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Data

bajt
kilo
mega
giga
tera
peta
exa
zetta

1 8 bitov, 01001001, 256 r6znych hodnot
1,000 text dvojparagrafového emailu
1,000,000 jedna megapixelova fotka
1,000,000,000 jedna hodina HD videa
1,000,000,000,000 velkost celého webu v 1997
1,000,000,000,000,000 YouTube upload kazdych par dniv 2015

1,000,000,000,000,000,000 Internet traffic za den v 2015
1,000,000,000,000,000,000,000 vsetky ulozené data na svete v ~2012



Ako spracovavat tolko dat?
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Problém: Web

Miliardy webovych stranok, ~20TB.

Ako ich n3jst a stiahnut?
Ako vygenerovat index?
Ako vyhladavat v indexe dany dopyt?

Ako zoradit vysledky podla relevantnosti?



Google riesenie
UloZit data na stovky/tisice “obyéajnych” pocitacov.

Spoijit ich sietou (Ethernet).
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Systém na distribuované spracovavanie.




Big Data

Vyzaduju (omnoho) viac ako 1 pocitac.



Google cca. 2002

Ad-hoc systémy na generovanie indexov, analyzovanie zaznamov.
Komplikované, logika zmiesana so systémovymi zalezitostami.

Dookola podobné programy s miernymi obmenami.



ZlepsSovak: MapReduce (2003)

Kniznica pre zjednodusenie pisania takychto systémov.

Data: zaznamy s dvoma udajmi: kl'ti¢ a hodnota (key/value).
Uzivatel napiSe funkcie Map a Reduce.

Map: (k1, v1) -> list(k2, v2)
Reduce: (k2, list(v2)) -> list(v3)

Systém automaticky distribuuje Map na vstup a Reduce na vystup z Map.
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Priklad: Index

Vstup: webové dokumenty
Vystup: pre kazdé slovo, zoznam dokumentov v ktorych sa nachadza

Map(doc_id, dokument) -> [(slovo , doc_id), (slovo., doc_id), .. ]

Reduce(slovo, [doc_id

_id,, doc_id., ...]): utriedit a efektivne zakddovat doc_id



Priklad: Statistika o vyhladavani

Vstup: zaznamy z vyhl'adavania
Viystup: pre kazdy vyhl'adavany retazec, ako ¢asto sa vyhl'adaval

Map(zaznam) -> [dopyt, 1]

Reduce(dopyt, [1, 1, 1, ..., 1]): sCitat hodnoty



MapReduce architektura

Intermediate files Qutput
{on local disks) files

Fig. 1. Execution overview:




MapReduce: Simplified Data Processing on Large Clusters

Jeffrey Dean and Sanjay Ghemawat

jeff@google.com, sanjay @ google.com

Google, Inc.

Abstract

MapReduce is a programming model and an associ-
ated implementation for processing and generating large
data sets. Users specify a map function that processes a
key/value pair to generate a set of intermediate key/value
pairs, and a reduce function that merges all intermediate
values associated with the same intermediate key. Many
real world tasks are expressible in this model, as shown
in the paper.

Programs written in this functional style are automati-
cally parallelized and executed on a large cluster of com-
modity machines. The run-time system takes care of the
details of partitioning the input data, scheduling the pro-
gram’s execution across a set of machines, handling ma-
chine failures, and managing the required inter-machine
communication. This allows programmers without any
experience with parallel and distributed systems to eas-
ily utilize the resources of a large distributed system.

given day, etc. Most such computations are conceptu-
ally straightforward. However, the input data is usually
large and the computations have to be distributed across
hundreds or thousands of machines in order to finish in
a reasonable amount of time. The issues of how to par-
allelize the computation, distribute the data, and handle
failures conspire to obscure the original simple compu-
tation with large amounts of complex code to deal with
these issues.

As a reaction to this complexity, we designed a new
abstraction that allows us to express the simple computa-
tions we were trying to perform but hides the messy de-
tails of parallelization, fault-tolerance, data distribution
and load balancing in a library. Our abstraction is in-
spired by the map and reduce primitives present in Lisp
and many other functional languages. We realized that
most of our computations involved applying a map op-
eration to each logical “record” in our input in order to
compute a set of intermediate key/value pairs, and then




Uspech MapReduce
Google zverejnil ¢lanok v 2004 (dnes cez 3000 citacii).
Siroké pouzitie vramci Google (500 aplikacii prvy rok) vo véetkych oblastiach.

Napad okopirovany rychlo po publikacii a rozsireny do open-source sveta.



Hadoop (2004)

Na zaklade Google ¢lanku, programatori v Yahoo napisali vlastnu verziu.
Cely ekosystém open-source Big Data rieseni.

MapReduce ->Hadoop
GFS -> HDFS
Bigtable -> HBase



Kritika databazovej komunity (2008)

DeWitt, Stonebraker: MapReduce: Velky krok spat

Kritizovali primitivny spdsob spracovania dat (vs. SQL).
SELECT key, REDUCE(value) FROM (SELECT MAP(key, value) ...) GROUP BY key

Suboptimalna implementdcia (Ziadne indexy).
Chybajuca funkcionalita oproti databazam.

Ciastocne opravnena kritika, Ciastocne nepochopenie problému.



Problémy masivnych rozmerov

Problémy pri spracuvani petabajtov dat na 1000 pocitacoch su jedinecné.

VSetkého je velmi vela, vacsina algoritmov O(N), pripadne O(N log N).

Randomizované algoritmy.

Udalosti s nizkou pravdepodobnostou st na dennom poriadku.

VSetko sa vzdy kazi.



Shuftle

Implementacia presunu dat medzi Map a Reduce (GroupByKey).

Ekvivalentné distribuovanému triedeniu.

Doteraz problém, ktory sa aktivne riesi.

Experiment (2012): 50PB sort, 23 hodin, najvacsie triedenie vobec.



Flume (2007)

Velké mnozstvo aplikacii kombinuje MapReduce vypocty.

Flume: Rozhranie vyssej urovne.
Optimizator preklada Flume program na MapReduce.

Od 2012 sa novi zamestnanci ucia uz len Flume.



Flume Architektura
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Flume Architektura
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Spark a Flink (2009)

Nezavislé na sebe vyvyjané open-source projekty s APl podobnym Flume.
Apache Spark z UC Berkeley.

Apache Flink z TU Berlin.



Neohranic¢ené prudy dat (streaming)
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Agregacie v case udalosti
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Agregacie vrameci aktivit (sessions)
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Millwheel (2007)

Samostatny systém na spracovanie neohranicenych prudov dat.

Nizka latencia vysledkov oproti MapReduce.
Do6raz na spravnost vysledkov.

Zalozeny na Bigtable.



Dataflow (2013)

Vysledok evolucie MapReduce, Flume, Millwheel.

Rovnaké rozhranie pre ohranicené a neohranicené data, podobné Flume.

PCollection<KV<String, Long>> sums = pipeline

-apply( )
.apply(ParDo.of(new ParseEventFn()))

.apply(Window.into(FixedWindows.of (Minutes(2))))
.apply(Sums.integersPerKey())

Spravovana sluzba na Google Cloud.
Silny déraz na auto-konfiguraciu.



Liquid sharding

Rozdelenie na Ulohy nie je vopred fixované, moze sa menit.




Apache Beam (2016)

Novy Apache projekt.
Dataflow rozhranie nezavislé od implementacie.

Implementacie na Spark, Flink, Apex, Dataflow.



Cloud computing

Amazon AWS, Google Cloud Platform, Microsoft Azure a iné.

Umoznuje hocikomu pristup k velkej vypoctovej sile.

Priklad: Pokémon GO.

Cloud Datastore Transactions Per Second
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Co sa este riesi

Big Data systemy stale komplikované na pouzitie.
Automatizacia konfiguracie.

Nastroje.
Konsolidacia rozhrani (SQL).

Konvergencia Big Data systémov a databaz.



Zhrnutie

BigData problémy vznikli vdaka Internetu.

Mnoho pocitacov a specializované systémy.

Jedinecné problémy skalovatelnosti a odolnosti voci chybam.
MapReduce spustil Big Data revoluciu, ale uz sa skoro nepouziva
(Flume/Dataflow, Apache Spark/Flink).

Apache Beam: rozhranie zjednocujuce batch/streaming.
Demokratizacia vypoctovej sily vdaka Cloud computing.

Vela nevyrieSenych problémov.



