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y JREIVertex
WAk <% Node” , AR AEAIS, ALK LAIRRKey, 4T
1% 7 % &M payload.

y 1BEdge
WA “INArc” , RBEH —NE KRB S, EA2NTR XA X FR R
T, AHEBEHNE; L7 LEZ# Bone-way 4 G two-waydy, 4R —
AR T AAKHREGEY, KAXANABRN ‘A G E directed
graph/digraph” .

—
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y 1N EWeight
AT RAER—ATEE B — AR KRB, TABARE; Flden XA
b B A E EZ AR CSES” . BT fo CER7 BTAEARE,
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y —AMEIGRILAENAG=(V, E)
iHW%WQM%A

NaEA, EPIESlle=(v, w), VIWARAVP G &
o XA BAE, T A feF FmE =N E o=
F B subgraph: VAwE#-F £

» INEIRIBIF : 6N TR 95N
# % B

AT AR

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

E - { (1’0!1‘;1!‘5)! ('U].,'Uz,d:)’ (?"’23 vg? Q),(Ug, U4! 7)!(1’4!1‘,0!‘ 1)! }
| (v0,v5,2), (v5,v4, 8), (v3,v5, 3), (v5,v2, 1) 5
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ARHERYRKEALGEEZ, FTn-1; TRELOGKEAMALARE 69505

e, BT W P # — & % £ (v3,v4,ve,vl) , X & A
{(v3,v4,7),(v4,v0,1),(VvO,v1,5)}

ElCycle
B2 & BTN &4 69342, Jder] WP (v5,v2,v3,v5) & —/4 B

e R —ANEFRAFAETE, WARME “ LB Eacyclic graph”
LB K @ BARE “F®mALEBdirected acyclic graph:DAG”
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MREURESSEY - ADT Graph

y  HHSREUEIEBIADT GraphTEXUITF :
Graph(): ®lEZ—N=6HE;

addVertex(vert): HF—A TR &Vertexxt /e N & +

addEdge (fromVert, toVert): HFim—4&H @il

addEdge (fromVert, toVert, weight): Ale— &R AH qid
getVertex(vertKey): &k %4k AvertKeysyTn &

getVertices(): BEE ¥ A M &7 &

in: #Mvert in graph#9E 8 f X, BB AL 5B+ True/False

» ADT GraphBJSCIGZAMmHHEERL :

AR3E4E%adjacency matrixA=4R4E %k adjacency list
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BEEEEf¥Adjacency Matrix
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N . VO 5 2
y  SPERERESCIL AR S 2R R
T MRS 5 45 2V TR & A 4e AT 40 V1 a
y  {BUIRERRBEREDNHEZERET | v 0
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MPBIEHIFAdjacency List
,  4PiEFIEadjacency listAIURPREENESHTMS = I

WA — /AT AT S0 5% (master list)
FNNEFOENTR R, BAE—- N5 F AL EEGA N L7k

« fEPythonZZ I HyVertexsk ¥, F] LIK A FH KK F I A7 &

o Tk ikeyt BT EATIR, Tivaluel| T DIF BT Ay -
W E —

 SBESIRENTERE AR ES N Jo=re w2y | )
y (BEZBREINSFMEEAFMBIRS o= (v2)
 URIEEhRES -
_|id ="v3"
“ladj={V4:7,V5:3}
,|id ="va"
adj={V0:1}

id = "V5"
adj={V21,V48) |

jtﬁ?’(#’f@fﬁ% 7S ]l’:ﬂ ﬂ»%@%@ F}%/l‘/ﬁﬁ/2015 numVertices = 6



ADT GraphfJ=sCIl

y  EIEF N HEVertexfllGraph
Grapht& & 7 &4 FT A TN & 69 £ & master list

Vertex Q| &2 7 N &1z &, VARTA REZELGE L
class Vertex:
def _init_ (self,key):
self.id = key
self.connectedTo = {}

def addNeighbor(self,nbr,weight=0):
=] ] ]
IqberI*““Xjéﬁ self.connectedTo[nbr] = weight

def _ str_ (self):
return str(self.id) + ' connectedTo: ' \
+ str([x.id for x in self.connectedTo])

def getConnections(self):
return self.connectedTo.keys()

def getId(self):
return self.id

def getWeight(self,nbr):
AL A F IR G = 8 B 5 e/ R /2015 return self.connectedTo[nbr]



ADT GraphfJ=sCIl

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):
— % if n 1n self.vertlList:
ﬂ%ﬁikeyﬁiibﬁﬁéi return self.vertList[n]

else:
return None

A

def _ contains__ (self,n):
return n in self.vertlList
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ADT GraphfJ=sCIl

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

def addEdge(self,f,t,cost=9):

it f not in self.vertlList:
nv = self.addVertex(f)

it t not in self.vertlList:
nv = self.addVertex(t)

Uﬁﬁﬁ/@ﬁﬁ]ﬁ,ﬁﬁ’ﬂﬁ,i self.vertlList[f].addNeighbor(self.vertList[t], cost)
NSRS

getVertices(self):
return self.vertlList.keys()

__iter__(self):
return iter(self.vertlList.values())
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ADT GraphB9SEIR : SE4I

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

© connectedTo: []
1 connectedTo: []
2 connectedTo: []
3 connectedTo: []
4 connectedTo: []
5 connectedTo: []

>>> print g.vertlList
{0: © connectedTo: [], 1: 1 connectedTo: [], 2: 2 connectedTo: [], 3: 3 connecte
dTo: [], 4: 4 connectedTo: [], 5: 5 connectedTo: []}

. . 7
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ADT GraphB9SEIR : SE4I

— >>> g.addEdge(0,1,5)
>>> g.addEdge(0,5,2)
>>> 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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FOOL >> POOL >> POLL >> POLE >> PALE >> SALE >> SAGE
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 RAXREYLABEARINEEFRIGE (LA FEBRIEIRFRAE )
AN LA AT S A NE Y, Bk TR 4G

» BUBNREESRZE  ENS/MNE (BiE)  SEHEmEREdH
1TELER . NREEINFE |, WEEZI—FiB
Bt ] B4 B2 0(n2), T ATAAANFE511040F18, F EA8i126007

KELEL
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Z
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) FILASRAIPy thon FHLRIETIIB B
def buildGraph(wordFile):
d = {}
g = Graph()

wfile = open(wordFile, 'r")
# create buckets of words that differ by one letter
for line in wfile:
word = line[:-1]
A RFEAR]AT LA for i in range(len(word)):
B T4 bucket = word[:1i] + "' + word[i+l:]
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():
for wordl in d[bucket]:
[BE—MERYERE for word2 in d[bucket]:
pd |1 avavl if wordl != word2:
g.addEdge(wordl,word2)

AR AFRIKE = 8 # return g
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SEIR R ZE (Breadth First Search)

» ERRAXRERU LG | FERSEEERIHIAHA=RERE
F5l.

y EEEE T ESiEZEBreadth First Search:BFS” HiEXJE
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 ATIREFERKPMALGE | FRRESRS , EARKIENA N EE

JE#distance: AATIETR & 2| BLTR B FE4E KA ;
AT IRTR B predecessor: T i6 ] 2] AL45 TR & 69 2 18] %1% ;

Mé&color: MRIRTHMELHAAN (&) . LKA (k&) . R
LEEARE (RE) =

»  ERER—IMATIQueue RITERMMIN=HITHI , RETF—1E
HRENRS (PABRTRS )

» MBS sFR , (FANRRNIRS | iKEAKRS , iEE%He , Bl

JXJINone , TIAPASI , #ETFRENMBIMENIEE
MIE B —ANTR EAE A AT TR =

wh L AT R AR TR B, W RAEH ARG A E &, WHELRERLA K
& (LRI , BEHHmL, AR ER B ATIRE, ANBF]F

B ERSE, HEMMERERNRE (LHREDL) , BFRDEF R
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BFSHiA{XH

det bfs(g,start):

start.setDistance(0)

start.setPred(None)

vertQueue = Queue()
vertQueue.enqueue(start)

. while (vertQueue.size() > 0):

%XE&E‘_«E% currentVert = vertQueue.dequeue()
;—_L'ﬁ'ﬂﬁ'ﬁ for nbr in currentVert.getConnections():

. it (nbr.getColor() == ‘white'):

- nbr.setColor( 'gray’)
ﬂﬁgﬁ%ﬁﬂﬁ nbr.setDistance(currentVert.getDistance() + 1)
FRSBIRTRAR

A nbr.setPred(currentVert)

e - vertQueue.enqueue(nbr)
%Tﬁ,"\'—(_'\lx currentVert.setColor( 'black”)
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BFSELZHT

,  TEBFSLAFOOLAIRIATRE , BB THIETRS , HAS/ REEEG. I
T N L o =

» - BIRJLAEIE — A ELEIE S R ZR IR EFOOLEE M — 1 RiFIR =&
AR ! def traverse(y):
y):

B : BFSEESE x =Y
y BE HEfS 2] while (x.getPred()):

FIERIERIREREA ? print(x.getId())
X = x.getPred()

S9+4 ? print(x.getId())

N

N

wordgraph = buildGraph(“fourletterwords.txt™)

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

traverse(wordgraph.getVertex( ' 'SAGE"))

I A a5 2 8 A e o201 #traverse (wordgraph . getVertex("COOL "))
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while#& 35t B A ATR

O(|E])

) AR ERANE

ZZBFSKZ G, EHIRN

y  BFSEIEEMPEANBIARIERE : while-for

g El—R, PTVARO(|V])

mir 2 £while¥ 69for, & TH KL AR £ LALIEN 2ul NG RHE T 2 4%
bt —k, MEANAMERSZHNANLL, UL R SZHETLIL, — 22

42 oA RBFSHYIT T £ 4 B A0(|V|+|E|)

Sa g

LB AAETA B 09iEAE, R Z AO(|V])
G ZEEXZRLE R, &F: XEREAHAZI?

 mESI1  BEAKBRESESFTE ( ADT Graph £,
buildGraph, BFS, traverse)

 WRlafrd2 . ERESIRIEAIERFRSEIMADT Graph
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I iiFlalEikKnight’s Tour Problem
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def knightGraph(bdSize):

ktGraph = Graph()

: — for row in range(bdSize):

BHBMEF for col in range(bdSize):

nodeId = posToNodeId(row,col,bdSize)

T EEEHE newPositions = genlLegalMoves(row,col,bdSize)

for e in newPositions:
nid = posToNodeId(e[@],e[1],bdSize)
ktGraph.addEdge(nodeld,nid)

return ktGraph

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

OEFIMEF moveOffsets = [(-1, 2) (

for i in moveOffsets
newX = x + 1[0]
newY =y + i[1]
R A 5 it legalCoord(newX,bdSize) and legalCoord(newY,bdSize):
AR E LA newMoves.append( (newX, newY))
return newMoves

def legalCoord(x,bdSize):
1t X >= @ and x < bdSize:
return True

else:
R AFHMIKES T 5 ¥ return False
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y AFRBRRBIAFODENEBZERE ZZ2XEMKIEER ( Depth
First Search:DFS)

y HHECENART EfiAIER  HEEEVBEMNISS | REMSIE
ZELEMHNEZIRERANBDTEE , MRIALTZHENEEEFR
HEDER , REN L —EBEET—X ~

y  FEINTBDFSHIFRNEME X
— /ANDFSH- A A TRExH LA FR A, L4 ELFANN &7 R —K
7 —ADFSEH A FAEA, L FMERELITNF, THEALCREL LG LR

y  IREEER AR T AR RIRET -
R EREIFAN LRI RN TSRS BakALT) i

2K ELEAARB M AL (8 X8 463)
IRAMFR A EARIC, RO E—FE B oI BJEREANHELEL,

YA
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T EFRENS

knightTour(n,path,u,limit):

o u.setColor('gray")
=GVl path.append(u)

VA
YNizEEES ifon o< limit:

n:EX ; path:B&12 ; SRR ;

limit B ZRERE

XIFrE S AR

nbrList = list(u.getConnections()) s
: IR

1 =20
done = False
while i < len(nbrlList) and not done:

Fin == (= S 20

— if nbrList[i].getColor() == 'white':
Egﬁﬁﬁg”ﬁii done = knightTour(n+1l, path, nbrlList[i], limit)

if not done: # prepare to backtrack

SE=F 4
%E?;'fg’;%“ path.pop()
A=  EiTA u.setColor('white")
IKZKE—F_/P Else:

done = True
return done

Ao A F PR G = (8 B 5 e/ BRos/2015
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Figure 6: Backtrack to B

Figure 10: Finish
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y  EiREiZknightTourfJEESEMKREIFRAINRnbrList AIEZTIR
= :
EEXSEI A m T, KAL.54 ] LAF B — AN B #5342

{ag X 8ayttk b, M| & ZF AN A L&Y BT ] 4 R AT 2] —ANAE !

»  BIREERMEE  HERERO(k") , HRnEHEREE |
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— from pythonds.graphs import Graph

37 + class DFSGraph(Graph):
BFSK ﬁﬁl}AﬁU?—ﬁ% def __init  (self):
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DFSH 2@ 131F self.time = ©
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def dfs(self):

for aVertex in self:
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EREIat aVertex.setColor( 'white")
aVertex.setPred(-1)

for aVertex in self:

QD;E AEAREIERIIR it aVertex.getColor() == ‘white’:
=, MR self.dfsvisit(aVertex)

dfsvisit(self,startVertex):
startVertex.setColor('gray’)
BEE9228 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
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