AJITOPUTMU BDBPXY TPADHU
JOMAIIIHO IO “JIU3AMH U AHAJIU3 HA AJITOPUTMH” — CY, ®MH, 2019 T.

NMate mpaBo ja W3MOJ3BaTe HArOTOBO BCHYKW ANTOPUTMH, M3YyYEHU Ha JICKIUUA. BCEKU aaroOpuUThHM,
W3IOJI3BaH HArOTOBO, TPsIOBA a Ob/ie MOCOYEH Upe3 UMETO CU Ha OBIrapcku e3uK. AKO TaKbB aITOPUTHM
MMa HIKOJIKO peaju3alliy, TpsAOBa J1a ce YTOYHH W3IoJ3BaHaTa peanm3anus. Koraro m3nomnssare rpadu,
OIMKCBaiiTe MOAPOOHO Tpolleca Ha MOJEIMpaHe: KaKBO MPEICTaBIsIBAT BbPXOBEeTe U pedpara Ha rpada.
3a anropuTMu BBpPXY rpadu yKa3BailTe HU3IMOJI3BaHaTa AJIrOPUTMUYHA CXE€Ma (aKko MMa TakaBa) —
00X0XIaHe B HIMPUHA WX 00X0XKIaHE B IBHJIOOYHHA.

3agaua 1. Ilemexoner ucka fa CTUTHE OT €IHO MSCTO JIO0 IPYTrO, HO C€ Ma3u OT CUIIHOTO JIATHO CIIBHIIE.
3aToBa TOif Ce CTPEMH Ja XOIM B CEHKHTE Ha abpBerara. ChCTaBeTe alrOPUTHM, KOHTO 3a Bpeme O(n°)
HaMUpa MapuIpyT ¢ Hail-mMaika oOlia IbKMHA Ha CTbHUEBUTE yyacThlU. Bxoa Ha anropurbsMa:

X [l..n], Y [l...n], R[l...n] — 1ileHTpOBE U palyCcH Ha CCHKUTE Ha JbpBETaTa (CMsITaMe T'M 32 KPhIOBE);
X start, Y start — aOcnucara u opJirHaTaTa Ha HAaYaJIHATa TOYKA HA MapIIpyTa;

X end, Y end — alcmucara u opAMHATaTa Ha KpaifHaTa TOYKa Ha MapuIpyTa.
a) Onumiere anropuThbma ¢ JyMH. (5 TOUKM )
0) AHanu3upaiiTe BpeMeBarta CJI0KHOCT Ha arOpUThMa. (4 TouKHN)

3apmaua 2. B opueHtHpaH rpad ¢ HeoTpuuaTeTHH Terja Ha pedpara Ja ce HaMepH HAN-KbC IHKBI
(ako uMa TakbB) 3a MOJIMHOMHAIHO BpEME.

a) Onumiere anropuThbma ¢ JyMH. (5 ToukHu )
0) AHanu3upaiiTe BpemeBarta CII0KHOCT Ha arOpUThMa. (4 Toukm )

PEIMEHMUA

3agauya 1. M3uucnsBame pa3CcTOSIHUATA MEXIY BCEKH JIBa Kpbra, BKJI. HadallHaTa W KpailHaTta TOYKa
(KOMTO TBIKyBaMe KaTo KpbroBe ¢ HyieBH pammycn). Tosum eram msmcksa Bpeme O (n?). Ciex ToBa
THPCUM Hal-KbC TBT N0 anzopumwvma Ha /leiikcmpa. AKO He H3MOJI3BaME€ NPUOPUTETHA OIMAIIKA,
TO BPEMETO HA BTOPHS eTam cbimo ¢ ©(n’), CleJOBATEIHO BPEMETO HA LENHs anroputbM ¢ O (n2).
Axo0 W3MoJI3BaMe TMPUOPHUTETHA OMallKa, peaju3upaHa 4ype3 nupamuga Ha duboHauM, ToraBa BpEMETO
Ha BTOpHs eTam ¢ O(m + n log n), CleLOBATENHO BPEMETO HA LENHS AIrOPUTBM OTHOBO ¢ O ().
He OuBa na m3non3Bame peanu3aluara ¢ JBOMYHA MHPAMHKIIA, 3aII0TO TOraBa BPEMETO Ha BTOPHS €Tall
craBa O((m + n) log n), xoero mpu wIBTHH rpadm, ToecT npu m = O(n?), KaKBBTO ¢ HamwsAT Tpad,
HAIXBBPIIS 3aa[CHOTO OrpaHHYCHHE Ha BpeMeTo: (m + n) log n = @ (n” log n) = o (n”).

3agaua 2. Twii kKaTO HE € IaJIeH BPBX, IPE3 KOUTO J1a MUHABA LIUKBJIBT, pa3riekaaMe BCHUKH BbPXOBE,
TOECT THPCUM HAM-KbC MBT OT BCEKHM BPBX 1O BCEKHM BpbX. ToBa MOXE Ja CTaHE 3a BpeMe ®(n3 )
upe3 anzopumwvma na Pnoido—YyYopuwan, xpaeto n e 6posT BbpxoBe Ha rpada. [locne 3a Bpeme O(n)
o0xokJame JuaroHaja Ha IMOJydyeHaTa MaTpulla n X n W u3bupame Hal-Malkus eleMeHT. Thil kato
J-TUAT €JEeMEHT BBpXYy JuaroHaja Ha MaTpHIaTa € IbDKHHATa Ha HAl-KbCUS IUKBI, KOWTO ChIbpKa
j-TUs BpBX Ha rpada, TO HAl-MaTKUAT OT AUArOHAJHHUTE €NEMEHTH € IbDKMHATA Ha HAal-KbCHS LUKBI.
Camusi IIUKBI MOKEM J]a HAMEPHUM C IMOMOIITa Ha YKa3aTeIUTe KbM MPEIXOJHUS BPbX Ha Hal-KbC BT,
Ma3eHd B OTJAENHA MaTpulla OT TUIl 7 X n. Bpemero 3a mpocnensBaHe Ha Hal-KbcHs HUKBI € O(n).
OO0moTO BpemMe Ha IeNusl alrOpPUThM € TOJTUHOMHUATHO: On’) + O(n) + O(n) = O(°), MOpai KOETO
TO3U aJTOPUTHM HOCH IThJIEH OpOIl TOUKH.



Bce mak ToBa He € Hall-OBP3UAT BH3MOXKEH alNTOPUTHEM. AKO OT Hali-KbC IIUKBI IPEMaxHeM HIKoe pedpo,
ocTaHaJlaTa yacT € Hal-Kbc IIbT. [IoHexke Terynara Ha pedpaTa ca HEOTPHULIATEIIHU, MOXKEM J1a U30JI3BaMe
BapHaHT Ha aneopumwvma na /leiikcmpa. Axo ucKaMe J1a HAMEPUM Hal-KbC IUKBJ Ipe3 Ja/leH BPBX S,
TO € NOMOIIITA Ha AIroOpuThMa Ha JlefikcTpa, mycHaT OT §, HOCTpOsiIBAME IBPBOTO HA HAl-KbCUTE MBTHUILA
OT BBbpXa § 0 BCUUKH JIpyr'u BbpxoBe Ha rpada. Heka d(v) e apmkuHaTa Ha Hall-KbCHUA IBT OT S JIO V.
Crnen xaro yucnara d(v) ca HaMepeHu ¢ anropuTbma Ha JleikcTpa, o0Xokaame BbpXoBeTe v Ha Trpada,
OT KOWTO m31u3a pebpo KbM s, U u3uucisBame d(v) + w(v, s), kpueto w(v, s) € TEerIoTo Ha pedpoTo.
To3u cOop e nbkMHATa Ha Hall-KbCHS LIMKBI, ChIbPAKALL peOPOTO OT v KbM S. MUHUMYMBT 110 BCUUKH
JIONyCTUMH BBPXOBE V € Ib/DKMHATa Ha Hal-KbCUS LUKBJI mpe3 Bbpxa s. CaMus LUKBJI HaMHpame,
KaTo 100aBUM pedpoTo (v, §) KbM HaW-KbCUS BT OT § JI0 V, TA3€H B JAbPBOTO HAa HAW-KHCUTE ITHTHUIIIA.
[TocTposiBaHETO Ha ABPBOTO HA HaM-KbCUTE MBTHINA IO aIropuThbMa Ha JlefikcTpa craBa Haii-Obp30,
aKO AJITOPUTBMBT M3IOJI3BA HPUOPUMEMHA ORAWIKA, peanusupana upe3 nupamuda Ha DPuoonauu.
Toraga ce u3paszxoasa Bpeme O (m + n log n), kbreTo n € OPOAT HA BBPXOBETE, a m € OposT Ha pedpaTa
Ha rpada. TrpceHeTO HAa MUHUMYMa M Ha caMusl IUKBI u3nucksa Bpeme O(n). ETo 3amo o0moTo Bpeme
3a HaMHMpaHe Ha Hal-KbC LUKBJI IPEe3 Ja/ieH BPbX € oT nopsaabk O (m + n log n) + O(n) = O(m + n log n).

Obaye BBPXBT § HE € JaJIeH, OopaJu KOETO IyCKaMe ONMcaHaTa MpoLeaypa OT BCEKM BpbX Ha rpada
Y B3MMaM€ Hal-KbCHUSl OT TOJYYECHHUTE IHMKJIU; TOM € Hah-KbC LUKBI B rpada. [lonexe mpouemypara
ce TycKa n IbTH, TO 001I0TO Bpeme ¢ O (nm + nlog n) = O(n’), T.e. TO3W ANTOPHTHM € He T0-OaBeH
OT MBpBUs aMropuTbM. OTKPUBAHETO Ha BTOpUS (II0-OBp3uUs) aIrOPUTHM CE Bbh3HArpakaaBa ¢ OOHYC:
yZIBOSIBAT C€ TOYKHTE 3a BCSKO OT MOJIyCJIOBUATA HA 3aJadaTa.



