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BBepeHue

Jlnist aropuTMH3AIMKA U TPOTPaMMHUPOBAHUS 33124 JIOTUYECKOTO YIpaBlieHUs Oblia MpeaoKeHa
SWITCH-TexHosiorusi, = Ha3BaHHas  TaKX€  «aBTOMAaTHOE€  MPOTPaMMHUPOBAHUE»  WIIHU
«IIPOrpaMMHUPOBAHUE C SBHBIM BBIICICHUEM coCTOsiHUI [1]. B manpHelmem 3TOT moaxoxa Obul
pa3BUT Ui OOBEKTHO-OPHEHTHUPOBAHHBIX CHCTEM W Ha3BaH «OOBEKTHO-OPUEHTHPOBAHHOE
POrpaMMHUPOBAHUE C SBHBIM BBIJEIICHHEM COCTOSHUI. [1oapoOHO ¢ yKa3aHHBIM TMOJIXOJIOM H C

IIPUMEPAaMHU €r0 UCII0Ib30BaHUs MOKHO O3HAKOMUTHCS Ha caifte http://is.ifmo.ru.

SWITCH-texnosorust ymobHa Jis  3ajad  yhopaBjieHHs, Korja Tpedyercs oO0eclednTh
MPpaBHUJIIbHOCTb U HAACKHOCTH MNPOrpaMMbI HUJIK MPONHECCa YIIPABJIICHHUA HCKOTOPBIM TCXHUYCCKUM
0o0BekTOM. J[OCTOMHCTBAMHU pacCMaTpPUBAEMOW TEXHOJIOTHU SIBJISIIOTCS [EHTpaM3aIus |
MPO3PavyHOCTh JIOTHKH YIPaBJICHUSA. ODTOMY CIIOCOOCTBYET TakXe OTKpPBITas MpPOCKTHas

nokymenTanus (http://is.ifmo.ru, pazaen «IIpoexTsi»).

B nmaHHOM mpoekTe paccMaTpUBaeMBbIi MOAXOJ MPUMEHSIETCS B JIPYroil 00IacTH — sl CO3JaHMs
OTKPBITOTO TPOEKTa, IOBTOPSIOUIETO MO (YHKIMOHAIBHBIM BO3MOXHOCTSAM HIpy «3Meika»

(«ITutony) [2].

PaccmarpuBaemas urpa CylecTBEeHHO MpoIIe, YeM, Harmpumep, urpa «Robocode» [3], u moatomy

NOAXOOUT IJid MEPBOHAYAIIBHOI'O 3HAKOMCTBA C aBTOMATHBIM CTUJIEM IIPOrpaMMUPOBAHUA [4]

B mpumepe [utsi onmcaHus MOBEIECHUST UTPHI TIOCTPOCHO IIECTh aBTOMATOB (aBTOMAT YITPABJICHHUS
UTPOH, aBTOMAT YIPaBJICHHUS 3MEHKOW W YeThIpe OJHOTHUITHBIX aBTOMAaTa, OOECTICUMBAFOIIMX
MepPEeMEIIeHUsT 3MEHKH, - 110 OJIHOMY Ha KaXkJI0€ BO3MOXHOE HAIpaBJICHHE: BBEPX, BHHU3, BIIPABO,
BIIeBO). ClieryeT 3aMeTUTh, 4TO rpadbl MEPEX0I0B BCEX IIECTH AaBTOMATOB SIBIISTIOTCS TIAHAPHBIMH,

qTo CHOCO6CTBy€T UX HArIaaHoOCTH.

Jlnst peanu3anuy MpoekTa ObUT BBIOpPAaH sA3bIK Java, Tak Kak OH IMO3BOJISIET CO3/aBaTh aIUIeTHI,
yaoOHBIE ISl UCTIONB30BaHMs B ceTH Internet. BmecTte ¢ TeM, JaHHBIN amjieT MOXKET 3aIycKaThesl U

KaxKk aBTOHOMHOC€ JCZVCI—HpI/IJIO)KCHI/Ie.


http://is.ifmo.ru
http://is.ifmo.ru

1. MocTaHOBKa 3agaum

B nanHOM mpoexTe 175 Urpbl «3MelKa» IPUHATHI CIEIYIONINE TpaBua:

3Melika (YHopsIOueHHBIM HaOOp CBSI3aHHBIX 3BEHBEB C SIBHO BBIACJICHHBIMM KOHIIAMH —
roJIOBOM M XBOCTOM) MepeABuraercs no nojwo 15 x 15;

B Ha4ajie Urpbl 3MelKa COCTOUT U3 OJHOTO 3BEHA;

HepeMelIeHne 3MEeHKM COCTOMT B J00aBIEHHH OJHOTO 3BEHAa K €€ TrojioBe B TpedyeMoM
HaIpaBJICHUH (B HAIIPABJIEHUHU €€ JIBM)KEHHUS) U yIAJIEHUU OJIHOTO 3BE€HA XBOCTA;

€CJIM IIPU MEPEMEIICHUN 3MENUKH €€ I0JI0BAa HAThIKAEeTCs Ha MPENsATCTBUE (3MEIKa HAThIKAETCs
Ha ce0s WM Ha TpaHMILy 110Js1), TO UIpa IPOUTPaHa;

B KaXJblii MOMEHT BPEMEHM HAa MTPOBOM IIOJIE€ HAaXOJUTCS €/1a, 3aHMMAIoIlas OJHY KJIETKY
HOJIS;

€CJIM IMpPU TEPEMELICHUU ToJoBa 3MEHKHM HATBhIKaeTcs Ha €1y, TO 3MEeHKa €€ «ChelaeT» M
BbIpacTaeT Ha OJHO 3BEHO, a JUIs BBINOJHEHUS MpeAblAyIIero IpaBuja Ha IOJE B
IIPOU3BOJIBHOM CBOOOJHOM MECTE aBTOMATUUYECKU MOSIBISETCS] HOBAsI OPILUS €/1bI;

BBIUTPBIIT COCTOUT B JOCTHIKCHUU 3MEUKOM JUIMHBI B TPUALATH JIBa 3BCHA.



2. UHTephenc

WuTepdeiic urpsl A IByX BapUaHTOB peajn3alliyl Moka3aH Ha puc. 1 m 2. Ha stux pucyHkax

KJICTKa 3€JICHOT'0 IBCTA — €/1a.

Puc. 1. Urpa «3Mmeiika» kak aBTOHOMHOE Puc. 2. Urpa «3Melikay Kak amjier

MPUITIOKCHUE

B3anmMopelicTBuE ¢ MOJIb30BATENIEM OCYIIECTBISETCS CIECAYIOIIUM 00pa3oM:

e HampaBJCHHE JBWKEHHS MOXHO M3MEHATH MPU TIOMOIIIH KJIaBHII TIepeMeIneHus kypcopa. Ecium
MEXy ABYMS TOCJEIOBATEIbHBIMU TepEeMEIIeHUsIMH ObLI0 HaXKaTo 0oJiee OJHOM KIIABUIIH
nepeMeIIeHus: Kypcopa, TO OHH 00pabaThIBalOTCS B TOM MOPSIKE, B KOTOPOM OBLITN Ha)KaThI;

e B 10001 MOMEHT MOYKHO Ha4aTh UTPY 3aHOBO, HA)KaB KHOMIKY Enter, IPUOCTAHOBUTH TEKYIIYIO
UTpY, HaXaB KHOMIKY Pause unm BO30OHOBUTH €€, HaxaB KHOIIKY Space bar;

e KOIJa Urpa pUOCTaHOBIIEHA, BBIBOAUTCS TeKCT «PAUSEDY;

e B Cilyyae MOPaXeHHs BHIBOJUTCS TEKCT «Game overy;

e B ciyyae mooezp! BeIBOAUTCs TeKCT «Congratulations!y.



3. Peanusauun

Bce miecte aBTOMAaToOB HMHKAICYJIMPOBAHBI B OTHENBHBIX KjaccaxX, yHAcleJIOBaHHBIX OT OOIIEro
npenka. ITo AaeT BO3MOXXHOCTb MPOU3BOJIUTh HEKOTOPBIE MOBTOPSIOLINECS AEUCTBUS (Takue, Kak
MpOBEpKa peeHTepadbeIbHOCTH, IPOTOKOJIMPOBAHNE, MHULIMANIN3a1Ks) Oe3 moBTOpeHus koaa. bonee
TOTO, TPU TOJXOJE, CYThb KOTOPOTO H3JIOK€Ha HWXKe, (YHKIIMOHHPOBAHHWE aBTOMATOB, OMPOC
BXOJHBIX TIEPEMEHHBIX M (OPMHUPOBAHHWE BBIXOJHBIX BO3ICUCTBUN  MPOTOKOIUPYIOTCS

ABTOMATHYCCKMU.

Crnenyer Takke OTMETUTb, YTO 3MeEHKa MPEACTaBiISeT COOON JMHEHHYIO CTPYKTYpY HAaHHBIX,
peammmsytomnyto mpuHin «FIFO» («First In — First Outy - «llepBeiM mpuinen — MepBbIM
o0CITy)XeH»), TO €CTh OodYepe/lb. JTa OdYepelb «IepPeBepHYTa» (3BEHBS IOOABISIOTCS B TOJIOBY
3MEMKHU, KOTOpasi IpU ATOM SIBJISIETCSI XBOCTOM OY€ped, U HA00OPOT — XBOCT 3MEHKHU SIBIISIETCS

T0JIOBOM ouepes, MOCKOJIbKY OTTY/Ia TPOUCXOAUT U3BATUE 3BEHBEB MPHU NIEPEMEIICHUN 3MEHKN).



4. Nepapxusa Knaccos

Ha puc. 3 npuBezeHa ynpolleHHas [uarpaMmma Kiaccos.

WHTepdeiic
Mpotokon
(Log)
Knacc
Knace (Aﬁ;m?;n) Knace
BbixogHoe Bo3gencTaue BxogHas nepemMeHHas
(Action) (Sensor)
Knaccbl Knaccbl
KOHerTHbIe BbIXOAHbIE BO3,C|eI7ICTBI/Iﬂ KOHerTHbIe BXOAHble NepeMeHHble
(z_nn) (x_n)
Knaccbl
KoHKpeTHble aBToMaThbl
(A_n) J>
Knacc
Urpa
(Game)

Puc. 3. Ynpomennas quarpaMMa Kiaccos

B stom MPOCKTC MOKHO BBIACIUTH TPHU ITOJIMHOKECTBA KIIACCOB.

1. Knaccel, obecrieunBaromye B3auMOACHCTBHE aBTOMATOB, OTIPOC BXOJHBIX TMEPEMEHHBIX U
(dhopMHUpPOBaHNE BBIXOIHBIX BO3ICHCTBUN.

2. Kiaccel, ofecneunBaromue (QyHKIMOHAIBHOCTh 3MEHKH (TepeMelieHne, MpOBepKa
caMoOIlepeceYeHUs WM MEePEeCeUEHUs TPAaHUIbl UTPOBOTO TOJIS U T. 11.).

3. Kuaccel, o0ecnieunBaronne B3auMoIeHCTBUE C TIOJIb30BaTeneM (HHTepQeic).

Kaxxnas BxoqHAs TepeMEeHHAsl BBIJICJICHA B KJIACC, YHACJIECIOBAHHBIM OT aOCTPAKTHOTO Kiacca
Sensor. Kaxmoe BBIXOJHOE BO3JICHCTBHE BBIJEIICHO B KIACC, YHACIECIOBAHHBIM OT aOCTPAaKTHOTO
Kiacca Action. VI, HakoHeI, KaXK/bli1 aBTOMAT BBIJICJIEH B OTACJIbHBINA KJIACC, YHACIEAOBAHHBIN OT

abcTpakTHOTO Kacca Automaton.

JUia  peanu3anuu MEpPBOTO IOJMHOXKECTBA KJIAcCOB (JIOTMKM UIPbI) MPEJIOKEH MaTTepH
IMPOCKTUPOBAHHA, B KA4YCCTBC KOTOPOTO IMpEeMIara€rCda HCII0Jb30BaTh IMPUBCACHHYIO BbIIIC
VIOPOLIEHHYIO JauarpamMmy KiaccoB. OCOOEHHOCTBIO 3TOr0 IMarTepHa SBISETCA TO,  4YTO
aOcTpakTHBIe KJaccel Sensor, Action M Automaton yMeEOT BO3BpalllaTh CBOU YHHKAJIbHBIC

UACHTU(PHUKATOPHI KIIAcCy, KOTOPBIH HX BBI3BIBACT.



Knacc Automaton conepXuT CTpyKTYpbl JaHHBIX TUIAa «OTOOpaxkeHue» (Map) /sl aBTOMATOB,
BXOJIHBIX TIEPEMEHHBIX U BBIXOJHBIX BO3ICHCTBUH, MPEIOCTABIISA YAIOOHYIO BO3MOKHOCTh BBI30Ba
aBTOMAaTOB, OINpPOCAa BXOJHBIX NEPEMEHHBIX WM OCYIIECTBICHHUE BBIXOJHBIX BO3JICHCTBUN
OJTHOBPEMEHHO ¢ MpOoTOKOoJIMpoBaHueM. Hanpumep, B kinacce Automaton eCTh METOM JJISl BBI30BA
aBTOMara (TakuM 00Opa3oM, pealu3yroTcs BbI3bIBaeMble aBTOMathl). [lapamerpom 3TOr0 Meronaa
ABIISIETCSI OOBEKT JIFOOOTO THIMA, KOTOPHIH CIY)KUT YHUKAIBHBIM HACHTU(PHUKATOPOM aBTOMaTa (B
YaCTHOCTH, 3TO MOXET OBITh CTPOKa, TaK KaK OHa sBisieTcss 00bekToM Tumna String). Ilo aTomy
00BEKTY U3 KOJUIEKIIMU-0TOOPAKEHUSI aBTOMATOB MOKHO M3BJIEYb HEOOXOIUMBIN aBTOMAT, 3aHECTH
€ro HIACHTU(UKATOP B MPOTOKOJ W OCYIIECTBUTH BBI30B aBTOMAaTa, OTIPAaBUB €My 3aJaHHOE
coObITHE. DTO OOBSCHSETCS TeM, 4YTO S3BIK Java TpeAocTaBiseT ynoOHBI WHTepdeiic s
npeoOpa3oBaHust JTOOOT0 00BEKTa B CTPOKOBYIO (GOpMY, a MIACHTU(DUKATOP SBISETCS OOBEKTOM H,

TaKUM 00pa3oM, TaK:Ke MOXKET OBITh MPeoOpa3oBaH B CTPOKOBYIO (hOpMY.
To xe camoe OTHOCHUTCS U K BXOJHBIM IEPEMCHHBIM U BXOIHBIM BO3IICI>1CTBI/I$IM.

Takum o0Opa3zoMm, Bce, 4TO HEOOXOAMMO CHAENATh JUIsl OOeCIeueHUss BO3MOXKHOCTH YyIOOHOTO
HpOTOKOJII/IpOBaHI/ISI — 39TO HpI/I HWHHUIIUAJIN3allu aBTOMATa HepeHaTB eMy TpI/I KOJUJICKIIUU O6’I)CKTOB
(HpOCTBIe HHHCﬁHBIe MaCCI/IBI)I), coz[epn(aunxle CCBIJIKM Ha BCE€ BJIOXKCHHBIC 1 BBI3BIBACMBIC

ABTOMAThI, BXOJHBIC MIEPEMECHHBIC U BBIXOJHBIC BOSIICﬁCTBI/ISI.

Kpome Toro, B kmacce Automaton peanu3oBaHa IPOBEpKa Ha IOBTOPHYIO BBI3BIBAEMOCTD
(peenTepabeNbHOCTE) [5]. DTO OCYIIECTBISETCS IMyTeM XpaHeHus ¢uiara running — WHIAKATOPA
TOTO, YTO aBTOMAaT B JAaHHBI MOMEHT oOpalaThIBaeT HEKOTOopoe coObiTHe. [Ipu modydeHuu
COOBITHSI, B TIEPBYIO OYEPE/ib, YCTAHABIMBACTCS ATOT (hjar, MOCIe STOTO BBI3BIBACTCS (YHKIIHS-
obpabotunk handleEvent (mepekpbiBaeMass B TIOTOMKax kiacca Automaton), a 3areMm

OCYIICCTBJIACTCA IPOBEPKA, UBMCHUJICA JIX HOMEP COCTOAHHA.

IIpn HEOOXOIMMOCTH BBIMIOJIHSIOTCS HEOOXOAMMBIE NEHCTBUS B HOBOM COCTOSIHUU (VIS 3TOTO
UCIIOJIb3YETCSl METOJ  enterState, TIEPEKpbIBa€MbIi B IOTOMKax). Takod MOAXOA JaeT
3HAYUTEIbHYI0 THOKOCTP B HAmUCaHMM M OTJIAAKE KOJa, TaK KaK Tepexoabl TaKxke

MIPOTOKOJIMPYIOTCSI aBTOMATUYECKU (B Kiacce Automaton).

Cpean kiaccoB, obOecrmeyuBarOMMX (DYyHKIIMOHAIBHOCTh 3MEHKM, TJIABHYIO POJb UIPAeT KIiacce
Game, arperupyrouuii Bc€ aBTOMAaThl, NMUIIy M 3Meiiky. Kpome 3Toro, oH XpaHMT ouepenb

HaXXaThIX KJIaBUIII.

10



HepeLII/ICJII/IM KJIaCcChI B3aUMOJICHCTBHSA C II0JIb30BaTEICM.

1. Knacc SnakeApplet, otnuyarouuiics TeM, YTO OH peaJM3yeT BO3MOXKHOCThH 3aIlycKa

MPUIIOKEHUS KaK B pOpMe aruiera, Tak U B aBTOHOMHOM (opme.

2. MHOXeCTBO aHOHUMHBIX BHYTPEHHHX KJIaccoB (Hampumep, Aias 0OpaOOTKH COOBITHI
KJIaBUATYpBl, 715 BbI30Ba aBTOMara A0 mo Tailmepy, A NEPEPUCOBKU U MUTAaHUS T'OJOBBI

3MEUKH).

CBs3b aBTOMAaTOB U KJIACCOB B3aUMOJICHCTBHUS C MOJIb30BaTeIeM OCYIICCTBJIACTCA MOCPEACTBOM

YK€ yIOMSIHYTOTr0 Kiacca Game, KOTOPBIUA arperupoBaH B kiacc SnakeApplet.

11
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01.
11.
21.
31.

41

5. O6o3HayeHue cobbiTUM (€)

CpaboTan o0muii Taiimep.
Bo0300HOBUTE UTpY.
[IpuocranoBUTH UTDY.

Hauarts HOBYIO Hrpy.

6. O6o3Ha4YeHne BXoAHbIX NepeMeHHbIX (X)

3Meiika AOCTUTIJIA IJIMHBI B TPUALATH JIBA 3BCHA.

CraTyc sSTUeMKH CBEPXY OT I'0JIOBBI 3MEUKH.
Craryc siueiiku crpaBa OT TOJIOBBI 3MEHKH.
CraTyc SsYeKH CHU3Y OT I'OJIOBBI 3MEMKHU.

Craryc siueiiku cieBa OT TOJIOBBI 3MEHKH.

Cratyc nocneaHei Ha)XxaTol KHOTIKY HalpaBJIeHUs.

7. O603Ha4YeHne BbIXOAHbIX BO3AEUCTBUM (2)

WHunmanuszanus Urpsl.
Jl0GaBHUTh 3B€HO CBEPXY OT T'OJIOBBI 3MEHKH.
Jlo6GaBHUTH 3BEHO CIpaBa OT T'OJIOBBI 3MEUKH.

JloGaBUTH 3B€HO CHU3Y OT T'OJIOBBI 3MEUKH.

. 1o0aBUTH 3BEHO ClieBa OT TOJIOBBI 3MEHKH.
50.
51.

Vaaautb 3B€HO ¢ XBOCTa 3MEHKH.

VY panuTh cTapyro ey M co3/1aTh HOBYIO Ha CBOOOTHOM MOJI€.
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8. ABtomart «Mrpa» (A0)

CrnoeecHoe onucaHue

ABTOMAT yIpaBIeHUS UTPOBBIM MporieccoM B menoMm. OH obecreunBaeT BO3MOXHOCTh HayaTh
HOBYIO UTPY WM IMPUOCTAHOBUTH TCKYIIYIO. ABTOMAT Tak)ke OTCJIECKUBAET YCJIOBUS OKOHYAHUA
HI'PBL. Ecmm 3melika BhIIIA 3a rpaHULbl UTPOBOT0 IIOJI MU MEPCCCKIIA ce6;1, TO BBIBOAUTCA
cooOmieare 00 OKOHYAHWM WTPHI, a €CIIM JIMHA 3MEHKH JOCTUTJIAa JIUHBI B 32 3BEHA, TO

BBIBOAUTCS IMO3PAaBJICHUC.

DTOT aBTOMAT UMEET YeThIpe cocTostHus: «Mrpa B mpouecce», «rpa npuocranosienay, «Ilodena»

u «Ilopaxxenue».

OcHoBHOE cocTosiHue aBToMara — «rpa B mporuecce». B 3ToM cocTossHUM ITPOBEPSETCs YCIOBHE
moOensl (JUTMHA 3MEWKH COCTaBJIsieT 32 3BEHA), U B CIy4ae €ro BBIIIOJHEHHS OCYIIECTBISCTCS
nepexon B cocrosinue «[lobema». B cioydae mopakeHus (3Meilika HATOJNKHYIAch Ha ceOs WM
IepeceKiia YCIOBHYIO T'PAaHUIly UTPOBOTO IOJIA, O YEM CHTHAJIM3UPYET aBTOMAaT «3Meika» (A4)5),
NepeXodlui MpU ATOM B cOCTOsIHME «['MOenp»), OCYIIECTBISAETCS MEpPeXo]] B COCTOSIHHE
«Topaxxenue». Ecnu HM OTHO M3 BBILIETIEPEYUCIEHHBIX YCIOBUM HE MPOU3OILIO, TO IO TaMepy
(coObiTHe e)) ocymecTBIsieTcs: BBI3OB aBToOMara «3melka» (A45) ¢ coOwsituem el. Ilpu
BO3HUKHOBEHUU coObITUS «lIprocTaHOBUTH UTrpy» (€2) OCYLIECTBISIETCS MEPEX0J B COCTOSIHHE

«Hrpa npruocTaHOBICHaY.

B cocrosiHnn «rpa npruoCcTaHOBIIEHa» HE OCYLIECTBIISIETCS HUKAKUX JEHMCTBUM, 10 TEX MOp, IMOKa
He Oymer monydeHo coObiTHe «Bo3oOHOBUTE wurpy» (el). Ilpu ero BO3HUKHOBEHHH
OCyILIECTBIIsIETCS nepexo] B coctossHue «Mrpa B mpoueccey», onucanHoe Boie. Kpome atoro, Bo
BCEX COCTOSIHMSIX JIaHHOTO aBTOMaTa IpH BO3HMKHOBEHUHM coObITusl «HauaTh HOByIO urpy» (e3)
OCYILIECTBIISIETCS BBINOJIHEHUE e cTBUA «HMIIManu3anus urpb» U nepexos B cocrosuue «Mrpa B

MpoLEeCCe».

B cocrosamsx «Ilo6ena» u «I[lopaxxkenne» oOpabaTbiBaeTcs TOIBKO COOBITHS €3 .
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Cxema ces3el

Ha puc. 4 npuBenena cxema cBs3eil aBromara A(), onuchIBaromas ero HHTepderc.

A0
3melika gocturna onmHbl B 32 3BeHa WHnunanmsauus
3meinka x0 z01 3meinka
Epa
AsTomar A5 3menika mepTBa i
«3meltkar» y5 ==
Tanvep
O6paGoTauk CpaboTtan obwuii Tarimep
cobbITnit e0 Cpabotan obwwmit Taiimep AsTomar A5
Bo306HOBUTL Mrpy €0 «3merikay
el
MpuocTaHoOBUTL UrPY
e2
HauaTtb HoBytO Mrpy
e3
Puc. 4. Cxema cBs3eit apTomarta AQ
pagh nepexodoe

Ha puc. 5 npusenen rpag nepexonoB aBromata 40.
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0. Urpa B npouecce ‘

el 4: e2

3. MopaxeHue (1 Wrpa anOCTaHOBneHa

Puc. 5. I'pa¢ nepexonoB aBTomara AQ
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9. ABTomart «[lBmxxeHne sepx» (A1)

CrnoeecHoe onucaHue

ABTOMAT OCYHIECTBIISIET TPOJBUKEHHE 3MEUKH BBEPX 3a CUET JO00ABICHHUS 3BEHA CBEPXY OT

T'OJIOBBI 3MEUKHU.

Ecnu sueiika Hax rojoBOM 3MEMKHM IIyCTa, TO 3BEHO C XBOCTAa 3MEWKHM YIAISEeTCs, 4TO IpHU

BHU3YyaJIM3allUU CO3ACT UIIJIFO3UI0 JBUKCHUA 3MEHUKH.

Ecnu suelika Hax rog0BOM 3MEHKHM COAEPKUT IHINY, TO 3BEHO C XBOCTA 3MEUKHU HE YAAIAETCS, YTO

IIpH BU3yaJin3allvn CO30aCT UJUIFO3UT0 POCTa 3MEHUKH.

Ecnu siaeiika Has TOJIOBOM 3MEHKH OTCYTCTBYET (IpaHHIIA MOJIs) JINOO CONEPIKUT 3BEHO 3MEUKH, TO

OCYIIIECTBIISIETCS TIepeXo] B cocTosiHue «[ mbempy - urpa OKOHYEHA.

Cxema ces3el

Ha puc. 6 npuBenena cxema cBsizeit apTomara 4 1.

A1 [o6aBnTb 3B€HO CBEPXY OT rOMoBbI
Aueiika ceBoboaHa 3menkn
x1==0 z11
o o . 3wveiika
CTraTyc s4evikm Ayeitka cogepXuT nuLLy Ypanute 3BEHO C XBOCTa 3MENKU

CBEpXY OT roriosb! x1==1 z50

3meikn YHUUTOXUTL CTapyto edly u cosnatb

Aueiika cogepxut npenaTcTene HOBYI0 Ha cBOGOAHOM none
x1==2 z51 Ena

Puc. 6. Cxema cBsaseit aBTomata Al

pagh nepexodoe
Ha puc. 7 npuBenen rpad nepexo1oB aBTomata 41.

X1 == x1 ==

z:11; 51 z: 11; 50

0. [BmxeHune BBEPX 1. T'benb

y

Puc. 7. I'pad mepexomnos aBromara Al
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10. ABToMaT «[lBuxeHue Bnpaso» (A2)

CrnoeecHoe onucaHue

ABTOMAT OCYIIECTBIISIET MPOJBMKCHHUE 3MEHKH BIpPABO 3a CUET JOOABIIEHUS 3BEHA CIpaBa OT

T'OJIOBBI 3MEUKHU.

Ecnm sueiika crpaBa OT IOJOBBI 3MEHKH IIyCTa, TO 3BEHO C XBOCTA 3MEWKHU yIAJISAETCs, YTO NpHU

BHU3YyaJIM3allluU CO3HACT UIIJIFO3UTI0 ABUKCHUA 3MEHUKH.

Ecnu siyeiika cripaBa OT TOJIOBBI 3MEMKH COACPKUT IUILY, TO 3BEHO C XBOCTA 3MENKH HE yIAISAETC,

YTO MPY BU3YaIN3AIMU CO3/1aeT MILUTIO3UIO POCTa 3MEHKH.

Ecnu sgeiika crpaBa OT TOJOBBI 3MEWKH OTCYTCTBYET (TpaHHIIA TIOJIsI) JTUOO COJCPIKUT 3BEHO

3MEHKH, TO OCYIIECTBIISIETCS epexo1 B cocTosiHue «I mbenby - urpa OKOHYEHa.

Cxema ces3el

Ha puc. 8 npuBenena cxema csizeit apromara 42.

A2 [o6aenTb 3BEHO Crpasa OT rorosbI
Aueiika cBoboaHa 3menkn
x2==0 z21
o o . 3wveiika
CTraTyc a4evikm Ayeitka cogepXuT nuLLy Ypanute 3BEHO C XBOCTa 3MENKN

crnpasa OT rofioBb! x2 ==1 z50

3meikn YHUUTOXUTL CTapyto edly u cosnatb

Aueiika cogepxut npenaTcTene HOBYI0 Ha cBOGOAHOM none
x2==2 z51 Ena

Puc. 8. Cxema cBs3eii aBTomata A2

pagh nepexodoe
Ha puc. 9 npusenen rpad nepexo1oB aBTomata 42.

X2 == X2 ==

z:21; 51 z: 21; 50

‘ X2 ==

0. [BwxeHue BNpaBo 1. T'benb w

Puc. 9. I'pad mepexomos aBromara A2
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11. ABTOoMaT «[1BMxxeHne BHU3» (A3)

CrnoeecHoe onucaHue

ABTOMAT OCYIIECTBIISICT IPOIBMKEHUE 3MEHKN BHU3 32 CUET JI0OOABIICHUS 3B€HA CHU3Y OT TOJIOBBI

3MEUKHU.

Ecnn syeiika CHU3Y OT IOJIOBBI 3MEWKHU ITYCTa, TO 3BEHO C XBOCTA 3MEHKM YNAJsAeTCs, 4TO INpHU

BHU3YyaJIM3allluU CO3HACT UIIJIFO3UTI0 ABUKCHUA 3MEHUKH.

Ecnu siueiika CHU3Y OT T'OJIOBBI 3MEHKH COAEPIKUT IHIIY, TO 3BE€HO C XBOCTA 3MEUKHU HE yIaJseTCs,

YTO NP BH3YaIN3aIMU CO3/1aeT MILUTIO3UIO POCTa 3MEHKH.

Ecnu siueiika CHU3Y OT TOJIOBBI 3MEWKH OTCYTCTBYeT (TpaHHIIA TMOJsI) JTUOO COJEPIKHUT 3BEHO

3MEHKH, TO OCYIIECTBIISIETCS Tepexo1 B cocTosiHue «I mbenby - urpa OKOHYEHa.

Cxema cesi3el

Ha puc. 10 npuBeneHa cxema cBsa3eil aBTomara A43.

A3 [106aB1Tb 3BEHO CHWU3Y OT rOMOBbI
Auveika csoboaHa 3Melkn
x3==0 z31
Aveii y . 3velika

CTaTyC ayeiiku CHU3Y Yeunka CoOAepXUT nuLly . AannTb 3BEHO C XBOCTa 3MENKN

- x3 ==1 z50
OT ronioBbl 3MENKU
YHUUTOXWTL CTapylo edy 1 cosgatb
Aueiika cogepxut npenaTcTene HOBYI0 Ha cBOGOAHOM none
x3 ==2 z51 Epa

Puc. 10. Cxema cBs3eii aBTomata A3

pagh nepexodoe
Ha puc. 11 npuBenen rpad nepexomoB aBTomara A3.

x3 == x3 ==

z: 31; 51 z: 31; 50

‘ X3 ==

0. [BmxeHne BHU3 1. T'benb w

Puc. 11. I'pad nepexonoB aBTomara A3
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12. ABToMmarT «[1BuXXeHue Bneso» (A4)

CrnoeecHoe onucaHue

ABTOomar OCYIICCTBJIACT NPOJABUKCHUC 3MEUKH BJICBO 3a CUET Z[O6aBJIeHI/I$I 3BC€HA CJICBA OT I'OJIOBBI

3MENKHU.

Ecnu sueiika cieBa OT TOJIOBbl 3MEHKM IyCTa, TO 3BEHO C XBOCTA 3MEWKH yJalseTcs, 4TO IpHU

BHU3YyaJIM3alluU CO3HACT UIIJIFO3UI0 ABUKCHUA 3MEHUKH.

Ecnm Auelika cieBa OT rOJIOBBI 3MEMKU COJAEPKUT IUILY, TO 3BEHO C XBOCTA 3MEHKH HE yJaJseTCs,

YTO NP BH3YaIN3aIMU CO3/1aeT MILUTIO3UIO POCTa 3MEHKH.

Ecnu sigeiika cieBa OT TOJOBBI 3MEHKH OTCYTCTBYeT (TpaHUIA TOJIs) JHOO COJNEPKHUT 3BEHO

3MEUKH, TO OCYIIECTBIISIETCS Tepexo1 B cocTosiHue «I mbenby - urpa OKOHYEHa.

Cxema ces3el

Ha puc. 12 npuBesneHa cxema cBsa3eil aBTomara 4A4.

A4 [lo6aBuUTb 3BEHO CrieBa OT rososbi
Aueiika ceBoboaHa 3menkn
x4 ==0 z41
o o . 3wveiika

CTraTyc s4evikm Ayeitka cogepXuT nuLLy Ypanute 3BEHO C XBOCTa 3MENKU

crnesa OT rornosbl x4 ==1 z50
3meikmn YHUUTOXUTL CTapyto edly u cosnatb
Aueiika cogepxut npenaTcTene HOBYI0 Ha cBOGOAHOM none
x4 ==2 z51 Ena

Puc. 12. Cxema cBs3eii aBTomata A4

pagh nepexodoe
Ha puc. 13 npusenen rpad nepexomoB aBTomara A4.

x4 == x4 ==

z: 41; 51 z:41; 50

0. [BmxeHue BNeBo 1. M'vbenb

y

Puc. 13. I'pad nepexonos aBTomara A4
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13. ABTOomMaT «3menka» (AS5)

CrnoeecHoe onucaHue

OCHOBHOI aBTOMAT, pealu3yOLUi JOTUKY yIpaBiaeHUs 3MeUKOW. OH sBIIE€TCS TaKTUPOBAHHBIM
(CMHXpPOHHBIM), TaK Kak BbI3bIBaeTCA TOJbKO H3 aBToMara «Urpa» (4A0) mpu BO3HUKHOBEHHMH

cobwrtst «CpaboTai obmuii Taitmepy (e0).

W3 HavaabHOrO COCTOSIHMSI aBTOMaTa BO3MOXEH Iepexoj (110 Ha)XaTHIO KJIaBUIIM MEepEeMEIeHUs
Kypcopa) B J1r000e U3 COCTOSHUHN «/[BrkeHne BBepx», «JIBmkeHUe BIpaBoy, «JIBHKEHUE BHU3Y,
«/IBmxenue BieBO». B yKa3aHHBIX COCTOSIHMSIX OCYIIECTBISETCS BBI30B COOTBETCTBYIOLIUX
aBTomaToB (41, A2, A3 u A4, COOTBETCTBEHHO), KOTOPbIE U PEAIN3YIOT NPOABHKEHHUE 3MelKH. B

caMoM aBTOMate «3Melikay HUKAaKHe BBIXOHBIE BO3ACHCTBUS HE (DOPMUPYIOTCS.

N3 cocTosiHust, COOTBETCTBYIOIIETO ABUKEHUIO B HEKOTOPOM HAIPABICHUH, €CTh IEPEXO bl TOJIBKO
B T€ COCTOSIHUSI JBMXKECHMSI, KOTOPbIE JOMYCTUMBI TIO MPaBUjIaM UTPHI (I 3TOTO, COOCTBEHHO, U
co3JlaH 3TOT aBTOMar). Kpome TOoro, U3 KakJIoro COCTOSTHUS JIBM)KEHUS €CTh MEPEX0/ B COCTOSIHUE
«'ubenby. YcioBUEM Takoro mnepexoja SIBJISETCS MPOBEpPKAa COCTOSHUS COOTBETCTBYIOIIETO

BbI3BIBACMOT'O aBTOMATa.

Cxema ces3el

Ha puc. 14 npuBesneHa cxema cBsa3eil aBTomara A435.
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A5

Tpenka BBepx Tan MiA Taim
Ctpenka BBep: . CpaboTtan obw anvep AsTomar Al
x5 == e0
«[lBuxeHne BBepx»
CTtpenka BnpaBo 5 o o0 CpaboTtan obwuii Tarimep AsTomar A2
CraTyc nocnegHen «[lBuxKeHne BNpaBo»
HAXATOM KHOMKiA CTpenka BHU3 CpaboTan obwumin Taime
HanpasneHus P x5 == 3 €0 P i P AsTomar A3
«[BmXeHne BHU3»
Tpenka Bnes Tan MiA Taim
Ctpernka Bneso . CpaboTtan o6w anvep AsTomaT Ad
x5 == e0
«[lBuxeHne Bneso»

3melka norvbna

AsTomart A1 y1 ==
«[BUXEHNE BBEPX»
AsTomat A2 3melka norvbna y2 ==
«[lBuxeHne BnpaBo»
Merika nornon:
AsTomat A3 Smelika norubna y3 ==
«[ABWKEHNE BHU3»
Merika nornon:
AsTomat A4 Suefika norvbna 4om 1
«[lBUKEHNE BNEBO» y
CpaboTtan obwuii Tarimep
AsTtomat A0 «/rpa» e0

Puc. 14. Cxema cBs3eii aBTomata AS

pagh nepexodoe

Ha puc. 15 npusenen rpad nepexomoB aBTomara A5.
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4. OBunxeHune Bneso

&0
A1(0)

()

‘ 1. OBuxeHne BBepx w

x5 ==

0. PoxpgeHne

x5 ==2

2. OsuxeHne BnNpaso ‘

x5 ==

A
‘ 3. [BuxeHne BHU3 w

y3 ==

5. 'vbenb

Puc. 15. I'pad nepexonoB aBromara AS

22




3aknrJyeHue

JlaHHBIN TTOIX0]T IO CPABHEHUIO C TPATUITMOHHBIM 00JIaaeT PSIIOM MPEUMYIIECTB:

e BCs JIOTHMKA YNpPaBJICHHUS LEHTPAIM30BaHa B IIECTH aBTOMAaTaX, KOTOPHIE SBISAIOTCS
TUTAHAPHBIMH, YTO YIPOIIAET UX TOHUMaHUE;

® KOJ IporpaMMsl n3oMopdeH rpady nepexoaoB u cepTu(GUIUPOBaH (BEIBEPEH IO MPOTOKOIAM);

e mporpamma yuTabeNbHa U JIETKO MOAU(UIIpyeMa;

® TaK Kak BCs JIOTHKA YIIPABJICHUS pealn30BaHa aBTOMaTaMH, TO, UCIOJIB3YS JAHHYIO MTPOEKTHYIO

AOKYMCHTAIIUIO, HUI'PY MOKHO PC€ajin30BaTh arrapaTHo.

B mpunosxenun 1 nmpuBeneH gpparMeHT MOJIHOTO MPOTOKOJIA 3aIyCKa UTPhI, a B MPUIOKEHUN 2 —

HUCXOJHBIC TCKCTHI IPOTrpaMMBI.
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MpunoxeHune 1. PparMeHT NpoToKona padoTbl

{ Automaton AO has started processing event e0 in state 0.

> An examination of input variable x0 has returned 0 in state 0 of
AQ automaton.

{ Automaton A5 has started processing event e0 in state 0.

> An examination of input variable x5 has returned 0 in state 0 of
A5 automaton.

} Automaton A5 has finished processing event e0 in state 0.
} Automaton AO has finished processing event e0 in state 0.
{ Automaton AO has started processing event e0 in state 0.

> An examination of input variable x0 has returned 0 in state 0 of
AQ automaton.

{ Automaton A5 has started processing event e0 in state 0.

> An examination of input variable x5 has returned 2 in state 0 of
A5 automaton.

* Automaton A5 switched from state 0 to state 2.

} Automaton A5 has finished processing event e0 in state 2.
} Automaton AO has finished processing event e0 in state 0.
{ Automaton AO has started processing event e0 in state 0.

> An examination of input variable x0 has returned 0 in state 0 of
AQ automaton.

{ Automaton A5 has started processing event e0 in state 2.
{ Automaton A2 has started processing event e0 in state 0.

> An examination of input variable x2 has returned 0 in state 0 of
A2 automaton.

< Action z21 has occurred in state 0 of A2 automaton.
< Action z50 has occurred in state 0 of A2 automaton.
} Automaton A2 has finished processing event e0 in state 0.

> An examination of input variable x5 has returned 0 in state 2 of
A5 automaton.

} Automaton A5 has finished processing event e0 in state 2.

} Automaton AO has finished processing event e0 in state 0.
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{ Automaton AO has started processing event e0 in state 0.

> An examination of input variable x0 has returned 0 in state 0 of
AQ automaton.

{ Automaton A5 has started processing event e0 in state 2.
{ Automaton A2 has started processing event e0 in state 0.

> An examination of input variable x2 has returned 0 in state 0 of
A2 automaton.

< Action z2l1 has occurred in state 0 of A2 automaton.
< Action z50 has occurred in state 0 of A2 automaton.
} Automaton A2 has finished processing event e0 in state 0.

> An examination of input variable x5 has returned 0 in state 2 of
A5 automaton.

} Automaton A5 has finished processing event e0 in state 2.
} Automaton AO has finished processing event e0 in state 0.
{ Automaton AO has started processing event e0 in state 0.

> An examination of input variable x0 has returned 0 in state 0 of
AQ automaton.

{ Automaton A5 has started processing event e0 in state 2.
{ Automaton A2 has started processing event e0 in state 0.

> An examination of input variable x2 has returned 0 in state 0 of
A2 automaton.

< Action z2l1 has occurred in state 0 of A2 automaton.
< Action z50 has occurred in state 0 of A2 automaton.
} Automaton A2 has finished processing event e0 in state 0.

> An examination of input variable x5 has returned 3 in state 2 of
A5 automaton.

* Automaton A5 switched from state 2 to state 3.

} Automaton A5 has finished processing event e0 in state 3.
} Automaton AO has finished processing event e0 in state 0.
{ Automaton AO has started processing event e0 in state 0.

> An examination of input variable x0 has returned 0 in state 0 of
AQ automaton.
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{ Automaton A5 has started processing event e0 in state 3.
{ Automaton A3 has started processing event e0 in state 0.

> An examination of input variable x3 has returned 0 in state 0 of
A3 automaton.

< Action 2z31 has occurred in state 0 of A3 automaton.
< Action z50 has occurred in state 0 of A3 automaton.
} Automaton A3 has finished processing event e0 in state 0.

> An examination of input variable x5 has returned 0 in state 3 of
A5 automaton.

} Automaton A5 has finished processing event e0 in state 3.

} Automaton AO has finished processing event e0 in state 0.
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MpunoxeHue 2. UcxoaHble TEKCTbI

SnakeApplet.java

import java.util.*;
import java.applet.*;
import java.awt.*;

import java.awt.event.*;

/*

<applet
code = "SnakeApplet"
archive = "snake.jar"
width = "400"
height = "400"

>

<param

name="1log"
value="0:none; l:none; Z2:none; 3:none;
>
<param
name="cell"
value="Images/cell.gif"
>
<param
name="unit"
value="Images/unit.gif"
>
<param
name="head"
value="Images/head.gif"
>
<param
name="food"

value="Images/food.gif"
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>
<param
name="paint-delay"

value="10"

>

<param
name="blink-delay"
value="0"

>

<param
name="handling-delay"
value="250"

>

<param
name="font-face"
value="Times New Roman"

>

<param
name="font-style"
value="BOLD"

>

<param
name="font-size"
value="20"

>

<param
name="paused"
value="PAUSED"

>

<param
name="game-over"
value="Game Over"

>

<param
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name="congratulations"
value="Congratulations!"
>

</applet>*/

/**
* The main class of the project. Can be run either as
* an applet or as an application.

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
*/
public final class SnakeApplet extends Applet {

/**
* Game parameters, their descriptions and default

* values.
*/

private static final LinkedHashMap parameters;

/**

* A boolean flag useful to maintain blinking, if
* necessary.

*/

private boolean drawHead = true;

/**
* A boolean flag indicating whether the program
* is running as an applet or as an application.
*/

private boolean isApplet = true;

/**
* Timer that is useful to maintain event handling,

* blinking and repainting.
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*/

private Timer timer

/**

null;

* This object is useful to implement

* double buffering.
*/

private Image screenBuffer

/**

null;

* The picture of an empty cell.

*/

private Image cell

/**
* The picture of the
*/

private Image food

/**
* The picture of the
*/

private Image unit

/**
* The picture of the
*/

private Image head

/**

* The font which all
* with.

*/

private Font font

null;

cell containing food.

null;

snake unit.

null;

snake head.

null;

game messages are written

null;
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/**

* Game in progress.

*/
private Game game = null;
static {
parameters = new LinkedHashMap () ;

parameters.put (
"log-"’
new Stringl[]{

"O:all; 1:al1ll; 2:all; 3:all; 4:all; 5:all",

"A combination of pairs like <automaton-id>:" +
"<what-to-log>, separated by semicolons. " +
"<What-to-log> is either any combination of " +

"the following strings: \"input\", " +
"\"action\", \"begin\", \"switch\", \"end\"" +
" or the string \"all\", which is " +
"corresponding to all situations described " +
"above, or the string \"none\", which means " +
"that no log for that automaton should be " +
"generated.",

"The desired content of log."

)
parameters.put (
"cell",
new Stringl[]{
"Images/cell.gif",
"File",
"Filename of the image containing " +

"cell picture."
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parameters.put (
"unit",
new Stringl[]{
"Images/unit.gif",
"File",
"Filename of the image containing " +

"snake unit picture."

)
parameters.put (
"head",
new Stringl[]{
"Images/head.gif",
"File",
"Filename of the image containing " +

"snake head picture."

)
parameters.put (
"food",
new Stringl[]{
"Images/food.gif",
"File",
"Filename of the image containing " +

"food picture."

)
parameters.put (
"paint-delay",
new Stringl[]{
"io",
"int",

"Delay (in milliseconds) between repaints."
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)
parameters.put (
"blink-delay",
new Stringl[]{
non,
"int",
"Time (in milliseconds) during which snake " +

"head remains hidden or shown."

)
parameters.put (
"handling-delay",
new Stringl[]{
"250",
"int",
"Delay (in milliseconds) between " +

"processing events."

)
parameters.put (
"font-face",
new Stringl[]{
"Times New Roman",
"String",

"The name of the font."

)
parameters.put (
"font-style",
new Stringl[]{
"BOLD",
"String",
"The style of the font."
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)
parameters.put (
"font-size",
new Stringl[]{

"2Q",

"int" ,

"Size (in points)

)
parameters.put (
"paused",
new Stringl[]{
"PAUSED",

"String",

of the font."

"The string to be displayed in pause mode."

)
parameters.put (
"game-over",
new Stringl[]{

"Game Over"

"String",

"The string to be displayed when

"is over."

) ;

parameters.put (

"congratulations",

new Stringl[]{

"Congratulations!",

"String",

"The string to be displayed when

"is won."

the game " +

the game " +



) ;
} //static

/%
* This method is useful when this program is
* running as an application.
*/
public static void main(String[] args) {
final Frame frame = new Frame ("Snake");
final SnakeApplet applet= new SnakelApplet();
frame.add (applet) ;
Point center =
GraphicsEnvironment.
getLocalGraphicsEnvironment () .
getCenterPoint () ;
frame.setBounds (
center.x - 200,
center.y - 200,
400,
400
)
frame.setResizable (false);
frame.addWindowListener (
new WindowAdapter () {
public void windowIconified(WindowEvent e) {
applet.stop()
} //windowIconified
public void windowDeiconified (WindowEvent e) {
applet.start ()
} //windowDeiconified
public void windowClosing (WindowEvent e) {
applet.stop()
applet.destroy();

e.getWindow () .dispose () ;
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System.exit (0) ;
} //windowClosing
} //WindowAdapter
); //addWindowListener
applet.isApplet = false;
applet.init();
frame.show () ;
applet.start();

} //main

/**
* Initializes the applet. Must be called only once.
*/
public void init () {
setBackground (Color.lightGray) ;
addKeyListener (
new KeyAdapter () {
public void keyPressed (KeyEvent e) {
switch (e.getKeyCode ()) {
case KeyEvent.VK UP:
game. keyPressed (1) ;
break;
case KeyEvent.VK RIGHT:
game. keyPressed(2) ;
break;
case KeyEvent.VK DOWN:
game. keyPressed(3) ;
break;
case KeyEvent.VK LEFT:
game. keyPressed (4) ;
break;
case KeyEvent.VK PAUSE:
game.pause () ;

break;
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case KeyEvent.VK SPACE:
game.resume () ;
break;
case KeyEvent.VK ENTER:
game.newGame () ;
break;
} //switch
} //keyPressed
} //KeyAdapter
); //addKeyListener
if (isApplet) {
cell =
getImage (
getCodeBase (),
getParameter ("cell")
) ;
unit =
getImage (
getCodeBase (),
getParameter ("unit")
) ;
head =
getImage (
getCodeBase (),
getParameter ("head")
) ;
food =
getImage (
getCodeBase (),
getParameter ("food")
)
} else {
cell =
Toolkit.
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getDefaultToolkit ().
getImage (getParameter ("cell"));
unit =
Toolkit.
getDefaultToolkit ().
getImage (getParameter ("unit"));
head =
Toolkit.
getDefaultToolkit ().
getImage (getParameter ("head")) ;
food =
Toolkit.
getDefaultToolkit ().
getImage (getParameter ("food")) ;
} //if-else
int style = Font.PLAIN;
if(
getParameter ("font-style").
toUpperCase () .
indexOf ("BOLD")

style |= Font.BOLD;
if(
getParameter ("font-style").
toUpperCase () .
indexOf ("ITALIC")

style |= Font.ITALIC;
font =

new Font (
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getParameter ("font-face"),
style,

Integer.parselnt (getParameter ("font-size")

) ;
game =
new Game (this);

} //init

/**
"* Starts an applet.
* Called every time the applet becomes active (e.g. main frame
is deiconified).
*/
public void start() {
requestFocus () ;
timer = new Timer (true);

timer.scheduleAtFixedRate (

new TimerTask () {
public void run () {
repaint () ;
} //run
}, //TimerTask
1,

Integer.parselnt (getParameter ("paint-delay"))
); //scheduleAtFixedRate
if(
Integer.
parselnt (

getParameter ("blink-delay")
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timer.scheduleAtFixedRate (

new TimerTask () {
public void run() {
drawHead = !drawHead;
} //run

}, //TimerTask
1,
Integer.parselnt (getParameter ("blink-delay"))
); //scheduleAtFixedRate
y //1f
timer.scheduleAtFixedRate (
new TimerTask () {
public void run () {
game.deliverEvent (0) ;
} //run
}, //TimerTask
1,
Integer.parselnt (getParameter ("handling-delay"))
); //scheduleAtFixedRate
} //start

/o
* Stops applet's execution.
* Called every time the applet isn't active
* (e.g. 1f main frame is iconified).
*/

public void stop () {
timer.cancel () ;
timer = null;

} //stop

/**
* Paints the game field, snake, food and any

* necessary messages.

41



* @param g Graphics context to paint on.
*/
public void paint (Graphics g) {
int width = getWidth();
int height = getHeight();
if (screenBuffer == null)
screenBuffer = createlImage (width, height);
Graphics buff = screenBuffer.getGraphics();
buff.setClip (0, 0, width, height);
buff.clearRect (0, 0, width, height);
for(int i = 0; i1 < Game.height; i++) {
for(int j = 0; j < Game.width; J++) {
buff.drawImage (
cell,
j*width/Game.width,
i*height/Game.height,
width/Game.width,
height/Game.height,
this
)
} //for
} //for
buff.drawImage (
food,
game.getFood () .getX () *width/Game.width,
game.getFood () .getY () *height/Game.height,
width/Game.width,
height/Game.height,
this
)
if(
drawHead ||
game.isPaused() ||

game.isLost () ||
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game.isWon ()
) A
Cell cell = game.getSnake () .getHead()
buff.drawImage (
head,
cell.getX () *width/Game.width,
cell.getY () *height/Game.height,
width/Game.width,
height/Game.height,
this
) ;
b//1f
for(int i = 0; i1 < game.getSnake().size() - 1; i++) {
Cell cell = game.getSnake () .get (i);
buff.drawImage (
unit,
cell.getX () *width/Game.width,
cell.getY () *height/Game.height,
width/Game.width,
height/Game.height,
this
) ;
} //for
if (game.isPaused()) {
draw3DString (
buff,
Color.gray,
getParameter ("paused™)
) ;
bo//1f
if (game.isLost ()) {
draw3DString (
buff,

Color.red,
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getParameter ("game-over")

) ;

y //if
if (game.isWon ()) {
draw3DString (
buff,

Color.blue,
getParameter ("congratulations")

) ;
Y //1if

g.drawImage (screenBuffer, 0, 0, null);
buff.dispose();

} //paint

/**
* Updates part of the applet's area.

* @param g Graphics context to paint on.
*/
public void update (Graphics g) {
if(g !'= null) {
paint (g) ;
b//1f
} //update

/**

* Draws the given string using the specified color
* @param g Graphics context to draw the string on.

* @param color The color to draw the string with.

* @param string The string to be drawn.

*/

public void draw3DString (Graphics g, Color color,

String string) {
Color oldColor = g.getColor();

Font oldFont = g.getFont();

44



g.setFont (font) ;
final FontMetrics fm = g.getFontMetrics();
int width = fm.stringWidth (string);
int height = fm.getHeight () ;
g.setColor (Color.lightGray);
g.fill3DRect (
getWidth() / 2 - width,
getHeight () / 2 - height,
width * 2,
height * 2,

true

g.setColor (color.black);

g.drawString (

string,
(getWidth() - width) / 2 + 1,
(getHeight () + fm.getAscent()) / 2 + 1

g.setColor (color.white);

g.drawString (string,
(getWidth() - width) / 2 - 1,
(getHeight () + fm.getAscent()) / 2 - 1

g.setColor (color);

g.drawString (

string,
(getWidth () - width) / 2,
(getHeight () + fm.getAscent()) / 2

)
g.setColor (oldColor) ;
g.setFont (oldFont) ;

} //draw3DString

/**

45



* Returns the value of the parameter with
* the given key.
* @param key The name of the parameter.
*/

public String getParameter (String key) {
String value = null;

if (isApplet) {

value = super.getParameter (key);
y //1f
if (value == null) {
value = ((String[])parameters.get (key)) [0];
y //1f
if (value == null) {
throw new RuntimeException ("Parameter " + key +

" not found.");
y //1if
return value;

} //getParameter

/**
* Returns the map which keys are automata IDs and
* values are logging options.
@param parameter The name of parameter containing
* log options.
@return HashMap containing logging options for
* every automaton specified in "log" parameter
*/
public HashMap getlLoggingOptions (String parameter) {
HashMap result = new HashMap();
StringTokenizer automataParser =
new StringTokenizer (

getParameter (parameter),
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while (automataParser.hasMoreTokens ()) {
StringTokenizer logParser =

new StringTokenizer (

automataParser.nextToken () .trim(),
maow
)
try {
String id = logParser.nextToken () .trim();
int options = 0;

StringTokenizer logOptions =
new StringTokenizer (

logParser.nextToken () .trim(),

while (logOptions.hasMoreTokens ()) {

String option =

logOptions.
nextToken () .
trim() .
toLowerCase () ;
if (option.equals ("input")) {
options |= Log.LOG INPUT;
} else if (option.equals("action")) {
options |= Log.LOG ACTION;
} else if (option.equals ("begin")) {
options |= Log.LOG BEGIN;
} else if (option.equals("switch")) {
options |= Log.LOG SWITCH;
} else if (option.equals ("end")) {
options |= Log.LOG END;
} else if (option.equals("all"™)) {
options =

Log.LOG INPUT |
Log.LOG ACTION |
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Log.LOG _BEGIN |
Log.LOG_SWITCH |
Log.LOG END;

} else if (option.equals ("none")) {
options = 0;

} else {
throw

new RuntimeException (
"Invalid syntax of " + parameter +
" parameter."
); //RuntimeException
} //ladder if
} //while
result.put (id, new Integer (options));
} catch (NoSuchElementException e) {
throw
new RuntimeException (
"Invalid syntax of " + parameter +
" parameter."
); //RuntimeException
} //try-catch
} //while
return result;

} //getLoggingOptions

/**
* Returns the information about applet's

* parameters.

*/
public String[][] getParameterInfo () {
String[][] buffer =

new String[parameters.size()][];
Set keys = parameters.keySet();

Iterator i = keys.iterator();

48



int j = 0;

while (i.hasNext ()) {
buffer[j] = new String[3];
buffer[j][0] = (String)i.next();

buffer[j][1] =
((String [])parameters.get (buffer[j]1([0]))[1];
buffer[j][2] =
((String [])parameters.get (buffer[j]1[0]))[2];
J++;
} //while
return buffer;

} //getParameterInfo

/**
* Returns the string describing the applet.
* @return the string describing the applet.
*/
public String getAppletInfo() {
return "Snake Applet v1.0\n" +
"Created by Victor Sapunkov " +

"(mailto:sapunkov@rain.ifmo.ru) in 2004.\n" +

"Obeys to Open Software Documentation " +
"regulations.";

} //getAppletInfo

} //class definition
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Game.java

import java.awt.Point;

import java.util.*;

/**

* This class implements the game in general.

* Aggregates all automata, the snake, the food and
* the keys pressed.

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
*/

public final class Game ({

/**
* The width of the game field, in units.
*/

public static final int width = 15;

/**
* The height of the game field, in units.
*/

public static final int height = 15;

/**
* The owner of the game.
*/

private SnakeApplet owner = null;

/**
* AQ0 automaton which is used to control the general

* state of the game.
*/
private A0 a0 = null;
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/**
* Al automaton
*/

private Al al =

/o
* A2 automaton
* right.

*/
private A2 a2z =

/**
* A3 automaton
* down.
*/

private A3 a3 =

/o
* A4 automaton
* left.

*/
private A4 a4 =

/**

* A5 automaton

* of the snake.

*/
private AL5 ab =

/**

* Snake object.

*/

private Snake snake =

which is used to move the snake up.

null;

snake

the

which 1s used to move

null;

snake

the

which 1s used to move

null;

snake

the

which 1s used to move

null;

which implements the general motion

null;

null;
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/**
* Food object
*/

private Food food = null;

/**
* The queue of the pressed keys.
*/

private Queue key = null;

/**
* Creates a new game with the given owner.
* @param owner The owner of the game.
*/

public Game (SnakeApplet owner) {

this.owner = owner;
init();
} //Game
/**
* Initializes the game.
*/
public void init () {
Automaton[] a = {
a0 = new A0(),
al = new Al (),
a2 = new A2(),
a3 = new A3(),
ad = new A4 (),
ab = new Ab5()
Yio //all
Sensor[] s = {

new x0 (this),
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new x1 (this),
new x2 (this),
new x3(this),
new x4 (this),
new x5 (this)
Yi //sl]
Action[] z = {
new z01l (this),
new zl1l1l (this),
new z21 (this),
new z31 (this),
new z41l (this),
new z50 (this),
new z51 (this)
Yoo //z (]
for(int i = 0; i < a.length; i++) {
HashMap log options =
owner.getLoggingOptions ("log") ;
alil.init(a, s, z);
if (log options.containsKey(a[i].getID())) {
a[i] .enableLogging (((Integer)log options.get (
ali].getID())) .intValue());
b//1f
} //for
snake = new Snake();
food = new Food(this);
key = new Queue();

} //init

/**
* Returns the link to food currently in the game.
* @return the link to food currently in the

* current game.

*/
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public Food getFood() {
return food;

} //getFood

/**
* Returns the link to snake currently in the game.
* @return the link to snake currently in the
* current game.
*/
public Snake getSnake () {
return snake;

} //getSnake

/**
* Returns the link to the owner of the game.
* @return the link to the owner of the
* current game.
*/
public SnakeApplet getOwner () {
return owner;

} //getOwner

/**
* Dispatches the given event amongst automata.
* (@param event The event to be dispatched.
*/
public void deliverEvent (int event) {
try |
al0.wake (event) ;
} catch (AutomatonkException e) {
throw new RuntimeException (e);
} //try-catch

} //deliverEvent
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/**
* Adds the pressed key to the queue.
* @param id The ID of the key to add.
*/
public void keyPressed(int id) {
int last key;
try {
last key = ((Integer)key.peek(key.size() - 1)).
intValue () ;
} catch (QueueException e) {
last key = 0;
} //try-catch
if (last key != id) {
key.enqueue (new Integer (id));
y //1f
} //keyPressed

/**
* Returns the ID of the pressed key to be handled
* and removes it from the queue.
* @return the ID of the pressed key to handle.
*/
public int getKey () {
try {
return ((Integer)key.dequeue()) .intValue();
} catch (QueueException e) {
return 0;
} //try-catch
} //getKey

/**
* Disposes of the old food and creates a new one.
*/

public void eatFood () {
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food = new Food(this);

} //eatFood

/**
* Returns true if the game is paused.
* @return boolean value which is true when the game
* is paused.
*/
public boolean isPaused() {
return alO.getState() == 1;

} //isPaused

/**
* Returns true if the game is lost.
* @return boolean value which is true when the game
* is lost.
*/
public boolean isLost () {
return alO.getState() == 3;
} //isLost

/**
* Returns true if the game is won.
* @return boolean value which is true when the game

* is won.

*/
public boolean isWon () {
return alO.getState() == 2;
} //isWon
/**
* Resumes the game if it was paused.
*/
public void resume () {
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try {
al0.wake (1) ;
} catch (AutomatonkException e) {
throw new RuntimeException (e);
} //try-catch

} //resume

/**
* Pauses the game.
*/
public void pause () {
try {
al0.wake (2) ;
} catch (AutomatonkException e) {
throw new RuntimeException (e);
} //try-catch
} //pause

/**
* Starts a new game.
*/
public void newGame () {
try {
al0.wake (3) ;
} catch (AutomatonkException e) {
throw new RuntimeException (e);
} //try-catch

} //newGame

/**
* Returns the string representation of the game.
* @return String representating the game state.
*/

public String toString() {
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return
"AQ: "
"Al: "
"AZ2: "
"A3: "
"A4: "
"A5: "
"Snake:
"Food: "

} //toString

a0 +
al +
az +
a3 +
a4 +
ab +
snake +
food;

} //class definition

"
"
"
o
o
o

H\nH
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Cell.java

import java.util.Random;

/**
* A simple class encapsulating a cell of an
* integer-valued grid.

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
*/
public class Cell {

/**
* Random seed.
*/

private static Random rand = new Random() ;

/**
* Coordinates of the cell.
*/

private int x, y;

/**
* Creates a new cell. Must not be used directly.
* @see #Cell (int x, int vy)
*/

protected Cell () {

} //Cell

/**

* Creates a new cell with given coordinates.
* @param x X-coordinate of the new cell

* @param y Y-coordinate of the new cell

*/
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public Cell (int x, int y) {

this.x = x;
this.y = y;
} //Cell
/**

* Moves the cell randomly inside the specified
* bounds.
* @param maxX Maximum value for the X-coordinate.
* @param max¥Y Maximum value for the Y-coordinate.
*/

protected void reroll (int maxX, int maxY¥Y)

rand.nextInt (maxX) ;

X
y = rand.nextInt (maxY);

} //reroll

/**
* Returns X-coordinate of the cell.
* @return X-coordinate of the cell.
*/

public int getX () {
return x;

} //getX

/**
* Returns Y-coordinate of the cell.
* @return Y-coordinate of the cell.
*/

public int getY () {
return y;

} //getY

/**

* Returns hash code for this cell.
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* @return an int value containing the hash code
* for this cell.
*/
public int hashCode () {
return x + y;

} //hashCode

/**
* Checks whether two cells are equal or not.
* @param obj A cell to compare this one with.
* @return a boolean value which is true when the
* given cell is equals to this one.
*/
public boolean equals (Object obj) {
if (this == obj) {
return true;
bo//if
if (obj instanceof Cell) {

Cell cell = (Cell)obj;
return (cell.getX() == x) && (cell.getY() == vy);
b//1f
return false;
y //1f

/**
* Returns the string representation of the cell.
* @return the string representation of the cell.
*/

public String toString() {
return "(" + x + ", "+ vy + "M";

} //toString

} //class definition
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Food.java

/**
* A simple class encapsulating food that is placed
* randomly on a free cell of the game field.

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
*/
public final class Food extends Cell {

/**
* A cell where this food 1is located.
*/

private Cell cell;

/**
* Creates a new food. Must not be used directly.
* @see #Food(Game owner)

*/

protected Food () {

} //Food

/**
* Creates a new food with the given owner.
* @param owner The owner of the food being created.
* Used for preventing the food to appear inside
* the snake.
*/
public Food(Game owner) {
for(;;) {
reroll (owner.width, owner.height);
if ('owner.getSnake () .covers (this)) {
break;

Y //1if
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} //for
} //Food

/**
* Provides a string representating this food.
* @return a string representating this food.
*/

public String toString() {
return "Food in " + super.toString();

} //toString

} //class definition
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Queue.java

import java.util.*;

/**
* Conventional queue based on {@link LinkedList Linked List}

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
* @see java.util.LinkedList Linked List
*/

public final class Queue {

/**
* The very container this queue held in.
*/
private LinkedList queue = null;
/**
* Creates a new empty gueue.
*/
public Queue () {
queue = new LinkedList () ;
} //Queue
/**

* Creates a queue containing exacltly the same
* objects as the given one.
* @param queue The queue to be copied to a new one.
*/
public Queue (Queue queue) {
this.queue = new LinkedList (queue.queue);

} //Queue

/**
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* Checks whether the queue is empty.
* @return a boolean value which is true when the
* queue 1s empty.
*/
public boolean empty () {
return (queue.size () == 0);

} //empty

/**
* Clears the queue so that it is empty after this
* method is invoked.
*/
public void clear () {
queue.clear () ;

} //clear

/**
* Returns the number of elements currently in the
* queue.
* @return int value containing the quantity of
* elements currently in the queue.
*/
public int size () {
return queue.size();

} //size

/**
* Returns the object at the given index.

* @param index index of the object to be retreived.

*

@throws QueueException when the index is out of
* range (e.g. index 1is negative or exceeds the
* queue size).
*/

public Object peek(int index) throws
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QueueException {
try |
return queue.get (index) ;
} catch (IndexOutOfBoundsException e) {
throw new QueueException (this);
} //try-catch
} //peek

/**
* Inserts a given object to the tail of the queue.
* (@param o Object to be enqueued.
*/
public void enqueue (Object o) {
gueue.addLast (o) ;

} //enqueue

/**
* Extracts an object from the head of the queue.
* @return The extracted object.
* @throws QueueException when the queue is empty.
*/
public Object dequeue () throws Queuekxception {
try {
return queue.removeFirst () ;
} catch (NoSuchElementException e) {
throw new QueueException (this);
} //try-catch

} //dequeue

/**
* Provides the String representation of this
* queue.

* (@return String representation of this queue.

*/
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public String toString() {
return queue.toString();

} //toString

} //class definition
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QueueException.java

/ * %

* Queue exception to be thrown when an illegal
* operation with the queue is caused.

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
*/

public final class QueueException extends Exception {

/**
* Link to a queue this exception was caused by.
*/

private Queue queue= null;

/**
* Creates a new QueueException.
* @param queue The queue that caused this
* exception.
*/

public QueueException (Queue queue) {
this.queue = queue;

} //QueueException

/**
* Returns the string representation of this
* exception.
* @return The string containing the description of
* this exception.
*/
public String toString() {
return "Exception in queue" +
((queue != null)? " " + queue : "");

} //toString
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} //class definition
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Snake.java

/ * %
* Snake class encapsulates some primary operations
* with the snake.

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
*/

public final class Snake {

/**
* The queue where the snake is held.
*/

private Queue snake;

/**
* Creates a snake which is consistent from the only
* unit.
*/
public Snake () {
snake = new Queue() ;

add (new Cell(7,7));

} //Snake

/**
* Returns the length of the snake, in units.
* @return int value - the length of the snake.
*/

public int size () {

return snake.size();

} //size

/**

* Returns the cell where snake head is.
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* @return Cell where snake head is.
*/
public Cell getHead() {
if(size() == 0) {
throw new RuntimeException ("Attempt to access"+
" snake head when the snake is empty."):;
b //if
return get(size() - 1);

} //getHead

/**
* Cuts out one unit from the tail of the snake.
*/
public void removeTail () {
try {
snake.dequeue () ;
} catch (QueueException e) {
throw new RuntimeException (e);
} //try-catch

} //removeTail

/**
* Inserts a unit at the head of the snake.
* @param cell The cell to insert.
*/
public void add(Cell cell) {
snake.enqueue (cell) ;

} //add

/**
* Returns the cell where the snake unit with the
* given index is.
* @param index Points to a certain snake unit.

* @return the cell where the snake unit with the
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* given index is.
*/
public Cell get (int index) {
try {
return (Cell)snake.peek (index) ;
} catch (QueueException e) {
throw new RuntimeException (e);
} //try-catch
} //get

/**
* Checks whether the given cell is covered by the
* snake.
* @param cell The cell to check.
* @return a boolean value which is true when the
* given cell is covered by the snake.
*/
public boolean covers (Cell cell) {
try {
for(int i = 0; i < snake.size(); i++) {
if (cell.equals (snake.peek(i))) {
return true;
y //1f
} //for
return false;
} catch (QueueException e) {
throw new RuntimeException (e);
} //try-catch

} //covers

/**
* Returns string representing the snake.

* @return string representing the snake.

*/
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public String toString() {
return snake.toString();

} //toString

} //class definition
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Log.java

/**
* Log interface. Provides constants and declarations
* that are useful for logging.

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
*/

public interface Log {

/%
* Bit mask indicating the necessity of logging the
* beginning of event handling.

*/
int LOG_BEGIN = 0x01;

/**

* Bit mask indicating the necessity of logging the
* state switching.

*/

int LOG_SWITCH = 0x02;

/%
* Bit mask indicating the necessity of logging the
* ending of event handling.

*/
int LOG END = 0x04;

/**

* Bit mask indicating the necessity of logging the
* examination of sensors.

*/

int LOG INPUT = 0x08;
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/**

* Bit mask indicating the necessity of logging the
* carrying-out of actions.

*/

int LOG_ACTION = 0x10;

/**
* This method is useful to check whether the given
* cases are to be logged or not.
* @param what Bit mask of the cases to check
* logging of.
* @return a boolean value which is true when
* logging of the given cases 1is enabled.
*/
public boolean isLoggingEnabled(int what) ;

/**
* This method is useful to enable logging of some
* desired cases.
* @param what Bit mask of the cases to enable
* logging of.
*/
public void enablelogging (int what) ;

/**
* This method is useful to disable logging of some
* undesired cases.
* @param what Bit mask of the cases to disable
* logging of.
*/
public void disablelogging (int what) ;

/**

* This method is useful to log the given string.
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* @param s The String object to be logged.
* (@see #err
*/

public void log(String s);

/**

* This method is useful to log the given string.
* @param s The String object to be logged.

* @see #log

*/

public void err(String s);

/%
* This method is useful to log the beginning of

* processing the given event.

* @param e an int ID of the event the beginning of
* processing of which is being logged.

*/

public void begin(int e);

/**

* This method is useful to log the ending of

* processing the given event.

* @param e an integer ID of the event the ending
* of processing of which is being logged.

*/

public void end(int e);

/**

* This method is useful to log an examination of a
* sensor with the given ID.

* @param id Object identifying the sensor

* examination of which is being logged.

* @param value The value of the sensor with the
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* given ID.
*/
public void input (Object id, int value);

/**
* This method is useful to log the carrying-out of
* an action with the given ID.
* @param id Object identifying the action
* carrying-out of which is being logged.
*/
public void action (Object id);

/**

* This method is useful to log the switching of

* the state.

* @param old state an integer value containing the
* previous state of the automaton.

*/

public void trans (int old state);

} //interface definition
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Automaton.java

import java.util.*;

/**

* Ancestor of all automata. Provides a powerful
* framework for logging and checking reentrance
* violations.

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
*/

public abstract class Automaton implements Log

/**
* Current state of the automaton.
*/

protected int state = 0;

/**
* The bit mask containing logging options.
*/

private int log = 0;

/**

* A flag indicating whether this automaton is
* running at the moment or not.

* Useful to detect reentrance violations.

*/

private boolean running = false;

/**
* Significant part of the pattern.
* The map containing links to automata that are to

* be used within this one.
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*/

private HashMap a = null;

/**

* Significant part of the pattern.

* The map containing links to sensors that are to
* be used within this automaton.

*/

private HashMap x = null;

/**

* Significant part of the pattern.

* The map containing links to actions that are to
* be used within this automaton.

*/

private HashMap z = null;

/**
* Initializes the automaton as a part of the
* pattern.
* @param a An array of automata that are to be used
* within this one.
* @param x An array of sensors that are to be used
* within this automaton.
* @param z An array of actions that are to be used
* within this automaton.
*/

public void init (Automaton[] a, Sensor[] x,

Action[] z) {

this.a new HashMap (a.length);

this.x = new HashMap (x.length);

this.z = new HashMap (z.length);
for(int i = 0; i < a.length; i++) {

this.a.put(al[i].getID(), alil);
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} //for

for(int i = 0; i < x.length; i++) {

this.x.put (x[1].getID(), x[i]);
} //for

for(int i = 0; i < z.length; i++) {

this.z.put(z[1i].getID(), z[i]);
} //for

} //init

/**

*

*

*

*

Returns the object representating the ID of this
automaton.
@return Object representating the ID of this

automaton.

*/
public abstract Object getID();

/**

*

*

*

*

Returns the number of the current state of this
automaton.
@return int value containing the number of current

state.

*/
public int getState() {

return state;

} //getState

/**

*

The method that provides a convenient way to wake
another automaton.

@param id object identifying the automaton to be

wakened.

@param e int ID of an event to wake the automaton

with.
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*/
public void a(Object id, int e) throws
AutomatonException {

((Automaton)a.get (id)) .wake (e) ;
Y //a

/**
* The method that provides a convenient way to
* examine a sensor with the given ID.
* @param id object identifying the sensor to be
* examined.
* @return int value of the given sensor.
*/

public int x(Object id) {
int result = ((Sensor)x.get(id)) .getValue();
input (id, result);
return result;

} o/ /x

/**
* The method that provides a convenient way to
* examine a state of the automaton with the given ID.
* @param id object identifying the automaton whose
* state is to be examined.
* @return int value containing the number of the
* current state of the given automaton.
*/
public int y(Object id) {
return ((Automaton)a.get(id)) .getState();
Y /)y

/**
* The method that provides a convenient way to

* carry out an action with the given ID.
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* @param id object identifying the action to be
* carried out.
*/
public void z (Object id) {
action (id);
((Action)z.get (id)) .carryOut () ;
y //z

/**
* Callback method that is invocated when an
* automaton is wakened with the given event.
* @param e int ID of an event to wake automaton
* with.
* @throws AutomatonException in case of an
* undetermined state of an automaton.
*/
public abstract void handleEvent (int e) throws

AutomatonException;

/**
* Callback method that is invocated when an
* automaton changes its state.
* @throws AutomatonException in case of an
* undetermined state of an automaton.
*/

public abstract void enterState() throws

AutomatonException;

/**

* The method that provides a safe way to wake an
* automaton with the given event.

* @param e int ID of an event to wake automaton
* with.

* @throws AutomatonException in case of an

82



* undetermined state of an automaton or when the
* reentrance violation takes place.
*/
public synchronized void wake (int e) throws
AutomatonException {
if (running) {
err ("Reentrance violation occurred in " +
"automaton A" + getID() + ", which was in" +
" state " + state + " during processing " +
"event e" + e + ".\n");
throw new AutomatonException (this);
bo//if
running = true;
begin (e) ;
int old state = state;
handleEvent (e) ;
if (state != old state) {

trans (old state);

enterState () ;
b//1f
end (e) ;
running = false;
} //wake

/**
* This method is useful to enable logging of some
* desired cases.
* @param what Bit mask of the cases to enable
* logging of.
*/
public void enablelLogging (int what) {
log |= what;
} //enableLogging
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/**
* This method is useful to disable logging of some
* undesired cases.
* @param what Bit mask of the cases to disable
* logging of.
*/
public void disablelLogging (int what) {
log &= ~what;
} //disableLogging

/**
* This method is useful to check whether the given
* cases are to be logged or not.
* @param what Bit mask of the cases to check
* logging of.
* @return a boolean value which is true when
* logging of the given cases 1is enabled.
*/
public boolean isLoggingEnabled(int what) {
return ((log & what) == what);

} //isLoggingEnabled

/o
* This method is useful to log the beginning of
* processing the given event.
* @param e an int ID of the event the beginning of
* processing of which is being logged.
*/
public void begin(int e) {
if (isLoggingEnabled (LOG BEGIN))
log("{ Automaton A" + getID() + " has started " +
"processing event e" + e + " in state " +
state + ".");

} //begin
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/**
* This method is useful to log the ending of
* processing the given event.
* @param e an integer ID of the event the ending
* of processing of which is being logged.
*/
public void end(int e) {
if (isLoggingEnabled (LOG_END) )
log ("} Automaton A" + getID() +
" has finished processing event e" + e +
" in state " 4+ state + ".");

} //end

/**
* This method is useful to log an examination of a
* sensor with the given ID.
* @param id Object identifying the sensor
* examination of which is being logged.
* @param value The value of the sensor with the
* given ID.
*/
public void input (Object id, int value) {
if (isLoggingEnabled (LOG INPUT))
log ("> An examination of input variable x" +
id + " has returned " + value + " in state " +
state + " of A" + getID() + " automaton.");

} //input

/**

* This method is useful to log the carrying-out of
* an action with the given ID.

* @param id Object identifying the action

* carrying-out of which is being logged.
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*/
public void action(Object id) {
if (isLoggingEnabled (LOG ACTION) )
log ("< Action z" + id + " has occurred in " +
"state " + state + " of A" + getID() +
" automaton."m);

} //action

/**
* This method is useful to log the switching of the
* state.
* @param old state an integer value containing the
* previous state of the automaton.
*/
public void trans (int old state) ({
if (isLoggingEnabled (LOG_SWITCH) )
log("* Automaton A" + getID() + " switched " +
"from state " + old state + " to state " +
state + ".");

} //trans

/**
* This method is useful to log the given string.
* @param s The String object to be logged.
* @see ferr
*/

public void log(String s) {
System.out.println(s);

} //log

/**

* This method is useful to log the given string.
* @param s The String object to be logged.

* @see #log
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*/
public void err (String s) {
System.err.println(s);

} //err

/**
* This method provides the string representation of
* the automaton.
* @return String representation of the automaton.
*/

public String toString() {
return "Automaton A" + getID() + " is in state " +

state;

} //toString

} //class definition
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AutomatonException.java
/ * *
* An exception to be thrown by automata when
* reentrance violations or illegal states take place.

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
*/
public final class AutomatonException extends

Exception {

/**
* Link to an automaton this exception was caused by.
*/

private Automaton automaton = null;

/**
* Creates a new AutomatonException.
* (@param automaton Automaton that caused this
* exception.
*/
public AutomatonkException (Automaton automaton)
this.automaton = automaton;

} //AutomationException

/**
* Provides a string representation of this
* exception.
* @return The string containing the description of
* this exception.
*/
public String toString() {
return (automaton == null)? "Automaton failure"

("Automaton exception in A" + automaton.getID() +
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"(" + automaton +

} //toString

} //class definition

")");
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AO0.java

/**
* This class encapsulates A0 automaton which is used
* to control the general state of the game.

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
*/

public final class A0 extends Automaton {

/**
* Returns the object representating the ID of this
* automaton.
* @return Object representating the ID of this
* automaton.
*/
public Object getID() {
return "0";

} //getID

/**
* Callback method that is invocated when the
* automaton changes its state.
* @throws AutomatonException in case of an
* undetermined state of the automaton.
*/
public void enterState() throws AutomatonkException {

} //enterState

/**

* Callback method that is invocated when the

* automaton is wakened with the given event.

* @param e int ID of an event to wake automaton

* with.
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* @throws AutomatonException in case of an
* undetermined state of the automaton.
*/
public void handleEvent (int e) throws
AutomatonException {
switch (state) {
case O:

int x0 = x("0");

if(e == 3) {
z ("01");
state = 0;

} else 1if(x0 == 1) {
state = 2;

} else 1if(y("5") == 5) {
state = 3;

} else if(e == 0) {
a("s", 0);

} else if(e == 2) {
state = 1;

} //ladder if

break;
case 1:
if(e == 3) {
z ("01");
state = 0;
} else if(e == 1) {
state = 0;

} //ladder if

break;
case 2:
if(e == 3) {
z ("01");
state = 0;
bo//1f
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case 3:
if(e == 3) {
z ("01");
state = 0;
bo//1f
break;
default:

throw new AutomatonException (this);
} //switch
} //handleEvent

} //class definition
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A1.java

/**
* This class encapsulates Al automaton which is used
* to move the snake up.

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
*/

public final class Al extends Automaton {

/**
* Returns the object representating the ID of this
* automaton.
* @return Object representating the ID of this
* automaton.
*/
public Object getID() {
return "1";

} //getID

/**
* Callback method that is invocated when the
* automaton changes its state.
* @throws AutomatonException in case of an
* undetermined state of the automaton.
*/
public void enterState() throws AutomatonkException {

} //enterState

/**

* Callback method that is invocated when the

* automaton is wakened with the given event.

* @param e int ID of an event to wake automaton

* with.
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* @throws AutomatonException in case of an
* undetermined state of the automaton.
*/
public void handleEvent (int e) throws
AutomatonException {
switch (state) {
case O:

int x1 = x("1");

if(x1l == 0) {
z("11");
z ("50");
state = 0;

} else if(x1 == 1) {
z("11");
z ("51");
state = 0;

} else if(x1 == 2) {
state = 1;

} //ladder if
break;
case 1:
break;
default:
throw new AutomatonException (this);
} //switch
} //handleEvent

} //class definition
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A2.java

/**
* This class encapsulates A2 automaton which is used
* to move the snake right.

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
*/

public final class A2 extends Automaton {

/**
* Returns the object representating the ID of this
* automaton.
* @return Object representating the ID of this
* automaton.
*/
public Object getID() {
return "2";

} //getID

/**
* Callback method that is invocated when the
* automaton changes its state.
* @throws AutomatonException in case of an
* undetermined state of the automaton.
*/
public void enterState() throws AutomatonkException {

} //enterState

/**

* Callback method that is invocated when the

* automaton is wakened with the given event.

* @param e int ID of an event to wake automaton

* with.
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* @throws AutomatonException in case of an
* undetermined state of the automaton.
*/
public void handleEvent (int e) throws
AutomatonException {
switch (state) {
case O:

int x2 = x("2");

if(x2 == 0) {
z ("21");
z ("50");
state = 0;
} else if(x2 == 1) {
z ("21");
z ("51");
state = 0;
} else if(x2 == 2) {
state = 1;

} //ladder if
break;
case 1:
break;
default:
throw new AutomatonException (this);
} //switch
} //handleEvent

} //class definition
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A3.java

/**
* This class encapsulates A3 automaton which is used
* to move the snake down.

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
*/

public final class A3 extends Automaton {

/**
* Returns the object representating the ID of this
* automaton.
* @return Object representating the ID of this
* automaton.
*/
public Object getID() {
return "3";

} //getID

/**
* Callback method that is invocated when the
* automaton changes its state.
* @throws AutomatonException in case of an
* undetermined state of the automaton.
*/
public void enterState() throws AutomatonkException {

} //enterState

/**

* Callback method that is invocated when the

* automaton is wakened with the given event.

* @param e int ID of an event to wake automaton

* with.
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* @throws AutomatonException in case of an
* undetermined state of the automaton.
*/
public void handleEvent (int e) throws
AutomatonException {
switch (state) {
case O:
int x3 = x("3");
if(x3 == 0) {
z ("31");
z ("50");
state = 0;
} else if(x3 == 1) {
z ("31");
z ("51");
state = 0;
} else if(x3 == 2) {
state = 1;
} //ladder if
break;
case 1:
break;
default:
throw new AutomatonException (this);
} //switch
} //handleEvent

} //class definition
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A4.java

/**
* This class encapsulates A4 automaton which is used
* to move the snake left.

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
*/

public final class A4 extends Automaton {

/**
* Returns the object representating the ID of this
* automaton.
* @return Object representating the ID of this
* automaton.
*/
public Object getID() {
return "4";

} //getID

/**
* Callback method that is invocated when the
* automaton changes its state.
* @throws AutomatonException in case of an
* undetermined state of the automaton.
*/
public void enterState() throws AutomatonkException {

} //enterState

/**

* Callback method that is invocated when the

* automaton is wakened with the given event.

* @param e int ID of an event to wake automaton

* with.
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* @throws AutomatonException in case of an
* undetermined state of the automaton.
*/
public void handleEvent (int e) throws
AutomatonException {
switch (state) {
case O:

int x4 = x("4");

if(x4 == 0) {
z ("41");
z ("50");
state = 0;
} else if (x4 == 1) {
z ("41");
z ("51");
state = 0;
} else if (x4 == 2) {
state = 1;

} //ladder if
break;
case 1:
break;
default:
throw new AutomatonException (this);
} //switch
} //handleEvent

} //class definition
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Ab.java

/**
* This class encapsulates A5 automaton which
* implements the general motion of the snake.

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
*/

public final class A5 extends Automaton {

/**
* Returns the object representating the ID of this
* automaton.
* @return Object representating the ID of this
* automaton.
*/
public Object getID() {
return "5";

} //getID

/**
* Callback method that is invocated when the
* automaton changes its state.
* @throws AutomatonException in case of an
* undetermined state of the automaton.
*/
public void enterState() throws AutomatonkException {

} //enterState

/**

* Callback method that is invocated when the

* automaton is wakened with the given event.

* @param e int ID of an event to wake automaton

* with.
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* @throws AutomatonException in case of an
* undetermined state of the automaton.
*/
public void handleEvent (int e) throws
AutomatonException {
int x5;

switch (state) {

case O:

x5 = x("5");

if(x5 == 1) {
state = 1;

} else if (x5 == 2) {
state = 2;

} else if (x5 == 3) {
state = 3;

} else if (x5 == 4) {
state = 4;

} //ladder if

break;
case 1:

a("1i", 0);

x5 = x("5");

if(y("1"™) == 1) {
state = 5;

} else if (x5 == 2) {
state = 2;

} else if (x5 == 4) {
state = 4;

} //ladder if

break;
case 2:
a("z2", 0);
x5 = x("5");
if(y("2") == 1) {

102



state = 5;
} else if (x5 == 1) {
state = 1;
} else if (x5 == 3) {
state = 3;
} //ladder if
break;
case 3:
a("3", 0);
x5 = x("5");
if(y("3™) == 1) {
state = 5;
} else if (x5 == 2) {
state = 2;
} else if (x5 == 4) {
state = 4;
} //ladder if
break;
case 4:
a("4", 0);
x5 = x("5");
if(y("4") == 1) |
state = 5;
} else if (x5 == 1) {
state = 1;
} else if (x5 == 3) {
state = 3;
} //ladder if
break;
case b:
break;
default:
throw new AutomatonException (this);

} //switch
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} //handleEvent

} //class definition
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Action.java
/ * %
* Ancestor of all actions used by automata.

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
*/

public abstract class Action {

/**
* Returns the object representating the ID of this
* action.
* @return Object representating the ID of this
* action.
*/
public abstract Object getID();

/**
* The wvery method that carries out this action.
*/

public abstract void carryOut();

/**
* Provides the string representation of this
* action.
* @return String representation of this action.
*/
public String toString() {
return "z" + getID();

} //toString

} //class definition
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z01.java
/**
* An action that is used to initialize the game.

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
*/

public final class z01l extends Action {

/**
* The owner of this action.
*/
private Game owner = null;
/**

* Creates a new instance of this action.
* @param owner The owner of this action.
*/

public z01 (Game owner) {
this.owner = owner;

} //z01

/**
* Returns the object representating the ID of this
* action.
* @return Object representating the ID of this
* action.
*/
public Object getID() {
return "01";

} //getlID

/**

* The very method that carries out this action.
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*/
public void carryOut () {
owner.init ();

} //carryOut

} //class definition
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z11.java

/**
* An action that is used to join a cell above the
* snake head.

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
*/

public final class zll extends Action {

/**
* The owner of this action.
*/
private Game owner = null;
/**

* Creates a new instance of this action.
* @param owner The owner of this action.
*/

public z11l (Game owner) {
this.owner = owner;

} //z11

/**
* Returns the object representating the ID of this
* action.
* @return Object representating the ID of this
* action.
*/
public Object getID() {
return "11";

} //getID

/**
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* The very method that carries out this action.
*/
public void carryOut () {
Snake snake = owner.getSnake();
Cell head = snake.getHead();
snake.add (
new Cell (
head.getX (),
head.getY () - 1
) //Cell
); //add
} //carryOut

} //class definition
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z21.java

/**
* An action that is used to join a cell to the right
* of the snake head.

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
*/

public final class z21 extends Action {

/**
* The owner of this action.
*/
private Game owner = null;
/**

* Creates a new instance of this action.
* @param owner The owner of this action.
*/

public z21 (Game owner) {
this.owner = owner;

} //z21

/**
* Returns the object representating the ID of this
* action.
* @return Object representating the ID of this
* action.
*/
public Object getID() {
return "21";

} //getID

/**
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* The very method that carries out this action.
*/
public void carryOut () {
Snake snake = owner.getSnake();
Cell head = snake.getHead();
snake.add (
new Cell (
head.getX () + 1,
head.getY ()
) //Cell
); //add
} //carryOut

} //class definition
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z31.java

/**
* An action that is used to join a cell below the
* snake head.

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
*/

public final class z31 extends Action {

/**
* The owner of this action.
*/
private Game owner = null;
/**

* Creates a new instance of this action.
* @param owner The owner of this action.
*/

public z31 (Game owner) {
this.owner = owner;

} //z31

/**
* Returns the object representating the ID of this
* action.
* @return Object representating the ID of this
* action.
*/
public Object getID() {
return "31";

} //getID

/**
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* The very method that carries out this action.
*/
public void carryOut () {
Snake snake = owner.getSnake();
Cell head = snake.getHead();
snake.add (
new Cell (
head.getX (),
head.getY () + 1
) //Cell
); //add
} //carryOut

} //class definition
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z41.java

/**
* An action that is used to join a cell to the left
* of the snake head.

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
*/

public final class z41l extends Action {

/**
* The owner of this action.
*/
private Game owner = null;
/**

* Creates a new instance of this action.
* @param owner The owner of this action.
*/

public z41 (Game owner) {
this.owner = owner;

} //z41

/**
* Returns the object representating the ID of this
* action.
* @return Object representating the ID of this
* action.
*/
public Object getID() {
return "41";

} //getID

/**
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* The very method that carries out this action.
*/
public void carryOut () {
Snake snake = owner.getSnake();
Cell head = snake.getHead();
snake.add (
new Cell (
head.getX () - 1,
head.getY ()
) //Cell
); //add
} //carryOut

} //class definition
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z50.java

/**
* An action that 1s used to cut off one cell from
* snake tail.

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
*/

public final class z50 extends Action {

/**
* The owner of this action.
*/
private Game owner = null;
/**

* Creates a new instance of this action.
* @param owner The owner of this action.
*/

public z50 (Game owner) {
this.owner = owner;

} //z50

/**
* Returns the object representating the ID of this
* action.
* @return Object representating the ID of this
* action.
*/
public Object getID() {
return "50";

} //getID

/**
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* The very method that carries out this action.
*/

public void carryOut () {
owner.getSnake () .removeTail () ;

} //carryOut

} //class definition
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z51.java
/**
* An action that is used to dispose of the old food

* and create a new one at a random location on the

* game field.

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
*/

public final class z51 extends Action {

/**
* The owner of this action.
*/
private Game owner = null;
/**

* Creates a new instance of this action.
* @param owner The owner of this action.
*/

public z51 (Game owner) {
this.owner = owner;

} //z51

/**
* Returns the object representating the ID of this
* action.
* @return Object representating the ID of this
* action.
*/
public Object getID() {
return "51";

} //getID

118


mailto:sapunkov@rain.ifmo.ru

/**
* The very method that carries out this action.
*/

public void carryOut () {
owner.eatFood () ;

} //carryOut

} //class definition
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Sensor.java

/ *
* Ancestor of all sensors used by automata.
* @author Victor Sapunkov {@link mailto:sapunkov@rain.ifmo.ru}
*/

public abstract class Sensor {

/**
* Returns the object representating the ID of this
* sensor.
* @return Object representating the ID of this
* sensor.
*/
public abstract Object getID();

/**
* Returns the value of this sensor.
* @return an integer value containing the state of
* this sensor.
*/
public abstract int getValue();

/**
* Provides the string representation of this
* sensor.
* @return String representation of this sensor.
*/
public String toString() {
return "x" + getlID();

} //toString

} //class definition
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x0.java
/**
* A sensor that returns the length of the snake.

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
*/

public final class x0 extends Sensor {

/**
* The owner of this sensor.
*/
private Game owner = null;
/**

* Creates a new instance of this sensor.
* @param owner The owner of this sensor.
*/

public x0 (Game owner) {

this.owner = owner;

} / /%0

/**

*

Returns the object representating the ID of this

* sensor.
* @return Object representating the ID of this
* sensor.
*/
public Object getID() {
return "0";

} //getID

/**

* Returns the value of this sensor.
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* (@return an integer value containing the state of
* this sensor.
*/
public int getValue () {
return owner.getSnake().size() == 32?2 1 : 0;

} //getValue

} //class definition
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x1.java
/**
* A sensor that returns the state of the cell above

* the snake head.

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
*/

public final class x1 extends Sensor {

/**
* The owner of this sensor.
*/
private Game owner = null;
/**

* Creates a new instance of this sensor.
* @param owner The owner of this sensor.
*/

public x1 (Game owner) {

this.owner = owner;

}o//x1

/**

*

Returns the object representating the ID of this

* sensor.

* @return Object representating the ID of this
* sensor.
*/
public Object getID() {
return "1";

} //getID

/**
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* Returns the value of this sensor.
* @return an integer value containing the state of
* this sensor.
*/
public int getValue () {
Snake snake = owner.getSnake();
Cell head = snake.getHead();
if (head.getY () == 0) {
return 2;
y //1f
Cell newCell =
new Cell (head.getX (), head.getY() - 1);
if (snake.covers (newCell)) {
return 2;
y //1f
if (newCell.equals (owner.getFood())) {
return 1;
y //1f
return 0;

} //getValue

} //class definition

124



Xx2.java
/**
* A sensor that returns the state of the cell to the

* right of the snake head.

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
*/

public final class x2 extends Sensor {

/**
* The owner of this sensor.
*/
private Game owner = null;
/**

* Creates a new instance of this sensor.
* @param owner The owner of this sensor.
*/

public x2 (Game owner) {

this.owner = owner;

} o/ /%2

/**

*

Returns the object representating the ID of this

* sensor.

* @return Object representating the ID of this
* sensor.
*/
public Object getID() {
return "2";

} //getID

/**
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* Returns the value of this sensor.
* @return an integer value containing the state of
* this sensor.
*/
public int getValue () {
Snake snake = owner.getSnake();
Cell head = snake.getHead();
if (head.getX () == (Game.width - 1)) {
return 2;
y //1f
Cell newCell =
new Cell (head.getX () + 1, head.get¥Y());
if (snake.covers (newCell)) {
return 2;
y //1f
if (newCell.equals (owner.getFood())) {
return 1;
y //1f
return 0;

} //getValue

} //class definition
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x3.java
/**
* A sensor that returns the state of the cell below

* the snake head.

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
*/

public final class x3 extends Sensor {

/**
* The owner of this sensor.
*/
private Game owner = null;
/**

* Creates a new instance of this sensor.
* @param owner The owner of this sensor.
*/

public x3 (Game owner) {

this.owner = owner;

} o/ /%3

/**

*

Returns the object representating the ID of this

* sensor.

* @return Object representating the ID of this
* sensor.
*/
public Object getID() {
return "3";

} //getID

/**
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* Returns the value of this sensor.
* @return an integer value containing the state of
* this sensor.
*/
public int getValue () {
Snake snake = owner.getSnake();
Cell head = snake.getHead();
if (head.get¥Y () == (Game.height - 1)) {
return 2;
y //1f
Cell newCell =
new Cell (head.getX (), head.getY() + 1);
if (snake.covers (newCell)) {
return 2;
y //1f
if (newCell.equals (owner.getFood())) {
return 1;
y //1f
return 0;

} //getValue

} //class definition
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x4.java
/**
* A sensor that returns the state of the cell to the

* left of the snake head.

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
*/

public final class x4 extends Sensor {

/**
* The owner of this sensor.
*/
private Game owner = null;
/**

* Creates a new instance of this sensor.
* @param owner The owner of this sensor.
*/

public x4 (Game owner) {

this.owner = owner;

} o/ /x4

/**

*

Returns the object representating the ID of this

* sensor.

* @return Object representating the ID of this
* sensor.
*/
public Object getID() {
return "4";

} //getID

/**
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* Returns the value of this sensor.
* @return an integer value containing the state of
* this sensor.
*/
public int getValue () {
Snake snake = owner.getSnake();
Cell head = snake.getHead();
if (head.getX () == 0) {
return 2;
y //1f
Cell newCell =
new Cell (head.getX () - 1, head.get¥Y());
if (snake.covers (newCell)) {
return 2;
y //1f
if (newCell.equals (owner.getFood())) {
return 1;
y //1f
return 0;

} //getValue

} //class definition
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x5.java
/**
* A sensor that returns the pressed key to be

* handled.

* @author {@link <a href="mailto:sapunkov@rain.ifmo.ru">Victor

Sapunkov</a>}
*/

public final class x5 extends Sensor {

/**
* The owner of this sensor.
*/
private Game owner = null;
/**

* Creates a new instance of this sensor.
* @param owner The owner of this sensor.
*/

public x5 (Game owner) {

this.owner = owner;

} //x5

/**

*

Returns the object representating the ID of this

* sensor.

* @return Object representating the ID of this
* sensor.
*/
public Object getID() {
return "5";

} //getID

/**
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* Returns the value of this sensor.
* @return an integer value containing the state of
* this sensor.
*/
public int getValue () {
return owner.getKey();

} //getValue

} //class definition
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