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Mame k dispozici nasledujici pocitace:
@ dvoujaderné x86 procesory,
@ bézné IDE disky s distribuovanym souborovym systémem,
@ bézny sitovy hardware — 100Mb /s nebo 1Gb/s.

Cluster obsahuje tisice takovych pocitaci.

MapReduce
.
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Programovaci model

Zjedné dvojice (k1i¢, hodnota) vytvoii seznam dvojic
(kli¢, doc¢asnd hodnota).

map (in_key, in_value) -> list (out_key, intermediate_value)

MapReduce
.



Programovaci model

Zjedné dvojice (k1i¢, hodnota) vytvoii seznam dvojic
(kli¢, doc¢asnd hodnota).

map (in_key, in_value) -> list (out_key, intermediate_value)

v
Reduce

Z Kli¢e a seznamu docasnych hodnot vytvoii vysledny seznam
hodnot tohoto klice.

reduce (out_key, list (intermediate_value)) -> list (out_value)

MapReduce
.



Ptiklad: poc¢itani vyskytua slov

map (String key, String value):
// key: document name
// value: document contents
for each word w in value:
EmitIntermediate (w, ”17);




Ptiklad: poc¢itani vyskytua slov
e ]

map (String key, String value)
// key: document name
// value: document contents
for each word w in value:
EmitIntermediate (w, ”17);

v

reduce (String key, Iterator values):
// key: a word
// values: a list of counts
int result = 0;
for each v in values:
result += Parselnt (v);
Emit (AsString(result));

MapReduce
°




Dalsi ptiklady

Pocet pfistupti na dané URL

Stejné jako pocitani vyskytt slov.
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Dalsi ptiklady

Pocet pfistupti na dané URL

Stejné jako pocitani vyskytt slov.

Vybér vyhovujicich poloZek

Funkce map vrati pouze vyhovujici polozky, funkce reduce
neméni seznam hodnot.

map (String url, String content)
for each referenced h in content:
EmitIntermediate (href, url);

reduce (String url, Iterator sources):
Emit (sources) ;

MapReduce
]



Dalsi ptiklady

Invertovany index

map (String docid, String content):
for each word w in content:
EmitIntermediate (word, docid);

reduce (String word, Iterator docids):
Emit (sort (docids)) ;




Dalsi ptiklady

map (String docid, String content):
for each word w in content:
EmitIntermediate (word, docid);

reduce (String word, Iterator docids):
Emit (sort (docids)) ;

v

T¥idéni dat

map (String _, String value):
EmitIntermediate (extract_key (value), value);

reduce (String key, Iterator values):
Emit (values) ;

MapReduce
.
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Prabéh provadéni

Prabéh provadeéni:

Q@ Master ziska map, reduce, data a pocitace.
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Prabéh provadéni

Prabéh provadeéni:
Q@ Master ziska map, reduce, data a pocitace.
@ Vstup je rozdélen na M blokd.
@ Map na jednotlivé bloky dat.
© Docasné vysledky se rozdéli do R skupin.

@ Reduce najednotlivé skupiny.

Implementace MapReduce




Sledovani stavu vypoctu

MapReduce status: MR_Indexer-betat-large-2003 10 28 00 03

Started: Fri Mov 7 08:51:07 2003 -- up 0 hr 00 min 18 sec

323 workers; 0 deaths Counters
Type |Shards|Done Active Input(MB) Done(MB) Output(IVIB) Variahle Minute
Map 13853 0| 323| 8783346 13144 717.0 Mapped 725
Smile | 500 o 323 7170 0.0 0.0 MB/s) L
Reduce| 500 0 0 0.0 0.0 0.0 Shuffle 0.0
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o Output 0.0
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Sledovani stavu vypoctu

MapReduce status: MR_Indexer-beta6-large-2003_10_28 00 03

Started: Fri Nov 7 09:51:07 2003 -- up 0 hr 05 min 07 sec

1707 workers, 1 deaths Counters
Type |Shards Done Active Input(MB) Done(MB) Output(MB) Variable Minute
Map 13853| 1857| 1707| 878934.6| 1919958 113936.6 Mapped 699.1
Shuffle | 500 0] 500/ 1139366 571137 571137 (MB/5)
Reduce| 500] 0 o] 571137 0.0 0.0 Shutfle 3495
(MMB/s)
w Output 00
30 (MB/s)
8 doc- 15004411944
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g 70
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Sledovani stavu vypoctu

MapReduce status: MR _Indexer-beta6-large-2003 10 28 00 03

Started: Fri Nov 7 09:51:07 2003 -- up 0 hr 10 min 18 sec

1707 workers; 1 deaths Counters
Type |Shards Done Active | Input{MB) Done(MB) Output(MB) Variable Minute
Map 13853 5354| 1707 878934.6| 406020.1 241058.2 Mapped 704.4
Shuffle | 500] 0 500] 2410582| 1963625 1963625 (ME/s)
Reduce| 500 0 0] 1963625 0.0 0.0 Shufle 3719
(MB/s)
100
Output 0.0
P Q4Bls)
8 doc- 15000364228
2 index-hits
2 docs-
%' 60 indesed 17300709
i 50 dups-in-
§ 40 index- 0
5 20 merge
20 mee
operator-| 17342493
o calls
e g g 5|
;‘e duce Shard - |operator-| 17300709
outputs




Sledovani stavu vypoctu

MapReduce status: MR_Indexer-beta6-large-2003 10 28 00 03

Started: Fri Nov 7 09:51:07 2003 -- up 0 hr 15 min 31 sec

1707 workers; 1 deaths Counters

Type Shards Done Active Input(IMB)|Done(IVIB) Output{IVIB) Variable Minute

Ddap 13853 8841| 1707| 878334.6| 621608.5 369459.8 Mapped 7065

Shule | 500 o s00| 3694598 326986.8] 3269863 (ME/s)

Reduce| 5000 0 0| 326986.8 0.0 0.0 Shuffle 419.2
(MB/3)

100 COutput 00
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& doc- 4982870667
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S & 3 3 b
Reduce Shard operator-| 17229926
outputs




Sledovani stavu vypoctu

MapReduce status: MR_Indexer-betat-large-2003 10 28 00_03

Started: Fri Nov 7 09:51:07 2003 -- up 0 hr 29 min 45 sec
1707 workers; 1 deaths

Type |Shards| Done|Active Input(MB) Done(MB)|Output(MB)
Map 1385313853 0| 878934.6| 8789346 523499.2
Shuffle 500| 195| 305| 523499.2| 523389.6| 523389.6
Reduce| 500 0| 195 523389.6 2685.2 27426
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Sledovani stavu vypoctu

MapReduce status: MR _Indexer-beta6-large-2003 10 28 00 03

Started: Fri Nov 7 09:51.07 2003 -- up 0 hr 31 min 34 sec

1707 workers; 1 deaths Counters o
Type Shards| Done | Active Input(MB)|Done(IMB) Output(MB) Variable| Minute
ap 1385313853 0| 878934.6| 878934.6 523499.2 Mapped 0.0
Shuffle | 500 500 0| 5234992 5234995 5234995 e
Reduce| 500] 0| s00| 5234995 1338373 136929.6 Shuffle 01
(2MB/s)
100 Output
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Sledovani stavu vypoctu

MapReduce status: MR_Indexer-beta6-large-2003 10 28 00 03

Started: Fri Nov 7 09:51:07 2003 -- up 0 hr 33 min 22 sec
1707 workers; 1 deaths

Type |Shards| Done|Active Input(MB) Done(MB)|Qutput(MB)
Map | 13853[13853 0| 878934.6| 878934.6| 523493.2
|Shuffle 500 500 0| 5234992 523499.5] 5234995
Reduce 500 0 500 523499.5| 2632833 269351.2
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Sledovani stavu vypoctu

MapReduce status: MR_Indexer-beta6-large-2003 10 28 00 03

Started: Fri Nov 7 09:51:07 2003 -- up 0 hr 35 min 08 sec

1707 workers; 1 deaths Counters
Type Shards| Done|Active |Input(MB) Done(IVB) Output(MB) Variable| DMinute
Ddap 1385313853 0| 878934.6| 8789346 523499.2 Mapped 0.0
Shuffle | 500 500 0| 5234992 5234995 5234995 (dB/s)
Reduce| 500| 0] 500] 5234995 390447.6] 3994572 Shuffle 0.0
(MB/s)
100 Output
1222.0
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MapReduce status: MR_Indexer-beta6-large-2003 10 28 00 03

Started: Frn Now 7 09:51:07 2003 -- up 0 hr 37 min 01 sec

1707 workers; 1 deaths

Type |Shards| Done Active Input(IVIB) Done(MB) Output{IVB)
.@g 13853/13853 0| 8789346 878934.6 523499.2
Shuffle 500/ 500 0| 523499.2| 5204686 520468.6
Reduce| 500 406 94| 520468.6) 5122652 5143733
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Sledovani stavu vypoctu
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Sledovani stavu vypoctu

MapReduce status: MR _Indexer-beta6-large-2003 10 28 00 03

Started: Fri Nov 7 09:51:07 2003 -- up 0 hr 38 min 56 sec

1707 workers; 1 deaths Counters
Type |Shards| Done | Active Input(MB) Done(MB)|Output(MB) Variable | Minute
Map 1385313853 0| 878934.6| 873934.6 523499.2 Mapped 00
Shufle | 500 500 0| 5234992| 5197818 5197818 (ME/s)
Reduce| 500| 498 2| 519781.8) 519394.7] 5194407 Shuffle 0.0
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Sledovani stavu vypoctu

MapReduce status: MR _Indexer-beta6-large-2003 10 28 00 03

Started: Fri Nov 7 09:51:07 2003 -- up 0 hr 40 min 43 sec

1707 workers; 1 deaths Counters
Type |Shards| Done Active Input(MB) Done(MB) Cutput(MB) Variable | Minute
Ddap 13853|13853 0| 878934.6| 878934.6 523499.2 Mapped
Shuffle | 500 500 0 5234992 5197743 5197743 (dB/s)
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Detaily implementace

Detaily implementace:
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Detaily implementace

Detaily implementace:
O Master a jeho datové struktury.
@ Lokalita zpracovavanych dat.
@ Volba M, R a vyrovnavani zatéze.
@ Vypadky pouzitych pocitac.
@ Synchronizace, zamykéni a atomicita.

@ Zalozni tlohy pfed koncem.

Implementace MapReduce




Rozsifeni modelu
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Rozsifeni modelu

oA

Model vypoctu miiZze byt rozsifen mnoha zpusoby:

©C0000O0O0COC

Vlastni rozdélovaci funkce pfed reduce fazi.
Zaruceni poradi dat pii reduce.

Sekundarni klice.

Funkce combine.

Preskakovani problematickych ¢asti vstupu.
Vlastni ¢itace.

Lokalni spousténi.

Stringové a strukturované rozhrani.

Implementace MapReduce




Zdrojovy kod

Zvetejnény zdrojovy kod:

// User’s map function
class WordCounter public Mapper {

public:
virtual void Map (const MapInputé& input) {
const string& text = input.value();
const int n = text.size();
for (int i = 0; i < n; ) {
// Skip past leading whitespace
while ((1 < n) && isspace(text[i]))
i++;
// Find word end
int start = i;
while ((1 < n) && !isspace(text[i]))
i++;

if (start < i)

Emit (text.substr (start,i-start),”1”);

}
REGISTER_MAPPER (WordCounter) ;

// User’s reduce function
class Adder public Reducer ({
public:
virtual void Reduce (ReducelInput* input) {
// Iterate over all entries with the
// same key and add the values

int64 value = 0;
while (!input->done()) {
value += StringTolInt (input->value());

input->NextValue () ;
}
// Emit sum for input->key (
Emit (IntToString(value));

bi
REGISTER_REDUCER (Adder) ;

ogle MapRedu



Zdrojovy kod

Zvetejnény zdrojovy kod:

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

ParseCommandLineFlags (argc, argv);

MapReduceSpecification spec;

// Store list of input files into ”spec”

for (int i = 1; i < argc; i++) {
MapReducelInput* input = spec.add_input();
input->set_format (“text”);
input->set_filepattern(argv[i]);
input->set_mapper_class ("WordCounter”);

}

// Specify the output files:

// /gfs/test/freq-00000-0£-00100
/7 /gfs/test/freq-00001-0£-00100
//

MapReduceOutput* out = spec.output();
out->set_filebase (”/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 2000

// 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;

if (!MapReduce (spec, &result)) abort();
// Done: ’result’ structure contains info
// about counters, time taken, number of
// machines used, etc.

return 0;

ogle MapRedu



Vykon MapReduce

@ Cluster s 1800 pocitaci, kazdy dva 2GHz Xeony s HT, 4GB
paméti, dva 160GB IDE disky, gigabitovy Ethernet.

Hledani zaznamu

Celkem 10'° 100B zdznamti, M = 15000 (64MB kusy), R = 1.
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Google MapReduce




Vykon MapReduce

@ Cluster s 1800 pocitaci, kazdy dva 2GHz Xeony s HT, 4GB
paméti, dva 160GB IDE disky, gigabitovy Ethernet.

Celkem 10'° 100B zadznamti, M = 15000 (64MB kusy), R = 1.
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Pouzivani MapReduce uvnitf firmy Google

MapReduce spusténé ve firmé Google v srpnu 2004:

Number of jobs 29,423
Average job completion time 634 secs
Machine days used 79,186 days
Input data read 3,288 TB
Intermediate data produced 758 TB
Output data written 193 TB
Average worker machines per job 157
Average worker deaths per job 1.2
Average map tasks per job 3,351
Average reduce tasks per job 55
Unique map implementations 395
Unique reduce implementations 269
Unique map/rediice combinations 426

G e MapReduce
L]



Vyhody a nevyhody modelu MapReduce

Vyhody MapReduce

Q jednoduchost
@ vysoka troven paralelismu
@ velika skalovatelnost

© nenaro¢nost na HW

Google MapReduce
[ ]




Vyhody a nevyhody modelu MapReduce
Vyhody MapReduce Vhodné typy problémi pro
Q jednoduchost MapReduce

@ vysoka troven paralelismu O vytvateni indext
@ velika skalovatelnost Q strojové uceni na velkych
datech, naptiklad

© nenaro¢nost na HW

automaticky preklad
@ extrahovani dat
O statistiky a analyza dat
@ clusterizace
O manipulace s velkymi
grafy

Google MapReduce
[ ]




Hadoop

@ Opensource implementace MapReduce Hadoop.

Hadoop
[ ]



Hadoop
@ Opensource implementace MapReduce Hadoop.

@ Opensource implementace GFS — HDEFS.
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@ Opensource implementace MapReduce Hadoop.
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Hadoop
@ Opensource implementace MapReduce Hadoop.
@ Opensource implementace GFS — HDEFS.
@ ZastteSuje Apache, pod Apache licenci.
© VjazyceJava...
@ ...alemap a reduce lze psat v mnoha jazycich.

Hadoop
[ ]



Kdo pouziva Hadoop

Mooz

Kdo pouziva Hadoop:
@ Yahoo, ~ 100000 procesorti v ~ 20000 pocitacich
@ Quantcast, ~ 3000 procesori, 3.5PB dat
@ Facebook, ~ 2560 procesorti v ~ 320 pocitacich, 1.3PB dat
o IBM, déavé univerzitdm piistup k Hadoop clustertm
o ImageShack, Last.fm, The New York Times, . ..

Hadoop
[ ]



Zdrojovy kod

public class WordCount ({

public static class Map extends MapReduceBase
implements Mapper<LongWritable, Text, Text, IntWritable> ({
private final static IntWritable one = new IntWritable (1)
private Text word = new Text();

public void map (LongWritable key, Text value,
OutputCollector<Text, IntWritable> output, Reporter reporter
throws IOException {

String line = value.toString();
StringTokenizer tokenizer = new StringTokenizer (line);
while (tokenizer.hasMoreTokens()) {

word.set (tokenizer.nextToken());

output.collect (word, one);

public static class Reduce extends MapReduceBase
implements Reducer<Text, IntWritable, Text, IntWritable>
public void reduce (Text key, Iterator<IntWritable> values,
OutputCollector<Text, IntWritable> output, Reporter reporter
throws IOException

int sum = 0;
while (values.hasNext ()) {
sum += values.next () .get ();

}
output.collect (key, new IntWritable (sum));

}

Hadoop



Zdrojovy kod

public static void main(String[] args) throws Exception {
JobConf conf = new JobConf (WordCount.class);
conf.setJobName ("wordcount”) ;

conf.setOutputKeyClass (Text.class);
conf.setOutputValueClass (IntWritable.class);

conf.setMapperClass (Map.class) ;
conf.setCombinerClass (Reduce.class);

conf.setReducerClass (Reduce.class);

conf.setInputFormat (TextInputFormat.class);
conf.setOutputFormat (TextOutputFormat.class) ;

FileInputFormat.setInputPaths (conf, new Path(args([0]));
FileOutputFormat.setOutputPath (conf, new Path(args[1]));

JobClient.runJob (conf) ;

Hadoop



Zdrojovy kod - Hadoop Pipes

#include ”"hadoop/Pipes.hh”
#include "hadoop/TemplateFactory.hh”
#include ”“hadoop/StringUtils.hh”

const std::string WORDCOUNT = “WORDCOUNT”;
const std::string INPUT_WORDS = ”INPUT_WORDS”;
const std::string OUTPUT_WORDS = "OUTPUT_WORDS”;

class WordCountMap: public HadoopPipes::Mapper {
public:
HadoopPipes::TaskContext::Counter* inputWords;

WordCountMap (HadoopPipes: :TaskContext& context) {
inputWords = context.getCounter (WORDCOUNT, INPUT_WORDS) ;

}

void map (HadoopPipes::MapContext& context) {
std::vector<std::string> words =
HadoopUtils::splitString(context.getInputValue(),
for (unsigned int i=0; i < words.size(); ++i) {
context.emit (words[i], ”1”);

}

context.incrementCounter (inputWords, words.size());

womy .
i
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Zdrojovy kod - Hadoop Pipes

class WordCountReduce: public HadoopPipes::Reducer ({
public:
HadoopPipes::TaskContext::Counter* outputWords;

WordCountReduce (HadoopPipes: :TaskContext& context) {
outputWords = context.getCounter (WORDCOUNT, OUTPUT_WORDS) ;

void reduce (HadoopPipes::ReduceContext& context) {
int sum = 0;
while (context.nextValue()) {

sum += HadoopUtils::toInt (context.getInputValue());

}
context.emit (context.getInputKey (), HadoopUtils::toString(sum));
context.incrementCounter (outputWords, 1);

}

i

class WordCountPartitioner: public HadoopPipes::Partitioner {
public:
WordCountPartitioner (HadoopPipes: :TaskContext& context) {}
virtual int partition(const std::string& key, int numOfReduces) {
return 0;
}
i

int main(int argc, char *argv[]) {
return HadoopPipes::runTask (HadoopPipes: :TemplateFactory<WordCountMap,
WordCountReduce, WordCountPartitioner,
WordCountReduce> ()) ;

}

Hadoop



@ Implementace MapReduce v prostfedi se sdilenou paméti.
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Ptehled zpracovani dat ve Phoenixu

Map Stage Reduce Stage
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Phoenix API

Phoenix API

@ int phoenix_scheduler (scheduler args t * args)

@ void emit_intermediate (void *key, void *val, int key size)

@ void emit (void *key, void *val)




Phoenix API

Phoenix API

int phoenix_scheduler (scheduler args t * args)

void emit_intermediate (void *key, void *val, int key size)
void emit (void *key, void *val)

int (*splitter_t) (void *, int, map args t *)

void (*map-t) (map args t*)

int (*partition-t) (int, wvoid *, int)

void (*reduce_t) (void *, wvoid **, int)

int (*key-cmp-t) (const void *, const void*)




Detaily implementace Phoenixu

Phoenix
[ ]



Detaily implementace Phoenixu

O Predavani dat, docasné buffery.

Phoenix
[ ]



Detaily implementace Phoenixu

O Predavani dat, docasné buffery.

@ Dynamické pridélovani tukold.

Phoenix
[ ]



Detaily implementace Phoenixu

O Predavani dat, docasné buffery.
@ Dynamické pridélovani tukold.
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@ Pocty soubéZné béZicich vlaken / procest.
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Detaily implementace Phoenixu

O Predavani dat, docasné buffery.
@ Dynamické pridélovani tukold.

@ Pocty soubéZné béZicich vlaken / procest.
© Velikosti vstupti pro map fadové jako L1 cache.
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Detaily implementace Phoenixu

O Predavani dat, docasné buffery.

@ Dynamické pridélovani tukold.

@ Pocty soubéZné béZicich vlaken / procest.

© Velikosti vstupti pro map fadové jako L1 cache.

@ Detekce chyb, zaloZni tlohy pfed koncem.

Phoenix
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Vykon Phoenixu

\ [ cmP [ smp
Model Sun Fire T1200 Sun Ultra-Enterprise 6000
CPU Type UltraSparc T1 UltraSparc I1
single-issue 4-way issue
in-order in-order
CPU Count 8 24
Threads/CPU | 4 1
L1 Cache 8KB 4-way SA 16KB DM
L2 Size 3MB 12-way SA | 512KB per CPU
shared (off chip)
Clock Freq. 1.2GHz 250 MHz
Description Data Sets Code Size Ratio
Pthreads | Phoenix
Word Determine frequency of words in a file S:10MB, M:50MB, L:100MB 1.8 09
Count
Matrix Dense integer matrix multiplication S:100x 100, M:500x500, L:1000x 1000 1.8 22
Multiply
Reverse Build reverse index for links in HTML files S:100MB, M:500MB, L:1GB 1.5 09
Index
Kmeans Iterative clustering algorithm to classify 3D | S:10K, M:50K, L:100K points. 12 1.7
data points into groups
String Search file with keys for an encrypted word $:50MB, M:100MB, L:500MB 1.8 1.5
Match
PCA Principal components analysis on a matrix $:500x500, M:1000x 1000, L:1500x1500 1.7 25
Histogram | Determine frequency of each RGB compo- | S:100MB, M:400MB, L:1.4GB 2.4 22
nent in a set of images
Linear Compute the best fit line for a set of points S:50M, M:100M, L:500M 1.7 1.6
Regression

Phoenix



Vykon Phoenixu
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Vykon Phoenixu
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Vykon Phoenixu
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Mars

Implementace MapReduce v prostiedi se sdilenou paméti
pomoci GPU.

Mars
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Detaily implementace Marsu

@ Velmi pobobné Phoenixu, rozdily pouze kvili vlastnostem
GPU.
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Detaily implementace Marsu

@ Velmi pobobné Phoenixu, rozdily pouze kvili vlastnostem
GPU.

Q Zakladni API:

@ void map-count (void *key, void *val, int keySize, int valSize)

@ void map(void *key, void* val, int keySize, int valSize)

@ void reduce.count (void* key, void* vals, int keySize, int valCount)
@ void reduce (void* key, void* vals, int keySize, int count)
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Detaily implementace Marsu

@ Velmi pobobné Phoenixu, rozdily pouze kvili vlastnostem
GPU.

Q Zakladni API:

void map-count (void *key, void *val, int keySize, int valSize)

void map (void *key, void* wval, int keySize, int valSize)

void reduce_count (void* key, void* vals, int keySize, int wvalCount)
void reduce(void* key, void* wvals, int keySize, int count)

void emit_intermediate_count (int keySize, int valSize)

void emit_intermediate (void* key, void* wval, int keySize, int valSize)
void emit_count (int keySize, int valSize)

void emit (void *key, void* wval, int keySize, int valSize)




Ptehled zpracovani dat v Marsu

Notation: GPU processing Mars scheduler
el Map [, L Reduce |_J
Task Task
MaP Sort k= Reduce Merge
Split Split
Map Reduce
= Task = B Task )
1 ] \ ]
Y Y
Map Stage Reduce Stage

Figure 2. The work flow of Mars on the GPU.
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Testovaci pocitace a tlohy

GPU CPU
Processors 1350MHzx 8x16 | 2.4 GHz x4
Data cache (shared | 16KB x 16 L1: 32KB x 4,
memory) 1.2: 4096KB x 2
Cache latency (cycle) 2 L1:2,12:8
DRAM (MB) 768 2048
DRAM latency (cycle) 200 300
Bus width (bit) 384 64
Memory clock (GHz) 1.8 1.3
App. Description Data sets
String Match Find the position of a | S: 32MB, M: 64
string in a file. MB, L: 128 MB
Inverted Index Build inverted index for | S: 16MB, M: 32
links in HTML files. MB, L: 64MB
Similarity Compute the pair-wise | #doc: S: 512, M:
Score similarity score for a set | 1024, L: 2048.
of documents. #feature dimension:
128.
Matrix Multiply two matrices. #dimension: S: 512,
Multiplication M: 1024, L: 2048
Page View | Count the page view | S: 32MB, M: 64
Count number of each URL in | MB, L: 96 MB
the web log.
Page View | Find the top-10 hot | S: 32MB, M: 64
Rank pages in the web log. MB, L: 96 MB




Vykon Marsu v porovnéni s Phoenixem
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Figure 6. Performance speedup of Mars over
Phoenix.




Ptehled zpracovani dat v Marsu++

Notation: | GPU worker | | CPU worker | [Mar5+schedu|er]

Map [ Sort
Map
Split
=4 Map = Sort
! Y
Map Stage

Figure 4. The work flow of Mars+.
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Vykon Marsu++ v porovnani s Marsem
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Figure 11. Performance speedup of the CPU
worker in Mars+ over Phoenix.
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