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Shuffle i Bt Reduce {T:55 I A& A7 48 K8 73 WA B i% 45 Shuffle i ; [ 8t Shuffle #919
It W B MR 4 b A B i AN (R L T B A S B B B Y B ISR B T Combine PR,
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Combine #/E £ 9E1T

M Map B Bx 1) Shuffle id FE 2] Reduce BBt ) Shuffle i 2, &R 42 2] T IH I I8 A HH =

EREHIWE? WA LAY T, Map Task 1 X} F offline 8 HI{E ~ 2,1 Map Task 2 A9 offline 4
ﬁﬁl% AT R offline AYBE(EITIF 0 group, A BRI A< offline, (2,1}>,

@ Reduce fE55ALHE . ARWTIHIF IS o 5 Jm 23 28 R — A e & 45 2R (0] BEAE N A7, L n] BETE 7%
). 2 Reduce (L5 M AHEREE T — P2 HIER Reduce #R1E,

5. Reduce Pt E%

233 Map Fl Reduce BB Shuffle i3 72 )5 , Reduce 1T 55 1% A LT 1 45 52 56, tH R 8L
P B 2885 9 I FIC A . Reduce {155 HT5 WA Reduce sRELEN AT, ST A >0 18 . il 2 %oF 4 ) ik
WH sum #ZH# A I value Ffi i 2 HDFS BPAl, 4140, % F Reduce 1155 19 offline 8, H 7
KA 2, 1A fi i offline 3 BIAT,

FE I, A4 MapReduce B TEAN R A2 MR BN 2852 56, N E IR # 0T LLE 1, Shuffle
SRR TR OO I A R B O B A R A, AR B2 MapReduce BE ) & A b 5 .
Hf# MapReduce 3¢ 85 2 FLf# Shuffle s 72,

5.3.3 MapReduce 3 AR 22§

MapReduce 1. x B LA Kl Master/Slave fJ = M 22H) , MapReduce 138 4 #5351~
Client,JobTracker, TaskTracker #1 Task, fE Hadoop 2. x Wi A &, £ T JobTracker Fll
TaskTracker, [l ResourceManager il NodeManager 4., 4~ 45 ol UL 3. x R A b 4], 3 fi
MapReduce Y2244, 4Nl 5-11 FizR,

/Cli_e;\ ® (' Client )
e b /
/

= 3
ResourceManager
== \

i
spe SIS

-

Sy

NodeManager NodeManager NodeManager
AppllcatlonMaster LApplicationMasterJ
Map [ Redu Map Reduce [ Map ] Reduce
Task | Task Task Task Task Task

Kl 5-11 MapReduce [t 225y

1. Client

TE Hadoop 3. x #, 514> Job 758X B Client $£32 ,{H & BAE Client ¥ 5 F 2 7 LU K Bl & S
4T 0 Ry jar SC M IF 7 fE HDFS H7, #R J5, Client j#i i& ResourceManager (HUAY T
JobTracker) F42324E I, ResourceManager J&—/~4 Ja 0 IR & B 48, T 35 A EFEN R TR
W FNAE M B

2. ResourceManager

ResourceManager Bt T Hadoop 1. x ItAs 1% JobTracker, it 5 %% I W 45 F A Mk o8 B

B rA NodeManager (BUX T TaskTracker) FI4E My o6 42 KR O, — B A& 305 T, 5t 2% AH
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WA 55 5 R B H AR TY &, ResourceManager IR EEAT S WIPATHE RFEMHAHESEEL . IT
W ok S 0 B AR B2 AT 55 R E A

3. NodeManager

NodeManager BUfC T Hadoop 1. x {41 #) TaskTracker, &84T 768 #Ed AY &0 &
b T AT S B VR AT 45 04T . NodeManager 23 J& 394 4t 30 a0 B AIL K5 A 4 45
R B A O FUE 55 142 17 2 BV i 45 ResourceManager, [R5 , B 42 I ResourceManager
3 3 A 1) i 4 JE AT AR L A R AE IS BhBTAE 55 R BEAE 55 55) .

4. Task

Task 718K 73 & Map Task F1 Reduce Task Wi Fh, © 1M ApplicationMaster J& 3., 7F
HDFS v, Bl DA 5E KN ek B2 A B A7 T (E MapReduce £T: 55 4k B i 72 v , %4 9l &)
I3 REHE Sy . Map Task 57 2 B4 AR 09 53 R o 8 HL 3G 6 0 BB X L SR 5 o 45 SR A% 3 2
ApplicationMaster, Reduce Task 7 5t AbF Map Task W% 4558, Fe 4 s &Lk i . 1155
By & BB B AT S8 TAE 1 ApplicationMaster . ResourceManager #1 NodeManager 3 [a] {3

H P 38— 0 FHBE P B, ResourceManager A1 W #2743 Bid — 4~ ApplicationMaster
ApplicationMaster &7 7EEREF I — 155 5 F, F 5135 18] ResourceManager 1 3K AIF 77 1Y 9%
JE B an A7 A CPU, — H. ApplicationMaster FR15 T B ity 95 IR , ‘&l T ¢ BMR N R AR 7 v 1 454
% RPAT . BRI S . ApplicationMaster 2% 5 ResourceManager 38 1., DLk BUE 38 A9 315077 10k
AT Map Task H1 Reduce Task , I8 fRAE 557619 s _L8E17 . [FES, ApplicationMaster 2% i 45
155 (R PRAT B RN f BRI BAH G f5 BUL i 45 ResourceManager, X #f , ResourceManager
AT DAAR S AT 55 00 PRAT 17 B0 2647 20 285 59 3¢ 543 T AR Ml 91 B2, D ST 00 2 R 3 05 1% S O U D

£i b Jrig . HDFS Fl MapReduce 3R 3L R4 T Hadoop 70 A LB A% 0. HDFS 2
BT RSO R G X, T MapReduce S T 40 A B AR 45 4L B, HDFS 78
MapReduce 1T 55 4b B i #2 A 248 T X6F SO 35 45 0774 45 B9 32 F5 10 MapReduce 78 HDFS 3
filt b SE3T AR 55 09 03 L BREE FVRAT 55 A P A EAE T, €0 T Hadoop 73 A VAR RY &
FAE 4%, Hadoop 3. x fiiA i@ iF 5] A ResourceManager fl NodeManager B8tk , 2 5 7 £ 7
MRS E PRI SR

5.3.4 MapReduce {E552L 581

XF T P 52 AT 55 Hadoop & Aaf i 2 57 A7 1 e 7

M Hadoop 3. x BIZEH 0] LIF H , Hadoop 1EMV B9 #4447 £ i ResourceManager . NodeManager
F1 ApplicationMaster 51 57 5 il .

& i g S 1) Hadoop VMV J&—4> Job,Job # #2328 45 ResourceManager Ji s ResourceManager
25 NiZ Job Zr e —~4 Ji ME— ) Application 1D, 1 H A & — > ApplicationMaster 3 & ¥ i%
YR B IRAT . $55 - ResourceManager £ #51% Job 16 & WY th H 502 A 1R i A SO 2 T A7
TEARATEAE L I A5 % . TR ResourceManager 23 AR 458 i A SCHF T30 5 A 2> Fr o i 46
K45 i i 5, ResourceManager 43 4 Job Bt ¥ Fr 75 B9 % J8, Jf 43 fid NodeManager 3K iz 17
ApplicationMaster,

ApplicationMaster i 17 76 4 B HP B9 B AN T899 45 L, 7157 55 ResourceManager 38 H. i 3K
WU, F 5 NodeManager WAL 55 iUFT . — H. ApplicationMaster 815 T Irfs %R, Bt &
PR N AR T P B B AT S5 AT, BRI 5 . ApplicationMaster 2 5 ResourceManager 38



152) MHRHHEREENA |

H., LR BUA & BT3B S AT Map Task 1 Reduce Task, 3 W 54T 55 W9 T AT 13F B A0 {d R

Job ¥t 4% Bt ¥ NodeManager | 9 3+ % %5 4 J5. ApplicationMaster 2% [i] % 15 4 #9
NodeManager & i%4T 55 i3 hiE 3K . Bl S 31 Map Task #1 Reduce Task, NodeManager W 3|
B g R G AEA T S _E AT Map Task il Reduce Task,

Ve ] B2 238 a0 Bk BL ) W5 3% ApplicationMaster 1 NodeManager AR 25 A1 3E B, I 41
A Job WS MIBEFE . 24 Job 1 BT A7 4% 55 #F W 2N 58 U, ApplicationMaster 23 i I
ResourceManager, ResourceManager $ 2 Job RS E . H& M Job BTSN (1
Lg% w2 K4S Job SERLAYIE A, AR Job & R M, MapReduce
A MR L EI LB, — AT L SRR JE R A B AEAE B (bug) s MapReduce 145 12 4k
AL BE 6% PR UEHE S 1Y Job B IE W 58 1 .

5.4 MapReduce [z F ZE i

WNRAE 2 2 — TR 15 5 B 2 25 L HelloWorld fi th7E B 55 — A A TS 00, 76 K B HE
THARERL A 2 > AR TE 2R AT WordCount S B4 55 — A 2 #5249, 28 WordCount 2 4
PR SHe o5t 1 S0 b X i 5 9 T 7 SO 1 BRG] R e B X AT R I L A LRI R AR DR A RE
FUBRAE . WG SR 5 SO T] 50 5 i, b 1 B 1 59 HE 3800 o 3 T 5 0 — D R O 6 0 i 26
B TR X XA SR B BEAT 3 B RSB

5.4.1 U WIS

1. FXkaoWH

WordCount 5 3K FH B3] FLiER A — 0 AR gt . BT RN HE D aifl 5
) 2H Y SO e SO b A LR H AR B

XF LAl Y BAIR GE T AR B R B A g R 1 B B AT LU B S B Y S
SR B SO HEAT A R HE S A A B SRR — i WU HE AT A (R SRR A — R, B S HEAT
T3 o A B H v i) B A B gR) o T A R T SRR I — s 2 AN [ R R
BT AN TR A BT D SRR TR TE R TR SRR — A SR A T B BT A LR
Geitseioh 1k

i1 bk 2P BR AT G B () T ATATT — 138 5 #8277 LASE 3 WordCount 75 3K (1, {H 2 7E
REHE I H R ZZ T A R IARP B p e, ROy ik S U B i 28 — 22 2 2 R HE P, T
TR ALERR A PUE R AT P RARE A AETE N AF 4 b, U N AE B KON R GE T LA BT S8 i ik
17 gt & I Bl BB G T A9 B ) SO R/

FE IS Al PRI A, B K A9 1 N A A 2 DL TB I, T Aol 4 S £ B2 PB(HA
T E R EBCCFE ) WA E R, R K IE AT e B 2, PR A0 1) 388 4 0 o 2o B0 i 55 2% N AE 1
B, HBLAE A lh Al 55 25 . 2 02 GBGE EA) RINFE .

AHEF o B e T B0 SR GE TR SRR UL 7E AN BB S 0 OO, SR AR ] Ry L (B
S Y B R B R SS AS AE IR PR 8 2 i S TR AR g AR S S T .
U0 T B0 B 1) 375 S I i S SR S — b 4 1 g A R g e SR K R A
HANAH MapReduce,
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2. LB

PLFE A BEAR BT AT AR 2 HE P 3l 7 XA — A AR T A AR A TR
ZVX B A —EIA L Bk U T A OO AE A HDES, o] DUER X 4 A Sk 47
B HE Y B S K R A8 o8 BUCHEJF 194 T /NSO al ~an, 4% BB GRS 05 9 HE F B — A8 0
SCAF by 1T B SO b R — A~ 4 JRy HE P 58 00 SCF T PR SCF b AT T, b RO A
BpAT

IR HEF RN al ~an fIAL PR TR 7E MapReduce i B4R th B FR S Map By Be;
1 b (A ik PRI FE L #F MapReduce 4 F2 1557 B 4 Bk Reduce By EZ .

3. E=HIKH

MapReduce F2J5 H & ¥ X AFE Windows A b 35 35 v 47 I A& A, 2R 5 % 100 B 4T 76
o3 A R h iz 47 LR IETF & 1Y i 880tk . R, 1 5 7 24 Windows il 26 45 - 78
IR T SN RENK . FEIF R AR P — B i Maven TR R A4S BRAK AL, T £ %) Map il
Reduce #%/CAUT 4 5 AR N RSB, A TR & i 72 75 24 MapReduce HEZE (B TH LS,
B b F A 58 43 i B Map . Reduce Ml Driver 3 AR, DLSE B4 A 20T 5 A5 b BE A9 B A5

D) B

(D K Windows FREEIE A IEH BTN Al ol Bl 4. 3 495 A2

(2) X% Maven T #3 A T pom SCHAKAS .

< dependencies >
< dependency >
< groupld > junit </groupld>
<artifactId> junit </artifactId>
< version > RELEASE </version >
</dependency >
< dependency >
< groupld > org. apache. logging. log4j </groupId >
<artifactId> log4j — core </artifactId>
<version>2.8.2 </version>
</dependency >
< dependency >
< groupld > org. apache. hadoop </groupId >
< artifactId> hadoop — common </artifactId>
<version>3.3.6 </version>
< exclusions >
< exclusion >
< groupld > org. s1f4j </groupld >
<artifactId> s1f4j— logdjl2 </artifactId>
</exclusion>
</exclusions >
</dependency >
< dependency >
< groupld > org. apache. hadoop </groupId >
< artifactId> hadoop — client </artifactId>
<version>3.3.6 </version>
</dependency >
< dependency >
< groupld > org. apache. hadoop </groupId >
< artifactId> hadoop — hdfs </artifactId>
<version>3.3.6 </version>
</dependency >
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< dependency >
< groupId > jdk. tools </groupId >
< artifactId> jdk. tools </artifactId>
<version> 1.8 </version>
< scope > system </scope >
< systemPath> ${JAVA_HOME}/1lib/tools. jar </systemPath>
</dependency >
</dependencies >

2) B

MapReduce £Al#% 018543 4 Map., Reduce 1 Driver 3 P, F & — %t 441 e
AT RN A .

(1) Map FrE%.

import org. apache. hadoop. io. IntWritable;
import org. apache. hadoop. io. LongWritable;
import org. apache. hadoop. io. Text;
import org. apache. hadoop. mapreduce. Mapper;
import java. io. IOException;
public class WordCountMap extends Mapper < LongWritable, Text, Text, IntWritable > {
private final Text text = new Text();
private final IntWritable one = new IntWritable(1);
@Override
protected void map ( LongWritable key, Text value, Context context) throws IOException,
InterruptedException {
String line = value. toString();
String[ ] words = line.split(" ");
for (String word : words) {
text. set(word) ;
context.write(text, one);

}

e E W& MapReduce A 5 A G B2 18 & L 02— Fh 0 A SOFATIH R RE R . i
R, MapReduce $2 it 17— KB E 70 A AL BEAO AR VERINL . X RO T S SEEL TR 2
HIae . il an o A AT HE R AR AT AR . SR HE SR BT TIA B TR P SR B 2 R
PES R . [RRE X T HE 2R A6 T 3 L 58 4 T 2 92 B A0 oA 208 45 R Ok 26 fi T AE 2
3 3. I, MapReduce HEZRHR A $2 BU T K0 Ak BE b (4 28 JL32 48950 00, OF B i R 8 A9 O
T AT 2 RO AT O LB

(5] 31 Map #870 B)AURS 28 SCrp i 2 7R 4 R it A wfE FRL g T

public class WordCountMap extends Mapper < LongWritable, Text, Text, IntWritable >

71 ] MapReduce B4 W56 8 SRR AR F ) RE N, 75 B30 5o 258 4K AR R 4k 7k 2 1ij 7€ SC 1Y)
ihe, Horp Mapper JEt 2 P 2 —.

BHE R A D ERSUGEN AR Map BRI A key BRI i A value BYJEHY
i key BIZEAIFN H value FYZEAY, MR AT M X MapReduce Zi B2 A A28, T DL T i 2]
MapReduce 4 BfLid B2 #R 02 DLE (B X Y JE XAE ARG G, 78 Map Bir B dE 47 £0d0 5 s
MapReduce 5t & 28 TF 46 {5 F SR (B X /9 O AW 8O de 1. B AR =i B (B0 4n Ao 2 47 4 SOKE
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ETEEMNA . Ba W B E B, A iz RIS RER & — e 2 e 1 I s e e, C T
A 1S A A M S R AR 5-1 Fiw
R 51 Java TEHIFERE S Hadoop B EEXH TN KR

Java &I Hadoop Writable 25! Java FEH Hadoop Writable & &I
Boolean BooleanWritable Double DoubleWritable
Byte ByteWritable String Text
Int IntWritable Map MapWritable
Float FloatWritable Array ArrayWritable
Long LongWritable

JIT I8 R S0 AL it S $E A A T B X R e 4 Sy 7 e 40 A S A% i IR, DARE T A fidh 2
FEBGHAT DAL da . TE R b B b 3 R T ORI R A DR AT L SO R BSOS % 3 e AR
BALHATIRE T . P A AR S0 5 S R A G

— MU, AT SRR A B RARAE T AR D — HOCHLEMT L RO s B AL,
TXRE B ECHE HRE A M A SRR AT R R R Rk B M 4% A AT L. SR, R AN A R ]
DUAE X R A AT T S8R  OF BLAT DK e A ik B m B ML AT 5 2L i 153

Java AR BT — M54 X 428 54, Bl Serializable $ O (B ' & — A4~ H & H 7 I LIE
28, P AN IS HRT G BEA VF Z2 8080 45 B B AN AL 5 45 B L Header OF F1 4 X 5 19 3k 3845 2O
YR ARARZR XA H T AW 28 b i 8L 8ol . o 1 A X ANl Hadoop AT R T —&
FFHAE AL L B Writable #2117,

TE MapReduce H1,“Text text = new Text () ;”F1 “IntWritable one = new IntWritable(1);”
XA AR S X Map B B 808 19 8 . AR 4k R 2 i3z B, a] DL GE Map By B T 75 2
i th A2 Text ZERIFN IntWritable ZERY .y T IX SEHR IR A2 0 0 R AL [R5 2238 1 44 3 oA
AT X S0 B R bR AL .

& Mapper 2&H1 . map J7 524K A Mapper X975k . ZIT kR IRIZC 2908 1 — 26
Uike. TEERNEE AT . MapReduce #4732 BOBCHE , — Uk 32 B — 47 8040, K I Map i B 14 iy A
key J2 BATEHE M T AR RG] M A value R EATHHAANE .

£ Map BB map J7 4 . “String line = value. toString ) ;” FT# Text 2B A5 A
value 4t} Java /) String ZERI A7 #4E . “String[ | words = line. split(" ") ;7 B —FT N &
S A& AT YR 40 15 8 — A0 5 B B Y String £04] words, 30K T SE W B R S 1,

FET Ok RS 3R for MR 1 words B4, U b i B A2 0d] . AR5 8 B A B iA) Ik
BRI ZHTE L Text KA text H1, 344 text MAUERIMEIE A 1 B9 IntWritable ZE I one
T context( R3O, Map FrBegs I8 HIX A~ 7 ik 20, B R b 31— 47 5l , I B 1m) 1
N key.1 EHN value 5 A context H1,

T A Z . B T MapReduce &3 T Hadoop HEZE B9 #% 0 2H 1% &8 73 Z — , Map Bir BX 11
PAT I F O A7 KOFAT AL B B AT I8 5T . B Map A% 55 51 XA R 19 HDFS Bk 47 43 i
FIEAT AL T AN S 4 SR B RO LS . FE Map B B oE iR B0 © 4 DL BRI, 1) 1B UG,
R 52 Reduce B BO A T #E 4%, Reduce By Boft KT ZEXTHH R key 9404 1T value fH T B
i B AT 58 B BRI S8 1 K .

(2) Reduce BB,

38 33 Jij T X MapReduce 4 FEA Y 1) A 27, © 2 H1TE Map By Bt 32 Z06 508 % ok B 8 X
(B SF T Reduce BB 80 T AHA . TEAR T K 1, Map 4 SCA K5 W5 AL 1 516 A
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1 BB XS o T Reduce X 4 A B (E X 2F 47 38 [y I8 4 HE 7 76 W0 B g A7 We 7 2RI Y
Reduce 93 J7 ¥ 2502 o7 11

PR I s MapReduce fF b KRB THEAHELL  FEEONIE AL T © 24524t 7 BOA 9 HEF 5 =L, B
Fie BUBE X T key (97 MUP AT 2 R AT . X HE i R WA 2 o0 A AT 1Y . AR P
TE I 19 R0 50 JO0 B (RO B SR J o A B 1 R N A 8 R AR HE Y . — S B R/NERIA Sl 128MB, B
IR 55 i 7T LA 52 I PR 58 1R B HE Y

58 A B Y e AR S PR A O HE R 09 J7 2L B — B B S R L 4R IR
MR key 7E— & KN F & 3% 275 B 3517 Reduce T AT A5 AR R B RSB HEF RO
VLI 5E i 7E Reduce 15 S 2 RHETF .

K, B35 Reduce 5 I8 © &0 — D58 i 1 2 R HEy i 8 . 3 A HE P o 72 % A=
1E Map By Bt Z J5 #l Reduce B Bt Z i, I 1 MapReduce HE42 H 2l 58 i, 44K, KRR AEE
MapReduce & B 250, 23 5 40 28 ey 42 1 HE 7 5 X, A B 8 O 2 Ry 5. (HAE
ARG K A] LUFE B MapReduce HEAEBRIA Y 2 i HEF - U IE ) #4047 Reduce BBy 2 % ,

HHIH T Map B BeFl Reduce BB & E S 1K 5 K E — T Reduce BrBe iy LS,

import org. apache. hadoop. io. IntWritable;
import org. apache. hadoop. io. Text;
import org. apache. hadoop. mapreduce. Reducer;
import java. io. IOException;
public class WordCountReduce extends Reducer < Text, IntWritable, Text, IntWritable> {
private IntWritable result = new IntWritable();
@Override
protected void reduce ( Text key, Iterable < IntWritable > values, Context context) throws
IOException, InterruptedException {
int sum = O;
for (IntWritable value : values) {
sum t+= value.get();
}
result. set(sum);
context. write(key, result);
}
}

public class WordCountReduce extends Reducer < Text, IntWritable, Text, IntWritable >

7E Reduce Br BE v, 5 Map B BE 2501, Reduce By BE B9 25t 4% 7K H MapReduce HE 22 1)
Reducer 28, JI T3 HIEF 33 3 10 AR B U7 5 . Reducer 264 4 AMZ B 280, HAEHT S Map Bir
Bz AUAR R . 3% 4 M2 A5 2R OR Reduce B BE i A key 251 Hi A value 88 i th key
ANt value 268, I H AL 2896 Hadoop B 78I ALEAIIIE

TE IR E ) . Reduce B BEiY 5 A key A value FYZE I B2 5 Map O BE ) % ) key AN
value 87 —F(, XJEH K Map B Bt #5208 J& 8 Reduce By B9 i AMSOME & 10, RS TE
MapReduce HE4E th 23y F P $AT HE P S5 454 (B AR Bl #s SR FR A8 . Map B Be 9 it 4%
KE T Reduce B B AAR 2. X T 25 5 49 5038 58 11 75 5K - Map B BB B0 e 565 6 1
(key: Hid],value: 1) XHEEAY Text A1 IntWritable ZSHIVE M i, Bt Reduce By BE ) Hir A %
P Az AL R AH R 21,

F AR B AR G853 B R B B Reduce B B Y fin i 28 A A 02 Text
IntWritable . 1 - PRAT 5L A1 XE N7 (9 S8 3 UKL
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private IntWritable result = new IntWritable();

TE Reduce BBy AaS B 58 LT —> IntWritable 28R 48 & result, H T 17 &1
BRI G B, XA A context i, [ B A A Hadoop WP FIfL KR, BT
reduce J7 % S WHEBLAG IR PRAT L O T 3k G AN W 1 B BT (19 48 & L result 7€ reduce J7 ik AN HEAT

protected void reduce(Text key, Iterable< IntWritable > values, Context context)

reduce J7 24K H Reducer 28/, 1 Mapper 289 ) map 7712251, reduce T IETER)Z
B4 7 —2IEE, reduce J7 ¥k 19 i AEUHE K H Map By B % 1 50diE . 78 Map B B
B R — A DA R BR324 key 1 R value BYEUHE B 7E reduce J7 ik, ixX S0 4 w20 4L —
/> Tterable ZE B AY LR 28 . X J& I~ MapReduce HEZR 7ESE W & R HE P 5, K A0 A key HY
value G A [l — N ER AR P A reduce FTEK LB —A key R HEIX R BT A value,
I, reduce FES I BAFRY key FEATIE AT , XA key BY value #E1T AR5,

reduce J7 IS =4S4 context &84~ MapReduce HESE I8 HlE 4k, I P 7% 206 11
75 2 ) B A I8 9E Reducer 28 T a2 LY J5 AN 12 BUECHE 28 7Y

int sum =0;

H T AT BN B S TE reduce JTIE N HE X — A4 N sum A E, I TIHE S
key BYEHEC. W TERK reduce I K EHT AT I A0 ZOF sum AR REVE B BUE SO HEA L
a2 int, AT E IR NAT G IR

for(IntWritable value: values) {
sum = sum + value. get();

}

B R for I D7 LA X 4 values, BUH values RS H — 1 {H., X F YA 5K,
values S2Pr FJ&— R 10K XS 23] sum 28510, 15 3] 7 2551 key B0 A9 v %k, B
R AR R €

result. set(sum);
context. write(key, result);

B sum PEMKEZ IntWritable 28 (748 f result, A sum & 3EAR 6 280, Jo ik | #4%
i 45 context, SRJFHF result E R — A58 B A AT, 5 Y 1T key — A context H1, 58 BT
MR ST TAE. MG HEZR 2 AR W06 28 08 reduce J7 2% o S5 X BT A 6T 14 326 AR 1
CRYNINE GRS AR LSRN

(3) Driver B,

TEE XA Map B Bt fll Reduce By BOE , i 55 22 P i & Y AR5 10 B -y . Wt it i
J2 i 28 ks b 7 B A R — > Map Ffd P —A4~ Reduce, 46 1 55 44 #% A2 5 A0 A i3 B
KA AR BEAE M AL E L. MapReduce 1E8 — T RAESR,, A B2 A 2 BN E N (A
A — S B S P A AT A W 5 8 7 W ERAE Driver 8P AT,

import org. apache. hadoop. conf. Configuration;
import org. apache. hadoop. fs. Path;
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import org.
import org.
import org.
import org.
import org.

import java. io. IOException;
public class WordCountDriver {

apache
apache
apache
apache
apache

. hadoop.
. hadoop.
. hadoop.
. hadoop.
. hadoop.

io. IntWritable;

mapreduce. Job;
mapreduce. 1ib. input. FileInputFormat;
mapreduce. 1ib. output. FileOutputFormat;

public static void main ( String [ ] args) throws IOException, ClassNotFoundException,

InterruptedException {

/1B EEAE 55

Configuration conf = new Configuration();
Job job = Job.getInstance(conf);

[ EAL S 2 F

job. setJobName ("MyWordCount" ) ;

[/ EERAF

job. setJarByClass(WordCountDriver. class);
// V% Map 2
job. setMapperClass(WordCountMap. class) ;
/ /1% B Reduce 2%
job. setReducerClass(WordCountReduce. class) ;
/7B E Map B Bedi 7Y key R8I 28 1Y

job. setMapOutputKeyClass(Text. class);

[/ E Map By B 1) value B 54 25 B

job. setMapOutputValueClass(IntWritable. class);
/ /% & Reduce (14 H 1) key 4 S5l

job. setOutputKeyClass(Text. class) ;

/ /B Reduce W B % il value $4fE 26 B

job. setOutputValueClass(IntWritable. class);
/v B A B SR A S

/17 H

=

=17

I, B4R & ST _E Y output SCPF A e Hh B4

FileInputFormat. setInputPaths ( job, new Path (" file:///C:/Users/< username >/Desktop/
word. txt"));
FileOutputFormat. setOutputPath(job, new Path("file:///C:/Users/< username >/Desktop/

output"));
/1T A 55 9155 1 58 1k
boolean success = job.waitForCompletion(true);

System. exit(success ? 0 : 1);

A A B X VF 22 A0 T B, AR A — — B ad . A0S JHG Hp o A o o 9 R )
3 ACH 5 T R A

FileInputFormat. setInputPaths(job, new Path("file:///C:/Users/< username >/Desktop/word. txt"));
FileOutputFormat. setOutputPath(job, new Path("file:///C:/Users/< username >/Desktop/output"));

BE A SR FH 26 28 1) 2 5500 B i A T o B A T DL BRSO S 80m O 5K A SO
RERAE S5 T g v Bl 19 SO i th B SAUERAT 55 5 200 Go ik 45 R il B A A

4. Z 01N

1E [ A WordCountDriver fUH% H, B 4% & T MapReduce 1T 45 B iy A A2 5 1m I
) word. txt SCHF, HRE 5 45 R AR AEAE ST 1Y output SCEEJE b, BFE Sf 3t 56 UE 3X AN 4T
% B AENS IE M G0 word. txt SO AR SR H BLAY YR B

H5E K word. txt SUIFRY N A RAF B T E L, SCHF T B 2SR TR
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hadoop hdfshdfs hbase spark flink mepreduce

hdfs hadoop flink hive hive spark

habse flink flink hdfs hbase spark flink

hdfs hbase spark flink hdfs hbase spark flink

hdfs hbase spark flink

hdfs hbase spark flink hdfs hbase spark flink

hdfs hbase spark flink hdfs hbase spark flink hdfs hbase spark flink

BT ¥, 91511847 WordCountDriver 28, MapReduce 145 #2047, 32 B word. txt X

PEIF AT LR ST 25 R R AT AE S 1T 1 output U

RIG . BB MR, FTIF 50 LA output SCPFIE B 25 F B A 5 i s SOk Ga 2

part-r-00000) . % A AL T A B i) K HO A BB, 5 SR E 5-12 Fias

.

fan 25 R R T A B S HAE word. ext o A IR ok 13
SHUIA— S0 BERRRE T MapReduce {5 % I 0 e rodoop 2
5. MapReduce 4R T2 #3E Es;:hdfs r
F P 4 5 B MapReduce & ¥ 43 i 3 #F 4. Mapper. L 1

spark "

Reducer #l Driver,

5-12 WordCount Z& %I Y

1 M
apper i 4 3 P

(1) AP HE XK Mapper B4R H S UL,

(2) Mapper i A 2 B X BB 2, H b S M A 28 B m) 3 8

(3) Mapper L 55 2 8 5 1E map ik,

(4) Mapper 1% 80 2 B (E 0 19 I8 X, B (B 6 g 2R 8 m) | o L

(5) map J5 % A AR RO 3 — Ok 7R BROA R OO R 2 — AT B s I — K
2) Reducer

(1) AP HE XK Reducer Z 4k K MapReduce B Reducer 225,

(2) Reducer (% AFHEIERINT [ Mapper ()% 80405 258, o J& — M (E X
(3) Reducer )l 552 57 reduce ik,

(4) ReduceTask #F2 %t —HAH[F] key A8EE{E X 2H 98 Fl — K reduce J5¥ .

3) Driver

Driver #1247° YARN R % 7 o, TS H B A FEF B YARN SR 5252 79 52 &

%6 T MapReduce F2J¥HKiZ TS5 job XT 4.

5.4.2 g EtET

HEFF J& MapReduce HEZR B B ) #2E 22—, Map 1T 55 Fll Reduce 1T: 55 4 £ X 85 415 ¢

M8 key BEATHERS o BRIAHR P 2 2 B U HE 5 o 52 B HE P 0 07 06 SR DR st ik e

XFF Map A%:55 & 204 20 B4 25 SR80 AR — 4> G2 oh X, 24 G2 i DX A< 0K B — 5E 1]

(ELJE P 2% b DX e 8 BBl R AT — URHE Y K5 3 2847 ) R di 5 B0 A b T 25 0 Ak B e B
Ja B X LA SCIFEAT — G I DURE I B8 SR 5 9 I — D KA e S0

XFF Reduce £ 55, & A Map A 55 1 e 52 il A1 R 20080 ST o 2R 3o R/ i id —

SE BAE W B A b A B N AE R . R A b SR F IR B A W AT — IR
I LA IR — A BRSO 5 2R AE v SCPE R/ a0 B i — B AT — i I R f
Bl S B0 . 2 AT B ) 50 B8 R, Reduce {45 58— X N A7 FIRE 8 _F ) Joir  28000 16 A7
— W IFHET
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$ MapReduce 1 IHERF LR 202K
o #BAXHEFF . MapReduce AR 4 i A IC 53 9 B X B8 A HE o DR IE B HE A A A4S SOPE N

A,

S HEIT K 2 AT — SO ELSCE A AT L 9B S P —
Reduce 1£:55 . Hi% 75 1% 1 Ak BRI SO I 25 A AR AR ﬁﬁ~‘§ﬂ%§iiﬁ¥@f7ﬁjﬂ¢»ﬁ
4324 T MapReduce It #2 it 59 347484

SHHER . 76 Reduce ¥kt key #1744, 7EHZUCAY key & bean XF 40}, AL — 4~ 1k
JUAF B ) (25 B MR A D B0 ke HEA I — 4 reduce 7T L 17 L4 4141
HEFF

TWRHEF - A A E XHE B L B A XX S IntPair ) compare J7 ik AT
WHERF . 15 compareTo H T 25 14 S WA B — R HEFF .

. E=HIFR
BUAEAT — Oy H RSO U 8 1 — 853 A 7 1) 90 s F) O st ol 5 B o 3 ol F LS

AT E Mg . BT BN FERZEESH ST T k.

H & 344 & phone_data. txt, ZXHE 0 F .

13726230503 2481 24681 27162
13826544101 264 0 264
13926435656 131 1512 1643
13926251106 0 240 240
18211575961 527 2160 2687
84138413 4116 1432 5548
13560439658 1116 954 2070
15920133257 3156 2936 6092
13719199419 240 0 240
13660577991 6960 690 7650
15013685858 1938 3538 5476
15989002119 180 180 360
13560439658 918 4938 5856
13480253104 1938 2910 4848
13602846565 3008 3720 6728
13922314466 210 210 420
13502468823 2845 2430 5284
18320173382 9531 2410 11941
13925057413 7335 110349 117684
13760778710 2481 24681 27162
13560436666 1116 654 1770
13560436666 1720 2420 4140

FORMRAE T A5 (9 5000 A7 87 HE P LA D M 418 3 3O i3 B 7

2. FRESH
Writable J& Hadoop BT 44L& X, Hadoop 7 X T X FE—> Writable 20, — BT

R Al R 9 Ak U S B A 4 10 /T

Y4, Writable B — 4~ T 1 /& WritableComparable, WritableComparable B 7] 52 31 ¢

FI 4k, XCA] LA key #E47 HE#E L 3xX AT DLl o B E X key B WritableComparable 2 52 88 HE

J¥ JifiE

H XEX bean Xt Z1E R key &%, 75 2 328 WritableComparable $ 1 #E 5 compareTo J7

B T DL S BLHE Y .
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(@Override

public int compareTo(FlowBean o) {
int result;
/7% R RN, B HE S
if (sumFlow > o.getSumFlow()) {

result = -1,

} else if (sumFlow < o.getSumFlow()) {
result = 1;

} else {
result = 0;

}

return result;

MapReduce HE4E 1 Shuffle BB (9 HE Y & BOAAT . AN 2 & 75 288 2 AT HE P 40 i &
B B B 25 B bean X%, 3 H 35 E bean X ZAE N key fi th .

3. BHIKI

£ IDEA A —DF 5 H mr-sort, 3 H ) pom X 51 1H WordCount 6l —FF

(1) A XK,

import java. io.Datalnput;

import java. io.DataOutput;

import java. io. IOException;

import org. apache. hadoop. io. WritableComparable;

public class FlowBean implements WritableComparable < FlowBean > {

private long upFlow; /] bAT i
private long downFlow; [/ F AT &
private long sumFlow; /7
public FlowBean() {

super();

}
public FlowBean(long upFlow, long downFlow) {
super( ) ;
this. upFlow = upFlow;
this. downFlow = downFlow;
sumFlow = upFlow + downFlow;
}
/1% 54k
(@Override
public void write(DataOutput out) throws IOException {
out. writeLong(upFlow) ;
out. writeLong(downFlow) ;
out. writeLong(sumFlow);
}
/1% 54k
(@Override
public void readFields(Datalnput in) throws IOException {
upFlow = in.readLong();

downFlow = in.readLong();
sumFlow = in.readLong();
}
// B
@O0verride

public int compareTo(FlowBean bean) {
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int result;

/1% VA8 2541 Wi

if (sumFlow > bean. getSumFlow()) {

result = —-1;

} else if (sumFlow < bean. getSumFlow()) {
result = 1;

} else {
result = 0;

}

return result;

}

public long getUpFlow() {
return upFlow;

}

public void setUpFlow(long upFlow) {
this. upFlow = upFlow;

}

public long getDownFlow() {
return downFlow;

}

public void setDownFlow(long downFlow) {
this. downFlow = downFlow;

}

public long getSumFlow() {
return sumFlow;

}

public void setSumFlow(long sumFlow) {
this. sumFlow = sumFlow;

}

(@O0verride

public String toString() {
return upFlow + "\t" + downFlow + "\t" + sumFlow;

HE X X FlowBean 285323 T WritableComparable #2170 ,£05% 3 @tk , o HiFE E17
T MATU R, B & . 7F FlowBean 1 H 5 T compareTo J5 ¥, #& M8 & i & HE 5 )7 .
compareTo J5 3% T8 M a7 % 4 5 ik S BT e .

o Q2R E RBCS S BOE AR ] 0,

o GARARE BN T SHER P —1,

o GPRAEERBOR TSHR I 1,

(2) 485 Mapper 2,

import java. io. IOException;
import org. apache. hadoop. io. LongWritable;
import org. apache. hadoop. io. Text;
import org. apache. hadoop. mapreduce. Mapper;
public class FlowCountSortMapper extends Mapper < LongWritable, Text, FlowBean, Text > {
FlowBean bean = new FlowBean();
Text v = new Text();
@O0verride
protected void map (LongWritable key, Text value, Context context) throws IOException,
InterruptedException {
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/71 BRI —F7 B4

String line = value. toString();

1125y EF B

String[ ] fields = line.split("\t");
//3. B G

String phoneNbr = fields[0];

long upFlow = Long. parselong(fields[1]);
long downFlow = Long. parseLong(fields[2]);
bean. setUpFlow(upFlow) ;

bean. setDownFlow(downFlow) ;

bean. setSumFlow(upFlow + downFlow);

v. set(phoneNbr) ;

/74 i

context. write(bean, v);

map J7 % EEICT R SO R BN  HE R B A 45 FlowBean X 42 19 J& 1 , it B
Mapper i ) #Y key J2& it 5% 7 2 50UE #) FlowBean %t 42, value J& X — 47 H B 54 . BRIAFE IR
key AT HERF  RIARYE FlowBean " H 5 ) compareTo J5 1%, #EATHET .

(3) %%E5 Reducer 25,

import java. io. IOException;
import org. apache. hadoop. io. Text;
import org. apache. hadoop. mapreduce. Reducer;
public class FlowCountSortReducer extends Reducer < FlowBean, Text, Text, FlowBean >{
@Override
protected void reduce ( FlowBean key, Iterable < Text > values, Context context) throws
IOException, InterruptedException {
/7B K i gk G A U A R L
for (Text text : values) {
context. write(text, key);

XA~ Reducer 28 ] F AL B MapReduce i 8 A A HERF 45 57 . MR 3 FlowBean X 42 09 B i &=
HEATHEIT 8 25 R e BRI 7 A i o 6 VIR S AH R I 00 T, O T S B0 B B A L R RO M
HHORH [R) G i P 45 5, . e 4 i T 0 B (B X 2 < Text, FlowBean >, Hiit Text &R FHL5 85,
FlowBean 3755 % v Y i 2t £ 408

(4) %5 Driver 2K,

import java. io. IOException;
import org. apache. hadoop. conf. Configuration;
import org. apache. hadoop. fs. Path;
import org. apache. hadoop. io. Text;
import org. apache. hadoop. mapreduce. Job;
import org. apache. hadoop. mapreduce. 1ib. input. FileInputFormat;
import org. apache. hadoop. mapreduce. 1ib. output. FileOutputFormat;
public class FlowCountSortDriver {
public static void main ( String [ ] args) throws ClassNotFoundException, IOException,

InterruptedException {
/71 R E AR B, 8 job X 5 5
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txt"));

}

Configuration configuration = new Configuration();
Job job = Job. getInstance(configuration);

/72 48 EARTEIT I Jar 457 16 1 7 b % 42

job. setJarByClass(FlowCountSortDriver. class);

//3. 18 E AN 55 job ZAdi FH i) Mapper/Reducer W 55 2%
job. setMapperClass(FlowCountSortMapper. class) ;
job. setReducerClass(FlowCountSortReducer. class);
//4. %8 5 Mapper fij £ 4 1) key — value ZE 7Y

job. setMapOutputKeyClass(FlowBean. class);

job. setMapOutputValueClass(Text. class);

//5. %6 5E 2 dan B BUHE 1Y key — value 287

job. setOutputKeyClass(Text. class) ;

job. setOutputValueClass(FlowBean. class) ;

//6. %8 job Y% A JE IR SC BT 1E B A2
FileInputFormat. setInputPaths(job, new Path("C:/Users/YourUsername/Desktop/phone data.

FileOutputFormat. setOutputPath(job, new Path("C:/Users/YourUsername/Desktop/output2"));
/77 % job HRLE WA C S 4, LK job [T I Java T £ ¥ Jar U, $E 38 45 YARN L5 1T
boolean result = job.waitForCompletion(true);

System. exit(result ? 0 : 1);

XA IE IR B AR Y, F T B B MR ZE MapReduce 55 . 98 MapReduce 1F: 55 9 fi H} 45
TRARAFTESE 8 095 i A2

4. 01K

1E iR FlowCountSortDriver G H , B4 B T MapReduce 1T 55 B9 iy A 5 72 0 5 T

13925057413
13760778710
13726230503
18320173382
13660577991
13602846565
15920133257
13560439658
84138413

15013685858
13502468823
13480253104
13560436666
18211575961
13560439658
13560436666
13926435656
13922314466
15989002119
13826544101
13719199419
13926251106

A 5-

KEING

7335 110349 117684 | ) phone data. txt X I H &5 BRAAFAE ST W

2481 24681 27162

2481 24681 27162 output? CAFJe R BRI IE X T 55 2 7 BE A8 4

9531 2410 11941

6960 690 7650 APV B BHE AT R .

3008 3720 6728
3136 iggg 2222 BT 3k L ¥ 112 1T FlowCountSortDriver 28, MapReduce

;‘;;2 ;;‘iﬁ 22;‘2 1155 % = AT . 2B phone_data. txt X I #47 B & LAY HE
Tom  oo10 s L ZEEUKAAELESUE F Y output? SCEESE

1720 2420 4140

527 2160 2687 RIG BB SR, FTH L L output2 U3 4

1116 954 2070

e esa 1o e B A A i i SCHF part-r-00000, RN 5-13 Bk

131 1512 1643

20 2o A0 WK 5-13 s, o B — 4746 & — A TAL-5 5% F0 6 B 7Y
B0 B LR TR, T AL R A B/ B
0 240 240 HED, e R B B HEE BT T . 2, 38 5 MapReduce 58 T

13 R S A 0 B O RIS T %, 7 5 S W AL B

TEAE R R ABFGE T 4045 R BB A MapReduce , 12 88 8 7F S B0 &b 35 45 J5k, 11 B 22
TH. fFESREPRAE TR RWE LA 2N H, Wb, TERIE, ATTE A
(WordCount) Fli#k i 2 (HEF) . #8& T MapReduce 4% .00 HE & S2 80 5 B0 DL K% A 52 B 37 5

A T

MapReduce 1E 2k — R K1) 4 A7 X153 HE 28, 7 Ab 3 IR B B4 i R B T B 2 AR
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e, HAR T MR s A5 51 A8 w] DTN & 3 70l 55 32 4 0 S L T S 20t 2 56 R 2 1Y
A BRI . [F B, MapReduce (19 7] 47 J8 4 3 {8 75 I 58 6% 4% M I X AS T 35 < 1 2008 AR
T, Ry R B HI b R AR AL T AT RE B M e R

Wi AR E R R E A LT % 3] MapReduce &2 W1 18 i3 B4 4T 55 43 % i Map By Bt fn
Reduce BB, Jf i i v 8] 45 28 14 43 ORI 6 90k 92 BUECHE 19 IR A7 b BAN S350 00 . o, 38 3 i
LR B R T MapReduce 7EA [A] 37 5% T (49 N FH A3 456 17 5 10 5580 e o i 02 2 i e HE )7
FEE R T FE R LR AR,

Bifi 25 B B R AY R B & B 152 3%, MapReduce VE A H i 59 5 25 41 RS 20 65 4% SR 7 45
DU R EE SRR . NELER WAl 3 4 fl L BE ST RS % & 4Tl MapReduce #8 A & )2
N3 50, S At Ak BRI AR A AR A TSRO B S, (AL R N R RE L HL g ) LR
AN B MapReduce 1365 5 33 86557 2 B R AH 45 5 . S BOaiE 3K 2 19 G118 A & R KT Y
.

TEASE , AT DLIE i A W72 ) TS B, S04 A ] MapReduce 58 T H, BxF H 25 38 4 19 B4
Pk ik, 4 S FchE AL BRI BT I E 2D . [RIET 7 2O MapReduce £ 52 Br R H AT BE 8 2] Y
e AR BRI o AN W A R0 ek H R RE AN D RE L LA A W Ak ) BSHiE b B OK .

25 I frik s MapReduce 1 430 A S H 5 S0 ) 81 SRR B 7E R OR AR 8L R ¥ % S ZAE
R RBCHE AL BRAN 3 A B A T AT AR A DT 58 i S R 3K Bl 60 R0 AN R R

L I= k]
1. Bk
(1) MapReduce & Hi ( /NIRRTt s SR
A. Apache Software Foundation B. Google
C. IBM D. Microsoft
(2) Hadoop MapReduce iz 7 7E ( ) b
A. GFS B. HDFS C. NTFS D. FAT32
(3) Hadoop 2.0 5| AT ( ) AR B IH ) MapReduce £l 34 BE 25
A. YARN B. HBase C. Spark D. Flink

(4) MapReduce A H ) Map Bir Bz 19 32 2 4F 2 ( Do
AL XTI AT A R TR
B. R 52 2 B 55 00 i Sl T R B AE 55
C. BIFha 4R
D. i £t
(5) 7£ MapReduce #, Shuffle By B 1Y 3= B AE & ( )
AL BB N Map AE 5514 5 2 Reduce 1155
B. X a4 Ak 3
C. X EAE HEAT 42 A
D. 4 Hodh A7 i 3 g 4
(6) MapReduce [ 5 A FLH5 )

A. 5 T omfe B. BA R R
C. if & Luita D. BA E A
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(7) 7£ MapReduce A ( MEINYESS:ID O €/ UEE Avia n= N

A. Map BBt B. Shuffle firBt  C. Reduce BBt  D. Cleanup BBt

(8) Hadoop HE&ERGEH, ( ) A S FH R HEAT 52 I 304k A8 3 AL Ak BN R 1Y
A. Sqoop B. Flume C. Kafka D. Hive

(9) f& MapReduce £ 55 PAT e . 92 57 42 5 9 UL BRI b 981 132 19 281 1 2 )
A. ApplicationMaster B. ResourceManager
C. NodeManager D. TaskTracker

(10) MapReduce H1 ()& HJ2&: 75 ( ) B Befdi Y
A. Map B. Shuffle C. Reduce D. Cleanup

2. BEW&

(1) MapReduce #&5I Fy £ 2 78 KB Ab #2453 2 732 1 FH 2
(2) 1€ MapReduce 1155, W4T E#47 Shuffle By Bt ?



