Po306i p 3a p,aqi «IMn porons Hp,i;l > e 3anuT THIy 2: Bi3bMEMO HOMEp KOMIIOHEHTH Yy sIKiii 3HAXOAUThLCS BEPIINHA i3 HOMEPOM P, Ta JOJAMO
ITuporonsiumisi siBjisie cob010 AEPEBO, BEPIIMHAMU SIKOTO € IeKapHi, a pebpamu € goporu. Toji KokHa 1o toAdd 3HadeHHS W.
BEpIIUHA MICTUTH AKECh HEBiJI'€MHE 9nCJIO(3HAUEHHS BEPIIMHY ), & KOXKHE pebpo Ma€ OJIMH 3 JBOX CTAHIB:
3abJIOKOBaHe Yu po30JioKoBaHe. BymeMo BBakaTu, 110 JIEPEBO Ma€ KOPiHb y BepInuHi 1.
Bioku 1-5:

® 3aInT TUIy 3: MOXKHA BHKJIMKATH CIOYATKY 3allUT THILYy 5 IO BEPUINHU p, 06 nismaruck 11 3ma-
YeHHs IiCJIsA 3aCTOCYBaHHA 3anutry Tuiry 3. ITiciasa mporo BUK/IMKaeMO 3anmuT THILy 6, 1106 3MIiHUTH

e Samur Tumy 1: 36eperkeMo MacHB IO BiAIOBiZae 3a craH KoxKHOro pebpa. Ilpu BukMKy 3amumra
Oymemo 3MiHIOBaTH cTaH pebpa y IbOMY MAaCHBI.

e Samur Tumy 2: 3amyctumo DF'S i3 BepummHm p, Ta BigBimaeMo yci BepHINHU sIKi 3HAXOIATHCS Y
KoMmmoHeHTI miel Bepmmnan. [Ipu npomy He GymeMo nepexonuTu 1o 3abIoKoBaHuM pebpam. 3MiHUMO
3HAYEHHSI BiJBiJaHUX BEPIINH.

e 3Banur Tuiy 3: MOXKHa BHKJIMKATH CIOYATKY 3allUT THUILY 5 10 BEpIIMHU P, 00 AisHATHCH 1T 3Ha-
YEHHS MiC/IsA 3aCTOCYBaHHsA 3anuTy tuiy 3. Ilicias mporo Buk/mkaeMmo 3anut tumy 6, 06 3MinuTa
3HAYEHHST KOXKHOI BEPIINHN 3 KOMIIOHEHTH BEPIIUHU P HA HYJIb. 3aMiHIOEMO 3HAYEHHSI BEPIIMHU P
Ha IiJpaxoBaHy CyMy.

e Samur Tuny 4: MOBEPTAEMO 3HAUEHHS BEPIIUHU P.

e 3anur Tumny 5: 3amycrumMo DF'S i3 BepmmHM p, Ta BiIBiIaEMO yCi BEPIIMHU sIKI 3HAXOOATHCS Yy
xoMmmoneHTi 1iel Bepmunu. IIpu mpomy He 6ymemo nepexomuru mo 3absiokoBanuM pebpam. Jomamo
10 BiJIIOBi/Ii 3HAYEHHS BiJIBIJAHUX BEPIIH.

e Samur Tumy 6: 3amyctumo DF'S i3 Bepuiunu p, Ta BigBimaemo yci BepmIMHU sIKi 3HAXOHATHCS Y
KoMmmoHeHTI miel Bepmuan. ITpn npomy He GymeMo mepexoauTu 1o 3a0I0KOBaHUM pebpam. 3MiHIMO
3HAYEHHS BiABIJaHUX BEPIINH HA HYJIb.

e Samur Tuny 7: Bi3sbMeMO OyIab-siKy BEpIINHY i3 HEHYJIBOBHM 3HAYEHHSIM. SIKmio Takol He icHye,
TO OYEBHU/IHO IO BiANOBiAbL Hyb. IHakie 3amyctumo i3 Hel DF'S, mo Gyae nosepratu 1, AKINO y
mifepeBl BEPIIMHE 3 SKOI MU BHXOAHMMO € XOda 0 onHa HeHyIboBa BepmwnHa, Ta 0 imakmre. Toni,
SKIIO MU IIEPEXOAMMO JI0 HACTYIIHOI BEPIIUHU Yepe3 3abjiokoBaHe pebpo, Ta DF'S 3 Hel noBeprae
1, To icHye mapa BepmmH(BepmMHA 3 AKOl Mu 3anycruwiaun DF'S Ha mouarky, Ta IeBHa BEpIINHA 3
I(bOTO TIiJiZIepeBa), TaKa IO NUIAX MiXK HUMHU IIPOXOJUTH depe3 Iie 3abiaokoBane pe6bpo. Orke, 10
BimmoBiai ciig momaTtu 1.

Biok 6:

e 1min uac iminmiasizaril posi6’eMo epeBO Ha KOMIIOHEHTH, IO OOMeKeHi 3a0JIOKOBAHMME pebpamu,
Ta 1aMO KOXKHiil KOMIIOHEeHTI ¢Biit Homep. OckinbKu 3anuTu Tumy 1 BifCyTHI, TO MHOKHUHA BEPIITUH
KOKHOI KOMIIOHEHTH 3MiHIoBaTuCh He Oyme. Takosxk, Oymemo 36epiraru 3Ha<UEHHSI KOXKHOI BEpIIHU-
HU He 30BCiM uecHO: Oymemo 30epiratu ii cTape 3HAYeHH:d, & CIPAaBXKHE MH 3MOXKEMO JIi3HATHCH
3aCTOCYBaBIIIH II€BHI omepariii.

® Ui KOYKHOI KOMITOHEHTH OyzieMo 30epiraTu 1eBHi 3HAYEHHST:

1. integer sum — cyMa 3Ha4YeHb BEPIINH KOMIIOHEHTH.

2. integer toAdd —3nauenusa sake Tpeba AOAATH N0 KOXKHOI BEPIIMHU I1i€] KOMIOHEHTH, 11100
BOHO OyJIO PIBHUM CIPaB>KHBOMY 3HAYEHHIO BEPIIUHU.

3. integer lastVertex —ocranHsI BepIIrHA KOMIIOHEHTH [I0 sIKOI OYJIO 3aCTOCOBAHO 3aIlUT THUILY
3, abo HyJIb SIKIIO JO BEPIIUH I[i€] KOMIOHEHTH II[€ HE 3aCTOCOBYBAJIMCH 3AIUTH TUILY 3.

4. clear — 6yseBa 3MiHHA, 110 PiBHA {rue, SKIIO 10 KOMIIOHEHTH BXKe 3aCTOCOBYBAJIN 3aIIUT THUILY
3, abo 3anuT THIy 6, Ta HyIb iHaKIIE.

5. cnt — KiJIBKICTh BEPINUH y IIiif KOMIIOHEHTI.

3HAYEHHSI KOXKHOI BEPIIUHYU 3 KOMIIOHEHTH BEPIIVHYU P HA HYJIb. 3aMiHIOEMO 3HAYEHHS BEPIIUHU D
Ha MiJpaxoBaHy cyMy. 3MiHUMO 3Ha4yeHHs lastV erter.

e 3anutr Tuny 4: OCKIJIbKYM KOXKHA BepIInHA 30epirae CBoe crape 3Ha4YeHHsi, TO Tpeba JO0 IbOro 3Ha-
YeHHsl J0JaTh 3HadYeHHsl napamerpy toAdd 3 11 KOMIIOHEHTH.

e 3amuT TUIy 5: OCKIJIBKM 3HAYeHHsI BEPIIMHH DiBHE ap + t0Add(p) (me toAdd(p) pisre 3HAUEHHIO
napamerpa toAdd KOMIOHEHTH y sKili 3HAXOAUTHCS BEpIINHA i3 HOMEPOM p), TOAI CyMy 3HA4Y€Hb
BEPIIMH y KOMIIOHEHTI MOXKHA BU3HAYUTH 33 (HPopMysow sum + cnt X toAdd.

® 3alluT TUILY 6: PO3TVIAHEMO JIBa BHUIIaJIKHU 3aJIE€2KHO Bi,E[ 3HaYCHH IIapaMeTpy clear.

1. clear = false: 3pobumo Bci omeparil YeCcHO: IPORIEMOCH MO KOXKHi# BepinuHi, 3amMiHUMO 11
3HaYEHHS Ha HyJIb. JHAUYEHHs sum Ta toAdd Takoxk 3aMiHUMO Ha HyJIb, a 3HaUYEHHH clear Ha
true.

2. clear = true: y Hac € JjumIe OnHA BEpIINHA, HEUYeCHe 3HAYEHHH dKOl BiaMiHHE Bim Hyusd,
i me BepmmHa i3 HOMepoM lastVertex. OT:ke, MOXKHa 3POOUTH TEXK CaMe IO y BUIIAIKY
clear = false, aje 3aMiHUTH JIMIIIe 3HAYEHHS] BePIIUHU i3 HOMepoMm lastV ertex.

Bok 7:

e (06 BUPIIIUTH Iiei 6JI0K, MOXKHA MOAUMIKYyBaTH PIIIEeHHS JI0 MONEPEIHBOTrO OJIOKY. 3’SABJISIETHCS
sguiie npobJieMa i3 TUM, IO KUJIBKICTh Ta CKJIaJ KOMIIOHEHT MOXYTb 3MiHIOBATUCH.

® J10JaMO 0 KOMIIOHEHT JBa IIapaMeTpu:

1. allVertexes — BekTOp, 110 36€epira€ MHOXKUHY BEPIIUH, [0 3HAXOAATHCS Yy I[if KOMIIOHEHTI.

2. activeVerteres — BeKTOD, IO 30epira€ MHOXKUHY BEPIIHNH, [0 3HAXOAATHCS Y il KOMIIOHEH-
Ti, Ta MAIOTh HEYECHE 3HAYEHHS BiJMiHHE BiJ| HYJIS.

e uepes 3anut Tuily 1 TpeGa BMITH O€AHYBATH IIEBHI KOMIIOHEHTH. JIJIs1 [[OIO 3aCTOCYEMO CTPYKTYDPY
nauux DisjointSetUnion (cucrema HeEepEeTHHHUX MHOXKUH).

® DO3IVISHEMO Ollepaniio unionSets, 3aCTOCOBaHy 10 KOMIIOHEHT i3 HOMepaMu = Ta y y Hamii DSU.
Bona nosunHa noenHaTu aBi KOMIoHeHTH. ByjieMo BBakaTwu, IO i€ JIJAEPU BiAMNOBIAHUX KOMIIO-
vent y DSU ta Bonu pizui. Mu GymemMo mifBinryBaTu KOMIIOHEHTY i3 HOMEPOM Y JO KOMIOHEHTH
i3 momepom z. Toxi mam Tpeba sikoch moemmHaTu Ix mapamerpu. s mpOro, CIOYATKY OYHCTUMO
cimcok activeVertexes(y), a moriM gaBaiiTe NPOHIeMOCH MO BEpIIMHAM KOMIIOHEHTH Y (CIHCOK
allVerteres(y)), skmo 3HadenHs clear = true, Toal CHOYaTKy 3aMiHMMO 3HAYEHHS BEPIIUHU HA
HyJIb, & IOTIM 3aMIHUMO 3HAYEHHs] KOXKHOI 3 HHUX Ha ap = ap + toAdd(y) — toAdd(x), nonamo
KOXKHY 3 HHUX JO cnucky activeVerteres(y), a mo sum(y) momamo cnt(y) X toAdd(y). Haui, ne-
pexuHeMO BepmmHHE 3i crmcky allVertexes(y) mo cmucky allVertexes(x), a Takox BepmuHHU 31
ciucky activeVertexes(y) no cuucky activeVertexes(z). Jonamo no sum(z) suadenus sum(y), a
1o ent(x) 3navenus cnt(y). ligsicumo Bepmuny y mo Bepumnu x y DSU.

e ki 3minu BigOysucs y 3anurax?

— 3anuT TUy 2: 3MiH HeMae, Juile Tpeba 6paru Homep KommonenTu 3 DSU.

— 3allUT TUILYy 3: HiCJIsl BUKJIMKY 3aluTa TUILy 6, HaIll CIHUCOK activeV ertexes MOBUHEH MiCTUTH
JIMIIE BEPIIVHU P, aJie BiH € MOPOXKHIM, TOMy Tpeba J0JaTh 10 HbOI'O BEPIIUHY i3 HOMEPOM
P, AKIIO 1T 3HAYEHHS MiCJIs IHOTO 3alUTY € HEHYJIHbOBHUM.
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— sanuTu TUmy 4 Ta 5: BiAmoBiali MoxkKHa 3HAMTH Tak caMo fAK y 6somi 6.

— 3anuT THmy 6: y pimenni no moctoro 60Ky My (DAaKTHYIHO IPOXONHUIUCH IO CIHUCKY
allVertexes, ajte momMiTUMO, 110 MOYKHa IPOXOAMUTHCH JIMIIE IO CIUCKY activeVertexes ta
3aMiHIOBATH JIMIIE 1X 3HAYeHHs Ha HyJb. [lic/s uporo ciig BUAauT yci BEpUIMHY 31 CIIUCKY
activeVertexes.

® ACHMIITOTHKA TAKOTO pillleHHs He Gyjie BKIAJATUCh B 0OMeskeHHs, 60 Moxke mepesuiysatu O(N?).
IIpore, moxkHa 3acrocyBaru TexHiky small-to-large(siy menmoro o Ginpmioro). Ilepor Hixk 06-
pOGJIIOBATH 3allUT THUILY 1, JaBaiiTe yHOPSAKYEMO T Ta Yy Tak, mob cnt(z) Gyao He MeHIIUM 3a
cnt(y). Toni acumnrornka Takoro pimenns Bxe 6yae O(n log n), N0 MOBUHHO MPOXOAMTH JAHUN
6JIOK.

Biok 8:

® OCKIJIbKM KOMIIOHEHTH He OyIyTh 3MIHIOBATHCBH y CKJIaJl, MOXKHA IOOYLyBaTH JOLATKOBE IEPEBO.
s mporo, JaBaiiTe yMOBHO BHJAJIMMO i3 HAIOrO JepeBa yci 3abJioKOBaHi pebpa Ta CTUCHEMO
KOXKHY KOMIIOHEHTY IO YTBOPUJIACH B OJIHY BEPIIUHY B HOBOMY JepeBi. Bci HOBI Bepiman Mu siIKOCh
MIPOHYMEPYEMO, & TAKOXK JIJIs1 KOXKHOI BEPIINHY II0YATKOBOI'O J€PEBa 3a1aM’ ITa€MO HOMED BEPIIIMHI
0 KOl BOHa yBiiinwia B HOBoMy JZepeBi. Terep momamMo 1o 1iboro gepesa 3abJIOKOBaHi pebpa, 1o
MM BHIAJWIN Ha MOYATKy Horo mobymosu. Ilinsicmmo me mepeBo 3a Oyap-sKy BepriuHy. Bymemo
BBaskKaTH, 1[0 BEPIINHA B HOBOMY JI€peBi Ma€ YOpPHHIl KOJIp, fAKINO icCHye xo4a 6 OIHA BEPIINHA
i3 HEHYJIPOBUM 3HAYEHHSM Yy ITOYATKOBOMY JIEPEBi, IO HAJIEXKUTH IIiii BEPIIMHI B HOBOMY JepeBi.
Ilepedopmysroemo 3amuT cbOMOro Tully: Tpeba 3HaANTH MiHIMaJbHY KiJIbKICTH pebep y HOBOMY
nepesi, siki HOTPiOHO pPO36JIOKYyBaTH, MO0 HA MUISAXY MiXK KOXKHOIO IIAPOK YOPHUX BEPIIUH yCi
pebpa Oysu po36JIOKOBaHI.

e Pozrisinemo 6yp-sike pebpo 3 HOBOTO JepeBa. 3a sikol yMoBH ioro Tpeba posbiokysaTu? fKio y
nigzepesi HUKHBOT BepmnHU (611 BiftaseHol Bij KopeHs) nporo peépa € xoda 6 onHa BepIInHA
YOPHOI'0 KOJIBOPY, Ta 330BHI HiJ/ilepeBa BEPXHBOI BEPUINHHU € X04a 6 OfHa BepIINHA YOPHOI'O KOJIbO-
Py, TO e pebpo Tpeba po3bsoKyBaTu. IHaKIE He iCHYe Tapy BEPIIUH YOPHOTO KOJIBOPY, Ha IIAXY
Mi>XK SIKUMHU JIEXKUTBH 1€ Pebpo, OTKe Horo po3B6JIOKOBYBaTH He MOTPIOGHO.

e JlamaiiTe 3amyctumo DF'S 3 KopeHsi HOBOrO JiepeBa, Ta BHIIUIIEMO BEPIIUHU HYOPHOIO KOJIBO-
Py y MOpSIKy dYacy BXOJKeHHsI 10 HuX. Hexail me mnociaifoBHicTs g JoBxkuHU k. BBememo
HoBy dynkmio dist(zr,y) — KUIbKICTh pebep Ha NIIAXYy MiXK [Aapol0 BEPIIMH T Ta Yy y HOBO-
My JgepeBi. 3Bijcu, orpumyemo hOpMyIy JJjis BU3HAYEHHsS BIJIOBiAI Ha 3alUT CHOMOTO THILY:
ans = (dist(g1, g2) + dist(g2,93) + ... + dist(gr—1, 9k ) + dist(gr, g1)) / 2. Homy ne Bipro? 3HOBY
po3riIsiHEMO Oy/1b-siKe PeOPO 3 HOBOI'O JepeBa. ZIKINO iCHy€e BepIIMHA YOPHOIO KOJIBLOPY Y IiaepeBi
HI2KHBOI BEPIIMHU [[bOr0 pedpa Ta BepIIMHA YOPHOI'O KOJIBOPY 330BHI BEPXHBOI BEPIIMHU IIHOTO
pebpa, To 1e pebpo yBiiije 10 cymMu piBHO ABa pa3u, 60 BOHO yBiiijie B Iie HiJIepeBo, Ta BUiile 3
HBOro. [HaKIIle, BOHO »KOJIHOr'O pa3dy He yBiiize 110 miel cymu.

® OTXKe, /I BHDIIIEHHsd CbOMOIO THUIYy 3anuTiB Tpeba BMITH MHOiATPUMYBaTH IO CYy-
My. Ockinpku BincyTHI 3amWTH [EPIIOrO THILY, CKJIaJ HOBOIO JepeBa 3MIiHIOBATHCH
He Oyle, aJie BepIIMHU MOXYyTh 3MiHIOBaTH Kojip. JlaBaiiTe 30epiratu Taky Ccymy:
queryy = dist(g1,92) + dist(g2,93) + ... + dist(gr—1,9x) Tonl mac nikaBisATh Jaume 3Mi-
HU IO BigOyBaroOTbCA y IOCHIZOBHOCTI g. ¥ Hac Moxke abo [10/1aBaTUCh HOBHIl €JIEMEHT 0
MOCJIi IOBHOCTI, MOXKJIUBO JI€Cb Y CEPEJINHY, ab0 BUIAJIATUCD.

® BHUNWIIEMO B OKPEMUI MACUB yCl BEPIIWHUA HOBOI'O JE€PEBA y MOPSIKY 9acy BXOIKEHHS 10 HUX [IPU
BukJinky DF'S 3 kopensi. To6To, kosmu DF'S BXoaUTh y HOBY BEPIIMHY, IOTOYHUI Jac 301IbIIyeTh-
ca Ha 1. 3Bincn, ¢in(v) —9ac BXOMXKEHHsSI [0 BEPLIMHE ¥, & tout(v) — 9ac BUXOLY 3 BEPIIMHH V.
OcobuBICTD I[HOTO MOPSIAKY B TOMY, IO yCi BEPIIMHA 3 IiJJepeBa BEPIINHU U 3yCTPIdaiOThCS Ha

Biapisky tin(v)...tout(v) y uiit nmocmigosrocti. JIyis KOXKHOI BEPIIMHU 3aliaM’ITAEMO TIO3UIIO Ha
sKiil BOHA 3yCTpiYaeThbCsl y IbOMY MacuBi. fIKINO BepuInHa Mae YOPHH KOJIP TO B JOJaTKOBOMY
MacuBi Ha 11 MO3ULII0 TOCTABUMO OJMHUYKY, iHAKIIE HyJIb. 1K Tpeba 0O0pobJroBaTH 3MiHN Y HOBOMY
nepesi?

— 3MiHa KOJIbOPY BEpUIMHU 3 4OpHOro Ha Oimwmii. [Ipunycrumo, mo 14 BepiimHa 3ycTpidasiach
Ha To3ulil u B nocaigosHocTi g. Tomi y dopmyity [Uisi 3HaAXOIKEHHsT 3HAYEHHsI qUETY7 BOHA
MoOrJIa YBIATH MaKCUMyM y JBOX JIOJAHKaX.

1. u> 1: dist(gu—1,9u)
2. u < k: dist(gu, Gu+1)

Toni, Ham Tpeba MepeBipUTU MOXKJIUBI BUIIAJIKUA Ta BMITH 3HAXOJUTH BiICTaHb MiXK JBOMa
BEPIIMHAMH, & IIOTIM BifHiMaTu 1X Big cymu. Iy nporo MoxHa CKOPUCTATUCH JIOJATKOBUMHI
CTPYKTYPaMu JaHUX.

— 3MiHa KOJIbOpPY BEPIIHHH 3 0iJIoro Ha YOpHUII aHAJIOTiYHA, ajie Terep Tpeba JOAaBaTH UHUCJIA
10 HAIIOI CyMH.

e 06 [Ji3HATHCH BiJUOBiH HA 3aIMT CHOMOI'O THILY, JO HAIIOl cyMu Tpeba HOJAaTH 3HAYEHHS
dist(g1, gk ), a moTiM moginuTu cymy Ha gBa. 11106 3HAlTH TepITy Ta OCTAHHIO YOPHY BEPINUHKH,
3BEPHEMOCH JI0 HAIIIOIO MACHUBY i3 HYJIUKIB Ta OAUHUYOK. MOKEeMO Ha IIbOMY MacCuBi I1OOY1yBaTH
JIEPEBO BIAPI3KIB Ta MIBHU/KO 3HAXOIUTH HAIl BepInuHE(MOXKHA 3pobuTH set, ajie 1epeBo BiApI3KiB
HaM 3HaJOOUTHCH JJIsl BUPILIEHHsI HACTYIHHUX GJIOKIB).

Buok 9:

e aBaiiTe BUIIUIIEMO yCl BEPIIMHH HAIIOrO JIepeBa y MOPSAKY 4Yacy BXOJKeHHs B Hux y DFS| Bu-
KJIMKAHOrO i3 KopeHs JepeBa. Tenep, /1jis KOXKHOI BEPIIVHY y JOJAATKOBOMY MAaCHUBi, Ha IO3UIisIX
Jle BOHH 3yCTPiYalOTbCS y MacCHBl Wacy BXOM2KeHHsI, OymeMo 36epiraTu KiIbKICTh 3a0JI0KOBAHUX
pebep Ha HUISAXY BiJ KopeHst 10 Iiel BepruuHu. Toxi, yci BepuimHu 3 mijgjepeBa BEPUIMHHU v, IO
e # 3HaXOOATHCSA y KOMIIOHEHTI BEPIMMHHU v, MalOTh T€ K caMe 3HAYeHHS y JOAATKOBOMY Ma-
cuBi 10 # 3HAYEHHsI BEPIIMHU V. 3raJla€Mo, [0 BEPIIVHU IiAepeBa BEPIINHUA ¥ 3HAXOAATHCH Ha
Bigpisky tin(v)...tout(v) y macusi o6xony DFS. Baxknusuit dbaxt, sikuii Tpeba MOMITUTH — 3HaA-
YeHHsI BEPIIMHYU ¥ Ha [IbOMY BiJIPi3Ky y J0JaTKOBOMY MacuBi MiHiMaJ/ibHE. A OTKe, yCi BEPIIUHHA 1110
MaloTh MiHiMaJIbHE 3HAYEHHS HA BOMY BiIPi3Ky, 3HAXOAATHCH y KOMIIOHEHTI Bepmunu v. TobTo,
Ba), TOZ If KOMIIOHEHTa MOXKe OyTH BU3HAYEHA K MHOXKHMHA BEPIINHOK, IO JIe?KATh Ha BIAPI3KY
tin(v) ... tout(v), Ta MalOTh Ha HBOMY MiHIMAJIbHE 3HAYCHHSI.

e 110Oy/lyeEMO Ha JOJATKOBOMY MAaCHBI JiepeBo Bifpi3kiB. KoxkeH JjimcT 11poro gepesa 6yjie BignoBizaTu
3a [EBHY BEPIIMHKY IOYaTKOBOI'O JIEpeBa, BUBHAYEHY 10 HOMEPY BepIIuHu y Macubi ooxouy DF'S.
Y KOXKHOMY JIUCTI JiepeBa BiJIpi3kiB OygaeMo 36epiraTu mapy rnapamerpiB:

1. 3HaYeHHs BEpPIIMHU
2. 3HAYEHHs BEPIIUHH Yy JOJATKOBOMY MAacuBi(KIIBKICTH 3a0/I0KOBaHUX pebep Ha ILISAXY BiJ
KOpPEeHsI JiepeBa JI0 1€l BepIIuHH)

A g1 iHIIMX BEPIIMHOK JepeBa BiApPIi3KiB, 110 BiANOBIAAIOTH 3a IIEBHI IPOMIXKKHU, Oy1eMo 306epiraTu
HACTYIIHI ITapaMeTpu:

1. cyma 3HadYeHb yCix BEpILINH 3 I[LOTO IIPOMIiXKKY
2. miniMaJIbHe 3HAYEHHHA y JOJATKOBOMY MACHBI yCiX BEPIIHH 3 IIBOI'O IIPOMIXKKY

3. KinbKicTh BepHmIMH i3 MiHIMAaJIbHUM 3HAYEHHSIM Ha I[bOMY IIPOMIXKKY
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4. momaTKoBi mapameTpH, fKi yMOBHO OyZeMO Ha3HBATHU ObimgHKaMU, m00 06pobIoBaTH IeBHi
orepariii Ha LOMY JIepeBi

Ilepeiiiemo 10 po3B’si3Ky 3aIlUTiB:

— 3amUTH TUIY l: HOJUBMMOCH Ha IiJJ€PEBO HUXKHBOI BEPIIMHU LBOro pebpa. Ockiabku e
pebpo 3ab/I0KOBaHe, TO BOHO Aofae 1 M0 3HaUYeHHsT KOXKHOI BEPIINHU Y JOAATKOBOMY MaCHBi
3 nporo npomizkky. TobTo, y mepesi BifpiskiB Tpeba BimuaTu 1 BiJl J10JATKOBOTO 3HAYEHHSI
KOXKHOI BEPIINHU 3 [[BOT'O IIPOMIXKKY, & IIe MOXKHa 3pOOUTH BUKOPHUCTOBYIOYH 00isHKY addl —
9HCIJIO Ha sIKe Tpeba 3MIHUTH TOAATKOBE 3HAYEHHST KOXKHOI BEPIINHU 3 [[LOTO IIPOMIXKKY.

— 3alUTU TUILy 2: CIIOYATKY, 3HANEMO KOPiHb KOMIIOHEHTH y sIKiii 3HAXOAMTHCHA sl BEPIIHH-
ka(sK 1e 3poObuTH AMBITHCA Micias po3B’a3Ky 670Ky 9). Hexait ne Bepmuna v. Toai, no 3ua-
YeHHsl yCiX BEpIIMH 3 KOMIIOHEHTH BEPIIUHK v Tpeba moxaru yucio w. OCKUIbKY I Bepiu-
HU 3HAXOAATBCS Ha BiAPisKy tin(v)...tout(v), Ta MaTh MiHIMAaJbHE 3HAYEHHS HA HBOMY,
TO MOXKH& BHKOPHCTATH HAllle JePeBO BIJPI3KiB, a caMe e OJMH NapaMeTp Jist OOIIsTHOK
add2 — guciio Ha sike Tpeba 3MIHUTH 3HAYEHHsI KOXKHOI BEPIIUHU 3 I[bOI'O IIPOMIXKKY.

— 3aIuTH TUILY 3: BUKJIXIEMO 3alIHUT TUILy 5 Ta 6. 3anuT Tumy 6 juiie 3aMiHIB 3HAYUECHHST KOKHOT
BEPIIMHY HAIIOI KOMIIOHEHTH Ha HyJIb, aJleé 3HAYEHH JOIATKOBOIO IIapaMeTpy He 3MiHHJIOCH.
OTrke, MU MOXKEMO JOJATHU [0 3HAYUCHHS HAIIO! BEPIIUHE P CYMy MiIPaXOBaHy B 3alIUTi THUILY
5, BUKOPHCTABIIK HAIle JePeBO BiAPI3KiB it NpOMiXKKY tin(p) ... tin(p).

— 3anuTy TUly 4: BUKOPUCTOBYIOUYM ODIIIHKM, MU MOXKEMO Ji3HATHUCH 3HAYEHHS OKPEMOI Bep-
IIMHKY, [TOCTYIIOBO CIIyCKAIOYHUCH JIO HET 110 JepeBy BiJIPi3KiB Ta NepeKugaryu OBIIsSTHKU 10
CHHIB IIOTOYHOI BEPIIUHU.

— 3anuTy TUILy 5: m[00 Ai3HATHUCH BiAIOBiAL Ha meil 3anuT, Tpeba B3ATH CyMy 3HAYEHb yCix MiHi-
MyMiB Ha Biapisky tin(v)...tout(v), me v — KOpiHb KOMIOHeHTH BepiuHu p. Hame nepeso
BiZIpi3KiB BrKe 30epirae 110 Cymy JjIsi 9aCTKOBHX IPOMIXKKiB, ToMy Tpeba oOpaTu roJioBHi 3
HUX Ta KOMOIHYBaTH.

— ganuTu TUIy 6: 6yIeMO BUKOPUCTOBYBATH IIlE€ OJIMH HapaMeTp ODIIFHKU B JEpeBi BiJpi3KiB
clear — au OyJ10 OUNIIIEHHS KOXKHOI BEPINMHKY i3 MiHIMaIbHAM 3HAYEHHSAM Ha MIPOMIXKKY ITi€l
BEPIINHKY JIepeBa BiJIpi3KiB.

— CJiJ 3ayBaKWTH, 110 HA BiAMiHY BiJ mepekuyBaHHS ODIISTHOK y 3BUYaWHOMY JepeBi Bipis-
kiB(HampukiIa[ 3BuYaiiHe NONABaHHS Ha BIAPI3Ky), B IBOMy JepeBi BiApiskiB mm Gymemo
nepesaBaTy ODIISHKY JIMIIE IO CUHIB i3 MiHIMaJbHUM 3HadeHHsM. lle cTrocyerbes ycix obi-
LSTHOK OKpPiM addl, siKy CJ1iji repejaBaTu Tak caMo siK y 3BUYafHOMY JiepeBi BiZpi3kiB.

— OTKe, ACHMIITOTHKa Takoro pimenns 6yxe O(n log n).

Sk edeKTUBHO 3HAXOIUTH KOPIHb KOXKHOI KOMIIOHEHTH (i3 MOXKJIMBICTIO 3aCTOCOBYBATH 3AIIUTH II€P-

IIIOT'0 THILY):

e aBaliTe 3HOBY BHUIIUIIIEMO yCi BEPIINHKY y HOPAAKy obxony DF'S, a TakoK IOBEPHEMOCH [0 Iapa-
MeTpiB tin(v) Ta tout(v). 3abioKOBaHUMU Oy1eMO HA3UBATH Ti BEPIIUHKHU, PeOPO 13 SIKUX 0 Ipe-
Ka y aepesi 3absokoBane. OTKe, JaBaiiTe 3poOUMO I1I€ OJIMH JIOAATKOBUI MacuB. 1Ko BepuinHa
3abi0KoBaHa, abo ne BepmmHKa 1(KOpiHB mepesa), To Ha 1T mosmuil Oymemo 306epiraTn 3HaYEHHS
tout(v), a imakme 6ygeMo Ha 1T no3uLil 36epiraT HyJIb.

® K 3HAXOJUTH KOPiHb KOMIIOHEHTH: MO-TIE€PINE, YCi MPEIKN HAIIOI BEPITUHU OyAyTh 3HAXOIUTHUCH HA
[O3HIisX i3 HOMepaMu MeHIIe HixK tin(p), To6To Ha BiApisKy 1...tin(p). A TakoX, 3a BIACTUBICTIO
tin ta tout, 3Havenns tout(v) moBuHHO GyTH Glibie abo piBHUM 3a tout(p), AKIO v IPeIoK p. SKo
icHye /Bi BEpIINHM, 1[0 € KAHUIaTaMU Ha KOPiHb HAIIOI KOMIIOHEHTH, TO cepejl HuX Tpeba obparu

ocrauHio. To6TO, JIi/Iep KOMIIOHEHTH BEPIIMHMU P II€ OCTAHHS BEPIIMHKA Ha Biapisky 1...tin(p), Ha
o3unil AKol CTOITh 3HAYEHHs 10 He MeHIre 3a tout(p).

Baok 11:

® €/IMHE IO MU I He PO3IVISHYJIH, IIe K OJHOYACHO HMiATPUMYBATHU 3aIllUTU IEPIIOrO Ta CHOMOIO
Tuiry. Terep y Hac MOXKe 3MIHIOBATHCh CTPYKTypa HAIIOTO HOBOTO JiepeBa, 110 OyJsio Mo0y/10BaHe
Ha CTHCHYTHX KOMIIOHEHTaX, TOMY OyAyBaTH HOBE HEPEBO, MOXKE BHSIBUTHCH 3aHAITO HE3PYIHO.
JaBaiiTe 3poOMMO KOIIi}O HAIIIOI'O IIOYATKOBOI'O JiepeBa. 1 Terep 4opHUMH OyyTh BEPIINHU, IO €
KOPEHSIMM KOMIIOHEHT, IO MICTATH X0d4a O OAHYy BepIIMHY i3 HEeHyJbOBUM 3HadenuaM. Toxi 3wmi-
nunack GyHKuis dist(x,y) — KiabKicTb 3a0JI0KOBaHUX pebep Ha IUISAXY MIXK BEepIIUHAMH T Ta Y.
IIpore, Mu MoOXxKkeMO Ji3HATHUCH 1T 3HAYEHHS] BUKOPUCTOBYIOYM 3HAYEHHS HAIIUX JOJATKOBUX Iapa-
MeTpIiB y JAepeBi BiApi3KiB, 0 MU 3aCTOCOBYBAJIN JJIsI BUPIMIEHH MepIiinX 6 TUIB 3alUTiB.

e Temnep, IpU BUKJIUKY 3aluTy TUIY 1, Tpeba BMITH IOEIHYBATH JBi KOMIIOHEHTH, Ta JIJIUTU OIHY
KOMIIOHEHTY Ha 1Bi. e Mu MokeMo 3poOUTH IEBHOIO MOCIIOBHICTIO (papObyBaHb BEPIINH 3 617100
KOJILOPY Ha YOPHUIA, Ta HABIIAKHU, 3aJI€KHO BiJl CKJIaly KOMIIOHEHT.

e 1pote, HaM Tpeba 3ayBaskKUTH, IO Iie peOpO MOIVIO BXOAUTH J0 3HAUEHHH queryy. Jasaiite ciogar-
Ky 3MiHUMO #0ro cTaH, IlepepaxyBaBIlIi 3HAYEHHs queryy, a MoTiM Oy1eMo o€ IHyBaT abo TiIUTH
KOMITOHEHTH.

1. 3MmiHa crany pebpa 3 po36JIOKOBAHOIO JI0 3a0JI0KOBAHOIO: Tpeba MI3HATHUCH CKIJIbKU pa3iB Iie
pebpo Gyie BXOIUTH [0 CyMHU. 3raJa€MO PO MACUB e Mu 36epiraeMo 1 Ha MO3UIAX TOPHUX
BepmuH, Ta 0 Ha mosunisx 6inux. Toxl, sk Ha BiApi3Ky tin(p)...tout(p) 3ycrpivaerbes
xoua 6 OoJHA OJUHMYKA, Ta Ha BiApi3ky 1...tin(p) — 1 TakoxK 3ycrpivaerbcsa xoda 6 omHa
OJIMHMYKA, TOAL iCHye mojgaHoK dist(q,p), MO Ma€ BXOAWTH [0 3HAYEHHS queryr. To6To mo
nporo 3HavenHs ciig gqogaru 1. Tak camo, Ko Ha BiApi3Ky tin(p) . .. tout(p) 3ycrpivaerbes
xo4a 6 OIHA OAMHUYKA, Ta Ha BiApI3Ky tout(p) + 1...n Takoxk 3ycTpidaeThes xo4a 6 OmHA
OJIMHMYKA, TO iCHye JomaHOK dist(p,q) IIO Mae BXOAWTH JO 3HAYEHHsSSA queryy, TOOTO e
3Ha4eHs Tpeba 3HOBY 30iibiuTu Ha 1.

2. 3MiHa craHy pebpa 3 3abJIOKOBAHOIO Ha PO30JIOKOBaHE: aHAJIOTIYHO JI0 IEPIIOTO BHUIAJKY,
npore Tpeba BiguimaTu 1 Bij 3HAYEHHS quUETyry.

Acnynroruka pimenns O(n log n).
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