Appendix 1

Commentson the deter mination of the
number of partitionsfor MDD

This appendix shows that Liou and Y ao's heuristic method of determination of the number
of partitions for each partitioning dimension in their MDD file structure [LIOU77] is not
optimal, even for the restricted class of queriesthat it is based upon. An improved method
is presented.

Liou and Yao'sdeter mination of number of partitions

Determination of the values of m (number of partitionsin each partitioning dimension) is
based on the frequency of occurrence of query types. Each domain of attribute A, consists
of aset of discrete values. An atomic condition is defined as A, = &, where g, (i.e. the
attribute value of attribute A)) isin the domain of A.. The most general query condition is
defined as ga = ng (Ai = ai) where a is a string of integers selected unrepetitively from

{1,2,...K}, where K is the number of attributes. For example, consider a partitioning based
on branch region, age and surname. A query condition might be WHERE age = 27 AND
surname = 'SMITH'. The determination of m, is based on the assumption that queries are of
thisform (i.e. the integersin a are selected unrepetitively from K). The restriction that the
integersin a are unrepetitive means that queries of theform A, = (8, OR a,, OR ...),
where aivj represents distinct attribute values from A, are barred from the calculation of m
determination. In other words range queries such as WHERE age BETWEEN 27 AND 29
will not be considered in the determination of m, values (of course, they are allowed to be
asked, but thisis a different matter).

Even ignoring this limitation (i.e. only point queries are considered), it is now shown that
the heuristic method of determination of m, is sub-optimal. Consider all possible query
types as presented by Liou and Yao shown in table al.1l. The probability of a query type
occurring is denoted by Pa, and the number of pages accessed by that query is npa(a).
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ga Pa npa(a)

Al =aq Pl N/ml

A2 =a, P2 N/mz
AK:aK . PK N/ITIK )
A=a, UA, = a, P, N/(m;” my)
A =a, UA=a, U..A.=a, P2 x 1

ga = query type

Pa = occurrence frequency of ga
npa(a) = number of pages accessed by ga

Tableal.l All query typesused to determinem,

The average number of pages accessed by the query setis
e
3 [Pa xnpaa)]=§ &Pa ng 10 m:u (al.1)
a a e

iTa

Now idedlly we want to determine m;, m,, ... m, which minimise the total number of pages
accessed for a given query set (i.e. various query types and their frequency of occurrence)
within the congtraint that the product of al mI val uesis equa to the required number of

pages, N (i.e. minimise a ePa gf\l/o m:u subject to O mi = N). Thisisanalyticaly

ila

difficult, so aheuristicis preﬁented.

It is suggested that when the probability of a query typeislarge, it is desirable to reduce the
number of pages accessed, which is done by increasing the number of partitions for

participating dimensions. Thus, m is made proportional to f;, the sum of the probabilities

m_m mg
of column; occurringinaquery (i.e. fi= & Pa),so fl——z—. « . Thefollowing
a containsi 1 2 K

formulais used to determine m values.

LYK
m_m_ Mg & 9
fi f N fK g N :
T
_ Of_
2...Mk = N
MuMe...mk b g

Of course, asisshown in [LIOU77] the final values of m must be made integral, as
equation (al.2) does not guarantee this.
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Making m, proportional to f; (asf; is defined) is a reasonable approach in the case of atomic
conditions. Consider athree dimensional case with N=1000, where N is the minimum
number of pages required to store the data. Assume each of the attributes is referenced with
equal frequency (query set 1 shown in table al.2). Only the attribute references are shown
rather than the full query type definition (e.g. A=a,). Henceforth this simplification is used
for clarity.

ga Pa f;

A 0.33 0.33
B 0.33 0.33
C 0.33 0.33

Tableal.2 Query set 1, atomic queries, equal attributereference

Since al the queries are atomic, f;, the sum of the probability of column; occurring in a
guery, is equivalent to the probability of the query.

f,=f,=f; P m;=m,=m,, and sincem;” m,” m; = N, quite obviousdly al m = 10. Thisis quite
reasonable, as all attributes are referenced identically by all queries.

This method is also suitable for amix of conjunctive and atomic queries, where the f; values
due to the conjunctive predicates are in the same proportion as the f; values due to the
atomic conditions. For example, consider query set 2 shownin table al.3.

ga Pa

A 0.25
B 0.25
C 0.25
ABC 0.25

Tableal.3 Query set 2, atomic and conjunctive queries

Theresultant f; values are all identical (i.e. 0.5) sincef; is defined as the sum of the
probability of column; being referenced in aquery (e.g. f5 = 0.25 due to q(A) plus 0.25 due
to q(ABC)). Thus the resultant partitioning isidentical to that derived for query set 1.
Again, thisis reasonable, since al dimensions are referenced similarly.

The problem

Now still with the 3 dimensional case, consider query set 3 which consists of the two query
types shown in table al.4.
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ga Pa
A 0.5
BC 0.5

Tableal.4 Query set 3

Resultant f; values for query set 3 aref, = fg = f- = 0.5. Thusthe partitioning will be
symmetrical (10" 10" 10) as with the previous query sets. Table al.5 shows the number of
pages accessed, npa(a), by each of the query types and the average number of pages
accessed.

ga Pa npa(a) Pa " npa(a)
A 0.5 1000/10 = 100 50
BC 0.5 1000/100 = 10 5

average npa = 55

Tableal.5 npafor query set 3 using Liou's determination of f;

The average npa of 55 is not the optimum solution asis shown later. The reader may now
guess that something isamiss. There are two equally likely query types, one of which
references a single attribute, the other which references two attributes, and yet the
partitioning is the same as for the cases where al queries reference al attributes equally.

Thisistheresult of making fi= & Pa , sincethisdefinition of f; effectively resultsin

higher weighting being given to attributes which occur in conjunctive queries, than if those
same attributes were to appear in atomic conditions.

Suggested solution

The problem is due to the way in which Liou and Y ao see the origind problem. They state
that, "When Pa islarge, it is desirable to reduce npa(a)". Since, as shown in equation
(al.1), npa(a)=N/ C) mi , as the number of referenced attributes increases, npa(a)

ila
decreases combinatorialy (within the constraints set by the maximum possible number of
partitions in any of the dimensions). A more appropriate method is to reduce npa(a) with
respect to queries themselves, rather than with respect to frequency of attribute reference.
This can bedoneby making fi = & (_Pa /card (a )) , Where card(a) represents the
number of attributes referenced by query g(a). For example if a query type references two
columns, A and B, then instead of incrementing both f, and fg by Pa, they would be
K

incremented by Pa/2 (and so 5 fi =1 in all cases, rather than & fi ® 1 by Liou and Yao's

i=1 i=1

definition).
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If thisis done for query set 3 (previously shown in table al.4) a better partitioning solution
isfound. First determinef;.
q(A)=0.5p fa=0.5

} f2=05/2=0.25
q(AB)=05b {
ffc=05/2=0.25

Using these f; values, m values are determined using equation (al.2).

YK
€ 0
N - 1000
ma= G T =05 Bi/ =05 3/32000 =15.87
AQ K - 0.5 0.25" 0.25
Ofi.
1 @
This long-winded approach is not needed to determine mg and m., are-arrangement of the
. M M2 Mk .
expression — =— =...— suffices, thus
1 f 2 K
fa 0.25

Ms =mMax—=15.87x——=7.94
B 0.5

Similarly, m. = 7.94

Making m; integral the values shown in table al.6 are obtained.

dimension calculated m integral m

A 15.87 16
B 7.94 8
C 7.94 8

Tableal.6 Calculated and integral m, values

Thusthere are 16" 8" 8 = 1024 pagesin total. Table al.7 shows the number of pages
accessed by queriesin set 3 using this partitioning.
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ga Pa npa(a) Pa " npa(a)
A 0.5 1024/16 = 64 32
BC 0.5 1024/(8 8) = 16 8

average npa = 40

Tableal.7 npafor query set 3 using improved f; determination

The average npa in this case is 40, whereas the partitioning derived using Liou's method of
determining f; results in access to 37% more pages (i.e. 55) for the example query set, as
shown in table al.5.

In practice, it may be that the pessimistic solutions obtained using Liou and Y ao's method
may not be excessively poor if alarge proportion of queries are atomic, or if, with a mix of
atomic and conjunctive queries, the conjunctive queries reference the same columns as the
atomic ones.



