ib30BaTh CJIEAYIOUIYI0 KOHCTPYKIIMIO:

Array[ Index]

[ToxokmMM 06pa3oM MOKHO CChIJIAThCSI HA 3JIEMEHTHI IBYMEPHOTO Mac-
CMBa I10 ABYM MHJIEKCaM:

Array2D[ Index1, Index2]

ATO IPaBUJIO TaKKe 0000IaeTCs Ha CIy4ail IPyTrux pa3MepHOCTe.

IIpumep
n = 51;
C=[1if (i ==0) or (i1 == n + 1) then @ else M[i] / v |

i<-0..ntl1 7;

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 9BASI0OTCS OGHOMEPHBIMU MaCCUBaMM C Pa3HbI-
mu uHpekcamu. Maccus C umeer 3HaueHus1 C[0], ..., C[n+17], Torga kak
maccuB M umeet 3HaueHusa M[17, ..., M[n].

Meskay IpouYMM, AMara3soHbl MOIJIM OBITh OIIpeeeHbl KakK OTIAeIbHbIe
repeMeHHbIe. [IJisI TPOCTOTHI 3[1eCh AMANa30HbI ONpeAeeHbl BHYTPU Mac-
cuBOB. [IpMeHMMBI 002 MeToAaA.
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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, npumep 3] nokyMmeHTaiuu K Vensim|5].

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

61

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));



5.10. TpaH3aKThI 63

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 BIUSIOT Ha JpyTrye TPaH3aKThbl U3 TOTO Ke aHCamOJIs.

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




5.12. biok remeparopa 65

Stream.binomial (p, Bo3Bpaijaer HOBBIMI  IOTOK
n) BHEIIHMX COOBITUII C OMHO-
MUaAJIbHBIM  pacrpeneieHemM
CIy4alHBbIX  3aJepXXek Ipu
KOJIMYEeCTBE TIOMBITOK N C
BEPOSITHOCTBIO P

YroO6bI CO31ATh 3aJaHHOE UMCJIO BHEITHMX COOBITHIA, CKaskeM 15, B Ha-
yajJIibHOE BpeMs MMUTAIMM, Mbl MOKEM CO3/IaTh MIOTOK I10 IIA6JI0HY CIedy-
IOIIero mpyuMepa.

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

3mech MbI co3/1aeM OGeCKOHEUHbBII TTOTOK, a 3aTeM OTOMpPaeM TOIbKO
repBbie 15 COOBITUI 13 HETO.

5.12 Baok reHeparopa

BorumcieHne 6j10Ka reHepaTopa Takoe, Kak GeneratorBlock.byStream,
MOKeT MPUHSTh TOTOK BHEITHUX COOBITHIA, I[eTIOUKY OJIOKOB, a 3aTeM Ha-
YyaTh CO3/IaBaTh M 00pabaThiBaTh TPaH3aKTbl. OOBIYHO 3TO MMPOVCXOOUT
HesIBHO, Korga rpumMeHsietcs gyHkuys Block . runByStream, Ho uHdpOp-
MaIio o0 6JI0Kax reHepaTopa BCe ke CIelyeT MPUBECTU B ITOM IOKYMEHTe.

Tabmuia 5.16: Biiok reHepaTopa

GeneratorBlock.byStream(s) | Bo3spaiaer 610K reHe-
paropa IO 3aJaHHOMY
IIOTOKY S BHEILIHUX CO-
OBITUI
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GeneratorBlock.bySignal (s) | BosBpaiaer 6/I0K reHe-
paTopa 1Mo 3aJaHHOMY
CUTHAJTy S, KOTOPbII BO3-
Oy>KImaeT BHEIIHMEe COOBbI-
TUS

O6e ot QyHKIMM ITOXO0KM. TONBKO IepBast IPMHMMAET MTOTOK, TOTAA
Kak BTOpast GyHKIINS IPUHUMaeT curdaja. CUrHajIbl pacCMaTpPUBAIOTCS B
pasnesne|5.20

5.13 Biaoxkmu

O6paboTKa TpaH3aKTOB IIPOUCXOOUT BHYTPM 6/10KOB. BjIoK MoskeT 3agep-
>KMBATh TPaH3aKThI, MOXKET MEHSTh UX, a 3aTe€M pa3pyliaTh. BIOKM MOKHO
COeIVHSITD C TIOMOIIbI0 KOMITO3UIIMM B TOM CMBIC/IE, YTO MbI MOXKEM CO-
3[1aTh LIEITOYKY GJIOKOB, KOTOPAsI Iaske MOKET ObITh 6€CKOHEUHBIM LIMKJIOM,
MV OHA MOKET MMeTh OOpaTHbBIE CBSI3U B CTyyae HEOOXOAMMOCTH.

OnepaTop KOMMIO3ULMM BBITTISAUT Kak bl >>> b2, roe TpaH3aKThI
cHavayia 0opabaTbhiBaOTCs 6;10KOM bl, a 3aTeM OGJIOKOM MJIM II€IIOYKOIA
6J10K0B b2.

PasHuIla Meskay OObIYHBIM OJIOKOM U II€TI0YKO¥ 6JI0KOB COCTOUT B TOM,
YTO IIeroYKa 6JI0KOB /OO0 3aBepiraeT 06paboTKy, 1160 MMeeT 6eCKOHeY-
HbIii UK. C IPYroil CTOPOHBI, 6JI0K ITepeaeT TPaH3aKT AajbIlle, BO3MOXK-
HO, MEeHSISI OIVIH 3 er0 aTpuOyTOB.

MbI MOKe€M BBOAUTDb BETBJIEHME BhIUMCIEHI1 GIOKOB C IIOMOIIBIO OIle-
paropa Block. select, wim Mbl MOXXeM CO@IMHSITh HECKOJIBKO OJIOKOB B
OJTHO BBIUMC/IEHME C TIOMOIIbIO OIIepaTopa KOMITO3UIIMMA.

KoMmo3suiiys 6;I0KOB ITPOTUBOIIOIOKHA TOMY HaIIPaBIEHUIO, B KOTOPOM
00pabaThIBAIOTCSI TPAH3AKThI!
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Ta6nuiia 5.17: OcCHOBHbBIE BbIUMCIEHMS OJIOKOB

Block.select(if x then
y else z)

BosBpariiaet 11erouky 6s10-
KOB, KOTOpast 06pabaTbiBa-
eT TPaH3aKThI C IOMOILbIO
LIEIIOYKY OJIOKOB Y, eCiIu
YCJIOBME X BBITIOJIHSIETCS,
MHa4ye TpaH3aKThl 06paba-
THIBAIOTCSI C ITOMOIIIBIO Lie-
IIOYKM OJIOKOB Z

Block.terminate

BosBpaiiaer 1erouky 6s10-
KOB, KOTOpasi 3aBepliaeT
00pabOTKY TPaH3aKTOB

Block.identity

Bo3BpamaeTr 6JI0K, KOTO-
pBI  IIPOCTO Iiepenaer
BXO[IHOV TPaH3aKT Aajblile

Block.transfer (b)

BosBpaiaer 11enouky 6J10-
KOB, KOTOpasi IepeHanpas-
JisileT 00pabOTKy TpaH3aK-
TOB B 3aJJaHHYIO ILIEIIOUKY
6JIOKOB b. ITO IT03BOJISIET
CO371aBaTh 0OpaTHbIE CBSI3U

Block.assign
(transact.attribute
<-Vv)

BosBpaiiaer 670K, KOTO-
pbIii HA3HAvYaeT 3aJaHHOMY
aTpubyTy TpaH3aKTa 3HAye-
HMe V IIpu 06paboTKe TpaH-
3aKTa

Block.advance(v)

Bo3sBpaiaeT 6JI0K, KOTO-
pbIi 3aJep>XuBaeT TpaH-
3aKT Ha 3aJaHHbIN UHTEP-
BaJI BpeMEHMU V, KOTOPbIN
MOKET OBITh BBIPAKEHMEM,
KOTOpOe MOXXeT 3aBMCEeThb
OT aTpuOYTOB TPaH3aKTa
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Block.priority(p) BosBpamiaer 670K, KOTO-
pblii Ha3HAyaeT HOBBINM
MIPUOPUTET TpaH3aKTaM,
IIe P MOXeT OBbITh BbIpa-
>KeHMEeM, KOTOpOe MOKeT
3aBUCETh OT aTpuOyTOB
TpaH3aKTa

Cnepmyionuii mpyuMep CO3aeT IIeMOUKy 6JI0KOB, KOTOpast 3aep>K1MBaeT
KaKAbIi TpaH3aKT Ha 10 equMHNUL, BpeMeHU, 3aTeM 3aJlep>KMBAEeT HAa MHTe-
BaJl BpeMeHU, KOTOPbIi BIUMC/ISIETCS U3 BbIpaskeHUs], a IOTOM, HaKOHelI,
3aBepiiaeT o6paboTKy.

IIpumep

B = Block.advance(10) >>>
Block.advance(20 + transact.SomeDelay) >>>
Block.terminate;

Huke npuBeneH gpyroi mpmumep, KOTOPbIN onpenesisieT NpoCTenImii
6eckoHeuHbIl UK. DyHKIMA Block . transfer mo3BosnseT cUMyAITOPY
pasopBaTh IIMKINYECKYIO 3aBUCMMOCTb. VIHaue ypaBHeHMe He MOTJIO ObI
pa3pelnThbCs.

IIpumep
B = Block.transfer(B);

MpbI MOXXeM MCIOAb30BaTh CJIEAYIOLIUI TIpUMep /1 COXpaHeHUs Te-
KYIIIEro MOZEIbHOIO BpeMeH! B ITPOU3BOIbHOM aTpubyTe Arrival Time.
3aTeM TpaH3aKT MepenaeTcsl 3aJlaHHOI 1IerouKe 6JI0KOB.

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

Huske ormcana He6oJibIas y/IoBKa. ECin 11eroyka 6J10KOB COCTOUT U3
MHOXeCcTBa 0JIOKOB, TO MMeeT CMbIC/I Ha3BaThb UX C IIOMOIIbIO OJHUX U
TeX ke UAeHTUGUKATOPOB, KOTOPbIE OYAYT OTIMYATHLCS 110 OKOHUAHMUIO,
KOTOpoOe ykKe OyfeT yka3bIBaThb Ha HOMep Ilara.
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IIpumep

B1 = Block.advance(10) >>> B2;

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

Torga Takue ypaBHeHMs MOSIBSITCS Ha BKaagke Equations mociieqoBa-
TeJIbHO JIPYT 3a APYTrOM. YpaBHEHMSI COPTUPYIOTCS 110 Ha3BaHMIO.

HakoHen, ciienyromnii mpuMep roka3bIBaeT, KaK CO34aTh ABe BeTBU B2
1 B3 13 oHOTO BBIUMCIEHMS, TIe peliieHKe OyneT 3aBMCeTh OT reHepaTopa
CTYYaiHbBIX YMCesI. 3IeCh Mbl MOTJIM ObI, HATIPUMeED, IIPOBEPUTD TOCTYITHbIE

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

HampoTtuBs, eciu y Hac eCcThb ABa BbIUMCIeHMsT 610KOB B4 1 B5, To MbI
MOKeM HallpaBUTh 00a U3 HMUX B Ty Ke caMyl0 1el0UKy 6/I0KOB B, kak
MOKa3aHO HIKe.

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

Torma 06a mmyTi 06pabOTKM TPAH3aKTOB COJIBIOTCSI B OOMH ITyTh.

5.14 3amyck 6JI0KOB

[Tpu HaMMUMM HEKOTOPOI 1IeTIOYKY 6JI0KOB MbI MOXKeM 3aIyCTUTh 00paboT-
KY TPaH3aKTOB C ITOMOIIbIO TO¥ IeMOUKy 6J10KOB. [IJI1 3TOr0o HaM HY>KeH
010K reHepaTopa, KOTOPBIi MOKET OBITh CO3JaH C IIOMOIIIbIO ITOTOKA BHEIII-
HUX COOBITUI WJIM C TIOMOIIBIO CUTHAJIA O TAKUX COOBITUSX.
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Tabmuia 5.18: 3amyck Berumciaenust Block

Block.run(g, b) BosBpaiaer geiicTeue, KOTOpoe
MOKeT ObITh TPMMEHEHO K OIle-
paTtopy do! o151 3arrycka 06paboT-
KJ TPAH3aKTOB II0 IIerIouKe 6J10-
KOB b, Ile TpaH3aKThl ITOATOTaB-
JMBaIOTCs 67I0KOM reHepaTopa g
Block.runByStream(s, | BosBpalaer geicteue, KOTOpoe
b) MOKeT ObITh IPMMEHEHO K OIle-
paTtopy do! 151 3arrycka 06paboT-
KJ TPAH3aKTOB II0 I[elI0YKe 6J10-
KOB b, I7le TpaH3aKThl 0epyTCs 13
MIOTOKA COOBITUIA S
Block.runBySignal (s, | BosBpalaer neicTBue, KOTOpoe
b) MOXeT ObITh IPMMEHEHO K OIle-
paTtopy do! o151 3ammycka 06paboT-
KM TPaH3aKTOB 10 Ilerouke 6710-
KOB b, rie TpaH3aKThbl UCITyCKa-
IOTCSI OMCKPETHBIM CUTHAJIOM S

3nmech BTOpasi GYHKIIMS SIBJSETCS COKpallleHHO 3amChIo [T BbI30Ba
1epBoit GYHKIIMM C TTOMOIIIbIO BhIpaXkeHMsI, KOTOpOe CO3/1aeT reHepaTop
yepe3 Block.run(GeneratorBlock.byStream(s), b).Toxe cropa-
BeIIMBO U IJis TpeTbhelt QYHKIMM, KOTOpas SIBSeTCS] COKpalleHueM IJ1s
Block.run(GeneratorBlock.bySignal(s), b).

Bce Tpu dyHKIIMM BO3BpaILAIOT AEiCTBYE, KOTOPOE ellle TOKHO ObITh
BBITIOJIHEHO C TTIOMOIIIbIO oriepaTtopa do !, UTo AenaeT UCTIOTHEeHME SIBHBIM
B YPaBHEHUSIX.

Cremyoiuii IipuMep WUTIOCTPUPYET MIPOCTENIIYI0 3aKOHYEHHYI0 MO-
Ieib, HO KOTOpast HU4ero He 0opabaThIBaeT.

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

31ech IMyCTO¥ IMTOTOK BHEIITHUX COOBITHIT 00pabaThIBaeTCsl 3aBePIIa0-
111 Iernovkoi 6;10koB. Huuero He mmponucxoauT. OQHAKO 3TO ITOKA3bIBaeT
OCHOBHYIO UJI€I0.

Hwuke 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 MaccuBa.

IIpumep

0

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

> @
o

5.15 Owuepenn

B nporpamme «BusyanbHasiAiBMKa» BBOASITCSI HEKOTOPbIE CYITHOCTU [IJIST
cbopa cratucTuku. OTHO U3 TaKMX CYIIHOCTEN BJsieTcs ouepenb. TpaH-
3aKT MOKe OBbITh OOABJIEH B ouepeb, a IOTOM yaaJieH 13 Hee. «Busyab-
HasiAMiBMKa» BeHeT MOACYET BCeX ITUX OIepaLyii.

Tabnuia 5.19: KoHcTpyKTOp ouepenu

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

JI7s1 TOTO, UTOOBI TOMENIATh TPAH3aKThI B OUepe/b, a [IOTOM M3BJIEKATh
13 Hee, MbI JO/DKHBI MCITOTb30BaTh COOTBETCTBYIONIME BBIUMCIEHMS OJIOKOB.
OTU BbIUMCIEHMS MMEIOT ONLMOHAIbHbIE TTapaMeTpbl IpUpaleHus coaep-
JKMMOTO U €T0 YMeHbIIeHMsI, KOTOpbIe M0 YMOJIYaHUIO MMEIOT 3HaueHue,
paBHoe 1.

Tabnuiia 5.20: Onepaium ¢ ouepeabio

Block.queue(q) BosBpaiaeT 610K, KOTOPbIit 10-
MelllaeT TPaH3aKThl B 0uepep q
C TIpUpallleHeM COLepPXK1MMOro,
paBHBIM 1
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Block.queue(g, n)

BosBpaiaeT 610K, KOTOPBIN I10-
MeIllaeT TPAH3aKThI B oUepensb q
C YKa3aHHbIM IIpypalieHnueM co-
JIep>KMMOTI0, PaBHBIM N

Block.depart(q)

BosBpaiiaeT 670K, KOTOPbIN U3-
BJIeKaeT TPaH3aKThl U3 ouepenn
g C YMeHbIIIeHMEM COIEePsKMMO-
ro, paBHbIM 1

Block.depart(g, n)

BosBpaijaer 610K, KOTOPbIN U3-
BJIEKAeT TPaH3aKThI M3 ouepeny
g C YKa3aHHbIM YMeHbIIeHeM
COZIEPKMMOTO, PaBHBIM N

JI71s1 IpyiMepa MbI MOKEM ITOMECTUTDb TPaH3aKThI B OUepeb, 3a7epsKaTh
X, a 3aTeM 13BJIeub 13 ouepennt. O6bIYHO MbI TAK)KE MOT/IV ObI TOIBITATHCS
3aII0JyUYMTh HEKOTOPBI pecypc cpasy IocIe MOMeIeHusT TpaH3aKTa B
ouepelb, HO O pecypcax paccKasbIBaeTcs Jgajiee.

IIpumep
Q = Queue.create();
B = Block.enqueue(Q) >>>

Block.advance(12 + random(@, 10) + transact.ABC) >>>

Block.depart(Q) >>> B2;

B /1106071 MOMEHT MOJIe/TbHOTO BpeMeHM MbI MOKEM TTOTyUYUTh UHPOP-
MaIyIo O CBOVICTBAX ouepeay, HalpyuMep AJIsl TOr0, UTOObI HApMCOBATh UX
Ha rpaduke, TakOM Kak rpaduk oTkiIoHeHus Deviation chart.

Tabmua 5.21: CoiicTBa ouepean

Queue.content(q)

Bo3Bpalaer 3HaueHue comep-
KMMOTO OUepeI JIJIsl TeKyIlle-
I'0 MOZ,eJIbHOI'O0 BpeMeHM!
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Queue.contentStats(q) | BosspamjaeT cBOgHYIO CTaTU-
CTUKY I10 COLEPKMMOMY OUe-
peny Ha MOMEHT TEeKYILero
MOZE/bHOTO BpeMeHN. 3Hayve-
HMe CTAaTUCTUKU IIPUBSI3aHO
KO BpeMeHM (CTaTUCTHUKA T10
BpeMeHN)

Queue.enqueueCount(q) | Bo3BpaiiaeT ob1iee Kommye-
CTBO A00aB/ieHnii B ouepenb
g IJIS1 TeKYIL,Eero MOJeIbHOTrO

BpeMeHU
Queue.zeroEntry- [Ioxoxke Ha MpembIaYIIYIO
EnqueueCount(q) (dYHKIIMIO, HO BO3BpaIlaeT Ta-

KOe KOJIMUeCTBO 100aBIeHMIi
B ouepelb, Ime He ObUIO 3a-
IeP>KKM MeXIy U3BJIeueHeM
U3 ouepeny U oMelleHeM B
Hee

Queue.waitTime(q) BosspaijaeT cBOgHYIO CTaTU-
CTUKY I10 BpeMeHU OXUIaHUS
B oyepeny Ha MOMEHT TeKy-
Ier0 MOJEJIbHOTO BpeMeHMN.
3HaueHMe CTAaTUCTUKU OCHO-
BaHO Ha HAOMIOIEeHMSIX (CTaTU-
CTUKA 10 BBIOOPKE)
Queue.nonZeroEntry- [Ioxoxke Ha MpembIaYIIYIO
WaitTime(q) dbyHKIIMIO, HO BO3Bpalla-
eT TaKyK CTaTUCTUKY, Ihe
ObUTa 3ajepkKa MeKOy W3-
BJIeYEHMEM WU3 ouepensut u
TOMellleHNeM B Hee

Harnpumep, mbl co3gaem BpeMeHHYI0 repemMmeHHy0 WaitTime miis co-
XpaHeHMUs CTaTUCTUKY, KOTOpast 3aTeM MOXeT ObITh JoOaBaeHa Ha rpaduk
OTKJIOHEHMSI JIJISI OTOOpaskeHMSI.
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IIpumep

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

5.16 IIpu6op

Ipyrum BUIOM CYIIHOCTEN, IOAAepKMBaeMbIX B ITporpaMme «BusyanbHa-
SIAVIBUKa», IByIsieTcs Ipubop. IIpubop — 3TO TaKoii pecypc, KOTOPbIi MOKET
MIMETb TOJIbKO OHOTIO Bjagesblia. [Ipybop MOXKHO 3aXBaTUTh, BHITECHUTD,
0CBOOOINTD ¥ BEpHYTh. [IpM BHITECHEHUM pecypca MPeXXHMII TpaH3aKT-
BJIajieJiel] MOKeT GbITh IlepeHaripaB/ieH Ha APYIYIO LIeIIOUKY GJIOKOB [IJIsI
MIPOMOJIKEHMST CBOETO BBIITOJIHEHMSI. DTO MO3BOJISIeT HaM MO/Ie/TMPOBaTh
IOCTATOYHO CJIOKHOE ITOBeIeHMe.

Tabmuua 5.22: KoHctpykTop nmpubopa

| Facility.create() | Co3paeT HOBBII 06bEKT NPUGOPA |

YT0O6BI BO3/I€/ICTBOBATH HA ITPMOOP TPaH3aKTaMM, OTIpeieJIeHbl COOTBET-
CTBYIOII[ME BbIUMCIeHMS 6I0KOB. HeKOTOpbIe U3 3TUX BbIYMC/IEHUIT MOTYT
MMeTh OIIIMOHAIbHBIE TapaMeTpbl. Hanbosee CJIOsKHOe ITOBeJeHMe MTPUCY-
e dpyukuuu Block . preempt.

Ta6muua 5.23: Oneparuu ¢ mpubopammu

Block.seize(f) Bo3sBpaiaeT 610K, KOTOPBbI ITbI-
TaeTcs 3axBaTUTb mpubop f.
[To3xke 3TOT MPUOOpP HTOMKEH
OBITH OCBOOOXKIEH TPAH3aKTOM

Block.release(f) Bo3Bpamraer 6JI0OK, KOTOPBIA
ocBoboxkmaer mpubop £, Ko-
TOpBIi OBUI paHee 3axBaueH
TPaH3aKTOM
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Block.preempt(f)

BosBpaiaeT 610K, KOTOPbIA IThI-
TaeTcsl BBITECHUTb 3aJaHHbIN
rpu6bop £f. IToske 3TOT MpUbOP
IIO/DKeH OBITh BO3BpallleH TpaH-
3akTOM. CM. HUKe

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

BosBpamiaeT 610K, KOTOPBIi IIbI-
TaeTCsl BBITECHUTb 3aJaHHBIN
npubop £, rme ecTh OMIIMOHAJb-
Hble ¢aaru £1 u £2 gnaa pesxku-
MOB IIpMOpUTETa M yAaJIeHuUsl.
I[To ymomuanuio oba 6yseBa dia-
ra BbIK/IIOUeHbl. CM. HI3Ke

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

[Momo6HO mpenbiayIieit QyHK-
I[MM, HO €CJIM TPaH3aKT BbITECHSI-
eTcsl, TO OH OyHeT IepeHarpaB-
JIeH 1ieroyke GJIOKOB b, rma 3a-
IaHHbIN aTpUOYT TpaH3aKTa Oy-
IeT COAEePKaTh 3HaUE€HMe OCTaB-
I1erocsi BpeMeH!, KOTOpoe TpaH-
3aKT elle JOJIKeH ObUT ObI ITPOo-
BECTU BO BpeMs 3aaepkku. CM.
HIKE

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

Bosnee mpocrast ¢opma 3amnucu
IJISL TTIpeabIayineii GyHKIUM CO
3HauYeHMSIM (Py1aroB peXXKMMOB 10
YMOTYaHUIO

Block.return(f)

BosBpaiaer 610K, KOTOPBIi BO3-
BpaimiaeTr Ipuoop f, KoTopslit
ObUT paHee BBITECHEH TPaH3aK-
TOM
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Haunbosiee momyasspHbIM BapMaHTOM MCIIOIb30BaHMUS SIBJISIETCS TIOJ-
CUeT CTaTUCTUKU IJIs1 oYepenu, KOTAa Mbl aTaeMcsl 3aXBaTUTh TIpuUbop,
CBIMUTUPOBATh HEKOTOPYIO aKTMBHOCTD C IIOMOIIIBIO 3a€PKKM, a 3aTeM
0CBOOOAUTD MJI BEPHYTH IPMOOP 00paTHO. 31eCh TPaH3aKT OJIOKUPYeTCS
B C/Tyyae HeXBaTKM pecypca, UTO MOKET MPUBECTH K YBEIMUEHNIO BpeMeH!

OXXOaHMA B ouepenn.
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IIpumep

Queue.create();

Facility.create();

Block.queue(Q) >>>
Block.seize(F) >>>
Block.depart(Q) >>>

el N @]
Il
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Block.advance(random(10, 20)) >>>

Block.release(F) >>> B2;

Kak 3TO ObLJIO CITIpaBemIMBO U JIJIsI OUepean, Mbl MOKEM 3aIllpOCUTh
3HAUeHMsI CBOJCTB M CTATUCTUKY AJIs1 Ipubopa BO BpeMs MUMUTALIUU B

710607 MOMEHT MOOEeJIbHOTO BpeMeHN.

Tabauia 5.24: CoiicTBa mpubopa

Facility.isInter-
rupted(f)

Bo3sBpaiiaer 6yseB ¢iar, ykasbl-
BaIOIIMI1 HAa TO, IIPEePBaH JIN IPU-
6op £ B TekyIileM MOAeIbHOM
BpeMeHM

Facility.count(f)

Bo3BpaiiiaeT KOJIM4eCcTBO pecyp-
ca i mpubopa B TeKyIeM MO-
IeJIbHOM BpeMeH!

Facility.countStats
¢

BosBpalaeT cTaTUCTUKY I10 KO-
JMYECTBY pecypca Jjist mpubopa
Ha TeKyII/ii MOMEHT MO eNbHO-
ro BpeMeHU. 3HayeHue CTaTU-
CTUKM 3aBUCUT OT BpeMeHH (CTa-
TUCTUKA 10 BpeMeH!)

Facility.capture-
Count(f)

BosBpaimaer o611ee KOIm4ecTBO
3aXBaTOB pecypca s mpubopa
f Ha TekylIMiI1 MOMEHT MOJe/lb-
HOT'0 BpeMeHU

Facility.utilisation-
Count(f)

Bo3BpaiaeT UCIonb3yeMoe KO-
JIMYECTBO pecypca IJjst mpubopa
f Ha TeKylIMIT MOMEHT MOJie/b-
HOTO BpeMeHU
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Facility.utilisation-
CountStats(f)

Bo3BpaiiiaeT cTaTUCTUKY 10 UC-
MOb3yeMOMY KOJIMYEeCTBY pe-
cypca Jijis mpubopa Ha TeKyIuit
MOMEHT MOJIeTbHOTO BpeMeHN.
3HaueHMe CTATUCTUKYU 3aBUCUT
OT BpeMeHU (CTaTUCTUKA I10 Bpe-
MEeHMN)

Facility.queueLength
()

BosBpamjaer OjauHy oudepenn
nst ipubopa £ Ha TeKymuit Mo-
MEHT MOZe/IbHOTO BpeMeHU

Facility.queuelLength-
Stats(f)

BosBpamjaer CcTaTuUCTUKy 110
IJIVHEe ouepenyu mnpubopa Ha
TeKYLLIMIT MOMEHT MOLEJIbHOI'O
BpeMeHU. 3HauyeHue CTaTu-
CTUKM 3aBUCUT OT BpeMeHU
(cTaTuCTHUKA 10 BpeMeHM)

Facility.totalWait-
Time(f)

BosBpaiiaeT o61iee BpeMst O5KU-
maHus nJig npuoopa £ Ha Teky-
i1 MOMEHT MOJIeJIbHOTO Bpe-
MeHU

Facility.waitTime(f)

BosBpaijaet cTaTUCTUKY I10 Bpe-
MeHM OKMIaHUS B ouepeny pu-
6opa Ha TEKyIIUIi MOMEHT MO-
IeTbHOTO BpeMeHU. 3HaueHue
CTaTUCTUKM OCHOBAHO Ha Ha-
OmogeHNsIX (CTaTUCTHUKA 10 BbI-
6opke)

Facility.total-
HoldingTime (f)

Bo3Bpaijaer oo1ee BpeMs yaep-
skaHus Tipubopa f Ha TeKymmit
MOMEHT MOMEeIbHOIO BpeMeH!

Facility.holdingTime
()

Bo3Bpaliaet cTaTUCTUKY 110 Bpe-
MeHM yaepykaHus mpubopa Ha
TeKYLIMIT MOMEHT MOZEIbHOTO
BpeMeHM. 3HaueHue CTaTUCTU-
K/ OCHOBAHO Ha HaOII0geHMIX
(cTaTHCTMKA 10 BHIOOPKE)

77
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Kak u mpexe, Mbl MOXKeM COXPAaHUTD JII000€ 13 3TUX CBOVICTB B HEKO-
TOPOVi IepeMeHHO, a IIOTOM BbIBECTU Pe3ysIbTar.

Bo BpeMst uMUTAIIMM Mbl MOKEM 3aIIPOCUTD JTI000€ U3 3TUX CBOJCTB.
Hampumep, MbI MOKEM ITPOBEPUTH, a He TIpepBaH Jiv Ipnobop ceitvac. Ecin
MpuOOP IIpepBaH, TO Mbl MOXXeM 3aBEPIIUTb 00PabOTKY TpaH3aKTa, Kak
TOKAa3aHO 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 37eCh BBITECHEHHBI TPaH3aKT, IPesKHUI Baaenern mpuobopa,
OymeT repeHarnpaBJeH B IIelouKy 6;10koB Add, roe aTpuOyT TpaH3aKTa C
Ha3BaHueM «P5» GymeT comepskaTh 3HaUE€HMe OCTABIIIEroCs MOJIEeTbHOIO
BpeMeH!, B TeUeH)e KOTOPOTo TPaH3aKT ellle TO/KeH ObLT Obl yIepsKMBaTh-
Cs1 BO BpeMs 3aIeP>KKU.

B paspene[Alu3 nmpunoskkeHus K JOKYMEHTY IIPMUBeIeHbI TeXHUYECKIe
IeTai TOTO, KaK peajn30BaHO B CMMYJISITOP BbITeCHEHME TTpMbopa.

5.17 MHoOrokaHa/JIbHO€ YCTPOICTBO

MHorokaHa/JibHOe YCTPOMCTBO SABJSIETCS APYTUM BUILOM PeCypCOB, IOJ-
Ilep>)kuBaeMbIX B IporpamMe «BusyanbHassAviBuKa». YCTPOMCTBO UMeeT
€MKOCTbh. TaK:Ke YCTPOIICTBO MOKET ObITh MCIT0Ib30BaHO MHOTYMM TPaH-
3aKTaMM, [IOKA JOCTYITHO COJEPKUMOE.

Tabmuia 5.25: KoHcTpyKTOp yCTpoiicTBa

Storage.create(n) Co3aeT HOBBIN OOBEKT YCTPOIi-
CTBa I10 3aJIaHHOM eMKOCTH N

Cy11ecTBYIOT BblUuMc/ieHUsT GJIOKOB [JIs1 UCTIOb30BaHMS YCTPOICTBA.
HekoTopbie 13 3TUX BIUMCIEHUII MOTYT MMeTb OIILMOHAIbHbIE ITapamMeT-

pBI.
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Tabmuia 5.26: Omnepaliuu ¢ yCTpoiicTBaMu

Block.enter(s)

Bo3BpaimaeTr 610K, KOTOPBIi1
MBITAETCSI BBECTM TPaH3aKT B
YCTPOMCTBO S C YMEHbIIIeH/EM
ero cogepxumoro Ha 1. Ilos-
K€ YCTPOWTBO [O/IKHO OBITh
OCTaBJIEHO TPaH3aKTOM

Block.enter(s, n)

Bo3BpaiaeTr 610K, KOTOPBIit
TIBITAETCS BBECTM TPAH3aKT B
YCTPOMCTBO S C YMEeHbIlIeHeM
ero comepkumoro Ha n. ITo3s-
K€ YCTPOWTBO [O/KHO OBITh
OCTaBJIEHO TPAH3aKTOM

Block.leave(s)

Bo3Bpamaer 610K, KOTOPBIi
OCTaBJISIET YCTPOWCTBO S C yBe-
JMYEHVEM ero COAeps>KMMOro Ha
1. TpaH3aKT DO/KEH ObLI OBITH
BBeJleH B YCTPOJCTBO paHee

Block.leave(s, n)

Bo3Bpamaer 610K, KOTOPBI1
OCTaBJISIET YCTPOICTBO S C yBe-
JIMYEHVEM ero CoOAepKMMOro Ha
n. TpaH3aKT JO/IKEH ObLI OBITH
BBeleH B YCTPOJICTBO paHee
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[Tpu mOnBITKE BOMTU B YCTPOICTBO, €C/IN COLEPKUMOI0 HeJOCTAaTOYHO,
TO TOIJIa TPAaH3aKT 610KMpyeTcss. OQHAKO 9TO ITOBeIeHe MHOTO MPOoIIie,
yeM 3axBaT WM BbITeCHeHMe Ipubopa. JIpyrum oTinumeM SIBISIeTCS TO,
YTO COAEPXKMMOE MOXKET MEHSITbCSI He TOJIbKO Ha 1.

OOBIYHBIM ITOAXOIOM OyIIET MOACUET CTATUCTUKM JIJISI ouepean, Koraa
MBI [1aTaeMcCsl BBECTU TPAH3aKT B YCTPOIMCTBO, CBIMUTUPOBATb HEKOTOPYIO
AKTMBHOCTD C IIOMOIIbIO 3a[I€PKKY, a 3aTEM BbIBECTU TPAH3AKT U3 YCTPON-
cTBa 00paTHO. 3/1ech TPaH3aKT OJIOKMPYETCS B CIyyae HEXBATKU pecypca,

YTO MOXKET IIPpMBECTU K YBEJIMUEHNIO BpeMeHU OKUOaHMA B OUepean.

IIpumep

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

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

@ W
|

Y MHOTrOKaHaJIbHOT'O YCTPOMCTBA €CTh CBOU CBOMCTBA. Mbl MOXKeM 3a-
MIPOCUTD UX B 11000 MOMEHT MO ETbHOTO BpEMEHMN.

Tabmuia 5.27: CBoiicTBa yCTpOiiCTBa

Storage.capacity(s) | Bo3Bpalaer eMKOCTb YCTPO¥i-
CTBa

Storage.content(s) BosBpaimjaer 3HaueHue copep-
SKMMOTO [J151 YCTPOMCTBA B TEKY-
11T MOMEHT MOJE/IbHOTO Bpe-

MeHU
Storage.content- Bo3BpalaeTt CTaTUCTUKY 110 3Ha-
Stats(s) YEHUSIM COAEePKMMOTO YCTPOi-

CTBa Ha TeKyILIVil MOMEHT MO-
IleJIbHOTO BpeMeHU. 3HaueHue
CTaTUCTUKU 3aBUCUT OT BpeMe-
HU (CTATUCTMKA 10 BpeMeHN)
Storage.useCount(s) | Bo3Bpariaer o61ee KOJIMIYECTBO
cIy4daes [j1s YCTPOMCTBA S, KO-
rJ1a COLepKMMOe YMEHbIal0Ch
Storage.used- BosBpaiiaeT o61ee KOJImM4ecTBO
Content(s) VICITIOJIb3YeMOI'0 COLEepPKMMOIo
JIJIS1 YCTPOMCTBA S HA TEeKYILIU
MOMEHT MOZeIbHOIO BpeMeHU
Storage.content- Bo3sBpaliaeT 3HaueHMe UCIOb-
Utilisation(s) 30BaHMS COLEPKUMOrO YCTPO-
CTBa [J151 TEKYILET0 MOAEIbHOIO
BpeMeHU
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Storage.content-
UtilisationStats(s)

BosBpaiaet cTaTUCTUKY 110 3Ha-
YeHMSIM UCIIOIb30BaHUS COLep-
KMMOT'O YCTPOMCTBA Ha TEKY-
1A MOMEHT MOJeJIbHOTO Bpe-
MeHN. 3HaueHye CTaTUCTUKA 3a-
BUCUT OT BpeMeHMU (CTaTUCTUKA
110 BpeMeH!)

Storage.queuelLength
(s)

BosBpaljaer OJMHY oOuepenu
YCTPOJCTBA IIJISI TEKYILEro MO-
IeJIbHOTO BpeMeHU

Storage.queuelLength-
Stats(s)

BosBpamjaer CcTaTuUCTUKy 110
IJIVIHE ouyepeniy YCTPOMCTBA Ha
TeKYLLIMIT MOMEHT MOLEJIbHOI'O
BpeMeHU. 3HauyeHue CTaTu-
CTUKM 3aBUCUT OT BpeMeHU
(cTaTuCTHUKA 10 BpeMeHM)

Storage.totalWait-
Time(s)

Bo3sBpaiaet obiiiee Bpems O5Ku-
IaHUs OJ1s1 YCTPOMCTBA HA TEKY-
M1 MOMEHT MOJEeIbHOTO Bpe-
MeHU

Storage.waitTime(s)

BosBpaijaet cTaTUCTUKY I10 Bpe-
MeHU OXUOAHUS [JI1 YCTPOM-
CTBA HA TeKyLUI1 MOMEHT MO-
IeJIbHOTO BpeMeHU. 3HaYeHne
CTaTUCTUKM OCHOBAHO Ha Ha-
OmogeHNsIX (CTaTUCTHUKA 10 BbI-
6opke)

Storage.average-
HoldingTime(s)

BosBpamjaer cpenHee BpeMms
yoep>KkaHUs YCTpPOWCTBAa Ha
TeKYLLIVIT MOMEHT MOZIEJIbHOTO
BpeMeHU
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MbI MOKEM COXPaHUTD JIF0O0€ 13 ITUX CBOVICTB B HEKOTOPOII IIepeMeH-

HOIL/'I, d IIOTOM BbIBECTHU pe3yJ/ibTaT.



82 I[maBa 5. S3bIK MO#eIMpOBAHMIS

5.18 AncamMO/ib TPaH3aKTOB

Kaskaplit TpaH3aKT, CO3JaHHbIN C TTIOMOIIbIO O/I0Ka TeHepaTopa, MMeeT
CBOJi COOCTBEHHBIV aHCAMOJIb TPaH3aKTOB. [Ipy 3TOM, BO BpeMsI UMUTALN
TPaH3aKThl MOTYT OBITh pa3aejeHbl HA MHOKECTBO KOIIMIA, Toe KasKaast
KOIMSI OyZleT MpUHAJIeXaTh TOMY ke aHCcaMOJIi0 TpaH3aKToB. Torma rpyrimna
TaKMX TPAH3aKTOB MOKET ObITh CKOMIIOHOBaHa BMeCTe B OOMH TPaH3aKT,
MJIM OHM MOTYT OBITh 3aJiepsKaHbl, ITOKa BCE M3 HUX HE COOEPYyTCS BMECTe.

Taxke Mbl MO’KeM CO371aTh TaK Ha3bIBaeMy 1I€TIOUYKY COTIPSIKeHMSI, TaK
YTOOBI HEKOTOPBIN TPAH3aKT MOT OBITh 3a/iepyKaH 10 TeX IOop, ITOKa APYyTroi
TPaH3aKT 13 TOTO XKe aHCAaMOJIsI TPAaH3aKTOB He TOIIbITAJICS ObI CMHXPOHMU-
3MPOBATHCS C 3aJaHHO 0011el 1IeIT0YKOM CONPSIKeHMSI.

Ta6nuiia 5.28: KoHCTPYKTOP [JIS 1IeTIOYUKY COTTPSIKEHMS

MatchChain.create() | Co3maeT HOBbIif OOBEKT I[ETIOYKU
COITPSDKEHUS

CyILLeCTBYIOT CIeOVIOIIMe BbIUMCIeHMS 6JI0KOB, KOTOPbIE UCIOJIb3YIOT
aHCcaMOJIb TPaH3aKTOB, OOIIMIA IJIS 1eJI0¥ IPYIIIIbI TPAH3aKTOB, KOTOPbIE
OBV Pa30MTHI paHee Ha KOIMM M3 TOTO JKe CAMOr'o TPaH3aKTa.

Tabmuia 5.29: Onepaiiuy ¢ aHcaMbieM TPaH3aKTOB

Block.split(n, b) BosBpaimaet 610K, KOTOPBIN pa3-
JlesisieT KaXkAblii TPAH3aKT Ha N
KOTINIA, KaXKAasi U3 KOTOPBIX Ha-
MpaBJISIeTCs B 3aJaHHYIO LIe10u-
Ky OJI0KOB b.

Kaskmast komust OymeT TpuUHAL-
JiesKaTb OJJTHOMY M TOMY >Ke aH-
caMOJTI0 MICXOTHOTO TpaH3aKTa
Block.assemble(n) Bo3Bpaiiaer 610K, KOTOPbIi 00b-
eqMHsIeT N TPaH3aKTOB U3 OHO-
IO ¥ TOTO Xe aHcaMOJ/isI B OOUH
TPaH3aKT MPU YCIOBUM, UTO OHU
OBLIM pasmeneHbl Ha KOMUM pa-
Hee
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Block.gather(n) BosBpaiaer 610K, KOTOPBIiI CO-
6upaeT BMeCTe N TPAH3aKTOB U3
OJTHOTO ¥ TOTO Xe aHCaMOJIsI TIpu
YCJIOBUM, UTO OHY OBV pasfene-
HbI Ha KOTIMU paHee.

[Tocsie TOro, Kak N TPaH3aKTOB
cobpaHbl BMeCTe, X BBITIOJIHE-
HMe TIPOL0JKAETCS
Block.matchChain(c) | Bo3Bpaiaet 610K, KOTOPbIi1 3a-
JIlep>K1BaeT TPaH3aKT, MoKa Apy-
roJi TpaH3aKT M3 TOTO K€ CaMOT0
aHcaMOJIsI He BbI30BET MOXOKMIL
OJIOK C TO1 ke caMoii 1IeII0UKOii
COTIPSIKEHUSI C

Crenmyrouii mpumep mokas3biBaeT, Kak Mbl MOXKeM pa361BaTh, 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 CAe/aTh KOMUM TpaH3aKTa C 3a-
IlepPsKKO. 3aTeM yBeJIMYMBaeTCs MIPUOPUTET, M coOOMparTcs: BMecTe 24
TpaH3akTa. Ha camoM [iesie, B 3TOM IIpUMepe UCIIONb3YeTCs TOJIbKO OAVH
MCXOOHbBIV TPAH3aKT, HO B IpUMepe CO34aeTCsI MHOXKEeCTBO ero KOMuii.

5.19 Cssasywouias menouka

Cas3yloliasi 1[erouka SIBJseTCs pa3HOBUAHOCTbIO ouepein, KOTopasi 1o3-
BOJISIET HAM BpE€MEHHO YChITIISITh TPAH3aKThI TaK, YTOOBI ITOTOM OHM MOTJIN
OBITh pa30ysKeHbI (PeaKTMBMPOBAHBI) ITO3KE.
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Ta6nuia 5.30: KOHCTpYKTOPBI [J151 CBSI3YIOIIEN 11eTTOUKI

LinkChain.createFIFO()

Co3maeTr HOBBIN 3K3EeMIUISIP
CBSI3YIOLIEl 1IeII0YKY Ha OCHO-
Be ouepenu FIFO (miepBbIM BO-
1€ - mepBbIM ymén: First In,
First Out)

LinkChain.createLIFO()

CospmaeT HOBBIM 3K3eMILISIP
CBSI3YIOILEV LIETIOYKM Ha OCHO-
Be ouepeny LIFO (mocieguum
BOILIIEJ - TIepBbIM yIIén: Last
In, First Out)

LinkChain.createSIRO()

Co3maeT HOBBIV 5K3eMILISIP
CBSI3YIOIIIE 1[eTTIOYKY Ha OCHO-
Be ouepenu SIRO (o6CTyRM-
BaHMe B CJIy4ailHOM IOpsIAKe:
Service In Random Order)

LinkChain.createBy-
Priorities()

Co3pmaetr HOBBIN 3K3EMIUISIP
CBSI3YIOILE LIETIOYKM Ha OCHO-
Be ouepenyt MPpUOPUTETOB

CUMHTAaKCHUC.

711 MICTI0JIb30BaHUS CBA3YIOIINUX ITEIIOYEK CYHIECTBYIOT COOTBETCTBYIO-
1Ie BbIuYMCJIeHU s OJIOKOB. HeKOTOpre 13 3TUX BBIYMCJIEHUI MUMEIOT 0COOBIN

Tabnuua 5.31: Onepaium co CBA3YOUMMY 1eITOUKaMu

Block.link(c)

Bo3BpaliaeT 1ernouyky 6y10-
KOB, KOTOpasl CBSI3bIBAET Te-
KYIIUI TPaH3aKT C 3aJaHHOM
CBSI3YIOIIeN LIeTI0UKOM, a 3a-
TeM YChITUISIET TPaH3aKT, 10-
Ka OH He OyJeT OTCoeMHEeH
o3xxe
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Block.linkByPriority(c,
p)

BosBpariaeT 1ernoyky 6so-
KOB, KOTOpAasi CBSI3bIBAET Te-
KYIIMIA TPaH3aKT C 3aJaH-
HOJ CBSI3YIOLIEN 11eII0YKOM,
C, IO MPUOPUTETY P, a 3aTeM
YCBITIJISIET TPAH3aKT, II0Ka OH
He OyIeT OTCOeAVHEH TTO33Ke.
3mech p MOKeT ObITh BbIpa-
JKeHMeM, KOTOpOe MOXeT 3a-
BUCETb OT aTpUOYTOB TpaH-
3aKkTa. B ominune ot npuopu-
TETOB TPaH3aKTOB MeHbIliee
3HaueHMe p 03HavaeT b6osee
BBICOKNI IpUOpPUTET!

Block.unlink(c,
transfer(b))

BosBpaiaeT 610K, KOTOPbIi
OTCOeNVHSIET BepXHUI1 TpaH-
3aKT OT 3aJaHHOI CBS3YIO-
1Ieil 1IeNoYKM C, a 3aTeM ITpo-
Oy>XKImaeT TOT TPaH3aKT, I10-
cblIasi ero B 3aJaHHYIO Iie-
MOYKY 6JIOKOB b

Block.unlink(c,
transfer(b) if e)

BosBpaiaeT 610K, KOTOPbIi
OTCOeMHSIET TPAH3aKT OT 3a-
JAHHOM CBSI3YIOLLEH [1ernoy-
KM C [0 MpeguKary e, a 3a-
TeM IpPOOYKAAaeT TOT TpaH-
3aKT, IOChLJIAsl €ro B 3aJlaH-
HYIO IIeII0YKY 6JI0KOB b.
30ecp e sBJIsIeTCs JioTuye-
CKMM BbIpakeH/eM, KOTOpoe
MOKeT 3aBUCEThb OT TeKyle-
ro TpaH3akTa IO K/IYeBO-
My CJIOBY transact, a Tak-
Ke 3aBUCeTh OT IMPOBEePsIEMO-
ro TpaH3aKTa I10 KJII04eBOMY
w10BY that

85
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Block.unlinkN(c, BosBpaiiaet 6J10K, KOTOPbIA
transfer(b), n) OTCOeIMHSIeT 3aJaHHoe KO-
JINYEeCTBO N BepPXHUX TpaH-
3aKTOB OT CBSI3YIOLIEN ILie-
MOYKM C, a 3aTeM MMpooyKIa-
eT Te TPaH3aKThbl, MOChLIAsI
MX B 3aJTaHHYIO LI€ITI0YKY 6J10-
KOB b

CrouT 3amMeTUThb, KaK IIPOUCXOAUT IIPOLeCC OTCOeAVHEeHUS IIPU yKa3a-
Huu npepukara. [Ipouecc orcoeguuenus ot ouepepeit FIFO n LIFO crporo
oIpefesieH B COOTBETCTBUM C OPSAKOM COPTUPOBKU. UTO KacaeTcsl oue-
peny IPUOPUTETOB, TO IPOLLECC Pa3beAMHEHNS], KOTOPbI IPOUCXOOUT C
IIOMOIIBIO TIpefuKaTa, CTPOTo He OIpelesieH, M 3TO 3aBUCUT OT TOTO, KaK
IBOMYHAS Ky4ya COLEPKUT CBOU 3JIeMEHTHI, TIe IBOMYHAs Ky4ya UCIIOb3Y-
eTCs LISl peau3aluy ouepeny MpuopuTeToB.

MbI MOXeM CChIAThCSI HA 00a TpaH3aKTa Py yKa3aHUM MTpeauKaTa.
MbI MOXeM CChbUIAaThCS C [IOMOLIBIO KJIII0OUEBOr'o CJIOBa transact Ha TeKy-
IV TPAH3aKT, KOTOPBIi Boiea B 6/10K. Tak)ke Mbl MOSKEM CChIJIAThCSI C
IOMOIIBIO KJIF0UEBOTro ¢10Ba that Ha TpaH3aKT, KOTOPBIV [IPOBEPSIeTCs U
KOTOPBIN COLEPKUTCS B OUepeny CBSI3YIOLIei [IeIIOUYKN.

Hanpumep, Mbl MOXXeM HaIucaThb

IIpumep

BO = Block.unlink(C1, transfer(B1l)
if transact.Timel < that.Timel);

V cBsI3yIOIIIEl 1IeTIOUKM eCTh CBOM COOCTBEHHbIE CBOICTBA. MbI MOKeM
3aIPOCUTD UX Y CBSI3YIOIIEH IIeITOUYKM B J1I060i1 MOMEHT MOIEeIbHOTO Bpe-
MeHIN.

Tabauma 5.32: CBoiiCcTBa CBSA3YIONIEH IIEeITOYKN

LinkChain.queue- Bosspamjaer mamHy ouepenu
Length(c) IJISI CBSI3YIOIIEN LIEMOYKM C Ha
TeKYIIMIA MOMEHT MOZAEJIbHOTO
BpeMeHU
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LinkChain.queue- BosBpamjaer CcTaTuUCTUKy 110
LengthStats(c) IJIHEe o4yepeny CBS3YIOLIein
LIETIOYKM Ha TEeKYIL[MA MOMEHT
MOJIeJIbHOTO BpeMeHM. 3Ha-
YyeHue CTAaTUCTUKU 3aBUCUT
OT BpeMeHM (CTaTUCTUKA IIO0

BpeMeH!)
LinkChain.totalWait- | Bo3Bpaiiaert o01iee Bpems OXKM-
Time(c) IaHMS IJ1S1 CBSI3YIOLIEN LIeTIOYKU

C Ha TeKyIlIMi1 MOMEHT MOJeJb-
HOTO BpeMeHU
LinkChain.waitTime(c) BosBpamjaeT cTaTUCTUKY I10 Bpe-
MeHU OKUAAaHUS B OUepean CBs-
3YIOLIeN LerOYKM Ha TeKYIIuU
MOMEHT MOJEe/IbHOTO BpEMEHMU.
3HaueHMe CTaTUCTUKM OCHOBA-
HO Ha HaOMIoAeHNsIX (CTaTUCTH -
Ka 110 BEIOOPKeE)
LinkChain.average- Bosspamiaer cpemHee BpeMs
ResidenceTime(c) TpeObIBaHMST IJIS CBSI3YIOIIEN
LIeTTIOYKY C Ha TEKYII[MIT MOMEHT
MOJ€JIbHOTO BpeMeHU

MbI MOKEM COXPAaHUTBD JIF0O0E M3 ITUX CBOMCTB B HEKOTOPOII IIepeMeH-
HOI1 ¥ 3aTeM OTOOPasuTh pe3yibTar.

OTU CBOJCTBA TaKKe M0JIE3HbI, €C/IM MbI JKeJlaeM ITPOBEPUTD, €CTh JIN
3aIMCK B OUepe CBSI3YIolei IIeT0UYKM, UTOObI pelInTb, Ky[a HaM CJielyeT
repeBecTy TPaH3aKT.

IIpumep

F1 = Facility.create();
Cl = LinkChain.createFIFO();

B1 = Block.select(if Facility.count(F1) > © then Contl else B2);
B2 = Block.select(if LinkChain.queueLength(Cl) ==

then Contl else B3);
B3 = Block.link(C1);
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Contl = Block.terminate;

31ech MbI IpOBepsieM YCJIOBUS, IIPesKIe ueM MPUMHMMAEM pellieHne O
TOM, CJIefyeT Jiu HaM MPUBSI3aTh TPAH3aKT K OUepeii.

HakoHel1, YT0ObI OTCOEMHNUTH BCE TPAH3AKTHI OT CBSI3YIOIIE LIeTIOYKHA,
MbI MOXKEM 3aIIPOCUTh Y CBSI3YIOIIel 1[elOYKM TeKYyIyIo AJIMHY ouepenn, a
3aTeM IPoOyaAUTh (PeaKTMBMPOBATh) YKa3aHHOE KOIMUEeCTBO TPAH3aKTOB.

IIpumep

C1

LinkChain.createFIF0();

B4 Block.unlinkN(C1, transfer(Contl),

LinkChain.queueLength(C1));

5.20 Cur=ansl

CurHasiom SIBJIIETCSI HEKOTOpasi aKTMBHOCTh, KOTOpPasi MOXKeT BO30YKIaTh
BHEIIIHYE COOBITHS. ITO OTJIMYAETCS OT [TOTOKOB B TOM CMbICJIE, UTO ITOTOKU
rmaccuBHbI. [TOTOK ITPOM3BOAUT BHEIIHNME COOBITUSI TOJIBKO TOTAA, KOTa
COOBITHS MTOTOKA 3aMpaIIMBalOTCsl M3BHE U IPYT 3a APYroM, Bce BpeMsl. A
BOT CUTHAJI SIBJIIETCSI HE3aBUCUMMOJi aKTMBHOCTbIO, KOTOPAsi caMa pelliaer,
KOr[la UCITyCKaTh BHelTHMe cOObITHSI. CUTHAT aKTUBEH.

[Tose3HO TO, YTO MbI MOKEM CO37aBaTh OJIOKM reHepaTopa U Io MOTO-
KaM, 1 110 CUTHajaM. DTO O3HayvaeT, YTO CUTHAJ MOL0OHO MOTOKY MOXKeT
MHULIMUPOBATh 00pabOTKY TPAH3aKTOB.

Tabnuna 5.33: BelumcieHns curdaia

Signal .empty BosBpaiaet nycToi curHaii, Ko-
TOPBIN He UCITyCKAaeT BHEIIHUX
COOBITHIA

Signal .merge(x, V) O6benMHSIeT IBA CUTHAIA X U Y

[To onpeneneHnIo, HaYaJIbHBIM 3HaUE€HMEM [JI1 KaXKAO0TO CUTHAJIa SIBJISI -
eTcs Signal .empty.

3mech QyHKIMS 00beIMHEHMS CO3/IAeT HOBBI CUTHAJI, KOTOPbIN MUCITYC-
KaeTcsl KaKIbIl pa3, KOTAa OAMH U3 3aJaHHbIX CUTHAJIOB MCITYCKAETCS B
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CBOIO oYepeAb. ITO MoJIe3HO, KOTAa Mbl cobupaemcs 3¢ eKTUBHO ITpoBe-
pSITh YCJIOBHOE BbIpakeHMe, KaK Mbl YBUIMM JlaJiee.

[Tpn 06paboTKe TpaH3aKTa COOTBETCTBYIOIEe BbhIUMC/IeHN e 6JI0Ka MO-
KeT MPUOCTAaHAB/IMBATh CBOE BHITIOJTHEHME B OKUIAHUM 3aJaHHOTO CUT-
Hasa. [Tocie mpuxofa curHasna BeluMc/ieHMe 6;10Ka BO30OHOBIISIET CBOIO
00paboTKy TpaH3aKTa. ATO — K/toY 1151 3 GeKTUBHOI 06pabOTKM YCIOB-
HBIX BBIPa)KEHMI1, IOTOMY UTO MbI MOKEM MCITYCKATh COOBITHS TOJIBKO B
Te MOMEHTbI MOJIeJTbHOTO BpeMeH M, KOTZa YCJIOBHOE BbIPAsKEHME JTOJIKHO
OBITH ITIepPeITPOBEPEHO CHOBA.

Tabnuna 5.34: OkumgaHme CUrHaloB

Block.await(s) BosBpaimaeT 610K, O5KM IO
OTHpPaBKM YKa3aHHOTO CUTHaa
1pu 06paboTKe TpaH3aKTa

Block.await BosBpaiaeT 610K, OXKMIAIOII
(transact.attribute | oTIIpaBKM YKa3aHHOI'O CUTHaJIa
<-'s) 1pu 06paboTKe TpaH3aKTa. Bce

3HAUeHUsI CUTHAIa 3aroJIHSIIOT-
CS1 B TPAH3aKTe 10 YKa3aHHOMY
npeduKkcy aTpubyTa

Bropas ¢byHKILMS T03BOJISIET HAM BBECTY 3HaUeHMsI CUTHaIa B KOHTEKCT
TEeKYIero TpaH3aKTa.

Hampumep, eciu y curdana 6sut atpubyT Value, 1 Mbl yKa3aau BbI-
yncieHue Block.await(transact.Sig <- s), TO 3HaueHMe CUTHAJIA
OymeT IoMellleHO BO BJIOXKEHHbBI aTpuOyT TpaH3akTra Sig.Value. 3aTeM
MbI MOKEM 3aIIPOCUTh COOTBETCTBYIOIee 3HAUEHME, VCITOJIb3Ys BhIpaske-
Hue transact.Sig.Value.

[IpuunHa B UCITOIb30BAaHUM BJIOKEHHBIX aTPUOYTOB KPOETCSI B TOM, UTO
CUTHAJI TTIO0OHO TPaH3aKTy MOKET MMETh HECKOJIbKO aTpuOYTOB.

CurHasbl MOTYT OBITh CO3JaHbI C TTOMOIIbIO M3MEHSIEMbIX CChIIOK, KO-
TOpbIe pacCMaTPUBAIOTCS B pasfene|5.22

5.21 CraTtucrmuka

Cobop 1 06paboTKa CTaTUCTUKM — BakHAsI 4acTb MMuUTauu. IIporpam-
Ma «BusyanbHasiAiiBMKa» MUCITONb3YeT MOIXO0, TIe CBOJHAS CTaTUCTUKA
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TPAKTYETCA KaK HEM3MeHsIeMasd CTPYKTYpPa OaHHBIX, UTO YIIpOIIaeT MOoOe-
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JIMpOBaHMe U JejiaeT MMUTalIo 6osee HaJIe>KHO.

CYIJ_leCTByeT ABa Pa3HbIX TUIIA CTATUCTUKM, KOTOPYIO Mbl MOJKEM cobu-
paThb. HepBbIﬁ TUII OCHOBAH Ha Ha6JIIOILeHI/IHX, TOraa KakK BTOpOffI OCHOBAH

Ha BbIOOPKE, 3aBUCKIIEN OT MOIEJIbHOIO BpEMEHN.

5.21.1 CraTucTHKa Ha OCHOBE HaOJII0eHUI

[TepBblit T JAaHHBIX MCIOIb3YeTCS IJIS1 aKKYMY/IMPOBAHUS CTATUCTUKMN,
OCHOBaAHHOJ Ha HabMoaeHNsIX. [IpMMepoMm SIB/IsIeTCST BpeMsI OSKMIAHMS B

ouepean.

Tab6muiia 5.35: Co3maHue CTaTUCTMKY Ha OCHOBe HabJIIo-

IeHuin

SamplingStats.

emptyInts

Bosspamjaer mycryo
CTaTUCTUKY MO HabIIo-
IeHUsSM [OJs  1eJbIX
yuces

SamplingStats.

emptyFloats

BosBpamjaer mycryro
CTAaTUCTUKY IO HabOIIO-
IOEHUSIM [1J1s BeIlleCTBEH-
HBIX UMCeT

SamplingStats.

add(v, st)

IobaBiseT yKasaHHOE
HaO/IooeHne v B CTa-
TUCTUKY St, co3maBas
Opyroi 5K3eMILISIP
CTaTUCTUKU

SamplingStats.
st2)

append(stl,

O6benuHsieT 0b6a 3Have-
HMS CTaTUCTUKU, CO3a-
Basli HOBBIV 3K3eMIUISIP
CTaTUCTUKU

BaxkHO 3aMeTuUTh, UTO 53K3eMIuIsIpbl SamplingStats.emptyInts u
SamplingStats.emptyFloats Bo3BpaijaT pa3Hbie 1 Jaxe HeCOBMe-
CTMMbIe 3HAUEHMSI CTATUCTUKM, KOTOpbIe He MOTYT ObITh 00beIVTHEHbI BMe-

cTe ¢ moMoIbio pyHkimMu SamplingStats. append.
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CTraTuCTMKa MOXeT ObITh OTOOpaskeHa B HEKOTOPBIX 37IeMeHTaxX JIJIsl
BBIBOZIA PE3Y/IbTATOB, TAKMX KaK rpadyK OTKIIOHEHMSI, HO MbI TAaKKe MOXKeM
3aIPOCUTD Y CTATUCTUKM HEKOTOPbIE CBOICTBA, KOTOPbie MOTYT OBITh JIMO0
oTo6GpaskeHbl, JIMOO MCITOIb30BaHbI B paMKaxX MOZAEIMPOBAHMS.

Tab6nuiia 5.36: CBOJCTBA CTAaTUCTMUKYM HAa OCHOBe HabJII0-

OeHuin
SamplingStats.count(st) Bo3sBpaiaeT ob61iee Ko-
JIMYECTBO HaOII0oeHul
B BBIOOpKE
SamplingStats.min(st) BosBpaiaetr MyHMMaIb-
HOe 3HayeHue [Jisl BbI-
O60pKM
SamplingStats.max(st) Bosspamaer MaKCU-
MaJIbHOE 3HaUeHue IJis
BBIOOPKMA
SamplingStats.mean(st) Bosspamjaer cpenHee
3HaUYeHue
SamplingStats.mean2(st) Bosspamjaer cpen-
Hee  KBaJpaTUyecKoe
3HaUYeHue
SamplingStats.variance(st) | Bosspamjaer OILleHKY
IUCTIepCUm
SamplingStats.deviation Bosspamaer cpen-
(st) HeKBaJpaTudeckoe
OTKJIOHEeHMe

5.21.2 CraTtucTuKa c IpuBSI3KO KO BpeMeHU

BTOpOJi TUIT CTaTUCTUKY OY€Hb MTOXO0XK, HO TOJIbKO OH Y>Ke TI03BOJISIET UC-
10JIb30BaTh BbIOOPKY, IIPUBSI3aHHYIO K TOUKAM MOJIeJIbHOTO BpeMmeHu. Co-
OTBETCTBYIOILYIO CTyYaliHYI0 BEJIMUMHY Ha aHIJIMICKOM SI3bIKe YaCTO Ha3bI-
BaloT time-persistent|2]. [IpyMepom Takoi Cy4yaiiHOM BeIMUMHBI SIBJISIETCS
IJIMHA ouepenn.

Ha pycckom si3bIKe [Ij1s1 0003HaueHMsI CaMOJi CTATUCTUKI MUCIIOIb3YeTCs
MHOT[Ia TePMUH HenpepbleHoli cmamucmuku[4]. I1jist KpaTKOCTU Mbl OyeT
MCIIOJIb30BaTh TEPMUH 8PEMEHHOL CMAmMuUCmMuKu, TIOCKOJIbKY OH OJT/sKe K
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Ha3BaHMIO COOTBETCTBYIONIErO TUIIA AAHHBIX B CaMOJ Imporpamme «Busy-
aJIbHAIAIBUKA».

Tabauma 5.37: Co3gaHue BpeMeHHO! CTaTUCTUKN

TimingStats.emptyInts Bosspamaer nyctywo Bpe-
MEHHYIO CTaTUCTUKY [OJIs
1LIeJIbIX UMces

Bo3sBpaijaeT 1mycTywo Bpe-
MEHHYIO CTaTUCTUKY [JIs
BellleCTBEeHHBIX Ulcel
TimingStats.add(t, v, Iob6asssieT aJ1st BpeMeHHU t
st) yKasaHHOe HabogeHne v
B CTaTUCTUKY St, co3aaBas
IPYTOil 5K3eMIUISIP CTaTU-
CTUKU

TimingStats.emptyFloats

CraTuCTMKa MOXeT ObITh OTOOpaskeHa B HEKOTOPBIX dJIeMeHTaX JIJIst
BBIBOZIA PE3Y/IBTATOB, TAKMX KaK rpadyK OTKIOHEHMSI, HO MbI TAKKe MOXXeM
3aIIPOCUTH Y CTATUCTUKM HEKOTOPbIe CBOICTBA, KOTOPbIe MOTYT OBITh MO0
O0TOOpaskeHbl, JIMOO MCIOAb30BaHbI B paMKaxX MOZAEIMPOBAHMS.

Tabnuia 5.38: CBoiicTBa 3HaUYEHMSI BpeMEeHHOJ CTaTu-

CTUKU

TimingStats.count(st)

BosBpaiaet o611ee Ko-
JINYeCTBO HaOIIomeHui
B BBIOOpKE

TimingStats.min(st)

BosBpamjaetr MuHMMaJIb-
HOe 3HaueHue [OJIsSI Bbl-

60pKM

TimingStats.max(st) BosBspaiaer MaKCcu-
MaJIbHOe 3HaueHue IJIsi
BBIOOPKU

TimingStats.last(st)

BosBpamaeT rmocjienHee
3HaueHune Ojd BbI60pK]/I
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TimingStats.

minTime(st)

Bo3BpaijaeT BpeMst MO-
IenupoBaHusi, B KOTO-
poe ObLJT JOCTUTHYT MU-
HUMYM

TimingStats.

maxTime(st)

BosspamjaeT Bpems Mmo-
IenIupoBaHus, B KOTO-
poe ObLTT TOCTUTHYT MaK-
CUMYyM

TimingStats.

startTime(st)

Bosspamaer Bpems Ha-
YyaJIbHOI BHIOOPKM

TimingStats.

lastTime(st)

Bosspamjaer Bpems 1o-
cyiemHe BBIOOPKU

TimingStats.

sum(st)

Bo3Bpaijaer B3BellleH-
HYI0 CYMMY 3Ha4YeHUM’

TimingStats.

sum2(st)

BosBpamiaeT B3BelleH-
HYI0 CYMMY KBaJpaToOB
3HAUEeHUN

TimingStats.

mean(st)

Bosspamjaer cpenHee
3HayeHue

TimingStats.

mean2(st)

Bosspaiaer cpen-
Hee  KBaJpaTuUyeckoe
3HayeHMe

TimingStats.

variance(st)

Bo3Bpamjaer  OleHKy
Oucrepcun

TimingStats.

deviation(st)

BosBpamjaer cpen-
HeKBaJpaTudyeckoe
OTKJIOHEHMe

5.22 WH3mMmeHsieMas CChLJIKA
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Vi3MeHsieMble CChUIKM SIBJISTFOTCSI BaSKHOJ YaCThIO IVCKPETHO-COOBITUITHBIX
MMMTALMOHHBIX Mozeseil. B mporpamme «BusyanbHassAiiBUKa» Mbl MOXXEM
MCIT0JIb30BAaTh CChUIKU IJISI XpaHeHMsI 3HAUeHMI ClieIyIoIIuX TUTIOB: 11e-
JIbIe YMCJIa, YMCiIa C IJIaBaloleil 3amnsToi, OCHOBaHHAs Ha HaOIIOgeHUSIX
CTATUCTUKA ¥ BpeMeHHas CTaTUCTUKA. Kak TOJIbKO CChIKA TTOTYYUT CBOE
Havya/IbHOE 3HaUYeHMe, TUIT JaHHbIX CCbUIKM He MOKeT ObITh M3MeHeH. Bce
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InodjieAyriire sHauyeHs OJO/DKHbI MMETDb TOT K€ TUII JaHHbIX.

Tabauiia 5.39: Onepanuy ¢ M3MeHsIeMO1 CChIJIKOi

Ref.create(v) Co3maeT HOBYIO M3MEHSIEMYIO CChI-
KY 110 3aJaHHOMY HauyaJIbHOMY 3Haye-
HUIO

ref(r) Bo3Bpaijaet 3HaueHMe CChIIKU
Ref.changed(r) BosBpaiaet curiaj, KOTOpbIii cpaba-
ThIBAeT KaXKIbIM pa3, KOrAa CChIIKe
MIPUCBAaMBAETCS 3HAUEHME

Yro KacaeTcs mocaeqHei QyHKIMM, TO CTOUT 3aMEeTUTh, UTO COOTBET-
CTBYIOIIMIT CUTHAJ OYAeT UCITyCcKaTh COObITHS ¢ aTpubyToM Value, KoTo-
poMy OyAeT IIPUCBOEHO TEKYIlee 3HaUeHMe CChLIKM.

MbI MOXKeM OOHOBJISITh 3HAUYEHMSI CChIJIKM B paMKaX BbIUMCI€HMIT 6J10-
KOB, VCITOJIb3YSI CJIEYIOIINIA CMHTAKCHC.

Tabnuua 5.40: O6GHOB/IeHMEe U3MEHSIEMOI CChIIKU

Block.assign(ref(r) <- v) | BosBpamaer 610K, KOTO-
pblii Ha3HayaeT 3aJaH-
HOJ CChUIKE T 3HaYeHue
v IIpu 00paboTKe TpaH-
3aKTa

M3mMeHsieMble CChIJIKM MOJIe3HBI JIJIsS XpaHeHUsI CTaTUCTUKY. Harpumep,
MbI MOXEM YKa3aTh BpeMs Hauajia 06paboTKy TpaH3aKTa B KAKOM-JI160 aT-
pubyTe TpaH3aKTa. 3aTeM MbI orpeensieM GakTuyeckoe Bpemst 06paboTKu
1 fo006aBysieM ero K CTaTUCTUKe, XpaHsIeics B M3MeHsIeMOJi CChIIKe.

IIpumep

Tatym = Ref.create(SamplingStats.emptyFloats);

S1 = Block.assign(transact.ArrivalTime <- time) >>> S2;

S13 = Block.assign(ref(Tatym) <-
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SamplingStats.add(time - transact.ArrivalTime,
ref(Tatym))) >>> S14;

S14 = Block.terminate;

5.22.1 3ddexkTnBHaAsA MpoBepKa YCIOBHBIX BbIPpaskeHU

VMHorma HaM HY>KHO MPOTeCTUPOBATh YCIOBHOE BbIpaykeHMe B [MKIIe 40
TeX I0p, IT0Ka YCJI0BMe He OyaeT BbINoaHeHO. Mbl MoxkeM 3(PheKTUBHO 3TO
cOeaTh C ITOMOIIBIO CChUIOK M CUTHAJIOB.

HonycTtum, 4TO Mbl MMeeM IBe cCbUikM R1 1 R2. Ham Hy>KHO 11popoi-
KUTb 06pab0TKY TpaH3aKTa TOJbKO ITOC/IE TOr0, KaK CyMMa 3HaUYEeHMIT 9TUX
IBYX CCBIJIOK CTaHeT Oosblile, yem 5.

Pelienne cienymwoiuee.

IIpumep

R1 = Ref.create(0);

R2 = Ref.create(0);

S = Signal .merge(Ref.changed(R1), Ref.changed(R2));

Bl = Block.select(if ref(R1) + ref(R2) > 5 then N1 else B2);
B2 = Block.await(S) >>> B3;

B3 = Block.transfer(B1);

N1 = Block.terminate;

CHauasia Mbl IIpOBepsieM ycJIOBMe B BbIumciaeHuu 6oka B1l. Eciau yeino-
BYi€ BBITIOJITHEHO, TO MbI BBIXOAUM U3 IIMKJIA.

CurHan S McrmycKaeTcsl KaskIbIli pas, Kak TOJIbKO CyMMa MOKeT M3Me-
HUTHCS. EC/IM ye1oBue 6bUTO JIOXKHBIM, TO TOT/IA MbI K€M CUTHaJIA. 3/1eCh
KOMITbIOTEp He TMOoTpebiiseT mpolieccopHoro Bpemenn! OH MMeHHO, UTO
KOeT MOMEeHTA, B KOTOPBIN O4HA U3 CChIIOK M3MEHUTCS.

ITocne TOrO, KAk CUrHa/I OyIeT MCITYIIeH, Mbl TTIOBTOPSIEM ITUKJI, MC-
TI0JIb3Ysl YPOBEHb KOCBEHHOCTH B B3, UTOOBI paspelnThb IUKINUECKYIO
3aBUCUMOCTb.

N1 rmpocTo 0603HavYaeT BbIXO[ U3 I[MK/IA. ITO MOIJIO ObI OBITH TPOU3-
BOJIbHBIM BbIUMCJIEHMEM LIETTOYKM GIOKOB.
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5.22.2 0Oco0eHHOCTU MOAETbLHOr0 BpeMeHU

EcTbh TOHKMe MecTa [Jis1 TIOHMMaHMs KacaTeJIbHO TOTO, KaK MOJIeJIbHOe
BpeMmst o6pabaTbiBaeTcs B iuddpepeH1aabHbIX YPaBHEHUSIX U AVUCKPETHO-
COOBITUITHOM UMUTALIVNA.

JOITyCTUM, YTO Y HaC €CTh CChIJIKA R, KOTOPYIO Mbl XOTMM HAOJIOOATh B
repeMeHHOI X.

IIpumep
R = Ref.create(0);
X = ref(R);

Oco6eHHOCTh 3aK/II0YaeTCsl B TOM, UTO rlepeMeHHast X 0OHOBJISIeTCS
TOJIbKO BO BpeMEHHbBIX TOUKaX MHTerpupoBaHus. Ha camom perne, mepe-
MeHHas R HMKOrga He OymeT OOHOB/ISITHCSI B TOUHOCTYM B TaKMX TOYKAX
MHTErpupoBaHusl, HO MbI OyZieM OpaTh ee CHUMOK JIJisi OOHOBIeHUS X.

ITpu oTob6paskeHMM rpaMKOB Mbl YBUAMM MMEHHO CHUMKM TTepeMeH-
HBIX BO BpEMEHHBIX TOUKAX MHTErPUPOBAHMSL.

Ipyrast BaskHasi 0COOeHHOCTb CBSI3aHa C Te€M, UTO oYepelb COObITHI
MCITO/Ib3yeT HeCTAOWIbHYIO COPTUPOBKY COOBITHII. ByKBaJIbHO 3TO O3HAYa-
eT, UTO eC/IM [Ba COOBITMSI MMEIOT OJMHAKOBBIN IIPUOPUTET U OOMHAKOBOE
BpeMsI aKTMBAIMY, TO TOT/IA MMOPSIIOK aKTUBAIIMM ITUX 000UX COOBITUIA,
BOOOIIIe TOBOPSI, HellpeckazyeM. DTO 6bUTO caenaHo Ajis 3hheKTUBHOIMN
COPTUPOBKM COOBITUIT. OMHAKO, €C/IV TPUOPUTET VTN BpeMs aKTUBALUN
OT/INYAIOTCSI, TO TOTJIA TTOPSIIOK aKTUBALIMM COOBITHIT CTPOTO TTPeCKasyeM.

5.23 ®OyHKUMM KOHBeliepa

KoHBeliep mOxXoX Ha MHTErpaj, HO B IIePBOM MCIOIb3YIOTCSI 3HAUEHUS
MHTEHCUBHOCTU BMeCTO IPOMU3BOAHBIX. Takke KOHBeliep UMUTUPYeT cam
MpoLIeCC Mmepenavyy BXOAHBIX JAaHHBIX C TIOMOIIbI0 BHYTPEHHETO CIMCKa,
110 KOTOPOMY IlepefaroTcs JaHHble. HO B OCTalbHOM ke KOHBelep MOX03K
Ha MHTerpal. IIpuToKkM 1ogo6HbI MPOM3BOAHBIM. 3HAUEHNEe KOHBeepa
MOJ06HO CYyMMe MHTerpaia.

B HacTros1ee BpeMsi KOHBelepbl JOCTYITHbI TOJIbKO B BEpCUM ITPOTPaM-
MBI «BusyanbHassAMiBUMKa», KOTOpas UOeT C KOMIIUISATOPOM YpaBHEHUN.
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Tabnuia 5.41: KoHCTpyKTOpBI KOHBEliepa

conveyor(i, tt)

BosBpaijaeT OMCKpeTHbI KOH-
Beliep ¢ BXOOHbIMM JTaHHBIMMU VH-
TEHCUMBHOCTH 1, KOTOPbIE€ MMEIOT
BpeMsI NpoxoxkaeHus tt

conveyor(i, tt, d)

BosBpaliiaeT OMCKpeTHbIV KOH-
Beliep C BXOOHBIMY JAHHBIMMU VH-
TEHCUBHOCTU 1, KOTOpPbIE UMe-
IOT BpeMsI POXOXKAeHus tt. Ap-
TYMeHT d oIpefessieT CKOPOCThb
yObIBaHMSI

conveyor(i, tt, d,

c)

BosBpaijaeT OMCKpeTHbI KOH-
Beliep C BXOOHBIMY JAHHBIMU VH-
TEHCUBHOCTU 1, KOTOpbIE UMe-
I0T BpeMs IPOXOxKaeHus tt. Ap-
ryMeHT d orpepesieT CKOPOCThb
yobiBaHMsI. KoHBeltep MMeeT eM-
KOCTb C

conveyor(i, tt, d,
c, iv)

BosBpaijaeT OMCKpeTHbI KOH-
Beliep C BXOOHBIMY JAHHBIMU VH-
TEHCUBHOCTU 1, KOTOpbIE UMe-
I0T BpeMs IPOXOxKaeHus tt. Ap-
ryMeHT d orpezesieT CKOPOCThb
yobiBaHMsI. KoHBeltep MMmeeT eM-
KOCTb C. ApTYMEeHT iV 3aJiaeT Ha-
Ya/IbHOe 3HaueHue
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ITocye Toro, Kak KOHBeep onpeaeaeH, Mbl MOKEM 3aIIPOCUTh €ro 3Ha-
yeHue. Takske Mbl MOKEM 3aIIPOCUTh HEKOTOPbIE €Tr0 CBOVICTBA, KOTOPhIE
SIBJISTFOTCSI TIOTOKaMM. Kaskablii BBIXOOHOJ MOTOK BO3BpalllaeT 3HaYeHMe
MHTEHCUBHOCTHU. DTO TAKKe ITOX0Ke Ha 3HaUeHMe IIPOMU3BOIHOIA.

Tabmuia 5.42: CBoiicTBa KOHBeiepa

outflow(s)

BosBpailiaeT MHTEHCUBHOCTD OT-
TOKa [J1j1s1 KOHBeliepa s
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overflow(s) BosBpaiiaeT MHTEHCUBHOCTD I1e-
penoyiHeHs J1s1 KOHBeliepa s

leakflow(s) Bo3BpaiiaeT MHTEHCUBHOCTD TO-
Ka yTeuKu IIJis KOHBeiepa s

YacTo GbIBaeT Impolie co3aaBaTh KOHBeepbl ¢ TOMOIIbIO «/Iuarpam-
MbI ITOTOKOB ¥ HaKOIMUTEJIEl», MCIIOb3ys pegakTop auarpamm. Ho cam
penaKkTop UCIOJb3yeT MMEHHO 3TU YIIOMSIHYTbie QYyHKIUMN.

KoHBeiiepbl MOTYT ObITh pa3MelieHbl B MacCHBax.

Ecin Mbl oripenesisieM BpeMsi TIPOXOKIAEeHMSI, TO Mbl OTIpeiesisieM, Kak
BXOZHbIE TaHHbIE CTAHOBSITCS MCXOISIIUMM OTTOKOM. Ect MbI oripenensieMm
€MKOCTh, TO MOXKET ITPOMU30ITH IePeIoIHEHMEe, KOT/Ia BHYTPEHHMIT 00beM
MpeBblillIaeT yka3aHHOe 3HaueHe eMKOCTU. Ec/ii Mbl oTipefiesisieM HeHYie-
BYIO CKOPOCTb YObIBaHMSI, TO Mbl (haKTUUYECKY OmpefessieM ITOTOK yTeUKM.
Bce moToKM BO3BpaIiaT 3HaUEHNUSI MHTEHCUBHOCTH, KOTOpbIE 10 CBOEeIA
TIpUPOJe aHATIOTUUHBI IPOU3BOSHBIM.

5.24 Crpoknu

CTpOKOBBIE JIUTEPAJIbl JOIKHBI ObITh 3aK/II0UE€HBI B KABBIUKM CJIETYIOIIVM
obpaszom:

IIpumep
FileNamel = "/home/david/file-1.csv";
FileName2 = "/home/david/file-\"1 2 3\".csv";

CTpOKM MOT'YT ObITh IMOJI€3HBI, HAIIPMMEP, €CJIV Mbl COOMpaeMcs repe-
IaBaTh MMeHa (aiijioB B TapaMeTpax BHEIHMM MOIYIISIM.

5.25 BioxeHHbIe MOIY/IN

Mopenb MOKEeT comepsKaTh MOIY/IM, KOTOPBIE MOTYT ObITh BJIOSKEHHBIMMA.
Kasknplii MOMYJIb OIIpeie/isieT CBOe COOCTBEHHOE ITPOCTPAHCTBO MMEH [IJisI
repeMeHHbIX.

«BusyanbHasIABMKA» UCIIOIb3YET MOIY/IN [IJIS XpaHEeHMS TTepeMeHHbBIX
M3 OJIHO¥ ¥ TO¥1 5Ke AyarpaMMbl B OTI€JIbHOM MOJIYJIE.



5.25. BJioskeHHbIe MOIY/IU

IIpumep
// rnobanbHaa nepeMeHHas
A=1;
module M1 {
// nepemeHHas M1.B
B=A+1;
module M2 {

// nepeMeHHaa M1.M2.C
C =2 % B;

// vcnonb30BaTb MNONHOe Has3BaHue ana M1.B
D=C- M1.B;

99
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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

101
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3aITyCKY, TaK ¥ KO MHOXECTBY 3aIyCKOB. EC/iu 3aImyCK e qMHMUYHBINM, TO TOTIa
rpadyK OTKJIOHEHMSI CTAHOBUTCS TTOXO0XXMM Ha rpaduK BpeMeHHOTO psifia
u3 pasgenal6.3 OnHaKo ecy UCIIONb3YeTCsl BBIYMCIUTENbHbIN SKCIIepH -
MeHT 1o Metony MoHTe-Kapio, To Toraa rpaduKk OTKIOHEeHUS TOKa3biBaeT
TPEHbI U JOBEPUTEIbHbIE MHTEPBAJIbI 10 MTPABUITY 3-X CUTM.

PUCyHOK|6.2{MJITIOCTPUPYET, KaK Mbl MOKEM BbIOpaTh COOTBETCTBYIOIIEE
rpeacTaBjeHe s rpadyka OTKIOHEHMSI B peJakKTope BbIBOJIa pe3yJib-
TaTOB. DTOT pelaKTOp Cpa3y OTKPbIBAETCS, KaK TOJIbKO Bbl BbIOEpeTe Ha
ouarpamMmMe Kakoi-ambo 37eMeHT [IJisl OTOOpaskeHUsT pe3y/bTaToB. 31eCh
BaM CjlefyeT 3a4aTh 3HaueHue nosust Tun pesyismama paBHbIM Deviation
Chart, a 3aTeM HaxkaTb Ha KHOMKY [IpumeHums, KOTOpasi He Ioka3aHa Ha
PUCYHKeE.

PefakTop BLIED 43 Pe3yLTATOR

Beleog pesynetata

Tun pesynsTatal peviation Chart v

3aronoBok

JeHexHel noTok

HoctynHo BeiGpaHo

losses Model.net_cash_flow

net_cash_flow Model.npv_cash_flow
net_income
new_investment Vpan
>>
npv_cash_flow
npv_income
price

principal_repayment

production

OK  OTmena IPUMEHITE

Puc. 6.2: Bei6bop npencTaBiieHns Ijis rpaduKa OTKIOHEHMSI.

PucyHOK [6.3| TOKa3bIBaeT, Kak rpaduk OTKIOHEHNSI MOXKET BbII/ISIIETh
Ha IyarpamMme 1ocjie OKOHYaHUSI UMUTALUMN.
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HdeHexHBIA NOTOoK

1000 -

-1000

-2000 -

— Finance.net_cash_flow
— Finance.npv_cash_flow

Puc. 6.3: IIpumep rpadmka OTKIOHEHMUSI.

[IpencraBiieHue rpadrka OTKIOHEHMSI MOKeT Takke MTOKa3bIBaTh CTa-
TUYecKue naHHble. Hanmpumep, OHO MokeT 0TOOpasuTh BpeMsl OKMIaHMS
B ouepeny UM CTATUCTUKY TI0 COIepXKuMoMYy Ipubopa. 31ech Mbl IIpearo-
jlaraem, 4TO 3HaueHUsI CTaTUCTUKM pacIipeie/ieHbl OAVMHAKOBO [J1s1 Pa3HbIX
MMMTALMOHHBIX 3aITyCKOB, HO ITPM 3TOM CaMM 3aITyCKM MMMUTALIMK He 3a-
BUCSIT OPYT OT ApYyTa.

6.2 TIpaduxk skcTpemymoB

I'paduk sKCTpeMyMOB OYeHb MOX0K Ha TpaduK OTKIOHeHUs. Tombko OH
MOoKa3bIBaeT TPeH], MMHMMAaIbHOE ¥ MaKCMMaabHOe 3HaUeHMSI.

EcTb pasHuiia, ecim oToOpaskaeTcsl CTAaTUCTUKA MM OObIYHAs Tepe-
MeHHas1. [TepeMeHHast CO CTaTUCTUKOI BCEraa IMOKa3bIBaeT MCTOPUUECKIE
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3HAYeHMSI MMHMMYyMa ¥ MaKCMMyMa, TOTAa KaK SKCTPEeMYMBbI 711 OObIUHOI
IIepeMeHHO BbIUMCISIOTCS TOJIbKO B TeKYIlell BpeMeHHOM TOUKe MHTerpu-
pOBaHMS [IJIs1 BCeX UMUTALMOHHBIX 3aI1yCKOB P UCII0/Ib30BAaHUM MeTOa
Mownte-Kapio.

[Tomo6HO MOKa3aHHOMY Ha PUCYHKe [6.2), 11s1 oToOpaskeHMs rpaduka
9KCTPEMYMOB HEOOXOMMO BbIOpATh JJ1s1 OISt Tun pe3ynismama 3HaueHue
Extremum Chart.

PucyHoKk [6.4] mokassiBaet, Kak rpaduk 3KCTPEMYMOB MOKET BBITISIIETD
Ha JuarpamMme i1 MHOKeCTBa MMUTAI[MOHHBIX 3aITyCKOB.

Queue Length Extrema

20000 40000 60000 80000 100000

— Graphs.Queue_Length
— Graphs.Queue_Length_Stats

Puc. 6.4: IIpumep rpaduka sKCTpeMyMOB.
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6.3 BpeMeHHOI psaf,

I'padpuk BpemeHnHoro pspa (aHen. Time Series) oToOpaskaeT 0ObIYHBIN Tpa-
buK, rme BpeMeHHOJ psif, 3aBUCUT OT MOJEJIbHOTO BpeMeHU. Eciu ucmosnb-
3yeTcsi MeTod, MoHTe-Kapisio, To Torma 6yneT HapuCOBaHO COOTBETCTBY-
folllee KOJIMYeCTBO rpadMKoB, 10 OMHOMY Ha KaskIblii 3amyck. [ToaTomy
clieyeT UCIIO/Ib30BaTh IIpeCTaB/lIeH)ie BpeMeHHOr0 psifia TOMbKO AJIs1 eu-
HUYHOTO 3anycka win gjs1 metona MoHTe-Kapio ¢ MajibiM KOJTM4eCTBOM
3aITyCKOB.

[Togo6HO ITOKa3aHHOMY Ha PUCYHKE D71 OTOOpaskeHMsI BpeMeHHOTO
psiia HeoOGXonMMOo BbIOpaTh AJis TIonst Tun pe3yasmama 3HaueHue Time
Series, KOTOpOe YCTaHOBJIEHO I10 YMOIYaHUIO.

PrcyHOK 6.5 mOKa3bIBaeT, Kak rpad¥k BpeMEHHOTO PSiZia MOXKET BbILTISI-
IleThb Ha AyarpamMme JJis eIMHCTBEHHOTO MMUTALMOHHOTO 3aITyCKa.

Chemical Reaction

I:I - | T T T | T T T | T T _I_|_|' T T I T 1 T |
o 2 4 B B 10
L
— Diagram_1.A
— Diagram_1.B
— Diagram_1.C

Puc. 6.5: IIpumep rpaduka BpeMeHHOT0 psifa.
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6.4 TIpaduxk XY

I'paduk XY (auen. XY Chart) moxoxx Ha rpadmKk BpeMeHHOTO psifa, Omu-
CaHHLIN B MpeabIayIIeM paszesne TosbKO TIepBbIii BRIOpAHHBIN PSII
CTaHOBUTCS KoopauHaToi X ajisi rpaduka. Kak u mpexnae, ety UCIob3y-
eTcst meton, MoHTe-Kapio, To Torma 6yaeT HapMCOBaHO COOTBETCTBYIOIIEe
KOJIM4eCTBO IpaduKOB, M0 OHOMY Ha KaXkAbli 3arrycK. [IoaTomy ciemy-
eT UCII0JIb30BaTh IIpeacTaBieHue rpaduka XY TONbKO OIS eIMHUYHOTO
3amycka uiau Ijist Metoga MoHTe-Kapiio ¢ MasibIM KOJM4eCTBOM 3aITyCKOB.

[Tomo6HO MoKa3aHHOMY Ha pUCYHKe 115t oTobpaskeHus rpadmka XY
HeoOXoAMMO BeIOpaTh a1 ot Tun pe3ynsmama 3HaueHue XY Chart.

PyicyHOK [6.6) TTOKa3bIBaeT, Kak rpaduk XY MOXKET BbIIVISIIETh Ha AMa-
rpamme.

Chemical Reaction

0 20 40 B0 B0 100
Diagram_1.A

— Diagram_1.B
— Diagram_1.C

Puc. 6.6: IIlpumep rpacduka XY.
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6.5 Taoauma CSV

Tabmuia CSV (auzn. CSV Table) npegHa3HaueHa [IJisl 9KCIIOPTa JaHHBIX
CSV B gpyrue npuioKeHUs MM IJIS1 COXpaHeHMs TaHHbIX B ¢aiii. OTobpa-
’KaeTcs KOMIIOHEHT TEeKCTOBOTO 0JI0Ka, OTKYa Bbl MOKETE CKOIIMPOBATh
cooTBeTcTBYyWOIMe naHHble CSV. Euin ucrnonb3yercsa meton MouTte-Kapiio,
TO TOrJa OYIeT CO34aHO COOTBETCTBYIOIIEE KOMMUECTBO KOMIIOHEHTOB, 110
OOHOMY Ha KaxKIblii 3a1yck. [ToaTomy ciiegyeT MUCII0/b30BaTh IIpPeiCTaB-
neHue Tabauibl CSV TOMBKO A1 e IMHUYHOTO 3aIyCcKa MIN IJIsl MeToa
MonTe-Kapio ¢ MajibIM KOJIMYeCTBOM 3aIlyCKOB.

[Tomo6HO MOKa3aHHOMY Ha PUCYHKE [6.2], 17151 0TOOpaskeHMST TaBIIIbI
CSV Heo6xomyumMo BeIOpaTh 1yist mojist Tun pe3yismama 3HaueHue Table.

PucyHOK [6.7| 1T0Ka3bIBaeT, Kak Tadbnuiia CSV MokeT BbINISIAETh Ha ya-
rpamme.

Chemical Reaction

Browse the C5V data

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

00000

0,025;97,53099121 093?5,2,4352?4?395833335:U.DE{)?’3-'-1-U494F9'IEEE€:|
0,05;9512294246587967,4,756147043923061;0,12091049019726118
0,07500000000000001;92 77434865598224,6 958076033081796,0 267
0,1,80,48374183367055,9,048374032367139,0,4678841339623056
0,125;88 24968029512461;11,031211M02800931;0,7180986802074481
0,15000000000000002;86,07079768541755;12,910619437359285,1,018!
0,17500000000000002;83,94570212574838,14,690497626849885;1,36;
0,2;8187307536222343;16,374614799183934:1,752309838582634
0,225;79,85162193565436,;17 966614635684075,2,1817634286515553
0,25,77,8800783718541;19,470019268046443,2 649902 3600994525
0,275;75895721239192426;20,888233059194835;3 1545545488809
0,30000000000000004,74,08182214204078,22 22A546271727405,3 69
0,325,72,25273544225614,23 A82138B626861627,4,265125930882224
0,35000000000000003,;70,46880905384876,24,66408275725108,4,86.
0,375;68,72892796476157,25,77334755667811,5,497 724478560319
0,4:67,03200469268317,26,81280142961931,6,155193877697517
0.42500000000000004:65.37697860533603:27.785215443586143:6 .82

Puc. 6.7: Ilpumep Tabauibr CSV.
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6.6 IlocinemHue 3HaAaYEHUS

[IpencraBiieHe TToC/IeqHUX 3HaUeHui (aHen. Last Values) mpegHaszHaueHO
IJIST OTOOpaskeHMsI 3HAYeHUI PSA0B B KOHEUHOM TOUKe uMmuTtaun. Ecim
MCIToNb3yeTcst MeTon MoHTe-Kapio, To Torma 6ymeT co31aH0 COOTBETCTBY-
[olllee KOJIMYeCTBO KOMITOHEHTOB, 110 OHOMY Ha KaXK7bli1 3aIycK. [losTomy
CJlelyeT MUCIIO/Ib30BaTh MpeACcTaBIeHN e MOCAeJHUX 3HAUEHMI TObKO 15
eIVIHMYHOTrO 3aIlyCcKa Wi i1 metoga MoHTe-Kapiio ¢ manbiM KoJinye-
CTBOM 3aITyCKOB.

ITogo6HO 1MoKa3aHHOMY Ha pMcyHKe IJIST OTOOpaskeHMs MMOCeIHUX
3HAYeHMIi ITepeMeHHbIX He00X0IMMO BbIOpaTh AJIs mojist Tun pesynsmama
sHaueHue Last Values.

PycyHoK[6.8] moKka3pIBaeT, Kak COOTBETCTBYIOLINIA 37IeMEeHT MOXKeT BbI-
[JISIIETh Ha AuarpamMme.

Chemical Reaction
Diagram_1.A = 0,004539993127146832
Diagram_1.B = 0,045399930571383099
Diagram_1.C = 993,9500600763591

Puc. 6.8: IIpumep npencraBieHNs MOCAeIHMUX 3HAYE€HUA.

ITpu oTOOpaskeHUM CTATUCTUYECKMX TAaHHBIX 3TOT 3JIEMEHT TaKKe I0-
Ka3bIBaeT MMHMMAaJIbHOE ¥ MaKCHMMa/IbHOEe 3HAUeHMsI, TAK)Ke KaK cpeiHee
" OTKJIOHEHMe. Bosee TOro, 3TOT 3/IeMEHT CIoco6eH 0To6paskaTh Cpas3y Bce
CBOJICTBA BMeCTe JIJIs ouepeay, mpubopa 1 MHOTOKaHAIbHOTO YCTPOICTBA.

6.7 T'ucrorpamMma nocjegHUX 3HaUEHUM

[TpencraBieHMe IMCTOTPAMMbI ITOC/IeTHUX 3HaUeHMit (aHea. Last Value
Histogram) npegHasHaueHO 151 OTOOpaskeHMsI TMCTOTpaMMBblI 10 3Have-
HUSIM PSILOB B KOHEUHOM MOJe/IbHOM TOUKe IIPU UCIIOIb30BaHUN MeTona
MouTe-Kapio co MHOXeCTBOM 3aITyCKOB.
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[Tomo6HO MOKa3aHHOMY Ha PUCYHKe ILIST OTOGpaskeHMsI TUCTOTPaM-
MbI MIOC/IEIHMX 3HAYEHMIi [IepeMeHHbIX He00X0IMMO BbIOPATh JJIs MOJISI
Tun pesynemama 3Hauenne Last Value Histogram.

PyicyHOK [6.9) TOKa3bIBaeT, KaK COOTBETCTBYIOLIVII 37IeMEHT MOXKET BbI-
[JISIeTh Ha AuarpaMmMe.

Untitled

5

800

600

400

200

0

T T T T T I T T
4960 4980 5000 020 5040

M Line QueueCaptureCount

Puc. 6.9: [Ipumep rucTorpaMMbl OCTeAHUX 3HAYEHUIA.

6.8 Taoauna CSV nocjiemHux 3HaYEHUI

ITpu ucnionb3oBanum Mmetoma MonTe-Kapio npencrasnenne Tabnuiibi CSV
nocaeqHUX 3HaueHmnii (aHea. Last Value CSV Table) cobupaeT gaHHbie B
KOHEUYHBIX TOUYKaX MOJe/IMPOBaHMS. DTO IpeACcTaB/IeHNe IpegHa3sHaueHO
IIJISI OKCIOpTa AAHHBIX B Apyrye TIPUIOKEeHNUS MU [J1s1 3alMCU JaHHBIX B
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daiin. OTobpaskaeTcss KOMIIOHEHT TEKCTOBOTO 0JI0KA, OTKY/IA Bbl MOKETE
CKOMMPOBATh COOTBETCTBYIOIIME faHHbie CSV.

[Tomo6HO MOKa3aHHOMY Ha PUCYHKe IIJIS OTOOpaskKeHMSI TaOIUIIbI
CSV nociemHnx 3HaUE€HUI ITIepeMeHHbIX He00X0IVIMO BbIOPATD JJIST ITOJIS
Tun pe3ynsmama 3Hauenne Last Value Table.

PycyHok [6.10] moka3biBaeT, Kak COOTBETCTBYIOLINI 37IeMeHT MOKeT BbI-
IJISIAeTh Ha AuarpamMme.

Untitled

Browse the CS5V data

Run;Line_Queue.CaptureCount
0:4994
1;5000
2,5002
3;5008
4:4985
32,5008
5;4991
75013
8;4908
8;4989
10,4995
11,4896
12;49898
13,4997
14,5000
15,5019
174997

Puc. 6.10: ITpumep Tabnuiipl CSV nociegHUX 3HAUEHUIA.

6.9 CBoagHasg cTaTUCTHKA I10 NMOCJIETHMM 3Ha-
YeHUSIM

[Tpu ncnonb3oBanuu metoga MoHTe-Kapiio npeacraBieHre CBOLHOIM CTa-
TUCTUKU T10 TTIOC/IefHUM 3HaYeHusIM (aHes. Last Value Statistics Summary)
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coOupaeT JaHHbIe B KOHEUHBIX TOUYKAX MOJIeIMPOBAHMS, a 3aTeM IPeCTaB-
JISIeT pe3y/lbTaThl HA COOTBETCTBYIOIEM KOMIIOHEHTe.

[Togo6HO MoKa3aHHOMY Ha PUCYHKe 6.2} [AJ1s1 OTOOpaskeHMs CTaTUCTUKU
T10 TIOC/IeIHMM 3HAUeHMSIM ITlepeMeHHbIX He00X0qMMO BbIOPATh AJ1ST TTOJISI
Tun pe3ynsmama 3Hauenue Last Value Statistics.

PyicyHok[6.11] moka3biBaeT, Kak COOTBETCTBYIOLIVI 3/IeMEHT MOXKET BbI-

[JIIIeTh Ha AuarpaMmMe.

Graphs.Queue_Length
mean

deviation

Minimum

maximum

count

Graphs.Queue_Length_Stats
mean

deviation

Minimum

maximurm

count

is the statistics normalised?

Untitled

0,168999999999999596
0,3749394345485408
0

1

1000

DE/6680168267531
0,4122502542915388
0

3

100000

true

Puc. 6.11: [Ipmep CBOOHOM CTaTUCTUKU MOC/I€IHUX 3HAUEHUA.

EcTh OIMH TOHKMIT MOMEHT, CBSI3aHHBIN C OTOOpaskeHeM mapaMeTpa

count AJist CTaTUCTUKM, 3aBUCSIIEl OT BpeMeHU. [lepen cBoum oTo6paxe-
HMEeM BpeMeHHas CTaTUCTHKA IMpeoObpa3yeTcsl B ITIOXOKee MpeicTaBlIeHne,
HO Ha OCHOBe HaOJIOIeH M, TAe TapaMeTp count HauMHaeT MMOKa3bIBaTh
COBEpILIEHHO APpyroe 3HaueHue, TOraa Kak OCTaibHble ITapaMeTphbl OCTAI0T-
cs1 KOppeKkTHbIMU. B riporpamme «BusyanbHasiAiiBMKa» Takas mpeobpaso-
BaHHAas CTATUCTMKA HA3bIBACTCS HOPMANU308AHHOU. Tak UTO, 3TOT 37IeMeHT
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He TOKa3bIBaeT napamMeTp count IJisi BpeMEeHHO CTaTUCTUKU. B ocTasnb-
HbBIX CTy4dasix mapamMeTp count SIBsSIeTCs TeM, UeM OH U MpeAIioiaraeTcs
ObITb.

Hamnpumep, Ha YIIOMSIHYyTOM PUCYHKe 1300paskeHbI 1Ba 00bEKTA
CTaTUCTUUECKO cBOAKN. [lepBbIit 00BEKT — 3TO 0OBIUHAS CTATUCTMKA HA
OCHOBe HabJoIeHMi1. BTOpOIi ske 6JI0K COOTBETCTBYET IIPeobpa30BaHHOIM
BepCUM BPeMEHHOJ CTaTUCTUKH, TIe TapaMeTp Count CTaHOBUTCS Pe3yJib-
TaTOM HOpMaJu3alum.

31mech BaXHO OTMETUTD, YTO IonpaBKa beccesnss He mpuMeHsIeTCsl K
HOPMaJIM30BaHHOW BepCUU CTATUCTUKN.



I'masa 7

ITIOTOKM M HAKOIIUTE/IU

[TOTOKM ¥ HAKOIIUTEM HAXOISITCSI B CAMOM CepJlle CMCTEMHO TMHAMMUKMA.
OHM cBSI3aHbI C 0OBIKHOBEHHBIMM IUdbepeHIaTbHbIMM YPAaBHEHUSIMU,
HO B JIe/ICTBUTENbHOCTY OHU MOTYT IIPeJICTaB/ISITh COO0¥ GOoJbIlle CYIII-
HOCTelt, 4eM TOJIbKO MHTerpaibl. HakonuTenb MOKeT ObITh MHTErpaioM
WX KOHBeliepoM, Te MocaefHNIt B 4eM-TO MTOX0K Ha MHTerpai. [IoToku
SIBJISTIOTCST 3HAUEHMSIMM TTPOM3BOIHBIX JIJISI MHTerpasoB. OJHAKO eC/Iv Mbl
MCII0Tb3yeM KOHBeliep, TO TOrJa IMOTOKM MPeICTaBIISIIOT COO0it yKe COOT-
BETCTBYIOIIME 3HAUEHMSI MHTEHCUMBHOCTM, KOTOPbIE TaKKe MTOKa3bIBAIOT,
KaK 3HaueHMe KOHBeliepa MeHseTCs C TedeHeM MO/Ie/IbHOTO BpeMeH!.

Takum 06pa3om, HAKOIIUTENIb — 3TO HEKOTOpas abCTpaKLMS 1)k HEKO-
TOPOJi CyMMbI 37ieMeHTOB. [I0OTOK — 3T0 abCTpaKkius TOTO, KaK Takasi CcyMMa
MeHsIeTcs.

7.1 Haxkonurejab MHTErpaia

Ha camoMm pesie, MHTerpaibl MOTYT OBITh CO3/IaHbI C TOMOIIIbI0 PYHKIIMN
integ. Tem He MeHee, MHTErpal MOXKET OBITh TaKKe MpPeCTaB/IeH Ha IMa-
rpaMMe C IMOMOIIbIO JIeMEeHTa HaKOIIUTes, Ie 3HaUeHUS [IPOU3BOLHBIX
CTAHOBSTCS JIeMEeHTaMU [IOTOKA. 3HaUeHMe IBYHAIIPAaBJIE€HHOr0 MOTOKA
MOXXeT MMeTb JTII060Ji 3HaK, TOr[a KaK 3HaUeHMe OAHOHAIPABIEHHOIO I0-
TOKa BCerga HeoTpuuaTenabHO. [1010KUTeIbHbI IPUTOK (TTONOKUTEIbHBIN
BXOISIIMI [TIOTOK) YBeJIMUYMBAET 3HayeHe IIPOU3BOJHOM, TOTAa Kak I10-
JIOKUTEJIbHBIN OTTOK (TIOJIOKUTEIbHBIN UCXOOAIIMNI TOTOK) YMEHbIIIaeT.
Eciy 3HaK MOTOKa OTpUllaTeNbHbIN, TO TOraa 3GeKT MPOTUBOIIONIOKEH.

113



114 I'1aBa 7. IIOoTOKM M HAKOIIUTE/IHU

JuarpaMma BU3yaJIbHO MTOKa3bIBaEeT, IIPeACTaBIISIeT I 3HaUeHMe ITPOo-
M3BOJHO c060¥ MPUTOK MM OTTOK. OHA Takke MTOKAa3bIBAET, SIBJISIETCS
7 3HaUYeHMe MOTOKa OAHOHAMpaBjieHHbIM. COOTBETCTBYIOLIMIT 37IeMeHT
TOTOKA TOKa3bIBaeT HampaBiaeHue. ECiM HammpaBieHMe UIET B CTOPOHY
3JIeMeHTa HaKOIMUTeJsl, TO 3TO — MPUTOK. Ec/iu HarnpaBieHue uaeT OT Je-
MeHTa HaKOTIUTEJISI, TO 3TO — OTTOK. [IByHAIIpaB/IeHHbIN TIOTOK MMEEeT JBe
CTpeJIKM Ha CBOMX KOHIIAX, TOrJa KaK OJJTHOHAIIPAaB/IeHHbIN ITOTOK MMeeT
TOJIbKO OJTHY CTPEJIKY. B /1060M ciydae, BbI BCera MOKeTe OTKPBITh BRI/ -
Ky YpasHeHus pjisi TOTO, YTOObI TPOBEPUTD, UYTO AMarpaMma KOppeKkTHa.

31ech MbI BO3BpamaeMcst K Mozeny u3 rassl [2] CooTBeTCTBYIOIMAS
ouarpamMma rokasaHa Ha pucyHke|7.1

@ A Model 1 [thome/david/projects/VisualAivikasVisualaivikattests/models/ivl 1/ntegralArray.aivikal - VisualAivika

daian MNpaexa Bug AnmuTauma OxHO Cnpaeka
Bl ® =]
Mogens Stock
v Model § Om&ar® W AA
~  Stock

Cash

Interest_Rate Exponential Gro|

Net_Interest Met Interest (sl

~ Stock_Array 4
10000

Cash S

f

Interest_Rate ]
O so00 ]

M 1
Interest ]

Net_Interest Rate B

~ Intergal_Array 0 10 20

Cash

— Stock Cash

Interest_Rate

N [uarpamma

Puc. 7.1: Hakonuresib MHTErpajia Ha AuarpaMme.

MbI MO’KeM BUIETh, UTO IepeMeHHas Net Interest o6o3Havaer ofi-
HOHAaITpaBJIeHHbII IPUTOK 111 HakoruTensa Cash. ITocmenqHuit Ha caMoM
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meJie SIBJISIeTCSI MHTErpaioM, Kak MbI MOXKEM YBUIETH TI0 COOTBETCTBYIOIIM
yPaBHEHMSIM.

IIpumep
module Stock {

Cash = integ (Net_Interest, 1000);
Interest_Rate = 0.07;
Net_Interest = max (@, Cash * Interest_Rate);

¥ // Stock

7.2 MaccuB MHTeErpajioB

YToO6blI CO30aTh MAaCCUB MHTErPAJIOB, Mbl MOIJIM B Ie/iICTBUTE/IbHOCTY I1e-
pernycaTh Hallly ypaBHEHMS TaK, YTOObI MHTETPaJIbl ObLINM TIPeICTaBIeHbI
yepe3 TaK Ha3bIBaeMblil JOIIOJTHUTE/IbHbIN 3JIEMEeHT BMECTO HaKOITUTEIS.
OO61IMIiT CMHTAKCYC MacCHMBOB AOCTATOUHO I'MOKMiL. MbI MOKEM MCIIOIb30-
BaTh 9TOT CMHTAKCUC JIJIs1 OTIpeie/IeHNs MacCBa MHTErPajoB.

PricyHok|[7.2] oTOGpaskaeT COOTBETCTBYIOIIYIO JUarpaMMy.

CoOTBeTCTBYIOIIME YPaBHEHUSI MOTYT ObITDb ceAyomyMu. OHM UCTIONb-
3YIOT OOIIMI ¥ TOBOJIbHO-TaKM I'MOKMIA CMHTAKCHC MacCUBOB.

IIpumep
module Intergal_Array {

Cash = [ integ(Net_Interest[i], 1000) | i <- 1..N 7;
Interest_Rate = [ ©.07 + 1 ¥ 0.01 | 1 <- 1..N 7;
N = 3;
Net_Interest =
[ max(@, Cash[i] * Interest_Rate[i]) | i <- 1..N 7J;

} // Intergal_Array

CTOUT 3aMeTUTD, UTO MHIEKC MAaCCMBOB MOKET MMETh pa3Hble HA3BaHUS
B 9TUX ypaBHeHMsIX. Hampumep rje-To Mbl MOIJIM MCIIOIb30BaTh OYKBY j
BMeCTO OYKBbI 1. Takske MbI MOT/IV OTIPEIEIUTh OAVH U3 IMara30HOB KaK
(2-1)..(N-1+1) u Tomy nmogob6Hoe.

Vpes 3akia04yaeTcst B TOM, UTO 3arycaHHas popMa JOCTaTOUHO IrMoKa.
YpaBHeHMS He AO/KHBI ObITh ITOXOKM APYT Ha Apyra. ToJbKO pa3sMepHOCTb
MAaCCHUBOB JIOJKHA COOTBETCTBOBATb.



116 I'1aBa 7. IIOoTOKM M HAKOIIUTE/IHU

@ R Model 1 [thome/david/projects/VisualAivikasvisualAivikattests/modelsivl 1/ntegralArray.aivika] - VisualAivika
haian MNpaexa Bug Amurauma OxHo Cnpaeka
]! ® =
\B)
Maogens toch k Array Intergal Array
~ Model_l N Om&Ecr® W AR
~ Stock

[=!

Cash
Exponential Gro
Interest_Rate Net Interest Cash

Net_Interest /Q\ ;; 30000 E
~  Stock_Array ]

20000

Cash ]
10000
Interest_Rate d ]

\nlﬂ\est '
N Rate f T T
0 10 20
MNet_Interest t
~  Intergal_Array = Intergal_Array.Cash[1]
— Intergal_Array.Cash[2]
Cash — Intergal_Array. Cash[3]

Interest_Rate

Hwarpamma
N

Puc. 7.2: MaccuB MHTETrpaJioB, MpeaCcTaBJIeHHbIN Ha AuarpaMMe € IIOMOIIbIO
IOITIOTHUTEIbHOI'O 3JIeMeHTa.

7.3 MaccuB HaKonuTe/Ie MHTerpasia

MaccuB HakomuTeNeil MHTerpaaa — 3TO yKe coBceM Apyras ucropusi. CuH-
TAaKCMC MacCKBa yke He HaCTOIbKO TMOOK. VIHIeKe MaccuBa AO/IKEH ObITh
UIEHTUIHBIM, a AMAara30Hbl MAaCCUMBOB JOIKHBI OBITh ITPOCTHIMM.

ToT e MaccuB MHTerpaoB NoKa3aH Ha pucyHke 7.3 Tonbko ceifuac
VIHTETpaJl onpe/ie/ieH C IIOMOIIbIO 3IeMeHTa HaKOIUTeIsl.

OTU ypaBHEHMS TTOXOKM, HO OHM MCITOJIb3YIOT 0COOBIN MCKYCCTBEHHBIN
CUHTAKCUC, KOTOPbII MOKET HAaIlOMMHATh 00 oIepanusx ¢ MacCMBaMu B
Matlab, Octave 1 NumPy. Tak Ha3bIBaeMblIil JOIIOJTHUTEIbHbII 37IeMEHT
[I0Ka He MOoAAep>KMBaeT 3TOT CUHTAKCUC, HO 3TO MOXXeT M3MEHUThCS B

Oymyiem.
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@ A Model 1 [fhome/davidiprojects/VisualAivika/VisualAivikastests/modelsivl 1/IntegralArray.aivika] - Visualdivika
dain [Npaska Bwg, lAniTanmA OxHo Cnpaeka
4 )
ﬁ D El £ &) %
Monens tock Stock Array
~ Model 1 “ Om&r® W AR
~ Stock
o
Cash
Exponential Groj
Interest_Rate
Net Interest et
Net_Interest ]
30000
~  Stock_Array ]
\ 20000
Cash | ]
Interest_Rate Q\\(}/ 10000
Interest A
N S — T
Rate % 0 10 20
MNet_Interest t
~  Intergal_Array — Stock_Array.Cash[1]
— Stock_Array.Cash[2]
Cash — Stock_Array.Cash[3]
Interest_Rate
Nuarpamma
N Huarpamma

Puc. 7.3: MaccuB HakOMUTeJIeN MHTErpajaa Ha auarpaMme.

CooTBeTCTBYIOIIME YPABHEHMS IIPUBEIEHBI HIKE.
IIpumep
module Stock_Array {
Cash = integ (Net_Interest, [ 1000 | i <- 1..N ]);
Interest_Rate = [ 0.07 + 1 ¥ 0.01 | 1 <- 1..N 7;
N =3;

Net_Interest = max (@, [ Cash[i] * Interest_Rate[i] | i <- 1..N 7]);

} // Stock_Array

OTU ypaBHEHMUSI OTIpeIeIsIIoT Ty JKe MaTeMaTUKy, HO X (popma coBep-
meHHas MHast. O6paTMTe BHMMAaHME Ha TO, YTO MHIEKC MacCHBa UAEHTUUEH
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BO BCex ypaBHeHMsX. Takke Ayana3oH MacCuBa COCTOUT TOJIbKO U3 1eJIbIX
Yyyces U IepeMeHHbIX.

Yro KacaeTcs: pegakTopa ypaBHeHM1, TO COOTBETCTBYIOIIME YPaBHEHMS
IOJDKHBI cofepskaTh MaccuBbl. Harpumep, pucyHoK 7.4 mokasbiBaeT, Kak
MOKeT ObITb OIlpeIeIeHO HauaJIbHOe 3HaYeHMe HakonuTessi. HauanbHoe
3HAueHMe — 3TO MaCCUB, KaK ¥ MaCCHBOM SIBJISIETCSI 0a30BOe 3HAUEHMe IS
IOTOKAa. B 9TOM 1 3aKkjiouyaeTcst OCHOBHAs uiesl.

Pepaktop ypaeHeHWiA: Stock_Array.Cash

YpagHeHwe
Tvn HakonuTENA:
init (Cash) = init {...)
[1000]ie1.N]

Puc. 7.4: HauasnibHOe 3HaYeHMe MacCUBa HAKOMUTEJIe MHTerpaioB.

7.4 Haxkomnurejb KOHBeliepa

[Togo6HO MHTEerpasamM KOHBeiepbl MOTYT OBbITh OIIpe/ie/ieHbl C [TOMOIIbIO
COOBETCTBYIOIIEN (PYHKI[MM CONVEeYOT MPU UCTIOAb30BaHMM TaK Ha3bIBae-
MOTO JOTIOIHUTENbHOTO 3/IeMeHTa AuarpamMmMbl. OIHAKO CyIecTBYyeT 6osee
MIPOCTO¥ B UCTIONIb30BAHUY Y MHTYUTUBHBIN CIIOCO6, KOTJa KOHBENep 1 ero
MOTOKM MOTYT OBITh OTIpe/ieJieHbl Ha AMarpaMme ¢ TOMOIIbIO 3JIeMeHTOB
HAKOIIUTEJISI U IIOTOKA.

Cnenymommii puCyHOK IOKa3bIBaeT AMarpamMmmy AJisl IIPOCTOI MO-
JleJii C OHUM KOHBeiepoM, IBYMS IIPUTOKAMMU (BXOOSAIIMMM ITOTOKAMM)
U TpeMms OTTOKaMu (MCXOOSIIMMU IoTokamu). Ha camoMm feine, OTTOKU
CIeyaan3upoOBaHbl, 0 YeM MbI BCKOpPe TTOTOBOPUM.
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Simple Conveyor - VisualAivika

dain [Npaska Bwg, lAniTanmA OxHo Cnpaeka
4 = o
HFhH B B (&) o =l

Megent Conveyar

~ Simple_Conveyor O [ rxﬁn f ll;l |.~L/ |E‘ d’i‘

Capacity A

~  Conveyor
A

Capacity_A

Inflow_1 Inflow A
Inflow_2 @ g
)
l'.
©

Inflow_A

Leak_A

Outflow_A Inflow 1

Overflow_A

Outflow A

~  Conveyor_Array
A
Capacity_A

Lwarpamma
Inflow_1

Puc. 7.5: HakonuTenb KOHBelepa Ha JuarpaMme.

B HacTosi1iee BpeMs HaKOMUTEIb KOHBeepa BbINVISIAUT Ha AuarpamMmmMe
KaK HaKOMUTeIb MHTerpana. XOTs OHU AeiCTBUTEIbHO MOX0X!, BHEIIHU
BUJI MOXET B OyAyIieM U3MeHUThCS. VI MHTerpas, u KOHBeiiep — 3TO aKKy-
MYJISITOPbI, TIe UX ITOTOKM ITOKa3bIBalOT, HACKOJIBKO OBICTPO M3MEHSeTCSI
3HaUeHMe aKKyMYJISITOpa B TeUeHue MOZEe/IbHOTO BpeMEeHN.

[Ipexkne, yeM TepeiiTy K 60j1ee AeTaTbHOMY PAaCCMOTPEHMIO JIEMEHTOB
MOTOKA M HAKOIUTEJSI, CTOUT MOKAa3aTh COOTBETCTBYIOIIME YPABHEHMS.

IIpumep
module Conveyor {

conveyor A {

inflow of Inflow_1, Inflow_2;
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outflow of Outflow_A;
overflow of Overflow_A;
leakflow of Leak A;
init = 0;

}
Capacity_A = 50;

Inflow_1 =
if (time >= 0-dt/2) and (time <= 2+dt/2) then 25 else 0;

Inflow_2 =
if (time >= 1-dt/2) and (time <= 3+dt/2) then 20 else 9;

Inflow A = Inflow_1 + Inflow_2;

leakflow Leak_A from A {
decay_rate = 0.05;

}

outflow Outflow_A from A {
transit_time = 3;

b

overflow Overflow_A from A {
capacity = Capacity_A;

b

} // Conveyor

3nech ypaBHeHMS [J11 HAKOIIUTEISI U IOTOKOB AeKiapaTuBHbl. OHU I0-
BODSIT O TOM, UTO OHU OMPeNesstoT. 3aTeM 3TU YpaBHEHMS TPAHCIUPYIOTCS
B COOTBeTCTBYyIOIIMe DyHKUMM 13 pasgena5.23

HaxkonuTenp KOHBeliepa onpeesieT CBOe HauaJlbHOEe 3HAaUYeHMe U CO-
OTBETCTBYIOIIME TTOTOKK. OCHOBHOI OTTOK (outflow) orpenesnsieT Bpems
MPOXOXKIEHMSI, KOTOPOE BMSIET HA TO, KaK JOJIrO BXOAHbBIE JaHHbIE COLeP-
KaTCsl BO BHYTPEHHEN oyepeay KOHBeliepa. KoHBeliep MOXeT 1aBaTh T€Ub,
u ero Tok yreuku (leakflow) onpenensiercst coorBeTcTBYIOMINUM KO3 DPu-
uueHToMm. OTToK nepenonHeHusi (overflow) Bo3HMKaeT, Koraa KOHBeliep
MMeeT KOHEYHYI0 eMKOCTb. [I03ToMy mapaMeTpOM OTTOKA MepPernoHEeHMS
SIBJISIETCSI 3HAUEeHMEe eMKOCTU.

Hamnpumep, puCyHOK |/.6/TOKa3bIBaeT, YTO Mbl MOKEM OIIPeLeIUTb eM-
KOCTb KOHBeJiepa MMpu pefakKTUPOBaHNUM YPaBHEHMS [OJ1s1 OTTOKA Iepernon-
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HeHus (overflow).

PepakTop ypaeHeHWA: Conveyor.Overflow_A
YpasHexne
Hanpaenexswe NoToxa: biflow ~~ | Cneuywanuiauma: overflow -~
capacity = ...
Capacity_4

Puc. 7.6: EMKOCTb HaKOIMTeJISl KOHBelepa.

YTo KacaeTcs caMuxX ypaBHEHU, TO MbI CO3[1aeM BXOISLINUIA [IOTOK, TIe
IepernojiHeHe BO3HMKAeT I10Cjie 3HaUeHUsI MOOe/LHOTO BpeMeHu 1, 25.
Taxoke Mbl BUAMM Ha pUCYHKe [7.7), 4TO OCHOBHOJ OTTOK MIMeeT B TOYHOCTH
Ty 3aJ€PKKY, YTO MbI 3a4a/I B YPaBHEHUIX. TOK yT€UKM CPaBHUTEIbHO
maJi. YacTb BXOOHBIX JAHHBIX TePSeTCs Py INeperoHeH, U3-3a Yero
dbopma OCHOBHOTO OTTOKA OT/IMYAETCSI OT (POPMbI BXOAHBIX JaHHBIX.

BakHO 3amMeTUTh, UTO (popMa 3HAUEHMII KOHBeliepa 1 ero IMOTOKOB
Ha rpaduKe TOBOJIbHO CTAOMIbHA OTHOCUTEIHHO HEOOMbIINX M3MEHEH U
rapaMeTpa Iara BpeMeHU MHTerpupoBaHus dt. 3TO CBSI3aHO C TeM, UYTO
TIOTOKY SIBJISIIOTCSI 3HAUYEHMUSIMM MHTEHCYMBHOCTH ITOL00HO IMTPOU3BOAHBIM
IJ19 MHTerpaa.

7.5 MaccuB HaKkonuTe/1ei KoHBeliepa

Kaxk u ripeskzie, Mbl MOIJIM ObI OTIpeIe/IUTh MacCUBbI KOHBEEPOB C IIOMO-
IIbI0 CMHTAKCMCA MAaCCUBOB M BCTPOEHHO QyHKIMM conveyor. OmHaKo
3eCh Mbl pacIIMPUM ITPeAbIAYIITYI0 MOe/Ib TaK, YTO 3JIeMeHT HaKOIuTe-
71 6yIeT yKa3bIBaTh ykKe Ha MacCUMB KOHBelepoB. [IuarpaMmma ocTaeTcs B
TOYHOCTY TaKOJ 3ke, KaKoii OHa OblyIa TOKa3aHa Ha PUCYHKe MpbI Me-
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Conveyor and its Flows

T
A

I:l T I‘I I
2 = 6 8 10

40

20

— Conveyorlnflow_A

— ConveyorA

— Conveyor.Overflow_A
Conveyor.Leak_A
Coarnveyor.Outflow_A

Puc. 7.7: 3HaueHMs KOHBelepa 1 ero roTOKOB.

HSEM TOJIBKO YPaBHEHMS. BmecTto CKaJIAPHBIX 3HAUeHU I MbI oripenesdaemM
MaCCHBbLI B peaaKTope ypaBHeHMﬁ 14 COOTBETCTBYKOIINX ITapaMeETPOB.

ITpumep
module Conveyor_Array {
conveyor A {

inflow of Inflow_1, Inflow_2;
outflow of Outflow_A;
overflow of Overflow_A;
leakflow of Leak_A;
init=[0 | i<-1..317;

3

Capacity A = [ 50 + 3*(1 - 1) | 1 <-1..3 7;
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Inflow_1 =
[ 1f (time >= 0-dt/2) and (time <= 2+dt/2)
then 25 else @ | 1 <- 1..3 7;

Inflow_2 =
[ if (time >= 1-dt/2) and (time <= 3+dt/2)
then 20 else 0 | i <- 1..3 7;

Inflow A = [ Inflow _1[i] + Inflow 2[i] | i <- 1..3 7;

leakflow Leak_A from A {
decay_rate = [ ©0.05 | 1 <- 1..3 7;
3

outflow Outflow_A from A {
transit_time = [ 3 | i <- 1..3 7;

b

overflow Overflow_A from A {
capacity = [ Capacity A[i] | 1 <- 1..3 7;
3

} // Conveyor_Array

3oech Mbl U3MEHWIU TOJILKO 3HaUeHus1 eMKocTeil. Kak pesyibrar, u3-
MEHWJIMCh U 3HAaUeHMSI KOHBEepOoB, COOTBETCTBEHHO, KaK ITOKa3aHO Ha

pUCYHKe
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Conveyor Values

= Conveyor_Array.Al1]
— Corveyor_Array.Al2]
— Corveyor_Array.A[3]

Puc. 7.8: 3HaueHMs MaccuBa KOHBEEPOB.
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YacTuuHoe MoaeapoBaHue

YacTuuHOe MOieTMpoBaHMe Moie3HO, KOra Mbl COOMpaeMcsi CO3/1aTh CIOXK-
HYIO MMUTAIMOHHYIO MOJIe/b M3 MaJIeHbKMX YacTelt U 1ar 3a marom. Mbl
MOSKEM OITPeNeIUTb TOJIbKO MaJIEHbKYIO YaCTh 117107 MOZE/N, TAe TOJb-
KO 9Ta 4acTb OyJeT MCIT0b30BaHa IS UMUTALIMM, Y TOJIBKO OHA OymeT
MIPOBEPSTCS HA KOPPEKTHOCT.

Jl71s1 oTipeiesieHMsI HOBOJ TTOMI-MOIe/IM MbI JOJIKHBI 3a1aTh €€ U 3aTeM
BBIOpATh U3 IMTABHOT'O MEHIO, KaK MTOKa3aHO HA PUCYHKe

31ech IMyHKT MeHI0 Bcst Modesib TOBOPUT O TOM, UTO BCSI MOZI€JTb paccMar-
pUBAETCS AJISI UMUTALIMU. DTO PEXXUM 10 yModaHuio. OgHAKO eC/iv Mbl
BbIOEPEM ITOJI-MO/Ie/Ib, TO TOT/IA TOJIbKO Ta YaCTh OyeT pacCMaTPUBATHCS.

CoOTBeTCTBYIOIIME YPaBHEHMSI OKPACSITCSI B CBETIO-CEPbIii, eC/ OHU
He UCIOoNb3YIoTcs. TeM He MeHee, eCJIM Ha ypaBHEHMe BCe JKe CChUIAIOTCS,
HO OHO CaMO He BK/IIOYEHO B 3aJJaHHYIO MOJi-MOJIe/ib, TO TOT/AA TOJbKO
HavyaJbHOE 3HaUeH)e COOTBETCTBYIOIEl TIepeMeHHO UCIToNb3yeTcsl. LiBeT
TAKOTO YpaBHEHMS OyZIeT ITPOCTO CEPhIM.

1o paboTaeT Giaromapsi TOMY, YTO OOJIBIITYI0 YaCTh MOJEIN MOXKXHO
OTCeub, €C/TU UCIT0Ib30BaTh TOJbKO HauaJbHbIe 3HAUEHMST HEKOTOPBIX ITe-
peMeHHbBIX. Bojsiee TOro, HeKOTOpbie TTepeMeHHbIe MOTYT ObITh Jaxke He
oTIpe/iesieHbl.

YTo KacaeTcss caMOro pelakTopa Ioji-MogeJieii, TO OHO TTOKa3aHo Ha

pUCYHKe
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Mogens 1

drann [paeka Bug, NrauTawma OxHo Cnpaeka

Ij— D E Dﬂ YacTuuHoe MOoOenupoeaHue > - Bca mogents

MNapamMeTpsl MOSEMNMPOBaHWUA...
Mogene v SubModel 1

3anycTiTh
~  Mogene_l PepakTupoeate Nog-Mogeni...
TAHOBWTL

Description
3KCNOPTUPOBATE Kak npunoxeHre NET...
PTVPR P time == building_time then production_capacit

~  Model

Accounts_Receivable

Awaiting_Billing = integ (production_value - billings, production_value
available_capacity

billing_processing_time = randomParam(0.03, 0.05);
average_payable_delay

billings = Awaiting_Billing / billing_processing_time;

Awaiting_Billing
billing_processing_time
billings building_time = randomParam(0.8, 1.2);
Book_Value

borrowing

building_time

cache_receipts

D Owarpamma YpasHesus
ebt

Puc. 8.1: MeH10 1151 4aCTUYHOT'O MOAEJIUMPOBAHMUSI.



MNog-mopenu:
Sub_Model_1 e
Beepx
Yoanuts
NobaenTh
OK  OtmeHa  [lpreHnTe

Pepaktop nog-mogenei

[MapameTpel No4-modenu

HazsaHwe:

OI'IDGJJ,GFIEHME:
~ [ monens

C] Description
~ [ Model

C] Accounts_Receivable
D available_capacity
E] average_payable_delay
Awaiting_Billing

D billing_processing_time

billings

127

Puc. 8.2: Penakrop nona-mopesnein 1y 4aCTUUHOTO MOAEJIMPOBaHMS.
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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 me IOIOJHMUTEIbHOM MH(GOpMAaIUA.

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.

129
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3aTeM Bbl 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.
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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,
4TO GBUIO OIMCAHO B I71aBe 9

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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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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