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Abstract: In recent years, Log-Structured-Merge Tree has been widely used in NoSQL

systems. This is mainly because it has proposed two algorithms: update delayed and batch

write, convert random write to batch write, reducing the cost of moving the disk arm

therefore the write performance of database has been enhanced greatly. However, the read

performance of database has also been affected negatively. The essential difference between

LSM Tree and B Tree makes NoSQL not suitable for using B Tree as index structure

directly. This paper implements a distributed secondary index based on LSM Tree, and

proposes a bulk loading method in this read and write separation architecture. We also do

lots of works on the optimization of index query plan to avoid repeatly query parsing IO

so that the performance of index read has been greatly improved.
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c, ��Xêâæ8���¯�uÐ, ^r¤��)êâ�ÌN, �)�êâoþ

  ¬�� TB $� PB ?O. 8¥ªêâ¥3?nù
êâ�, �dp[. Ïd, Y²*Ð

ûÐ� NoSQL êâ¥A$
), ¿×�uÐå5. �õê NoSQL XÚÑ´Äu key-value

/ª��;e�, ~X HBase[1], LevelDB, Apache Cassandra[2]�. §�Ñ´�ïuíd�M

����þ,  ·^uéêâ¥�� 5, p5U, p�^Ú$¤�k�p�¦�A^.

ÃØ´DÚ�'X.êâ¥³½´#. NoSQL êâ¥, �p�êâ�Î�Ý©ª´Ø

C�J¦. ;.� NoSQL XÚ�|± key þ��Îö�, éu value þ��Îö�|±ÑØ

´élÐ, �NõA^I�¯��Î value ��,�1, Ïd§�éu NoSQL þ�9Ï¢Ú

�I¦��5�½�. �
÷v NoSQL êâ¥éu9Ï¢Ú�I¦, �©¢y
)û�5

�êâþ�©Ùª9Ï¢ÚõU, �O
�é Log-Structured-Merge (LSM)[3]NX�1þ\

1üÑ±)ûÄ�êâþ¢Ú��ï?Ö, ÏL¦^¢Ú�?1�Î, U
��Jpéêâ

L¥�Ì�êâ��Î5U.

©Ùª�;Ú�e�¢Ú¢yéu NoSQL aXÚkX­��¿Â, Ó�§�ïÄ®

²¤��Î�ÇïÄ�9:��. ~X, u�úi¢y3 HBase þïá9Ï¢Ú HIndex[4],

Google Spanner[5]¥|±p¿uªêâ¥%�¹e÷v¯Ö��5�¢Ú, Chen et al[6]JÑ


�«�àa DBMS �¢Úµe, uÀ���Æêâó§ïÄ�3Cp�êâ¥ Oceanbase

þ¢y9Ï¢Ú[7]��.
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9Ï¢Ú�ü:�;�ªÚ©Ùª�;�
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©Ùª�;e�e9Ï¢Ú�¢y[!; 31 4 !, �©�
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1 Äu LSM-Tree �©Ùª�;XÚe�

LSM �.�)u 1996 c. g Google úi� BigTable[8]Ø©uL��, LSM�.É��

þ�'5. LSM éuêâ�Czæ^�´ò´Ú1þ���{, òS��^�¥�êâ?é

3�å. �DÚ� B Tree �', LSM¬kò�ã�mS��\ö��À3S�, �S���

K��, 2òS�¥�êâÚ^�þ�êâ�Ü¿, ¿^S�\��½õ�^��. ù«^

S��'u�Å�, U
²w/~�^�:�£Ä, ¬¯éõ; Ïd LSM Tree U
J,êâ

¥��\5U. '�·Ü LSM-Tree �A^|µ´: insert êâþ�, ÖêâþÚ update êâ

þØp�Ö���é�#êâ, ~X{¤¥ÚF�©�. Diff-index[9]Ø©�Ñ LSM ´�é

��
`z�
B Tree éÖÚ�Ñ��
�
{ü�`z.

LSM Tree dNõ u^�þ�ä(�¤©Ú��733S��¥�¤©|¤. êâU

ìÌ�üS, ± SSTable[8](Sorted String Table)�/ª�;3^�|�¥. Xã1¤£ã, ©

Ùª LSM e�òêâ©�OþêâÚÄ�êâ, ©O�;3�#ÑÖìÚÄ�ÑÖìþ.

ã¥�¹��S�|�Ún�^�|�. ��ràuå�#�¦�, Äk¬3^�þJ\�

1ö�F�, ,�, ò�#�êâ�\� C0 Tree �¥. �S����;K�, LSM Tree¬

uåÜ¿6§. �
�£êâ�¢S�, Öö�Ø�Øéz�^�¥�ä(�þ?1�Î.
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ã 1 LSM �;�.

Fig. 1 LSM storing model

3�
�5�êâ©Û�A^�¥, �éu��êâ¥, �#êâþ  Ø´éõ. é

uùÜ©êâ, �±����3S��¥. Xã2 ¤«, 3Ö�©l�¹e, S�êâ  

��3��üÕ�ÑÖì�¥, ¡� UpdateServer(UPS), éALSM¥� C0 |�. Ä�êâ

�;3 Chunkserver(CS)¥. �âA^�5�, �±é CS Y²*Ð. 3 CS þ¢y LSM �Ø

Ó?O��;. Rootserver(RS)´��8+�+nö, +n8+¥�¤kÑÖì, êâ©Ù,

�êâ&E±9B�&E. ��y RS �p�^5, Ï~RSæ�Ì�e�, Ì��mr��.

MergeServer(MS), ´ SQL )Û�¬, �)�ÎOy, ¿òz� Tablet �Ö��¦ux��A

� CS. CS ÄkÖ�^�¥�¹�ÄOêâ, �X�¦ UPS, ¼��A�Oþêâ, ¿òÄO

êâ�OþêâKÜ����ª(J, �£� Client[10].

ã 2 ©Ùª�;e�ã

Fig. 2 Distributed system architecture
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2 9Ï¢Ú(�£ã

2.1 ¢Ú�;(�

éuNõ NoSQL XÚ
ó, êâ´± key-value é�/ª|�3^��¥�. Key-value

é´�{ü��Ä�êâ�.��, �
Ù¦�E,�êâ�.KÑ´3§�Ä:�þï

á�. dd�©½Â
êâ��;�ª: D = {t|t = 〈key, {values}〉}. d�ªòêâ¥½Â

��|�8Ü, �|±〈key, {values}〉�/ª�;3^�þ, ¿Uì key �éêâ?1üS,

values ´õ� value �8Ü. key aquDÚêâ¥¥�Ì�, Ø#N­E, Ïd key ¤3��

¤ NoSQL XÚ¥�Ì¢Ú.

�X�5�õ�A^æ� NoSQL XÚ��êâ+nXÚ, 
ù
A^�K1�õ´±

value ���Î�, ÏdÌ¢ÚÃ{÷vA^�I¦, ïá value �þ�9Ï¢Ú�I¦��

5�r�. DÚ�9Ï¢Ú½Â/ªXe: M = {t|t = 〈search key, pointer〉}. DÚ�9Ï¢

Ú�) BTree ¢ÚÚ Hash ¢Ú�, Ñ´ò¢Ú|�3S��¥, ¿± pointer ��ª½ �

^�¥�êâ. ù«�ªé?n°þêâ�©Ùªêâ¥¿Ø·^[11], Ì��Ïk: �o�

d�; ��
êâ¥�Y²*Ð5�.

� © J Ñ � « Ä u Ö � © l ª LSM e � � ¢ Ú ( �, Ù � ; � ª X

e ¤ «: MD={D mem+D disk|D mem={〈search key+primary key,{covering}〉}, D disk=

{〈search key+primary key,{covering}〉}}. ¢Ú©�ü�Ü©:  u UPS ¥ D mem Ü©Ú

 u^�¥� D disk Ü©. Ù�;(�¥µï
DÚ¢Ú���Ü©, 
ò search key Ú

primary key ��¢Ú�;(��éÜÌ�. �DÚêâ¥aq, ¦^P{�5¢yCX¢

Ú(covering index), ;��g�Îö�, l
Jp�Î�Ç.

3¢y¥, ¢ÚLUìéÜÌ�Y²�©¤õ� tablet. z� tablet Uì�½�üÑþ

!©Ù�8+¥� CS þ, ÷vÄ�ÚOþêâ©lA5, ¿d RS �1K1þï. ¢�y²

ù«·Aue��¢Ú¢y�{�±éÐ/÷v�Ì���ÎI¦.

7LrN�´, �©�¢y�{�DÚ�¢Ú¢y�O��, �´U
÷v¢Úp�*

Ð5±9p�^5�I¦. l��þ`, ¢ÚLÒ´�;3êâ¥¥�,�ÜêâL. ã 3

¥�Ñ�;���«~, 9Ï¢ÚL Si1(Secondary index 1)ò¢Ú�Ú�êâL T1(Table

  

 

ã 3 ¢ÚL�;�.

Fig. 3 Storage model of secondary index
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1)�Ì����g��éÜÌ�, Ó�V\�
N\�&E. T1ÔnþUìÌ��?1ü

S, ¿Y²�©¤� T1c1, T1c2 Ú T1c3 n�Ü©, ©O�;3CS1, CS2 Ú CS3þ. Si1 U

éÜÌ�3^�þ­#üS, Si1c1, Si1c2 Ú Si1c3 ´ÙéA�Y²�¡. T1 �1�Ì�´

itemkey, 
 Si1 �1�Ì�´ type.

9Ï¢ÚL�ï�, ¿Ø�EÑ�ÜL. 
´��3z� CS þ���E9Ï¢Ú�z

�Ü©. ¿ò�E�¤�z� SSTable �Ì���&E®�� RS, ,�d RS uå��B�

�ö�.

2.2 ¢ÚA�©Û

�;�d: ©Ùªêâ¥¥Ú\¢Úé�5�XÚ�K�Ì�Ny3�#êâL��

5��	�dÚ¢Ú�;��	�d. ,
, ¢ÚL����;êâL�,
�, Ù�;�

m���uêâL, áu��É��. Ï��#ö�þ3 UPS �S�¥�¤, �m¤���

��u^�Öö�, ÏdÙéu5U�K���±�É.

�*Ð5Ú�5: �©¢y�¢ÚõU|±Y²*Ð, Ø¬K�êâ¥��*Ð5. Ï

LO\8+�¥� CS Ú MS �êþ, 8+��N5U“�5�*Ð”. ¿�¢Ú|±38+

$1L§�¥, Ä�O\(:, �5ûÐ.

�^5: Mï¢ÚL��ÿ�±�½¢ÚL38+¥�B�ê8. 3¢Ú1þ\1�

L§¥¬3ØÓ� CS þMïõ°B�, ±�y¢Úêâ��^5. 8c, 3�ï¢ÚL§

¥, CS u)�æ¬K��¢Ú��ïL§, zFÜ¿(å�, ¢ÚG�Ø�^. ¢ÚMï�

}Ø¬K�8+��~¦^.

3 ¢Ú¢y9�o

¢Ú¢y©�ü�Ü©, �Ü©´¢Ú�ï�¤�Ä��oÜ©, ùÜ©SN'�{

ü, ¢y��I�y�êâLÚ¢ÚL�m�êâ��5=�; ,�Ü©´é�Lþ®²

�3�êâ�?n, 7LòdÜ©êâÓÚ�¢ÚL¥. ég,��{´ò�êâL¥�

êâ�^^�\�¢ÚL�¥, �´d«�{�ÇJ±�É. �Ä�¢ÚL3^�¥´±

SSTable �/ª?1�;�, �±¢y�«1þ\1��{, �EÑ¢ÚLêâ� SSTable.

1þ\1�Çép, �´J:3uXÛÂ8©Ù38+��Ü©� CS þ�êâ, �3uX

ÛéÂ8�êâ?1üS. 3.1 ò0�1þ\1¢y, 3.2 !{ü0�¢Ú��5�..

3.1 Ä�ÑÖìþ¢Ú�1þ\1

3.1.1 1þ\1¢y

1þ\1�J:3uéÂ8�êâ?1üS, �
¦�U;��L×£, �©òüS©

�ÛÜüSÚ�ÛüSü��ã. 1þ\1L§¿©|^e�A:, 38+¥�z� CS þ

üÕ?1, �±;��þêâ[£. Ó�¦^õ�§Eâ, ¿1?nêâL�ØÓ tablet ê

â, \¯1þ\16§��Ý.

3êâLþMï¢ÚL��ÿ, 7LòêâL¥®²�3�êâ1þ\1�¢ÚL�

¥, ��, ¢ÚLâU
�~JøÑÖ. Ü¿f�¬½Ïò UPS ¥�OþêâÜ¿� CS ¥,

Ø©[12]£ã
�«äN�Ü¿�¬�ó�6§, ¡�zFÜ¿�¬, æ�üSÜ¿�{?1

êâÜ¿. Ï�3¢Ú1þ\1L§�¥, ¬{ä¤k� DDL ö�, ¿�¢ÚL1þ\1�

7L¼��#�êâL·�êâ, ¤±�
¦þ~�¢Ú�ïL§éu��XÚ�K�, �

©ò¢Ú�1þ\1SüÊÏ�zFÜ¿6§��. 1þ\1Ì�©�±eo��ã: 1�

�ã, ?\1þ\1�O��ã. �
¦�¢ÚLU
¼��#�êâ, ·�3�ï¢ÚL
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�cI�?1�gzFÜ¿. Ïd, Ü¿L§¤�1þ\1�O��ã. XÚvk�1¢Ú

1þ\16§�, ¤k¢Ú�ï�§�{l, ��{ 1.

�{1 1þ\1�{—Schedule

Ñ\: tablet&E½örange&E

ÑÑ: ¢Ú�ï&E

1. for every thread in each CS do

2. get tablets ranges()

3. if (get nothing)

4. pthread cond wait(&cond , &mutex );

5. else if(get tablets)

6. Call construct local(tablet); //�¤êâtabletO�, ?\ÛÜ�ã

7. else

8. Call construct global(range); //Â�Range&E, ?\�ÛüS�ã

9. end if

10. end for

Ùg, ?\ÛÜ¢Ú�ï�ã. X�{ 2 ¤«, �ÊÏ�zFÜ¿�¤��, Bm©¢Ú�

·�êâÜ©��ï. � CS �Â�
 RS �Mï¢Ú�&Ò��, ¼���êâL� tablet, é

ù� tablet U¢Ú�?1üS, ¿����ÛÜ� sstable ¥. �¤±þÚ½��, CS � RS ®

�ÛÜ¢Ú sstable �&E.

�{2 1þ\1�{¨ÛÜüS(construct local(type& tablet))

Ñ\: ÛÜ�ãm©&Ò

Ñ\: ÛÜkSSStable©�

1. get local index handler //�2ó��§

2. for each local index handler do

3. create new sstable //^u�;üÐS�SSTable

4. sort .get next row(row) //üS

5. Add information into index reporter

6. Calc column checksum for data

7. tablet->add local index sstable //SSTable6�3êâL�tabletþ

8. if (success)

9. Report information to RS

10. else

11. Push this into local failed list

12. end if

13. end for

1n�ã, ?\�Û¢Ú�ï�ã. X�{ 3 ¤«, RS �Â�
 CS uL5�æ�&E�

�, ò¢Ú�y©�eZ� range, ¦þ¦�z� CS þ� tablet �êþ��, ±��K1þï.

RS ò�©�� range &Eux� CS. CS �âù� range &Ep��m.�êâ. ù��ã�

¤�, z� CS B�¤
�Û�¢Ú�ï. �����ã´¢ÚL1þ\1�¤�ã. ù��ã
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�¤E��Û¢Ú�°, u�êâ��Ú, ?U¢ÚLG���^.

�{ 3 1þ\1�{–�ÛüS(construct global(type& range))

Ñ\: �Û�ãm©&Ò, RSuxL5�Range

ÑÑ: �ÛkSSSTable©�

1. get global index handler
2. for each global index handler do

3. start agent //agentlÙ¦CS½gCþ¼�,�rangeS�êâ

4. execute get data plan
5. root .get next row() //N^local agent Úinteractive agent ¼�êâ

6. do column checksum
7. construct index tablet info //�E¢ÚL�tablet&E

8. close sstable //saving sstable in disk
9. if (success)
10. release sstable //º�ÛÜ�ãSStable&E

11. do data checksum, modify index status
12. report information to RS
13. else

14. Push this into global failed list
15. end if

16. end for

3.1.2 ���©�{

��1þ\1L§¥�9� CS Ú RS &E��p±9 CS �m�êâ.�. z� CS 3�

¤¢Ú�ïÛÜüS�ã��, ?1 Range &Eæ�, ¿®�� RS, æ�&E±�p��ã�

/ªP¹. RS �âæ�&E?1 Range y©, û½z�CS�ÛüS���. ��ê��O¬K

� Range �©�þï5, ��ê�p, Range �©�þï. �´��ê8�õ, æ�Luª�K

�5U, ¿��äDÑ�d�¬��O�. Ïd�©¢yò��ê½Â� tablet �ê8, ¿��

������, � tablet ê8�L����, ��ê�������.

3�{ 4 ¥, max bucket num ´ý�æ��p��ã×�ê8, �� 256; tablet num ´

TêâLéA�êâ©¡�ê8, sample num ´��ê. æ��, z�N1�Ñd1�Ì�&E

�� Range � End key, N=(tablet o1ê/sample num). z� CS Õá�¤æ�, ¿òæ�&

E®�� RS. RS �Â�¤k�5g CS �®�&E��ò�© Range &E. Äk RS ò®�&

E���üS, ��{ 4 �1n1; Ùgé Range ?1�©, �{ 4 �Ê��n1£ã
 RS �

© RANGE �[L§.

�{4: RS Range �©�{

Ñ\: 5g CS �®�&E ReportInfo
ÑÑ: �©(J8Res
1. key=decode ReportInfo
2. if all reported is true and decoded successfully
3. sort all range info from ReportInfo //é®�(J?1üS

4. end if

5. sample num=min(max bucket num,tablet num) //O���ê8

6. for iter in [SortedReportInfo.begin(), SortedReportInfo.end()) do

7. temp range count++
8. end for

9. range step=temp range count/sample num //RSO��©Ú�

10. divide range count=(temp range count % range step==0) ? sample num:sample num+1
11. for (int I=0; I< temp range count; I+=range step) do

12. Res[I].put(key)
13. end for

14. return Res
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3.2 ¢Ú���ªN�

LSM Treee�e�¢Ú�DÚ�¢Ú'�, ÙÖö�I��gS��¯Ú���g^��

¯, Ïd�Ý¬'DÚ�¢ÚÖö�ú�
.

3éõA^|µe, A^§S?n��éA�Ñ´�Ó, 
Cz�Ñ´ where, set ½ö

values �¡�Cþ�äNê�.

�éù«|µ, ��¢Ú�Î�Oyä, Ä�N��Îëê´�~k¿Â�. ¢y�, �z

�¢Ú�Î©��� sql id, ò<sql id, query plan>± hashmap �/ª�;3S��¥. �Ó

� sql id �±3S�¥¼��Ó��ÎOy, ;�
­E��Î)ÛL§.

4 ¢�(J�©Û

4.1 ¢��¸

�©3Cpnn8ìm
�©Ùªêâ¥XÚ OceanBase[13]þ¢y
9Ï¢ÚõU, ±e

{¡ OB. OB ´�±OþêâÚÄ�êâ©l� LSM e��©Ùªêâ¥�¬, Ì�´�
)

û=��¡���5�êâ�;Ú+n¯K. OB äkûÐ��*Ð5, U
¢y
êZ·^P

¹!êz TB êâþ�ª1ªL¯Ö[14].

�©¢�8+�ï34�ÑÖìþ. z�ÑÖì�M��¸Xe: 64-bit 2.00 GHz 24

ØIntel(R) Xeon(R) CPU E5-2620, 132 GB S�, Zî±��, ^�3.7TB, ö�XÚCentOS

release 6.5 (Final). ò RS Ú UPS ��3Ó��ÑÖìþ, ,	n�ÑÖìþ���MS Ú CS,

êâ¥�B�ê8�� 3.

¢��8�3u�y�©¢y�9Ï¢ÚéuJp�Î�Ý��5��z, ±9�y�©

3¢Úþ¤���X�`z��J.

4.2 ¢�(J9©Û

¢� 1 ¦^äm�IOÿÁóä YCSB(Yahoo�Cloud Serving Benchmark)[15]?1ÿÁ,

¿ÀJó�K1C, ù�ó�K1´ 100% �Öö�, Query �1ogê� 10 �g, �
�

¢ÚÖ�£�ê�Ó, readallfields ��� false. �©é YCSB ?1
*Ð, ¦� YCSB Ø

%K18U
?1�Ì���Î. �{z¢�, �©­#½Âêâ)¤�ª, �y¢Ú�u

PRIMARY KEY ´�é��'X. ¢�æ^êâ8�1000�1, ¦^ YCSB ¢y� JDBC êâ

¥���Å1�\. 3�V\¢Ú�, |^ YCSB é OB �Ì�?1�Î, �Ñ YCSB �A�m

��, ��Ñ¢�êâ. ¢� 1 �±lý¡�NÑ9Ï¢Ú¢y�éu�Î�5UJ,. �Ä�

¢Ú�äN¢y, �©ò�L¢Ú�Î��LÌ��Î?1é', (JXã 4.

ã 4 YCSB �Ö�Î5Ué'

Fig. 4 Only-read performance using YCSB

�±w�, ¢Ú�Î�ÝÄ�ÚÌ��Î�Ý��. ü|¢�©O3 80 Ú 100 ��§ê�

óéÇ���`, ù´Ï��©¤��¢�¦^ YCSB ë���� MS þ. ü� MS éuë�
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§ê8þ,. ¢��±�Ñ(Ø: ¢Ú�Î5UU
��Ì��Î�5U, 
�¢y¢Ú�Î�

c, �Ì���ÎÃ{�¤.

¢� 2 ÿÁ¦^�Üû¬L item, Ì�� itemkey, 3 type á5þïá¢Ú, count ´L¥

Ø�¢ÚLCX���. êâ8��� 1 000�1, 891MB. ÿÁ¥¦^SQLXe¤«:

Query1: select itemkey from item where type =

Query2: select itemkey from item where type = ?

Query3: select count from item where type =

Query4: select count from item where type = ?

ëê¦^�Åê�), �y�½·¥êâ¥¥�êâ. ºL«d���êâ¥¢y
¢Ú

�ÎOy���.

Äu9Ï¢Ú�¢yüÑ, �±ò¢Ú�Î©�üa: £LÚØ£L, äN´��Î´
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��Î¿�¬��¢Ú�Î�1Oy(Query2), Notback Notprepared �L�´Ø£L�Ø¬

���1Oy��Î(Query1), Back prepared �L�´£L����1Oy��Î(Query4),

Back Notprepared �L�´£L�Ø¬���1Oy��Î(Query3). ©O'�£LÚØ£L

�¹e, ��¢Ú�ÎOyéu5U�J,. £L�¹e5UJ,
 6 ��m, Ø£L��¹e

5UJ,3 3∼7 ��m.

ã 5 ���1Oy5Ué'

Fig. 5 Execution plan performance
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