Tetris
(pewueHne)

3aao4ara TeTpuc MpPeAOCTaBM HA CbCTE3ATEAMUTE Bb3MOXHOCT AQ C€
COABCKAT C MO-HECTAHAQPTHA 30AQ4YA — TAKOABA, 34 KOATO HIMA M3BECTHO
NOAMHOMMOAHO peLleHue. Te Tpabealle AQ HAMULLAT M3KYCTBEH MHTEAEKT,
KOMTO Urpae m3BeCTHATa murpa Tetpumc.

Kato ugdA0 NpaBUMAQTA B9Xa MOYTM CbLUMTE KATO HA OPUIMHOAHATA UrPa, C
PA3AMKATA, Y€ UIrPAaYbT 3HAEe npeaBapmnteAHo BCUMYKM BAok4eTa, a HEe CAMO
CAE€ABALLLOTO, KOKTO M MPK OLLEHIBAHETO (KOEeTo Belle HANPABEHO C LLEeA AQ
Ce OnpoOCTU 1 BE3 APYTO ABATOTO M CAOXHO YCAOBME).

MbPBOTO HELLLO, KOETO CbCTE3ATEAUTE CbC CUTYPHOCT CA 3a0EAI30AU €, YEe HE
MOXE AQ Ce HanuLle ,,KpaTtko" pelueHue 3a nosede o1 20 To4kM. HamcCTmHQa,
AQ XBOHEM TecToBeTe € No 20 dourypm € MHOroO AECHO — BCAKA OT dourypute
MMA POTALMS, MPU KOATO € LLMPOKA HAM-MHOTO 2 KOAOHM. TOBA HWU MO3BOASBA
AQ PA3AEAMM ABCKATA MO KOAOHM HA 5 4ACTU. BbB BCIKA OT T9X mame no 20
PEAQ, KOTO HOM-ABATATA AOUrypa 3aema 4. TOECT BbB BCAKA HOCT MOXEM AQ
CAOXMM MoHe no 5 domrypu. TOBA O3HAYABA, Y€ MMOAME MICTO 30 MoHe 25

dourypm.

AKO MCKOME AQ XBAHEM [MOBeYe TO4kM, obadye, TPIOBA AQ HAMULLEM
3HOYUTEAHO TMO-CAOXHO M  ABATO pelleHme. HaM-mMaAKoTo Tpabea  Ad
HaMULLEM QOYHKLMM, KOUTO AQ Ce CMPaBIT C MAACQHETO HA dourypute u
NOCAEABAAUTE U3TPUBAHMA. 3Q LLLACTME, CbCTE3ATEAUTE MOXEXA AQ MOA3BAT
AQAEHUS BbB BM3YAAM3ATOPA KOA 34 TOBA, KOETO CMNECTIBA 3HAYUTEAHO
MMCAHETO (HO CUM MMA U CBOUTE HEAOCTATbLM, KOETO LLLEe KOMEHTUPAME
MOAKO MO-KbCHO).

M3NOA3BAMKM KOAQ 30 CAQIrOHE HA COUTypUTE CbLLECTBYBAT HIAKOAKO MPOCTMH
peLUEHMS, KOUTO BUXO MOTAM AQ XBAHAT HEMOAKO TOYKM (Mmexay 40 1 60).

30 BCEKM OT CAEABALLMTE PA3FAEAQHM MOAXOAQ LLE HMU € HY>XHQA ,,OLLEeHbYHA”
(EBPUCTHMYHA) AOYHKLMSA, KOSTO HM KA3BA KOAKO AODPA € AOAEHA AbCKA. Tpute
HOM-OYEBMAHM HELLLO KOFa AbCKAO € ,,AoLa” Cca:

1. Aa mma ,,Ayrnku”, TOECT MOAETA, B KOUTO HAMA BAOKYE, HO HOA TIX MMA
CAOXEHU APYTM BAOKYETA. AYNKMTE MPEYaT HA MPEMOAXBAHMATA HA
peAOBE (KOETO € OCHOBHATA MAES HA UTPATA) M CA MHOTO HEXEAOHM.

2. AQ MMO TBbPAE MHOTO BAOKYETA — TOBA O3HAYOBA, Y€ AbCKATA € MOYTU
MbAHA M HAMO MHOTO MSICTO 3Q HOBM CoUrypu.

3. AQ MMa MHOro BAOKYEeTA HA BUCOKO — TOBA O3HAYABA, Y€ HAKOU YOCTU
OT ABCKATA CA MOYTU 3AMbAHEHU, AOKATO APYTM MOTFAT AQ CA MOYTU
NPA3HU.

Pasbupa ce, B 30BMCUMMOCT OT CTPATEMITA HA MU3KYCTBEHMA WMHTEAEKT,
OLLEHKATA HA AbCKATA MOXE AQ CE OMPEAEAS MO APYTU HAYMHM.



A3 AMHHO M3MOA3BAX CAEAHATA CXEMA 3Q OLLEHIBAHE B MOUTE PELLEHMS: BCAKA
AYNKQ AompuHacs ¢ no 10 TOYKM KbM OLIEHKATA, 4 BCAKO OAoOK4Ye — C
BUCOYMHATA, HA KOSTO Ce€ HAMMPA. KOAKOTO MO-MAAKA € OueHKATa Ha
AQAEHA AbCKQA, TOAKOBQO NO-AODpPE.

CAeA KATO CME OMNPEAEAUAM TA3U EBPUCTUHHA AOYHKLMS (KOFTO OBMKHOBEHO
ce Hapuiya APyKHUMS HO domHec, man fitness()), Heka pasraeAame HIKOAKO
PA3AMYHM MOAXOAQ.

Greedy

3a BCaKa dourypa npobBame BCIKA POTALMS M BCIKA NO3MLUMS (A0 4 poTaALLMM
1 10 no3mumm, Toect camo 40 BbAMOXHOCTK 3a courypal). N3bupame Tasm ot
TAX, KOATO BOAM AO ,,HOM-XyOQBQA" HOBA AbCKA. TO3M METOA € MHOIO AECEH 3a
NMUCAHE, MHOTO ObP3, MUKKU... COABHUTEAHO HeedoekTMBEH. Bbnpeku ToBa 6u
XBAHOA AOCTA rnoBeye oT 20 To4KM (OKOAO 35, A0 50 OKO € MMNAEMEHTUPAHO
A0Bpe).

Backirack

CblLLLOTO KATO FTPUMAMTO, HO NPOBBAME HE CAMO BCUMYKM Bb3IMOXKHU CAQrAHMUS
HQ CAEABALLATA OUIypd, A U HO CAEABALLMTE HAKOAKO CAEA Hed. Ha BCAKO
HUMBO OpPOIT KOHAOUIYPALIMKM, KOMTO TPAOBA AQ PA3rAEXAOME, pacTe
€KCMOHEHUMAAHO (40 Ha cTeneH 6pog HMBA), TAKA Y& HE MOXEM AQ CHU
MO3BOAMM MHOIFO AbABOKAO pekypcHs. B MHTEpEC Ha MCTUHATA, HE MOXEM AQ
CW MO3BOAMM MNOBEYE OT 2 HMBA (MOA3BAMKM KOAQ OT BM3YAAM3ATOPA)! Bbrpeku
TOBQA TO3M METOA BOAM AO 3HAYUTEAHO NOAOBPEHUE B TOUKMTE (OKOAO 50-60).

Backirack with pruning

HAKOM OT KAOHUTE HA PEKYPCUATA O4EBMAHO HE BOAST KbM HULLLO AODBPO (TOoecT
MOXE U AQ BOAAT, HO HE 1 B ODO3PUMO BDAM3KOTO ObAELLLE, KOETO MOXEM AQ
nm3veprnimm). CAEAOBATEAHO MOXEM A U, m3pexem” U Ad He M
PA3rAEXAOME. TOBO MOXE AQ AOBEAE AO 3HAYUTEAHO MOAODOPEHME OTKbM
BPEME, HO CbLLO TAKA M AQ HE HAMEPW OMTUMAAHMET OTrOBOP. EAHG OT
Bb3MOXHUTE CTPATEMMM € AQ NOA3BAME AAGOa-beta oTCMyaHe mAM HaKoe no-
POAMKAAHO PA3AHE, KOUTO BUXA AOBEAU TOYKUTE HU AO... OKOAO 60. XM...

30102 AMM NPOCTO 2 HMBA HE CA AOCTOTBYHO 30 AAEKBATHO MOAPSA3BAHE HA
ABPBOTO. 30TOBA TPIOBA ACQ 300bP3AME AATOPUTBMA CU MO HAKOKBB HAYMH.

Ham-o4eBMAHATA ONTUMM3ALMS (KOATO AOCTA XOPA CUTYPHO CO Ce CETUAM) €,
Yye He BCAKA dourypa TpsabdBa AQ ObAae POTUPAHA 4 MbTU 30 AQ CTUTHE OTHOBO
AO cebe cu. Hampumep KBOAPATYETO CU OCTOBA CbLLLOTO KOAKOTO M MbTU AQ
ro pommpame. Taka 3a ceaAemMTe PUrypm MOAKCUMOAHUIT BOPOMU CMUCAEHMU
potaunm e: 2, 4, 1, 4, 2, 2, 4. Taka BMecCTO 40 NPOABAXEHUI UMAME, CPEAHO,
19*10/7=27.

Apyra O4YEBMAHA, HO MHOFO MO-CAOXHA OMNTMMM3ALMS € AQ 3aberexem
OACKM TbMMA KOA, KOMTO € ACAEH BbB BM3YAAM3ATOPA. M MAKap ToM AQ €



CbBCEM AOCTATBYEH 30 MPOBEPKA HA PE3IYATATA MAM 30 BU3YAAM3IALMSA, TOM OU
OABUA Y>XACHO MHOTO peLLeHne, 6A3MPAHO HA M34EPBAHE.

Cocresareamte, 6opelum ce 3a 100 To4kM, TpadBALLE AQ NPEHANMLLAT TA3M
YOCT (KAKTO C& HAAOXM AQ HAMNPAOBS U A3, B ABTOPCKOTO peLueHne). A3 AMYHO
MOA3BOX MOYTK CbLLIMA AATOPUTBM, CAMO Ye MPEACTABIMKM AbCKATA 4pe3 10
int-a (BCAKQ KOAOHQ KATO intfeger YNCAO, A BCIKO KBAAPATYE B KOAOHATA - KATO
OUT B YUCAOTO). TOKA MECTEHMATA (A U MHOFO APYrM onepaumm) Moratr Ad
CTAHAT MHOTO MHOTO MO-ObP3K, MOA3BAMKKM BUTOBM onepaumn. NPUMeEPHO 3a
AQ HOMEPUM BCUYKM PEAOBE, KOMTO CA MbAHM (CA 30 U3TPUBAHE) CA HU
HY>XHW eaBa 10 and-a Ha infeger-u, BMecTo (A0) 200 MHAEKCHMPAHMS B MACMKB.

30 CbXAAEHME TA3M OMNTUMM3ALMS HE € ,,30 BCEKM' — MOTAEAHATO OTCTPAHM OT
HEOMUTEH CbCTE3ATEA (Y€ M MPOJPECUMOHAAEH MPOrPAMMCT - HECHCTE3ATEA)
OU U3FTAEXKAOQAO KATO ,HEPHU Marmm”,

Mmalle n ABe He TOAKOBA O4EBUAHM ONTUMM3IALMM, KOUTO ChLLLO AOBEAOXA AO
FOAIMOTO NOAODBPEHUE. MbPBATA OT TaxX BeLLe, Y& PUrypmrte Mmoxe AQ Naaqar
AMPEKTHO, A He CTbMNKa MO CTbMKA. Apyrara 6elue, 4e no-OnTMMOAHA
NOCAEAOBATEAHOCT (MOKAP M C MOAKO AYDAMPAHE HA KOA) B CTbMKUTE HA
OATOPUTBMA  HA MOCTABSIHE €. MbpBO CBAAIME dourypata (a He 4
PA3FAEXAOME KATO KOMMOHEHTA), MOCAE M3TPMBAME MbAHUTE PEAOBE, M
CAMO AKO € MMAAO TOKMBA PA3IAEXKAAME MAAALLM KOMIMOHEHTU.

C 1€31 ONTUMM3ALMKM CE NMOCTUIAT YH4YABALLM PEIYATATU — MPU MEH Te Baxa B
pasmep Ha 50 MbT NOAOBPEHUE HO CKOPOCTTA. C TIX YNCTUAT OEKTPEK MOXE
AQ XBOHE C OKOAO 10-20 TOYKM MoBeve, AOKATO pelleHmneto ¢ AAdoa-beta
oTcmyaHe moxe Aa xsaHe 100.

Bbnpekn TOBA, MOETO pelleHune He 6Gelle OasMpaHO HA TA3M TEXHMKA.
BMeCTO TOBO MOA3BOX €AMH MNO-EK30TMHEH OATOPUTBM (MOHE MO HALUUTE
CbCTE3AHMA):

Simulated Annealing

MaedTa e TbpCEHETO HUM AQ CTaHe noa doopmata Ha BFS, a He DFS, karto
CAQraMe CAMO HIKOM OT Bb3MOXHUTE TMPOABAXKEHMS B OMALLKATA 34
CAEABALLLOTO HMBO. TOECT OTHOBO MPABMM TbPCEHE HO HIKOAKO HMBA, COMO 4e
HO BCSKO OT TiX M3OMPAME HAKAKbBB OPOM MPOABAXKEHMUS, HOCELUM (HA
TEKYLLLOTO HMBO) HAM-OMTUMAAEH OTFOBOP. NOCAE MPOABAXKABAME BCAKO OT TIX
HO CAEABALLOTO HMBO. TAKA HALLETO PELUEHME MMA HELLO KATO ,,MMMNAAQ”
(Tesn AOKOAHO-OMNTMMAAHM MPOABAXKEHMS), KOUTO ,,ONMMMBAT’ KAK OU ce
CMPABUAO MPOABAXEHME BbB BCAKA OT Bb3MOXHUTE MOCOKM. CAeA TOBA
OTMBAME CAMO TOM, KbAETO HU € XAPECAAO (TOECT ABbCKATA M3IAEXAQ
06eLLaBALLLO).

MQAKO MOSICHEHME KAKBO TOYHO MPABMM. HO MbPBOTO HMBO NPOOBAME BCUHKM
(cpeaHO) 27 NPOAbAXEHMA. HO BTOPOTO OTHOBO MNPOBGBAME BCUYKM 27. TOBA



NPABK 729 Bb3MOXHOCTU. OLEHABAME BCAKA OT TIX U EAMMUHUPAME BCUHKM
6e3 Han-A00puTe K (B mosg caydam K Gewle 50). Ha TpeToTto HMBO CTPOMM
BCUYKM MPOABAXKEHUS OT K-T€ Bb3MOXHOCTU OT MNPEAXOAHOTO (ToecT 50 * 27 =
1350 Bb3moxxHOCTH). OT Te3m 1350 oTHOBO M3bmpame camo K. Ha 4eTBbpTOoTO
HMBO OTHOBO MOAYHOBAME 1350 Bb3MOXHM MPOABAXKEHUS U T.H.

3abeaexeTre, 4Ye TaKa Opodr  PA3rAEXAQHM  CUTyAUMM HEe  pacTe
€KCMNOHEHUMAAHO, O AMHEMHO MO OpPOd HA HMBATA. TAKA MOXEM AQ CMU
MO3BOAMM AQ TbpCUM 5, Aopum 10 HMBO HaBbTPE. E, pa3bupa ce prUcKyBame
AQ HE HOMEPUM OMTMMOAAHOTO PELLEHMUE, HO KAKBO MbK — OKO HAMEPMM
AOCTATBYHO BAMZKO AO OMTUMAAHOTO MOXEM AQ CME MOYTU CUTYPHMU, Y€ HIMA
AQ AOCTUTHEM TBBPAE AOLLIA ABCKA M AQ 3AryOUMM Urpara.

PesyATaTu

PUHAAHATO BEPCUA HA PELLUEHMETO MM CMedYeAm BCuYKM umrpm ¢ 10000
dourypum, KomTto nNpobeax (a NpPobBAX AOCTA). BpemeTo 3a m3nbAHeHue belue
MeXAY 2 U 4 cekyHAM (Ha MOf AanTon). 30 eKCNepMMEHT peLumx Ad
NPOBBAM KAK LLLE CE MPEACTABM AKO Bpost Ha dourypute € 100000. 1 npwm
TO3M TECT PELLUEHMETO YCMa AQ OLLEeAEE AO KpAs, KATO MUrpATa 3ABbPLUM 30
MOAKO HOA MOAOBUMH MUHYTA (36 CeKyHAM). M3BOA: PAHO MAM KbCHO XOpATA
LLLe CTOHEM M3AMLLIHK. Scary!

ABTOP: AAEKCAHABLP eoprmes



