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Consistency and Availability in Distributed Database Systems

ZHU Tao, GUO Jin-Wei, ZHOU Huan, ZHOU Xuan, ZHOU Ao-Ying

(School of Data Science and Engineering, East China Normal University, Shanghai 200062, China)

Abstract: The rapid growth of data and workload makes centralized database systems less and less favorable to today’s applications. A
distributed database system can scale out dynamically to satisfy the business development. As a result, it has gained much more attention
from applications. Since the needs for distributed DB became apparent, an increasing number of products have emerged and been adopted
by the Web. However, due to the complexity of distributed DB systems, their designers have to trade off among several desired properties,
resulting in dramatic difference in their designs and advantages. To the best of public knowledge, no one has performed a comprehensive
analysis on the design space and the tradeoff choices of modern distributed DB systems. After reviewing and understanding a significant
number of real world DB products, this study believe that a distributed DB system can be generally described using three dimensions—
operational consistency, transactional consistency and availability. While these dimensions are not new, their concepts are somehow
blurred in the literature. This paper clarifies the three concepts in the context of database, based on which can draw a sensible landscape of
the existing products and technologies. The paper also provides an analysis of the relationship among the three dimensions, intending to

help developers make right choice when designing new distributed DB systems.
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Fig.1 The replicas distribution of a distributed system under network partition
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Fig.2 The relationships among different isolation levels
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Fig.3 A taxonomy of different systems based on the degrees of consistency and availability
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T o K F 551 — S

T ARUENR 3% 2 7 7] H ,Megastore ZZR AR5 X AT R E 2N RIAR FH S H A ERIA EPAT ERT
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Fig.4 An example for the operation sequence of a transaction
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Fig.5 Relationship of different operational consistencies
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Table 1 The relationship between transactional isolation levels and anomalies
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Fig.6 A schedule of the unrepeattable read anamoly
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Fig.8 A schedule of the lost update anamoly
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