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Simulation of transport systems is the demanded task in control of road networks helping to make
decisions on further development and extension of transport system. In particular, simulation allows
to define need for extension of a road network or adding of means of regulation. In this paper, traffic is
simulated according to the cellular automaton of the Nagel-Scheckenberg model. It was the first model
to take into account the imperfect behavior of human drivers and was thus the first model to explain
the spontaneous formation of traffic jams. Now application of cellular automaton is also actual for
simulation and research of different road situations and behavior of pedestrians. This model satisfies
to traffic regulations in ideal conditions, when all machines move with the fixed speed and all drivers
follow rules.

The Nagel-Scheckenberg model is a one-dimensional stochastic machine designed to simulate traffic.
The model dimensional grid used in each cell is placed exactly one machine, the cell is either empty or
contains a car. Time is discrete, the machine moves to forward an integral number of cells for each step
of iteration. At each step of the iteration for each car in turn all the rules are applied. The first rule
is responsible for aspiration of drivers to go as soon as possible, without violating the rule, the second
rule doesn’t allow collisions, and the third rule introduces an element of randomness in the motion
of each driver. This rule set is the minimum set necessary for reproduction of basic properties of a
transport flow. The main advantage of this model is its simplicity compared with other approaches; it
is important in the transition to more complex structures, such as multi-row model or models including
intersections. Both of these generalizations require a transition to a two-dimensional grid and seriously
complicate the process of updating the machine state, as multiband movement also requires at each
step to assess the need and possibility to change the band, and also requires a method of resolving
the conflict when you attempt to move in one cell from two different neighboring bands. Creation
of the intersection, results in need to process movement in the non-parallel directions through the
same cells that can be realized through the cells containing only part of the machine. Besides creation
of the intersection it is necessary to consider a priority of roads that can seriously complicate rules
of transition or procedure of their application. For implementation of the intersection the following
cellular automaton was defined.

Cellular automaton CA =< A,C,7,X,T >, A — set of statuses of a cell, C' — set of cells, 7 —
transition function that changes the state of the automaton, X — neighborhood relation, T — set of
clock periods of time. Each object is characterized by two parameters — the direction of movement
and the identifier. Cells belonging to the set C, are determined by two different sizes of the full and
half. One object occupies one cell of the complete size or two cells of the half size. The neighborhood
ratio X is not the same in different cells and strongly depends on the position of the cells relative to
intersections. For determination of 7 we introduce rules for all cells, after that we define application of
7 on some configuration of the automatic machine as, application of rules of cells in a certain order.

Functions for operation with the cellular automaton: Rules(c;) — set of rules of a cell ¢;, Name(r;;) —
rule name r;; in Rules(¢;). Imp(r;;) and Next(r;;) — set of important and following cells for the rule.
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The basic rules have the general structure. The structure of additional rules for the second part of
object is available only for cells of the half size. As for these cell it is necessary to distinguish objects
from each other, for this purpose we enter the Id function returning an object identifier. The rule for an
empty cell is trivial - the cell doesn’t influence adjacent cells and doesn’t change the statuses without
influence of other cells. Each cell has rule set for movement through it in any the allowed direction,
according to traffic regulations.

A cellular automaton for traffic simulation on a group of intersections was designed. The program
of generation of the cellular automaton for different intersections was realized.

The models can be used to understand, predict and optimize different traffic situations and a2s
examples for the various possible extensions and fields of applications.

Key words: model, cellular automata, distance, speed, acceleration, regular grid.
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Paccvorpena u peanuzoBana mojiesib Harens-Ilpekenbepra va npsimoii. Pazpaborana cxema paboTsr
KJIETOYHBIX aBTOMATOB [Jigd PA3JIMNYHOT'O BH/d IIEPEKPECTKOB.

KuroueBbie ciioBa: Mojenb, KIETOUHBIN aBTOMAT, PACCTOAHNE, CKOPOCTD, YCKOPEHUE, PEryIdp-
Has permeTKa.

BBenenmne. MojennpoBanue TpPAaHCIOPTHBIX CHCTEM — 3TO BOCTpeOOBaHHad 3ajada B
YIPaBJIEHUN TOPOKHBIMH CETIMH, TOMOTAIONIAs MPUHUMATH PEllleHns O JaJbHeleM pa3sBUTAN
U PaCIIUPEHUN TPAHCIOPTHON cucTeMbl. B 4acTHOCTH, MOEIMPOBAHNE MO3BOJISET ONMPEICTUTH
HOTPEOHOCTH B PACIIUPEHUHN JOPOKHON ceTu ujam JI0OaBJIeHUN CPEeJCTB peryJsanuu. ['pamor-
HOe TIJIAHWPOBAHME TO3BOJISIET CHU3UTH HATPY3KYy HA TPAHCIOPTHYIO CeTh, n30eKaTh MPOOOK U
YMEHBIIIUTh CpeJiHee BpeMsi B Iy TH Jiid BoguTesei [1].

Jng uccaeoBaHASA W MOJETUPOBAHUA TPAHCIOPTHBIX CHCTEM WCIOJIb3YIOT Pa3/IHIHbIE
MaKpO- ¥ MUKPOMOJIEJTH JIJisl OIEHKH 00beMOB 3arpy3KH U HHTeHCHBHOCTH MOTOKOB [2]. B 50-e
rOJbI HA BOJIHE PA3BUTHUS Ta30BOW W IMAPOJUHAMHUKH MOSBUINCH TEPBbe MAaKPOCKOMHIECKUE
MO/ TPAHCIHOPTHOR ceTu Ha OCHOBE yPaBHCHUN I'MAPOAUHAMUKU, B KOTOPBIX TPAHCIIOPTHLIN
OTOK ymomobmsiics cxkumaemoit kuakoctu (M. Jladrxuwan n Jx. Yuzem, I1. Puaapac). To-
71 JKe MOsBUJIACh W ITepBasi MUKPOCKOMMYIecKass MOJIeIb — MOJETh CJIeIOBAHNS 34 JIWIePOM, B
KOTOPOI sIBHO BBIIMCBHIBAIOTCS YPABHEHUS JBHXKEHUsI JIJIsT Kaxkaoro apromobuss (A. Pemresb,
JI. Taiinc u ap.) [3]. B mambreiiimeM Kiace MAKpo- # MEKPOCKOIIMICCKUX MOJIeseit ObLT 3HA Y-
TejbHO pacimped. OHUM U3 C10COOOB CO3/[aHUs MUKDOCKOIMYECKUX MO/JIeJIeH SIBJISeTCS UC-
0/Ib30BaHne KiIeTounbx aBroMaroB (CA) [4-7]. B macrosmee Bpems npumvenenne CA Taxxke
AKTYaJIbHO IS MOJICTHPOBAHNS M UCCJICIOBAHUS PA3INIHBIX TOPOKHBIX CUTYAIMH U TOBEICHU S
nernrexo0B. HeobxomuMocTh peleHns npeioKeHHON 3a1aUn Ha WHIWBUTYaTIbHBIX BapHAHTAX
COCTOHUT B OTJIMIHMHU JIOPOT, pebeda MECTHOCTH, TIPABUIT JOPOKHOIO IBHzKeHus B Poccnu [8-10),
b0 OIUCAHUS TTOBEJICHUST BOJAUTEIIST PA3IMIHBIMU BEPOATHOCTHBIME byHkimsivu |11].

Januas paGoTa gBJIsieTCsl TPOJOJKeHTeM paboThl aBropos [12]. B mpemraraemom ucceno-
BaHUN PAacCMaTPHUBAETCH KJIETOYHO-aBTOMATHAS MOJIEJb W IPO/IOJIKEHbI HCCJIeJOBAHNS TIPEIbI-
JYITIX PabOT aBTOPOB, OTJINYAIONIASACS TeM, YTO JUINHBI KJIETOK Pa3JHudIHBl M PACCMAaTPUBAETCS
He MepIeHIUKYJIAPHBIN MepeKpecToK.

JlanpHeliee W30KeHNE OPTAaHWM30BAHO CJeAyoNuM obpa3oM. B mepsom maparpade pac-
cmarpuBatoTes Mojenb Harerga-1lIpekenbepra u ee aaropuT™ AJjist MpsMOTO YYaCTKa, BO BTOPOM
paccMaTpUBaETCs MOCTPOEHHE KJIETOYHOTO aBTOMATA JJIs HECKOJBKUX BUJIOB TEPEKPECTKA W B
nocsenneM naparpade — onucaHue peajn3alui aJropuTMa Ha A3bike nporpamMupoBanus CH.
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AgaroputMm Harena-ITIpeken6epra ajis npamoii. Mogess Hareng-I1TpexenGepra mpei-
cTaBJisgeT coboil cToXacTHIeCKNil OJHOMEPHBI aBTOMAT, IpeTHA3HAUYEHHBIN /1 MOAETNPOBAHUI
JOPOKHOTO JiBUzKeHus [6]. [laHHas MOIe/ b IMATHDYET JBUZKEHHE 110 OTHOMH T0JI0Ce TPSMOIl J10-
poru 6e3 BO3MOKHOCTH 00roHa u nepectpoenusd. B momenn Hareng-11IpekenGepra ucnorb3yercs
OJIHOMEDHaA CE€TKa, B KazK/AYyI1O0 quﬁKy InoMemaeTCd poOBHO OJdHa MallnWHa., dyeiika siBJasIeTCcd JIu-
60 mycToii, b0 CoMePKUT aBTOMOOMIh. BpeMst IuCKpeTHO, 3a KazK bl 1ar nTepaiun MalinHa
MePEeMEIAeTCsl Ha TIeJI0e YUCJI0 sdeeK Brepe. JIJist mpocTOTh OMucaHust mpaBua BeegeM n;(t)
u v;(t) — HOMep sd4YeliKu, B KOTOPOW HAXOJUTCS MAIIMHA ¢ HOMEPOM i M ee CKOPOCTh (KOJIHde-
CTBO si4eeK, KOTOpbIe ByIyT MPOHIEHBI 32 OJMH TAKT BPEMEHH) HA IIare UTEpAIuu ¢, MalluHa ¢
OGJIBIIIIM HOMEPOM eJIeT Lepe)i MAIIUHON ¢ MEHBIIUM HOMEPOM, Uper — MAKCHMaJIbHAS JIONY-
CTUMad CKOPOCTHb Ha y4YaCTKe.

Toryma mpaBwa, eIMHBIE A BCeX KJIETOK, UMEIOT CJAeTYIONINH BUI:

1) Vexopenue. Ecan ¢ckopocTh i-ro aBTOMOOH/IS MEHBIIE Uppaz, TO ABTOMOOHIIB YCKOPSAETCS

v;(t) = min{v;(t — 1) + 1, Vnaa } -

2) Topmosicenue. Ecam paccrosiaue 10 eaymiero Brepen aBTOMOOUIISI MEHBIE CKOPOCTH, TO
3HAYEHNEe CKOPOCTHU IIPUPABHUBAETCI 3TOMY PACCTOSTHHIO

v;(t) = min {v;(¢t), nip1(t — 1) —n;(t — 1)}

3) Cayuatinve sosmyuenus. C 33JaHHONH BEPOSITHOCTHIO P BOTUTENb 3aMeIJISeTCSI.

) max{v(t) — 1,0}, P
u® =1, 1—p.

4) Jsuoicenue. V3Menenne moioKeHus aBTOMOOUIIS COIJIACHO HOBOH CKOPOCTH

Ha kazxjom 1mare urepanuu K KazKJ0My aBTOMOOMJIIO ITOOYEPEIHO MPUMEHSIIOTCS BCe Tpa-
Buta. [1pm 3TOM mTepBoe oTBeYaeT 3a CTpeMJIeHne BOANTE el exarh KaK MOYKHO ObICTpee, He Ha-
pyllias IIpaBmja, BTOPOe He IOIYCKAeT CTOJKHOBEHHH, & TPEThe BHOCHT JIEMEHT CJIyJIalHOCTH
B JIBHKEHHE KasKJIOro BoauTess. JJaHHBI HaOOp MpaBWI ABJIAETCI MUHUMAJIBLHBIM HAOOPOM,
HEOOXOIMMBbIM JIjIsi BOCHPOU3BE/IeHUS 0a30BbIX CBOHCTB TPAHCIOPTHOIO IIOTOKA. MC/IEHHbIE
IKCIIEPUMEHTDBI IMOKa3aJIku, YTO IIPHU MaJIbIX IIJIOTHOCTAX IIOTOKa JdaHHad MOJAE/Ib yCTOfIqHBa n
TepsieT YyCTONYIUBOCTH MPH BBICOKAX TIOTHOCTAX [3]. Bupodewm, eciin BeposaTHOCTH CIydaiiHOTO
3aMe IJIEHHs PABHA HYJIIO, IIOTOK OCTAETCS YCTONINB IpH JIF000# IJTIOTHOCTH, 9TO SIBJISIETCS HEI0-
CTATKOM [0 CPABHEHUIO ¢ THAPOJHHAMHIECKHME MOJEISIMHU, B KOTOPHIX eIUHUIHAS (DIYKTya-
[Us CIIOCOOHA TPUBOAUTEL K HECTAOMILHOCTH TOTOKA. B 0o/ee mo3IHIX MOZEIAX 3Ta MpodIeMa
6bIJIa pelieHa TeMH WJIN MHBIMHA CHOCO6aMI/I. KaK MOZKHO 3aM€TUTb, OCHOBHBIM JOCTOMHCTBOM
JIAHHON MOJIEJIN SABJISIETCS €€ TPOCTOTa MO CPABHEHWIO ¢ APYTHMHU MOAXOJAMH, UTO SABJISIETCS
Ba)KHBIM IIPH IIepexojie K 60jee CJIOKHBIM CTPYKTYpPaM, HAIIPHMEP MHOTOPSIHON MOIeIN WIn
MOJIe/IM, BKJIIOYAIoIel mnepekpectku. Oba 3Tux 0000IIeHrs TpeOYIOT Iepexona K JIBYMEPHO
CeTKe U Cepbe3HO YCIOKHSIOT MPOIECC OOHOBIEHHUS COCTOSHHUSI aBTOMAaTa, TaK KaK MHOIOIO-
JIOCHOE JIBUZKEHHE TPeOyeT TakrKe Ha KaykKI0M Iare olneHHBaTh HeOOXOIMMOCTb U BO3MOZKHOCTD
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CMEHBI TI0JIOCHI, a TaKKe TpedyeT CO3MaHus CIIoco0a pernerns KOH(DJIUKTA MPU MONBITKE Hepeii-
TH Ha OJIHY KJIETKY C JIBYX Pa3JIUIHbIX cOCeIHUX mojoc. Co3aanue mepeKpecTka Ke, IPUBOJIUT K
HEOOXOIMMOCTH 00pabaTHIBATD JIBUXKEHHE 110 HellapaJLIe IbHBIM HAIIPABJICHUSIM Yepe3 OJHU U Te
JKe KJETKH, 9TO MOKET OBITh peaJn30BaHO depe3 KJIeTKH, CoAeprKalllie JUIIb YacTh MAIIUHbI.
Kpowme Toro, cozmganue nepekpecrka g00aBisger HEOOXOAUMOCTh YIUTHIBATH IPUOPUTET JIOPOT,
9TO MOYKET CePbE3HO YCJOKHUTH MPABUIA TePeXo1a WIN MPOIeaypy UX MPUMEHEHUs.

Mogeas nmepekpecTKa.

Hocmanosxka 3adavwu u onpedeacnue CA. Heobxomumo paspaborars momenn CA g moje-
JINPOBAHUsA OPraHU3allMM JIBHKEHUs Ha JIOpOTe, MpeACTaBJIeHOl B Buje I'pada, coaepKaliero
T-o6pasublii, KpecTooOOpa3HbIl U HENEPHEHIUKYASPHbINA 1IePEeKPECTOK, COIJIACHO 33 aHHOMY
HabOpy YCJIOBHI IpOe3ja MmepeKpecTKa (3HaKW MPUOPHUTETA, Da3peleHHble HANPABICHHsI 1BU-
JKEHUS).

Ompeneanv CA kak crpykrypy CA =< A,C,m, X,T >, e A = {0,1} — MHOXKecTBO CO-
crostHuit KJieTku, C' — MHOXKECTBO KJIETOK, 7 — (YHKIUS IIepexXoa, MEHSIONAss COCTOSHHE
aBroMara, X — OTHOIIEHUE COCeJCTBa, I — MHOXKeCTBO TaKTOB BpeMenu. [Ljis onpejiesienust
COCTOSTHUST aBTOMATA B TAKT BPEMEHHU ¢ NPUMEHUM T K npeabiaytiemy Takty ¢t — 1. Beegem M —
MHOKECTBO OObEKTOB, JIBHXKYIIUXCs B cucteme, u m(c,t) — GYHKINIO OT KJIETKH aBTOMATa, W
TaKTa BPEMEHH.

empty, if A(et)=0,teT,

t pu
m(ct) m(c,t) € M, else.

Kaxaplit 00beKT XapakTepu3yercs JIBYMsl MapaMeTpaMu — HAMpPaBJIEHHEM JBUKEeHUsl W
uaentudukaropom. Kierku, mpunaiexkarmue MHOKecTBY C, OIPEIeIdioTcs IBYMsT PA3HBIME
pa3MepaMu MOJHOTO M HOJOBHHHOTO. OIUH 00BbEKT 3aHUMAET OJHY KJETKY MOJHOTO pasMepa
HJIM JIBE KJIETKU HOJIOBUHHOIO pasmepa. OTHomenne cocecrsa X HEOJAMHAKOBO y PA3HBIX KJle-
TOK M CHJIBHO 3aBHCHT OT IOJOYKEHUS KJETKH OTHOCHTEJBHO NMepekpecTKoB. [liga 3aganus T
BBEJIEM TIPABUJIA JIJIsT KasKIOH KJETKH, IOCIe Yero MPUMeHeHne T Ha KaKoi-To KOH(MUTYparnm
ABTOMATA OUPEJEJUM KaK MPUMEHEHHE TPABHU/I KJIETOK B OMPEICJCHHOM MOPSIIIKe.

Ilycte Rules(c;) — MHOXKeCTBO IpaBHI KJIeTKH ¢;, Name(r;;) — HMs OpaBUIa 71 €
Rules(c;). Imp(r;;) u Next(r;;) — MHOXKECTBO BAsKHBIX M CJICAYIOMINX KJIETOK JIUIA HPABUIIA
rij, Imp(ri;) € X(¢;). Komgecrso kmerox Imp(r;;) HEOrpAHHYEHHO, TOLJA KaK MOINHOCTD
Next(r;;) oauH, eciu MPOUCXOANUT IEPEXO HA KJIETKY HOJHOIO Pa3Mepa, U [(Ba, €CJIN IOJO0BUH-
HOTO.

OcHOBHBIE TTPABUIA TAKIKE UMEIOT OBIIYIO CTPYKTYDY:

if (Ve € Imp(ri;))A(cr,t) =0

then A(Next(ryj)t+1) =1,
m(Next(r;;),t + 1) = m(c;,t);

At +1) =0;

else Aleit+1) =1,

m(cit +1) = m(c,t).

CTpyKTypa JOMOJHATENbHBIX IPABMJI /IJIs BTOPOil YacT 00beKTa HMeeTCsl TOJTbKO Y KJIeTOK
HOJIOBUHHOTO pa3Mepa. Tak Kak /s 9THX KJIETOK HeoOXOAUMO MMETh BO3MOXKHOCTH OT/IMIATH
0OBEKTHI IPYT OT ApyTa, BBEeAeM (hyukuuio [d(m), BO3BpAMAOILY O HAeHTH(MUKATOP 00bEKTA.
Id(empty) = empty. Torma npaBuIo aJist BTOPOH YacTH MMEeT CJeAyIONuil BUL:
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l /> | >
Pa— Ml —> T —>

Puc. 1. Cxema jBuzkeHus npasuiia MoBOpoTa HaJEBO, Tae M — Kierka, comepxKaiias Mamuny, I — Kierka u3

MHOZKecTBa, Imp(r;;) ONUCHIBAEMOrO IPABUIA

if (Ve € Imp(ri;)) Id(m(c;t) # Id(m(c;t)))

then At +1) = 0;

else Algt+1) =1,
m(ci,t + 1) = m(c,t).

[TpaBuio g1 mMycTo# KJIeTKH TPUBHAJIBHO — KJIeTKa He BJIUdeT Ha cOoceTHHe KJIeTKH W He
MEeHSEeT CBOe COCTOsTHIE 6e3 BO3aeiicTBUS APpYTUX KJaeToK. KaxKaas KieTka nMeeT Habop IpaBUI
JIJIsl IBUZKEHUS Yepe3 Hee B JII000M pa3penieHHOM, COTJIaCHO IPaBUIaM J0POKHOTO JIBUKEHUS,
Hanpapsiennn. /s BIGOpa MOAXOMSINEro MpaBuia ucnosb3yercs dbyuxmus Dir(m;,t), Bo3Bpa-
IMAOIIAs HALIpaBIeHNe JBUZKeHNsI 00beKTa m; B TaKT BpeMmenu t. ObacTu 3HaAYeHUH DYHKITHAH
Dir u Name coBnaJaior, i Ha KayKJIOM IIare BbIOMpaeTcs TO MIPaBUIo, y Koroporo Name
coBnagaer ¢ Dir obbekTa, coaepzKalieiicss B 9TOH KIeTKe.

3aga UM TOpsI0K MpUMEHEeHUsI MPaBWI HA KaxkKJIOM TakTe. Bymem cumrarh, 4TO IpaBu-
JIO, MEHIIOIEee COCTOSHUE KJIETKU, IIOMEeYaeT ee, U B JaJibHellleM JId 3TON KJeTKHU IpPaBUIA



Kasanues I 10., Omaposa I A. 65

Ha 9TOM IlMare HEe HNPHUMEHAIOTCH. HOpH,ZLOK IIpuUMEHEeHUd IpaBUJI IJId O,ZLHOIU/I IIOJIOCHL IIPAMO-
ro y4JacTKa — IPOTHB JBUXKEHHsI O0OBEKTOB IO 3TOoi mosoce. [lopsmok mpuMeHeHHs IpPaBUI
IS KaXKJIOr0 IepPeKpecTKa U MPHJIEraloluX K HeMy IPSIMBIX YIaCTKOB CJIeIVIONUA — CHAYaIa
HPUMEHSIOTCS MPABUJIA /ISl MOJI0C MPSIMBIX YYACTKOB, BEAYININX C IepeKpecTKa, 3aTeM obpaba-
TBIBAETCS EPEKPECTOK, 3aTeM MOJIOCHI, BEAYIIHE HA 9TOT IMePEeKPecToK. byieM cauraTh, 9T0 OT
CMEHBI MTOPSIKA, B KOTOPOM 00pabaThIBAIOTCA MEPEKPECTKH ¥ COOTBETCTBEHHO TPUJICZKAIINE K
HUM TIPSIMbIE YYACTKH, PE3yabTaT OOHOBJIEHUS HE CHJILHO MeHsierTcsd. [[paBuia KJaeTok He ydu-
TBHIBAIOT IPUOPHUTET ITOPOr HA HePEeKpPecTKe, MOITOMY JJI 70 PeaJn3ali Oy1eM HCIOoIb30BaTh
HOPSIIOK 00X01a KJIETOK.

Hocmpoenue CA Ha passuaHvls yuacmras

Hpamvie ompesxu. Knerounas cTpyKTypa NpIMbIX COJIEPAKUT TOJIHKO KJIETKHU MOJTHOTO Pa3-
Mepa. [IpaBuio Ha TPAMBIX OTPE3KaxX TOJHKO OJHO — €CJU CJIEAYIoNnas KJIeTKa M0 XO/y JIBH-
JKeHHs IMycTa, MepeMeCTHTh O0BEKT B CIAEAYIONIYIO KJIeTKY. Y MOCJeTHedl MO X0y NBUKEeHHTd
KJIETKU MPAMOrO YYacTKa MPABUIO HEMHOTO OTJIMYAETCS, N3-38 TOTO YTO OOBEKT ¢ Hee Mepexo-
JIUT He Ha KJIETKY [OJIHOT'O pa3Mepa, a Ha KJeTKH 1I0JIOBUHHOI'O pa3mepa. Kak ciejacrsue, Next
9TOTO IPABUIA COAEPKUT JBE KJIETKH, & HE OJHY.

llepexpecmor. [IpaBunia Ha mepekpecTke MOKHO YCJIOBHO MOJMEINTH HA TPU IPYNNBI — JIBU-
JKeHUe MPSAMO, JBUZKEHNE BIIPABO U JBHKEHHE HAJIeBO. /IBUKeHMe TTPSAMO TOYTH HE OTJIUYAETCS
OT TIpaBW/ia MPAMOTO yYacTKa — €CJH KJIeTKa MepeJl MaIluHON IIycTa, TO IMepeMEeCTHThCH Ha
OJIHY KJeTKy BIepes. [7TaBHBIM OT/ImYHeM OT MPABUJI MPIMOTO YYACTKA fABJISETCHA CHUKEHHAS
CKOPOCTh JIBUZKEHHsd, TaK KaK 3a OJWH TIar oObeKT CIABHUTaeTcs TOJIbKO Ha TOJOBUHY CBOe-
ro pasMepa. lIpaBuna moBopoTa HampaBO UMEIOT CXOXKYIO HJICI0 — MPOBEPUTH, CBOOOTHA JU
CJEJYIONAs 110 TPACKTOPUHU KJIETKA, U HEPEMECTUTh O0beKT B ciejyolniue Kjierku. [IpaBusa
JIBUZKEHUS HAJIEBO OTJIMYAIOTCS, TAK KaK HEOOXOJIMMO yYUTHIBATH BO3MOKHYIO OMEXY CIIpaBa.
Ha ocHoBe maHHO# Momesin Tak ke co3aanbl e Moandukannu — T-o6pas3ubiii mepekpectok [12]
U MePEKPECTOK C HeNePIeHIUKYIIPHBIME JoporaMu. T-00pa3Hblil TepeKpecToK — 3TO YIPOIIIe-
HUE cIydast KpecTooOPa3HOTo MepeKpecTKa, ¥ KOTOPOro OTCYTCTBYET OJHA M3 BTOPOCTETIEHHBIX
JIOPOT, B TO BpeMs KakK /Ui MepPeKpecTKa ¢ yrjaMu, orandatomumucst ot 90 na yros or 30 j0
60 rpaiycoB, CO3/MAIOTCA JIONOJTHUTEIbHbIE KACTKHU JJIs PEJIOTBPAIICHUS Pe3KUX CKadkKoB. Ha
puc. 1 mpuBejieHa cxeMa JBUKEHUS IIpaBUa MOBOPOTA HaeBO, e M — KjeTka, coJeprKaliast
MamuHy, [ — KiaeTka u3 MHOXKecTBa [mp(r;;) ONUCHBAEMOIO IPABUIIA.

Peanmuzamus. Mogens nepekpectka, Onncannas BbIlie, OblIa Peajn30BaHa ¢ MCIOTb30Ba-
HueM s3bika C'#. B mporpamMme HCIOMB3YIOTCS JIBa OCHOBHBIX KJIACCA JJIS XPAHEHUs KJIETOK —
intersite m line, peaJu3yIolIe COOTBETCTBEHHO IEpPEeKpecToK U mojocy. Oba 3THX KJacca co-
JIep:KaT KaKoe-TO KOJIUIeCTBO 00bEKTOB KJacca, cell, peamusyoliero camMu Kiaetku. s xpamne-
HUSI TIPABUJ UCHOJIb3yeTcs Kaace rule. OObeKTHl KJIACCOB intersite u line mepemaioTcs B KJIACC
intersitegraphic, oCynecTBASIONINI BU3YaJTH3AINI0 TEKYIIEro COCTOSHAA U TOAAIONTNI KOMAH/TY
HA CMEHY COCTOSTHWSI aBTOMATA.

Knacc cell conepxkur 4 noss. [lose rules mcnonb3yercd juid XpaHeHHs HPABUJI KJIETKH,
oyt machine n sd UCIOIB3YIOTCS JIJI peaan3aruu (pyHKIUH, CBA3bIBAIONINX KJAETKY U MAIUHY,
COJIEPZKAINYIO ee, 1oJie finished UCIOJIb3yeTcs MPU BIYUCICHIN 3HAYCHUS KJICTKH HA CJIE/ Ly IOTIeM
mare aBToMaTa, a WMEHHO, KOTJa HIeT OOHOBJIEHHE KaKOW-THOO KJICTKH, T.e. IMPUMEHSIeTCS
IPABUJIO, TO Y BCEX KJIETOK, 3aTPOHYTHIX ITHM MPABUIOM, MoJIe finished TepexoanT B COCTOSTHAE
true, u B JajbHeiieM IpaBuia 3TUX KJIETOK He UCIOJIb3YIOTCS JI0 CJEYIONIero Iara.
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Ocnosnvie memodu kaacca cell. Meron move() — 310 peannsainust byHKIIHOHHPOBAHUS OC-
HOBHBIX IIPABUJI KJIETKH, KPOME TOI'0, TaK KaK 3Ta Ke (DYHKIUS COAEPAKHUT PeaTn3alnio BEIOOpa
IpaBUJIa 11 KOHKPEeTHO! MAIHHBI, B Hee BCTPOEHa U peanu3anus (pyHKIuu Dir MOIen.

Meron move_ back() — cOOTBETCTBEHHO peau3alyst JOMOJHUTEIbHBIX IIPABUIL JIJIsS BTOPOT
YaCTH, B HEM TaKzKe UMeeTCd peaJiu3dalud beHKL[I/H/I BbI60pa IIpaBHJia AJId MalllWUHBI.

Meroa get machineid() — sro peamuzanus bynkuuu Id w3 Momesnn, Takxke 3TOT METO
UCIIOIB3YETCS /I BU3YATM3AIUA 1711 00PabOTKH IMOJIOBHH MAIIIWH.

Meron neztDest() — MeHsIONM HAIPABIEHHE MAIIIHHBI, COIEPKAIIECs B KJIeTKe, Ha CJIejLy-
IOIee CONJIACHO MapIIPYTY 3TOH MAIUHBI, 3TOT METOJ UCHOJIb3yeTCd IPU HOKUIAHUA MAIIUHON
IepeKpecTKa, HO TaK KaK JAaHHbIE O MAIIMHE XPAHATCS B KJIETKE, PEAJN30BAH OH TaK:Ke B CaMOil
KJIETKE.

Takxke y kjacca cell ecrb rpyiuna cjayzKeOHbIX METO0B, UCIOJAb3YIONUXCA JIJIs Oy YeHU s
AAHHBIX JJIAd APYTIUX KOMIIOHEHT WJIM USMCEHEHUd COCTOAHMNA KJICTKH APYIUMHW KOMIIOHEHTAaMH,
TaKue Kak MeToj Jjs copoca durara oOpaboOTKu, CO3/IaHue MAITUHBI B KJIETKE U JpyTHe.

Kiace line mcmoab3yercsa 1isi XpaHeHHs KJIETOK OIHOM IIOJIOCHI HMpsSMOro ydacTtka. [lose
Kiaacca cellLine oTBeyaeT 3a cOOCTBEHHO XpaHEHMe KJIETOK 3TOH MoJIochl. Bee KiaeTku 3Toro
MaCCHUBa ABJIAIOTCA IMOJTHOPpAa3MEPHBIMHU KJICTKAMHU, HyMepallid KJIE€TOK COOTBETCTBYECT HallpaB-
JIGHUIO JIBUYKEHUs MaliuH Ha 3Toi mojioce. [long begin m end copepkar nepekpecTku, coeju-
HeHHBbIe 9TOH mosocoit. OaHO M3 ITUX IOJEil MOKeT OBITh IIYCTBIM JIJIs HOJIOC, CBS3aHHBIX C
obbekTamMu BHe 06pabaThIBaeMOil IPYIIIBI, 3TU IO/ MUCIOIb3YIOTCS I TeHePAIMi MapIIpyTa,
s Mamud. [lose key comepKuT maeHTHGUKATOP MOJIOCHI, HACHTH(MUKATOPHI MOJIOC UCIOIb-
3YIOTCA AJid re"Hepanuu IpaBuJl ABUZKCHUA KW JJ1d CBA3M C COOTBETCTBYIOIMMMU BXOJIHBIMH K
BBIXOJHBIMHU KJIETKaMu IIEePpEeKpecTKa.

OcHOBHBIME MeTOJIbI KJjacca line.

Meton createRules co3maeT mpaBuia M IBUKEHHS IO TPSMON BO BCEX KIETKAX IMTOJIOCHI,
KpOMe MOC/IeIHel, TpaBumIa Jiji KOTOPOH T€HePUPYIOTCS HEPEKPECTKOM.

Metro update mpumMensiet mpaBu/ia B KJeTKaxX Ha MOJIOCE B MOPSIKE, 0OpATHOM HATPABICHUIO
JIBI2KEHUS Ha I0JIOCE.

Kitace intersite siBiasiercst KjiaccoMm, peain3yoniuM MepeKpPecTOK, MMEHHO YK3EMILISPBI 9TOT0
KJIACCA COMEPZKAT KJIETKHU TTOJOBHHHOTO Pa3Mepa.

[Tone connected comep:KuUT KpaiiHne KJIETKH II0JI0C, COCEICTBYIOIINX C IEPEKPECTKOM, H CJIy-
JKHT JIJI CBSI3HM MIEPEKPECTKOB U I0JIOC IPHU reHepanuu npasui. [long from u middle conepxkar
KJETKH MOJIOBUHHOTO pa3Mepa. Ilost from — 310 oTpesku mo ase win Tpu KJIETKH TOJOBHHHOTO
pa3mMepa, COOTBETCTBYIONINE MPOIO/IZKEHHIO MOI0CHI, BXOAAIEH 1 BBIXOSINEH U3 IePeKpPecTKa,
B TO BpeMs# Kak 1oJjie middle — 3To MacCuB KJIETOK, JIEYKAIIUX B IIEHTPe nmepekpecTka. B rekyteit
peam3anuy mepeKkpecTKa TUX KJIETOK Bcergaa derbipe. [lojst position m angle Mcmonb3yoTest
JIJI BU3YAJIM3AINH IePEKPECTKA U COAEPKAT COOTBETCTBEHHO KOOPIUHATEL IIEPEKPECTKA H YIOJI
IOBOPOTA.

OcHoBHBIE MeTOIBI KJIacca intersite.

Meton createRules — 5T0 MeTO, reHepUpPYIOIIMiA IpaBUIa /s IBUKEHUs depe3 MepeKpe-
crok. OH HCIIOIB3yeT TPU METOHA /s CO3IAHHs HPABU IS JIBUKEHHS IIPSIMO, HAIPABO U
HAJIEBO JIJIsT IBYX 3aJaHHBIX mosoc: createRulesLeft, createRulesRight, createRulesForForward.

Poab merona update ocranack npexkHeil, HO aJrOPUTM METO/1a, U3MEHUJICS:

— OOHOBHUTB IIOJIOCHI, BBIXOJAINNE U3 IIEPEKPECTKA,

— 00paboTaTh MpaBUIA ABUKEHHS KJIETOK, IIPUMBIKAIOIINE K MOJOCAM, BRIXOIAIINM U3 IIe-
peKpecrka,
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Program

+ Program()

- Main(args: Strin : Void

Q1x

Ve

Intersitegraphic

+intersites: List<intersite>
- lines: Dictionary<String, ...
- mg: machinesgenerator

- mn: Int32

- width: Int32

- height: Int32

- components: IContainer

- buttonl: Button

- pictureBox1: PictureBox

+ Intersitegraphic()

+ Intersitegraphic(i: List<in...
- button1_Click(sender: Ob...
- pictureBox1_Paint(sende...
- Intersitegraphic_ResizeB...
- merge(rl: RectangleF, r2...
- Intersitegraphic_ResizeE...
# Dispose(disposing: Boole...
- InitializeComponent() : V...

tintersite

intersite

+ tintersite(mrli: Line, mrl...

+finishStep() : Void
+ tupdate() : Void

- finishRoad(Road: Diction...
- updateRoad(Road: Dictio...

+ connected: Dictionary<St...
+ frommrlin: Dictionary<s...
+frommrlout: Dictionary<...
+ frommr2in: Dictionary<s...
+ frommr2out: Dictionary<...
+ fromsrlin: Dictionary<Str...

4\1

«structure»
machineForDraw

+id: String
+ machine: RectangleF

usgd for visualizatigrﬂ +angle: Single

cell

- machine: String
- rules: List<rule>

b

Line

+ cellLine: List<cell>
+begin: intersite
+end: intersite

+ leaveatend: Boolean

+ createRules() : Void + fromsrlout: Dictionary<s... - finished: Boolean +key: String
+ fromsr2in: Dictionary<Str... - sd: String S >
+fromsr2out: Dictionary<s... +id: Int32 +Line()

+ middle: List<List<cell>>
+ positionx: Single

- cellnumber: Int32

+ Line(n: Int32, id: String)
+ createRules() : Void

* positiony: Single +cell() +finishStep() : Void
+angle: Single +cell(r: List<rule>) + update() : Void
- cell)

+intersite()

+intersite(mrli: Line, mrl...

+ finishStep() : Void
+ update() : Void

- finishRoad(Road: Diction...
- updateRoad(Road: Dictio...
+ createRulesForForward(fr...
+ createRulesRight(fromin:...
+ createRulesLeft(fromin: c...

+ createRules() : Void

+addNextDest(dest: String...
+ nextDest() : Void
+isFinished() : Boolean

+ get_machineid() : String

+ finish_step() : Void
+add_rule(r: rule) : Void

+ place_machine(m: String...
+move() : Void

+empty() : Boolean

+del() : Void
+move_back() : Void

rule

+ destination: String
+important: List<cell>
+ next: List<cell>

+ stage: String

+rule()

+ rule(d: String, i: List<cell...
+ rule(d: String, i: List<cell>)
+rule(r: rule)

Puc. 2. UML muarpamMmma KaaccoB mMpOrpaMMbl

— obpaboTaTh NPaBUJIA IBHKEHHST EHTPAJIbHBIX KJIETOK IepeKpecTKa,

— obpaboTaTh IpaBUJIa JIBUKEHUS KJIETOK, IPUMBIKAIONIUX K IT0JI0CAM TJIABHBIX JIOPOT, BXO-
JAMAX B TTePEKPECTOK,

— 00paboTaTh NMpaBHJIa JIBHKEHHS KJETOK, IPUMBIKAIONINX K MOJ0CAM BTOPOCTEHNEHHBIX
JIOPOT, BXOJMINUX B MMEPEKPECTOK,

— ODOHOBHUTDH TOJIOCHI, BXOJSIINE B HEPEKPECTOK.

Ha kaxkmom 1mrare MoaeIdpoOBaHUs BBI3BIBAETCS MeTO update JJIS KazKJIOrO IepeKpecTKa,
BBI30B OOHOBJIEHUSI COCTOSTHHUS MOJIOC TTPOUCXOIUT P OOHOBICHUH COCEACTBYIONINX ¢ HUMH TIe-
pekpectkoB. Co3anne KJIeTOK IPYIIIbI HEPEKPECTKA W IPABUJI IPOUCXOANT 10 CO3AAaHHUSA OKHA,
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1 CIIHCOK BCEX ITOJIOC W BCEX MEePEKPECTKOB MOAAETCSA KOHCTPYKTOPY OKHa HpuaoykeHus. I1o-
cJIe KazKJIOro OOHOBJIEHUS BBIYHCISIOTCA KOOPJUHATHI KJIETOK Ha SKpaHe, COOTBETCTBYIOIIHMX
HEIYCTBIM KJEeTKaM, IIOCJe 4ero KJIETKH, COOTBETCTBYIOIIUE HepeiHell U 3aHell JacTdaM aBTO-
MOOHJISI, OObeTUHSIOTCA B OJHY C HCIOJIH30BAHIHEM B3aUMOPACIIONIOXKEHUS MepeHel u 3aHei
4acTeil MaIlIuHbI.

Ha puc. 2. npeacrasiena UML auarpamMmma K/1accoB mporpamMmMbl.

3akaouyeHne. B xoge paboThl TPOBEIEHO MOAPOOHOE NCCIe0BaHNe KJIETOYHBIX aBTOMATOB
JIJIST MOJEJTUPOBAHUS TPAHCIOPTHLIX ITOTOKOB. JlaHHAsdg MOJEIb YIOBJIETBOPSIET IIPAaBUIAM JI0O-
POXKHOTO JIBUKEHHUSI B UIEATBHBIX YCJIOBHSIX, KOT/Ia BCE MAIIUHBI JABUKYTCS ¢ (DUKCHPOBAHHOM
CKOPOCTBIO M BCE BOJMTEU CODJIIOIAIOT IPABUIIA.

Paspaboran KaeTOUHbBINH aBTOMAT /s MOIEJTHPOBAHUA IBUKEHUST TPAHCIOPTA /ISt TPYIIIbI
MEePEKPECTKOB, TaKyKe HalMCaHa MpoTpPaMMa, Peaan3yiolas TeHepalnio aBToOMaTa, A1 TPYIIIThI
EPEKPECTKOB M UCIOJIB3YIONAsA ITOT aBTOMAT JIIsd MOJEJTUPOBAHUS JIBHKEHHS HA ITOM Iepe-
KpEeCTKe.

[Iporpamma nanumcana Ha s13bike C# M COCTOUT M3 JIBYX OCHOBHBIX 4acTell — CO31aHUE
aBpTOMaTa I 33JaHHON IPYIIbI MIEPEKPECTKOB U MOIEJIHPOBAHHE IBUKEHNS W BU3YaIN3AIMS
TEKYIIEero COCTOSAHUs. [l BU3yaam3alun TEeKYIIero COCTOSHUS WUCHOJAB3YIOTCI CPeacTBa
oubauorekun .NET Framework 4, a umenno knaccel Windows Forms. /g Busyanusanuu
MOJIE/IM Ha Pa3HBIX IIarax HTEPAIUd HCIOJb3yeTcs rpadpudeckuil naTepdeiic, co3manublii ¢
ncrnoab3oBarneM oubanorekn WinAPI.
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