MapReduce paradigma a CAP-tetel kontextusaban
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Mirol lesz szO?

Elosztott adatfeldolgozasrol altalaban

Motivacio, kontraszt a ,,hagyomanyossal” §
Brewer-sejtés, CAP-tétel %‘
MapReduce paradigma ’<\_
Elosztott fajlrendszer (DFS) 2’—;
Map ¢és Reduce g
Hadoop 2
Példak
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Elosztott adatfeldolgozas: motivacio

« Mi torténik, ha fel kell dolgoznunk az internet
adatmennyiseget?

o Legyen 5*10'° dokumentum, atlagosan 20 Kbyte
tartalommal: Pbyte nagysagrend

« Az 1/O kapacitas a leger0sebb vasak esetében sem
haladja meg a Gbyte/sec nagysagrendet: ~1 évig tart
a beolvasas

« Megoldas: Scale up helyett Scale out, azaz inkabb
tobb commodity vasat hasznositunk
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Mas rendszerek kontextusaban

e SQL (structured query language)
e Scale out/up
e Key/Values Pairs

e Offline batch processing
« DFS
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Brewer-sejtes: elmelet: hatar

e Epithetink-e egyszerre konzisztens,
nagyrendelkezésre allasu €s particiotiiresu
rendszert?

Availability

2012. oktdber 30. Balassi Marton
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CAP-tetel

Brewer's Conjecture and the Feasibility of
Consistent, Available, Partition-Tolerant Web

Services
Seth Gilbert* Nancy Lynch*
Abstract

When designing distributed web services, there are three
properties that are commonly desired: consistency. avail-
ability, and partition tolerance. It is impaossible to achieve
all three. In this note, we prove this conjecture in the asyn-
chronous network model, and then discuss solutions to this
dilemma in the partially synchronous model.

1 Introduction

At PODC 2000, Brewer', in an invited talk [2]. made the following con-
jecture: it is impossible for a web service to provide the following three
guarantees:

o Consistency
e Availability
¢ Partition-tolerance

All three of these properties are desirable - and expected = from real-world
web services. In this note, we will first discuss what Brewer meant by the
conjecture; next we will formalize these concepts and prove the conjecture;

“Laboratory for Camputer Science, Massachusetts Institute of Technology, Cambridge,
MA 02139.

'Exic Brewer is a professor at the University of California, Berkeley, and the co-founder
and Chief Scientist of Inktomi.

2012. oktdber 30.

Balassi Marton
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Konzisztencia (Consistency)

o Letezik egy teljes rendezés az 6sszes rendszerbeli
operacio kozott, amely biztositja, hogy ugy
fussanak le, mintha ezt egyetlen példanyban tennék

o Azaz:

e Megkoveteljik az elosztott kozos tartol, hogy ugy
miikodjon, mintha egyetlen node-on futna, egyesevel
kiszolgalva az operaciokat

e Szemléletesen annyit tesz, hogyha kliens, 1-est, majd 2-
est ir egy X helyre, akkor kliensg nem olvashatja késobb
ezt az 1-est, mint a 2-est.
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Rendelkezesre allas (Availability)

e Minden mukodo node-nak valaszolnia kell az altala
a kliensektoOl kapott kerésekre.

 De amodell resze, hogy a valasz megerkezese
veégteleniil sok 1dObe telhet. ..

e Azaz:
e Végiil minden operacio terminal.

e A visszaadott értek helyességet viszont semmi nem
garantalja.
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Particiotlires (Partition tolerance)

e Arendszer képessege, hogy miikodokepes maradjon
particiok jelenlétében, akkor 1s, ha particidokat
torlink vagy adunk hozza.

e Maga a cikk ,,elfelejtr” defimalni.
e Demiisaza,particio”?

e Tekintjik a node-ok diszjunkt halmazokba, azaz
,,komponensekbe” valo felosztasat.

e Azt mondjuk, hogy kiilonb6z6 komponensek kozotti
csomagok elvesznek.

e (Gyakorlatilag ez pontosan anny1, hogy csomagok a node-
ok kozott ,, elveszhetnek”.
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Lynch aszinkron modellje

e [/O auomata
e Fairness

 Kompozicid

decide(v); Ad(m),-d-
. Cij (P
receive(m); send(m); o ~ _
init(v); \ece;ve(m)j,,-
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CAP-tetel €s bizonyitasa

e Az aszinkron modellben nem konstrualhato olyan
read/write adatobjektum, amely garantalja a
rendelkezesre allas €s a konzisztencia felteteleit
minden fair esetben.

ARS8
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CAP-tetel €s bizonyitasa

e Az aszinkron modellben nem konstrualhato olyan
read/write adatobjektum, amely garantalja a
rendelkezesre allas €s a konzisztencia felteteleit
minden fair esetben.
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CAP-tétel es NoSQL eszkozok
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MapReduce paradigma

Input data is
distributed to nodes

Each map t
on a “split™ of data

SK WOrKsS

Mapper outputs
intermediate data

Data exchange
between nodes
a “shuffle” process

Intermediate data «
the same k
the same reducer

Reducer output is

stored

2012. oktdber 30.

Input Data

Reduce
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WordCount p¢lda
Input Output
map <k1, vl> list(<k2, v2>)
reduce <k2, list(v2)> list(<k3, v3>)
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WordCount p¢lda

The overall MapReduce word count process

Input Splitting Mapping Shuffling Reducing Final result
Bear, 1 » Bear, 2
Deer, 1 » Bear, 1
Deer Bear River » Bear, 1
River, 1
Car, 1
Car, 1 » Car, 3 » Bear, 2
Deer Bear River Car, 1 Gar, 1 Car, 3
Car Car River » Car Car River » Car, 1 Deer, 2
Deer Car Bear River, 1 River, 2
Deer, 1 » Deer, 2 -
Deer, 1
Deer, 1 ;
Deer Car Bear » Car, 1
Bear, 1 River, 1 » River, 2
River, 1




WordCount pelda (Hadoop)

public static class Map(Cl ass extends MapReduceBase
i mpl ements 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,
Out putCol l ector<Text, IntWritable> output,
Reporter reporter) throws IOException {
String line = value. toString():
StringTokenizer itr = new StringTokenizer(line);
while (itr. hasMoreTokens()) {
word. set (i tr. next Token())
out put. coll ect (word, one)

.
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WordCount pelda (Hadoop)

public static class Reduce extends MapReduceBase
i mpl ements Reducer<Text, IntWritable, Text, IntWritable> ({

public void reduce(Text key, Iterator<IntWritable> values,

OutputCol l ector<Text, IntWritable> output,
Reporter reporter) throws [OException {

int sum = O

whil e (val ues. hasNext ()) {

sum += values. next (). get () ;
}
out put. coll ect (key, new IntWritabl e(sum))

}
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MeanNaive pelda

1: class MAPPER

2: method MAP(string ¢, integer r)

3: EMIT(string ¢, integer r)

1: class REDUCER

2: method REDUCE(string ¢, integers [ry,rs,...])
3 sum «— 0

4 cnt «— ()

5: for all integer r € integers [ry, 79, ...] do
6: sum «— sum +r

7 cnt — ent + 1

8: Tavg < Sum/cnt

9: EMIT(string ¢, integer 7,,,)
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MeanCombine pelda

1: class MAPPER

2: method MAP(string ¢, integer r)

3: EMIT(string ¢, pair (r, 1))

1: class COMBINER

2 method COMBINE(string ¢, pairs [(s),¢1), (S2,¢2)...])
3: sum «— 0

1 cnt «— ()

5 for all pair (s,c) € pairs [(s1,¢,), (82,¢2)...] do
6: sSum «— sum + s

T: cnt — cnt 4+ ¢

8: EMIT(string £, pair (sum, cnt))

1: class REDUCER

2 method REDUCE(string t, pairs [(s1,¢1), (S2,¢2) .. .])
3: sum «— ()

| ent «— ()

5 for all pair (s,c) € pairs [(s1,¢1), (S2,¢2)...] do
6: sum «— sum + S

i ent s— ent +-¢

8: Tavg — Sumjcnt

9: EMIT(string ¢, integer 74,4)



Hadoop folyamatok

« NameNode
e (Secondary NameNode)
 DataNode

o JobTracker
o TaskTracker
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A gyakorlatban...

e A bit of hands on Hadoop
e WordCount

e HDEFS kezel¢s

e Webes Ul

e Szimulaciok kezelése
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Osszefoglalas helyett

g MapReduce @ Adatb haladoknak



Ko0szonom a figyelmet!

Balassi Marton
marton@db.bme.hu

Adatbazisok haladoknak 2012.
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