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Canxm-Ilemepbypecxuii 2ocyoapcmeenHuvlil yHusepcumenm uHGOpMayuoHHbIX MexXHOI02U,
MEXaHUKU U ONMUKU

O0xo01 1epeBbeB HA OCHOBE ABTOMATHOI'0 IMOJIX0/A

Ha ocnose asmomammoco nooxoda npeonodicenvt aneopummvl 00x00a Oepesves,
omauuaowuecs Om Kiaccuyeckux Ha2nsa0HOCmvio U YHUBEPCATbHOCBIO.

BBenenne

C 1991 r. B Poccunu passuBaercs SWITCH-texHonorus, kotopasi 6azupyeTcsi Ha aBTOMaTHOM
nporpammupoBanuu [1]. Hacrosimas paborta mpoBeleHa B paMKax HCCICAOBAHHS MPUMEHCHHS
SWITCH-TexHOIOTHH B BBIYMCIUTEIBHBIX anroput™ax [2, 3], u MmocBsileHa OJHOMY W3 HUX —
o0xony nepeBbeB. IlepBoHauanbHO B paboTe paccMaTpuBaeTcst 00X0 IBOMYHBIX JEPEBBEB, a 3aTEM
npeuiaraeMoe perieHne 0000maercst Ha ciydail K-ndHbIX nepeBbeB. [Ipu 3TOM paccMaTpHBAIOTCS
QITOPUTMBI 00X0J1a, KaK KCIIOIB30BAHUEM CTEeKa, TaK W 0e3 ero mpuMmeHeHws. lcmoib3oBaHue
ABTOMATHOT'O IMOJIX0/a MO3BOJISIET MOJyYUTh HATJISTHBIC U YHUBEpPCAIbHbIC (B OTIMYKE OT pabOThI
[4]) anroputmbl pelieHus pacCMaTPUBAEMBbIX 3a/1a4, KOTOPBIE TAKXKE BEChbMa YKOHOMHBI MO MaMSTH
10 CPAaBHEHHIO C KJIIACCHYECKUMH aITOPHUTMAMH.

OtmetumM, 4yTO B pabote [5] paccmoTpeH 00XOH JEPEBHEB C MPOU3BOJIBHBIM KOIHYECTBOM
HOTOMKOB. J[11s1 peanu3anuu 06xo1a B 3Toi paboTe BBOIUTCS COCTOSHUE, HO aBTOMAT B SIBHOM BHJIE
HE CTPOUTCH.

1. IlocTaHoBKa 3alavdu 06XOHa ABOUYIHOIO JI€peBa
[TycTs 3a1aHO IBOMYHOE AEPEBO, HATPUMED, TIPEACTaBIEHHOE Ha puc. 1.

Puc. 1. /IBonuHoe 1epeBo

Heo06xoaumo ocyIlecTBuTh ero 00xo1 — chOpPMUPOBATh MOCIIEAOBATEIBHOCTE HOMEPOB €r0
BepiinH. PaccMoTpuM Tpu mopsiaika obxona aepesa: npsimoit (preorder), ooparueiii (postorder) u
nentpupoBanHblii (inorder) [4, 6]. Takue mopsaku KCHONB3YIOTCS P 00X0/1e epeBa B Ii1yOuHy. B
KauecTBe IMpUMepa TPHUBEAECM IMOCICAOBATEIBHOCTH, TOPOXKAaeMble 00XOoJaMH  JiepeBa,
MPEJICTaBICHHOTO Ha puc. 1.



MpSIMO 00XO0J; 0,13,45,6,278,9;
IIEHTPUPOBAHHBIN 00XOI: 3,4,16,50,8,7,9,2;
o0OpaTHBI 00X0I: 4,3,6,5 1,897, 20.
JlanHass 3ama4a MOXET OBITh pEIICHA HECKOJbKMMH crocobaMu: pekypcuBHO [4, 6],
UTEPATHBHO C MPUMEHEHHEM CTEKa U UTEPATUBHO O€3 MCIOIb30BaHUs cTeKa [7].
Hu B 0HOM M3 3THX MOIXO0B HE HCIOJB3YIOTCS aBTOMATHI, YTO, TI0 MHEHHIO aBTOPOB, HE
MO3BOJIMJIO O0CCIIEYHNTh HATIAAHOCTh U YHUBEPCAILHOCTD MPEITaraéMbIX PEIICHHU.

1.1. Onucanue CTPYKTYP AAHHBIX A5 PeIcTABJIeHNs IBOMYHBIX JepeBbeB

Bynem npencraBisaTe OuHapHOE IEPEBO B MPOrpaMMe CIIEAYIOMNAM 00pa3oM:
struct Node {

i nt dat a; /!l Ianuroe B y=Ije

Node* | ; /| Jleroe nommepero

Node* r; /| Tparsoe mommepero
Node* p; /'l Ykasarenp Ha pomuTesd

b

B 9T0# cTpyKType comepKaTcsi CChUIKM Ha MPaBOe M JIEBOE MOIJICPEBbs, a TAKXKE CChLIKA Ha
POIMTENbCKYIO BEpIIMHY, YTO B JalbHEHIIeM, B YaCTHOCTH, [O3BOJUT pPEalM30BaTh
paccMmaTtpuBaeMblii anroput™ 0e3 cTeka. B mpuBoIMMbBIX mpuMepax Ha si3bike C++ [uist XpaHeHust
yKasaTesneil Ha BEepINWHBI JepeBa OyldeM HCIOnb30BaTh mepeMennbie Thma Node* . Tlpu stom
yKaszartenb Ha BeplnuHy oObsiBisercst kak Node* node. Jloctyn kK mepeMeHHBIM, YKa3bIBaIOIIHM
Ha JIEBOC M MPABOC MOJJICPEBbS, a TAKKE HA POMUTEIBCKYIO BEPIIMHY OCYMIECTBISIETCS MPH
MOMOIIK oreparopa - >. [ToaroMmy B rpadax MepexoJ0B B yCIOBHUSX, [OMEUYAOIINX IyTH, OyaeM
OpUMEHSTh  clieayronme obo3HaueHue s3pika C++: node->l, node->r wu node->p
COOTBETCTBEHHO.

1.2. BBoa nepeBbeB

BBon mepeBbeB B mpumepax OyneM IpOM3BOAWTH B CIeAylolleM Buae. B mepBoe crpoke
3anmcano uuciao N (kommyecTBo BepuinH B nepese). [locieayromue N cTpok copepkaT omucaHus
BepIuMH aepeBa. J[is i-0if BepuIMHBI B CTPOKE ¢ HOMEpOM i+2 (BepIIMHBI HYMEPYIOTCS C HYJIS)
yKa3bIBaIOTCSl HOMEpa KOpHEH JIEBOTr0 M MPaBOro MOAJEPEBbEB. B ciiyyae oTcyTCTBHS mOzJepeBa
BMECTO HOMepa KOpHs 3amuchkiBaeTcs umcio - 1. Jlns paccmarpuBaeMoro mpumepa HCXOJHBIC
JIAHHBIE UMEIOT CIICTYIOIINI BU:

10
1 2
3 5
7 -1
-1 4
-1 -1
6 -1
-1 -1
8 9
-1 -1
-1 -1

2. O0x01 ABOUYHOT0 aepesa 0e3 MCnoJIb30BaHNUA CTeKa

Paccmorpum 00x0ox ABOMYHOTO JepeBa Oe3 NpHMEHEHHWs cTeka. Mmes mnpemmaraemoro
JITOPUTMa COCTOUT B TOM, YTO MPHU 00X0/1€ ABOMYHOIO A€pPEBA MOTYT OBITh BBIJEJICHBI CICAYIOIIUE
HanpaBJieHUs] JABIJKEHUS. BJIEBO, BmpaBo, BBepx. OOXxon HauumHAeTcsi OT KOpHSA JepeBa. B
3aBUCHMOCTH OT HOMEpPA TEKYIIEW BEPIIMHBI U HAIIPABJICHUS ABMKCHUS, MOXKHO IPHHATH PEIICHUE



0 TOM, KyJa JBHWTraThCcs aajibiie. [Ipu 3TOM CTeK He TpeOyeTcss — Kak yKe OTMEYaJIoCh BBIIIE,
WCTIOJB3YETCS yKA3aTeb Ha POAUTEIBCKYIO BEPILIUHY.

KaxxgoMy W3 yKazaHHBIX HANpaBICHUH MOXKET OBITh COIMOCTABIEHO COCTOSHHE aBTOMATa,
peanu3yroiero anroputM. Taxke BBOAMTCS HAYaJbHOE COCTOSHHE, OJHOBPEMEHHO SBISIOLIEECs
KOHEYHBIM.

TakuMm 00pa3oM, aBTOMAT UMEET CIIETYIOIINE COCTOSHUSI:

0. Sart — nHauanpHOE (KOHEYHOE) COCTOSHUE.
1. Left — nBwKeHuE BICBO.
2. Right — naBmwxeHue BIpago.

3. Parent — nBmwxeHue BBEpX.

ABTOoMar onepupyet nepemenHoit node (umeromeit Tun Node* ), sBisromieiics ykasarenem
Ha TeKYILUH y3el JepeBa.

[TosicauM, Kak cTpouTcs rpad mepexonoB, ONMUCHIBAIOIINI MMOBEJCHNE aBTOMarta. [lepexosl
ME/1y COCTOSIHUSIMH OTIPEIEIISIOTCS YCIOBUSMU, KOTOPHIMH TIOMEYAIOTCS COOTBETCTBYIOLIHE TyTH
rpada nepexoqos. Ycinopus node- >l , node->r unode- >p 0003HaYaOT HAJTHYKHE Y TEKYILETO
y37la JIeBOTO IIOTOMKA, IpPAaBOrO0 IOTOMKAa M POIMTENs COOTBEeTCTBeHHO. Orpuianue Oynem
0003HauaTh BocKIHLaTe bHbIM 3HakoM (! ). Hampumep, nepexon u3 cocrosinust Parent B cocrosinue
Sart ocymiecTBiseTcs P YCIOBUH, YTO Y BEPILIUHBI HET POIUTEIIS.

Hekoropbie ayru rpada moMedeHbl HE TOJNBKO YCIOBUSIMHU (PAcCIONOXKEHBI B YHCIHTEINE
apobu), HO W jeiictBusimu (pacrioyiokeHbl B 3HaMmeHartene ApooOu). Hampumep, mepexon us3
cocrosiHus Right B coctosinue Left mpousBoauTest mpu yCciaoOBHH, YTO Yy BEPIIMHBI €CTh MPABOE
noanepeBo. [lpm STOM Ha yKa3aHHOM NIepEeXOZ€ BBINOJHSACTCA JCHCTBUE — M3MEHSETCS
nepeMeHHas N0de, B KOTOPOH XPaHHUTCS yKa3aTellb Ha TEKYIYIO BEpILIUHY.

Kpome neiicTBuii Ha mepexoiax B aBTOMAre TAK)KE BBINOJIHSIOTCS JCUCTBUS B COCTOSHHSAX,
Hanpumep, B coctosiHuu Left mponsBoanTcs BEIBOI HOMepa TEKyIIeH BEPLUIMHbI Ha YKPaH.

I'pa¢ mepexomoM Juisi peanu3allil HEPEKypCHBHOrO 00Xo/Ja BOWMYHOIO JepeBa 0e3
MCIIOJIb30BaHMs CTeKa MpUBEZCH Ha (puc. 2).

( 0. Start \
| e
1 L j 1: Inode->p
( 1. Left inode->I 2. Right N inode->r - 3. Parent N
‘ out(node) < out(node) < out(node) J
node->r 2: node->p->| == node
L j node = node->r node = node->p L j
node->| 3: node->p->r == node
node = node->| node = node->p

Puc. 2. I'pad nepexoaoB apToOMaTa 1Jisi peajiu3aluy HEPEeKYPCUBHOTO
00x0/1a IBOMYHOIO JAepeBa

OtmeTnM, 4TO B cilyyae O€3yCJIOBHOTO IEpexojia M3 OJHOTO COCTOSHHS B JIpyroe ayra
nomeyvaeTcsi ciMBosioM 1 (mepexon U3 HyJeBOW BEepIIMHBI B TepBY0). Eine o1HO#T 0c00EHHOCTHIO
9TOro Tpada SBISETCA MOMETKA IYT <«HUUCIAMH C JBOCTOYHEM>» — IMPHOPUTETAMU. DTH ITOMETKH
YKa3bIBaIOT MOCJIEI0BATENILHOCTh, B KOTOPOH OyIyT MPOBEPATHCS YCIOBHSA HA Jyrax, HCXOMASIINX
U3 BEpIIMHBI. B ciydae ecnmu yclioBus SIBISIOTCS MONAPHO OPTOTOHAJIBHBIMH, TO NMPHOPHUTETHI HE
PaCCTaBIIAIOTCS.

OtMmeTnM, uTO eci B paborax [4, 6] paccMOTpeHO TpH TUMa 00XOI0B U ISl K&KAOTO U3 HUX
NPEJIOKEH CBOM allTOPUTM, TO MpeIaraeMblid MOIX0J II03BOJISIET, HCIOIB3Ys OJWH U TOT JKe Tpad
Nepexo/I0B aBTOMATa, OCYIIECTBIATH BCe TPU 00X0/a, 32 CUET BBIBOJA HOMEpA TEKYIIEH BEPIIMHbI
TOJBKO B OMHOM u3 cocrosiaumit: Left, Right, Parent. [Ipu 3ToM B 3aBUCHMOCTH OT BBIOPaHHOTO
COCTOSIHMSI TOJIYYHM TPU CTaHIApTHBIX 00xoqa [4, 6]:



Cocrosinne Oo0xox
Left [psimoi
Right I{eHTpHpPOBAHHBIN
Parent OO6partHsIii

Takum 00pa3oM, NPEUIOKECHHBIN aBTOMAT MPECTaBISET CTaHAApTHBIC BUABI 00X0Ja B
eanHou dopme.

B Tlpunoxenun (Jluctunr 1, ¢ynkums traver seW thout St ack) x pabore [8]
NpHBE/ICHa peau3aliis 3TOro aBToMaTa IpH MOMOIIM KOHCTpykuuu SWi t ch, mocrpoennas mo
rpady nepexomoB GopMaabHO U H30MOP(HO.

3. O0X0/1 IBOMYHOIO epeBa ¢ UCMOJIb30BAHNEM CTEKA

PaccmoTpuM mpencraBiieHHE AepeBa, y3Jbl KOTOPOTO HE COAEPIKAT CCBIIOK HA poxuTencil. B

9TOM citydae CTpykTypa NOde BBITISAUT CIIeAYIONMM 00pa3oM:
struct Node {

i nt dat a; /| IauubHe B y3I€
Node * |; /| Jlepoe nommepero
Node * r; /| Tparsoe mommepero

}i
HJ'I}I O6XOI[0B ,I[CpeBbeB, HpCIlCTaBJ'ICHHBIX TaKUM 06p330M, HCO6X0,Z[I/IMO HCIIOJIB30BaTh CTCK.
HO AHAJIOT'uu C HpCZ[I)I,I[yH_II/IM pa3z[en0M JJIA pCH_ICHI/IH HaHHOﬁ 3aJa4ynu MOKET 6LITI> HOCTpOGH
aBTomar, rpag nepexojioB KOTOPOro MpeACcTaBleH Ha puc. 3.

1. Left \‘ Inode->| - 2. Right Inode->r ( 3. Parent

L out(node) out(node) < out(node) J
node->r 2: top()->l == node
L j push(node); node = node->r node = pop() L j

node->| 3: top()->r == node

L 0. Start 1: stack.empty()

push(node); node = node->| node=pop()

Puc. 3. I'pad nepexooB aBTOMATa /IJIsl peajin3anuu 06xoaa
JBOMYHOIO /iepeBa ¢ UCMOJIb30BAHUEM CTeKa

Ha sToM pHCyHKE MCMOJB3YHOTCS Clienyronye obo3HaueHus: push(node) — nomemieHue
TEKYILEro y3ia B cTek, t Op() — y3en B BepuinHe cTeka, POP() — (QyHKIMsS yaaleHHs y3ia u3
CTeKa, BO3BpAlllalolas yIaJeHHY0 BepluuHy, enpt y() — npoBepka cTeka Ha MyCToTY.

3ameTuM, YTO MpU BceX 00X0Iax JaepeBa B CTEK MOMEMIACTCS ONHA M Ta K¢ UH(opManus.
Takum 00pa3oM, OJMH CTEK MOXKET OBITh MCIOJB30BaH ISl pealli3alii BCEX TpeX 00XOJ0B, YTO
HO03BOJISIET IKOHOMHTH MAMSITh.

Ecnu BiBO B cocrosiHmsix Left, Right u Parent ocymiectBisiTe B pa3Hbie MOTOKH, TO MOXKHO
HOJIyYUTh OJJHOBPEMEHHBIH BBIBOJI JII000H KOMOMHAIIUY PACCMOTPEHHBIX 00X0/I0B.

B IMpunoxenun (JIuctunr 1, ¢pynkuus traver seW t hSt ack) x pabore [8] mpuBencHa
peanu3ais 3TOr0 aBTOMAaTa IPH MOMOIIM KOHCTPYKUMH SW t Ch, mocrpoenHas mo rpady
nepexo10B popManbHO U H30MOP(HO.

I'pad mepexo10B MO3BOJISET JIETKO MOHSThH MOBEICHUE TIPOrPAMMBI, & TAKKE SBISCTCS TECTOM
JUISL €€ MPOBEPKH. ITO OOBSCHIETCS TEM, YTO COCTOSHHS JACKOMIIO3UPYIOT BXOJHBIC BO3/ICHCTBUS
Ha TPYIIbBI, KaXIas U3 KOTOPBIX COACPIKUT YCIOBHS, ONMPEICISIONIas MePeX0/Ibl TOILKO U3 3TOTO
COCTOSIHHSI.

4. O6xoa K-nuHoOroO IEepeBa 6e3 MCMOJIb30BAHHA CTEKA
31105k eHHBIN TTOIX0/ MOXKET ObITH 00001ICH Ha ciiy4ail K-uuHbIX 1epeBbeB [6].



B nporpamme nepeBo OyieM NpeICTaBIATh B CICIYIOIIEM BU/IC:
struct KNode {
i nt data;
KNode * c[K];
¥
rae K — KoHcTaHTa, C — MAacCHB, XpaHAINIMN yKa3aTelnd Ha aeTeid. MeTos, NpeaaoKeHHbIA Is
00x0/1a IBOUYHBIX JIepeBbeB 0€3 UCTIOIB30BaHMs CTEKa, MOKHO 0000IIUTH 17151 00X0/12a
K-runbIX nepeBbeB (puc. 4).

node->c[0] > 1. Child 1 1 0. Start N
node = node->c[0] \_J out(node) B
Inode->c[1]
vy 2: node->p->c[0] == node
node->c[1] ( 2. Child 2 node = node—p
node = node->c[1] \\—‘ N
out(node) 1: node->p
k+1. Parent \
Inode->c[3]
v 2: node->p->c[1] == node out(node)
node->c[2] | 3. Child 3 node = node->p Y
node = node->c[2] out(node)
i Inode->c[3]
Inode->c[k-1] 2: node->p->c[k-1] == node
K. Child k _ node = node->p /
node->c[k-1] I
node = node->c[k-1] out(node) /
Inode->c[k-1]

Puc. 4. I'pad nepexoaoB aBTOMaTAa /IUIsl peajiM3ainuu 06xoaa
k-muHOro nepeBa Ge3 MCNOJIb30BAaHUS CTEKA

OtmeTtuMm, 4TO y mocTpoeHHoro aBromara k+3 cocrostauii. Takum 00pa3oM, YUCIIO COCTOSIHUIN
aBTOMATa 3aBUCHT OT K.

B Ipunoxenun (Jluctunr 2, Gpyukuus t r aver seK) k padore [8] npuBencHa peanusarus
9TOr0 aBTOMAara MpPU IOMOILIM KOHCTPYyKIH SW t Ch, moctpoeHHas mo rpady mepexomos
(hopmManbHO U U30OMOPPHO.

Kak ormeueHo Bbile, rpad mepexoq0B MOCTPOCHHOrO aBToMara 3aBUcHT oT 4ncia K. Takum
o0pa3oM, Takasi peanu3aius 00xoa K-n4HOro iepeBa He SIBISITCS] YHUBEPCAIbHOM.

[Mpeanoxum yHuBepcajibHoe pemieHue. V3 rpada mepexomoB CleAyeT, 4YTO YCIOBHS
nepexofa W JCWCTBHS B COCTOSHHSAX C mepBoro mo k-oe ouenb moxoxu. [lodToMy JOruvHO
OOBEAMHHUTh ITHU COCTOSIHUS B OJHO. B pe3ynbraTe mojiydaercsi peAylHpPOBAHHBIA aBTOMAT C
YETBIPbMsI COCTOSTHUAME (pHC. 5), KOTOPBIN MO3BOJISET MPOU3BECTH 00X0J K-MYHOrO JepeBa MpH
MPOM3BOJIBHOM 3HaYCHUU K.



3. Calc 0. Start

* next_ptr == node
* —
w ++ next_ptr node == knodes
++ next_ptr
2: child_ptr - node -> ¢ ==K
next_ptr = node ->p ->¢
4: else
++ child_ptr
2. Child . 4. Parent
1: child_ptr - node -> ¢ == K && node == knodes

out (node)

N

node != knodes
child_ptr = next_ptr;node = node -> p

3: * child_ptr != NULL

node = * child_ptr;child_ptr = node -> ¢

Puc. 5. PexyuupoBannsliii rpag nepexoaoB aBToMaTa JJIsl peajau3anuu 00xoaa
k-u4yHOro nepeBa 0e3 MCHOIB30BAHUS CTEKA

B Tpunoxkennn (Juctunr 2, ¢pynkiws t raver seKReduced) k pabore [8] npusencna
peanm3ans 3TOr0 aBTOMara MpPH MOMONIM KOHCTpYyKuuu SW t ch, mocrpoennas mo rpady
epex010B GOPMATBHO 1 H30MOPHO.

3akiaoueHune

Takum O6p330M, B HACTOSILCH pa60Te IIOKa3aHO, YTO HCIIOJb30BAHHUC aBTOMATHOI'O I1OoAX0aa
IMO3BOJIMJIO MOJJYYWUTH HArJsIIHBIC W, B OTIHWYUC OT KIACCUYCCKUX, YHHUBCPCAJIBHBIC aJITOPHUTMbI
peIICHUA 3aa1a4 o6xoz[a JAC€PEBLEB, KOTOPHIC BECbMa DKOHOMHBI 11O ITaMATH.
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006 aBTOpPax

Kopnees I'eopruii AnexkcanapoBu4, MarucTpant kadenpbl «KoMIbIOTepHBIE TEXHOIOTUI»
Cankr-IleTepOyprckoro rocyJapCTBEHHOTO  YHHBEPCHTETa HMH(POPMAIMOHHBIX  TEXHOJIOTHH,
mexanuku u ontuku (CIIOI'Y UTMO). IIpusep yeMnuoHaToB Mupa mno nporpamMmmupoBanno ACM

MamrynoB Huxkuta Ha3zumoBu4, acrupanT kKadeapsl «KOMIBIOTEpHBIE TEXHOJIOTHH»
CIIoI'Y UTMO. Ilpuzep yemnuonaTta Mupa 1o nporpammupoBanuio ACM.

MlanpiTo AHaToauii AOGpamMoOBHY, JIOKTOP TEXHHYECKHMX HAyK, mpodeccop, 3aBeayomuil
kadenpoit «Texnonornu nporpammupoBanus» CII6I'Y UTMO.

IIpuioxenue

Jluctunr 1. O6x0abl ABOMYHBIX IePeBbLEB
#i ncl ude <i ostreanp

#i ncl ude <stack>

usi ng nanespace std;

[ * IpencraBieHue ys3joB mepesa */
struct Node {

int data; /| Dausbe B y3Ie
Node* | ; /| JleBoe nommepero
Node* r; /| Tparoe nommepero
Node* p; /| Vxaszaresnbr Ha poauTens
b
const SHOW LEFT = 1;
const SHON R GHT = 2;
const SHOW PARENT = 4;

[/ * CocrosHus aBTomaTa */

enum State {START, LEFT, RI GHT, PARENT};

O6xon HOBOMYHOTIO nepeBa 6e3 MCHONBE30BaHUS CTEKa

Napaverp ShOw ompenesnser pasHoBMOHOCTL 0O6xOXA!
npamor (show == SHOW LEFT),
uenrpuposauueit (Show == SHOW RI GHT) ,
obparueni (show == SHOW PARENT)

L T R T . R

/

voi d traverseWthout St ack( Node const* node, int show ({
State state = START
do {
switch (state) {
case START:
state = LEFT,


http://is.ifmo.ru

br eak;
case LEFT:
if (show & SHOW LEFT) cout << node->data << " ";
if (node->l) {
node = node->|;
state = LEFT,;
} else {
state = RI GHT;
}

br eak;
case Rl GHT

if (show & SHOWRI GHT) cout << node->data << " ";

if (node->r) {
node = node->r;
state = LEFT,;
} else {
st at e = PARENT,;
}

br eak;
case PARENT:
if (show & SHOW PARENT) cout << node->data << "
i f (node->p) {
i f (node->p->I == node) {
node = node- >p;
state = Rl GHT;
} else {
node = node- >p;
st at e = PARENT;

} else {
state = START;
}

br eak;

}
} while(state != START);

~

* ok ok ok ok ok Kk *

O6xopn OBOMYHOTIO Jepeea C MCIOJB3BOBaHMEM CTeKa

[lapameTp show omnpeneyigseT PasHOBMIOHOCTL o0OXoIa.
npavoir (show == SHOW LEFT),
uentpuposanueit (Show == SHOW RI GHT) ,
obpaTuuit (Show == SHOW PARENT)
/
void traverseWthStack(Node const* node, int show) {
std:: stack<Node const*> stack

State state = START;
do {
switch (state) {
case START:
state = LEFT,;



br eak;
case LEFT:
if (show & SHOW LEFT) cout << node->data <<
if (node->l) {
st ack. push(node);
node = node->|;
state = LEFT,
} else {
state = Rl GHT;
}

br eak;
case RI GHT
if (show & SHOW RI GHT) cout << node->data << "
if (node->r) {
st ack. push( node);
node = node->r;
state = LEFT;
} else {
state = PARENT,
}

br eak;
case PARENT:
if (show & SHOW PARENT) cout << node->data << "
if (stack.empty()) {
state = START;

} else if (stack.top()->I == node) {
node = stack.top(); stack.pop();
state = Rl GHT;

} else if (stack.top()->r == node) {
node = stack.top(); stack.pop();
state = PARENT,

}

br eak;

}
} while (state !'= START);

i nt cNodes; /| KommuecTBO y3JI0OB
Node* nodes; [l Vzme
/*

* UreHUe BXOMNHEIX IaHHBIX

*/

voi d readl nput () {
ci n >> cNodes;
nodes = new Node[ cNodes];

for (int i = 0; i < cNodes; i++) {
nodes[i].data = i;
nodes[i].p = NULL;



nodes[i].l = NULL;
nodes[i].r = NULL;
}
for (int i = 0; i < cNodes; i++) {
int |, r;
cin > 1 > r;
if (1 '=-1) {
nodes[i].| = nodes + I;
nodes[|].p = nodes + i;
}
if (r'=-1) {
nodes[i].r = nodes + r;
nodes[r].p = nodes + i;
}
}

}

void main() {
readl nput () ;

cout << "Preorder Wthout Stack" << endl
traverseWt hout St ack( nodes, SHOW LEFT);
cout << endl;

cout << "Preorder Wth Stack" << endl
traverseWt hSt ack(nodes, SHOW LEFT);
cout << endl;

cout << "l norder Wthout Stack" << endl;
traverseWt hout St ack( nodes, SHOW RI GHT) ;
cout << endl;

cout << "l norder Wth Stack" << endl
traverseWt hSt ack(nodes, SHOW RI GHT) ;
cout << endl;

cout << "Postorder Wthout Stack" << endl;
traverseWt hout St ack( nodes, SHOW PARENT) ;
cout << endl;

cout << "Postorder Wth Stack" << endl
traverseWt hSt ack( nodes, SHOW PARENT) ;
cout << endl;

del ete[] nodes;

Jluctunr 2. O0X0AbI K-UYHBIX /IepeBbeB 0€3 UCMO0JIb30BAHUS CTEKA
/ *
* OBxon K- MYHOT'O mepeBa 6e3 MCMNOJNBLBOBaHMS CTeKa

*/
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void traverseK ()

{

enum St at e

{
Start,
Chi | d1,
Chi l d2,
Chi | d3,
Par ent
s

State state = Start;
KNode * node = knodes;

do
{
switch ( state )
{
case Start
state = Chil di;
br eak;
case Childl :
cout << node -> data << ' ';
if ( node ->c [ O] !'= NULL )
node = node ->c [ 0 ];
el se
state = Chil d2;
br eak;
case Child2 :
if ( node ->c [ 1] !'= NULL )
{
node = node ->c [ 1];
state = Chil di;
}
el se
state = Chil d3;
br eak;
case Child3 :
if ( node ->c [ 2] !'= NULL )
{
node = node ->c [ 2 ];
state = Chil di;
}
el se
state = Parent;
br eak;
case Parent
if ( node == knodes )
state = Start;
else if ( node == node ->p ->c [ 0] )
{

state = Chil d2;
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node = node -> p;

else if ( node == node ->p ->c [ 1] )
{
state = Chil d3;
node = node -> p;
}
el se
node = node -> p;
br eak;

}
} while ( state !'= Start );

/ *
* OBxXOn K- MYHOTO AepeBa 6e3 MCHONBLBOBAHUSI CTeKa.
* PenyumMpoOBaHHHM I'pad nepexomor

*/
voi d traver seKReduced ()
{
enum St at e
{
Start,
Chi Il d,
Par ent ,
Cal c
b

State state = Start;
KNode * node;

KNode * * child_ptr;
KNode * * next _ptr;

do
{
switch ( state )
{
case Start
state = Chil d;
node = knodes;
child ptr = node -> c;
br eak;
case Chil d:

if ( child_ptr == node -> c )

cout << node -> data << ' ';
if ( child_ptr - node -> ¢ == K & node == knodes )
{

state = Parent;
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else if ( child ptr - node -> ¢ == K)

{
next _ptr = node -> p -> c;
state = Calc;
}
else if ( * child ptr !'= NULL )
{
node = * child_ptr;
child_ptr = node -> c;
}
el se
{
++ child_ptr;
}
br eak;
case Calc :
if ( * next_ptr == node )
{
++ next _ptr;
state = Parent;
}
el se
++ next _ptr;
br eak;
case Parent
if ( node != knodes )
{
child_ptr = next_ptr;
node = node -> p;
state = Chil d;
}
el se
state = Start;
br eak;

}
} while ( state !'= Start );



