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ZEBNMEENED , RIS E 7D HNELIERTK.

ARETERD:, T RMEPRASAZEERZKEYE , HI40 Twitter, Facebook, HIEFHEE
XLEBRAREEA AN A EHFEETTE | NENERMEEAREE S HNRIEKRIE |, mFEER
Qb318, Spark GraphX HRFEERET Spark RAMER , FRLUARARHE— N0 HNHNERMER A,

BEfo RSB F T EESLRICER D RS FE |, AEDINXEFE#RITITE | it
BHIRHERATLAD BIECHITOMERANTE | BINE#ETHTHE. TERIIE—TEIENEER
5l

Link Table Hyperlinks PageRank Top 20 Pages

Title | Link
— — —
Raw
Com| PR

Wikipedia
|| Top Communities
XML |
Editor Community User
Table Editor Graph ~ Detection ~ Community

MEIFENATLIEY | £F Wikipedia B9345LAE , AJLAZERK Link Table FZENHIRE] | 2S5
EHT Link Table Fe=CROMBIRT LA HTAR Hyperlinks #8552 , &EFR{TTLAER PageRank X4
84 Top Communities, £ FEEEZRFAY Editor Graph E] Community , iIXANIFERILATRZ
79 Triangle Computation , XZ2ITE=BFH— &% , EFHSEI— Mt X., M\ EERS
PRI LURIETEERESNMNENEE . BT AIEMRE R LM E R,

%30 JL 25 1 HEAME, f#EHE: http://www.cnblogs.com/shishanyuan



1.2 GraphX AI#ELR
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10 Pregel 12t , REAEIEAY 20 £17. GraphX AURTBEHIEAE FEFTT , HRARSSEOLH
SRS Partition EIRRMHHTH, SUERMERE LA T MABFIETIERI B , 89
TR BB I A,

1.3 REBIE
® B 0.5 iRA , Spark Bt ¥ —™\EURY Bagel 12k |, 12T 25U Pregel BYZHEE. HA , X
NRAFAEERIR | HEEFIThACERL S , BT LT~ 5.

o ZF| 0.8 [RAR , EF WA HRXNEITENZE KBRS , Spark FI8MII—NHZ
Graphx-Branch , {E/A¥IZRYEITEIER | {645 GraphLab , FFIARITH A GraphX,
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BSEEHR , GraphX BRIRALTRELES , M 0.8 B953<F 0.9F1 1.0 , B MAN
BEEADRISHIER, RIEWER AU UBEEMETINE | REFRIRA. 1
BOMEFRmENERT  8NMRAE 10%~20%89M48EF. ST GraphLab AYEERE—
EEIE (BEE Spark BA_ERI—MURTKEALIR | H RFGURSEIRE R RIESUHIRE | GraphX
BEEARIRF.

2 GraphX SIS

fNE Spark X , 8N FEALE—MOHMKR. GraphX BIZOHSKRE Resilient
Distributed Property Graph , — M fliLEfHEIENERZERE. B & 1 Spark RDD B
%, B Table #1 Graph FHIE , MARABE—MHIEFMHE. RMUEESE B SIBRIRIER , A
MRS T RiEEREF I TIER.

T, —— ¢ —e
Table View GraphX Unified Graph View

Répr entation

GraphX BIEREIRITBEU TN KER.

Xt Graph MIEIRIFTEIRIE | REEPIRIEMERERRY Table #IERY RDD #ER5Shk. X
T—MERTE  BREEE L ST —FKS RDD g9i#diE, Eitt ,Graph &2&8% 7 RDD
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Tt ) BEL , FTEERVERIRIREETE T — B ¥R L | GraphX 28—EEERIAE
TABRS RN | IIAEFER.

B R ELARYIREEE , B RDD[Vertex-Partition]#] RDD[EdgePartition]iXF/
RDD BHpk. KRMAELFRE A 2 LLFK Collection[tuple] W2 X ZF Y , T 2 H
VertexPartition/EdgePartition FTERERFE— NS SRS R EGER | LUINEARERE TH
BIRE, ATHZER5 45497 RDD &t 22N |, R 7 ITENEETTHE.

Vertex Property lable

Property Graph d Property (V)
Rxin (Stu., Berk.)
Jegonzal (PstDoc, Berk.)
Franklin (Prof,, Berk)
Istoica (Prof., Berk)
Edge Property lable
Srcld Dstld | Property (E)
rxin jegonzal Friend
franklin ~in |  Advisor
istoica franklin ||  Coworker
| franklin ______:i_g__g_qnza! : Pl

ERSHIFERARSENR , MEMER partitionBy 73i% , HRFIEEARRIL S RES
( PartitionStrategy ), ¥ SRIERGAHEEIE EdgePartition , TR Master HECEIZD
VertexPartition , EdgePartition (R REFAMIAXKELRAI Ghost BlIA. XD RISHIAEISFNE
ZIFFEELEFN Ghost BIAEE , LIRS EdgePartition HECHILAIYETERE , EERIEEN
EMISILISENERIESREE, BRIE EdgePartition2d, EdgePartitionld, RandomVertexCut #
CanonicalRandomVertexCut iX U 5ERE,

2.1 iR,

2.1.1 ElfFfEEs0

ERERFERA BN S BRI RS EMiEMED. 2013 5, Graphlab2.0 SHEFES
AP EZARDE  EiEE LBUSEXRET , BRIES LR 2= 6ER.
® 1538l (Edge-Cut): BNRREFHE—IX , BERNLSEF IO RIMaTEE L. XHEFRARY
FERTEFEDTE  MERERATETHRNTERR T —FRN RS ZIAREE
LRk BB EEHEE  ANBEREX.
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® A3 (Vertex-Cut): BRIARGFHE X , HRSENE—cTHL. BEZHRSKE
Izt L MINTEETE | RARS5AEERLEE, FEREaTLAKERD N WiE
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(a) Edge-Cut (b) Vertex-Cut

BRI EEEHNE , EMERRDEIS EX , SMohlEEEREE A CRENE
tER RN T moEl. ERREEUATEA.

1. HEMETRE , FHEZEABEEE  MANNBEERIRIEREIEHRE , SRR
Hioe il , IEHHEEDR, XAHEUTH A ERATERIRES.

2. EHRINNBHRET  BEASHNMEHE "TRENSK"  BEFESH , AERISEHE
HEIFERK. Mo EISEIL S SENRAMEIENARSHH S EIRENEEL | XFF
RIEIES T EERNGRENMRELL , FRASEFES SIS 7.

2.1.2 GraphX 1=fi#t&Ez

Graphx f&% PowerGraph , SFHIE Vertex-Cut(s D E) AFEE , A=~ RDD 7Zi£E
HIRER

® VertexTable(id, data) : id 9 Vertex id , data /5 Edge data
® EdgeTable(pid, src, dst, data) : pid 5 Partion id , src AJRER id , dst ABMIIRA id
® RoutingTable(id, pid) : id /9 Vertex id , pid 5 Partion id

R EIEESSIIAN T EFR
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2.2 itEiE
2.2.1 EiteaiEst

BriETFERIHITITEEREEERE | tLilsk8 Google 89 Pregel. >kH Apache FFEAY
B+ EHE2R Giraph/HAMA AR AZERR GraphLab ,Eth Pregel. HAMA 1 Giraph £823F

ERAY , EEEET BSP ( Bulk Synchronous Parallell ) &z,

Bulk Synchronous Parallell , BIEEAEIZEH1T , ©EITEDH—FRYAIEL ( superstep )
BIEAR (iteration ), MBI EE , ER— &7, M\ERLE , eR2— I FHTHER | &
B superstep ZENEZE— M= ( barrier ), AIBARL R |, WEMBSHITHITEE <KEE

[BEh ™% superstep,
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1. it& compute : " processor FlIFf_E—" superstep &3 RAYESFIARHBRIEHE
FHATAMITE ;

2. HBI&E . 8\ processor itE=EEE , BEREE NS ZKEKIETE processors
3. BRI R BTFEARES , BMEMBNITENBEEESAEHITRER  #EAT—

superstep,

2.2.2 GraphX it&i&st

gARISpark—i#% , GraphXayGraphSEiRM T FENEIZER , ARG TEM R, AJLME
B75 GraphX Programming Guidesr#EIEMREANFARA , AR/ NEEETRIS

* numEdges * mapVertice * reverse

» num\Vertices o * subgraph

= degrees(in/out) * mapEdges » mask

mapTrlplet » groupEdges
BaAsREEO EFRMF
* mapReduceTriplets * cache
* collectNeighbors » unpersistVertices
2.2.2.1 ERVE 7

B ERZA 3 1 RDD Apk , FRASHAEZIREF. HHNERY cache, unpersist
checkpoint , ERZETEFEARIS. HTFHEARESHEANES | GraphX BIBUAEOREHT
unpersistVertices /5%, WIREFES , VA g.edges.unpersist)FiEA1T , XEEHAFTERT
—ENAME |, B8 GraphX BILIRIE TERIFI=B), &% GraphX 8Y Pregel {18 , X—1 K
, BRISEASLER ¢

Var g=...
var prevG: Graph[VD, ED] = null
whilel...){

prevG = g

g = doSomethingig)

g.cache(}

prevG.unpersistVertices{blocking=false)
previ.edges.unpersist{blocking=false)
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http://spark.apache.org/docs/latest/graphx-programming-guide.html�

KIFZ B2 RYE GraphX 52 Graph BIARZEM | X g MR EHMRELS g Zf5 , 9 EREFEKAY
g7 , MBESET—IERER , BTl cache, B9, WR5EH prevG (REBEXIRRERIS|
A FEFEFER  RESIHEMERERGE. &1, +/ERE  2SERERIER , RiR
e Rl R A,

2.2.22 IS

mrTriplets ( mapReduceTriplets ) & GraphX &z M9—MEO., Pregel BEFTEME ,
FRLASS BRI AR ATRE LIRS GraphX BIMERE., mrTriplets IZEFHIEHENE :
def mapReduceTriplets[A]l
map: EdgeTriplet[vD, ED] ==
Iterator((VertexID, All,

reduce: (A, A) == A)
: VertexRDD[A]

EHTEISTEA : map , MEBFE— Triplet L , £F— 1 SHESZ/NEE , BELL Triplet
KEAIR N TRRHAUEE— RN BRI ; reduce , NFEFE— Vertex £, BRIXE
B MRAASEREF R,

mrTriplets &/RIREIRIZ— VertexRDD[A] , 2T —MIRREGZ/FRER (SRR A),
EERKEIERNIIRASE 27EIREIRY VertexRDD H,

EREAIRAF , GraphX $IEHIT T —Et , 33T Pregel LIRFTE EESIZTEER

1. Caching for Iterative mrTriplets & Incremental Updates for Iterative mrTriplets :
HERZESHEZES , FERNOESIERETRER, mEEH , RBRMIRSEEN.
Ft , JFFREEFHIS , T—X mrTriplets i8R EdgeRDD FTEEFER BRI AL
7, KIgP(E 7 BIEHHE.

2. Indexing Active Edges : [REEFHNINAE FREAN AT ERSEERLIZER.
It . mrTriplets ®PIART , MR—FKIBHIPEREEL—ERRREEH  NEZK |
B 7 KETCRRNTEMIEE.

3. Join Elimination : Triplet 2H—550FER N PERAMAI=7tAH | #24F Triplet BY map
REEERFLIEHRNBEREFH—. Fla0 , % PageRank it8% , — P BRIEHT
RAEHRFRSRIESX , MeEMERNBRIRRNETRX. A mrTriplets it&5 , B
F=E VertexRDD #1 EdgeRDD {J 3-way join , TIRFEE 2-way join,

XA E GraphX BYEEEZEmEIR GraphLab, ERFE—EER , B—KMEATRK

HIRSHFERRIEED |, FTLARMEBERY\EDR.,
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2.2.2.3 #HEHJ Pregel

GraphX iy Pregel # , HATARIESE Pregel 1B , ER—1MS% GAS BUHAY Pregel
B, BT

def pregellA]{initialMsg: A, maxIterations:
Int, activeDirection: EdgeDirection)(
vprog: (VertexID, VD, A) == VD,
sendMsg: EdgeTriplet[vD, ED] ==

Iterator[{VertexID,A)],
mergeMsg: (A, A) == A)
: Graph[vD, ED]

XAET mrTrilets 757%RY Pregel =23\ , StRtE Pregel IERAXEIRZ , ERISE 2 BREEUNZ
KRR 3 MREISEL , MAEI messagelist, EARERNIRLHTHRERD , MR
f954 Ghost BIAKRIRGHEBRERE | K% Master BIA , BfEF vprog BRECEEFH=(E. iH
BRI AEEHENF TR | THRBOBRT RRIEHE.

= RIS EIRI] RS

/BRI
vproglvid: Long, vert: Vertex, msg: Double):
Vertex = {
v.score = msg + (1 - ALPHA) * v.weight
¥
/7 EIEER

sendMsgledgeTriplet: EdgeTriplet[--]):
Iterator[iLong, Double}]

(destId, ALPHA # edgeTriplet.srcAttr.
score * edgeTriplet.attr.weight)

¥

[ EHER

mergeMsg{vl: Double, v2: Double): Double = {
v1+wd

s

BILAER , GraphX iGiHXMEXHIER. B4&Aa 7T Pregel 71 GAS BERIa , BIEOMNME
XIEE , XRIERE , TR Ao EINEEHEER  EFEREESRNEARNAEITE.
59, EEEENE BRI Pregel IRARRERN—MEA. XNFEFNWEHR | RIBEXA
WA FR— N EHIRY Pregel 2R E WAIMEE,

2224 8% TEE

GraphX BIRHT—EEFZEZTEE  HEAFPXNE#RITOT. BRIRFRAEF
PageRank, #=f;. EAEBEMREREZS 6 MEHENERE. XEEZRIAMBEII , B
RMERETERY., NREBFREREME  TUSEFETIHTESAT BREWSHER. 3

Ak, THEXLES , tBR2IEME GraphX fRIERESLHRTF A,
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3 GraphX ZEf

3.1 EfliER
3.L1BIFA

TEFE 6 A BMAEBFIER | KEARETRXRM 8 £, SFRNGHREI.
TMTM¥E?¢HWLﬁé\EWI FTENEIRORRIE. SEIIRIE. SEIIRME. EIIRE. Ba

3.1.21EF18
import org.apache.log4y.{Level, Logger}

import org.apache.spark.{SparkContext, SparkConf}
import org.apache.spark.graphx._
import org.apache.spark.rdd.RDD

object GraphXExample {
def main(args: Array[String]) {
V7=t
Logger.getlogger("org.apache.spark’).setLevel(Level WARN)
Logger.getlogger(’org.eclipse.jetty.server”).setLevel(Level OFF)
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S IREIE T
val conf = new SparkConf().setAppName('SimpleGraphX").setMaster("local")
val sc = new SparkContext(conf)

/RETTRHNY | ISR BT HEN AT Array
/N ITRHIEHERZEE VD, (String,Int)
val vertexArray = Array(

(1L, ("Alice’, 28)),

(2L, ("Bob", 27)),

(3L, ("Charlie”, 65)),

(4L, ("David”, 42)),

(5L, ("Ed", 55)),

(6L, ("Fran’, 50))
)
/RIEAHESEA ED.Int
val edgeArray = Array(

Edge?L, 1L, 7),

Edge(2L, 4L, 2),

Edge(3L, 2L, 4),

Edge(3L, 6L, 3),

Edge(L, 1L, 1),

Edge(5L, 2L, 2),

Edge(5L, 3L, 8),

Edge(5L, 6L, 3)

//HE vertexRDD 7] edgeRDD
val vertexRDD: RDD[(Long, (String, Int))] = sc.parallelize(vertexArray)
val edgeRDD: RDD[Edge[iInt]] = sc.parallelize(edgeArray)

/S E Graph[VD,ED]
val graph: Graph[(String, Int), Int] = Graph(vertexRDD, edgeRDD)

/ e S e e e e S A A oA oA ok oA ok ok ok ok oA o oA e oA o e e o e S S e S S S S S S A S S A Sk S S Sk S A ok ok ok ok o ok o o S R A A A A A KA A KA A A KA KA A KA A A
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// A o o o A A o o o A A o o o A A o o o o A A o o o A S e o o A A o b o o S o o o A A o o o o A e b o o S S o o o A S o o o o S e o b o A A ok b A Ak kA A KA
pr/'/?t/n(”***********************************************'7

println("EHE")
F”jntﬁ?(”**********************************************************U
printin("tHEFRLEFHEATF 30 BT - )

graph.vertices.filter { case (id, (name, age)) => age > 30}.collect.foreach {

case (id, (name, age)) => printin(s"$name is $age")

SERIE - FEEEFE AT 5 A9

printin("EHEIFBIEAT 5 498 - ")

graph.edges.filter(e => e.attr > 5).collect.foreach(e => printin(s"${e.srcld)} to
Ste.dstld} att ${e.attr}”))

printin

s/triplets #2(E , ((srcld, srcAttr), (dstld, dstAttr), attr)

printin("ZEME> 5 £ tripltes ")

for (triplet <- graph.triplets.filter(t => tattr > 5).collect) {
printin(s "${triplet srcAttr._1} likes ${triplet.dstAttr_1}")

/
printin
//Degrees #E(F

printin("ZHEFRARILIE. NE. B . ")

def max(a: (Vertexid, Int), b: (Vertexid, Int)): (Vertexid, Int) = {
ifa_2>b_2)aelseb

}

printin("max of outDegrees:" + graph.outDegrees.reduce(max) + " max of

inDegrees:" + graph.inDegrees.reduce(max) + " max of Degrees."” +

graph.degrees.reduce(max))

printin

//*7(‘7(‘7(‘***************7(‘7(‘**7(‘7(‘**************7(‘7(‘**7(‘7(‘**7(‘7(‘**********************************
//7('***7(’7(’**7(’7(’***************** $§ﬁﬁ‘?{f S A A A A S A S S S S S S S S S S A A A KKK KA KA AAK

/ e S e A S A S A A oA A ok oA ok ok ok ok o o o o o e S e e S S e S S A S A S A A S A ok A ok ok ok ok ok ok ok ok ok ok o o o R e e kR A A A A A A A KA A A A A A A A A A A A
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' WA ok e ok e ok Ak A AR AAAAAAAAAAAAXAAARAAAAAA XA XA XA XA XA AAAAAAAAAAAAAN
printin( )

printin("#7/25E(F")
pr/'nt/n("********************************************************** ’9
printin("IT=AYEHIRE , T age + 10 . ")

graph.map\Vertices{ case (id, (name, age)) => (id, (name,
age+10))}.vertices.collect.foreach(v => printin(s"${v._2_1} is ${v._2_2}"))

printin

println("ZEIETREEE , RS2 : ")
graph.mapEdges(e=>e.attr*2).edges.collect.foreach(e => printin(s"${e.srcld} to
Ste.dstld} att ${e.attr}"))

printin

// A o A o A o A A A A o A o A o A o A o A A A o A o A o A o A o A A o o o A S A o A ok A A A A A A A A A A A A A A A A A KA KA KA AAA
/4/*************************** ég7%7§?ﬁz' P ok A ok oA ok o o o o o A o A ok A ok A o A A e A A Ao Aok Ak A A A A A
// " A A e o o A A A o ok o A A o o o A A o o oA A A A o o S A A e o o A A o e o A A e o b A A o A A A A A A A A A AA A A A A A A A LA AAAAA
/9ﬁ07t”?(”**********************************************************v
printin("ZZHEF")
ijhtﬁv(”**********************************************************v
printin("TGrTEL>30 H9FE © ")

val subGraph = graph.subgraph(vpred = (id, vd) => vd._2 >= 30)
printin("FEHEIGS . ")

subGraph.vertices.collect.foreach(v => printin(s"${v._2_1} is ${v._2._2}"))

printin

printin("FEBrEZ ")

subGraph.edges.collect.foreach(e => printin(s "${e.srcld} to ${e.dstld} att ${e.attr}"))
printin

/6/***********************************************************************************
A A A o A A o A A o A A KA A A KA by vy 1) A A Aok o A A o o A e o o A A o o A A o A A A o A KA A A AN

/ ERERE

// A A A e ok A A A o o A A o o A A A o o A A o b A A o S A e o S A A ok b A A o A K kA A A A A A A A A KA A KA AAAA LA AAAA
' 1 2 o ok ok ok A A o o o o ok ok o ok o o o ok o ok ok ok S S b S o o b b b ke A b A A b ok bk Ak A A A AKX XXX X AAAN

printin( ")

printin("EEE/E")

/ W oA ok ke b ke b Aok Ak Ak A A AAAAAAAAAAAAXAKAKAAAAAAAAAA XA XA XA KA XA AA XA AAAN
printin( )

val inDegrees: VertexRDD[Int] = graph.inDegrees
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case class User(name: String, age: Int, inDeg: Int, outDeg: Int)

/EIE—THE , T VD BIEHESS 2 User , 7M graph 1458224274
val initialUserGraph: Graph[User, Int] = graph.map\Vertices { case (id, (name, age))
=> User(name, age, 0, 0)}

s/initialUserGraph 5 inDegrees, outDegrees( RDD )#{TiE# ,F1EZC initialUserGraph
1 inDeg 18, outDeg (&
val userGraph = initialUserGraph.outerJoinVertices(initialUserGraph.inDegrees) {
case (id, u, inDegOpt) => User(u.name, u.age, inDegOpt.getOrElse(0), u.outDeg)
JouterJoinVertices(initialUserGraph.outDegrees) {
case (id, u, outDegOpt) => User(u.name, u.age, u.inDeg,outDegOpt.getOrElse(0)

printin("EZERIEE - ")

userGraph.vertices.collect foreach(v => printin(s"${v._2.name} inDeg: ${v._2.inDeg}
outDeg: ${v._2.outDeg}"))

printin

printin("GEFINZHEFAIAR ")
userGraph.vertices.filter {

case (id, u) => u.inDeg == u.outDeg
J.collect foreach {

case (id, property) => printin(property.name)
}
printin

/6/***********************************************************************************

/7ﬂ%************************* E?Al‘mfff o oA ok o A oA ok o A o ok o ok ok ok o ok o o A ok ok A A ok ok A o o o A o b A Aok A A Aok
=S

// e A o e A o o A A o o A o ok o S oA o A o o e A ok oA S S o S A oA o S A o o A S o o A S o A S A A A A A A A A A A A A AR KA A KA A KA AAAAAAAA

p,-l'nt/n(”**7(’7('*****7(’7('7('**7(’7('****>('*7(’7('**7(’7('****>('*7(’***********************’7

printn("BEEHE/E")

T A A o o ok ok ok o o ok e o oA o o o ok o ok Sk A o o ok o o o ok b A S S S o o b b e e e A A ok b ke ke kA kA AKX A AAAN
printin(’ ")

printin("HHELEARGERE - )
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val oldestFollower: VertexRDD/(String, Int)] = userGraph.mapReduceTriplets[(String,
Int)j(

/) FERITRRE RS Bl , map IIfE

edge => Iterator((edge.dstld, (edge.srcAttr.name, edge.srcAttr.age))),

/) BEIRAIEKRE , reduce [IFE

(@ b)=>if(a_2>b_2) aelseb

userGraph.vertices.left/oin(oldestFollower) { (id, user, optOldestFollower) =>
optOldestFollower match {
case None => s"${user.name} does not have any followers."
case Some((name, age)) => s"${name} is the oldest follower of ${user.namej}.”
}
J.collect.foreach { case (id, str) => printin(str)}
printin

JARAA AR AR AR AR AR AAR AR AR AR AR AR AR AR AR A AR AR AR AR AR AR AR AR AR AAR AR AR AR
Y
pr/ht/n("******************************;(—***************************'y
printin("ZE5EF")
prl'nt-/n(”***7(—7(-7(-7(—*7(-7(—7(—7(—7(-7(-7(—7(—7(-7(-7(—7(—7(-7(-7(—*7(-7(-7(—*7(-7(-7(—7(-7(-7(-7(—***********************’y
printin("#41 5 F/EIT=RIRE - ")
val sourceld: Vertexld = 5L // ;EX B
val initialGraph = graph.mapVertices((id, _) => if (id == sourceld) 0.0 else
Double.Positivelnfinity)
val sssp = initialGraph.pregel(Double.Positivelnfinity)(
(id, dist newDist) => math.min(dist newDist),
triplet => { // IHERE
if (triplet.srcAttr + triplet.attr < triplet.dstAttr) {
Iterator((triplet.dstld, triplet.srcAttr + triplet.attr))
Jelse{

Iterator.empty
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(a,b) => math.min(a,b) // &RFAZHEZ
)

printin(sssp.vertices.collect mkString("\n"))

sc.stop()

}
}

3.1.31B174%

£ IDEA ( W{a)fsEFE IDEA 205 318 (3.Spark fRiEt&al (T ) --IDEA #83 Rstk) ) Esesd
GraphXExample.scala fXA3H1T91E , WIFEEEHTHIIT  FUTERUT :

ek ko ko ko ok ok ko ko
BIEER

Kk ko ok ko ko ok ko ok ke ko ko
HHEFPFR AT 30 AT :

David is 42

Fran is 50

Charlie is 65

Ed is 55

HHEHEEART 5 /94

2tolatt7

5to3att8

FHinE M >5 B9 tripltes :
Bob likes Alice
Ed likes Charlie

HHEPRARNHE. NE. Ei:

max of outDegrees:(5,3) max of inDegrees:(2,2) max of Degrees:(2,4)

kkkkkkkhkhkhkhkhhkhhkhkhhhkhkhkhhkhkhhhkhkhhhkhkhhhkhhkhkhhhkhkhkhhkhkhrkhkhkhrkkhkisxkx

R

khkkkhhkkhhhhhhhhhhhhhkhkhhkhkhkhkhkhkhkhkhrkhkhkhhhkrhhhhhhhhhhkhkhkhkhkrkkk

TRRHYELHRIERME | Tirt age + 10 :
4 is (David,52)
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1is (Alice,38)

6 is (Fran,60)

3 is (Charlie,75)
5is (Ed,65)

2 is (Bob,37)

BRVEEHRER(E |, IORNEME2
2tolattl4

2to4 att4

3to2att8

3to6attb

4tolatt2

5to2att4

5to 3 att 16

5to6attb6

khkkkhkhkkhhhhhhhhhhhhhkhhhkhkhkhkhkhkhkhkhrkhkhkhhhhhhhhhhhhhkhkhkhkhkrkkk

ZEHIHRAE

ek ok ko ko ko ko ko ko ko ko ko
TRASL>30 IFE -

FEMETA :

David is 42

Fran is 50

Charlie is 65

Ed is 55

FEEIA :
3to6att3
5to3att8
5to6att3

kkkkkkkhkhhkhkhkhhkhkkhkhhrkhkhkhhkhkhhhkhkhhhkhkhhhkhhkhkhhhkhkhkhhkhkhhhkhkhrkkhkxkx

EERIR(E

khkkkkhkkhhhhhhhhhhkhhhkhhhkhkhkhkhkhkhkhkhrkhkhkhhhrhhhhhhhhhhkhkhkhkkhkkk
. -
EREREN -
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David inDeg: 1 outDeg: 1
Alice inDeg: 2 outDeg: 0
Fran inDeg: 2 outDeg: 0
Charlie inDeg: 1 outDeg: 2
Ed inDeg: 0 outDeg: 3
Bob inDeg: 2 outDeg: 2

HEFMNSHEENAR :
David
Bob

khkkkkhkkhhhhhhhhhhkhhhkhhhkhkhkhkhkhkhkhkhrkhkhkhhhrhhhhhhhhhhkhkhkhkkrkkk

R

ek ok ok ok ko ko ko ko ko ko ok ok ko ok
BRHFLCREARERE !

Bob is the oldest follower of David.

David is the oldest follower of Alice.

Charlie is the oldest follower of Fran.

Ed is the oldest follower of Charlie.

Ed does not have any followers.

Charlie is the oldest follower of Bob.

kkkkkkkhkhhkhkhkhhkhkkhhhhkhkhkhhkhkhhhkhkhhhkhkhhhkhhkhkhhhkhkhkhhkhkhhhkhkhrkkhksxkx

SRR
BT
i 5 BIBTRARAVERAE

(4,4.0)

(1,5.0)

(6,3.0)

(3,8.0)

(5,0.0)

(2,2.0)
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Edh
F EH RS T sk

HbEFEX

max of outD

3.2 PageRank &=

3.2.1BFN4A

PageRank, BIMTTHER , XFRMTAE]. Google EMHERZEMEHERZ. ©2 Google €l
A AR (AEFF0S/RE kT 1997 RIS RAFREMHREHRSEHEDTE L. B
AIRZEENEEDITRIAEZE PageRank BiEEH Fi74 ¥k, PageRank 2 Google
FFRRmRINEINER/ EEMN—F7EE , 2 Google FREE—MRULAIFIARIE—IR
i, TEIRE T Title ¥RIRF Keywords TRRFMBEHERZEZ/E . Google 1&Id PageRank
FRRRER |, (FLER "SR/ EEM NINIIEERERTSMIEHFZRERER | NS
HRERMBEXMNRE.

XZEGoogletZUHIEEL , BTEE I NIMEITS , £Google "EhikFHES
" REEE  XNEEMH TS XRAIGoogle

PageRank vector q is defined as ¢ = (¢

where | g
G=aS+(l-a)—=U

n
d S is the destination-by-source stochastic matrix,

d U is all one matrix.

4 n is the number of nodes 0 0 0

d ais the weight between 0 and 1 (e.g., 0.85) 1/3 0 1
G=|

Algorithm: Iterative powering for finding the first eigen- M3 12 O 0

vector 1/3 1/2 1 0O

_next __ & cur

q =
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3.2.2 Mt &z

EX BN HUEATISASUE graphx-wiki-vertices.txt FIIBHYE graphx-wiki-edges.txt , B]
PAEAR SRR/ data/class9/ B R EIXFAN IR, HiEA

® THRNTRRERSFIM TR

128 3532508833357101503 S8t. Michael's College School

125 27084185%8117237725 Metropolitan Junior Hockey League

140 50505562821672323215% Li=st of mountain ranges of California
141 410222358505%6646779% Java (programming language)

® NEIEHF TR

1746517085350576281 443552852637640503
17463170859350576281 457048819723143676
1746517085350576281 5335442758331648761

3.2.31EFUE

import org.apache.log4y.{Level, Logger}
import org.apache.spark.{SparkContext, SparkConf}
import org.apache.spark.graphx._

[ T ¥ I Y
[ T ¥ R w v

1

import org.apache.spark.rdd. RDD

object PageRank {
def main(args: Array[String]) {
V=6
Logger.getlogger("org.apache.spark’).setLevel(Level WARN)
Logger.getlLogger(“org.eclipse jetty.server”).setlLevel(Level. OFF)

/I REE T
val conf = new SparkConf().setAppName("PageRank").setMaster("local”)
val sc = new SparkContext(conf)

SN ZHEXAF
val articles: RDD[String] =

sc.textFile("/home/hadoop/IdeaProjects/data/graphx/graphx-wiki-vertices.txt")
val links: RDD/String] =

sc.textFile("/home/hadoop/IdeaProjects/data/graphx/graphx-wiki-edges.txt")
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V=3t

val vertices = articles.map { line =>
val fields = line.split('\t)
(fields(0).toLong, fields(1))

val edges = links.map { line =>
val fields = line.split('\t’)
Edge(fields(0).toLong, fields(1).toLong, 0)

//cache /Z(E

//val graph = Graph(vertices, edges, "").persist(StorageLevel MEMORY ONLY SER)
val graph = Graph(vertices, edges, "").persist()

//graph.unpersistVertices(false)

/s

3 WA ok e ok e ok Ak A AR AAAAAAAAAAAAXAAAAA XA KA AKX AAA XA XA XA KA XA LA XA AAAN
printin( )

printin("ZEX 5 1> triplet 158 ")

; 11 2 5 ok S ok A A o o ok ok ok ok S ok o oA o ok o o ok b S S o o o o o o b ke A b kS b ok b ke Ak A Ak kAKX AANN
printin( ")

graph.triplets.take(5).foreach(printin(_))

//pageRank B ZEEHIATEIZF T cache() , ZLEIE] persist FIFTNER GEEH
MEMORY ONLY

s WA b e ok e ok A Ak A AR AAAAAAAAAAAAXAAAAA XA KA A A KA AAA XA XA XA AA XA LA XA AAAN
printin( )

println("PageRank it & , AR BT IEHIEHE")

pr/nt/n(”7(‘7("("('7(‘7("("('7("("('**********7("("('7(‘7("("('7(‘7("('7(‘7(‘7("('*********************** ’y

val prGraph = graph.pageRank(0.001).cache()

val titleAndPrGraph = graph.outerJoinVertices(prGraph.vertices) {
(v, title, rank) => (rank.getOrElse(0.0), title)

titleAndPrGraph.vertices.top(10) {
Ordering.by((entry: (VertexId, (Double, String))) => entry._2._1)
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Jforeach(t => printin(t_2_2 + " "+ t_2_1))
sc.stop()

}
3.2.4iE1748R

7£ IDEA FRE5ERY PageRank scala (Bt T4wi% , miF@ISEHTHIT , FUTESRNT

kkkkkkkhkhhkhkhkhhkhhkhhhrkhkhkhhkhkhhhkhkhhhkhkhhkhkhhkhkhkhhkhkhkhhkhkhhhkhkhrkkhksxkx

$EEY 5/ triplet (B

kkhkkkkhkkhkkhkkhkkhkkhkkhhkhhkhhkhhkhkhhkhhkhhkhhkhhkhhkkhkkhkkhkkhhkihkhhihkdhxk

((146271392968588,Computer Consoles Inc.),(7097126743572404313,Berkeley Software Distribution),0)
((146271392968588,Computer Consoles Inc.),(8830299306937918434,University of California, Berkeley),0)
((625290464179456,List of Penguin Classics),(1735121673437871410,George Berkeley),0)
((1342848262636510,List of college swimming and diving teams),(8830299306937918434,University of
California, Berkeley),0)

((1889887370673623,Anthony Pawson),(8830299306937918434,University of California, Berkeley),0)

(
(
(
(

khkkkhkhkkkhhhhhhhhhkhhhkhhkhkhkhkhkhkhkhkhkhrkhkhkhhhrhhhhhhhhhhkhkhkhkkrkkk

PageRank it& , SRENEBINMERIETE

University of California, Berkeley: 1321.111754312097
Berkeley, California: 664.8841977233583

Uc berkeley: 162.50132743397873

Berkeley Software Distribution: 90.4786038848606
Lawrence Berkeley National Laboratory: 81.90404939641944
George Berkeley: 81.85226118457985

Busby Berkeley: 47.871998218019655

Berkeley Hills: 44.76406979519754

Xander Berkeley: 30.324075347288037

Berkeley County, South Carolina: 28.908336483710308
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4 SEFH

(1) { Graphx: # F Spark B 8 4 % & =R it 8 R & )
http://lidrema.blog.163.com/blog/static/20970214820147199643788/

(2) (HRIJ¥HL : Spark GraphX FEBH=ERILE) http://www.csdn.net/article/2014-08-07/2821097
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