Dynamic Load Balanced Join Processing

Kian-Lee Tan Hongjun Lu

Department of Information Systems and Computer Science National University of Singapore Lower Kent Ridge Road Singapore 0511

Abstract

In this paper, we revisit the problem of processing joins in shared-nothing systems. In such systems, a join query is usually split into a set of tasks that are allocated to the nodes in the system where the tasks could be executed concurrently and independently. While parallel processing could greatly reduce the completion time of a join operation, the system performance may degrade because of load imbalance across the nodes caused by data skewness in the relations. Most of the previous studies addressed this issue by static load balancing. We proposed here two dynamic load balancing join strategies and compared their performance with two static algorithms. The result of our study shows that dynamically balancing the join load is not only feasible but also provides good system performance.

Keywords: Shared-nothing systems, join, load balance, dynamic, data skew.

1 Introduction

A shared-nothing system comprises a set of processing nodes interconnected through a communication network. Each node has its own local memory and disk drives. A processor at one node has no direct access to memory or disks of other nodes. Data sharing among processors is realized by some message passing mechanisms. To facilitate parallel processing, data, or relations are typically, partitioned horizontally across the nodes. As such architecture can be scaled up to hundreds and probably thousands of processing nodes, it becomes one of the major parallel database system architectures [1]. Compared with other parallel database architectures, such as shared-memory system, one major disadvantage of shared-nothing architecture is that, load balancing among the processing nodes becomes more important but more difficult.

Consider the parallel processing of the expensive relational join operation that has received much attention in recent years [3, 5, 6, 10, 9, 12, 13, 15, 16]. The join is first split into a set of independent tasks^1 which are then allocated to the nodes to be processed concurrently and independently. However, because of data skew, the allocation may result in unbalanced load across the nodes in the system, hence degradation of performance [8, 14].

While many algorithms have been proposed to handle data skew, these methods are static [3, 5, 12, 15, 16]. Static load balanced join algorithms balance the join load at each node when the tasks are allocated to the nodes. The basic idea is to detect and remedy any load imbalance prior to join computation. Once the join computation begins, tasks will not migrate from one node to another. The exceptions to these trends are [9, 13].

In this paper, we revisit the problem of balancing the load for a join operation in sharednothing systems. In particular, we proposed two dynamic algorithms. Dynamic algorithms distinguish themselves from the static ones by redistributing tasks, which may be partially executed, from one node to another. Here, load imbalance is detected and remedied during join computation. Whenever a node completes the processing of its allocated tasks, the idle node will “steal” some load from a busy node. The performance of the proposed algorithms is compared with two other static load-balanced join methods. The classic GRACE algorithm is used as a reference to measure the performance gain due to load balancing.

Several observations motivated this work. First, few study has been done on dynamically balancing the join load across the nodes in shared-nothing environment. Second, studies on load balancing join algorithms have shown that no single join algorithm is superior in all cases [3, 5]. When the data skew is low, GRACE hash join algorithm [2] that did not attempt to balance the load performs well enough. On the other hand, static load balancing join algorithms (such as adaptive load balancing join algorithm (ABJ) and extended adaptive load balancing join algorithm (ABJ^+)) are superior with high data skew. What is needed then is an algorithm that is robust to data skew. In particular, we want to keep the advantages of GRACE, which is its simplicity and good performance at low skew (since “the skew conditions are typically mild for many applications” [5]), and avoid its poor performance at high skew. Third, dynamism is important especially when statistics are inaccurate. Fourth, the availability of increasingly high-speed (and low-cost) interconnection network not only facilitates load-balancing but have made dynamic load-balancing techniques promising in handling load-imbalance.

The rest of the paper is organized as follows. In the next section, we review some related work. The load-balanced join algorithms studied in this work are presented in Section 3. In Section 4, we develop an analytical model that is used to compute the elapsed time for each of the join algorithms. The results of a performance study are presented in Section 5. Finally, we conclude in Section 6.

1The term “task” here refers to the join of two corresponding buckets from the two relations.

2 Related Work

Wolf, Dias and Yu propose two algorithms, a sort-based join [15] and a hash-based join [16], to handle data skew. Both algorithms preprocess the relations to collect statistics that are used in a scheduling phase that performed the following: The relations are logically split into a set of tasks. The estimated execution time of each task is computed. The tasks are then assigned to nodes to minimize the overall completion time of the join. If the allocation is not satisfactory, that is the completion time is not within some tolerance limits, the existing set of tasks are further split (logically) and the process repeats. The algorithm is heavily dependent on the estimation of the execution cost of the tasks. With poor estimation of these costs, the algorithm may not perform well. Moreover, it is shown to perform poorly for low data skew because ofthe overhead to preprocess the relations.

Besides using the estimated execution time as the criterion for allocation of tasks [15, 16], the load may also be balanced across the nodes based on bucket sizes [5, ing bu380E00AD2CFC083097E0000000000F0000FC000Ω3FE0xcyFr0FC0E200hmI¡FFC00600707F0001000FF800780F007808007F8000/n001F80004C0FF8000007F007rollre iFFFE00000FE00FF0003B1C187A1C18001C007trixopS412dit2000002200000222E¿80410Ω80700FFC00FFFF70001Cy(as0008009A217FF800000FF801E00300C00607FC0007FC001F01FE0001FE00000003F8000000003F8007¿IditFFC0000000FFCokeA2801FFF078040031E00000003800F010F00003F000070Ω000000F50a(da00s380E006-F00000ΩC04E003C003C003C0F¿178040030000007FE00Ω0E003800000038003F80007C01Ω0007F800070000180000000800F0no)q(de)0E000E000E000E000E00y)00001C0F8003800F00103E0F040007C0E00070300s300s30Ω0E00exe00F00700FgtyE003F80F007800040¿I¡000E0001E000E00Bdf isf(teg72ΩF80F8ΩF807ΩF807Ω000F8078nor˝B/x0701007C007F8nother00700000Ffli78CF003F001FE001Ω07800E03F00003F00Ω¿1FC00011Ω8000200780000007FB¿I¡FFF8000000F60CΩF7E3F803F470ΩFFC0000707F00007F827EA111c,00703FF000001FE07800020078FFFF000009E00080700010CFE01FFpli0000E0070F8003FC0h(th7F0007F07003B00C01trΩE/300000000F78h(f21229117Ω0007F088003FΩ001F000000114800E00000003F800FFtiontiontg0g0g800C0)eq1248003800F2001Fh(onsit)fC1C0014070047¿IE17,)00000F20000F20Ω0000007800078CFF0000003800021F00FE403C1C01F00000000F4BB02829Ω0007F07000037940F0006.178007CE005F80003FF80000FF8700000F130000000F0Ω278000F80F8E001F83C000E0098FF3F8sformsfn9012C¿7FE0003R˝if˝80E0Ω�F86E03C0380E000E000E000E000E000E0047Ω06ppr1E0000F8007begi)12001E00Ω3FFFC000000000001FF7E007FCC01F00ruley91110F8000000nU:0hig700E00700E080000F80000F8FC00000000F2180003FE00000Ω¿1 5y(5gBF0007F¿I¡7FFy)06y