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n HURRASIIEK, PERONEEBA, BIFRASS:
W) 23-1 HEIIATHEALGH

map<string, Int> word count;
for each document d {
for each word w In d {
word_count[w]++;

}
}
... EBEITBERADFALEEMERS - ..
I 55— AT X T — M EERE (GE% R —hashk)
I TR IBE R — AN R, BRI E I —
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n EVEE KNI T O RN SO R R AR

Bl 23-2, FATACH BLE] VHEORE PP
Mutex lock; // FH—/~8if&3% word_count
map<string, int>word_count;
for each document d in parallel {

for each word win d {

lock.Lock( );

word_count[w]++;

lock.Unlock( );

}

}
.. BB RAF BIFFA A ..

m JOEH A AR AT LR AT
n SERRR RS EA SRR, X E A, REg T —EE R

m B EEILERBEESE word _count. FH— NGRS T BRI U E K4
F, BCAMEEEHRA. ReUIERITEIR S 2 AR LM (buckets) , &AM
F—3080, WRIGHRFEIREIRE, TEMEIX B RIEAE T I
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Bl 23-3, 43 H o ARt K AT B R TH B
struct CountTable {
Mutex lock;
map<string, int>word_count;
¥
const int kNumBuckets = 256;
CountTable tables[kNumBuckets];
for each document d in parallel {
for each word win d {
int bucket = hash(w) % kNumBuckets;
tables[bucket].lock.Lock( );
tables[bucket].word _count[w]++;
tables[bucket].lock.Unlock( );

}

}
for (int b = 0; b < kNumBuckets; b++) {

RE PSR AR fr] 52

gEtE (scalability) A#EE—&
PLAs R BEER AN R JLAS

SER AT 2 LA I [A]

EEA 5 SMABERKAFR ULE
TB, WH7E? )

H—IHE MM, FEETED
a2 aitENl. SRETENA
H R, T LAFE R AL H)THEREBLER
HLERMRZIFTHRR

... save tables[b].word _count to persistent storage ...

}

m XHEH256ME (F1256M41) , RHE HE Fhash{E v e AN 1

ARV RIS (2)
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F 5 R 25 - S i B
BERRTEIEER
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NHFRE R,
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Pl 23-4, FATRIRVHERERE, IR R

const int M = 1000; // Number of input processes

constint R=256; // Number of output processes

main( ) {
// Compute the number of documents to assign to each process
const int D = number of documents / M;
for (inti=0;i<M;i++){ fork InputProcess(i *D, (i + 1) * D); }
for (inti =0; i <R;i++){ fork OutputProcess(i); }
... wait for all processes to finish ...

}

void InputProcess(int start_doc, int end_doc) {
map<string, int>word_count[R]; // Separate table per output process
for each doc d in range [start_doc .. end_doc-1] do {
for each word win d{ int b = hash(w) % R; word_count[b][w]++; }
}
for (intb =0; b <R; b++) {
string s = EncodeTable(word_count[b]);
}
}

void OutputProcess(int bucket) {
map<string, int>word_count;
for each input process p {
string s = ... read message fromp ...
map<string, int> partial = DecodeTable(s);
for each <word, count> in partial do { word_count[word] += count; }

}

... save word_count to persistent storage ...

}

... send s to output process b ...




L]l

m e XANTTE T UARSE N FAE TARua M4 b, (H
Q BHBRRE A, AR
0 X EFR T T EME AT
0 A BERERE BRI ARHENH T,
0 BAARIF R TR

n ACE SRR, TR BT RE23-4 Y
0 IR S VLA TS AR, BB N T AR

O EERAES . — MR TERSETEN L%
(generation number) , HEETFHESIMNHS, BREE

Q B2 AHE SRR S
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m X LR 23-1 F 23-4, T DIERIFE 23-4 B faj B 0 BE] v B T AE R R
mAERNEIFITUHFEE B

m UURBESTAL B AR ) R VRN AT T 0 T, AT RETR 2] — R
IR AT RIE RS . X READCEH TR T, E7]
REE FH T 50 At X R B A 2E T4

m B AR
QO MENEAILR, RIE RO kKkey/valueXt

0 MR B Ekey/valueXt, R 5HARG R key F{E&H (it
FE P A] REZE BINHME R YE, B EER#

s B AEATAENRENHEE, SO LREPIIEERR
O HBA R A — AN SORS B B3R R SRS TR 5
O — MRS (map) , B—AFRHARE (reduce)
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Map AL B — N30k, XfHH
AN BLE] A — A R 45 B

Reduce$ 2| —N .78 fl—
WA GFBO . B3R
CRPEGRAD JGiéH

XN EAREAE, AR
H& R IR I sh 27
K EEmitintermediatefl
Emitfs2I

Ve =g

X B MapFiReducesZILH]
2PNV HESE, FTUUHA
[ B4 ) 3 2R I B AT

ARV RIS (2)

Bl 23-5, B THER B4 A Map MTReduce

void Map(string document) {
for each word w in document {
Emitintermediate(w, "1");

}
}

void Reduce(string word, list<string> values) {
int count = 0;
for each v in values {
count += StringTolnt(v);

}
Emit(word, IntToString(count));

}
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I\/Iap Reduce T~ Example 23-6

Driver for Map and Reduce
— /TR B B4 KR DR 2 map<string, list<string> > intermediate_data;

o . Aot
%};%giﬂ;ﬁﬁm@ﬁ void Emitintermediate(string key, string value) {

intermediate _data[key].append(value);
Driver i) T1E: }

) AN 1FE
ﬁaip L%gﬁl:ﬂﬁﬂi% void Emit(string key, string value) {

& B o BE R | write key/value to final data file ...
N LA }

N JE A A Reduce void Driver(MapFunction mapper,

PR S ReduceFunction reducer) {
Emitintermediate 454 ;or eacE Iknpuli I_te_mtdo{ d_mtaplze;(ltem); }
O B0 ] BB 2 T or each key k in intermediate_data {

. B N reducer(k, intermediate _data[k]);
ARHRFEBAK, | )

H A2 B — 1 ] gg anfu] fiF }
i Map #1 Reduce

main( ){ Driver(Map, Reduce); }
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=BT EA B Driver LB 1Y, S5F 7 —Er el Map-Reduce £
R ff R ) 1)

m 73430 grep (distributed grep)
grep: it H45E IENFRIAIILHCH) IE 3T
Map B IUCHECHIAT &, Reduce BEEIESS R N 2% H
m [ Web 4%#: & (reverse web-link graph)
WEWeb Furl LI T B A url 2884, B Fid—4%&url22url 130
Map X} Web 3CRS &AM EEE H —A> <target, source> X

Reduce B 5[F— target url #1554 sourse url ILER—AFE, EH—4
%t <target, sourceftjFz=>

s TALAAENC A & (term vector per host)

—ANER— 4 30 B IR B oo Rl e H B I R <term, freq> %13
Map MBI LR 43 B <host, termvector> (EHLAZEHurl) , Reduce
LMY, &I E, MBERIEMEA, 152#<host, termvector>
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& HZE5] (Inverted index)

FALTA] B4, A A R SRS ) R R B ET (SO TE E HHBCFEIDZER) o« Mapfi@tT
XY, i —<word, docID>%; Reduce®:3z—/NHLiFEWIFXN, HrH Xt
<word, docIDFR>. RAEGY 7mX—H, B0 I8 E SR ) e AL (5 B

A A HE P

EER AN A HE T . Map il HREUCH R, X Hi<key, record>XT;
ReduceffAEsmt, RS T 5 H A48 B K1) 43 2 H A0 54 ik

Vi HoAth o) AT LUMR 25 5 FiMap-Reducett B Rk F X . ARRERIEN
—Z&RJ¥IMap-Reduceb B Map-Reduceit i, LL—/"Map-Reduceb &
fRy % e A T —Map-Reduce s B A

MR, #mEMap-Reducels AL R FFAEME, M2002FF a5t 1L
MMap-ReduceltHid 2, 220065 AL E H#id6000Map-Reduce
HAE, XL HEBEL1000MAFHKEH K, BANZHIFKEBESEIHKE
Frfny A AR
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TS AN A —FP ST, KBUNUMA (GE—2007 R 280D 2 Ab 338
ARG —FrSEBL, AT R 9 4T LR R 53 S —Fh e B

= NESHEFEERESLHL, EA Bt Google® M HIHH IR HIE
o, EFIBIT R IMap-ReducefEk. AT 2 K &S 745
HLIB I DK AT e B A A R B SRR . A BT L

0 Bl A XAx86LLHLES, 2-4GHFE, BATLinux

O MRl R HOE GEIGEURMD , —/MlAE40-80 5 H14%,
MEGER ORI, 7 Bsr B HLEE R %E50-100Mb/s

Q FERE TR S P8 F B IDERESR, HIGFSH#i X R4 HE
WA HIR . GRS 2 N7 AR m BT Seth: SR> A
6AMEIEL, BEANHRIEAFMLE EA3NHE N

Q FHPEELRISHE RS, B EE AL, HiEERGR
S RISERE R R AL L
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Ffitkey ARIMAART 2 (i
s, hmdEARR,
)EH & [‘ﬁﬂﬂ? Lsign .assign

reduce TAEu Rk /viTi%k
45 F Freducepg ¥, ¢
A BRI K IV I N SC
. reduce THEMSERL &
B 4imastor, EXkH — LI
—reducefts%

i map/reducefE55#8
56 Ji B AL 8] H P A2
}? ’ F% H‘]ﬁ‘ﬁﬁ H:'l Ejﬁ%R/I\ Intermediate files

(5) remote

p map-..

read _—

______@m

¢ worker

Reduce

phase

output
file 0

output
file 1

Output

files

reduce X/ (on local disks)
ARVERRIERE (2

RO AR A A B B REE R RO

MapReduce®l] 7 #i A\ K
16-64MHII3R J5 7] 1 FE 2%
R AR 2N

B — M5 llmaster,
EBERELZTHEMAN
map LAEu IR reduce
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map TAE 5235 A A K
KV RFEAENAE,
PR E AN A HiER, AL
3 TRE R 43 AR

—A~map T AE vk 58 B
Fmaster, master4 X
AR E £ 2 reduce
TAEw. i E map LAE
METE—1
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K4k MapReduce A B 4 . master{f B & TAEuE 58 map/reduceT
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R AL master B AP E (ATREA S HEEE) , ReEFTHE
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Z X P EfEEkeyHEF B EIE Ereduce® 58, XB A H XTI fE
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Wi, fFMapReduceftft T EE2 TAEERM. X HENFEHKRDbug, HAK
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MapReducePERrill FEU# Ht Fid %, BRINBEE, CIRUERT AGRSE T AE

AN TR 23T — M5S0 HERF (signal handler) , FHIEBGHEHA S

g4k, A Map/Reduce#:/ERiT, MapReduceFEH — /M2 R BIRTE
WxMFyS. mRAFREEEREGES, BE S4B MSmaster k—
MUY 5 Klast gasp (&% S ) KUDPAL, B B ER 8 shix A
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// User®"s map function
class WordCounter : public Mapper {
public:
virtual void Map(const Maplnput& input) {
const string& text = 1nput.value( );
const Int n = text.size( );
for (int 1 = 0; 1 <n; ) {
// Skip past leading whitespace
while ((1 < n) && i1sspace(text[i]))
1++;

// Find word end

int start = i;

while ((1 < n) && lisspace(text[i]))
1++;

iIT (start < 1)
Emitintermediate(text.substr(start,i-start),'1");
+
+
}:
REGISTER_MAPPER(WordCounter);



// User"s reduce function
class Adder : public Reducer {
virtual void Reduce(Reducelnput* 1nput) {
// lterate over all entries with the
// same key and add the values
int64 value = 0;
while (Tinput->done( )) {
value += StringTolnt(input->value( ));
input->NextValue( );
+

// Emit sum for input->key( )
Emit(IntToString(value));
+
}s
REGISTER_REDUCER(Adder) ;

int main(int argc, char** argv) {

ParseCommandLineFlags(argc, argv);

MapReduceSpecification spec;

// Store list of 1nput files into ''spec"

for (int 1 = 1; 1 < argc; 1++) {
MapReducelnput* i1nput = spec.add input(
Input->set_format(''text');
input->set_fTilepattern(argv[i]);
Input->set_mapper_class("'WordCounter');



// Specifty the output files:

// /gfs/test/Treq-00000-0f-00100

// /gfs/test/Treq-00001-0f-00100
MapReduceOutput* out = spec.output( );
out->set fTilebase(''/gfs/test/freq);
out->set_num_tasks(100);
out->set_format(''text');
out->set_reducer_class("Adder™);

// Optional: do partial sums within map
// tasks to save network bandwidth
out->set_combiner_class("'Adder™);

// Tuning parameters: use at most 2,000
// machines and 100 MB of memory per task
spec.set_machines(2000);

spec.set_map_ megabytes(100);
spec.set _reduce megabytes(100);

// Now run it
MapReduceResult result;
iIT (IMapReduce(spec, &result)) abort( );

// Done: “result® structure contains info
// about counters, time taken, number of
// machines used, etc.

return O;



iff 33 (o) Rl
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