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Abstract: With the rapid development of Internet technology in recent years, the

number of users and the data processed by Internet companies and traditional financial

institutions are growing rapidly. Traditionally, businesses have tackled this scalability

problem by adding servers and adopting methods based on database sharding; however,
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this can lead to significant manual maintenance expenses and hardware overhead. To

reduce overhead and the problems caused by database sharding, businesses commonly

replace heritage equipment with new database systems. In this context, new databases

based on log-structured merge tree storage (such as OceanBase) are being widely used;

the data blocks stored on the disks of such systems exhibit global orderly features. In the

process of switching from a traditional database to a new database, a large amount of

data must be transferred, and database node downtime may occur when there is extended

loading. In order to reduce the total time for loading and failure recovery, we propose a

data loading method that supports load balancing and efficient fault tolerance. To support

balanced data loading, we pre-calculate the number of partitions based on the file size

and the default block size of a target system rather than using a pre-determined number

of partitions. In addition, we use the feature that the data exported from the sharding

database is usually sorted to determine the split points between partitions by selecting

partial sampling blocks and selecting samples in sampling blocks at equal intervals, avoiding

the high overhead caused by global sampling and selecting samples randomly or at the head

in sampling blocks. To speed up the recovery process, we propose a replica-based partial

recovery to avoid restart-based complete reloading; this method uses the multi-replica of

an LSM-tree system to reduce the amount of reloaded data. Experimental results show

that by pre-calculating the number of partitions and partial sampling blocks and by using

equal-interval sampling, we can accelerate data loading relative to pre-determining the

number of partitions and global sampling blocks as well as relative to random or head

sampling strategies. Hence, we demonstrate the efficiency of replica-based partial failure

recovery compared to restart-based complete reloading.

Keywords: data loading; load balance; fault tolerance; log-structured
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(T-node)� 3 1 � Ì ! :, � k Ì ! : ^ u � Â Ö(Read)/�(Write)� ¦; Ì � ! :

(C-node)��3 1 �Ì!:, Ì!:JøÑÖ; �;!:(S-node)Ú�Î!:(Q-node)Ñ
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�êâL�©«�;�õ��;!:; z�©«d�X�Ì�[start key, end key]L«; z�

�;!:òkêz�©«, ÏLò��©«lK1Lp�!:£Ä�K1�é'�$�!

:, ?1[âÝ�K1²ï. Öö�Äk��Nö!:Î¯êâ �, ,�Ü¿^��;ì
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Fig. 1 Implementation of an LSM-tree
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Fig. 2 File-based loading process
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¼�êâ

�©Ù�¹, I�éêâ8?1æ�, ÏLæ�(½�©:5òêâ8�©�¤���©«

ê. �e5Äk?ØXÛ(½æ��êâ¬ê, ,�?Ø3z�æ�¬¥XÛÀ���.

2.2.1 æ�¬ê

� ê â ? n X Ú � � ò ê â y ©�� ½ � � � ¬ � ; 3 © Ù ª©� X Ú ¥(X

HDFS(Hadoop DFS)), �«æ��{´é¤k�êâ¬?1æ�, �Ò´é��êâ8

?1æ�[7], �©rù«�{¡����ÛÛÛæææ���. ÏL�Ûæ��±¼�'�°(��©:, ?



1 5 Ï ¶IÓ, �: ¡�F�(�zêâ�;�p�êâ\1 149


¦z�©«?n�êâþÑ�é'�þ!, ¼�'�Ð�K1þï. ,
, �Ûæ��m

�Ï~'�p, �©æ^�«ÀÜ©¬?1æ���{, �©¡ù«�{�ÜÜÜ©©©æææ���. À�
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numOfPartition =
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5�m�3���ï. ��æ��¬ê�õ, �ª(½��©:�°(, z�©«?n�ê
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@¬��� 64 MB), ùp�Cqæ�¬ê, úª�

numOfSampleBlock ≈
blockSize

dfsBlockSize
. (3)

~X, 3ã 3 ¥, Ó� 1 GB �êâ©�3©Ùª©�XÚ HDFS þ�;3 16 �ØÓ�

¬¥, z�¬��(dfsBlockSize)�64 MB, blockSize� 256 MB. duêâ8Ü©kS�A5,

ùp3õ��;¬¥À� 1 ��;¬?1æ�5��êâ©Ù, ¤±�±ÀCq 4 �¬(ã 3

¥J�ÒK¬)?1æ�5��êâ8�©Ù�¹, ¦�� 4 �¬3 1 �©«¥.

P1

64 MB 64 MB 64 MB 64 MB

P3

64 MB 64 MB 64 MB 64 MB

P2

64 MB 64 MB 64 MB 64 MB

P4

64 MB 64 MB 64 MB 64 MB

ã 3 æ�¬ê

Fig. 3 Number of sampling blocks

2.2.2 ��À�

(½æ�¬ê�, I�3z�æ�¬¥À���, À�����ªk±e 3 «.

(1) �m�À�(Interval): U�½m�lz�æ�¬¥ÀJ key �. ù�·ÜuÛÜk

S�êâ.

(2) �ÅÀ�(Random): �Ålz�æ�©¬¥À� key �. ù´��Ï^��{, �

�ÇÏ~'�$, ��U��K1Øþï.

(3) ÞÜÀ�(Split): ÀJz�æ�¬�c n ^P¹����. ù«�ª�,�Ç'�

p�Ø·ÜkS�êâ.
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~X, Ó�3þ¡�~f¥, I�34�æ�¬¥À���. b� 1 ^P¹��� 512 B

�m, 1 �æ�¬��k 131 072 ^P¹, z�æ�¬¥Uì 1% �æ�ªÇÀ���. Xã

4, éu�m�À����{, 3z�æ�¬¥z� 100 �P¹À� 1 ���, ©Ù�þ!,

�±Cq�Aêâ©Ù�¹; éu�ÅÀ����{, 3z�æ�¬¥��À�´�Å5�,

©ÙØþ!; éuÞÜÀ����{, lÞm©�gÀJ n ^P¹����, �,À���

��Çp, �¿Ø·ÜkSêâ. Ïd, ùpæ^�m�À�����{. ��, 3�¤À�

���, I�é��æ�¬¥À��¤k��?1üS, �â©«ê8O��©:, =)¤

��©:ê�u©«ê8~ 1.

key1

key101

key201

keyn

key1

key61

key173

keyn

key1

key2

key3

keyn

Interval Random Split

ã 4 ��À�

Fig. 4 Sample selection

3 N�?n

�8c��, �©¤£ã�\1�{3vkÑy�æ��¹e�±éÐ/$1. ,
,

�æ´�5�©Ùª�;XÚ¥�~�y�. 3\1L§¥¬ÑyØÓa.��æ, �±ò

�æa.y©�^��æÚM��æ.

éu^��æ, �©U«
©z [9] ¥�öJÑ�A«�æ?n�{. ~X, 1 ^P¹�

Ì��Ù¦P¹u)Àâ, �©Jø
�«�À��1�ª, =�uÿ�=
P¹��(½

5�}KaLù
P¹4§SUY�1. éuM��æ, é�kïÄ5?Øù«a.��æ,

¿��
XÚJø�êâ\1óä�Ã{éÐ/?nù«a.��æ, ~X Cassandra[11].

XJ\1L§¥�;!:u)�æ, KI�­é\1?Ö5?1�æ¡E, �©rù«�{

¡�ÄÄÄuuu­­­ééé���ÛÛÛ���æææ¡¡¡EEE. �e5, Ì��[0�XÛ?nM��æ.

du�ä½^��æ���Ôn�;!:�$´M��æ���;.�¹, 
��õ

êù«a.��æÑ´'�î­�. 3�~�1êâ\1Ïm, êâ�\1��|�;!:

þ, ¿�ù
!:¥��
!:�UÑy�æ. ��;!:u)�æ�, #N�æ!:þ®

²\1�êâ, ±9�c�3$1�¤k\1?Ö¿1/3Ù¦!:þ?1¡E. ,
, �

Ä� LSM ä�;XÚ¥õB��A5, XJ�æ!:þ®²\1�êâ3Ù¦!:þ®²

�3B�, �±|^Ù¦!:þ�B�?1¡E, 
ØI�­é\1?Ölêâ
?1­#

\1, ù�Ò~�
�æ¡E��m. �©rù«�{¡�ÄÄÄuuuBBB���ÛÛÛÜÜÜ���æææ¡¡¡EEE.
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3e©¥, Ì�±ü��;!:�æ�¹e�~, �[?ØÄu­é�Û�æ¡E�ª

ÚÄuB�ÛÜ�æ¡E�ª.

3.1 Äu­é�Û�æ¡E

3\1�L§¥, �uÿ�,��;!:u)�æ, ¿Ø´|^#��^!:O��æ

!:, 
´|^8+¥�èx!:5¿1¡E�æ!:þ�\1?Ö. �{ 1 £ã
\1L

§��æ?n: XÚ½Ï¼�8+¥�^�;!:�&E±9®²\1fL(tablet)&E(�

{ 1 ¥1 1 �1 2), �)\1� tablet �êþÚ��; ,�O�²þz��¹!:þ®²\

1� tablet �²þêþÚ��, 3ÀJ8I�;!:�c¬�âù
&E5(½8I\1!

:, Ïd�æ!:þ� tablet &EØ¬�O�; �XÚu�z� tablet �B�êþ´Ä÷v

XÚ�¦�, XJØU, Kò\1?Ö­#©��Ù¦!:. d	, �â8+¥O��z�!

:�ó�K1, �±òK1?Öþ!/©Ù�K1�$�!:, �±3ØÓ��;!:þÓ

�éÄõ�\1?Ö, #N��8+ë�¡E.

���{{{ 1 �æuyÚ¡E

1: ¼�8+�!:G�&E

2: ¼�\1L���f tablet �\1G�

3: for z�\1�}�f tablet do

4: ­#©�\1?Ö�Ù¦!:

5: end for

�
`²ù«¡E�ª, ±ã 5�~\±`². ã 5(a)��~\1L§¥, I�ò 5

�©«êâ(sst1-sst5)\1�¹k5��;!:(!: A − E)�8I�;XÚ¥,Ù¥ÒK

¬ sst3 Ú sst5 L«38+¥���3B�, 
 sst1!sst2 Ú sst4 38+�Ù¦!:þ®²

�3B�. �
�@�´�¹�G�, z��;!:ÑI�½Ï�Ì(Master)!:ux%

a(Heartbeats). d	, z��;!:¬ò®²\1�©«�Ì!:®�. Ì!:u�z�

©«´Ä÷v¤Iêþ�S�B�(%@ 3 B�), XJØ÷v, K�â8+�K1ò\1?

Ö­#©��Ù¦�;!:. 3�~$1�¹e, �
¢yK1þï, U�½^S�z�©

«ÀJ8I�;!:. 3ã 5(a)¥, b��;!: A u)�æ, Ì!:¬ÏL%aÅ�uÿ

�T!:�æ¿�@��æ!:þ®²\1Ú�3\1�©«¿�(sst1!sst2 Ú sst3). ã

5(b), duÌ!:P¹
\1�z��;!:þ��}�©«&E, K¬ò� A !:þ�}

�\1?Ö­#©��Ù¦!:(!:B!C!D)¿1¡E�}�\1?Ö.

3.2 ÄuB�ÛÜ�æ¡E

�Ä� LSM ä�;XÚõB��A5, ��æ!:þ\1�êâ3Ù¦!:þ®²�

3B�, K|^Ù¦!:�B�?1�æ¡E, 
ØI�lêâ
­#\1¿��B�. �

{ 2 £ã
U?�¡E6§: 3\1L§¥, Äk¬u�z�©«´Ä÷v¤I�B�ê

þ(�{ 2 ¥1 2); XJvk, ¬�â8+�K1þï�¹ÀJ8I�;!:(�{ 2 ¥1 4);

�8+¥�©«éA�B�êþ� 0 �(=�±w�ÿ�m©\11��B�), lêâ
¥

ÀJ\1©«(�{2¥1 6); �B�êþ�u 0 �, ��8IXÚ�K1þïÅ�l8+S

�¹kB���;!:¥ÀJB�5E�(�{ 2 ¥1 8). Ó�3ã 5(a)¥!: A u)�æ
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�, 3ã 5(c)¥, Ï� sst1 Ú sst2 3Ù¦!:þ®²�3B�, �±|^8+�K1þïÅ

�5¡E, 
 sst3 ���3B�, ¤±�Ilêâ
­#©�\1?Ö sst3 �Ù¦!:=�.

(a) 

(b) 

(c) 

sst1 sst2 sst3 sst4 sst5

sst1 sst2 sst3 sst4 sst5

sst1

sst1 sst1 sst4 sst2 sst2 sst4sst5sst3

sst2

sst2 sst1

sst3 sst4 sst5

sst3

sst2

sst1 sst1 sst4 sst2 sst2 sst4sst5sst3

sst1

sst1 sst1 sst1 sst4 sst2 sst2 sst4sst5sst2

A B C D E

Master

B C D E

Master

B C D E

Master

ã 5 �æ¡EL§

Fig. 5 Recovery process

3.3 ?Ø

õõõ������æææ: du�«�Ï, 3Ó��m��õ�!:�æ�´~��. �«^u?Eõ

!:�æ�{ü�{´, ¦^�?Eü!:�æ
�O��{Å�?Eõ��æ!:, �d

�{�ÇØp. �±Ü6/òõ�!:�æÀ�Ü6þ 1 �!:�æ. Ïd, �
lõ�!

:�æ¥¡E, aq/A^�{ 2.

���{{{ 2 ÄuB���æ¡E

1: for z�I�\1�©« P do

2: need copy //u�©« P ´Ä÷vB�ê

3: if need copy then

4: ÀJ�;!:

5: if ©« P �B�ê =0 then



1 5 Ï ¶IÓ, �: ¡�F�(�zêâ�;�p�êâ\1 153

6: lêâ
ÀJ\1

7: else

8: lÙ¦B�ÀJE�

9: end if

10: V\#\1?Ö

11: end if

12: end for

???ééé���æææ: ØÓu!:Ó�u)�æ�õ�!:�æ, ?é�æ¿�X�XÚ�3?

1¡E�#�!:u)�æ. �´, ?é�æ�À�ëYü�!:�æ. Ïd, ëYN^�{

2 ±l?é�æ¥¡E. ,	, �
��?é�æ��,
!:L1¿K�XÚ��~5U,

�±ÏL��ëê5���±¿1\1���?Öê.

4 ¢ �

3�!¥, é�©JÑ�êâ\1�{?1¢�µ�. Äk, 31 4.1 !£ã�©�{

�¢y; ,�, 31 4.2 !£ã�©�¢��¸!ÜÝÚ¦^�êâ8; 31 4.3 !Ú1 4.4

!¥©O�y�©JÑ�K1þï\1�{ÚÄuB���æ¡E�{�p�5.

4.1 ¢y

�©�êâ\1�{Ì�Äu Hadoop �êâXÚ5¢y, ¿3ÄuLSM ä��;X

Ú Cedar þ�y.

Hadoop �êâXÚ���;.A^|µÒ´éêâ8?1©ÙªüS. 3 Hadoop �

êâXÚ¥©«�ê8=�Reduce �?Öê, ©«�{^u(½ Map �¥mÑÑ(Ju

x�=� Reduce ?n. MapReduce[14]���$1�m�ûuÙ Map Ú Reduce ?Ö�o

�1�m. 3 Map �ã, Mappers ¦^�/ HDFS �rà��¿1Ö��/êâ. HDFS

ò�©êâ
©�������;¬(%@� 64 MB, = dfsBlockSize� 64 MB)�;3Ø

Ó �, ¿JøK1þïÅ�©��;¬�8+¥�z�!:. Map �{?nz�P¹

¿)¤�|¥m��/�é, ¥m�/�éd©«�{(½ux�=� Reduce �{?n,

Reduce �{)¤�ª��/�é¿ò(J8�\� HDFS ¥. MapReduce µe¥%@¦

^ÄuMF(Hash)�©«�{, Äu Hash �©«�{�,�±¢yéÐ�K1þï, �

´3Äu LSM ä��;XÚ¥I�©«�ÛüS, =z�©«Ø=SÜkS, 
���

o©«�m�^S. ¤±I�g½ÂÄu��(Range)©«�{. MapReduce µe��J

ø
�«Äuæ���ÛüS�¢y TotalOrderPartitioner 9 3 «æ� API: RandomSam-

pler!SplitSampler!IntervalSampler. duêâ8kS�A5, �©|^IntervalSampler�{

¿�â1 2 !g½Âæ�¬ê±~��Ûæ��m�.

4.2 ¢���

¢��¸=ÑÖì��XL 1 ¤«. ÿÁêâ8�ØÓ�� (1 GB!5 GB!10 GB!

20 GB)� CSV©�, CSV©�¥z1P¹éAêâ¥¥L��^�|, ¿�Ì�´kS�.

Cedar êâ¥ÜÝ3 8 �!:þ, Ù¥ 1 �!:�Ì!:, �¹ 1 �¯Ö!:(T-node)Ú

1 ���!:(=��N!:, C-node), Ù¦ 7 �!:©O�¹ 1 ��;!:(S-node)Ú�Î

!:(Q-node).
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LLL 1 ÑÑÑÖÖÖììì������

Tab. 1 Server setup

a. £ã

OS CentOS release 6.5(Linux version 2.6.32)

CPU 2×Intel(R) Xeon(R) CPU E5-2620 0 @ 2.00 GHz(6 cores/CPU)

Memory 165 GB

Network Broadcom Corporation NetXtreme BCM5719 Gigabit Ethernet

Hadoop 8+ÜÝ3,	 10 �!:þ, Ù¥ 1 �!:�Ì!:, �¹ Name Node!

Secondary Name Node �, Ù¦ 9 �!:� Data Node !:.

3K1þï�\1¢�¥, éu©«ê8��, �©Ì��æ^ý(½©«ê8[13]�

\1é'; éuy©©«�©:, �©Ì��æ^�Ûæ�[7]��{é'; éu��À�, Ì

�é'�m�À�!�ÅÀ�ÚÞÜÀ�ù 3 «�{; 3N�¢�¥, �©Ì��Äu­é

�Û�æ¡E�{[11]é'.

4.3 K1þï

3�!¥, Ì�ÿÁK�K1þïêâ\1�ü�­�Ï�: ©«ê8���Úy©©

«>.:�ÀJ, ¿*	§�éêâ\15U�K�.

4.3.1 ©«ê8é\15UK�

Ì�ÿÁ©«ê8éêâ\15U�K�. ÄkÿÁ3�½êâþ(10 GB)��¹e,

©«ê8��é\15U�K�; ,�ÿÁ3ØÓêâþ(1 GB!5 GB!10 GB!20 GB)�

�¹e, æ^ý(½©«ê8ÚýO�©«ê8é\15U�K�.�
¦��©«¦�U

þ!, y©©«>.:æ^�©1 2.2 !��Ûæ�. ¢�(JXã 6 ¤«.

1 400
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0
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/GB

/s/s
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100

0
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ã 6 ©«ê8é\15UK�

Fig. 6 Effect of the number of partitions on loading

lã 6 ��ã�±wÑ, �©«ê8�u⌈fileSize/blockSize⌉, = 40 �, êâ\1�m

'��. ��¡, Ï�3©«�ª=��ã, ¿1Ý'�$; ,��¡, du©«ê8�,

z�©«����L8IXÚ%@�;¬��, ¬����©«?1©�, �)�	�

©�m�. �©«ê8�u⌈fileSize/blockSize⌉�, �,Jp
êâ\1?Ö�¿1Ý, �

duz�©«\1?Ö�Ð©zm�, �¿vk�5é��5UJ,. Ïd, 3©«ê8

�⌈fileSize/blockSize⌉�, êâ\1�5U�éuÙ¦©«ê8�`.
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lã 6 �mã�±wÑ, 3ØÓêâþ��¹e, æ^ý(½©«ê8��{��©«

ê8�u8IXÚ�;!:�êþ(= 7), 
éuæ^ýO�©«ê8��{��©«ê8

� ⌈fileSize/blockSize⌉. �êâþ���, X 1 GB, ⌈fileSize/blockSize⌉�u 7, duý(½©

«�{�¿1Ý�p, ¤±ý(½©«ê8�{�\15U`uýO�©«ê8; ��Xê

âþ�O�, �'æ^ý(½©«ê8�\1�{, ýO�©«ê8�\1�{du¿1Ý

�p
¼��Ð�\15U. Ïd, �\1êâþ'���, æ^ýO�©«ê8�\1�

{5U'æ^ý(½©«ê8��{�Ð.

4.3.2 y©�©:é\15U�K�

3c¡�¢�¥, �
¦��©«¦�U'�þï�©«���u�u8I�;XÚ

�%@�;¬��, æ^
éêâ
?1�Ûæ�. ,
, �©uy, ¦^�Ûæ��m�'

��, ��Óo\1�m� 20%. �
?�Ú~�æ��m�, ù�¢�¥, Ì�ÿÁÜ©æ

�é\15U�K�. duÜ©æ��U��©«�Øþ!, �
©«���L8I�;X

Ú�%@�;¬��, �©ÏL3�k©«ê8����¹eÑO�©«ê8, =\þ ε, 5

¦©«��÷v8I�;XÚ%@¬���¦. ¢�(JXL 2 Úã 7 ¤«.

LLL 2 ØØØÓÓÓæææ���'''~~~eee ε ééé\\\111555UUUKKK���

Tab. 2 Influence of ε on loading performance under different sampling ratios

æ��ª æ�'~
ε

0 1 2 3 4

�Ûæ� 1 518 496 497 497 499

Ü©æ�

1/2 465 455 457 458 461

1/3 457 453 418 429 430

1/4 427 414 413 417 425

1/5 483 478 461 445 442

250

200

150

100

50

0

/s

ã 7 Ü©æ�é\15UK�

Fig. 7 Effect of partial sampling on loading

L 2�3ØÓæ�'~�¹e ε �ØÓ���o\1�m. lL 2 ¥�±wÑ, �Xæ�

'~�~�, du~�
æ�m�, l
Jp
\1�5U. �¢�¥uy, �æ�'~~��

�½��, X 1/5, ®²éJ�����é°(�æ��, ÏLO� ε ��éJ¦©«êâ�é

þï��u�u�;XÚ%@�;¬��. d	, éu�½�æ�'~, �3��`z� ε, ¦�

�±¼��é�`�\15U.

ã 7�éAÜ©æ�'~� 1/4 e�`�\15U��Ûæ��{(=æ�'~� 1). 3
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��\16§¥ 3 ��ã��m, �)æ��m!êâ�ª=��mÚ��\1�m�é'�

¹. lã 7 ¥�±wÑ, �æ^�Ûæ��, æ�m��p; �æ^Ü©æ��, æ�m�²wü

$. �,3æ^�Ûæ�e, =�Ú\1�ã��m�'Ü©æ���, �duæ�m�'��,

¤±o�\16§¤I�m'æ^Ü©æ���{�mõ. Ïd, æ^Ü©æ�?1êâ©«

�\1�{�±¼�'æ^�Ûæ�?1êâ©«�\1�{¼��`�o\1�m.

e¡¢�, Ì��y3z�æ�¬¥Uì�m�(Interval)À����·ÜÛÜkS�ê

â. ùp3�Ûæ���¹e?1ÿÁ, ¢�(JXã 8 ¤«. lã 8 �±wÑ,�m�À���

�{æ��m�é�Å(Random)À����æ�m��OØ�, �éukSêâ�±¼��Ð

�°(Ý, ?
¢y�Ð�K1þï\1, Jp\1�5U. ,	, éuÞÜ(Split)À����

{, �,�±~�æ��m�, �æ��(J¿Øþï, ��\1��m'��. Ïd, éuÛÜ

kS�êâ, �m�À����{3æ�m�Ú°(Ý�¡¼�
��'�Ð��ï, �±¢y

�Ð�K1þï\1, Jpêâ\1�5U.

ã 8 À����{é\15UK�

Fig. 8 Effect of sample selection on loading

4.4 N�

ù|¢�, Ì�é'3ü�8I�;!:�æ�¹e, Äu­é�Û¡EÚÄuB�ÛÜ

¡Eùü«¡E�{. éuõ�!:�æÚ?é�æ, �X1 3.3 !¥�?Ø, ¡E�{aqü

�!:�æ. ¢�(JXã 9 ¤«.
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ã 9 �æ¡E

Fig. 9 Fault recovery
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ã 9 �ã�ØÓ�m: 1 ��;!:«Å�¹eü«¡E�{�¡E�m, �±wÑ, Ä

uB�ÛÜ¡E�{o´`uÄu­é�Û¡E�{; ã 9 mã�éAã 9 �ã!:«Å�m

:�, I�¡E�B�êÓoB�ê�'~, �±wÑÄuB�ÛÜ�æ¡E'Äu­é�Û¡

E¡EB�ê�. Ïd, ÄuB�ÛÜ¡E�{`uÄu­é�Û¡E�{.

5 �'ó�

éêâ\1¯K�ïÄ®²k�
äk­�p§
�ó�, 5gó�.ÚÆâ.�ïÄ<


JÑ
�
Jpêâ\15UÚOrêâ\1ÏmN�Uå��{. 3�!¥, ò{�?Ø

éu�©�{��
�'ó�.

�c, ®²JÑ
Nõ�{^uJpêâ\1�5U, �õêó�Ñ´|^¿155\

�êâ\1. lÏ^�{m©, Tó�[15]��ö0�
éÑ\êâ?1©«¿|^¿155

\¯êâ\1��{, ,
¿vk�[?ØXÛ�yêâ©«�m�K1þï. Silberstein �

3�\êâ�cV\�	�Oy�ã[7], d�ã#NXÚÂ8k'êâ8�ÚO&E, �â

ù
ÚO&E�±?1k��êâ
©ÚK1²ï. ù«�{`z
êâ\1�XÚ��

m, �´�
¦�Uþ!/y©êâéêâ8?1�Ûæ�
�)�	�m�, éu�~��

êâ85`, ù´��'�î­�¯K, =¦3`z��, ��UI�ê��âU�¤êâ\

1. 3Tó��*Ð[9]¥, |^ Hadoop[10]òêâ1þ�\�8IXÚ, �§vk�ÄK1²ï
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