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3BpMCTM‘-IeCKMe aAJITOPUTMbI

IBPUCTUYECKUWA aNITOPUTM - A/ITOPUTM pPeLlEeHNs 3aAauv, NPaBUIbHOCTb KOTOPOro AJs BCEX
BO3MOXXHbIX CJly4aeB He [oKa3aHa, HO NMPO KOTOPbIA TOYHO N3BECTHO, YTO OH AaeT A0CTAaTOYHO
Xopollee pelleHne B 60/bLUINHCTBE C/yYaes.

9BPUCTHUKA - 3TO HE MOJIHOCTLIO MaTEMATUYECKM 06OCHOBAHHLIN, HO NPU 3TOM MPaKTUYECKM
nonesHbin anroput™m. OcobeHHOCTH:

e He rapaHTupyeT HaxoXeHne NyyLIero peLieHus.
* He rapaHTupyeT HaxoXeHne peLleHuns, Aa)e ecivi OHO 3aBe[jOMO CYLLeCTBYeT.
e MOXXeT naBaTb COBEPLUEHHO HEBEPHLIN Pe3y/ibTaT B ONPeeIeHHbIX C/lyvasiX.

AnropuTMm noucka $A"*$

AnropuTm noucka «A-3se3fo4ka» OTHOCUTCA K 3BPUCTUYECKMM asropuTMam nomcka no nepsomy
Nnyylemy CoBnageHunto Ha rpade ¢ nonoxuntenbHoiMu ($>0$) Becamn pébep, KOTOPLIN HaxoauT
MapLIpyT C HaVMeHbLUen CTOMMOCTbIO OT OAHOW BepLUWHbI B APYrON.

B oTanyne oT anroputMa [enkcTpbl, MCNOb3YeT 3BPUCTUYECKYIO (hYHKLINMIO.

Npes anroputMa: $A™*$ nowwaroBo NpocMaTpuBaeT BCe NyTU, BeAyLne 0T HavaibHOW BEPLUUHBI K
KOHEYHOW, MOKa He HalAeT MUHUMAbHbIA NyTb. Kak 1 BCe 3BPUCTUYECKIE aNrOpUTMbl MOUCKA,
aNropuTM CHayana NpoCMaTPMBAET Te MapLLIPYThl 1 Te pebpa, KOTopble KaXKyTCs BEAYLLMMUN K Liesn.
OT »KaAHOro anropuTMa ero OTJNYaEeT TO, YTO Npw BbIOOPE BEPLUUHBI OH YYUTLIBAET BECb NYTb A0
Heé.

B Havane paboTbl NPOCMAaTPMBAIOTCS Y3Jbl, CMEXHbIE C Ha4YaslbHbIM. BeibpaeTcs TOT, KOTOpbI
NMeeT MUHUMabHOE 3HaYeHune $f(x)$, nocne Yero ysen packpbiBaeTcs. B Hayane paboTbl anroputm
onepupyeT C MHOXXECTBOM HEPACKPbIThIX BEPLUVH.

3aTem $f(x) = h(x) + g(x)$ - K aBpMCTUYECKON (YHKLMM NPpnbaBNSAeTCa NyTb A0 TEKYLLEN BEPLUMHBI.

CtpykTypa BupTa - ynobHas cTpykTypa AN19 XpaHeHUs naaHapHbIX rpadoB. YOobHee, 4eM CrnCKm
CMEeXXHOCTH.

MceBpokop,

FUNCTION A*(start,end)

closedset = the empty set // MHOXeCTBO BepLUMH, KOTOPbIE Yy)Ke Bbln
obpaboTaHbI(pacKpbIThbl)

openset = {start} // MHOXeCTBO BepLNH(0Yepeab), KOTOpbIE NPEeACTONT
obpaboTaTb(pacKpbITh).

/] I3Ha4anbHO 34eCb NPUCYTCTBYET TOJIbKO HaYaslbHas BepluvHa start.

fromset = the empty set // KapTa npongeHHbIX BepwKH. icnonb3yeTcs pyHKLUNen

RECONSTRUCT PATH
L1 BOCCTAHOB/IeHMA NyTu (BbiBOAA pe3ynbTaTa).
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/] 3anonHaem CBOMCTBa BepwunHbl start
G(start) = COST(start,start) = 0 // CToOMMOCTb NyTW OT Ha4YaNlbHOWN BEPLUWHBI. Y
start g(x) = 0.
F(start) = G(start) + H(start,end) // h(x) - 3BpucTu4eckas oLeHka
PacCTOSHMUA 4,0 Lenn.
// OCHOBHOW UMK anroputma
WHILE openset IS NOT EMPTY
curr = MIN F(openset) // BepwuHa n3 openset wnmeroLias camyo HU3KYIO
oueHky f(x).
IF (curr = end) RETURN RECONSTRUCT PATH(fromset,start,end) //
BeiBOOMM pe3ynbTaT.
REMOVE curr FROM openset // BepwwuHa curr nowna Ha 06paboTky, a 3HaunT eé
cnenyeT yoanuTb U3 odepenm Ha obpaboTky.
ADD curr TO closedset // W pnobaBuTb B cNUcok y>ke obpaboTaHHbIX.
FOREACH neighbour OF curr neighbours // lpoBepsiem kaxoro cocefa curr
IF neighbour IN closedset CONTINUE // [Mponyckaem cocenewn n3
3aKpbITOro CNncka (NpeaBapuTesbHbIN, OXXUOAEMbIN)
tentative g score = G(curr) + COST(curr,neighbour) //
Bolyncnsem g(x) nns obpabaTbiBaeMoro cocefa
IF neighbour NOT IN openset // Ecnucocen curr ewé He B OTKPbITOM
cnucke
ADD neighbour TO openset //pobaBum ero Tyaa
tentative is better = TRUE // BBOAWM NPWU3HAK TOro, 4TO HYXHO
0bHOBMTb CBONCTBA 419 COCEHEN BEPLUNHBI
ELSE // Cocep 6bl1 B OTKPLITOM CMUCKE, @ 3HAYUT Mbl Y)Ke 3HaeM ero g(x),
h(x) nf(x)
IF tentative g score < G(neighbour) // BblducneHHas g(x)
OKa3aJlaCb MeHbLUE, a 3HAYMT HyXXHO ByaeT 0bHOBUTL 3HaveHna g(x), h(x), f(x)
tentative is better = TRUE
ELSE // BblducneHHast g(x) oka3anacb 6osblue, 4eM MMEIOLLAACA B
openset.
// 9TO 03Ha4aeT, 4YTO U3 BEPLIMHbI CUrr MyTb Yepe3 3TOro cocena AOPOXKe
/] T.e. cywecTByeT MeHee AOPOro MapLUpyT, NposeramLLnin Yyepes 3Toro coceaa (13
KaKOW-TO APYron BepLUMHbI, HE U3 Curr)
// Tlo3TOMYy OaHHOro cocefia Mbl UTHOPUPYEM
tentative is better = FALSE
/| OBbHOBNIEHNE CBOMCTB cocefa.
IF tentative is better = TRUE
fromset(neighbour) = curr //BepwuHa c KOTOPON Mbl MPULLSIN.
icnonb3yeTcs Onsg peKOHCTPYKLUAN NYTH.
G(neighbour) = tentative g score
F(neighbour) G(neighbour) + H(neighbour, end)
/| ObpaTnTe BHMMaHUE, YTO €C/IN NPOMNCXOANT 0BOHOBNEHNE CBOWNCTB - 3HAYUT
neighbour(cocen curr) Tak unm nHa4ve HaxoauTca B openset.
/[ T.e. Npn cnepyloLlen nTepauun BHELWHEro LmMkna n3 openset 6yner nseneyeHa
BEpLUMHA C HanMeHbLuen oueHkon T(x) .
// He NCKo4YeHo, 4TO OHa OKa)XKeTCHd COCefOM Hallero curr, KOTOPOro Mbl TOJILKO YTO
nobasmnu.
/| B obuiem 3To camas BaxxHas 0COOEHHOCTb airopuTMa A*,
RETURN FAILURE // ynpaBneHue nepefaétcd ciofa korga openset nycT,a BepwurHa end He
HangeHa (NyTb HAWTU He YAas0Ch)
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/] BoccTaHaBMBaeM pesysibTUPOYIOLWMIA NYTh.
/] TlyTb MOXKHO MPOCNeAnTb TOJIbKO OT 3afaHHON BepLIMnHbI(YaLe Bcero 3To end) K
CTapTy(Ka)k4as BeplIMHa nMeeT NyTn Haxoantca B fromset, 4em Mbl U BOCNOJIb3yeMCS).

FUNCTION RECONSTRUCT PATH(fromset,start,end)
pathset = the empty list // Ynopago4yeHHOE MHOXECTBO Pe3y/bTUPYHOLNX BEPLUNH
nyTW.
curr = end // ToUCK Ha4YMHaeTCa OT PUHULLA.
ADD curr TO pathset // LNobaBndem end B pe3y/ibTUPYOLWNA NYThb.
WHILE curr <> start // [LobaBnsiem B nyTb BCe BepwunHbl 0T end fo start.
curr = fromset(curr) // lony4yaem BepLUNHY U3 KOTOPOW MPULLN B CUrT.
ADD curr TO pathset // [obaBuTb BepLUVHY B pe3yabTUPYOLUA NYThb.
RETURN REVERSE (pathset) // Tak kak Mbl noctpounu nyTe oT end k start, T0
pe3ybTupytoLwmi Habop BepLLMH HEOBX0AMMO NepPEBEPHYTh.

dBpUcTUYEcKana pyHKuuna

Joka3aHo, 4To $A™*$ Bcerfa faeT Nyywnn MapLipyT A8 KOHKPETHOW 3BPUCTUYECKON (DYHKLMUN.

Mon aBpucTUYeckKon pyHKLMENR NOHMMAETCa annapaT, NO3BONSIOWNA anpuopHO BblIbpaTh TOT
3JIEMEHT, KOTOPLIN BbICTpee NpmBedeT K pewweHnto 3agadn. 4na $A™*$ ncnonb3lyetcs HECKObKO
3BPUCTUHECKNX (DYHKLINIA:

e MaHX3TTEeHCKOoe paccTosiHue. [1py OBMXKEHUMN NO CETKe Mo YeTbipeM HanpasieHusM. $h(u) =
|ux - goal.x| + |uy - goal.y|$

* PaccTrosiuue Yebbiwesa. MNpy gvxeHun no 9 HanpasneHmsam no cetke. $h(u) = \max ( Jux -
goal.x|, |uy - goal.y| )$

e [1na nnaHapHoro rpadga. $ h(u) = \sqrt{(ux - goal.x)~2 + (uy + goal.y)~2} $

TpeboBaHMs K 3BPUCTUHECKON (hYHKLIMN:

e MOHOTOHHOCTb.

e CornacoBaHve eanHUL U3MepeHNs C He3BPUCTUYECKON DyHKLMER. ECam oHM n3mepsaoTcs B
pa3HblX BenndnHax (Hanpumep, $g(x)$ — 310 paccTosHune B KunomeTpax, a $h(x)$ — oueHka
BPeMeHU NyTu B Yacax) $A™*$ MOXKET BbljaTb HEKOPPEKTHbIN pe3ybTaT.

CBoucTBa $A"*$

1. JonycTuMocCTb. ECm pelleHmne cywecTByeT, C MOMOLLbIO 3TOr0 aAropuTMa oHo byneTt
HalgeHo.

2. OnTMManbHOCTbL. HaeHHoe pelleHne BCcerga onTuManbHo.

3. 3 PeKTUBHOCTb. He cyLecTByeT B AaHHbIN MOMEHT aJrOpuTMOB, KOTOPbIN HAXOAAT
peleHne bbiCTpee C NPUMEHEHNEM TOW XXe 3BPUCTUYECKON yHKUMK. $SA™*$ B Xo4e peLlleHuns
pacKpbiBaeT MUHUMAIbHOE KOMYEeCTBO BEPLUNH.
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O6bI4HO anropnTm $A™*$ NnpocMaTpmBaeT TONbKO YacTb BepwnH. OaHako, B nabupunHTax
boicTpoaencTene NpubnamxaeTcsa K XyaLemy ciyvae. bbiICTpoAenCcTBMe anropuTMa CyLecTBEHHO
3aBUCUT OT ABYX (DaKTOPOB:

* TOYHOCTb 3BPUCTUYECKON (YHKLINN.

e Peann3auma KOHTENHEPOB N3BECTHLIX N NCCNEO0BaHHbIX BEPLUNH: Hanbonee 3aTpaTHbIMU
onepauusiMy B airOpuTMe eCTb onepauun CNoXeHUs, N3bATUA N U3MEHEHWS 3JIeMEHTOB B
CMUCKaX N3BECTHbIX U UCCIeA0BaHHbIX BEPLWH. M0 nx BbiCTpoAenCTBME CYLEeCTBEHHO BANSIOT
KOHKPETHbIEe peasin3aunn 3TUX CTPYKTYpP AaHHbIX.

MycTb NMeeTCs MHOXECTBO BepLMH B rpade, nHpopMaLmsa 0 BeplirHax n pebpax 4oCTynHa 40
Havana paboTbl anropnTMa, MCNosb30BaHHasA IBpPUCTMYECKAA (DYHKLNS — MOHOTOHHas. Cnncok
N3BECTHbIX BEPLUMH peann3oBaH Kak bMHapHas Kyya, CMCOK NCCef0BaHHbIX — Kak Maccue. Torga
anroputm $A™*$ nMeeT KBaApaTUYHYIO 3aBUCMMOCTb OT KOIMYECTBa BEPLUMH rpada un xygllee
BpeMs paboTbl:

$$ 0 ([V|"2) 5%

®yHKumna MIN F(openset) moxeT bbiTb ONTMMU3NPOBaHa. ECIM Ka)kaas BepLUMHA XPaHUTCS Kak
yKa3aTe/lb Ha COOTBETCTBYIOLWMNIN 06BbEKT B Ky4e, TO BpeMs paboTbl (hyHKLMMN YMEHLLUNTCA C
KBagpaTWU4HOro 40 lorapugMmnyeckoro, a obuiee spems paboTbl anroputMa — A0 JIMHENHO-
norapugmMmnyeckoro:

$$ O ( |V| \cdot\log [V]) $$
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