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y  JREVertex

AR “F5 ENode” , REMEKERIY, WMEELA LARIFIRKey, BT AHFHKIER
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y 1BEdge
BWAR “IRArc” , RENF —NEABRINY, EA2ANAMEZI A XZGET, LHEEAAN
W& AT IR %2 Eone-wayREF R Ftwo-wayhd, e E—ANBFHHAFAHRRZLEE,
MRIXANBA “H @ Bdirected graph/digraph” .

y IEWeight
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HEPVRAEHESL
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RE N K
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- { (U{]&Ul: 5): (Ula 1‘72: 4)1 (?}2, ”31 g)a (U?’w U41 7)1 (U4:U01 1): }
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AR BZNRKEALGEKE, FTn-1; FRBEOKENTAARE G fe;
e, AR P a9 —5 %42 (v3,v4,vo,v1), HiLH{(v3,v4,7),(v4,v0,1),(VvO,Vv1,5)}
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BE2 8 AWM EAMPNHEZ, AT R F (v5,v2,v3,v5) & —/ B
R —ANBFRAELEETE, WHKE “LEBacyclic graph”
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R EESEBY . ADT Graph

y IHREURHBIADT GraphEXUT:
Graph(): €12 —/\Z&H;
addVertex(vert): ¥ —/ T &Vertexst £ A\E ¥+
addEdge(fromVert, toVert): Hle—FH qil
addEdge (fromVert, toVert, weight): F—FHwR6A QL
getVertex(vertKey): &&X LA A vertKeyhy i &
getVertices(): BB B FHA M &I £
in: #MBvert in graph®iEa B X, BB K2 F H5 4B FTrue/False

y ADT GraphBJscI G ZBmRHEERR :

AR3E4E%adjacency matrixf=4R3E & adjacency list
AR T EEARS, ERARBRNE R ALEF
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¢BiEIEEAdjacency Matrix
 NWEINEEMEMG iZERHE =B

BN STHENEARERNINR, MRBINTRRZEERHEE, WEH

Rt FUERVEERE > SHRINLAG IR
AN WE4EEDEIFEAL, A0
i AL M KA R G N 4EE 18

) IPIRAEMESEINERIRN R R R

T AR 5 45 2R & R de AT AR &

y (BUNREPRIBERDNHEE(R T
M A “Hdisparse” 4%
X % K B AT N 6 B AR R A
AT Y F V| 2EZNELR

b K Z/ X =#/2022

Vo

Vi

v2

V3

V4

V5

Vo

5

2

Vi

v2

V3

V4

Vs

Z



eBiEZRAdjacency List

y SBiEHIZFRadjacency listr] AR AiG G EIRE S WEE B 3=
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« TEPythonsZ I M Vertexk 1, W URXRAFHEKXRFN AT &
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VertexM] 6,4 7R /28, BRI &EEDHIELE

class Vertex:
__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] e
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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

= K F/ ) =1/2022 177
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ADT GraphRYJsEii

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())
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ADT GraphfYscHR: SEfl

>>> 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: []}
== e
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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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AR AR EFEARERANBFY, HFREIZLIMEZEGD

 BVBNEBERZ, SN84/MRR (RiF) , SHEMBRIEBTILE,

MREEPFE, WEZ—FiD =
W LR RRO(n2), HTFAAANFEMGS104#, FEAL26007 KK

 UHNEZREIEXENME, BIMWMILIEHNETERE, MitmcEEE1N i
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def buildGraph(wordFile):
d = {}
g = Graph()
wfile = open(wordFile, 'r")
# create buckets of words that differ by one letter
for line in wfile:
PETSEACCIDY N voré - linel:-1] |
P or i in range(len(word)):
+4 7‘% bucket = word[:i] + ' ' + word[i+1:]
it bucket in d:
d[bucket].append(word)
else:
d[bucket] = [word]
# add vertices and edges for words in the same bucket
for bucket in d.keys():

— N — for wordl in d[bucket]:

la _!_Tﬁﬁg%-l‘;—lz for word2 in d[bucket]:
[BJEEI if wordl != word2:
g.addEdge(wordl,word2)
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return g
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SCIN Bt YciEZ2 (Breadth First Search)
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BFS%& O i

és( ﬁ?ﬂﬁﬂmlﬁmﬂﬁhﬂ)\Lﬁz. HERESNs, EANMSIEMITELE
E SEFdistance: MARIETR R\ KB EKE;

*'“3 AT ZETA &predecessor: it H B AL IETR KR Q%2

Fécolor: WHIRTHMEEHNARIN (&) . L2LAN (ke) . TRALEETHRIKFEER
(2 &)

JEF'“E H— 1 EAFIQueue Rt E LM = THES, RET—1MEIRZR
= (PABIR=)
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def bfs(g,start):
start.setDistance(9)
start.setPred(None)

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

BENAABE1E AT = currentVert = vertQueue.dequeue()
for nbr in currentVert.getConnections():
it (nbr.getColor() == 'white'):

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

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

7 M 7EBFSLAFOOLNIATRS, BETHERS, HYSANSEES. WIS
E B!l?ilZZu:
> BRI LSS — P ELSIE M R ECRHEFOO LM iR S RIS TR e !

def traverse(y):

% BFSEESE X =y
while (x.getPred()):
FRBRIRIERERFA? print(x.getld())
X = X.getPred()
j‘]ﬁ'/A? print(x.getId())

wordgraph = buildGraph(“fourletterwords.txt™)
bfs(wordgraph, wordgraph.getVertex('FOOL"))
traverse(wordgraph.getVertex('SAGE"))

LT K /%) & /2022
o #traverse(wordgraph.getVertex('COOL"))
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¢ BFSEZEFERANMENRIERE: while-for

i’f whilefd 33t B ¥ S AT KiFFl—k, FrA2o(|V])

*\,@ ik 2 Awhile¥ t9for, BT HEFARA LALLM AU NN IET 2BEE—K, W
ARERZHILKR, PIAARSHAEELR, —£R0(|E])

42 S AZRBFSHIETE] B A EH0(|V]+]|E]|)

IR SIERIN IR RiE
RIBFSKHZ G, HHM LALLM EMGTE, KFH0(|V])
PR EAXZEALET RN, &F: LIAREAZV?

U
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¥@EME AT EH % (ADT Graph%:#. buildGraph. BFS. traverse)

iRE%532
Fl# & 3| &k AE R 4E % & 5 ILADT Graph
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51 Al Knight's Tour Problem
ME—AEFSEESE, —AETF 37 G51) | KE "DEE” O8N,
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T AR AR PR —K %
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RFRERT AT

FhRHSBARKA RTH—AB
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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

) o
] -
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
LT K F/ 2] =i#/2022 else: 40
return False
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Bﬁ:l:lﬁiﬁ?%iﬁ%‘@iﬁ!

3 ﬂi?ﬁﬂ:ﬁ'&?ﬁ:l: FRENEREREZRFREMTEE (Depth First
*E Search:DFS)

tHELENRRERGEE, EZERUERMIER, REMRTERERESL
N HNEZBRERARTER, NRIATZHRENZEERLD =R, MmEl =
i E—EBERET—X2

> FHEMADFSHIM/EME %
—ADFSH ik Al TRk B A% F AR, 45 REATR ST F—k

B —ADFSHERABA, AHMEKEZLIFNE, TAEAHRLCEH H0 K6

WA
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5 w5 A BRI B U

REMFCIEERRIG T AR BIRET:

I REELIRNBEIRERE (AL EBHHRCLERARLT) K
BERKELERLIACIE (8X8H A AH63)
MARFRAEATT, BEE E—FE, R—AL5IBLERALE.
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ITTREFRENES
B=NA7 . . Ve & . .

— def knightTour(n,path,u,limit): n')glj\' pathﬂg’fé' \lié HU]-JFir\IJ\_\I —

< o u.setColor( 'gray") ||m|t:j: ?:ﬁu‘\r\

32. =AUV INZTERP path.append(u)

N 1T n < limit:

nbrList = list(u.getConnections()) Xf“:—lﬁ éﬁf*gﬁ]\ﬁ_;%)\
i=20

done = False

SH-432 4RI% while i < len(nbrlList) and not done:
lﬁ?¢]§§?5}3\:ﬂﬁg if nbrList[i].getColor() == 'white':
WA

done = knightTour(n+1l, path, nbrlList[i], limit)
1=1+1
o s 2l 3o ' if not done: # prepare to backtrack
%B%/i;&mlﬁ&)\lx}g 1 IEI pat h. pgp( :].
;yfﬂl 'LitZIKE_F—ﬁ\]-ﬁ“ﬁ“ u.setColor('white")

se:
done = True

return done

%
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Figure 4: Explore B

Figure 6: Backtrack to B

Figure 10: Finish
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ITEEREDH

a0 Lix8iZknightTourfITEsER BRI T RAIRSnbrListAIEFRIXE:
RS X SRR T, k#0158 T AR S — AR 1
(N X geit A b, W BFA D R LR A 15— AR
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Bﬁiﬁiﬁ%ﬁﬁﬂii&

;ss( i zii=, BMERiERRSES Z I LAECiREsE EMLAIXEE SuH
E SnbrList® R M), A EF AR R EFE RS, TAMEF8XSH AW EAHRIEH &
*@ B ] M4, 2 A 4|

2

S9| ¥IbaEsEdnbrList= list(u.getConnections()), EiELAEISIREFEFRIBEE

I ERAEFENSSIRE, SR, (UELLT nbrlist= orderByAvail(u)

Huky &3 BT ERIESFH: RARS L BB THREL X

def orderByAvail(n):
resList = []

HE. A LGRS HERE? for v in n.getConnections():
if v.getColor() == "white':
Zik: HERWRFRHIIT? 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[@])

AT KA/ 2 = /2022 return [y[1l] for y in reslist]
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from pythonds.graphs import Graph

BFS“')EHBA@JT—ﬁ% class DFSGraph(Graph):
DAl EIIpY= def __init_ (self):
OFS R BB i

FexUER T %

def dfs(self):
for aVertex in self:

Bl @T‘BQA'H{, aVertex.setColor('white")

aVertex.setPred(-1)
for aVertex in self:

AR Eﬁﬁfiﬁi’lh  Teelf sroeisitaverte)
/\\\ I 7F7|§

;
-
£
13
S
B
%
3
>
Q
N
N\~

def dfsvisit(self,startVertex):
startVertex.setColor('gray’)
x self.time += 1
TH%EIJ 9& startVertex.setDiscovery(self.time)
for nextVertex in startVertex.getConnections():
it nextVertex.getColor() == 'white':
nextVertex.setPred(startVertex)
i%g{jﬁ%ﬁuaiﬁrﬂ self.dfsvisit(nextVertex)
startVertex.setColor('black")
A K F /%) = /2022 self.time += 1 52
startVertex.setFinish(self.time)
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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 Figure 19: Constructing the Depth First Search Tree-15
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TEelkze
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Figure 20: Constructing the Depth First Search Tree-16 Figure 23: Constructing the Depth First Search Tree-19
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Figure 21: Constructing the Depth First Search Tree-17 Figure 24: Constructing the Depth First Search Tree-20
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Figure 22: Constructing the Depth First Search Tree-18 Figure 25: Constructing the Depth First Search Tree-21
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L SHME: B—A TSR CEMEET SOFREFREN (RREE

T EmmE NATFREFREN “EREE"
WFMELFHEAN, THEERHTE

=

| DFSiE{TH R EEE 7 FMam:
dfsd ¥ T ABAMER, FAHRIVIKR, HARO(IV]) L
mdfsvisit PR Rt 5SRO TEES, RELUAETEN QLK o7
AT+ RAFBEIN, oA SR RER 2B —F, FARO([E]) =

A2 & # & FeBFS—#850( | V| +|E|)
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MBS HESELELNE, FRESERER

-/Q "

S BRI @
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- RN R 1 .

3 &n%___/]\/\& Q '1#(, ' g8 pour 1/4 cup
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TE?I\}EIIErﬁTopoIogical Sort
£y M IEREZESEI TIEXFHISIRNEE, 1A “fairHEE"

S

= g (v,w)if3,
| DAGHYIZ L

&SRRV IR EWZ AL,

ATEIRISS(HRIHES
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1 Tbl Oil
17/18

3/4 cup milk
1/12

heat griddle
13/14

1 cup mix
2/11

heat syrup
9/10

1 cup mix
2/11

heat syrup
9/10

heat griddle

pour 1/4 cup
3/8

pour 1/4 cup
3/8

turn when
bubbly
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RIEIE D ZEHE: B TranspositiontifE

TERREMSGIEEDFSTEERAZMIEBDZZH, FTAZ—ME:
Transposition}s&
—AH B EGHEGT, &L AHWEGH A LN ETRKSE, ¥ (v,w)3%H (w,v),
4o B BT 69 B GAn%t EGT:

TARRE BAit BB AEREEA) LK EARS L, RAFM.
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BBl 948

S BEHRiRiE “Internet” MIZIREHS, ZhrLE—1HISHEIERRIMSE, l
| ixeeps s S BT TR TIE, faEIS(EE Minternet i — IS (51255 -

FAInILAEE “traceroute” fRSRIREREREEMNIBE (AFEMEFER, =

SRR EIMELER 2 XA T IRAERR, TEEEEAFGS)  BIIRES

MLuther CollegefilwebfRS3z3EIUniversity of Minnesotafimailjik335s:8
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mxfaini=iael: Dijkstra&ix ;'dexkstra

;%Sz ﬁﬂlﬂﬁ*ﬂﬂiﬁﬂﬂﬁfzIlﬂmﬂﬂﬁf"ﬂ%lﬁmuﬁﬂﬂﬁ‘ N A0 “Dijkstragix” |, X
A E—AMNERERE, SEN—IMRSIESFERSNREER, RISEFr
L CIE = ABFSHIZEER,

e E, fEIRRVertexsRRIpkRdist A FicR AR EI RIS/

RENEEKE (NEZH) , FSENEPREITRRIER—IX.

0 RGN R —MESEPASI Priority Queuesfizil, LARAFIRIEAMN
%?&Hﬂzslﬁﬁﬂf]dlstf %,

=, RAEFRN=AdistigN0, mEMABINnEdistiggsys.maxsize (&
KEED , £EBIINKFPAT,

EEHRRSERLHIA, FHTREESMENSINNE, S5lEAEEBINRAdist
HOREOVOZER, SlEEtEEHE, FHELLRIRLRA.
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Exfoini=alRe: DijkstraBix(\is

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

Xjﬁﬁﬁ]-ﬁj,"\l—\:l@i&, start.setDistance(®)

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

2 Z while not pq.isEmpty():
FZRK TSRS
. currentVert = pq.delMin()
ﬁE%BA&UHjBA for nextVert in currentVert.getConnections():
newDist = currentVert.getDistance() \
+ currentVert.getWeight(nextVert)

;
-
£
13
S
B
%
3
>
Q
N
N\~

Az A if newDist < nextVert.getDistance():
1|Z&|IZHBATJF3,"\|—\:'\}5E7B\ nextVert.setDistance( newDist )
Tﬁ]ﬁ,"\l—\'—'\ﬁl‘JdISt, #155 nextVert.setPred(currentVert)

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) 70
vertQueue.enqueue(nbr)
currentVert.setColor('black")
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mxfoigi=ial: Dijkstrallix
aa%&“ﬂflzs DijkstrafiZ R gE B KT ORIINE, WIREARBINGEINGE
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, WEESEATTIRIER

BADijkstraBiZ= MR T HSINERNREEEFERR, {B3CFR.EInterneth

IH=RPRANEREREZE (©)

HAREENEER, DijkstaEZZFTEBSEZNEBNEE, BXWF

InternetAIISHEERIR, BALEISE N InternetFfIAIEHERHIEEREE

FREESHE, XANEHEEMAR, InternetF)TEARIFFIE
EEFRZIMLTE,

{551 ﬁér

E%EEI FRIEEEZ (Bk "IBHARE" ) WFEENMREEE, BXEalld

2% "IEERERAEE -

http://baike.baidu.com/view/1227645.htm
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(ERIERE: RVERR
T SR ERENRGRE, KRTEEEXRE LA R I REN

# (minimum weight spanning tree)
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§ SERNRATEE.

SRR BRI T -
3o RTELERZ L A, A EK:

o WEI—FFUL2ABMEIMTH L

o KA B AT
“aJPARERMN" BB, EXP—IRIR=ERR, S—imAERTeNa, Ll
{E{RISHIRITTEFE

BT

N

( uoyifg

b K Z/ X =#/2022 80



g/ VER : prim&EiER G

.
.
3
R
S
&
S
<
>
Q
S
o

PQ =B,C,D,EF.G

LR K S/ 3 =7#/2022

PQ =C,D,EF.G

Y™ \



g/ VER : prim&EiER G

().
*«l

PQ =D.E,FG

,
-
5
g
S
o
%
s
S
Q
S
-

LR K S/ 3 =7#/2022




g/ VER : prim&EiER G

.
-
5
g
S
o
%
s
S
Q
S
-

LR K S/ 3 =7#/2022

"YA™ \



g/ VER : prim&EiER G

,
-
5
g
S
o
%
s
S
Q
S
-

LR K S/ 3 =7#/2022

84



—LE4Z BN PCRYE]a) 55

Hamiltonian path problem

N

» Traveling salesman problem

BT S s ‘

y Subgraph isomorphism problem

y Clique problem

( uoyifg

»  Vertex cover problem (dominating set)

» Graph Coloring Problem
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Hamiltonian path problem

= K F/ ) =1/2022

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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Traveling Salesman Problem
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Subgraph isomorphism problem

= K F/ ) =1/2022

/
Subgraph Isomorphism Problem
* Input: Two graphs G=(V, E;) and H=(Vy, Ey)
* [Vi=IVsl and |ELS|E]
* Question: Is H a subgraph isomorphic to G?
* [s there an injective map f from Vy to V
o {flu).f(v)}€E holdsfor any {u, v}EE
Example YCS -
©
K Graph G Graph H, Graph H,
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Clique problem

= K F/ ) =1/2022

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'V s. t.if
(u,v) € E,thenu € V'orv € V' or both.

LR K S/ 3 =7#/2022
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Graph Coloring Problem

y [E—FBHNANER ARG
» K-colorable, ZZ Bk
y f{E—IKE, HR/EGaHina

chromatic number

» EepAINPClA)EE

BT S s ‘

( uoyifg

Z
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S
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)T BRI K FEBFS, M A E M RiBHR 2P A ;
A B d9Dijkstraff ik

BeyRER LR L&

AT RACE & 5RER S X H %

T REBRAEG-HEF 09 36408 H ik

AT #&H &R DERME X,

,,Nz

MARITE,

( uoyitd)
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S MNEDIRIITERERILE:

http://www.socialbeta.com/articles/the-wisdom-of-sns-part-one.html
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