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public class Edge implements Comparable<Edge>
Edge(int v, int w, double weight) V=W I, @9 Jb !
int either() 2l b5 51 K @pls
int other(int v) Cs rlg) s Iy s
int compareTo(Edge that) > Jb LG gl uylis
double weight() Jb @) @uls S0
String toString() &) G, 90 4 Jb Gluls

(V)——— weight ————W)
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public class Edge implements Comparable<Edge>
{
_ N , I

private final int v, w;
private final double weight;

public Edge(int v, int w, double weight) —— oy w
{

this.v = v;

this.w = w;

this.weight = weight;
}

public int either () — Wy, /! L,b/
{ return v; }
public int other (int vertex) S fg;CWU
{
if (vertex == v) return w;
else return v;
}
Kb 9y duylin
public int compareTo (Edge that) «—
{ (> @ @9 dw
if (this.weight < that.weight) return -1;
else if (this.weight > that.weight) return +1;
else return O;

} 1090 — (5915) 1ol saw — hays Jisg) - beineSl (shb
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public class EdgeWeightedGraph

EdgeWeightedGraph(int V) o, V b o5 SIS sty
EdgeWeightedGraph(In in) S99 Wl 1 SIS sl

void addEdge(Edge e) Sl v e Jy @9

Iterable<Edge> adj(int v) V ol b i slo Jb s

Iterable<Edge> edges() SIS 56 Jb ws @ulyl

int VO sy S ol

int EQ b JU sl @l

String toString(Q Gty g o0 4 s 059 SIS Glles

Ll e (g5l sla b g adgls s ((gilwesly ol yo ols )l
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tinyEWG. txt

E
16 <

S WA NREREORMEMNORKOWMRDR

P < e T A I P I N N Y I S s e Y I
o I o o T e R s T e I o e Y Y s e Y Y e Y o Y s

.37
.28
.16
.32
.38
A7
.19
.26
.36
.29
.34
.40
.52
.58
.93

b B =3 B BT - R U AN =

/N

adjﬁi}/}f/,;’

.58 .26 .38 71.16 Bag
objects

.29 .36 .19 51.32

.40 .34 .36 21.26 .17

.52 .29 .17

.93 .38 .37 51.35

S -Gl Lala 5 e o e

.93 .58 .52 2 (.40

.34 .19 .16 71.28 .28
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public class EdgeWeightedGraph
{
private final int V;
private final Bag<Edge>[] adj;

public EdgeWeightedGraph (int V)
{
this.V = V;
adj = (Bag<Edge>[]) new Bag[V];
for (int v = 0; v < V; v++)
adj[v] = new Bag<Edge>() ;

public void addEdge (Edge e)
{

int v = e.either(), w = e.other(v);
adj[v] .add(e) ;
adj[w] .add(e) ;

public Iterable<Edge> adj (int wv)
{ return adj[v]; }

—
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public class MST
MST(EdgeWeightedGraph G) op) jlw
Iterable<Edge> edges() ol sl i)y slo JU @l
double weight() aisnl (slivgy b5 @j5 A0
tinyEWG. txt
lﬁf"'
j E ?35 MST (s(U % java MST tinyEWG. txt
57 0.28 (slw) 0-7 0.16
07 0.16 1-7 0.19
15 0.32 (L) (3)
01 038 7) 0-2 0.26
23 0.17 (2] 2-3 0.17
17 0.19 (0)
02 0.26 o e 5-7 0.28
12 0.36 4-5 0.35
13 0.29
27 0.34 W b 6-2 0.40
62 0.40 P a1
36 [;_52/(6/14”-’@) .
60 0.58
64 0.93 1090 - (5q15) pobs sy — aliogys Jisg) - Laedned) (alb




xS (sLgy C1a)s buslg
B

public class MST
MST(EdgeWeightedGraph G) op) jlw
Iterable<Edge> edges() ol sl i)y slo JU @l
double weight() ol sl b,y 39 ORI

Public static void main(String[] args) % java MST tinyEWG.txt
{ 0-7 0.16
In in = new In(args[0]); 1-7 0.19
EdgeWeightedGraph G = new EdgeWeightedGraph (in) ; 0-2 0.26
MST mst = new MST (G) ; 2-3 0.17
for (Edge e : mst.edges()) 5-7 0.28
StdOut.println (e) ; 4-5 0.35
StdOut.printf(“%.2f\n”, mst.welght() ) ’ 6-2 0.40
} 1.81
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public class KruskalMST i
{

private Queue<Edge> mst = new Queue<Edge> () ;

public KruskalMST (EdgeWeightedGraph G)
{
MinPQ<Edge> pg = new MinPQ<Edge>() ;
for (Edge e : G.edges())
pg.insert(e) ;

UF uf = new UF(G.V());

while ('pg.isEmpty() && mst.size() < G.V() - 1)
{
Edge e = pg.delMin() ;
int v = e.either(), w = e.other(v);
if ('uf.connected (v, w))
{
uf .union(v, w);
mst.enqueue (e) ;

}

public Iterable<Edge> edges() { return mst; }
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public class

IndexMinPQ <Key extends Comparable<Key>>

void
void
boolean
int
boolean

int

IndexMinPQ(int N) N = 100 b sl by pusl cugsl cow L ]
insert(int k, Key key) key wl vk Quil @l cu
decreaseKey(int k, Key key) K Gutsil § it o sl ol
contains(int k) S/ 289 cuglgl w5 K Qul UT
delMin() O U b g Qg sl W5 9 sl (g il U pusic s
1sEmpty () Scwl JB cuglyl oo U

size() sl o polis 5l @uil5p00

) - la@X)e ahb
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Sl 518 pye 5l e 0 a5 ol galS il Sl pg[i] =
Sl oy 10T il Lolds 6 Slogqp[i] =
oS ool swim(gp[k]) ,euws jldecreaseKey(k, key) foe sjluools jolate 4 O
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public class PrimMST
{

private boolean[] marked; // true if v on tree
private Edge[] edgeTo; // shortest edge from tree vertex
private double[] distTo; // distTo[w] = edgeTo[w].weight ()

private IndexMinPQ<Double> pq; // eligible crossing edges

public PrimMST (EdgeWeightedGraph G)
{
marked = new boolean[G.V()];
edgeTo new Edge[G.V()];
distTo = new double[G.V()];
P9 = new IndexMinPQ<Double>(G.V())

for (int v = 0; v < G.V(); v++)
distTo[v] = Double. POSITIVE_INFINITY;
distTo[0] = O;

pg.insert (0, 0.0);
while ('pg.isEmpty())
visit (G, pg.delMin()) ;

11990 - (5618) 106 sy — aibiagys (ig) - eyl alb



) o3y @)y @32)9)

private void visit (EdgeWeightedGraph G, int v)
{
marked|[v] = true;
for (Edge e : G.adj(v))
{
int w = e.other(v);
if (marked[w]) continue;
if (e.weight() < distTo[w])
{
edgeTo[w] = e;
distTo[w] = e.weight() ;
if (pg.contains(w)) pg.decreaseKey(w, distTo[w]) ;
else pg.insert (w, distTo[w]) ;

public Iterable<Edge> edges() { /* exercise */ '}
public double weight () { /* exercise */ }
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public class DirectedEdge
DirectedEdge(int v, int w, double weight) Vv => Wl cugs JU iyl
int from() V 2wl i, @l
int to(int v) W il ul, @il
double weight() Jb @5 b0
String toString() sl b, 90 o Jb Gloles

(V)——— weight ——(w)
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public class DirectedEdge

{
private final int v, w;
private final double weight;

public DirectedEdge (int v, int w, double weight) «—F— 4
{

this.v = v;

this.w = w;

this.weight = weight;
}

public int from/() il oo, 0P
{ return v; }

. P
public int to() —— Wl i, P p
{ return w; }
public double weight () «— dQcU9@ﬂbﬂ2

{ return weight; }
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public class

130319 )vgn dlhs buwlg

EdgeWeightedDigraph

void
Iterable<DirectedEdge>
Iterable<DirectedEdge>
int

int

String

EdgeWeightedDigraph(int V)
EdgeWeightedDigraph(In 1in)
addEdge(DirectedEdge e)
adj(int v)

edges ()

VO

EO

toString()
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public class EdgeWeightedDigraph
{
private final int V;
private final Bag<DirectedEdge>[] adj;

public EdgeWeightedDigraph (int V) T oy
{
this.V = V;
adj = (Bag<DirectedEdge>[]) new Bag[V];
for (int v = 0; v < V; v++)
adj[v] = new Bag<DirectedEdge>() ;

public void addEdge (DirectedEdge e)
{

int v = e.from() ; . S
adj [v] .add (e) ; oL wedioel

public Iterable<DirectedEdge> adj (int v)
{ return adj[v]; }

} 1090 - 5015y 100 33w — wlioga Jivg) - eI (alyb
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public class SP

SP(EdgeWeightedDigraph G, int s) S ;1 o pus 127 605 duwlas
double distTo(int v) V & S ;| s g oUsf Jsb
Iterable<DirectedEdge> pathTo(int v) YV Sl s e alisl

boolean hasPathTo(int v) Soly >989 puss V0 S ;1 0T

SP sp = new SP(G, s);
for (int v = 0; v < G.V(); v++)

{
StdOut.printf (“%d to %d (%.2f): ”, s, v, sp.distTo(v));
for (DirectedEdge e : sp.pathTo(v))
StdOut.println(e + “ 7);
StdOut.println() ;
}
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s 33 (slapuns (10)3a545 (wllS buwlg

public class SP

Iterable<DirectedEdge>

double

SP(EdgeWeightedDigraph G, int s)

distTo(int v)

pathTo(int v)

S ;1 o pus 127 605 duwlas
w g 7
V4 S puus ey eUs) Jsb

VQS;IWM/JAU@I/

boolean hasPathTo(int v) Soly >989 puss V0 S ;1 0T
% java SP tinyEWD.txt O
0 to 0 (0.00):
0 to 1 (1.05): 0->4 0.38 4->5 0.35 5->1 0.32
0 to 2 (0.26): 0->2 0.26
0 to 3 (0.99): 0->2 0.26 2->7 0.34 7->3 0.39
0 to 4 (0.38): 0->4 0.38
0 to5 (0.73): 0->4 0.38 4->5 0.35
0 to 6 (1.51): 0->2 0.26 2->7 0.34 7->3 0.39 3->6 0.52
0 to 7 (0.60): 0->2 0.26 2->7 0.34
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VSl s o ,50beS Job=distTol[v] o

V&S 5l s g 5olsS 0 JU o> l=edgeTo[v] o

O

(S
'ao

o 3 / 4
S )l puws (ppslo) id,,

distTo[] edgeTol[]

N O b~ U1 W N RO (L

O B O O O O K

0.
.05

.26
.97
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.49
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null
5->1
0->2
7->3
0->4
4->5
3->6
2->7
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VaS il wo (p,06sS Jeb=distTo[v]

V&S 5l s g 50bgS 0 JU o>l =edgeTo[V]

public double distTo (int wv)
{ return distTo([v]; }

public Iterable<DirectedEdge> pathTo (int v)
{
if ('hasPathTo(v)) return null;
Stack<DirectedEdge> path = new Stack<DirectedEdge>() ;
for (DirectedEdge e = edgeTo[v]; e != null; e = edgeTo[e.from()])
path.push (e) ;
return path;
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WasS 3 eb pne o ,5olisS Jsb b sl il distTo[w] o
WasS 5l b o 1p505gS jo JU (o3 1 L el plpedgeTo[w] o
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e = V->W Jb Lg)'l.wg’;o-‘) O

Vas jl e s o30S Job L el plpdistTol[v] o
WSl e o o 50bsS Job b cesl plydistTo[w] o

WasS 5l b o 1p505gS jo JU (o3 1 L el plpedgeTo[w] o
DS oo dbmlw Lol, 4 6 50bsS semev-sw U 51 O

&S Slwy 39, a1, edgeTo[w] gdistTo[w] ,lods g0 yo

private void relax(DirectedEdge e)

{

int v = e.from(), w = e.to();
if (distTo([w]

{

distTo[w]
edgeTo[w]

>

distTo[v] + e.weight())

distTo[v] + e.weight();
e/

cd

——
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distTo[w] > distTo[v] + e.weight() il ailoe = v>w JL ghlaaus s,8 O

ol distTo[W] ;5 5olieS o Jgb a5 oS o sbml W as S 51 S yumn € JU &y90 ool jo0 O

3.1 «——distTo[Vv]
O—o— %
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ALV A S | e S Jsb Sk distTo[v] e v ol o lsl 4
distTo[w] <= distTo[v] + e.weight() :il ailo @ = v>w JL 2 <l a

[ 8 byl .ol o
5T Al W s S 5l s 1 50lgS' S = Vo—>Vi->.->V = W oS 5,8

distTol[v,] <= distTol[v,_.;] + e.weight()
distTo[v, ;] <= distTol[v,_.,] + e1.weight()

distTo[v,] <= distTo[vy] + e;.weight()
doels )

distTo[w] = distTo[v,] <= e;.weight() + e;.weight(QQ+ .. + e..weight()
el W s 5l oy SelieS Job [Slo distTolw] ol plo
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Generic Algorithm (to compute SPT from s)

Initialize distTo[[s] = 0 and distTo[v] = o for all other vertices.

Repeat until optimality conditions are satisfied:
- Relax any edge

S (o0 drlone (3929 Dyg0 )0) 1)y (5 oligS S50 (seges i oSl e[S O
wilzb O

Canl Vs s slosls jue SO Job distTo[v] >l Job o I

D23 o alS |, distTo[v] jlude ¢ 3840 s3lwcl, ;0 1

b SualS sogusme ileds olaxy wilgs o yiSTas distTo[v] lade O

1090 - (5618) 100 s — ailiayys gy - laeiyedl ¢alb



\FA

s (3138005 (e08c @33)0a))

Generic Algorithm (to compute SPT from s)
Initialize distTo[s] = 0 and distTo[v] = o for all other vertices.

Repeat until optimality conditions are satisfied:
- Relax any edge
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(o po Wb 539) LyiesSals i o8I ) Jlie

Glocuz sloy90 9w) (Side e (il po pio,sXlT e O
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public class DijkstraSP

{
private DirectedEdge[] edgeTo;
private double[] distTo;
private IndexMinPQ<Double> pq;

public DijkstraSP (EdgeWeightedDigraph G, int s)
{

edgeTo = new DirectedEdge[G.V ()]’

distTo = new double[G.V ()]’

pd = new IndexMinPQ<Double>(G.V()) ;

for (int v = 0; v < G.V(); v++)
distTo[v] = Double.POSITIVE_INFINITY;
distTo[s] = 0.0;

pg.insert(s, 0.0);
while ('pg.isEmpty())
{
int v = pg.delMin() ;
for (DirectedEdge e : G.adj(v))
relax (e) ;

} 1090 — (5418 1ol 3w — Wl by - laeingl (sl
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private void relax (DirectedEdge e)

{

int v = e.from(), w = e.to();
if (distTo[w] > distTo[v] + e.weight())
{

distTo[w] = distTo[v] + e.weight() ;

edgeTo[w] = e;

if (pg.contains(w)) pg.decreaseKey(w, distTo[w]) ;
else pPg.insert (w, distTo[w]) ;
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