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�£¯sŐŔő
• Apache	Spark(
�ŒSpark)Ć�}I¬ďıŏĭŀ
ęĴōĢĕäÎĄLµĀíēĜŏĽōĬŏĩą�
 ıŏĭ��ĻŊŏŁŌŏġāôÿŒĹįĢıŏĭ
»zď	S�°�ÕĄêçÿäç��ĕÜčÿ
çē

• �Øıŏĭĕ HDFS(Hadoop	Distributed	File	
System)Ą«îąĀĆăîŒŌŏĝĶŏĳąłŃňď
ıĘĩġĄ�höēðāĄĐĒŒ0_k�ďOÁ�
�Ąêçÿ Hadoop	ĐĒ�Ĕùa°ĕj�



�£¯sŐŕő

• �ØıŏĭĕıĘĩġĄ�höēðāĀ Spark	ąL
µa°ĕ��ò÷ÿôċè5°aìæē

• �ØıŏĭĕıĘĩġĄ�hôùA8ąa°��
ą¡XŒøą��ĕf"öēùčąo�Ćqđë
Ąăüÿăç



�£ą��

• �ØıŏĭĄıĘĩġĕ!�ôùA8ĀĎŒłŃň
úïĕ!�ôùA8ĄĀíēúïÍça°ĕL�

• Spark	ėĽňģŏħņōąLµa°Ą�éē\Þĕ
Ä|
• RDDğńįħŅąv�
• RDDğńįħŅĄıĘĩġĕ!�
• �ăēa°ąıĘĩġĕ!�
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Apache SparkāĆ

• ĜŏĽōĬŏĩą� ıŏĭ��ĻŊŏŁŌŏġ

• Hadoop	ā9�ĄMapReduce	ąėŉĥňĪŁĄ@þ
çù�l��ì5°
• ĤōĺŅŏİĘōĢāĩĲŊŏĨą��°ĕhýĶŏĳëđă
ēġŇĩĭĀLµ5°

• �ØıŏĭĕłŃňĄ�höēðāĀ�}I¬ďıŏ
ĭŀęĴōĢăĂą0_¼¦ĕ)�²îLµ
• 0_¼¦ąÆ³ìFíçĊĂŒSpark	ĕ!�łňįĲĆĐĒ
Fíîăē



SparkąıŏĭĻŋŏ

line

filteredLines

inputFile

filter()	

sc.textFile(“HDFS://...”)

outputFile

saveAsTextFile(“HDFS://…”)

Lineage

pairs

reducedPairs

map()

reduceByKey()



RDDŘResilient Distributed Datasets

• ÂČ2ĒP�ą�lıŏĭ
�Ï

• �ÓĆĸŏİĘħņōĄ�%
• 7ĸŏİĘħņōĆ¸mą
ŌŏĝĶŏĳĄ�lÔ«
• ıŏĭ��ą.�āôÿ�l
� Lµì5°



RDDğńįħŅŐPersistő

• RDD	ĕ�côùĶŏĳĆŒ±Éì�côùĸŏİĘ
ħņōĕq��ĄłŃňæēçĆıĘĩġĄ�Hö
ēðāì5°ŐPersistő

• RDD	ĄOöē0_k�ďÛMëđą_pĕäÎ
-öē){

• RDD	ĄOôÿ persist()	łĬįĳĕ;ć�ôÿ�c
• ZmĄĩĲŊŏĨŊľŉĕiK



RDDğńįħŅąĩĲŊŏĨŊľŉ

• łŃňæēçĆıĘĩġĕiK
• ��öēiKĎ5°
• łŃňĕiKöēA8ĄĆħňėŇęĪąv�Ď
iK5°

• ZmŘ
• MEMORY_ONLY
• MEMORY_ONLY_SER
• MEMORY_AND_DISK
• DISK_ONLY
ăĂ



• RDDğńįħŅĕłŃň�ĄąČ�c

• a°ĆuĎäÎ

MEMORY_ONLY



• RDDğńįħŅĕıĘĩġ�ĄąČ�c

• a°ĆuĎ�ÎĀæēìŒłŃňĕ�Çôăç

DISK_ONLY



• łŃňāıĘĩġĕ��ôÿ RDDğńįħŅĕ�c

• łŃňĄŋŏĳòĔùĸŏİĘħņōĄOôÿĆ Least-Recently-Used(LRU)	
º#ìÑ�òĔ,ėġīĩàXìu�ąĸŏİĘħņōĆĳŋįĽòĔē

• łŃňĕ���Ą!�ô,1ċĒíđăçA8Œnôç Block	ąùčĄ4ç
Block	ĕħňėŇęĪôÿıĘĩġĄ +

• ıĘĩġĄ�HòĔù RDD	ĕ/�öēÚĆ,łŃňĄdök�ĕµè

MEMORY	AND	DISK



À�Lã

• Ä|ß�
1. RDDğńįħŅąv�āĩĲŊŏĨŊľŉąÐçĄĐē
a°ąÐç

2. ıĘĩġ!�ĄĐēa°
3. łŃňāıĘĩġą��ĄĐēa°
4. ĩĲŊŏĨıķęĩĄĐēa°ąÐç

• Ä|o�
• Spark	ą�}I¬ŇęļŇň(MLlib)Ą:ċĔēľōĮŀŏ
ġď�±ą�KĽŋĢŇŁĕLµ

• RDDğńįħŅąv�åĩĲŊŏĨŊľŉåRDDąĦęĪå
ĳŇęķŏąĩŊįĳmåĩĲŊŏĨıķęĩăĂĕDtô
ÿa°ĕ�K



• ŋŏĝŉŃŏĳĀ Spark	ą7ľōĮŀŏġĽŋĢŇŁ(SparseNaiveBayes,	
DenseKMeans,	RDDTest)ĕLµ

• RDDğńįħŅĄıĘĩġĕ!�öēA8ĄĆ,RamDisk,	NVMe-SSD,	
SATA-SSDêĐć HDD	ą 4	¢âĕ��

• Spark	v.1.6.1	ĕ�ç,Scala	v.2.10.6	êĐć Java	v.1.8.0	66

Lã�B

CPU	 Intel	Xeon CPU	E5-2620v3	2.40GHz,	6	cores x2

Memory 128	GB

NetWork 10	Gbps (for	HDFS	connection)

NVMe-SSD Intel	SSD	DC	P3700

SSD	 OCZ	Vertex3	(240GB,	SATA6G	I/F)

HDD Hitachi	Travelstar 7K320	(SATA3G	I/F)

OS Ubuntu 14.04	(Kernel v.3.13)



�}I¬ĽŋĢŇŁĄĐēľōĮŀŏġ

• SparseNaiveBayes,	DenseKMeansĕ!�
• NaiveBayes:	.§ľęĪ�â<
• Kmeans:	kV?�

• 7�&ıŏĭĆ HiBenchĕ�çÿ�c,ıŏĭĦęĪĄ
Ć Tiny	ĕiK
• �&ıŏĭĦęĪŘ370MB(NaiveBayes)åŗGB(Kmeans)
• �ØıŏĭĦęĪŘ

• NaiveBayes:780MB(DISK_ONLY)å788MB(MEMORY_ONLY)
• Kmeans:7798MB(DISK_ONLY)å8546MB(MEMORY_ONLY)

• �ăēĩĲŊŏĨŊľŉĄêçÿŐ7ĩİŏĨąőLµr
Øĕ�Ê



SparseNaiveBayes DenseKmeans



RDD	ğńįħŅą){āıĘĩġ!�
ĄĐē\ÞŐLãŔő

• ¿K
• ĩŊįĳmŘ	1
• DriverąłŃňŘ60GB
• ĩĲŊŏĨŊľŉŘNOCACHE

	MEMORY	ONLY
	MEMORY	ONLY	SER
	DISK	ONLY

• ĽŋĢŇŁŘ	SparseNaiveBayes,	DenseKMeans



RDD	ğńįħŅą){āıĘĩġ!�ą\Þ
(SparseNaiveBayes)	



RDD	ğńįħŅą){āıĘĩġ!�ą\Þ
(DenseKMeans)	



łŃňāıĘĩġą��ĄĐē\Þ
ŐLãŕő

• ¿K
• ĩŊįĳmŘ1
• ĩĲŊŏ	ĨŊľŉŘMEMORY	AND	DISK	ąA8
			DriverąłŃňÖŘ512MB,	1GB,	2GB

• ĩĲŊŏ	ĨŊĉŉŘ	MEMORY	ONLY,	DISK	ONLY	ąA8
					DriverąłŃňÖŘ60GB

• ĽŋĢŇŁŘ	SparseNaiveBayes,	DenseKMeans



TŘłŃňāıĘĩġą��ĄĐē\Þ

6ŘMemoryStoreëđąĳŋįĽą��©{

SparseNaiveBayesą©{



TŘłŃňāıĘĩġą��ĄĐē\Þ
6ŘMemoryStoreëđąĳŋįĽą��©{

DenseKmeansą©{
Full GCą=m Full GCĄ¹

ôùrØ

memory	and	
disk	512m

686 220s

disk	only 2 0.21s



ĩĲŊŏħĨıķęĩĄĐēÐç
ŐLãŖő

• ¿KŔ
• ĩŊįĳmĆ	1
• DriverąłŃňÖŘ64GB
• ĩĲŊŏ	ĨŊľŉŘDISK	ONLY
• RDDąĦęĪŘ1000MB
• ĽŋĢŇŁŘRDDTest,	FioľōĮŀŏġ



RDDTest

• Spark	ąŌŏĝ��Ąêçÿ�bąĦęĪą	RDD	ĕ�côŒ
Persist	ĕLµöēĽŋĢŇŁ
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• ¿Kŕ
• ĩŊįĳmŘ4,	8,	12
• DriverąłŃňÖŘ64GB
• ĩĲŊŏĨŊľŉŘDISK	ONLY
• RDDąĦęĪŘ500MB,1,000MB,1,500MB,	2,000MB
• ĽŋĢŇŁŘRDDTest

ĩĲŊŏħĨıķęĩĄĐēÐç
ŐLãŖő



Persist	ąLµÎXą�Ê
(¸mĩŊįĳ)	



ċāčŐŔő

• RDDğńįħŅąĦęĪĄ`õÿŒMEMORY_ONLY	
ā DISK_ONLY	ąUìWìē

• RDDğńįħŅĄêçÿłŃňāıĘĩġĕ��öē
A8ŒDISK_ONLYĕ!�ôùA8ĐĒa°ì�ç
A8ìæē
• łŃňì�ÈöēA8ĄıĘĩġĈąĳŋįĽìE�ôŒ
òđĄĞľŏĨĤŊġħņōą\ÞĎ3ïēùčŒa°
ìFíî´ûē

• ðąA8ĆıĘĩġą!�Ćv)ăÒg®ą1ý



ċāčŐŕő

• RDDğńįħŅĄêçÿĆ,OS	ąķįĻĖğńįħŅ
ìæēùčĄıĘĩġąa°ĆĿĲŉĵįġĄăĒ
Ąîç

• äÎăıĘĩġĐĒĎNÖąFíç	HDD	ăĂĕ�
çùoìäĤĩĲĸĻěŏŀōĩ
• ùúôå¸mĩŊįĳąA8ĆOS	ąķįĻĖğńįħŅ
ą){ì��

• RDD	ĦęĪāĩŊįĳmąC'ĄOôÿŒHDDĀĆ
a°ì��
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• ıĘĩġĕ!�ôùA8ąäÎ-
• łŃňāıĘĩġĕ��öēoYĄêçÿŒ9õļŋįġ
ì�XĎĳŋįĽòĔăçĐèĄöē

• nôçļŋįġĕ Persist	öē�$ĄĳŋįĽĕLµöē
ąĀĆăî,�ąRDD	ì��òĔÿçēØĄÝ9wĄĳ
ŋįĽĕµè
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