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溿狒羜俌

• ⯆յ⫋啶䡗䤰ךכ׆ٖبشٔ؞מ伺炐氳ذ٭ظ
◦ ⫛Ꝏם銶畀ס⯡峎מ⭚杼ס냕鵭㲔杯
◦ LRU(Least Recently Used)䫑榫מ畘杼䣆嫎ٖبشٔ؞
• 泡鲣מ✳榫עذ٭ظג䑒מْٛٓ鿥糋
• יזמ燯Ⳃذ٭ظם값竳סꝴؠتؔظْٛٓ
氦榟ֿء٤بشٚت

pؕ٤ْٓٛ⭚杼מ냕鵭
p䥩霄גAPI p邾丗銧鏤ع٭َئ

畘杼䣆嫎䬠勅ٖبشٔ؞㍑鹴ء٤بشٚت
Ø 값竳מ⮵榫מْٓٛذ٭ظ⟊䧏䣆嫎ס吾鋀
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RDD(Resilient Distributed Dataset)
• Sparkך⮵榫縨꤃㲹䓪عشجذ٭ظג⨣מ
• յ⮆丆⭚杼㲔杯Ⱏ⮆ך⛣٤ⶡ٘بؔط٭قذ٭ظ

• 邾丗㍑⮵榫RDDךכ׆ٖبشٔ؞
⫛Ꝏם⭚杼⯡峎
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㰆亠䌋⟊סذ٭ظٖبشٔ؞
• Memory-only

• Disk-only

• Memory-and-Disk
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Partition
وشٞغؠتؔظ

LRUמ㓹יַטյ僃䏲גتجؠؓמ
מ㵚霄⭳٤鴑ַ٘بؔط٭ق

냕鵭ْٛٓםI/O

⮵憠

ס٤٘بؔط٭ق
⫋榟䡗ֿ䑒釐

埝憠

ס٤٘بؔط٭ق
⫋榟䡗ֿ┘釐 ⛥鵭ؠتؔظםI/O

냕鵭ْٛٓםI/O

ס٤٘بؔط٭ق
⫋榟䡗ֿ┘釐

ךꝴؠتؔظ-ْٛٓ
氦榟ֿء٤بشٚت
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LRUס䧸Ⳃכゖ갭憠
• յ䧸Ⳃֿ㚺י䑴מ丗סRDDٖبشٔ؞
◦ ⶡ┉RDDٖبشٔ؞㕙⺬

◦ 邾丗RDDٖبشٔ؞㕙⺬
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RDD1.cache()
RDD1.partition1.read()
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Disk

Partition1
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Partition1Partition3Partition2Partition1

RDD1.cache()
RDD2.cache()

RDD1.partition1.read()
RDD1.partition2.read()
RDD2.partition3.read()

邾丗RDDٖبشٔ؞㕙⺬յذ٭ظ燯Ⳃֿ값氦
Ø ┖⛥䓪耆יזמء٤بشٚت



Modified cache I/O behaviors† [1/2]
• Modified write I/O behaviors

• Modified read I/O behaviors
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ٖبشٔ؞泡䫘מؠتؔظׂםךْٛٓ
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ْٓٛ磬榺מ泡䫘鐆⭳ײ

† H. Inagaki, T. Fujii, R. Kawashima, and H. Matsuo, “Adaptive Control of Apache Spark’s Data 
Caching Mechanism Based on Workload Characteristics,” Proc. 5th International Symposium on Big 
Data Research and Innovation (BigR&I-2018), Barcelona, Spain, Aug. 2018.



• ַםַי㷽塷縒䜡تجؠؓ
Ø 값氦ֿتجؠؓؠتؔظ

埝憠

RDD1.cache()
RDD2.cache()

for(…){
RDD2.partition3.read()

}

Modified cache I/O behaviors  [2/2]
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• ךסַם燯Ⳃֿ氦榟סذ٭ظ
ַם氦榟ֿء٤بشٚت

⮵憠
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LRC(Least Reference Count)† [1/2]
• LRC(Least Reference Count)
◦ RDDס⹆拨ع٤ؗ㓹وشٞغמRDD婊㲊
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RDD_ID ⹆拨ع٤ؗ
RDD1 0
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RDD3 0
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45

• 값竳מ⮵榫RDD
׀ך攐㲊מ塜澬

Ø LRUꝎ僿氳ם
׀ך㵚䑴מ٤٭ذقتجؠؓ

⮵憠
• 값竳מ⮵榫
耆⺎┘ע攐㲊ס٤٘بؔط٭ق

埝憠
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† Y. Yu, W. Wang, J. Zhang, and K. B. Letaief, “LRC: Dependency aware cache management for data 
analytics clusters,”Proc. IEEE international Conference on Computer Communications (INFOCOM), 
pp. 1–9, Georgia, USA, May 2017.



LRC(Least Reference Count) [2/2]
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RDD.filter(“A”)

// ”A”ַֹכ乃㰄⮛
RDD־䥩⭳

Partition1
.filter(“A”)
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값竳מ⮵榫ס٤٘بؔط٭ق攐㲊ֿ㍭ꦘ



䬠勅䣆嫎ס哭釐
• 泘氳: ⛥ךغشى٭ف٭؛冾⮉䣆嫎ס吾鋀
• 仴㰆ٖبشٔ؞ס畘杼䣆嫎ذٜؔنّ٭ٜهמ㵵⪌

1. ⭚杼٤٘بؔط٭ق丗⯡峎
2. ךכ׆鋗ꎰع٤ؗ拨⹆ם塜澬
값竳מ⮵榫٤٘بؔط٭ق攐㲊

10

RDD_ ID ⹆拨ع٤ؗ
Partition1 0
Partition2 0
Partition3 0

RDD.filter(“A”)
// ”data1”ַֹכ乃㰄⮛

RDD־䥩⭳

bloom filter 1 bloom filter 2 bloom filter 3

“A”,”B”ס
乃㰄⮛氧ꎰ

1

RDD
Partition1 Partition2 Partition3
A B C D E F



鍐❫梪㗞
• 仴㰆ٖبشٔ؞ס畘杼䣆嫎ذٜؔنّ٭ٜهמ㵵⪌
◦ 僗Ⲗ䓪吾錞סذٜؔنّ٭ٜه
◦ ❪䓪耆鍐יַֽמ畘杼䣆嫎ٖبشٔ؞ס┖♓
• LRU
• LRC
• LRU (BFLRU)ذٜؔنّ٭ٜه +
• LRC (BFLRC)ذٜؔنّ٭ٜه +
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鍐❫梪㗞
OS Ubuntu 16.04
CPU Core i5 4460 (3.20 GHz), 4 cores
ثؕئْٛٓ 1.0 GB

size of storage-memory: 0.4 GB
HDD 1 TB
Spark ٤٘ة٭ف 2.2.1
٤啶䡗بُ Master x1, Slave x1
ّطتبٜؕؒن HDFS (version 2.7.4)

• Filter-testؠ٭ُز٤ي
◦ ثؕئסRDDٖبشٔ؞

(RDD1,RDD2): 1GB
◦ RDDס
٤丗:1,000٘بؔط٭ق



Filter-testؠ٭ُز٤ي
• 㷀䢥氳ֿتجؠؓם값竳מ氦榟敯媲┖ך䓪耆鍐❫
◦ SQLֽׄמWHERE⺀㲔车侇䘶㲊
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RDD1.io.load(hdfs)
RDD1.cache()

RDD2 = RDD1.map{ … }
RDD2.cache()

for (i <- 1 to 10) {
for (j <- 1 to 10) {
RDD2.filter(…).count

}
RDD1.count()

}

RDD1
Partition1 Partition2
A B C D

RDD2
Partition3 Partition4
E F G H

checkcount

• 䏼全䣆嫎

RDD1
Partition1 Partition2
A B C D

RDD2
Partition3 Partition4
E F G H

check
count

• 䬠勅䣆嫎

BF3 BF4

filter(“E”)

BF1 BF2



鍐❫磵冽

13

0

300

600

900

1200

1500

1800

2100

LRU LRC BFLRU BFLRC

Filter-testס⛮⪑ؠ٭ُز٤ي㲔车侇ꝴ
㲔
车
侇
ꝴ

[s
]

LRU LRC BFLRU BFLRC
RDD2 cache 57 s 27 s 117 s 38 s
RDD2 filter 16 s 11 s 0.9 s 0.5  s

84.9

• filter-testؠ٭ُز٤ي
◦ RDD1: cache x1 + count x10 ◦ RDD2: cache x1 + filter x100

57 s 27 s57 s 117 s27 s 38 s

x 2.05 x 1.41

11 s 0.5 s

x 0.045



Spark־Spark SQLס燯车
• Partition Pruning
◦ 㵚霄ֿכ׆ַםױ⻠ֿذ٭ظס⟊錞㕙⺬ײסյ
⭚杼㵚霄־㛙嚀耆

• ┕槡/┖槡榫ַג⮭㲊מ⭚杼ذ٭ظⰓ㲊
◦ Partition1,2־Bananaַֹכⶡ鏤吾碟
ØPartition2ס┕槡עPeachךסםյBananaע㰆㏇䐂ַם
ØPartition2Ⱃ㲊յ⭚杼ַם
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RDD Partition1
Apple Orange…

Partition2
Peach Pine…

Apple ~ Orange Peach ~ Pine

┖槡┕槡

RDD.filter(“Banana”)

מذ٭ظױ⻠מ⫁عشجذ٭ظ
哕珷ם⢎ֿ㰆㏇㕙⺬־מⲖ冽ם

Ø 鹟㲊㓹嶖ذٜؔنّ٭ٜه榫ַג䣆嫎מ㚺催



TPC-Hؠ٭ُز٤ي
• TPC-Hؠ٭ُز٤ي榫ַי䬠勅䣆嫎ס僗Ⲗ䓪鍐❫
◦ filter꞊丗侇מ⭚杼٤٘بؔط٭قג丗ס鍐❫
◦ ❪䓪耆鍐יַֽמ畘杼䣆嫎ٖبشٔ؞ס┖♓
• LRC + Partition Pruning
• LRC (BFLRC)ذٜؔنّ٭ٜه +

• 鍐❫מ✳榫عشجذ٭ظ
• 丗ذ٭ظ

- 100,000
• ٤丗٘بؔط٭ق

- 1,000
• 榟䡗סذ٭ظ

- random
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鍐❫梪㗞
OS Ubuntu 16.04
CPU Core i5 4460 (3.20 GHz), 4 cores
ثؕئْٛٓ 1.0 GB

size of storage-memory: 0.4 GB
HDD 1 TB
Spark ٤٘ة٭ف 2.2.1
٤啶䡗بُ Master x1, Slave x1
ّطتبٜؕؒن HDFS (version 2.7.4)



• Filter꞊丗ךؙٛؠסח4׳⻠奂鬳
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鍐❫磵冽
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㲔车侇ꝴסؙٛؠ⺨

Cache⭚杼 儖⭚杼

fa
st

er

Query02 Query03 Query08 Query17

1.1 s 1.0 s 1.2 s1.4 s

4.9 s
1.3 s

7.3 s

⭚杼ג
٤丗٘بؔط٭ق

1,000 → 292

1,000 → 519

1,000 → 1011,000 → 1,000
Query03

RDD1.io.load(hdfs)
RDD1.cache()

RDD1.filter($date >= “2000-4-1”)

…

1.7 s



• Query02, 1710㍑㲔车ג侇ס侇ꝴ
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鍐❫磵冽 (2) 邾丗㍑ؙٛؠ㲔车
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10㍑㲔车ؙٛؠ
Query02:    9.1%
Query17: 12.9% 㲔车侇ꝴ⯡峎

1㍑㲔车ؙٛؠ
Cache:  19.2%
Query:   6.5% 㲔车侇ꝴ⯡峎

㲔车侇ꝴ㘃ⱶ



״כױ
• ״כױ
◦ Ⱃ㲊䣆嫎䬠勅סذ٭ظյ⭚杼ג榫ַذٜؔنّ٭ٜه
• ⭚杼٤٘بؔط٭ق丗⯡峎
• 값竳מ⮵榫٤٘بؔط٭ق吾⭳⺎耆

◦ 㲔榫氳ם梪㗞䘶㲊גTPC-Hעךؠ٭ُز٤يյ
㲔车侇ꝴ僃㛻12.9%⯡峎

• ☪䏲ס鐐갭
◦ յעיזמ٤丗٘بؔط٭قג錃㲊ֿا٭ٗ
䓪耆ⶇ⮆ַם⮉⭳מ⺎耆䓪ֵֿ
Øٗסا٭錃㲊٤٘بؔط٭قג丗מ❣㰆ַם䣆嫎ס吾鋀
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