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RGraphBIEE=

MR “F” ERNPHAR—TRIBT
PYH “BB” ARNPERZVNEE, ERNAANEE

painting: FR@RIEBHE

drawing: FRBPEBNHRB/LHFE

picture: EXFRFIRMENE, WRHZE, Wtake picture
image: EEED%ﬁ’ﬁﬂ%EYJ@n, & f%IJLHﬁleage Eizﬂf%&ﬁ&%%m%ﬁ’ﬁ%
graph: 8 : S L

figure: BERNRE, %AfﬂJ@B’ﬂi’BEE ﬁﬁuﬁflgure out BV A
diagram: HRAEZKAE, WEBEE. BFIRE. XERE
chart: BEFHITERNERE. HE. T4

map: MIE; plot: MIE_EBI—/J\IR
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RGraphBIEE=

o —BRENXNEBMEXQIET S ERER, MILIRAVERNINESEX
R ERERBERRNICI
SFAKS, AKOIRAIER AR AN B DR @M SNEEXEE, Bit&E it
WEIX AN ;
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EEERNSIE. RRREREUNBR,
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ItFEHMERBIZEZETERE
Route Map of Beijing Subway

WRNAFIRIE
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AR : NEDREIL

o WREFARPAZEBIRZ6TARITIE
BB R MBS R T ABRRE
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DR206EKRAENA, &
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0 o ImVertex

A TR “BmNode” , RENEAARSS, MRABSIFRRKey, HTMSHHIER
’@ payload,

8

% iﬂEdge

AR “glAre” , REBHNR—TNERANID, FN2TTIRZEBXRANTS, DEZMRTTR
m; DT PIRE Oone-waySi&XX O two-wayHl, WR—TEBPHAEDHEREEA, FMIRX
TN “BOoBdirected graph/digraph” .

( uoyifg

o N&EWeight
N I TAEAN—TIRRBAZ— TR “NH0” , JEUEDHENR; BINARMNBPMNERLZ
B8 “ppE” . “BTHE” 3 “EN” BIYLUHENNRE.
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IHNEN.

e — T BIGOUENNG=(V, E)
HOVRIIRNES
ERNNES, EbNERBe=(v, w), viIvEEVPHEIIRm;
WRBWEXE, WP RNE=TRENE
3B subgraph: VAIERSE&

o MEAREBIS: 6N INRNRIRIL
SlElS

WENEH
V ={V0,V1,V2,V3,V4,V5}

- { (U{]&Ul: 5): (Ula 1‘72: 4)1 (1}2, ”31 g)a (U?’w U41 7)1 (U4:U01 1): }
| (v0,v5,2), (v5,v4, 8), (v3,v5, 3), (v5,v2, 1)

;
-
-
s
S
B
%
3
>
Q
N
N\~

AT RF/ 2=
17



NBR

° Eﬂ?éPath
RPHER, BROKRERERNINREI;

P=(wl, w2, e, wn), HOXNFAEI=i<=n-1, (wi, wi+l)@FE;
TREBENKENDNYME, FTn-1; HTNELNKENBEINRERF;
90, BUIRPE—RBBR (v3, v4,v0,vl), EHih {3, v4,7), (v4,v0,1), (v0,vl, 5)}

pallmirr |

( uoyifg

° #Cycle
BEEERM~EamNEE, Wand (v5, v2, v3, vb) 2— 1B
WR—TEBPABEETE, WIRE “TcEB®acyclic graph”
TENEORFRME “SaiBB®directed acyclic graph: DAG”
BEBNTITUBRUNR — Nl EERTAIDAG, RO ARE ARG R
o BE: MB—FPTLMRBIE ? BDAGA ?
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HWREIEZLARL . ADT Graph

HMREIBETUADT GraphfEe XU I :

Graph() : BI2—P=HNE;

addVertex (vert) : JR—PNmVertexXyRNNAE D

addEdge (fromVert, toVert) : SpAl—REOHA

addEdge (fromVert, toVert, weight) : WII—FKHENRANE DA
getVertex (vertKey) : BRI vertKeyBIIRm

getVertices () : IROEDPAEINRIIZ

in: #ERvert in graphBNBOF T, IROIMREBEBERPTrue/False

o ADT GraphBSCIN HEBMMPEREI:

SLiERFFad jacency matrixfILfIERadjacency list
MM SESBINS, REAANORNRAAPIILLERE

HE KT/ N =
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SRIEREFEA jacency Matrix

o XNERIBEREMKISERKAE 4R

o RBENBTHBIENRBPHNNR, WRMATNRRZEFNEE, WEHE
NATIHERRERE D & P N0 CUATR
RANREFREFFEDERENL, HEO

AN IREREF NEEDEE vo 5 2

o WERABEXMANNRBEE
IURERBIMRTE

o BYUREPEVAZEIR/ DKL T
N “Mifmsparse” FEfE

RZHA)RAFTXV A B ER R IR EY
Dimim/ DF V"2 ER
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SREDFKAd jacency List

o ZIZFRKadjacency 1istTUNNBRENE SV HHR
#HIFP— P RSHBIMMEIIZFR (naster list)

FIRPHBINAR, BRE—TSESHNERNAEIMRBIIIER

« TEPythonsZ I M Vertexk 1, W URXRAFHEKXRFIN AT &
o FHF keydt N T EATIR, Mvaluel ¥ LRGN R EHE A WA E

o AEIRZANGHEZEEIRESW
o REZRETINRATERNATINN
o DIRERNNER

_|id ="vo A

“|adj={V1:5,V5:2}
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L id = Ilv1 "
"ladj={V2:4}

| id = |lv2"

“ladj={V3:9}
Vertex Objects
| id = llva"

ladj={V4:7,V5:3}

N id = llv4"
“ladj={V0:1}

_|id ="v5"
“ladj={Vv2:1,Vv4:8}
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ADT GraphByS<IN
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o BIEM A VertexFGraph
GraphfRrZ S BSFIBIMmENE Rnaster list

VertexllI22 STIMER, URIMREZELDNESR

AT RF/ 2=

nbr2ImXdg:Adkey

class Vertex:

def

def

def

def

def

def

__init_ (self,key):

self.id = key
self.connectedTo = {}

addNeighbor(self,nbr,weight=0):
self.connectedTo[nbr] = weight

__str__(self):
return str(self.id) + ' connectedTo: " \

+ str([x.id for x in self.connectedTo])
getConnections(self):

return self.connectedTo.keys()

getId(self):
return self.id

getWeight(self,nbr):
return self.connectedTo[nbr]
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ADT GraphByS<IN
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class Graph:
def _init  (self):
self.vertList = {}
self.numVertices = ©

def addVertex(self,key):

self.numVertices = self.numVertices + 1

newVertex = Vertex(key)
self.vertlList[key] = newVertex
return newVertex

def getVertex(self,n):
it n in self.vertlist:
return self.vertList[n]
else:
return None

def _ contains__ (self,n):
return n in self.vertlList

\

YA\



ADT GraphBYSEIH

def _ contains__ (self,n):
return n in self.vertlList

def addEdge(self,f,t,cost=0):
it f not in self.vertlList:
nv = self.addVertex(f)

it t not in self.vertlList:

R RERRITREG A nv = self.addVertex(t)
INSREEA self.vertList[f].addNeighbor(self.vertList[t], cost)

ANFERTR SR
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def getVertices(self):
return self.vertlList.keys()

def _iter (self):
return iter(self.vertlList.values())

AT RF/ 2=
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ADT GraphgyscIy : SB

>>> g= Graph()
>>> for i in range(6):
g.addVertex(i)

connectedTo: []

connectedTo: []

connectedTo: []

connectedTo: []

connectedTo: []

connectedTo: []

>>> print g.vertlList

{0: @ connectedTo: [], 1: 1 connectedTo: [], 2: 2 connectedTo: [], 3: 3 connecte
dTo: [], 4: 4 connectedTo: [], 5: 5 connectedTo: []}
—
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>2>>
>>2
>2>>
>>>
>>>
>2>>
>>>
2>
>2>>
>>>

g.addEdge(0,1,5)
g.addEdge(9,5,2)
g.addEdge(1,2,4)
g.addEdge(2,3,9)
g.addEdge(3,4,7)
g.addEdge(3,5,3)
g.addEdge(4,0,1)
g.addEdge(5,4,8)
g.addEdge(5,2,1)
for v in g:
for w in v.getConnections():
print "(%s, %s)" % (v.getId(), w.getId())
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o N\—TERIFEZER—1T81E, HPIUEIUEIZ T PEfLF
??%*Q%Eﬁ’ﬁ%ﬁZl‘@%ﬁRﬁ‘é%l/l\?ﬁ, YOFOOLZZSAGE :
FOOL >> POOL >> POLL >> POLE >> PALE >> SALE >> SAGE

o BANBIn R IRANBITT IR

o RABRBRXMNIANLRUF :
RUENR T ANEEXRAREND
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WRMATBIFZBNEEITFE, MEEN]ZBIR—RI
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13460l : IERIFRAR

o BPXABIUBIARNEEZRLE (MUTNFEERITRIH)
B RMBR I ENRINARD, BIREARIINR 2B

IIHP

1« BEIDINSRERSE, fNSITHAR (R13) , SREMEREHTHR,

Y IREEXINZE, NWEIT—FRN —

;; NEBSRERI02), NIFHAE4NSHEEG10MNEE, BEBIT26005RHR
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o TODIRAPythonFHAREITE

det buildGra
d = {}
g = Grap
wfile =

# create buckets of words that differ by one letter

for line

ETTECDER -

T4

for

for buck

E—MEET .

BT

AT RF/ 2=

return g

ph(wordFile):

h()

open(wordFile, 'r")

in wfile:
= line[:-1]
i in range(len(word)):
bucket = word[:i] + " °
it bucket in d:
d[bucket].append(word)
else:
d[bucket] = [word]

+ word[i+1:]

# add vertices and edges for words in the same bucket

et in d.keys():
wordl in d[bucket]:
for word2 in d[bucket]:
it wordl != word2:
g.addEdge(wordl,word2)

\

WA

24



13460l : IERIFRAR

S EOIREEITES 55, 110 M HEIR1
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SIS BN S8R (Breadth First Search)

ERIRABZISTALG, TRUSER DI TRV ERAD B,

'%'%’ 33 “I B &RBreadth First Search:BFS” &ZAXTER 19K AR EH
’}%%

BFSERARRNREREEZ—, HRRE—L&

BEEG, URFIBRREVELINMS
BFSIEARFTE Ms T RBATRENA

MEERREnEEk IR ZAI, BFSEHIEIZERHRE kB
JRBRNUs IR, WE—IRWEITRE, NEE NERSIEBINER
[TELTERERIEACIBNERZE, W0 SEREPTRERP
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o0 N S IRIRIRBIALRE, F@#RESEN, RIS TNEML

AT B —1BASIQueueS kXY E KM BVIR A THES, RE P —TRERD
M (PABETAR)
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BFSEAI1E

MEBIARsTHE, ERRIARBINR, mENKe, BEIN0, BISXJyNone,
NONBASI, £ PR NMBIAENIEE:
MAEEE—TNRRIEN BRI ;

BN SRIINREIBEINR, WRBRHRAMNBEINR, WREARSIIKE BxWM) ,
EEIEN0L, BURIRRN SRR, JOARIBADIE
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BFSEASBIGIT

N secnzipmse Python )

AT RF/ 2=

31



MH+W :
yip g

N\
/

AR

3
>
Q
S
~

fool poll

32



N WA

HIS PN (Python )

FRF/ =



def bfs(g,start):
start.setDistance(9)
start.setPred(None)

vertQueue = Queue()
vertQueue.enqueue(start)
while (vertQueue.size() > 0):

BENVAABE1E A eI = currentVert = vertQueue.dequeue()
for nbr in currentVert.getConnections():
it (nbr.getColor() == 'white'):

;
-
£
13
S
B
%
3
>
Q
N
N\~

nbr.setColor( 'gray’)
nbr.setDistance(currentVert.getDistance() + 1)
nbr.setPred(currentVert)

vertQueue.enqueue(nbr)
LTI currentVert.setColor('black")
—

T RF/ N =k

34



~l

{EBFSDAFOOL NI, EH 5 FIBEINM, FHH

BN MmEE. HEEF

: Az /G

q R =

= BT DR —NORE M R AR EFOOL BT 21T MR B RAT IS

5 def traverse(y):

o BE: BFSH/SE =y =

S while (x.getPred()):

o) FTEMNSATTBRA ? print(x.getId())

> X = x.getPred() —
79'{_'_/4\ ? print(x.getId()) g

wordgraph = buildGraph(“fourletterwords.txt™)

bfs(wordgraph, wordgraph.getVertex('FOOL"))

traverse(wordgraph.getVertex('SAGE"))

KT/ 2=
KRG/ #traverse(wordgraph.getVertex('COOL")) 35



BB REEDT
o | BFS&EA AR MBIANERE : while—for

13

MEREAEvhiletptifor, BTERURBEREBEIRUEMNNIES SHRNE—R, M
MNRRERBHEALR, FIUARBBIEEIR, —HR0(E])

LRGBS BS RENO(|V+[E])

FHIAEBER T BOEE
RIBFSHZ /5, DRMmIRBmaEE, &SH0((V)
IRREXABLRENG, BF: HERENSD?

MR

?
S
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2.% IR AT E L (ADT GraphSEHL. buildGraph, BFS. traverse)

0
RE45>)2
FAREIIZRIENFREFEFRSEINADT Graph

|

( uoyifs) LT

AT K/ R =

YAN\™ \ |



Bt Esiol@Knight’ s Tour Problem

E—TERRHEHHEE L, — TS “5” (B1) , &R “SEB” 89N,
M=K, BEBIEHEREE—X.
E—TXERNEERBIFRA—R “Fils”

ES X BNEIREEE F, &8 “Fils” MEF1L. 305X 10X 242, FEH
WiEPEMBEBMES S

XABERREZE, SRABIARURARSZEENRENOEZ—, BR
PDERIER DN :

SRR EBAERRBERIA—TE
XABREBREEEI —TKEN ((TxI-1) 89
BRI/ TIRIE—R
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def knightGraph(bdSize):

ktGraph = Graph()
N for row in range(bdSize):
l@}j_J/l\*% for col in range(bdSize):

nodeId = posToNodeId(row,col,bdSize)

%—,‘fé}ftdi/\ newPositions = genlLegalMoves(row,col,bdSize)
for e in newPositions:

nid = posToNodeId(e[@],e[1],bdSize)

,,J\JJI:I &]- M ktGraph.addEdge(nodeld,nid)
return ktGraph

def posToNodeId(row,col,bdSize):
return row*bdSize+col
def genlLegalMoves(x,y,bdSize):
newMoves = []

Offsets = [(-1,-2),(-1,2),(-2,-1
HEHSNE T i ( 1,-2),( 1,2),( 2,-1

) B
] —
for 1 1in moveO-F'Fsets z

;
-
£
13
S
B
%
3
>
Q
N
N\~

newX = x + 1[0]
newY =y + i[1]
1T legalCoord(newX,bdSize) and legalCoord(newY,bdSize):
S Pa= tho-e8 g )
E%LA 1: 2 newMoves.append( (newX, newY))
return newMoves

def legalCoord(x,bdSize):
1T X >= @ and x < bdSize:
return True
b KR/ 2 &k else:
return False 40
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BB ERI

o ATERAETREIANBEREEZRREMTER (Depth First
}E Search DFS)

BERIRB ELEER, EERBREIIEBRNNER, KREMTERELSE
5$MWH§R§§AﬁTE%,m%ﬁﬁﬁﬁﬁm@xﬂiﬁﬁﬂ@%,m

TENBIFSHR NS & A
/\DFS%U&JEE:FE@/R%iHE?ITEE HESREMNAAHIE—R

A—TDFSEAENEA, AHIIRKERNE, JENRECEEAENEY

Aw KF/ 2 =i
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BB ERI

&1 RE T SRERB T ABENXEBEBEET:
L SR EBTRNERITEAS (FESHEBESRETT) N

*@ BRKERRIEATITEE (8xsHEN63)
N EREERE, RO, B STEERNEER.

\
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\ :" ‘\—t \
BTRABEED ,
=N 5 . Y P .
— def knightTour(n,path,u,limit): n.)ilj\, pathft%’fé, \lié HU]-Janﬁxu
¥ vos u.setColor('gray’) ||m|t:fl: > ?,‘E‘x;'\
| BTSSR path.append(u)

1T n < limit:

nbrList = list(u.getConnections()) Xf]'ﬁﬁ éﬁf%%z‘:}]éﬁ—ﬁ%)\
i=20

done = False

SH-432 4RI% while i < len(nbrlList) and not done:
lﬁ?¢]§§$}iﬂﬁg if nbrList[i].getColor() == 'white':
WA

done = knightTour(n+1l, path, nbrlList[i], limit)
i=1+1
R ' if not done: # prepare to backtrack
%B%/i;&ml%l\l*}g [} IEI pat h. pgp( :].
;yfﬂ ; litZIKE_F—ﬁ\]-ﬁ,F\'J‘_\ u.setColor('white")

se:
done = True

return done

X
%

75/

uoye) FABIT
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Figure 7: Explore D
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Figure 4: Explore B

Figure 8: Explore E

1
)
&
S
S
Ny
Q
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T KF/ 2=k

Figure 6: Backtrack to B Figure 10: Finish 45
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B

TR,

*’@

RISRIINEZ, H

2]

AT RF/ 2=

gZKAXBg%?-\t ! E:‘

B EEIDINT

2 IR RknightTour VM BE S E KT
2:1: 5 x SEIEHRMS, KN SHTLUSE— M EEEER

B8 x 8BVHA F, NWRRFHNN U EBNETESE— 1!

EZKA:E: 79 0 (kn) ’

SR

FRUN

RAIRanbrList B8 FRR S

HingHERHE, X8— TN

—/I\E‘/Rjﬂnﬁ'ﬂm

\
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BTrEEEASH

L FiclZ, IEREHNESRES ALY UAERINERE ENUKIBEIUH
EX@MM@@?EHL,uﬁﬁﬁﬁﬁﬂﬁﬁﬁﬂﬂ% JUE1S8 x SHANFBBRER
o W ERERRR !

o )18 & 55 PnbrList= list (u. getConnections ), EHIEURWBINFEEAE

ARTTERONDIRS, MOEE, BN Snbrlist= orderByAvail (u)
RS ERNEMEHARHRN : RERDESERNBRNESHAERR

def orderByAvail(n):
resList = []

Ol

B=Z. NMLEEIRSMEE ? for v in n.getConnections(?:
. if v.getColor() == "white':
=il MRERFZE ? c =0
for w in v.getConnections():
if w.getColor() == 'white':

c=c¢c+1
resList.append((c,v))
resList.sort(key=lambda x: x[@])

LT K5/ 3 =i return [y[1] for y in reslist]

48



B AMsEAUH

X NE S AR IFRIARBE RS M Warnsdorf &)X
KA SERNANRRIUHSIEMBEBME, FREN “BATNAM N heuristic”

WHEEREZE, sMAESAHE, mEOR. 8FIRF “BRIAN” , EBEFKGN
BANEENHEEE T RERNPENRESES
o« Plim: BEMEH “SAML” Dk, BREFRASAACESS

T RF/ N =k
49



L

12 Bg;g—ﬁlg{jt%' ;2%

BLIEBE IR —PNRONEBHTREMLTRR, RENREII—TRE
D NERARRE L TN

—REDREMGEBRII LENESS, EENRER LHITREBRNER,
ERREZHINGR, DRNTMIHTOX (BIE SH)
BRERELTERSCIEZRN, RN “REIMNTHFMN”
AEMTEROFZAINRE “AIX” B, KISEMIZRMN

| POINRRIRE “RINE” F0 “ERIVIE” M TEM

c MEFEHEFEF]LLHEHEAXATNE (REXRE)
s FRENZEZEFLTEZRTHTNANFEER (KEEE)
XA T FEENGENRELREER

%Wﬁ%%ﬁ‘

N

uoyfg

Aw KF/ 2 =i
50



HENREL B

BA I BDFS&E ARSI NGraphB 53
TN Vertexi®@il s ADiscovery kFinish

BGraphi@l 5 sl FA time ATFICREEZNTRS REE

BT S iiss ‘ i

( uoyifg

AT RF/ 2=

\

YA\



;
-
£
13
S
B
%
3
>
Q
N
N\~

T KF /)

B BYARE LR REANS

BFSSKFHBAS I Z 1S

1AIEJIR

DFSLJxELL_L%; =)
feUER T 1%

EREIIRL

QD% AEARBIEIT

=, NEFHFER
BRI

AT 317519

=i

from pythonds.graphs import Graph
class DFSGraph(Graph):

def

def

def

__init  (self):

super(). _init_ ()
self.time = ©

dfs(self):
for aVertex in self:
aVertex.setColor( 'white")
aVertex.setPred(-1)
for aVertex in self:
it aVertex.getColor() == ‘white’:
self.dfsvisit(aVertex)

dfsvisit(self,startVertex):
startVertex.setColor('gray’)
self.time += 1
startVertex.setDiscovery(self.time)
for nextVertex in startVertex.getConnections():
it nextVertex.getColor() == 'white':
nextVertex.setPred(startVertex)
self.dfsvisit(nextVertex)
startVertex.setColor('black")
self.time += 1
startVertex.setFinish(self.time) 52
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Figure 14: Constructing the Depth First Search Tree-10

Figure 15: Constructing the Depth First Search Tree-11

Figure 16: Constructing the Depth First Search Tree-12

BILTRBREE

Figure 19: Constructing the Depth First Search Tree-15
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heat syrup
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turn when
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SFIIRRI0)M : Dijkstra®ik ;'dexkstra
BRENBIIESRODANEASERURBEED N “Di jkstra®k” , X
B—MNERESE, BHM I TIRIERFENSNRIGER, RELF
BT REABFSHER.

BRI E, EIMmVertexZ PG dist B FIeRMNFBINAR BRI R EY —=
BRABNEBERKE (&) , EFEXNEPRSNRIE N —XK.

MRBHRIREEH— MU SPriority QueuekiZ i, LIEAIIPIERIT
FERBE N RBYdist B,

&Y, RBABIARdIstizN0, MEMATEINMdistig/ysys. naxsize (&
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RIS RO : Di jkstraB& R AR

from pythonds.graphs import PriorityQueue, Graph, Vertex
def dijkstra(aGraph,start):
pg = PriorityQueue()

X{Uﬁﬁﬁ]’)\m\i_i& startrsetDistance(B)

pq.buildHeap([(v.getDistance(),v) for v in aGraph])

ﬁ?ﬁﬁﬁﬁ?ﬁﬁkﬁu while not pq.isEmpty():
currentVert = pq.delMin()

ﬁﬁf‘EBA?UHjBA for nextVert in currentVert.getConnections():

newDist = currentVert.getDistance() \
+ currentVert.getWeight(nextVert)

& it newDist < nextVert.getDistance():
1' EQHZ'IBAD\"“}EE nextVert.setDistance( newDist )
]:;z]-ﬁ,"\l—\'_'ﬂ’]d ISt, ;:F nextVert.setPred(currentVert)
/I\EHH}A@J pq.decreaseKey(nextVert,newDist)

det bfs(g,start):
start.setDistance(®)

start.setPred(None) B Fsyj'tb
vertQueue = Queue()
vertQueue.enqueue(start)
while (vertQueue.size() > @):
currentVert = vertQueue.dequeue()
for nbr in currentVert.getConnections():
if (nbr.getColor() == ‘white’):
nbr.setColor( gray"')
nbr.setDistance(currentVert.getDistance() + 1)
nbr.setPred(currentVert)
vertQueue.enqueue(nbr)
currentVert.setColor( 'black") 70
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http://baike. baidu. com/view/1227645. htm
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V)

XA RO : Di jkstra®iEDHT
o /5, BIXUDijkstra& AT BHETONT
B, RAABMRIALEAIIFEE, Na8SREN0(V])

D HR, BTMAX
0(|V|log|V])

BN, B MO XKERBININm SR —RdecreaseKeyi2{E (0(log|V])), —F

BALXR, ®8RdelMinfg %% 0(log|V]), —HRMZ

=ME—R, HEERRMRZ0((|VI+|E|)log|V])
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e Hamiltonian path problem (I5ZZUR[CIEZICIFR)

Traveling salesman problem (JR{TRSIG)™R)

Subgraph isomorphism problem (FE[EFIC)ER)

o Clique problem (EALRIGI)

e Vertex cover problem (dominating set) (INma7ez=I0)7R)

e Graph Coloring Problem (BREtof)
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AT RF/ 2=

A Hamiltonian path (or
traceable path) is a path in an
undirected graph which visits
each vertex exactly once. A
Hamiltonian  cycle (or
Hamiltonian circuit) is a
cycle in an undirected graph
which visits each vertex
exactly once and also retums
to the starting vertex.
Determining whether such
paths and cycles exist in
graphs is the Hamiltonian path
problem  which is NP-
complete.

A graph representing the
vertices, edges, and faces of a
dodecahedron, with a
Hamiltonian cycle shown by red
color edges.

NP problem can not be solved in polynomial time.
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Subgraph isomorphism problem

LT K F/ 3

=i

/

Subgraph Isomorphism Problem
* Input: Two graphs G=(V, E;) and H=(Vy, Ey)

* [Vi=IVsl and |E4S|E ]
* Question: Is H a subgraph isomorphic to G?

* [s there an injective map f from V to Vg
o {flu).f(v)}€E holdsfor any {u, v}EE,

Example

Graph G

YC S

Graph H,

Graph H,
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Clique

AT RF/ 2=

You can find a maximal clique by starting with a small clique (at left) and repeatedly adding another node

so that the selected set of nodes is still a clique. The procedure stops when all nodes are selected or there
is no way to add another node without violating the complete connectedness of the existing clique. Note that
the final result in the above example is not the largest possible clique in the graph.
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Vertex cover problem

Vertex Cover Problem

Problem: Given graph G = (V, E), find smallest V'cV s. t. if
(u,v) € E,thenu € V'orv € V' or both.
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Graph Coloring Problem
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o —RKIOAR N NOERE
K-colorable, 2Rk T Bt
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chromatic number
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