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EPFAZTHPIO 10 — ZHMEIQZEIZ

| Aévépa EmukaAuyng EAdxiotou Kéotoug (Minimum Spanning Trees) |

Ta 8évdpa emikdAung (spanning trees) sival 5évbpa ta omoia KAAUTITOUV OAOUG TOUG KOUBOUG evog ypddou.
‘Evag ypadog umopet va €xelL meplocotepa amnod Eva Sevdpa emikaAuPng. Av €xouv amodoBel Bapn OTLC AKUEG
ToU ypadou, Tote To §£vépo emikaAuPng eAayiotou K6otoug (minimum spanning tree - MST) eival to §évdpo
eTUKAAL NG TTOU €XEL TO UIKPOTEPO ABpolopa Bapwv anod oAa ta S&vdpa emikaAuvPng.
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O AAyoOpLBpog tou Prim

O aAyoplOuoc uloBetel tnv anAnotn pEbodo kat Statnpet Tpia cuvola KOUPBwV:

e Tree vertices. Ot kOpBoL amoteAoUv TR Tou MST.

e Fringe vertices. Ol kouBol autol dev eival Tunpa tou MST oAAd eival yeltoveg KOUPwWY TOU avrKOUV
oto MST.

e Unseen vertices. O\oL oL utoAoLmot Koot

O aAydplOpoc éxetl wg €AG:



Step 1: Select a starting vertex
Step 2: Repeat Steps 3 and 4 until there are fringe vertices

Step 3: Select an edge e connecting the tree vertex and
fringe vertex that has minimum weight
Step 4: Add the selected edge and the wertex to the

minimum spanning tree T
[END OF LOOP]
5tep 5: EXIT

Napadeiypota eKTEAEONS.
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B. Ekkivnon amno tov kouBo D



Code 1

#include <stdio.h>
#include <limits.h>

// Number of vertices in the graph
#define V5

// A utility function to find the vertex with minimum key value, from
// the set of vertices not yet included in MST
int minKey(int key[], bool mstSet[])
{
// Initialize min value
int min = INT_MAX, min_index;

for (intv=0; v<V;v+t)
if (mstSet[v] == false && key[v] < min)



min = key[v], min_index =v;

return min_index;

}

// A utility function to print the constructed MST stored in parent[]
int printMST(int parent[], int n, int graph[V][V])
{
printf("Edge Weight\n");
for (inti=1;i<V;i++)
printf("%d - %d %d \n", parent[i], i, graphl[i][parent[i]]);

// Function to construct and print MST for a graph represented using adjacency
// matrix representation
void primMST(int graph[V][V])
{
int parent[V]; // Array to store constructed MST
int key[V]; // Key values used to pick minimum weight edge in cut
bool mstSet[V]; // To represent set of vertices not yet included in MST

// Initialize all keys as INFINITE
for (inti=0;i<V;i++)
keyl[i] = INT_MAX, mstSet[i] = false;

// Always include first 1st vertex in MST.
key[0] =0; // Make key 0 so that this vertex is picked as first vertex
parent[0] = -1; // First node is always root of MST

// The MST will have V vertices

for (int count = 0; count < V-1; count++)

{
// Pick the minimum key vertex from the set of vertices
// not yet included in MST
int u = minKey(key, mstSet);

// Add the picked vertex to the MST Set
mstSet[u] = true;

// Update key value and parent index of the adjacent vertices of

// the picked vertex. Consider only those vertices which are not yet
// included in MST

for (intv=0; v<V;v+t)

// graph[u][v] is non zero only for adjacent vertices of m

// mstSet[v] is false for vertices not yet included in MST

// Update the key only if graph[u][v] is smaller than key[v]

if (graph[u][v] && mstSet[v] == false && graph[u][v] < key[V])
parent[v] =u, key[v] = graph[u][v];



// print the constructed MST
printMST(parent, V, graph);

// driver program to test above function
int main()
{
/* Let us create the following graph
2 3
(0)--(1)--(2)
| /\ |
6|8/ \5]|7
WA

9 */
int graph[V][V] = {{0, 2, 0, 6, 0},
{2,0,3,8,5},
{0,3,0,0,7},
{6,8,0,0,9},
{0,5,7,9,04},
I

// Print the solution
primMST(graph);

return O;

Execution: https://visualgo.net/mst

‘ O AAyopOpuocg tou Kruskal

O aAyoplBuog avalntd to UMoCUVOAO aKMWV TIou oxnuatilouv éva 6évépo mou meplhapBavel 6Aoug Toug
KOMBoUG. Av 0 ypadog Sev elvat ouvdedepévog, o alyoplBuog emotpédel éva dacog ano MSTs. O alyoplBuog
ULOBETEL O OUPA HE TPOTEPALOTNTA OTNV ONOLA Ol OKMEC HE TO MLKPOTEPO PBAPOG €xouv HeYaAUTEPN
TPOTEPALOTNTA EVAVTL TWV UTIOAOTIWV. O aAyopLBpog XL we €ENG:

Step 1: Create a forest in such a way that each graph is a separate
tree.

Step 2: Create a priority gqueue Q that contains all the edges of the
graph.

Step 3: Repeat Steps 4 and 5 while Q is NOT EMPTY

Step 4: Remove an edge from Q

Step 5: IF the edge obtained in Step 4 connects two different trees,
then Add it to the forest (for combining two trees into one
trea).
ELSE

Discard the edge
Step 6: END

Nopadslypa



APXLKA €XOUE:

Ornote

F={{A}. {B}. {C}. {D}. {E}. {F}}
MST = {}
Q= {(A. D). (E. F). (C. E). (E. D). (C. D). (D. F).
(A.C). (A.B). B. O)}

F ={{A, D}, {B}, {C}, {E}, {F}}
MST = {A, D}
Q={(E, F), (C, E) (E D}, (C,D), (D, F) & C), (A B), (B, C)}

F={{A, D}, {B}, [C}, {E F}
MST = {(A, D}, (E, F)}
Q= {(C, E), (E, D), (C, D), (D, F), (A, C), (A, B), (B, C}

F={{A D} (B} {C.EF}
MST = {{A, D), (C, E), (E, FJ}
Q= {[E D), (C,D) (D F) (A C), (A B) (B C)}

F={{A C,D,E F}, {E}}
MST = {(A, D), (C. E), (E, F), (E, D)}
Q={C, D) (D, F), A C), A B), (B C)



F = {{A.C.D.E.F}. {B}}
MST = {(A. D). (C. E). (E. F). (E. D);
Q =1{D.D.(A.C).(A.B).(B.C)}

F = {{A. C.D.E.F}. {B}}
MST = {(A. D). (C. E). (E. F). (E. D)}
Q ={(A.C).(A.B). (B.C)}

F = {{A. C.D.E.F}. {B}}
MST = {(A. D). (C. E). (E. F). (E. D)}
Q ={(A.B).(B.O)}

F={a B CDEF}
MST = {(A, D), (C, E), (E, F), (E, D), (A, BJ}
Q={B CJ

F={A B CD,EF)
MST = {(A, D), (C, E), (E, F), (E, D), (A, B)}
Q={

Code 2

// C++ program for Kruskal's algorithm to find Minimum Spanning Tree
// of a given connected, undirected and weighted graph

#include <stdio.h>

#include <stdlib.h>

#include <string.h>

// a structure to represent a weighted edge in graph
struct Edge
{

int src, dest, weight;

|3

// a structure to represent a connected, undirected and weighted graph
struct Graph
{

// V-> Number of vertices, E-> Number of edges

intV, E;

// graph is represented as an array of edges. Since the graph is
// undirected, the edge from src to dest is also edge from dest



// to src. Both are counted as 1 edge here.
struct Edge* edge;
|3

// Creates a graph with V vertices and E edges
struct Graph* createGraph(int V, int E)

{
struct Graph* graph = (struct Graph*) malloc( sizeof(struct Graph) );
graph->V =V;
graph->E = E;
graph->edge = (struct Edge*) malloc( graph->E * sizeof( struct Edge ) );
return graph;

}

// A structure to represent a subset for union-find
struct subset
{

int parent;

int rank;

|5

// A utility function to find set of an element i
// (uses path compression technique)
int find(struct subset subsets[], int i)
{
// find root and make root as parent of i (path compression)
if (subsets[i].parent !=1)
subsets|i].parent = find(subsets, subsets[i].parent);

return subsetsl[i].parent;

// A function that does union of two sets of x and y
// (uses union by rank)
void Union(struct subset subsets[], int x, int y)
{
int xroot = find(subsets, x);
int yroot = find(subsets, y);

// Attach smaller rank tree under root of high rank tree

// (Union by Rank)

if (subsets[xroot].rank < subsets[yroot].rank)
subsets[xroot].parent = yroot;

else if (subsets[xroot].rank > subsets[yroot].rank)
subsets[yroot].parent = xroot;

// If ranks are same, then make one as root and increment
// its rank by one



else

{
subsets[yroot].parent = xroot;
subsets[xroot].rank++;

// Compare two edges according to their weights.
// Used in gsort() for sorting an array of edges
int myComp(const void* a, const void* b)
{
struct Edge* al = (struct Edge*)a;
struct Edge* b1l = (struct Edge*)b;
return al->weight > b1->weight;

// The main function to construct MST using Kruskal's algorithm
void KruskalMST(struct Graph* graph)
{
int V = graph->V;
struct Edge result[V]; // Tnis will store the resultant MST
inte =0; // An index variable, used for result[]
inti=0; // Anindex variable, used for sorted edges

// Step 1: Sort all the edges in non-decreasing order of their weight

// If we are not allowed to change the given graph, we can create a copy of
// array of edges

gsort(graph->edge, graph->E, sizeof(graph->edge[0]), myComp);

// Allocate memory for creating V ssubsets
struct subset *subsets =
(struct subset*) malloc( V * sizeof(struct subset) );

// Create V subsets with single elements
for (intv=0; v<V; ++v)
{

subsets[v].parent = v;

subsets[v].rank = 0;

// Number of edges to be taken is equal to V-1

while (e<V-1)

{
// Step 2: Pick the smallest edge. And increment the index
// for next iteration
struct Edge next_edge = graph->edgeli++];

int x = find(subsets, next_edge.src);
inty = find(subsets, next_edge.dest);



// If including this edge does't cause cycle, include it
// in result and increment the index of result for next edge
if (x I=y)
{
result[e++] = next_edge;
Union(subsets, x, y);

}
// Else discard the next_edge

// print the contents of result[] to display the built MST
printf("Following are the edges in the constructed MST\n");
for(i=0;i<e;++i)
printf("%d -- %d == %d\n", result[i].src, result[i].dest,
result[i].weight);
return;

// Driver program to test above functions
int main()
{
/* Let us create following weighted graph
10

4 */
int V=4; // Number of vertices in graph
int E=5; // Number of edges in graph
struct Graph* graph = createGraph(V, E);

// add edge 0-1
graph->edge[0].src = 0;
graph->edge[0].dest = 1;
graph->edge[0].weight = 10;

// add edge 0-2
graph->edge[1].src = 0;
graph->edge[1].dest = 2;
graph->edge[1].weight = 6;

// add edge 0-3
graph->edge[2].src = 0;
graph->edge[2].dest = 3;
graph->edge[2].weight = 5;

// add edge 1-3



graph->edge[3].src = 1;
graph->edge[3].dest = 3;
graph->edge[3].weight = 15;

// add edge 2-3
graph->edge[4].src = 2;
graph->edge[4].dest = 3;
graph->edge[4].weight = 4;

KruskalMST(graph);

return O;

Execution: https://visualgo.net/mst

Zuvtopotepa Movondrtia (Shortest Paths)

Mépa amo tnv uoBétnon twv MSTs yla TNV eUPechn CUVIOUOTEPWY HOVOTIATIWV MAVW O éva ypddo, otn
BBAoypadia £xouv mpotabel katl emumAéov aAyoplBuol yla to okomod autd. Ot alyoplBuol cuvtopoTEPOU
povoratiol (shortest path algorithms) emiteAolv To okomd auto. Evag amd autolg eival o alyoplOpog tou
Dijkstra. O aAyoplBuog e€dyeL T0 CUVTOUOTEPO LOVOTIATL SOOUEVWVY €VOC YpAdou Kol EVOG KOPBOU ammd Omou
Ba Eekvroel n avalntnon tou povoratiol. O alyoplOuog avaBETel pia eTIKETA o KABE KOUPO mou Seiyxvel TNV
anooTaon Tou amnod Tov KOpBo — mnyr. Xpnotlpomnotouvial U0 el86WV ETIKETEG: OL TPOCWPLVEG KO OL LOVIMEG. OL
TIPOCWPLVEG ETIKETEG OvOTIOEVTOL O KOMPBOUG OTOUG OMOIOUG SEV £XOUME PTACEL OKOMO EVW Ol HOVIUES
umaivouv o€ KOUBOUG oTOoUG OMoioug £XeL pTAoEL 0 AAyOpLOOG Ko Elval YVWOTH N AGcTOor TOUG ONd Tov
KOMBOo — mnyn. Kabes kOUPBOG €XEL LOVO MO ETIKETA Kol TTOTE Kot TIG dVo pall. H ektédeon tou aAyopiBuou Ba
emupEpeL €va amod ta akoAouBa amoteAéopara:
1. Av 0 KOUPOC TTPOOPLOOU £XEL ETIKETA, TOTE N ETIKETA O aAvamopLloTd TNV anmdoTach TOU TIPOOPLoOoU Ao
Tov KOpUBo — TnyA.
2. Av o kOpBo¢ mpooplopol Sev €xeL €TIKETO, TOTE S&V UMAPXEL LOVOMATL artd TOV KOUPO — Tnyn mpog Tov
T(POOPLOUO.

Dijkstra(G,w,s)

% Initialize
for (each v € V)
d[u] = oc;
color[u] =white;
}
d[s] = 0;
pred[s] = NIL;
@ = (queue with all vertices);
while (Non-Empty(Q)) % Process all vertices
{
u = Extract-Min(Q); % Find new vertex
for (each v € Adj[u])
if (d[u] + w(u,v) < d[v]) % If estimate improves
d[v] = d[u] + w(u,v); relax
Decrease-Key(Q, v, d[v]);
pred[v] = u;
color[u] =black;
}



Mapadelypa ekTEAEONC:

Step 0: Initialization.

v s a b ¢ d
d[v] 0 o0 0o o oo
pred[v] | nil nil nil nil il
colorfv] | W W W W W

_ . v |s a b ¢ d
Priority Queue: ] [0 o0 o0 o0 o

Step 1: As Adj[s] = {a,b}, work on a and b and
update information.

v s a b ¢ d

d[v] 0 2 7 o o

pred[v] | nil s s nil nil

colorlv] | B W W W W
o . v lab c d
Priority Queue: dl] ‘ 5 7 oo oo
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Step 2: After Step 1, a has the minimum key in the
priority queue. As Adjla] = {b,c,d}, workon b, ¢, d
and update information.

v s a b ¢ d

d[v] 0 2 5 10 7

predlv] |nil s a a a

colorlv] | B B W W W
b ¢ d

Priority Queue:

Step 3: After Step 2, b has the minimum key in the
priority queue. As Adj[b] = {a,c}, work on a, ¢ and
update information.

v s a b ¢ d
do] [0 2 5 6 7
pred[v] |nil s a b a
colorlv] | B B B W W

L . v |c d
Priority Queue: ] 6 7
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Step 4: After Step 3, ¢ has the minimum key in the pri-
ority queue. As Adj[c] = {d}, work on d and update
information.

O

~“d

v s a b ¢ d

d[v] 0 2 5 6 7

pred[v] |nil s a b a

colorfv] | B B B B W
Priority Queue: v_|d
dlv] | 7

5 'od

Step 5: After Step 4, d has the minimum key in the pri-
ority queue. As Adj[d] = {c}, work on ¢ and update
information.

v s a b c d
dw] [0 2 5 6 7
pred[v] |nil s a b a
colorflvt] B B B B B

Priority Queue: Q = 0.




Visual example: https://visualgo.net/sssp

Code 3

#include <stdio.h>
#include <limits.h>

// Number of vertices in the graph
#define V9

// A utility function to find the vertex with minimum distance value, from
// the set of vertices not yet included in shortest path tree
int minDistance(int dist[], bool sptSet[])
{
// Initialize min value
int min = INT_MAX, min_index;

for (intv=0; v<V;vtt)
if (sptSet[v] == false && dist[v] <= min)
min = dist[v], min_index = v;

return min_index;

}

// A utility function to print the constructed distance array
int printSolution(int dist[], int n)
{
printf("Vertex Distance from Source\n");
for (inti=0;i<V;i++)
printf("%d \t\t %d\n", i, dist[i]);

// Funtion that implements Dijkstra's single source shortest path algorithm
// for a graph represented using adjacency matrix representation
void dijkstra(int graph[V][V], int src)
{
int dist[V]; // The output array. dist[i] will hold the shortest
// distance from src to i

bool sptSet[V]; // sptSet[i] will true if vertex i is included in shortest
// path tree or shortest distance from src to i is finalized

// Initialize all distances as INFINITE and stpSet[] as false
for (inti=0;i<V;i++)
dist[i] = INT_MAX, sptSet[i] = false;

// Distance of source vertex from itself is always 0
dist[src] = 0;



// Find shortest path for all vertices

for (int count = 0; count < V-1; count++)

{
// Pick the minimum distance vertex from the set of vertices not
// yet processed. u is always equal to src in first iteration.
int u = minDistance(dist, sptSet);

// Mark the picked vertex as processed
sptSet[u] = true;

// Update dist value of the adjacent vertices of the picked vertex.
for (intv=0; v<V;v+t)

// Update dist[v] only if is not in sptSet, there is an edge from
// utov, and total weight of path from src to v through u is
// smaller than current value of dist[v]
if (IsptSet[v] && graph[u][v] && dist[u] != INT_MAX
&& dist[u]+graph[u][v] < dist[v])
dist[v] = dist[u] + graph[u][v];

// print the constructed distance array
printSolution(dist, V);

// driver program to test above function
int main()
{
/* Let us create the example graph discussed above */
int graph[V][V] ={{0,4,0,0,0,0,0, 8, 0},
{4,0,8,0,0,0,0, 11, 0},
{0,8,0,7,0,4,0,0, 2},
{0,0,7,0,9,14,0,0,0},
{0,0,0,9,0,10,0,0,0},
{0,0,4,14,10,0,2,0,0},
{0,0,0,0,0,2,0,1, 6},
{8,11,0,0,0,0,1,0, 7},
{0,0,2,0,0,0,6, 7, 0}
12

dijkstra(graph, 0);

return O;



‘ Zwpoli (Heaps)

‘Evag duadikog owpadg (binary heap) sivat éva Suadikod §€vEpo oto omoio kdBe kOUPBoC kavomolel Tnv LSLoTNTA
ToU cwpoU Tou eivat:

Av 0 B givar taudi tou A, tote o KAELSL TOU A gival peyalitepo 1) ioo oo to kKAewWsi tov B
AUTO onuaivel mwe Ta otolyeia og kaBe kOpPo Ba eival peyaAltepa 1) oo amd Ta otolyeia ou Bplokovtal oTo
apLoTePO Kot oto 8e€Ld maldi. Etot, o plllkog kKOUPBog €xel To HeyaAUTEPO KAELWSL o OAOKANPO TO cwpPO. AutoUu
Tou eibouc oL cwpol elval yvwaotol wg max-heaps. Av avtiotpéPoupe TNV aviowaon Tng BLOTNTOG TOU CwPOoU,
Tote Ba £xoupe €va min-heap otov omoio kABe KOUPBO £XeL UIKPOTEPO KAELSL amod ta otolxela mou Bplokovral
oTo aplotepo Kal oto 6e€lo matdl. Quolkd, o TEtolou €idoug owpolg, o PLlIKOG KOUPBOC EXEL TO ULKPOTEPO
KAeWSL ard 6Aoug Toug UTTOAOLTTOUG.
MNapadelypata:

(3 (& (:ffgéj {%jj 39
@ © © a

Ta otolyeia evog owpol pmopolv va amobnkeutouv akoAouBlakd oe €va mivaka. Ma tnv amobrkeuon
SLaTNPOULE TOUG KAVOVEG TIOU LoxUouV yLa éva Suadikd 6évEpo. Av houtodv éva otolxeio sival otn B€on i otov
Tiivaka, TOTe To aplotepd moudl eival amobnkeupévo otn B€on 2i kol to 6€€ld Tawdl sival otn Béon 2i+1.
Avtiotowa, o KOpUBog mou ival anoBnkeupévog otn B€on i, £l Tov MATPLKo Tou otn Béon if2.

Ot owpotl amoteAovy pLa oAU kahr) Sopn yLa TV SLatripnon oUpPWV LE TPOTEPALOTNTA.

Ewoaywyn ototxeiou. H dtadikaoia amoteAsital amno Svo BApata. XTo MPpwTo BNUd, MPOOTIETOUUE Th VEQ TIUN
OTO TEAOG TOU OwpPOU £T0L WOTE 0 OWPOG va amnoteAel éva €ykupo duadiko 6€vdpo. Zto Seltepo Prua,
‘aveBafouue’ ™ véa tiun otnv kataAAnAn 9éon spoocov auto eival amapaitnto. Me auto tov TPOTo, To
6€vbpo ouveyilel va anotelel éva éykupo ocwpod.

AAyoptBuoc:

Step 1: [Add the new value and set its POS])
SETN =N+ 1, POS =N
Step 2: SET HEAP[N] = VAL
Step 3: [Find appropriate location of VAL]
Repeat Steps 4 and 5 while POS > 1
Step 4: SET PAR = POS/2
Step 5: IF HEAP[POS] <= HEAP[PAR],
then Goto Step 6.
ELSE
SWAP HEAP[POS], HEAP[PAR]
POS = PAR
[END OF IF]
[END OF LOOP)
S5tep 6: RETURN




Mapadetyua — Etoaywyn tou 99 o€ éva owpo.

54 2
45 36 45 36
Zr 2:1) J 21} 27T 1 (‘@Jg 21
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MNapadetyua — Anuiovpyia kot Statnpnon owpou UE TV etoaywyn Twv: 45, 36, 54, 27, 63, 72, 61, 18

(Step 1) (Step 2) (Step 3) (Step 4) (Step 5) (Step 6)
® 8 & ® ® ® ® ) ()
@ @ @
(Step T) (Step 8) (Step 9) (Step 10)
69 63) ©3) 9
@) @9 &9 @ &) (%) (54 (2
@) @ @) @ @ ® @ @) (@ @
(Step 11) (Step 12) (Step 13)

e @)
(64 (69 59 9
@) @ @ @ @ ® @

HEAP[1] HEAP[2] HEAP[3] HEAP[4] HEAP[5] HEAP[S] HEAP[7] HEAP[8] HEAP[S] HEAP[10]
| 72 | sa | e | 27 | 3% | 45 | 61 | 18 | | |

Awaypadn ototxeiov. Eva otolxeio Staypadetal mavra anod tn pifo Tou cwpol PECW TPLWV BNUATwWY. ApXIKA,
avrtikathotoUue tn pila pe 10 TEAEUTAIO OTOLYEIO TOU OWpPOU. ENcLta, Staypd@ouue tov TeAeutaio kouBo tou
owpou. Télog, ‘kateBadouus’ to piltko kOuBo wote va Bpelei otn owotn Féon. Kabes dpopd, aviikablotouue
£Vl TTATPLKO KOUPO pe va Ttadi.

AAyoptduoc



Step 1: [Remowve the last node from the heap)
SET LAST = HEAP[N], SET N =N - 1
Step 2: [Initialization]
SET PTR = 1, LEFT = 2, RIGHT = 3

Step 3: SET HEAP[PTR] = LAST
Step 4: Repeat Steps 5 to 7 while LEFT <= N
Step 5: IF HEAP[PTR] »= HEAP[LEFT] AND

HEAP[PTR] »= HEAP[RIGHT]
Go to Step E
[END OF IF]
Step 6: IF HEAP[RIGHT] <= HEAP[LEFT]
SWAP HEAF[PTR], HEAP[LEFT]
SET PTR = LEFT
ELSE

SWAP HEAP[PTR], HEAP[RIGHT]
SET PTR = RIGHT
[END OF IF]
Step 7: SET LEFT = 2 * PTR and RIGHT = LEFT + 1
[END OF LOOP]
Step &: RETURN

MNapadeyua — Ataypopn tou 54
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Code 4

#include <stdio.h>

int array[100], n;

display()
{
int i;
if (n==0)
{
printf("Heap is empty \n");
return 0;
}
for (i=0;i<n; i++)
printf("%d ", array[i]);



printf("\n");

}/*End of display()*/

insert(int num, int locatio

{

int parentnode;
while (location > 0)
{
parentnode =(location - 1)/2;
if (num <= array[parentnode])
{
array[location] = num;
return 0;
}
array[location] = array[parentnode];
location = parentnode;
}/*End of while*/
array[0] = num; /*assign number to the root node */

}*End of insert()*/

deleted(int num)

{

int left, right, i, temp, parentnode;
for (i=0; i< num; i++) {
if (num == arrayl[i])
break;
}
if (num != arrayl[i])
{
printf("%d not found in heap list\n", num);
return O;
}
array[i] = array[n - 1];
n=n-1;
parentnode =(i - 1) / 2; /*find parentnode of node i */
if (array[i] > array[parentnode])
{
insert(array[i], i);
return O;
}
left =2 * i+ 1; /*left child of i*/
right =2 * i+ 2; /* right child of i*/
while (right < n)
{
if (array[i] >= array[left] && array[i] >= array[right])
return O;
if (array[right] <= array[left])
{



temp = arrayli];
arrayl[i] = array[left];
array[left] = temp;
i = left;

}

else

{
temp = array[i];
array([i] = array[right];
array[right] = temp;

i = right;
}
left=2*i+1;
right=2*i+2;

}/*End of while*/

if (left ==n-1 && array[i]) {
temp = array[i];
array[i] = array[left];
array[left] = temp;

main()
{
int choice, num;
n = 0;/*Represents number of nodes in the heap*/
while(1)
{
printf("1.Insert the element \n");
("2.Delete the element \n");
printf("3.Display all elements \n");
(
(

printf

printf("4.Quit \n");
printf("Enter your choice : ");
scanf("%d", &choice);
switch(choice)
{
case 1:
printf("Enter the element to be inserted to the heap : ");
scanf("%d", &num);
insert(num, n);
n=n+1;
break;
case 2:
printf("Enter the elements to be deleted from the heap: ");
scanf("%d", &num);
deleted(num);
break;
case 3:
display();
break;



case 4:
return 0;
default:
printf("Invalid choice \n");
}*End of switch */

}/*End of while */

}/*End of main()*/

| Zwpol Fibonacci (Fibonacci Heaps)

‘Evag owpog Fibonacci eival éva ocuvolo amo 6évdpa. To kaBe 6£vépo eival évag ocwpog. Kabe kouPog
niepthapBavel Seikteg mpog: (a) Tov matplkd KOUPo, (B) mpog kabe matdi. Emiong, to kdBe §évdpo umakoUEL
otnv WLotNTa Tou min-heap: to KAeldl evog KOUPoOU elval PHeYaAUTEPO 1 (00 amd Tto KAEWSL Tou maTplkol
KOUPBou. Ta maldld evog kOUBou cuvdéovtal Pe pLa KUKALKA SumAd cuvbebepévn Alota mou amokaAsital n
Alota matdlwyv tou KopBou. Kabe maidi otn Alota mephappavel Seikteg mpog toug KOpPouc-adépdla.

H.min

O %) i ) »

Operation Description Time complexity
Binary Fibonacci
Create Heap Creates an empty heap o(n) o(n)
Find Min Finds the node with minimum value o1y o(n)
Delete Min Deletes the node with minimum value 0{log n) 0{log n)
Insert Inserts a new node im the heap 0{log n) o(1)
Decrease Value |Decreases the valus of a node 0({log n) o1}
Union Unites two heaps into one a(n) o1}

Code 5

Avatpgtte oto http://www.sanfoundry.com/cpp-program-implement-fibonacci-heap/



Code 4 (Dijkstra with Binary Heap)

/* dijkstra.c57. C57 code to run Dijkstra's algorithm on a small
directed graph. Uses a min-heap as the priority queue. */

#include <stdio.h>

/* Return the index of the parent of node i. */
int parent(int i) {
returni/ 2;

}

/* Return the index of the left child of node i. */
int left(int i) {
return 2 *i;

}

/* Return the index of the right child of node i. */
int right(int i) {
return2 * i+ 1;

}

/* Exchange nodes i and j, updating their keys, handles, and
heap_index values. */

void exchange(double key[], int handle[], int heap_index]], int i, int j) {
double key_temp;
int handle_temp;

/* Exchange the keys in nodes i and j. */
key_temp = key[i];

keyl[i] = keyl[jl;

keyl[j] = key_temp;

/* Exchange the handles in nodesiandj. */
handle_temp = handle[i];

handlel[i] = handlel[j];

handle[j] = handle_temp;

/* Update the heap_index values. */
heap_index[handlel[i]] = ;
heap_index[handle[j]] = j;

/* Make the min-heap rooted at node i obey the min-heap property.
Assumes that the subtrees rooted at i's left and right children
already obey the min-heap property. */

void heapify(double key[], int handle[], int heap_index[], int i, int size) {
int | = left(i);
int r = right(i);
int smallest;



/* Is the left child smaller than node i? */
if (I <= size && key[l] < key[i])

smallest = [;
else
smallest = i;

/* Is the right child smaller than node i and i's left child? */
if (r <= size && key[r] < key[smallest])
smallest =r;

/* If the min-heap property is violated between node i and one of
its children, fix it. */
if (smallest !=1i) {
exchange(key, handle, heap_index, i, smallest);
heapify(key, handle, heap_index, smallest, size);
}
}

/* Take an array that does not necessarily obey the min-heap property,
and rearrange it so that it does. */
void build_heap(double key[], int handle[], int heap_index]], int size) {
inti;
for (i = size/2; i >=1; --i)
heapify(key, handle, heap_indey, i, size);

/* Extract the node with the minimum key, at index 1, from the
min-heap. */

void extract_min(double key[], int handle[], int heap_index[], int size) {
exchange(key, handle, heap_index, 1, size);
heapify(key, handle, heap_index, 1, size-1);

}

/* Bubble the key in node i up toward the root until the min-heap
property is restored. */
void decrease_key(double key[], int handle[], int heap_index[],
int i, int size, double new_key) {
keyl[i] = new_key;
while (i > 1 && key[parent(i)] > key[i]) {
exchange(key, handle, heap_index, i, parent(i));
i = parent(i);
}
}

/* Insert a new node into the min-heap. Assumes that an array element
has already been allocated. */
void insert(double key([], int handle[], int heap_index[],
int vertex, int size, double new_key) {
key[++size] = 1000000000.0; /* will be fixed later */



handle[size] = vertex;
heap_index[vertex] = size;
decrease_key(key, handle, heap_index, size, size, new_key); /* here's later */

}

/* Relax edge (u, v) with weight w. */
void relax(int u, int v, double w,
double key[], int handle[], int heap_index[], int size, int pi[]) {
if (key[heap_index[v]] > key[heap_index[u]] + w) {
decrease_key(key, handle, heap_index, heap_index[v], size, key[heap_index[u]] + w);
pilv] =u;
}
}

/* Initialize a single-source shortest-paths computation. */
void initialize_single_source(double key[], int handle[], int heap_index]],
int pi[], int s, int n) {
inti;
for (i=1;i<=n; ++i){
key[i] = 1000000000.0;

handle[i] = i;
heap_index[i] = 1i;
pili] =0;
}
key[s] = 0.0;
build_heap(key, handle, heap_index, n);
}

/* Run Dijkstra's algorithm from vertex s. Fills in arrays d and pi. */
void dijkstra(int first[], int node[], int next[], double w[], double d[],
int pi[], int s, int n, int handle[], int heap_index[]) {
int size = n;
intu, v, i

initialize_single_source(d, handle, heap_index, pi, s, n);
while (size > 0) {
u = handle[1];
extract_min(d, handle, heap_index, size);
--size;
i = first[u];
while (i > 0) {
v = node[i];
relax(u, v, w[i], d, handle, heap_index, size, pi);
i = next[i];
}
}
}

/* Set up a directed graph and run Dijkstra's algorithm on it. Print



out the result. */
int main(void) {
int first[6], node[11], next[11], pi[6], handle[6], heap_index[6];
double w[11], d[6];
ints;
inti;

/* The graph contains the following directed edges with weights:
(1, 2), weight 10
(1, 4), weight 5
(2, 3), weight 1
(2, 4), weight 2
(3, 5), weight 4
(4, 2), weight 3
(4, 3), weight 9
(4, 5), weight 2
(5, 1), weight 7
(5, 3), weight 6

*/

first[1] = 1;
first[2] = 3;
first[3] =5;
first[4] = 6;
first[5]=9;

node[1] = 2;
node[2] = 4;
node[3] = 3;
node[4] = 4,
node[5] = 5;
node[6] = 2;
node[7] = 3;
node[8] = 5;
node[9] = 1;
node[10] = 3;

w[1] = 10.0;
w[2]=5.0;
w[3]=1.0;
w[4] =2.0;
w[5]=4.0;
w[6] = 3.0;
w[7]=9.0;
w[8] = 2.0;
w[9]=7.0;
w[10] = 6.0;

next[1] = 2;
next[2] =0;



next[3] = 4;

next[4] = 0;
next[5] = 0;
next[6] = 7;
next[7] = 8§;
next[8] = 0;
next[9] = 10;
next[10] = 0;

printf("Enter source node: ");
scanf("%d", &s);

dijkstra(first, node, next, w, d, pi, s, 5, handle, heap_index);

for (i=1;i<=5; ++i){
printf("%d: %f %d\n", i, d[heap_index[i]], pi[i]);
}

return O;

}
/* Correct outputs:

Enter source node: 1
1: 0.000000 0O
2:8.000000 4
3:9.000000 2
4:5.000000 1
5:7.000000 4

Enter source node: 2
1: 11.000000 5
2:0.000000 O
3:1.000000 2
4:2.000000 2
5:4.000000 4

Enter source node: 3
1: 11.000000 5
2:19.000000 4
3:0.000000 0
4:16.000000 1
5:4.000000 3

Enter source node: 4
1: 9.000000 5
2:3.000000 4
3:4.000000 2
4:0.000000 0O
5:2.000000 4



Enter source node: 5
1: 7.000000 5
2:15.000000 4
3:6.000000 5
4:12.000000 1
5:0.000000 0

*/



