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O0xoxa 1epeBbeB HA OCHOBE ABTOMATHOI'0 NOAX0/a

Ha ocnose asmomamnozo nooxooa npeonoxceHvl aneopummsl 00x00a Oepesves,
OMAUYAIOWUECS OM KIACCUYECKUX HACTILOHOCIbIO U YHUBEPCATbHOCIIBIO.

1. BBenenue

C 1991 r. B Poccun paszsuBaercs SWITCH-texHonorus, koropasi 6a3upyercsi Ha aBTOMaTHOM
nporpamvupoBarnu [7]. Hacrosimias pabora mpoBeleHa B paMKax HCCIEAOBAHUS MPUMCHCHHUS
SWITCH-TexHOI0THH B BBIYMCIHUTENbHBIX aaroputMax [7, 7], 1 MOCBSLIEHA OJHOMY W3 HHUX —
o0xoxay nepeBbeB. IlepBoHauanbHO B paboTe paccMaTpuBaeTcsi 00X0/] IBOUYHBIX I€PEBLEB, a 3aTEM
npeajgaraeMoe perieHne 00o01maeTcs Ha ciayyail k-uuHbIX JIepeBbeB. [Ipu 3ToM paccMmarpuBaroTcs
aNropuTMbl 00X0/da, KaKk HMCIOJb30BaHUEM CTeKa, Tak M 0e3 ero mpuMeHeHwus. Vcmonab3oBaHue
aBTOMATHOTO TOJXOJa MO3BOJISIET MONYyYUTh HATJSAHBIE U YHUBEpCAIbHbIC (B OTIMYUE OT pabOThHI
[7]) anropuT™Bl pelieHus: pacCMaTPUBAEMbIX 3a7a4, KOTOPhIE TaK)KE€ BEChMa 3KOHOMHBI 110 TTaMSITH
110 CPABHEHUIO C KJIIACCUUECKUMU aJIrOPUTMaMHU.

OtMetuMm, uTOo B padbore [7] paccMOTpeH 00XO[a NEePEBHEB C MPOU3BOJIBHBIM KOJIHMYECTBOM
MOTOMKOB. [[11s1 peanu3anuu 06xo/1a B 3TOi paboTe BBOJUTCS MOHATHE “‘COCTOSIHUE™, HO aBTOMAT B
SIBHOM BHUJIE HE CTPOUTCSI.

2. IlocraHoBKa 321244 00X0/1a ABOMYHOIO /iepeBa

HyCTB 3a1aHO ABOUYHOC ACPCBO, HAIIPUMCP, IIPECACTABJICHHOC HA 2.

Puc. 1./IBonyHoOe 1epeBo

Heobxogumo ocyrmiecTBuTh 00X01 1epeBa — cHOpMHUPOBATH MOCIIEI0BATEILHOCTE HOMEPOB
ero BepunH. PaccMoTrpum Tpu mopsiika o0xona nepesa: npsmoii (preorder), oopaTHbii (postorder)
U neHTpupoBaHHbIi (inorder) [7, 7]. Takue MOpsAIKH UCTIONB3YIOTCS TIPH 00X0/1e IepeBa B IITyOHHY.
B kadecTtBe mpHmMepa TpUBENEM IOCIEAOBATEIBHOCTH, TMOPOXKAaeMble 00XOJaMH JEepeBa,
MIPEACTABICHHOIO Ha 2:



*  TpsAMOI 00X0: 0,1,3,4,5,6,2,7,8,9;
* I[EeHTpUpOBaHHBIA 0Oxom: 3,4,1,6,5,0,8,7,9, 2;
* 0o0paTHBIN 00X0: 4,3,6,5,1,8,9,7,2,0.

JlanHass 3amaya MOXKET OBITH pelieHa HECKOJbKHUMH crocobamu: pekypcuBHO [7, 7],
UTEPATUBHO C IPUMEHEHUEM CTEKA U UTEPAaTUBHO O€3 NCI0JIb30BaHUA cTeKa [7].

Hu B olHOM M3 3THX MOJIXOJ0B HE HCIOJB3YIOTCA aBTOMAThl, YTO, 10 MHEHHIO aBTOPOB, HE
ITO3BOJIMJIO 00ECTIEUNTh HAMIISIIHOCTh U YHUBEPCATBHOCTD PEIAraéMbIX pPELICHHH.

2.1. Onucanue CTPYKTYP AAHHBIX JJIA NPEACTABJICHUA NIBOUYHBIX 1€PEBLHEB

Bynem npencraBnsaTe OMHApHOE AEPEBO B MPOTPaAMME CIIEAYIONUM 00pa3oM:
struct Node {

int data; // IaHHHE B y3Je

Node* 1; // JleBoe nommepeBo

Node* r; // TlpaBoe MNommepero
Node* p; // Ykazaresb Ha POOMTEJIA

|

B »roit CTPYKTYpPE COACPIKATCA CCBIJIKM Ha ITPAaBOC U JICBOC IMOAJACPCBLA, @ TAKIKE CCbIJIKA Ha
pOI[I/ITeJ'IBCKy}O BepHII/IHy, qTo B IIaJ'II)HCf/'IHICM, B HJaCTHOCTH, IIO3BOJIUT peaJII/I3OBaTI>
paccMaTpuBaeMblli alTOpUTM 0e3 cTeka. B mpuBoauMbIX mpumepax Ha s3bike C++ 171 XpaHEeHHS
yKazaTelel Ha BepIIMHBI JiepeBa OyJeM HCIOoJIb30BaTh mNepeMeHHble Tuna Node*. Ilpu sTom
yKa3aTellb Ha BEepIIUHY 00bsABIsAeTCS Kak Node* node. JIoCTyn K MEPEeMEHHBIM, YKa3bIBAIOIIUM
Ha JIEBOE W TPABOE€ NOAAEPEBBSA, a TAaKXKE HA POJAUTEIBCKYI0 BEPIIUHY OCYIIECCTBISACTCA MPH
noMoIny omneparopa —>. IloaTomy B rpadax mnepexoJoB B yCIOBHUAX, TOMEYAIOUINX YT, Oynem
MPUMEHSTHh cleayromue oOo3HaueHue s3pika C++: node->1, node->r u node->p
COOTBCTCTBCHHO.

2.2. BBoj aepeBbeB

BBon nepeBbeB B npumepax OyaeM NpOM3BOAUTH B cieayiouieM Bujae. B mepBoe ctpoke
3anucaHo uucio N (konudecTBo BepluuH B jepese). [locneaytomue N cTpok conepkaT OMMCaHUS
BEpIIMH jepeBa. J[s i-off BepUIMHBI B CTPOKE C HOMEpPOM i+2 (BEpILIMHBI HyMEpPYIOTCS C HYJIf)
YKa3bIBalOTCA HOMEpPA KOPHEH JIEBOIO U IPAaBOro NOALEPEBLEB. B cilydae OTCyTCTBHS NoAnepeBa
BMECTO HOMEpa KOpHs 3amuchbiBaeTcs uyuciao -1. [lnsg paccmaTpuBaeMoro IpuMepa HCXOJIHBIE
JAHHBIC UMEIOT CICAYIOIMUNA BUA:
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3. O0xoa ABOMYHOIO 1epeBa 0e3 UCIO0JIb30BAHUS CTEKA

PaccmoTpum 00xo0n nBouyHOro nepeBa 0e3 mnpuMeHeHus crteka. Mpes mnpenmaraemoro
QJITOPUTMA COCTOUT B TOM, UTO MU 00X0ie IBOMYHOIO JiepeBa MOT'YT ObITh BBIJIEICHBI CIIEIyIOIINE
HalpaBJIEHUs JBUXKEHMs: BJIEBO, BIpaBo, BBepx. OOXoJ HauMHaeTcs OT KOpHS jaepeBa. B
3aBUCHMOCTH OT HOM€pa TEKYILEeH BEPIIMHbBI U HAIIPABJICHUS IBUKEHUS, MOKHO IIPUHATDH PELICHUE



0 TOM, KyJa JBurarbcs aajibiue. [Ipu 3ToM crek He TpeOyeTcs — Kak yXe OTMEYaloCh BBIIIE,
HCIIOJIb3YEeTCS YKa3aTellb Ha POAUTEIbCKYIO BEPIINHY.

Kaxomy M3 yka3zaHHBIX HanpaBI€eHHHl MOXKET OBITh COIOCTABJIEHO COCTOSHHE aBTOMaTa,
peanusyromniero anroput™. Takke BBOAUTCS HayaJbHOE COCTOSIHME, OJIHOBPEMEHHO SBIISIOIIEECS
KOHEYHBIM.

TakuMm oOpa3om, aBTOMAT UMEET CIIEAYIOIINE COCTOSTHHUS:

0. Start — nadanbHOE (KOHEUHOE) COCTOSHUE.
1. Left — nIBWXEHUE BIEBO.

2. Right — nBWXeHHE BIPABO.

3. Parent — NBHXEHUE BBEPX.

ABTOMAT OomnepupyeT nepeMeHHoi node (umerome Tun Node*), sBistoLIecsa yKa3aTeaem
Ha TeKYIUH y3el AepeBa.

[TosicHum, Kak CTpoUTCs Tpad MepexoI0B, OMHUCHIBAIOIINI NOBeAeHHEe aBToMaTa. [lepexos
MEX/1y COCTOSHUSMHU OIPEAETSIOTCS YCIOBUAMU, KOTOPBIMU [TIOMEYAIOTCSI COOTBETCTBYIOIINE JIyTH
rpada nepexomoB. YcioBus node->1, node->r u node->p 0003HAYAIOT HAJTMYKE y TEKYIIETO
y3Ja JI€BOTO MOTOMKa, MPaBOro MOTOMKAa W POAMUTENS COOTBETCTBEHHO. OTpuilanue Oyaem
0003HauaTh BOCKJIHIIATEIbHBIM 3HAKOM (! ). Hanmpumep, nepexon u3 coctosiuusi Parent B COCTOSIHHE
Start ocyImecTBIASAETCS IPU YCIOBHUH, YTO Y BEPIIUHBI HET POJUTENS.

Hekotopeie nyru rpadga momeuyeHbl HE TOJBKO YCIOBUSMHU (PAcCIlOIOKEHBI B UHCIHUTENE
apoOu), HO W JACWUCTBUSAMH (pacloyIOKEHbl B 3HaMmeHatene apoOu). Hampumep, nepexon us
coctosiHusl Right B coctosinue Left MpoOU3BOAWUTCS MPH YCIOBUH, YTO y BEPIIMHBI €CTh MPaBOE
noanaepeBo. Ilpy 3ToM Ha yKa3aHHOM IIEpEXOAE BBINOJHAETCA JEHCTBHE — HW3MEHAETCS
nepeMeHHas node, B KOTOpPOH XpaHUTCS yKa3aTedb Ha TEKYIIYIO BEPIIUHY.

Kpome aeiictBuil Ha mepexojiax, B aBTOMATE TaK)KE BBITOJHSAIOTCS JECUCTBUS B COCTOSHUSX,
HaIpuMep, B COCTOSIHUU Left TpOU3BOIUTCS BBIBOJ HOMEpA TEKYIIEH BEpIIMHBI Ha SKpPaH.

I'pad mepexomoM sl peanu3allii HEPEKypCUBHOrO 00X0jaa JBOMYHOTO JepeBa 0e3
WCIIOJIb30BAaHUA CTEKa MpHUBEeH Ha (puc. 2).

0. Start R
[
i 1 1: Inode->p
4 1. Left fode->1 2. Right fnode->r . 3. Parent R
out(node) - out(node) - out(node)
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'pa¢ nepexooB aBToOMAaTA /ISl peajM3alii HEPEKYPCHBHOTO
00X0/1a IBOUYHOI0 JepeBa

OTtmeruMm, 4TO B Cilydae O€3yCIOBHOIO MEPEXOAa W3 OJHOTO COCTOSHHS B JIpyroe Jyra
roMevaeTcsi CHMBOJIOM 1 (Tiepexoa W3 HyJIeBOW BEpUIMHBI B TIEPBYI0). Elte 0HONH 0COOEHHOCTHIO
3TOro rpada SBIsSeTCS MOMETKAa AYT «YHCIAaMH C JABOCTOYMEM» — IMPUOPUTETAMHU. DTH MOMETKU
YKa3bIBaIOT MOCJIE0BATENIbHOCTh, B KOTOPOW OyIyT IMPOBEPSTHCS YCIOBHUS Ha Ayrax, UCXOISIIMX
U3 BEepIIMHBEL. B cilyyae eciii yCloBHS SIBISIOTCS MOMAPHO OPTOTOHAIBHBIMH, TO TPUOPUTETHI HE
PacCTaBIIAIOTCS.

Otmerum, 4TO eciau B paboTax [7, 7] paccMOTpEHO TpU TUIA 00XOIOB U JJIS KaXI0T0 U3 HUX
MIPEJIOKEH CBOM aJIrOPUTM, TO MpelaraeMblil MOAX0/ MO3BOJISET, UCTIONb3YsI OJUH U TOT ke rpad
MEePEeX00B aBTOMAaTa, OCYIIECTBIISTh BCe TPU 00X0/1a, 3a CYET BHIBOAA HOMEpA TEKYIIEH BEpIINHBI
TOJIBKO B OJIHOM W3 cocTosiHuii: Left, Right, Parent. IIpu 3TOM B 3aBUCUMOCTH OT BBIOPaHHOTO
COCTOSIHUS TIOJIyYUM TPH CTAHAAPTHBIX oboxona [7, 7]:



Cocrosinue Ooxox
Left [Ipsmoit
Right IleHTpUpOBaHHBIN
Parent OO0patHbIf

Takum 00pa3oM, TPETIOKCHHBIH aBTOMAT TPEJACTABISICT CTaHIApTHBIE BHIBI 00X0da B
eauHoi Gopme.

B Ilpunoxennun (Jluctunr 1, ¢Qynkuus traverseWithoutStack) mnpuBeneHa
peaym3anysi TOr0 aBTOMAara IPU IMOMOIIM KOHCTPYKIMH sSwitch, TOCTpoeHHas 1o rpady
nepexo10B (opMaIbHO U U30MOPQHO.

4. O0xo0a ABOMYHOIO JIepeBa C UCMOJb30BAHNEM CTEKA

PaccmoTpuMm nipeacraBiieHue AepeBa, y3ibl KOTOPOTO HE COAEPKAT CChUIOK HA poauTeneil. B
ATOM clly4ae CTpyKTypa Node BBIMISAUT CICTYIONUM 00pa3oM:
struct Node {
int data;
Node * 1;
Node * r;

// IaHHEHE B y3Je
// JleBoe mnommepero
// TlpaBoe mnoImmepeBo
Y
st 00X0I0B 1epEBBEB, MPEACTABICHHBIX TAKUM 00pa3oM, HEOOXOUMO HCIIOJIb30BaTh CTEK.
[To ananorum C MPENBLAYIIMM pPA3ACIOM IS PEIICHHS JAHHOW 3a/ladll MOXET OBbITh MOCTPOCH
aBTOMAT, Tpad mepexo 0B KOTOPOro MPeACTaBICH Ha puc. 3.

1 0. Start 1: stack.empty()
4 1. Left inode->I > 2. Right B inode->r 4 3. Parent
out(node) - out(node) < ‘ out(node)
node->r 2: top()->l == node \
k j push(node); node = node->r node = pop() L j
node->I 3: top()->r == node
push(node); node = node->I node=pop()
Puc. 3.I'pa¢ nepexonoB apTomMaTta 1Jisl peajJu3anuu o0xoaa
ABOUYHOIO0 1epeBa ¢ HCNIOJbB30BAHUEM CTCKaA
Ha sToM pucyHke MCHONB3YIOTCS clieaylomue o0o3HaueHus: push (node) — momemnieHue
TEKYIIETO Yy3Jia B CTEK, top () — Y3€J1 B BEPIIUHE CTEKA, POP () — (1)yHKI_II/I}I yaajJ€Hud y3Jjia U3
CT€Ka, BO3Bpalllarolasl yaaJeHHYIO BEpIINHY, empty () — IIPOBECpPKa CTCKA Ha ITyCTOTY.

3aMeTHM, 4TO MpHU BceX 00X0/ax JepeBa B CTEK NMOMEIIACTCS OJHA W Ta ke WH(pOpMaIus.
Takum 00pa3oM, OJIMH CTEK MOXET OBITh MCIIOJIB30BaH IS pPeaj3allyd BCeX TpeX 00XOI0B, YTO
MO3BOJISIET YKOHOMHUTD TIAMSITh.

Ecnu BeIBOI B cocTostHusiX Left, Right u Parent ocyleCTBIIATh B Pa3HbIE MOTOKU, TO MOXHO
MOJIyYUTh OJTHOBPEMEHHBIH BBIBOJI JII0O0OH KOMOMHAIINN PACCMOTPEHHBIX 00XO0/I0B.

B Ilpunoxenun (Jluctuar 1, PyHkmus traverseWithStack) mpuBeneHa peanu3aius
3TOrO aBTOMaTa MNpPHU TIOMOIIM KOHCTPYKIMH sSwitch, TOCTpoeHHas MO Tpady NepexoaoB
(opmanbHO U U30MOP(HO.

['pad mepexo10B MO3BOIISET JIETKO MOHATH TIOBEJICHUE MTPOTPAMMEI, & TAKXKE SBISIETCS TECTOM
JUIs €€ TIPOBEPKU. ITO OOBACHIECTCS TEM, YTO COCTOSIHUS JEKOMITO3UPYIOT BXOJIHBIE BO3CHCTBUS
Ha TPYIIIBI, KaXIas U3 KOTOPBIX CONIEPIKUT YCIOBHS, ONPEACISIONIas MePEX0obl TOIBKO U3 dTOTO
COCTOSIHUSI.



5. O0xoxa k-u4HoOrO AepeBa 0e3 UCIOJb30BAHUSA CTEKA

N3510eHHBIN MOX0/1 MOKET OBITh 0000IIIEeH Ha CiTy4yail k-M9HBIX 1epeBbeB [7].
B nporpamme nepeBo OyaeM mpeacTaBIisiTh B CIEIYIONIEM BHIE:
struct KNode {
int data;
KNode * cl[k];
}:
rae k — KOHCTAaHTa, C — MAaCCHUB, XpaHALIUMN yKa3zaTelnu Ha JeTed. MeTol, NpeaoKeHHbIA I
00x071a TBOMYHBIX J€PEBLEB 0€3 MCMOJIB30BaHUS CTEKa, MOKHO O0OOIIUTH IJIsi 00X0/1a K-WYHBIX
nepeBbeB (puc. 4).

node->c[0] f’( 1. Child 1 1 o St
node = node->c[0] \_k out(node) B
Inode->c[1]
A 2: node->p->c[0] == node
node->c[1] 4 2. Child 2 e T———
node = node->c[1] LL out(node) B 1: Inode->p
k+1. Parent N
'node->c[3]
Y 2: node->p->c[1] == node out(node)
node->c[2] ( 3. Child 3 node = node->p i
node = node->c[2] LL out(node) B
l Inode->c[3]
Inode->c[k-1] 2: node->p->c[k-1] == node
( K. Child k - node = node->p /
node->c[k-1] -
node = node->c[k-1] \—L out(node) j
Inode->c[k-1]

Puc. 4.I'pad nepexonoB apTomMarTa JUIsl peain3aiuu 00xoaa
k-m4aHOTO NEepeBa (€3 HCIOJIb30BAHMS CTEKA

OTMeTHM, YTO Y IOCTPOEHHOTO aBTOMaTa k+3 cocTostHui. TakuM 00pa3oM, YUCIIO COCTOSTHUI
aBTOMAaTa 3aBHCHUT OT k.

B Ilpunoxenun (Jluctunr 2, ¢yHKUUS traverseK) NpuUBEICHA pealM3alus 3TOTO
aBTOMAaTa IMPH IMOMOIIY KOHCTPYKIIUU Switch, mOCTpoeHHAas 1o rpady mnepexoaoB GopMaibHO U
n30Mop(dHO.

Kak ormeueHo Beiie, rpad mepexoaoB MOCTPOSHHOTO aBTOMAaTa 3aBUCHT OT uucia k. Takum
o0pa3om, Takas peanusanus 00xo/1a k~-HUHOTO JIepeBa HE SBIISCTCS YHUBEPCATHHOM.

[Ipennoxum yHuBepcaiabHOe pemieHue. M3 rpada nepexoloB cCleqyeT, 4TO YCIOBHS
nepexoia M ACHCTBHS B COCTOSIHMSIX C TIEPBOTO MO k-0€ OuYeHb MOX0xH. [loaTomy norudHo
00BEIMHUTD 3TH COCTOSIHUSI B OJHO. B pe3ynbpTaTe Mmojydaercs pemyldpOBaHHBIM aBTOMAT C
YETBIPHMS COCTOSIHUSMU (PHUC. 5), KOTOPBIA MO3BOJSET MPOU3BECTH 00XO0M A-MYHOTO JepeBa MpH
MIPOU3BOJILHOM 3HAUEHUH K.



3. Calc 0. Start

* next_ptr == node

* next_ptr = node

++ next_ptr

2: child_ptr - node -> ¢ == K
next_ptr=node ->p->c

4: else
++ child_ptr

++ next_ptr node == knodes

2. Child . 4. Parent
1: child_ptr - node -> ¢ == K && node == knodes

L/

out (node)

node != knodes

child_ptr = next_ptr;node = node -> p

3: * child_ptr = NULL

node = * child_ptr;child_ptr = node -> ¢

Puc. 5.PenynupoBannblii rpag nepexoaos aBToMaTa JJisl peaju3anuu 00xona
k-u4Horo nepesa 0e3 MCIOJIb30BAHUS CTEKA

B Ilpunoxenun (Jluctunr 2, QyHkuus traverseKReduced) mpuBeneHa peann3alius
9TOTO aBTOMAara IPU TOMOIIM KOHCTPYKIMH sSwitch, mocTtpoeHHas mo rpady NEpexoaoB

(dbopmanbHO U U30MOP(HO.

6. 3akiaouyenue

Taxum 06p330M, B HaCTOHI_Heﬁ pa60Te IIOKa3aHO, YTO HUCIIOJIb30BaHHC aBTOMATHOI'O ITOAXO0Aa
MO3BOJIMJIIO IMOJYYUTH HArJIAAHBIC M, B OTJIUYHUC OT KIIACCHMYCCKHUX, YHUBCPCAJIBbHBIC AJITOPHUTMbI

pEeIICHUA 3aJa4 06XOI[a ACPEBHEB, KOTOPBHIC BECbMA SKOHOMHBI I10 ITaMATH.
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8. OO0 aBTOpPax

Kopnees I'eopruii AnekcanapoBuu, Maructpadt kadeapsl « KOMIbIOTEpHBIE TEXHOJIOTHI
Cankr-IlerepOyprckoro rocyZapCTBEHHOTO YHUBEPCHUTETa HH(POPMALMOHHBIX TEXHOJOTHIA,
Mexanuku u ontuku (CII6I'Y UTMO). [lpusep uemnuonatoB Mupa 1o nporpamMmmupoBannio ACM

HlamrynoB Hwukutra Ha3umoBuu, acnupanT kKadeapsl «KommbroTepHBIE TEXHOJIOTHID
CIIoT'Y UTMO. ITpuszep uemnuronara Mupa 1o nporpamMmmupoBannio ACM.

HlaabiTo AHaToamMii AGpaMoOBHY, JOKTOp TEXHHYECKHX HAyK, Mpodeccop, 3aBeryroIuit
kadenpoit «Texnonoruu nmporpammuposanus» CII6I'Y UTMO.

9. Ilpuioxkenue

9.1. JIuctunr 1. O0xoAbI ABOMYHBIX JePeBbeB

#include <iostream>
#include <stack>
using namespace std;

/* TlpencTaBjieHre y3JIOB mepera */
struct Node {

int data; // IDaHHbHEe B y3Je

Node* 1; // JleBoe mnommepeBo

Node* r; // TlpaBoe nommepeso
Node* p; // Ykazarejsb Ha POOUTEJIH

}s

const SHOW LEFT 1;
const SHOW RIGHT = 2;
const SHOW_PARENT = 4;

/* CocrTosaHMsa aBToMaTa */
enum State {START, LEFT, RIGHT, PARENT};

O6xon IOBOMYHOT'O AepeBa 6e3 MCHOJNBSOBAHMSI CTEKa

[lapameTp show omnpezmendgeT pPas3zHOBMAHOCTL OOXOHa:
npamoyt (show == SHOW LEFT),
LEeHTPUPOBaHHEM (show == SHOW RIGHT),
obpaTHe (show == SHOW PARENT)

X% X o X % X

void traverseWithoutStack (Node const* node, int show) {
State state = START;
do {
switch (state) {
case START:
state = LEFT;
break;
case LEFT:
if (show & SHOW LEFT) cout << node->data << " ";
if (node->1) {



node = node->1;

state = LEFT;
} else {

state = RIGHT;
}
break;

case RIGHT:
if (show & SHOW RIGHT) cout << node->data << "™ ";
if (node->r) {

node = node->r;
state = LEFT;
} else {

state = PARENT;
}
break;
case PARENT:
if (show & SHOW PARENT) cout << node->data << " ";
if (node->p) {

if (node->p->1 == node) {
node = node->p;
state = RIGHT;

} else {
node = node->p;

state = PARENT;
}
} else {
state = START;
}

break;

}
} while(state != START);

~

X% o X X % X %

0O6xon OBOMYHOI'O Jepeepa C MCIOJIBBOBaAHMEM CTeEeKa

[TapamMeTp show omnpenenseT Pas3HOBUIHOCTL o0OXoIa:
npamon (show == SHOW LEFT),
LEeHTPUPOBaHHEM (show == SHOW RIGHT),
obpaTHe (show == SHOW PARENT)
/
void traverseWithStack (Node const* node, int show) {
std: :stack<Node const*> stack;

State state = START;
do {
switch (state) {
case START:
state = LEFT;
break;
case LEFT:
if (show & SHOW LEFT) cout << node->data << " ";
if (node->1) {



stack.push (node) ;

node = node->1;
state = LEFT;
} else {

state = RIGHT;
}
break;
case RIGHT:
if (show & SHOW RIGHT) cout << node->data << " ";
if (node->r) {
stack.push (node) ;

node = node->r;
state = LEFT;
} else {

state = PARENT;
}
break;
case PARENT:
if (show & SHOW PARENT) cout << node->data << "™ ";

if (stack.empty()) {
state = START;

} else if (stack.top()->1 == node) {
node = stack.top(); stack.pop():
state = RIGHT;

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

state = PARENT;
}

break;
}
} while (state != START);
}
int cNodes; // KonmuecTBO y3JI0B
Node* nodes; // V3B
/*
* UrTeHMe BXONOHHIX IaHHEBIX
*/
void readInput () {
cin >> cNodes;
nodes = new Node[cNodes];
for (int i = 0; i < cNodes; i++) {
nodes[i] .data = 1i;
nodes[i] .p = NULL;
nodes[i].1l = NULL;
nodes[i].r = NULL;



for (int i = 0; i < cNodes; i++) {

int 1, r;

cin >> 1 >> r;

if (1 !'= -1) {
nodes[i] .l = nodes + 1;
nodes[l].p = nodes + 1i;

}

if (r !'= -1) {
nodes[i].r = nodes
nodes[r].p = nodes + i;

_'_
=

void main () {
readInput () ;

cout << "Preorder Without Stack" << endl;
traverseWithoutStack (nodes, SHOW LEFT) ;
cout << endl;

cout << "Preorder With Stack" << endl;
traverseWithStack (nodes, SHOW LEFT);
cout << endl;

cout << "Inorder Without Stack" << endl;
traverseWithoutStack (nodes, SHOW RIGHT) ;
cout << endl;

cout << "Inorder With Stack" << endl;
traverseWithStack (nodes, SHOW RIGHT);
cout << endl;

cout << "Postorder Without Stack" << endl;
traverseWithoutStack (nodes, SHOW PARENT) ;
cout << endl;

cout << "Postorder With Stack" << endl;
traverseWithStack (nodes, SHOW PARENT) ;
cout << endl;

delete[] nodes;

9.2. JIuctuHr 2. O0xoAbl K-MYHBIX AepeBbeB 0e3 HCI0/Ib30BaHus CTeKa
/*
* 06xox K-MYHOTO mepeBa 6e3 MCHONBBOBAaHMUSI CTEKa

*/
void traverseK ()

{

enum State

10



Start,
Childi,
Childz,
Child3,
Parent

}s

State state = Start;
KNode * node = knodes;
do
{
switch ( state )
{
case Start
state = Childl;
break;
case Childl
cout << node -> data << ' ';

if ( node -> ¢ [ 0 ] != NULL )
node = node -> c [ 0 ];
else
state = Child2;
break;
case Child2
if ( node -> ¢ [ 1 ] != NULL )
{
node = node -> ¢ [ 1 ];

state = Childl;
}
else

state = Child3;
break;

case Child3
if ( node -=> ¢ [ 2 ] != NULL )
{
node = node -> c [ 2 ];
state = Childl;

}

else
state = Parent;
break;
case Parent
if ( node == knodes )
state = Start;
else 1if ( node == node -> p -> c [ 0 ] )
{
state = Child2;
node = node -> p;
}
else if ( node == node -> p ->c [ 1 ] )

11



state = Child3;
node = node -> p;

}

else
node = node -> p;

break;

}
} while ( state != Start );

/*

void traverseKReduced

{

* 06x0ox K-MYHOI'O OepeBa 6e3 MCIOJNBLBOBaHMUS

cTeka.

* PenyuMpOBaHHHI T'pad nepexonor

*/

enum State

{

)

Start,

Child,

Parent,

Calc
}i
State state = Start;
KNode * node;
KNode * * child ptr;
KNode * * next ptr;
do
{

switch (

{

state )

case Start

state = Child;
node = knodes;
child ptr = node -> c;
break;
case Child:
if ( child ptr == node -> c )
cout << node -> data << ' ';
if ( child ptr - node -> c == K &&
{
state = Parent;
}
else if ( child ptr - node -> c ==
{
next ptr = node -> p -> c;

node

knodes

)

12



case

case

}
} while

(

state = Calc;
else if ( * child ptr != NULL

node = * child ptr;
child ptr = node -> c;

++ child ptr;
}
break;
Calc
if ( * next ptr == node )
{
++ next ptr;
state = Parent;
}
else
++ next ptr;
break;
Parent
if ( node != knodes )
{
child ptr = next ptr;
node = node -> p;
state = Child;
}
else
state = Start;
break;

state != Start );

)
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