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BBepeHue

KiroueByio poJib B 3BOJIIOLIMOHHONW TEOPUU MIPAeT ecTeCTBeHHbINH oTOop. Ero
CYThb COCTOUT B TOM, YTO HauboJjee MpUcrnocoOIeHHble 0COOU TyYIlle BBKUBAIOT U
IPUHOCAT OOJBIIE MOTOMCTBA, a OjJarofaps reHETUYECKOMY HacieqoBaHHio [1]
4acTh OTOMKOB HE TOJBKO COXPAHSET BBICOKYIO MPUCIOCOOJEHHOCTh POJUTEIICH,
HO OyJIeT UMETh U HOBBIE CBOMCTBA. ECiiu ATH CBOMCTBA OKa3bIBAIOTCS MOJIE3HBIMH,
TO ¢ OOJIBIIION BEPOSTHOCTBIO OHU MEPEUAYT B CIAEAYIOIIEe MOKoJIeHHe. Takum 00-
pa3oM, IPOUCXOAUT HAKOIUICHUE MOJIE3HBIX KAYECTB M MOCTENEHHOE IOBBIIICHUE
MIPUCIIOCOOJICHHOCTH OMOJIOTMYECKOT0 BUA B IIEJIOM.

Ilens maHHOrO MpOEKTa — MOJEIMpPOBaHHE aOCTPAKTHOTO MHUKpPOMHpaA, Hace-
JICHHOTO XKU3HEHHBIMU (JOPMaMH C TTPOCTEUIITUMHU MPABUIIAMH TIOBEICHHS, IBOJIIO-
HSI KOTOPBIX JOCTUTAETCS HMCHOJIb30BAHUEM T€HETHYECKOTO AJITOPUTMA U aBTO-
MaTHOro mnojxona [2]. Mneda camoro anroputma B3sATa U3 OPUTHMHAIBHOW CTaThbu
A. K. Iptognu [3].

Jns MopenupoBaHMs MOBEACHUS MHKPOOPTAaHM3MOB MCIIOJB3YETCS aBTOMAT-
HBII MOAXO0A. DTa TEXHOJOTHS MOJJIEPKUBACTCS MHCTPYMEHTAIBHBIM CPEACTBOM
UniMod [4,5]. TexHoioruss aBTOMaTHOTO MPOrpaMMHUPOBAHUSI HAa3bIBAETCS TAKKE
SWITCH-Texnonoruei [6].

SWITCH-TexHom0orus onpeAeseT Il KaXA0Tro aBToMarTa JiBa TUIa JuarpaMmm
(cxemy cBsizelt U rpad MepexoJ0B) U UX ONEPAIMOHHYIO CeMaHTHUKY. [1pu Hanmuuun
HECKOJIbKMX aBTOMAaTOB TaKX€ CTPOUTCS cxema ux B3aumoneuctsusi. SWITCH-
TEXHOJIOTUS 33J1a€T CBOIO HOTAIMIO JUarpaMm.

B unctpymentansHoM cpeactBe UniMod coxpaHeH aBTOMATHBIN MOAXOJ, OJl-
HAKO JUIsl ITIOCTPOEHUA nuarpaMm ucnonsdyercss UML-noranus. [Ipumensis HoTta-
LU0 JUarpaMM KJIaccoB sizbika UML, CTpOSITCS CXEMBbI CBSI3€M aBTOMATOB, KaxK1as
U3 KOTOPBIX ompezenser uatepdeiic 3tTux aBromatoB. [Ipu sTom rpadsl mepexo-
JIOB, OMUCHIBAIOLINE MMOBEACHUE aBTOMATOB, CTPOSATCS C MOMOLIBIO HOTAIlMU JUa-
rpamMmsbl coctostaun UML.



1. NocTaHOBKa 3agaum

B nanHoM npoekTe OMOJIOTHYECKON CUCTEMOM SIBIISIETCS KOJIOHUS MUKpPOOpra-
HU3MOB, pa3MelIeHHbIX Ha noJsie pazmepoM 50x50. Kaxnas 6aktepus umeer Habop
XapaKTEePHBIX MTapaMETPOB: XPOMOCOMA, COCTOSAIIAsA U3 BOCbMH T'€HOB, KOJIMYECTBO
DHEPI'UM, YUCJIO CAEIAHHBIX K JAHHOMY MOMEHTY LIAaroB U KOOPAWHATHI HA JIBY-
MEpPHOM IIOJIE.

Onummem noxpoOHee KaK bl U3 IEPEUUCICHHBIX TapaMeTPOB.

1.1. Habop 2eHoe

Kaxip1if MEKpOOpPraHU3M UMeeT HabOp U3 BOCHbMH I'€HOB, OTBEUAIOIIMX 32 Ha-
NPaBJICHHUS €ro JBIMKECHUS (BBEpX, BBEPX-BIPABO, BIPABO, BHU3-BIIPABO, BHM3,
BHU3-BJICBO, BJICBO, BBEPX-BJIcBO). UeM Oosibllie 3HAYCHHE T€HA I JaHHOTO Ha-
IIPaBJICHUS Y KOHKPETHOHN OaKTepHH, TeM OOJIbIIe BEPOSATHOCTH TOTO, UTO OHA OYy-
JIET JIBUTAThCS B 3TOM HarmpaBicHUH. BeposSTHOCTHAS MOJIENb paclpe/IeiCHUs Te-
HOB TO/I00paHa TakuM 00pa3oM, YTO CyMMa 3HAYCHHUI T'eHOB Y KaXKI0i OakTepun
paBHa JBAANATH YeThIpeM. [IpyruMu ClIoBaMH, MaKCHMaJbHO BO3MOXKHOE 3HaYe-
HUE KaKOT0-IMO0O TeHa paBHO 3TOH BenmdwHe. [Ipu 3TOM OakTepus MOMKET JIBH-
raThCsl TOJBKO B HAIPABIICHUH, COOTBETCTBYIOIIEMY JaHHOMY reHy. CocTosHue, B
KOTOPOM OaKTepusi C paBHOW BEPOSITHOCTHIO BBIOEpET JIF000E M3 BOCHMHU HAIpaB-
JICHUH JBMOKEHUS, OTBEYAeT HAOOpy IeHOB, KKIBIA U3 KOTOPBIX paBeH TpeM. bak-
TEPUU TUTAIOTCS OPTaHUYECKON €70, KOTOpas HEMPEephIBHO OCEIacT Ha IoJie,
HOTYMHSASACH HEKOTOPOW 3aKOHOMEPHOCTH, MPUMEPhl KOTOPOH MPUBEICHBI HUXKE.
bakrepus 3a KaXIyl0 ChEICHHYIO CIUHMILY €JIbl IMOJy4aeT BOCEMb €IMHUI] JHEP-
run. [1oaTOMy XapakTep JBHKCHHUS UTPAET TJIaBHYIO POJIb B IIOCTABJICHHOM 3ajaue,
TaK KaK OT 3TOTO 3aBUCHUT CKOJIBKO MTPOXKHUBET OAKTEPHs, 1 CMOXKET JIM OHA JIOKUTh
710 MOMEHTA Pa3MHOKEHUS, a, CJICI0BATEIBHO, IIPOU3BECTH IIOTOMCTBO.

1.2. BHepausi u Konu4ecmeo coesiaHHbIX Waz208

JlaHHBIE TapaMeTPhI UCIIOJIB3YIOTCS ISl OIIPEAEICHUS BO3MOKHOCTHU JIETICHUS.
bakTepuss MOXKET NENUTHCS TOJNBKO B TOM CiIydae, KOrja KaKIblid W3 ATUX Iapa-
METPOB JJOCTUTAET CBOErO MOpora (B paccMaTpUBAaeMOl 3ajjaue 3HauU€HUE NOpora
DHEPIUU IPUHATO PABHBIM BOCBMUJECATH €IUHUIAM, & KOJUYECTBO CHEJIAHHBIX
maroB — asanuatu). [lopor sHepruM MCHOIb3yeTcs A TOTO, YTOObI OakTepus
¥MeJa HEKUI EPUOJI CO3PEBAHMS. DTO UCKIIFOYAET BO3MOKHOCTD JIEJIEHUS TOJIBKO
4TO mosiBuBIIEHCs Oaktepuu. [Ipu geneHun Kaxxaplii U3 IByX MOTOMKOB MOJTyYaeT
MOJIOBUHY SHEPTUU poautens. Ecnu 3HadeHue SHepruu Al JaHHOW 0COOM OITyc-
KaeTcs 10 HyIsl, To OakTepus norudaer. Ecnu 3HaueHue s3Hepruu JOCTUTaeT Mopo-
ra, Mpu KOTOPOM BO3MOKHO JI€JI€HHE, HO OaKTepus elle He MOXKET JAETUTHCS, TaK
KaK HE JOCTUTHYT «IEPHOJ CO3PEBAHUS», TO CUETUUK DHEPrUM OyJIeT YBEIUYH-
BaThCS TOJIBKO /10 ONPEAEIIEHHOrO IMpesesa (3HaueHUe YHEPIUU MPUHATO PaBHBIM
cTa exuHuLaMm). /laHHOE orpaHMYEHUE BBEJIEHO ISl TOrO, YTOOBI HE ObLIO CIIMII-



KOM «9HCPIrUYHBIX» MUKPOOPTaHU3MOB, ITIOTOMCTBO KOTOPLIX Y7KC Cpa3zy IOCJIC JIC-
JICHUSA POJUTEIIA MMCET 10CTATOYHOC JJIA ACJICHHA KOJINYCCTBO SOHCPIrUu.

1.3. KoopOuHamsbi

KoopauHatel npeAcTaBisitoT cO00il ABa LIETIOYHCIEHHBIX 3HAYEHUs, COOTBET-
CTBYIOILIMX PACIIONIOKEHUIO OaKTepuu Ha JByMEpHOM moiie. Taxke Ha 3TOM mose
HAXOAMTCA €7a, PACIIONOKEHHE KOTOPOM MOKHO M3MEHSITh HACTPOMKOM KOH(pHUTY-
palMOHHBIX IapameTpoB. Ena, Hampumep, MOXKET pacroniararbCs, Tak 4TO OJIHA
YETBEPTH IOJIS MOJHOCTBIO 3allOJHEHA €10M WM TaK, 4YTO OHA pa3MEIlEHA B BHUJIE
IpOAOJbHAS IMOJOCKH, NPOXOJAIIed depe3 LEeHTp moJid. ['paHuusl nois Oynem
CUMTaTh CKJIEEHHbIMU. Hanpumep, ecian 6akTepus BBIXOJUT 3a BEPXHIOIO TPAHUILY
I10JIs1, TO OHA IOSIBIISIETCSL CHU3Y.



2. ABTOMaTHbIN noaxon

Kak orMewasnoch BbllE, A MOJEIMPOBAHUS NOBENECHUS MUKPOOPTaHHU3MOB
UCIIOJIb3YETCSI aBTOMATHBIN MOJIXO/.

[Ipennaraemslii mporuecc MOIEIUPOBAHUS CUCTEMBI COCTOUT B CIIEIYIOIIEM:

e Ha OCHOBE aHajM3a MPEAMETHOI 00JacTu pa3padaTbiBaeTCsl KOHLENTYyaJbHas
MO/JIEIb CUCTEMBI, ONPEAEIISAIONIAsl CYIIHOCTH U OTHOILIEHUSI MEXly HUMU;

e B OTJIMYUE OT TPAJULHMOHHBIX JUIsI OOBEKTHO-OPUEHTUPOBAHHOI'O IIPOIPaMMHU-
pPOBaHMSI MOJXOAOB, U3 YMCIA CYHIHOCTEH BBIAEISIOTCS MCTOUYHUKUA COOBITHIA,
OOBEKTHI YIpaBieHUS U aBTOMAThl. VICTOUHUKK COOBITHI aKTHBHBI — OHH TIO
COOCTBEHHOW MHUIIMATUBE BO3ACUCTBYIOT HAa aBTOMAThl. OOBEKTHI yIPaBICHUS
MACCUBHBI — OHU BBIMOJHSIOT JEHCTBUS MO KOMaHAE OT aBTOMATOB. OOBEKTHI
yHOpaBieHusl Takke (HOPMHUPYIOT 3HAUEHUS BXOIHBIX MEPEMEHHBIX ISl aBTO-
MaToB. Kaxxaplii aBTOMAT aKTUBU3UPYETCS UCTOUHUKAMH COOBITHI U Ha OCHO-
BAaHUU 3HAYEHUI BXOJHBIX NIEPEMEHHBIX U TEKYIIETO COCTOSIHUS BO3JAECHCTBYET
Ha OOBEKTHI YIIPABJIEHMs], IEPEXO/I B HOBOE COCTOSIHUE;

e  HCHOJB3Ys HOTALMIO AMArpaMM KJIacCOB, CTPOMUTCS CXE€Ma CBsI3€d aBTOMATa,
3ajaromas ero uHtepgeiic. Ha 310l cxeme, kak B TEOPUM aBTOMATHYECKOIO
yIIpaBJIEHUs, CJIEBA OTOOPAXKAIOTCS HCTOUHUKN COOBITHM, B LIGHTPE — aBTOMa-
Thl, a clipaBa — OOBEKThI ynpaBieHUs. VICTOUHUKH COOBITMH C ITOMOILBIO
UML-accoumanuii CBA3BIBAIOTCS C aBTOMAaTaMH, COOBITHS KOTOPbIM OHHU IIO-
CTaBJIIIOT. ABTOMAThI, B CBOIO OYEPE/b, CBI3BIBAIOTCS C OOBEKTAMH, KOTOPHI-
MU OHHU yTPABISIOT;

e  KaXIbli OOBEKT YHpPABICHHUS COJAEPKUT JBa TUIA METOAOB, PEATU3YIOMIMX
BXO/IHBIE TIEPEMEHHBIE U BHIXOJJHbIE BO3ICHCTBUS;

e IS KAXJIOTO aBTOMAaTa C MOMOIIBIO HOTALUU JAUArPaMMbl COCTOSIHUN CTPOUT-
cs rpad mepexo0B, B KOTOPOM AYT'H MOTYT OBITh TIOMEUEHBI COOBITHEM, OyIie-
BOIl (OopMyJION M3 BXOAHBIX NMEPEMEHHBIX U (POPMUPYEMBIMHU Ha MEPEXOAAX
BBIXO/IHBIMM BO3A€MCTBUsIMU. B BeplIMHaX MOIYT YKa3bIBaThCS BBIXOIHbBIE
BO3/CMCTBHS U IMEHA BIOKEHHBIX aBTOMATOB;

e  COOBITHS, BXOJHBIC NIEPEMEHHBIE U BBIXOJHBIE BO3JCHCTBUS SABISAIOTCS METO-
JaMH COOTBETCTBYIOIIET0 OOBEKTA YNpPaBICHMsI, KOTOPBIE PEATU3YIOTCS BpYyU-
HYIO Ha LIEJIEBOM f3bIKE MPOrpaMMHpoBaHus. /sl peanus3anuu 3TUX METOI0B
MOTYT MCIOJIb30BaThCSI BCIIOMOTaTENIbHbIE KJIACChl, HE YKA3aHHbIE Ha CXEMax
CBSI3CH;

e  YIPOIIEHUE MOHUMAHMS CMBICIIa CUMBOJMYECKHX 0003HAUYe€HUN oOecreurBa-
€TCsI 3a CUET BCIUIBIBAIOUINX MOJCKA30K, MOABIISIOMNXCS MIPU HABEACHUH Kyp-
copa Ha COOTBETCTBYIOIIHMI CHMBOJ Ha rpade Nepexo10B.

Hecnoxnast aBToMaTtHas MOZIeIb, UCIIOJIb3yeMas B HAILIEM MPOEKTE, MO3BOJISET
JIETKO OMHUCHIBATH JAOCTATOYHO CIIOKHOE MOBEACHUE cUCTeMbl. IHCTpyMeHTanbHOe
cpeactBo UniMod, B cBOXO odepelib, M03BOJsIeT Hanbosee 3(PpheKTUBHO peann3o-
BaTh JIAHHYIO aBTOMATHYIO MOJIENb.



3. MpoekTpoBaHue n peanusauus

3.1. Modenb ScreenModel

UniMod-vmonens ScreenModel peanusyet ymnpaBieHue rpadudecKuM HHTEP-
deticom nonp3oBarens (GUI).

3.1.1. Anarpamma cBasen

B otimnume ot SWITCH-TeXHOJIOTHH, TIPU WCTHOJIb30BAHUM UHCTPYMEHTAIBHO-
ro cpeactBa UniMod cxema cBsi3ell sBJIIETCS HE KapTUHKOM, a AuarpaMMoi Kiac-
coB UML, n300paxeHHON HETPATUIIMOHHBIM ITyTEM, IOCKOJIbKY €€ OpPUEHTALIUS HE
CBEpXY BHH3, a CJIEBA HAIIPABO.

Ha puc.l n3zobpaxena cxema cBsi3el JUJIs MMOCTaBUIMKA COOBITUIA M YIIpaBJisie-
MOTO O0BEKTa (HUXKE TMEPEUYHCIICHHbIE OOBEKThI OYyAyT paccMOTpeHBI Oosee je-
TaJIbHO).

T =eventproviders ﬁ gstatemachines [E] «controlledobject:

pl : gui.ScreenEventProvider Al .. kinguishCaonfigManager ol : gui.ControlPanel

&F E1: String = "el" {Restart button was pressed}y
&F E2: String = "2" {Stop/Start button was pressed} @ z1: void {restarts the automata, when the pr...

F E3: String = "&3" {Slower button was pressed} @ 22! void {restarts the automata, when the pr...

ol

F E4: String = "e4" {Faster button was pressedy @ 23 void {visualization is started}

F ES: String = "e5" {Program was terminated) @ z4: void Jvisualization is paused)
F E6: String = "e6" {Foad configuration bype was s... @ 25! void {decreases speed of visualization}

@ z6: void {increases speed of visualization}

@ 27 void {changes Food configuration, when k...

@ 28 woid {changes Food configuration, when k...

Puc. 1. [luarpamma cBszeit ScreenModel

3.1.2. NocTaBWKK cobbiTUN ScreenEventProvider

DTOT MOCTABIIUK MCIOJIB3YETCS IS Mepeladi COOBITUI BO3JACHCTBUS MOJIb30-
BaTejIsl OMMCBIBAEMOMY aBTOMATy, YIIPaBJISAIOIIEeMYy WHTepderdcoM MaHHOW Ipo-
rpaMMbl (BBIOOp KakuX JIMOO MyHKTOB MEHIO M Ha)kaTUs KHOIOK). ONHMCaHHe CO-
OBITUI TaHHOTO 00BEKTa MPEACTaBICHO B Ta0. 1.

Taomauma 1. CoOblTHs mocTaBUIUKA COOBITUH ScreenFEventProvider

Ne | CoObITHE Onucanue KomMmenTapui
1. el Haxxara xHOIKa _
«Restarty
2. e2 HaxkaTta kHOmKa CoObITHE TPUOCTAHOBKH/
«Stop/Start» BO300HOBJICHHS
BHU3yaJIN3alUU
3. e3 HaxkaTta kHOTIKa «<<)» CoObITHE YMEHBIIIECHUS
CKOpPOCTH BH3yaIU3alNu




4. e4 Hasxara kHOIKa «>>» CoObITHE yBETHUEHUE
CKOPOCTH BH3yaJlU3alluu
3. es5 3aKkpbITHE OKHA CoObITHe 3aBepIieHus
MOJIETUPOBAHUS
6. e6 BriOpana moenn _
pPacoJIOKEHUS €bl Ha
1oJie

3.1.3. O6bekT ynpasneHus ControlPanel

O06bvexT ControlPanel conep XUT BBIXOIHBIC BO3JICUCTBUS, CBSI3aHHBIC C U3Me-
HEHHEM BHEITHETO BHJa TOJIOBHOTO OKHA MPUIIOKEHUsS. BBIXOTHBIC BO3IEHCTBUSA

00beKTa yrpaBJeHUs IPEICTABICHbI B TA0I. 2.

Tabauua 2. Berxonseie Bo3aeicTBus 00bekTa ynpasnenus ControlPanel

Ne BHX?HH% Onucanue KommenTapui
BO3/1eiiCTBHE
1. zl [Iepe3amycTuth ABTOMAT HaXOOUTCS B
aBTOMAT CocrossHumn
«Busyanuszanus»
2. 72 [lepe3anmycTuth ABTOMAT HAaXOAUTCS B
aBTOMAT cocTosiHun «Buzyanuzanus
IIPUOCTAHOBJICHA»
3. z3 [IprocTaHOBUTH VYcranaBiauBaeTcs HaAIMCh HA
BHU3YAJIN3aLNIO KHOmKe «Start/Stop» B «Start»
4. 74 Bo3o0HOBUTH YcTraHaBnuBaeTCA HAANUCH HA
BHU3YAJIN3aLNIO KHOmKe «Start/Stop» B «Stop»
S. z5 YMEHBIINTH [ITar ymeHbLIEHUS 1
CKOPOCTh YBEJIMYEHUS CKOPOCTH,
BU3yaJIN3aLINU 3a/1aH B CTaTUYECKOM
Knacce Config
6. z6 YMEHBIIUTH Cm. kOMMeHTapui K M. 5
CKOPOCTh
BU3yaJIN3allNU
7. z7 N3menenune ABTOMAT HaXOJUTCS B
PaCIIOJIOKEHUS €1bl Ha COCTOSIHUU
1oje u «Busyanuszanus»
nepe3anyck aBToMara
8. z8 N3menenune ABTOMAT HaXOJUTCS B
PaCIIOJIOKEHUS €11bl Ha cocTosiHun «Buzyanuzanus
oJIE U MIPUOCTAHOBJICHA»
nepe3anycK apTomara




3.1.4. OnncaHue aBTOMaTa

B nanHoM paszene paccCMOTpeH aBTOMAT, OMMCAHHBIM MPU MNOMOILIU HOTAIUU
nuarpamm coctosinuit UML (puc. 2).

el fol.z1 &3 fol.z5 et fol.z6 g6 fol.z7

() () () ()

Brzvanuzauma

-

eh

el [ol.z22 ez [nl.23 ez lnl.z24 eh fol.28 @

BrzvanH3auMa NpHoCTaHOENEHS

e

‘. oy

Puc. 2. /Iluarpamma cocrostauii apTomara ynpassstomero GUI (417)

HavanbHoe cocTositHue 0003HaY€HO YEPHBIM KPYroM, a KOHEUHOE — JIBOMHBIM
KpYToM C 3akpaiieHHou cepeanHoi. CocTosiHUuS 0003HaYEHBI MPSMOYTOJIbHUKAMU
CO CKPYTJIEHHBIMH YTJaMu, a MEPEXObl CTPEIKAMHU, PAJIOM C KOTOPHIMU HAMMKMCAHO
ycioBue nepexoja. O61mast popma yciioBus nepexosa:

ett[nocuueckoe svipasicenue]/cnucox 8bIX00HbIX 8030eUCMEULl
(BMeCTO CUMBOJIA # CTOUT HEKOTOPOE YHCIIO).

Jlorndyeckoe BhIpaKEHNE MOXKET COCTOSITh U3:

e BXOJHBIX IEPEMEHHBIX B HOTalMu o#.x# (311eCh, KaK M BBIIIE, # O3HAYaET JIO-
Oyto uudpy);

e Jorudeckue omnepanuu && (n), || (wm), ! (ve);

e oOlepauuu cpaBHeHHs > (0oble), < (MeHble), >= (0OJbIIE WU PABHO), <=
(MeHblIIe UM paBHO), == (paBHO), /= (HE paBHO);

e  CKOOOK (,).

JlommycTuM, aBTOMAaT HaXOAMTCA B KaKOM-IHOO cocTosiHuU. Eciaum mocTtymuio
cOOBITHE, TO JIJISl BCEX MEPEXOJOB IO 3TOMY COOBITUIO MPOBEPSIETCS JIOTHUECKOE
yclIoBHE (eciii OHO npucyTcTByeT). Ecnu HaiileH nepexo, sl KOTOPOro Joruye-
CKO€ yCJIOBHME MCTHMHHO, TO CHA4dajia BBIIOJIHSIOTCS BCE BBIXOJHBIE BO3JIECUCTBUS,
yKa3aHHbIE Ha MEpPeXoJie¢ CUMBOJA /, a 3aTeM — BBIXOJHBIE BO3CHCTBUS, Mpery-
CMOTpPEHHBIE JUIsl UCIIOJHEHUS B MOMEHT BX0Jla B COCTOSIHUE (CIMCOK TaKHX BO3-



JNEUCTBUM NPUBOJINUTCS B HWKHEN 4aCTH IMPSMOYTIOJBHUKA-COCTOSHUS TIOCIIE CIIOB
«enter /»). B ToM citydae, Takoil mepexoj OTCYyTCTBYET, aBTOMAT OCTAETCS B TIPEK-
HeM coctosiHud. [Ipu mpoektupoBanuu rpada nepexoioB ¢ MOMOIIBIO CPEICTBA
UniMod BbINONHSETCS aBTOMATUYECKas MPOBEPKA YCIOBUN HA MOJIHOTY U HEIpPO-
TUBOPEUYUBOCTbD.

Kak ynomuHanoces paHee, JaHHBII aBTOMAT OTBEYAET 32 YIPABJICHHUE MOJIb30-
BaTeIbCKUM HHTepdericoM. MoaenupoBaHrue MOBEACHUSI MUKPOOPTaHU3MOB IPO-
JOJDKAETCS TOJIBKO B Cllydae, KOrja aBTOMAaT HaxOIUTCA B COCTOSIHUM « Busyanusa-
yusay. llepexon U3 coctossHus «Busyanuzayus» B COCTOSIHUE «Buzyanuzayus npu-
0CMAaHo81eHa» TPOUCXOJIUT N0 COOBITHIO e2. bonee moapoOHOE OnUcaHue Kaxiao-
ro COOBITUS U KaXJ0T0 BBIXOJTHOTO BO3JEHCTBUS IPUBENICHO B pa3a. 3.1.2, 3.1.3.

3.2. Modenb BugModel

B mannOM pazzgene OyayT OnmMCcaHbl MOCTABIINK COOBITHIA, OOBEKT YIIPaBICHUS
U aBTOMAaT, MOJCIUPYIOIIUN MOBeAeHUsI eAuHnYHOU Oaktepun UniMod-monenu
BugModel.

3.2.1. Anarpammbl cBA3en

B nanHol BepcuM nporpaMMbl OBEJIEHUE BCEX BO3MOXKHBIX OAKTEPHUIl OMUCHI-
BaeTCs OJTHMM aBTOMAaToOM. BO3MOXXHO, B ClIeyIOIIMX BepCUsax OynyT MpeicTaBiie-
HBI JIpyrue oOUTaTeNld MUKPOMHUPA, >KU3HEHHBIN UK U TOBEJCHHE KOTOPBIX OY-
JIeT MOJEIUPOBAThCA APYTMMH aBTOMaTtaMu. Cxema CBsi3ed NJisi MOCTaBIIMKa CO-
OBITUI U YNIPaBIAEMOro 00ObEKTa JAHHOW MOJENIN U300pakeHa Ha puc. 3.

1, «eventproviders % astatemachines E] #controlledobject:
p2 : common.EntityEventProvider &1 ... ConfigiManager ol :bugs.Bug

iF E1: string = "e1" {the event of external timert

iF ES: String = "e5" {the event of dving} @ x1:int {returns the value of internal counter which is rela...
3F E200: String = "=200" {the event - there is Food in current cell: @ z1: void {do step}

#F E201: String = "e201" {the event - there is no Food in current. .. @ z2: void {checking in cell with Food}

ol
§F E300: Skring = "e300" {the evert of sating process: @ 23 void {the process of eatingl

%F E301: String = "e301" {the starvation event} @ z4: void {the process of division with mutation of genes}

%F E400: String = "e400" {event which is the previous ko division} @ 25 vaoid {there no available food}

% E401: String = "e401" {the event which shows that the divisia. .. @ z6: void {the bug is blinking For S0 ticks of timer, after tha...

@ 27 void {the bug is dying}

@ 28 void {increments internal counter}

Puc. 3. luarpamma cBsazeid BugModel

3.2.2. NocTaBwuk cobbiTun EntityEventProvider

JlaHHBIN MTOCTaBIIMK COACPKUT COObITHS (TalJ. 3), CBA3aHHBIE C YKU3HECHHBIM
IIUKJIOM OaKTepuH, TeHEpUpPYEeMbIe B 3aBUCHUMOCTH OT COCTOSIHHSI CaMOi OakTepuu
(KOTMYECTBO PHEPTHH, IIIATOB ¥ T.J.) U OT KOHPUTYpAIMH €1l Ha TIOJIE.
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Ta6auna 3. CoObITUs IOCTaBIIMKA COObITUN EntityEventProvider

Ne| CoObITHE Onucanue KommenTapmii
1. el CoObITHE, TEHEPUPYEMOE Buewnuii Taiimep
BHEIITHUM TaliMEpOM uepes UCITIOJIb3YETCs IS
3a/IaHHBI UHTEPBAI CHUHXPOHU3ALMY BBITOJIHEHUS
BpEMEHHU, MpU aBTOMAaTOB CO BPEMEHEM.
BO3HUKHOBEHUHU KOTOPOTO WNHuTepBan Mexay TUKaMU
YBEJIMUUBAETCS «BO3PACT TaliMepa yCTaHaBJIMBAETCS B
OakTepuu (4UCII0 cTaTudyeckoMm kiacce Config
CIEIaHHBIX I11aroB) (Tpu MHUTIHATTU3AIY OH
paBEH OJIHOM CEKYHJIE)
2. es CoObITHE TeHepupyeTcs, bakrepus nepexoaur B
KOT/1a SHeprus OakTepun cocTosinue «Dying»
paBHA HYJIIO
3. €200 CoObITHE TEHEpUpYETCH, baktepus nepexoauT B
€CJIU B siUeliKe, B KOTOPYIO B | coctosinue «Decision about
JAHHBI MOMEHT eating»
nepeMecTHiIach OakTepus,
€CTh e/la
4. e201 CoObITHE TeHepupyeTcs, bakrepus nepexoaur B
€CJIU B TYEHKE, B KOTOPYIO B cocrosinue «Do not eat»
JTAHHBIA MOMEHT
nepeMecTuiach OakTepus,
€1bl HET
5. €300 CoObITHE TTpUeMa IMHUIIIHN. JlaHHO€ OrpaHUYE€HNE BBEICHO
OHo renepupyercs, eciu JUTsl TOTO, YTOOBI HE ObLIO
OakTepusi HaXOAUTCS B CJIMIIIKOM «3HEPTUYHBIX)
coctosiHuu «Decision about MHUKPOOPTaHU3MOB,
eating» U 3HaYEHUE MOTOMCTBO KOTOPBIX YXKe
CUYETUYMKA SHEPTUU HE cpa3y MocJje JeJIeHUs
MPEBOCXOIUT BEITHUUHBI POAUTEISI UMEET JOCTATOUYHOE
ENERGY EATING LIMIT, | Ayt UX COOCTBEHHOTI'O JICIICHUS
OMMCaHHOM (B HaIlIeM KOJINYECTBO SHEPTUU
Clly4ae dTa BeJIMYMHA paBHA (3HaUEHME OIMCAHHON
100 equHuLl SHEPTUN) BEJIMYMUHBI YCTAHOBJICHO B
Confiqg)
6. e301 CoOrbITHE TIEpex0/1a B CM. KOMMEHTapui K 1. 5
COCTOSIHHE «TOJIOJIAHUSI.
OHo renepupyercs, eciu
OakTepusi HaXOAUTCS B
cocrosinuu «Decision about
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eating» U 3HaYCHUE
CYETUMKa YHEPTUU
PEBOCXOAUT BEJIMUMHBI
ENERGY EATING LIMIT
7. €400 CoObITHE ACIICHUS OHO reHepupyercs, eciiu
OakTepuu 3HAYEHHUE SHEPTUU OaKTepUH
JOCTUTAET OMPEIEICHHOTO
1opora, mpu yCJIOBHH YTO OHA
TaK)Ke JOCTHUTIIA «IIepHoja
CO3pEBaHUsD». DHEPTHUS,
J0CTAaTOYHAs AJIs ACTCHUS, U
«TIEPHO/J] CO3PEBAHU» (YUCIIO
MPOWIEHHBIX 1IArOB)
OTPENEIAI0TCS 3HAUCHUSIMU
BEJIMYUH
DIVISION STEP VALUE nu
DIVISION ENERGY VALUE,
OMMCaHHBIX B KJlacce Config
8. e401 CoObiTHe renepupyemoe, B | CoObITHE reHepUpyeTcs, €CIIU
cllydae, €Cld JeJIeHue He HE BBIMOIHSETCS XOTs OBl
BO3MOXKHO OJTHO U3 YCJIIOBUW OMHMCAHHBIX
B1I. 7

3.2.3. O6bekT ynpasneHusa Bug

OObeKT ympaBjieHHs] MPEICTaBIsIeT CO0OM OakTepuio, YIpaBICHHE KOTOPOM
OCYIIIECTBIISIETCS. B 3aBHCHUMOCTH OT COCTOSIHHS, B KOTOPOM OHa Haxomutcs. OH
COJIEP’KUT BXOIHBIC U BBIXOJHbBIC IEHCTBUS, CBSI3aHHBIE C YIPABICHUEM dHEpruen
OaKTepHH, YNCIIOM CJIIaHHBIX IIAr0OB U JIeICHUEM OaKTepuH.

Tabauua 4. Berxomseie Bo3elcTBHS 00BEKTa yIpaBieHus: Bug

Boixoaunoe o
Ne o Onucanue Kommenrapuid
BO3/1eiiCTBHE
1. zl bakrepus nenaer mar | bakrepus HAXOOUTCA B COCTOSTHUU

«Moving». Bo3pacT 6akTepuu
YBEJIMYMBACTCS HA €UHUILY, a
KOJIMYECTBO SHEPTUU
YMEHBIIIAETCS Ha eAuHuIy. B

3aBUCHUMOCTH OT TOI'O, HAXOJUTCA

B JJaHHOM sUelKe €/1a UJIM HET,
TEHEPHUPYETCS OJTHO COOBITHE
e200 nm e201
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z2

[IpoBepka cocTostHuA
OakTepuu npu
HAXO0XJICHUHU B KIIETKE C
eon

Baktepust HaX0aUTCA B COCTOSIHUU
«Decision about eating» n B
3aBUCUMOCTH OT COOTHOIICHUS
3HAYEHMSI CUETYMKA SHEPTUU U
BEJTUYUHBI
ENERGY EATING LIMIT
TeHEePUPYIOTCS COOBITHS e300 nnu
e301

z3

[Ipouecc npuema nuiu

Baktepust HaX0aUTCA B COCTOSIHUU
«Eating». DHeprus 6aKTepuu
YBEIIMYMBAETCS HAa BEJIMUUHY

FOOD ENERGY VALUE,
OTNMCAHHYIO B
KOH(UTYpaIIMOHHOM KJIacce
Config. Takxe, B 3aBUCUMOCTH
OT COOTHOIIICHHUS CUCTIMKA
SHEPIruy U CYETUYMKA I1aroB C
3HaUYCHUAMU DIV I -

SION ENERGY VALUE u DI-
VISION STEP VALUE
COOTBETCTBEHHO, T€HEPUPYIOTCSI
coOnITus €400 unu e401

z4

Jlenenue GakTepuu,
CONPOBOXK/IAIOILIEECS
MyTallE€¥ T€HOB

bakrepus nenurcsa nonoiam. B
3aBUCUMOCTH OT 3HAYCHHUS
BEITUYNHBI
PRBABILITY OF
_ MUTATION, nosiBisieTcs 1100
JIBa OOBIYHBIX TTOTOMKA, KA TN
U3 KOTOPBIX HACIeIyeT HAabop
TE€HOB CBOETO POIUTEIS C
HEOOJIBIIMMHU MyTallUsIMU (OJTUH
U3 TEHOB POAUTEIHLCKOTO Habopa
YMEHBIIIAETCS Ha CIUHUILY, a
JPYTOi YBETUYMBACTCS HA Ty XKe
BEJINYMHY), TUOO OJUH U3
TIOTOMKOB CTAHOBUTBCS «IIOJTHBIM
MYTaHTOM» — Ha0Op TEHOB TaKOU
OakTepuu He 3aBUCUT OT Habopa
reHoB poautens. Takxke npu
TICTICHUH SHEPTHS POAUTEIIbCKOM
0COOU JCUTCS TOTOJIAM MEXKTY
MOTOMKaMU
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bakrepus He npuHUMaeT
ALY

Baktepust HaX0aUTCA B COCTOSIHUU
«Do not eat». B 3aBucumMocTtu
3HAQYEHUS CUCTUYHKA
TEHEePUPYIOTCA COOBITHS e, e400
unm e401

6 z6 3amycK cyeTymkKa Ucnonw3yercs qis nojacuera
counterForDying- KOJIMYECTBA TUKOB BHEIIIHETO
Mode TanMepa
7 z8 bakrepus 3aryxaer B | bakrepust HaXOIUTCS B COCTOSIHUN
teueHue 50 TUKOB «Dying»
BHENIHETO TakMepa
8 Z7 bakrepus ymupaer VY nansiercsa u3 KOJIeKIuu Ent i -

ties 00beKkTa EntitiesMan-—
ager

BxonHoe Bo3nencTBUE TOJIBKO OJHO — Xx/.

PCHHETO CUCTUYHKA.

3.2.4. OnucaHue aBTOMaTa

Bbonbiias yacTe naHHOTO paszena Oblia U3JI0KEHBI IPU OMUCAHUU TeHEpUpye-
MBIX COOBITHI U 00bEKTa YIPABJICHUS, TO3TOMY AOCTATOYHO MEPEUUCITUTH BCE CO-
CTOSIHUSI aBTOMATa, MOJICIUPYIOLIET0 >KU3HEHHBIN LUK OAKTEPHUH, C HEOOJIbIIUMU
KOMMeHTapusiMu (Tabu. 5). JluarpamMma cOCTOSIHUI MpeicTaBleHa Ha puc. 4.

"Waiting action

e401

Ono BO3BpPaAlIaCT 3HAYCHUC BHYT-

Diivision

.. 1
[o not eat
Mawing
el ezl
\enker fol.25 »,
\Enker jol.z1 !
ez00
2301 &S fol.z6
Decision about eating
ed0l —_—

Dwing

e400

\enter fol.z2 J

&300

Y,

Eating

\enter fol.23 / _—

elfol.xl »=50] fol.27 O
.

BON

el[ol.xl <50] /o125

\enter fol.z4 J

Puc. 4. JluarpamMma cocTOSTHUI aBTOMAaTa )XH3HEHHOTO [TUKIIAa OaKTepuu

Onucanve caMoW HoTamuu auarpamm coctosiuuii UML Oblio crmenaHo B
pa3a.l.4. Iloatomy cpasy nepeinjieM K OMMCAaHUIO COCTOSIHUM JaHHOTO aBTOMaTa.
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Tabauna 5. Onrcanue cOCTOSIHUIM aBTOMaTa XKU3HEHHOTO LIMKJIAa OaKTepUuu

CocTosinue

Onucanue

«Waiting action»

CocrosiHue 0KUJaHus, B KOTOPOM OKa3bIBAETCS
OaKkTepus Mocie 3aBepIIEeHUs KU3ZHEHHOTO
L[MKJIa, CBA3aHHOT'O C OJJHUM THKa TaiiMepa (eciiu
TOJIbKO OHA He Tepennia B coctosgHue «Dyingy)

«Movingy»

CocTtosinue, B KOTOpoe OakTepusi IePEeXoTuT 1Mo
THUKY Tanmepa

«Decision about eating»

CocTtosiHue, B KOTOPOM OKa3bIBaeTCst OaKTepHs,
€CJIU B KJIETKE €CThb €/1a

«Eating»

CocTosiHuE, B KOTOPOM OKa3bIBaeTCs OaKTepus,
€CJIM B KJICTKE €CTh €/1a U CUCTUMK DHCPTUU HE
npesbiaeT nopor ENERGY EATING LIMIT

«Do not eaty

COCTO}IHI/IG, B KOTOPOM OKa3bIBACTCA 6aKTCpI/IH,
€CJIM B KJICTKEC HET €bl, UJIH K€ B KICTKC €CTh
€Ja, HO CYCTUYHUK SHCPIruu MPEeBLIIIACT IIOPOr
ENERGY EATING LIMIT

«Division»

CocTostHuE, B KOTOPOM OKa3bIBaeTCsl OaKkTepus,
€CJIM OHA JOCTHUTIJIA «IIEePHOoJIa CO3PEBAHU»
(KOJIMYeCTBO IIaroB OOJIBIIE WM PAaBHO
BenmunHe DIVISION STEP VALUE) n
CUYCTYMK DHEpPTruu >= DIVI-

SION ENERGY VALUE

«Dying»

COCTOHHI/IC, B KOTOPOM OKa3bIBACTCs 6aKTepI/II/I,
CCJIM CYCTUMK SHCPIruu paBCH 0
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4. O6wWwmn uHTephenc NPUNoXeHns

WuTepdeiic mpuiiokeHus MmokasaH Ha puc. 5.

B Evolution Model v1.0

In} ® hd Energy Steps
a37 |21 48 16 48 -
538 |8 45 Mane 115

Thick horizontal line - Restart Stop << ==

Puc. 5. Unrepdeiic nmpunoxxeHus

CrnipaBa HaXOJUTCSl UTPOBOE T0OJIE, CIeBa — MH(POpPMaIIMOHHAs TabauIa ¢ Te-
KYIIMM COCTOSIHUEM MOMyJsiiuu. BHHU3Y MO UTpOBBIM IMOJIEM PaCIOIOkKEHA Ma-
HeJb yIpaBieHUsl BU3yanuszanuen anropurma. OnumeM Kaxablid U3 3TUX AJIEMEH-
TOB TI0JIpoOHEE.

Ha urpoBom mose 3eneHbpM oTMeUueHa e1a, 0ebIM — 0aKTepuu, MPUHUMATO-
M€ Y4acCTHE B IBOJIIOIIMOHHOM OTOODE.

B Tabnume cneBa mpencraBieHa mHbopmanus 000 Bcex OaKTepusx, HaXo-
nsmuxcsa Ha urposoM nose (ID — mopsiakoBsiid HoMep, X U Y — kKoopauHaTel, En-
ergy — KOJMYECTBO dHEPTUU, Steps — KOJIMUECTBO CAelaHHbIX maroB). [lome «En-
ergy» MOKET MPUHUMATh JUOO HEOTpUIlaTEeNIbHbIC 3HA4YEHHs, JIMOO 3HaYeHUE
«Noney. [Tocnennee o3HavaeT, yTo 3HEPrusi OAKTEPUM JOCTUIIIA HYJIEBOM OTMETKHU
U JlaHHasg 0co0b Oy/IeT yJajeHa ¢ UrPOBOTO MOJsl — TaKue OaKTepuu mepenl yaanie-
HUEM OKPAIIMBAIOTCS B KPACHBIN LIBET.

[lanens ynpaBieHus COCTOUT U3 4YeThipex kHomok. KHomka «Restart»y oGec-
NEYMBAET MEPE3aAMyCK BU3YyaTU3alNU, «StOp» — 32 OCTAHOBKY, «<<» — yBEJIIMUEHHUE
CKOPOCTH U «>>» — YMEHbIIIEHHE CKOPOCTH BH3yalln3aluu. Takke Ha MaHeau Ha-
XOJIUTCS BBITIAAAIONTUHN CIIHCOK, C TIOMOIILI0 KOTOPOTO MOXKHO 3371aBaTh Pacrofio-
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JKEHUE el Ha UTPOBOM Tosie. Ha JaHHBIT MOMEHT CyIIECTBYET IIECTh KOH(MUTY-
paumii: "Thick horizontal line" (ropu3oHTaJIbHAS JTUHUS, TPOXOASAIIAS Yepe3 IEHTP
aKpaHa, puc. 5), "Middle-thick vertical line" (Beptuxkanwuas nunaus), "Thin cross-
shaped configuration” (ropu3oHTaJIbHAs U BEpTUKaIbHAS JIMHUM, ITEPECEKAIOIIIE-
cs B LIEHTpe dKpaHa), "Two parallel thin horizontal lines" (nBe mapasieibHbIE T'O-
pU3OHTaNbHBIC JUHUM), "Thin horizontal line"” (TOHKas TOPU3OHTAJIbHAS JIMHUSA),
"Rectangle of death" (npsSAMOYTOJILHBIN YYaCTOK €/IbI B IIEHTPE UTPOBOTO TIOJIS).
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3aknryeHue

B niporiecce paboThl mporpaMMbl MOKHO BU3yaJIbHO HAOJIO1aTh U3MEHEHHUE
MOBEACHUSI MUKpoopranusMoB. Hampumep, Ha puc. 5 UMEET MECTO XaOTHYECKOE
JBI)KCHUE OaKTepUil — TaKOW BUJ JBIKCHHUS XapaKTepeH JJIsl HadyaJlbHOT'O dTaria
paboThI aIropuTMAa, KOTJIa BCE 0COOM MMEIOT CIydaHbIi HAOOp T'eHOB U, CJIeI0Ba-
TEJIbHO, IBUKYTCS B CITy4alHbIX HAMPABICHUSX.

['enetnueckuii oTOOp oOecreuynBaeT «OCMBICIECHHBINY BUA ABMKeHUsS. Ha
JKpaHe €]1a PacIoJiaraeTcsi B BUJE FOPU3OHTAIBHON MOJOCKHU, TPOXOISIIEH Yepes3
IIEHTP PKpaHa, U OOJIBIIMHCTBO OAKTEPUd IBUTAIOTCS BIIOJH ATOU MOJIOCKE B CIIpa-
Ba HaJIEBO (puc. 6).

B Evolution Model v1.0

In] o Y Energy Steps
162 |46 34 Mone a4
180 |27 32 MHone 122

Thick horizontal line hd Restart Start << ==

Puc. 6. baktepuun mpucnocoOMIMCh K OKPYKAIOIIEH cpefie

Takol BUJ ABMKEHUS OJMH M3 CaMbIX PAllMOHAIBHBIX JJI1 JAHHOW KOH(U-
rypanuu — JIBUrasch J00 Hamparo, JTu00 HAJIEBO MO MoJioce, ObakTepusi OyaAeT mo-
Jy4aTh MaKCUMAaJIbHOE KOJIMYECTBO €bl. OTKIOHEHUE B «MEPTBYIO 30HY» (HMX-
HIOI0 W BEPXHIOI YaCTH WUTPOBOTO TOJISI) TPO3UT THOEBIO, TaK KaK KaXIbIH XOJI
MPUBOJUT K MOTEPE PHEPTHH, a €€ MOMOTHEHNE BO3ZMOKHO TOJIBKO B LIEHTPAIbLHON
M0JIOCE, 3alIOJIHCHHOMN €0M.

Takum 00pa3om, MOKHO HaOJOAaTh, YTO OAKTEPUU MOJCTPAUBAIOTCA IOJ
OKpy»katolyto cpeny. [Ipu 3ToM nmoBeaeHuEe MUKPOOPraHU3MOB U3MEHSETCS B 3a-
BUCUMOCTH OT PACIOJI0KEHUS €/Ibl Ha TOJIE.
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UutaTenp MOXET WCMOJB30BaTh (MporpaMMa OIyOJIMKOBAaHA Ha cailTe
http://is.ifmo.ru/ B pa3zaenax «I'enernueckue anroputMb» U «UniMod-mipoeKThI»)
Ipyrue KOH(PUTypaluu pacrojoXKeHUs €Ibl, KOTOPBIC MO3BOJSIET BHIOpPATh MPO-
rpamMma. B pesynbraTre MOXKHO yOeauThCs, YTO OAKTEpHH, 32 CUET MCIOJIb30BAHUS
TeHETUYECKOT0 ajJrOpUTMa, B KOHEYHOM CUETE, BEIOMPAIOT OHO M3 ONTHUMAIbHBIX
peUIEHUM.
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MpunoxeHune 1. CTpyKTypa Knaccos

bugs

Bug.java — Haciexyercs OoT a0CTpaKTHOTO Kiacca Entity, WHKancymu-
pyeT noBeqieHne 0akTepuu, 3ajlaBaeMoe aBToMaToM bugs/A1

Al.xml — aBTOMAT, 33JAIOLIUI MOJIEIIb TOBEAEHUS OaKTEPUU

common

g

Config.java — Kiacc, coaepxaiiui Bce KOH(PUTypaloHHbIE TTapaMeTphbl
MPUJIOKEHUS (pa3Mepbl UTPOBOTO MOJIsA, MapaMeTphbl, OTBEYAIOIIHUEe 3a pac-
npeiesieHne TeHOB, WHUIIMATU3AIMOHHBIE W O0IMHUe MmapaMeTphl HUTPOBOU
MO/IEJIN )

EntitiesManager.java — Kjlacc, IpeAoCTaBISIONINN MOTOKOOe30Iac-
HBIM JTOCTYN K KOJUICKITUU BCEX OPraHMU3MOB, YYAaCTBYIOIIUX B JBOJIOIUOH-
HOM OTOOpE; OJIOKMPOBKH TMOTOKOB JOCTUTAIOTCS 32 CUET HMCIOJIH30BAHUS
Kiacca ReentrantReadWritelLock u3 cranmaptHou Oubnuoreku Java
(peasii30BaH B BUJE CUHIJITOHA)

Entity.java — aOCTpakTHBIN Kjacc, ONUCHIBAET o0l nHTEpdEic as
BCEX OPraHM3MOB HIPOBOM Cpelbl, TaKKe COMAEPKHUT OOBEKT Kiacca
ModelEngine u Meton InitAutomata miIsf 3amycka aBTomMara, OIH-
CBIBAIOIIETO KU3HEHHBII LIMKI OpraHu3mMa

EntityEventProvider.java — NOCTaBIIUK COOBITUM, OOIIMX JIJIs
BCEX OPraHU3MOB CHCTEMBI

EventWrappers.java — BCIOMOraTelIbHbIM KJIACC JJIS1 MOCTABIIUKA CO-
ObITHii EntityEventProvider

Field.java — MHKanCyJIUpyeT UTPOBOE MOJI€ U MPEAOCTABISIECT UHTEP-
deiic s ero yrpapiieHUEM (peaM30BaH B BU/I€ CUHTJITOHA)
ControlPanel.java — npenoctapnsieT uHTepQeEiic 1l ynpaBieHus: padoToil
IPOrpaMMbl, KOTOPOE PEATU30BAHO TOJIOBHBIM aBTOMATOM gui/Al.xml
EntityTableModel.java — BcioMoraTenbHBIN Kiacc JUisi OTOOpaKEHUS HH-
(dbopMarmoHHON TaOIUIIbI, MOKA3BIBAIOLIEH TEKYyIIHe JaHHbIE O BCEX Opra-

HU3MaXx B CUCTEMC

FieldPanel java — nanens, oToOpakaroias UrpoBoe IoJie
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MainFrame.java — THnaBHBIA gUiI-KOMIIOHEHT, WHHUIHMAIM3UPYIOMUNA OTpH-
COBKY NPHUJIOKEHHUS

ScreenEventProvider.java — mOCTaBIIMK COOBITHI TOJIOBHOT'O aBTOMAaTa

Al.xml — TOTOBHOM aBTOMAT, 3allyCKAIOIIUN U YIPABISIOMINN paboTOM Tpo-
IPAMMBI
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MpunoxeHune 2. UcxoaHbIN KoL,

MainTest. java
import gui.MainFrame;

/**
* Entry point of the application.
*

* @author Goonich Ivan, Irinev Anton
*/
public class MainTest
private static void createAndShowGUI () {
new MainFrame () ;

}

public static void main(String[] args) {
javax.swing.SwingUtilities.invokeLater (new Runnable () {
public void run () {
createAndShowGUI () ;
}
1)

Bug. java
package bugs;

import com.evelopers.unimod.runtime.ControlledObject;

import com.evelopers.unimod.runtime.context.StateMachineContext;
import common.Entity;

import common.EntitiesManager;

import common.Field;

import common.Config;

import common.EventWrappers;

/**
* Represents behavour of the bug entity.
*

* @author Goonich Ivan, Irinev Anton
*/
public class Bug extends Entity implements ControlledObject {

private void initialize () {

id = nextId;

++nextId;

InitAutomata ("src/bugs/Al.xml", this);
}

/**

* Initializes bug with default wvalues.
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*/
public Bug() {
super () ;
initialize () ;

}
/**

* Initializes with parent bug.
*
* @param parent
* parent bug
*/
public Bug (Bug parent) {
super (parent) ;

initialize ()
}
/**
* @unimod.action.descr do step
*/
public void zl (StateMachineContext context) {
doStep () ;
Field field = Field.getInstance();
if (field.isFoodInCell (x, v)) {
EventWrappers.generateFoodInCellEvent (engine) ;
} else {
EventWrappers.generateNoFoodInCellEvent (engine) ;
}
}
/**

* @unimod.action.descr checking in cell with food
*/
public void z2 (StateMachineContext context) {
if (energy >= Config.ENERGY EATING LIMIT) {
EventWrappers.generateStarvationEvent (engine) ;
} else {
EventWrappers.generatekEatingEvent (engine) ;
}
}

/**
* @unimod.action.descr the process of eating
*/
public void z3(StateMachineContext context) {
Field field = Field.getInstance();
energy += Config.FOOD ENERGY VALUE;
field.removeFoodInCell (x, V)

1f (energy >= Config.DIVISION ENERGY VALUE
&& stepsCount >= Config.DIVISION STEP VALUE)
EventWrappers.generatePredivisionEvent (engine) ;
} else {
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EventWrappers.generateNoDivisionEvent (engine) ;

}

/**
* @unimod.action.descr the process of division with mutation of genes
*/
public void z4 (StateMachineContext context) {
1f (rnd.nextDouble () <= Config.PROBABILITY OF MUTATION) {
// process mutation
// child don't inherit any gene from his parent
EntitiesManager.getInstance () .addEntity (new Bug());

} else {
EntitiesManager.getInstance () .addEntity (new Bug(this));

}

enerqgy /= 2;
stepsCount = 0;
(

changeGenes () ;
}
/**
* @unimod.action.descr there no available food
*/

public void z5(StateMachineContext context) {

if (energy <= 0) {
EventWrappers.generateDyingEvent (engine) ;

} else {
if (energy >= Config.DIVISION ENERGY VALUE
&& stepsCount >= Config.DIVISION STEP VALUE) ({

EventWrappers.generatePredivisionEvent (engine) ;

} else {
EventWrappers.generateNoDivisionEvent (engine) ;

}

/**
* @unimod.action.descr the bug is blinking for 50 ticks of timer,
* after that he dies
*

*/
public void z6 (StateMachineContext context) {
isDying = true;
counterForDyingMode = 0;

}

/**

* @unimod.action.descr the bug is dying
*/

public void z7 (StateMachineContext context) {
isDead = true;

}
25



/**
* @unimod.action.descr increments internal counter
*/
public void z8 (StateMachineContext context) {
++counterForDyingMode;

}

dying process

/**

* @unimod.action.descr returns the value of internal counter which is
* related with visualization of

*/

public int x1 (StateMachineContext c) {
return counterForDyingMode;

Config.java
package common;

/**
* Store of config parameters.
*

* @author Goonich Ivan, Irinev Anton
*/
public class Config {

/**

* Field height.

*/
public static final int FIELD HEIGHT = 50;
/**

* Field width.

*/
public static final int FIELD WIDTH = 50;
/**

* Size of a cell on the field.

*/
public static final int CELL SIZE = 10;
/**

* Length of genes set.

*/

public static final int GENES COUNT = 8;

/**

* Initial dose of food which was placed in the field.

*/
public static final int INITIAL FOOD DOSE = 500;
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/**
* Periodic dose of food which was placed in the field.
*/

public static final int REGULAR FOOD DOSE = 20;

/**
* Sum of all direction's probabilities in genes set.
*/

public static final int MAX DIRECTION PROBABILITY = 24;

/**

* Timer delay for one entity's step.

*/
public static final int ENTITY STEP DELAY = 80;
/**

* Default energy value.

*/
public static final int INITIAL ENERGY VALUE = 50;
/**

* Number of steps which allows division.

*/
public static final int DIVISION STEP VALUE = 20;
/**

* Amount of energy which allows division.

*/

public static final int DIVISION ENERGY VALUE =
INITIAL ENERGY VALUE * 2;

/**
* Timer delay for one food generating.
*/
public static final int FOOD GENERATING DELAY = 500;

/**
* Amount of energy for one unit of food.
*/
public static final int FOOD ENERGY VALUE = 8;

/**

* If current amount of energy more than or equal to this limit

* entity must leave out a food.
*/
public static final int ENERGY EATING LIMIT = 100;

/**
* Initial entities count.
*/
public static final int INITIAL ENTITIES COUNT = 15;

/**
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* Mutation probability.

*/
public static final double PROBABILITY OF MUTATION = 0.08;
}

EntitiesManager. java
package common;

import java.util.ArrayList;
import java.util.concurrent.locks.ReentrantReadWriteLock;
import java.util.concurrent.locks.Lock;

/**
* Represents collection of Entity objects.
*

* @author Irinev Anton
*/

public class EntitiesManager {

// singlton's instance
private static EntitiesManager manager = new EntitiesManager () ;

// common entities collection

private ArrayList<Entity> entities = new ArrayList<Entity>();
private ReentrantReadWritelLock rwl;
private Lock readLock;
private Lock writelLock;

private EntitiesManager () {
rwl = new ReentrantReadWritelLock() ;
readLock = rwl.readLock();
writelLock = rwl.writeLock():;

}

/**

* Gives an access to the singlton's instance.
*

* @return singlton's instance

*/
public static EntitiesManager getInstance() {
return manager;
}
/**

* Add entity to common entities collection.
*
* @param entity
* entity that will be added
*/
public void addEntity (Entity entity) {
writeLock.lock () ;



try
{

entities.add(entity);
}
finally
{

writeLock.unlock () ;
}
}

/**

* Remove entity from common entities collection.
*

* @param entity
* entity that will be removed
*/
public void removeEntity (Entity entity) {
writeLock.lock();
try
{

entities.remove (entity);
}
finally

{

writeLock.unlock () ;
}
/**

* Handles tick of external timer.
*/
public void handleExternalTimerEvent () {
ArrayList<Entity> copyEntities = getEntities();

if (copyEntities.size() == 0) {
return;

}

for (Entity entity : copyEntities) {
entity.generateNextStepEvent () ;

}
/**

* Returns the element at the specified position.
* @param i
* @return entity
*/
public Entity getEntity(int i) {
Entity res;

readLock.lock () ;

try

{
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res = entities.get(i);
}
finally
{

readLock.unlock () ;

return res;

}
/**

* Returns collection of entity.
* @return entities
*/
public ArrayList<Entity> getEntities() {
ArrayList<Entity> copyEntities
= new ArrayList<Entity>(entities.size());
readLock.lock () ;
try
{
copyEntities.addAll (entities);
}
finally
{
readLock.unlock () ;

}

return copyEntities;

}
/**

* Returns the number of entities.
* @return count
*/
public int getEntitiesCount () {
return entities.size();

}
/**

* Clears the collection of entities.
*/
public void clear () {
writeLock.lock () ;
try
{
entities.clear();
}
finally
{

writeLock.unlock () ;
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Entity.jav

a

package common;

import
import
import
import

jav
Jjav
Jjav
jav
import org
import
import
import
import
import
import
import
import
import
import
import
import
import

com

/**

com.
com.
com.
com.
com.
com.
.evelopers.
com.
com.
com.
com.
com.
com.

a.io.FileInputStream;

a.
a.

io.IO0Exception;
io.InputStream;

a.util.Random;

.apache.commons.logging.LogFactory;

evelopers
evelopers
evelopers
evelopers
evelopers
evelopers

evelopers
evelopers
evelopers
evelopers
evelopers
evelopers

.common
.unimod.
.unimod.
.unimod.
.unimod.
.unimod.

unimod

.runtime
.unimod.
.unimod.
.unimod.
.unimod.
.unimod.
.unimod.

.exception.CommonException;

adapter.standalone.Run;
core.stateworks.Model;
debug.ExceptionHandlerImpl;
runtime.ControlledObject;
runtime.ControlledObjectsMap;
.EventProcessorListener;
runtime.ExceptionHandler;
runtime.ModelEngine;
runtime.interpretation.InterpretationHelper;
runtime.logger.SimplelLogger;
transform.TransformException;
transform.xml.XMLToModel;

* Represents abstract entity class.

*

* Qauthor Goonich Ivan,

*/

Irinev Anton

public abstract class Entity {

// coordin
protected

protected
protected
protected
// individ
protected
protected

protected

protected
protected

protected

ates
int x;

int vy;

int oldX;
int oldy;
ual
int
int

int

boolean isDead
boolean isDying

int[]

enerqgy;

genes

parameters
stepsCount;
counterForDyingMode;

new

false;

false;

int [Config.GENES COUNT];
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protected static int nextId = 1;
protected int id;

// represents the movement direction
protected static int[] xMove = new int[Config.GENES COUNT];

protected static int[] yMove = new int[Config.GENES COUNT];

// automata managing members
protected ModelEngine engine;

protected static Random rnd = new Random() ;

static {

[ (|
I
oS B
~e ~e

| (A
I o1 =
= Ne |2 Ne B2
~. ~e ~e

}
/**

* Initializes with default values.
*/
public Entity () {
stepsCount = 0;
energy = Config.INITIAL ENERGY VALUE;

x = rnd.nextInt (Config.FIELD WIDTH);

y = rnd.nextInt (Config.FIELD HEIGHT) ;
oldX = x;
oldY = y;

setRandomGenes () ;

}
/**

* Initializes with parent entity.
*

* @param parent



* parent entity
*/
public Entity(Entity parent) {
stepsCount = 0;
energy = parent.energy - parent.enerqgy / 2;

X = parent.x;

y = parent.y;

oldX = x;

oldY = y;

for (int i = 0; i < genes.length; ++i) {
genes[i] = parent.genes[i];

}

changeGenes () ;

}
/**

* Returns x coordinate.
*

* @return x
*/
public int getX () {
return x;

}
/**

* Returns y coordinate.
*

* @return y
*/
public int getY () {
return y;

}
/**

* Returns old x coordinate.
*

* @return x
*/
public int getOldX() {
return oldX;

}
/**

* Returns old y coordinate.
*

* @return y
*/
public int getOldyY () {
return oldy;

}



/**
* Returns id.
*

* @return id
*/
public int getID() {
return id;

}
/**

* Returns energy.
*

* @return energy
*/
public int getEnergy () {
return energy;

}

/**
* Returns count of steps.
*

* @return stepsCount
*/
public int getStepsCount () {
return stepsCount;

}

/**
* Returns true if entity is dying, false elsewise.
*
* @return isDying
*/
public boolean isDying() {
return isDying;

}
/**

* Returns dying step counter.
* @return counterForDyingMode
*/
public int getDyingStepCounter () {
return counterForDyingMode;

}
/**

* Makes small random change of genes set.
*/
protected void changeGenes () {
int numOfZeroElements = 0;
for (int i = 0; i < genes.length; ++i) {
if (genes[i] == 0)



++numOfZeroElements;

}

if (numOfZeroElements == 0) {
int 1 = rnd.nextInt (genes.length);
int j = rnd.nextInt (genes.length - 1);
if (3 >= 1)
++73;

++genes[i];

--genes[J];
} else {
int 1 = rnd.nextInt (genes.length);

if (genes[i] == 0)
--numOfZeroElements;
++genes[i];

// random index in non zero elements subsequence
int nonZeroInd = rnd.nextInt (
genes.length - numOfZeroElements - 1);
for (int k =0, j = -1; k < genes.length; ++k) {
if (genes[k] > 0) {
++7;
if (j == nonZeroInd) {
if (k == 1i)
++nonZerolInd;
else
-—-genes[k];

}
/**

* Returns next direction.
*

* @return direction wvalue

*/
protected int getDirection () {
int k = rnd.nextInt (Config.MAX DIRECTION PROBABILITY)
int 1 = 0;
int sum = 0;

while (sum < k) {
sum += genes[i];
++1;

}

return 1i;

+

1;
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/**
* Process next step.
*/
protected void doStep () {
++stepsCount;
—-—energy;

oldX = x;
oldy '

int dir = getDirection{();
x = (x + xMove[dir]) Config.FIELD WIDTH;
y (y + yMove[dir]) % Config.FIELD HEIGHT;
if (x < 0)

x += Config.FIELD WIDTH;
if (y < 0)

y t+= Config.FIELD_HEIGHT;

o°

}
/**

* Initializes genes array with random set.
*/
private void setRandomGenes () {
int[] tmp = getDistribution();

for (int i = 1; i < tmp.length; ++i) {
genes[i - 1] = tmp[i] - tmpl[i - 17];

}

private static void sort(int[] arr) {
for (int i = 0; 1 < arr.length - 1; ++i) {
for (int j = i + 1; j < arr.length; ++3) {
if (arr[i]l > arr[jl) {
int k = arr[i];
i] = arr[j];
jl = k;

}

private int[] getDistribution () {
int[] res = new int[genes.length + 1];
res[0] = 0;
res[1] Config.MAX_DIRECTION_PROBABILITY;

for (int i = 2; i < res.length; ++i) {
res[i] = rnd.nextInt (
Config.MAX_DIRECTION_PROBABILITY + 1);
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sort (res) ;

return res;

—

*

~

% X % X X X %

Creates automata model for the device.

@param xmlmodel

The path to the file of device xml-description
@param bug

The device controlled object

~

protected void InitAutomata (String xmlmodel, ControlledObject bug) {
/* load model from xml schema */
Model model;
try {
InputStream is = new FileInputStream(xmlmodel) ;
if (is == null) {
System.out.println("is == null");
System.exit (0) ;
}
model = XMLToModel.loadAndCompile(is) ;
} catch (IOException e) {
System.out.println (" [ERROR] Can't load xml: " + xmlmodel);
throw new RuntimeException();
} catch (TransformException e) {
System.err.println(e.getMessage () ),
throw new RuntimeException();

}

/* create runtime engine */
InterpretationHelper helper = InterpretationHelper.getInstance();
try {

engine = helper.createBuildInModelEngine (

model, new BugsMap (bug), true);

} catch (CommonException e) {

System.err.println(e.getMessage () )

throw new RuntimeException();

}

EventProcessorlListener logger = new SimplelLogger (LogFactory
.getLog (Run.class));
engine.getEventProcessor () .addEventProcessorListener (logger) ;
ExceptionHandler eh = new ExceptionHandlerImpl ()
engine.getEventProcessor () .addExceptionHandler (eh) ;

}

private static class BugsMap implements ControlledObjectsMap {
private ControlledObject co;

public BugsMap (ControlledObject co) {
this.co = co;
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public ControlledObject getControlledObject (String coName) {
return co;
}
}

/**
* Generates event for tick of external timer.
*/
public void generateNextStepEvent () {
if (isDead) {
EntitiesManager.getInstance () .removeEntity (this);
} else {
EventWrappers.generateTimerEvent (engine) ;

}

}
EntityEventProvider. java
package common;

import com.evelopers.common.exception.CommonException;
import com.evelopers.unimod.runtime.EventProvider;
import com.evelopers.unimod.runtime.ModelEngine;

/**
* General event provider.
*

* @author Goonich Ivan, Irinev Anton
*/

public class EntityEventProvider implements EventProvider ({

/**
* @unimod.event.descr the event of external timer
*/
public static final String E1 = "el";
/**
* @unimod.event.descr the event - there is food in current cell
*/
public static final String E200 = "e200";
/**
* @unimod.event.descr the event - there is no food in current cell
*/
public static final String E201 = "e201";
/**
* @unimod.event.descr the event of eating process
*/

public static final String E300 = "e300";



/**
* @unimod.event.descr the starvation event
*/

public static final String E301 = "e301";

/**
* @unimod.event.descr event which is the previous to division

*/

public static final String E400 = "e400";
/**
* @dunimod.event.descr the event which shows
* that the division is absent
*/
public static final String E401 = "e401";
/**
* @Qunimod.event.descr the event of dying
*/
public static final String E5 = "eb";
public void dispose() {}

public void init (ModelEngine engine) throws CommonException {}

}

EventWrappers. java
package common;

import com.evelopers.unimod.core.stateworks.Event;
import com.evelopers.unimod.runtime.context.StateMachineContextImpl;
import com.evelopers.unimod.runtime.ModelEngine;

public class EventWrappers {
/**
* Generates the event of timer.
* @param engine
*/
public static void generateTimerEvent (ModelEngine engine) {
engine.getEventManager () .handle (new Event (EntityEventProvider.El),
StateMachineContextImpl.create());
}

/**
* Generates the event - there is food in current cell.
* @param engine
*/
public static void generateFoodInCellEvent (ModelEngine engine) {

engine.getEventManager () .handle (
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new Event (EntityEventProvider.E200),
StateMachineContextImpl.create ()

}
/**

* Generates the event - there is no food in current cell.
* @param engine
*/
public static void generateNoFoodInCellEvent (ModelEngine engine) {
engine.getEventManager () .handle (
new Event (EntityEventProvider.E201),
StateMachineContextImpl.create());

}

/**
* Generates the event of eating process.
* @param engine
*/
public static void generateEatingEvent (ModelEngine engine) {
engine.getEventManager () .handle (
new Event (EntityEventProvider.E300),
StateMachineContextImpl.create());

}
/**

* Generates the starvation event.
* @param engine

*/
public static void generateStarvationEvent (ModelEngine engine) {
engine.getEventManager () .handle (
new Event (EntityEventProvider.E301),
StateMachineContextImpl.create());
}
/**

* Generates event which is the previous to division.
* @param engine
*/
public static void generatePredivisionEvent (ModelEngine engine) {
engine.getEventManager () .handle (
new Event (EntityEventProvider.E400),
StateMachineContextImpl.create());

}

/**
* Generates the event which shows that the division is absent.
* @param engine
*/
public static void generateNoDivisionEvent (ModelEngine engine) {
engine.getEventManager () .handle (
new Event (EntityEventProvider.E401),
StateMachineContextImpl.create());
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}
/**

* Generates the event of dying.
* @param engine
*/
public static void generateDyingEvent (ModelEngine engine) {
engine.getEventManager () .handle (
new Event (EntityEventProvider.E5),
StateMachineContextImpl.create());

}

Field. java
package common;

import java.awt.event.ActionEvent;
import java.awt.event.ActionListener;
import java.util.Random;

import javax.swing.Timer;

/**
* Represents field where entities are located.
*
* @author Goonich Ivan, Irinev Anton
*/
public class Field {
// singlton's instance
private static Field field = new Field();

// represents food location
private boolean[][] food
= new boolean[Config.FIELD HEIGHT] [Config.FIELD WIDTH];

private Random rnd = new Random() ;
private Timer timer = null;
private int configType = 1;

private ActionListener taskPerformer = new ActionListener () {
public void actionPerformed (ActionEvent evt) {
giveFeed() ;

}
i
private Field() {
createFoodDose (Config.INITIAL FOOD DOSE) ;

timer = new Timer(Config.FOOD_GENEﬁATING_DELAY, taskPerformer) ;

timer.start () ;
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public void timerStart () {
if (!'timer.isRunning()) {
timer.start () ;

}

public void timerStop () {
if (timer.isRunning()) {
timer.stop ()

}

public void setTimerDelay (int delay) {
timer.setDelay(delay);
}

public void setFoodConfigType (int configType) {
this.configType = configType;
}

/**

* Gives an access to the singlton's instance.
*

* @return singlton's instance
*/
public static Field getInstance() {
return field;

}

/**
* Refreshes food on the field.
*/
public void restart () {
for (int i = 0; 1 < Config.FIELD HEIGHT; ++i) ({
for (int j = 0; J < Config.FIELD WIDTH; ++3j) {
food[i] []J] = false;

}

createFoodDose (Config.INITIAL FOOD DOSE) ;
}

private void giveFeed() {
createFoodDose (Config.REGULAR FOOD DOSE) ;
}

private void createFoodDose (int dose) {
int i, j;

switch (configType) {
case 1: {
for (int k = 0; k < dose; ++k) {
1 = rnd.nextInt (Config.FIELD HEIGHT) ;
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case

case

case

case

case

J = rnd.nextInt (Config.FIELD

food[i] []J] = true;
}

break;

2: {
for (int k = 0; k < dose; ++k) {

WIDTH / 4) + 18;

i = rnd.nextInt (Config.FIELD HEIGHT / 5) + 22;

]
food[i] []J] = true;
}

break;

3: {
for (int k = 0; k < dose; ++k) {

rnd.nextInt (Config.FIELD WIDTH) ;

i = rnd.nextInt (Config.FIELD HEIGHT);
j = rnd.nextInt (Config.FIELD WIDTH / 8) + 25;

food[i][]J] = true;
}

for (int k = 0; k < dose; ++k) {

i = rnd.nextInt (Config.FIELD HEIGHT / 8) + 25;

]
food[i] []J] = true;
}

break;

4. |
for (int k = 0; k < dose; ++k) {

rnd.nextInt (Config.FIELD WIDTH) ;

i = rnd.nextInt (Config.FIELD HEIGHT);

]
food[i] []J] = true;
}

for (int k = 0; k < dose; ++k) {

rnd.nextInt (Config.FIELD WIDTH / 8) + 7;

1 = rnd.nextInt (Config.FIELD HEIGHT) ;
j = rnd.nextInt (Config.FIELD WIDTH / 8) + 42;

food[i] []J] = true;
}

break;

5: {
for (int k = 0; k < dose; ++k) {

i = rnd.nextInt (Config.FIELD HEIGHT);
j = rnd.nextInt (Config.FIELD WIDTH / 7) + 23;

food[i] []J] = true;
}

break;

6: {
for (int k = 0; k < dose; ++k) {

i = rnd.nextInt (Config.FIELD HEIGHT / 3) + 19;
j = rnd.nextInt (Config.FIELD WIDTH / 3) + 19;
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food[i] []J] = true;

break;

*

@param 1

X coordinate
@param 7

y coordinate

R T T T

~

public boolean isFoodInCell (int i,
return food[i][]];

}

/**

* Removes food from given cell.
*

* @param 1

* x coordinate

* @param j

* y coordinate

*

~

public void removeFoodInCell (int i,
food[i] [j] = false;

}

}

ControlPanel. java

package gui;

import java.awt.Dimension;

import java.awt.FlowLayout;
import java.awt.event.ActionEvent;

Checks if there is food in given cell.

@Qreturn true if cell conatains food, false

int 3) |

int 3) |

import java.awt.event.ActionListener;

import java.io.FileInputStream;
import java.io.IOException;
import java.io.InputStream;

import javax.swing.JComboBox;
import javax.swing.JPanel;
import javax.swing.JButton;
import javax.swing.JTextField;

import org.apache.commons.logging.LogFactory;

elsewise
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import
import
import

import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import

bugs.Bug;

common.Config;
common.Field;
common.EntitiesManager;

com.
com.
com.
.evelopers.
.evelopers.
com.
com.
com.
com.
com.
com.
com.
.evelopers.
com.
com.
com.

com
com

com

evelopers.
evelopers.
evelopers.

evelopers.
evelopers.
evelopers.
evelopers.
evelopers.
evelopers.
evelopers.

evelopers.
evelopers.
evelopers.

common.
unimod.
unimod.
.core.stateworks.Model;

.debug.ExceptionHandlerImpl;
runtime.
runtime.
runtime.
runtime.
.ModelEngine;
runtime.
runtime.
.interpretation.InterpretationHelper;
runtime.

unimod
unimod

unimod.
unimod.
unimod.
unimod.
unimod.
unimod.
unimod.
unimod.
unimod.
unimod.
unimod.

exception.CommonException;

adapter.

standalone.Run;

core.stateworks.Event;

runtime

runtime

ControlledObject;
ControlledObjectsMap;
EventProcessorListener;
ExceptionHandler;

context.StateMachineContext;
context.StateMachineContextImpl;

logger.SimplelLogger;

transform.TransformException;
transform.xml.XMLToModel;

public class ControlPanel extends JPanel
implements ActionListener,

{

ControlledObject

private static final long serialVersionUID = 1L;

private MainFrame frame;

private JButton btnRestart new JButton ("Restart");
private JButton btnStopPlay = new JButton ("Stop"):

private JButton btnSlowly = new JButton ("<<");

private JButton btnFaster = new JButton(">>");

private int entitiesTimerDelay = Config.ENTITY STEP DELAY;
private int fieldTimerDelay = Config.FOOD GENERATING DELAY;
private String items[] = {

"Thick horizontal line",
"Middle-thick wvertical line",

"Thin cross-shaped configuration",
"Two parallel thin horizontal lines",
"Thin horizontal line",
"Rectangle of death"

b7

private JComboBox cmbBox new JComboBox (items) ;

private static ModelEngine engine null;

private int foodType = 1;
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private void InitAutomata (String xmlmodel,

public ControlPanel (MainFrame frame) {

this.frame = frame;
Dimension size =

new Dimension (Config.CELL SIZE * Config.FIELD WIDTH,
this.setSize(size);
this.setPreferredSize (size);
this.setDoubleBuffered (true);

this.setLayout (new FlowLayout()):;
this.add (cmbBox) ;

this.add (btnRestart);

this.add (btnStopPlay) ;

this.add (btnSlowly) ;

this.add (btnFaster) ;

_~ o~ o~ o~

cmbBox.setActionCommand ("done") ;
btnRestart.setActionCommand ("restart") ;
btnStopPlay.setActionCommand ("stop play");
btnSlowly.setActionCommand ("slower") ;
btnFaster.setActionCommand ("faster");

cmbBox.addActionlListener (this) ;
btnRestart.addActionListener (this);
btnStopPlay.addActionListener (this);
btnSlowly.addActionListener (this);
btnFaster.addActionlListener (this);

this.InitAutomata ("src/gui/Al.xml", this);

/* load model from xml schema */
Model model;
try {
InputStream is = new FileInputStream(xmlmodel) ;
if (is == null) {
System.out.println("is == null");
System.exit (0) ;
}
model = XMLToModel.loadAndCompile(is) ;
} catch (IOException e) {

40) ;

ControlledObject panel)

{

System.out.println (" [ERROR] Can't load xml: " + xmlmodel);

throw new RuntimeException();

} catch (TransformException e) {
System.err.println(e.getMessage () )
throw new RuntimeException();

}

/* create runtime engine */

InterpretationHelper helper = InterpretationHelper.getInstance();

try |
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}

engine = helper.createBuildInModelEngine (

model,
new ControlPanelMap (panel),
true

) ;

} catch (CommonException e) {

}

System.err.println(e.getMessage())
throw new RuntimeException();

EventProcessorlListener logger =

engine.getEventProcessor () .addEventProcessorListener (logger) ;

new Simplelogger (LogFactory.getLog(Run.class));

ExceptionHandler eh = new ExceptionHandlerImpl ()
engine.getEventProcessor () .addExceptionHandler (eh) ;

private static class ControlPanelMap implements ControlledObjectsMap {

private ControlledObject co;

public ControlPanelMap (ControlledObject co)
this.co = co;

}

public ControlledObject getControlledObject (String coName)

return co;

}

public void actionPerformed (ActionEvent e) {

String command = e.getActionCommand () ;

if ("restart".equals (command)) {
ControlPanel.generateRestartEvent () ;

} else

if ("stop play".equals (command)) {
ControlPanel.generateStopStartEvent () ;

} else

if ("slower".equals (command)) {
ControlPanel.generateSlowerEvent () ;

} else

if ("faster".equals (command)) {
ControlPanel.generateFasterkEvent () ;

} else

if ("done".equals (command)) {

{

foodType = cmbBox.getSelectedIndex ()

ControlPanel.generateDoneEvent () ;

/**

* @unimod.action.descr restarts the automata, when the process

{
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* is working
*/
public void zl (StateMachineContext context) {
frame.timerStop () ;
Field.getInstance () .timerStop () ;

EntitiesManager.getInstance () .clear () ;

for (int 1 = 0; 1 < Config.INITIAL ENTITIES COUNT; ++i) {
EntitiesManager.getInstance () .addEntity (new Bug());

}
Field.getInstance () .restart();

frame.timerStart ()
Field.getInstance () .timerStart () ;
}

/**
* @unimod.action.descr restarts the automata,
* when the process is paused
*/
public void z2 (StateMachineContext context) {
frame.timerStop () ;
Field.getInstance () .timerStop () ;

EntitiesManager.getInstance () .clear ()

for (int 1 = 0; 1 < Config.INITIAL ENTITIES COUNT; ++1i) {
EntitiesManager.getInstance () .addEntity (new Bug()) ;

}
Field.getInstance () .restart();

btnStopPlay.setText ("Stop") ;

frame.timerStart () ;
Field.getInstance () .timerStart ()
}

/**
* @unimod.action.descr visualization is paused
*/
public void z3(StateMachineContext context) {
btnStopPlay.setText ("Start") ;
frame.timerStop () ;
Field.getInstance () .timerStop ()

}
/**

* @unimod.action.descr visualization is started
*/
public void z4 (StateMachineContext context) {
btnStopPlay.setText ("Stop") ;
frame.timerStart () ;
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Field.getInstance () .timerStart();
}

/**
* @unimod.action.descr decreases speed of visualization
*/
public void z5(StateMachineContext context) {
entitiesTimerDelay += (int) (Config.ENTITY STEP DELAY * 0.2);
frame.setTimerDelay(entitiesTimerDelay) ;

fieldTimerDelay += (int) (Config.FOOD GENERATING DELAY * 0.2);
Field.getInstance () .setTimerDelay (fieldTimerDelay) ;

}

/**
* @unimod.action.descr increases speed of visualization
*/
public void z6 (StateMachineContext context) {
entitiesTimerDelay -= (int) (Config.ENTITY STEP DELAY * 0.2);
frame.setTimerDelay(entitiesTimerDelay) ;

fieldTimerDelay -= (int) (Config.FOOD GENERATING DELAY * 0.2);
Field.getInstance () .setTimerDelay (fieldTimerDelay) ;

}
/**

* @unimod.action.descr changes food configuration, when the process 1is
working
*/
public void z7 (StateMachineContext context) {
frame.timerStop () ;
Field.getInstance () .timerStop () ;

EntitiesManager.getInstance () .clear();

for (int 1 = 0; 1 < Config.INITIAL ENTITIES COUNT; ++1i) {
EntitiesManager.getInstance () .addEntity (new Bug());

}
Field.getInstance () .setFoodConfigType (foodType) ;
Field.getInstance () .restart();

frame.timerStart ()
Field.getInstance () .timerStart () ;

/**

* @unimod.action.descr changes food configuration, when the process is
* paused

*/

public void z8 (StateMachineContext context) {
frame.timerStop () ;
Field.getInstance () .timerStop ()
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EntitiesManager.getInstance () .clear () ;

for (int i = 0; 1 < Config.INITIAL_ENTITIES_COUNT; ++1i) |
EntitiesManager.getInstance () .addEntity (new Bug());

}
Field.getInstance () .setFoodConfigType (foodType) ;

Field.getInstance () .restart();
btnStopPlay.setText ("Stop") ;

frame.timerStart () ;
Field.getInstance () .timerStart () ;

/**
* Generates restart event.
* @param engine

*/
public static void generateRestartEvent () {
engine.getEventManager () .handle (
new Event (ScreenEventProvider.El),
StateMachineContextImpl.create());
}
/**

* Generates event for stopping or starting visualization.
* @param engine
*/
public static void generateStopStartEvent () {
engine.getEventManager () .handle (
new Event (ScreenEventProvider.E2),
StateMachineContextImpl.create());

}
/**

* Generates event which makes visualization slower.
* @param engine

*/
public static void generateSlowerEvent () {
engine.getEventManager () .handle (
new Event (ScreenEventProvider.E3),
StateMachineContextImpl.create());
}
/**

* Generates event which makes visualization faster.
* @param engine
*/
public static void generateFasterEvent () {
engine.getEventManager () .handle (
new Event (ScreenEventProvider.E4),
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StateMachineContextImpl.create());
}

/**
* Generates event which changes the food configuraion.
* @param engine
*/
public static void generateDoneEvent () {
engine.getEventManager () .handle (
new Event (ScreenEventProvider.E6),
StateMachineContextImpl.create());

EntityTableModel. java
package gui;
import javax.swing.table.AbstractTableModel;

import common.EntitiesManager;
import common.Entity;

/**
* Represents TableModel for entities information table.
*

* @author Goonich Ivan, Irinev Anton

*/
public class EntityTableModel extends AbstractTableModel ({
private static final long serialVersionUID = 1L;
private static final String[] name = new String[] {

"ID", "X", "Y", "Energ—y", "Stepsl'};

public String getColumnName (int columnIndex) ({
return name[columnIndex];

}

public int getRowCount () {
return EntitiesManager.getInstance () .getEntitiesCount() ;

}

public int getColumnCount () {
return name.length;

}

public Object getValueAt (int rowIndex, int columnIndex) {
Entity entity = EntitiesManager.getInstance() .getEntity(rowIndex) ;
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switch (columnIndex) {

case 0:
return entity.getID();
case 1:
return entity.getX();
case 2:
return entity.get¥Y():;
case 3:
if (entity.isDying()) {
return "None";
} else {
return entity.getEnergy () ;
}
case 4:
return entity.getStepsCount () ;
default:

return null;

FieldPanel.java
package gui;

import java.awt.Dimension;
import java.awt.Graphics;
import java.awt.Color;
import java.awt.Graphics2D;
import javax.swing.JPanel;
import java.util.ArrayList;

import common.EntitiesManager;
import common.Entity;

import common.Config;

import common.Field;

/**

* Represents panel which contains game field.
*

* @author Goonich Ivan, Irinev Anton

*/
public class FieldPanel extends JPanel {
private static final long serialVersionUID = 1L;

private final int shiftX = 15;
private final int shiftyY 6;

public FieldPanel () {
Dimension size = new Dimension (
Config.CELL SIZE * Config.FIELD WIDTH + shiftX*2,
Config.CELL_SIZE * Config.FIELD_HEIGHT + shifty*2
) ;
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this.setSize (size);

this.setPreferredSize (size);

this.setDoubleBuffered (true);

this.setBackground (Color.BLACK) ;
}

public void drawCircle (double x, double y, double r, Graphics2D g) {
g.fillArc((int) (x - r) + shiftX, (int)(y - r) + shifty,
(int) (r * 2), (int) (r * 2), 0 , 360);
}

public void drawFood (Graphics2D g) {
g.setColor (Color.GREEN) ;
for (int i = 0; 1 < Config.FIELD HEIGHT; ++i) ({
for (int j = 0; J < Config.FIELD WIDTH; ++3j) {
if (Field.getInstance () .isFoodInCell (i, J)) {
drawCircle((i + 0.5) * Config.CELL SIZE, (j + 0.5)
* Config.CELL SIZE, Config.CELL SIZE / 2.5, g);

}

public void paint (Graphics g) {
super.paint (g);
Graphics2D graphics2D = (Graphics2D) g;

drawFood (graphics2D) ;
ArrayList<Entity> entities
= EntitiesManager.getInstance () .getEntities{();

graphics2D.setColor (Color .WHITE) ;
g.drawLine (
0 + shiftX,
0 + shifty,
Config.FIELD WIDTH * Config.CELL SIZE + shiftX, 0 + shifty
) ;
g.drawLine (
Config.FIELD WIDTH * Config.CELL SIZE + shiftX,
0 + shifty,
Config.FIELD WIDTH * Config.CELL SIZE + shiftX,
Config.FIELD HEIGHT * Config.CELL SIZE + shifty
) ;
g.drawLine (
Config.FIELD WIDTH * Config.CELL SIZE + shiftX,
Config.FIELD HEIGHT * Config.CELL SIZE + shifty,
0 + shiftX,
Config.FIELD HEIGHT * Config.CELL SIZE + shifty
) ;
g.drawLine (
0 + shiftX,
Config.FIELD HEIGHT * Config.CELL SIZE + shifty,
0 + shiftX,
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0 + shifty
) ;

for (Entity entity : entities) {
drawEntity (entity, graphics2D);

}

public void drawEntity (Entity entity, Graphics2D g) {

double screenX = (entity.getX() + 0.5) * Config.CELL SIZE;
double screenY = (entity.get¥() + 0.5) * Config.CELL SIZE;
double screenOldX = (entity.getOldX() + 0.5) * Config.CELL SIZE;
double screenOldY = (entity.getOldY() + 0.5) * Config.CELL SIZE;
double midX = (screenX + screenOldX) / 2:

double midY = (screenY + screenOldY) / 2;

if (entity.isDying()) {

int red = 255 - entity.getDyingStepCounter () * 5;
if (red < 0) red = 0;
g.setColor (new Color(red, 0, 0));

drawCircle (screen0ldX, screenOldY, Config.CELL SIZE / 2.7, g);

if (Math.abs(entity.getX() - entity.getOldX()) <= 1
&& Math.abs(entity.getY¥ () - entity.getOldy

()) <
drawCircle (midX, midY, Config.CELL SIZE / 2.1,

1) {
) ;

Q

}
} else {
g.setColor (Color.LIGHT GRAY) ;
drawCircle (screenOldX, screenOldY, Config.CELL SIZE /2.7, g9);

// checking if entity is out of border of the field

if (Math.abs(entity.getX() - entity.getOldX()) <=1
&& Math.abs(entity.getY () - entity.getOld¥Y()) <= 1) {
drawCircle (midX, midY, Config.CELL SIZE / 2.1, g);

}

g.setColor (Color.WHITE) ;
}

//draw head

drawCircle (screenX, screenY, Config.CELL SIZE / 2, g);
}
}
MainFrame. java

package gui;

import java.awt.BorderLayout;
import java.awt.Dimension;

import java.awt.GridBagConstraints;
import java.awt.GridBagLayout;
import java.awt.FlowLayout;
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import java.awt.Insets;

import java.awt.Toolkit;

import java.awt.event.WindowAdapter;
import java.awt.event.WindowEvent;
import java.awt.event.ActionListener;
import java.awt.event.ActionEvent;

import javax.swing.JFrame;
import javax.swing.JPanel;
import javax.swing.JScrollPane;
import javax.swing.JSplitPane;
import javax.swing.JTable;
import javax.swing.Timer;

import bugs.Bug;

import common.Config;
import common.EntitiesManager;

/**
* Represents main frame of the program.
*

* @author Goonich Ivan, Irinev Anton
*/

public class MainFrame extends JFrame {
private static final long serialVersionUID = 1L;

public final FieldPanel fieldPanel;
private ControlPanel controlPanel;
private JPanel rightPanel;

private JSplitPane splitPanel;
private JPanel infoPanel;
private JTable infoTable;

//private final MainFrame frame = this;
private Timer timer = null;
private ActionListener taskPerformer = new ActionListener () {

public void actionPerformed (ActionEvent evt) {
fieldPanel.repaint () ;
infoTable.revalidate () ;
infoPanel.repaint () ;

EntitiesManager.getInstance () .handleExternalTimerEvent () ;
}
}:
private void start () {
for (int 1 = 0; 1 < Config.INITIAL ENTITIES COUNT; ++i) {
EntitiesManager.getInstance () .addEntity (new Bug()) ;
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this.setVisible (true);

timer = new Timer (Config.ENTITY STEP DELAY, taskPerformer);

timer.start () ;

}

public void timerStart () {
if (!'timer.isRunning()) {
timer.start () ;

}
public void timerStop () {

if (timer.isRunning()) {
timer.stop () ;

}

public void setTimerDelay (int delay)
timer.setDelay(delay);
}

public MainFrame () {
super ("Evolution Model v1.0");

fieldPanel = new FieldPanel () ;

controlPanel = new ControlPanel (this);

rightPanel = new JPanel();

rightPanel.setLayout (new FlowLayout()):

rightPanel.add (fieldPanel);
rightPanel.add (controlPanel) ;

{

infoTable

infoTable.

= new JTable (new EntityTableModel ())
getColumnModel () .getColumn (0) .setMaxWidth (50) ;

infoTable.getColumnModel () .getColumn (0) .setMinWidth (30) ;
infoTable.getColumnModel () .getColumn (1) .setPreferredWidth (
infoTable.getColumnModel () .getColumn (2) .setPreferredWidth (
infoTable.getColumnModel () .getColumn (3) .setPreferredWidth (
infoTable.getColumnModel () .getColumn (4) .setPreferredWidth (
infoTable.getTableHeader () .setReorderingAllowed (false);
infoTable.setColumnSelectionAllowed (false);
infoTable.setSelectionMode (0) ;

infoTable.setRowHeight (15);

GridBagLayout gbl =
gbl.columnWeights = new doublel[]
gbl.rowWeights = new double[]

infoPanel

infoPanel.

new GridBagLayout () ;
{1.0};
{1.0};

= new JPanel (gbl) ;

add (

new JScrollPane (infoTable),

500
500
500
500
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new GridBagConstraints(0, O, 1, 1, 1, 1,
GridBagConstraints.CENTER,
GridBagConstraints.BOTH,
new Insets (0, 0, 0, 0), 0, 0)

) ;

splitPanel = new JSplitPane (
JSplitPane.HORIZONTAL_SPLIT,
infoPanel,
rightPanel
) ;
splitPanel.setOneTouchExpandable (false);
splitPanel.setDividerLocation (300);
splitPanel.setEnabled(false);

Toolkit tKit = Toolkit.getDefaultToolkit();
Dimension size = new Dimension (
Config.CELL_SIZE * Config.FIELD_WIDTH + 350,
Config.CELL_SIZE * Config.FIELD_HEIGHT + 50 + 40
)5
Dimension screen size = tKit.getScreenSize();
this.getContentPane () .add (splitPanel, BorderLayout.CENTER) ;
this.setSize(size);
this.setLocation (
(screen size.height - size.height) / 2,
(screen size.width - size.width) / 2
) ;
this.setResizable (false);
this.setDefaultCloseOperation (JFrame.DISPOSE ON CLOSE) ;
this.addWindowListener (new WindowAdapter () {
public void windowClosing (WindowEvent e) {
System.exit (0) ;

ScreenEventProvaider. java
package gui;

import com.evelopers.common.exception.CommonException;

import com.evelopers.unimod.core.stateworks.Event;

import com.evelopers.unimod.runtime.EventProvider;

import com.evelopers.unimod.runtime.ModelEngine;

import com.evelopers.unimod.runtime.context.StateMachineContextImpl;

public class ScreenEventProvider implements EventProvider ({

/**



* @unimod.event.descr Restart button was pressed
*/
public static final String E1 = "el";

/**
* @unimod.event.descr Stop/Start button was pressed
*/

public static final String E2 = "e2";

/**
* @Qunimod.event.descr Slower button was pressed
*/

public static final String E3 = "e3";

/**
* @unimod.event.descr Faster button was pressed
*/

public static final String E4 = "e4";

/**
* @unimod.event.descr Program was terminated
*/

public static final String E5 = "eb";

/**
* @unimod.event.descr Food configuration type was selected
*/

public static final String E6 = "e6";

public void init (ModelEngine engine) throws CommonException {

}

public void dispose () {

}
}
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