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Abstract: The storage and query performance for large-scale comment data have a great

influence on those applications built on the above data. In a heterogeneous computing

environment, each node has different performance on storage and computation, it presents

a key challenge for optimizing the storage and query performance for large-scale comment

data by taking full advantage of the performance of each node. Based on the ability of

Redis cluster, we design a storage model for large-scale comment data in a homogeneous

Redis cluster, which provides the storage balancing in Redis slots. And then, we discuss
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the relationship between the number of Redis slots and query efficiency to design a method

for allocating storage on the real load of each computing node for heterogeneous Redis

clusters, which can make full use of the performance of each node and can guide to allocate

slots to nodes by balancing the query performance and storage loading. Our experimental

results show that the proposed model has a good effect on storage loading and improve the

query efficiency of the heterogeneous Redis cluster.

Key words: large-scale comment data; storage and load balancing; query optimization
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HBase!BigTable[2]
!HDFS[3]´cö�;.�L, ÙÏL+n!: master +n��8
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1�p. Ïd, Ìl(�©Ùª�;(�òXÚ�Úy©� master Ú slave, 4 master !:
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^uª��#��;�¸. 2) ��êâ�õ�B�¢yK1²ï. ©z [7-8] ÏLB��°,

48+¥?¿ü:��;SNÑk�;�8, ^ruÑ�¦�, �±Ó��õ�!:¼�S
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2 ¯K©Û

3û¬*:©Û!^rx��ÄuµØêâ�©ÛA^¥, Ï~I�±û¬ ID!�m

��½^r ID!�m���^�Ðm�Îö�±¼�êâ. 3æ^ key-value �ª?1êâ

|��, þãá5I�µC3 key ¥, ±ïá�µØêâ��é�N�'X. õá5µC key

K�êâ�; key �êþ±9 key �¹êâ�5�. ��õê8�á5½©�âÝ���á

5�µC¤ key �, ���ê8�é��, N´¢y��8+��;²ï, �3?1Ü©á

5�Î�, I�±×£�/ªW¿��Ñá5, ü$
�Î�Ç; ���ê8�á5½©�

âÝ���á5�µC¤ key �, ¬¦��ê8 �, ´E¤�;Ú�¯K1�Ø²ï.

3É�8+�¸e, p5U�!:¬'$5U�!:äk�¯��A�Ý, �¿u�¯

�ÇÏ~É$5U!:��. Xã 1(a)¤«, 3K1Øþ!©��¹e, ��o�!:©�

�Ó�K1þ, �, 2∼4 !:��Î�m�u 20 ms, ��ª$1�md 1 Ò!:û½; 
�

éuK1þï�K1©�(ã 1(b)), ¤k!:�£��m�C, l
Jp
��8+��Î

5U. Redis æ^Ã¥%��!:�é��ä©Ùª�;(�, |±ÃÄ½%@²þ©��

�ª©�kø¢yêâ�;, ù«©��ª¿vk�ÄÉ�8+�¸e�!:5U�É, I

�¡�!:5U�ÉïáÄ��K1þï�{.

�éþã¯K, �©Äk�O÷v�5�µØêâ�ÎI¦�²ï�;�., �y

Redis ¥z�køS�êâþ�éþ!; ?
±Ó��¸e�;²ï��;�.�Ä:, �

é Redis 8+3É��¸e�;©��Øv, JÑ
Ä�K1O�Ú�¯5Uý���;©

��{, Jp
É� Redis 8+�¿u�¯�Ç.

3 Äu Redis ��5�µØêâ²ï�;�.�O

µØêâÌ��¹û¬ ID!µØ^r!µØ�m!µØSN 4 �á5. Äu�5�µ
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Øêâ�©ÛA^Ì�±û¬ ID!�m��½µØ^r!�m��mÐ�Îö�. Ó�, ^

réû¬�µØ�3DÕ5, =��^r�é�þ�û¬?1LµØ, 
û¬ ID á5éµ

ØêâäkéÐ�àÜ. �â�Î�ª�ØÓ, òµØêâ�û¬ ID á5�^rá5©O

?n, û¬ ID á5��µØêâ�«1ü�, ^rá5��9Ï¢Ú.

1 2 3 4

20 ms 15 ms 10 ms 5 ms

(a) (b) 

1 2 3 4

10 ms 10 ms 10 ms 10 ms

20 ms 10 ms

ã 1 ØÓ�;K1��¯«~

Fig. 1 Accessing illustration on different storage loading

duØÓû¬Pk�µØê8ØÓ, ��Äuû¬ ID �;�êâ5�ØÓ. XJ

û¬Pk�µØê8L�, òE¤8+�;Øþï. Ïd, �©JÑ±A½�µØê

8(LineNum)�ÄO, éû¬µØ��má5?1©�, �ïû¬µØ��?¢Ú. ~X�

LineNum � 1 000 �, =òµØêâ± 1 000 �µØ^8�ü ?1©�, ¿P¹z�©

�ü��å©�m, ¦^ Redis kS8Ü¢y�;. äN¢Ú(�XL1¤«, Ù±“û¬

ID(ItemID)”����ï1��¢Ú, “å©�mZ(StartTime)”�üS��ï1��¢Ú,

“û¬ ID: ©�?Ò(ItemID: Number)”éAµØêâ8Ü. L2£ãµØêâ�äN|�(

�, �æ^kS8Ü?1�;, Ù¥äN��SN�“^r ID: µØSN(UserID: comment)”,

“µØ�m��mZ(Timestamp)”E,��üS�¦^.

LLL 1 µµµØØØêêêâââ���???¢¢¢ÚÚÚ(((���

Tab. 1 Two-level index for comment data

�¶
�

üS� �SN

ItemID StartTime ItemID: Number

LLL 2 µµµØØØêêêâââ���;;;(((���

Tab. 2 Storage structure for comment data

�¶
�

üS� �SN

ItemID: Number Timestamp UserID: comment

Ùg, ¦^“^r ID(UserID)”á5�ï9Ï¢Ú, Ù¥�;SN/ª�“ItemID: Number:

Timestamp”, ¿ÏL“, ”\±«©. 3?1µØêâ�Î�, ���9^rIDá5��Î, ÏL

u¢9Ï¢Ú��ªé�éA�&E, Äu^rID�9Ï¢Ú(�XL 3 ¤«.
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LLL 3 ÄÄÄuuu^̂̂rrr ID ���999ÏÏÏ¢¢¢ÚÚÚ(((���

Tab. 3 A secondary index on UserID
�¶ �

ItemID: Number: Timestamp,

UserID ItemID: Number: Timestamp,

· · ·

þã�;�.U÷v�5�µØêâ��;��ÎI¦, Ó�±û¬ ID á5Ú Redis �

køêâ|��ª�Ì��ÄÏ�4µØêâ©Ù�\þï, (�z�kø��;êâþ´�

C�.

4 É�Redis8+eÄuK1O�Ú�¯5Uý���;©��{

3É�8+�¸e, du�!:�5UØ��, ØÜn�?Ö©�¬ü$��8+�ó�

�Ç. �u Redis 8+�Jø
ÃÄ½%@þ!©��;��Y, vkJø�âó��cG�`

z�;©���{, �©�O
¡�É� Redis 8+�K1O�Ú�¯5Uý���;©��

{, �â!:�¢S�Î5U¢yþï��;©�.

�O��{�¹ 4 ��ã. (1) ïákø!:N�L�køÿÁ��L: �â��� Redis

�køN�'X, �z�kø)¤��ÿÁ��é, ò�Ü�ÿÁ��é�;3 Redis 8+¥,

¿ÚO Redis 8+&E, �)kø�!:'X!z�!:Pk�køê8; (2) !:�Î5Uÿ

Á: �âkø!:N�L�køÿÁ��L)¤��!:�køÿÁ��L, ¿�â!:�kø

ê8òT!:�køÿÁ��8Üþ!/©¤ 10 �°, ±°ê�ü , é��!:?1�¯5

UÿÁ; (3) O��cG�e��;K1: $^���¦{[ÜÑ�!:�køê8��Î5U

�'X, ¦�!:�Î5U��ÎK1�²ï�køê8©�'~; (4) [£køêâ¢y�;

þï: �â#!Î�køê8$^��kø=Ñê8���kø£\ê8�����ªO�I

�=£�kø, �1!:mkø=£.

4.1 ïákøÿÁ�9kø!:N�L

T�ã�Ì�?Ö´)¤køÿÁ�L±9køÅìN�L, P¹�Åìkøê8�. k

øÿÁ�´Äu A∼Z ½ a∼z iÎ8Ü�Å)¤� 4  iÎG, òTiÎG��køÿÁ��.

�u Redis ���køê8´ 16 384 �, òþãÿÁ��� CRC16 è� 16 384 �{�ÿÁ�

�, ïákø©�¼ê, Äu¼��kø¢ÚÒòiÎG�;3køÿÁ��L(SlotString)¥.

±<key, index>��é/ª�;� Redis ¥, Ù¥ key �)¤� 4  iÎG, index �køÿÁ

��L�¢Ú�, = Rediskø?Ò, l
¦�z�køÑ�k��køÿÁ�, køÿÁ�L

Xã 2 ¤«.

SlotString = { aczr aeqsr aggw CxAt }

0 1 2 16 383

ã 2 16 384 �køÿÁ�L

Fig. 2 Illustrating test key table for 16 384 slots

Ö�kø!:N�L&E, ÚOz�!:©��køê8, ¿�;3!:køê8

� L ¥. k ø ! : N � L(SlotToMachine)! ! : k ø ê 8 � L(SlotNum)ä N � ª X e.

SlotToMachine={1,2,1,· · · , n, · · · }, 8ÜSz���L«!:�¢ÚÒ, ��køéA��

!:, �L�Ý� 16 384, �L�¢Ú�L«kø?Ò. SlotNum={N1, N2, · · · , Nn}, Ù¥NnL

«?Ò�n�!:Pk�køê8.
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4.2 K1ÿÁ

þãý?nL§¦� Redis 8+¥z�køÑäk�����ÿÁ�, Ó��O�µØê

â�;�.�y
�køN��êâ�éþ!, ù¦��±òékøê8�K1ÿÁ=z�é

��ê8�ÿÁ. zg�Îö��{z¤ÄuÿÁ��O�kø, �âkø8á&E¼�!:,

2l!:¥JÑêâ�L§. Ïd, éuA½!:ÿÁ´�éÕá�, ÿÁL§Xã 3 ¤«, ä

N£ãXe.

(1) H{kø!:N�L, �âkø!:N�L�!:¢ÚÒ n ±93L���¢Ú�i,

¼�køÿÁ��L¥éA�kø�køÿÁ�8ÜSlotString[i], ¿?
ïá�!:�køÿ

Á��L;

(2) ò�!:�køÿÁ��Lþ!/©� 10 �°, �ÿÁ��(½køê8)Ã{÷v�

10 �Ø�, ò�{�ÿÁ���Ü�\������°¥;

(3) ±�°ÿÁ�8Ü���ÿÁü , é Redis 8+?1�Î5UÿÁ, 1�g�Î

1�°ÿÁ�8Ü¥�¤kÿÁ��, 1�g�Î1�°Ú1�°ü�ÿÁ�8Ü¥�¤

kÿÁ��, ±daí. z�g�ÿÁ$1 5 g, ò�ÎÿÁ��m�;3ÿÁ�m�L¥

ResultList={t1,1, t1,2, t1,3, t1,4, t1,5, t2,1, · · · , tp,q, · · · , t10,5}, Ù¥ p L«ë\ÿÁ�°ê, q L«

�c�ÿÁgê;

(4) ò�!:�ÿÁ(J�â!:¢ÚÒüS, ��) n× 50 �ÿÁ(J, n �!:�ê8.

1

1

1 5 2 5 10 5

2

10

2 n

aczr

aczr aczr aczr aczr xxxx xxxx xxxx xxxx xxxx bsie

aeqs bsie bnwt bvee bgww xxxx xxxx CxAt

N1/10 N1/10 n

ResultList = {t1,1, t1,2, t1,3, t1,4, t1,5, t2,1, t2,2, t2,3, t2,4, t2,5, , tp,q, , t10,1, t10,2, t10,3, t10,4, t10,5}

ã 3 �ÎK1ÿÁL§

Fig. 3 The test process for query performance

4.3 �¯5Uýÿ��;©�

þ!��Î5UÿÁ¥, K��Î�Ç�Ï�Ì�k!:���5U, ®kK1Ú�äD

Ñ, �u!:��Î�Ç�ÿÁ�ê8¤�'~'X. du��ê8�=z�køê8, �Xe

�§(1).

T = vN, (1)
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Ù¥, T L«kø8Ü�Î¤I���m, v L«ÿÁÅì3�cG�e��Î5U, N L«k

ø�ê8. ¦^���¦{¦��§¥ v ��, =�yýÿ�(J�¢S��Ø���, �Ñ�

�Ø�²�Úúª(2).

w =
10∑

p=1

(tp − nT
p v)2, (2)

Ù¥, t L«��8Ü��Î�m, v L«!:��Î5U, n ��cÿÁ�8Ü���ê8(�

ukøê8), p ��cë�ÿÁ��8Ü�°ê. Túª=��Ý
L«, =(T−Nv)T(T−Nv),

é v ¦���−2NT(T −Nv), -Ù�u", Kk��!:�køê8��Î�m�'XX(3)

¤«.

v = (NTN)−1NT · T. (3)

�â�!:køê8��Î�m��5'X, �y�ÎK1��Î5U�²ï, =ØÓ!:�¤

ØÓ�Î?Ö��mA�Ó, k

T1 = T2 = T3 = · · · = Tn,

v1N1 = v2N2 = v3N3 = · · · = vnNn.

Ïd, ��ØÓ!:køê8�'XA�

N1 : N2 : N3 : · · · : Nn ⇔
1

v1
:

1

v2
:

1

v3
: · · · :

1

vn

,

�N1 + N2 + N3 + · · · + Nn = 16 384. 3¢SO�¥, N eØUfÐ� 16 384 �Ø, kXe�

½, �
n∑

i=1

Ni < 16 384�, ò�{�A©�kø©�� v ����!:þ; �
n∑

i=1

Ni > 16 384 �,

òõÑ�P{køê8l v ����!:¥£Ø, l
��!:�ÎK1²ï�#køê8, ò

#���køê8�;�NewSlotNum¥, NewSlotNum= {cN1, cN2, · · · , cNn}, Ù¥, cNnL«

?Ò�n�!:�;�køê8.

4.4 [£êâkø

��yêâ=£�Ç, �©æ^��=Ñkøê8!:���£\køê8!:����

üÑO�I�=£�kø, l
�yz�g��Ñ�£Ø��!:�kø=£O�.

Ä k ± # k ø ê 8 � 8 I, ¦ Ñ � ! : I � = £ k ø � ê 8, ! : k ø ê 8 O õ

� � �, ! : k ø ê 8 ~ � � K �, ) ¤ ! : k ø = £ ê 8 � L NodeSlotMigrateList=

{MN1, MN2, MN3, · · · , MNn}, Ù¥, MN �!:kø=£�ê8, n �8+!:�ê8;

2lNodeSlotMigrateList¥Ïé!:køO\���� P Ú!:kø~�����Q, ò

ü�kø!:�ê8?1��, =òkø~��õ�!:=�køO\�õ�!:. ×

£kø!:�L(SlotToMachine)J�=£�kø, ¿±<FromMachine, ToMachine, Index1,

Index2,. . . ,Indexi>/ª�;=£køP¹, Index L«I�=£�kø?Ò, �# SlotToMa-

chine�L, Ó�ò NodeSlotMigrateList ¥� P � Q ýé������� 0, ������

P + Q. ­Eþãö�, ��!:=£kø���Ü� 0; ��, �âkø!:N�L SlotToMa-

chine P¹�kø=£P¹�1kø=£.

5 ¢ �

�
ÿÁ3É�^�e� Redis 8+�;©�`z�Y, �©3��Dell PowerEdge R370

ÑÖìþÄu VMware �²��ï
 Redis 8+, ÑÖìPk 20 � CPU, 128 G S�. ¢y�É
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�8+d 3 �J[Å!:�¤, !:�?nØ%ê©O� 1!2!4, S�©O� 4 G!4 G!8 G,

ö�XÚ� red hat linux 5.6. !:�ÿÁÅ3Ó��Û��S, �k�Zî±��k, Redis 8

+��� 3.2.6. ¢�êâ�ý¢�®ÀµØêâ, ��� 900 M, 472 �û¬, � 5 241 992 ^µ

ØP¹, µØê8�õ�û¬Pk 45 �õ^µØ, ^r 2 642 152 <.

¢�©�n�Ü©, 1�Ü©�µØêâ�;�.�©�ªÝ��½, ÀÑ�;²ï5�

Ð��;ªÝ(=±A½ê8 LineNum éµØ?1©�); 1�Ü©ÿÁ3%@²þ©�kø�

Redis 8+e, ÏL�©JÑ��{?1�;K1�ÿÁ, �yK1�køê8�5'X��(

5, ¿O�ÑÎÜK1�kø©�êþ; 1nÜ©�kø£Äc�� Redis 8+�Î5Ué'.

5.1 �.©�ëê¢�

±%@²þ©�kø��ª�ï Redis 8+, 3 �!:Pkkøê8©O�5 462!5 461!

5 461, � 16 384 �kø. òþãµØêâ8± 10 000 �aÚ, �gUì�©JÑ��;�.m

Ð�;�JÿÁ, ÿÁ(JXL4¤«. L 4 �ÿÁ(Jw«, 2 �^ê8?1©���;²ï�

J�Ð, �X©�ëê�O�, ²ï��JÅìfz, ��²ï��JªCuØ©���;²ï

�J. du Redis XÚ��±9+nêâ�(�¤Ó^��m, Ùoþ��êâ����� 1.5

��m.
LLL 4 ���;;;²²²ïïï©©©���ëëëêêê(LineNum)���ÿÿÿÁÁÁ(((JJJ

Tab. 4 Experimental results for parameter(LineNum) of storage partition
©�ëê(LineNum)/� !:1/M !:2/M !:3/M IO�

1 502.40 501.26 460.20 19.63

2 495.12 489.26 471.28 10.14

3 509.81 486.51 421.12 37.54

4 486.44 526.01 433.86 37.74

5 557.57 414.99 450.43 60.61

6 644.51 362.38 410.35 123.26

7 664.95 376.70 384.30 134.13

8 661.56 400.65 373.29 129.92

9 648.79 469.65 339.60 126.76

10 602.16 471.74 341.24 106.52

5.2 �;K1ÿÁ

Äk, Äu%@��ï Redis 8+, K�!:©O�©� 5 462!5 461!5 461 �kø. ¦

^�;K1+nìéRedis8+?1ÿÁ, ÿÁ(Jw«køê8�Ö��m�£8­�Xã 4

¤«. Tã�y
køÖ��ê8�Ö��m��5'X, 3XÚØ­½�, ÿÁ¬�yÅÄ,

~X, ã 4 ¥��k 2 Ø% CPU!4G S��!:�5Uk©Ñ/G.

1 4 G
2 4 G
4 8 G

1 000 2 000 3 000 4 000 5 000

1.0

0.8

0.6

0.4

0.2

0.0

s

ã 4 !:�Î5UÿÁ

Fig. 4 Performance test for node query
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ã 4 w « 1 Ø !2 Ø !4 Ø ! : � � Î � Ý © O � v1 = 0.151 55 Î ¦/ø !v2 =

0.130 67 Î¦/ø!v3 = 0.058 305 2 Î¦/ø. �â!:Pkkøêþ��Ý¤�'�'X,

��#�køêþA©O� 3 449!4 000!8 935. kø=£c� Redis 8+�êâ�;Xã 5

¤«, kø£Ä���;'~XL 5 ¤«.

800

700

600

500

400

300

200

100

0

M
B

1 2 3

495.12

301.92

489.26

382.43

471.12

777.58

ã 5 [£køc��;êâþé'

Fig. 5 Comparison of data volume before and after shifting slots

LLL 5 kkkøøø===£££������;;;êêêâââ'''~~~

Tab. 5 Ratios after shifting slots
�8 !:(1Ø!2Ø!4Ø) '~�

�� 235!299!620 1: 1.272: 2.638

kø=£��;Nþ 301.92 MB!382.43 MB!777.58 MB 1: 1.266: 2.639

køêþ 3 449!4 000!8 935 1: 1.159: 2.590

5.3 �Î5Ué'

lêâ8¥�ÅÀÑ 10 �û¬, äNêâ5�XL 6 ¤«. ÿÁ�Î 10 �û¬©O3 1

F!1 �!�c!1 c!1 c��m��S�¤kµØ¤I���m, ÿÁ(JXL7¤«, (J

w«�Î�ÇkØÓ§Ý�Jp, �¿Ã²w�Cz5Æ. ù´duµØêâ����m��8

§ÝØ�±9ü^µØSN��´Ø(½�. lL 6 ¥�±uyû¬ 4!5 �,ê8'û¬2õ,

êâ���%�uû¬ 2. êâ��8§ÝòK��Î(J�ê8, ü^µØSN��Ó�K�

�Î(J, �ö�Ø(½��5UJp�Ø(½.

LLL 6 ���ÎÎÎêêêâââLLL

Tab. 6 Data fact for testing queries
û¬ID µØê8/^ Nþ/M

1 117 908 27.1

2 58 182 15.1

3 212 708 40.5

4 85 236 11.4

5 104 352 9.07

6 93 431 8.73

7 53 937 4.65

8 26 439 2.60

9 1 691 1.12

10 985 0.508
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LLL 7 ���������ÎÎÎÿÿÿÁÁÁ(((JJJ

Tab. 7 The experimental results for queries
�Î���8 kø£Äc/s kø£Ä�/s �ÝJpÇ/%

1F 0.022 64 0.018 35 23.4

1� 0.278 66 0.223 21 24.8

�c 1.112 17 1.032 61 7.71

1c 1.944 21 1.833 71 6.00

1c� 2.404 70 2.168 68 10.9

6 o (

�©Ì��éÉ� Redis 8+�¸eµØêâ�;�K1þï¯K, �[©Û
�5�µ

Øêâ��ÎI¦, JÑ
�«Ó��¸e±û¬ ID ����;µØêâ, ±^r ID ���

ïá9Ï¢Ú��;�., ¿±�½�©�z�é�;êâ?1©�, l
�y�;XÚ�²ï

5. ,�, �âïá��;²ï, JÑ
É��¸e�8+!:K1O�Ú�;©��{, ÏL

éÿÁ���Î��kø�!:�Î�Ç�'X, ±“K1��¯5U�²ï”��K5©�k

ø, ¿?1
nØ©Û. ïÆ��{¿©mæ
É� Redis 8+¥ØÓ5U!:�ó�Uå, J

p
8+��N�Î�Ç.

[ë � © z]

[ 1 ] INTEL. A yearly product cadence moves the industry forward in a predictable fashion that can be planned in ad-

vance[EB/OL]. [2017-05-10]. https://www.intel.com/content/www/us/en/silicon-innovations/intel-tock-model-

general.html.

[ 2 ] CHANG F, DEAN J, GHEMAWAT S. et al. Bigtable: A distributed storage system for structured data[J]. ACM

Transactions on Computer Systems, 2006, 26(2): 205-218.

[ 3 ] BORTHAKUR D. The Hadoop distributed file system: Achitecture and design [EB/OL]. [2017-06-02].

http://hadoop.apache.org/common/docs/r0.180/hdfs design.pdf.

[ 4 ] ��J, u{, �SA, �. |±�êâ+n� NoSQL XÚïÄnã[J]. ^�Æ�, 2013(8): 1786-1803.

[ 5 ] Ûæà, yU, ë�9. Äu²ï(��é��ä�;XÚïÄ[J]. O�Åó§��O, 2011, 32(8): 2611-2613.

[ 6 ] KALA K A, CHITHARANJAN K. Locality Sensitive Hashing based incremental clustering for creating affin-

ity groups in Hadoop-HDFS-An infrastructure extension[C]// International Conference on Circuits, Power and

Computing Technologies. IEEE, 2013: 1243-1249.

[ 7 ] ROWSTRON A, DRUSCHEL P. Storage management and caching in PAST, a large-scale, persistent peer-to-

peer storage utility [C]// Proceedings of the 18th ACM Symposium on Operating Systems Principles. ACM,

2001: 188-201.

[ 8 ] OKCAN A, RIEDEWALD M. Processing theta-joins using MapReduce[C]// Proceedings of SIGMOD Interna-

tional Conference on Management of Data. ACM, 2011: 949-960.

[ 9 ] WEI Q, VEERAVALLI B, GONG B, et al. CDRM: A cost-effective dynamic replication management scheme

for cloud storage cluster[C]// IEEE International Conference on CLUSTER Computing. 2010: 188-196.

[10] XIE C, CAI B. A decentralized storage cluster with high reliability and flexibility[C]// Proceedings of 14th

Euromicro International Conference on Parallel, Distributed, and Network-Based Processing. IEEE, 2006: 1-8.

(I??6: � [)


