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1. e 22| JHE

. Jejmo| £5t5 FHeol

Jde= - G=(V,E) 0122, V.E= LSt &0,
V(G) : & (set of vertices)
E(G) : 7t (set of edges), &2 Hd&st= M, v X Vve F=& &
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HIZ (undirected graph) — 0II& S AU ESHO| JtsEt

r
Hn
HU
1o
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H
=
O

Zot= A0l 2ek0] 8 CHundirected, unordered).

(Vi,Vj) = (Vj,Vi)Oll:f.

BtSF e Z(directed graph) — 0I& S LUESH0 Q= 29| XL 0]|C}.
(@)

= &0 B88F0| QUCHdirected, ordered)
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\|/ /1 2\
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Gy G, G
01I1)]EH“OI st MHO0l A
JHE G

V(G1) ={0,1,2,3}

E(G1) = {(0,1),(0,2),(0,3),(1,2),(1,3),(2,3) }
X Ge

V(G2) =1{0,1,2,3,4,5,6}

E(G2) = {(0,1),(0,2),(1,3),(1,4),(2,5),(2,6) }
12X Gs

V(Gs) = {0,1,2}

E(Gs) = {<0,1>,<1,0>,<1,2>}
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Ol 2) SIS HBE 222 I8l =
de=E G
V(G4) = {0,1,2,3,4,5,6,7}
E(G4) = {(0,1),(0,2),(0,3),(1,2),(1,3),
(2,3),(4,5),(5,6),(6,7)}




o JHZEM A2 HISH ALSt

1) XD Xal S stots 2682 QUL (no self loop)
no edge from a vertex, i, back to itself, no (vi,vi) or <vj,vi>

2) E2= 2188 sl ZotKl &2 =Ct. (not multigraph)
no multlple occurrences of the same edge
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JeHE Ol MG AFEESl ol a) self loops, b) multigraph



(1) && e = (complete graph)
— JeHZOoA 2682 2=DF ZICHQ! D= E 26},
HAEO| 3 == 2hH ol X 28401 30, E&EO0| 4J4Q! el =Z =

(2) 21 & (adjacent)
- 288 DN ZolA & a, b0oll CHoto] 2t (a,b)IF J2H, EE
b0l ! & (adjacent)otCH ] StCE.
(3) 2= (incident)

- 29 JHZ0A BE a, b0l TH5H01 2+& (a,b)Jt ASH, 2+ (a,b)e
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(4) 22 e =(subgraph) G” of G :
- V(G~) < V(G) and
- E(G”) c E(G)

(@) JdcH=E G2 0

S22 = o o

(b) JeH= Gso 22 OelEs
()
]
|
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Gq <CXa3xr=x
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(5) BZ2(path) : E& wUHlA E& veR2Z = 32

— MBSl HA=0I yp, vi, v, Vs, ---,Vn, Vg Jt Tt 22 2HE 0]
ZHE M B8 ve A 28 voC 2 Jl= B2JF UCHLD St}
(vo,vi), (vi,v2),- - -, (vn,va)

- Ratsf jaH_OH/d a2 2t =01 = etCt.
<Vp,vi>, <vi,v2>, - - - <Vn,Vg>
(6) =2 20| : HZ AN U= 2A8 9 £

— (vp,vit),(vit,vi2), - - -, (vin,va) @22 B2 n+1 0| =L},
(7) &t= H=Z2(simple path)
- HS OtXI2sS Moot AE0 RF 2 EZ2, & H2 49 EH0|
ZS2C X %Y= B2E H=HZI 2t St

- M8 0K HE0| 22 Y= d2, S He=de 5 20 UAl FE8U &<6t=
DO:'_CI>_O|D:| AOIZ2 = & 4éet
§ JeHZ0ME &84 A0l 2 (directed cycle)0l et &L,
(connected)
o HE vi 0 MHEUCHS 22 DT GUIA BE volilH BE vi 2

It = 20| Nz ZotdH sd=z)t e ER0IL0.
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4T o LS

22 JEZNAN =z HdZ& OHE, = dZAN 2= 80| AEE X £=2
Q 2 = 1= E connected componentet] stCt.

(11) E2l(tree)
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e 0l Zet S0 S

(12) AZ N AHZE @A

( strongly connected, strongly connected component in a directed graph)

—2HA  JEO Ay, vi in V(G)O CHot vitovy el vitoviZd 20 EMHE

I = MEO| ANUOR Jt= BRI BF ZME [ LHZEQJUCHD BT,
2

-

A @A (strongly connected component in a directed graph)

24 &

2AS X[ 22 JHE, §EO TE A vi,vi in V(GO TH3HY vito vi 2l vjto

VidZIt E2Motes &= 22 A 0|CH (maximal subgraph that is strongly connected)
|
2 3

2= el
(13) Xt==(degree of vertex)
- &0 £=E(incident) 2t& 2]
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— out—degree (of vertex v) : &2 & 2H LIdt= 2tH2 %

- 2o
20

«—

—

|H
&
lo
N
o
Ny

13



Q/A

ei=0f| Cioto] Efoto]et
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4)

Vertex2t edgel| == 9 7{Q17}?
dgi=E == M0 HY7[Bo = MOt
S5 L E0 QI™SH L E=?
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(1) 1™ 8= (adjacency matrix)
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2= & & (space complexity) : S(n) = n°
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2 i & (symmetric)O|Ct.
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42| A E(adjacency lists)
AZLAEZ JefuEE TEsetC). Oz oel 2 AF0 ot & 1t
E&%§7W4@£|£§Wﬂ§@ﬂuﬁmmﬁﬂAE nJHJb & [
1| AEE €& HEalsHt

#define MAX_VERTICES 50
struct list _node {
Iint vertex;
struct list node * link;
}:
typedef struct list _node node;
typedef node * node ptr;
node_ ptr graph[MAX VERTEX];

vertex | ——link
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(2) el &2l A E(adjacency lists)

Z 1 Y(inverse) 1™ AE

0 = 1
1 > 1
2 > 1
Gs —
G3o| F QI AE
N2 2X3 My HEd - AHZCAEE O|XH_; 22 HESSHC.

tail 'head column link for head row link for tail

dAELE

heagnoces—MO, M MM Wz M
- RONEN

A ESEON SONEN
Akl

= Geol M HH

<C ANs+x g=2>
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&1 3:0t=

>

| 2t& (weighted edges)

— eHZE O 2hH 0l JFE Rl (weights) S 2018 & UCH IHE
CHSOICH.

1) BHNM BHOR2 Jte el 22

2) BEUNAM BENK2 EEot= HI=
- QIF #HOIL QFHRIAEN IHEXS R0I5H0 E S0

<C ANs+x g=2>
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Q/A

e =of CHSH EoHo] 2t
L) Jgf=Z oI™sHHEZ LIEFLf o2}
2 Jp|=E OIFME|AEZ LIELHO| 2t
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Z =2 xe
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«JJ2H I ErM(graph traversals)

o
0

2t H A 215 EM(traversal)0|2t 2
— JJeHZof & o >

- EMOIA SO

£

J
=0 Tet s &2 S-E0l UL

« 20|R2HEM — DFS (Depth First Search) — 2= =0 JHX JIB= 242 8

—

0T

—Ec|o MEM HHS =0l M=t A0l

—

(preorder tree traversal)

« HHIRSAHEM - BFS (Breath First Search) — H2lJF I ZEH JIE =

- Edo dEgRMEMES O 20l HEst A 0I0.

0%
gl
0T
12

(level order tree traversal)
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(a) JcH=E G

0
1 » 1
2 ; 2 5
3 = = :
4 IS = | 4 2
\ » 1 = _—J—' | E
6 2 7 __I —

> ! 1
7 : a

» 3 . e

> 4 £
5
» 6
-1

(b)

el =
G?—l’ O|I—|
O A
2l A E (adjacency li
ists)
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F M (depth first search)
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J| gt2 FALSE 0|12 & &0t TRUE

#define FALSE O
#define TRUE 1

MAX_VERTICES

MAX_VERTIC
short int visited[

e

— visited[



o &
visited

MM (depth first search)
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o[ MEA 22| & (depth first search)

[* 20| EA 21 2| S (depth first search) */
/* BE vOlA AIZGH o 20| 4 B2 «/
void dfs(int v) {
node_ptr w;
visited[v] = TRUE; /= 1 22X HEA] #/
printf(““%5d™, v);
for(w = graph[v]; w; w = w=>link) /* 2 o122 A& S48«
if(lvisited[w—>vertex])
dfs(w—>vertex);

* 20| RS EAM 22| S(depth first search)2l Al2HE&E &
2

—> AIZFS & (time complexity) : O(e), e= 2+H 2| %=

<C ANs+x g=2>



(2) JeH= EtM — |{H| R & ErM (breadth first search)
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MAX_VERTIC
=J| gt2 FALSE 0|
#define FALSE O
#define TRUE 1

— visited|

1;

MAX_VERTICES

short int visited[
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& EFM (breadth first search) Gl Al

EFERSEXE

b &
visited

— O
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HHl Lo 442 of - 72 2

VO ..... g V1 ,‘4 V2 4 """" 4
ViV, — |V, V5|V, T alalVslVs
v, — 3 V, Vs
—> V|V Vg V| — V5 Vg |Vy o DelYr
l&v7 lb
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| 4 4 22| 5

(breadth first search) */

[ HH| & &4 22| S (breadth first search) */
[ ZE vl AIEGHH eHEol HH| 4 &= +/
void bfs(int v) {
node_ptr w; queue_ptr front, rear;
front = rear = NULL;/~* initialize queue */
printf(“%5d™, v);
visited[v] = TRUE; /* 1 &2X| J|5 */
insert(&front, &rear, v);
while(front) /* 2 & X| Y= SO Bt= */
{ v = delete(&front);
for(w = graph[v]; w; w = w=>link;
if(lvisited[w—>vertex]) {
printf(“%5d”, w—>vertex);
insert(&front, &rear, w—>vertex);
visited[w—>vertex] = TRUE;

<C ANs+x g=2>
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Z ot deiZel e

O
b o

G2 DE Log Dot o2
- 2 elE dfs(0) or bfs(0)E S&ESH &Y
- dfsOUl bfs(E 22H s L ESBS Sas

no

connected components)

void connected(void) {
dd @40 H Al int i;
for(i=0; i< n;i++) {
if(Ivisited[i]) {
dfs(i);
printf(“wn™’);}
}
}

Jel=T Gs Ol DelsE ME5tH
=200 HAE QAE F=(}.
(Z213) 0123

4567
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