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Optimization of small files storage and accessing on Hadoop distributed file system

LI Tie, YAN Cairong , HUANG Yongfeng, SONG Yalong
(School of Compuier Science and Technology, Donghua University, Shanghai 201620, Chinag)

Abstract: In order to improve the efficiency of processing small files in Hadoop Distributed File System ( HDFS), a new
efficient approach named SmartFS was proposed. By analyzing the file accessing log to obtain the accessing behavior of users,
SmartFS established a probability model of file associations. This model was the reference of merging algorithm to merge the
relevant small files into large files which would be stored on HDFS. When a file was accessed, SmartFS prefetched the related
files according to the prefetching algorithm to accelerate the access speed. To guarantee the enough cache space, a cache
replacement algorithm was put forward. The experimental results show that SmartF'S can save the metadata space of NameNode

in HDFS, reduce the interaction between users and HDFS, and improve the storing and accessing efficiency of small files on

HDEFS.
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Time File Id
2013-09-01T12 .01 .00 0001
2013-09-01T12.01.03 0002
2013-09-01T12.01.05 0003
2013-09-01T12 .01 .06 0005
2013-09-01T12 .01 .07 0100
2013-09-01T12.01 .10 0003
2013-09-01T12.01.15 0008
2013-09-01T12:02 :20 0001
2013-09-01T12:02:25 0002
2013-09-01T12.02 .31 0007

File Path

/user/book1/filel 200
/user/book1/file2 200
/user/book1/file3 200
/user/book1/file5 200
/user/book1/filel 404
/user/book1/file3 200
/user/book1/file8 200
/user/book1/filel 200
/user/book1/file2 200
/user/book1/file7 200

Status
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wmA list(logs) o

#wrdt {cnt, relatedFiles!

1) stat(logs) |

2) enr =1} 77 BA SR TR R B
3) relatedFiles = { } // iR g
4) /A Z AR 22 7E T I log

5) everLogs = |

6) for log in logs {

7) for var i =0 —> len(everLogs) |

8) logEver = everLogs| i ]

9) If (logEver. time — log. time < T) {

10) everLogs. push(log)

11) break ;

12) b oelse |

13) name = logEver. fileName

14) cnt[ name |++

15) fori=j —> len(everLogs) 1

16) relatedFiles[ logEver] [ everLogs[ j]. fName]++
17) !

18) everLogs. dequeue( ) ;

19) }

20) }

21) !

22) return cni, relatedFiles;
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o list(logs)

#rl <filename, {cnt, relatedFiles} >

1) Map (key,logs) |

2) cnt, relatedFiles = stat(logs) ;

3) for file in relatedFiles {

4) Emit( file. getFileName( ) ,{

5) count; cnt[ file],

6) relatedFiles: relatedFiles[ file] ) ;
7) }

8) i

2.2.2 X # %3 Reduce H i
Reduce 51 fileName |1 count, relatedFiles 1 BIN%
I, TR SR, B 3 TR
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N <fileName, list( { cnt, relatedFiles} ) >,
it <fileName|relatedFileName, p >
1) Reduce( filename, values) |
2) totalCount =0
3) relatedFiles = { }

4) for value in values |

5) totalCount +=wvalue. count;

6) for file in value. relatedFiles |

7) relatedFiles[ file[ key]] +=file[ value]
8) }

9 i

10)  for relatedFile in relatedFiles |

11) Emit( filename + " | " + relatedFiles. key,
12) relatedFiles. value/totalCount) ;

13) }

14) 1}
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R2 SHRBEE
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file2 [filel 2 2 100
file3 [filel 1 2 50
file5 I filel 1 2 50
file6 | filel 1 2 50
file7 |filel 1 2 50
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I 4 Fi,

Hik 4 WhEMESTH,
wmA list(logs) o

i list(files) o

1) getTriggerFiles(logs) {

2) triggerFiles=[]; M=2;

3) eachFileTimes, raletedFiles =
getProbabilities (logs) ;

4) eachFileTimes. asort( ) ;

5) for file in eachFileTimes |

6) if times( raletedFiles [ file] >0.5) >M

7) triggerFiles. append (file)

8) }

9) return iriggerFiles;

10) i

2.3.2 IAHAH#

T L S i e SR R AT B il K SO R B triggerFiles,
i P — A R SO A2 S0 5 HAE SR B SO R R —
AR T PR/ (64 MB) 1 R SCHF, I8 32 K ST F74 2
HDFS, 455 5 7R,

H%S BHEE.

o list( TriggerFiles) ,

#rli HDFS blocks,

1) merge( TriggerFiles) |

2) for triggerFile in TriggerFiles |

3) if (triggerFile not in mergedFiles) {
4) continue ;

5) }

6) for file in raletedFiles| triggerFile] |
7) if (totalSize + fileLength(file) <64 MB)
8) mergedFile. push(file)

9) !

10) block = mergeFile( mergedFiles)

11) store block in HDFS

12) !

13)
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Hiko6 WAL,

A fileName,

i list(File),

1) prefetch (fileName) f

2) if(file in cache) return null;

3) relatedFiles = getRelatedFiles( fileName) ;

4 fles=[1;

5) mNum = math. floor( ( MSRTT — SRTT) /PT)
6) for(i, file in relatedFiles) |

7) if(i > maxNum) break ;

8) p = getProbility (fileName, file)

9) {(SRTT + (PT + CRIT) + P < (1 - P) 2SRTT)
10) files. push(file)

11) J

12) return files;

13) |}

3.2 ZEEBREE

R AR B A BR , BT LUAS B8 JCBR K TR SR8 47
BN, FE—E BN
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TROR v SE IR A BA(EL B 25 B X R Y5 IR X R KN H
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JNSR— B Ia] Y D ) AR B R W o R — ELAR TR B A, 7T
BB A B M B, 3) LFU-Aging B ¥, BE7E LFU
ER T AR E R, iR g LFU S 4275 Je i R R, {H3%
BEX B AL .

SCERL10 RIRE ZA B 5 B e LRI 45 6 BT

0 SR 5 SCHR [ 11 1 FE SRS R /IS L D T B3R SR s o) 8 ok 5
fEA T BN M ERE AN T . AR
Prefetching-LFU 5 H AR AH 4 , B 2 5 F BB 45 R #4745
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SRR R Bl RIS FHAR R 2 R PR TR SO A
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e SR SO, X2 B E T B R Y XA B IR
AR T 2RI TRBUER DI R B 3. Sl At A SCH i T8
F IR EFA BB, Prefeiching-LFU,

Prefetching-LFU )8~ 2% B ARG — 15 TSR count
DT E] createdTime FEIEif BB E] accessTime.,

Prefetching-LRU AP B B0 & RIBETE get () 5B
INGEAE put() A1k
3.2.1 RKREBAFF &

MR T A XA SR, WSO count D T,
createdTime 13 K 4R B} [6] , accessTime Y& R 23 ; YAy H A3
(BRI SO Y count TN 1, createdTime 15 R 25, accessTime ¥
o [ P 1 = K2 S

T FWMEHERD

#r N fileName ,isPrefeich.,

ik fileContent,

1) get(fileName , isPrefeich) |

2) file = cache. get( fileName)
3) i ! file) return;

4) if (isPrefetch) |

5) file. count =1

6) file. createdTime = now;
7) file. accessTime = null

8) b else f

9) file. count ++

10) file. createdTime = null ;
11) file. accessTime = now;
12) }

13) |}

3.2.2 Hm@ A

W B S A B XA, & A S count 1,
createdTime 3 X B RIAT 6] , accessTime % 725

MERXA R T BRI B count 1,
createdTime A Rz FIER, FIWT createdTime 5 Y 5T I 8] 22 2
FRBN T, 52T AR B R count B /> B accessTime F /A
BRSO R, R M T R B, B8R R BT
eSO AR, AN 8 TR

k8 BNEHERD

W fileo

Hrdt cache file,

1) put(file) |

2) if (hasCapacity() ) {

3) cache. put(

4) { fileName: file. fileName
5) count:1,

6) createdTime ;null ,

7) accessTime ;null ,

8) content ; file. content} ) ;
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10) for( cacheFile in cache) | w» 700
11) if (file. count ==1 && E 600 |- <0—HDFS P
12) file. createdTime 1= null && z Zgg "= SmartFS e
13) now-file. createdTime >T) | # 300 el
14 cacheFile = file; Iy 200 o
) fles Lo o
15) return ; ‘H 0 ; . . .
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5 { SO
15 — I3 HDFS 5 SmartFS K3CH R
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20) cacheFile = file; B 3 WFH SmartFS f T E Lk HDFS (R, KR RS T 2.7
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BT AN RS AR Ubuntu server 12. 04, Hadoop
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