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ruct Vertex { ... };




Il graph.h
#include <fstream>
using namespace std;
class Vertex;
class Graph { ... };
/Il graph.cpp
#include <fstream>
using namespace std;
#include "graph.h™
#include "vertex.h"
Graph::Graph(ifstream &infile): m_cur\Vertex(-1), m_iter(0) {
int i,
infile >> m_nNodes;
infile.ignore(80, \n');

infile >> m_nEdges;
infile.ignore(80, \n');

m_listHeads = new Vertex|m_nNodes];
for (i=0; i<m_nNodes; i++)
m_listHeads[i].ID =i;

int nodel, node2, weight;
Vertex *ptr;
for (i=0; i<m_nEdges; i++) {
infile >> nodel >> node2 >> weight;
infile.ignore(80, '\n');
ptr = &m_listHeads[nodel];
while (ptr->next!=0)
ptr = ptr->next;
ptr->next = new Vertex(node2, weight);
m_listHeads[nodel].weight++;
}
}
new Vertexm_nNodes]; pef s Vertex() &~
new Vertex(node2, weight); B=¥ ¢ Vertex(int, int) & 4 ~
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for (int i=0; i<m_nNodes; i++)
delete m_listHeads[i].next;
delete[] m_listHeads;
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Sol:

/I Graph.h
class Vertex;
class Graph {
public:

int getFirst(const int id, int *weight);
int next(int *weight);

private:

int m_curVertex;
Vertex *m_iter;
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/I Graph.cpp

#include <cassert>

#include "graph.h"

#include "vertex.h"

int Graph::getFirst(const int id, int *weight) {
assert((id >= 0) && (id < m_nNodes));
m_iter = m_listHeads[id].next;

if (m_iter==0) {
m_curVertex = -1;
return -1,

}

m_curVertex = id,
*weight = m_iter->weight;
return m_iter->ID,;
}
int Graph::next(int *weight) {
assert((m_curVertex >= 0) && (m_curVertex < m_nNodes));
if (m_iter 1=0)
m_iter = m_iter->next;
if (m_iter==0) {
m_cur\Vertex = -1;
return -1;
}
*weight = m_iter->weight;
return m_iter->1D;

}
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/I graph.h
class Graph {

public:



void addEdge(const int nodel, const int node2, int weight);
bool deleteEdge(const int nodel, const int node2, int weight);
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/Il graph.cpp
#include "graph.h"
#include "vertex.h"
void Graph::addEdge(const int nodel, const int node2, int weight) {
Vertex *ptr = &m_listHeads[nodel], *ptrl;
m_listHeads[nodel].weight++;
m_nEdges++;
while (ptr->next!=0) {
ptrl = ptr;
ptr = ptr->next;
if ((ptr->ID>node2) || ((ptr->1D==node2)&&(ptr->weight>weight))) {
ptrl->next = new Vertex(node2, weight);
ptrl->next->next = ptr;
return;
}
}
ptr->next = new Vertex(node2, weight);
}
bool Graph::deleteEdge(const int nodel, const int node2, int weight) {
bool found=false;
Vertex *ptrl = &m_listHeads[nodel], *ptr2 = ptrl->next;
while (ptr2!=0) {
if ((ptr2->1D == node2)&&(ptr2->weight == weight)) {
ptrl->next = ptr2->next;
ptr2->next = 0; // this is a tricky necessary thing for this design
delete ptr2;
m_listHeads[nodel].weight--;
m_nEdges--;
found=true;
}
else if (ptr2->ID>node2)
break;
ptrl = ptr2;
ptr2 = ptrl->next;
}

return found:;
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Sol:

Il graph.h

#include <ostream>

using namespace std;

class Graph {

public:

void print(ostream &0s);
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/I graph.cpp
#include "graph.h"
#include "vertex.h"
void Graph::print(ostream &o0s) {

int i,

Vertex *ptr;

0s << m_nNodes << endl;

0s << m_nEdges << endl;

for (i=0; i<m_nNodes; i++)

for (ptr=m_listHeads][i].next; ptr!=0; ptr=ptr->next)
0s << m_listHeads][i].ID <<'' << ptr->ID << "' << ptr->weight << endl,

8. [5] # % fr— & bool equal(const Graph&) const :2/i & %+ &  graph &7 &= > - &

Sol:
/l graph.h
class Graph {
public:

bool equal(const Graph&rhs) const;

3

/I graph.cpp

#include "graph.h™

#include "graph.h™

#include "vertex.h"

bool Graph::equal(const Graph& rhs) const {
inti, j;
Vertex *ptrL, *ptrR;

if ((m_nNodes !=rhs.m_nNodes)||(m_nEdges != rhs.m_nEdges))
return false;
for (i=0; i<m_nNodes; i++) {
ptrL = &m_listHeads[i];
ptrR = &rhs.m_listHeads[i];
for (j=0; j<=m_listHeads[i].weight; j++, ptrL=ptrL->next, ptrR=ptrR->next) {
if ("ptrL || !ptrR ||
(ptrL->ID != ptrR->ID) || (ptrL->weight != ptrR->weight))
return false;
}
if ((ptrL!=0)||(ptrR!=0))
return false;

}

return true;
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/I graph.h
class Graph {
public:

Graph(const Graph &src);

private:
void clone(const Graph &src);

j3
Il graph.cpp
#include "graph.h™
#include "vertex.h"
Graph::Graph(const Graph &src)
: m_listHeads(0),
m_curVertex(src.m_curVertex),
m_iter(0),
m_nNodes(src.m_nNodes),
m_nEdges(src.m_nEdges) {
clone(src);
Vertex *ptr = &m_listHeads[m_cur\ertex], *ptrSrc = &src.m_listHeads[m_cur\ertex];
while (ptrSrc->next !'=src.m_iter) {
ptrSrc = ptrSrc->next;
ptr = ptr->next;

}
m_iter = ptr->next;
}
void Graph::clone(const Graph &src) {
inti, j;
Vertex *ptr, *ptrSrc;
if (m_nNodes<=0)
return;
m_listHeads = new Vertex]m_nNodes];
for (i=0; i<m_nNodes; i++) {
m_listHeads[i].ID = i;
m_listHeads[i].weight = src.m_listHeads[i].weight;
ptrSrc = &src.m_listHeads[i];
ptr = &m_listHeads[i];
for (j=0; j<m_listHeads[i].weight; j++) {
ptr->next = new Vertex(*(ptrSrc->next));
ptrSrc = ptrSrc->next;
ptr = ptr->next;
}
}
}
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[l graph.h

class Graph {
public:



Graph& operator=(const Graph& rhs);

Y
/I graph.cpp
#include "graph.h™
#include "vertex.h"
Graph& Graph::operator=(const Graph& rhs) {
if (this==&rhs) return *this;
delete[] m_listHeads;
m_curVertex = rhs.m_cur\ertex;
m_iter = 0;
m_nNodes = rhs.m_nNodes;
m_nEdges = rhs.m_nEdges;
clone(rhs);
Vertex *ptr = &m_listHeads[m_cur\ertex], *ptrRhs = &rhs.m_listHeads[m_cur\ertex];
while (ptrRhs->next !=rhs.m_iter) {
ptrRhs = ptrRhs->next;
ptr = ptr->next;
} -
m_iter = ptr->next;
return *this;

¥
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Il vertex.h
struct Vertex {
Vertex(): 1D(0), weight(0), next(0) { gVertexCount++; }
Vertex(int id, int weight)
:ID(id), weight(weight), next(0) { gVertexCount++; }
Vertex(const Vertex& src): ID(src.ID), weight(src.weight), next(0) { gVertexCount++; }
~Vertex() { delete next; gVertexCount--; }
int ID;
int weight;
Vertex *next;
3
/I graph.h
class Graph {
public:

static void unitTest():

j

/I graph.cpp
#include "vertex.h"
#include "graph.h™



int g\VertexCount = 0;
void Graph::unitTest() {
cout << "Unit testing... " << endl;

srand(time(0));

{
ifstream ifs("data.txt™);
Graph graphi(ifs);
ifs.close();
Graph graph2(graphl);

assert(graphl.equal(graph2));

Graph *ptr = new Graph(graphl);
assert(ptr->equal(graph2));
delete ptr;

cout<<™  [ctor, copy ctor, equal] tested" << endl;

/I original (0,1,5)->(0,3,3)->(0,4,3)->(0,5,2)
/I the following tests try to see if addEdge() in any of the
/I 3 possible positions is OK

assert(!graphl.deleteEdge(0,1,1));
graphl.addEdge(0,1,1);
assert(graphl.deleteEdge(0,1,1));
assert(graphl.equal(graph2));

assert(!graphl.deleteEdge(0,2,1));
graphl.addEdge(0,2,1);
assert(graphl.deleteEdge(0,2,1));
assert(graphl.equal(graph2));

assert(!graphl.deleteEdge(0,6,7));
graphl.addEdge(0,6,7);
assert(graphl.deleteEdge(0,6,7));
assert(graphl.equal(graph2));

/ original (4,8,5), delete it, add 2 edges: (4,2,3)->(4,8,5)
/I then delete (4,2,3)

assert(graphl.deleteEdge(4,8,5));

assert(!graphl.deleteEdge(4,2,3));
graphl.addEdge(4,2,3);
graphl.addEdge(4,8,5);
assert(graphl.deleteEdge(4,2,3));
assert(graphl.equal(graph2));

/l original (4,8,5)

/I make a copy

/l add 2 edges (4,8,7) then (4,8,3), (4,8,3)->(4,8,5)->(4,8,7)
// add 2 edges (4,8,3) then (4,8,7), (4,8,3)->(4,8,5)->(4,8,7)

9



Graph graph4(graphl);
graphl.addEdge(4,8,7);
graphl.addEdge(4,8,3);
graph4.addEdge(4,8,3);
graph4.addEdge(4,8,7);
assert(graph4.equal(graphl));
graphl.deleteEdge(4,8,3);
graphl.deleteEdge(4,8,7);

cout<<" [addEdge,deleteEdge] tested” << endl;

ofstream ofs("data2.txt");
graph2.print(ofs);
ofs.close();

ifstream ifs2("data2.txt");
Graph graph3(ifs2);
ifs2.close();
assert(graph3.equal(graphl));
assert(graph3.equal(graphl));

cout<<"  [print(ostream&)] tested" << endl;

graph2 = graphl;

assert(graph2.equal(graphl));
assert(graphl.deleteEdge(4,8,5));
assert(graph2.equal(graph3)); // no dangling pointer
assert(!graph2.equal(graphl)); // no dangling pointer

cout<<"  [assignment] tested" << endl;

Vertex **array = new Vertex*[20000];
int originalVertexCount = gVertexCount, i, draw, count = 0, vcount=0, size;
for (i=0; i<20000; i++) {

draw = rand()%3;

if (draw==0) {
array[count++] = new Vertex(1, 1);
veount++;

}

else if (draw==1) {
size = rand()%10+5;
array[count] = new Vertex[size];
array[count++]->ID = size;
vcount+=size;

}

else { // draw==2
if (count==0) continue;
draw = rand()%count;
vcount -= array[draw]->ID;
if (array[draw]->ID>1)

delete[] array[draw];

else

10



delete array[draw];
if (draw<count-1)
array[draw] = array[count-1];
count--;
assert(vcount == gVertexCount-originalVertexCount);
}
}
for (i=0; i<count; i++)
if (array[i]->ID>1)
delete[] arrayl[i];
else
delete array[i];
delete[] array;
assert(gVertexCount==original\VertexCount);

}

assert(gVertexCount==0);
cout<<"  [dtor] tested" << endl;

cout << "Unit test completed” << endl;

}
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Sol:

#define MAX_NUM_NODES 50
#define MAX_REPETITIONS 5
class GraphMatrix {
public:
GraphMatrix(ifstream &);
~GraphMatrix();
int getFirst(const int id, int *weight);
int next(int *weight);
void print(ostream &0s);
bool equal(const GraphMatrix& rhs) const;
static void unitTest();
private:
int m_curVertex;
int m_iterl; // index of m_adjMat[][m_iterl][m_iter2]
int m_iter2;
int m_nNodes;
int m_nEdges;
int m_nRepetitionsMAX_NUM_NODES][MAX_NUM_NODES];
int m_adjMat[MAX_NUM_NODES][MAX_NUM_NODES][MAX_REPETITIONS];
¥
TBFIFY ER A S 3 MAX_NUM_NODES @ & 8, i@ & B2 5 ¥ it 3 ik > »hif,
hip- BF TN ERX MAX_REPETITIONS i e = » cif
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Sol:
GraphMatrix::GraphMatrix(ifstream &infile)
:m_curVertex(-1), m_iter1(0), m_iter2(0) {
inti,j, k;

infile >> m_nNodes;
infile.ignore(80, \n');
assert(m_nNodes<=MAX_NUM_NODEYS);

infile >> m_nEdges;
infile.ignore(80, \n");

for (i=0; i<m_nNodes; i++)
for (j=0; j<m_nNodes; j++) {
m_nRepetitions[i][j] = 0;
for (k=0; kkMAX_REPETITIONS; k++)
m_adjMat[i][j][k] = O;
}

int nodel, node2, weight;
for (i=0; i<m_nEdges; i++) {
infile >> nodel >> node2 >> weight;
infile.ignore(80, '\n');
assert(m_nRepetitions[nodel][node2]+1 < MAX_REPETITIONS);
m_adjMat[nodel][node2][m_nRepetitions[nodel][node2]++] = weight;

}
}
GraphMatrix::~GraphMatrix() {
}
c) [5] § i® getFirst() A & 3¢
Sol:

int GraphMatrix::getFirst(const int id, int *weight) {
assert((id >= 0) && (id < m_nNodes));
for (m_iter1=0; m_iterl<m_nNodes; m_iterl++)
if (m_nRepetitions[id][m_iter1]>0)
break;
if (m_iter1>=m_nNodes) {
m_curVertex = -1;
return -1,
}
m_cur\ertex = id,;
m_iter2 = 0;
*weight = m_adjMat[id][m_iter1][m_iter2];
return m_iterl;
}
d) [5] 7 iF next() /i & I3\
Sol:
int GraphMatrix::next(int *weight) {
while (++m_iter2<m_nRepetitions[m_curVertex][m_iter1]) {
*weight = m_adjMat[m_curVertex][m_iterl][m_iter2];
12



return m_iter1;

¥

while (++m_iterl<m_nNodes)
if (m_nRepetitions[m_curVertex][m_iter1]>0)
break;
if (m_iter1>=m_nNodes) {
m_curVertex = -1;
return -1;

¥

*weight = m_adjMat[m_curVertex][m_iter1][m_iter2=0];
return m_iterl;

}

e) [B] #Ffe—- TRERIBLEHEANE X LEL FE?
Sol:
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