Komananblii npakTunyeckuii Typ

B xomanHOI YacTu 3aKJIIOYUTETHHOIO dTald YyYaCTHUKU JIOJZKHBI CIIPOEKTHPOBATH
ABTOHOMHYIO CUCTEMY YIIPABJICHUs IPYTIOil POOOTOB-IIOTPY3UUKOB JIJIs PEIICHUS 3a/1a1 Ha-
BUTAIMN HA MOJIEIN JJOTUCTUYECKOTO MEHTPa C UCIOJIB30BAHUEM aJITOPUTMOB KOMITBIOTED-
HOT'O 3pEHUs.

KomaniHast 9acTh 3aK/II0UATEIBHOTO ITAllA TIPOXOUT B TedeHun 3,5 jHeil (Bcero 26
ACTPOHOMMUYECKUX YacOB), KOTOPbIE BKJIIOYAIOT PabOTy 10 OCHAIIEHUIO POOOTOB HEOOXO-
JIIMBIMH JIATYUKAMU, IPOI'PAMMUPOBAHUIO, TTPOOHDBIE 3a€3/Ibl HA MAKETe JIOTUCTHYECKOTO
[IEHTPA, 3a9€THBIE MOIBITKH.

Jlerenga

Henanékoe Oyyree, B aBTOMATUYECKUX JIOTUCTUYECKUX IEHTPAX MPAKTUIECKU HET
JIIOJIell, BCIO pabOTY BBIOHSAIOT POOOTHI-IIOIPY3UUKHA, KOTOPBIMU YIIPABJISET WHTEJICK-
tyasbHOe 11O 1o pacupeerennio 3a1ad.

HecmoTpst Ha oTcyTcTBHE |e/i0BEYECKOTO (DAKTOpa, HE CJAeIYeT JyMaTh, YTO B TAKUX
IEHTPaxX HUKOIIa He Oy/eT mpobdsem. Pope-MazKop MOZKET ITPOU30UTH B JIIOOOH MOMEHT U
cucrema u3 poboros u 10 go/KHA yMETh CIIPAB/IATHCA ¢ TAKUMU CUTYaI[USIMU.

[TosTromy my1s1 bunabHON 3a1a4u mpoduis «HTeIeKTyaabHbie poOOTOTEXHUIECKHE
CHUCTEMBI» TIPeJIJIaraeTcs PACCMOTPETDH CJIEYIONTUN STTU30/1: B JIOTUCTUIECKOM TIEHTPE ITPO-
M30IILIa TIepe3arpy3kKa BCeX CHCTEM, UTO MPUBEJIO K cOpocy MHMOPMAIUU O MECTOIOJIO-
JKeHUAX paboTaoNX B JIAHHBIH MOMEHT POOOTOB-TIOTPY3YMKOB, a TaKyKe KapThl JTAHHON
qaCTH JIOTUCTUYIECKOT'O TeHTPA.

B nadaJie BbINIOJIHEHUS 3a/aHUsI CIUTAECTCS, ITO POOOTOTEXHUIECKHIE YCTPONCTBA aK-
TUBUPYIOTCA B KaKUX-TO CEKTOPaX (K&)K;Lblﬁ B CBoéM) Jioructudeckoro rnearpa. Opuna n3
poOOTOB BBHITIOJIHAET CUYNTAHHBbIE ¢ arlag Mapkepa KOMaH/Ibl, & 3aTeM OXKUJIAeT MPUObITHS
BTOPOIo poboTa B CMexKHBIN cekTop. IlepBoiil pobOT [0/KEeH HailTH BTOPOrO, JI0eXaB 10
CMEXKHOT'O ¢ HUM CEKTOpPa, a I0Ce BEPHYThCA B OIUH U3 CeKTOpoB crapra. CTpyKTypa
JIOTUCTUYECKOI'O IIeHTpa He m3BecTHa 3apanee. [Ipu repemernieHnn pobOOTHI HE JIOJI?KHBI
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CTaJIKNBaTbCAd, a TaKKe IIOBPe2KIaThb JOTUCTUYIECKUI OEeHTP.

Sajaua yaactHukoB OymmMInaibl — pa3paboTarTh MPOrpaMMy YIPaBIEHUS HECKOJIb-
KUMH POOOTOTEXHUYECKMMU YCTPORCTBAMU JIjI BBIIIOJIHEHUS 38/ IaHUs OIMCAHHOTO BBIIIIE.

Puc. I11.2.1: TTouron s 3amycka poOOTOTEXHUIECKUX YCTPOCTB Ha ¢durage OmuMim-

anol HTU

Habop 3amanmnmii

Permtenne koman1HOM 3a/1a41 pa3duTo Ha YeThIpe rana. [lepsbie Tpu sTama nrepaTus-
HO TTOJIBOJIAT YYACTHUKOB K PEIIEHUIO TTOJTHON (PUHAIBHOM 38841, OCYIIECTBISIEMOMY BO
BpeMs IOCJIeTHEr0 YeTBEPTOro dramna. Ha KaxKjaoMm sTare B MPOBEPKY peIeHus 3a aHuil
JAHHOI'O dTalla BXOJIAT:

® CIIOCOOHOCTH IPOBEPUTH I'MIIOTE3Y O PA0OTOCIIOCOOHOCTH AJTOPUTMA Uepe3 JIEeMOH-
CTPAIMIO PEIEHUsT B CUMYJIATOPE;
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e [I0JTHOTA PelIeHUud 33JIaHNs] KOHKPETHOI'O dTalla;
® BOCIIPOM3BOIMMOCTb PE3YJIbTaTOB — POOOTOTEXHUYIECKOE YCTPOHCTBO yIaCTHUKOB
JIOJIZKHO HEOJTHOKPATHO BBIIOJTHUTH TpeOyeMbIe JIeHCTBUS.

Ilepswiti aman

3adava: PoOOTOTEXHUYIECKOE YCTPOMCTBO PACIIOIOTAeTCsS B MOJEH JIOTHCTUIECKOTO
neHTpa. EMy HeoOXo[nMO mpoexarh 10 MApIIPYTy B TOUYKY OKOHUYaHHUA PadoTbl. CTPyK-
Typa JIOIMCTHIECKOrO IEHTPa 3apaHee HeM3BECTHA.

Brmowas codeporcamenvrvie 3adavu:
e Haxox1eHue moporoBoro 3HadeHus i JJATINKOB PACCTOAHNUS;

e Peaymmzanius ajaropuTMoB IepeMeNienns B HeM3BECTHOM cpejie.

e Peanusanust ajropuTMoB cerMeHTAIUN JIeHCTBHIA.

Bmopot aman

3adava: 1Ba POOOTOTEXHUIECKUX YCTPOUCTBA, JOJIXKHBI OIPEJIETUTH CBOE MECTOIIOJIO-
JKEHIE B MOJICJIN JIOTUCTUYIECKOTO MEHTPa (CTPYKTypa KOTOPOro 3apaHee HEH3BECTHA) U3

CJIyYailHbIX, 3apaHee HEM3BECTHBIX TOUYEK CTapTa.
Bxmowas codeporcamenvrvie 3adavwu:
e Peaymm3anusg KOMMYHUKAITUU MEYXK/Ly POOOTOTEXHUYIECKUME YCTPONCTBAMU,;
e Peaymmzanius aJilrOPUTMOB JIOKAJTUIAINH IS TPYIITBI pOOOTOTEXHUIECKUX YCTPOICTB;

e Peaymmzanius ajropuTMoB IepeMeIIeHnsl B HEU3BECTHON cpejie.
e Peajmzanius ajaropuTMoB JIBUKEHUS HECKOJIBKUX pOOOTOB B 3aMKHYTOI CpeJIe.

Tpemuti aman

3adava: podOTOTEXHUIECKOE YCTPORCTBO JIOIZKHO IIPOEXATh 10 MOJIE/IH JIOTUCTHIECKO-
ro MeHTpa 3aJlaHHble KOMaHIbl. KoMaH bl poOOT J0JIZKEH OIPEJEINTh CAMOCTOATEIBHO 110
ARTag meTKe, pacro/ioyKeHHOI Ha CTeJlIazkKe, MPUIEraioneMy K CeKTOpY crapTa.

Bxarouas COd@prCCLm@./LbH’bL@ sadanu:

e KambpoBka KaMepbl pOOOTOTEXHUIECKOTO YCTPONCTBA,;

e Peanuzariusi aJropuTMoB KoMIibioTepHOro 3penus: cuantbiBanne ARTag merok 6e3
HCIIOJIB30BAHUS JIOTIOJTHATETbHBIX OMOINOTEK;

e JlexkoaupoBaHue OMHAPHOTO KOJIA C UCIIOJIb30BAHUEM KOAa XIMMUHTIA.

Yemeasepmuwiti aman

3adava: nBa pOOOTEXHUYECKUX YCTPONCTBA PACIOJIArAIOTCS B HEU3BECTHOI cpejie.
[TepBoiit pobOT J10TI7KEH 0OHAPYKUTH BTOPOrO POOOTA U TIOCE BEPHYTHCH B OJIHY U3 Ha-
YaJIbHBIX TO3UIUI. BTopoit poboT JI017KEH BBITIOJTHUTH 33 IaHHbIE KOMaH/IbI, TIepeIaHHbIe

qepe3 ArTag mapkep, pacioyioXKeHHBII B CEKTOPEe CTapTa.

Bxarouas co@ep:)fcammbnme 3adanu:
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Peasmmzanmuss KOMMYHUKAIII MeK/1y POOOTOTEXHUIECKIME YCTPOMCTBAMM;

Peaymmzamnus aaropuTMoB cocraBieHus KapThl HEM3BECTHONW MECTHOCTH U JIOKAJIM3a~
IMsT Ha JAHHON MECTHOCTH;

Peanmmzamnus anropurmoB KoMmibioTepHoro 3penust: cautbiBanne ARTag merok 6e3
UCITOJIb30BaHUs JIOTIOJIHUTE/THHBIX ONOJIHOTEK;

JexkomupoBaHne OMHAPHOIO KOJA, C UCIOJIb30BaHIEM KOJ1a XOMMUHIA,;

Peanmuzanus aaropuTMoB JIBUKEHUS HECKOJIBKUX POOOTOB B 3aMKHYTOI Cpe/ie.

Omnucanmne MOJeJIn JIOTUCTNYEeCKOI'o neHTpa

[Tonuron - kBajgparnoe mose 3200 x 3200 MM., pa3jesieHHOe HA KBaJIpaTHbIE CEKTOPA
400 x 400 mMm. Hekoropble cekTopa HEIOCTYIHBI JJIsI MOCEIIeHUsT POOOTOTEXHUIECKIM
YCTPOUCTBOM U TPEICTABIAIOT U3 ce0s MOJIe/b cTesutaxka BbicoToit 100 M.

[Tonuron okpyzxen 6oprom BbicoToit 100 Mmm. Konduryparus moaurona nsMensiercs
U OIpeJIesIieTCsl HelIOCPEJCTBEHHO IepeJ] KazK/IbIM 3aIlyCKOM POOOTOB.

Ha cresiazke, IpUIIETraioNero o/J{HON U3 YeThIPeX CTOPOH K CeKTOPY aKTHBAIUK (cTap-
ta), Ha BeicoTe OT 100-150 MM oT ypoBHs moBepxHOCTH 10JIst 3akperien ARTag mapkep
(https://goo.gl/WaTFMB), oupeAesaionuil Cepuio KOMaHI, IPEIHAZHAYEHHYO JIJisl Bbl-
nostHeHns poboroM. Pazmep mapkepa - 40 x 40 mm. Mapkep oOpaitiieH JinieBoit cCTOpOHOI
BHYTPb CEKTOpa cTapTa JaHHOro pobora. Konkpernas BbicOTa pacroiOKeHUs MapKEPOB
ompejiesisieTcs B TEPBBIN JTeHb (prHAIa M OCTaeTcsl TMOCTOSHHON Ha Bce JTHU (DUHATBHO-
ro srana. [Ipm 3TOM HomycTMMAas MOTPENTHOCTH YCTAHOBKU MapkKepoB +5 MM. [Ipumep
pacIoJIoyKeHNs MapKepa Ha CTeJlayke IpejcTaBiieH Ha pucynke [11.2.2

Puc. I11.2.2: Crennax ¢ ycranosieaabim ARTag mapkepom

Mapkep cocront m3 8 X 8 37eMEHTOB OJIMHAKOBOTO pa3Mepa. DJeMEeHThI MapKepa,
pacIoIo)KeHHbIe 110 ero TPaHUIle — BCErjia YepHble. YeThIpe 3/IeMeHTa, HAXOIAIINecs B
yryiax BHyTpeHHero 6 X 6 kBajpara OlpeJessioT OPUEHTAINI0 MapKepa TaKuM 00pa3oM,
YTO TOJILKO OJIMH U3 HuUX — Oesibiit. OcraBinuecs: 32 3jieMeHTa MapKepa KOJUPYIOT THCJIO


https://goo.gl/WaTFMB
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10 CJIEJIYIONIEMY HPaBUJIY: €CJIU 9JIEMEHT YePHbBIi, To OH obo3HadaeT 1, ecyim Oestbrit, To
P 9TOM CaMBbI#l ITEPBBII 3JIEMEHT — cTapinii OUT 3aKoIMpoBaHHOIO Yucsa. Hymeparus
9JIEMEHTOB OTHOCUTEJIbHO OPUEHTAIIMOHHBIX 9JIEMEHTOB 0003HadeHa Ha pucynke [11.2.3.
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Puc. I11.2.3: Hymepanus 371eMeHTOB MapKepa OTHOCUTEILHO OPUEHTAITMOHHBIX 3JIEMEHTOB

BakoIMpoBaHHOE Ha MapKepe JBOMYHOE THCJIO UCIOJIb3yeT Ko Xommunra (https://

habr

.com/ru/post/140611/), B Koropom 26 nHGOPMAIMOHHBIX OUTOB U 6 KOHTPOJIHHbIX:

1 IlepBblit KOHTPOJIBHBII OUT;
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Bropoit kouTpOIbHBII OUT;
Crapmuit 6ut nepsoit komanasl K (0 < Ky < 3);

Tperuit KOHTPOILHBII OUT;

Maammmuit 6ur nepsoit komanbt K (0 < K7 < 3);
Crapmmmit 6ur Bropoit komansl Ko(0 < Ky < 3);
Munammmuit 6ur Bropoit komanbl Ko(0 < Ky < 3);

YeTpépThIilt KOHTPOJILHBIN OUT;
Craprmmuit 6ut Tperbeit Komanapr K3(0 < K3 < 3);
Munammmit 6ur Tperbeit kKomanabl K3(0 < K3 <
Craprmmit 6ut gerBéproit Koman sl K4 (0
Muammuii 6ur gyerséproit Komanab K4(0
Craprmmit 6ut naroit komanasl Ki5(0 < K5 < 3);
Muaqmuit 6ur nsroit koman el K5(0 <
Crapmuiit 6ut mecroit komaner Kg(0 < K

[IsaThIit KOHTPOJIbHBINA OUT;

Q
=)
&
o
E
=
=
(@)
=
=)
O
=
=
as
5
X
=
<Y
|
O
c e
=
o
2
<
as
X
e
=
=
/\ VA A /N


https://habr.com/ru/post/140611/
https://habr.com/ru/post/140611/

155

28 Crapmmit 6ut nBena/naroii komauel Ki2(0 < Ko < 3);
29 Muaammmit 6ur aeenasnaroi kKomanabl Ki(0 < K < 3);
30 Crapmmmit 6ut TpunaiaToii komanel Ki3(0 < K3 < 3);
31 Muajmmit 6ur Tpunamaroit komanasr Kq3(0 < K3 < 3);

32 Mlecroit (mocsenHmit) KOHTPOTBHBINA OUT;
Jlanabie KOMaH/IbI 38/1a10T JAeHCTBHUS, KOTOPbIE JIOJI?KEH BBIIIOJTHUTEH POOOT-TIOTPY3IHK:
0 [eiicrBue He Tpebyercs (“N”);
1 Pobory neobxoaumo 1moBepHyTh HasieBo Ha 90° BHyTpH ganHOrO cekropa (“L”);

2 Pobory HeobxoauMo noBepHyTh Hampaso Ha 90° BHyTpu janHoro cekropa (“R”);

3 Pobory HEoOX0MuMO mpoexaTh B CJIEIYIONIHI 110 HAIPABJICHUIO JIBUXKEHUSI CEKTOD

(MF’?) ’

Puc. I11.2.4: Mapxkep ¢ 3aKO/INPOBAHHBIM 3HaYEeHUEM -
101111111011111101111111011111104

Mapxkep na pucynke [11.2.4 kogupyer guciao 101111111011111101111111011111105 —
K1 =3 Ky=3 K3=2 Ky=3, Ks =3, K¢ =2, K7 =3, Ky =3, K9 =3, K19 =2,
Kll = 37 K12 = 37 K13 = 3.

lapanTtupyercs, 910 poOOT HAYMHAET CBOE JIBUKEHUE B CEKTOPE, K CTOPOHAM KOTOPOT'O
npujaeraeT KaKk MUHUMYM OJMH CTeJIIazK.

Cekropa aktuBanuii po6oToB (cTapTOB) HUKAK HE 0G03HAYAIOTCH HA IOJIE U OIIpejie-
JIAIOTCS HEIIOCPEJICTBEHHO Tepe)T KaXKJIbIM 3ae3/I0M poOOoTa.

B HEKOTOPBIX 3ajlauax MCIOJIb3YIOTCA KOOPJIMHATHI, B TakoM ciydae, cekrop (0,0)
HaXOJIUTCSI B JIEBOM BEPXHEM YIJIy, OCb X HallpaBJ/ieHa BIPaBO, OCh Y — BHU3.
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Onucanme KOHCTPYKTOpPA

Puc. II1.2.5: Mobunbnas mnardopma TRIK B coope

B nepsblit jienb (huHAIBLHOTO TYpa KazKJIO# KOMAaH/Ie BbIIAIOTCA JIBa KOMILJIEKTA!

NucTpyknus 1mo cbopke HazeMHOil miaTdopmbl Ha Oase koHcTpykTopa TRIK. Mo-
OowibHasd 1IaTdOpMa MOCTPOEHA O MPUHIUITY TuddepeHinaabHOTO yIIPaBICHI.
Quznyeckre pa3zMepbl IIATGOPMBI IIO3BOJISIOT COBEPIIATH BCE MaHEBPHI BHYTPH OJ1-
HOT'O CEKTOPa MOJIE/IN JIOTUCTUIECKOTO IEHTPa 0e3 Kacanusd O CTEHKAMU CTe LTayKeit
i 6OPTOB.

KowmitekT serasieit st cOOpkyu MOOMJIBHON Ha3eMHON I1aTdopMbl Ha Oas3e KOH-
crpykropa TRIK (6si0k ynpasienns TRIK, akkymyssaTop, JBa MOTOpa ¢ 9HKOJIE-
pamu Ha JaTdrkax XoJuia, KoJeca).

KomiutekT ponoHuTe IbHBIX JleTasieit n3 KoHcrpykropa TRIK u Habop jgardukos:
2 mH}paKpacHbIX JaTINKa JAJTbHOCTH, 2 YIBTPA3BYKOBBIX JaTUYNKa PACCTOAHUSA U
1 VGA-kamepa;

KOMILJIEKT JIOMOJTHUTEIbHBIX JleTajteil n3 koucTpykropa TRIK;

HoyTtoyku ¢ ycranosiennoit TRIK Studio, kaxkmoit komane He Oojiee ABYX HOYT-
OoykoB. [Ipu 3TOM y9acTHUKU MOTYT IOJIb30BATHCS CBOMMU HOYTOYKAMMU.

YcjoBusi IIpoBeJIeHUd

W3 mosryaennoro Habopa JaTInKOB KOMAHJIBI MOTYT BBIOMPATH Te, C MTOMOIIBIO KO-
TOPBIX, TI0 MHEHUIO YIACTHUKOB, MOYKHO PEIUTH 3ajiady Hanbosiee 3(hPeKTUBHBIM
CIIOCODOM.

Komanibl MOy T BHOCUTB JII0OBIE U3MEHEHHST B MOOM/IbHBIE HA3eMHbBIE ILJ1AT(OPMBI.

Y49acTHUKI BO BpeMd KOMaHIHOI'O STalla (bl/IHaJIbHOFO Typa MOI'yT HMCIIOJIb30BaTb
UHTEPHET U 3apaHee ITOATOTOBJIEHHBIE OubJIMOTEKHU JJId pelieHud 3a1a9u.
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10.

11.

12.

13.

Y4YacTHUKHI HE MOT'YT UCIIOJIb30BaTh IIOMOIIb TPEHEPa, COMTPOBOKIAIOIIETO JIUIIA, HJTH
IIPUBJIEKATHh TPETHUX JIUIL JJIsI PEIeHus 3a/1a49u.

QunajbHas 3a/a49a (GOPMYJIMPYETCs YIaCTHUKAM B IEPBBIH J1eHb (DUHAJIBLHOTO TY-
pa, HO YYACTHUKH BBITIOJTHSIOT PENTeHne 3a/1a4n 1o3Tanto. Kpurepun mpoxoxK ieHns
KaxKJ0ro srana (popMyJIHPYIOTCs I KayKI0ro JHs (PUHAJIBLHOIO Typa. 3a MMoj3a-
Jladu, perieHHble B KOHKPETHOM 3Talle HAMUCISIOTCS Oa/ibl. Ba/uibl 3a momzagadn
MOYKHO TIOJTyINUTh TOJBKO B JI€Hb, 3aKPEIJIEHHBII 38 KOHKPETHBIM 3TAIIOM.

HexkoTopnbie mo13aj1a4m cTporo TpedyIOT BBHIOJIHEHUE KAKUX-TO MPEIbIIYIINX 1O
3a/1a4. BeinosiHenne JanubIxX 10,133,084 6€3 BBITIOJTHEHHS IIPE LY X JIOITyCKACTCH,
OJIHAKO JIaHHAs IONBITKa OyJieT orneHena B 0 6as1oB.

Bo Bpemst pabodero BpeMeHr KOMaHIbl MOI'YT TPOBOIUTE MCIBITAHUS Ha ITOJIMTOHE.
KomgecTBo 1101X010B, KOTOPOE MOXKET ¢JIe/IaTh KOMAH 18 MOXKET ObITh OrPaHuYeHO
B 3aBHCHUMOCTH OI'DAHMYEHHUI, HAKJIaIbIBAeMbIX pPacIUuCaHreM (DUHAJILHOIO Talla
OmMIua b

WcnpiTanus Ha IOJUTOHE JOJIZKHBI OCYIIECTBJIATHCA TaK, 4TOOBLI HE MEIATh APYTuUM
KOMaHdaM, IIPOBOJLAIIIMM B 93TO BpeMsd CBOU HUCIIbITaHWA Ha IIOJIMT'OHE. ,Z[.HE{ 9TOI'0
BCEM KOMaHJIaM MOXKET ObITHL HA3HAYCHO OrpaHm4eHue 110 BpeMEHMr, KOTOPO€ OHU
MOIr'yT TpaTUTb Ha OJ/HO HUCIIbITaHHE. ITocne ncreyenmss 3TOro BpeMeHnu, KOMaHIa
JOJIZKHa JaThb BOSMOXKHOCTDL ITPOBOJUTDL MCIILITAHUA CHG,ILYIOHLGIL/'I KOMaHzIe.

Yactb nojzamad Heobxoaumo Oymer permuth B cumyisTope TRIK Studio: koman-
Jla TIoJIydaeT 3 TEeCTOBBIX BUPTYaJIbHBIX ITOJUTNOHA ¢ COOTBETCTBYIONIUME HabOpamu
BXOJZIHbIE MJAaHHBIX JIJId IIOJI'OTOBKH DeENIeHMrdA, B TO BpeMiA KaK IIPpUEMKa pPEIIeHUA
IIPOUCXOJUT Ha PaCHIMPEHHOM Ha6ope IIOJIMT'OHOB IJId IIPOBEPKU YHUBEPCAJILHOCTU
yIpaBJIAoleii mporpaMMbl. Hauncienre 6aJ110B 3a 1013818491 MOXKET ITPOUCXOIUTH
TOJIBKO B TOT 9Tall, B KOTOPOM JIaHHBIE MO3a1a91 CPOPMYTNPOBAHBDI.

Y KOMaH/Ibl €CTh HEOIPDAHMYEHHOE KOJIUYIECTBO IMOIBITOK PeIeHus 10/3a/1a9 B CHU-

MYJISITODE:

10.1. Permenusi npunuMaioTcs Ha MpoBepKY JI0 UCTeYeHus epBbiX 6,5 1acoB pado-
ThI B COOTBETCTBYIOIINII COPEBHOBATE/IbHBIN JIeHb. BpeMs MOKeT MEHIThCS B
3aBUCUMOCTH OT JTHSI.

10.2. JIo ucrevenusa 6,5 gacoB, KOMaH/1a JIOJIZKHA 3arPY3UTh CBOE pEIleHre Ha
gitlab.com B cooTBecTByIONUil PEO3UTOPHIl JIHSA, BHYTPU CBOEH T'PYIIIIBI, J10-
CTYI K KOTOPO# yYaCTHUKU II0/Iy4aT B Hadajle OJIMMIIAAIbI.

10.3. o mcrevyenusi yKa3zaHHOIO BPEMEHUM KOMAHJIbI MOTYT U3MEHATH (ailsl ¢ pe-
IIEHUEM CKOJIBKO yTrojiHO pa3. [IpoepsaTbest OyjeT Beerja TOJIBKO MOCIeTHST
JIOCTYIIHAs BEPCHUSI.

10.4. 3adukcuposars nociejHee perierne Heobxoaumo, coznas Merge Request (MR).

10.5. TTpu coznanuu Merge Request B kauecTBe 0TBeTCTBEHHOIO (assignee) yKazkure
TOro, KTO OyJeT OTBeYaTh 3a IIPUEMKY Pe3y/IbTATOB.

YacTp 1o/3a/1a4 Jjid peajibHbIX POOOTOB MOXKET OBbITH 3allpellieHa K IpueMke 0e3
YCIENTHOro npoxoxKaeaus 60% Bcex TecToB, NpelHasHaYeHHbIX JJId IPOBEPKH Pe-
IIIeHNsl COOTBETCTBYIOIIEN 110/13a/I1a4U B CUMYJISITOPE.

Kaxkiplii jienb GuHajibHOrO Typa 3a 2 daca (MOXKET BapbUPOBAThCS B 3aBUCHMO-
CTH OT paCHHC&HI/IH) J10 KOHIIa BbBIJICJICHHOI'O pa60qero BpeMeHn KOMaH/Abl JOJIZKHBI
¢/1aTh POOOTOB B 30HY KapaHTUHa. BpeMms cjiadn pobOTOB B KapaHTHH MOYKET HU3Me-
HSIThCS ¥ 3aBUCUAT OT KOJIMYIECTBA KOMAH/I U CJIOXKHOCTH TIOA3a/1a4, IPUHIMAEMbIX B
KOHKPETHBII 9Tall.

[Tepen ciadeit poboTa B KapaHTHH KOMAHJIbI JIOJI?KHBI 3aI'DY3UTH HA POOOTOB yIIPaB-
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14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

JISTIOTITAE ITPOTPAMMBI, TIOATOTOBJECHHBIE JIJIs1 JIEMOHCTPAIIUN PEIeHUs 3aIa91, a TaK-
2Ke ee KOIMI0 B PENo3UTOPHUil, JOCTYI K KOTOPOMY yYaCTHUKHU MOJIydaT B Hadalle
COPEBHOBATEJILHOTO JIHA. be3 mporpaMmbl, 3arpyKeHHON B PEITO3UTOPUIl, KOMAH/IbI
He JIOIYCKAIOTCSI JI0 IIPOBEPKU PeIeHnsT Ha peajJbHOM poboTe.

SadukcupoBaTh 3arpy3ky dailjioB, comepKalux penieHns 3aJadu Ha peabHOM
pobote, Heobxoaumo pu oMot MR.

[Iporpamma j1okHA ycrelHo cobuparbes B pdf.

[Tocsie MmomenTa, Kor/1a Bce pOOOTHI CJIAHBI B KAPAHTHH, CYJIbU IO OJIHOI BBI3BIBAIOT
KOMAH/IBI JIJI8 TPUEMKH PEIeHns T013a/1a4, 3aKPEIICHHBIX 38 9TAIIOM KOHKPETHOT'O
JiHA (DUHATBHOTO TYPA.

MozkeT OBITH NPEJLyCMOTPEHO JI0 JIBYX IOMNBITOK CJIa4U PEIeHns OJIHONW W TOH Ke
110/133/1a91 Ha peabHbIX poboTax. KoHKpeTHOEe KOJTMYIECTBO MOIBITOK OIPEIeIIeTC
B KOHKDETHBIX I10J133/1a49aX.

[Tocie TpoxozKIeHus TPUEMOYHBIX 3aIlyCKOB, Oa/libl HabOpaHHble KOMAHJION 3aHO-
CATCSA Cy/IbsiMU B IPOTOKOJ. OJINH U3 yYaCTHUKOB KOMAaH/Ibl PACIIICHIBACTCA 3a Ha-
OpaHHBII pe3yJIbTaT, MMOATBEPXKIas COrJIacie KOMaH/Ibl C OIEHKOH ITPOBEICHHBIX 3a-
IIyCKOB.

Po6GoTbl 1012KHBI BBIIOJIHATD 3aIaHIe TIOJTHOCTHIO aBTOHOMHO. Y IaJIeHHOE YIIPaBJie-
HIe He JolycKaeTcs. Kacanue Kakoro-ymbo pobora yIacTHHKOM KOMAaH/IbI TIOCJIE €TI0
CTapTa BO BpeEMA IIPUEMOYIHBIX 3allyCKOB HE JIOITYyCKaCTCA. AA.HFOpI/ITl\l7 pea.HI/IByIOH_I‘I/H;'I
CUCTEMY YIpaBJIEHUs IPYIION POOOTOB, JOJIKEH IIAHUPOBATH CBOE BBHIMIOJIHEHNE,
[10J1arasgCh TOJIBKO Ha HH(MOPMAIIUIO C JATINKOB.

BeejieHne JIaHHBIX B IPOTPaMMY JIO CTapTa yCTpoiicTBa (HAIPUMED, KOOPIMHAT PO-
6ora B Havyaje pabOTBI) paspeniaeTcs TOJbKO I TeX 3ajad, IJe 9TO SBHO IIPO-
nmcano. Bo Bcex Jpyrux ciydasix BBeJEHUE JAHHBIX B IIPOrpPaMMy POOOTOB IEpe
3allyCKOM 3allpeIieHo.

i Bcex pobOTOB IporpamMma JIOJIXKHA ObITh OJMHAKOBOI, JIONYCKAETCS OTJINTHE
JIMIIBb B pa3pelI€HHbIX BXOJAHbIX JaHHbIX.

Ecan kakas-To mojzajiada moapasyMeBaeT CUnThbIBaHe WHMPOPMAIUN C 3JIEMEHTOB,
PACIIOJIOKEHHBIX Ha TTOJIUTOHE, 3AITPEIaeTCs MIPH 3aIlycKe POOOTOB BBOJIUTD UHGOP-
MAaITUIoO O TIOJIOYKEHUN ITUX JIEMEHTOB WJIM 3HAYEHUAX, KOTOPbIE JJAHHBIE 3JIEMEHTHI
OIIPEJIEJISTIOT.

Ecim Bo Bpems NMPUEMOYHBIX 3aIlyCKOB Y CY/IbU BO3HUKJIM COMHEHHUS O TOM, UTO
3a/1a4M MOJIITAIIA PEIIeHbl KOPPEKTHO (POOOTHI HE BBIOIHSIIOT 33189y MOJHOCTHIO
ABTOHOMHO, yYaCTHUK BBOJIUT 3HAUCHHUS B KAKIX-TIO0 POOOTOB IEPE/T 3aILyCKOM ), TO
OH BIIpaBe MMPOBECTU MHCIEKINIO Koja. [lo pesyiabraTamMm MHCIEKIINN, CY/Ibs BIPaBE
CHATH C KOMAaH bl OaJIJIbl, HAOPAHHbBIE 3& JIAHHBIN STAII.

Ecmu Bo BpeEMs IIPUEMOYHBIX 3allyCKOB Yy CyJIbld BO3ZHUKaeT CUTyallud, KOI'Zla OH HE
MO2KET OJHO3HAYHO PEHIUTDL BLIIIOJHAIOTCA JIM KPpUTEPpUU pelleHud 11oA3aJa4vK, OH
BIIpaB€ IIPUHATH peuicHrue He B I10JIb3Y KOMaH/IbI.

B CJIy4dae €CJid BOSHHUKaeT TeXHUYIeCKasd HpO6H€Ma, He3aBHUCANlad OT YH4aCTHUKOB, TO
110 pEeHIeHnuIo Cy,ZLefI MOZKET OBITD IpeJocTaB/IEHa BOSMOXKHOCTD II€pe3allyCKa

Komana BripaBe o0CyzKI1aTh € Cy/Ibeil pe3y/IbTaThl TPUEMOYHBIX 3aIIyCKOB JI0 BHI30-
Ba cjeylonieii KOMaH pl, HO (pUHAJIBHOE PeIeHre OCTAeTCs O HAYNCIeHUN OaJlIOB
OCTaeTCd 3a CY/Ibei.
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ITponienypa mpoBeaeHnsi IPUEMOYHBIX 3allyCKOB U KPH-
TEepPUN OIEHKN

Ilepswiti aman

1. Komangam HEODOXOAMMO TOATOTOBUATE JIBE 3a/a4U JJIs CUMYJIATOPA:

1.1. B kauecTBe 1epBoii 3a/1a4n yIacTHUKAM HEOOXO/IMMO BBITTOJTHUTD CJIE/IYIOIIee:
1.1.1. Pobot ycranaBamBaeTcss B MOJIE/IN JIOTUCTHYECKOT'O TEHTPa B 3apaHee
HEU3BECTHOM CEKTOpe. 3ajlada PodOoTa BBIIOJHUTL BCe KOMAH/IbI Iepe-
JIaHHBIE Yepe3 BXOJHOI daila. PoboT BBITIOJIHMT Bce KOMAH/IBI 1 BbIBEJI

finish Ha Bcex HPOBEPOYHBIX ITOJIATOHAX.
Brodnvie dannwvie: depe3 daitsn input.txt ymupasisiomnieil mporpamme

epeIalTCs:
A. B mepsBoii cTpoke depes mpobesr — KOMaHIbl KOTOPhIE HEOOXOIMMO
BBITIOJTHUTD, TJIE:
0 [eiictBue ue Tpebyercst (“N”);

1 Pobory meobxomumo nmoBepHyTh HajieBo Ha 90° BHyTpHU JIaH-
Horo cekropa (“L”);

2 Pobory meobxojuMo 1MOBepHYTH Hampao Ha 90° BHyTpHU
nmarHoro cekropa (“R”);

3 Pobory HeoOX0[MMMO IPOEXaTh B CJIEJYIONIHI 110 HAIIPAB/IE-
Huio Jprzkerns cekrop (“F7);
Ootrcudaemoiti pesyavmam: Iloce 3amycka mporpaMMbl poOOT BBITIOJI-
HUJT BCE KOMaH/IbI, OCTAHOBUJICA W BBIBEJI Ha dKpaH finish.

1.2. B kadecTBe BTOPOII 3a1a491:

1.2.1. Pobor ycranaBimBaeTcsd B MOJIEN JIOTUCTUYECKOI'O IIEHTPA B 3apaHee
HEU3BECTHOM CeKTope. 3ajiada podoTa MpoeXaTh U3 TOUYKU CTAPTa B TOU-
Ky dunniia. Pobor mpoexas u3 TOUKU cTapra B TOUKY (DUHUINA U BbI-
Bes1 finish Ha Bcex MPOBEPOYHBLIX MOJUTOHAX. KoOpauHATHI ceKTOpa
crapTa, BKJIIOUas HAllpaB/IeHne n (PUHAIIA [TePEIA0TCs depe3 BXOTHOMN
daitn. Crpykrypa JabUpUHTa He N3BECTHA.

Bzxodnvie dannwvie: depes daitn input.txt ymnpasisdiomnieil mporpamme
epeIalTes:
A. B nepsoit crpoke depe3 mpobesi — KOOpAuHATHI crapta X, Yi,
nanpasienne crapra D (0 < X, Y, < 7, Dgin|0, 3]):
0 Po6or HampasiieH BBepx (B CTOPOHY OTPHIATEJBHOIO Ha-
paBJieHust ocu Y );
1 Pobor nampabyieH Hanpaso (B CTOPOHY MOJIOKUTEJIBHOIO
HanpasJieanst ocu X );
2 Po6or namnpasiieH BHU3 (B CTOPOHY IIOJIOXKUTEJLHOTO Ha-
paBJieHusi ocu Y );
3 Pobor mampasiien HasieBo (B CTOPOHY OTPHUIATEILHOIO Ha-
npasJieHusi ocu X );
B. Bo BTopoii cTpoke uepe3 npodes1 — KoopAuHaThl dhunuma X r, Yy,
0< Xy, Y, <74
Ootrcudaemwiti peayaomam: llocite 3amycka mporpaMMbl poOOT goexalt
10 duHMAIIA, OCTAHOBUJICA U BbIBEJI Ha dKpaH finish.
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2.

10.

11.

12.
13.

1.3. IIpaBuia umenoBanusi haitjioB ¢ yIpaB/IsdIonieil TporpaMMoil JIjisd TPOBEPKA
pelleHnil B cumydrope:
1.3.1. Iy mepBoii 3agaun: sim_1. js;

1.3.2. Iy BTOpOIt 3a1a4m: sim_2. js.

Kondurypanus podbota B CUMYJIATOPE CJIETYIONIAS:
2.1. Kondwuryparust MOTOPOB:
2.1.1. M3 — npaBbrit MOTOD;

2.1.2. M4 — neBbrit MOTOD.

2.2. Koudurypalus 1aTInKOB:
2.2.1. D1 — yapTpa3ByKOBOil JaTYNK, HAITPABIEHHbBIN BIIEPET;

2.2.2. D2 — yapTpa3ByKOBOIl JaTYNK, HAIIPABJIEHHbBIN Ha3a/1;
2.2.3. Al — undpakpacHblil JaTINK, HAIIPABJIEHHBIA BIIPaBO;
2.2.4. A2 — nndpakpacHblil 1aT9nK, HAIIPaBJIEHHLIA BJIEBO.

Komane neobxoauMo OyJIeT TOJNOTOBUTH PEIICHUs JJIsd JIBYX Pa3HbIX I10J3a/1a9
JIJIsI peaIbHBIX poboToB. Ha memMoHcTpaluio KaXKI0ro pelieHus IpeI0CTaBIseTcs 2
IIOIIBITKU.

Bce nmonbiTku ocymectBisgioTes 18 mapra.

3a b MUH JI0 ¢aun B KapaHTUH JUid 10il Oa3a/1a4u CyAbsd OlpeIesseT KOJIUIeCTBO
1 HaOOP KOMaH/I JJIsi BBIITOJIHEHUST POOOTOM.

[Tocne cnaum B KapanTus s 10it MoA3a/1a4uu Cy/ibs OIPee/isgeT CEKTOp cTapTa U
HallpaBJIeHe PoOOTa B CEKTOPE CcTapTa.

3a b MUH [0 cIadu B KapaHTUH I 200 IOA3aJa4d CYIbdA OIPeaesseT CEeKTOP
crapra, HallpaBJIeHHE cTapTa W CceKTop duHuUIa g pobora. laHHble 3HAYEHUS
KOMAaH/ I8 JIOJI?KHA BHECTU B IIPOI'PAMMYy Tepejl TeM, KaK CJIaTh poboTa B KapaHTUH.

CeKTophI cTapTa MOTYT OBITH Pa3INIHBIMU B PA3HBIX MONBITKAX. JJaHHbIE 3HATEHNS
KOMAaH/ I8 JIOJI2KHA BHECTU B IIPOI'paMMy Iepejl TeM, KaK ¢JIaTh poboTa B KapaHTUH.

[IpaBuia nmeHoBanus (haitjioB ¢ IPOrPaAMMOil yIIpaB/ICHUS:
9.1. nya mepBoil MONBITKN NepBOi To/3aaun: real_1_1. js;

9.2. ny1a BTOPOIl HONBITKY IEPBOH no/3a1a4un: real_1_2. js;

9.3. n71a mepBoil MONBITKN BTOPOH moy3ajaun: real_2_1. js;

9.4. nya BTOPOIl HONBITKN BTOPO# mo/i3a1a4un: real_2_2. js.
Merge Request HeoOxo Mo Ha3BaTh CJIEIYIONIUM 0OpaszoM: “kKoji KomaH bl dayl”.
Hamnpuwmep: “irs202000 _day1”.
MaxkcumaJibHOE BpeMsl BBIIIOJIHEHUs OJHOI MOIBITKH it 10 mojazajgadan — 2 Mu-
HYTHI.

MaxkcumaJibHOE BpeMsi BBITIOJIHEHHS OTHOM ITOIBITKY JIjId 201 1M0o/[3a/1a91 — 5 MUHYT.

Basnbr 3a penrerune 3a1a4 ramna:
13.1. IlepBag 3a/jaua B cuMyJjasdgTope: poOOT CMOT' BBIIOJHUTHL BCIO 33Ja4y Ha
BCEX IIPOBEPOYHBIX MOJUTOHAX — 12 0OaJLIoB.

13.2. Bropas 3aga4a B cUMYJIITOpPE: POOOT CMOT BBIIOJHHUTH BCIO 334y Ha
BCEX IIPOBEPOYHBIX MMOJUroHaX — 20 OaJLIoB.

13.3. IlepBas nmoxmzagava Ha peajJbHOM pobote: PoboT ycranaBimBaercs B MO-
JIEJTH JIOTUCTUYECKOTO TIEHTPa B 3apaHee HeU3BECTHOM CeKTope. 3a/1ada poboTa
BBIIIOJIHATL BCE KOMAaHILI. POOOT BBIIIOTHII BCE KOMAHIBLI U BhIBEI finish.
— 16 GaJioB.

13.4. Bropas nonzagada Ha peajibHOM pobote: Pobor ycranas/imBaeTcsa B MO-
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14.
15.

16.

17.
18.

19.

JIeJTN JIOTUCTUIECKOTO TIEHTPa B 3apaHee HEM3BECTHOM CeKTope. 3ajiada poboTa
poexaTh U3 TOYKHU cTapTa B TOUKY dpuHuIina. Podbor mpoexast u3 Touku crapra
B Touky unuma u BbiBes finish. KoopaumHaTsl cekTopa crapra, BKIOYas
HalpaB/eHne u (GpUHHUIIA TepegatoTcs depe3 BxogHoi daitn. CTpykrypa Jia-
oupunTa He nsBectHa. — 20 6asIOB.

BuiBojiuth finish cienyer e menee 10 cexkymI.

Basuier 3a mepByto moazagaty He HAUUCIAIOTCS, €CIN He ObLIO YaCTHIHO 3aCIUTAHO

pellieHne epBoil 3a/la4u B CUMYJISATOPE

Basuter 3a Bropylo 11o/13a1a4qy He HAUUC/IAIOTCS, €CJIN He OBbLIO YaCTHIHO 3aCUUTAHO

pellieHne BTOPOit 3a/1a4u B CUMYJISITODE.

Basibl 3a Bce TOMBITKY B KaXK/JI0i 110/13a/1a4€ CyMMUPYIOTCS.

Brinosinenune Bcex KpuTepueB B KaxK 10 U3 JIBYX IOIBITOK BCEX JIBYX 110133129 JIa€T

JIONIOJTHUTEJIbHBIE 8 OaJIIOB.

Makcumanbaoe KojmmyecTBo 0aJLI0B 348 Tan — 112.

Bmopoti aman

1.

Komanmam HE0HOXOMMO MTOJATOTOBUTE JIBE 3a1a9H JIJIA CUMYJ/ISITOPA.

1.1. B kauecTBe 1mepBoii 33,141 yIacTHUKaM HEOOXOIMMO BBIITOJTHUTD CJIEIYIOIIEe:
1.1.1. Pobor ycranaBamBaeTcs B MOJEIN JIOTUCTUYECKOIO IIEHTPa B 3apaHee
Hen3BecTHOM cekTope. HeoboxomuMo B mmpoliecce ABUKEHUs OIPE/JINTh
CBO& MECTOIIOJIOYKEHIE, OCTAHOBUTHCSI ¥ BBIBECTH HA SKPAH KOO/ IUHATHI
po6ota B dhopmare 7 (X, Y)“ 6e3 nmpobesios u 6e3 kasbruek. Hampasiienne

crapTa IepegaéTces depes3 BXOIMHOM daiilr.
Bzodnvie darmwvie: depe3 aiiyi input.txt ymnpasisromeil mporpamme

epeIat0TCsl:
A. B nepnoit crpoke — Hampasiienne ctapra Dg:
0 PoGor HampasieH BBepx (B CTOPOHY OTPHIATEJBLHOIO Ha-
npasJienns ocu Y);

1 Pobor nampabiieH HampaBo (B CTOPOHY MOJIOKHUTEIBHOIO
Hanpasyenust ocu X );

2 Po6or nampasiieH BHU3 (B CTOPOHY IIOJIOXKUTEJHLHOTO Ha-
paBJieHnsi ocu Y );

3 Pobor mampassien Has1eBO (B CTOPOHY OTPHUIATEJLHOIO Ha-
npasJieHnsi ocu X );
Oorcudaemoiti peaysvmam. Ilocme 3amycka mporpaMmbl pobOT oOIpejie-
JIMJI CBOE MECTOIIOJIOXKeHNe, OCTAHOBIJICSI M BbIBEJI Ha dKpaH finish.

1.2. B kadecTBe BTOPOIi 3a/1a4N:

1.2.1. Pobot ycranapiauBaeTcs B MOJEIN JIOTUCTUYECKOIO IEHTPa B 3apaHee
HEM3BECTHOM ceKTope. VI3BeCTHO YTO OJWH CEKTOp JAHHOIO JIOTHCTH-
YECKOTO IeHTpa 3a0JIOKMPOBaH JAPYruM poboTom. KoopaumHaThl 9TOro
CEeKTOpa IepelaloTcs depe3 BxonHoil daitn. Heobxomumo B mporecce
JIBUZKEHUS OIPEJICJINTh CBOE MECTOIIOJIOKEHUE W MPUEeXaTbh B CEKTOD,
CMEZKHBIN C CEKTOPOM HAXOXKJIeHUS JIpyroro pobora u BeiBecT finish.
Crpykrypa JabupunTa 3apanee He U3BEeCTHA.

Bxoodnvie dannwvie: depes daitn input.txt ympasssiomnieil mporpamme
epeIalTes:
A. B nepBoii cTpoke uepes mpobesr — HampasiieHue crapra Dy
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2.

10.
11.

0 Po6or HampasiieH BBepxX (B CTOPOHY OTPHIATEJBLHOIO Ha-
npasJienns ocu Y);

1 Pobor nampabyieH HampaBo (B CTOPOHY MOJIOKHUTEIBHOIO
Harnpasjenust ocu X );

2 Po6or nampasiieH BHU3 (B CTOPOHY IIOJIOXKUTEJHLHOTO Ha-
paBJieHusi ocu Y );

3 Pobor mampassien Has1eBo (B CTOPOHY OTPHUIATEJLHOIO Ha-
npasJieHusi ocu X );

B. Bo Bropoii crpoke uepes 1mpobesi — KOOPAMHATHI PACIIOIOXKEHUS
apyroro pobora X, Y (0 < X, Y, <7);
Ootcudaemviti peayasomam: llocite 3amycka mporpaMMbl poOOT goexalt
J0 OJITHOT'O M3 CMEZXKHBIX CEKTOPOB C CEKTOPOM HAXOXKIACHUA JIPYTOro
poboTa, OCTAHOBMJICS U BhIBeJ Ha S5KpaH finish.

1.3. IIpaBuna umenoBanusi (hbaitjioB ¢ yIpaB/IdIONeld TPOrpaMMOil JIjIsd TPOBEPKU
pEIIeHnt B CUMYJIATOPE:
1.3.1. e mepBoii 3agaun: siml. js;

1.3.2. Jlyia BTOpOIL 33 /1a4n: sim2. js.

Konduryparus podbota B CUMYJIATOPE CJIETYIONIA:
2.1. Koudwuryparust MOTOPOB:
2.1.1. M3 — upaBbrit MOTOD;

2.1.2. M4 — neBbrit MOTOD.

2.2. Koudurypaius 1aTInKOB:
2.2.1. D1 — yapTpa3ByKOBOil JaTYNK, HAITPABIEHHDBIN BIEPET;

2.2.2. D2 — ynapTpa3ByKOBOIl JaTYNK, HAIIPABJIEHHbBIN Ha3a/1;
2.2.3. Al — undpaxpacHblil JaTINK, HAIPABJIEHHBII BIIPaBO;
2.2.4. A2 — undpakpacHbIil JaTYNK, HAIIPABJIEHHBIN BJIEBO.

Komamnie HeoOX01MMO OY/IET MOJITOTOBUTD PEIIeHUs JIJId OJTHON 3a/1a4u JJIsi PeaJib-
HBIX poboTOB. Ha jgemMoHCcTpaIuio pereHus IpeoCTaBasgeTcss 2 IOMbITKH.

Bce nmonbiTku ocymectsisiores 19 mapra.

Merge Request Heobxo Mo Ha3BaTh CJEIYIONIUM 0Opa3oM: “Koji KoMaH bl day2”.
Hampumep: “irs202000 _day2”.

3a 10 MuUH 10 ¢JIaYN B KAPAHTUH CY/Ibsd OIpejiesiseT HAIPpABJIeHNEe CTapTa JIisi pobo-
Ta. /lanHoe 3Ha"YeHne KOMaH1a JIOJIZKHA BHECTU B IIPOrPAMMY IIepej] TeM, KaK C/IaTh
poboTa B KapaHTUH.

Hamnpagsiienne crapra MOryT ObITh Pa3/IMYHLIMU B PA3HbIX MOIBITKaX. Jlanubie 3na-
JeHnsd KOMaHJa JIOJIKHA BHECTU B IIPOrPAMMY IIepeji TeM, KakK ¢/IaTh poboTa B Ka-
DaHTHH.

[Tocse craum B KapaHTHH CY/Ibsl OIPEJIe/IgeT CEKTOPhI cTapTa 000uX poOOTOB.

[IpaBuia nmenoBanus (haitjioB ¢ IPOrPaMMOil yIIpaB/ICHU:
9.1. jurs IepBOIT MOMBITKY 3aJa9H JIJI peajibHOro podora: real_1_1.js;

9.2. s BTOPOIT MOMBITKY 3aJa9H [T PeajibHOro pobora: real_1_2.js;
MaxkcumaJibHOE BpeMsi BBIIIOJTHEHUS OIHOM IOIBITKI - 7 MIHYT.

Banmer 3a perenne 3a/1a9 srara;
11.1. IlepBag 3asava B cuMyJjasgTope: poOOT CMOT OIPEJIETUTH CBOE MECTOIIOJIO-
JKeHMe Ha BCeX IMPOBEPOYHBIX MOJUTIOHaX — 16 Oasios.

11.2. Bropas 3ajijada B CUMYJIITOPE: POOOT CMOI' JIOCTHYb CMEYKHOI'O CEKTOPa
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12.
13.

14.
15.

16.

Ha BCEX MPOBEPOYHBIX ToJsmronax — 20 6aJsios.

11.3. 3amaga Ha peasibHOM poboTe: PoboThl pacroaraorcst B C/IyJailHBIX CEK-

TOpax poOOTOTEXHUIECKOTO TOJTUTOHA.

11.3.1. Tlepsblit pobOT OIpPEIEIN/I CBOE MECTOIIOJIOKEHIE Ha 110JI€, OCTAHOBHI-

Csl, M3/1aJ1 3BYKOBOI CHI'HAJI, BBIBEJ Ha SKPaH CBOU KOOPJUHATHI B (hOp-
matre (X,Y). — 14 6asuros.

11.3.2. KoopauaaTsl BTOPOro poboTa TakKe orpe/iesieHbl. Bropoit poboT uzma

3BYKOBOI CHI'HAJI, BEIBEJI Ha 9KPaH CBOM KoopauHaThl B popmare (X, Y).
— 10 6amnmos.

11.3.3. Bo Bpems perienus MmocTajgBeHHON 3a/[adu BTOPO POOOT HE MOKUJIAJ

U3HAYAJIbHBIX CEKTOp. — & OaJIIoB.

BuisoguTh 3nadenue MmeTku ciieyer He mMenee 10 cekymI.

BaJuter 3a 3aja41y Ha peajbHOM podOTE HE HAYUCIAIOTCH, €CJIU He ObLIO YACTUYIHO
3aCUUTAHO pellleHne ePBOit 3a/lauil B CUMYJISITOPE.

BaJuier 3a Bce MONBITKE HA PEAJILHOM POOOTE CYMMUPYIOTCH.

BrinosiHeHne Bcex KpuTepueB B KaxK 10 U3 JIBYX IHOIBITOK BCEX JIBYX I10/133,/1a4 JIaeT
JIOIIOJIHUTE/IbHBIE 8 OAJLIOB.

MakcnmanbHOE KOJIMYecTBO 0aJLI0B 34 3Tan — 108.

Tpemuti aman

1. B kauecTtse 3aJJa91 IJid CUMYJIATOPa y9aCTHUKaM H€O6XO,ZLI/IMO BBIIIOJIHUTBH CJIEJTYIO-

ee:
1.1.

1.2.

PoGor ycranaBimBaercss B MOJIe/IM JIOTUCTUYECKOTO TEHTPA B 3apaHee HEU3-
BecTHOM cekTope. [Ipu 9ToM cTpyKTypa JJOrHCTHIECKOTrO TEHTPa HEe U3BECTHA
3apanee. 3a/1aga poboTa IpoexaTh U3 TOYKHU CTapTa B TOUKY (DUHUIIA, COTIaC-
HO MapIIpyTy, 3aganHoMy uzobpazkennem ARTag mapkepa, 3apanee cauTat-
HBIM C KaMepbl peajbHOro ycrpoiicta. Ha dunuie neobxomMo BeIBECTH Ha,
skpaH cjgoBo finish.
Bzodnvie darnvie: gepe3 daita input.txt ympasigdionieit mporpamme mepe-
JTAIOTCA:

- B mepsoit crpoke 19200, paszeseHHBIX IpobesoM, HesbIX dnces P

(0 < P1; < 2*) — usobpaxenne ARTag mapkepa;

Kaxkmoe 1ncio B Mapkepe — TodYKa, 3akojaupoBannas B ¢popmare RGB, T.e.
CTPOKa ¢ N300pakeHneM MapKepa SKBUBaJIEHTHa CHUMKY pasperienneMm 160 X
120 Touexk.
Oorcudaemoiti peayavmam: Ilocie 3amycka mporpaMMbl poOOT jroexast 10 pu-
HUIIa, OCTAHOBUJICA U BbIBeJI Ha 9KpaH finish.

Vmsa daitna ¢ ynpaBigiomeil mporpaMMoil Jjis IPOBEPKH PENIEHU B CHMY-
jJdarope: siml. js.

2. Konduryparus podbota B CUMYJISITOPE CJIETyIOIIAs:

2.1.

2.2.

Kondurypanus Mmoropos:
2.1.1. M3 — mpaBbrit MOTOD;

2.1.2. M4 — neBblit MOTOD.

Kouduryparus naTamkos:
2.2.1. D1 — yapTpa3ByKOBOil JaTYNK, HAIIPABIECHHDBINA BIIEPET;

2.2.2. D2 — yapTpa3ByKOBOI JaTYNK, HAIIPABIEHHBI HA3a/T;
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10.

11.

12.

13.
14.
15.

16.

2.2.3. Al — undpakpacHbIil JaTINK, HAIIPABJIEHHBI BIIPABO;
2.2.4. A2 — undpakpacHbIil JaTINK, HATIPABIEHHBIN BJIEBO.
Komamne neobxoamMo OyJIeT TOJTNOTOBUTH PEIIeHHs JJIsd JIBYX Pa3HbIX I03a1a9
JUI peaJibHOTO poboTa. Ha jgeMoHcTpaImio KaxKJI0ro pelieHns MpejoCTaBIdeTca 2
TTOTTBITKH.
Bce nonsiTkm ocymectisoresa 20 MaprTa.
Merge Request HeoOxo Mo Ha3BaTh CJIEIYIONIUM 0OpaszoM: “Koji KomaH bl day3”.
Hanpumep: “irs202000 _day3”.
JloryckaeTcss BO3BMOXKHOCTD JIEMOHCTPAIIME [IEPBOil 1M0/[3a/1a9u BO BpeMs IEPUOJIA
OTJIAJIKH.
CekTop cTapTa MOXKET ObITh Pa3HbBIM JIJI KAXKJOM MOIBITKH.
[IpaBuia nmeHoBanus (haitjioB ¢ IPOrPaAMMOil yIIpaBICHUS:
8.1. g nepsoii nojzajgaun: real_1. js;
8.2. nyg BTOpOil nojBajsaun: real_2. js;
MaxkcumaJibHOEe BpeMsi BBITTOJIHEHUs OJIHOM TOIBITKA - 3 MUHYTHI.
Basuter 3a pernenue 3aa4 stara;
10.1. Bamaua B cumyssTope: poOOT IIpoeXaj U3 TOUYKUA CTapTa B TOUKY (PUHUIIA
Ha BCeX MIPOBEPOYHBIX HOJHUTIoHaX — 16 6asIoB.

10.2. TlepBas moa3aga4da Ha peajbHOM pobore: Pobor pacnosnas Bepao ARTag
METKY, KOTOpasl yCTaHOBJIEHA IPSIMO IIepe]I KaMepoii, 1 BbIBEJI Ha SKPaH Bep-
Hble KOMaH/Ibl, 3akoaupoBanabie B ARTag merke. Jlonmyckaercsa pydHast Ha-
cTpoiika (HaBejieHNe) KaMepbl Ha MapKep (BKJI09Yas BU3YATbHYI0 KOPPEKTH-
POBKY CpeJICTBaMU MPOCMOTpa). — 8 6asLIoB.

10.3. Bropasi moazajjadya Ha peajibHOM pobote: Pobor pacriosiaraercss B cek-
TOpe cTapTa, C HEM3BECTHOM CTOPOHBI KOTOpOro pacmosaraerca ARTag merka.
PoGor namesn meTky, nsmas 3ByKOBOM CUTHAJI U BBIBE Ha dKPaH BepHBIE KO-
ManIbl, 3akoupoBanabie B ARTag metke — 12 6as110B.

Hwudper, o3HaUAIONIE KOMAaH/IbI, HEOOXOINMO BBIBOJUTH Ha SKPaH depes Ipodes.
JonyckaeTcst BbIBOJI B HECKOJIBKO CTPOK.

3a BTOPYIO IIOJA3a /a9y HaIUCJIAETCA TOJIBKO ITOJIOBUHa BO3MO2KHBIX 6aJI.HOB, €CJi1 He
OBLJIO 3aCUIUTAHO pemeHnue B CUMYJIATOPE, a TaK2Ke €CJIM He C/aHa IIepBad I10J3ada49a.

BruisoguTh 3navyenue meTku ciiejyer He Menee 10 cekymI.
BaJuter 3a Bce MONBITKY B KazK/I0N 10J13a/1a4€ CYMMUPYIOTCH.

Brinostaerne Bcex KpuTepreB B KaxK 01 13 IBYX MOIBITOK BCEX JIBYX IOI3a/1a9 JaeT
IOTOJHUTEIbHBIE 4 OaJia.

Makcumasbaoe KojmmdecTBo 0aJIoB 3a tan — 60.

Yemesepmuiti aman

1.

B kauecTBe 3aja4n 19 CUMYJIATOPa YIaCTHUKAM HEOOXOMMO BBITIOJHATD CJIETY IO
ee:

1.1. Pobor ycranaBimBaeTcsa B MOJE/H JIOTHCTUIECKOTO IEHTpa B 3apaHee HEU3-

BECTHOM ceKTope. VI3BecTHO 9TO OJIMH CEKTOP JAHHOTO JIOTUCTUYIECKOTrO IEH-

Tpa 3abJ0KHpoBaH JpyruM poborom. Heoboxommo B mporiecce JIBUKEHUS

OTIPEJITUTH CBOE MECTOIOJIO?KEHNE, JI0eXaTh B CEKTOP CTapTa W BBIBECTU Ha

9KpaH KOOPMHATHI OJHOIO M3 JIOCTUXKUMBIX CMEXKHBIX CEKTOPOB 3a0JIOKUPO-
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1.2.

BaHHOrO pobora B dhopmare ”(X,Y)“ 6e3 npobesioB u 6e3 KaBbIUEK.
Bzodnvie darnvie: gepe3 daita input.txt ympas/diomieil mporpamMmme mnepe-
JTAIOTCH:
1.1.1. B mepBoii cTrpoke — Hamnpasjienue crapra D:
0 Pobor mampasjien BBepx (B CTOPOHY OTPHUIATELHOIO HAIIPABJIe-
Hust ocu Y);
1 Pobor HampasiieH HAIPaBo (B CTOPOHY MOJIOKUTEIHHOIO HAIIPAB-
aernst ocu X);
2 Pobor nHanpasjieH BHE3 (B CTOPOHY IIOJIOKUTETHLHOTO HAIIPaBJIe-
Hust ocut Y);
3 Pobor Hampasiien HasleBO (B CTOPOHY OTPHIIATEBHOIO HAIPABJIe-
Hust ocu X );
1.1.2. Bo BTOpOIii cTpoKe depe3 podbesr — KOOPANHATHI PACIIOIOKEHNT BTOPO-
ro podora X, Y (0 < X, Y < 7);
Oorcudaemoiti peayaomam: Ilocse 3arycka mporpaMMbl POOOT OIPEIETII CBOE
MECTOIIOJIOZKEHNE, BEPHYJICS B CEKTOP CTapTa U BBIBEJ HA SKPaH KOOP/IMHATHI.
Nms daiina ¢ yrpapisionieil mporpaMMOil Il IPOBEPKU PEIICHUSA B CHMY-
Jdrope: siml. js.

2. Kondwuryparus pobora B CUMYJIATOPE CJIEIYIOIIAL:

10.

2.1.

2.2.

Kondwurypanusa MoTopos:
2.1.1. M3 — npaBbrit MOTOD;

2.1.2. M4 — neBblit MOTOD.

Koudurypaius naTamkos:
2.2.1. D1 — yapTpa3ByKOBOil JaTYNK, HAIIPABIECHHDBIN BIIEPET;

2.2.2. D2 — yapTpa3ByKOBOIl JaTYNK, HAIIPABICHHBINH Ha3a/1;
2.2.3. Al — undpakpacHblil JaTINK, HAIIPABJIEHHBI BIIPABO;

2.2.4. A2 — undpakpacHblil JaTINK, HATIPABJIEHHBIN BJIEBO.

Komanae HeoOxoauMo OyJieT OATrOTOBUTDH pEIleHusl JIJId OHOM 110138 1a4u JIJI pe-
aJbHBIX poboToB. Ha peMoncTpaliuio perieHns mnpeaocTaB/igercs 1 MOnbITKA.

Bce nmonbiTku ocytmiectBisgioTes 21 mapra.

Merge Request HeobxouMo Ha3BaTh CJIEIYIONIUM 0Opa3zoM: “Koji KomaH bl day4”.
Hamnpuwmep: “irs202000 _day4”.

CTapToOBBIM HAIlpaBJIEHUEM JIJIsI IEPBOTO PoboTa siBjisiercst HanpasyeHue (.

[Tocne cpaum B KapaHTWH JJIS [I0/33/1a9U CY/Ibs OINpPEJIEIseT CeKTOPhI cTapTa U
HallpaBJIeHe cTapTa 2ro podoTa.

[IpaBuia nmenoBanus haitjioB ¢ IPOrPaAMMOil yIIpaB/ICHU:

8.1.

JJId IIepBO# IONBITKY Ioazafgadn: real_1_1.js;

MaxkcumasibHoe BpeMs BBIITOJTHCHN A OILHOfI IIOIIBITKHA - 15 MUHYT.

Bamnwr 3a penrenue 3aa4 dTalla:

10.1.

10.2.

3asiavya B cuUMyJisiTOpe: PoOOT CMOTI' BBITIOJIHUTH BCIO 3aJa4dy Ha BCEX IPO-
BEPOYHBIX Iojturonax — 20 6aJsios.

3agadya Ha peaJibHOM pobore: PoboThl pacrosiarajorcss B CeKTOpax cTap-
Ta, 3aJa9a OIpPeIeUTh CBOE MECTOIOJIOXKEHNE, BLIIIOJIHATH BTOPBIM POOOTOM
KOMaH/IbI (OTHOCHTEIHLHO HAYATHLHOTO HAIIPABJIEHHsT POOOTA), IepelaHHbIe Ye-
pe3 ARTag mMeTKy, pacio/iozKeHHYI0 Ha CIyIalfHOM CTeJIIazke BOKPYT CeKTopa
cTapTa, JI0eXaThb MePBBIM POOOTOM 0 BTOPOTO U TOCTE JI0 JIFODOTO CeKTopa
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11.

12.

13.

14.
15.

16.
17.

18.

crapra.

10.2.1. Bropoit pobor ycuemno cuautag ARTag MeTKy, BBITOTHUI KOMAaH/IbI,
OCTAHOBWJICS, M3/1aJ1 3BYK U BBIBEJI Ha 9KpaH finish u 6oJjiee He IBUTAJICS.
— 24 baJuna.

10.2.2. Ilepsblit pobOT JOKAIUIOBAJICH, JTOEXAJ JIO CMEXKHOIO CEKTOpa, M3JIaJj
3BYK. — 24 OaJiia.

10.2.3. Tlepsblit pobOT Jo€eXas 10 CMEXKHOTO CEKTOPA, TOC/Ie IIePpEMEIIeHIs BTO-
poro pobora — 8 OaJIIOB.

10.2.4. IlepBoIit poOOT JTOKAJIU30BAJICS, J0€Xa JO CMEXKHOI'O CEKTopa, M3aJl
3ByK. Uepes 10 cek MpoIo/KII JIBUZKEHUE JI0 JTI0O0I0 CeKTOpa cTapTa,
OCTAHOBWJICSI, W3/1aJ1 3BYK U BBIBEJ Ha dKpaH finish.—24 Oasia.

10.2.5. Ilepseriit po6or goexan o OGimzKaiiiieir (¢ TOUKH 3peHUsT KOJMIeCTBA
CEKTOPOB) 30HBI cTapra. Ilepes srum, HepBbIii POGOT JOeXall 10 CMekK-
HOI'O CEKTOPa I0C/Ie IepeMeleHus BToporo pobora — 16 6asios.

Basuter 3a 3aja1y Ha peajbHOM podOTE HE HAYUCIAIOTCS, €CJIU He ObLIO YACTUIHO
3aCUYUTAHO pelleHne 3a/1a9u B CUMYJISITOPE.

YHactuaabIM peIIeHueEM B CUMYJIATOPE CHUTACTCA YCIIEHNTHOE ITPOXO2KJ/ICHUE 30% BCeEX
TECTOB.

Bo Bcems pentenust 3aja4u Bo3MOXKeH Iepesalryck. [Ipu nepesamycke koman/ia Mo-
2KeT IOIPABUTh CBOE pellleHne, IOTPATUB Ha 3TO He 6ojee TpEX MUHYT.

[Ipu nepesamnycke nabpaHuble OAJIBI HE MPOIMAJIAIOT, BpeMs HE OCTAHABIUBAETCS.

B ClIydae €CJIM KOMaH/la HCIIOJIb30BaJla II€pe3allyCK, TO OHa IIOJIYYHT IIOJIOBUHY U3
JOCTUTI'HYThIX 0aJJI0B 3a BCE IIOIIBITKY.

BaJuter 3a Bce MONBITKY B KazK/I0N 10J13a/1a14€ CyMMUPYIOTCH.

Beimosinenne Becex Kpurepues(He 00si3aTe/IbHO HA MAKCUMYM OAJljIOB) B KaXKJION U3
JIBYX IOIIBITOK 3aJ[a9il Ha peajJIbHOM poboTe JaeT JOMOTHUTENbHBIE 4 OaJia.

Makcumasbaoe KojmmdaecTBo 0aJIoB 3a tan — 120.

Pemenne

solution /helpers.ts

import { Direction } from './FieldGraph';

export function normalizeAngle(angle: number) {
var newAngle = angle % 360;
while (newAngle <= -180) newAngle += 360;
while (newAngle > 180) newAngle -= 360;
return newAngle;

3

export function normalizeDirection(direction: number): Direction {
direction = direction % 4;

if (direction < 0) direction += 4;

return direction;

}

export function copy<T>(x: T): T {
return JSON.parse(JSON.stringify(x));
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}

export function run_generator(generator: Iterable<unknown>): void {
for (const _ of generator) {

}

solution/sensor wrap.ts

import trik_brick from "trik_brick";

export abstract class SensorWrap {

abstract update(total_elapsed_time: number, delta_time: number):

}

export abstract class ScalarSensor extends SensorWrap {
abstract get_value(): number;

}

export class SmoothUltrasonicSensorWrap extends ScalarSensor {
sensor: trik_brick.Sensor
previous_stable_reading: number;
previous_unstable_reading: number;
current_reading: number;

constructor (sensor: trik_brick.Sensor) {

3

super() ;

this.sensor = sensor;

this.current_reading = sensor.read();
this.previous_stable_reading = this.current_reading;
this.previous_unstable_reading = this.current_reading;

update(total_elapsed_time: number, delta_time: number): void {

const currentRead = this.sensor.read();
if (Math.abs(currentRead - this.previous_unstable_reading) > 10)
{
console.log("unstable: " + this.previous_stable_reading + ",
< currentRead);
this.previous_unstable_reading = currentRead;
this.current_reading = this.previous_stable_reading;

this.previous_unstable_reading = currentRead;
this.previous_stable_reading = this.previous_unstable_reading;

this.current_reading = currentRead;

get_value(): number {

3

return this.current_reading;

void;
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solution/artag/hamming.ts

import { ARTAG_SIZE } from "./libmorat-ng";

const message_len = (ARTAG_SIZE - /xborders*/ 2) ** 2 - /*corners*/ 4;
const control_bits = Math.floor(Math.log2(message_len));
const hamming_masks: number[] = [];

// note: using little-endian for representing binaries

for (let control_bit = 0; control_bit < control_bits; ++control_bit) {
const index = 2 ** control_bit;
let bitmask = 0;
for (let i = index - 1; i < message_len; i += index * 2) {
for (let di = 0; di < index; ++di) {
bitmask |= 1 << (i + di);

X
X
hamming_masks.push(bitmask) ;
}
export function extract_message(hamming: number) {
let ret = 0;
let ¢ = 0;

for (let i = 2; i < message_len; ++i) {
const 12 = Math.log2(i + 1);

if (Math.floor(12) !== 12) {
ret |= ((hamming >> i) & 1) << c;
c++;

}

}
return ret;

3

function extend_message(message: number) {
let ret = 0;
let ¢ = 0;
for (let i = 0; i < message_len; ++i) {
const 12 = Math.log2(i + 1);
if (Math.floor(12) !== 12) {
const mi = message & 1;
message >>= 1;
ret |= mi << c;
}
ct++;
}
return ret;

3

function calculate_control_bits(extended_message: number) {

let ret = extended_message;

for (
let control_bit_number = O;
control_bit_number < control_bits;
++control_bit_number

) A{
const index = 2 ** control_bit_number - 1;
let v = hamming_masks [control_bit_number] & extended_message;
let bit = 0;
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while (v > 0) {
bit "= v & 1;
v >>= 1;

}

ret |= bit << index;

return ret;

}

export function encode(message: number) {
return calculate_control_bits(extend_message(message)) ;

3

export function decode(hamming: number) {
const recomputed = encode(extract_message(hamming)) ;
let diff = recomputed =~ hamming;

let ¢ = 0;
const different_bits: number[] = [];
while (diff > 0) {
Cc++;
const bit = diff & 1;
diff >>= 1
if (bit) different_bits.push(c);
}
if (different_bits.length > 0) {
console.log("Found a encode mistake, fixing...")
const to_correct =
different_bits.reduce((acc, curr) => acc + curr, 0) - 1;

return extract_message(hamming ~ (1 << to_correct));
}

return extract_message(hamming) ;

solution/artag/artag decode.ts

import { ARTAG_SIZE } from './libmorat-ng';
import { Command } from '../Command';
import { decode } from './hamming';

function decode_to_number(bin_artag: NdArray) {
let ret = 0;
let ¢ = 0;
for (let i = 1; i < ARTAG_SIZE - 1; ++i) {
for (let j = 1; j < ARTAG_SIZE - 1; ++j) {

if (
(1===1¢& j===1) ||
(i === 1 &% j === ARTAG_SIZE - 2) ||
(i === ARTAG_SIZE - 2 && j === 1) ||
(i === ARTAG_SIZE - 2 && j === ARTAG_SIZE - 2)
) o
continue;
}
ret |= bin_artag.get(i, j) << c;
cH+;

>
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return ret;

3

export function artag_decode(bin_artag: NdArray): Command[] {

let num = decode_to_number(bin_artag);
num = decode(num) ;
const commands = Array(13)

.£i11(0)

.map(

(L, 1) = (((aum >> (A * 2)) & 1) << 1) | ((aum >> (4 * 2 + 1)) & 1)

)

return commands as Command[];

solution/artag/libmorat-ng.ts

import ndarray from '"ndarray";
export const ARTAG_SIZE = 8;

const SHAPE: [number, number] = [120, 160];

const LIGHT_NORM: [number, number] = [0.8741, -16.94];
const DARK_NORM: [number, number] = [1, 0];

const XDARK_NORM: [number, number] = [1.582, 0];

const MAP: [number, number][] = new Array(SHAPE[1]);
MAP.£fi11 (LIGHT_NORM) ;
MAP[3] = XDARK_NORM;
for (let i = 5; i < SHAPE[1]; i+= 2)
MAP[i] = DARK_NORM;
MAP[7] = XDARK_NORM;

type pos = [number, number];

export class InvalidArtagImageError extends Error {

3

function filter(image: NdArray) {
for (let j = 0; j < image.shape[1]; j++) {
const [slope, intercept] = MAP[j];
for (let i = 0; i < image.shape[0]; i++) {
let v = slope * image.get(i, j) + intercept;
v = Math.max(0, v);
v = Math.min(255, v);
image.set(i, j, v);
}
}
for (let j = 0; j < image.shape[1]l; j += 2) {
for (let i = 0; i < image.shape[0]; i++) {
let v = image.get(i, j) + image.get(i, j + 1);
v /= 2;
image.set(i, j, v | 0);
image.set(i, j + 1, v | 0);

}

function histogram(image: NdArray): number[] {
const res: number[] = new Array(256);
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res.fill1(0);
for (let i = 0; i < image.shape[0]; i++) {
for (let j = 0; j < image.shape[1]; j++) {
const v = image.get(i, j);
res[v]++;

3

return res;

}

function threshhold(image: NdArray, thresh: number) {
for (let i = 0; i < image.shape[0]; i++) {
for (let j = 0; j < image.shape[1]; j++) {
const v = image.get(i, j);
const nv = (v < thresh) ? 0 : 255;
image.set (i, j, nv);

¥

function otsu(image: NdArray) {
/* http://www.labbookpages.co.uk/software/imgProc/otsuThreshold.html */
const total = image.shape[0] * image.shape[1];
const hist = histogram(image) ;

const hist_sum = hist.reduce((a, x, i) => i * x + a, 0);
let wB = 0, wF = 0, sumB = 0;
let best_thresh = 0;
let best_thresh_variance = 0;
for (let i = 0; i < 256; i++) {
wB += hist[i];
if (wB == 0) continue;

wF = total - wB;
if (wF == 0) break;

sumB += i * hist[i];

const mB = sumB / wB;
const mF = (hist_sum - sumB) / wF;
const variance = wB * wF * (mB - mF) * (mB - mF);
if (variance > best_thresh_variance) {
best_thresh = i;
best_thresh_variance = variance;
}
}
threshhold(image, best_thresh);
}

function get_ccs(image: NdArray): pos[]1[] {
function* nei(p: pos): Iterable<[number, number]> {
const [i, j] = p;

if (i > 0) yield [i - 1, jl;
if (i < image.shape[0] - 1) yield [i + 1, jI;
if (7 > 0) yield [i, j - 11;

if (j < image.shape[1] - 1) yield [i, j + 11;
}
const seen = ndarray(new Array(image.shape[0] * image.shape[1]), image.shape);
seen.data.fil1(0);
const ccs: pos[1[] = [1;
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function bfs(p: pos, cc: number) {
if (seen.get(...p) !== 0)
return;
seen.set(...p, 1);
const queue: pos[] = [ p ];
while (queue.length > 0) {
const p = queue.shift()!;
ccs[cc] .push(p);
function put(i: number, j: number) {
if (image.get(i, j) === 0 && seen.get(i, j) === 0) {
seen.set(i, j, 1);
queue.push([i,jl);
}
}
//for (let x of nei(p)) {
const [i, jl = p;

if (1 > 0) put(i - 1, j);
if (i < image.shape[0] - 1) put(i + 1, j);
if (37 > 0) put(i, j - 1);
if (j < image.shape[1] - 1) put(i, j + 1);

//}

}
let cc = 0;
for (let i = 0; i < image.shape[0]; i++) {
for (let j = 0; j < image.shape[1]; j++) {
const p: pos = [i, jl;
if (image.get(i, j) < 128 && seen.get(i, j) == 0) {
console.log("bfs(" + p + ")");
ccs.push([]1);
bfs(p, cc);
cct++;
}

//console.log("mining...");

}
return ccs;

}

function slice(image: NdArray, from_i: number = O, to_i: number = image.shape[0],
— from_j: number = 0, to_j: number = image.shape[1]): NdArray {

const si to_i - from_i;

const sj to_j - from_j;

const res = ndarray(new Array(si * sj), [si, sjl);

for (let i = 0; i < si; i++)

for (let j = 0; j < sj; j++)
res.set(i, j, image.get(from_i + i, from_j + j));
return res;

}

function crop(image: NdArray): NdArray {

const ccs = get_ccs(image)
//.filter(x => image.get(...x[0]) < 128)
.sort((a, b) => b.length - a.length);

const cc = ccs[0];

const mini = Math.min(...cc.map(x => x[0]));

const minj = Math.min(...cc.map(x => x[1]));

const maxi Math.max(...cc.map(x => x[0]));

const maxj = Math.max(...cc.map(x => x[1]));

return slice(image, mini, maxi + 1, minj, maxj + 1);
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}

function get_verts(image: NdArray): [pos, pos, pos, pos] {

function get_one_vert(i: (p: number, d: number) => number, j: (p: number, d:

— number) => number): pos {

for (let d = 0; d < Math.max(...image.shape); d++) {

for (let p = 0; p <= d; p++) {
const il = i(p, d);
const jl1 = j(p, d);

if (il < image.shape[0] && j1 < image.shape[l] && image.get(il, j1) <

- 128)
return [il, j1];
}
}
throw new InvalidArtagImageError("Oh shit!");
}
return [
get_one_vert((p, d) => p, (p, 4) =>4 - p),
get_one_vert((p, d) => p, (p, d) => image.shape[1] - (d - p)),
get_one_vert((p, d) => image.shape[0] - p, (p, d) =>d - p),
get_one_vert((p, d) => image.shape[0] - p, (p, d) => image.shape[1l] - (d -
— P)),
1;

3

function pos_sub(a: pos, b: pos): pos {
return [a[0] - b[0], al1] - b[1]];
}

function pos_add_one(a: pos, b: pos): pos {
return [a[0] + b[0], al1] + b[11];
}

function pos_add(...args: pos[]): pos {
return args.reduce((x, a) => pos_add_one(x, a), [0,0]);

}

function pos_mul(a: number, b: pos): pos {
return [a * b[0], a * b[1]];
}

function get_points(verts: [pos, pos, pos, pos]): pos[] {

const [pO, pl, p2, p3] = verts;

const vl = pos_sub(pl, pO);

const v2 = pos_sub(p3, pl);

const v3 = pos_sub(p2, p0);

const v4 = pos_sub(p3, p2);

const ib = pos_mul(0.5, pos_add(vl, v4));

const jb = pos_mul(0.5, pos_add(v3, v2));

function get_point(i: number, j: number): pos {
i = (i + 0.5) / ARTAG_SIZE;
j = (j + 0.5) / ARTAG_SIZE;

return pos_add(pO, pos_mul(i, ib), pos_mul(j, jb));

}
const res: pos[] = [1;
for (let j = 0; j < ARTAG_SIZE; j++) {
for (let i = 0; i < ARTAG_SIZE; i++)
res.push(get_point(i, j));
}

return res;
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}

function inplace_rotate(pixels: NdArray) {

/* https://wuw.geeksforgeeks.org/inplace-rotate-square-matrix-by-90-degrees/ */

const size = pixels.shape[0];

const hs = (size / 2) | 0;

for (let p = 0; p < hs; p++) {

for (let k = 0; k < size - p * 2 - 1; k++) {

const pO: pos = [p + k, pl;
const pl: pos = [size - p - 1, p + k];
const p2: pos [size - p - 1 - k, size - p - 1];
const p3: pos = [p, size - p - 1 - k];
const t = pixels.get(...p0);
pixels.set(...p0, pixels.get(...p3));
pixels.set(...p3, pixels.get(...p2));
pixels.set(...p2, pixels.get(...pl));
pixels.set(...pl, t);

}

function rotate_artag(pixels: NdArray) {

let lc_marker_count = O;

for (let i = 0; i < 4; i++) {
if (pixels.get(ARTAG_SIZE - 2, ARTAG_SIZE - 2))

lc_marker_count++;

inplace_rotate(pixels);

}

if (lc_marker_count != 1)
throw new InvalidArtagImageError("expected to have 1 left-bottom-corner
— marker, but found " + lc_marker_count.toString());

while (!pixels.get(ARTAG_SIZE - 2, ARTAG_SIZE - 2))
inplace_rotate(pixels);

3

function sanitize_artag(pixels: NdArray) {
for (let i = 0; 1 < 4; i++) {
for (let j = 0; j < pixels.shape[0] - 1; j++) {
if (pixels.get(j, 0) != 0)
throw new InvalidArtagImageError("No border around artag");

}

inplace_rotate(pixels);

3

/%%
* converts camera output to NdArray
*/
export function numbers_to_image(image: number[]): NdArray {
const SIZE = [120, 160];
const result = ndarray(new Array(SIZE[0] * SIZE[1]), SIZE);
for (let i = 0; i < SIZE[O]; i++) {
for (let j = 0; j < SIZE[1]; j++) {
/* (historically) use only the green channel is used */
const val = image[j + i * SIZE[1]]
const green = (val >> 8) & Oxff;
result.set(i, j, green);

}

return result;
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}
/%%
* converts input from tests to NdArray
*%/
export function string_to_image(str: string): NdArray {
const SIZE = [120, 160];
const splitted = str.trim().split(' ');
const result = ndarray(new Array(SIZE[O] * SIZE[1]), SIZE);
for (let i = 0; i < SIZE[O]; i++) {
for (let j = 0; j < SIZE[1]; j++) {
/* we (historically) use only the green channel */
const val = splitted[j + i * SIZE[1]].slice(2, 4);
result.set(i, j, parselnt(val, 16));

}

return result;

}

export function read_artag(image: NdArray): NdArray {
filter(image) ;
image = slice(image, undefined, undefined, 4, undefined);
otsu(image) ;
image = crop(image);
const verts = get_verts(image) ;
const points = get_points(verts);
const pixels = ndarray(points.map(x => image.get(...x.map(p => p | 0)) > 128 7 1
— 0), [ARTAG_SIZE, ARTAG_SIZE]);
sanitize_artag(pixels);
rotate_artag(pixels);
return pixels;

solution/low level control/util/sensor wrap.ts

import trik_brick from "trik_brick";
import { Timer } from "./timer";
import { setup_gyro, packed_uint_to_sec } from "./common";

export abstract class SensorWrap {
abstract update(total_elapsed_time: number, delta_time: number): void;

3

export abstract class ScalarSensor extends SensorWrap {
abstract get_value(): number;

}

export abstract class VectorSensor extends SensorWrap {
abstract get_value(): number([];

}

export class DumbScalarSensor extends ScalarSensor {
sensor: trik_brick.Sensor;
current_reading: number = 0;
constructor (sensor: trik_brick.Sensor, count: number) {
super () ;
this.sensor = sensor;

}

get_value(): number {
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return this.current_reading;

3

update(total_elapsed_time: number, delta_time: number): void {
this.current_reading = this.sensor.read();

}
3

export class MedianScalarSensor extends SensorWrap {
sensor: trik_brick.Sensor
buffer: number[];
current_reading: number = 0;

constructor(sensor: trik_brick.Sensor, count: number) {
super () ;
this.sensor = sensor;
this.buffer = [];
for (let i = 0; i < count; i++)
this.buffer.push(sensor.read());

}

update(total_elapsed_time: number, delta_time: number): void {
this.buffer.push(this.sensor.read());
this.buffer.shift();
const sorted = this.buffer.slice();
sorted.sort();
this.current_reading = sorted[((sorted.length + 1) / 2) | 0];

get_value(): number {
return this.current_reading;
b
by

export class SmoothUltrasonicSensorWrap extends ScalarSensor {
sensor: trik_brick.Sensor
previous_stable_reading: number;
previous_unstable_reading: number;
current_reading: number;

constructor(sensor: trik_brick.Sensor) {
super () ;
this.sensor = sensor;
this.current_reading = sensor.read();
this.previous_stable_reading = this.current_reading;
this.previous_unstable_reading = this.current_reading;

}

update(total_elapsed_time: number, delta_time: number): void {

const currentRead = this.sensor.read();

if (Math.abs(currentRead - this.previous_unstable_reading) > 10)

{
console.log("unstable: " + this.previous_stable_reading + ", " +
< currentRead);
this.previous_unstable_reading = currentRead;
this.current_reading = this.previous_stable_reading;
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this.previous_unstable_reading = currentRead;
this.previous_stable_reading = this.previous_unstable_reading;

this.current_reading = currentRead;

get_value(): number {
return this.current_reading;
X
X

export interface GyroSensor extends SensorWrap {
get_value(): number[];
get_time() : number;
get_pitch(): number;
get_roll(): number;
get_yaw() : number;
translate(new_zero: number): ContinuousYawGyroSensor;
reset(): void;

}
export interface ContinuousYawGyroSensor extends GyroSensor {}

export class RawGyroSensorWrap extends VectorSensor {
sensor: trik_brick.GyroSensor;
value: number[];
timer: Timer;

constructor(sensor: trik_brick.GyroSensor) {
super () ;
this.sensor = sensor;
this.value = [0,0,0,0];
setup_gyro (sensor) ;
//sensor .newData.connect ((read, time) => this.sensor_callback(read, time));
this.timer = new Timer(() => this.sensor_callback(), 0.050);
//calibrate_gyro(sensor) ;
//console.log(sensor.getCalibrationValues());

3

sensor_callback(/*values: number[], time: numberx/) {
const MDEG_TO_RAD = Math.PI / 1000 / 180;
const raw_value = this.sensor.read();
this.value[0] = packed_uint_to_sec(raw_value[3]);
this.value[1] = raw_value[4] * MDEG_TO_RAD;
this.value[2] = raw_value[5] * MDEG_TO_RAD;
this.value[3] = -raw_valuel[6] * MDEG_TO_RAD;

}

get_value(): number[] {
return this.value;

}

get_time() { return this.value[O]; }
get_pitch() { return this.value[1]; }
get_roll() { return this.value[2]; }
get_yaw() { return this.value[3]; }

/** It's updated by the timer, so there is no point in doing anything here

*/
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}s;

update(total_elapsed_time: number, delta_time: number): void {}

class TranslatedGyroSensorWrap implements ContinuousYawGyroSensor {

}

/*%

* trik's gyro gives angles in range [-pi;pil, but it is more convienment to have
"continuous" yaw axis (other axis do not matter anyways :shrug:)

—

*/

export class ContinuousYawGyroSensorWrap extends RawGyroSensorWrap implements

—

gyro: ContinuousYawGyroSensorWrap;

zero: number;

constructor(gyro: ContinuousYawGyroSensorWrap, zero: number) {
this.gyro = gyro;
this.zero = zero;

}

get_value(): number[] {

let val = this.gyro.get_value().slice();

val[3] -= this.zero;

return val;
}
get_time(): number { return this.gyro.get_time(); }
get_pitch(): number { return this.gyro.get_pitch(); }
get_roll(): number { return this.gyro.get_roll(); }
get_yaw(): number { return this.gyro.get_yaw() - this.zero; }
translate(zero: number): ContinuousYawGyroSensor { return new
— TranslatedGyroSensorWrap(this.gyro, this.zero + zero); }
update(total_elapsed_time: number, delta_time: number): void {

this.gyro.update(total_elapsed_time, delta_time);

}
reset() {
this.gyro.wrapped_yaw = this.zero;
//this.zero = this.gyro.get_value() [3];
}

ContinuousYawGyroSensor {

previous_yaw: number = 0;

wrapped_yaw: number = 0;

static circle_delta(from: number, to: number) {

/* gives a shortest by absolute value delta on unit circle */

if (from < 0) from += Math.PI;
if (to < 0) to += Math.PI;
const dl1 = to - from;

const d2 = d1 + Math.PI;

const d3 = dl1 - Math.PI;

const al = Math.abs(dl), a2 = Math.abs(d2), a3 = Math.abs(d3);
if (a1 < a2) {
if (al < a3)
return di;
else
return d3;
} else if (a2 < a3)
return d2;
else

return d3;

}

sensor_callback(/*values: number[], time: numberx*/) {
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super.sensor_callback();
let val = this.value[3];
let pval = this.previous_yaw;

const delta = ContinuousYawGyroSensorWrap.circle_delta(pval, val);

this.previous_yaw = this.valuel[3];
this.wrapped_yaw += delta;

// console.log(this.wrapped_yaw) ;
this.value[3] = this.wrapped_yaw;

}

reset() {
this.wrapped_yaw = 0;

¥

translate(zero: number): ContinuousYawGyroSensor { return new
— TranslatedGyroSensorWrap(this, zero); }

solution/low level control/util/trik_wrap.ts

import trik_brick from "trik_brick";
import trik_script from "trik_script";

export function take_raw_image(): number[] {
let image = trik_brick.getStillImage();
if (image.length == 0)
throw new Error("Camera is not available");
return image;

}

export function take_filtered_image(): number[] {
let image = trik_script.getPhoto();
if (image.length == 0)
throw new Error("Camera is not available");
return image;

solution/low level control/util/common.ts

import trik_script from "trik_script";
import trik_brick, { GyroSemsor } from "trik_brick";

export function delay(seconds: number) {
trik_script.wait(seconds * 1000);

3

export function randint(lo: number, hi: number): number {
return (Math.random() * (hi - lo) ) << 0;
}

export function get_time(): number {
return new Date().getTime() / 1000;
}

export function beep(hz: number, ms: number) {
trik_brick.playTone(hz, ms);
}
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export function calibrate_gyro(gyro: GyroSensor) {
const TIME = 30;
gyro.calibrate(TIME * 1000);
delay(TIME);

}

export function setup_gyro(gyro: GyroSensor) {

const GYRO_FILE = "gyroscope.txt";

let cal_text = trik_script.readAl1(GYRO_FILE);

if (cal_text.length === 0) {
console.log("recalibrating gyroscope...");
calibrate_gyro(gyro);
const cal_val = gyro.getCalibrationValues();
console.log("calibrated to " + JSON.stringify(cal_val));
cal_text = [JSON.stringify(cal_val)l;
trik_script.removeFile (GYRO_FILE) ;
trik_script.writeToFile (GYRO_FILE, cal_text[0]);

¥

const cal_val = JSON.parse(cal_text[0]);

gyro.setCalibrationValues(cal_val);

}
export function packed_uint_to_sec(val: number) {

return val * Math.pow(2, 8) / 1000000;
}

solution/low level control/util/timer.ts

export class Timer {
private id: number;

constructor(callback: () => void, interval: number) {
this.id = <any>setInterval(callback, interval * 1000);

}
clear() {

clearInterval (<any>this.id);
}

solution/low level control/util/pid.ts

export class PID {
readonly p: number;
readonly i: number;
readonly d: number;

integral: number;
previous_error: number;

constructor(p: number, i: number, d: number) {

this.p = p;
this.i = i;
this.d = d;

this.integral = 0;
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this.previous_error = 0;

3

get_next (setpoint:number, value: number, delta_time: number): number {
const error = setpoint - value;
this.integral += error * delta_time;
const derivative = (error - this.previous_error) / delta_time;
this.previous_error = error;
const output = this.p * error + this.i * this.integral + this.d * derivative;
return output;

b

reset() {
this.previous_error = 0;
this.integral = 0O;

b

}

export class LimitedPID extends PID {
min: number;
max: number;

constructor(k_p: number, t_i: number, t_d: number, min: number, max: number) {
super(k_p, t_i, t_d);
this.min = min;
this.max = max;

}

get_next(setpoint:number, value: number, delta_time: number): number {
let val = super.get_next(setpoint, value, delta_time);
if (val > this.max) val = this.max;
if (val < this.min) val = this.min;
return val;

solution/low level control/low level interaction proto.ts

import { WallsState } from "../FieldGraph";
import { Command } from "../Command";

export class LLCommand {
public readonly xtype: string = 'd - asTop!';
public result: LLResult | undefined;

X

export class ForwardCommand extends LLCommand {
xtype = 'f';
public amount: number = O;

X

export class InspectWallsCommand extends LLCommand {
xtype = 'w';

by

export class TurnCommand extends LLCommand {
xtype = 't';
public degrees: number = O;

X

export class ScanArtagCommand extends LLCommand {

xtype = 'a';
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by

export class StopCommand extends LLCommand {
xtype = 's';

3

export class LLResult {}

export class InspectWallsResult extends LLResult {
public constructor(readonly walls: WallsState) { super(); }
}

export class ScanArtagResult extends LLResult {
public constructor(readonly commands: Command[] | undefined) { super(); }

}

solution/low level control/low level interaction.ts

import { WallsState } from "../FieldGraph";

import ipc_entrypoint from "./movement";

import { LLCommand, LLResult, ForwardCommand, InspectWallsResult, InspectWallsCommand,
< TurnCommand, ScanArtagCommand, StopCommand, ScanArtagResult } from

< "./low_level_interaction_proto";

// Provides a bridge between low-level control and high-level controll

export class LLInteractionClient {
constructor(private readonly low_level_loop_coro: Generator<void, void,
< LLCommand>) {
console.log("LLInteractionClient constructor");

}

execute_command (command: LLCommand): LLResult | undefined {
const res = this.low_level_loop_coro.next (command) ;
if (res.done)
throw new Error("low-level control stopped, but command was issued");
//console.log("execute result is", command.result);
return command.result;

}

execute_forward(amount: number) {
const gg = new ForwardCommand() ;
gg.amount = amount;
this.execute_command(gg) ;

}

execute_inspect_walls(): WallsState {
const result: InspectWallsResult =
— <InspectWallsResult>this.execute_command(new InspectWallsCommand());
if (result === undefined) throw new Error("Result is undefined in
— execute_inspect_walls()")
return result.walls;

3

execute_turn(degree: number) {
const gg = new TurnCommand() ;
gg.degrees = degree;
this.execute_command(gg) ;
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execute_scan_artag(): ScanArtagResult {

3

return <ScanArtagResult>this.execute_command(new ScanArtagCommand());

execute_stop() {

X
X

export function create_low_level_interation_client() {

this.

execute_command (new StopCommand());

return new LLInteractionClient(ipc_entrypoint());

3

solution/low level control/robot constants.ts

import trik_mailbox from 'trik_mailbox';

/* specific to construction */
export const WHEEL_DISTANCE = 0.175;

export const WHEEL_RADIUS = 0.03969885586091524; /+* computed by moving trik and

— measuring encoders' values */ //0.0425
export const COUNTS_PER_REVOLUTION = 360;
export const COUNTS_PER_METER =

COUNTS_PER_REVOLUTION / (2 * WHEEL_RADIUS * Math.PI);

export
export

export
export
export
export
export

const
const

const
const
const
const
const

METERS_PER_COUNT = 1 / COUNTS_PER_METER;
WHEEL_TO_CENTER_DISTANCE = 0.04;

CELL_FRONT_DISTANCE = 7.5;
MOVE_SPEED = 300;
ROTATE_SPEED = 200;
MOVE_SPEEDUP = 300;
ROTATE_SPEEDUP = 100;

/* specific to robot instance */
export const RIGHT_MOTOR_COEFFICIENT = 1;
export const LEFT_MOTOR_COEFFICIENT = 1;

/* some PID coefficients */

0.2 0

// 0.2
// 0.05 O
// 0.8 0.1

0.001 for accumulating speedy regulator
0 for positional regulator

// validated at 11.1824 V

export const MOTOR_PID_COEEFICIENTS = [0.8, 0.1, 0.005];

/* Reduces overshoot when rotating using gyro */
export let TRIK_90: number;
export let TRIK_180: number;

if (trik_mailbox.myHullNumber() == 0) {
TRIK_90 =
//0.475

} else

//0.5

0.48 * Math.PI;
TRIK_180 = 0.95 * Math.PI;

{

TRIK_90 =
//0.475

0.485

// 0.48

for non-accumulating speedy regulator
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* Math.PI;
TRIK_180 =

// 0.95

1

* Math.PI;

solution/low level control/movement/movement.ts

import { SmoothUltrasonicSensorWrap, ContinuousYawGyroSensorWrap, SensorWrap,
— ScalarSensor, ContinuousYawGyroSensor } from "../util/sensor_wrap";
import { make_motor, MotorController } from "./motors";

import { WHEEL_DISTANCE } from "../robot_constants";

import { PID } from "../util/pid";

// rotate k: 2.555

function cap_speed(speed: number) {
return Math.sign(speed) * Math.min(500, Math.abs(speed));
}

export class Motors {

readonly motor_left: MotorController;

readonly motor_right: MotorController;

constructor (motor_left: MotorController, motor_right: MotorController) {
this.motor_left = motor_left;
this.motor_right = motor_right;

b

update(left_speed: number, right_speed: number, delta_time: number) {
this.motor_left.update(left_speed, delta_time);
this.motor_right.update(right_speed, delta_time);

}

brake() {
this.motor_left.brake();
this.motor_right.brake();

}

export class RulingMovementController <{
readonly motors: Motors;
static readonly D = WHEEL_DISTANCE;

readonly speedup: number;
constructor(motors: Motors, speedup: number) {
this.motors = motors;
this.speedup = speedup;
}
/%%
* Positive radius means turning right, negative - left, +-Infinity - forward

*/

update(target_speed: number, rule_radius: number, total_elapsed_time: number,
— delta_time: number): void {

target_speed = cap_speed(target_speed);

let actual_target_speed = Math.sign(target_speed) *

< Math.min(Math.abs(target_speed), total_elapsed_time * this.speedup);
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if (rule_radius == Infinity || rule_radius == -Infinity)
{
this.motors.update(actual_target_speed, actual_target_speed, delta_time);
}
else
{
const R_m = Math.abs(rule_radius);
const R_D = R_m + RulingMovementController.D / 2;
const R = R_m - RulingMovementController.D / 2;
const speedl = cap_speed(actual_target_speed * R / R_m);
const speed2 = cap_speed(actual_target_speed * R_.D / R_m);
//console.log(total_elapsed_time, actual_target_speed, speedl, speed2);
// speed2 >= speedl
if (rule_radius > 0)
this.motors.update(speed2, speedl, delta_time);
else
this.motors.update(speedl, speed2, delta_time);
}
}
brake() {
this.motors.brake();
}

}

export abstract class DirectionController {
/** Returns desired curvature or null if don't have information
*/
abstract update(target_speed: number, total_elapsed_time: number, delta_time:
< number): number | null;
reset() {}
by

export class GyroDirectionController extends DirectionController {
readonly gyro: ContinuousYawGyroSensor;
static readonly coefficient: number = 20;

constructor(gyro: ContinuousYawGyroSensor) {
super () ;
this.gyro = gyro;
X
update (target_speed: number, total_elapsed_time: number, delta_time: number):
< number | null {
const error = this.gyro.get_yaw();
const curvature = Math.sign(target_speed) * error *
— GyroDirectionController.coefficient;
return curvature;

3

reset_gyro() {
this.gyro.reset();

X
X

export class WallProximityDirectionController extends DirectionController {
readonly proximity: ScalarSensor;
static readonly COEFFICIENT: number = 1;
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3

readonly coefficient: number;
readonly target_proximity: number;

readonly regulator: PID;

error: n
active:

umber = 0;
boolean = fal

se;

constructor (proximity: ScalarSensor, target_proximity: number, is_right: boolean)

- {
supe
this
this
if (

else

rQ;

.proximity =
.regulator
'is_right)
this.coeffici

this.coeffici

proximity;
new PID(0.4, 0, 0.1);

ent

ent

-WallProximityDirectionController.COEFFICIENT;

WallProximityDirectionController.COEFFICIENT;

this.target_proximity = target_proximity;

}

update (target_speed: number, total_elapsed_time: number, delta_time: number):
— number | null {

cons
this

if (

t prox_value

'this.active)
return null;

= this.proximity.get_value();
.error = this.target_proximity - prox_value;
//console.log(prox_value, error);

this.active = prox_value < 25;

const regulated_value
return this.coefficient * regulated_value;

3

reset ()

{

= this.regulator.get_next(0, this.error, delta_time);

this.regulator.reset();

}

export class CompositeDirectionController extends DirectionController {

3

elements:

constructor (elements:
super() ;
this.elements = elements;

}

[DirectionController, number][];

[DirectionController, number][]) {

update(target_speed: number, total_elapsed_time: number, delta_time: number):
< number | null {

const results = this.elements
.map((v) => [v[0]

- v[1]])
.filter((p):

p is

if (results.length ==

return null;

.update(target_speed, total_elapsed_time, delta_time),

[number, number] => p[0] !== null);
0)

return results.reduce((a, v) => a + v[0] * v[1], 0) / results.reduce((a, v) =>

—

a+ v[i], 0);

export class ForwardMovementController {
readonly direction: CompositeDirectionController;
readonly ruler: RulingMovementController;
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static readonly coefficient: number = 20;

private previous_errors: number[] = [];

private readonly wall_controllers: WallProximityDirectionController[];
private readonly gyro_controller: GyroDirectionController;

constructor(ruler: RulingMovementController, direction:
— CompositeDirectionController) {
this.direction = direction;
this.ruler = ruler;
this.wall_controllers =
— <WallProximityDirectionController[]>direction.elements.map(x =>
— x[0]) .filter(x => x instanceof WallProximityDirectionController);
this.gyro_controller = <GyroDirectionController>direction.elements.map(x =>
— x[0]).filter(x => x instanceof GyroDirectionController) [0];

}

private reset_gyro() {
this.gyro_controller.reset_gyro();
console.log("gyro reset");

}

private update_gyro_reset(total_elapsed_time: number) {
const current_errors = this.wall_controllers.filter(x => x.active).map(x =>
< X.error);
const ok = Math.max(...this.previous_errors.map(x =>
< Math.abs(x)).slice(undefined, -1)) < 3 && this.previous_errors.length >
— 20;
if (this.previous_errors.length >= 60 && ok) {
console.log("we are stable for a pretty long time. resetting gyro...;
<« previous_errors =", JSON.stringify(this.previous_errors))
this.previous_errors = [];
this.reset_gyro();
return;
}
if (current_errors.length == 0) {
if (this.previous_errors.length != 0) {
console.log("we have lost walls! Were we moving ok?", (ok 7 "YES;"
— "no...;"), "previous_errors =",
< JSON.stringify(this.previous_errors));
this.previous_errors = [];
if (ok)
this.reset_gyro();
}
return;
}
this.previous_errors.push(Math.max(...current_errors));
//return false;

}

update (target_speed: number, total_elapsed_time: number, delta_time: number): void
- i

const curvature = this.direction.update(target_speed, total_elapsed_time,

< delta_time) 77 0;

this.update_gyro_reset(total_elapsed_time);
//console.log(target_speed, curvature, 1 / curvature);

this.ruler.update(target_speed, 1 / curvature, total_elapsed_time,
< delta_time);
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brake(): void {
this.ruler.brake();
}
}

export class RotationMovementController {
constructor (readonly motors: Motors, readonly speedup: number) {
this.motors = motors;
this.speedup = speedup;
X

update (target_speed: number, total_elapsed_time: number, delta_time: number): void
- 1
target_speed = cap_speed(target_speed);
let actual_target_speed = Math.sign(target_speed) *
— Math.min(Math.abs(target_speed), total_elapsed_time * this.speedup);
this.motors.update(actual_target_speed, -actual_target_speed, delta_time);

}

brake() {
this.motors.brake();

}

solution/low level control/movement/motors.ts

import trik_brick, { Encoder, encoder } from "trik_brick";

import { PID } from "../util/pid";
import { METERS_PER_COUNT } from "../robot_constants";

export abstract class MotorController {
motor: trik_brick.Motor;
encoder: trik_brick.Encoder;
pid: PID;
name: string;
power_coefficient: number;
constructor (name: string, power_coefficient: number, motor: trik_brick.Motor,
— encoder: trik_brick.Encoder, pid: PID) {
this.name = name;
this.motor = motor;
this.encoder = encoder;
this.pid = pid;
this.power_coefficient = power_coefficient;

encoder.reset();

}

protected validate(power: number): number {
if (power > 100)

power = 100;
if (power < -100)
power = -100;

return power * this.power_coefficient;

}

protected set_motor_power (power: number) {
this.motor.setPower (power * this.power_coefficient);

3
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abstract update(target_speed: number, delta_time: number): void;

brake() {
this.motor.brake();
this.pid.reset();

3

export class SpeedyMotorController extends MotorController {
last_encoder_position: number = 0;
last_motor_output: number = O;

update (target_speed: number, delta_time: number) {
const encoder_position = this.encoder.read();
const encoder_velocity = (encoder_position - this.last_encoder_position) /
— delta_time;
this.last_encoder_position = encoder_position;

this.last_motor_output = this.last_motor_output +
< this.pid.get_next(target_speed, encoder_velocity, delta_time);

this.last_motor_output = this.validate(this.last_motor_output);

//console.log(0, this.name, target_speed, encoder_velocity,
< this.last_motor_output);

this.set_motor_power (this.last_motor_output);

3

export class PositionalMotorController extends MotorController {
target_position: number = O;

update(target_speed: number, delta_time: number): void {
const encoder_position = this.encoder.read();

this.target_position = this.target_position + target_speed * delta_time;
const new_power = this.pid.get_next(this.target_position, encoder_position,

< delta_time);

//console.log(0, this.name, this.target_position, encoder_position,
< new_power) ;

this.set_motor_power (this.validate(new_power));

}

brake() {
super.brake() ;
this.target_position = 0;
this.encoder.reset();

}

3

export class Encoders {
left: Encoder;
right: Encoder;
constructor(left: Encoder, right: Encoder) {
this.left = left;
this.right = right;
}

get_position(): [number, number] {
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return [this.left.read(), this.right.read() 1;
}
get_distance_from(position: [number, number]): number {
const [pl, pr] = position;
const [1, r] = this.get_position();
const [dl, dr] = [METERS_PER_COUNT * (1 - pl), METERS_PER_COUNT * (r - pr)l;
//console.log(pl, pr, 1, r, dl, dr);
return Math.abs(dl + dr) / 2;

}

export function make_motor(name: string, port_number: string, power_coefficient:
< number, p: number, i: number, d: number): MotorController {
const pid = new PID(p, i, d);
const encoder = trik_brick.encoder("E" + port_number);
const motor = trik_brick.motor("M" + port_number);
return new PositionalMotorController(name, power_coefficient, motor, encoder,
o pid);
}

export function make_encoders(left_port: string, right_port: string) {
const left = trik_brick.encoder("E" + left_port);
const right = trik_brick.encoder("E" + right_port);
return new Encoders(left, right);

solution/low level control/movement/index.ts

import trik_brick, { display } from "trik_brick";

import { get_time, delay } from "../util/common";

import { ScalarSensor, ContinuousYawGyroSensorWrap, MedianScalarSensor,

< ContinuousYawGyroSensor } from "../util/sensor_wrap";

import { make_motor, Encoders, make_encoders } from "./motors";

import { ForwardMovementController, GyroDirectionController, RulingMovementController,
< WallProximityDirectionController, CompositeDirectionController, Motors,

s RotationMovementController } from "./movement";

import { LEFT_MOTOR_COEFFICIENT, RIGHT_MOTOR_COEFFICIENT, TRIK_90, MOVE_SPEED,

— WHEEL_TO_CENTER_DISTANCE, ROTATE_SPEED, TRIK_180, CELL_FRONT_DISTANCE,

<» MOTOR_PID_COEEFICIENTS, MOVE_SPEEDUP as MOVE_SPEEDUP, ROTATE_SPEEDUP } from

— "../robot_constants";

import { InspectWallsResult, ScanArtagCommand, LLCommand, ForwardCommand, LLResult,
— InspectWallsCommand, TurnCommand, StopCommand, ScanArtagResult } from

< "../low_level_interaction_proto";

import { take_filtered_image } from "../util/trik_wrap";

import { numbers_to_image, read_artag, InvalidArtagImageError } from

— "../../artag/libmorat-ng";

import { artag_decode } from "../../artag/artag_decode";

const MOTOR_LEFT_PORT = "2"
const MOTOR_RIGHT_PORT = "1"

const FRONT_SENSOR_PORT = "D1"
const BACK_SENSOR_PORT = "D2"
const LEFT_SENSOR_PORT = "A3"
const RIGHT_SENSOR_PORT = "A2"

abstract class MovementOperation {
constructor (name: string) {
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this.name = name;

3

abstract update(total_elapsed_time: number, delta_time: number): boolean;

readonly name: string;

}

class MoveToProximityOperation extends MovementOperation {
readonly proximity_sensor: ScalarSensor;
readonly target_distance: number;
readonly movement_controller: ForwardMovementController;
readonly target_speed: number;
stop_counter = 0;

constructor(target_speed: number, proximity_sensor: ScalarSensor,

— movement_controller: ForwardMovementController, target_distance: number,

— string) {
super (name) ;

this.proximity_sensor = proximity_sensor;
this.movement_controller = movement_controller;
this.target_distance = target_distance;
this.target_speed = target_speed;

X

update(total_elapsed_time: number, delta_time: number): boolean {
const current_distance = this.proximity_sensor.get_value()
if (current_distance == -1)
throw new Error("current_distance is -1");

const error = Math.max(current_distance - this.target_distance, 0);

//console.log(current_distance);
//, error, regulated_target_speed, this.stop_counter);
if (error < 2 || this.stop_counter > 0)

{

this.stop_counter += 1;

this.movement_controller.update(0, total_elapsed_time, delta_time);

if (this.stop_counter > 0)

{
this.movement_controller.brake();
return false
3
}
else
{
const regulated_target_speed = Math.sign(this.target_speed) *
< Math.min(Math.abs(this.target_speed), error * 10);
this.movement_controller.update(regulated_target_speed,
— total_elapsed_time, delta_time);
}

return true;
}

class RotateOperation extends MovementOperation {

name:
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constructor(readonly target_speed: number, readonly controller:

—

—

}

RotationMovementController, readonly gyro: ContinuousYawGyroSensor, name:
string) {
super (name) ;

update(total_elapsed_time: number, delta_time: number): boolean {

const SLOWDOWN_BEGIN = Math.PI / 4;
const error = this.gyro.get_yaw();
const capped_error = Math.sign(error) * Math.min(Math.abs(error),
— SLOWDOWN_BEGIN) ;
//console.log(error, capped_error);
if (Math.abs(error) < Math.PI / 180) {
this.controller.brake();
return false;
}
this.controller.update(capped_error * this.target_speed / SLOWDOWN_BEGIN,
< total_elapsed_time, delta_time);
return true;

class MoveMetersOperation extends MovementOperation {

readonly movement_controller: ForwardMovementController;
readonly target_speed: number;

readonly initial_position: [number, number];

readonly target_distance: number;

readonly encoders: Encoders;

constructor(target_speed: number, movement_controller: ForwardMovementController,

—

3

encoders: Encoders, distance: number, name: string) {
super (name) ;

this.movement_controller = movement_controller;
this.target_speed = target_speed;
this.initial_position = encoders.get_position();
this.target_distance = distance;

this.encoders = encoders;

update(total_elapsed_time: number, delta_time: number): boolean {

const position = this.encoders.get_distance_from(this.initial_position);
const error = this.target_distance - position;
if (error < 0.005) {
this.movement_controller.update(0, total_elapsed_time, delta_time);
this.movement_controller.brake();
return false;

}

const regulated_target_speed = Math.sign(this.target_speed) *
< Math.min(Math.abs(this.target_speed), error * 10000);

//console.log(error, regulated_target_speed);

this.movement_controller.update(regulated_target_speed, total_elapsed_time,

< delta_time);

return true;
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class DelayOperation extends MovementOperation {
constructor(readonly delay: number, name: string) {
super (name) ;

}

update(total_elapsed_time: number, delta_time: number): boolean {
return total_elapsed_time < this.delay;

3

let [p, i, d] = MOTOR_PID_COEEFICIENTS;

const motor_left = make_motor("L", MOTOR_LEFT_PORT, LEFT_MOTOR_COEFFICIENT, p, i, d);
< // new SpeedyMotorWrapper("L", motorl, encoderl, pidl);

const motor_right = make_motor("R", MOTOR_RIGHT_PORT, RIGHT_MOTOR_COEFFICIENT, p, i,
— d); // new SpeedyMotorWrapper ("R", motor2, encoder2, pid2);

const motors = new Motors(motor_left, motor_right);

const encoders = make_encoders(MOTOR_LEFT_PORT, MOTOR_RIGHT_PORT) ;

const front_sensor = new MedianScalarSensor (trik_brick.sensor (FRONT_SENSOR_PORT), 3);
const back_sensor = new MedianScalarSensor (trik_brick.sensor (BACK_SENSOR_PORT), 3);
const left_sensor = new MedianScalarSensor(trik_brick.sensor (LEFT_SENSOR_PORT), 3);
const right_sensor = new MedianScalarSensor (trik_brick.sensor (RIGHT_SENSOR_PORT), 3);

let gyro: ContinuousYawGyroSensor = new
— ContinuousYawGyroSensorWrap(trik_brick.gyroscope());
function make_forward_movement_controller() {
const ruler = new RulingMovementController (motors, MOVE_SPEEDUP) ;
const direction_rwall = new WallProximityDirectionController(right_sensor, 13.5,

< true);
const direction_lwall = new WallProximityDirectionController(left_sensor, 13.5,
— false);

const direction_gyro = new GyroDirectionController(gyro);

const composite_ruler = new CompositeDirectionController([[direction_gyro, 0.2],
< [direction_rwall, 0.4], [direction_lwall, 0.4]11);

const current_controller = new ForwardMovementController(ruler, composite_ruler);
return current_controller;

3

function* make_move_until(speed: number, proximity: number, name: string) {
yield new MoveToProximityOperation(speed, speed < O 7 back_sensor : front_sensor,
< make_forward_movement_controller(), proximity, name);

3

function* make_move_to(speed: number, distance: number, name: string) {
yield new MoveMetersOperation(speed, make_forward_movement_controller(), encoders,
< distance, name);

3

function* make_raw_rotation(speed: number, rotation: number, name: string) {
yield new RotateOperation(speed, new RotationMovementController(motors,
— ROTATE_SPEEDUP), gyro.translate(-rotation), name);

¥

function* make_noop(name: string) {
yield new DelayOperation(l / 60 + 0.01, name);
}
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function* definite_proximity(sensor: ScalarSensor[]): Generator<MovementOperation,

< [number, number][]> {
/* TODO: maybe add some filtering */
const vv = [];
for (let i = 0; 1 < 5; i++) {
vv.push(sensor.map(x => x.get_value()));
yield* make_noop("definite_proximity_yield");

3

console.log("vv is", JSON.stringify(vv));
let res: [number, number][] = new Array(vv[O].length);
for (let i = 0; i < res.length; i++)
res[i] = [0, 0];
for (let i 0; i < vv.length; i++)
for (let j = 0; j < vv[i].length; j++)
res[j1[0] += vv[i]l [j];

res = res.map(x => [x[0] / vv.length, x[1]]);

for (let i = 0; i < vv.length; i++)
for (let j = 0; j < vv[i].length; j++)
res[jl[1] += Math.pow(res[j]l[0] - vv[il[jl, 2);
res = res.map(x => [x[0], x[1] / vv.length]);

console.log("res is", JSON.stringify(res));
return res;

}

function* make_cell_rotation(rotation: number, name: string) {
rotation = rotation | 0;
let degree = 0;
switch (rotation) {
case O:
degree
break;
case 1:
degree = TRIK_90;
break;
case 2:
degree
break;
case 3:
degree
break;

0;

TRIK_180;

-TRIK_90;

}

yield* make_move_to(ROTATE_SPEED, WHEEL_TO_CENTER_DISTANCE,
< "move_forward_before_rotation");

yield* make_raw_rotation(ROTATE_SPEED, degree, "rotate");
gyro = gyro.translate(-degree);

yieldx* make_move_to(-ROTATE_SPEED, WHEEL_TO_CENTER_DISTANCE,
< "move_backwards_after_rotation");

}

function* make_onwards_one(): Iterable<MovementOperation> {
const f = (yield* definite_proximity([front_sensor])) [0] [0];
console.log("Forward distance:", f);
if (f < 20 && £ !'= -1) throw Error("Won't move into wall");

else if (f - 40 < 15) yield* make_move_until (MOVE_SPEED, CELL_FRONT_DISTANCE,

< "move_forward_until_wall");
else yield* make_move_to(MOVE_SPEED, 0.4, "move_forward_tacho");
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}

function inspect_wall(distance: number, error: number, is_infrared: boolean):

<+ undefined {
if (is_infrared) {

if (distance < 35)
return O;

else
return 1;

} else {

3

if (error > 5)
return undefined;
if (distance == -1)
throw new Error("distance is -1");
if (distance < 30)
return O;
//if (distance < 70)
return 1;
//if (distance < 100)
// return 2;
//return 3;

function* make_onwards_many(count: number): Iterable<MovementOperation> {

else {

if (count == 1)
yield* make_onwards_one();
const f = (yield* definite_proximity([front_sensor])) [0];
console.log("Forward distance:", f);
const free = inspect_wall(f[0], f[1], false) 77 O;
if (£[0] < 20 && f[0] '= -1) throw Error("Won't move into wall");
if (free == count && free < 2)

3

function* inspect_walls(): Generator<MovementOperation, InspectWallsResult> {

yieldx* make_move_until (MOVE_SPEED, CELL_FRONT_DISTANCE,
< "move_forward_until_wall");
else

number |

yield* make_move_to(MOVE_SPEED, 0.4 * count, "move_forward_tacho");

//const aaa: [number, boolean][] = [];

const sens = [front_sensor, back_sensor, left_sensor, right_sensor];
const bbb = yield* definite_proximity(sens);

const ccc: [number, number, boolean] [] = new Array(bbb.length);

for (let i = 0; i < sens.length; i++) {

}

cccl[i] = [bbb[i][0], bbb[i][1], sens[i] == left_sensor || sens[i] ==

— right_sensor];

console.log("inspect_walls:", bbb);
let [f, b, 1, r] = ccc.map(x => inspect_wall(x[0], x[1], x[2]));
if (f == undefined || b == undefined)

return yield* inspect_walls();

return new InspectWallsResult({

f_free: £,

b_free: Db,

1 _free: 1 77 1,

r_free: r 77 1,

// f_wall: £ < 2 ? f : undefined,
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// b_wall: b < 2 ? b : undefined,
// l_wall: (1 ?? 1) < 1 ? 1 : undefined,
// r_wall: (r ?? 1) < 1 ? r : undefined,
b
}

function scan_artag(): ScanArtagResult {
console.log("scanning artag...");
const raw_image = take_filtered_image();
display() .show(raw_image, 160, 120, "rgb32");
const image = numbers_to_image(raw_image) ;
try {
const data = read_artag(image);
const commands = artag_decode(data);
return new ScanArtagResult(commands) ;
} catch (e) {
if (e instanceof InvalidArtagImageError)
return new ScanArtagResult(undefined) ;
throw e;

function* ipc_logic(): Generator<MovementOperation | undefined, void, LLCommand |
— undefined> {
console.log("ipc_logic");
while (true) {
const command = yield;

console.log("got command (2):", command);

if (command instanceof ForwardCommand) {

for (const p of make_onwards_many (command.amount))
yield p;

command.result = new LLResult();

} else if (command instanceof InspectWallsCommand) {
yield* make_noop("yield_for_sensors");
command.result = yield* inspect_walls();

} else if (command instanceof TurnCommand) {
const magic = (((-command.degrees / 90) | 0) + 4) % 4;
yield* make_cell_rotation(magic, "rotate_" + magic.toString());
command.result = new LLResult();

} else if (command instanceof ScanArtagCommand) {
yield* make_noop("yield_for_sensors");
command.result = scan_artag();

} else if (command instanceof StopCommand) {
command.result = new StopCommand() ;
break;

} else {
throw new Error("Got unknown command");

3

/* some coroutine spaghetti is going on. But it is better than having two threads */
function* execute_logic(ipc_logic_generator: Generator<MovementOperation | undefined,
«» void, LLCommand | undefined>): Generator<void, void, LLCommand>

{
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¥

const logic = ipc_logic_generator [Symbol.iterator] ();
let current_operation: MovementOperation | null = null;
let current_command: LLCommand = yield;

logic.next (current_command) ;

//console.log("got initial command", current_command)

let prev_time = get_time();
let start_time = prev_time;
delay(0.01);

while (true) {
const time = get_time();
const delta_time = time - prev_time;
const total_elapsed_time = time - start_time;

prev_time = time;

front_sensor.update(total_elapsed_time, delta_time);
back_sensor.update(total_elapsed_time, delta_time);
left_sensor.update(total_elapsed_time, delta_time);
right_sensor.update(total_elapsed_time, delta_time);
gyro.update(total_elapsed_time, delta_time);

if (current_operation == null) {

const value = logic.next(current_command) ;

//console.log("got operation", value.value)

if (value.done)
break;

if (value.value == undefined) {
//console.log("yielding to high level...")
current_command = yield;
//console.log("got:", current_command)
continue;

}

start_time = prev_time = get_time();

current_operation = value.value!;

delay(0.01);

console.log("new operation started:", start_time, current_operation.name);

continue;

3

if (!current_operation.update(total_elapsed_time, delta_time)) {

console.log("Operation '" + current_operation.name + "' has Completed");

current_operation = null;

3

delay(l / 60);
}

console.log("Control loop exited");

/* Just in case */
delay(1);

//execute_logic(test_logic());
//execute_logic(left_handle_rule_logic());

function ipc_entrypoint(): Generator<void, void, LLCommand> {

console.log("worker entry");
const co = execute_logic(ipc_logic());
co.next();
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return co;

export default ipc_entrypoint;

solution/entry points/day4/real 1.ts

import '../../../shim-global';

import brick from 'trik_brick';
import script from 'trik_script';
import mailbox from 'trik_mailbox';
import { Direction, negateDirection, Node } from '../../FieldGraph';
import { RobotReal } from '../../robots/RobotReal';
import { delay } from '../../low_level_control/util/common';
import {
run_generator,
normalizeAngle,
normalizeDirection,
} from '../../helpers';
import { Command } from '../../Command';

const FIRST_ROBOT_HULL_NUM = O;
const FIRST_ROBOT_DIR = Direction.Up;

const SECOND_ROBOT_HULL_NUM = 1;
const SECOND_ROBOT_DIR = Direction.Left;

switch (mailbox.myHullNumber()) {
case FIRST_ROBOT_HULL_NUM: {
const robot = new RobotReal (FIRST_ROBOT_DIR);
const localMapStart = robot.localNode;

mailbox.receive(true); // wait for the second robot finish scanning artag &
< moving

robot.scan();
let relative_dir: Direction;
let scanned_node: Node;

for (const cell of robot.walk()) {
run_generator (robot.moveToLocalMapNode (cell)) ;

console.log('sending stuff to', SECOND_ROBOT_HULL_NUM);
mailbox.send(

SECOND_ROBOT_HULL_NUM,

JSON.stringify({ type: 'rescan' })

)3
const msg = JSON.parse(mailbox.receive(true));
if (msg !== null) {
console.log('WHOOOOP!', JSON.stringify(msg));
const { dwall }: { dwall: Direction } = msg;
relative_dir = negateDirection(dwall);
scanned_node = robot.localNode;
break; // from now on we should use optimal localization algorithm
}
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robot.localize();
console.log('localized');

let localCell: Node; // second robot coords in the first robot local
— coordinate system
switch (relative_dir!) {
case Direction.Right:
localCell = [scanned_node![0], scanned_node![1] + 1];
break;
case Direction.Up:
localCell = [scanned_node![0] - 1, scanned_node![1]];
break;
case Direction.Left:
localCell = [scanned_node![0], scanned_node![1] - 1];
break;
case Direction.Down:
localCell = [scanned_node![0] + 1, scanned_node![1]];
break;

}
run_generator (robot.moveNearOccupiedCell(localCelll!));

brick.display().clear();

brick.display() .addLabel (" (${robot.xReall},${robot.yReal}) , 1, 1);
brick.display() .redraw();

brick.playTone (1000, 100);

delay(10);

mailbox.send(
SECOND_ROBOT_HULL_NUM,
JSON. stringify({
type: 'coords',
args: { node: localCell!, dx: robot.dx, dy: robot.dy },
B
)

const secondStart: Node = JSON.parse(mailbox.receive(true));
const secondStartLocal: Node = [

secondStart[0] + robot.dy!,

secondStart[1] + robot.dx!,

1;

console.log(

'Starts: ',

JSON.stringify([secondStartLocal, localMapStart])
)5

const dfirst =
Math.abs (robot.yLocal - localMapStart[0]) +
Math.abs(robot.xLocal - localMapStart[1]);
const dsecond =
Math.abs(robot.yLocal - secondStartLocall[0]) +
Math.abs(robot.xLocal - secondStartLocall1]);

if (dfirst <= dsecond) {
try {
run_generator (robot.moveToLocalMapNode (localMapStart)) ;
} catch (e) {
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3

if (e instanceof RangeError) {

run_generator (robot.moveToLocalMapNode (secondStartLocal)) ;

} else throw e;

}

} else {

try {
run_generator (robot.moveToLocalMapNode (secondStart)) ;

} catch (e) {
if (e instanceof RangeError) {

run_generator (robot.moveToLocalMapNode (localMapStart));

} else throw e;

3

mailbox.send(
SECOND_ROBOT_HULL_NUM,
JSON. stringify({
type: 'stop',
args: null,
)
)3

brick.display() .clear();

brick.display() .addLabel('finish', 1, 20);
brick.display() .redraw();

delay(10);

break;

case SECOND_ROBOT_HULL_NUM: {

/* oh well */
mailbox.connect('192.168.77.1"');

const robot = new RobotReal (SECOND_ROBOT_DIR, false);

const secondStart robot.localNode;

const dir_initial = robot.direction;

const commands = robot.findArtag();

if (commands === undefined) throw new Error('Cannot read artag!!l');
const dir_delta = normalizeDirection(dir_initial - robot.direction);
const rot_cmds = Array(dir_delta).fill(Command.TurnLeft);
run_generator (robot.runCommands (rot_cmds)) ;

// run_generator (robot.runCommandsRaw(commands)) ;
run_generator (robot.runCommands (commands)) ;

mailbox.send (FIRST_ROBOT_HULL_NUM, 'null');
brick.playTone (1000, 100);
brick.display().clear();
brick.display().addLabel('finish', 1, 20);

brick.display() .redraw();

const walls_initial = robot.get_walls_neighbors();
let wait = true;

while (wait) {
const messageJson = mailbox.receive(true);
const message: { type: string; args: any } = JSON.parse(
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messageJson
);
switch (message.type) {
case 'rescan': {
const walls = robot.get_walls_neighbors();
// only one wall can change
const newWalls = walls.filter(
(x) => 'wyalls_initial.includes(x)
);
const removedWalls = walls_initial.filter(
(x) => !walls.includes(x)
);
let dwall: Direction | undefined = undefined;
if (newWalls.length) {
dwall = newWalls[0];
} else if (removedWalls.length) {
dwall = newWalls[0];
}

if (dwall !'== undefined) {
mailbox.send(
FIRST_ROBOT_HULL_NUM,
JSON.stringify({
dwall,
»
);
} else mailbox.send(FIRST_ROBOT_HULL_NUM, 'null');
break;

case 'coords': {
const {
args: { node, dx, dy 7,
P A
args: { node: Node; dx: number; dy: number };
} = message;

// local_first = real + d
// real = local_first - d
// d_second = local_second - real

const yReal
const xReal

node[0] - dy;
node[1] - dx;

robot.dx = robot.localNode[1] - yReal;
robot.dy = robot.localNode[0] - xReal;

console.log(
'sending to first: ',
JSON.stringify ([
secondStart[0] - robot.dy,
secondStart[1] - robot.dx,
D
)3
mailbox.send(
FIRST_ROBOT_HULL_NUM,
JSON.stringify ([
secondStart[0] - robot.dy,
secondStart[1] - robot.dx,
D
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)

break;

}

case 'stop': {
wait = false;

break;
}
}

}

break;
}
default: {

throw new Error (*Unknown hull number: ${mailbox.myHullNumber()} ) ;
}

solution/robots/Robot.ts

import { Command } from '../Command';
import { normalizeDirection, run_generator } from
import {

FieldGraph,
FIELD_SIZE,
Direction,
WallsState,
Node,
CellState,

} from '../FieldGraph';

export abstract class Robot {

private readonly verbose = true;
private localization_data = {
xmax: O,
ymax: O,
xmin: FIELD_SIZE,
ymin: FIELD_SIZE,
s

protected readonly direction_initial: Direction;

constructor(

public direction: Direction,

public autoScanField: boolean = true
) o

this.direction_initial = direction;

3

protected localMap = new FieldGraphQ);

public yLocal = FIELD_SIZE;
public xLocal = FIELD_SIZE;
public get localNode(): Node {
return [this.yLocal, this.xLocall;

}

public get realNode(): Node {
return [this.yReal, this.xReall;

'../helpers’;
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public dx7?: number = undefined;
public dy?: number = undefined;

public get located() {

3

return this.dx !== undefined && this.dy !== undefined;

get xReal() {

if (!this.located) throw new Error('Not located yet');
return this.xLocal - this.dx!;

get yReal() {

if (!this.located) throw new Error('Not located yet');
return this.yLocal - this.dy!;

}
/%%
* Move forward by "n° cells
*/
protected abstract _forward(n?: number): void;
/%%

* Move forward by n cells
* Yields the position after each rescan

*/
public *forward(n: number = 1): Iterable<Node> {
if (this.direction === Direction.Up) this.yLocal -= n;
else if (this.direction === Direction.Down) this.yLocal += n;
else if (this.direction === Direction.Left) this.xLocal -= n;
else if (this.direction === Direction.Right) this.xLocal += n;

this._forward(n);

if (this.autoScanField) {
this.scan();
this.localize_iteration();

}
yield this.localNode;
}
/%%
* Turn left by “deg” degrees
*/
public abstract turn(deg: number): void;
/%%
* Get the number of free cells at each direction:
* - "r:” right
* - "1:° left
* - “f:° forward
*
* If counting of free cells is impossible, the method should output
* whether the wall at the direction exist (0 if exist, 1 otherwise)
*

* If you can't say anything about the walls, set the corresponding property to

— “undefined"

*/

public abstract getWalls(): WallsState;
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public get_walls_neighbors(): Direction[] {
const ret: Direction[] = [];
const w = this.getWalls(Q);
const ifWall = (x?7: number) => x !== undefined && x === 0;
switch (this.direction) {
case Direction.Right:
if (ifWall(w.f_free)) {
ret.push(Direction.Right);
}
if (ifWall(w.1l_free)) {
ret.push(Direction.Up);
}
if (ifWall(w.b_free)) {
ret.push(Direction.Left);
}
if (ifWall(w.r_free)) {
ret.push(Direction.Down) ;
}
break;
case Direction.Up:
if (ifWall(w.r_free)) {
ret.push(Direction.Right) ;
}
if (ifWall(w.f_free)) {
ret.push(Direction.Up);
}
if (ifWall(w.l_free)) {
ret.push(Direction.Left);
}
if (ifWall(w.b_free)) {
ret.push(Direction.Down) ;
}
break;
case Direction.Left:
if (ifWall(w.b_free)) {
ret.push(Direction.Right);
}
if (ifWall(w.r_free)) {
ret.push(Direction.Up);
}
if (ifWall(w.f_free)) {
ret.push(Direction.Left);
}
if (ifWall(w.l_free)) {
ret.push(Direction.Down) ;
}
break;
case Direction.Down:
if (ifWall(w.l_free)) {
ret.push(Direction.Right) ;
}
if (ifWall(w.b_free)) {
ret.push(Direction.Up);
}
if (ifWall(w.r_free)) {
ret.push(Direction.Left);
}
if (ifWall(w.f_free)) {
ret.push(Direction.Down) ;
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}
break;
}
return ret;
}
/%%

* Turns left
* Yields the position after each rescan
*/
public *turnLeft(n: number = 1): Iterable<Node> {
this.turn(90 * n);
this.direction = normalizeDirection(this.direction + n);
if (this.autoScanField) {
this.scan();
this.localize_iteration();

yield this.localNode;
X

/%%
* Turns right
* Yields the position after each rescan
*/
public *turnRight(n: number = 1): Iterable<Node> {
yield* this.turnLeft(-n);
X

public *runCommandsRaw(commands: Command[]): Iterable<Node> {
for (const command of commands) {
yield* this.runCommands ([command]) ;
}
}

public *runCommands (commands: Command[]): Iterable<Node> {
let i = 0;
while (i < commands.length) {
switch (commands[i]) {
case Command.MoveForward:
let fwdCounter = 1;

i+=1;
while (
commands [i] == Command.None ||
commands [i] == Command.MoveForward
) {
if (commands[i] == Command.MoveForward) fwdCounter += 1;
i+=1;
}

yield* this.forward(fwdCounter);
break;

case Command.None:
i+=1;
break;

case Command.TurnLeft:
case Command.TurnRight:
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let rotCounter = 0;
while (
commands [i] == Command.TurnLeft ||
commands [i] == Command.TurnRight ||
commands [i] == Command.None
) o
if (commands[i] == Command.TurnLeft) {
rotCounter += 1;
} else if (commands[i] == Command.TurnRight) {
rotCounter -= 1;
}
i+=1;

}

yield* this.turnLeft(rotCounter);
break;

3

public scan(): void {
for (const node of this.localMap.updateField(
this.localNode,
this.getWalls(),
this.direction
N A

this.localize_iteration(node);

}

if (this.verbose) {
console.log('Map:');
console.log(this.localMap);

3

private localize_iteration([y, x]: Node = this.localNode) {
let { zmin, xmax, ymin, ymax } = this.localization_data;

ymin = Math.min(ymin, y);
ymax = Math.max(ymax, y);
// if (this.verbose) console.log('ymin, ymax', ymin, ymax);
xmin = Math.min(xmin, x);
xmax = Math.max(xmax, x);
// if (this.verbose) console.log('xmin, xmax', xmin, xmax);

if (ymax - ymin + 1 === FIELD_SIZE) {
this.dy = ymin;

// set the borders of the field when found Y coordinate

for (let jj = 0; jj < this.localMap.length; ++jj) {
this.localMap.field[ymin - 1][jj] = CellState.Wall;
this.localMap.field[ymax + 1][jj] = CellState.Wall;

}

if (xmax - xmin + 1 === FIELD_SIZE) {
this.dx = xmin;

// set the borders of the field when found X coordinate
for (let ii = 0; ii < this.localMap.length; ++ii) {
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this.localMap.field[ii] [xmin - 1]
this.localMap.field[ii] [xmax + 1]

CellState.Wall;
CellState.Wall;

}
}
this.localization_data = { xmin, xmax, ymin, ymax 1};
}
/%%
* Walk all cells of the local map
*/

public *walk(): Iterable<Node> {
yield* this.localMap.dfs(this.localNode) ;
}

public localize(fullMapScan = false): void {
this.scan();
for (const [i, j] of this.walk()) {
const hasUnscannedNeighbor = () =>
[...this.localMap.neighbors([i, j], true)].reduce(
(has, [i, j1) =

has || this.localMap.field[i] [j] === CellState.Unknown,

false

)

if (hasUnscannedNeighbor()) {
for (const _ of this.moveToLocalMapNode([i, j1)) {
if (this.located && !fullMapScan) return;
if ('hasUnscannedNeighbor()) break;

}

if (this.located && !fullMapScan) return;

3

private moveByAbsoluteDirectionCommands (
to: Direction,
currentDirection: Direction = this.direction
): Command[] {
const diff = normalizeDirection(to - currentDirection);
const commands: Command[] = [];

// for (let i = 0; i < diff; ++i) commands.push(Command.TurnLeft);

switch (diff) {
case O:
break;
case 1:
commands . push (Command . TurnLeft) ;
break;
case 2: // Rotate by 180°
commands . push (Command . TurnLeft, Command.TurnLeft);
break;
case 3:
commands . push (Command . TurnRight) ;
break;
}

commands . push (Command . MoveForward) ;

return commands;
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public *moveByAbsoluteDirection(to: Direction): Iterable<Node> {
yield* this.runCommands (this.moveByAbsoluteDirectionCommands(to));

}

private moveToNeighborNodeCommands (
to: Node,
currentPosition: Node,
currentDirection: Direction = this.direction
): Command[] {
const rel = this.localMap.relativePosition(to, currentPosition);
if (rel === Direction.Unknown)
throw new Error("Can't move to node " + JSON.stringify(to));
return this.moveByAbsoluteDirectionCommands(rel, currentDirection);

}

public *moveToNeighborNode(to: Node): Iterable<Node> {
yield* this.runCommands (
this.moveToNeighborNodeCommands (to, this.localNode)
)3
}

/%%
* Converts path to robot commands
* QOparam path The required path. Should start from current node.
* Q@param currentDirection
*/
private pathToCommands (
path: Nodel[],
currentDirection = this.direction
): Command[] {
let commands: Command[] = [];
let currentPosition = path[0];
for (const nextNode of path.slice(1)) {
commands = commands.concat(
this.moveToNeighborNodeCommands (

nextNode,
currentPosition,
currentDirection
)
)
currentDirection = this.localMap.relativePosition(
nextNode,
currentPosition
);

currentPosition = nextNode;
¥
return commands;

}

private shortestCommandSetMetric(path: Command[]): number {
const turns = path.reduce(
(acc, command) =>

command === Command.TurnLeft || command === Command.TurnRight
? acc + 1
0,

)

return path.length + turns;
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public getReachableCellNearOccupiedCell(cell: Node): Node | undefined {
const neighbors = [...this.localMap.neighbors(cell, true)];

const ret = neighbors.reduce<{ neighbor?: Node; plen: number }>(
(acc, neighbor) => {
const { known, path } = this.localMap.bfs_path(
this.localNode,
neighbor
)3

if ('known || path === undefined) return acc;

const plen = this.shortestCommandSetMetric(
this.pathToCommands (path)

)3

if (plen < acc.plen) {
return { plen, neighbor };

}

return acc;
},
{ neighbor: undefined, plen: Infinity }
)3

return ret.neighbor;

}

public *moveNearOccupiedCell(cell: Node): Iterable<Node> {
if (this.verbose) console.log('Moving near:', cell);
const known_neighbor = this.getReachableCellNearOccupiedCell(cell);
if (known_neighbor !== undefined) {
yield* this.moveToLocalMapNode (known_neighbor) ;
return;

const unknown_neighbors = [...this.localMap.neighbors(cell, true)];
for (const node of unknown_neighbors) {
console.log('unknown neighbor: ', node);

try {

yield* this.moveToLocalMapNode (node) ;
} catch (e) {

if (e instanceof RangeError) {

} else throw e;

}
console.log('localNode: ', this.localNode);
if (
this.localMap.relativePosition(this.localNode, cell) !==
Direction.Unknown
)
return;
}
throw new Error('Cannot move near cell: ' + JSON.stringify(cell));
}
/**

* Move to the node in local robot map
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*/
public *moveToLocalMapNode(node: Node): Iterable<Node> {
if (this.verbose) console.log('Moving:', node);
while (this.yLocal !== node[0] || this.xLocal !== node[1]) {
const { known, path } = this.localMap.bfs_path(
this.localNode,
node
)3
if (path === undefined) {
throw new RangeError ('Path not found');
}
if ('known) {
const known_path = this.localMap.known_path_part(path);
const commands = this.pathToCommands (
known_path,
this.direction
)3
if (this.verbose)
console.log('partial path:', JSON.stringify(known_path));
yield* this.runCommands(commands) ;
} else {
const commands = this.pathToCommands(path, this.direction);
if (this.verbose)
console.log('fin path:', JSON.stringify(path));
yield* this.runCommands (commands) ;
}
}
}

public findArtag(): Command[] | undefined {

3

for (let i = 0; 1 < 4; ++i) {
const commands = this.getArtag();
if (commands !== undefined) return commands;
run_generator (this.turnLeft());

return undefined;

public abstract getArtag(): Command[] | undefined;

solution/robots/RobotReal.ts

import
import
import
import
import

—

export

ipc_entrypoint from "../low_level_control/movement/index"

{ Robot } from "./Robot";

{ Direction, WallsState } from "../FieldGraph";

{ Command } from "../Command";

{ LLInteractionClient, create_low_level_interation_client } from
/low_level_control/low_level_interaction";

class RobotReal extends Robot {

private ipc_client: LLInteractionClient;
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constructor(dir: Direction, auto_scan_field: boolean = true) {
super(dir, auto_scan_field);
this.ipc_client = create_low_level_interation_client();

}

protected _forward(n: number = 1): void {
this.ipc_client.execute_forward(n);
console.log("RobotReal._forward(" + n.toString() + ")");

}

public turn(deg: number): void {
this.ipc_client.execute_turn(deg);
console.log("RobotReal.turn(" + deg.toString() + ")");

}

public getWalls(): WallsState {
console.log("RobotReal.getWalls()..");
const r = this.ipc_client.execute_inspect_walls()
console.log("RobotReal.getWalls():", JSON.stringify(r));
return r;

}

public getArtag(): Command[] | undefined {
const r = this.ipc_client.execute_scan_artag();

console.log("RobotReal.getArtag():", JSON.stringify(r.commands));

return r.commands;

solution/Command.ts

export const enum Command {

None = O,

TurnLeft = 1
TurnRight =
MoveForward

N~
w

solution/Field Graph.ts

import { copy } from './helpers';

/% *

*

* % X X X x

*/

- The number of free cells at each direction:
- ‘r_free:" right
- “l_free:’ left
- “f_free: forward
- “b_free:’ back

- The number of free cells before wall at each direction (if wall detected):

- ‘r_wall’, “l_wall’, “f_wall’, "b_wall"

export interface WallsState {

// TODO: optimize localization using new walls
// TODO: add better graph walking algorithm
// TODO: add better localization algorithm
r_free: number;

1_free: number;

f_free: number;

b_free: number;
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}

r_wall?: number;
1_wall?: number;

f_wall?: number;

b_wall?: number;

export enum CellState {
Unknown = O,

Wall,
Free,
X
VAL
* The direction of the robot:
* - 0°: right
* - 17 up
* - 27 left
* - "37: bottom
*/
export enum Direction {
Unknown = 100,
Right = O,
Up = 1,
Left = 2,
Down = 3,

}

export function negateDirection(dir: Direction) {
switch (dir) {

case Direction.Unknown:

return Direction.Unknown;
case Direction.Right:

return Direction.Left;
case Direction.Left:

return Direction.Right;
case Direction.Up:

return Direction.Down;
case Direction.Down:

return Direction.Up;

export type Node = [number, number];

export const FIELD_SIZE = 8;

export class FieldGraph {
public field: CellState[][] = [I;

get length(): number {

}

return this.field.length;

constructor() {

for (let i = 0; i < FIELD_SIZE * 3; ++i) {
this.field.push([]);
for (let j = 0; j < FIELD_SIZE * 3; ++j) {
this.field[i] .push(CellState.Unknown) ;
}
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}

private *clearWallsVertical(
[i, j1: Node,
di_start: number,
di_end: number
): Iterable<Node> {
for (let di = di_start; di <= di_end; ++di) {
this.updateCell(i + di, j, CellState.Free);
yield [1 + di, jI;

3

private *clearWallsHorizontal(
[i, jl: Node,
dj_start: number,
dj_end: number

): Iterable<Node> {

for (let dj

= dj_start; dj <= dj_end; ++dj) {

this.updateCell(i, j + dj, CellState.Free);
yield [i, j + djl;

3

private updateCell(i: number, j: number, val: CellState) {
if (this.field[i][j] !== CellState.Unknown && this.field[i][j]
throw new RangeError ("Updated scanned cell: ${[i, jl1}, ${vall}’);
this.field[i] [j] = val;

3

J**

* Yields free nodes (for localization)

*/

public *updateField(

node: Node,

walls: WallsState,
direction: number

): Iterable<Node> {
const [i, j] = node;

switch (direction) {

case 0:
if

if

if

if

if

if

if

if

(walls.1l_free === 0)
this.updateCell(i - 1, j, CellState.Wall);
(walls.f_free === 0)

this.updateCell(i, j + 1, CellState.Wall);
(walls.b_free === 0)
this.updateCell(i, j - 1, CellState.Wall);
(walls.r_free === 0)
this.updateCell(i + 1, j, CellState.Wall);

(walls.1l_wall !== undefined)
this.updateCell(i - 1 - walls.l_wall, j, CellState
(walls.f_wall !== undefined)
this.updateCell(i, j + 1 + walls.f_wall, CellState
(walls.b_wall !== undefined)
this.updateCell(i, j - 1 - walls.b_wall, CellState
(walls.r_wall !== undefined)

this.updateCell(i + 1 + walls.r_wall, j, CellState

== val)

.Wall);
.Wall);
.Wall);

.Wall);
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yield* this.clearWallsVertical(

)

node,
-walls.1l_free,
walls.r_free

yield* this.clearWallsHorizontal(

node,
-walls.b_free,
walls.f_free

);
break;
case 1:
if (walls.l_free === 0)
this.updateCell(i, j - 1, CellState.Wall);
if (walls.f_free === 0)
this.updateCell(i - 1, j, CellState.Wall);
if (walls.b_free === 0)
this.updateCell(i + 1, j, CellState.Wall);
if (walls.r_free === 0)
this.updateCell(i, j + 1, CellState.Wall);
if (walls.l_wall !== undefined)
this.updateCell(i, j - 1 - walls.l_wall, CellState
if (walls.f_wall !== undefined)
this.updateCell(i - 1 - walls.f_wall, j, CellState
if (walls.b_wall !== undefined)
this.updateCell(i + 1 + walls.b_wall, j, CellState
if (walls.r_wall !== undefined)

this.updateCell(i, j + 1 + walls.r_wall, CellState

yield* this.clearWallsVertical(

)

node,
-walls.f_free,
walls.b_free

yield* this.clearWallsHorizontal(

node,
-walls.1l_free,
walls.r_free

);
break;
case 2:
if (walls.l_free === 0)
this.updateCell(i + 1, j, CellState.Wall);
if (walls.f_free === 0)
this.updateCell(i, j - 1, CellState.Wall);
if (walls.b_free === 0)
this.updateCell(i, j + 1, CellState.Wall);
if (walls.r_free === 0)
this.updateCell(i - 1, j, CellState.Wall);
if (walls.l_wall !== undefined)
this.updateCell(i + 1 + walls.l_wall, j, CellState
if (walls.f_wall !== undefined)
this.updateCell(i, j - 1 - walls.f_wall, CellState
if (walls.b_wall !== undefined)
this.updateCell(i, j + 1 + walls.b_wall, CellState
if (walls.r_wall !== undefined)

this.updateCell(i - 1 - walls.r_wall, j, CellState

.Wall);
.Wall);
.Wall);

.Wall);

.Wall);
.Wall);
.Wall);

.Wall);
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yield* this.clearWallsVertical(
node,
-walls.r_free,
walls.l_free

);
yield* this.clearWallsHorizontal(
node,
-walls.f_free,
walls.b_free
);
break;
case 3:
if (walls.l_free === 0)
this.updateCell(i, j + 1, CellState.Wall);
if (walls.f_free === 0)
this.updateCell(i + 1, j, CellState.Wall);
if (walls.b_free === 0)
this.updateCell(i - 1, j, CellState.Wall);
if (walls.r_free === 0)
this.updateCell(i, j - 1, CellState.Wall);
if (walls.l_wall !== undefined)
this.updateCell(i, j + 1 + walls.l_wall, CellState
if (walls.f_wall !== undefined)
this.updateCell(i + 1 + walls.f_wall, j, CellState
if (walls.b_wall !== undefined)
this.updateCell(i - 1 - walls.b_wall, j, CellState
if (walls.r_wall !== undefined)

}

this.updateCell(i, j - 1 - walls.r_wall, CellState

yield* this.clearWallsVertical(
node,
-walls.b_free,
walls.f_free

);

yield* this.clearWallsHorizontal(
node,
-walls.r_free,
walls.1l_free

);

break;

public relativePosition(of: Node, to: Node): Direction {

const [i0, jO]

to;

const [il, j1] = of;

if (i1
if (41
if (j1
if (jl
return
}
VAZS

=== i0 + 1 && j1 === jO) return Direction.Down;
=== 10 - 1 && j1 === jO) return Direction.Up;

=== jO + 1 && il === i0) return Direction.Right;
=== jO - 1 && il === i0) return Direction.Left;

Direction.Unknown;

* Return reachable neighbor nodes

*/

public *neighbors(

.Wall);
.Wall);
.Wall);

.Wall);
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[i, j1: Node,
allowUnknown: boolean = false
): Iterable<Node> {
const allowedVals = [CellState.Free];
if (allowUnknown) allowedVals.push(CellState.Unknown) ;
yield* ([
i -1, jl,
(i, j - 11,
i + 1, jl,
(i, j + 11,
1 as Node[]).filter(([i_, j_1) =>
i_ <0 |l j_ <0 || i_ >= this.length || j_ >= this.length
7 false
: allowedVals.includes(this.field[i_]1[j_1)
)
}

public *dfs(
startNode: Node,
allowUnknown: boolean = false
): Iterable<Node> {
const stack = [startNode];

// List are just links, so we can't use list as a hashable type in JS
const visited: { [node: string]: boolean } = {};

while (stack.length > 0) {
const [i, j] = stack.pop(Q)!;
if C${i}:${j} in visited) {
continue;

}

yield [i, jl;
visited["${i}:${j} ] = true;

stack.push(...this.neighbors([i, j], allowUnknown));

}

private _bfs_path(
startNode: Node,
endNode: Node,
allowUnknown: boolean = false
): Node[] | undefined {
const q = [[startNodel];
const visited: { [node: string]: boolean } = {};

while (q.length > 0) {
const path = q.shift()!;
const [i, j] = path[path.length - 1];

if (C${i}:${j}  in visited) continue;
visited["${i}:${j} ] = true;

if (i === endNode[0] && j === endNode[1]) {
return path;

X

q.push(

..[...this.neighbors([i, j], allowUnknown)].map((neighbor) =>
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copy (path) . concat ([neighbor])

)

return undefined;

3

public known_path_part(path: Node[]): Node[] {
const ret: Node[] = [J;
for (const [i, j] of path) {

if (this.field[i][j] !'== CellState.Unknown) {
ret.push([i, j1);

} else {
break;

}

return ret;

}

public bfs_path(
startNode: Node,
endNode: Node
): { path: Node[] | undefined; known: boolean } {
const pl = this._bfs_path(startNode, endNode, false);
if (pl !'== undefined) return { path: pl, known: true };

return {
path: this._bfs_path(startNode, endNode, true),

known: false,
};
}

public toString(): string {

return this.field.map((line) => limne.join(', ')).join('\n');

}
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