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V(Gl) = {A, B, C, D} V(G3) = {A, B, C, D}
E(G1) = {(A, B), (A, C), (A, D), E(G3) = {<A, B>, <A, (>, <D, A>}
(B, C), (C, D)}
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enum {A, B, C, D, E, F, G, H, I, J};
enum {SEOUL, INCHEON, DAEGU, BUSAN, KWANGJU};

« void GraphInit(UALGraph * pg, int nv);
— 2= o| =7 |3t TIlSICt,

~ = Ui QIRLR FAO| £8 MBIt

« void GraphDestroy(UALGraph * pg);
— 2= XT3t 2FgollN 2Tt 2lAAS HHekeiTt

« void AddEdge(UALGraph * pg, int fromV, int toV);
— O7iH= fromVet toVE T E FES AZE6k= 7S 2 =0i| F71gict,

« void ShowGraphEdgeInfo(UALGraph * pg);
— 12jZ o] ZHAFES SHBICL,
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#include "DLinkedList.h"
enum {A, B, C, D, E, F, G, H, I, 1}; // &9 O|25E A£43}

typedef struct _ual

{

int numvV; // A&S £
int numg; // ZFMQ| £
List * adjList; // Zt&2
} ALGraph;

| E=2

void GraphInit(ALGraph * pg, int nv); // Z12{Zo| =7|3}
void GraphDestroy(ALGraph * pg); // “12HZ 9| EJJ___ S A
void AddEdge(ALGraph * pg, int fromV, int toV); // Zt&8| =7t
void ShowGraphEdgeInfo(ALGraph * pg); // C>E'E.IEI §;4: ZHA Q]

r_>L-I

d&2 =9
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main.c

#include <stdio.h)
#include "ALGraph.h"

int main(void)

{

ALGraph graph;

GraphInit(&graph, 5); // A, B, C, D, EQ AA AN
AddEdge(&graph, A, B);

AddEdge(&graph, A, D);

AddEdge(&graph, B, C);

AddEdge(&graph, C, D);

AddEdge(&graph, D, E);

o i
AddEdge(&graph. E. A): Can you visualize it:

V4

ShowGraphEdgeInfo(&graph);

GraphDestroy(&graph);
return 0,

Data Structures and Algorithms
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void GraphInit(ALGraph * pg, int nv)

{

}

int 1,
/] B8 e BFE 2|AE HiEgZ2 MA
pg—>adjList = (List*)malloc(sizeof(List)*nv), // ZtMd HE HHE 2|AE

pg->numV = nv;,  // BEC = o HEE LS £24

pg->numkE = 0; /] 2719 1 &&= 07

/] A8 s BE 2|AE =79}

for(i=0; idnv, i++) int WhoIsPrecede(int datal,
{ int data2)

. . o . {
LlStInlt(&(Dg‘>adJ LlSt[l] )); if(datal < data2)
SetSortRule(&(pg—>adjList[i]), WhoIsPrecede); ds;?“””@?

} return 1;

void GraphDestroy(ALGraph * pg) // Z1efIt 2[AA0| SfA|

{

if(pg—>adjList != NULL)
free(pg—>adjList); // &4 &Y= HE 2AE

>
N2
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. 7t HH = *E:I

void AddEdge(ALGraph * pg, int fromV, int toV) // ZtAS| =7t
{
LInsert(&(pg-yadjList[fromV]), toV); // S EISFO| 7| WHﬂ-Oﬂ
LInsert(&(pg->adjList[toV]), fromV); // 2ZO| -E0|M ¢
pg->numE += 1;

}

void ShowGraphEdgeInfo(ALGraph * pg) // FE[E| o4 Z2H69 2 =&
{
int vx,
for(int i=0, i<lpg-p>numV; i++)
{
printf("%c2t HAZ= H&: ", i+ 65);
if(LFirst(&(pg—>adjList[i]), &vx))

{
printf("%c ", vx + 65);
while(LNext(&(pg—>adjList[i]), &vx))
printf("%c ", vx + 65);
}

printf(“\n");
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X8| POP

Data Structures and Algorithms 21



Ul
(o)}

E4 X8l oM HE ™ o ' sS4 xgl 9N Ma 23 X8 -

Data Structures and Algorithms 22



24 a1M pop
A2 X2l pop

= | & POP
4E = N——
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Ipel

» 40| 24 MOl =X ¢
* void DFShowGraphVertex(ALGraph * pg, int startV);
. defmo BE YN YBE S

— a1
« DFSE 7|HtC 2 HO|7} =l gt

. TE ADS v OpYo| 7
« 12X ALGraphDFS.h, ALGraphDFS.c (7| & 2= M 9| 9| =&
« AEH. ArrayBaseStack.h, ArrayBaseStack.c

« O|ZAHZA2|AE.: DLinkedList.h, DLinkedList.c

« O 2l: DFSMain.c
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#include "DLinkedList.h"
enum {A, B, C, D, E, F, G, H, I, 1}; // A& 0|25 M43

typedef struct _ual

{

int numv; // &9 £

int numg; // Z2tMQO] £

List * adjList; // ZtMQ HE

int * visitInfo;, // EMor 88 HH
} ALGraph;

void GraphInit(ALGraph * pg, int nv); // Jd2iZo| =7|35}

void GraphDestroy(ALGraph * pg), // Z12fIte| 2|2 GiA

void AddEdge(ALGraph * pg, int fromV, int toV); // ZFAMQ| Z7}
void ShowGraphEdgeInfo(ALGraph * pg); // FEe2[El 2f4: ZHHO 2 =5
void DFShowGraphVertex(ALGraph * pg, int startV); // AZ&9o| B ==

Data Structures and Algorithms
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4 visitInfo =2t

void GraphInit(ALGraph * pg, int nv)

{
/] BHEL &5 40|22 5t HIES <5
pg->visitInfo = (int *)malloc(sizeof(int) * pg->numV);
// BIEe BE QAE 022 27|5}H
memset(pg-yvisitInfo, 0, sizeof(int) * pg->numV);
}
void GraphDestroy(ALGraph * pg)
{
//2% =l HIEo| A~E!
if(pg—->visitInfo != NULL)
free(pg->visitInfo);
}

Data Structures and Algorithms
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-+ 21: Helper Function

 DFShowGraphVertex 2| #3210 2ot &=

. Y3 YH MBS DmO| W visitinfort 7H217|E B 20| 52

/] HE25F Mol HEE 7|2 o =

= = 7
int VisitVertex(ALGraph * pg, int visitV)
{
if(pg—pvisitInfo[visitV] == 0) // visitVO| XS B2 of 22l j
{
pg->visitInfo[visitV] = 1; // visitV0| BfIEst Aoz 7|5
printf("%c ", visitV + 65); // YEot Ao 0|2 =4
return TRUE; /] e dS!
}
return FALSE; /] S 2
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- 24: DFShowGraphVertex

void DFShowGraphVertex(ALGraph * pg, int startV)

{
Stack stack; int visitV = startV;, int nextV, StackInit(&stack);
VisitVertex(pg, visitV); // A|ZF A& 22
SPush(&stack, visitV), // && = A& AEHO| &Y
while(LFirst(&(pg->adjList[visitV]), &nextV) == TRUE) // HZ = H& ZHE mtot
{
int visitFlag = FALSE,
if(VisitVertex(pg, nextV) == TRUE) {
oL // EEFS A} H20 HSO0|H
} else {
/] HEUACHH
}
if(visitFlag == FALSE) { // ®&% HdEHe| &0 25 A= UACHH,
if(SIsEmpty(&stack) == TRUE) // AEHO| H|HI == |
break;
else
visitV = SPop(&stack); // =0t 7t7[ /et pop FHAt
}
}
memset(pg-yvisitInfo, 0, sizeof(int) * pg->numV);
}

Data Structures and Algorithms 28



- 24: DFShowGraphVertex

while(LFirst(&(pg->adjList[visitV]), &nextV) == TRUE) // HZ = HH ZHE mtot
{
int visitFlag = FALSE,
if(VisitVertex(pg, nextV) == TRUE) { // L E= A
SPush(&stack, visitV); /] AN EEO|AM O|SSIEE AEHG| A Z
visitV = nextV,
visitFlag = TRUE;

} else { /] Br2sHolCho
while(LNext(&(pg—>adjList[visitV]), &nextV) == TRUE)
{ /] HEE CtE EES A0t HES AlEot= EHe| P!
if(VisitVertex(pg, nextV) == TRUE)
{

SPush(&stack, visitV);
visitV = nextV,
visitFlag = TRUE;
break;

Data Structures and Algorithms 29
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Queue
Ir C
| x| e
x|l ST
enqueue dequeue

S+ x@ BN HE 2F XS o

Queue
P N o N7 Ve ( N\
g7 msl| 4w x| B
43,58 oI
enqueue dequeue

Data Structures and Algorithms 34



1. Dequeue & Y&

2. HEot WEZ enqueue

3. FIb Y ObR| gre

s
S5+ X2l 2N FI £F X8 YN dequeue

FMo] §EE FO| enqueue, dequeue &
Ol AOM = FA o HETE OHX| 20| enqueue
Dequeue &|H =
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B Rk Helper Function @lie< orset 9

// Breadth First Search: E&EQ| HHE =¥
void BFShowGraphVertex(ALGraph *x pg, int startV)
{

Queue queue; int visitV = startV;
QueuelInit(&queue); // DFSE ¢t F2| =7|3t
VisitVertex(pg, visitV); // Al&F HE EHA
// visitVo]|
while(LFirst(&(pg—>adjList[visitV]), &nextV) ==
{
if(VisitVertex(pg, nextV) == TRUE)
Enqueue(&queue, nextV);
// A& A V|S|tV01|
while(LNext(&(pg—>adjList[visitV]), &nextV) ==
if(VisitVertex(pg, nextV) == TRUE)
Enqueue(&queue, nextV);
¥
if(QIsEmpty(&queue) == TRUE) // 77t HH BFS &
break;
else
visitV = Dequeue(&queue);
I3

int nextV;

AR MM HE

o
EEE-EXE

memset (pg—>visitInfo, 0, sizeof(int) x pg->numV); // M E& =7|3}

Data Structures and Algorithms
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Kruskal S 11 2|F&

=O Jlxzk| 02
« MST7} E|EZ (M2

1

13, 12,11, 9,8, 7,6, 4, 3, 2

1EXI19] WXk T8
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o= — O 1
« 7t X7t 2 El S E ol FARK| =7F (ALEdge.h)

e DLinkedList.h, DLinkedList.c
* ArrayBaseStack.h, ArrayBaseStack.c
ALGraphDFS.h, ALGraphDFS.c. ASFAZ 2|Fo| i A E

\ S

ALGraphKruskal.h, ALGraphKruskal.c 75X J2j=Zo| 75 Zu}

AND ?7?
« 715X 2 M= E 2 (Priority queue, Heap)
- MK 20| FEES AL =B EMN AR

Data Structures and Algorithms
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Recap: Queue Vs. Priority Queue/Heap

» Queue: =017t =A] 7|8t Dequeue A4t

3,31,2,0,20,4~> 3,31,2,0, 20,4
* Priority Queue: M=% 0l 2} Dequeue A A
3,31,2,0,20,4-> 31,20,4,3,2,0

- HIE: o] 2 &8 FA| TE= ?lofl 2= HlO|H H| L
Z

Data Structures and Algorithms
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Recap: Heap

Max Heap
AAM2 FEED

AL Homct
RO}

ALC} H

Ch @HF 0| Xl E2|0|0fof &t = & T (O(logn)):
2| X EQl= H|Of Qe =7t glofof 3t 1. 20 &
AZ0| M 22 ZO 2 X)X Of B 2. H2otHm
3. TR A2 HIE
4, 2HSFHES
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78 8

enum {A, B, C, D, E, F, G, H, I, 1}; typedef struct _edge
{
typedef struct _ual int v1; /] A Hy HA
{ int v2; [/ = AR E
int numV; int weight; // 713
int numE; } Edge;

List * adjList;

int * visitInfo,

PQueue pqueue; /] M| ISR AE XA
} ALGraph;

void GraphInit(ALGraph * pg, int nv), // Z12iZo| Z7|3}

void GraphDestroy(ALGraph * pg), // “1efILe| 2|2~ GliA

void AddEdge(ALGraph * pg, int fromV, int toV, int weight); // ZtMQ| Z7}
void ShowGraphEdgeInfo(ALGraph * pg); // ZtA9o| HE =&

void DFShowGraphVertex(ALGraph * pg, int startV), // Depth First Search:
dEe 48 &4

void ConKruskalMST(ALGraph * pg); // AFAZ 2|4 H 2|9 4
void ShowGraphEdgeWeightInfo(ALGraph * pg); // ZH/X9] =

Data Structures and Algorithms 48
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= A H Hd
=|—|—7é'>|"'_'|_| L

void GraphInit(ALGraph * pg, int nv)

{

}

int PQWeightComp(Edge d1, Edge d2)

{
}

int 1,
pg—>adjlist = (List*)malloc(sizeof(List)*nv);
pg->numV = nv; pg->numkE = 0;

for(i=0; ilnv; i++) {

ListInit(&(pg—yadjList[i]))
SetSortRule(&(pg- >adJL15t[1] WhoIsPrecede);

pg->visitInfo= (int *)malloc(sizeof(int) * pg->numV);
memset(pg-p>visitInfo, 0, sizeof(int) * pg->numV);

f

tolr

? 7o =7

H>

PQueueInit(&(pg->pqueue), PQWeightComp); // S/

tEX 7l HEh=2 2

return d1.weight - d2.weight; Zhd "HE JHLE 7| f[et "ol

Data Structures and Algorithms
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L

void AddEdge(ALGraph * pg, int fromV, int toV, int weight)

{

Edge edge = {fromV, toV, weight}; /] 2Hel HE M

LInsert(&(pg->adjList[fromV]), toV);
LInsert(&(pg->adjList[toV]), fromV);
pg->numk += 1;

PEnqueue(&(pg-ppqueue), edge); // I8 HEZ 24

Data Structures and Algorithms
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731 ConKruskalMST

void ConKruskalMST(ALGraph * pg)

{

Edge recvEdge[20]; /] S HHo] AE XA

Edge edge,

int eidx = 0; /] NST ZHHe| £~ + 1 = ZEL &
int 1i; /] AE=AZE 22|

{
RecoverEdge(pg, edge.v1, edge.v2);

recvEdge[eidx++] = edge; // ST 7HM =22
}

for(i=0; ileidx; i++) // M= FOAM AAE 7HMO] HE =
PEnqueue (&(pg->pqueue), recvEdge[il]);

fol
Jhr
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ol AN e =&

/] 2HMQ A : ConKruskalMST Helper function
void RemoveEdge(ALGraph * pg, int fromV, int toV)

{
RemoveWayEdge(pg, fromV, toV); // SYtsk gz

RemoveWayEdge(pg, toV, fromV);
(pg—>numE)——;

// ConKruskalMST Helper function
void RecoverEdge(ALGraph * pg, int fromV, int toV)

{

o3
2

pol

LInsert(&(pg-YadjList[fromV]), toV); // ZtM Jt=x A

LInsert(&(pg->adjlList[toV]), fromV);
(pg—>numk )++;

Data Structures and Algorithms
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ek el == 2Tt helper function

// otZ dtsko| ZtM AEH: ConKruskalMST Helper function
void RemoveWayEdge(ALGraph * pg, int fromV, int toV)

{

int edge;

if(LFirst(&(pg-padjList[fromV]), &edge)){
if(edge == toV){
LRemove (&(pg—>adjList[fromV]));
return;

}

while(LNext(&(pg—>adjList[fromV]), &edge)){
if(edge == toV){
LRemove (&(pg—>adjList|[fromV]));
return;

Data Structures and Algorithms
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7. 17 ol

int IsConnVertex(ALGraph * pg, int v1, int v2)
{ // 5 d&0] HZEZ|0| UCtH TRUE, A A| &LCHH FALSE B2t
Stack stack; int visitV = v1; int nextV,
StackInit(&stack); VisitVertex(pg, visitV), SPush(&stack, visitV);
while(LFirst(&(pg—>adjList[visitV]), &nextV) == TRUE){
int visitFlag = FALSE,
if(nextVv = v2){ // &3 & SH= 22 TRUE
memset(pg->visitInfo, 0, sizeof(int) * pg-p>numV); // Z7|S}
return TRUE; // SHEHE §i53°4 TRUE

if(VisitVertex(pg, nextV) == TRUE){
SPush(&stack, visitV),
visitV = nextV,;
visitFlag = TRUE;

}else {
while(LNext(&(pg >adJL1 t[visitV]), &nextV) == TRUE){
% 20O EFA ZHO! HEE 4/
} 0o o [ s e I e | Lﬁ

if(visitFlag == FALSE){
if(SIsEmpty(&stack) == TRUE). break;
} else visitV = SPop(&stack);

}
memset(pg->visitInfo, 0, sizeof(int) * pg->numV);
return FALSE; // SHE £ 22
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