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HDFS NameNode HTTP Ul;: 9870
Yarn HTTP Ul: 8088

SPARK Master @{5im[d: 7077
SPARK Master HTTP Ul: 8080
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BeEX % EF FEREESS
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1 Hadoop 8
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NameNode #1 DataNode H %
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HEXIZE i BRHl
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FE—TEIER: REELEXHNEEDTR, NREREFIMER, NI —aEER
i(/ﬁ CPUARKITRITI R

BNEIAR: REESE T EIATERNENTRE
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S{FIEEY, Bl

*FileSystemfJopen() /7L IR B — NN FFSDatalnputStream3i %, #EHDFSXER A,
BN aEDFSIinputStream;  FileSystemAfcreate() 5 /EIREIRIZ— T4 LR
FSDataOutputStream3¥$%, EHDFSXERFiH, BIREVEH LR ZDFSOutputStream,

fs = . (conf);
in = fs.open(new (uri));
out = fs. (new (uri));
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(i:m p';" X %_.@H@Eb,?;b,ﬂ,E‘,QR%I?,-?UESA:QE!};, i# i3 ClientProtocal.getBlockLocations )
onfiguration canf = new Configuration(); FEEHE RS, e TS e
FileSystem fs = FileSystem get{conf), 1 o T T - A -
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REBIBXHIE KRG, SMBMRT REIEXXHTTEIE.
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Configuration conf = new Configuration();

FileSystem fs = FileSystem. get(conf);
FSDataOutputStream out = fz_create(new Pathiuri));
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# B/ (EIESE

1. start-dfs.sh

2. stop-dfs.sh

#BIEBE R

1. hdfs dfs -mkdir /test #EJHfliE

2. hdfs dfs -mkdir -p /test/a #ZLExliE
#HEE

1. hdfs dfs -1ls /hdfspath

2. hdfs dfs —cat

3. hdfs dfs —tail

#EE

1. hdfs dfs —put ~/input/testd.txt /input/ #local hdfs
# 2. hdfs dfs —moveFromLocal

# 3. hdfs dfs —copyFromLocal

# T8 (MU T EHEIA ML)

1. hdfs dfs —get hdfspath localpath

# 2. hdfs dfs —copyTolLocal

# 3. hdfs dfs —getmerge #&8F#H &

#IIFR

1. hdfs dfs —rm (-r)#HFRXH rXE)3, BTFEEEZRNER
2. hdfs dfs —-rmdir

3. hdfs dfs —cp pathl path2 #copy

4. hdfs dfs -mv pathl path2 #mov

YARN
- ENREEIRREER, MAE—MTEIES

« ¥Fjobtracker (F£Enamenode)
- (ESEXNEIL[application master (DfHEE
- BREEEIRXIEERAresource manager

« 1.0 &1 = Htasktracker

YARNSHYSE B i [ obTacker = -k 2hf 4R 4

g g

ResourceManager

[ lobTracker
1T 2 18 FE

Thik

ApplicationMaster

{2 I

Master i

ResourceManager
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Scheduler
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NodeManager

BTN RENFRER

NodeManagerEE NI EIEMRINEZ, RLESEHFEXNEE, MARKATS
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application master 8 C Bi5;+ 54

81 AFRSEFWEARER, EYARNIE R RER . I RIS 2 EApplicationMasteriz £ . 250
ApplicationMasterflan s . FAFfE P

S ¥%3: ApplicationMasterif 8l /5% B 5t [@ResourceManager i #f
#4: ApplicationMasterd A8 817 T [AIResourceManager FH1E 45 18

SWe: HERPRENES (e1THE. H=E)
ST &F 5 EApplicationMasteri IR B 2T EI0H B

S18s: [AIEFFIE{T=AE , ApplicationMaster[EResourceManager IR FRTE FFE e i i X AB

MapReduce

‘S EMMRE] T EE: MapFlReduce
TTERHBIESEN
mAELE, SZwordcountIEfi#

R 1PN i 114 LA

Map | <k,v> List(<k,,v,>) | LG/ AR Sl — 2B i T Rld— it
il s il s <key.value=4f, i AMappf &0 47
=TS, abc™= <“q” 1= A
<b”,1> 25— A )<k vy> 2 it
R ) B <k, vy=e <ky v, ETFEM A (A2 R
Reduce | < k}LisT(-ﬁ_!z}::a {j:kg__fgf.} ’rﬂﬁ }'\ |r|{_‘|1 ! r 1 |~E |J :i.’;[.‘- Ifu ‘::kz.LiStU-'l}::" ; 1 ! ﬁq
i <z 3> List(v,) % 7% 2 — 38 F [ — My
<*a"<1,1,1=> value

A EIMapfES Z B AR HITEIE
A EIRIReducefE55 Z Bt AR R EEAEERIR
HDFS MEE A/ \Hblock RNEARLMFEEIE, M FMapReduce TS, HAEBENUZ
split, split @ —TZiEH]R
*Hadoop A& splitBliE— TMapfEsS, split WZINRE T MapESHIEE. KZEIBERT,
BN hARNZE—THDFSIR
— 1 map—" split
—reduce— Mo X
shuffle
P 18 Map B0 HIRERE D EL A EHY Reduce £55.
HiF: 3381 Reduce 50 XHAHIEUEREREHF .
8H (k) FEFEERNEIENEH XY, BONEFFMHEANE,
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4.3.3 ShuffleiIFE i #,

R Hireduce

2 MapinfShuffleid 12

B MaptEH 78— &7 MapReduce® 1A 100MBE
ﬁlﬁé{ﬁi’ﬁttﬁJOS apresiEerhy

- E B R 5 WY

- HEFE BB AR

-HEF R LA (Combine) ;& FFBERE
-HEMapEHE PSR ZFEATIRH
CAFHARE AN, AR

< STHHIFHAT, ?D%fﬁﬁ’ﬁ}'{ﬁ?ﬂijﬂ:ﬂﬁmﬁ (BHAE
33 WAL g v BshCombiner, T34 EE
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|
| l |
I <key valus-list= |
| |
| [ me .
|
| e o |
: 5 A F) 55 <kay,value> key value= | 5N F 4 A :
| RLIERS R — | OupuFormst | 4 pr 555 |
| {WHDFSy; J' _____ W HDFS — — —




wordcount, StEBETLEHTENEXF

MapiiiShuf£leid Firp

i Combiner 4 B2 (0 A combiner

Mapii iH IF]£5 5 Kk Reducefl

<Hello, 1>

AL Combine | <Bye, 1>

<Bre. 1> <Hello, 1>

CWorld, 1> Morld, 2>

e, l:) Comtrine <Bye, 1> Reducell)fill)

o 1“"; <Hadoop, 2>

(“’Y"- o Hello, 1>

" <Bye, 3>

Eyo, 1> Reduce | <Hadoop, 4>

Hadoop, 1> Coabine | <Bye, 1> <Hello, 3>

(Hello, 1> <Hadoop, 2> Horld, 2>

(Hadoop, 1> Hello, 1>

MapiiiShusfleid fiip .
i Combiner i E i (i ) Hcombiner

Mapsit i 11 5 e Jz ik Reduce 5

<Hells, 1>

bl ib Combine | <Bye, 1>

<Bye, 1> <Hello, 1>

<World, 1> Horld, 2>
ey, l:) Goabine <Bye, 1> Reducell)fi

Lo 1""; <Hadoop, 2>
((“""- o <Hello, 1>

: <Bye, 3>

Bye, 1> Reduee | <Hadoop, 4>
(e B Combine | <Bye. 1> <Hello, 3>

T Gladoop, 2> <World, 2>
Hadoop, 15 CHello, 1>

4.4.4 WordCountﬂ?{ﬁ%@

Qpublic static void main String{ T args) throws Exceptidd {
Configuration conf = new Configuration();
String[] otherArgs = new GenericOptionsParser(conf, args).getRemainingArgs();
if (otherArgs.length < 2) {

System. err.println("Usage: wordcount <in> [<in>...] <out>");

System.exit(2):

Job job = Job.getInstance(conf, "word count™);
Q job.setJarByClass(WordCount.class):
i-:}b.seﬂ\:ﬂ[auperClaas{Tokenizeﬂ*vf[auper.class}I
job.setCombimerClass(IntSumReducer.class):
job.setReducerClass(IntSumReducer.class):
job.setOutputKevClass( Text.class):
job.setOutputValueClass(IntWritable.class):

KARH L5
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1. &%
1T ooc
Map: t => <t, t>

2. 2%

Map: t => <t_1, t_ 1> #@E{LISTt_1
Shuffle: <t_1, <t 1, t.1,...>>
Reduce: <t_1, t_1>

3. FIBZER \union S

Map: t => <t, t>

Shuffle: 1. <t, <t,t>> or 2. <t, t>
Reduce: if 1: <t, t>; if 2: <t, t>

4. iE R \intersection S

Map: t => <t, t>

Shuffle: 1. <t, <t,t>> or 2. <t, t>
Reduce: if 1: <t, t>;

5. £iz& R-S

Map: t => <t, <R, t>> or <t, <5, t>>

Shuffle: 1. <t, <<R, t>,<S,t>> or 2. <t, <R,t>> or 3. <t, <S,t>>
Reduce: if 2: <t, t>;

6. B#AEE R<A, B> with S<B, C>
Map: (t_A, t_B) => <t_B, <R,t_A>> #RATIFICEEIEA
(t_B, t_C) => <t_B, <S5, t_C>>

Shuffle: 1.<t_B, <.<R, t_A>, <S5, t_C>.> (R, S [ER®EI) 2.others
Reduce: if 1: <t_A, t_B, t_ C>

* A EMapReducefiERF
1. 1% (Selection)
IR IR A R I A,
(IARE): 3 =R

W oo
Map: t => <t, t>



Map FrER: STHRIATA t #WAE, MRFEEEFFME (B2 wHERE F48)), MIFETA
WEA (1, ),

Shuffle: FNEERNTIRERS, Shuffle MERRZIEEIELELE Reduce FrER, BESEHIZ
BRHTORK,

Reduce FjtE%: 7£ Reduce MiER, FiREHEEEFAHNTHASHEREL, THEEIHIIMMIR
BEatE,

2. %85 (Projection)
REAREIRER LTS,

B

Map: t => <t_1, t_1>

# BatWMEIt_1

Shuffle: <t 1, <t 1, t.1,...>
Reduce: <t_1, t_1>

Map FER: B8 7MATTAH t HOE, WMt t 1, HEi t 1 SEIF0EE5 (FIM t §
R RLEAFTET),

Shuffle BrE&: Shuffle RAGHERIREZFI t_ 1 RBEHFE—#E, K <t 1, <t 1, t_1,...>>
{SERT AN

Reduce BfiE&: Reduce MEE=IRIER t_1 BABREIIREHALHRENIRTER.

3. #1iz8 (Union)
HIZEBERTXA R 1 s PTEEH, EIEEENTER,

B

Map: t => <t, t>
Shuffle: 1. <t, <t,t>> or 2. <t, t>
Reduce: if 1: <t, t>; if 2: <t, t>

Map MER: BT 8MATA t BZ Map @@t (t, t), EMREENNBINELRZE t.
Shuffle ftE%: Shuffle 2I5HEEIN t REGFE—IE, FIEESBEMMIER:
MEE—NMBREZSMEBENE (B t BMZR), SBMEN <t, <t,t>>,



ARBTRBRADIIR, WERR <t, t>,

Reduce FiE%: £ Reduce MER, 4EHEE t B9iER. WRE—TRESZME (<t,
<t,t>>), Hil@mE t, BIXE; REAE—ME, WEEGHYE t.

4. 3ZZE (Intersection)
RIBEBHITXE R 1 s P AHITAHRETFE,
AR

Map: t => <t, t>
Shuffle: 1. <t, <t,t>> or 2. <t, t>
Reduce: if 1: <t, t>;

Map MiE&: B cd t SERRBEX (t, t) #HEL.
Shuffle BiEg: Shuffle 24§HHEIN t REGTE—E., R t EZ TRAPHLLEI, SFK
<t, <t,t>> W4EH, Rix t HIERTRERER,

Reduce BiEx: 7£ Reduce FitEr, WRHE t YWAEEZT (BILEME R M S B), N
tt, Xmt B RHM S BIREK.

5. Z1 8 (Difference)
ZBE R - S ATFMXZAR R FEREXRR S PHEIMANTTA.,
ARIDRERE:

Map: t => <t, <R, t>> or <t, <S5, t>>
Shuffle: 1. <t, <.<R, t>,<S5,t>.> or 2. <t, <R,t>> or 3. <t, <S,t>>
Reduce: if 2: <t, t>;

Map BiEs: 87 th t WAEE, HEHEHMED MRS R 50 5. BlimdE t, BN <R, t>
<S, t>, FRIMCEKRBEMITXER,
Shuffle FiE&: Shuffle I51ERHE t MWICEKREE—&E, B=FER:

R t BIE R M S P, SEMEH <t, <R, t>, <S,t>>,

AR t NEITE R R, RGN <t, <R, t>>,

MR t NEHE S B, FREN <t, <S,t>>,



Reduce fitE%: 2R t (XEIE R F (BIRE <R, t>), WEHEL, X5 t BT R -
o).

6. BPA%E#E (Natural Join)
BAERRERATRIERBREMERZEMITXZR, BEETHEENT,

ACED AR

Map: (t_A, t_B) => <t_B, <R,t_A>> # R FHF+rCEEMH A

(t_B, t_C) => <t_B, <S, t_C>>

Shuffle: 1. <t_B, <.<R, t_A>, <S5, t_C>.> (R, S ERHEI) 2. others
Reduce: if 1: <t_A, t_B, t_C>

Map FiE&: SIFRITXZHR R(A, B) Fl S(B, C):
MFZZR R HFIZEX t_A, t B, FHd <t_B, <R, t_A>>, BIBA t_B HHE,
MX% s #$2EX t_B, t_C, FHiH <t_B, <S, t_C>>, BN t_B HE,
Shuffle BiE%: Shufle R1RIE t B R&EFRHE R M S WCE, IEEEMMIER:
R t_B £ R 1 S FREFHI, LMK <t_B, <R, t_A>, <5, t_ >, RAXE—T
B AT IEIRR R
NFR t_ B {XHIIE R T S A, EHAEMIER.
Reduce BjrEg: @R t_B LT R M S A, #AHICE (BIEHH <t B, <R, t_A>, <S,
t_C>>), MFTEZEHBMEERESR t_A, tB, t_C,

MapReduceiz i #1—H A&E&

4.5 MapReducel'] EAK W

JlIMapRoduce S A IR (18 e
I

0 & = B
Mame Empld DeptName DeptName Manager Name Empld DeptName Manage
Harry 3415 W& & George Harry (3415 WM& George
Sally |2241 $HE HE Harriet Sally 2241 $HE Harriet
George| 3401 W& Ao Charles George | 3401 M5 George

Harriet 12202 $RE Harriet | 2202 $AE Harriet



[P FARE1 MapReduce {Af{E5
mapPftE%
BREYIZHE

M ER RPIEEEEX: <DeptName, <EH, Name, EmpId>>,
M Z5i7 RPIBEEREX: <DeptName, <7, Manager>> .
B—1TEURELA DeptName ENTE, UITHEMERDIERNE.

<I1%, <EEf, Harry, 3415>>
<{HE, <Ef, Sally, 2241>>
<l1%5, <kEf, George, 3401>>
<t§&, <Ef, Harriet, 2202>>
<Mi%5, <&, George>>

<tHE&, <3B], Harriet>>
<47, <&, Charles>>

Shuffle i E&
94HB4E:

R DeptName WFTEMEMTHA, BREAFMIRNEIBASIE—IET.,
RIS AR

Ws5: [<BG, Harry, 3415>, <R, George, 3401>, <], George>]
tHE: [<Ef, Sally, 2241>, <E&, Harriet, 2202>, <&B], Harriet>]
£ [<EB7], Charles>]

Reduce M Ex
349845

SNETH# DeptName , J§HKE BHA MICRSXRE # BNCFRHAITIE,
WL ERENGR,

TflFa -

<Harry, 3415, W35, George>
<George, 3401, Mf%5, George>



<Sally, 2241, %HE, Harriet>
<Harriet, 2202, %H€, Harriet>

MapReduceM Ffi2—oHARE (f+.) 15

452 THRGER
SUM

COUNT

AVG

MIN

MAX

B M [FIReduceiz &

1. R

Map: t => <k, v> #kA9DAEWR, VAESENE
Shuffle: <k, <...>>

Reduce: sum(list()) # listRkEXNHEMNES

2. it# Bwordcount; ZEsumHcount

Map: t => <k, v> #kADEEWF, vVAEEENE
Shuffle: <k, <...>>

Reduce: count(list())

3. FY: sumFFaverag

Map: t => <k, v> #kADEIEWRF, vVAEEENE
Shuffle: <k, <...>>

Reduce: averag(list())

4. min: sumgfmin

Map: t => <k, v> #kADHEEW, VAECZENE
Shuffle: <k, <...>>

Reduce: min(list())

EFRERE, ZE L HE



W MAVAE RN S BIHDFS R, M ] L EeAiis,  VIEARAE ISR N AT
Map@ﬁiﬁﬁ": %IH:JI< i, mi}‘U}' >
Reduce R B BT XTHIA NI < 1, < myy vy, mypvg, -, My v, M MIH< 4, x; >

UARNARK, AT Ay F Hdle
M 14

FEREMERERE 4 B

HEEX RN 1, x5 > YRR j ke, ype > > K< ik, zj, >
BT mapreduce (T 55

f£951, HRIERE

1.MapiR%l: XXHIH<j, <X, ix; >>, WYHIH<j, <Y kyg >>
2.Reducerfi%: i< j, < ik, xijyje >>

{1552, THRE

1.Mapbf %: i<« i,k >, x;jy>

Q.Reduce%[ﬁ: Eﬁ)\<< i;,,‘{{w >, < Xi1 Vi Xi2¥2ks = XinY2n» >>,$€IJ.H:I|<< i;mkw >, Zik =

spark
AR

- *RDD: ZResillient Distributed Dataset (3842 HmAEIEE) HER, BoHXREFEN—
HRMS, RBRET MNSEZRNEZHNFEE
- *DAG: zDirected Acyclic Graph (BMFIFE) KIEFR, KRIERDDZ[BJAIMKEIR R
- *Executor: RIBITELIETA (WorkerNode) HI— 1 i##E, f1TTiE{TTask
o CSEREFHIITRENES, BMESHEHFH



«Z & Executori 5 —BlockManagerfzf#t&iR, BN EFNHMEHRRENFHEIZE,
BB NOFF5H
*Application: FAF 4% ERISparki FBTEF
*Task: &{TfEExecutor L T{EEATT
*Job: — 1 JobB&ZRDDK&EATHNRDD LA &R
Stage: RJObMEXRFEERN, —NJoben NZHATask, EBiATaskiEFRStage, THEH
AR N TaskSet, R T —HXER. 18E Z[E%EShufflefkFix RRIEFSHMIESE

application

—Ndriver
BZ job
—job 1RZ stage, jobiAEH A, WEBtaskxEX
—“ ‘stage R Z task

worknode

executor
W1T—"task

ZRMIRIT

«—“ApplicationE—*DriverflZ&& T NJob#4pk, — T JobH Z | Stagetdpl, —"StageH =%
N&F Shufflex AR Task B RY

L 1T—"Applicationfd, DriverablERt SIR2sHIERIER, BaIExecutor, F@Executor
RIENFBRERRBINXY, AEEExecutor EMITTask, 1IBITERRE, RITERERMDL
Driver, &5 Z|HDFSE & E Mt EIEES

>

BT S



F %
? = 0, o
SparkContext ™
LR Ea "
RDD Objects — |
1 - ™
<J. >
HEDAGE ————— o B I S o O R AL
LI J
E)
DIAG - ; \‘
T - | \
DAG Scheduler ™ | 1
o LA RATEE s, | | Q)
: w5 B A A |
FrDAGE 5 BT HStage \ 1'1 h
Taskset N 3 s
askset Wy F il A
Jd. r vy .
Task Scheduler | 5 i
>
b2 0 20 Tk Task L ; ;’E;‘_ef'ﬁfi"—”ﬂ',,.,f
T e A A, J
s = M r.
- ﬁ

(1) BERANBMEEEARNGITIMNE, BIEDrivertlf#—SparkContext, #H1TERAVERIE.
ESR D E T

(2) FBEEIEEINEXecutorDEERIR, FHBEIExecutori#FzE

(3) SparkContextiR#ERDDHIKEI* R FIIEDAGE], DAGEIIEIILADAGSchedulerfiB i A
Stage, REE—"1"1TaskSetigR A EKEFE 23 TaskScheduler#b2; ExecutorfaSparkContext
ERiETask, Task Schedulerf&Task & aExecutoriz1T, HigEnN A2

(4) Task?EExecutor Ei5{T, IBHITER KRR TaskScheduler, SAEKRIR4ADAGScheduler,
BITREEEANBIEARBRKBAIE SRR
RDD

— 1TRDDMZ2— T2 HAXRES, ARLEE—TRIENSXIEERES

RDDfRMA T — 1S ERRIHAZAFRE
RDODEZRIEMNECR D XNES, TEEREN, REETRENMEEFEMPNEIESE!

#2RDD
S E BRI AEMRDD LATIRERSEIRIRIE (fmap. joinFgroup by) MEIZESEIH
FIRDD

1#B1E: DRshE” (Action) F“4&#e” (Transformation) FRFPEE!
‘RDDiZHAVEEIRIZEOEIEE E R, #EXKMmap. filter. groupBy. joinFHEAIERIER
EEIRIRIE, MARHNENBUIRTNMAR EER
WATIE A2
‘RDDIZA MR EIRE IR IHTTRIE
‘RDDE T —RFIVELIR (Transformation) %1, B8—IREETEARERIRDD, #ET
— N EIRIRIE(E R
“Ex[E—"RDDEI ‘ohfE" R EH1THEIR, HELRINEBEIRIR
X—RIGIBFR—Lineage (M%XxZ), BIDAGHRIMIFHIEAR



BEMtEERDX
RDD&%: THREMITEETRDD
M= BHEAA. BB, BRELES. T1EEREFEFEER. SXIREEEER
RDD Z [BIRYEE E Kk #ix R
FERFRI A — T XRDDI D XX N F—1FRDDMI ) X3 Z > ARRDDAY 7 X XF bz -
— 1P FRDDMID X (ELUREKR)
RRFNRIMAFE—TRRDDI— 12 XS —PFRDDIZ N X, FiEshuffle
stageXll
Spark #R#EDAG EFAIRDD #k#ix R, E—MEUDBHZ T ER. MEINDHKER
BRI EAH ., NTFREBANERBMS, ERONTFELNRERERN, FARHT
EAL
EUREB] LASSENRIK 2 AL
it BEI TR

w WAIENERNSEHR (/S ErddER5)
A AER—FABRERERZSTAPI, EE#HITEE, MAREIEME, SLHwordcount

scala > val wordCounts = textFile.flatMap(line => line.split(“ ”)).map(word
=> (word,1)).reduceByKey((a,b) => a+b)

scala > wordCounts.collect()

sbtiT®, EHAET,

HTHESI B! ||
scala

—val: BAATN, EFREMOTHNIELY, MEVNRCUEMAERRE
—var: EAER, FRNMEFEEHITIAN, DRtUEERTUERSEEE

valiE X A9HE BN R ER T 4wt -

g BTz

RENRIEE A FRECNEM, SRR ZREE. ARBATEIFANRETE, M
ETFIAMEENRMNESSER. 2R, TEZRY



R E T RTESLflwordcount 1 1

1 import java.io.File

2 import scala.io.Source

3  import collection.mutable.Map //;FEUAZSNFEZHIMap

4  object WordCount {

5 def main(args: Array[Stringl) {

6 val dirfile = new File("testfiles")

7 val files = dirfile.listFiles

8 val results = Map.empty[String,Int]

9 for(file <- files) {

10 val data = Source.fromFile(file)

11 val strs = data.getlLines.flatMap{s => s.split(" ")} //;xEUtat
fEAflatmap, AF—THESRIZT, HREFHK

12 strs foreach {word =>

13 if (results.contains(word))

14 results(word)+=1 else results(word)=1
15 }

16 }

17 results foreach{case (k,v) => println(s"$k:$v")}
18 by

19 }

171-3: SABENE;

176: BIU—Filed%, XBERIFHFIXGEETE—Ntestfilestk, BEEEEE TIXAX
%

177: EAFileRMListFilesHiA, BEIEHTAMAXEHNRIIMIEA, fileshIEKE RN
Arrayl[java.io.Filel;

178: B — 1 rIZNTHIIRET (Map) X ZRresults, RESITER. BREFHNFEHZ—
(key,value){EXS, H, keyRHid, valueZHiFHIMATREL

179: B forBHI G REITEF, DAGBENE;
1710: MFileXSiEIISourcedt R A{EHHIIEE;

1711: getlLines AIKIREIXHBITHMAIENZERNR, LB NIterator[Stringl, flatMapi#t—
TEB—TFRERD BEE, BREMEXERIEFMMIFTFERTEERES;

1712-15: Y ERNFAFHEA[HTIES, EERREF, ITIHINEHRINETRE, WRIXTR



1HMUBIEZAR T, MBS resultsliZEE NkeyIIREIZZBRvaluelEinl, WMRUBNEBE#H S
T, MAXTEEEAFHAE—REEE, REEEENENAKkey#HTHE, TSI T RINFTAIRET S
H;

1717: XMapfiRresultsi#HiTiEA, MERITER

forit S\

forfEFIV: foriGM AT AERRMITRRMREIE—ME, REFKESTEEENESIENfor
BT RANNERIRE, SENREHEMBIFRIRSEREBE

for( ZTE <- FRIAR ) yield {IEE IR}
scala> r = for( i <- Array(12,32,11,17,25,64) if i%2==0 ) yield { i }
£54H

val intValueArr = new Array[Int](3) //FRR—PMKERNINRBINA, STMHRATRYEBN
A0

intValueArr(0) = 12 //AFEINMHATERENL2
intValueArr(1l) = 45 //@E27MHATEWIENAS
intValueArr(2) = 33 //4A8E37MHETEREN33

val myStrArr

new Array[Stringl (3) //BEBR—TKENINFHENA, BTHATEIG

f£Anull

myStrArr(@) = "BigData"
myStrArr(1) = "Hadoop"
myStrArr(2) = "Spark"

for (i <= @ to 2) printin(myStrArr(i))

o
Scala FEALELTEH H=PRREND:

-F%) (Seq): ®RTMEBEFESR, FIMBIRSIBMEITTE, BFFEIIF (List) . 4H (Array). [@
= (Vector) %,

-& (Set): RTLTLFER, TEZEERR, BFE&ES (Set). HF& (SortedSet) 3F,

- 8¢ (Map): RTRENES, 8TH#XEK—MME, S3EME (Map). BFRE]
(SortedMap) %,

- IR (List)
- —MHASAEEREN==TFIZ==RXRF5I,



- HIRELBMRIMOMR, TS B ERheadftailF5iERIRE
- ==${Harray, FMERAIAAZE==
- Vetorr]LASEERFARE TH )R (EED & & 20T 8],
- Rangez: —f454%M). TREINAAITHFEERT . HESNENMNETERIE—ES KGR O
N EIEEL RMFRE A
- &5 (Set)
- *AEETEMNBEE (collection)
- *BREBERTRIRNE==F L=
- BREF (Map)
- BEW—H, BET—TEEHE—MN,

&8 (lterator) RE—1"Bg8, MERME TRINF0E S TRAVEBIESEN
KT ERELAITHE! !

val valList = List(1,2,3)

valList(1l) = 3 //AAETT, EFfEint

valList = 4::valList //AAILAETT, valRmAIUEE M

var varList = List(1,2,3)
varList(1) = 3 //AALETT, EAEint

varList = 4::varlList //®AILUGT

val valArray = Array(1,2)
valArray (1) = 3 //8IBABTT

valArray = valArray::4 //Ae[iB1T, valR el AEE[M

ellFEES

class Counter {
var value = 0
def increment(step: ) : = { value += step}
def current(): = {value}

}



val myCounter = new Counter
myCounter.value = 5
myCounter.increment(3)
println(myCounter.current)

class Counter {
var value = 0

def increment(step: ): = { value += step }
def current: = value
def getValue(): = value

val c= new Counter
Cc increment 5
c.getValue()
c.getValue
c.current
c.current()

S ENREGRER P UMEBRERRAIVERTHE, AJILEEREREE
IR FGIERERE QUNt, AIMEINSRIRESREENES, ETEERAES

5104

//—T 45
trait Flyable {
var maxFlyHeight:Int //IHZRFE
def fly() //HRFE
def breathe(){ //BAHNAE
println("I can breathe")

//BAN—TER
/ERS RN RFRS MR A ENIRE
class Bird(flyHeight:Int) extends Flyable{
var maxFlyHeight:Int = flyHeight //E&HiSHENMSTFE
def fly(){
printf("I can fly at the height of %d.",maxFlyHeight)
Y //ERSRRERG A



SRSEREANERHIF 15

trait Flyable {
var maxFlyHeight:Int //IW&RFER
def fly() //H&RAE
def breathe(){ //B#HWNAE
println("I can breathe")

trait HaslLegs {

val legs:Int //MERFER
def move(){printf("I can walk with %d legs", legs)}

class Animal(val category:String){
def info(){println("This is a "+category)}

class Bird(flyHeight:Int) extends Animal("Bird") with Flyable with HaslLegs{
var maxFlyHeight:Int = flyHeight //EHISHENHRTFER
val legs=2 //EHFRIHRFE
def fly(){
printf("I can fly at the height of %d",maxFlyHeight)
Y/ESHBROMRAE! | FTREREREARRE

i ESES

WR—MEREERBLIIMEG, WnJERabstractx IR ITIEM, EXWHRE

abstract class Car(val name:String) {
val carBrand:String //FERBVBHE, ME—THRFEK
def info() //MFRFE
def greeting() {
println("Welcome to my car!")

by

/ Note



AT EENEX, RANLR:

(1) EX—THRE, FEEMAXHEFabstract

(2) EX—THRENHMRSE, THEEXEFabstract, RBIELERTE, FNEHER
FL AT A

(3) MZEKFEXNFE, RERBLELBNE, MRRE—THRFER, B2, #BR
FERONEFRAEXE, SMREFRE

apply B ZX

class TestApplyClass {
def apply(param: String){
println("apply method called: " + param)
b
¥

val myObject = new TestApplyClass
myObject(“Hello Apply”)//BshiEBEPRENXMNapplysia! !
myObject.apply(“Hello Apply”) //Fzhi@Rapplyhii

HENRNapply L] HE AT

[/ ERRFNapplysiE: BB ENMWIES ERapp ly S AN RN E X EFERN AR, XEAFEST
SAMBEREIFINT, MXLapplySEREMA I Bk

class Car(name: String) {
def info() {
println("Car name is "+ name)
b
b

object Car {
def apply(name: String) = new Car(name) //iERHEECarfIiiEs %
¥

object MyTestApply{
def main (args: Array[Stringl) {
val mycar = Car("BMW") //IEARFENRFNapplyHiE! | newEE| TapplyEE T
mycar.info() //#E%RA"“Car name is BMW”
}



AT RRAMLRIE

reduce

scala> val list =List(1,2,3,4,5)
list: List[Int] = List(1, 2, 3, 4, 5)
scala> list.reduce(_ + _) //BIIR7TREMN, FHAT HMUMEE

Int = 15
scala> list.reduce(_ *x _) //BIIRTEER
Int = 120

scala> val list = List(1,2,3,4,5)

list: List[Int] = List(1, 2, 3, 4, 5)

scala> list reduceLeft {_-_} //;FEIRF1-2 -3 -4 -5

Int = -13

scala> list reduceRight {_-_} //4-5,1 2 3 -1,3--1,1 2 4,2-4,1 -2, 3
Int =3

fold

scala> val list =List(1,2,3,4,5)
list: List[Int] = List(1, 2, 3, 4, 5)
scala> list.fold(10)(_x*_)

Int = 1200

scala> (list fold 10)(_x_) //foldMHZFEE %

Int = 1200

scala> (list foldLeft 10)(_-_)//it&liFE(((((10-1)-2)-3)-4)-5), ZLHE—PYENKX
7l

Int = -5

scala> (list foldRight 10)(_-_) //itEIn~ (1-(2-(3-(4-(5-10)))))
Int = -7

RDDIZ{E



Bl X

filter(func) | 970k 1 396 JC 1 B func FEI TG 26, T 1% ]~ O B,

map(func) W B ’\Eﬁﬁﬁﬁgjﬁgﬁmc@ HoNg g H AR ] oy —
A RS [ o 2
flatMap(func) Smap()FH1 Ji? “% JCE AR AT DAL B osk %2
i H &5
groupByKey() I (K V) SR AE S ) 2 s B2 i, 3 [\ — AN 3 19 (K
Iterable) 2 =0 1 s 4

reduceByKey(func) | F ?(K,V)rﬁﬁiﬂ'ﬁﬂ'ﬁﬁﬁﬁf i (8] — AT (K,
WEAMEAEE, HAhSAME 2 5 key 1% 2]
R func T B S IEE R

BAE 7 X

count() iR (2] #dEm S PRI e R A A

collect() I 2 20R B R P A P oo &

first() Y E1E €77 e Sl S WIS Y

take(n) CLECZH B2 2R B s SE P R ATn N e &
reduce(func) |iEid ph £ fune CIAPI DS EH IR B —NME) BE
B PRIt R
foreach(func) | ¥4 24+ B o =A% 1% 2 R i func P IE1T

FIRICIZOR:

- ‘S5 EIE, pES5EH”
- BREY (map, flatMap), i€ (filter), 94 (groupBy, reduceByKey), &F (union,
join),

170 OR: (BFrddi& 71 17)

“NESRIT, RESESE”
KEE (collect, take), Ziit (count, reduce), 1R7F (saveAsTextFile), BE
( foreach),

/ /AT RN

val lines=sc.textFile(“file:///home/hadoop/module/spark/word.txt"”)
val words = lines.flatMap(line => line.split (“ ")) //%1t

val wordPairs = words.map( word => (word,1)) //%#1t

val wordCount = wordPairs.reduceByKey((a,b)=>a+b) //175h

/ /B



scala> val list = List("Hadoop",'"Spark","Hive")
scala> val rdd = sc.parallelize(list)

scala> println(rdd.count()) //1TohiRfE, RA—REIEMXLEIRHITE
scala> rdd.map(s => s.length).collect.foreach(println) //&E#H! MLitE

ENEUIER (FENRSENLE) 1 5
31 TM—TEENRLFETR

SEI— PR F N StudentiVZE, XM EEFEREME: Name:String,Age:Int,ID:String
BIF5 75 AupdateName BT #E 2  updateAge BT T e, getinfof TENFE 2 FIER

ENXERE, ATFEEBAINGTT
val stul=new Student("Alice",20,"S001")
stul.updateName("Bob")

stul.updateAge(31)
stul.getInfo

FR—TERNEFNER, BT Eapply
EXBHNRE, BEBMINBITUATIED

val stu2 = Student("Tom",21,"S002")

fRE
class Student(var name: , var age: , val id: ) {
def updateName (newName: ) : = {
name = newName
}
def updateAge(newAge: ): = {

age = newAge

}



def getInfo: = {
println(s"Name: $name, Age: $age, ID: $id")
b

object Student {

def apply(name: , age: , id: ): Student = {
new Student(name, age, id)

by

val stul = new Student("Alice", 20, "S001")
stul.updateName("Bob")

stul.updateAge(31)

stul.getInfo

val stu2 = Student("Tom", 21, "S002")
stu2.getInfo

%3] 2. TM—PERENITESS
Bk

82— Calculator 33%, B1&—1" calculate 753%, HBFHNMEHA— N RRBIFNTH
(%

{EFEA R RRER AR RTRMNEE, FHRETEER.
MRENIRERFASE, MWIRE "Invalid operation"”,

EXSER/ER MBS :

Calculator.caculate(1,2,"' ')
Calculator.caculate(10,2,'-")
Calculator.caculate(3,5 *')
Calculator.caculate(20, ,'/')

T

e

object Calculator {
def calculate(x: , Y , operation: Ik = {



operation match {
case '+' = x + vy

case '-' = x -y
case 'x' => x x y
case '/' => if (y !=0) x / y else "Division by zero"
case _ => "Invalid operation"
b
b
}

println(Calculator.calculate
println(Calculator.calculate

( 1o,

(
println(Calculator.calculate

(

(

(

10,
10,
10,
10,
10,

println(Calculator.calculate
println(Calculator.calculate
println(Calculator.calculate

FHEN2 355 breeze BERIRE 1 &

A “image-20241227110125739.png”,

U o U1 U1 U1

-

import breeze.linalg._
val a = DenseVector(1.0, 3.0, 5.0, 7.0, 9.0, 7.0, 5.0, 3.0, 1.0)

val OneMat = DenseMatrix.ones| 1(9, 9)

val A = diag(a) * OneMat + OneMat * diag(a)

import breeze.linalg._
val a = DenseVector(1.0, 3.0, 5.0, 7.0, 9.0, 7.0, 5.0, 3.0, 1.0)

val OneMat = DenseMatrix.ones|[ 1(9, 9)

val B = diag(a) * OneMat * diag(a)



// Q3. Center a matrix by subtracting the column mean
import breeze.linalg._

// Define a matrix C

val C = DenseMatrix((-1.0, -2.0, -3.0),
(4. 0 5.0, 6.0),
(7.0, 8.0, 9.0),
(6.0, 5.0, 4.0),
(-3.0, -2.0, -1.0))

// Calculate the mean of each column

// Mean is a three element vector

// Understand by replace * with number 1,2,3,4....
//Trick// :: means all; and *x means each

// (17, %)

val Mean = sum(C(::, %)) / C.rows.toDouble

// Subtract the mean from each column to center the matrix
val NewMat = C(%, ::) — Mean.t

7 xBE

sum(C(x, ::)) BRITIRE, ERE2THE;
sum(C(::, *)) RIRIIRE, FREIIOE;

// Q4. Generate random samples from a multivariate normal distribution and
calculate PDF

import breeze.linalg._

import breeze.stats.distributions._

// Create a 3D Multivariate Normal distribution with mean vector and
covariance matrix
val normal3D = new MultivariateGaussian(DenseVector(1.0, 2.0, 3.0),
DenseMatrix((5.0, 2.0, 3.0),
(2.0, 5.0, 4.0),
(3.0, 4.0, 5.0)))

// Generate 100 random samples from the distribution
val RandomNumbers = normal3D.sample(100)

// Calculate the probability density function (PDF) for a specific point
val pdf_sample = normal3D.pdf(DenseVector(1.0, 2.0, 3.0))



// Q5. Generate random variables and transform them using a cubic root
function

import java.util.concurrent.ThreadLocalRandom

import breeze.numerics._

// Initialize random number generator
val r = ThreadLocalRandom.current

// Generate 1000 random numbers, transform them, and store them in an array
val RVs = (1 to 1000).map(x => r.nextDouble) // Generate random numbers
between @ and 1

.map(x => 2.0 * x - 1.0) // Rescale to range [-1, 1]

.map(r => if (r > @) pow(r, 1.0 / 3.0) else -pow(-1.0 x r, 1.0 / 3.0)) //
Apply cubic root transformation

.toArray[Double]

// Q6. Sample from a 2D multivariate normal distribution, compute
expectations and matrix operations

import breeze.numerics._

import breeze.stats.distributions._

import breeze.linalg._

// EHIHE D
val normal2D = new MultivariateGaussian(DenseVector(10.0, -10.0),
DenseMatrix((1.0, 0.5),
(0.5, 1.0)))
/] Rt
val RandomNumbers = normal2D.sample(100000).toArray

// rddft
val data = sc.parallelize(RandomNumbers)//+xSparkContextsx*

// Compute the expected value of x*2 x y”™2

val EX2Y2 = data.map(x => x(0) * x(0) *x x(1) * x(1))
.reduce((x, y) => x + y) / data.collect().size.toDouble
//EEcollect()

// Compute the empirical covariance matrix
val Q2bE = data.map(x => x * x.t)
.reduce((x, y) => x +y) / data.collect().size.toDouble

// Compute the empirical covariance matrix and apply a transformation
val Q2cE = data.map(x => x * x.t)
.map(x => DenseMatrix((sin(x(@, 0)), cos(x(@, 1))),



(cos(x(1, @)), sin(x(1, 1)))))
.reduce((x, y) => x +y) / data.collect().size.toDouble

AN

breeze# )

‘, =71 = =
FERE LB
import java.util.concurrent.ThreadLocalRandom

val RowSize = sc.broadcast(200)

val ColumnSize = sc.broadcast(5)

val RowLength = sc.broadcast(4)

val ColumnLength = sc.broadcast(1000)

val NonZeroLength = 10

val p = ColumnSize.value * ColumnLength.value

val beta = (1 to p).map(_.toDouble).toArrayl |.map(i =>
{if(i<NonZeroLength+1l) 2.0 else 0.0})

val MyBeta = sc.broadcast(beta)

val sigma 1.0

val Sigma = sc.broadcast(sigma)

var indices = 0 until RowlLength.value
var ParallelIndices = sc.parallelize(indices, indices.length)

var lines = ParallelIndices.map(s => {
val r = ThreadLocalRandom.current
def rn(n: ) = (0 until n).map(x => r.nextGaussian).toArray|

val beta = MyBeta.value

val sigma = Sigma.value

val rowsize = RowSize.value

val columnsize = ColumnSize.value

val columnlength = ColumnLength.value
val lines = new Arrayl ] (rowsize)
val p = columnsize * columnlength



for(i <— 0 until rowsize)

{
var line = "";
var y = 0.0;
for(j <— @ until columnlength)
{
var x = rn(columnsize)
for(k <= @ until columnsize) y+=beta(j*columnsize + k)*x(k)
var segment = x.map("%.4f" format _).reduce(_+" "+_)
line = line+","+segment
b
y+= sigmaxr.nextGaussian
lines(i) = "%.4f".format(y) + line + "\n"
}

lines.reduce(_+_)

})

import scala.sys.process._

var cmd = "hdfs dfs -1s /"

cmd. !'!.foreach{print}

lines.saveAsTextFile("/SimData")

cmd. !'!.foreach{print}

val lines_read = sc.textFile("/SimData/part-00000")

import breeze.linalg._

val transLines = lines_read.take(200).map( s => {
val rowsize = RowSize.value
val columnsize = ColumnSize.value
val columnlength = ColumnLength.value

val p
val Y
val X
(Y, X)

columnsize * columnlength
DenseVector(s.map(_.split(",")(0).toDouble))
s.map(_.split(",").drop(1).map(_.split(" ").map(_.toDouble)))



val Y = lines_read.map(_.split(",")(0).toDouble)

val X = lines_read.map(_.split(",").drop(1).flatMap(_.split("
").map(_.toDouble)))

slicetl F ' &

import java.util.concurrent.ThreadLocalRandom

def targetDensity(x: Ik = {
if (x >= 0 && x <= 2){
math.pow(2 - x, 2) * math.pow(x * x * x + 1, 3)

} else
{
le-8
b
b
def sliceSampling(iterations: , width: ): Listl 1 ={
var samples: List[ ] = List.empty

var current = 1.0
val rand = ThreadLocalRandom.current

for (_ <— 0 until iterations) {
val height = rand.nextDoublextargetDensity(current)

var interval = (current - width * rand.nextDouble(), current + width x*
rand.nextDouble())

var newX = interval._1 + (interval._2 - interval._1) x*
rand.nextDouble()
var newY = targetDensity(newX)

while (newY < height) {
if (newX > current) interval = (interval._1, newX)
else interval = (newX, interval._2)

interval._1 + (interval._2 - interval._1) *x rand.nextDouble()
targetDensity(newX)

newX
newY



current newx
samples = current :: samples
b

samples . FEeverse

val iterations = 10000
val width = 0.1

val samples = sliceSampling(iterations, width)

println(samples.take(10).mkString(", "))

MCMC | &

import breeze.linalg._

import breeze.numerics._

import breeze.stats.distributions._

import java.util.concurrent.ThreadLocalRandom

def targetDensity(x: ): = {
if (x >= 0 && x<=2){
math.pow(2 - x, 2) * math.pow(x * x *x x + 1, 3)

} else
{
le-8
b
b
def metropolisHastings(targetDensity: => , initial: ;
iterations: , proposalStd: ): DenseVector/| 1 = A
val samples = DenseVector.zeros| I (iterations)
var current = initial

val rand = ThreadLocalRandom.current
for (i <— @ until iterations) {
val proposal = current + rand.nextGaussian() * proposalStd

val acceptanceRatio = targetDensity(proposal) / targetDensity(current)



if (acceptanceRatio >= 1 || rand.nextDouble() < acceptanceRatio) {
current = proposal

samples(i) = current

samples

}

val initialSample = 0.0
val iterations = 10000
val proposalStd = 0.5

val samples = metropolisHastings(targetDensity, initialSample, iterations,
proposalStd)

println(samples(0 to 10))

BXIE®?7AEERS

import java.util.concurrent.ThreadLocalRandom
import org.apache.commons.math3.special.Gamma._

val result = Gamma.gamma(5.0)
println(s"Gamma(5.0) = $result")

def targetDistribution(x: ): = {
val alpha = 2
val beta = 4

val normalization = math.pow(math.gamma(alpha) * gamma(beta) / gamma(alpha
+ beta), -1)
normalization * math.pow(x, alpha - 1) * math.pow(1l - x, beta - 1)

def samplingDistribution(x: ): = {
20 * x *x math.pow(1l - x, 3)
b



def rejectionSampling(iterations: Int): Double = {

val K = 20 // B#K, FEEIr0HESERXED M EERN LR

var acceptedSamples = 0 // ICERFIZZTHHELRIE

val r = ThreadLocalRandom.current

for (_ <— 0 until iterations) {
val x = r.nextDouble // MBZXRHFNDHPERER, 7 [0, 1] XELBATHMH
val y = r.nextDouble x K // MIISoHmAPER [0, K] X8 ERIFETEL
if (y <= targetDistribution(x) / samplingDistribution(x)) {

acceptedSamples += 1 // RIEERSWMRATEERSIESHEAR

b

// REIRIEZIEARENEES], X EEFISRMEFEAREERNE B ino a0 U FEHL 21
acceptedSamples.toDouble / iterations

¥

val iterations = 1000 // &{8/REL

val result = rejectionSampling(iterations)

println("Generated random number from Beta(2, 4) distribution using

rejection sampling: " + result)



