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REIRAH/ AT EHERC
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COMMUNICATION UNIVERSITY OF CHINA

o RERE AR WRERNEERANRZERINIZEH, X5
B R, BREENSSE NI WSS, MAE
ZNEFER, MINTEELUENZENEE, MREH—K
EFRERIDERERFRRANEIE,

o "REUE" HMER. £WE . MRETESNGURES, /.
BNFTUEFECANE, MENEERERMAERTILNA
RmslEAMNXE,

o BN KEHE + TitE = REUERT
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© HUEE A (Volume): AFUBHIRIAITTERMZEDE P(1000 D T).
E(100 B T) 8¢ Z(10 {271 T).
0 EKHEZ (Variety), BIEWMEZHE. B, MiN. BF. HEUE
EEEE, ZARNMIENEIENAIEENIRE TESHNEXK,
© MEBE (Value), UWMEEMEAMN ZNE, EERATAA
£, EEBEEZE, EMEZSERIE, NEdEANNsaEEERR
IhSEREIERIINME" R4, RAREIEI R RIFHEIRIGMER,

0 EEMR., IS (Velocity), X2 AMIBEX D TFERIIEZERE
ER94HLE,
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REIRAH/ AT EHERC

o AIEREMAR BINMEILTREB ANEEEE.

o ATEGEHIEZERRTEIMIE, HXA “Artificial
Intelligence”(Al), BEE “"ABHERE".

o XE “BEe", BNERAXAKMMAAGN—EENRIR, B4,
RFN, 2IF2RINE, ATEEEMESIENAITENAERIEHFK
R SEI A KR R LB BT HAIRR,
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REIRAH/ AT EHERC

o fRHE IBM A&, F 2020 &, FEEWARRBRAIENEIGIEMN
270 5, BEENBE Al LIRS BIRIMREANTRERK,

* IBM A5iAJ, BIETWARNERKBRS, mESKRD N
RN 2R ZFRAIGEI 28%,

* Efr: Al EEZFMRARBUZIFZBANANTIALIMNEE,
REJLE, BT Al BIRALS[ATRRSNFREZEE,

« BT BEexE, NE, NE, RERBRRSEEFHIRE.

« BRIES: BopEhXE, BRON, BERSE, BEE, BEE, B
NER. HENES.

o Ef%: Baesl, ARIRA, BIRERSE.

o MU MR E. YSRMEE. BIrNANEGDEIF.
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o H1TitH, BRIERMNERAZMITERRRRATECIBANTE, B
REITBENASITEREMNMIRE NN —MERFE, R BHIT
TEFEBIERENHTES SR,

o THEARBREZRAZ N EZKINEIKER—OM, BIIGHKEE
MEIB OB E T E D, SEDIE— IR IBNRHIT
&,

o HITITEX D ABIEHTIESHTAM, R WHTIHEETESR
TERENESHITEREU, BFE parallel 8F1 foreach &,
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AT ENERBIR

0 BY M AIHENR, I8THEMEARNYRN
o BAMBLEERIIETILAETR

0 BESDEIM M EREIETIETRETIHE
o SHEE M N IHETNRNE

0 EE LRIREHITH—ISIITE

0 XMIETR
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parallel €]

o EHITHITITER, BAFRE 7 BRITENNERSSSFAIIERE,
* RIZHT detectCores() REFITENAIZEZOEL, detectCores (
logical = FALSE ) REFTTEHAIEZ O,

library(parallel)
detectCores() ;detectCores(logical = FALSE)

## [1] 12

## [1] 6

o BERL—BAEATEMERD, ERMASARSARMEZL
QIBSIROMLAEIET . REM RSB RAGH EAMERRL, HT
RENITHBHE ST B AR,

* parallel EIBIEAT apply() EHEM, BRFBNMIEH T

n, REITEHEBERESE R, RAH, paralle HITITERE
FAAREMN CPU FiaHE,
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0 REFERANIATR, WHAAMTTREITHITITE:

cl <- makeCluster(getOption("cl.cores",2))
0 KATENREHTHTHE
3. KA R

stopCluster(cl)
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=545

cl <- makeCluster(getOption("cl.cores",2))

xx <=1 : 2

yy <- 3 : 4

clusterExport(cl , ¢ ( "xx" , "yy"))

clusterCall(cl , function ( z ) xx + yy + sin(z), pi)

## [[1]]
## [1] 4 6
##

## [[2]]
## [1] 4 6

stopCluster(cl)
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e clusterApply(cl = NULL , x, fun, ..), XTRHRTE@E » WE
—MEFARE fun HITITE,

o {540 clusterApply (cl, 1: 2, get (“+"),3), HH o HEEE,
;ﬁgﬂﬁ)\m%ﬁ “+7 PEMEHTITR, 38+ RBNS—
>4

# fey < function(z,y){

# "2 + sin(y) - 1

# }

#

# Z <= clusterdpply(cl,1:10, fzy,y = 2)
# Z[[1]]
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M <- matrix ( rnorm (50000000),100,500000)
Mysort <- function(x){
return(sort(x) [1:10])

}
do_apply <- function ( M )
{
return(apply(M,2, Mysort))
}
do_parallel <- function(M,ncl)
{
cl <- makeCluster(getOption("cl.cores" ,ncl))
ans <- parApply ( cl,M,2,Mysort)
stopCluster (cl)
return(ans)
}
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system.time(ans <- do_apply(M))

#it user system elapsed
## 30.914 0.523 31.739

system.time(ans2 <- do_parallel(M,2))

#it user system elapsed
# 3.334 1.135 19.4256
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HATIHE

foreach B15 doParallel &2

® doParalle Z5 foreach 88—[E){#F, doParallel E{F foreach H1Tit
BRNTEE,

e foreach BUINBESRMUT for SE lapply RE, HEANEFLETA
BEEmMAESSRXAHITARAHTITE.,

e foreach AIATTHATHRITITE, RN TIRRITEAN foreach 5K
HTIHENAR, EARIETRNEMLE, SEBHTITES
EARFINT R, BREAWT:

library ( foreach )
library ( doParallel )

## Loading required package: iterators

cl <- makeCluster ( getOption ( "cl.cores" , 2 ) )
registerDoParallel ( cl )

stopCluster ( cl )
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HPC Z&EHITITE

e HPC 25 48EITE (High Performance Computing) HEFAYEFR,

o IBREBHIT R T ABMILTEMIENAENE5 SR IzER BN,
HEARAMRAHES D ABRNB ST AKRES, BIIESMEEEN
BATE, MAENBLRITENGEEEEARE A IARIEM—IK
(B1z, 3FBAR) RUE.

o SHBEITEERKIMTHITUIERSE, FIAEEEEITEERER
FERRNEASELERNE. SMeEITEEHARETER 1/0 &
SR8H, AU EEITEERAEERNAGTEIE, JUEER

ST E SN BIEFHEE,
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2HAITE

* 2HNITER—MTELA, MEFNITERBENHN.

c EEITERANER, AENATEEIFEEANITERIZ 65
B, MRRAEHNITE, FERBBRIKONERSM.

* PHITERZNADBERITS/NE D, pELSaitElt
TR, XEFRATARMITERE, AKRSHTERE,
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RE -7 B3

s pHNITBLEEAEEERBUT/IMIR:

0 %ﬁJ\/ﬁ__ﬂf}\/\¥
0 B HXITEIMNEZAITEN LG ERS
e FINERFHAERERIGITERITEN L

o Hrf, HERARFNFERBZHEN S ITERZOERE
z_
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gt EN D VT ERY

* MRITEMED HNITEN—M,

s IREITEERDHIMN, B4, SEXMIAEN—ENRIZ—
28, mE—TITENNES, X "Bkl NATUVERS
REBAVEIRLLIRRES .

* MR BENIRMERASSHERRARRRARE.

* PHNITERNANBIERT LHhatEERZER, AN—~A
REMRBRITE, STRBESITENITATRIEANRR R
KiE,

* D BT ERMZRUDHIITERARNEM, BTRIRA
MURA R VRG24 . A Vit B BB RFRH
BRI RE L,
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® Hadoop B— A IFHIEBRER SN BTZFFH LA Apache 2.0
WA A RIIFERIREIESR., EXERMEGMERIARSE
B BTN BER.

* Hadoop ZRIRIESIAE)AKH MapReduce I Google X4 ZRFHY
X BT

* FiAH) Hadoop RIREBE—TEANRIZ, BNFEGHERENIER,
RZHEZEBEhabiE,

® Hadoop 1EZSERA AN AR AT EMMEIERR., EXIM T BN
MapReduce H4RIESEI: NARRE D XBFZ/)NEHy, mET
BoHEEEERTPNIR TR LEITHEFET,
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* Hadoop MR T DA XM RSE (HDFS), AUFEMBITET
REVEE, ZRABITERTRTIFESHFER.

* MapReduce MDA HRLNIRIT, EEEMEIRGEB6I4
BTN REE, EENARRSETEARNIBILT SRR PB
REVEIRE.

o MEZLIBIANEA Apache Hadoop“F A" B31E Hadoop WiZ.
MapReduce, Hadoop D XHFRSE (HDFS) PAKR—LEFHKIN
B, B Apache Hive ] Apache HBase &%,
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® Apache Spark @ ENARREIEGCEMmiR TR IREBANITES]
&, Spark 2 UC Berkeley AMP lab (AIMAZB7F D HEI AMP
IR FFFREAYZE Hadoop MapReduce BB FHITHESR, Spark,
88 Hadoop MapReduce FTEBRIMR; {BARRETF MapReduce B
& Job HEMIHAERTUREFEAES, MMABEEELE
HDFS, [t Spark BEEFHtER TEIEIZIRSNBFEIERTEIE
LAY MapReduce BI&EA,

® Spark :27E Scala IBEHEIAY, EIF Scala AEENAERFIEL.
5 Hadoop AN[E, Spark # Scala BEUSEZEERK, HHHAY Scala 7]
PUSIREAME SN R— RN IIRIED RS,
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2HAITE

HDFS Z24948 iR

o 7f “2H"HDFS B= TPt

©® NameNode(F)
® Secondary NameNode(F)
©® DataNode(M)
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MapReduce

® MapReduce @—" " RIZIEEY

0 A2 FatARETRHETIES
0 HMICRNEIRLE (BHNE)
3. STNRARLE—MES
o HAHHEMERAT, 8T NTRLEEMESETRLNKE S8EM

BER:

® Map
® Reduce

© 7£ Map # Reduce Z[Bl2 shuffle # sort FEX: M Mapper [4]
Reducer &IXEIE
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e =itE (Cloud Computing )@ 2D fHNALEE (Distributed
Computing). H1TRIE (Parallel Computing) FIM&ITE (Grid
Computing) FIRRE, HEREXLETBNBFE SRS,

o SITERIEETEBRNIBIIT EE-BNEFET T ARM,
HNEIENEAIRE LAEERNLERFZRERE—EE, HE
T, AERAHR LeIY RGBS EARBENRINEEFERERSS
SRR —FPITES I,
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o BIEETIR: FAER TRED, INERRNIRE;

* BTN AU THBEMFR;

* TAAENITE: AEQE, EEithR, HREEREMAM
HATITERSS

o TRBANITE: BAEXMR=EM, TREE,
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® SAAS (Software as a Service ) - FFEHIMWE (Dropbox. BEME
) JIRA, Gitlab Z

e PAAS (Platform as a Service ) - #UIEERSS . web NAMNE B2
RSz

® |AAS (Infrastructure as a Service ) - M. B
* &fF- 0SS
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KR 5K

s ZItENEARERBIFETEDMEAENSBRAITEN L,
MIERMITENISIEZERSZ R, BIWEBERONETEESE
EXRIAEM, X(ESEWEERIEZRIREFTENNA L, RIES
KipEITENAFERS.

e BT Internet 3ZEAN

s NEEHHEAEHE IT BARREH

o F=FHiEH

o BEHZE

°* TZRINEEA K

s TZREMH

o RLTIELELF
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°* AWS

® Azure
FRIE
Bz
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