JepeBbs1 (Ha ocHOBaHUU 3ajaHuii oT Porauesoii E.B.)

HexoTopsle cornamenus.
DTO0 3aHATHE MOCBAIICHO MOCTPOCHHUIO W paboTe ¢ OMHAPHBIMU JEpeBbsIMH. B 3amauax 3TOro 3aHsTHS
OyJZIeM HCTI0Nb30BaTh 0OBSABICHUS, IPUBEICHHBIE B IPUMEPE.

TeopeTnyeckune moNoKeHUS.

bunapHoe 1epeBo — 3TO KOHEYHOE MHOKECTBO Y3JIOB, KOTOpOE OO SBISIETCS MyCThIM, THOO COCTOUT U
KOpHA W ABYX HCHICPCCCKAIOIMIUXCA 6I/IHapHLIX ACPCBLECB, KOTOPLIC HA3BIBAIOTCA JICBBIM W IIPaBbIM
MOAJICPEBBSIMU TAHHOTO KOPHSI.

IIpumep
program SimpleTree;
{SAPPTYPE CONSOLE}

uses
SysUtils;

const
LEFT=1;
RIGHT=2;
INROOT=0;

type

TNode = class
info: string;
key: integer;
parent: TNode;
leftNode: TNode;
rightNode: TNode;
constructor create; overload;
constructor create(info: string; key: integer);overload;
constructor create(info: string; key: integer; parent: TNode) ;overload;
function compareTo (n: TNode): boolean;
end;

TTree = class
root: TNode;
constructor create;
function getRoot: TNode;
procedure printKey(n: TNode);
procedure preOrder (n: TNode) ;
procedure postOrder (n: TNode) ;
procedure inOrder (n:TNode) ;
procedure insertLeafInTree (inf: string; k: integer);
function search(n: TNode; k: integer) :sString;
function delFromTree (k: integer): string;
procedure R insertLeafInTree (inf: string; k: integer);
procedure R insert (inf: string; k: integer; parent: TNode) ;
function R search(n: TNode; k: iInteger): string;
function R delFromTree (k: Integer): string;
function R delete(k: integer; parentNode: TNode): string;
function delThisNode (parent: TNode; direct: integer) :string;
function rightest(n: TNode): TNode;
end;



//******************* PeaﬂMBaLU/IH MEeTOHOB KJlacca "Y3EJI" KAk AAKRA I KAA XA A XA Ak A KA XX A Xk k%%

constructor TNode.create;
begin
info:="";
key:=-32565;
leftNode:=nil;
rightNode:=nil;
parent:=nil;
end;

constructor TNode.create (info: string; key: integer);
begin

self.info:=info;

self.key:=key;

leftNode:=nil;

rightNode:=nil;
end;

constructor TNode.create (info: string; key: integer; parent: TNode);
begin

self.info:=info;

self.key:=key;

leftNode:=nil;

rightNode:=nil;

self.parent:=parent;
end;

function TNode.compareTo (n: TNode): Boolean;
begin

result:=(key>n.key);
end;

//******************* PeanMSaLLMFI METOIOOB KJlacca "HEPEBO" R e b b b b b b Ib db A I b b b b i db db i b
constructor TTree.create;
begin
root:=nil;
end;

function TTree.getRoot: TNode;
begin

result:= root;
end;

procedure TTree.printKey(n: TNode) ;
begin

writeln (n.key);
end;

procedure TTree.preOrder (n: TNode) ;
begin
if (n<>nil) then
begin
printKey (n) ;
preOrder (n.leftNode) ;
preOrder (n.rightNode) ;
end;
end;

procedure TTree.postOrder (n: TNode) ;
begin



if (n<>nil) then
begin
postOrder (n.leftNode) ;
postOrder (n.rightNode) ;
printKey (n) ;
end;
end;

procedure TTree.inOrder (n: TNode) ;
begin
if (n<>nil) then
begin
inOrder (n.leftNode) ;
printKey (n) ;
inOrder (n.rightNode) ;
end;
end;

procedure TTree.insertLeafInTree (inf: string; k: integer);
var

currentNode, parentNode, newNode: TNode;
begin

currentNode:=root;

parentNode:=nil;

while (currentNode<>nil) do
begin
parentNode:=currentNode;

if (k<currentNode.key) then
currentNode:=currentNode.leftNode
else if (k>currentNode.key) then
currentNode:=currentNode.rightNode
else // if k = currentNode.key
begin
currentNode.info:=inf;
exit;
end;
end;

newNode :=TNode.create (inf, k, parentNode) ;
if (parentNode=nil) then // cosmaem xopenb
root:=newNode
else if (k<parentNode.key) then parentNode.leftNode:=newNode

else parentNode.rightNode:=newNode;
end;

function TTree.search(n: TNode; k: integer): string;
var
currentNode: TNode;
begin
currentNode:=root;
while ((currentNode<>nil)and (currentNode.key<>k)) do
if (k<currentNode.key) then currentNode:=currentNode.leftNode
else // k > result.key
currentNode:=currentNode.rightNode;
if (currentNode=nil) then Result:='No such element!'
else Result:=currentNode.info;
end;

function TTree.delFromTree (k: integer): string;
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var
currentNode, parentNode, rightestNode: TNode;
begin
currentNode:=root;
parentNode:=nil;

while ((currentNode<> nil) and (currentNode.key<>k)) do
begin

parentNode:= currentNode;

if (k<currentNode.key) then currentNode:=currentNode.leftNode

else iIf (k>currentNode.key) then currentNode:=currentNode.rightNode;
end;

if (currentNode=nil) then begin result:='No such node!'; exit; end;
// k = currentNode.key
result:=currentNode.info;
if (currentNode.rightNode=nil) then // mer nparoro nommepera
if (parentNode=nil) then // sTo xopensb
begin
root:=currentNode.leftNode;
if (currentNode.leftNode<>nil) then
currentNode.leftNode.parent:=nil
else
if (parentNode.leftNode=currentNode) then
begin
parentNode.leftNode:=currentNode.leftNode;
if (currentNode.leftNode<>nil) then currentNode.leftNode.parent:=
parentNode;
end
else // 570 Ow1 OpaBell y3en
begin
parentNode.rightNode:=currentNode.leftNode;
currentNode.leftNode.parent:=parentNode;
end;
end // rightNode = nil
else iIf (currentNode.leftNode=nil) then //uer neroro nommepesa
begin
if (parentNode=nil) then
begin
root:=currentNode.rightNode;
if (currentNode.rightNode<>nil) then currentNode.rightNode.parent:=nil;
end
else if (parentNode.leftNode=currentNode) then
begin
parentNode.leftNode:=currentNode.rightNode;
if (currentNode.rightNode<>nil) then
currentNode.rightNode.parent:=parentNode;
end
else
begin
parentNode.rightNode:=currentNode.rightNode;
if (currentNode.rightNode<>nil) then
currentNode.rightNode.parent:=parentNode;
end;
end
else // ecTtr oba nommepepa - TOI'Da MIIEM CaMBM I[IPaBHM y3e€Jl B JIEBOM IIOLIEepEeBe
begin
rightestNode:=currentNode.leftNode;
parentNode:=currentNode;
whille (rightestNode.rightNode<>nil) do
begin



parentNode:=rightestNode;
rightestNode:=rightestNode.rightNode;

end;

// xonmpyem

currentNode.info:=rightestNode.info;

currentNode.key:=rightestNode. key;

// yoandeM CTaBuMM JIMIHMM y3eJ

if (parentNode=currentNode) then // uuxyma He yxommmm

begin
parentNode.leftNode:=rightestNode.leftNode;
if (rightestNode.leftNode<>nil) then

rightestNode.leftNode.parent:=parentNode;

end

else

begin
parentNode.rightNode:=rightestNode.leftNode;
if (rightestNode.leftNode<>nil) then

rightestNode.leftNode.parent:=parentNode.rightNode;
end;
end;
end;

//*********************** peKprMBHbIe AKAKAIKAIAA I AA I AA XA XK AR KA XK K

procedure TTree.R insertLeafInTree (inf: string; k: integer);
var
currentNode: TNode;

begin
currentNode:=root;
if (currentNode=nil) then // xopenr He cymecTByeT - coO3IJaeM ero

root:=TNode.create (inf, k, nil)
else R insert (inf, k, root);
end;

procedure TTree.R insert (inf: string; k: integer; parent: TNode);
var

n: TNode;
begin
if (k<parent.key) then
begin
if (parent.leftNode=nil) then
begin

// ecnu jeBoe MOAONEepPeBO MNYyCTO
n:= TNode.create (inf, k,parent) ;
parent.leftNode:=n;
end
else R insert (inf, k,parent.leftNode);
end //k<parent.key
else if (k>parent.key) then
begin
if (parent.rightNode=nil) then
begin
// ecnu cmpaBa OT y3Jjla HUUETO HEeT
n:=TNode.create (inf, k, parent) ;
parent.rightNode:=n;
end
else R insert (inf, k,parent.rightNode) ;
end //k>parent.key
else // k = parent.key



parent.info:=inf;
end;

function TTree.R search(n: TNode; k: integer): string;

begin
if (n=nil) then
begin
result:="'No such element!';
exit;
end

else IT (k<n.key) then R search(n.leftNode, k)
else If (k>n.key) then R search (n.rightNode, k)
else
result:=n.info;

end;

function TTree.R delFromTree (k: iInteger): string;
var
currentNode: TNode;
begin
currentNode:=root;
result:=R delete (k, currentNode) ;
end;

function TTree.R delete(k: integer; parentNode: TNode): string;

begin
if (parentNode= nil) then
begin
result:='No such element';
exit;
end;
if (k<parentNode.key) then
begin

if ((parentNode.leftNode<>nil)and (k=parentNode.leftNode.key)) then
result:=delThisNode (parentNode, LEFT)
else result:=R delete (k, parentNode.leftNode) ;

end// k < parent.key

else if (k > parentNode.key) then

begin
if ((parentNode.rightNode<>nil)and (k=parentNode.rightNode.key)) then
result:=delThisNode (parentNode, RIGHT)
else result:=R delete (k, parentNode.rightNode) ;

end // k > parent.key

else // k == parent.key

// a ®»TO BO3MOXHO TOJILKO B CJlydyae, KoTZa parent = root

Result:=delThisNode (parentNode, INROOT) ;

end;

function TTree.delThisNode (parent: TNode; direct: integer) :string;
var

deleteNode, rightestNode: TNode;
begin

if (direct= LEFT) then deleteNode:=parent.leftNode

else if (direct = RIGHT) then deleteNode:=parent.rightNode

else // direct == INROOT

deleteNode:=parent;

Result:=deleteNode.info;

if (deleteNode.rightNode=nil) then // u»er npasoro mommepera
begin



if (direct=INROOT) then // »To xopeHb
begin
root:=deleteNode.leftNode;
if (deleteNode.leftNode<>nil) then
deleteNode.leftNode.parent:=nil;// y xopHa HeT npenka
end
else iIf (direct=LEFT) then
begin
parent.leftNode:=deleteNode.leftNode;
if (deleteNode.leftNode<>nil) then
deleteNode.leftNode.parent:=parent;
end
else // sTo 6w npaBeli ysen direct = RIGHT
begin
parent.rightNode:= deleteNode.leftNode;
if (deleteNode.leftNode<>nil) then
deleteNode.leftNode.parent:=parent;
end;
end // HeT mpaBoro MNOoOIepeBa
else if (deleteNode.leftNode=nil) then // zHer nesoro mommepera
begin
if (direct=INROOT) then
begin
root:=deleteNode.rightNode;
if (deleteNode.rightNode<>nil) then
deleteNode.rightNode.parent:=nil;
end
else If (direct=LEFT) then
begin
parent.leftNode:=deleteNode.rightNode;
if (deleteNode.rightNode<>nil) then
deleteNode.rightNode.parent:=parent;
end
else // direct == RIGHT
begin
parent.rightNode:=deleteNode.rightNode;
if (deleteNode.rightNode<>nil) then
deleteNode.rightNode.parent:=parent;

end;
end // HeT JeBOrO mommepesBa
else // ecTtr oba nonmepeBa - TOI'Da MIIEM CaMBIM IIPaBHM y3e€Jl B JIEBOM IIOLIEpEeBe
begin

rightestNode:=rightest (deleteNode.leftNode) ;
parent:=rightestNode.parent;
// xonmpyem
deleteNode.info:=rightestNode.info;
deleteNode.key:=rightestNode.key;
// ymangeM CTaBWMA JIMIIHUM JIMCT
if (parent = deleteNode) then // Hukyzma He yXOOWIMU
begin
parent.leftNode:=rightestNode.leftNode;
if (rightestNode.leftNode<>nil) then
rightestNode.leftNode.parent:=parent;
end
else
begin
parent.rightNode:=rightestNode.leftNode;
if (rightestNode.leftNode<>nil) then
rightestNode.leftNode.parent:=parent;
end;
end; // ecrb oba noamepeBa - TOTIA MIEM CAaMHIN MPAaBBI y3e€Jl B JIEBOM MNOIIEpPEBe
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end;

function TTree.rightest (n: TNode) : TNode;
begin

result:=n;

if (Result.rightNode<>nil) then
Result:=rightest (Result.rightNode) ;
end;

//OCHOBHas mporpaMMma

var
st: TTree;
inf, s: string;
choice, order: char;
k: integer;

begin
st := TTree.create;
writeln('Create tree? yes/no:');
while (true) do
begin
readln(s) ;
if (s="no') then break;
writeln ('Enter info field:'):;

readln (inf) ;
writeln ('Enter key');

readln (k) ;
st.insertLeafInTree (inf, k) ;
writeln('Continue? yes/no:');
end;
writeln('Work with tree? yes/no:');
whille (true) do
begin
readln(s) ;
if (s='no') then break;
writeln ('Enter i - to insert');
writeln (' d - to delete');
writeln (' s - to search');
writeln (' p - to print');

readln (choice) ;

case choice of
'i': begin
writeln ('Enter info field:'):;
readln (inf) ;
writeln ('Enter key');
readln (k) ;
st.insertLeafInTree (inf, k) ;
end;
'd': begin

writeln ('Enter key');
readln (k) ;
inf:=st.delFromTree (k) ;

writeln('Node ',inf,' is deleted.

end;
's': begin
writeln ('Enter key');
readln (k) ;
s:=st.search(st.getRoot, k)



writeln(s);
end;
'p': begin
writeln ('Enter u - to go from up to down');
writeln (' d - to go from down to up');
writeln (' i - to go from left to right');
(

readln (order):;

case order of
'u': st.preOrder (st.getRoot);
'd': st.postOrder (st.getRoot);
'i': st.inOrder (st.getRoot);
else writeln ('Unknown order!');
end;
end; // case 'p'
end; // case choice
writeln ('Continue? yes/no:');
end;//while
readln;
end.

3agaun
Bo Bcex 3aayax nmoapazymeBaeTcs, YTO (YHKIHUS SBISIETCS METOJIOM JHOO0 OMPEICTICHHOTO BhIIIIE Kiacca

1. Onumute noruyeckyro ¢pynknuioo same(T), onpenensomnryto, ecte Ju B AepeBe T xoTs Obl 1Ba
OJTMHAKOBBIX DJIEMEHTA.

2. Hamumure npoueaypy yaajaeHus (U3 CyIIECTBYIOIIEro OMHApHOTO JepeBa) BCEX OTPHUIATENbHBIX
AJIEMEHTOB.

3. JlopabortaiiTe Ki1acc TakuM 00pa3oM, YTOOBI MOKHO OBLIO:

a. ¢opmupoBaTh JepeBO M3 TekcToBoro (Qaitma (dpopmar  (daiima  TpemIOKHUTE
CaMOCTOSITENILHO)

b. mepedopMHPOBEIBATH JEPEBO HA OCHOBE KOMaH I, OTIMCAHHBIX B TEKCTOBOM (aiiie (hopmar
¢ailna npeIoKUTe CaMOCTOSTEIbHO — HAIIPUMEP, MOKHO B KaXKJOW CTPOKE 3aIHCHIBAThH
CUMBOJI, 0003HAUAIONIUI ONepalnio, a 4epe3 NpoOesl — JaHHbIe, HaJ KOTOPBIMU 3Ta
orepaus BBITOIHACTCS).

4. Jlan TekcToBBIA (haiil, B KOTOPOM MPUCYTCTBYIOT TOJBKO OYKBBI M NpPOOEIbHBIE CHUMBOJIBI.
Ha3zoBeMm ci10BOM mocie10BaTelbHOCTh CUMBOJIOB, BHYTPHU KOTOPOIl HE COAEPIKUTCS MPOOETBHBIX
CUMBOJIOB. ONUIIUTE JEPEBO, MOIXOISIIEE IS OMPEACTICHNAS YaCTOTHl BXOXKACHUS (OTHOIICHHE
KOJIMYEeCTBAa BXOXKJICHMH K OOILIEMy KOJHMYECTBY CJIOB B TEKCTE) KaXAOro CJIOBa B TEKCT
(momymaiite, Kakoro TUMA JIOJKHO OBITh KIIFOYEBOE T0JIe, KaKoro — nHpopMannoHHoe). Cunraire,
YTO JUIMHA CJIOBA HE MOXKET IMPEBOCXOIUTH 255 cuMBoJoB. OnumuTe QyHKIHIO, KOTOPas:

a. OMpeAeNseT YacTOTy BXOXKICHUS IS 33/IaHHOTO CIIOBA

b. omnpeznenseT KOJIMYECTBO BEPILUH B JIepeBe, COAEPKAIUX CJIOBA, HAUWHAIOIINECS Ha OJHY
U Ty %e OyKBY

C. oOmpezaenseT KOJIMYECTBO BEpIIMH B JEpPEeBE, COAEP)KAIIMX CIIOBA, SBISAIOLIMECS
MAMHAPOMaMHU

d. ompezensier KOIMYECTBO BEPLIMH B IEPEBE, COAECPIKALINX CIOBA, B COCTaB KOTOPBIX BXOJAT
BCE TJIaCHBIC OYKBBI aHTJIMHCKOTO SI3BIKA.

5. Tlepeonpenenure (pyHKIMIO 100aBICHUS 3IEMEHTA B AEPEBO TaKUM 00pa3oM, 4TOObI B HEM MOTJIH
COZePKATHCS AJIEMEHTHl C OJWHAKOBBIMHU KJIFOYaMHU (HAmpUMep, NpU PaBEHCTBE J00aBIISIEMOTO
KIII0Ya K04y HEKOTOpOro y3jia MPOMCXOAWsI Obl Mepexo]l K JIEBOMY IMOJIEPEBY 3TOrO y3ia).
Onumure peKypcuBHYO (YHKIUIO, TOJCYUTHIBAIOLIYIO YHCIO BXOXKICHUH B JIEPEBO 3JIEMEHTA C
3aJJaHHBIM KIIIOYOM.



10.
11.
12.
13.
14.

15.

16.

Cunraiite, 9T0 WH(OPMANMOHHOE TOJIE JJIEMEHTA JepeBa — BEMICCTBEHHOE dMcio. Omnummre
PEKYPCUBHYIO (DYHKIIHIO, BBIYHCISIONYI0 CYMMY HWH(MOPMAIMOHHBIX TIOJEeH BCEX AJIEMEHTOB
nepeBa (ecim AepeBo MyCTO, BEIBOJUTE COOOIIEHUE 00 3TOM).

Cunraiite, 9T0 WH(MOPMALMOHHOE TOJIE AJIEMEHTa JepeBa — BEIIECTBEHHOE uucio. Onummre
PEKYpPCUBHYIO (PYHKIIHIO, KOTOPasi OTBICKUBAET MaKCUMAaJIbHOE 3HaY€HHE MH(GOPMAIIMOHHOTO TOJIS
(ecru gepeBo MyCTO, BEIBOJUTE COOOIICHHE 00 STOM).

Onummre peKypCcuBHYIO (DYHKIMIO, BBIBOJASIIYIO HA TeYaTh MH()OPMAIMOHHBIC TMOJS W KITFOYH
BCEX JIUCTHEB JIepPEBa.

OnummTe peKypcUBHYIO (PYHKIIHIO, OMPEACIISIONIYI0 YHCIIO BETBEH B CAaMOM JIJIMHHOM W3 MyTeH
OT KOPHSI IepeBa J10 TUCTHEB.

OnummTe peKypcUBHYIO (PYHKIIMIO, MOJCYUTHIBAIONIYI0 YHCJIO BEPIIMH HAa 3aJaHHOM YpPOBHE
(KOpeHb CUMTaeTCsl HAXOAAIIUMCS Ha HYJIEBOM YPOBHE).

Onumure peKypcuBHYI0 (QYHKIUIO, IPOBEPSIONIYIO0 HA PAaBEHCTBO JIBa JIepeBa

Onummre HEPeKYPCUBHYIO (DYHKIIHIO, TPOBEPSIONIYI0 HAa pAaBEHCTBO JIBa JepeBa

Onummre GyHKIUIO, KOTOpas CTPOUT KOIMHUIO JAHHOTO JepeBa

Onummre J0TUYEeCKy0 (YHKIIMIO, ONPEAETSIONIyI0, €CTh U B JepeBe XOTs Obl JBa dIEMEHTA C
OJIMHAKOBBIMH KJII0UaMu (CM. 3a1auy 4).

JIBonuHOE AEpeBO CUMTAETCA HAEaIbHO COATaHCHPOBAHHBIM, €CIU Ul KaXKIOW €ro BEpIIMHBI
KOJIMYECTBO BEPIIUH B JICBOM U MPABOM TMOJIEPEBBAX pasziuyaeTcs He Oosnee yem Ha 1. HyxHo
HamucaTh (YHKIIHIO POBEPKH HJICATbHON COaTaHCUPOBAHHOCTH JBOMYHOTO JIEPEBa.

B tekcroBom ¢aiine 3amanbl N 1enbIX 9ucesl B JBOMYHOUN cucteme cuuciieHus (M Out kaxmoe).
[TocTpouth ABOMYHOE AEpPEBO, B KOTOPOM YHCIAM COOTBETCTBYIOT JIUCThSl JIEpeBa, a MyTh IO
JEpeBy OmpeeNsieT 3HAYCHHEe HWH(POPMAIMOHHOTO TOJIsi 3Toro Jymcra. MH(DOpMannoOHHBIE OIS
BHYTPEHHUX Y3IIOB JKEJIaTeIbHO OCTABUTh MyCTHIMU. YKa3aHUE: CHayaia MmonpooyiTe HaprucoBaTh

3Ty CTPYKTYDY.
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