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A Pipelined Hash Join Method for Load Balancing

Jin Gue Moon' - No Sang Park ™ - Pyeong Jung Kim'™ - Seong 11 Jin''*!

ABSTRACT

We investigate the effect of the data skew of join attributes on the performance of a pipelined multi-way hash join method, and propose
two new hash join methods with load balancing capabilities. The first proposed method allocates buckets statically by round-robin fashion, and
the second one allocates buckets adaptively via a frequency distribution. Using hash-based joins, multiple joins can be pipelined so that the early
results from a join, before the whole join is completed, are sent to the next join processing without staying on disks. Unless the pipelining execution
of multiple hash joins includes some load balancing mechanisms, the skew effect can severely deteriorate system performance. In this paper,
we derive an execution model of the pipeline segment and a cost model, and develop a simulator for the study. As shown by our simulation
with a wide range of parameters, join selectivities and sizes of relations deteriorate the system performance as the degree of data skew is larger.
But the proposed method using a large number of buckets and a tuning technique can offer substantial robustness against a wide range of skew

conditions.
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Rk RDT : 4% 2928 2% o|7 Ez (Right Deep Tree)
B EERE
BEGIN

1) // Table-building Phase
2) // for all PNs in the system — Split Phase : split and redistribute
building relations

3) Each PN reads its portion of R; from disks to its local memory
pages ;// R; is the building relation

4) Each PN builds a large number of local buckets from the memory
pages using a partition function ;

5) Each PN sends the buckets to their destinations in the same stage

according to a round-robin partition vector ;

6)  // for all PNs in the system - Build Phase : build local hash
sub-tables

) Each PN receives its assigned buckets determined by the round-
robin partition vector from other PNs ;

8) Each PN builds its local hash sub-table ;

9) // Tuple-probing Phase : Pipeline Processing

10)  // for all PNs in the system

~

1D Each PN reads its portion of S from disks to local memory pages
;// S is the probing relation

12) Each PN builds local S-buckets from the memory pages using a
partition function ;

13) Each PN sends the S-buckets to their destination in the first

stage according to the first stage’s partition vector ;
14)  // for all PNs in the first stage

15) Each PN receives its matching S-buckets of the local hash sub-
table from other PNs in the system ;

16) Each PN probes tuples in the S-buckets against its local hash sub-
table ;

17) If there are matches, the intermediate result tuples are generated, /
* Join */

and the result tuples are partitioned according to the next
stage’s partition function,
and sent to the destination nodes according to the
next stage’s partition vector ; /* Split */

18} // for all PNs in the middle stages // except the first and last
stage.

19 Each PN receives its matching S-buckets of the local hash sub-
table from PNs in the previous stage ;

20) Each PN probes tuples in the S-buckets against its local hash
sub-table ;

21) If there are matches, the intermediate result tuples are generated,/
* Join */

and the result tuples are partitioned according to the next
stage’s partition function,
and sent to the desfination nodes according to the
next stage's partition vector ; /* Split */
22) // for all PNs in the last stage

2) Each PN receives its matching S-buckets of the local hash sub-
table from PNs in the previous stage ;

24) - Each PN probes tuples in the S-buckets against its local hash
sub-table ;

25) If there are matches, the final result tuples are generated, /* Join
*/

and the result tuples are written to disks ;
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BEGIN

1) // Table-building Phase
2} // for all PNs in the system-Split Phase : split, no redistribution

3) Each PN reads its portion of R; from disks to its local memory
pages ; // Ri is the building relation
4) Each PN builds a large number of local buckets from the memory

pages using a partition function ;
5) // for all PNs in the stsem - Partition tuning Phase

6) Each PN reports the size of its local buckets to the designated
coordinating PN ; //there are k coordinator(k : stage #) ;

7 The coordinator collects the bucket distribution information and make
a partition vector

using the largest local bucket retaining strategy and best-fit
decreasing strategy ;
8) The coordinator broadcast the partition vector and Each PN receives
the partition vector ;
9 // for all PNs in the system - Bucket distribution Phase
10) Each PN sends the local buckets to their destinations in the same
stage
according to the partition vector ;
// for all PNs in the system - Build local hash sub-tables
12) Fach PN receives its assigned buckets determined by the partition
vector from other PNs ;
13} Each PN builds its local hash sub-table ;
14} // Tuple-probing Phase : Pipeline Processing
15)  // Same as the SPPJ method
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