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Ulesande pustitus

Ulesandeks on koostada meetod, mis etteantud Euleri graafi servad nummerdaks vastavalt servade

jarjekorrale Euleri ahela ldbimisel.

Lahenduse kirjeldus

Euleri graafiks nimetatakse sidusat suunamata graafi, kui selles leidub kinnine ahel, mis sisaldab iga

serva Uhe korra. Euleri ahel on vastav ahel.

Kui sidusa graafi servade hulk esitub paarikaupa lIdikumatute tsiklite Ghendina, siis on tegu Euleri
graafiga. Pool-Euleri graafiks saab nimetada sidusat graafi, kui selles on tapselt kaks tippu, mille aste

on paarituarvuline.

Servade nummerdamiseks on loodud meetod enumerate _graphs_edges, aga enne nummerdama

hakkamist tuleb kiilgnevusstruktuuri abil esitatud graaf ile kontrollida.

Graafi kontrollimiseks kasutatakse meetodit isEulerGraph, mis tagastab boolean vaartuse. Meetodis
isEulerGraph luuakse verticel_list, et sealt kokku loendada tipud, millel on paaritu arv kaari. Kui kaari on
rohkem kui kaks, siis isEulerGraph meetod tagastab vaartuse false, mis naitab et tegu ei ole Euleri

graafiga. Sellisel juhul antakse kasutajale veateade.

Parast kontrollimist ja kinnitamist, et graafi puhul on vajalikud tingimused tadidetud, alustatakse selle
graafi servade nummerdamist. Kuna Euleri graafi serva on lubatud labida ainult (iks kord, siis selle jaoks
on lisatud Arc klassi muutuja visited, mille jargi kontrollitakse, kas serva on juba varasemalt |abitud
(boolean visited = false). Kui visited = true, ehk seda kaart on juba varasemalt Iabitud, siis see
asendatakse kaarega, mis valjub samast tipust, aga mida pole veel kiilastatud. Nii labitakse ja

nummerdatakse koik servad.



Programmi kasutusjuhend

Programmi kasutamine on vaga lihtne, kui Graph tiilpi objekt on juba olemas. Siis on vaja vaid kutsuda

valja klassist GraphTask meetod enumerate_graphs_edges, mis nummerdab graafi servad. Kui graafi

pole, siis tuleks see eelnevalt ise luua run() meetodis. Selleks on eraldi juhend.

Ise graafi loomine:

1)

Graph new_graph = new Graph{ = “new graph”);

loome uue graafi, sulgudesse kirjutada uue graafi nimetus.

Vertex a = new Vertex( = "A");
Tipu A loomine. Tegevust tuleb korrata kuni on loodud soovitud hulk tippe. Tippudele tuleks
maarata erinevad nimed.

new_graph.first = a;

Graafi labimise alguspunkti maaramine.

a.next = b;

Madrame jarjestatud tipud.

Arc ab = new Arc{ = "AB");

Serva AB loomine. Tegevust tuleb korrata kuni on loodud vajalik hulk servi.

a.first = ab;

Madrame seose tipu ja esimese ldbitava serva vahel. Tegevust tuleb korrata iga tipuga.

ab.next = ac;

Madrame seose tipu ja selle teiste servadega. Tegevust tuleb korrata iga tipu ja servaga, millele
pole veel seost maaratud.
ab.target = b;

Madrame seose serva ja I6putipuga. Tegevust tuleb korrata kdigi servade ja tippudega.

enumerate_graphs_edges(new_graph);

Kaivitame programmi, kus kontrollime, kas tegu on Euleri graafiga ja nummerdame selle servad
vastavalt nende jarjekorrale Euleri ahela labimisel.



Testimiskava
Test 1

Testitakse 4 punktilise Euleri graafi nummerdamist, servade ldbimine on naidatud
vasakpoolsel joonisel ja oodatava tulemuse illustratsioon on paremal.

Test 1 joonis

v

v

v

A

Test 1 tulemus

Test 1

A -3 AB (A -- 1 --»> B} AC (A -- 5 --> ()
B --» BC (B -- 2 --» ()

€ --»>CD {(C --3 -->D)

D-->DA (D -- 4 --> A)

Test 2

Testitakse 6 punktilise Euleri graafi nummerdamist, servade labimine on naidatud
vasakpoolsel joonisel ja oodatava tulemuse illustratsioon on paremal.

Test 2 joonis

v




Test 2 tulemus

Test 2

A --» AB (A -- 1 --> B)

B --»BC (B --2-->C)BD (B --7 --»0D)
C--»CD (C --3 -->D)

D --»DE (D --4 -->E)DF (D -- 8 --» F)
E --» EF (E -- 5 --* F)

F --»FB (F -- 6 --> B) FA (F -- 9 --» A)

Test 3

Testitakse 5 punktilise Euleri graafi nummerdamist, servade labimine on naidatud
vasakpoolsel joonisel ja oodatava tulemuse illustratsioon on paremal.

S
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Test 3 tulemus

v

Test 3

A --» AB (A -- 1 -->B) AD (A - 4 --> D)
B --» BC (B -- 2 --> C) BE (B -- 6 --> E)
C--»CA (C--3 -->A4A)

b -->DB (D --5 --> B)

E --» EA (E -- 7 --> A)



Test 4

Testitakse 6 punktilise Euleri graafi nummerdamist, servade ldabimine on naidatud
vasakul joonisel ja oodatava tulemuse illustratsioon on paremal.

Test 4 joonis

@

R/

Test 4 tulemus

Test 4

A --> AB
B --> BC
C --» CD
O --> DA
E --» EC
F --> FA
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Test 5

Testitakse, kas kood tunneb ara, et tegu ei ole Euleri graafiga

Test 5 joonis

L
/

\

v

Test 5 tulemus

java.lang.RuntimeException: Graph 5 isn't Euler graph!!!

at GraphTask.enumerate_graphs_edges(GraphTask.java:44)
at GraphTaskTest.testS(GraphTaskTest.java:286) <108 internal calls:

at java.base/java.util.concurrent.FutureTask.run(

at java.base/java.lang.Thread.run( )|

Test 5 tulemuseks pidigi kood viskama vea, sest tegu ei ole Euleri graafiga.



Kasutatud kirjandus:

Teooria: https://research.cyber.ee/~peeter/teaching/graafid02s/loeng?2.pdf

https://research.cyber.ee/~peeter/teaching/graafid03s/graafid.pdf

https://www3.cs.stonybrook.edu/~pfodor/courses/CSE260/L28 Graphs.pdf

Euleri graafid: https://mathworld.wolfram.com/EulerianGraph.html|
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https://www3.cs.stonybrook.edu/~pfodor/courses/CSE260/L28_Graphs.pdf
https://mathworld.wolfram.com/EulerianGraph.html

Lisad:

GraphTask.java

1 Iunpar"t java.util.Arraylist;

FEE

Container class to different classes, that makes the whole

ha

=

3 set of classes one class formally.

4 &7

5 P public class GraphTask {

7 S** Main method. */

3 p public static wvoid main (String[] args) {

9 GraphTask a = new GraphTask();

18 . a.runf);

11 }

12

13 A*¥F Actual main method to rum examples and everything. */

14 ; public void run() {

16 araph graph = new Graph({ s "2 point"};
17 Vertex a = new Vertex({ = "A");
18 Vertex b = new Vertex( s: "B");
19 graph.first = a;

29 Arc ab = new Arc( s "AB"};

21 a.first = ab;

22 ab.target = b;

23

24 enumerate_graphs_edges(graph);
25 System.out.printIn(graph);

26 1

S

Nummerdab graafi servad jdrjekorrale vastalt*/

B
o

public void enumerate_graphs_edges(Graph graph) {

<]

]

]
®

boolean euler_graph = isEulerGraph(graph);

[
[

if (leuler_graph) {

32 throw new RuntimeException( graph.id + " isn't Euler graph!!! Insert new graph or change existing one"};
33 }

34 Vertex vertex = graph.first;

35 int count = 1;

36 for (int 1 = @; 1 < graph.count_arcs(); i++) {
37 if (lvertex.first.visited) {

38 vertex.first.nr = count;

39 vertex. first.visited = true;

48 vertex = vertex.first.target;

41 } else {

42 Arc arc = vertex.first.next;

43 while (arc.visited) {

44 arc = arc.next;

45 1

46 arc.nr = count;

47 vertex = arc.target;

48 1

49 count += 1;

58 }
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S*F Kontrollin, kas tegemist on Euleri groafigo®/

private boolean isEulerGraph(Graph graph) {
ArrayList<Vertex> vertices_list = graph.vertices list();
int counter = @;
for (Vertex vertex : vertices_list) {
if (vertex.counter % 2 !=8) {

counter += 13

1

return counter <= 2;

A Kujutab tippu graafis®/

public static class Vertex {

private String id;
public Vertex next;
public Arc first;

private int counter = 8;

Vertex (String s, Vertex v, Arc e) {
id = s3
next = v;

first = e;

public Vertex(5tring s) { this (s, v null, = null); 7

[@override
public String toString() { return id; }



g2 S Arc represents one arrow in the graph. Two-directional edges are

93 * represented by two Arc objects (for both directions).
o4 *

as public class Arc {

96

o7 private String id;

a8 public Vertex target;

a9 public Arc next;

188 public int nr = 8;

1e1 private boolean visited; // kontrollimiscks, kas koort on jubg Lébitud
1la2

183 Arc (String s, Vertex v, Arc a) {

184 id = 53

1a5s target = v;

186 next = a; }

1a7

188 public Arc(String s) { this (s, w null, = null); }
111

112 @override

113 o public String teString() { return id; }

116

17 1

118

119 A Kujutab gragfi®/

128 public class Graph {

121

122 private String id;

123 public Vertex first;

124

125 agraph (5tring s, Vertex v) {

126 id = s53

127 first = v;

128 }

129

138 public Graph(String s) { this (s, v null); }
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¥ Togastab tippude Listi */

e
public ArraylList<Vertex:> wvertices_list() {
ArraylList<Vertex> vertices_list = new Arraylist<>();
Vertex vertex = this.first;
while (vertex != null} {
vertices_list.add(vertex);
Arc arc = vertex.first;
while (arc != null) {
arc.target.counter += 1;
vertex.counter += 1;
arc = arc.next;

}

vertex = wvertex.next;

}

return vertices_list;

f** Loendab kaared kokku, et teado soada, mitu Ohendust punktide vahel on®/

public int count_arcs() {
int counter = &;
Vertex vertex = this.first;
while ( vertex '= null) {
Arc arc = vertex.first;
while ( arc '= null){
counter += 1;
arc = arc.mext;

}

vertex = wvertex.next;

}

return counter;



@override

public String toString() {

string nl = System.getProperty (“"line.separator");

StringBuffer sb = new StringBuffer (nl);
sh.append (id);
sb.append (nl);
Vertex v = first;
while (v !'= null) {
sb.append (v.toString());
-->");
Arc a = v.first;
while (a != null) {
sh.append (" ");

sb.append {

sb.append (a.toString());
sh.append (" (");
sb.append (v.toString());

sh.append("” -- ").append{a.nr).append(
sb.append (a.target.toString());
sh.append (")");
a = a.next;

h

sh.append (nl);

v = v.next;

¥

return sb.toString();

--3



GraphTaskTest.java

=
16

i

import static org.junit.Assert.*;

import org.junit.Test;
2

public class GraphTaskTest {

private GraphTask.Vertex vertexA
private GraphTask.Vertex vertexB
private GraphTask.Vertex wvertexC
private GraphTask.Vertex vertexD
private GraphTask.Vertex wvertexE
private GraphTask.Vertex wvertexF

[@Test (timeout=20288)
public void testerl() {

new

new

new

new

new

new

GraphTask graph = new GraphTask();

GraphTask.Graph graphTest = graph.new Graph({ = "Test 1",

GraphTask.Arc ArcBC = graph.new Arc(
GraphTask.Arc ArcCD = graph.new Arc(

GraphTask.Arc ArcDA = graph.new Arc( =

GraphTask.Arc ArcAC = graph.new Arc(
GraphTask.Arc ArcAB = graph.new Arc(

vertexA.next = vertexB;
vertexB.next = wvertex(C;
vertexC.next = wvertexD;
vertexA.first = ArcAB;
vertexB.first = ArcBC;
vertexC.first = ArcCD;
vertexD.first = ArcDA;

GraphTask.Vertex( =2 "A");
GraphTask.Vertex( s "B");
GraphTask.Vertex( = "C");
GraphTask.Vertex( s "D");
graphTask.Vertex( = "E");
graphTask.Vertex( = "F");
vertexA);

s "BC", wertexC, a null);

= "CD", wertexD, a null);

"DA", wertexA, a null);

= "AC", wertexC, & null);
st "AB", wertexB, ArcAC);

graph.enumerate_graphs_edges(graphTest);

assertEquals( message: "Arc " + ArcAB + ¢

assertEquals( message: "Arc " + ArcBC +

gssertEquals( message: "Arc " + ArcCD +

gssertEquals( message: "Arc " + ArcDA + ¢

gssertEquals( message: "Arc " + ArcAC + ¢

System.out.println{graphTest);

number
number
number
number

number

should be
should be
should be
should be
should be

expected:
expected:
expected:
expected:

expected:

ArchB.
ArcBC.
ArcCD.
ArcDA,
ArchC,

nr;
nr;
nr;
nr;

nr;



[@Test (timecut=28828)
public void tester2() {
GraphTask graphTask = new GraphTask();
GraphTask.Graph testGraph = graphTask.new Graph( = "Test 2", wvertexA);
GraphTask.Arc ArcAB = graphTask.new Arc{ = "AB", vertexB, a null);
GraphTask.Arc ArcBC = graphTask.new Arc( = "BC", wertexC, a null);
GraphTask.Arc ArcCD = graphTask.new Arc( = "CD", wvertexD, a null);
GraphTask.Arc ArcDE = graphTask.new Arc{ = "DE", wvertexE, a null);
"EF", wertexF, a null);
GraphTask.Arc ArcFB = graphTask.new Arc( "FB", wvertexB, a null);
GraphTask.Arc ArcBD = graphTask.new Arc{ = "BD", vertexD, a null);
"DF", vertexF, a null);
"FA", wvertexA, a null);

GraphTask.Arc ArcEF = graphTask.new Arc(

W

W

GraphTask.Arc ArcDF = graphTask.new Arc(

¥

GraphTask.Arc ArcFA = graphTask.new Arc(
vertexA.next = vertexB;

I

vertexB.next = vertex(;
vertexC.next = vertexD;
vertexD.next = wvertexE;
vertexE.next = vertexF;
vertexA.first = ArcAB;
vertexB.first = ArcBC;
vertexC.first = ArcCD;
vertexD.first = ArcDE;
vertexE.first = ArcEF;
vertexF.first = ArcFB;
ArcBC.next = ArcBD;
ArcDE.next = ArcDF;
ArcFB.next = ArcFA;
graphTask.enumerate_graphs_edges(testGraph);

assertEquals( messager "Arc " + ArcAB + " number should be 1", expected: 1, ArcAB.nr);
assertEquals( message: "Arc " + ArcBC + " number should be 2", expected: 2, ArcBC.nr);
assertEquals{ message: "Arc " + ArcCD + ™ number should be 3", expected: 3, ArcCD.nr);
assertEquals( message: "Arc " + ArcDE + " number should be 4", expected: 4, ArcDE.nr);
assertEquals( message: "Arc " + ArcEF + " number should be 5", expected: 5, ArcEF.nr);
assertEquals( messager "Arc " + ArcFB + " number should be 8", expected: 6, ArcFB.nr);
assertEquals( messager "Arc " + ArcBD + " number should be 7", expected: 7, ArcBD.nr);
assertEquals( messager "Arc " + ArcDF + " number should be 8", expected: 8, ArcDF.nr);
assertEquals( message: "Arc " + ArcFA + " number should be 9", expected: 9, ArcFA.nr);

System.out.println({testGraph);
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[@Test (timeout=20608)
public void tester3() {

agraphTask graphTask = new GraphTask();

aGraphTask.Graph testGraph = graphTask.new Graph( = "Test 3",

GraphTask.Arc
agraphTask.Arc
GraphTask.Arc
GraphTask.Arc
GraphTask.Arc
GraphTask.Arc
agraphTask.Arc
vertexA.next
vertexB.next
vertexC.next
vertexD.next
ArcAB.next =
ArcBC.next =
vertexA.first
vertexB.first
vertexC.first
vertexD.first

vertexE.first

ArchAB =
ArcBC =
ArcCA =
ArchAD =
ArcDE =
ArcBE =
ArcEA =
= wvertexB
= wvertexC
= vertexD
= wvertexE
ArchD;
ArcBE;

= ArchAB;
= ArcBC;
= ArcCA;
= ArcDB;
= ArckEA;

graphTask.new
graphTask.new
graphTask.new
graphTask.new
graphTask.new
graphTask.new
graphTask.new

3

Arc(
Arc(
Arc(
Arc(
Arc(
Arc(
Arc(

= "AB",
= "BC",
= "CA",
= "AD",
= "DB",
= "BE",
= "EA",

graphTask.enumerate_graphs_edges(testGraph);

assertEquals( message: "Arc

assertEquals(
assertEquals(
assertEquals(
assertEquals(

assertEquals(

assertEquals( message: "Arc

MEessage:
MEessage:
MEssage
MEessage:

MEssage

"+ ArchAB + "
"Arc " + ArcBC + "
"Arc " + ArcCA + "
"Arc " + ArcAD + "
"Arc " + ArcDB + "
"Arc " + ArcBE + "

" + ArcEA + "

system.out.println(testGraph);

number
number
number
number
number
number

number

vertexB,

wvertexC,
vertexf,

vertexD,

vertexB,

vertexE,
wvertexd,

should
should
should
should
should
should
should

be
be
be
be
be
be
be

a

a

a

-

-

-

N R wNR
I-I- I-

vertexA);
null};
null);
null);

: nullj;
:null);
©onull);
:null);

expected:
expected:
expected:
expected:
expected:
expected:

expected:

ArcAB.nr);
ArcBC.nr);

)
)
ArcCA.nr);
ArcAD.nr);
)
)
)

Kl

ArcDB.nr

ArcBE.nr);

El

ArcEA.nNr



113 [@Test (timeout=20088)

114 & public void tester4() {

115 GraphTask graphTask = new GraphTask();

116 GraphTask.Graph testGraph = graphTask.new Graph{ = "Test 4", vertexf);
117 GraphTask.Arc ArcAB = graphTask.new Arc({ s: "AB", vertexB, a null);
118 GraphTask.Arc ArcBC = graphTask.new Arc( s "BC", vertexC, a null);
119 GraphTask.Arc ArcCD = graphTask.new Arc{ s "CD", vertexD, a null);
128 GraphTask.Arc ArcDA = graphTask.new Arc({ s: "DA", vertexA, a null);
121 GraphTask.Arc ArcAE = graphTask.new Arc({ s: "AE", vertexE, a null);
122 GraphTask.Arc ArcEC = graphTask.new Arc({ s: "EC", vertexC, a null);
123 GraphTask.Arc ArcCF = graphTask.new Arc( s "CF", vertexF, a null);
124 GraphTask.Arc ArcFA = graphTask.new Arc{ s "FA", vertexA, a null);

125 vertexA.first = ArcAB;
vertexB.first = ArcBC;
vertexC.first = ArcCD;

128 vertexD.first = ArcDA;

129 vertexE.first = ArckEC;

138 vertexF.first = ArcFA;

131 vertexhA.next = vertexB;

132 vertexB.next = vertex(C;

133 vertexC.next = vertexD;

134 vertexD.next = wvertexE;

135 vertexE.next = vertexF;

136 ArchAB.next = ArchE;

137 ArcCD.next = ArcCF;

138 graphTask.enumerate_graphs_edges(testGraph);

139 assertEquals( message: "Arc " + ArcAB + " number should be 1", expected: 1, ArcAB.nr};
148 assertEquals( message: "Arc " + ArcBC + " number should be 2", expected: 2, ArcBC.nr};
141 assertEquals( message: "Arc " + ArcCD + " number should be 3", expected: 3, ArcCD.nr};
142 assertEquals( message: "Arc " 4+ ArcDA + " number should be 4", expected: 4, ArcDA.nr};
143 gssertEquals( message: "Arc " + ArcAE + " number should be 5, expected: 5, ArcAE.nr);
144 assertEquals({ message: "Arc " + ArcEC + " number should be 6", expected: 6, ArcEC.nr};
145 assertEquals( message: "Arc " 4+ ArcCF + " number should be 7", expected: 7, ArcCF.nr);
146 assertEquals( message: "Arc " + ArcFA + " number should be 8", expected: 8, ArcFA.nr};
147 system.out.println(testGraph);

148 1

143



[@Test (expected

= RuntimeException

< public wvoid testers() {
GraphTask graphTask = new GraphTask();
GraphTask.Graph testGraph = graphTask.new Graph{ = "5", wvertexA);
GraphTask.Arc arcAB = graphTask

GraphTask.Arc arcAC = graphTask

GraphTask.Arc arcAD = graphTask

vertexA.first

vertexh. next
vertexB. next
vertexC. next
arcAB.next
arcAC.next =

= archB;

= vertexB;
= wvertex(C;
= vertexD;
arcAC;

arcal;

.class)

new Arc(
new Arc(

new Arc(

]

o

e

"AB", wvertexB,
"AC", wvertexC,
"AD", wvertexD,

graphTask.enumerate_graphs_edges(testaraph);

a: null);
a: null);
a: null);



Testide tulemused

Test 1

A --% AB (A -- 1 --> B) AC (A -- 5 --> ()
B --> BC (B -- 2 --> C)
C --»CD (C -- 3 --> D)
D --> DA (D -- 4 --> A)
Test 2
A --> AB (A -- 1 --> B)
B --»BC (B --2-->C)BD (B --7 -->D)
C--> (D (C -- 3 --> D)
D --»DE (D -- 4 --» E) DF (D -- 8 --> F)
E --» EF (E -- 5§ --> F)
F --» FB (F -- 6 --» B) FA (F -- 9 --> A)
Test 3
A --% AB (A -- 1 -->B) AD (A -- 4 --> D)
B -->BC (B --2-->C)BE (B --6 --»E)
C--3 CA (C -- 3 --> A)
D -->DB (D -- 5 --> B)
E --» EA (E - 7 --% A)
Test 4
Test 4
A --» AB (A -- 1 --» B) & (A -- 5 --> E)
B --> BC (B -- 2 --> C)
C--» (D (C -- 3 --» D) CF (C -- 7 --> F)
D --> DA (D -- 4 --> A)
E --» EC (E -- 6 --> C)
F --> FA (F -- 8 --> A)
Test 5

java.lang.RuntimeException: Graph 5 isn't Euler graph!!!

at GraphTask.enumerate_graphs_edges(GraphTask.java:44)
at GraphTaskTest.testS5(GraphTaskTest.java:286) <10 internal calls:

at jawva.base/java.util.concurrent.FutureTask.run{FutureTask. java:264)

at java.base/java.lang.Thread.run(Thread.java:334)




