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A Parallel Database Architecture
Avoiding Tuple Redistribution

MakoTo Yul'! and Isao Kosmafl

This paper describes a parallel database architecture avoiding tuple redis-
tribution. We focus on the tuple redistribution issue; it becomes problematic
on processing data warehouse queries on a shared-nothing architecture. And
then, we propose a novel table partitioning technique, named & hash parti-
tioning, that can avoid redistribution of tuples. The & hash partitioning can
handle complex analytical queries, as ones in TPC-H, in parallel. Moreover, the
partitioning scheme does not have a scalability limit on the number of nodes.
The results of experimental evaluation showed that our system is much (3.1 to
19.9 times) faster than a MapReduce-based system (Hive) on TPC-H SF=100.
We also give a consideration on the capabilities and limitations of the current
implementation of our query processing scheme.
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Table 1 The tuple distribution.

region nation supplier customer part partsupp orders lineitem

# of paritioning keys 1 2 2 2 1 3 2 5

# of rows 5 25 | 1,000,000 15,000,000 20,000,000 80,000,000 150,000,000 600,037,902
8 nodes inserted 5 25 | 1,000,000 | 11,170,538.0 | 19,995,426.8 | 70,865,450.0 | 127,215,567.9 | 292,080,040.9
inserted /rows (ratio) 100% 100% 100% 74.5% 100% 88.6% 84.8% 48.7%
16 nodes | inserted 5 25 | 1,000,000 | 10,597,430.9 | 19,712,127.1 | 51,029,567.2 96,437,207.9 | 165,409,932.8
inserted /rows (ratio) 100% 100% 100% 70.6% 98.6% 63.8% 64.3% 27.6%
32 nodes | inserted 5 25 | 1,000,000 | 10,220,280.7 | 17,638,717.8 | 33,817,404.8 62,474,754.7 88,050,633.3
inserted /rows (ratio) 100% 100% 100% 68.1% 88.2% 42.3% 41.6% 14.7%
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Fig.5 Illustration of putting tuples into buckets.
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Input : 0000000000000 0O000O00O0 ¢t0000000000 CSVOOOOO0O0O000 lines
Result: 000000000000 000¢«000000O000OO0OOOOODOOOOO

foreach line | in lines do

fields — (0000000000 DOOOOOODOO;
distkey «— fields 000 00;

(a) begin primary fragment mapping

node «— distkey 0 0 O00000O00O0O;
mapped, 4o «— t00000;

(b) foreach t. in t 000000000 do
fkide — t. 000000O000O0OO;

begin derived-by-child fragment mapping
(node,pn) «— IdxLookup(fkidx,distkey);

mapped « BitOr(mapped, 4.,pPn);

node

(c) foreach fk in ¢t 00000000 do

begin derived-by-parent fragment mapping

fieldsy, «— 100 fEOO000O0D0DDDODDOOOOOO0;
distkey s, «— fieldsy, OO0 OO0,
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pngr — fEODOOOOO0OOO;

mapped

nodep, < BAtOT(mappedyoge ;) PN sk);

(d) begin 0000000 derived-by-child fragment mapping D0 000000000

foreach fk in t 00000000 do
key « distkey f;

foreach (node, hiddenValue) in mapped do

if node # nodey; then
L value < (node,hiddenValue);

BuildIdx(fk, key,value);

SchedInsertRecord(l,mapped);
mapped «— 0;
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Fig.6 Pseudocode of ® hash partitioning.
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Fig.7 Data flow among modules when partitioning tables and processing queries.
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Table 2 Cache hit ratio immediately after adding nodes.
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Table 3 Hardware settings of the experimental environment.
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Table 4 Software settings of the experimental environment.

Linux CentOS 5.4

Kernel 2.6.18/x86_64
Java Sun JDK 1.6.0-20 (64-bit)
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Lzo lib 2.03-3

MonetDB Feb 2010 SP2
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Table 5 Percentage of each execution time in the total execution time. Table 6 Performance comparison to competing systems.
#1 try  #2try  #3 try TPC-HO 220000000000000000000
MonetDB/MR | 79.0%  10.5%  10.4% MonetDB/MR 0000000000 Hive 00OO0O00000000000
Hive 33.4% 33.2% 33.4% Query MonetDB/MR | MonetDB/MR | MonetDB/Single | MonetDB/Single Hive
(no-cache) (cached) large (no-cache) large (cached)
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Fig. 13 Evaluation of TPC-H SF=100 on the normal/large instance.
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Table 9 The percentage of Merge/Reduce processing on the total query execution times
(Bold portion represents that the percentage is over 15%).
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