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Ilepeuyenn coxkpaneHuii 1 0003HAYEHUI

OOII — 00BeKTHO-OPUEHTUPOBAHHOE MPOTPAMMHUPOBAHHUE

[I9BM — nepcoHanbHast 3JIEKTPOHHO-BBIUNACIUTEIbHAS MallIHA

CMO — ceTb MaccoBOro 00CTyKUBaHHUS

OBM — 351eKTpOHHO-BBIYUCIUTENIbHAS MAILIMHA

GUI (Graphical User Interface) — rpadudeckuii mop30BaTeIbCKUI HHTEPPELC

OS (Operating System) — oneparroHHas CuCTeMa

UML (Unified Modeling Language) — yauduiupoBaH si36IK MOJICITUPOBAHUS
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BBenenune

CoBpemMeHHbIE MH(OPMALMOHHBIE CHUCTEMBI M CETH KOMMYHMKAIUH
CTPEMUTENBHO Pa3BUBAIOTCS, YTO MPUBOAUT K POCTY 00BEMOB 00pabaThIBAEMBIX
3asIBOK M YCJIO)KHEHHIO CTPYKTYPBI cUCcTeM MaccoBoro oociyxxuanus (CMO).

Cerp MaccoBoro oOCIyKMBaHUS MPEJICTABISIET COOONM COBOKYIHOCTH
KoHe4YHOTro yrciaa N oOcmyxuBaronmx y3ioB [1]. DddekruBHOE MOmenupoBaHue
U aHajJM3 TaKUX CHCTEM SIBISIETCA BAKHOW 3ajaueil Ui ONTUMHU3ALUUA PabOTHI
CEpBEPOB, CETEBBIX YCTPOMCTB, CIYyXO MOANEPKKHM U APYrux oOrnactel, rue
TpeOyeTCsl yIpaBJICHHUE IOTOKAMU 3asIBOK U OUEPEASIMHU.

AKTYaJIbHOCTh TEMbI 00YCIIOBJIEHa HEOOXOAUMOCTBIO CO37aHusl YAOOHBIX U
HaIVIHBIX HMHCTPYMEHTOB JUIsI TIOCTPOCHMS, MOJEIUPOBAHUS M pacuéra
[IapaMETPOB  CTOXAaCTUYECKUX CETEeH, KOTOpbIE IO3BOJAT HH)KEHEpaM W
IpPOrpaMMHUCTaMU OBICTPO OLIEHHWBATh XAapAKTEPUCTHUKU CHCTEM W NPUHUMATH
peuIeHus 0 UX ONTUMU3ALUN.

[lens paboTel — pa3paboTaTh mporpamMmy JUisi pacué€ra OCHOBHBIX
XapaKTEPUCTUK CTOXACTUYECKUX CETEeH MaccOBOro OOCITYyKMBaHUS, MO3BOJISIOLIEE
MOJIEJIMPOBATh MPOIECCHl  OOCITY)KMBaHUS M  aHAJU3UPOBAaTh  IOKA3aTEIH
3 ()EKTUBHOCTH CUCTEMBI, TAKME KaK YMCIIO 3a4BOK B OYEPESX, YUCIO 3asBOK B
CEeTH, BpEMsI OXKUJAHUS B OUEpeIsiX, BpeMs IPeObIBaHUS 3asBKHU B CETH.

B pamkax pabGoTbl HEOOXOAMMO peaIu30BaTh MPOrpaMMy IOCTPOEHUS U
penaktupoBanusa cered CMO, anroputmbl pacdyéra KIIOUYEBBIX XapaKTEPHUCTHK
CHUCTEM, a TaKXke O00eClneYuTh BO3MOXKHOCTh PENAaKTHPOBAHHUS U COXpaHEHHUE
nanubiX B popmate JSON.

Ha ceronHsmHuii eHb CyIIECTBYET MHOXECTBO Pa3pabOTOK M IMporpamm
s adanuza CMO, oaHako MHOTHE U3 HUX JHOO OpPHUEHTUPOBAaHBI Ha
y3KOHAIpaBJIEHHbIE 3a7aud, JJUOO MUMEIOT CIO0XHBIA MHTEpPEic, Tubo SBIAIOTCS
KOMMEPUYECKUMHU MPOAYKTaMH 0€3 MOIEPKKU KpOCCIIaT(HOPMEHHOCTH.

C uenpro 3aKpbITHS 3TOM MO3MIMU HA HUILE IPOrPAMMHOrO OOecredeHus

OBLJIO MPUHSATO pelIeHue pa3padboTaTh COOCTBEHHOE MPUIIOKEHUE.
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1 IlporpaMmMma pac4éra XapaKTePUCTHK CTOXACTUYECKHUX ceTeH

MAaCCOBOI0 00CIayKMBAHUS

1.1 Ananu3 npeaMeTHOH 00J1aCTH

CucremMbl MaccoOBOr0 OOCITYKHUBaHUS HIUPOKO MPUMEHSIOTCS B Pa3IUUHbIX
00JaCTsIX — OT KOMIBIOTEPHBIX CETEH J0 JIOTUCTUKU U CEPBUCHBIX LIEHTPOB. OHU
MO3BOJISIIOT MOJEIUPOBATH IPOLECCHl MOCTYIUIEHHS 3aABOK, MX OOpabOTKH H
OXKMJaHU B  O4YepelsdX, 4YTO  MOXKHO  HCIIOJIB30BaTh  JUII  OLEHKH
IPOU3BOJMTEIIBHOCTY M KadecTBa OOCHyXMBaHUsA. B COBpeMEHHOM Mupe
3¢(dexTuBHOE yIpaBiIeHUE MOTOKAMH 3asBOK M ONTHMHU3ALUsl PECYPCOB
CTAHOBUTCSL KPUTHUYECKHM BaXXHBIM JJIs oOecriedeHusl CcTaOuIbHOW paboThl
CEPBHUCOB U YIYUYIIEHUS MOJIb30BATEIHCKOTO OIbITA.

Croxactuueckue CMO mnpenctaBisioT coboi  0000HIEHHYIO MOJEIb,
BKJIFOYAIONIYI0 HECKOJBKO CBSI3aHHBIX MeXAay coboit CMO, 4ro mo3Boiser
aHAJIM3UPOBATh CJIOXKHBIE CUCTEMbI C pPA3IMYHBIMM BapHalUsMU IapaMeTPOB.
Takne mMoJenu MoMOrarT NPOrHO3UPOBATH MOBEACHUE CUCTEMBI IPH M3MEHEHHUU
Harpy3kd, KOH(QUIypauuud WJIH TNapaMeTpoB OOCITYKMBaHUS, YTO BaXHO I
MPUHATHUS YIIPABICHYECKUX PEIICHUN.

Ha ceropssiimHuil AeHb CyIIECTBYET MHOXECTBO pa3pabOTOK M MpOrpamm
s aHanmuza CMO, oagHako MHOrME€ W3 HHUX JMOO OpPHEHTHPOBAaHbI Ha
y3KOHAIMpPaBJICHHbIE 3a7[a4M, JTUOO0 UMEIOT CIOXKHBIN HHTEep(deiic, 3aTpyaHIIOMUN
BU3YallM3allMI0 W HACTPOWKY MOJENeid, JuO0 SBISIOTCI KOMMEPYECKUMHU
MPOIYyKTaMHU 0€3 MOANEPKKUA KPOCCIIaTPOPMEHHOCTH.

C uenbio 3aKpbITUS 3TOM MO3MIMK HAa HULIE NMPOTPAMMHOIO OOeCHedeHHUs
ObLJI0O TPHUHATO pelIeHHe pa3zpaboTaTh COOCTBEHHOE KpocciaaThOpMEHHOE
OpUJIOKEHHE C TpadUUYecKUM pEeAakKTOPOM U HMHTYUTUBHO  MOHSATHBIM
untepdericom. Takoe mnpunoxkeHue, OyAydn OeCIIATHBIM K HCIIOJIb30BAHHUIO,

OyJeT BBITOJHO BBHIMTPHIBATH Y KOHKYPEHTOB.
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1.1.1 OG30p aHanmOroB

Bmecte ¢ pasButHeM HMH(POPMAIMOHHBIX TEXHOJIOTHH, DPa3BUBAINCH U
MAaTEMATHYECKUE METOJAbI pacy€Ta CTOXACTHYECKUX Lened. Ha maHHBIT MOMEHT
CYLIECTBYET OTPOMHOE KOJIMYECTBO MPOrpaMM, MO3BOJIIOIIUX MOJIb30BATEIIO
paccuMTbiBaTh camble cioxkHble CMO. B paHHOM paszgene Mbl paccMOTPUM
HECKOJIbKO U3 3TUX MPOTrPaMM U JETAIbHO MPOAHATUZUPYEM UX (PYHKITMOHAIL.

Haunem ¢ manbosnee nmomyisspHbIX HpuiaoxkeHuii: Arena u AnyLogic. Arena
MPEOCTAaBISICT PA3IMYHBIE CPENCTBA MJIi MOJCIUPOBAHUSI CETEW, TaKue Kak
MOJJIEPKKA CETe MacCOBOTO OOCIYy>KMBaHUS, YIOOHBIM TpadUyecKuil pemaaxkTop,
uHTerpanus ¢ Tabiumamm  EXcel, wmuTanmonHoe MoneIMpoBaHWE, aHAIH3
MIPOU3BOJIUTEIIBHOCTH, BU3yalu3auus pacu€roB. OpgHAaKo, U3 MHUHYCOB CTOUT
OTMETUTh €€ KOMMEpPUYECKYI0 JulleH3ui0. Anylogic oTiau4aercsi TMOKOCThIO U
BO3MOXXHOCTBIO MOJICTUPOBATh THOPUIHBIC CHUCTEMBI, COYETasi AarceHTHOE |
COOBITUITHOE MOJIEIMPOBAHUE, YTO TOJIE3HO IS CHUCTEM C MHO>KECTBEHHBIMU
MOTOKaMHM 3asiBOK.

Cpenu OTKpBITBIX penieHui Beiaensercs SimPy — Oubnuoteka Ha Python
JUIL  MOJCIIUPOBAaHMS  JHUCKPETHBIX  coObITMM, Bkmroyas CMO. SimPy
OPUEHTUPOBAH Ha MPOTPaMMUPOBAHUE MOJECJICH U MOJXOAUT ISl TTOJIh30BaTENIEH,
KOM(OpPTHO padoTaroONMX C KOJOM, OJIHAKO HE MMEET BU3YaJIbHOTO PElaKkTopa u
TpeOyeT CaMOCTOSTENLHOM peanu3ainuu uaTepdeiica.

Hpyrum npumepom saBisiercss OMNeT++ — mnatrdopMa ¢ OTKPBITHIM
HCXOJHBIM KOJOM JJIi MOJICIUPOBAHUSI CETEBBIX M PACHPEACIEHHBIX CHUCTEM,
BKJIIOUAIOIIAas MOJYJHM s MaccoBoro oociyxuBaHus. OMNeT++ mnpennaraer
MOIITHBIE CPEACTBA BU3yaIM3allMU U PACHIUPSIEMOCTb, HO TpeOYyeT 3HAYUTEIbHOTO
BPEMEHU Ha OCBOCHUE.

CyliecTBYIOT U CHEIUaIu3UpOBaHHBIE MHCTPYMEHTHI, Hampumep, QtsPlus,
OpPUCHTUPOBAHHBIE Ha AaHaJIU3 KOHKPETHBIX KJIACCOB CETEM MacCOBOIO

00CITy>KMBaHUS C yIOOHBIM IpauIeCKUM
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HHTCp(i)efICOM N BO3MOXHOCTBIO OJKCIIOpPTa HOAHHBIX B CTAHAAPTHBIX

dbopmarax.

Onnako OOJBIIMHCTBO CYIIECTBYIONIUX PEHICHUH JHMOO CJIOXKHBI B
OCBOEHUH, TUOO SABJISAIOTCS KOMMEPUYECKUMU IPOAYKTAMH.

Takum o00pazom, pa3paboTka KIUEHTCKOTO TMPUIIOKEHUS C TOHSATHBIM
rpaguyeckuM UHTEpHENCOM M MOJAECPKKON BU3YyaIbHOTO MOCTPOEHUS MOJENeH
IIO3BOJIUT 3aII0JIHATH CYIIECTBYIOIIYIO HUIIY.

CpaBHeHrE BO3MOKHOCTEM PELICHWM pPa3HbIX KOMIAHWW ITPEICTABIICHA B

tabmure 1.1.

Tabnuua 1.1 — CpaBHEeHUE pa3IMYHBIX PEUICHUN Pa3HBIX KOMITaHUN

Hazpanne = Tun nunensun Nutepdeiic Busyanbnoe [Tnardopma
MOJICTTUPOBAHKE
Arena Kommepueckas = ['paduyeckuii Ha Windows
AnyLogic Kommepueckas | I'padudeckuii Ha Windows/
Linux
SimPy OTkpbITas Kon Her Windows/
Linux
OMNeT++ OTkpbITast CMeniaHHbBIH Yactuaao Windows/
Linux
QtsPlus  Kommepueckas = I'padpuueckmuii Ha Windows

1.1.2 Ananmu3 TpeboBaHu# K pa3paboTke

Cozmanume Open Source permieHUss HaMpaBiIeHO Ha MPEIOCTABIICHHUE
MIUPOKOMY KPYry TOJb30BaTelied BO3MOXHOCTH J(PGEKTHBHO CO3/1aBaTh,
BU3YalIM3UPOBATh W PACCUUTHIBATH XAPAKTEPUCTHKU CETEH C pa3IuYHBIMH

napameTpamH.
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OTKpBITBIA UCXOJHBIN KO 00€CTIeUUT MPO3PAYHOCTh AITOPUTMOB, MO3BOJIUT
MOJIB30BATEISIM  IANTHPOBATh W PACHIMPATH (PYHKIIMOHAIBHOCTH TI0J] CBOM
0coObIe 33/1a4H, a pa3pabOTYNKaM — COBMECTHO yIy4IIaTh MPOU3BOIUTEIBHOCTD
Y TOYHOCTh PacU€TOB.

[Iporpamma momKHA IPEAOCTABIIATh Tpadudeckuii nHTEephenc, MO3BOJISIOIIHIA
co37aBaTh M PEAAKTUPOBATH CTPYKTYPY CeTU (y3Jbl U CBSI3H C BEPOSITHOCTAMHU
nepexooB), 3afaBath napamerpsl CMO (BpeMs 0OCITyXKUBaHHUSI, YACIO KAHAJIOB,
pasMep odYepeau W TPHOPUTETHI), BBIMIOJHATH PACUET XAPAKTEPUCTUK CETH C
y4€TOM pa3IMYHBIX BAPUAHTOB MMAPAMETPOB, BU3YaTU3UPOBATH PE3YIbTaThl B BUJIE
rpauKOB U TaOJIULI, COXPAHATh U 3arpy»KaTh IPOEKTHI ISl TajJbHENUIIEH paOoThl.

B xauecTBe OCHOBBI JJI peanu3aiuu BbIOpaH s3bIK nmporpammupoBanust C++ c
ucrois3oBanueM Ouommorekn GTK mgis  co3ganus  kpoccriaT@opMEeHHOTo
rpadgudeckoro nHTEpdeiica 1 COXpaHSHHS TaHHBIX.

JIJist ycrienHoM peann3alyy MOCTaBIeHbI CIASAYIONINE 3a/1a4u:

- A3y4YUTh OCHOBHBIE MOJEJIM U AJITOPUTMBI pacyéra xapakrepuctuk CMO,
BKiouast mogaean M/M/m, M/M/1, M/M/m/K [2];

- pazpabortate ynoOHbii GUI ama co3maHusi U pelakTHPOBAHUA CETH U
napametrpoB CMO;

- peanu30BaTh BBIYMCIUTENBHBIE MOIYJIM JIJIi pacuéra MmapamMeTpoB CETH C
BO3MOKHOCTBIO BAPbUPOBAHUS BXOIHBIX JIAHHBIX T10 ITUKIIAM;

- 00eCIeunTh COXpaHEHUE U 3arpy3Ky MPOCKTOB B YI00HOM (hopmare;

- peann30BaTh BU3YyaU3AINIO PE3YJIbTaTOB PACUETOB;

- IPOBECTH TECTHPOBAHUE MTPOTPAMMBI.

1.1.3 BeIOOp apXUTEKTYpbI PUIOKEHUS

Pa3paboTka mnpunoxkenust st pacdera xapakrepuctuk CMO  TpeOyet
cOOJIIOICHUST  CIAEAYIONUX TpeOOBaHUI: MPOU3BOJUTEIBHOCTh, HWHTYUTHUBHO-
MOHATHBIM MHTEp(eEiic, kpoccrmnaThopMeHHOCTh s paboTel Ha OS windows u

Linux.
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TakuMm 00pa3oM MOKHO TPUHTH K BBIBOAY, YTO OINTHUMAJbHBII BapuaHT -
MOJIyJIbHAs apXuTeKkTypa [3].

[IpuHIMOMATBEHO BAXKHO, YTOOBI HAOOP MOAYJIEH BKJItOUAJl B c€0sl CIIENYIOIIHE:

- MOJIEJIbHBIN MOJYJIb;

- MOJ1yJIb IPUEMBI U TIPOBEPKU MApaMETPOB,;

- BBIYHMCIIUTEIIbHBIN MOYJIb;

- MOZ1yJIb BBIBOJIA JUArpamMM;

- MOJIb30BATENbCKUN HHTEp(DEIiC.

Takum oOpa3zoMm, MPOEKT OYyJET MPEACTaBIATh COOON HECKOJBKO pa3eiabHO
COXpPaHEHHBIX (DailJIoB MPOEKTA, COSAUHSAIONIUXCS B €AUHBIN MPOEKT. TeM cambiM
KpaTHO oOOecrneuynBaeTcsl MOHATHOCTh M YUCTOTa KOJa, OOJIer4aeTcss €ro
pEOaKTUpPOBAaHME M M3MEHEHHE, a TaKXKe YIOPOCTUTCS PEOAKTUPOBAHUE U
nobaBieHre (PyHKIIMOHANA.

Ha pucysnke 1 npeactaBieHa apXuTeKTypa MPUIOKEHUS.
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MNonb30BaTENLCKMA Mogynb BEOAA
WHTEpPDERC [AHHBIX

!

MOAYMb NOCTPOEHMA
MOOENM

BLIYMCIIMTENBHBIA
MOogynb

Mogynb
BU3YTH3aLNH

Pucynok 1 — ApxuTekTypa mpuiIoKeHHs

1.1.4 Be160p s13bIKa IPOrpaMMUPOBAHUS

B coBpemMeHHOM MHpe CYyIIECTBYET MHOXKECTBO SI3bIKOB IIPOrpaMMUPOBAHUSL.
[Tpu BBIOOpE sA3BIKA 1JIsi pa3pabOTKU MporpamMMbl pacdeTa xapakrepuctuk CMO
cleayeT yIeIuTh BHUMAHUE TaKUM MapamMeTpaM Kak OBICTPOJCHCTBUE,
JTOCTYITHOCTh ¥ pa3HOo00pa3ue OMOIHOTEK.

Python — wuHTEepnpeTUpyeMblii S3BIK MPOTPAMMHPOBAHUS C TPOCTHIM
CUHTaKcHCcOM. Python wuMeeT MHOXXeCTBO OHOJHOTEK, KOTOPBIC YIIPOIIAIOT
pa3pabOTKy CIIOKHBIX BBIYUCIUTEIBHBIX CHCTEM C OOJBIIUM KOJIWYECTBOM
naHHbIX. [TOCKOJIBKY OH SBIISIETCS WHTEPHPETHUPYEMBIM SI3BIKOM, €r0 CKOPOCTh
O’KHMJIA€MO YCTYyNaeT KOMIWIMPYEMbBIM, YTO 3HAYUT, UTO OH HE ABJISETCA JTy4IIUM
BBIOOPOM JIJ1s1 TIOCTABJICHHOM 3a/1a4H.

C++ — rkomMmuwiupyembii  s3bIK. JlocTaTrouyHO  OBICTPBIA  SI3BIK
MPOTPAMMHUPOBAHMS € TOJJEPKKOM KpoccratrdopMmeHHoctu. OmHako OH
JIOBOJILHO CJIOKEH B YCBOCHUHU M pa3pabOTKa Ha HEM TpeOyeT JAOMOJHUTEIBHOTO
00y4YCeHHS U HABBIKOB MPOrpaMMupoBanus [4].

C# — KOMIIUIMPYEMbIN SA3bIK, IPeIarauil pa3sHooOpa3HbIe
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UHCTPYMEHTHI AJi pa3paboTku mporpamm. XoTs oH ycrynaer C++ B CKOpOCTH, OH
ropaszio ynoonee. OgHaxko ajig naHHoM 3aaaun C# He Tak XOpOoll, TOCKOJIbKY Y HETO
HET OOJIBIIOTO KOJIMYECTBA OUOIMOTEK, KOTOPhIE MOIJIM Obl TOMOYbB ISl peau3aliuu
NOCTAaBICHHOW  3agaud, a Takke y  HEro BechMa  OrpaHUYCHHAs
KpOCCIUIaT(POPMEHHOCTb.

Java  mpexncraBiser  coOOW  OJAHOBPEMEHHO  KOMIWJIMPYEMBIA |
HMHTEPIPETUPYEMBIH A3BIK IPOrpPaMMHUPOBAHUS. [TonnepxuBaet
KpOCCIIaTPOPMEHHOCTh U UMEET OO0JIBILIOE KOJIMYECTBO pa3auyuHbIX 6ubinotek. Ho
ABIISIETCS JAJIEKO HE CaMbIM OBICTPBIM SI3BIKOM, a IMOTOMY HE TMOIXOAMT IS
pEILIECHNUs TOCTABJICHHON 3a/1a4H.

Go (Golang) sBisieTcsi KOMIWIMPYEMBIM SI3BIKOM, paspaboTanubiii Google.
JIOBOJIbHO MOJIOJION SI3bIK, @ TIOTOMY HE UMEET OOJIBIIOr0 KOJUYECTBa OMOIMOTEK U
UMEET MPOOIEMBI C KPOCCIUIAT(HOPMEHHOCTBIO.

Takum o6pazom, C++ mmeanbHO MOIXOIUT TSl MOCTABJICHHOW 3alayMl M3-3a
BBICOKOM MPOM3BOAUTEIBLHOCTHU U MOAEPKKU KPOCCIIaTGPOPMEHHOCTH.

1.15 Beibop Oubnmorexku i pa3paboTKH  KpoccriaThOpMEHHOTO

MIPUIIOKECHHUS

KpoccmnaTdopmenHoCTh Beeraa Oblia MPEMMYIIETCBOM MPUIIOKEHHUS], 110 ITON
MPUYMHE CYIIECTBYET MHOMXECTBO OHMOJMOTEK, TMO3BOJAIONIMX peaIn30BaTh
KpOCCIUTaTPOPMEHHOCTh, camble momyisipHble U3 Hux: Qt, wxWidgets 1 GTK+.
PaccMoTpuM 0COOEHHOCTH KaXKI0M U3 HUX U ONPEISINM HauboJjiee MoAXO0AAIIYI0.

Qt sBiseTcss MMPOKO MCHOJIb3yeM OHOIMOTEKa, MOACPKUBAOIIAS S3BIK
nporpammupoBaduss C++. Orta OubamoTreka MPETOCTABISIET IOJIH30BATEIIO
BO3MOXHOCTh paboTath ¢ 2D u 3D rpadukoii, ynoOHO penakTupoBath uHTEpdEiic
npuiokeHusi. M3 MUHYCOB MOXKHO OTMETHTh HaJW4YWe TUIATHOW MOMAMHCKH, UYTO

ACJIACT OTY 6I/I6JII/IOTeKy HC HOI[XOI[HHICﬁ IS UCITIOJIB30OBAHHMA B JTAHHOM IIPOCKTC.
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wxWidgets — »ato eme omHa KpoccrargopMeHHas OHOIMOTEKa, KOTopas
MO3BOJIAET co3naBaTh mnpuioxkeHus a1 OS Windows, macOS u Linux. 3a cuér
TOTO, 4YTO OMOMMOTEKAa WCHONB3YeT JJIEMEHTHI YIPABICHUS OIEPAIlMOHHOM
CUCTEMBI, TPOrpaMMBbl, HaMCaHHbIE Ha HEW, BEeAYyT ceOs CTaHAAPTHO HE3aBHCHMO
ot tardopmel. OgHako gaHHAs OMOIMOTEKa MOXKET OBITh CIO’KHA B OCBOCHUH, a
TaK)Ke OHA HE caMas IOMYJIIpHAas, YTO 3HAYHT, MPH BOSHUKHOBEHUHU MPOOJIEM TIPH
HAMMCaHUU MTPOTPAMMBI, TOMOIIb OyI€T HAWTH CIIOKHEE.

GTK+ — 310 OMOMHMOTEKA C OTKPBITHIM HCXOJHBIM KOJOM, MOJJICPKUBACT
KpocciiaThopMeHHOCTh, a IMeHHO padoty ¢ OS Windows u LinuX. /focratodno
MOMyJIsipHA, YTO 3HAYUT, YTO MOMOIIb P BOZHUKHOBEHUU MPOOJIeM OyJeT HaWTu
npoire. MiMeeT BbICOKYIO MHTETpanuto ¢ apyrumu omommorekamu GNOME, nmeer
aJanTUBHBIN JTW3ailH U BBICOKYIO MPOU3BOAUTEIBHOCTh. Tak kK€ CTOUT OTMETUTb,
41O OMOIMOTEKA OecruiaTHasl, 4YTO XOPOIIO MOAXOAUT JIJIsl TOCTABJICHHON 3a/1auu.

B Tabnure 1.2 npeacraBieHo cpaBHEHUE OMOTHUOTEK.

YuuThiBas Bce MPEUMYIIECTBA M HEJOCTATKHU MPEACTABICHHBIX OMOIMOTEK —

Oblna BeIOpana onbmmoTexka GTK+.

Ta6muma 1.2 — CpaBHeHHe OMOIMOTEK

XapakTepucTuka Qt wxWidgets GTK3
KpoccmnargopmeHHOCTH Ja [a Ja
JInuensus Kommepueckas OTtkpsblTas OTtkpsblTas
CJ10KHOCTh Cpennsis Bricokas Bricokas
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1.1.6 Xpanenue qJaHHBIX
Jlns peanu3aiii  BO3MOXKHOCTH COXpaHEHUs MPOEKTa U CepuaIu3aluu
JTAHHBIX, HEOOXOUMO OMPEEIUTHCS ¢ (OPMATOB XpaHEHUs TaHHbIX. TpeboBaHuUs K
dbopmaTty XpaHEHHs CICIYIONINE: YUTAEMOCTh, ONTHMHU3HUPOBAHHOCTH, THOKOCTH,
noaaepxkka C++, xenarenbHo uHTerparus ¢ GTK+. Jlnsg maHHOro mnpoekra ObuI
BEIOpaH popmat JSON, umeromuii psa mpeuMyInecTB nepen IpyrumMu hopmaTamu.
PaccMoTpum kaxxnoe u3 HUX.
[IpeumyiectBa xpaHeHus: JaHHbIX B (hopmate JSON:
- nanasie JSON umeror ynoOHbBIH U yuTaeMbl (OpMaT, 4TO 3HAYUTEIHHO
yIpoIiaeT ux oriaaaky [5];
- JJaHHBIN (GOopMaT HE 3aBUCUT OT SI3bIKA, YTO 3HAYUT, 4TO daHHBIe JSON
MOKHO HCITOJTh30BaTh U B APYTHUX MPUIOKEHUAX;
- JIeTKas cepuaiM3alusi M Jiecepuaiu3aius TO3BOJSET 3ajlaBaTh U
PEIaKTUPOBATh CTPYKTYPY JaHHBIX;
- ¢aiinsl JSON 001a1a10T HU3KUM BECOM, YTO OOJIETYaeT WX 3arpy3Ky H
JieaeT nporpammy 0osiee mMpou3BOIUTEIHHOM;
- (opmaT umeeT moaAepKKY pabOThI ¢ MACCUBAMH JAHHBIX, YTO TIO3BOJISICT
COXpaHsTh CIIUCKH, TUHAMUYECKUE MAaCCUBBI B 3TOM (hopMarte;
- ¢opmar JSON He TpeOyeT CTpOroil cXeMbl XpaHEHHs ITaHHBIX, 3TO
MO3BOJISIET YJIOOHO 3a/1aBaTh COOCTBEHHYIO CTPYKTYpPY (paiiia mpoeKTa;
- TIO//IepKKa pabOThl C BJIOKEHHBIMH CTPYKTYpaMH, 3TO OCOOCHHO Ba)KHO
IUTS TAHHOTO TTPOEKTa;
- (hopMat AOBOJBHO MOMYJSIPEH U UMEET AKTUBHOE KOMBIOHUTH;
- si3pIk C++ nMeeT MHOXKECTBO OMOIMOTEK AJisl paboThI ¢ ATUM (popmaTom,
YTO TIO3BOJISIET BHIOPATh HanOoJee MOAXOAAIIYIO IJIsl TaHHOM 3a/1auH,
- (hopmaT mojAepKUBAET KPOCCIUIATPOPMEHHOCTh, & B YaCTHOCTH, PadoOTy

Ha LINuX, 4To KpUTHUYECKN BaYKHO B KOHKPETHOM 3aJ1a4H.
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1.1.7 Bri6op 6ubmuotexu st padotsl ¢ JSON
Bre100p OMOMMOTEKN — BaXKHBIM IIAT B peaji3allii JaHHOTo npoekrta. Kaxaas
U3 CYILIECTBYIOIIMX CEroJHs OMOIMOTEK IMpeiaraeT MHOXXECTBO BO3MOXHOCTEM,
IUIIOCOB M MUHYcCOB. [Ipu BBIOOpE BaKHO oOmHMpaTbcss Ha Takue (aKThl, Kak
POU3BOJIUTEIILHOCTh, COBMECTUMOCTh C sI3bIKOM C++, MpoCTOTa MCIOJIb30BaHUS,
NOJIEPIKKA CTPYKTYP, MACCHBOB U PA3JIMYHBIX TUIIOB JAHHBIX.

Paccmotrpum camble momyinsipHble OuOnuoreku ansg C++ U BBIOCIUM HUX
TUTFOCHI 1 MUHYCBI.

json-c mpencraBiseT w3 cebOs JETKY0 W KOMIIAKTHYIO OHOJHOTEKY,
umeroyto mpocroe API, moanepkxuBaeT OCHOBHBIE TUIIBI JAHHBIX, UMEET XOPOIIIYIO
IPOU3BOAUTENLHOCT M aKTUBHOE COOOIIECTBO, M3 MHUHYCOB — CIIOXKEH IS
HOBHUYKOB U UMEET OTPAaHUYCHHYIO TOKYMEHTAITHIO.

CJSON wumeer Xopollyl0 [JAOKYMEHTAIIMIO M TPUMEPHI, a TaK Ke
MOJIJIEPKUBAET KpPOCCIUIAaTGOPMEHHOCTh, HO He uMeeT moxanepkku UTF-8, dro
KPUTUYHO B JJAHHOM NIpPOEKTe, moroMy uto uMeHa CMO moryTh TpeOoBaTh TaKou
MOJIJICPIKKH.

VY oubmmorexku nlohmann/json cTouT oTAETFHO OTMETUTH MOAICPKKY PaObOTHI
C BJIOKEHHBIMU CTPYKTYpaMU M XOPOIIYI0 COBMECTUMOCTh, HO OJTHOM M3 TJIaBHBIX
npobiieM OUOIMOTEKH ABIIAETCS €€ He0e30MacHOCTh, U B I1€JIOM JaHHas OuOInoTeKa
OyzeT u30BITOYHOM ISl JTaHHOM 3a1auHu.

json-glib umeer wunTerpammio paboter ¢ Oubmmorekamm GTK+ u Glib,
nojajaepkuBaeT kpoccmiarpopmeHHocts 1 UTF-8, u3 MuHYyCcoOB — He caMasi BhICOKast
HPOU3BOIUTEIILHOCTD, YTO HE KPUTUYHO I KOHKPETHOM 3a1aun[6].

N3 Bcex paccMOTpeHHBIX OuOanoTek, Json-glib Beirmsautr Hambosee
HOIXOsAIIeH OMOIMOTEKOH, B YacTHOCTH u3-3a mHTerpaiuu ¢ GTK+ u Glib, a
Takke u3-3a nojaaepxkku popmara UTF-8. Eme u3 npenmytiiecTB 310 OMOIHOTEKH
CTOUT OTMETUTh HoaepxkKy cxembl JSON Schema, xoporiryio 00padboTKy omrdok
u kpocciuiarpopmerHHocts. Omnako OubOaumoreka 3aBucuma ot Glib um He Tak

IIONyJISIPHA.
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[TpoaHanu3upoBaB JTOCTOMHCTBA M HEIOCTATKH OUOIMOTEK, OBLIO MPHHATO
pelieHre ucmonb3oBathk jSON-glib. B tabmuie 1.3 mpuBeAeHbI MUIIOCHI U MHUHYCHI

K101 OMOJIMOTEKH.

Tabnuna 1.3 — CpaBHeHHE pa3IMYHBIX OMOINOTEK.

Hassanue [Ipon3BOUTENBHOCTD [Tonnepxka
GObject

json-c Cpennsist Het

cJSON Bricokas Her

nlohmann/json Cpennsist Her

json-glib Bricokas Ha

1.1.8 Bri6op OnbImoTeKu sl pean3anuu TpadudecKoro MOy

Yro Obl peann3oBaTh BO3MOXXHOCTh DPEIAKTUPOBAHUS W TPEACTABICHUS
CMO B Buzae rpada, HEOOXOIUMO HCIOJIH30BATh TpaPUUECKyr0 OUOIHMOTEKY,
HanOosee momxoxasime oubmmorekn — Cairo m Skia. PaccmoTpuMm mx 1uttochl U
MUHYCBI
Cairo mpencraBiser u3 cebs Oubmmoreky anst padorel ¢ 2D rpadukoit. Ona
MOIIEP)KMUBAET BBIBO M300pakeHnid Takue hopmatsl, kak JPEG, PNG, SWG, a tak
e UMeeT mHTerpamuio ¢ oubnuorekonn GTK+, uro sBisieTcss BaXHBIM (HhaKTOPOM
JUIS TAaHHOW TPOTPaMMBI, MOCKOJIBKY OHA OyneT pa3paboTaHa C HCIOIh30BaHHEM
GTK+. Cairo sBusercs KpaiiHe THOKOH OHOJHMOTEKOM, TMOIEPIKUBAIOIICH
MHO’KECTBO 3JIEMEHTOB PHUCOBAHUS.

M3 MHUHYCOB CTOMT OTMETHTh, uTo Caif0 He WUMeeT WHCTPYMEHTOB ISt
pa3pabOTKK TOJB30BATENBCKOTO HHTEpdeiica, YTO HE3HAYUTENbHO ISl JaHHOM
3a/7a4M, MOCKOJIbKY uHTepdeic Oyaer peann3oBad ¢ nomoiibto GTK+. Tak ke
Cairo mMoxeT TpeOOBaTh HEKOTOPHIX HABBIKOB M HMMEET HE CaMyH OOIIMPHYIO
JOKYMEHTAIHIO.

Ha pucyHnke 2 — npecTaBlieHO TUIIOBOE MpuiioxeHue Ha Cairo.
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® Minimal Cairo + GTK3 — a X
Pucynok 2 — TunoBoe npuitosxenue Ha Cairo
Eme onna OuOmuoreka — Skia — sBisieTcss OMONIMOTEKOM, pa3paObOTaHHOM

Google. bubnmoteka crocoOHass MPOBOAUTh peHaepuHr 2D rpaduku ¥ BBIBOAHMTH

pe3ynbTar B Opay3epbl, MOOWIIbHBIE MPUJIOKEHUS U MPUIIOKEHHS HAa KOMIIbIOTEpE.

Skia umeer momAepKKy KpoccriiaTGOpMEHHOCTH, MO3BOJISET PUCOBATH pa3IMYHBIC

BEKTOPHBIE N300paKe€HUs, UMEET MOANEPKKY pabOThl C paCTPOBBIMHU M300paKEHUSIMU

u tekctoM. OnmHako oHa He mMeeT wHTerpauun C GTK+, 4ro sBisieTcs BaKHBIM

HEJI0OUETOM H B II€JIOM JJIS TAHHOTO TIPOeKTa oHa OyneT n3osiTouHa. Ha pucynke 3 u 4

MOKa3aHbl MPUMEPHI TOTO, Ha YTO criocoOHa Skia

[Ipoananu3npoBaB JOCTOMHCTBA M HEIOCTaTKU 000MX (PEHMBOPKOB, OBLIO

pelIeHo uerob3oBarh Cairo.
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Pucynox 3 — IIpumep Skia

Y

Pucynok 4 — Ilpumep Skia
1.1.9 Be16op cpensl pa3paboTku
Jliist pa3paboTKK JAHHOTO MPOEKTa BEIOOP Cpelbl pa3pabOTKH HE KPUTHUEH,
MTOCKOJIbKY KOMIIWJISIUS TIPOUCXOJUT B KOMaHIHOW cTpoke MSYS2, Tem He
MeHee, I ya00CTBa ClieayeT YACIWTh BHUMAHHE JTOMY IIYHKTY M BbIOpaTh

NOJIXOJAIIYI0 cpeay pa3paboTku. B gaHHOM myHKTe OYIYT paccMOTPEHBI

paznmuunbie IDE,
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TIO3BOJISIOIINE KOTOPBIC MPEIaratoT PaciMpeHHbIC BO3MOKHOCTH, TAKUE KaK
OTJIaJIKa KOJIa, YIPaBJICHHUE IIPOCKTAMU U MHTETPAIHs C CHCTEMaMH KOHTPOJIS
Bepcuii. Hanbonee momynsipabie cpenbl paspadorku aist C++ spnsitorest: Visual
Studio, Code::Blocks, CLion u Qt Creator.

Visual Studio sensercs IDE, paspabGoranHoii kommanueir Microsoft
crienuanbHo st paboThl ¢ s3bikamMu C, C++, C#, 4T0 yKe SBIAETCS OTPOMHBIM
wiocoM, Visual Studio He mommepkuBaeT KpocCIuiaTGOPMEHHOCTb, HO 3TO HE
OosbInas mpooJieMa, Tak Kak pa3paboTKy MokHO BecTd Ha Windows[7].

Code::Blocks — IDE, moaneps:xuatoriias C++, Ho mo cpaBuenuio ¢ Visual
Studio He Tak pa3BuTa.

CLion ot xommanuu JetBrains — 3to IDE, Tak ke momnepkuBaromas C++
U SBISIONIAACS KpPOCCILIAaTPOPMEHHOW, OJHAKO OHa JOCTYIIHA II0 IUIATHOM
nojucke, B To BpeMs kak Visual Studio OecruiatHas, 4to jgenaeT e€ He caMbIM
JYYIITUM BEIOOPOM.

Qt Creator — crneumanpHass |IDE, co3mannas pma  paspabotkm  Qt-
npuiokenuii. HecMoTps Ha TO, 4TO OHa JOBOJBHO YyJIO0OHA IS CO3JaHHS
uHTeppEiCOB, OHAa HE MOAXOAMT JUIS JAHHOTO IPOEKTa, TaK Kak TyT He
ucrnonb3yercst Qt. A eme pperimBopk QU mmaTHBIH.

Haun6onee moaxomsmum IDE snserca Visual Studio, mockoibky OHO

OecriaTHOE M MOJJEP>KUBAET pa3padoTky Ha C++.
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1.2 IlpoexTrpoBaHue 1 pa3padoTka

Crnenmanu3upoBaHHas TMpOrpaMMa TpeTHA3HAYCHA [JIi MOJACIUPOBAHUS
CUCTEM M ceTed maccoBoro oociyxuBaHusa. C e€ MmoMOIIbI0 MOKHO HCCIIEIOBATh
paznuuyasie BC, KOTOpple MOXHO TPEACTAaBUTh B BHJE CHCTEM MacCOBOTO
obocnyxkuBanuss tuma  M/M/1, M/M/m/k, M/M/m (B COOTBETCTBHUH C
kinaccudukanuent Kennanna), B TOM 4nciie U CUCTEM C OTPAHHUYECHUEM OYepe/Iu.

Pa3pabareiBaeMass mporpamMma Il pacyeTa BEpPOSTHOCTHO-BPEMEHHBIX
XapaKTepucTuk, mnpeacTtaBiasieMpix CMO, npenHasHaueHa Juisi  aHalu3a
XapaKTEPUCTHK (GYHKIIMOHUPOBAHUS MHOTOITPOIIECCOPHBIX CHUCTEM,
MPEACTaBISIEMOM B BHJEC AHATUTUYECKUX MOJIENIEH YCTPOMCTB, KaxIOMy U3
KOTOPBIX CTaBUTCSI B COOTBETCTBHE OJHOKAHAIbHAs WM MHOroKaHansHas CMO.

1.2.1 Peanu3zanus cepuanmu3aiiy JaHHBIX

Jnst cepuanuzanuu JaHHBIX 0 Kaxaod CMO B ceTH ¢ LEeNbl0 COXPaHECHUS

npoekTa u mapametrpoB kaxaoi CMO breina BeiOpana Oubimoteka json-glib. Ona
MPEIOCTaBIIsIeT OOraThlii (PYHKITMOHAT W TOMJICPKMBAET TOYTH BCE HEOOXOIUMBIC
dbyHkuuu, a Takke OubIMOoTeKa XOpOIIO ONTHUMH3UpOBaHa. Peanuszanus
CepHUaIn3allii BKJIIOYAET CICAYIOIINE TAIbI:

- MpeoOpa3oBaHUE BHYTPEHHUX CTPYKTYpP MAaHHBIX B (OpMaT, MPUTOIHBIN IS

3aIHCH;

- 3aITUCh CEPUATM30BAHHBIX JAHHBIX B (A,

- IpY HEOOXOAMMOCTU — JIeCepUaIn3alus, TO €CTh BOCCTAHOBIIEHUE CTPYKTYP

JAHHBIX U3 COXPAHEHHOTO MPEACTABICHMS.
OCHOBHOI CTPYKTYpO#, MHOMJIekKAIEH Ccepuanu3aluu, SBISIETCS CTPYKTypa
Circles, coneprkarmas:

- KOOpAMHATHI y3JI0B CEeTH (X, Y);

- MaccuB cBsizeit (lines), OMUCHIBAIONTUX MEPEX0/IbI MEXKITY Y3JIaMH C BECaMH;

- mapameTphl Kaxkaoro ysia (circle params), BKIIOYAIOIIAE HMS, BpeMs

o0CIy>KUBaHUS, YUCIIO KAHAJIOB, MapaMeTpbl IPUOPUTETOB U IPYTUe HACTPOUKH.
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Jlns coxpaHeHus: COCTOSIHUS BbI3bIBaeTcs GyHKIus serialize circles to json,
KOTOpas ¢ nmomoibio oosekta JsonBuilder hopmupyet JSON-00BEKT, BKITFOUAFOIITHI:
- 00111e€ KOJMYECTBO Y3JIOB U CBSI3CH;
- MacCHB Yy3JIOB C NX KOOpAMHATAMU,;
- MacCHUB CBSI3€H ¢ MHACKCAMH Y3JIOB U BECAMU;
- MacCHB MapaMeTPOB Y3JIOB, BKITFOYAs BIOKCHHBIE MACCUBBI IPHOPUTETOB IS
COOTBETCTBYIOIIUX Y3JIOB.
Hanee cdopmupoBanubiii JSON-00beKT 3amuchiBaeTcs B (ailn QyHKImen
save_circles to_ file yepe3 JsonGenerator. UML-auarpamMmma KJIacCOB cepHaIH3aliu

MpECTaBJICHA HA PUCYHKE O.

General Circles Lines Circle_Params
+ count sint + X : float : ¥V6igh.t d Eflc;at +circle_name  : char
+ |ines_count s int +y : float + trom—dln ex Int + SerVice_time : float
0_Inaex -n + channel_count : float
+ limited_queue : bool
+ queue_size sint
Pucynox 5 — UML-auarpamma kiiaccoB cepuainzaiuu
1.2.2 Peanu3zanus rpaguieckoil yactu
Fpa(l)I/IquKa}I qacTb IIporpaMmal pc€ajm3oBaHa C HCIIOJIb30BaAHHUEM

oubmuotrexn GTK, xoTopas obecnieunBaeT coznanue kpoccriardpopmennoro GUI Ha
s3pike C++. OCHOBHBIE 2JIEMEHTHI HHTEep(deiica BKIIOYAIOT OKHO MIPHIIOKEHUS, TTaHENb
WHCTPYMEHTOB C KHOIIKAMH, MEHIO M 00JacTh JUIsl BU3YyaJU3allMM CETH MacCOBOTO
00CTy>KUBaHMUS.

OcHoBHBIE MYHKTHI HHTEpdErica:

- TJIaBHOE OKHO;

- TaHEJTb KHOTIOK;

- MCHIO.
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Jliis oroOpaskeHus y3JI0B M cBsizel mcronb3yercs GtkDrawingArea. Ha uém
NPOMCXOMUT OTpPHCOBKAa Tpada cetm B  QyHkuuum on_draw_event, kortopas
BBI3bIBAETCS P HEOOXOIUMOCTH NIEPEPUCOBKU OKHA.

V31b1 ceTn 0TOOpaXkaroTcs B BUJIE OKPYKHOCTEH ¢ paauycoM 20 mukceneil u
noanucanbl Kak «SO0», «S1» u T.n1. CBA3UM MEXIy y31aMu PUCYIOTCS JIMHUAMH C
y4€TOM Beca (MHTEHCUBHOCTHU MIEPEX0/1a), KOTOPBIN BIUSET HA OTTEHOK LIBETA JIMHUU
(uem Oouibllie Bec, TeM TemHee JinHus). s nerensb (CBA3ed y3ima ¢ camMmuM coOoi)
pUCYETCsl OKPYKHOCTb-1Iyra paoM ¢ y310oM. Ha KoHIax cBsi3eil puCyroTCsa KpacHbIe
KpPY>KOUKH, 0003Ha4YaroI1e HalpaBJIeHUE.

O06mactb pucoBaHus MOAJIEPKUBAET 00PAOOTKY COOBITUI MBIIIIH:

- 100aBJICHUE Y3JI0B;

- YaJICHHUE y3JI0B;

- IepeMELIECHUE Y3JI0B;

- 100aBJICHNE U yJlaJIC€HHUE MIEPEXO/I0B;

- peIaKTUpOBaHHE BECa CBSI3U.

Ha pucynke 6 npeactaBieHo rpaduieckoe npeacTaBiICHUE CETH.

Pucynok 6 — I'paduueckoe nmpencraBieHue cetu
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[IporpamMma Taxke MOJAEPKUBAET MOCTPOEHUE TpaUKOB M AHATPAMM C
oubmmotekn Cairo: oTtoOpakeHHE auarpaMMm XapaKTEPUCTHK CETH M OTHEIbHBIX
CMO, pa3nuyHble CTOJI0YaThIE AUATPAMMBI.

1.2.3 Pa3pabotka cTpyKTyp

Jlia peanu3zanv MOZENN CETH MAacCOBOTO OOCIYXHBaHUS B MPOrpaMMme ObLIN
pa3paboTaHbl HECKOJIBKO KIIOYEBBIX CTPYKTYP JAaHHBIX Ha A3bIke CHU. DTH CTPYKTYpPBI
oOecrieunBarOT XpaHeHue nHbopmaruu o6 yzmax CMO, cBA3sIX MKy HUMH, a TAKKE
napameTpax MOJEINPOBaHUS U BU3YaIU3aLUH.

OCHOBHOW 3JEMEHT MOJEIN — Yy3€Jl, NPEACTABISAIOMMNN OTAEIBHYIO CUCTEMY
MaccoBoro oOcayxuBaHus. /[l onucaHus y3jga HCHONB3YETCs  CTPYKTYpa,
BKJIFOYAIOIIAS CJIETYIOLIUE TIOJIS:

- KOOPAMHATHI;

- HJICHTU(UKATOD;

- MapaMeTpbl 00CITy)KUBaHUS;

- MaCCHUB BECOB CBSA3EH;

- CTPYKTYypa JUisl XpaHeHus XxapakTepucTuk y3ina CMO.

CrpykTypa 1isi XpaHeHus xapaktepuctuk y3na CMO npexacraBiser u3 ceds
JUHAMUYECKU MacCUB Y3JIOB M MaTpUlla BECOB IepexooB. OCHOBHBIE 3JIEMEHT
CTPYKTYPBI:

- HazBaHue CMO;

- BpeMsi 00CITyKUBaHNS;

- YUCJIO KaHAJIOB;

- €CTh JIU OTPaHUYECHHE OUYEPE]IN;

- JUTMHA OYEPEIH.

J7ist B3aMOJIEHCTBHS C TIOJIB30BATENSI U OTOOPAKEHHS] MOJIENU UCTIONb3YIOTCS
CTPYKTYpBI Tpaduaeckoro nuHTepdeiica:

- CTPYKTYpbI OIIMCAHUHU KHOIIOK MEHIO;

- CTPYKTYypa Ul XpaHEHUsl COCTOSTHUE UHTepelica;

- CTPYKTYypa Ui XpaHEHUsl COCTOsTHUE UHTepdeiica;

Jlucm
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- CTPYKTYpa Ui TUAIOTOBBIX OKOH.

Jlns peanuzanuu MepeTacKuBaHUE Y3JIOB MO Ipauyeckoil yacTu U BbIOOpa
CBSI3€M HCIONB3YIOTCSI CTPYKTYPBI, B KOTOPBIX XPAHHUTCS COCTOSIHHSI TEKYIeH
ornepanuu:

- (pyiarm HaXKATHS ¥ OTITYCKAHUS KHOTIKU MBIIIIH;

- UHJIEKC BBIOPAHHOIO Y3I1a;

- KOOpAWHATHI HaYaJla ¥ KOHIIA MTepETaCKUBAHUS.

1.2.4 Pa3paboTka anrOpuTMOB PEIICHUS 3a1a9U

ANTOPUTM peanu3oBaH B BHUJIE MOJYJBHOIO MNPUIIOKEHHS C IpapUuUyecKuM
uHTep(delicom, NMpeAHa3HAYEHHOTo s MojeiaupoBaHus U a”anmuza CMO Tuna
M/M/m, M/M/1, M/M/m/K. OcHoBHas 3amaua — pacu€T XapaKTepUCTUK CETH TpU
3aJlaHHBIX TMapaMeTpax Y3JIOB M CBSI3€M MEXKIy HHUMU, a TaKXKe BHU3yaln3allus
PE3yJIbTaTOB. AJTOPUTM COCTOUT U3 CIEAYIOLIUX TAIOB:

- BBOJI CTPYKTYPHI;

- 3aJlaHUe TapaMeTPOB KaXKA0I0 y3Ia;

- pacy€T MHTEHCUBHOCTEH 3a5BOK B KXXJI0M Y3JI€;

- BEIYHCIICHUE XapaKTEPUCTUK OTJEIBHBIX Y3JIOB U BCEU CETH;

- COXpaHEHUs OTUETA;

- IOCTPOEHUE JUArpaMM U rpauKoB.

CeTb MaccoBOTo OOCTY>KUBaHUS MIPEACTABISICTCS B BUE rpada, I/1e BepIIHHbBI
— y3me1 CMO, pébpa — nmepexoasl mexxay CMO c BeposTHOcTsMU. Kakawiid y3en
XapakTepu3yercss  BpeMeHeM  oOciykuBaHuUsl, uucioMm  kaHamoB  CMO,
OTPaHUYEHHOCTBIO OUepeIn. BXoadmumil OTOK 3asiBOK NOAAETCA HA HAYAJIBHBIN y3€ll
CETU C 3aJIJaHHOM MHTEHCUBHOCTBIO. 3asIBKU MEPENAOTCA MO CETH C ONPEAEIEHHON
BEPOSITHOCTHIO.

BxonHble naHHbIE: HayaldbHAasE MHTEHCHUBHOCTb, MAaTpHUIla BECOB MEPEXOJIOB,

qUCJIO Y3JIOB.
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JUtst pacy€éTa MHTEHCHUBHOCTH B Ka)XXJIOM Y3JI€ HUCIIOJIb3YETCS UTEPALMOHHBIN
Meroa. OH 3aKiIrOYaeTcss B CyMMHPOBAHMHM NPOW3BEACHUI WHTEHCHBHOCTU BCEX
IIEPEXO0/I0B MOCTYNAIOIMIMNN B y3€]1 YMHOKEHHBIM Ha BEPOATHOCTH MEPEXOJAOB 10 TEX
0P, ITOKa U3MEHEHUS] MTHTEHCUBHOCTEN HE CTAHYT HE3HAUYNTEIIbHBIMU.

Ilocne, pacCUUTBHIBAIOTCSA OCHOBHBIE IIOKA3aTENMM I KAXIOIO y3ia:
YCTOWUYMBOCTb CHUCTEMBI, BEPOSATHOCTB IIPOCTOS, CPEAHEE YMCIIO 3asBOK B OYEPE.H,
cpenHee BpeMs 0XKHUJaHus, 3pPEeKTUBHAS UHTEHCUBHOCTh, CPEAHEE YUCIIO 3asBOK B
CUCTEME, CpeIHEE BpeMsI ITPEObIBAHMS 3aBKU B CUCTEME.

Tak xe B mporpaMmMe NpUCYTCTBYET BapbUPOBAHKE ITapaMeTpoB. Bapbupyercs
BXOJIHAsl UHTEHCUBHOCTb, YHCIIO KaHAIOB i Kaxaod CMO, Bpemsi 00CTyKUBaHHUS
st kakaoit CMO, pasmep odepeau. i kaxa0ro napaMmeTpa 3a4ar0Tcs Ha4ajabHOE
U KOHEYHOE 3HA4YE€HHE, pa3Mep IIara pacCYUThIBacTcsa B Imporpamme. Tak ke B
CJly4ae ¢ BAPbUPOBAHUEM I1IAPAMETPOB 331aETCS YNUCIIO LUKIIOB BapbUpoBaHus. biiok

CXCMa aJIropruT™Ma PCHICHUA 3aJa491 IIPUBCACHA B PUCYHKC 7.
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Ha4yano

BBOL CTPYKTYPLI CETH:
- yansl (CMO)
- CBA3N MEXY y3namu
- BECA NEPEXO0B 3AABOK

OObeaUHEHWE pacYEToB
BCEX LMKNOB
(ecnu 0e3 BapupoBaHna -
CHUTAEM YTO LMK TONbKO 1)

3ajaHue NapameTpos Y3M08:
- HHTEHCHBHOCTE ODCIYUBAHUA
- YMCNO KaHanoe

- ANWHa o4epeaun BblBO[, pE3yNLTATOB B (Dain

Beoa napaMeTpoB pacyéra:
- THN pacyeTa
- BLIOOp W 334343 3NEMEHTOB BhIBOA, rpatmKos
BapLMpoBaHNA

HET

BapbUpOBaHHe eCTh?

Koney

Pac4ét be3s BapbMpoBaHWA PacyeT ¢ BapbMpOBaHWEM

HE

OrpaHU4EHHE O4EpEIH
ecTb?

Pac4ert 0e3 orpaHu4eHuna Pacy&T C orpaHu4yeHueM
o4epedn o4epean

PucyHok 7 — AITOpUTM pelieHus 3a1auu
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ITocne pacuera cozmaercs (aitm oTdyeTa €O CTPYKTYpOH IMOKa3aHHOW Ha

pUCYHKE

8.

ONMCcaHue BapbMpYEMbIX MapameTpoB:

Oflee 4MCNO LMKNOB:

Pac4eT:

Lukn Homep:

WMcXogHble OaHHbIE

| Homep CMO | HaumeHoBanue CMO | Bpema ofBcnyxmBaHuA | Yucno kaHanoe | Yucno mecTt

XapakTepucTHKK
| Homep CMO | K
| Cp. manuHa oue
XapakTepUCTHKM
| WHTeHcueHOCTE
| CpegHee wucno
| CpegHee wucno
| CpegHee epema

| CpegHee epema

oTAeneHux CMO:

o3¢¢. nepegaqm | MHTEHCMBHOCTE BrogHoro notoka | Koadd. sarpyskm | Cp. uMmcno savATux kaHanoe | Cp. 4YMCio 2anABOK B
peau | Cp. Bpema oxugaHusA e oqepeau | Cp. Bpema npebuesavua B CMO |

CeTH B UENoM:

EX0AAWEro NOTOKa:

23ABOK B OMepefAx:

23ABOK B CeTH:

OXMO2HUA B O4YepefAx:

npebLEaHWA 2aABKM B CETH:

Pucynox 8 — Ctpykrypa otuéTa

1.2.

5 PazpaboTka mocTpoeHus Auarpamm.

B nanHHOM mnporpamme ecTh aBa TUna auarpamm: Jluarpamma cetm u

muarpamma xapaktepuctuk CMO. Jlmarpamma ceTu 0oTOOpa)kaeT yCpeaHEHHbBIC

XapaxkTep

XapakTep

WCTUKM II0 BCEM LMKJIaM BapbUpOBaHUs IapaMeTpoB. [lnarpamma

uctuk CMO mno3BosisieT 0TOOpa3uTh H3MEHEHUE  XapaKTEPHUCTHK

koHkpeTHON CMO 1o X0y BapbupOBaHUS MAPAMETPOB CUCTEMBI.

Jloruka OoTpUCOBKM quarpaMmel.

- oIIpeJieJIeHUEe pa3MepPoOB 00JIaCTH PUCOBAHHS,

CMO

-  BBIYHCJIICHHUC MAKCHMAJIbBHOI'O 3HAYCHUA [JIXI HOPpMAJIM3alluKWd BBICOTLI

CTOJIOLIOB/JINHUM,

- IOCTPOCHUE OCEN KOOP/IMHAT;

- OTpUCOBKA IIKaJIbI 1 HOHHHCCﬁ;

- IOCTPOCHUEC AUarpaMMBl.

Jlucm
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Ha pucynke 9 mokasana nmuarpamma cetu, Ha pucyHke 10 mokazaHa guarpamma

xapakrepuctuk CMO. Ha pucynke 11 noka3zana 070Kk cxema aaropuTMa nocTpOoeHus

AnarpamMMal.

101

Cyele 1

F4E flnarpaMma XapakTeprucTuK ceTy

CpeaHee 4uncno 33ABOK, NPE6LIBAWLMX B CETU
Cpearee EpeMA OXMAAHWA 3aABKM B CETU

Cpearee speMA NpebbIBaHWA 3a3BOK B CETU

Cyele 2 Cycle 3

Cpearee UACNO 3aA3B0K, OXKMAAWWWMX 0BCNYKNBAHUA

Cycle 5 Cycled Cycle T Cycle 8 Cyele 8 Cyele 10

3aKpbITh

Pucynok 9 — [luarpamma cetu

Cp. AnvHa ouepean

CMO

Cp. anue ougoean

® Cronsuaras avarpamma xapakrepucTik

183
154
131
111
0.84
0,20
068
0.53 .
2 3 4 5 L 7 ] ]

Cycles

Pucynok 10 — lnarpamma xapakrepuctuk CMO.
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G

Mony4yeHWe pe3ynsTaTos
pac4yeTta

Fac4eT macwraba

OTpUCOBKA OCER
W LUKANG

OTpUCOBKA gUarpaMmbt

G

Pucynok 11 — Biok cxema anroputMa NoCTPOCHUS IUarpaMMBbl.
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1.3 AHayu3 pe3yabTaToB

Pa3paGorannass  mporpamma  peanmmuzyer — mojenupoanne CMO ¢

BO3MOXHOCTBIO BapbUPOBaHUs IApaMETPOB U

PaccunThiBalOTCS OCHOBHEIC XapaKTCPUCTUKHU, TAKUC

BU3yAJIM3allU  PC3YJIbTATOB.

KaK CpCJHCC YMCJIO 3asBOK B

ouepenu, cpeiaHee BpeMsl OXKuJaHus, KO UIIMEHT 3arpy3ku U CpeHee Bpemsi

npeObiBaHus B cucteme. [Iporpamma mopaepkuBaeT pabOTy C TaKUMH THUIIAMHU

cerei, kak M/M/m, M/M/1, M/M/m/K.
[Tonb3oBaTENIO JOCTYITHO OIPAaHUYEHHOE KOJINYE
- no6asnenue yzna CMO;
- ynanenue yzina CMO,;
- nepemetieHue yszina CMO;
- CO3JIaHUe TIepeXo/a,
- yIaJIeHUE Mepexoa,
- peIaKTHpPOBaHUE Beca Mepexoa,
- pacy€T XapaKTepUCTHK CETH;
- IOCTPOCHHUE JUATPAMMBI CETH,
- IOCTPOEHUE Auarpammel xapakrepuctuk CMO;
- oToOpakeHue ¢aiisia mocaeaAHEro OTIYETa,
- COXpaHEHHUE MTPOCKTAa,
- Hayajo HOBOTO MIPOEKTA,
- 3arpy3Ka COXPaHEHHOTO MPOEKTA,
- TTIOJTyYEHUE CIIPABKU O TIPOTPaMME;
- moy4yeHue uHpopmaiuu o0 aBTope.

Ha pucynke 12 npencrasiena UML-guarpamma

CTBO JICHICTBUM:

BAapHaHTOB MCIIO0Jb30BaHMA.
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Pepaxktuposanne

‘YaaneHue yana
CMO
TocTpoeHNe Auarpamm
- [oGaenexue yana
T‘
PacuéT xapakTepucTiE ..
.
OTKpLITUE NPesLyLLero
0TuéTa

L3ogarens
CoxpaHeHue npoekta
CoaaaHme nepexoaa
Mexay
yanamu
OTKPLITUE NPOEKTA

napameTpos yana

v
N
e

______ “YnaneHue nepexona

Pepaxktuposanne

nepexosa

CoanaHue Hosoro
npoekTa

MonyueHie crpasky lONy4EHNE UHCDOPMALIM
0 nporpamMme 00 asTope

Pucynok 12 — UML-auarpaMmma BapuaHTOB UCTIOJIB30BAHUS

1.3.1 IIpoBepka pe3yabTaTOB pacuETOB

Jlnst TecTHpoBaHUSl pe3yJbTATOB pacy€ToB ObLIa MCIOJIb30BaHA MpoOrpaMma

STSET B kayecTBe MPOBEPOYHONl MPOTpaMMbI, KOTOpas o0OJIamaeT CXOXHUM

GbyHKIIMOHATIOM, HO HE HWMeEeT KpoccimiaThOpMeHHOCTH. B KayecTBe TECTOBBIX

JaHHBIX MBbI 6y,[[eM HCIIOJIB30BATh MAaTpUuly ICpexoa0B, IIPCACTABIICHHYIO B Ta6J'II/I]_Ie

1.4.
Ta6numa 1.4 — Marpuiia nepexomos.

SO S1 S2 S3
SO 0 1 0 0
S1 0.1 0.3 03 | 03
S2 0 0 0 1
S3 0 1 0 0

Jlucm
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Bapwsupyemsie napamerpsl kaxxaoin CMO npencrasiens! B Ta0auiy 1.5.

Tabnuua 1.5 — Bapeupyemsie napamerpst CMO

S1

S2 S3

Yucio

KaHaJIOB

1-2

1-2 1-2

Bpems

s

00cCITy>KUBaH

0,0005-0,001

0,001-0,002 | 0,002-0,003

Ha pucynke 13 npencTaBieH pe3ynbTar pacdyéToB mporpammel. Ha pucynke

14 npencraBieH pe3ysbTaT pacu€ToOB MPOBEPOYHOM MPOTPAMMBI.

DUHCanKE SBPLMPYEMSIX NEPAMETROS:
MapameTp - WHTEHCHSHOCTE BXDAMEErQ NOTOKA - HayanbHOe 3InaueHWe - 10 - KoWewnoe 3nauewwe - 15 - War - 2,5
NapameTp - Bpems oBCAYXMBaHWA CMO 51 - Hawankhoe 3nauende - ©,8005 - Koweunoe 3Inavenne - 9,801 - War - 8,80025
NapameTp - Bpems oBCAYXMBaHWA CMO 52 - Hauanbhoe 3Hauende - 0,891 - KOWeukoe SHauekue - 8,082 - Uar - ©,8085
NapameTp - Bpews oOCAYXMEAHWA CMO 53 - HBuankHOE 3HAueHWe - 9,882 - KOHEukDE SHauekue - 8,883 - Uar - ©,8085
MApameTp - YUCAD KEWANOE (MO S1 - HBUANEHOE 3HAUEHWE - 1 - KOKEUHOE SWauewWe - 2 - Uar - @
MApameTp - YUCAO KEHANOE CMD 52 - HBUANEHOE SHAUEHHE - 1 - KOKEUHOE SHauskWe - 2 - Uar - @
NapameTp - YMCNO KBHANOB (MO S3 - HAUANBHOE 3HAYEHWE - 1 - KOHEUHOE 3HAUEHWE - 2 - War - @
Ofmes UWCAO UMKNOB: -3-
PacuéT:
UMKN HomEp: -1-
MCXOAHSIE ABHHGIE
HOomep CMO HIMMEHOBEHHE (MO BpemA oBCAYRMBEHHA YMCN0 KBHANOB HHCNO MECT

e ™0 o,0081 ]

1 ™0 2,005 1 1

2 ™0 2,081 1 1

3 ™0 e,082 1 1

XapaKkTepUCTHKM oTAENLHuIX CHO:

Homep CMO | Ko2¢. nepeaawn | WhTewcuBhoCTH Bxeaworc notoka | Koa¢d. 3arpyskn
@ 2 @ 2
1 9,34791 99,4791 2,8497396
2 2,98354 29,8354 2,0298354
3 5,96619 53,6619 8,119324
XBPAKTEDUCTUKA CETW B Lenom:
WHTEHCWBHOCT BXOAAZETC NOTOKB: 18
CpefKes UHCNO 33REOK B Ouepedsx: ©,8196284
CpefKes UMCNO 33ABOK B CETH: B, 218587
CpefKes BPEMA OXMABHMA B OUEPEAAX: 8,89195384
Cpefkes Bpema NpebuBakWA 3aAEKK B CETHI ©,8218587
UMKN HomEp: -2-
HCXOAHBIE ABHHSIE D
HOMEp CMO | HaumeHoBaKME CMO | Bpema oBCAYWMBBHWA | WMCnO Kawanos | wucno mect
2 [a2] 2,0001 e
1 ™o ,20075 2 1
2 ™o 2,0015 2 1
3 ™o 2,0025 2 1
XapaKTEpHCTHKN OTAENbHaIX CHO:
Homep CMO | Ko2¢. nepepaun | WhTencuehoCTe Bxeaworc notoka | Koa¢d. 3arpyskn
o a o a
1 9,34791 124,345 8,0465309
2 2,92354 37,2942 8,8273767
3 5,96619 74,5774 8,8532217
HAPEKTEDUCTUKA CETU B Lenom:
WHTEHCWBHOCTL BXOAANEro NOTOKa: 12,5
CpefKes UHCNO 33ABOK B OUEpElAX: ©,88182149
CpefKes UWCNO 33ABOK B CETHM: B,337528
CpefKes BPema OXWABHMA B OUEPEAX: 8,BPB158519
Cpeanee BpemA NpebsiBakHA 3AABKH B CETHI @,8270822
UAKD HoMED: -3-
MCXOAHSIE AaHHHIE !
Homep CMO | Haumenosarme CMO | Bpema ofcmymmsanna | “ucno kewanos | “mcno mect
@ 2,0081 e
1 ™o e,eal 2 1
2 ™o e,082 2 1
3 ™o e,083 2 1

XapaKkTEpUCTHKM OTAENbHSIX CHO:

Homep CMO | K0309. nepesasn
2

1
2
El

WHTEHCHBHOCTL

BXOAHOTD NOTOKE

K030, 3arpy3Kn
e

8 2
5,94791 148,213 8,0745854
2,98354 44,753 8,8447531
5,96619 89,4929 2,134239

XBPEKTEDUCTUKA CETW B Lenom:

MHTEHCUBHOCTE

BXOAANEr0 NOTOKA: 15

CpefKes UMCNO 33ABOK B OUEPElAX: ©,88594173

Cpeanee uHCno

38ABOK B CETH: 8,513145

CpeiHes EBPEMA OXWABHWA B ONEPEAAX: ©,808396115
Cpearee Bpems NpefoiBaHMA 33ABKH B CETH: ,8332097

Cp. wMCAO 3akATEX Kakanos | Cp.
@

Cp. MCID 3BHATHX Kavanoe
8

Cp. MCID 3BHATHX Kavanos

uNCNO 33RBOK B CMO | Cp. AnWna ovepean | Cp. BpemA OWMZEHUA B Ouepenn
@ e 3

8,8457396 8,8523431 @,ea260352 2,61715¢-85
8,8298354 8,8387529 2,808917524 3,875292-85
8,119324 2,135491 8,8161673 8,800278982

Cp. uncno 3asBok B CMO | Cp. Anuwa ouepean | Cp. Bpems owugswua B ouepedn
o e 3

8,8932617 8,8934649 2,808203234 1,63438e-86
8,8559413 8,8559851 4,38884e-85 1,17446e-86
8,186443 8,132878 ,88153445 2,191628-85

Cp. wnco 3aBoK B CMO | Cp. Anuwa ouepean | Cp. BPEMA OWMABHWA B Ouepedn
& &

8 8
8,149219 8,158854 2,888235284 5,59772e-86
8,8895061 8,8895857 8,888179626 4,813712-86
8,262479 8,273485 8,88492682 5,585268-85

Pucynok 13 — Pe3ynbtat pacyéToB mporpaMMsl

Cp. Bpems npefusanis B CMO
@

@,200526172
8,28183875
8,88227898

Cp. Bpems npefusanis B CMO
o

8,208751634
8,88158117
8,88252152

Cp. Bpems npefusanis B CMO
B

8,8010056
8,80200481
8,88385505
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| MHTencueHOCTE BXOAAWEro noToka: | 10.0060000000

| Cpegvee uncno zaseok B ouepensx: | ©.01992308504

| Cpegnee uucno zameok B ceTu: | ©.2199238504 |
| Cpegvee Bpema oxugaHWwA B ovepepAx: | ©.0015923850 |
| Cpeagnee epema npefrieaHuA 2amBKM B CeTw | ©.8219923050 |
XapakTepUCTHMKK CETH B LenoMm:

| MHTeHcHEHOCTE BXOAAWLEro NMOTOKA: | 12.5000000000

| Cpegnee uuncno zaseok B ouepegax: | ©.0019135387

| Cpeagnee uucno zameok B CeTH: | ©.3394135387 |
| Cpegnee Bpema oxugaHwAa B ouepepAx: | ©.00015368831 |
| Cpeavee epema npebhiEaHWA 2aRBKM B CETH | ©.8271538831 |
| MHTeHcHEHOCTE BXOAAWLEro NMOTOKA: | 15.0000000000

| Cpegnee uuncno zaseok B ouepegax: | ©.00608432382

| Cpeagnee uucno zameok B CeTH: | ©.51608432382 |
| Cpegnee Bpema oxugaHwAa B ouepepAx: | ©.0004028825 |
| Cpeagvee eBpema npebriEaHWA 2aABKM B CETH: | ©.0344028825 |

Pucynox 14 — Pe3ynbTaT pacyéToB MPOBEPOUHON MPOTPaMMBbI

Ha pucynke 15 nokaszana nuarpamMmma ceTH, MOCTPOEHHAS M3 PACCUUTAHHBIX

napameTpoB.

Cyele 1

0.31
021
0.10
_ I — —

Cyele 2

Pucynok 15 — Jluarpamma cetu

HEE UMEND SERECK, OXWASIOUHK OSCHYNHMESHAA

Hee uncno sansor, npeBeiEsioLIX B ceT
HEE BPEMA OXHISHAR SEAEKM B CETH

Hes epemA npabuEaNA SaRE0K 8 CeTH

Cyole 3
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Ha pucynke 16 nokazana nuarpamma CeTH MpOBEPOUYHOMN MPOrPAMMBbI.

XapaKkTepruCTHKKN CeTH

Bl CpepHee YWcno 3aRBOK, OXMUZAWLMX OBCyIBAHUR
Il Cpegree uncno 2aseok, npefbiEanWmux B CETH

[ Cpepree Bpems oxugaHua 3a98K0 B CETH
Il Cpegriee Bpems npelbiBaHna 3a8B0K B CETH

MNapameTpel aMarparisi

v
v

v CDE.IIHEE EPErA OM0aHWA 33AEKH B CETH
v

<< Drmemms i Coxparume

Pucynox 16 — Jluarpamma ceTv mpoBEpOYHON MTPOTPaMMBI

Pe3ynbraThl TECTOB pacdy€THOW YacTH MPOTPAaMMBI TOKa3bIBAIOT, YTO
mporpaMma  pacCuMThIBaeT 3HAYEHHs BEpPHO, B Mpelerax JIOMyCTUMOM
MTOTPENTHOCTH.

1.3.2 KnuenTckas nporpamma

[Ipu 3amycke KIMEHTCKOW MPOrpaMMbl IMOJIb30BAaTENh BCTPEUYACT HAYAIbHOE
OKHO C TYCTBIM XOJICTOM JJISI TIOCTPOCHMsI Tpada CeTH W MaHEbI0 HHCTPYMEHTOB.
Yacte (¢yHKIHMOHATa mporpaMMmbl  (pacu€T XapaKTEPHUCTHUK, OTOOpaKeHHE
auarpaMm) 3a0JIOKMpOBaHa 10 CO3JaHMs CETH WIIM 3arpy3ku npoekrta. Ha pucynke

17 noka3aHo CTapTOBOE OKHO MPUIOKEHUS.
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Marn Pepaktvpoeate Cets Otuétel Cnpaeka
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Pucynox 17 — CrapToBO€ OKHO MPUITIOKEHUS

Uto0s1 pa30a0oKupoBaTh PYyHKIIMOHA MPOTPAMMBI, MOJIB30BATEINb MIEPEXOIUT K
co3nanuto rpada cetn. Ha pucynke 18 mpeacraBineHo naHesasb yrpaBieHUs
AJIIEMEHTaMHU:

- no6asuts CMO;

- ynanuts CMO;

- IPOBECTH CBSI3b;

- YIQJIUTH CBSI3b;

- nepemectuth CMO.

W P ol

Pucynox 18 — [lanens ynpapiieHus 3jeMeHTaMu
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Uro Ob1 coszmath yzen CMO, HeoOXomMMoO HaxkaTh Ha KHOMNKY «JloGaBUTH
CMOy», nocne HaxaTh Ha JOOyl0 TOukKy paboueit obnactu. Ha pucynke 19

npeACcTaBiieHO BHeIHMH BU y3i1a CMO.

Pucynox 19 — Buemnuii Bun y3ia CMO

Uro 66l ynamuth y3en CMO, HeoOXOOuMO HaxkaThb Ha KHOMNKY «YJallUTh
CMO».

Uro Ob1 mnepemectutrh y3en CMO, HeoOXoauMO HaxaTb Ha KHOIKY
«IIepemecturs CMOp.

Yto OBl co3/aTh MEPEXO]l MEXAY y3jJaMU HEOOXOJUMO HakaTh Ha KHOIIKY
«IIpoBectu cBsA3b», 3aTe€M HaxkaTh Ha oaHO CMO, 3aTeM Haxarb Ha BTopoe CMO
(wn HAa TO K€ caMoe), IMOCI€ Ha3HauYuTh BEpPOSTHOCTh INepexoda B
cooTBeTCcTBYIOIIEeM OkHe. Ha pucynke 20 mpeacTtaBieHO OKHO BBOAA BEPOATHOCTU

nepexoga CMO u caMm BHEIIHUHN BUJ Iepexoa.

Il
@ ieE Beegmte umcn.. X

oK Cance

(&9

Pucynok 20 — OxHo BBOJ1a BeposiTHOCTHU nepexoaa CMO u ero BHEIIHUMN BU/T

Jlnst penaktupoBanusi mapametpoB CMO, Heobxoammo HaxkaTh Ha Hero. Ha

pucyske 21 nokazano okao napamerpos CMO.
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iiiz MapameTpsl CMO X

HavmMeHosaHme: | m

Bpema obcnywueanma: | 0

Ywmcno KaHanoe: 1
OrpaHvyeHHan ANWHa OYepeam

Yucno mect: 1

QK OtmeHa

Pucynox 21 — Okno napamerpos CMO

I[J'DI 3aga41 HMHTCHCHUBHOCTH BXOJIHOI'O IIOTOKAa HYKHO HaXaThb Ha Hy.]'[CBOﬁ

Y3CII. Ha PUCYHKC 22 MMpCacCTaBJICHO OKHO 3aa49Y HHTCHCHMBHOCTH BXOAHOI'O IIOTOKA.

JuiL
it BeegMTe MHTEHCUMBHOCTb BXOAAWE... X

WVIHTEHCWMBHOCTE (MMCNO C NNABAMOWER TOUKOM):

|

OK OTmeHa

Pucynok 22 — OkHO BBO/Ia UHTEHCUBHOCTU BXO/IHOTO MOTOKA

Ha pucynke 23 moka3aHa BepXHss TaHENb YIPABICHHS, COJEpKalnas
DJIEMEHTBI:

- HOBBIU POEKT;

- OTKPBITh MPOEKT;

- COXPaHHUTH ITPOEKT;

- PEAAKTOp MATPULIbI BEPOATHOCTEN NIEpeIay;

- paccuuTaTh;

- II0Ka3aTh OTYET;

- [I0Ka3aTh AUarpaMMy CETH;

- TOKa3aTh Auarpammy xapakrepuctuk CMO;

- CIIpaBKa,

- 0 IpOrpamme.
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Pucynok 23 — Bepxusisi manesb ynpaBieHUs

Urto OBl peJTakTUPOBATh BEPOSTHOCTD MEPEX0/ia, HEOOXOUMO HaKaTh HA caM
Nepexo/i WM Ha KHOTKY «PenakTop MaTpulibl BepoaTHOCTH niepenau». Ha pucynke

24 noka3aHo OKHO PeaKTUPOBAHUS BEPOSATHOCTH Mepexo/ia U Tabiuia nepeaay.

® Penaxrmposanve Matpuub Becos - O X
50 51 52 53 54
sol:-m + | 1,00 - 4+ 000 + | 000 + 000 +
51 0,00 + 000 + 0,00 + 000 + 0,00 +
52 0,00 + | 0,00 + | 0,00 + | 0,00 + | 0,00 +
53 0,00 + 000 + | 000 + 000 + | 000 +
54 0,00 + 000 + 0,00 + 000 + 0,00 +

il
e Beegure umcn.. X

QK Cancel

[MpumeHnTh

Pucynoxk 24 — OkHO peakTHPOBAaHUS BEPOSITHOCTH Tepexojia 1 Tabauia

nepeaay

[Tocne 3amaun mapamMeTpoB MOXKHO TMpOBECTH pacyér. MOKHO BBIOpaTh
BapHaHT pacuéra: ¢ (PUKCHPOBAHHBIMH WIJIM BapbUpyeMbIMU mapamerpamu. [lpu

BbIOOpE (PUKCHUPOBAHHBIX MapaMETPOB OYJET MPOU3BEIACH PACUET.

Jlucm

[y 1.090301.18.001 713

Usm. | Jlucm Ne dokym. lModnucek | Hama

39




Urto ObI MokazaTh OTUET HEOOX0AMMO HauaTh KHOMIKY «Iloka3ath oTuéT». Ha

PHUCYHKE 25 MOKa3aHO OKHO HACTPOMKHK MapaMeTpoB pacuéra, Ha pUCyHKe 26 mokaszaH

IIpUMeEp OTYETA

JuiL
I0E Pacyet ceTw

X

D’ PacueT ceTy ¢ GWMKCMPOBaHHbLIMKW NapaMeTpamm

PacueTt cetn C BapPbMPpYEMBIMKM MapaMETPaMK

MN3MeHATE MHTEHCMBHOCTL

oT: 0,000

Ac: 0,000

MameHaTe Bpema obonyxmeanms B CMO

Bruibepwute Kpyr
oT:
Jila
M3meHATs uncno kaHanos 8 CMO
Buibepwte Kpyr
oT:
Ao:
M3meHaTs yncno mect 6 CMO
Buibepute kpyr
oT:
ao:
YMcno UWKNos: 2

Paccuwmrath

J3KpbITh

Pucynox 25 — OkHO HACTPOMKHU MapaMeTpoB pacuéTra
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| resulttxt — BnokHoT - O Pt

®ain [paska ©Qopmat Bua Cnpaeka

0buwee 4UCNO UUKNOB: -1- ~
PacuéT:

Uukn Homep: -1-

WcxoOHele gaHHble:

| Homep CMO | HaumeHoBaHWe CMO | Bpemsa obcnyxuBaHuA | YUCno kaHvanoB | Yucno m
| o | cMOo | 0,0001 | 1|
| 1 cMo | 0,005 | 2 |
| 2 CMO | 0,005 | 2]
| 3 CMO | 0,005 | 2|
T

I
I
I
XapakTepucTuKn oTaenbHeix CMO:
I
I
I
I

| Homep CMO | Ko3dd. nepepaunm | MHTEHCUBHOCTbL BXOAHOrO moToka | Koadd. zarpys

I o 0 | o |

| 1 9,94791 | 9,94791 | 0,02486!

| 2 2,98354 | 2,98354 | 0,007458!

| 3 5,96619 | 5,96619 | 0,01491!

XapaKTepHCTHKH ceTun B uUenom:

I MHTEHCUBHOCTL BXO4AlWero notoka: 1

I CDEﬂHee YUCNO 3aABOK B O4epefAax: 3,82513e-05

I CpeﬂHee YACNO 33ABOK B CeTu: ©,0945265

| CpeaHee Bpema oxuaaHWA B odvepedax: 3,82513e-05

| CpeaHee Bpema npebbiBaHuA 3aABKW B CeTu: ©,0945265 v

£ >
C1p 16, cTn6 47 100%  Windows (CRLF) ANSI

Pucynok 26 — [Ipumep oTuéta

N3HauanbHO MOJIB30BATENIb MOXET 33JlaTh JH000€ 3HAYCHHE BEPOATHOCTH
nepexo/ia, HO JUIsl TOTO, YTOOBI MPOBECTH PACUET HEOOXOAMMO UYTOOBI BEPOSITHOCTH
ucxonsamui csazeit u13 CMO Oblu paBHO 1, MHauYe mporpamma BeiAacT ommoOky. Ha

pUCYHKe 27 MOKa3aHO OKHO OIIUOKH.

_ru-\_
Sl X
L]

Owmbka: CyMMa BECOE MCXOAALLMX CBA3EW AnA y3na S0 paeHa
123,000000, ponxHa BoiTe 1.0

OK

Pucynoxk 27 — OkHO o1mOKku

Ecnu cucrema HectabuiibHa, IporpaMMa Tak ke BbIIAcT ommoOky. Ha pucynke

28 1oKa3aHo OKHO OIIUOKH.
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3l X
L]

Error: System unstable (rho == 1)

OK

Pucynox 28 — OkHO ommOKu

Ecnu monb3oBarens XoueT MPOBECTH pacu€T C BapbUPOBAHUEM €EMY
HEeoO0XoAuMO OyJIeT BBECTH YHCIIO IIUKJIOB BapbHpOBaHUsS (MUHUMYM 2), BbIOpaTh
KAaKM€ UMEHHO IIapaMeTpbl BapbUPOBaTh, U 3a/1aTh BapbUpoBaHue st Kaxaon CMO
0 OTAEIBHOCTH TMpH HeoOxomumocTu. [Ipumep HacTpolku BapbUpPOBaHUS

n300pakeH Ha pucyHke 29.

ieE PacueT ceTu >

PacueT ceTW ¢ dMKCMPOBaHHBIMK NapaMeTpamMm
0 PacueT ceTk C BapbMpYyeMbIMK NapaMeTDaMK

N3MmeHATE MHTEHCMBHOCTD
ot 10
Ao: 15
M3meHATs BpeMAa obcayxunseaduna 8 CMO
53 b
ot 0,0005
Ao: 0,001
MN3meHATs umcno kaHanoe 8 CMO
Boibepute kpyr b
ot
ao:
MN3meHaTs uncno mect 8 CMO
Bribepwre kpyr
ot

ao:

Yucno umknoe: 100

Paccuntats 3aKpbITh

Pucynok 29 — IIpumep HaCTpoWKH BapbHUPOBAHUS
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[TocTpoeHnue nuarpaMM BO3MOYKHO TOJIBKO IIPU pacuéTax ¢ BapbUpPOBAHUEM,
TaK Kak JUarpaMMbl CTPOSITCS MO mukiaM. [Ipy mombITke MOCTPOUTH AUArpaMMy
npu pacuyére B (UKCUPOBAHHBIMU MapaMeTpamu, AuarpaMMa He oToOpasutcs. Uto
OBl TIOCTPOUTH AMArpaMMy HEOO0XOoAMMO HakaTh KHONKY «Iloka3arh nuarpammy
xapakTepucTuk cetm» win «lloka3zate auarpammy xapaktepuctuk CMO». OkHO
qUarpaMmbl  XapakTEpUCTUK COCTOMT U3 caMod jauarpaMMbl U 4 (¢uaros
O0TOOpaKeHHs XapaKTEPUCTHK, KOTOpPble MOXHO OTOOpa)kaTh WIJIM CKPBIBATh IO
xenannto. OkHO nuarpaMmbl xapaktepuctuk CMO cocTout U3 Auarpammsl, U 2
BBIMA/IAIOIIMX CIUCKOB, TEpPBbIH M3 HUX — BBIOOp XapaKTEPUCTUKH IS
otobpaxkenus, BTopoit — BeiOop CMO. Ha pucynke 30 m3zobpakena gumarpamma
XapaKTepUCTUK CETH, Ha pucyHke 31 u3oOpakeHa auarpamma XapaKT€pPUCTHK

CMO.

1l narpamma xapakTepucTuk cetn X
CpejiHee UMCNO 3aRBOK, OXMIAHWWMX 06CYKMBAHNA
CpejHee uMc/o 3a8B0K, NPEBLIBAILLVX B CETH
CpejiHee BpeMA OXWIAHUA 33ABKU B CETH
Cpejree BpeMA NPe6biBaHNsA 33AE0K B CETH

0.02
[l Crenvee uncno sanmor. oxusioumx oScnysmaaHA|

oog HALLPLPELEV BV BB LB LB L L L bbb bbbl bbbl bbb oo | | | | | | | | | | |

3aKpbITh

Pucynoxk 30 — [luarpamma xapakTepUCTUK CETH
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Koadb. sarpyskm

CMO

Koapd. sampysen

@
@
Lk
@@@@@d&@@@@
Mﬁ‘“““"""

123456758 101112131415161718182021222324252627282030313232343536373830404 1 424 244454647 4349505 152535455 56575350605 10262545558676880707 1727274757677 78798058 1528264555657 5259000 18203048585078382100

Cyales

Pucynok 31 — Jluarpamma xapakrepuctuk CMO

Knonka  «CmpaBka»  otkpeiBaer HTML-gokymenT B Opaysepe,

OMUCHIBAIOIINH (PYHKIIMOHAT porpaMMbl. Ha pucyHke 32 mokasaH 3TOT JOKYMEHT.

CupaBKa 0 MPOTpaMMe L1 pactieTa cToxacTiyecknx ceteii V 1.0

1. HasHagerme MPOTPaMMBL.
Jlammag 1 pacgera xap ceTell, COCTORIIIX 113 i creTen aTake xapaxtepucnik orzersesx CMO. Il
munnmnporpmmmczmmmwwcmmmmmWMcwmmmmmemm
it moTox 7% S0); 11BpMA s k10l CMO. Hexozeste 1aEse 2118 T000I ceTi MOTYT G5ITh COXpaHeHH Ea KeCTRILH JICK I 3ATPYACHH ¢ Ber0. Pe3yIsTarsl pactera MOTYT GHITb CONpAHES!
nxmmnmmnwﬁmnmmmlnﬁwwmmmp&mmwmﬂwmmmlmmﬂm@ml B P Euin'y marpasy mo
it JaRESD 18 Ip SBIRETCE K B mﬂmmmmOCWmhwgmanChmpemmynmmemeﬁmeWMWlﬂMb-
HDD‘SVGAWMIG
2. Paora ¢ mporpaynMoll.

2.1 Beo ucxodwsix dansbex

Jin% BBOTA JGHESIX MOKEHO IICHOT530BATH B3 PEIAKTODA: BIRYATHERII I PEIAKT0D MATPILEI BEPOATEOCTeIl Nepelad. TAKAS MOKEO BBECTI J2EEHe ¢ JICKA I CTYSailHO 3ATOTHITS MATPIIY BEPORTEOCTeIl Nepelad I IApaMeTpal
ontexsisx CMO.

5 STSET
Oaitn Pesakvposars Ceto Oruémsl Cnpasea

0 ¢ e EE UYLV

®-@
&)

|||

®

Pucynok 32 — CnpaBounsiit HTML-goxkymMeHT
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pazpaboTyuke.

Kuonka «O

porpamme»

IMO3BOJIAIECT  IMOJYYHUTH I/IH(i)OpMaHI/IIO 0

Ha pucynke 33 noka3zano okHo «O mporpamme.

Pazpabotumk: rp 21BBB1 PenwnH W.B.
PykosoamTtenns: buktawes P.A.

@ O nporpamme

(c) MNenza 2025. MNeH3eHCKMA TEXHONOTMYECKMIA MHCTUTYT

— O x

3aKpbITh

Pucynok 33 — Okno «O nporpamme»

Yro Obl COXpPaHUTH MPOEKT, HEOOXOUMO Ha4YaTh KHONKY «COXpaHUTH», 3aTEM

BBIOpATh MyTh COXpaHeHUs U uMs (aiinia, a 3aTeM HaXKaTh coxpaHuTh. Ha pucynke 34

ITOKAa3aHO OKHO COXpPAaHCHH:A IIPOCKTA.

e CoXpaHuTb NpOeKT

Wms: | projectiisll

@ JomawHana nanka
B3 PaGouwii cron

O Documents

4 Downloads

dd Music

¥0 Videos

&) WsoBpaxeHwa

B NokanwbHeid auck (C)

@ NokanbHeid anck (D3

+ Apyrve mecra

\ Users ivanr OneDrive

2 HELP

7 modules

projectjson

7 textures

B Pabouni cron | stt c:

2348
231
1,6 KB Twn daitnos json 22:58

Buepa

JSON files ¥

OtmeHa CoxpanunTe

Pucynox 34 — OkHO cOXpaHEHUS POEKTa

Yto OBl OTKPBITH TOTOBBI MPOEKT HYXHO HayaTh KHONKY «OTKpPBITH» H

BBIOpaTh (haitn npoekta. Ha pucynke 35 nmokazaHo okHO BeIOOpa daiiyia mpoeKTa.

Usm.
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™
248 OTKPbITh NPOEKT

Wmsa: | |

) Documents
4 Downloads
dd Music

W0 Videos

@ JomaluHAs nanka

B PaBouwi cTon

& VzoBpaxetusa
[@ Nokanbhbii avck (C:)
@ NokanbHbId anck (D:)

+ Apyrve mecta

Y Users ivanr | OneDrive | B PaGouwii cton stt

commands.txt
12 Kb

126,1 Kb
4837 Kb

exp.cpp
& exp.exe
& foo.exe
0 HELp
main.cpp 119Kb
7 modules
16 Kb

1839 Kb

projectjson
result.bxt

-—
textures

142 banTta

Text Document

Twun daidnos .cpp

Application
Application

Twin dafnos .cpp

Tun daidnos json

Text Document

Otmena

2

Bc

10:36
10:36
2311
2348
22:02
2311
2258
2334

Buepa

Pucynox 35 — OkHo BbIOOpa (haiiina mpoekTa

MOXHO Tak K€ OYMCTUTH NPOEKT. I 3TOro HyKHO HaXXaThb KHOIKY

«HoBr1l IIPOCKT». [Iocne aToro IIPOCKT 6y,[[€T OYHIIICH. Ecau nonws3oBaTens He

COXpaHnJI TCKYIHHﬁ IMPOCKT IICPCA BBIXOJOM H3 IIPOI'PpaMMbl WK IICPCA HAYAJIOM

HOBOT'O IPOEKT, MOJIb30BaTEIb OyIET MPEAYNPEexKACH U eMy OyJIeT MpeaioKeHO

coxpaHuTh mpoekT. Ha pucynke 36 moOka3aHO OKHO NPEAYNPEKICHUS MPH

CO3JJaHMHU HOBOT'O MPOEKTA, HA PUCYHKE 3/ MOKa3aHO OKHO MPEIyNpeKICHUs TPH

3aKPbITHUH ITPHUIIOKCHHUA.

_FU
3
ol

e

COXDEHHTI:- WM3MEHEHMWA Nepea CO3AaHHWEM HOBOIO I'IDOEKTF:'I?

CoxpaHuTb

He coxpanato

OtmeHa

X

Pucynoxk 36 — OkHO npenynpexieHus

= X
CoXpaHWTb M3MEHEHMA Nepes BbIXo4om?
CoXpaHKTb He coxpaHatb OTmeHa
Pucynok 37 — OkHO nipeaynpexaeHus
Jlucm
1y 1.090301.18.001 713 46
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Tak e B NPUIIOKEHUH Pealn30BaHO MeHI0. HO OHO He IPUBHOCUT HOBBIX
GbyHKIMI, Bce (QYHKIMM MEHIO TaK € MPUCYTCTBYIOT B OOKOBOW M BEpXHEU

naHensx. Ha pucynke 38 mpencraBieHo BepXHee MEHIO.

Dain Pepakrmpoeate Cete Otuétel Cnpaeka

Pucynok 38 — Bepxnee MeHio
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2 OxpaHna Tpyaa

B oroif wactu OynyT paccMOTpeHbl HEOOXOIuMMble TpeOOBaHUS TIO
o0ecrniedyeHn0 0e30MacHOCTU KU3HEIEATEIIbHOCTH M OXPaHbl TPyAa OMEepaTOpOB
[19BM, npuHHMalONMX y4dacThe B pa3paboOTKe MU IKCIUTyaTallid MpOrpaMMHOIO
o0ecrnedeHus, a TaKkkKe CIOoCOObl MUHUMHU3AIMUA BEPOSITHOCTH MOTYUYCHHS] TPABMBI

pabOTHUKOM.

2.1 XapakTepucTuKa NOTEHIUAIbHBIX ONMACHOCTEH U BpPeIHOCTEN,

KOTOpPbIe MOTYT BO3HHKHYTH Ipu padore ¢c IBM

HecMmotps Ha T0, uto [IT9BM 1m03BOJIAIOT HAM pelIaTh CaMbI€ Pa3HbIE 3aa4u
CYIWIECTBYET TaK K€ BEPOSTHOCTbH IOJYYEHHs TPAaBMBbI MOJIB30BATEIIEM WM BCEX
HaXOoAIUMCA JTIOASAM 1moonu30cTi. C 1enblo NpeoTBPAIICHNUS TaKUX CLIEHAPUEB,
paboOTHUKAM CIIeyeT IPUIEPKUBATHCSA pa3pabOTaHHBIX MpaBUil OE30MaCHOCTH Ha
paboueM Mecte W mnpaBui 3Kciryarauuu [IOBM, Takux kak HOpMUpPOBaHHE
BpEMEHH padoOThl, NMPaBUIBHOE pPACIOJIOXKEHUE pPAbOUero MecTo, COOJ0JEeHUE

HOPMBbI YPOBHSI OCBEIICHHOCTH U IIIyMa.

2.2 Knaccudukauus U KaTeropupoBaHue noMenieHusi, B KOTOPOM

NMPOU3BOANTCS pa3padoTKa

2.2.1 Knaccudukarus 1mo B3pbIBONOKAPHON U MOKapHON OMACHOCTH

[To B3pBIBONOKAPHOW U TTOKAPHOM OMACHOCTH MTOMELIECHUS OAPA3AEIAIOTCS
Ha katreropuu A, b, B1-B4, I' u ]I, a 3manus - Ha kareropuu A, b, B, I' u JI.

l'oproune BemiecTBa M MaTepualibl, UX KOJHUYECTBO U IOXKAPOOMACHOCTh
BIIMSIOT Ha KJIACCU(UKAIIMIO MTOMEIICHUH 1 3JJaHUi 10 TTOXKapHOM OMacHOCTH. JTa
KIaccu(uKaiys TakKe YUYUTHIBAET OCOOCHHOCTH TUIAHUPOBKH TOMEIICHUN W
XapaKkTep TEXHOJIOTHYECKUX MPOIECCOB, KOTOPhIE B HUX OCYIIECTBIsOTCA. Hioke
MPECTABIICHbl KATErOPUU MOMEIICHUHN ¢ ONMUCAHUEM CBOMCTB HAXOISIIUXCS B HUX

BEIICCTB M MaTCPHAJIOB:
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- Kateropusi «A» — TIOBBIIICHHAs  B3pBIBONOXApHas  ONACHOCTb.
K »TOM rpynme OTHOCATCA NHOMEIIEHHs, TI€ COIAEP)KATCS TOpPIOYME Tas3bl WIH
JIETKOBOCIUTAMEHSIOIINECS KUAKOCTH C TEMIIEPaTypoil BCIbIIKU He Bbimie 28 °C B
00BbEME, TOCTATOUHOM /Jisi 00pa30BaHMs B3PBIBOONACHBIX I1APOTa30BBIX CMECEH.
[Tpu BocmIaMeHEHUH TaKUX cMeceil M30bITOYHOE JIaBJICHHE B3pPhIBA B IOMEUICHUH
MOJKET MPEBBICUTH S KlIa;

- KaTeropus «b» — B3pPBIBOIIOKAPHAs OIaCHOCTb.
B Takux nmomemeHusxX MOryT HaxXOAUTHCA TOPIOYME NBUIM M BOJIOKHA, & TAKXKE
JIETKOBOCIUIAMEHSOIINECS KUIKOCTU C TemrepaTypoil Bcmblku Beime 28 °C u
JIpYrue TOpIOYME JKHJIKOCTH, CIOCOOHBIE OOpa3oBBIBATh  B3PBIBOONACHBIE
MBUIEBO3YIIIHBIE WM NTAPOBO3AYIIHbIE cMecH. [Ipy BOCIIITaMEHEHUH 3THX CMECEn
pacuérHoe U30bITOYHOE JaBJICHUE B3phIBa Takke mpesbiiiaet 5 klla;

- KaTeropuu «B1-B4» — [10’KapOOIIaCHOCTb.
Croma OTHOCATCA BEIIECTBA M MaTEpHUANIbl, KOTOPBIE MOTIYT TOpPETh IpHU
ONPENEIEHHBIX YCIOBUAX, BKIIOYAsl I'OPIOYME U TPYAHOTOPIOUME KHUIAKOCTH, a
TaKX€e BEIIECTBA, CKJIOHHBIE K CAMOBO3TOPaHUIO ITPU KOHTAKTE C KUCIOPOAOM HIIN
BJIATOM, HO HE 00pa3yIOIIKe B3PHIBOOMIACHBIX CMECEH;

- KaTeropus «I'» — yMEpEHHas no>kapHast ONaCHOCTb.
DTO NMOMEIIEHHUS, B KOTOPbIX 00padaThIBalOTCSI HETOPIOYKE BEIIECTBA B HATPETOM
WU PACKaJIEHHOM COCTOSIHUH;

- KaTeropus «I» — MOHWKEHHAsI no>kapHast OTIIACHOCTb.
OTHOCHTCS K MMOMELIEHUSAM, TJI€ HAXOASATCS HETOPIOYHE BEIIECTBA U MaTEPUAIIbl B
XOJIOAHOM COCTOSIHUM, HE MIPEACTABIISIONINE 3HAYUTEIIBHON OMTaCHOCTH.

2.2.2 Knaccudukaius 1o ONacCHOCTH MOPAXKEHUS JIEKTPUYECKUM TOKOM

YcnoBus, mOpU  KOTOPBIX  BO3PAacTaeT pPUCK IOPAKEHUS  YEIIOBEKa
ANEKTPUYECKUM TOKOM:

- TIOBBIIIEHHAS BJIAYKHOCTh BO3AyXa — B IMOMEIIEHNU 00pa3yercs

KOHACHCAT B BUAC MCJIKUX KallCJIb, 4 OTHOCUTCIIbHAA BJIAJKHOCTDH ITPCBLIIIACT 75%,
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- HAJIMYUE NPOBOJSIIEH NBUIM — TEXHOJOTMYECKasl WIK WHas MbUlb OCEAacT
Ha INpPOBOJAX U IMOMNaJaeT BHYTPb OOOPYIOBaHMs, YXyAllas H3OMALUIO MU
TEIJIOOTBOJ, HO HE CO3/arollasi pucka BO3rOpaHus WU B3pbIBA,;

- IPUCYTCTBUE TOKOIIPOBOASIINX I10JIOB U IIOBEPXHOCTEH;

- IIOBBIIICHHAs TEMIIEPATypa OKPYKAIOIIEH CPEIbI.

VYcnoBus 0co00i ONTaCHOCTH MOPAKEHUS THOJEH IEKTPUIECKUM TOKOM:

- CBIPOCTb ITOMEIIEHUS;

- XUMUYECKH aKTUBHAs CPeNa;

- HaJIW4YuMe OJHOBPEMEHHO [BYX WiIH Oosee (HakTOpOB MOBBIIIEHHON

OITACHOCTH.

Takum 00pa3oM MOXXHO BBIIECTUTH TPU KATETOPUHM OMACHOCTH MOMEIICHUI:
Oe30macHbIe, C TIOBBIIIEHHON OMAaCHOCTHIO U 0CO00 OMacHbIE.

JInst  CHMJKEHHMSI  BEPOSTHOCTH  MOPAXKEHUS  DJIEKTPUYECKHUM  TOKOM
PEKOMEHYETCsl OPraHU30BBIBAaTh pa00UKE MECTA B MIOMEIEHUAX, COOTBETCTBYIOIIUX
CJIEIYIOLIUM HOPMAaM

- Temmeparypa BoO3Ayxa JoJbKHa ObiTh B mpenenax 18-20°C, HO He
npesbimaTh 18-20°C;

- IOJbl  HEOOXOAMMO  BBINOJHATH U3  JIUAJIEKTPUYECKUX  MaTepUalioB,

VCKJTIOYAIOIIMX BO3MOXHOCTh MPOXOXKIACHUS TOKA,;

- 00s13aTEJIbHO HAJIMYME CUCTEMbI BEHTUIISILINM;

- YPOBEHb BIAXKHOCTH HE AOJKEeH npeBbimaTh 60%.

2.3 CaHUTApPHO-TUTHEHUYECKAsl XapPAKTEPUCTUKA MTPOU3BO/ICTBA

OO0s13aTEIbHPIMI CAaHUTAPHO-TUTHEHUYECKUMU HOPMaMHU SIBIISIFOTCS: CYyXOCTb
noMelieHus, KoMmQpopTHasi TeMreparypa, JocTaToyHasi ocBemEHHOCTh. KpomMe Toro,

YCTaHOBJICHBI ClIEyIOIIMe 0a30Bble HOPMBI JIJIsl OpTaHU3alMU O0€30MACHBIX YCIOBHM

TpyAa:
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- 06BEM KaXKIOr0 pabouero MecTa JOKeH COCTaBIsTh He MeHee 15 M,

- BBICOTA MOTOJIKOB — HE HIXKE 3,2M;

- IIAPUHA IBEPHOTO poémMa — MUHUMYM 0,8 M;

- MUHUMaJIbHAS MHUPUHA KOPUA0poB — 1,4Mm.

EctecTBeHHOE OCBeIlEHUE JOKHO OBITh OPraHW30BAHO TaK, YTOOBI Ka)IbId
pabouunii y4acToK Mojy4asa JOCTaTOYHOE KOJIMYECTBO cBeTa. Bce okHa HE0OX0oauMo
OUYHUIIATh OT 3arpsi3HEHUN M 00ecleynBaTh BO3MOXKHOCTh NMPOBETpUBaHuA. B ciyuae
HEJIOCTaTKa CBETa B IOMEIICHUU JOJDKHBI OBITh YCTAHOBJIEHBI MCKYCCTBEHHBIC
UCTOYHUKU ocBemieHus. CBeroBble (¢GOHApU JOJDKHBI OBITh  BBITIOJHEHBI U3
apMUPOBAHHOIO CTEKJIA U 3aIIUIIECHBl METALTUYECKUMU PEIIETKAMU UM CETKAMHU.

HopmaneHoii cuntaercs temneparypa 18-21°C, npu Braxxuoctu 40-60%.

PaGotomaTenn o006si3aHbl 00€CIEUUTh JOCTYIl K YHUCTOM NUTHEBOM BOJIE.
PexoMeHtyeTcss OOHOBIIATH 3amac BOJbI HE PEKE OJHOTO pa3a B 24 yaca.

[loMemiennsi, re ypOBEHb IIymMa MPEBHIIAET JOMYCTHUMbIE 3HAYCHUS,
MOJJIeKAT 00s3aTEILHON MapKUPOBKE MPEAyNpPEeIUTEeIbHBIMU 3HaKaMu. Kaxbiid
COTPYAHUK JOJDKEH OBbITh O3HAaKOMJIEH C MepaMu MPeJOCTOPONKHOCTH TIpH

ITOBBINICHHOM YPOBHC IITyMa.

2.4 PacyeTr KOHTYpAa 3a3eMJICHHSI IPOU3BOJACTBEHHOI0 MOMEIICHHUS,

rae ycranonjensl II9BM

[Ipu ucnonb30BaHUU JTHOOOTO ANEKTPUUYECKOTO YCTPOIMCTBA, MOAKIIOUEHHOTO K
CETH, CYIIECTBYET PUCK MOPAXKEHUS JIEKTPUUECKUM TOKOM. Bo m3bexxaHue 3Toro B
NOMEIIECHMAX, TJ€ 3KCIUIyaTUPYIOTCS MEPCOHAIbHBIE AJIEKTPOHHO-BBIYMCIUTEIbHBIE
Mamiabl - (IIDBM), ycTaHaBnMBaIOT CHCTEMBI 3allUTHOTO 3azemieHus. s
M3rOTOBJICHUS 3a3eMJIIOIIMX MAarucTpajied NpUMEHSIETCs CTajlbHas moJjioca WU
KpyTJjas CTajlb CECUCHHEM HE MeHee 48 MM

B Tabnuue 2.1 npuBeaeHbl MUHUMAIbHBIE pa3MeEpPhl CTANIbHBIX 3a3eMJIMTENECH U

3a3CMJIIOIIUX ITPOBOJAHUKOB, MM.
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Ta6numa 2.1 - MuHUMabHBIE pa3Mephbl CTATBHBIX 3a3€MIIUTEIICH U 3a3€MIISIOIINX

IMPOBOJHUKOB, MM

3azemunTenb MecTo pacnosyioKeHus
B 3panusax B HapyxHbIX B 3emne
YCTaHOBKax
Kpyrisie, 5 6 10
AMaMETPOM, MM
[IpsiMoyronbHbIE, 24 48 48
CeUCHHEM, MM
[IpsimoyronbHbIE, 3 4 4
TOJIIIIUHOM, MM’
VriaoBas cralib C 2 2,5 4
TOJIIMHOM  I0OJOC,
MM
CranbHble 2,5 2,5 3,5
BOJIOT'a30MPOBOIHBIE
(HEKOHTUITMOHHBIE)
TPYOBI C TOJIIMHON
CTEHOK, MM

3336MJ'I$IIOIHHI>1 IMPOBOJHUK COCAUHACTCA C KOHTYPOM 3a3CMJICHHA ITOCPCACTBOM

CBapku B JBYX M OoJjiee Toukax. JlinHa HaXJIECTOUHOTO COEIWHEHHS JOJDKHA

COCTaBJISITh HE MEHEE ABYX UIMPHUH MCIOIb3YEMOTO MPOBOAHMKA. BbiOop Anametpa

00JTOBOrO COCIUHCHHUA 3aBUCUT OT HOMHMHAJBHOI'O TOKa HOTpe6I/ITeJ'I$IZ IIpU TOKC

notpedutens 1o 16 A, nuamerp 6onra 4 mm norpedutens 250-30 A quamerp Oosnra

1

0 mm.

B Tabmuue 2.2 mnpencTaBieHbl JOMYCTUMBbIE 3HAUEHUS COMPOTHUBIICHUMN

3a3CMJIATIOIINX YCTPOﬁCTB OJICKTPOYCTAaHOBOK.
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Tabnuna 2.2 - Hanbompime 70mycTUMBbIC 3HAYEHUS COMTPOTUBIICHUN 3a3€MIISIFOLITUX

YCTPOMCTB 3IEKTPOYCTAHOBOK

Xapaktepuctuka 00beKTa

Conpotusnenue, OM

DNEeKTPOYyCTaHOBKHU HaIpsKeHUEM
110xB u BbIIe ceteit ¢ 3PpHEeKTUBHBIM
3a3eMJICHHEM HeWTpay,
BBITIOJIHGHHBIE  TI0  HOpMaMm  Ha

COIIPOTHUBJICHHC

05
0,002-0,5p

DOnextpoycraHoBku 3-35 kB certeli ¢

W30JIMPOBAHHON HENTPAJIBIO

DIIEKTPOYCTaHOBKH ceTen

HanpsbkeaneM g0 10000 B ¢

HanpsbkeaneM g0 10000 B ¢
V30JIMPOBAHHOW  HEUTPAIIBI0  IIpH

MOIHOCTA UCTOYHUKA TTUTAHUS:
ooiee 100 kBA
J1o 100 kBA

[IyX03a3€MJICHHOU HEUTPAIIBIO

HaIPSKCHUEM:

660/380 B 15** (15-0,01p)
380/220 B 30** (30-0,01p)
220/127 B 60** (60-0,01p
DIIEKTPOYCTAaHOBKH ceTen

50/1p*, Ho He Gonee 4 Om
50/1p*, Ho He Goistee 10 OMm

[Ipumeuanue

1* - Ip — pacyeTHBIi TOK 3aMBbIKaHUS Ha 3eMJIIO

2 ** - CONPOTHUBIIEHUE 3a3€MJIAIOLIETO YCTPOWCTBA C YYETOM IOBTOPHBIX 3a3eMJICHHM

HYJICBOTO MPOBOJAA MOJDKHO OBITH He Oosiee 2, 4 m 8§ OM mpu JUHEHHBIX HAMPSIKEHUIX

cootBercTBeHHO 660, 380 1 220B ucrounuka tpexdasHoro Toka u HanpsprkeHusx 380, 220 u 127

B ucrouynuka onHodasHoro Toka.
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Nwmeetcs 3azemiurens auamerpoM 25...30 mm. PaccunrtaeM comportuBieHue

pacTekaHHIo TOKa 1Mo GpopmyJie, MPeACTaBICHHON HUXKeE:
R=09-(/D, 1)
rZi€ P — COMPOTUBJIEHUE TPYHTA,
| — mHA TPYOBI.
B Hamewm cinyyae:
R=0,9-(420/4) =945 (Om).

OnpenenuM MPUMEPHOE YHUCIO 3a3zemiuTenied 0e3 yuéra koadduimenta
SKPAHUPOBAHUS MPU JOMYCTUMOM COINPOTUBICHUH 3a3EMIISIIOIIETO YCTPOWCTBA 2
Owm:

n=945/2=47,25 (mr)

OnpenenuM 4UCIIO BEPTUKAIBHBIX 3a3eMIIUTENEH ¢ yueToM KoadduimeHTa

AKPAHUPOBAHUSL:
ny =47,25/0,36 = 131,25 (1)

PaccuntaeM [IIMHY COEAWHUTENBHOW MOJOCHI, HIPH PACCTOSTHUU MEXKIY

TpyOamu 2,75 m:
l,=ny;-a=131,25 - 2,75 = 360,94, 2
I7I€ & - PACCTOSIHUE MEXK1Y BEPTUKAIbHBIMU 3a3€MIIUTEIISIMH.

[Tepumetp nomemenus ¢ [I9BM 200 (m). PacuetHas nnuHa coeIMHUTEIBHON
MOJIOCKI HE MEHee MepuMeTrpa TMoMelleHus. PaccuutaeM CONpPOTHBICHHUE
PACTEKaHUIO JIEKTPUUYECKOIO TOKA Yepe3 COEAMHUTEIBHYIO MOJIOCY:

Rn=2,1-(420/360,94) =244

Onpenenum pe3yJlbTUPYIOIIEE COMPOTUBICHHE PACTEKaHUIO TOKAa BCETO
ycTporcta, Om.

R,=(94,5-2,44)/(0,21- 94,5+ 0,36 - 2,44 - 131,25) = 230,58 / (19,85 +
115,29) = 230,58 /135,14 =1,71
JlomycTMoOe CONMpPOTUBIIEHUE 3a3€MJISIOIIETO YCTPOMCTBA HA AIEKTPUUYECKUX

ycraHoBkax HampspbkeHuem g0 1000 B pasrmo 1,71 Om. 310
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3HAYCHHUC HC ITPCBLIIIACT 4 OM, CJICA0BATCIIbHO, PE3YJIbTUPYIOIICC COITPOTUBJICHUC

PaCTCKaHUIO TOKA YCTAaHOBJIICHO BEPHO N COOTBCTCTBYCT HOPMEC.
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3akaoueHue

B xone peanuzanuu gaHHOM pa®OThl ObUTM M3YYE€HBI METOIbI MOJICTUPOBAHMUS
CMO, BxIr04as pacueT XapaKTepUCTUK OTACIbHBIX Y3JI0B U BCel ceTu B 1iejoM. bbiu
OCBOEHBI ~AJTOPUTMBI UTEPALIMOHHOTO OMPEJCICHNsS WHTCHCHUBHOCTEH 3asBOK,
NPOBEPKH YCTOHYMBOCTH cuCTeMBI (fN0 < 1), a Tak)Kke METO/IbI TIOCTPOCHHUS TUarpamMm
u rpadukoB g  oToOpakeHuss pe3ynbraroB. (Oco0oe BHUMaHUE YJIEJICHO
npumeHenuto ouomorek GTK+ u Cairo mist pazpadorku rpaduyeckoro naTepderica
U OTPUCOBKHU JUArpaMM, a Tak)Ke MCIOJIb30BAHUIO CTPYKTYP NAHHBIX JJIs XpaHEHUS
apaMeTpoOB Y3JI0B U MEPEXOI0B MEXKTY HUMH.

B mnpouecce BblmosHEHUS pPaOOTHl OBUIM TOJYYEHBbl HABBIKU pa3pabOTKu
nmporpaMmMHOro  oOecriedeHuss ¢ ucnonb3oBanueM GTK+  mma  co3manus
KpoccIiaTOpMEHHOM  MporpaMmbl,  UHTEepdeiica, peajin3aluu  aJrOpUTMOB
monenupoBanuss CMO, paboTel ¢ rpapukaMu, OTPUCOBKOM M AuarpaMmamu 4depes
oubimoteky Cairo, mpoeKTUPOBAHUS MOJB30BATEIBLCKUX HHTEP(EHCOB U yIpaBICHUS
COCTOSIHUEM TMporpamMMbl. Takxke ObUIM YIIIyOJIeHBI 3HaHUSI B 00JIaCTU OOBEKTHO-
OpPUEHTHUPOBAHHOTO MPOTPAMMHUPOBAHUS JIJIsI CTPYKTYPUPOBAHUS KOJA U YIPOIICHUS
B3aMMOJICHCTBHS MKy MOIYJISIMH.

PazpabGoTtannasi mporpamMmMa MOXET OBITh TpPUMEHEHa B pa3paboTke ceTei
TEJIEKOMMYHHUKAIIMU, JIOTUCTHKE, YMPaBICHHH pPecypcaMd, B KayecTBE Yy4eOHOTo
nocoduss u Apyrux obrnacTsax, rae Tpedyerca aHanu3 u ontumuzauus CMO. Ee
pa3BUTHE OTKPHIBAET BO3MOXKHOCTH /ISl CO3JaHMs MpOo(eCCHOHATBLHOTO MHCTPYMEHTA

JUT TH)KEHEPOB U UCCIIEN0BATEIIEH.
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https://koi.tspu.ru/koi_books/gorchakov/klassif2.htm

IHpuiaoxkenune A
(oOs13aTespHOE)
[Tporpamma pacdéra XapaKTepUCTHK CTOXACTUYECKUX CETeil MacCOBOTO

o0CITyKUBaHUS
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Ipuioxkenue A.1 - lmarpamma nocJie1oBaTeJIbHOCTEH

O

Mporpamma

Monb3gBatensb

PaccuuTats cets

3anpoc napaweTpos pactéTa

BBoa napamerpos pacyéra

Pacuer cetu

Buison peaynstatos

MokasaT Avarpammy cetn

Pacuét pvarpaune:

Buisop pesyneTatos

MokasaT Avarpammy xapaktepucTik CMO

Pacuér anarpamms:

BuiBoA pesynbTaTos

Mry 1.090301.18.002 A14

®BT, rp. 218BB1
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Ipuiaoxenue A.2 - luarpaMmma pa3BepTbiBaAaHUS

Lines CircleParams

Mry 1.090301.18.003 419
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Ipuaoxenue A.3 - luarpaMmma KJIaccoB

Circles

x: double

y: double

count: int
add_mode: bool
del_mode: bool
move_mode: bool
add_line_mode: bool
lines: Line
line_count: int
line_first_circle: int
moving_index: int
circle_params: CircleParams

7

Lines

from_index: int
to_index: int
weight: float

CircleParams

circle_name: char
service_time: float
channel_count: int
limited_queue: bool
queue_size: int

Mry 1.090301.18.004 11

o T

Juazpariva no

o | euoe nC ®BT, rp. 21BBB1
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Ipuaoxenue A.4 - luarpaMmma npeueaeHToB
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Hpunoxenune b
(oOs13aTespHOE)
[Tporpamma pacdéra XapaKTepUCTHK CTOXACTUYECKUX CETeil MacCOBOTO

o0CITyKUBaHUS

JIucTHHT IPOTrpaMMmBbl
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daitn main.h
#ifndef MAIN H
#define MAIN H

#include
#include
#include
#include
#include

#endif

<stdio.h>

<gtk/gtk.h>

<glib.h>

<math.h>
<json-glib/json-glib.h>

daiin main.cpp

#include
#include

"modules/ui.cpp"
"modules/model.h"

static void activate (GtkApplication* app, gpointer user data)

{

GtkWidget* window = gtk application window new (app);

gtk window set title (GTK WINDOW (window), "STSET");

gtk window set default size (GTK WINDOW (window), 1000, 800);

gtk window set icon from file (GTK WINDOW (window),
"textures/icon programm.png", NULL);

GtkWidget* grid = gtk grid new();

GtkWidget* vbox = gtk box new (GTK ORIENTATION VERTICAL, O0);

gtk container add(GTK CONTAINER (window), vbox);
GtkWidget* menubar = gtk menu bar new();

gtk box pack start (GTK BOX(vbox), menubar, FALSE, FALSE, 0);

GtkWidget* addCMO = my button new ("IHobaemuTe CMO",
"textures/ADD.png") ;

GtkWidget* delCMO

my button new ("Ymammre CMO",

"textures/DEL.png") ;

GtkWidget* addLine = my button new ("IlpoBecTu cBA3p",
"textures/LINK.png") ;

GtkWidget* delline = my button new ("Ypamure cBA3B",
"textures/DLINK.png") ;

GtkWidget* moveCMO

my button new ("llepemecTurr CMO",

"textures/MOV.png") ;
GtkWidget* reNew = my button new ("Ymamure xomct",
"textures/REF.png") ;

GtkWidget* newProject = my button new ("Hoewni",
"textures/NEW.png") ;

GtkWidget* openProject = my button new ("OTkpeTbh",
"textures/OPEN.png") ;

GtkWidget* saveProject = my button new ("CoxpaHurs",
"textures/SAVE.png") ;

GtkWidget* editMatrix = my button new ("PemaxkTop MaTpPMLEL
BeposTHOCTEeM Hepemau", "textures/NETSERV.png");
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GtkWidget* calcNet = my button new("PaccuuraTe ceTb",

"textures/Connect.png") ;

GtkWidget* showReport = my button new ("loxazare oTueT",
"textures/TABLE.png") ;

GtkWidget* showDiagNet = my button new ("lloxasaTe OuarpaMmy
xapakTepucTtuk cetu", "textures/GRPHBAR.png") ;

GtkWidget* showDiagChar = my button new ("llokaszaTe IMarpaMmy
xapakTepuctuk CMO", "textures/GRF.png");

GtkWidget* reference = my button new("Cnpasxa",
"textures/HELP.png") ;

GtkWidget* aboutProgramm = my button new ("O mporpamme",
"textures/TICK.png");

gtk grid attach(GTK GRID(grid), addcmoO, O, 1, 1,
gtk grid attach(GTK GRID(grid), delCMO, 0, 2, 1,
gtk grid attach(GTK GRID(grid), addLine, 0, 3, 1
gtk grid attach(GTK GRID(grid), delLine, 0, 4, 1,
gtk grid attach(GTK GRID(grid), moveCMO, 0, 5, 1
grid), newProject, 1, 1, 1, 1
grid), openProject, 2, 1, 1,

grid), saveProject, 3, 1, 1,

grid), editMatrix, 4, 1, 1, 1

gtk grid attach (GTK GRID )
)
)
)
grid), calcNet, 5, 1, 1, 1);
)
)
)
)
)

(
gtk grid attach (GTK GRID
gtk grid attach (GTK GRID
gtk grid attach (GTK GRID
gtk grid attach (GTK GRID
gtk grid attach(GTK GRID(grid), showReport, 6, 1, ;
( grid), showDiagNet, 7, 1, )
( grid), showDiagChar, 8, 1, 1, 1
( grid), reference, 9, 1, 1, 1);
( grid), aboutProgramm, 10, 1, 1, 1);

gtk grid attach (GTK GRID
gtk grid attach (GTK GRID
gtk grid attach (GTK GRID
gtk grid attach (GTK GRID

~ o~ o~~~ o~~~ o~ —~

GtkWidget* drawing area = gtk drawing area new();
gtk widget set size request (drawing area, 1000, 800);
gtk grid attach(GTK GRID(grid), drawing area, 1, 2, 1000, 1000);

Circles* circles = g newO(Circles, 1);
circles->add mode = FALSE;
circles->del mode = FALSE;

g signal connect (G OBJECT (drawing area), "draw",
G _CALLBACK (on draw _event), circles);

g signal connect (drawing area, "button-press-event",
G _CALLBACK (on button press), circles);

g signal connect (drawing area, "motion-notify-event",
G CALLBACK (on motion notify), circles);

g signal connect (drawing area, "button-release-event",
G_CALLBACK (on_button release), circles);

gtk widget add events(drawing area, GDK BUTTON PRESS MASK |
GDK_BUTTON_RELEASE_MASK | GDK_POINTER_MOTION_MASK);
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g signal connect (G _OBJECT (addCMO), "clicked",

G CALLBACK (on_ add cmo clicked), circles);

g signal connect (G _OBJECT (delCMO), "clicked",
G _CALLBACK (on _del cmo clicked), circles);

g _signal connect (G_OBJECT (moveCMO), "clicked",
G _CALLBACK (on _move cmo_clicked), circles);

g signal connect (G_OBJECT (addLine), "clicked",
G _CALLBACK (on_add line clicked), circles);

g signal connect (G _OBJECT (delLine), "clicked",
G CALLBACK (on delLine button clicked), circles);

g signal connect (G OBJECT (editMatrix), "clicked",
G CALLBACK (open edit weights window), circles);

g signal connect (G OBJECT (calcNet), "clicked",
G CALLBACK (on calcNet clicked), circles);

g signal connect (G OBJECT (saveProject), "clicked",
G _CALLBACK (on_save project clicked), circles);

g signal connect (G _OBJECT (openProject), "clicked",
G CALLBACK (on_open project clicked), circles);

g signal connect (window, "delete-event",
G CALLBACK (on main window delete event), circles);

g signal connect (G _OBJECT (newProject), "clicked",
G _CALLBACK (on new project button clicked), circles);

g _signal connect (G _OBJECT (showReport), "clicked",
G _CALLBACK (on_show report button clicked), circles);

g _signal connect (G _OBJECT (showDiagNet), "clicked",
G _CALLBACK (on_showDiagNet clicked), window);

g _signal connect (G _OBJECT (showDiagChar), "clicked",
G _CALLBACK (show diag char), circles);

g signal connect (G _OBJECT (reference), "clicked",
G _CALLBACK (on_ reference button clicked), window);

g signal connect (G _OBJECT (aboutProgramm), "clicked",
G CALLBACK (on_about programm clicked), NULL);

GtkWidget* file menu gtk menu new() ;
GtkWidget* file item = gtk menu item new with label(
g locale to utf8("®amn", -1, NULL, NULL, NULL));
gtk menu item set submenu (GTK MENU ITEM(file item), file menu);

GtkWidget* new item = gtk menu item new with label (

g locale to utf8("Hoeem", -1, NULL, NULL, NULL));
GtkWidget* open item = gtk menu item new with label(

g locale to utf8("OrkpwTr", -1, NULL, NULL, NULL));
GtkWidget* save item = gtk menu item new with label(

g locale to utf8("Coxpanurs", -1, NULL, NULL, NULL));
gtk menu shell append(GTK MENU SHELL(file menu), new item);
gtk menu shell append(GTK MENU SHELL(file menu), open item);
gtk menu shell append(GTK MENU SHELL(file menu), save item)

’

GtkWidget* edit menu = gtk menu new();
GtkWidget* edit item = gtk menu item new with label(
g _locale to utf8("Pemaxtuporarr", -1, NULL, NULL, NULL));
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gtk menu item set submenu(GTK MENU ITEM(edit item), edit menu);

GtkWidget* edit matrix = gtk menu item new with label (

g _locale to utf8("PemakTop MaTpulLE BEPOATHOCTEM nepenmad", -

1, NULL, NULL, NULL));

GtkWidget* add smo = gtk menu item new with label (

g locale to utf8("Dobasure CMO", -1, NULL, NULL, NULL));
GtkWidget* delete smo = gtk menu item new with label(

g _locale to utf8("Ymammure CMO", -1, NULL, NULL, NULL));
GtkWidget* move smo = gtk menu item new with label (

g locale to utf8("llepemecTurs CMO", -1, NULL, NULL, NULL));
GtkWidget* make link = gtk menu item new with label(

g locale to utf8("llposecTn ceaA3p", -1, NULL, NULL, NULL)):;
GtkWidget* delete link = gtk menu item new with label (

g locale to utf8("Ymammre ceas3p", -1, NULL, NULL, NULL));

gtk menu shell append
gtk menu shell append
gtk menu shell append
gtk menu shell append
gtk menu shell append
gtk menu shell append

GTK MENU SHELL
GTK MENU SHELL
GTK MENU SHELL
GTK MENU SHELL
GTK MENU SHELL
GTK MENU SHELL

edit menu), edit matrix);
edit menu), add smo);
edit menu), delete smo);
edit menu), move smo) ;
edit menu), make link);
edit menu), delete link);

~ o~ o~~~ o~
~ o~~~ o~ o~

GtkWidget* network menu = gtk menu new();
GtkWidget* network item = gtk menu item new with label (
g locale to utf8("Cerr", -1, NULL, NULL, NULL));
gtk menu item set submenu (GTK MENU ITEM (network item),
network menu) ;

GtkWidget* calculate item = gtk menu item new with label(
g locale to utf8("Paccumrars", -1, NULL, NULL, NULL));
gtk menu shell append(GTK MENU SHELL (network menu),
calculate item);

GtkWidget* reports menu = gtk menu new();
GtkWidget* reports item = gtk menu item new with label(
g locale to utf8("Orué&rw", -1, NULL, NULL, NULL));
gtk menu item set submenu (GTK MENU ITEM (reports item),
reports menu) ;

GtkWidget* view last report = gtk menu item new with label (
g locale to utf8("llocmoTpers nocnemumii oruér", -1, NULL,
NULL, NULL));
GtkWidget* view network chart = gtk menu item new with label(
g locale to utf8("IlocMOTpeTr OMarpamMmy xapakTepucTmk cerm'",
-1, NULL, NULL, NULL)):;
GtkWidget* view smo chart = gtk menu item new with label(
g _locale to utf8 ("llocMoTpeTs Ouarpammy Xapakrepuctmk CMO", -
1, NULL, NULL, NULL));
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gtk menu shell append(GTK MENU SHELL (reports menu),
view last report);
gtk menu shell append(GTK MENU SHELL (reports menu),
view network chart);
gtk menu shell append(GTK MENU SHELL (reports menu),
view smo chart);

GtkWidget* help menu gtk menu new() ;
GtkWidget* help item = gtk menu item new with label(
g locale to utf8("Cnpaska", -1, NULL, NULL, NULL));
gtk menu item set submenu(GTK MENU ITEM(help item), help menu);

GtkWidget* help about = gtk menu item new with label(
g locale to utf8("Cnpaska", -1, NULL, NULL, NULL));
GtkWidget* help about programm = gtk menu item new with label (
g _locale to utf8("O mporpamme", -1, NULL, NULL, NULL));

gtk menu shell append(GTK MENU SHELL (help menu), help about);
gtk menu shell append(GTK MENU SHELL (help menu),
help about programm) ;

gtk menu shell append(GTK MENU SHELL (menubar), file item);
gtk menu shell append(GTK MENU SHELL (menubar), edit item);
gtk menu shell append(GTK MENU SHELL (menubar), network item);
gtk menu shell append(GTK MENU SHELL (menubar), reports item);
gtk menu shell append(GTK MENU SHELL (menubar), help item);

gtk box pack start (GTK BOX(vbox), menubar, FALSE, FALSE, 0);

g signal connect (add smo, "activate",
G CALLBACK (on_add cmo clicked), circles);

g signal connect (delete smo, "activate",
G CALLBACK(on del cmo clicked), circles);

g signal connect (move smo, "activate",
G_CALLBACK (on_move cmo_clicked), circles);

g _signal connect (make link, "activate",
G_CALLBACK (on_add line clicked), circles);

g _signal connect (delete link, "activate",
G CALLBACK (on delLine button clicked), circles);

g signal connect (edit matrix, "activate",
G CALLBACK (open edit weights window), circles);

g signal connect (calculate item, "activate",
G CALLBACK (on calcNet clicked), circles);

g signal connect (save item, "activate",
G CALLBACK (on_save project clicked), circles);

g signal connect (open item, "activate",
G _CALLBACK (on_open project clicked), circles);

g _signal connect (new item, "activate",
G_CALLBACK (on_new project button clicked), circles);
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g signal connect(view last report, "activate",

G _CALLBACK (on_show report button clicked), circles);

g signal connect (view network chart, "activate",
G _CALLBACK (on_showDiagNet clicked), window);

g signal connect (view smo chart, "activate",
G _CALLBACK (show diag char), circles);

g signal connect (help about, "activate",
G _CALLBACK (on_reference button clicked), window);

g _signal connect (help about programm, "activate",
G CALLBACK (on_about programm clicked), NULL);

gtk box pack start (GTK BOX(vbox), grid, TRUE, TRUE, O0);
gtk container add(GTK CONTAINER (window), grid);
gtk widget show all (window) ;

int main(int argc, char** argv)

GtkApplication* app;

int status;

app = gtk application new("org.gtk.examples",
G_APPLICATION FLAGS NONE) ;

g _signal connect (app, "activate", G CALLBACK (activate), NULL);
status = g application run(G APPLICATION (app), argc, argv);

g _object unref (app) ;

return status;

daitn ui.h

#ifndef UI H
#define UI H

14

void on add cmo clicked (GtkButton* button, gpointer user data)
void on del cmo clicked(GtkButton* button, gpointer user data);
void on move cmo clicked(GtkButton* button, gpointer user data);
void on add line clicked(GtkButton* button, gpointer user data);
void on calcNet clicked(GtkButton* button, gpointer user data);
static void on save project clicked(GtkButton* button, gpointer

user data);
void on _new project button clicked(GtkButton* button, gpointer

user data);
void on show report button clicked(GtkButton* button, gpointer

user data);
vold on open project clicked(GtkButton* button, gpointer user data);
void on showDiagNet clicked(GtkButton* button, gpointer user data);
voild on reference button clicked(GtkButton* button, gpointer

user data);
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void on about programm clicked(GtkButton* button, gpointer

user data);

gboolean on main window delete event (GtkWidget* widget, GdkEvent*

event, gpointer user data);

GtkWidget* my button new(const char* ttips, const gchar* icon name);
void show diag char (GtkWidget* button, gpointer user data);
void open edit weights window (GtkWidget* button, gpointer

user data);

void apply matrix weights editing (GtkWidget* button, gpointer

user data);

static gboolean on button press (GtkWidget* widget, GdkEventButton*

event, gpointer user data);

static gboolean on motion notify(GtkWidget* widget, GdkEventMotion*

event, gpointer user data);

static gboolean on button release (GtkWidget* widget, GdkEventButton*

event, gpointer user data);

#endif
daiin ui.cpp

#include "visualize.cpp"
#include "model.h"
#include "ui.h"

void on_add cmo clicked(GtkButton* button, gpointer user data)

{

Circles* circles = (Circles*)user data;
circles->add mode = TRUE;
}

void on del cmo clicked(GtkButton* button, gpointer user data)

{
Circles* circles = (Circles*)user data;
circles->del mode = TRUE;

}

void on move cmo clicked(GtkButton* button, gpointer user data)

{

Circles* circles = (Circles*)user data;
circles->move mode = TRUE;
circles->moving index = -1;

}

void on_add line clicked(GtkButton* button, gpointer user data)

{

Circles* circles = (Circles*)user data;
circles->add line mode = TRUE;
circles->line first circle = -1;
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void on dellLine button clicked(GtkButton* button, gpointer user data) {
Circles* circles = (Circles*)user data;
circles->dellineMode = TRUE;

}

void on calcNet clicked(GtkButton* button, gpointer user data) {
Circles* circles = (Circles*)user data;

GtkWidget* dialog = gtk dialog new with buttons/(
g _locale to utf8("Pacuer cern", -1, NULL, NULL, NULL),
GTK_WINDOW (gtk widget get toplevel (GTK WIDGET (button))),
GTK_DIALOG MODAL,

g locale to utf8(" Paccumrars", -1, NULL, NULL, NULL),
GTK_RESPONSE OK,

g _locale to utf8(" 3Bakpmrs", -1, NULL, NULL, NULL),
GTK_RESPONSE CLOSE,

NULL) ;

GtkWidget* content area =
gtk dialog get content area (GTK DIALOG (dialog));

GtkWidget* main grid = gtk grid new();

gtk grid set row spacing (GTK GRID(main _grid), 8);

gtk grid set column_ spacing (GTK GRID (main grid), 10);

gtk container set border width (GTK CONTAINER (main grid), 10);

gtk container add(GTK CONTAINER (content area), main grid);
CalcNetWidgets* w = g new0O (CalcNetWidgets, 1);

w->radio fixed = gtk radio button new with label (NULL,
g _locale to utf8("Pacuer ceTu C QUKCHMPOBaHHEMM Napamerpammu", -1, NULL, NULL,
NULL) ) ;

w->radio vary =
gtk radio button new with label from widget (GTK RADIO BUTTON (w->radio_ fixed),
g locale to utf8("Pacuer ceTum C BapbupyemeMu napamerpammn", -1, NULL, NULL,
NULL) ) ;

gtk grid attach(GTK GRID(main grid), w->radio fixed, 0, 0, 2, 1);

gtk grid attach(GTK GRID(main grid), w->radio vary, 0, 1, 2, 1);

gtk toggle button set active (GTK TOGGLE BUTTON (w->radio fixed),
!calc_vary mode) ;

gtk toggle button set active (GTK TOGGLE BUTTON (w->radio vary),
calc_vary mode) ;

g _signal connect (w->radio fixed, "toggled",
G _CALLBACK (on_radio mode toggled), w);

g _signal connect (w->radio vary, "toggled",
G _CALLBACK (on_radio mode toggled), w);

w->check vary intensity =
gtk check button new with label (g locale to utf8 ("MsMmeHATH MHTeHCHMBHOCTR", -1,
NULL, NULL, NULL));

gtk grid attach(GTK GRID(main grid), w->check vary intensity, 0, 2, 2,
1);
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gtk toggle button set active (GTK TOGGLE BUTTON (w->check vary intensity),
vary intensity);
g _signal connect (w->check vary intensity, "toggled",
G _CALLBACK (on_check vary intensity toggled), NULL);

GtkWidget* label intensity from = gtk label new(g locale to utf8("oT:", -
1, NULL, NULL, NULL));
w->entry intensity from = gtk entry new();
GtkWidget* label intensity to = gtk label new(g locale to utf8("mo:",
-1, NULL, NULL, NULL));
w->entry intensity to = gtk entry new();

char buf[64];

snprintf (buf, sizeof (buf), "%.3f", intensity from);

gtk entry set text (GTK ENTRY (w->entry intensity from), buf);
snprintf (buf, sizeof (buf), "%.3f", intensity to);

gtk entry set text (GTK ENTRY (w->entry intensity to), buf);

gtk grid attach(GTK GRID(main grid), label intensity from, 0, 3, 1,

1)

gtk grid attach(GTK GRID(main grid), w->entry intensity from, 1, 3, 1,
1);

gtk grid attach(GTK GRID(main grid), label intensity to, 0, 4, 1, 1);

gtk grid attach(GTK GRID(main grid), w->entry intensity to, 1, 4, 1,
1)

g _signal connect (w->entry intensity from, "changed",
G _CALLBACK (on_entry intensity from changed), NULL);

g _signal connect (w->entry intensity to, "changed",
G _CALLBACK (on_entry intensity to changed), NULL);

w->check vary service =
gtk check button new with label (g locale to utf8 ("l3smMeHATE BpeMa OOCIIyXMBAHMA B
cMO", -1, NULL, NULL, NULL));

gtk toggle button set active (GTK TOGGLE BUTTON (w->check vary service),
vary service time);

gtk grid attach(GTK GRID(main grid), w->check vary service, 0, 5, 2,

1);

w->combo_service circle = gtk combo box text new();

gtk combo box text append(GTK COMBO BOX TEXT (w->combo service circle),
NULL, g locale_ to utf8 ("Bubepure xpyr", -1, NULL, NULL, NULL)):;

for (int i = 1; i1 < circles->count; i++) {

char buf2[32];
snprintf (buf2, sizeof (buf2), "sS%d", 1i);
gtk combo box text append(GTK COMBO BOX TEXT (w-
>combo_service circle), buf2, buf2);
}
gtk combo box set active (GTK _COMBO BOX (w->combo service circle), 0);

gtk grid attach(GTK GRID(main grid), w->combo service circle, 0, 6, 2,
1)

GtkWidget* label service from = gtk label new(g locale to utf8("or:",
-1, NULL, NULL, NULL));
w->entry service from = gtk entry new();
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GtkWidget* label service to = gtk label new(g locale to utf8("mo:", -1,
NULL, NULL, NULL));
w->entry service to = gtk entry new();

gtk grid attach(GTK GRID(main grid), label service from, 0, 7, 1, 1);
gtk grid attach(GTK GRID(main grid), w->entry service from, 1, 7, 1,

gtk grid attach(GTK GRID(main grid), label service to, 0, 8, 1, 1);
gtk grid attach(GTK GRID(main grid), w->entry service to, 1, 8, 1, 1);

g _signal connect (w->check vary service, "toggled",
G _CALLBACK (on_check vary service toggled), w);

g _signal connect (w->combo service circle, "changed",
G_CALLBACK (on_combo_service changed), w);
g _signal connect (w->entry service from, "changed",
G _CALLBACK (on_entry service from changed), w);
g _signal connect (w->entry service to, "changed",
G _CALLBACK (on_entry service to changed), w);

w->check vary channels =
gtk check button new with label (g locale to utf8 ("M3mMeHATL uUMCJIO KaHajoB B CMO",
-1, NULL, NULL, NULL));

gtk toggle button set active (GTK TOGGLE BUTTON (w-—
>check vary channels), vary channel count);

gtk grid attach(GTK GRID(main grid), w->check vary channels, 0, 9, 2,

1);
w->combo_channel circle = gtk combo box text new();
gtk combo box text append(GTK COMBO BOX TEXT (w->combo channel circle),
NULL, g locale_ to utf8 ("Bubepure xpyr", -1, NULL, NULL, NULL)):;
for (int 1 = 1; 1 < circles->count; 1i++) {
char buf2[32];
snprintf (buf2, sizeof (buf2), "sS%d", 1i);

gtk combo box text append(GTK COMBO BOX TEXT (w-
>combo channel circle), buf2, buf2);

}
gtk combo box set active (GTK _COMBO BOX (w->combo channel circle), 0);

gtk grid attach(GTK GRID(main grid), w->combo channel circle, 0, 10,
2, 1);

GtkWidget* label channel from = gtk label new(g locale to utf8("or:",
-1, NULL, NULL, NULL));

w->entry channel from = gtk entry new();

GtkWidget* label channel to = gtk label new(g locale to utf8("mo:", -
1, NULL, NULL, NULL));

w->entry channel to = gtk entry new();
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gtk grid attach(GTK GRID(main grid), label channel from, 0, 11, 1, 1);
gtk grid attach(GTK GRID(main grid), w->entry channel from, 1, 11, 1,
1);
gtk grid attach(GTK GRID(main grid), label channel to, 0, 12, 1, 1);
gtk grid attach(GTK GRID(main grid), w->entry channel to, 1, 12, 1,
1)

g _signal connect (w->check vary channels, "toggled",
G_CALLBACK (on_check vary channels toggled), w);

g signal connect (w->combo channel circle, "changed",
G_CALLBACK (on_combo channel changed), w);

g signal connect (w->entry channel from, "changed",
G_CALLBACK (on_entry channel from changed), w);

g signal connect (w->entry channel to, "changed",
G_CALLBACK (on_entry channel to changed), w);

w->check vary queue =
gtk check button new with label (g locale to utf8 ("Msmenare umcio mect B CMO", -
1, NULL, NULL, NULL));

gtk toggle button set active (GTK TOGGLE BUTTON (w->check vary queue),
vary queue_size);

gtk grid attach(GTK GRID(main grid), w->check vary queue, 0, 13, 2,

1);
w->combo_queue_circle = gtk combo box text new();
gtk combo box text append(GTK COMBO BOX TEXT (w—>combo queue circle),
NULL, g locale to utf8 ("Bebepure xpyr", -1, NULL, NULL, NULL));

for (int 1 = 1; 1 < circles->count; 1i++) {
char buf2[32];
snprintf (buf2, sizeof (buf2), "S%d", 1i);
gtk combo box text append(GTK COMBO BOX TEXT (w-
>combo queue circle), buf2, buf2);
}
gtk combo box set active (GTK _COMBO BOX (w->combo queue circle), 0);

gtk grid attach(GTK GRID(main grid), w->combo queue circle, 0, 14, 2,
1);

GtkWidget* label queue from = gtk label new(g locale to utf8("or:", -
1, NULL, NULL, NULL));

w->entry queue from = gtk entry new();

GtkWidget* label queue to = gtk label new(g locale to utf8("mo:", -1,
NULL, NULL, NULL));

w->entry queue to = gtk entry new();

gtk grid attach(GTK GRID(main grid), label queue from, 0, 15, 1, 1);
gtk grid attach(GTK GRID(main grid), w->entry queue from, 1, 15, 1,

gtk grid attach(GTK GRID(main grid), label queue to, 0, 16, 1, 1);
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gtk grid attach(GTK _GRID(main grid), w->entry queue to, 1, 16, 1, 1);

g signal connect (w->check vary queue, "toggled",
G_CALLBACK (on_check vary queue toggled), w);

g _signal connect (w->combo queue circle, "changed",
G_CALLBACK (on_combo_gqueue changed), w);

g signal connect (w->entry queue from, "changed",
G_CALLBACK (on_entry queue from changed), w);

g _signal connect (w->entry queue to, "changed",
G_CALLBACK (on_entry queue to changed), w);

GtkWidget* label cycles = gtk label new(g locale to utf8 ("Umcio
umkjios:", -1, NULL, NULL, NULL));

w->entry cycles count = gtk entry new();

snprintf (buf, sizeof (buf), "%d", cycles count);

gtk entry set text (GTK ENTRY (w->entry cycles count), buf);

gtk grid attach(GTK GRID(main grid), label cycles, 0, 17, 1, 1);
gtk grid attach(GTK GRID(main grid), w->entry cycles count, 1, 17, 1,
1)

g _signal connect (w->entry cycles count, "changed",
G_CALLBACK (on_entry cycles count changed), NULL);

gtk widget show all(dialog);
gint response = gtk dialog run(GTK DIALOG (dialog));
if (response == GTK RESPONSE OK) {

if (calc_vary mode) {
vary and calculate(circles, button);

else {
cycles count = 1;
calculate network(circles, input intensity, 0, button);
}
gtk widget destroy(dialog);

g free(w);

}
static void on save project clicked(GtkButton* button, gpointer user data)

Circles* circles = (Circles*)user data;
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GtkWidget* dialog = gtk file chooser dialog new (
g locale to utf8("Coxpauure npoexr", -1, NULL, NULL, NULL),
GTK_WINDOW (gtk widget get toplevel (GTK WIDGET (button))),
GTK_FILE CHOOSER ACTION SAVE,
g _locale to utf8(" Ormena", -1, NULL, NULL, NULL),
GTK _RESPONSE CANCEL,
g locale to utf8(" Coxpanurnr", -1, NULL, NULL, NULL),
GTK_RESPONSE ACCEPT,
NULL) ;
GtkFileFilter* filter = gtk file filter new();
gtk file filter set name(filter, "JSON files");
gtk file filter add pattern(filter, "*.json");
gtk file chooser add filter (GTK FILE CHOOSER (dialog), filter);

gtk file chooser set current name (GTK FILE CHOOSER (dialog),
"project.json");

if (gtk dialog run(GTK DIALOG (dialog)) == GTK RESPONSE ACCEPT) {
char* filename =
gtk file chooser get filename (GTK_FILE CHOOSER (dialog));
if (filename) {
if (!save circles to file(circles, filename)) {
GtkWidget* error dialog =
gtk message dialog new (GTK _WINDOW (gtk widget get toplevel (GTK WIDGET (button))),
GTK_DIALOG MODAL,
GTK MESSAGE ERROR,
GTK_BUTTONS_OK,
g _locale to utf8("He ynanoce coxpaHurb ¢ami: %s", -1,
NULL, NULL, NULL), filename);
gtk dialog run(GTK_DIALOG (error dialog));
gtk widget destroy(error dialog);
}
g _free(filename);
}
}
project modified = false;
gtk widget destroy(dialog);
}

void on new project button clicked(GtkButton* button, gpointer user data)

Circles* circles = (Circles*)user data;
if (project modified) {
GtkWidget* dialog =
gtk message dialog new (GTK WINDOW (gtk widget get toplevel (GTK WIDGET (button))),

GTK DIALOG MODAL,
GTK _MESSAGE QUESTION,
GTK_BUTTONS NONE,
g locale to utf8 ("CoxpaHMUTe M3MEHEHMA MNepeld CO3IaHMEM HOBOTO
npoexra?", -1, NULL, NULL, NULL));
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gtk dialog add buttons (GTK DIALOG (dialog),

g _locale to utf8(" Coxpanurs", -1, NULL, NULL, NULL),
GTK_RESPONSE_YES,

g_locale to utf8(" He coxpausars", -1, NULL, NULL, NULL),
GTK_RESPONSE NO,

g locale to utf8(" Ormena", -1, NULL, NULL, NULL),
GTK_RESPONSE CANCEL,

NULL) ;

gint response = gtk dialog run(GTK DIALOG (dialog));
gtk widget destroy(dialog);

switch (response) {
case GTK RESPONSE YES: ({
GtkWidget* file dialog =
gtk file chooser dialog new ("CoxpaHuTep NpoexT",
GTK_WINDOW (gtk widget get toplevel (GTK WIDGET (button))),
GTK_FILE CHOOSER ACTION SAVE,
g locale to utf8(" Ormena", -1, NULL, NULL, NULL),
GTK _RESPONSE CANCEL,
g locale to utf8(" Coxpaumrp", -1, NULL, NULL, NULL),
GTK_RESPONSE ACCEPT,
NULL) ;

gtk file chooser set do overwrite confirmation(GTK FILE CHOOSER (file dialog),
TRUE) ;

gint save response = gtk dialog run(GTK DIALOG(file dialog));
if (save_ response == GTK RESPONSE ACCEPT) {
char* filename =
gtk file chooser get filename (GTK FILE CHOOSER (file dialog));
bool save ok = save circles to file(circles, filename);
g free(filename);
gtk widget destroy(file dialog);

if (!save ok) {
GtkWidget* error dialog =
gtk message dialog new (GTK _WINDOW (gtk widget get toplevel (GTK WIDGET (button))),
GTK _DIALOG MODAL,
GTK_MESSAGE ERROR,
GTK BUTTONS_ OK,
g locale to utf8(" Ormerna", -1, NULL, NULL,
NULL) ) ;
gtk dialog run (GTK DIALOG (error dialog));
gtk widget destroy(error dialog);
return;
}
}
else {
gtk widget destroy(file dialog);
return;
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break;

}
case GTK RESPONSE NO:

break;
case GTK_RESPONSE CANCEL:
default:

return;

}
clear circles(circles);

project modified = false;

}

void on show report button clicked(GtkButton* button, gpointer user data)
const char* filename = "result.txt";

char* current dir = g get current dir();
if (!current dir) {
GtkWidget* error dialog =
gtk message dialog new (GTK _WINDOW (gtk widget get toplevel (GTK WIDGET (button))),
GTK_DIALOG MODAL,
GTK MESSAGE ERROR,
GTK_BUTTONS_ OK,
g _locale to utf8("He ymajiock MNOJYyYUTH TEKyllyl OupeKTopuno.", -
1, NULL, NULL, NULL));
gtk dialog run(GTK_DIALOG (error dialog));
gtk widget destroy(error dialog);
return;

}

char* filepath = g build filename (current dir, "result.txt", NULL);
g free(current dir);

if (!g_file test(filepath, G _FILE TEST EXISTS)) {
GtkWidget* error dialog =
gtk message dialog new (GTK _WINDOW (gtk widget get toplevel (GTK WIDGET (button))),
GTK_DIALOG_MODAL,
GTK_MESSAGE_ERROR,
GTK BUTTONS OK,
g _locale to utf8 ("®ann oruera He Hammen.", -1, NULL, NULL,
NULL) ) ;
gtk dialog run(GTK_DIALOG (error dialog));
gtk widget destroy(error dialog);
g _free(filepath);
return;

}

char* file uri = g filename to_uri(filepath, NULL, NULL);
if (!file uri) {
GtkWidget* error dialog =
gtk message dialog new (GTK WINDOW (gtk widget get toplevel (GTK WIDGET (button))),
GTK DIALOG MODAL,
GTK _MESSAGE ERROR,
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GTK_BUTTONS_OK,
g locale to utf8("He ynamoce coopmmporars URI mua danmma.", -1,
NULL, NULL, NULL));
gtk dialog run(GTK_DIALOG (error dialog));
gtk widget destroy(error dialog);
return;

}

GError* error = NULL;

gboolean success =
gtk show uri on window (GTK _WINDOW (gtk widget get toplevel (GTK WIDGET (button))),
file uri, GDK CURRENT TIME, &error);

g free(file uri);

if (!success) {
GtkWidget* error dialog =
gtk message dialog new (GTK _WINDOW (gtk widget get toplevel (GTK WIDGET (button))),
GTK_DIALOG MODAL,
GTK_MESSAGE ERROR,
GTK_BUTTONS OK,

g locale to utf8("He ymamoce OTkKpeTE Oamn", -1, NULL, NULL,
NULL) ) ;
gtk dialog run(GTK_DIALOG (error dialog));
gtk widget destroy(error dialog);
g _error free(error);
}
}
void on open project clicked(GtkButton* button, gpointer user data) {
GtkWidget* dialog;
Circles* circles = (Circles*)user data;
dialog = gtk file chooser dialog new(
g _locale to utf8 ("Orkperre npoext", -1, NULL, NULL, NULL),
GTK_WINDOW (gtk widget get toplevel (GTK WIDGET (button))),
GTK FILE CHOOSER ACTION SAVE,
g locale to utf8(" Ormena", -1, NULL, NULL, NULL),
GTK_RESPONSE CANCEL,
g _locale to utf8(" OrkpmTs", -1, NULL, NULL, NULL),
GTK_RE S PONSE_ACCEPT ,
NULL) ;
if (gtk dialog run(GTK DIALOG (dialog)) == GTK RESPONSE ACCEPT) {
char* filename;
filename =
gtk file chooser get filename (GTK_FILE CHOOSER (dialog));
if (load circles from file(filename, circles)) {

g print ("Project loaded from %s\n", filename);

gtk widget queue draw (GTK WIDGET (gtk widget get toplevel (GTK WIDGET (button))));
}
else {
g printerr ("Error loading project %s\n", filename);
}

g _free (filename);
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gtk widget destroy(dialog);
}

void on showDiagNet clicked(GtkButton* button, gpointer user data) {
GtkWidget* parent = GTK WIDGET (user data);
show diag net dialog(parent);

}

void on reference button clicked(GtkButton* button, gpointer user data) {
GtkWindow* parent window = GTK WINDOW (user data);
char* path = g strdup ("HELP/HELP.HTM");
char* abs path = g canonicalize filename (path, NULL);
g free(path);

char* uri = g filename to uri(abs_path, NULL, NULL);
g _free(abs_path);

GError* error = NULL;

gboolean res = gtk show uri on window(parent window, uri,
GDK_CURRENT TIME, é&error);

g free(uri);

if ('res) {
g printerr ("Error: %s\n", error->message);
g _clear error (&error);

}

void on_about programm clicked(GtkButton* button, gpointer user data) {
GtkWidget* dialog = gtk window new (GTK WINDOW TOPLEVEL) ;
gtk window set title(GTK WINDOW (dialog), g locale to utf8("O
nporpamme", -1, NULL, NULL, NULL));
gtk window set default size (GTK_WINDOW(dialog), 300, 150);
gtk window set position(GTK WINDOW(dialog), GTK WIN POS CENTER) ;

GtkWidget* vbox = gtk box new (GTK ORIENTATION VERTICAL, 10);
gtk container set border width (GTK CONTAINER (vbox), 10);

gtk container add(GTK CONTAINER (dialog), vbox);

GtkWidget* label desc = gtk label new(
g locale to utf8("Paszpaborumk: rp 21BBBl Penmu I.B.\nPyKOBOOMTEJb :
Bukrames P.A.", -1, NULL, NULL, NULL));
gtk label set justify(GTK LABEL (label desc), GTK JUSTIFY LEFT);
gtk box pack start (GTK BOX (vbox), label desc, FALSE, FALSE, 0);

GtkWidget* label copy = gtk label new(g locale to utf8(" (c) Iensa
2025. TleHBEeHCKUM TexHOJIOTHMYeckur mHcturyT", -1, NULL, NULL, NULL));

gtk label set justify(GTK LABEL (label copy), GTK JUSTIFY CENTER);

gtk box pack start (GTK BOX(vbox), label copy, FALSE, FALSE, 0);

GtkWidget* close button =
gtk button new with label(g locale to utf8("3akpwmTr", -1, NULL, NULL, NULL));
gtk box pack end(GTK BOX (vbox), close button, FALSE, FALSE, 0);
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g _signal connect swapped(close button, "clicked",
G_CALLBACK (gtk widget destroy), dialog);

gtk widget show all(dialog);
}

gboolean on main window delete event (GtkWidget* widget, GdkEvent* event,
gpointer user data) {
if (!project modified) ({
return FALSE;
}

GtkWidget* dialog = gtk message dialog new (GTK WINDOW (widget),
GTK_DIALOG MODAL,
GTK_MESSAGE QUESTION,
GTK_BUTTONS NONE,

g locale to utf8("CoxpanuTe M3MeHeHMa nepen Bexomom?", -1, NULL,

NULL, NULL));
gtk dialog add buttons (GTK DIALOG (dialog),

g _locale to utf8(" Coxpaummurs", -1, NULL, NULL, NULL),
GTK_RESPONSE YES,

g locale to utf8(" He coxpauars", -1, NULL, NULL, NULL),
GTK_RESPONSE NO,

g locale to utf8(" Ormena", -1, NULL, NULL, NULL),
GTK_RESPONSE CANCEL,

NULL) ;

gint response = gtk dialog run(GTK DIALOG (dialog));
gtk widget destroy(dialog);

switch (response) {
case GTK RESPONSE YES: {

GtkWidget* file dialog = gtk file chooser dialog new(
g_locale to utf8("Coxpaunure npoextr", -1, NULL, NULL, NULL),
GTK_WINDOW(Widget),

GTK FILE CHOOSER ACTION_ SAVE,

g locale to utf8(" Ormena", -1, NULL, NULL, NULL),
GTK_RESPONSE_CANCEL,

g _locale to utf8(" Coxpanurs", -1, NULL, NULL, NULL),
GTK _RESPONSE ACCEPT,

NULL) ;

gtk file chooser set do overwrite confirmation (GTK FILE CHOOSER(file dialog),
TRUE) ;
gint save response = gtk dialog run(GTK DIALOG (file dialog));
if (save_response == GTK RESPONSE ACCEPT) {
char* filename
gtk file chooser get filename (GTK FILE CHOOSER (file dialog));
Circles* circles = (Circles*)user data;
bool save ok = save circles to file(circles, filename);
g _free(filename) ;
gtk widget destroy(file dialog);

if (save_ok) {
project modified = false;
return FALSE;

}

else {
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GtkWidget* error dialog = gtk message dialog new (GTK WINDOW (widget),
GTK_DIALOG MODAL,
GTK_MESSAGE ERROR,
GTK BUTTONS_OK,
g locale to utf8("Ommbxa coxpaHeHusa mnpoekral!', -1,
NULL, NULL, NULL));
gtk dialog run(GTK_DIALOG (error dialog));
gtk widget destroy(error dialog);
return TRUE;
}
}
else {
gtk widget destroy(file dialog);
return TRUE;

}
case GTK RESPONSE NO: {
return FALSE;
}
case GTK RESPONSE CANCEL:
default: {
return TRUE;

}

GtkWidget* my button new(const char* ttips, const gchar* icon name)
{
gchar* msg;
msg = g locale to utf8(ttips, -1, NULL, NULL, NULL);
GtkWidget* button = gtk button new();
GtkWidget* child = gtk box new (GTK ORIENTATION HORIZONTAL, 5);
GtkWidget* image = gtk image new from file(icon name);
gtk box pack start (GTK BOX(child), image, FALSE, FALSE, O0);
gtk widget set tooltip text (button, msg);
gtk container add(GTK CONTAINER (button), child);
g free(msq);
return button;

}

void show diag char (GtkWidget* button, gpointer user data) {
Circles* circles = (Circles*)user data;
DiagWindowData* data = g new((DiagWindowData, 1);
data->selected char = 0;
data->selected smo = 1;

data->window = gtk window new (GTK WINDOW TOPLEVEL) ;
gtk window set title(GTK WINDOW (data->window),

g locale_to utf8("CronbuaTasa muarpamMa xapakrepucTtuk", -1, NULL, NULL, NULL));
gtk window set default size (GTK _WINDOW (data->window), 1200, 600);

GtkWidget* vbox = gtk box new (GTK_ORIENTATION VERTICAL, 6);
gtk container add(GTK CONTAINER (data->window), vbox):;

data->char combo = gtk combo box text new();
for (int i = 0; i < CHAR COUNT; i++) {
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gtk combo box text append text (GTK COMBO BOX TEXT (data->char combo),
characteristic names([i]);
}
gtk combo box set active (GTK_COMBO BOX (data->char combo), 0);
gtk box pack start (GTK BOX(vbox), data->char combo, FALSE, FALSE, 0);

data->smo_combo = gtk combo box text new();
for (int 1 = 0; 1 < results _acc.circle count; i++) {
gtk combo box text append text (GTK COMBO BOX TEXT (data-
>smo_combo), circles->circle params[i].circle name);
}
gtk combo box set active (GTK COMBO BOX (data->smo combo), 0);
gtk box pack start (GTK BOX(vbox), data->smo combo, FALSE, FALSE, 0);

data->drawing area = gtk drawing area new();
gtk widget set vexpand(data->drawing area, TRUE);
gtk box pack start (GTK BOX(vbox), data->drawing area, TRUE, TRUE, 0);

g _signal connect (data->char combo, "changed",
G_CALLBACK (on_combo_changed), data);

g _signal connect (data->smo_combo, "changed",
G_CALLBACK (on_combo_ changed), data);

g _signal connect (data->drawing area, "draw",
G_CALLBACK (draw_bar chart), data);

gtk widget show all (data->window) ;
}

void open edit weights window (GtkWidget* button, gpointer user data) {

Circles* circles = (Circles*)user data;

if (matrix window != NULL) {
gtk window present (GTK WINDOW (matrix window)) ;
return;

}

matrix window = gtk window new (GTK WINDOW TOPLEVEL) ;
gtk window set title(GTK WINDOW (matrix window),

g locale to utf8("PemakTupoBaHme maTpuus Becos", -1, NULL, NULL, NULL));
gtk window set default size (GTK WINDOW (matrix window), 500, 500);
gtk container set border width (GTK CONTAINER (matrix window), 10);

GtkWidget* vbox = gtk box new (GTK ORIENTATION VERTICAL, 6);
gtk container add(GTK CONTAINER (matrix window), vbox);

GtkWidget* grid = gtk grid new();

gtk grid set row spacing (GTK GRID(grid), 2);

gtk grid set column spacing (GTK GRID(grid), 2);

gtk box pack start (GTK BOX(vbox), grid, TRUE, TRUE, O0);

for (int i = 0; i1 < circles->count; i++) {
char label text[16];
snprintf (label text, sizeof (label text), "S%d", 1i);

GtkWidget* label col = gtk label new(label text);
gtk grid attach(GTK GRID(grid), label col, i + 1, 0, 1, 1);
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GtkWidget* label row = gtk label new(label text);
gtk grid attach(GTK GRID(grid), label row, 0, 1 + 1, 1, 1);
}

for (int 1 = 0; 1 < circles->count; i++) {
for (int j = 0; j < circles->count; j++) {
GtkAdjustment* adjustment = gtk adjustment new(0.0, 0.0,
1000.0, 0.1, 1.0, 0.0);
GtkWidget* spin = gtk spin button new(adjustment, 0.1, 2);

double weight = 0.0;
for (int k = 0; k < circles->line count; k++) {

if (circles->lines[k].from index == i && circles-
>lines[k].to_index == Jj) {
weight = circles->lines[k].weight;
break;

}
}
gtk spin button set value(GTK SPIN BUTTON (spin), weight);

gtk grid attach(GTK GRID(grid), spin, j + 1, 1 + 1, 1, 1);
}

GtkWidget* apply btn =

gtk button new with label(g locale to utf8 ("lpmmenurr", -1, NULL, NULL, NULL)):;
gtk box pack start (GTK BOX(vbox), apply btn, FALSE, FALSE, 0);
g _signal connect (apply btn, "clicked",

G _CALLBACK (apply matrix weights editing), circles);

g signal connect (matrix window, "destroy",
G _CALLBACK (gtk widget destroyed), &matrix window);

gtk widget show all (matrix window) ;
}

void apply matrix weights editing(GtkWidget* button, gpointer user data) {
Circles* circles = (Circles*)user data;

GtkWidget* vbox = gtk bin get child(GTK BIN(matrix window)) ;
if (!GTK_IS BOX (vbox)) {

g _warning ("Expected vbox container");

return;

}

GtkWidget* grid = NULL;
GList* children gtk container get children (GTK CONTAINER (vbox));
for (GList* iter = children; iter != NULL; iter = iter->next) {
if (GTK IS GRID(iter->data)) {
grid = GTK WIDGET (iter->data);
break;
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g list free(children);

if (!grid) {
g _warning ("Grid not found in vbox");

return;
}
circles->line count = 0;
for (int 1 = 0; 1 < circles->count; i++) {
for (int j = 0; j < circles->count; j++) {

GtkWidget* child = gtk grid get child at (GTK _GRID(grid), Jj +
1, 1 + 1);
if (!child) continue;

double weight =
gtk spin button get value (GTK _SPIN BUTTON (child));

if (weight > 0.0) {
if (circles->line count < MAX LINES) ({

circles->lines[circles->1line count].from index = i;
circles->lines[circles->1line count].to index = j;
circles->lines[circles->1line count].weight = weight;

circles->line count++;

gtk widget queue draw (GTK WIDGET (gtk widget get toplevel (GTK WIDGET (button))));

gtk widget destroy(matrix window) ;
matrix window = NULL;

}

static gboolean on button press(GtkWidget* widget, GdkEventButton* event,
gpointer user data)

{

Circles* circles = (Circles*)user data;
const double radius = 30.0;
if (event->button == GDK_BUTTON PRIMARY) {
if (circles->add line mode) {
int clicked circle = -1;
for (int i = 0; 1 < circles->count; i++) {

double dx = event->x - circles->x[i];
double dy = event->y - circles->y[i];
if (sgrt(dx * dx + dy * dy) <= radius) {
clicked circle = i;
break;
}
}
if (clicked circle == -1)
return FALSE;

Jlucm

rry 1.090301.18.001 l13 o

U3m. | Jluecm | Ne dokym | lModnucs | Hama




if (circles->line first circle == -1) {
circles->line first circle = clicked circle;
}
else {
float weight =
prompt user for weight (GTK WINDOW (gtk widget get toplevel (widget))):;
if (circles->line count < MAX LINES) ({
circles->lines[circles->line count].from index =
circles->line first circle;
circles->lines[circles->line count].to index =
clicked circle;
circles->lines[circles->line count].weight = weight;
circles->line count++;
}
circles->line first circle = -1;
circles->add line mode = FALSE;
}
gtk widget queue draw (widget);
project modified = true;
return TRUE;
}
else if (circles->add mode) {
if (circles->count < MAX CIRCLES) {
circles->x[circles->count] = event->x;
circles->y[circles->count] = event->y;
if (circles->count > 0) {
circles->circle params[circles->count].circle name =

"CMO";

circles->circle params[circles->count].service time =
0.0;

circles->circle params[circles->count].channel count =
1;

circles->circle params|[circles->count].request type =
0;

circles->circle params[circles->count].variation coeff
= 0.0;

circles->circle params|[circles-
>count].priority class_count = 1;

circles->circle params[circles->count].priority table
= g _newO (PriorityRow, 1);

circles->circle params[circles->count].priority table-

>priority class = 1;

circles->circle params|[circles->count].priority table-
>input share = 1;

circles->circle params|[circles->count].priority table-
>service time = 0.0;

circles->circle params|[circles->count].threshold ap =
0;

circles->circle params|[circles->count].threshold op =
0;

circles->circle params[circles->count].limited queue =
FALSE;

circles->circle params|[circles->count].queue size = 1;

circles->count++;
circles->add mode = FALSE;
gtk widget queue draw (widget);}
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project modified = true;
return TRUE;
}
else if (circles->del mode) {
for (int i = 0; 1 < circles->count; i++) {

double dx = event->x - circles->x[1];
double dy = event->y - circles->y[il];

if (sgrt(dx * dx + dy * dy) <= radius) {
for (int j = 1i; J < circles->count - 1; j++) {
circles->x[]j] = circles->x[] + 1];
circles->y[j] = circles->y[] + 11;

}
circles->count--;
circles->del mode = FALSE;
gtk widget queue draw(widget);
break;
}
}
project modified = true;
return TRUE;
}
else if (circles->move mode) {
for (int 1 = 0; 1 < circles->count; i++) {
double dx = event->x - circles->x[i];
double dy = event->y - circles->yJ[i];
if (sgrt(dx * dx + dy * dy) <= radius) {
circles->moving index = i;
project modified = true;
return TRUE;

}
}

else if (circles->dellineMode && event->button == 1) {
double click x = event->x;
double click y = event->y;

for (int i = 0; i1 < circles->line count; i++) {
int from = circles->lines[i].from index;
int to = circles->lines[i].to_index;

double x1 = circles->x[from];
double yl = circles->y[from];
double x2 = 1;

[
circles->x([to
double y2 = circles->y[to];
double dist = point to segment distance(click x, click y,
x1, yl, %2, y2);
if (dist < 5.0) {
for (int j = i; j < circles->line count - 1; j++) {
circles->lines[]j] = circles->lines[] + 1];
}

circles->line count--;
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circles->dellineMode = false;
gtk widget queue draw (widget);
project modified = true;
return TRUE;

}
}

else {
const double click tolerance = 5.0;
for (int 1 = 0; 1 < circles->count; i++) {

double cx = circles->x[1];
double cy = circles->y[i];
double dx = event->x - cx;
double dy = event->y - cy;
if (dx * dx + dy * dy <= 400) {
if (1 == 0) {
float val =
prompt user for intensity (GTK WINDOW (gtk widget get toplevel (widget))):;
if (val >= 0.0f) {
input intensity = val;
g _print ("VHTEHCUBHOCTE BXOIAMEIO MOTOKA
ycraHoByeHa: %f\n", input intensity);
}
project modified = true;
return TRUE;
}
else {
GtkWindow* parent window =
GTK_WINDOW (gtk widget get toplevel (GTK WIDGET (widget)));
show circle params_dialog(parent window, circles,
i);
return TRUE;

}
}

for (int i = 0; i1 < circles->line count; i++) {
int from = circles->lines[i].from index;
int to = circles->lines[i].to_index;
double x1 = circles->x[from];
double yl = circles->y[from];
double x2 = circles->x[to];
double y2 = circles->y[to];

double dist = point to segment distance (event->x, event-
>y, x1, yl, x2, y2);
if (dist <= click tolerance) {

float new weight =
prompt user for weight (GTK WINDOW (gtk widget get toplevel (widget)));
if (new_weight != -1) {
circles->lines[i].weight = new weight;
gtk widget queue draw(widget);
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project modified = true;
return TRUE;

}
return FALSE;

}

static gboolean on motion notify(GtkWidget* widget, GdkEventMotion* event,
gpointer user data)

{

Circles* circles = (Circles*)user data;
if (circles->move mode && circles->moving index != -1) {
circles->x[circles->moving index] = event->x;
circles->y[circles->moving index] = event->y;

gtk widget queue draw (widget);
return TRUE;

}
return FALSE;

static gboolean on button release (GtkWidget* widget, GdkEventButton*
event, gpointer user data)

{

Circles* circles = (Circles*)user data;
if (event->button == GDK BUTTON PRIMARY && circles->move mode &&
circles->moving index != -1) {
circles->moving index = -1;

circles->move mode = FALSE;
return TRUE;

}
return FALSE;

®daiin vizualise.h

#ifndef VISUALIZE H
#define VISUALIZE H

static gboolean on draw event (GtkWidget* widget, cairo t* cr, gpointer

user data);
static gboolean on_draw chart (GtkWidget* widget, cairo t* cr, gpointer

user data);
static void draw bar chart (GtkWidget* widget, cairo t* cr, gpointer
user data);
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void show diag net dialog(GtkWidget* parent);

#endif

daiin vizualise.cpp

#include "compute.cpp"
#include "model.h"
#include "visualize.h"

static gboolean on draw event (GtkWidget* widget, cairo t* cr,
gpointer user data)

{

Circles* circles = (Circles*)user data;

GtkAllocation allocation;

gtk widget get allocation(widget, &allocation);
cairo set source rgb(cr, 1, 1, 1);

cairo paint(cr);

const double radius = 20.0;
cairo select font face(cr, "Sans", CAIRO FONT SLANT NORMAL,

CAIRO FONT WEIGHT BOLD) ;
cairo set font size(cr, 20);

for (int 1 = 0; i < circles->line count; i++) {
if (circles->lines[i].weight == 0.0f) {
continue;
}
int from = circles->lines[i].from index;

int to = circles->lines[i].to index;
float weight = circles->lines[i].weight;

double x1 = circles->x[from];
double yl = circles->y[from];
double x2 = circles->x[to];
double y2 = circles->y[to];

double dx = x2 - x1;

double dy = y2 - yl;

double dist = sgrt(dx * dx + dy * dy);
if (dist == 0) dist = 1;

double nx = dx / dist;
double ny dy / dist;
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double start x = x1 + nx * radius;

double start y = yl + ny * radius;
double end x = X2 - nx * radius;
double end y = y2 - ny * radius;

double gray = 1.0 - weight;
cairo set source rgb(cr, gray, gray, gray);
cairo set line width(cr, 2.0);

if (from == to) {
double loop radius = 20;

cairo save(cr);
cairo set line width(cr, 2);

cairo arc(cr, x1 - radius, yl - radius, loop radius, 0,
2 * M PI);
cairo stroke(cr);
cairo restore(cr);
}
else {
calro move to(cr, start x, start y);
cairo line to(cr, end x, end y);
calro stroke(cr);
}
cairo set source rgb(cr, 1, 0, 0);
cairo arc(cr, end x, end y, 6, 0, 2 * M PI);
cairo fill(cr);
}
for (int 1 = 0; 1 < circles->count; 1i++) {
double c¢cx = circles->x[1i];
double cy = circles->yI[i];
cairo new path(cr);
cairo set source rgb(cr, 1, 1, 1);
cairo arc(cr, circles->x[i], circles->y[i], radius, 0, 2 *
M PI);
cairo fill(cr);
cairo set source rgb(cr, 0, 0, 0);
cairo set line width(cr, 2.0);
cairo arc(cr, cx, cy, radius, 0, 2 * G PI);
cairo_stroke(cr);
char text[lo];
snprintf (text, sizeof (text), "S%d", 1i);
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oTobpaxeHua",

cairo text extents t extents;
cairo text extents(cr, text, &extents);

}

double tx =

double ty

CcX
cy

- extents.width / 2 - extents.x bearing;
- extents.height / 2 - extents.y bearing;

cairo move to(cr, tx, ty);
cairo show text(cr, text);

return

FALSE;

static gboolean on draw chart (GtkWidget* widget, cairo t* cr,
gpointer user data) {
if (results acc.cycle count == 0) {

cairo move to(cr, 10, 20);

cairo show text(cr, g locale to utf8("Her maHHEX nOJ4

-1,

return FALSE;

}

NULL, NULL, NULL));

int width = gtk widget get allocated width (widget);
int height = gtk widget get allocated height (widget) ;

int margin left
int margin bottom
int margin top

= 50;

50;

= 30;

int margin right =

int chart width

20;

= width - margin left - margin right;
int chart height =

height - margin top - margin bottom;

int cycles = results acc.cycle count;

int bar width

chart width / (cycles * 5);

double max val = 0.0;
double avg queue length[cycles] = { 0.0 };
double avg network length[cycles] = { 0.0 };
double avg queue wait[cycles] = { 0.0 };
double avg network wait[cycles] = { 0.0 };
for (int ¢ = 0; ¢ < cycles; c++) {
double total avg queue length = 0.0;
double total avg network length = 0.0;
double total avg queue wait = 0.0;
double total avg network wait = 0.0;
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for

(int 1 = 0; i1 < results acc.circle count; i++) {
CircleCalcResult* res = &results acc.results[i] [c];
total avg queue length += res->avg in queue;

total avg network length += res->avg in system;
total avg queue wait += res->avg wait queue * res-

>throughput;

>throughput;

max val)

avg network length[c]

max val)

max val)

}

total avg network wait += res->avg time system * res-

avg_queue length][

avg queue wait[c]

C
avg _network length
C

avg network wait]|

for (int ¢ = 0; ¢ < cy
if (diag settings.show avg waiting && avg queue length[c] >

if

if

}

if (max val ==

GdkRGBA colors

]
[c
]

cles; c++) {

= total avg gqueue length;
] = total avg network length;
total avg queue wait;

= total avg network wait;

max val = avg queue length[c];
if (diag settings.show avg in system &&

> max val)

max val = avg network length[c];

max val = avg queue waitl[c];
(diag settings.show avg soj time && avg network wait[c] >

(diag settings.show avg wait time && avg queue wait[c] >

max val = avg network wait[c];

) max

4]1;

gdk rgba parse (&colors

gdk rgba parse

gdk rgba parse(&colors
gdk rgba parse(&colors

[
(
(&colors
(
(

const char* labels([4]
g _locale to utf8("CpemHee umcio
-1, NULL, NULL, NULL),

obcayxuBaHua",

_1,

1,

val = 1;

(0], "red");
[11, "blue");
[2]
[3]

, "green");

, "orange");

= {

g locale to utf8("Cpemnee umcio
NULL, NULL, NULL),
g locale to utf8("CpenHee eBpeMmsa
NULL, NULL, NULL),
g locale to utf8("CpenHee eBpeMmsa
NULL, NULL, NULL)

}s

double* datal[d4] = {
avg_queue length,
avg_network length,
avg _queue wait,
avg network wait

}s

3aABOK, OXMIOAOIMX
3a4aBOK, IpebeBamumMx B ceTn",
oXmumoaHus =asBku B cetm", -1,

npebelBaHMAa 3a9BOK B ceTtmn", -
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gboolean show flagsf[4] = {

diag settings.show avg waiting,
diag settings.show avg in system,
diag settings.show avg wait time,
diag settings.show avg soj time

}s

cairo set source rgb(cr, 0, 0, 0);

cairo set line width(cr, 1);

cairo move to(cr, margin left, margin top);

cairo line to(cr, margin left, height - margin bottom);
cairo line to(cr, width - margin right, height - margin bottom);
cairo stroke(cr);

for (int i = 0; 1 <= 5; 1i++) {
double y = margin top + 1 * (
double val = max val * (1 - 1
char buf[32]:
snprintf (buf, sizeof (buf), "%.2f", wval);
cairo move to(cr, 5, y + 5);
cairo show text(cr, buf);

chart height / 5.0);
/ 5.0);

cairo set source rgb(cr, 0.8, 0.8, 0.8);
cairo move to(cr, margin left, y);
cairo line to(cr, width - margin right, y);
cairo stroke(cr);

cairo set source rgb(cr, 0, 0, 0);

}

int group width = 0;
for (int 1 = 0; 1 <
[

if (show flags[i

4; i++)
1) group width++;
if (group width == 0) return FALSE;

int bar spacing = 2;
int total bar width = bar width * group width + bar spacing *

(group width - 1);

for (int ¢ = 0; ¢ < cycles; c++) {
int x0 margin left + c * (total bar width + bar width);

int bar index = 0;

for (int 1 = 0; 1 < 4; i++) {
if (!show flags[i]) continue;
double val = datali][c];
double bar height = (val / max val) * chart height;
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gdk cairo set source rgba(cr, &colors[i]);
cairo rectangle(cr,
x0 + bar index * (bar width + bar spacing),
height - margin bottom - bar height,
bar width,
bar height);
cairo fill(cr);

bar index++;

}

cairo set source rgb(cr, 0, 0, 0);

for (int ¢ = 0; ¢ < cycles; c++) {
int x0 = margin left + ¢ * (total bar width + bar width) +

total bar width / 2;

char buf[l6];
snprintf (buf, sizeof (buf), "Cycle %d", c + 1);
cairo move to(cr, x0 - 15, height - margin bottom + 15);
cairo show text(cr, buf);

int legend x width - margin right - 250;

int legend y = margin top + 10;

for (int 1 = 0; 1 < 4; i++) {
gdk cairo set source rgba(cr, &colors[i]);
cairo rectangle(cr, legend x, legend y + i * 20, 15, 15);
cairo fill(cr);

cairo set source rgb(cr, 0, 0, 0);
cairo move to(cr, legend x + 20, legend y + i * 20 + 12);
cairo show text(cr, labels[i]);

return FALSE;
}

static void draw bar chart (GtkWidget* widget, cairo t* cr, gpointer

user data) {
DiagWindowData* data = (DiagWindowData*)user data;

int width = gtk widget get allocated width(widget);
int height = gtk widget get allocated height (widget);

cairo set source rgb(cr, 1, 1, 1);
cairo paint(cr);

if (data->selected smo < 0 || data->selected smo >=
results acc.circle count) return;
if (cycles count == 0) return;
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double values[cycles count];
for (int 1 = 0; i < cycles count; i++) {
switch (data->selected char) {
case CHAR TRANS PROB:

values[i] = results acc.results[data-
>selected smo] [i].throughput;
break;
case CHAR INTENSITY:
values[i] = results acc.results[data-
>selected smo] [1].input intensity;
break;
case CHAR LOAD COEFF:
values[i] = results acc.results[data-
>selected smo] [1].load factor;
break;
case CHAR BUSY CHANNELS:
values[i] = results acc.results[data-
>selected smo] [i] .busy channels;
break;
case CHAR AVG REQUESTS:
values[i] = results acc.results[data-
>selected smo] [i].avg in system;
break;
case CHAR AVG QUEUE LEN:
values[i] = results acc.results[data-
>selected smo] [1].avg in queue;
break;
case CHAR AVG WAIT TIME:
values[i] = results acc.results[data-
>selected smo] [i].avg wait queue;
break;
case CHAR AVG STAY TIME:
values[i] = results acc.results[data-
>selected smo] [i].avg time system;
break;
default:
values[i] = 0;
}
}
double max val = 0;
for (int 1 = 0; i < cycles count; i++) {
if (values[i] > max val) max val = values[i];
}
if (max val == 0) max val = 1;
int margin = 50;

int chart width = width - 2 * margin;
int chart height = height - 2 * margin;
int bar width = chart width / cycles count;

cairo set source rgb(cr, 0.2, 0.6, 0.8);
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for (int 1 = 0; i < cycles count; i++) {
double val = values/[i];
int bar height = (int) (val / max val * chart height);
int x = margin + i * bar width;
int y = height - margin - bar height;

cairo rectangle(cr, x, y, bar width - 4, bar height);
cairo fill(cr);

cairo set source rgb(cr, 0, 0, 0);

cairo select font face(cr, "Sans", CAIRO FONT SLANT NORMAL,
CAIRO FONT WEIGHT NORMAL) ;

cairo set font size(cr, 10);

char label[1l6];

snprintf (label, sizeof (label), "%d", i + 1);

cairo move to(cr, x + (bar width - 4) / 2 - 6, height -
margin + 15);

cairo show text(cr, label);

snprintf (label, sizeof (label), "%.2f", wval);
cairo move to(cr, x + (bar width - 4) / 2 - 15, y - 5);
cairo show text(cr, label);

cairo set source rgb(cr, 0.2, 0.6, 0.8);

}

cairo set source rgb(cr, 0, 0, 0);

cairo move to(cr, margin, margin - 20);

cairo show text(cr, characteristic names[data->selected char]);
cairo move to(cr, width / 2 - 20, height - 5);
cairo show text(cr, "Cycles");

}

void show diag net dialog(GtkWidget* parent) {
GtkWidget* dialog =
gtk dialog new with buttons (g locale to utf8 ("ImarpamMma XapaKTEPUCTUK
cern", -1, NULL, NULL, NULL),
GTK WINDOW (parent),
GTK DIALOG MODAL,
g locale to utf8(" 3Bakpmrs", -1, NULL, NULL, NULL),
GTK RESPONSE CLOSE,
NULL) ;

GtkWidget* content area =
gtk dialog get content area(GTK DIALOG (dialog));

GtkWidget* vbox = gtk_box_new(GTK_ORIENTATION_VERTICAL, 5);
gtk container add(GTK CONTAINER (content area), vbox);

const char* labels[4] = {
g _locale to utf8("CpemHee uUMCIJIO 3aABOK, OXMIAKNIMX
obcnyxmuBanmua", -1, NULL, NULL, NULL),
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g locale to utf8("CpenHee umcCJIO 3a4BOK, NpebnBabuux B cetu", -1,

NULL, NULL, NULL),
g _locale to utf8("CpemHee BpeMa oxmunaHmuda s3aaBku B cetu", -1,

NULL, NULL, NULL),
g locale to utf8("CpemHee BpeMa npeOeBaHMA 3aABOK B ceTn",

1, NULL, NULL, NULL)
}s

for (int 1 = 0; 1 < 4; 1i++) {
GtkWidget* chk = gtk check button new with label (labels[i]);
gtk toggle button set active (GTK TOGGLE BUTTON (chk), TRUE);

g object set data (G OBJECT (chk), "id", GINT TO POINTER(i));
g object set data(G OBJECT (chk), "drawing area", NULL);

g_signal connect (chk, "toggled",
G _CALLBACK (on_checkbox toggled), &diag settings);
gtk box pack start (GTK BOX(vbox), chk, FALSE, FALSE, 0);

}

GtkWidget* drawing area = gtk drawing area new();
gtk widget set size request (drawing area, 1200, 600);
gtk box pack start (GTK BOX(vbox), drawing area, TRUE, TRUE, O0);

GList* children =
gtk container get children (GTK CONTAINER (vbox));
for (GList* 1 = children; 1 != NULL; 1 = l->next) {
GtkWidget* w = GTK WIDGET (1->data);
if (GTK_IS TOGGLE BUTTON (w)) {
g object set data (G OBJECT (w), "drawing area",
drawing area);
}

}
g list free(children);

g signal connect(drawing area, "draw",
G CALLBACK (on_draw chart), NULL);

gtk widget show all(dialog);
gtk widget queue draw(drawing area);

g signal connect swapped(dialog, "response",
G CALLBACK (gtk widget destroy), dialog);
}

daiin compute.h

#ifndef COMPUTE H
#define COMPUTE H

CircleCalcResult calculate mm m(double lambda, double mu, int m,
double lambda0O, GtkButton* button, CircleParams* params);
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void calculate network(Circles* circles, double current intensity,
int cycle index, GtkButton* button);

void vary and calculate(Circles* circles, GtkButton* button);

static double factorial (int n);

static double point to segment distance (double px, double py, double
x1, double yl, double x2, double y2);

#endif

daiin compute.cpp

#include "input.cpp"
#include "model.h"
#include "compute.h"

CircleCalcResult calculate mm m(double lambda, double mu, int m,
double lambda0O, GtkButton* button, CircleParams* params) {
CircleCalcResult res = { 0 };

if (m <=0 || mu <= 0 || lambda <= 0) {
return res;

}

double rho = lambda / (m * mu);
if (rho >= 1.0) {
char message[256];
snprintf (message, sizeof (message), "Error: System unstable
(rho >= 1)");
show warning dialog(button, message);
return res;
}
if (params->limited queue) {
int K = m + params->queue_size;
if (K < m) K = m;

double suml = 0.0;
for (int n = 0; n < m; n++) {
suml += pow(m * rho, n) / factorial (n);

}

double sum2 = 0.0;
if (rho != 1.0) {
sum?2 = (pow(m * rho, m) / factorial(m)) * (1 - pow(rho,

K-m+ 1)) / (1 - rho);
}
else {
sum?2 = (pow(m * rho, m) / factorial(m)) * (K - m + 1);

}
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double PO = 1.0 / (suml + sum2);

double PK = (pow(m * rho, K) / (factorial (m) * pow(m, K -

double Ls = 0.0;
for (int n = 0;
double Pn =

if (n < m) {

Pn = (pow(m * rho, n) / factorial(n)) * PO;

n <= K; nt++) {
0.0;

}
else {
Pn = (pow(m, m) * pow(rho, n) / factorial(m)) * PO;
}
Ls += n * Pn;

}

double sumPO = 0.0;
for (int n = 0; n < m; n++) {

sumP0 += pow(m * rho, n) / factorial(n);
}

double busy channels = m * (1 - PO * sumPO);
double Lg = Ls - busy channels;

double effective lambda = lambda * (1 - PK);
double W = Ls / effective lambda;
double Wg =W - 1.0 / mu;

res.throughput = lambda / lambdaO;
res.input intensity = lambda;
res.load factor = rho;
res.busy channels = busy channels;
res.avg in system = Ls;
res.avg in queue = Lg;
res.avg wait queue = Wq;
res.avg time system = W;

}

else {
double sum = 0.0;
for (int k = 0; k < m; k++) {

sum += pow(m * rho, k) / factorial (k);

}
double pm = pow(m * rho, m) / (factorial(m) * (1 - rho));
double PO = 1.0 / (sum + pm);

double Lg
pow(l - rho, 2));

PO * pow(m * rho, m) * rho / (factorial (m) *

double Wg Lg / lambda;
double W = Wg + 1.0 / mu;
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double busy channels = m * rho;
double L = busy channels + Lg;

res.throughput = lambda / lambdaO;
res.input intensity = lambda;
res.load factor = rho;

res.busy channels = busy channels;
res.avg in system = L;
res.avg in queue = Lg;
res.avg wait queue = Wq;
res.avg time system = W;

return res;

}

void calculate network(Circles* circles, double current intensity,
int cycle index, GtkButton* button) {
if (!'circles) return;
if (circles->count < 1) return;

double lambda[MAX CIRCLES] = { 0 };
const int max iter = 100;
const double epsilon = 1le-6;
for (int 1 = 0; 1 < circles->count; i++) {
double sum weights = 0.0;
for (int j = 0; j < circles->line count; J++) {
if (circles->lines[j].from index == i) {

sum weights += circles->lines([]j].weight;
}
}
if (fabs(sum weights - 1.0) > le-6) {
char message[256];
snprintf (message, sizeof (message),
g locale to utf8("Ommbxa: CcyMMa BECOB MCXOLAIMX
cBazer miug ys3Jja S%d paBHa %.6f, nmomxua OwbrTre 1.0", -1, NULL, NULL, NULL),
1, sum weights);
show warning dialog (button, message);
return;

}

lambda[0] = current intensity;

for (int iter = 0; iter < max iter; iter++) ({
double new lambda[MAX CIRCLES] = { 0 };

new lambda[0] = current intensity;

for (int 1 = 0; 1 < circles->line count; i++) ({
int from = circles->lines[i].from index;
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int to = circles->lines[i].to index;
double weight = circles->lines[i].weight;
new lambda[to] += lambda[from] * weight;

}

double max diff
for (int 1 = 1; < circles->count; i++) {
double diff fabs (new lambda[i] - lambdali]);
if (diff > max diff) max diff = diff;
lambda[i] = new lambdal[i];

0.0;

k-

}
if (max diff < epsilon) {

printf ("Converged after %d iterations\n", iter + 1);
break;

for (int 1 = 1; 1 < circles->count; 1i++) {
CircleParams* p = &circles->circle params[i];
double mu = (p->service time > 0) ? 1.0 / p->service time

int m = p->channel count > 0 ? p->channel count : 1;

CircleCalcResult res = calculate mm m(lambda[i], mu, m,
lambda[0], button, p);

results acc.results[i] [cycle index] = res;

g print ("Queue S%d:\n", 1i);

g print (" Throughput coefficient: %$f\n", res.throughput);

g print (" Input intensity lambda: $f\n",
res.input intensity);

g print (" Load factor p: %$f\n", res.load factor);

g print (" Average busy channels: $f\n", res.busy channels);

g print (" Average number in system (L): %$f\n",
res.avg in system);

g print (" Average queue length (Lg): %f\n",
res.avg in queue);

g print (" Average queue waiting time (Wqg): %$f\n",
res.avg wait queue);

g print (" Average time in system (W): %f\n\n",

res.avg time system);
}
if (cycles count == 1) {
save results to file("result.txt", circles);

Jlucm

rry 1.090301.18.001 l13 102

U3m. | Jluecm | Ne dokym | lModnucs | Hama




void vary and calculate(Circles* circles, GtkButton* button) {

if ('circles) return;
if (cycles count < 2) cycles count = 2;

results acc.cycle count = cycles count;

results acc.circle count = circles->count;
for (int cycle = 0; cycle < cycles count; cycle++) {
double t = (cycles count == 1) ? 0.0 (double) cycle /
(cycles count - 1);

double current intensity = input intensity;

if (vary intensity) {

current intensity = intensity from + t * (intensity to -

intensity from);

}

for (int 1 = 0; 1 < circles->count; i++) {
CircleParams* p = &circles->circle params[i];

if (vary service time) {
p->service time = service time from[i] + t *
(service time to[i] - service time from[i]);
if (p->service time < 0.0001) p->service time =

0.0001;
}

i1f (vary channel count) {
float val = channel count from[i] + t *

(channel count to[i] - channel count froml[i]);
int m = (int) (val + 0.5f);
if (m < 1) m= 1;
p->channel count = m;

}

i1f (vary queue size) {
float val = queue size from[i] + t *

(queue size to[i] - queue size from[i]);
int m = (int) (val + 0.5f);

if m< 1) m= 1;
p->queue size = m;

}

g print ("=== Cycle %d / %d ===\n", cycle + 1, cycles count);

g print ("Cycle parameters:\n");
Input intensity: %f\n", current intensity);

g _print ("
for (int 1 = 0; i1 < circles->count; i++) {
CircleParams* p = &circles->circle params[i];
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g print (" Queue S%d: service time=%f, channel count=%d,
queue size=%d\n",
i, p->service time, p->channel count, p-
>queue_size);
}

calculate network(circles, current intensity, cycle,

button) ;
g _print ("\n");
}
g print ("=== Average values over %d cycles ===\n",
cycles count);
for (int 1 = 1; 1 < circles->count; 1i++) {
CircleCalcResult avg = { 0 };
for (int cycle = 0; cycle < cycles count; cycle++) {

avg.throughput +=

results acc.results[i] [cycle].throughput;
avg.input intensity +=

results acc.results[i] [cycle].input intensity;
avg.load factor +=

results acc.results[i] [cycle].load factor;
avg.busy channels +=

results acc.results[i] [cycle] .busy channels;
avg.avg in system +=

results acc.results[i] [cycle].avg in system;
avg.avg in queue +=

results acc.results[i] [cycle].avg in queue;
avg.avg wait queue +=

results acc.results[i] [cycle].avg wait queue;
avg.avg time system +=

results acc.results[i] [cycle].avg time system;

}

double ¢ = (double)cycles count;

g _print ("Queue S%d (average) :\n", 1i);

g print (" Throughput coefficient: %f\n", avg.throughput /
c);

g print (" Input intensity lambda: %f\n",
avg.input intensity / c);

g print (" Load factor p: %$f\n", avg.load factor / c);

g print (" Average busy channels: $f\n", avg.busy channels
c);

g print (" Average number in system (L): %$f\n",
avg.avg_in system / c);

g print (" Average queue length (Lqg): $f\n",
avg.avg in queue / c);

g print (" Average queue waiting time (Wqg): %f\n",
avg.avg_walt queue / c);

g print (" Average time in system (W): %f\n\n",

avg.avg_time system / c);
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x1,

dy) ;

int

save results to file("result.txt", circles);
}
}

static double factorial (int n) {

static double fact cache[101] = { 1 };

if (n < 0) return 1;

if (fact cache[n] != 0) return fact cachel[n];
fact cache[n] = n * factorial(n - 1);

return fact cache[n];

}

static double point to segment distance (double px, double py, double
double yl1, double x2, double y2)
{
double dx = x2 - x1;
double dy = y2 - yl;
if (dx == 0 && dy == 0) {
dx = px - x1;
dy = py - vl;
return sqrt(dx * dx + dy * dy);
}

double t = ((px - x1) * dx + (py - yl) * dy) / (dx * dx + dy *

if (£t < 0) t = 0;
else if (£t > 1) t = 1;

double proj x = x1 + t * dx;
double proj y = yl + t * dy;

dx = px - proj x;

dy = py - proj_y;

return sqrt(dx * dx + dy * dy);
}

daiin input.h

#ifndef INPUT H
#define INPUT H

float prompt user for weight (GtkWindow* parent);

float prompt user for intensity(GtkWindow* parent);

void show circle params dialog (GtkWindow* parent, Circles* circles,
circle index);

void on priority class count changed(GtkEditable* editable, gpointer

user data);

static void on entry intensity from changed(GtkEditable* editable,

gpointer user data);

static void on_entry intensity to changed(GtkEditable* editable,

gpointer user data);

static void on_check vary service toggled(GtkToggleButton* toggle,

gpointer user data);
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static void on combo service changed(GtkComboBox* combo, gpointer
user data);

static void on entry service from changed(GtkEditable* editable,
gpointer user data);

static void on_entry service to changed(GtkEditable* editable,
gpointer user data);

static void on check vary channels toggled(GtkToggleButton* toggle,
gpointer user data);

static void on combo channel changed(GtkComboBox* combo, gpointer
user data);

static void on entry channel from changed(GtkEditable* editable,
gpointer user data);

static void on entry channel to changed(GtkEditable* editable,
gpointer user data);

static void on check vary queue toggled(GtkToggleButton* toggle,
gpointer user data);

static void on combo gqueue changed(GtkComboBox* combo, gpointer
user data);

static void on entry queue from changed(GtkEditable* editable,
gpointer user data);

static void on entry queue to changed(GtkEditable* editable,
gpointer user data);

static void on entry cycles count changed(GtkEditable* editable,
gpointer user data);

static void on combo changed (GtkComboBox* combo, gpointer
user data);

static void on radio mode toggled(GtkToggleButton* toggle, gpointer
user data);

static void on check vary intensity toggled(GtkToggleButton* toggle,
gpointer user data);

static void on checkbox toggled(GtkToggleButton* toggle, gpointer
user data);

static void show warning dialog(GtkButton* button, const char*
message) ;

#endif

daiin input.cpp

#include "io.cpp"
#include "model.h"
#include "input.h"

float prompt user for weight (GtkWindow* parent)
{
gchar* msg;
msg = g locale to utf8 ("Beemure BepoaTHOCThL nepexoma", -1, NULL,
NULL, NULL);
GtkWidget* dialog = gtk dialog new with buttons (msg,
parent,
GTK DIALOG MODAL,
"_OK" ,
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GTK_RESPONSE OK,
" Cancel",
GTK_RESPONSE CANCEL,
NULL) ;
GtkWidget* content area =
gtk dialog get content area(GTK DIALOG (dialog));
GtkWidget* entry = gtk entry new();
gtk entry set placeholder text (GTK ENTRY (entry), "0.0 - 1.0");
gtk container add(GTK CONTAINER (content area), entry);
gtk widget show all(dialog);

float value = -1.0f;

if (gtk_dialog run(GTK DIALOG(dialog)) == GTK_RESPONSE OK) {
const char* text = gtk entry get text (GTK ENTRY (entry));
char buf[256];
strncpy (buf, text, sizeof (buf));
buf[sizeof (buf) - 11 = 0;

for (char* p = buf; *p; p++) {
if (*p ==|.|) *p:'l';
}

value = strtof (buf, NULL);
}
gtk widget destroy(dialog);
return value;

}

float prompt user for intensity(GtkWindow* parent) {
GtkWidget* dialog = gtk dialog new with buttons(
g locale to utf8 ("BeemmTe MHTEHCMBHOCTL BXOOAmWEIO moToka", -
1, NULL, NULL, NULL),
parent,
GTK DIALOG MODAL,
" OK",
GTK_RESPONSE OK,
g locale to utf8(" Ormera", -1, NULL, NULL, NULL),
GTK _RESPONSE CANCEL,
NULL) ;
GtkWidget* content area =
gtk dialog get content area(GTK DIALOG (dialog));
GtkWidget* label = gtk label new(g locale to utf8 ("MHTEeHCUBHOCTEL
(umciio ¢ nnamBakpmey Toukowm) :", -1, NULL, NULL, NULL));
gtk container add(GTK CONTAINER (content area), label);
char buf[64];
GtkWidget* entry = gtk entry new();
snprintf (buf, sizeof (buf), "%f", input intensity);
gtk entry set text (GTK ENTRY (entry), buf);
gtk entry set placeholder text (GTK ENTRY (entry),
g locale to utf8("Hampmmep: 3.14", -1, NULL, NULL, NULL));
gtk container add(GTK CONTAINER (content area), entry);

Jlucm

rry 1.090301.18.001 l13

U3m. | Jluecm | Ne dokym | lModnucs | Hama

107




gtk widget show all(dialog);

float intensity = -1.0f;
if (gtk dialog run(GTK DIALOG(dialog)) == GTK RESPONSE OK) {
const char* text = gtk entry get text (GTK ENTRY (entry));
i1f (text && strlen(text) > 0) {
char* endptr = NULL;
strncpy (buf, text, sizeof (buf));
buf[sizeof (buf) - 1] = 0;

for (char* p = buf; *p; p++) {
lf (*p ::'.') *p:l,l’.

}

float val = strtof (buf, NULL);

if (endptr != text) {
intensity = val;

}

gtk widget destroy(dialog);
return intensity;

}

void show circle params dialog(GtkWindow* parent, Circles* circles,
int circle index) {
CircleParams* params = &circles->circle params[circle index];

GtkWidget* dialog = gtk dialog new with buttons(
g locale to utf8("llapamerpm CMO", -1, NULL, NULL, NULL),
parent,
GTK DIALOG MODAL,
g locale to utf8(" OK", -1, NULL, NULL, NULL),
GTK RESPONSE OK,
g locale to utf8(" Ormera", -1, NULL, NULL, NULL),
GTK RESPONSE CANCEL,
NULL) ;

GtkWidget* content area =
gtk dialog get content area (GTK DIALOG (dialog));

GtkWidget* grid = gtk grid new();

gtk grid set row spacing(GTK GRID(grid), 6);

gtk grid set column spacing (GTK GRID(grid), 10);

gtk container set border width (GTK CONTAINER (grid), 10);
gtk container add(GTK CONTAINER (content area), grid);

GtkWidget* label name =
gtk label new(g locale to utf8("Hammenomanme:", -1, NULL, NULL, NULL)):;
GtkWidget* entry name = gtk entry new();
if (params->circle name)
gtk entry set text (GTK ENTRY (entry name), params-
>circle name);
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gtk grid attach(GTK GRID(grid), label name, 0, 0, 1, 1);
gtk grid attach(GTK GRID(grid), entry name, 1, 0, 1, 1);

GtkWidget* label service time =
gtk label new(g locale to utf8("Bpemsa obcnyxmsanma:", -1, NULL, NULL,
NULL)) ;

GtkWidget* entry service time = gtk entry new();

char buf[256];

snprintf (buf, sizeof (buf), "%.6g", params->service time);

gtk entry set text (GTK ENTRY (entry service time), buf);

gtk grid attach(GTK GRID(grid), label service time, 0, 1, 1, 1);

gtk grid attach(GTK GRID(grid), entry service time, 1, 1, 1, 1);

GtkWidget* label channel count =
gtk label new(g locale to utf8("Umcno kananos:", -1, NULL, NULL, NULL));
GtkWidget* entry channel count = gtk entry new();
snprintf (buf, sizeof (buf), "%d", params->channel count);
gtk entry set text (GTK ENTRY (entry channel count), buf);
gtk grid attach(GTK GRID(grid), label channel count, 0, 2, 1,

gtk grid attach(GTK GRID(grid), entry channel count, 1, 2, 1,

/*// Basexu (Tun int c BEOOPOM)
GtkWidget* label request type =

gtk label new(g locale to utf8("3aasxm:", -1, NULL, NULL, NULL));
GtkWidget* combo request type = gtk combo box text new();

gtk combo box text append (GTK COMBO BOX TEXT (combo request type), "0,
g locale to utf8("Bes mpmopureron", -1, NULL, NULL, NULL));

gtk combo box text append (GTK COMBO BOX TEXT (combo request type), "1",
g locale to utf8("OrHocCuTemnpHEE mpmopmuTeTe", -1, NULL, NULL, NULL));

gtk combo box text append(GTK COMBO BOX TEXT (combo request type), "2",
g locale to utf8 ("AGcomworHEE npuopmreTH", -1, NULL, NULL, NULL));

gtk combo box text append (GTK COMBO BOX TEXT (combo request type), "3",
g locale to utf8 ("Cmewannele npmopmureTe", -1, NULL, NULL, NULL));
gtk combo box set active (GTK COMBO BOX (combo request type),
params—->request type);
gtk grid attach(GTK GRID(grid), label request type, 0, 3, 1, 1);
gtk grid attach(GTK GRID(grid), combo request type, 1, 3, 1, 1);

// KosdbduimenT Bapmaumm (double)

GtkWidget* label variation coeff =
gtk label new(g locale to utf8 ("Kosdpduumenr sapmauvm:", -1, NULL, NULL,
NULL) ) ;

GtkWidget* entry variation coeff = gtk entry new();
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snprintf (buf, sizeof (buf), "%.6g", params->variation coeff);
gtk entry set text (GTK ENTRY (entry variation coeff), buf);
gtk grid attach(GTK GRID(grid), label variation coeff, 0, 4, 1,

gtk grid attach(GTK GRID(grid), entry variation coeff, 1, 4, 1,

// Topor AIl (int)
GtkWidget* label threshold ap =
gtk label new(g locale to utf8("Ilopor AI:", -1, NULL, NULL, NULL));
GtkWidget* entry threshold ap = gtk entry new();
snprintf (buf, sizeof (buf), "%d", params->threshold ap);
gtk entry set text (GTK ENTRY (entry threshold ap), buf);
gtk grid attach(GTK GRID(grid), label threshold ap, 0, 6, 1, 1);
gtk grid attach(GTK GRID(grid), entry threshold ap, 1, 6, 1, 1);

// Topor OII (int)
GtkWidget* label threshold op =
gtk label new(g locale to utf8("Ilopor OH:", -1, NULL, NULL, NULL));
GtkWidget* entry threshold op = gtk entry new();
snprintf (buf, sizeof (buf), "%d", params->threshold op);
gtk entry set text (GTK ENTRY (entry threshold op), buf);
gtk grid attach(GTK GRID(grid), label threshold op, 0, 7, 1, 1);
gtk grid attach(GTK GRID(grid), entry threshold op, 1, 7, 1,
1):;*/

GtkWidget* check limited queue =
gtk check button new with label (g locale to utf8 ("OrpaHmdyeHHad IJMHAa
ouepemm", -1, NULL, NULL, NULL));

gtk toggle button set active (GTK TOGGLE BUTTON (check limited queue),
params—->limited queue);

gtk grid attach(GTK GRID(grid), check limited queue, 0, 8, 2,
1);

GtkWidget* label queue size =

gtk label new(g locale to utf8("Umcmo mecr:", -1, NULL, NULL, NULL));
GtkWidget* entry queue size = gtk entry new();
snprintf (buf, sizeof (buf), "%d", params->queue size);
gtk entry set text (GTK ENTRY (entry queue size), buf)
gtk grid attach(GTK GRID(grid), label gqueue size, 0, 9, 1, 1);
gtk grid attach(GTK GRID(grid), entry gqueue size, 1, 9, 1, 1);

.
14

/*// MeTka M entry IOJjs umMciia KJIACCOB NPHOPUTETA
GtkWidget* label priority class count =
gtk label new(g locale to utf8("Umcno kmaccos npuopurera:", -1, NULL,
NULL, NULL));
GtkWidget* entry priority class count = gtk entry new();
snprintf (buf, sizeof (buf), "%d", params->priority class count);
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gtk entry set text (GTK ENTRY (entry priority class count), buf);
gtk grid attach(GTK GRID(grid), label priority class count, O,

5, 1, 1);

gtk grid attach(GTK GRID(grid), entry priority class count, 1,
5, 1, 1);

// CospmaeMm GtkScrolledWindow mia TabimLEl

GtkWidget* scrolled window = gtk scrolled window new (NULL,
NULL) ;

gtk widget set size request (scrolled window, 400, 200); //
3amaéMm pasMmep o6JacTU HNPOKPYTKU

gtk scrolled window set policy(GTK SCROLLED WINDOW (scrolled window),
GTK POLICY NEVER, GTK POLICY AUTOMATIC) ;

// Coszpmaem grid mmg Tabimile!

GtkWidget* priority grid = gtk grid new();

gtk grid set row spacing(GTK GRID(priority grid), 4);
gtk grid set column spacing (GTK GRID(priority grid), 6);

// Iobaensem grid B scrolled window
gtk container add(GTK CONTAINER (scrolled window),
priority grid);

// DoBasnsem scrolled window B ocHoBHON grid mmanora
gtk grid attach(GTK GRID(grid), scrolled window, 1, 10, 10, 10);

gtk grid attach(GTK GRID(priority grid),
gtk label new(g locale to utf8("Knacc mpmopurera", -1, NULL, NULL,
NuLL)), 0, 0, 1, 1);

gtk grid attach(GTK GRID(priority grid),
gtk label new(g locale to utf8("Ioma exomHoro moroka", -1, NULL, NULL,
NULL)), 1, 0, 1, 1);

gtk grid attach(GTK GRID(priority grid),
gtk label new(g locale to utf8("Bpemsa obcayxmsanua", -1, NULL, NULL,
NULL)), 2, O, 1, 1);

// CosmaeM CTPYKTYpPy IJiS XPaHEeHUS BUIKETOB
PriorityTableWidgets ptw = { 0 };
ptw.priority grid = priority grid;
// VIsHauaJjpHO co3maeM 1 CTPOKY
load priority table rows (&ptw, params);
// TloOkjoyaeM CUTHAaJl M3MEHEeHUs TeKcTa entry
g signal connect (entry priority class count, "changed",
G CALLBACK (on_priority class count changed), &ptw);*/
gtk widget show all(dialog);

int response = gtk dialog run(GTK DIALOG (dialog)) ;
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if (response == GTK RESPONSE OK) {
project modified = true;
const char* name text =
gtk entry get text (GTK ENTRY (entry name));
/*if (params->circle name) ({
g _free(params->circle name);
p*/

params—->circle name = g strdup (name text);

const char* service time text =

gtk entry get text (GTK ENTRY (entry service time));
strncpy (buf, service time text, sizeof (buf));
buf[sizeof (buf) - 1] = 0;

for (char* p = buf; *p; p++) {
if (*p ::‘.') *pz |’|,.
}

params—->service time = strtof (buf, NULL);

const char* channel count text =
gtk entry get text (GTK ENTRY (entry channel count));
params—->channel count = atoi(channel count text);

// Twn 3asBOK
/*params—->request type =
gtk combo box get active (GTK COMBO BOX (combo request type));

// KosbduimeHT BapmaLmm
const char* variation text =

gtk entry get text (GTK ENTRY (entry variation coeff));
params->variation coeff = atof(variation text);

// Topor AIl
const char* threshold ap text =

gtk entry get text (GTK ENTRY (entry threshold ap));
params—->threshold ap = atoi(threshold ap text);

// Topor OI
const char* threshold op text =

gtk entry get text (GTK ENTRY (entry threshold op));
params->threshold op = atoi(threshold op text);*/

params—->limited queue =
gtk toggle button get active (GTK TOGGLE BUTTON (check limited queue));

const char* queue size text =
gtk entry get text (GTK ENTRY (entry queue size));
params—->queue_ size = atoi(queue size text);
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/*// UMcio KJIaccoB NpUOpUTeTa
const char* priority class count text =
gtk entry get text (GTK ENTRY (entry priority class count));
int new priority class count =
atoi (priority class count text);
if (new priority class count < 1) new priority class count =
1;
if (new priority class count > MAX PRIORITY CLASSES)
new priority class count = MAX PRIORITY CLASSES;
params—->priority class count = new priority class count;

// CoxpaHsaeM OaHHBE M3 TabJULULE IPUOPUTETOB
save priority table from widgets (params, &ptw);*/

}
gtk widget destroy(dialog);
}

static void on radio mode toggled(GtkToggleButton* toggle, gpointer
user data) {

CalcNetWidgets* w = (CalcNetWidgets*)user data;
if (gtk toggle button get active (toggle)) {
calc vary mode = (toggle == GTK TOGGLE BUTTON (w-
>radio _vary));
g print ("calc vary mode = %d\n", calc vary mode);

}
}

static void on check vary intensity toggled(GtkToggleButton* toggle,
gpointer user data) {
vary intensity = gtk toggle button get active (toggle);
g print("vary intensity = %d\n", vary intensity);

}

static void on entry intensity from changed(GtkEditable* editable,
gpointer user data) {
const char* text = gtk entry get text (GTK ENTRY (editable));
intensity from = strtof (text, NULL);
g print("intensity from = $f\n", intensity from);

}

static void on entry intensity to changed(GtkEditable* editable,
gpointer user data) {
const char* text = gtk entry get text (GTK ENTRY (editable));
intensity to = strtof(text, NULL);
g print ("intensity to = %$f\n", intensity to);
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static void on check vary service toggled(GtkToggleButton* toggle,
gpointer user data) {
CalcNetWidgets* w (CalcNetWidgets*)user data;
vary service time = gtk toggle button get active (toggle);
g print ("vary service time = %d\n", vary service time);

}

static void on combo service changed(GtkComboBox* combo, gpointer
user data) {
CalcNetWidgets* w = (CalcNetWidgets*)user data;
int idx = gtk combo box get active (combo);
g print ("combo service circle changed: %d\n", 1idx);
if (idx > 0) {
char buf[32];
snprintf (buf, sizeof (buf), "%.3f", service time from[id
gtk entry set text (GTK ENTRY (w->entry service from), bu
snprintf (buf, sizeof (buf), "%.3f", service time to[idx]
( )
(

’

x1);
f)
)7

’

gtk entry set text (GTK ENTRY (w->entry service to), buf
gtk toggle button set active (GTK TOGGLE BUTTON (w-—
>check vary service), vary service time);
}
else {
gtk entry set text (GTK ENTRY (w->entry service from), "0.0");
gtk entry set text (GTK ENTRY (w->entry service to), "0.0");
gtk toggle button set active (GTK TOGGLE BUTTON (w-
>check vary service), FALSE);
}
}

static void on entry service from changed(GtkEditable* editable,
gpointer user data) {
CalcNetWidgets* w = (CalcNetWidgets*)user data;
int idx = gtk combo box get active (GTK COMBO BOX (w-
>combo_service circle));
if (idx > 0) {
const char* text = gtk entry get text (GTK ENTRY (editable));

service time from[idx] = strtof (text, NULL);
g print ("service time from[3d] = $f\n", idx,

service time from[idx]);
}
}

static void on entry service to changed(GtkEditable* editable,
gpointer user data) {
CalcNetWidgets* w = (CalcNetWidgets*)user data;
int idx = gtk combo box get active (GTK COMBO BOX (w-
>combo_service circle));
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if (idx > 0) {
const char* text = gtk entry get text (GTK ENTRY (editable));

service time to[idx] = strtof(text, NULL);
g print ("service time to[%d] = %$f\n", idx,

service time tolidx]);
}
}

static void on check vary channels toggled(GtkToggleButton* toggle,
gpointer user data) {

CalcNetWidgets* w = (CalcNetWidgets*)user data;
vary channel count = gtk toggle button get active (toggle);
g print ("vary channel count = %d\n", vary channel count);

}

static void on combo channel changed (GtkComboBox* combo, gpointer
user data) {
CalcNetWidgets* w = (CalcNetWidgets*)user data;
int idx = gtk combo box get active (combo);
g print ("vary channel count changed: %d\n", idx);
if (idx > 0) {
char buf[32]:
snprintf (buf, sizeof (buf), "%i", channel count from[idx]);
gtk entry set text (GTK ENTRY (w->entry channel from), buf);
snprintf (buf, sizeof (buf), "%i", channel count to[idx]);
gtk entry set text (GTK ENTRY (w->entry channel to), buf);
gtk toggle button set active (GTK TOGGLE BUTTON (w-
>check vary channels), vary channel count);
}
else {
gtk entry set text (GTK ENTRY (w->entry channel from), "O0");
gtk entry set text (GTK ENTRY (w->entry channel to), "0");
gtk toggle button set active (GTK TOGGLE BUTTON (w-—
>check vary channels), FALSE);
}
}

static void on entry channel from changed(GtkEditable* editable,
gpointer user data) {
CalcNetWidgets* w = (CalcNetWidgets*)user data;
int idx = gtk combo box get active (GTK COMBO BOX (w-
>combo_ channel circle));
if (idx > 0) {
const char* text = gtk entry get text (GTK ENTRY (editable));
channel count from[idx] = strtof(text, NULL);
g _print ("channel count from[%d] = %$i\n", idx,
channel count from[idx]);
}
}
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static void on entry channel to changed(GtkEditable* editable,
gpointer user data) {
CalcNetWidgets* w = (CalcNetWidgets*)user data;
int idx = gtk combo box get active (GTK COMBO BOX (w-
>combo_channel circle));
if (idx > 0) {
const char* text = gtk entry get text (GTK ENTRY (editable));

channel count to[idx] = strtof (text, NULL);
g _print ("channel count to[%d] = %i\n", idx,

channel count to[idx]);
}
}

static void on check vary queue toggled(GtkToggleButton* toggle,
gpointer user data) {
CalcNetWidgets* w = (CalcNetWidgets*)user data;
vary queue size = gtk toggle button get active (toggle);
g print ("vary queue size = %d\n", vary queue size);

}

static void on combo gqueue changed (GtkComboBox* combo, gpointer
user data) {
CalcNetWidgets* w = (CalcNetWidgets*)user data;
int idx = gtk combo box get active (combo) ;
g print ("vary queue size changed: %d\n", idx);
if (idx > 0) {
char buf[32];
snprintf (buf, sizeof (buf), "%i", queue size from[idx]);
gtk entry set text (GTK ENTRY (w->entry queue from), buf);
snprintf (buf, sizeof (buf), "%i", queue size tol[idx]);
gtk entry set text (GTK ENTRY (w->entry queue to), buf);
gtk toggle button set active (GTK TOGGLE BUTTON (w-—
>check vary queue), vary queue size);
}
else {
gtk entry set text (GTK ENTRY (w->entry queue from), "O0");
gtk entry set text (GTK ENTRY (w->entry queue to), "0");
gtk toggle button set active (GTK TOGGLE BUTTON (w-
>check vary queue), FALSE);
}
}

static void on entry queue from changed(GtkEditable* editable,
gpointer user data) {
CalcNetWidgets* w = (CalcNetWidgets*)user data;
int idx = gtk combo box get active (GTK COMBO BOX (w-
>combo _queue circle));
if (idx > 0) {
const char* text = gtk entry get text (GTK ENTRY (editable));

queue size from[idx] = strtof (text, NULL);
g print ("queue size from[%d] = %i\n", idx,

queue size from[idx]);
}
}
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static void on entry gqueue to changed(GtkEditable* editable,
gpointer user data) {
CalcNetWidgets* w = (CalcNetWidgets*)user data;
int idx = gtk combo box get active (GTK COMBO BOX (w-
>combo _queue circle));
if (idx > 0) {
const char* text = gtk entry get text (GTK ENTRY (editable));

queue size to[idx] = strtof (text, NULL);
g print ("queue size to[%d] = %i\n", idx,

queue size to[idx]);
}
}

static void on entry cycles count changed(GtkEditable* editable,
gpointer user data) {
const char* text = gtk entry get text (GTK ENTRY (editable));
int val = atoi (text):;
if (val < 1) val = 1;
cycles count = val;
g print ("cycles count = %d\n", cycles count);

}
static void on combo changed (GtkComboBox* combo, gpointer user data)
DiagWindowData* data = (DiagWindowData*)user data;

if (combo == GTK COMBO BOX (data->char combo)) {
data->selected char = gtk combo box get active (combo) ;

}

else if (combo == GTK COMBO BOX (data->smo_combo)) {
data->selected smo = gtk combo box get active (combo) + 1;

}

gtk widget queue draw(data->drawing area);

}

static void on checkbox toggled(GtkToggleButton* toggle, gpointer
user data) {
ShowDiagSettings* settings = (ShowDiagSettings*)user data;

int id = GPOINTER TO INT (g object get data (G OBJECT (toggle),
"id") ) ’.
gboolean active = gtk toggle button get active(toggle);

switch (id) {

case 0: settings->show avg waiting = active; break;
case 1: settings->show avg in system = active; break;
case 2: settings->show avg wait time = active; break;
case 3: settings->show avg soj time = active; break;

}
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GtkWidget* drawing area =
GTK WIDGET (g object get data (G OBJECT (toggle), "drawing area"));
gtk widget queue draw(drawing area);

}

static void show warning dialog(GtkButton* button, const char*
message) {
GtkWidget* dialog =
gtk message dialog new (GTK WINDOW (gtk widget get toplevel (GTK WIDGET (butt
on))),
GTK_DIALOG MODAL,
GTK _MESSAGE WARNING,
GTK_BUTTONS OK,
"$s", message);
gtk dialog run(GTK DIALOG (dialog)):;
gtk widget destroy(dialog);
}

®daitn 10.h

#ifndef IO H
#define IO H

static JsonNode* serialize circles to json(const Circles* circles);

static gboolean save circles to file(const Circles* circles, const
char* filename);

bool load circles from file(const char* filename, Circles* circles);

void save results to file(const char* filename, Circles* circles);

#endif

daiin i0.cpp
#include "model.cpp"
#include "model.h"

#include "io.h"

static JsonNode* serialize circles to json(const Circles* circles) {
JsonBuilder* builder = json builder new();

Json _builder begin object (builder);

json builder set member name (builder, "general");
json builder begin array (builder);

json builder begin object (builder);
json builder set member name (builder, "count");

json builder add int value (builder, circles->count);
json builder set member name (builder, "line count");

Jlucm

rry 1.090301.18.001 l13

U3m. | Jluecm | Ne dokym | lModnucs | Hama

118




json builder add int value (builder, circles->line count);

json builder end object (builder);
json builder end array (builder);

json _builder set member name (builder, "circles");
json builder begin array (builder);
for (int 1 = 0; 1 < circles->count; 1i++) {

json builder begin object (builder);

json builder set member name (builder, "x");
json builder add double value(builder, circles->x[i]);

json builder set member name (builder, "y");
json builder add double value(builder, circles->y[i]);

json builder end object (builder);

}

json builder end array (builder);

json builder set member name (builder, "lines");

json builder begin array (builder);

for (int i = 0; 1 < circles->line count; i++) {
Json builder begin object (builder);

Json builder set member name (builder, "weight");
Json builder add double value(builder, circles-

>lines[i] .weight);

json builder set member name (builder, "from index");
json builder add int value (builder, circles-

>lines[i].from index);

json builder set member name (builder, "to index");
Json builder add int value(builder, circles-

>lines[i].to index);

jJson builder end object (builder);

}

json builder end array (builder);

json builder set member name (builder, "CircleParams");
json builder begin array(builder);
for (int 1 = 0; 1 < circles->count; 1i++) {

json builder begin object (builder);

json builder set member name (builder, "circle name");
json builder add string value(builder, circles-

>circle params[i].circle name);
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json builder set member name (builder, "service time");
json builder add double value(builder, circles-
>circle params[i].service time);

json _builder set member name (builder, "channel count");
json builder add int value (builder, circles-
>circle params[i].channel count);

json builder set member name (builder, "request type");
json builder add int value (builder, circles-
>circle params[i].request type);

json builder set member name (builder, "variation coeff");
json builder add double value(builder, circles-
>circle params[i].variation coeff);

if (1 > 0) {
json builder set member name (builder,
"priority class count");
json builder add int value (builder, circles-
>circle params[i].priority class count);

Json builder set member name (builder, "priority table");
Json builder begin array(builder);
for (int j = 0; j < circles-
>circle params[i].priority class count; J++) {
json builder begin object (builder);
Json builder set member name (builder,
"priority class");
json builder add int value (builder, circles-
>circle params[i].priority table[j].priority class);

json builder set member name (builder,
"input share");

json builder add double value(builder, circles-
>circle params[i].priority table[j].input share);

json builder set member name (builder,
"service time");
json builder add double value(builder, circles-
>circle params[i].priority table[]j].service time);
json builder end object (builder);
}
json builder end array (builder);

}

json builder set member name (builder, "threshold ap"):;
json builder add int value (builder, circles-
>circle params[i].threshold ap);
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json builder set member name (builder, "threshold op");
json builder add int value (builder, circles-
>circle params[i].threshold op);

json _builder set member name (builder, "limited queue");
json builder add boolean value (builder, circles-
>circle params[i].limited gqueue);

json _builder set member name (builder, "queue size");
json builder add int value (builder, circles-
>circle params[i].queue size);

json builder end object (builder);

}

json builder end array(builder);
json builder end object (builder);

JsonNode* root = json builder get root (builder);
g object unref (builder);
return root;

}

static gboolean save circles to file(const Circles* circles, const
char* filename) {
JsonNode* root = serialize circles to json(circles);
if ('root) return FALSE;

JsonGenerator* generator = json generator new();

json generator set root(generator, root);

gboolean success = json generator to file(generator, filename,
NULL) ;

g object unref (generator);
json node free(root);

return success;

}

bool load circles from file(const char* filename, Circles* circles)

JsonParser* parser = json parser new();
GError* error = NULL;

if (!Jjson parser load from file(parser, filename, é&error)) {
g printerr ("Error load from JSON: $s\n", error->message);
g _error free(error);
g_object unref (parser);
return false;

}

JsonNode* root = json parser get root(parser);
if (!JSON NODE HOLDS OBJECT (root)) {
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g printerr ("Root JSON not object\n");
g _object unref (parser);
return false;

}
JsonObject* root obj = json node get object (root);
clear circles(circles);

JsonArray* general array =
json object get array member (root obj, "general");
if (!general array) {
g printerr ("No general on json\n");
g _object unref (parser);
return false;
}
JsonObject* gen obj =
json_array get object element (general array, O0);

circles—->count = json object get int member (gen obj, "count");
if (circles->count > MAX CIRCLES) {
g printerr ("Too many circles\n");
circles->count = MAX CIRCLES;
}
circles->line count = json object get int member (gen obj,
"line count");
if (circles->line count > MAX LINES) ({
g printerr ("Too many lines\n");
circles->line count = MAX LINES;
}

JsonArray* circles array =
json object get array member (root obj, "circles");
if (!circles array) {
g printerr ("No circles on json\n");
g object unref (parser);
return false;

}

for (int 1 = 0; 1 < circles->count; i++) {
JsonObject™* circ obj =
json _array get object element (circles array, 1i);

circles->x[i] = json object get double member (circ obj,
"X") ’.
circles->y[i] = json object get double member (circ obj,
"y") ’.
}
JsonArray* lines array = json object get array member (root obj,
"lines");
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if (!lines_array) {
g printerr("no lines in JSON\n");
g _object unref (parser);
return false;

}

for (int 1 = 0; i < circles->line count; i++) {
JsonObject* line obj =
json_array get object element (lines array, 1i);
Line* line = &circles->lines[i];

line->from index = json object get int member (line obj,
"from index");
line->to index = json object get int member (line obj,
"to index");
line->weight = json object get double member (line obj,
"weight") ;
}

JsonArray* params_array = Jjson object get array member (root obj,
"CircleParams") ;
if (!params_array) {
g printerr ("no lines in JSON\n") ;
g object unref (parser);
return false;
}
for (int 1 = 0; 1 < circles->count; i++) {
JsonObject* params obj =
json _array get object element (params array, 1i);

circles->circle params[i].circle name =

g strdup(json object get string member (params obj, "circle name"));
circles->circle params[i].service time =

json object get double member (params obj, "service time");
circles->circle params[i].channel count =

json object get int member (params obj, "channel count");
circles->circle params[i].request type =

json object get int member (params obj, "request type");
circles->circle params[i].variation coeff =

json object get double member (params obj, "variation coeff");
circles->circle params[i].threshold ap =

json _object get int member (params obj, "threshold ap");
circles->circle params[i].threshold op =

json_object get int member (params obj, "threshold op");
circles->circle params[i].limited queue =

json _object get boolean member (params obj, "limited queue");
circles->circle params[i].queue size =

json_object get int member (params obj, "queue size");

if (1 > 0) |
circles->circle params[i].priority class count =
json _object get int member (params obj, "priority class count");
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if (circles->circle params[i].priority table) {
g free(circles->circle params[i].priority table);
circles->circle params[i].priority table = NULL;

}

if (circles->circle params[i].priority class count > 0)
{
circles->circle params[i].priority table =
g new(O (PriorityRow, circles->circle params[i].priority class count);

JsonArray* priority array =
json object get array member (params obj, "priority table");
if (priority array) {
int len = json array get length(priority array);
if (len > circles-
>circle params[i].priority class count) {
len = circles-
>circle params[i].priority class count;
}
for (int j = 0; 7 < len; j++) {
JsonObject* prio obj =
json_array get object element (priority array, 3J);
circles-
>circle params[i].priority table[j].priority class =
json object get int member (prio obj, "priority class");
circles-
>circle params[i].priority table[j].input share =
json object get double member (prio obj, "input share");
circles-
>circle params[i].priority table[]j].service time =
json _object get double member (prio obj, "service time");
}
}
}
else {
circles->circle params[i].priority table = NULL;

}
}

g object unref (parser);
return true;

}

void save results to file(const char* filename, Circles* circles) {
FILE* f = fopen(filename, "w");
if ('f) |
g printerr ("Ommbra OTKPHTMA Qaliya mjid 3ammcu: $s\n",
filename) ;
return;
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fprintf (f, "Onmucanme BapbUpPyeMHxX IapaMeTpoB:\n");

if (vary intensity) {

fprintf (£, "lapameTp - VHTEHCUBHOCTbL BXOINAMEIO IIOTOKa -
HauanbHOe 3HaueHuMe - %$.6g — KoHeuHoe 3HaueHue - %.6g - llar - %.6g\n",
intensity from, intensity to,
(cycles count > 1) ? (intensity to - intensity from) /
(cycles count - 1) : 0.0);

}

if (vary service time) {

for (int 1 = 1; 1 < circles->count; i++) {
if (service time to[i] != service time from[i]) {
fprintf (f, "lapameTrp - Bpemsa obcayxmuBanHmsa CMO S%d -
HauvasbHOE 3HAUeHre - %.6g - KoHeuHoe 3HaueHue - %$.6g - llar - %.6g\n",
1,

service time from[i], service time tol[i],
(cycles count > 1) ? (service time tol[i] -
service time from[i]) / (cycles count - 1) : 0.0);
1
1
}

if (vary channel count) {

for (int 1 = 1; i1 < circles->count; i++) {
1f (channel count to[i] != channel count from[i]) {
fprintf (f, "MapameTp - UYmciio kaHajoB CMO S%d -
HayvanbHoe 3BHaueHme - %1 - KoHeuHoe 3HadeHue - %1 - llar - %i\n",
1,

channel count from[i], channel count to[i],
(cycles count > 1) ? (channel count to[i] -
channel count from[i]) / (cycles count - 1) : 0.0);
}
}
}

if (vary queue size) {

for (int 1 = 1; i < circles->count; i++) {
i1f (queue size to[i] != queue size from[i]) {
fprintf (£, "llapamerp - UYmcmo MecT CMO S%d -
HauasibHOe 3HaueHre - %1 - KoHeuHoe 3HaueHue - %1 - lar - %$i\n",
1,

queue size from[i], queue size toli],
(cycles count > 1) ? (queue size tol[i] -
queue size from[i]) / (cycles count - 1) : 0.0);
}
}
}

fprintf (f, "OBmee umcro umkjoB: —-%d-\n", cycles count);
fprintf (f, "Pacuér:\n");

for (int cycle = 0; cycle < cycles count; cycle++) {
fprintf (f, "lukn Homep: -%d-\n", cycle + 1);
fprintf (f, "Mcxomuele manHeie:\n") ;
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fprintf (f, "| Homep CMO | HammeHoBaHme CMO | Bpemsa oOCIyXmMBaHUS |
Umciio xaHamnos | UYwmcio Mect | \n");

double t = (cycles count == 1) ? 0.0 : (double)cycle /
(cycles count - 1);
for (int 1 = 0; i < circles->count; i++) {
CircleParams* p = &circles—->circle params[i];
if (vary service time) {
p->service time = service time from[i] + t *
(service time to[i] - service time froml[i]);
if (p—>service time < 0.0001) p->service time =
0.0001;
1
if (vary channel count) {
float val = channel count from[i] + t *
(channel count to[i] - channel count froml[i]);
int m = (int) (val + 0.5f);
if m< 1) m= 1;
p->channel count = m;
}
if (vary queue size) {
float val = queue size from[i] + t *
(queue size to[i] - queue size froml[i]);
int m = (int) (val + 0.5f);
if m< 1) m= 1;
p->queue size = m;
}
fprintf(f, "| %9d | %16s | %18.6g | %13d | %104 |\n", i,
p->circle name ? p->circle name : "CMO", p->service time, p-

>channel count, p->queue size);

}

fprintf (f, "XapakTepucTuky oTmeJsibHEIX CMO:\n") ;

fprintf (£, "| Homep CMO | Kozdd. nepemaum | VMHTEHCUBHOCTH
BXOIOHOTO noroka | Kozdd. zarpysxm | Cp. UMCIIO 3aHATHIX KaHaJoB | Cp. dYMCJIO
3aaBOK B CMO | Cp. mnmHa odepezmm | Cp. BpeMsa oxmmaHusa B odepenu | Cp.
BpeMsa npebwiBanmga B CMO |[\n");

for (int 1 = 0; 1 < circles->count; i++) {
CircleCalcResult* res = &results acc.results[i] [cycle];
CircleParams* p = &circles->circle params[i];

int priority = 0;
double transfer coef = 0.0;

fprintf (£,
"l $9d | %15.6g | %29.6g | %15.6g | %$25.6g | %22.6g
| $17.69 | %28.6g | %26.69 |\n",
i,
res->throughput,
res—->input intensity,

Jlucm

rry 1.090301.18.001 l13

126

U3m. | Jluecm | Ne dokym | lModnucs | Hama




res->load factor,
res->busy channels,
res—->avg in system,
res->avg_in queue,
res—->avg _wait queue,
res—->avg_time system

) ;

double total input intensity = 0.0;

double total avg queue length = 0.0;
double total avg network length = 0.0;
double total avg queue wait = 0.0;

double total avg network wait = 0.0;

for (int 1 = 0; i < circles->count; i++) {

CircleCalcResult* res = &results acc.results[i] [cycle];
total input intensity += res->input intensity;
total avg queue length += res->avg in queue;
total avg network length += res->avg in system;
total avg queue wait += res->avg wait queue * res-
>throughput;
total avg network wait += res->avg time system * res-
>throughput;
}
total input intensity =
if (vary intensity) {
total input intensity =
(intensity to - intensity from);

}

input intensity;

intensity from + t *

fprintf (£, "XapakTepucTukm ceTm B LejioM: \n") ;

fprintf (f, "| VHTEHCUBHOCTBL BXOOANEIO MOTOKa: %.6g\n",
total input intensity);

fprintf (f, "| CpemHee uMCJIO 3aABOK B ouepensax: %.6g\n",
total avg gqueue length);

fprintf (f, "| Cpemhnee umcyo 3agBOK B ceTu: %.6g\n",
total avg network length);

fprintf (£, "| CpenHee BpeMs oxmumaHms B ouepenax: %$.6g\n",
total avg queue wait);

fprintf (f, "| CpenHee BpeMsa NpeObBaHMA 3asIBKM B CETU:

$.6g9\n\n", total avg network wait);

}

fclose (f) ;

g _print ("PesymneTaTH coxpaHeHs B dai $s\n", filename);

®daiinn model.h

#ifndef MODEL H
#define MODEL H
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#define MAX CIRCLES 100

#define MAX CYCLES 10000

#define MAX LINES 100

#define MAX PRIORITY CLASSES 100

typedef struct {
int from index;
int to_index;
float weight;

} Line;

typedef struct {
int priority class;
double input share;
double service time;
} PriorityRow;

typedef struct {
GtkWidget* priority grid;

GtkWidget* priority entries[MAX PRIORITY CLASSES][3];

int current rows;
} PriorityTableWidgets;

typedef struct {

char* circle name;
double service time;
int channel count;
int request type;
double variation coeff;
int priority class count;
PriorityRow* priority table;
int threshold ap;
int threshold op;
gboolean limited queue;
int queue size;

} CircleParams;

typedef struct {
double x[MAX CIRCLES];
double y[MAX CIRCLES];
int count;

gboolean add mode;

gboolean del mode;

gboolean move mode;

gboolean add line mode;
gboolean dellLineMode = false;

Line lines[MAX LINES];
int line count;

int line first circle;
int moving index;
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CircleParams circle params[MAX CIRCLES];
} Circles;

typedef struct {
GtkWidget* radio fixed;
GtkWidget* radio vary;

GtkWidget*
GtkWidget*
GtkWidget*

GtkWidget™
GtkWidget™
GtkWidget™
GtkWidget™

GtkWidget™
GtkWidget*
GtkWidget*
GtkWidget*

GtkWidget*
GtkWidget*
GtkWidget™
GtkWidget™

check vary intensity;
entry intensity from;
entry intensity to;

check vary service;
combo service circle;
entry service from;
entry service to;

check vary channels;
combo channel circle;
entry channel from;
entry channel to;

check vary queue;
combo queue circle;
entry queue from;
entry queue to;

GtkWidget* entry cycles count;
} CalcNetWidgets;

typedef struct {

double
double
double
double
double
double
double
double

throughput;
input intensity;
load factor;
busy channels;
avg in system;
avg in queue;
avg wait queue;
avg time system;

} CircleCalcResult;

typedef struct {
CircleCalcResult results[MAX CIRCLES] [MAX CYCLES]; // results
for each M/M/m queue and cycle
int cycle count;
int circle count;
} CalcResultsAccumulator;

//
//
//
//
//
//
//
//

throughput coefficient K

lambda

P

average number of busy channels
L

La

Wg

W
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typedef struct {

gboolean show avg waiting; // CpenHee umMCJIO 3a9BOK, OXUIAKIIMX

ODCITyXUBAHUS

gboolean show avg in system; // CpenHee umMcJO 3asdBOK B CHCTEME

gboolean show avg wait time; // CpenHee BpeMsa OXMIaHMA
gboolean show avg soj time; // CpenHee BpeMmsa HNpeOBBaHUA
} ShowDiagSettings;

typedef enum {
CHAR TRANS PROB,
CHAR INTENSITY,
CHAR LOAD COEFF,
CHAR BUSY CHANNELS,
CHAR AVG REQUESTS,

CHAR AVG QUEUE_LEN,
CHAR AVG WAIT TIME,
CHAR AVG STAY TIME,
CHAR COUNT

} CharacteristicType;

typedef struct {
GtkWidget* window;
GtkWidget* char combo;
GtkWidget* smo combo;
GtkWidget* drawing area;
int selected char;
int selected smo;

} DiagWindowData;

void delete circle and lines(Circles* circles, int circle index);

void clear circles(Circles* circles);
void free priority table(CircleParams* params);
void create priority table rows (PriorityTableWidgets* ptw, int

rows) ;

void on priority class count changed(GtkEditable* editable, gpointer

user data);

voild update flow shares (PriorityTableWidgets* ptw);
voild save priority table from widgets (CircleParams* params,

PriorityTableWidgets* ptw);

void load priority table rows (PriorityTableWidgets* ptw,

CircleParams* params) ;

GtkWidget* matrix window = NULL;
float input intensity = 1.0f;

gboolean vary intensity = FALSE;
float intensity from = 0.0f;
float intensity to = 0.0f;
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NULL)

NULL)

NULL)

NULL)

gboolean vary service time = { FALSE };
float service time from[MAX CIRCLES] = { 0.0f };
float service time to[MAX CIRCLES] = { 0.0f };

gboolean vary channel count = { FALSE };

int channel count from[MAX CIRCLES]

= {0 };
int channel count to[MAX CIRCLES] = { 0 };

gboolean vary queue size = { FALSE };

int queue size from[MAX CIRCLES] = { 0 };
int queue size to[MAX CIRCLES] = { 0 };
int cycles count = 2;

gboolean calc vary mode = FALSE;

CalcResultsAccumulator results acc = { 0 };

static bool project modified = false;

int ccount = 0;

const char* characteristic names[CHAR COUNT] = {
g locale to utf8("Koz0d. nepemaum", -1, NULL, NULL, NULL),
g locale to utf8 ("MHTeHCMBHOCTL BXOZHOTO noroka", -1, NULL, NULL,

14

g locale to utf8("Kosdpd. sarpysku", -1, NULL, NULL, NULL),
g locale to utf8("Cp. umcio saHATHX kaHayos", -1, NULL, NULL,

14

g locale to utf8("Cp. umcyo zassox B CMO", -1, NULL, NULL, NULL),
g locale to utf8("Cp. mamHa ouvepemn", -1, NULL, NULL, NULL),
g locale to utf8("Cp. Bpema oxupmaHma B odepemmu", -1, NULL, NULL,

14

g locale to utf8("Cp. Bpema npebumeanua B CMO", -1, NULL, NULL,
}i

static ShowDiagSettings diag settings = {
.show avg waiting = TRUE,
.show_avg in system = TRUE,
.show_avg wait time = TRUE,
.show_avg soj time = TRUE

}s

#endif
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daiin model.cpp

#include "main.h"
#include "model.h"

voild delete circle and lines(Circles* circles, int circle index) {

for (int 1 = 0; i < circles->line count; ) {
if (circles->lines[i].from index == circle index || circles-
>lines[i].to index == circle index) {
for (int j = i; j < circles->line count - 1; j++) {
circles->1lines[]j] = circles->1lines[]j + 1];

}

circles->line count--;

}

else {
i++;
}
}
for (int i = circle index; 1 < circles->count - 1; i++) {
circles->x[1i] = circles->x[i + 1];
circles->y[i] = circles->y[i + 1];

}

circles->count—--;

for (int 1 = 0; i < circles->line count; i++) {
if (circles->lines[i].from index > circle index) {
circles->lines[i].from index--;
}
if (circles->lines[i].to index > circle index) {
circles->lines[i].to index--;

}

void clear circles(Circles* circles) {
for (int 1 = 0; 1 < circles->count; 1i++) {
circles->x[1] = 0;
circles->y[i] 0;

}
circles->count = 0;
circles->line count = 0;

}

void free priority table(PriorityTableWidgets* ptw) {
for (int 1 = 1; 1 <= ptw->current rows; i++) {
for (int J = 0; j < 3; J++) {
GtkWidget* child = gtk grid get child at (GTK GRID (ptw-
>priority grid), j, 1i);
if (child) {
gtk widget destroy(child);
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}

ptw->current rows = 0;

}

void create priority table rows (PriorityTableWidgets* ptw, int rows)
free priority table (ptw);

if (rows > MAX PRIORITY CLASSES) rows = MAX PRIORITY CLASSES;
ptw->current rows = rows;

char buf[32];
double flow share = 1.0 / rows;
for (int 1 = 0; 1 < rows; i++) {
ptw->priority entries[i][0] = gtk entry new();
snprintf (buf, sizeof (buf), "%d", i + 1);
gtk entry set text (GTK ENTRY (ptw->priority entries[i] [0]),
buf) ;
gtk grid attach(GTK GRID(ptw->priority grid), ptw-
>priority entries[i][0], O, 1 + 1, 1, 1);

ptw->priority entries[i][1l] = gtk entry new();

snprintf (buf, sizeof (buf), "%.4f", flow share);

gtk entry set text (GTK ENTRY (ptw->priority entries[i][1]),
buf) ;

gtk grid attach(GTK GRID(ptw->priority grid), ptw-
>priority entries[i][1], 1, 1 + 1, 1, 1);

ptw->priority entries([i][2] = gtk entry new();

gtk entry set text (GTK ENTRY (ptw->priority entries[i] [2]),
"0.0");

gtk grid attach(GTK GRID(ptw->priority grid), ptw-

>priority entries([i][2], 2, 1 + 1, 1, 1);
}

gtk widget show all (ptw->priority grid);
}

void on priority class count changed(GtkEditable* editable, gpointer
user data) {

PriorityTableWidgets* ptw = (PriorityTableWidgets*)user data;
const char* text = gtk entry get text (GTK ENTRY (editable));
int new count = atoi (text);

if (new count < 0) new count = 0;

if (new_count > MAX PRIORITY CLASSES) new count =
MAX PRIORITY CLASSES;

update flow shares (ptw);
create priority table rows (ptw, new count);
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void update flow shares (PriorityTableWidgets* ptw) {
if (ptw->current rows <= 0) return;

double flow share = 1.0 / ptw->current rows;

char buf[32];

for (int 1 = 0; i < ptw->current rows; i++) {
snprintf (buf, sizeof (buf), "%.4f", flow share);
gtk entry set text (GTK ENTRY (ptw->priority entries[i] [1]),
buf) ;

}

vold save priority table from widgets (CircleParams* params,
PriorityTableWidgets* ptw) {

if ('params || !ptw) return;
int count = params->priority class count;
if (count < 1) count = 1;

if (count > MAX PRIORITY CLASSES) count = MAX PRIORITY CLASSES;
if (params->priority table) {
g free(params->priority table);
}
params—->priority table = g newO(PriorityRow, count);
for (int 1 = 0; 1 < count; i++) {
const char* text = gtk entry get text (GTK ENTRY (ptw-
>priority entries([1][0]));
params—->priority table[i].priority class = atoi(text);

text = gtk entry get text (GTK ENTRY (ptw-
>priority entries[i][1]));
params—->priority table[i].input share = atof (text);

text = gtk entry get text (GTK ENTRY (ptw-
>priority entries([i][2]));
params—->priority table[i].service time = atof (text);

}
}

void load priority table rows (PriorityTableWidgets* ptw,
CircleParams* params) {

int rows = params->priority class_count;
if (rows > MAX PRIORITY CLASSES) rows = MAX PRIORITY CLASSES;
ptw->current rows = rows;

char buf[32];
double flow share = 1.0 / rows;
for (int 1 = 0; 1 < rows; i++) {
ptw->priority entries[i][0] = gtk entry new();
snprintf (buf, sizeof (buf), "%i", params-
>priority table[i].priority class);
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gtk entry set text (GTK ENTRY (ptw->priority entries[i][0]), buf);
gtk grid attach(GTK GRID(ptw->priority grid), ptw-
>priority entries[i] [0], O, 1 + 1, 1, 1);

ptw->priority entries[i][1] = gtk entry new();

snprintf (buf, sizeof (buf), "%.4f", params-
>priority table[i].input share);

gtk entry set text (GTK ENTRY (ptw->priority entries[i] [1]),
buf) ;

gtk grid attach(GTK GRID(ptw->priority grid), ptw-
>priority entries[i][1], 1, 1 + 1, 1, 1);

ptw->priority entries[i] [2] =

snprintf (buf, sizeof (buf), "%
>priority table[i].service time);

gtk entry set text (GTK ENTRY (ptw->priority entries[i] [2]),

gtk entry new();
JAf", params-

buf) ;
gtk grid attach(GTK GRID(ptw->priority grid), ptw-
>priority entries[i][2], 2, 1 + 1, 1, 1);
}

gtk widget show all (ptw->priority grid);
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