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Freshness-based Consistency and its Implementation for 

High-Available Key-Value Store  
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  Key-value stores that emphasize their availability and partition-tolerance sacrifice consistency, as the CAP theorem states. In existing key-value stores, servers detect inconsistencies with versions of values and clients reconcile the inconsistencies while reading values with versions in multiple servers. However, such solutions reduce the throughput caused by duplicated processing for each read in servers. We have devised a new key-value store that provides freshness of value for how up-to-date the value is. Servers recognize freshness of values by exchanging the latest version numbers of values, and clients get the freshness for every read. Whenever the freshness is enough for clients, the clients read a value of only one server. In our evaluation, our key-value store showed up to 2.0 times higher throughputs for reads and competitive throughputs for writes with existing key-value stores.   1. ����������������   
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t1 t2 t3 t4 t5 t6 t7 t8t1 t2 t3 t4 t5 t6 t7 t8replica1replica2replica3 1s get(k,[2,t4])k=v0 k=v1 k=v1k=v0k=v0 client1 client2v0 v0get(k,[2,t2])vc0vc0vc0vc0vc0vc0 vc0vc0 vc0vc0 v1vc1vc1

 á 2â .�/´µ9h4E¡��� Figure 2â Read operation with freshness-limit  á 2��
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�'  !½K�À%&9HI !5o6Û�e"�f���À%&8�'��e"�f]o6�À%&'JK?E���¤6()��¦HI !5á 36����� t1'�replica2] replica16½K6�À%&9HI�ª !5�� t2'HI�ª9é)H1E replica1��vc18 vc1'JK?E���t0��¤6()�� lag19ë 5W6Û�lag1��t2- t08-!5 ½K6�À%&8�o6�À%&'JK?E���¤6()��9HI?Ee"�f���e"�f6JK��9�à*,'�� !5á 3 6���replica2 ���replica1]�� t1-lag1 �ô' vc1'JK?E�84kJK$+9��?�t1-lag19 replica1'()!JK��8?2�� !5-(�t1-lag1��Nè��6,-R"�¤�}Û6JK�� t0XY���6��8-!5 ��@�&������9e"�f�¤HI !Û�o6e"�f]�� !��e"�f6JK���¤6()��¦HI !5á 3���client] k6���9replica2�¤HI !Û�replica1] vc1'JK?E$+ lag2¦HI !5lag2��t1-lag1�¤�replica2]HI�ª9éè?E�� t4 6()���`Y�t4-(t1-lag1)�`!5-(�e"�fZ[U���@�&��()��9HI !5 ��@�&��HI?E()���¤�HI?ES]�ª?E.�/´µ]ÆEcd24!��à*,'&G !5á 3���client���replica2��� t3'�replica1��� t3-lag2'����� vc1'JKcdE�8?2&G !5W6����.4Âs!8��replica2���t3�ô'�replica1��� t3-lag2�ô'�vc1�'6���'JKcdE^_j]`!�8��cd!5uÓY�client]�[2,t]6´µ9�ª !���t] t3-lag2�ô�`dt�HI?E����.�/´µ9à��3-48�� !5 ��@�&�]�ª !.�/´µ6���9HI�3-�1E����DynamoD Voldemort8�����@�&���e"�f6���9¡� !5-(�W6HI�.�/´µ9à�?-45
ⓒ 2013 Information Processing Society of Japan 3

Vol.2013-DBS-157 No.20
Vol.2013-IFAT-111 No.20

2013/7/23



���������	 IPSJ SIG Technical Report   replica1 replica2k=v0 vc0vc0k=v1 vc1vc1 k vc1vc1k=v1 vc1vc1request new versionslag1lag1lag1 return new versions
client

get(k)lag2 v1 vc1vc1lag2lag2
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t3-lag2: time that client recognizest2-lag1: time that replica1 recognizesactual update timek1=v1vc1vc1t0 t1t2 t3t4  á 3â .�/´µ9à� !En6�å��8¡��� Figure 3â Version synchronization and read operation to guarantee freshness-limit 4. �������� ¢· !.�/´µ'¶<4E*lj9à� ! KVS9�Yahoo! Cloud Serving Benchmark�YCSB��ÍÎ?�o6ÏÐXY¢·/06�j9×Ø !5-(�²ÍÎ���^hj6�4 KVS 6*lj9à� !En6���R�9ÍÎ !W891,8?24!En�x26e"�f]x26.�/9à� !ìG�y�d!5  4.1 ���������������������������� ���� 3 Ç�¾?E.�/´µ9à� !üýï92sE KVS9}Ì?E5² KVS���x26
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 4.3 Yahoo! Cloud Serving Benchmark ²ÍÎ���Yahoo! Cloud Serving Benchmark�YCSB�9õh?2�¢·/06EÐ9FG?E5 YCSB ��Yahoo!]�í?E������6��e�À$�®6j_9GF !En60&Hw���`!5YCSB ���IA,-��@�&�]��?�ìGcdE?���¡��(Xß�JK��9yk5��e�ÀÜ'��ìGcdE[6.�/]J�'KLcd2(Y���@�&��o6.�/'  !¡��JK��9yk5`¤�OnMG6N��O�� a) update-heavy�b) read-mostly�c) read-only�d) read-latest�e) short-ranges�f) read-modify-write]§¨?�odPd6¡�8JK6?���50:50�95:5�100:0�95:5�95:5 8-124!5-(�read-latest 6JK�KL�`Y�short-ranges6¡��QRFG�g[6.�/]¡�cd�read-modify-write �¡�ê'�OS9JK !5²ÍÎ�õh ! KVS���QRFG6¡�S_]-4En�N��O�� a�b�c�d�f9ÍÎ 78?E5ÓE�x26��]JK���0:100�6 w) write-heavy¦�TU2ÍÎ?E5-(�zipfian9h42���P� !
�9�� !XkìG?E5  4.4 ���������������� ²ÍÎ���e"�f9 4Z6���@�&�9 1Z6V�,-7���W�cU�ÍÎ?E5©e"�f�x2�OXí�`Y�4��6 POWER6 �64-bit 4.0-GHz 2core POWER6 9 2 �#R��8 12GB 6�3��Red Hat Enterprise Linux Server release 6.49 OS8?2õh?E5��@�&�'��16��6 Xeon�64-bit 8-core Xeon E5-2680 2.7-GHz 9 2 �#R��8 32 GB 6�3�� Red Hat Enterprise Linux Server release 6.39 OS8?2õh?E5x267�����1Gbps6@�7YR��Z[?E5  
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 á 5â e"�f 4Z9õh?E YCSB6�\�"R�ÝÞ Figure 5â Throughput of YCSB with four replicas  á 5��4Z6e"�f9õh?EÛ6�Voldemort8¢·/06�\�"R�9¾ 5�\�"R�� 5\FG?�o6]^9FG?E5_ KVS ��R=2�W=3 8ìG?E5ÓE�¢·/0���1 Z6e"�f8���@�&�]¡�9�ª?E���¤ 5��6��9.�/´µ8ìG

?E5 R=2 ���Voldemort ��¡�����@�&�� 2 Z6e"�f6���9HI !5*��¢·/0���.�/´µ]*¤d!�Y���@�&�� 1Z6e"�f6���9HI !5²ÍÎ���e"�f� 5�fµ6.�/´µ9à� !En�ijx2�99%���6¡�]�1 Z6e"�f6ï���cdE5uÓY�¡�6Ä4N��O���read heavy�read only����¢·/0] 2kfµ6�\�"R�9¾?E5ÓE�*��JK]Ä4N��O��'(42¦�¢·/0� 20%��6�\�"R�¥�]g¤dE5Wd��write only�'� 5%6¡���]lm?24!W8¦es¤d!]�no]p3EÛ6��6½qr]�¢·/06�]Dn¤d24!W8]cd8es¤d!5  4.6 """"#### ²¢·/0��á 5'¾ 8(Y�¡�6?�6Ä4N��O��' ?2�2 k��6�\�"R�9¾ W8]��1E5²¢·/0��VoldemortD Dynamo6Xk-^hj9�� ! KVS '4s,'ts�3!S_�`!En�5 �fµ6JKuv9� �"�#�$%&'��E�`!5 *��wx6.�/´µ9ªn!�"�#�$%&D�$�®]�yz�6���1 Z6e"�f6���{)����ª !.�/´µ9à��3-4��]`!5o6�����@�&��g[6e"�f6S9¡� !W8'-Y�ÏÐ,'�¢·/06`aj�|d!5?�?�$�®6yz����������7��9ts !W8��,'�}cd!En�¡���'[�����!yz]~'��!W8�es<¤45ÓE�Web�"�#�$%&6Xk'��&�����86e��&�'[���!W8]AGcd!$�®���wx6.�/´µ9ªn!���-4W8]es¤d!5  5. ���������������� Dynamo[ 3]D Voldemort[  18]��̂ hj9�� ! KVS8?2�Amazon�Linkedin�õhcd24!5
�'X12e"�f6Ù�]�Gcd�Ù�Ü6x26e"�f]���6¡��JK9=>?2�� !5 2 Ç�¾?EXk'�Wd¤6 KVS��*ljà
6En���@�&���1 \6¡��g[6e"�f6���9HI !5?�?�ÄÅ6�����@�&���OS9HI !En�e"�f�«¬-��9ykW8'-!5²¢·/0�¾?E.�/´µ'¶<Å¡���9õh !W8��e"�f6«¬-��9�)!W8]^_8-Y�$�®x¯6�\�"R�9¥�cU!W8]^_8-!5 BigTable [ 1 ]��Google]Web IndexD��- Google�
ⓒ 2013 Information Processing Society of Japan 5

Vol.2013-DBS-157 No.20
Vol.2013-IFAT-111 No.20

2013/7/23



���������	 IPSJ SIG Technical Report   "�#�$%&]õh ! KVS8?2� �Å�¤d24!5BigTable ���g[6
�8o6���]/�eR�8?2Xícd���@�&��
��¤/�eR�9FG?2JK !5/�eR��g[6e"�f�Ã�cd�UVOR�SX Chubby[ 6]9h42���,'/�eR�9��P�^_-e"�f] 1Z��cd!5��cdE7��'��]�û?E����K?47��9�� !]�����'�[���!En�o6�/�eR��6��P���OR�cd�^hj]°± !5 Cassandra [ 2]¦�Facebook�õhcd24EKVS8?2��Å�¤d24!5Cassandra �.�/3.\ BigTable '8?E}Ì8cd24!]�DynamoD Voldemort8���©e"�f]=>?2Ã� !���6¡��JK9ykW8]^_�`!5x��@�&����9�å?24!¦68AGcd2(Y[ 20 ]�JKcdEx���'���@�&�]��94�?���'JK]pW1E���½ê'JK?E���6ï9�©e"�f]à§ !5Cassandra ��¢·/0D Dynamo�Voldemort 8�EXí9
u]�*lj6��µ�°45ÓE�¡��0� 1u6e"�f�¤¡� !�0�Quorum 9õh?2¡� !�0]��^_{]���6���� �!S9¡� !^_j]`Y�ê�6��� Dynamo�Voldemort8�OÔÕ9��5 HBase [  19]��XÅõhcd! KVS 6 1 u��Hadoop90��'S_ !5
� 8'"�@w�7��]ÚGcd���,-¡��JK��]^_8-!5?�?-]¤�����'���]��!En�"�@w�7��]���6^hj�°45 .�/0��6g�/0[  13, 14 , 15 ]8?�.�/´µ8��6*lj6¢·�§¨ !5?�?�Wd¤6.�/0����"�@w�7��9�¢8?�e"�f�¤6¡�^_-569.�/´µ�&G !En'õh?2(Y�²¢·/06Xk'�"�@w�7��9�¢'?-4$�®Xí��õh�3-45  6.     !!!! ²³���̂ hj9�� ! KVS8?2�x26e"�f]�*6
�'  !���9���'¡��JK^_- KVS6��/09¾?E5c¤'���@�&�]���9¡��'����6½Kµ�49ã .�/´µ9FG !¡�/09¾?�e"�f]o6.�/´µ9à� !���9ë�?E�����@�&�]o6�e"�f6���9¡� !��6-4¡���/09¢·?E5²¢·/09� Yahoo! Cloud Service Benchmarks�ÍÎ?E8W����/08ÝÞ?�½ó 2k��6j_¥�]��cdE5  

���������������� 1 ) Chang, F., Dean, J., Ghemawat, S., Hsieh, W. C., Wallach, D. A., Burrows, M. , Chandra, T., Fikes, A., Gruber, R. E.: Bigtable: a Distributed Storage System for Structured Data. in Proceedings of the 7th Conference on USENIX Symposium on Operating Systems Design and Implementation, Vol. 7, Nov. 2006. 2 ) Lakshman, A., Malik, P., Cassandra: a Decentralized Structured Storage System, ACM SIGOPS Operating Systems Review, Vol.44 No.2, Apr 2010. 3 ) DeCandia, G., Hastorun, D., Jampani, M., Kakulapati, G., Lakshman, A., Pilchin, A., Sivasubramanian, S., Vosshall, P., Vogels, W.: Dynamo: Amazon’s Highly Available Key-value Store. in Proceedings of the 26th ACM Symposium on Operating Systems Principles (SOSP’07,) 14–17 Oct. 2007. 4 ) Cao, P., Liu, C.: Maintaining strong cache consistency in the World Wide Web. IEEE Transactions on Computers Vol. 47, No. 4, pp. 445-457, 1998. 5 ) Chandra, T. D., Toueg, S.: Unreliable Failure Detectors for Reliable Distributed Systems. Journal of the ACM, Vol. 43, No. 2, pp. 225-267, Mar. 1996. 6 ) Burrows, M.: “The Chubby Lock Service for Loosely-Coupled Distributed Systems,” In Symposium on Operating Systems Design and Implementation (OSDI), pages 335–350, Dec. 2006. 7 ) Isard, M. Budiu, Y. Yu, A. Birrell, and D. Fetterly, “Dryad: Distributed Data-Parallel Programs from Sequential Building Blocks,” In European Conference on Computer Systems (EuroSys), pages 59–72, Mar. 2007. 8 ) Ghemawat, S., Gobioff, H., and Leung, S.T.: “The Google file system,” In ACM Symposium on Operating Systems Principles (SOSP 2003), pages 29–43, Oct. 2003. 9 ) Wiesmann, M., Pedone, F., Schiper, A., Kemme, B., Alonso, G.: Understanding Replication in Databases and Distributed Systems. Proceedings of 20th International Conference of Distributed Computing Systems (ICDCS '00), 2000. 10 ) Saito, Y. and Shapiro, M.: “Optimistic Replication” in ACM Computing Surveys Vol. 37, No. 1, pp. 42–81, 2005. 11 ) Gifford , D. K.: “Weighted Voting for Replication” in Proceedings of the 23rd ACM Symposium on Operating Systems Principles (SOSP 1979), 1979. 12 ) Lamport, L.: “Time, Clocks, the Ordering of Events in a Distributed System,” ACM Communications, Vol. 21, No. 7, pp. 558-565, 1978. 13 ) Schneider, F. B.: Implementing fault-tolerant services using the state machine approach. A tutorial. ACM Computing Surveys, Vol. 22, No. 4, pp. 299–319, Dec. 1990. 14 ) Rohm, U., Bohm, K., Schek, H.-J., Schuldt, H.: FAS - a Freshness-Sensitive Coordination Middleware for a Cluster of OLAP Components. in Proceedings of the 28th Very Large Data Bases, pp. 754-765, Aug. 2002.  15 ) Guo, H., Larson, P.-A., Ramakrishnan, R., Goldstein, J.: Relaxed Currency and Consistency: How to say “Good Enough” in SQL. in Proceedings of the ACM SIGMOD International Conference on Management of Data (SIGMOD2004,), pp. 815-826, Jun. 2004. 16 ) IBM WebSphere eXtreme Scale: http://www-01.ibm.com/software/webservers/appserv/extremescale/ 17 ) Oracle Coherence: http://www.oracle.com/technetwork/middleware/coherence/index.html 18 ) Project Voldemort: http://project-voldemort.com/ 19 ) Apache HBase: http://hbase.apache.org/ 20 ) DataModel in Cassandra Wiki: http://wiki.apache.org/cassandra/DataModel 21 ) ServiceGuard Fifteenth Edition (Cluster Configuration Planning): http://docstore.mik.ua/manuals/hp-ux/en/B3936-90122/ ch04s07.html#babdjifd 
ⓒ 2013 Information Processing Society of Japan 6

Vol.2013-DBS-157 No.20
Vol.2013-IFAT-111 No.20

2013/7/23


