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Pazpa6oTka -» Xog «Voronoi». YacTb 2 — bBuHapHoe aepeBo

BBepeHune

B 3Tol CTaTbe XO4eTcs NpeACTaBuTL peanunsauunio Agepesa GUHAPHOro Noucka Ans 3afauun, U3N0XKEHHOM B cTatbe [1]. B onucaHHoi Tam
3a4aye MCMob3yeTcs aniropuTM «sweeping line», Ans KOTOPOi Hy>XHO 6UHAPHOE AEPEBO C BO3MOXHOCTLIO MepeMeLleHns He TOMbKO OT
KOpHS AepeBa K J04EPHUM y371aM U IUCTbSIM, HO U MO JIUCTbSIM B OTAEbHOCTU, HauMHasi OT KpalHero nucra (J1eBOro Uau npaeoro).
3aaaya nokasanacb AOCTATOYHO MPOCTOi, MOTOMY He CTan AO0Mr0 UCKaTb YXe FOoTOBble peannsaumnmn 1 pelnn caenatb CaMoCTOSTENbHO.
Mpv 3TOM NOCTaBMA AOMNOSIHUTENbHYIO 3ajadvy — 3aAaHue Npoueaypbl A06aBNEHUS HOBOIO /IUCTA B AEPEBO CHAapPYXMK.

HeMHoro Teopuu

3pecb 6yaeT coBceM Mano Teopun. OcHOBHasi Macca UHdopMaumn MoxeT 6biTb NonyyeHa B Bukuneanu [2]. KopoTko roBopsi, npeameT
NOBECTBOBaHMA SBNSETCA APEBOBUAHON CTPYKTYPOWM AaHHbIX, B KOTOPOI KaXAblh 3/1IEMEHT MOXET UMETb Mo ABa AOYepHUX. B moem cnyuae
netei 6yneT MMEHHO ABOe, YTO SIBNSIETCS C/IeACTBMEM nocTaBneHHon B [1] 3agaun. MHauve y3en 6yaer nUCToM, T.e. A€Tel y Hero He 6yaT
BoobLe. Mpn gobaBneHMM HOBOrO 3/1EMEHTA B AepeBO NMPOU3BOANTCSA CMyCK A0 6/mM3XKaliluero No 3Ha4YeHuto nucra. HanaeHHbln nuct
3aMeHsIeTCs Ha lepeBo, COCTOosILLEee U3 OQHOMO POAUTENSs U ABYX AeTel. Poantenb nonydyaer 3HayeHUe, KOTOPOe paBHO
cpeaHeapy@PMeTUYECKOMY OT 3HaYeHWI HOBOroO 3/1EMEHTa U 3aMEHEHHOr0 AepeBOM INCTa. [leT — 3TO Hall HOBbI 3/1EMEHT U
3aMEHEHHbIN JIUCT, NO3ULMK KOTOPbIX (CeBa UK Cnpasa) 3aBUCAT OT TOrO, Y Kakoro afieMeHTa 3Ha4yeHue MeHbLue. Y3en C MeHbLUNM
3HaveHneM okasbiBaeTcs cnesa. [pu fobaeneHnn noaaepesa ob6s3aTeNbHO HY>XXHO A06aBUTb/06HOBUTL CCbINKU MEXAY YKa3aHHbIMU TpeMms
aneMeHTaMu (CBSA3M «poaUTENb-AUTA»).

Cnyck, 0 KOTOPOM 6b110 CKa3aHO Bbllle, MPON3BOAUTCS TaKXe MO NPUHUMNY «60nblue-MeHblue, BNeBo-BnpaBo». CpaBHMBAETCS 3HaYeHue
y3/1a CO 3Ha4YeHMeM HOBOro 3sieMeHTa. Ecnn HoBoe 3HayeHne MeHblle 3HaYeHWs y3na, TO CryckaeMcsl BeBo, a MHauve (>=) ABUxeMcs
BnpaBo. Kak 370 paboTaeT Harns4HO NokasaHo B CIeAYIOLEM pasaene.

B uTore Mbl MoMy4YMM OTCOPTUPOBAHHOE MHOXECTBO JINCTbEB W Y3/10B, CBSI3@HHbIX APYr C APYroM (<pOAUTENb-ANUTS», «EBbIA>»,
«rnpasblii»). [lanee HY)XHO OpraHM3oBaTb Nepexos OT O4HOro NCTa K ApyroMmy, coceay cnpasa uau cnesa. C 3TOW SIOrMKON NpuULLIOChL
noBo3nTbCA 6onblue Bcero. ONuUcbIBaTh ee Nyuylle Ha KapTuHKax (CM. cneayowmii pasgen).

Norunka gepesa B MNMIOCTPaLUAX

HauHeM c nobaBneHus snemeHTa. ECin gepeBo NycTo, TO HOBbIM 3/1EMEHT CTaHOBUTCS KOpHeM. MiHaye co3naem noaaepeBo BMECTO OA4HOro
13 y3nos. Ha puc. 1 nsobpaxeHo fobasneHne nNepBbiX ABYX 3/IEMEHTOB.
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PucyHok 1. BctaBKka HOBOro s3JjieMeHTa

Mocne Toro, Kak AepeBo 6yAeT 3anosHeHo, MOXHO 6yAET NPOMTUCL MO NIUCTbAM, HaNnpUMep, ceBa Hanpaeo. Ha puc. 2 u3obpaxeH
npumep Aepesa. YepHbIMU CTpenkamu 0603HauYeHbl Nepexoabl OT OAHOrO JIMCTa K ApyroMy (cocedy cnpaga).
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PucyHok 2. lMepexoAbl « Mo JINCTbSIM »

3aueM Hy>XKHa BO3MOXHOCTb Nnepexoaa Mo INCTbsaM? B 3agaye noctpoeHust anarpamMbl BopoHOro NUCTbs AepeBa COOTBETCTBYIOT «apKaM».
[n§a kaxaou nocnenoBaTeNbHOCTU U3 TpeX apokK NOTEHLUMAaNbHO MOXET BO3HUKHYTb «CO6bITUE Kpyra». M03TOMy U HYXHO UMEeTb
BO3MOXHOCTb MepeMeLlaTbCs No apkam, T.e. No INCTbSM B AepeBe, KaK B IMHENHOM ABYCBA3HOM cnucke. CHavana 3Ty BO3MOXHOCTb
pelnn peanun3oBaTb TONbKO Yepe3 PYHKLMOHaNbHYI0 pekyppcuio. Kak BUAHO U3 pUC. 2, CaMbIM C/TOXXHbIM MOMEHTOM MpuW 3TOM OKasanucb
nepexofbl Buaa «7 -> 8». Mpn NCNonb30BaHWUM TOIbBKO PEKYPCUM MOMan B BEYHbIN LMK Mexay «7» n «6.75». Pewunn npobnemy
nobasneHneM LMKIa, No KOTOPOMY MPOU3BOAWIICS Nepexos A0 NepBOro poAauUTessi, He SBNSIOLWErocs npasbiM pebeHkoM (B AaHHOM ciyyae
3TO nepexoa oT «7» K «6>»). [pn nepexoae N3 caMoro NpaBoro nucra («15») ynoMsiHyTbI LMK NPUBEAET K KOPHIO BCEro AepeBa, nocne
yero Mbl NOAy4MMm «nil» B HOoTauun Ruby n nouck coceaein cnpasa OKOHYMTCS.

Koa

Knacca y3sna "Node".

class Node
attr_accessor :val, :parent, :left, :right
def initialize( val, parent=nil, left=nil, right=nil)
@Qval = val
@parent, @left, Q@right = parent, left, right
end
def root?
return @parent.!
end
def leaf?
(@left || @right).!
end
def left?
return true unless (@parent
if @parent.left

return self.equal? (@parent.left)

else
return false
end
end
def right?
return true unless (@parent
if @parent.right
return self.equal? (@parent.right)
else
return false
end
end
def to_s
res = "1:"
if Qleft
res << "#{@left.val.to_s} s:#{@val.to s} r:"
else
res << "nil s:#{@val.to_s} r:"
end
if Q@right

res << @right.val.to_s
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else
res << "nil"

end

end

def Node.get_left neighbour (node, up dir = true)

return nil unless curr
if up_dir
node = curr.parent

if curr.right?
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return Node.get_ left neighbour (curr.left, false) if curr.left

return Node.get left neighbour (node.left, false)

else
while node && node.left?
node = node.parent
end
return node ? Node.get_left neighbour (node.parent.left,false) : nil
end
else
return curr if curr.leaf?
return Node.get left neighbour (curr.left, false) unless curr.right
return Node.get_ left neighbour (curr.right, false)
end

end

def Node.get_right neighbour (curr, up dir = true

return nil unless curr
if up_dir
node = curr.parent

if curr.left?

return Node.get right neighbour (curr

.right,false) if curr.right

return Node.get_right neighbour (node.right, false)

else
while node && node.right?
node = node.parent
end
return node ? Node.get_right neighbour (node.parent.right,false) : nil
end
else
return curr if curr.leaf?
return Node.get right neighbour (curr.right,false) unless curr.left
return Node.get_ right_neighbour (curr.left, false)
end
end
end

":val, :parent, :left, :right" — ny6nunyHble cBOMCTBa; COOTBETCTBEHHO, 3HAUEHME y3/1a, CCblIKa Ha ero poauTenNs, a TakXe CCbUIKN Ha

J1EBOro M NpaBoro NOTOMKOB.

"root?, leaf?" — Bo3BpalaloT «true», ecnun y3en ABNSETCA KOPHEM AepeBa Uun JINCTOM.

"left?, right?" — Bo3BpawatoT «true», ecnu ysen aBnseTCa N€BbIM UAW NPaBbiM MOTOMKOM.

"to_s" — BO3BpaLLaeT CTPOKOBOE NpeAcCTaBeHne y31a u ero NoToMKOB.
"Node.get_left_neighbour(node, up_dir) n Node.get_right_neighbour(node, up_dir)" — Bo3BpaliatoT 1eBoro Uan npasoro

cocefia ANs TekyLero y3na. T.K. GyHKLMS Bb3bIBAETCA PEKYPPEHTHO, TO MpUCYTCTBYeT napametp "up_dir

=L

. 3HayeHne No yMonyaHuio

«true», o3HayaeT ABMXKEHME BBEpX NO AepeBy. [1pun BbI30Be A1 NUCTa 3TOT NapaMeTp A0JIXKEH MMETb 3HAUYeHUE Mo YMOTYaHMUIo.

Knacc pepesa "BTree".

class BTree

attr_accessor :root, :processor

def initialize (root=nil, &processor)

Qroot, @processor =nil, processor

end
def insert(val)

unless @root

@root = Node.new(val)
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else

@processor.call (val, root)
end
self

end

def BTree.most_ left (node)
return node unless node.left
return BTree.most left (node.left)
end
def BTree.most right(node)
return node unless node.right
return BTree.most_right (node.right)
end
def print leafs
iterator = BTree.most_left (Qroot)
puts "Most left:", iterator.to_s
until iterator.!
iterator = Node.get right neighbour (iteratorfrue)
puts format ("Right neigh: %s", iterator.to_s)
end
end

end

":root, :processor" — ny61n4yHble CBOINCTBA; CCblSIka Ha KOPEeHb AepeBa U Ha Npoueaypy BCTaBKM 3/1eMeHTa B AepeBo.

"insert(val)" — ¢yHKumna-obepTka Haa npoueaypori BCTaBKU 3HayYeHns B BuHapHoe aepeso.

"BTree.most_left(node); BTree.most_right(node)" — cratnuyeckme pyHKUMM, BO3BpaLLAOLLME KPAUNHWE NTUCTbI B AlepeBE, KOPHEM
KOTOPOro SIBNSIETCS NepefaHHbIi B KayecTBe napameTpa ysen.

"print_leafs" — BbIBOAUT Ha KOHCONb BCEe NUCTbI CeBa-Hanpaeo.

Mcnonb3oBaHue gepesa.

tree = BTree.newdo |val, node]
iterator = node
until iterator.leaf?
iterator = (val < iterator.val) ? iterator.left: iterator.right
end
if val < iterator.val
iterator.left = Node.new(val)

iterator.right = Node.new(iterator.val)

else
iterator.right = Node.new(val)
iterator.left = Node.new (iterator.val
end
iterator.val = (val + iterator.val)Z.0

iterator.left.parent, iterator.right.parent = iterator, iterator
puts iterator.to_s
end
tree.insert (10) .insert (1) .insert (8) .insert (7) .insert (7.5) .insert (5) .insert (3) .insert (15) .insert (12) .insert (11)

tree.print_leafs

B nocneaHem 6n0ke Koaa co3gaeTcsa AepeBo U npoueaypa, OCyLWeCcTBASALWAs BCTaBKy HOBOro 3HaYeHus B AepeBo. B nocnegHunx aAByx
CTpoKax Npou3BOAMTCA MocnefoBaTe/lbHas BCTaBKa 3HAYEHUI B AepeBO U pacnevaTka n1mMcTbeB. Bpoae Bce npocro.

3akn4yeHune

Koa, koHeuHo, cbipoit, HO paboTtaeT. Co3aasan ero Ha nnatgopme .Net + DLR (IronRuby) ans BoamoxHocTn B 6yaywem caenatb
OTPMCOBKY AepeBa C ucrnonb3osaHmem WPF. [lymatlo 3TOT KOA /1Ierko MOXHO MepPEeHECTM Kak Ha 4ncTbii Ruby, Tak u Ha Silverlight.
MopobHbIX peanu3aumii HaBepHsKa NOMHO B CETU, HO B NMPOAOSIXEHME Cepum Npo Anarpammy BopoHOro pelwunn Bce-Taku NpeacraBuTb
CBOIO peanusaumio. K ToMy e norvka Aepesa aganTvpoBaHa Moj KOHKPETHYI0 3adady. [ns MeHs BaxHO pa3obpaTb OTAeNbHbIE MOMEHTbI
anropuTtMa [1] Ha NpakTMKe CaMOCTOSITENIbHO, YTO6bl MOTOM He HaTbIKaTbCs Ha YyXWe NMOoABOAHbIE KAaMHU.

Cnacnb60 3a BHUMaHue! Balm KOMMeHTapuu...

Cnncok nuTepaTypsl

1.
2.
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61HapHble AepeBbsi, anroputM, ruby, peanusaums
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KommeHTapum (0)

ToNbKO 3aperncTpupoBaHHbIE MOMb30BaTENM MOFYT OCTaB/sATb KOMMEHTapuu. BoranTe, noxanyucra.
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