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Chapter 6 — Physical Optimization

1. The formula to determine the number of page accesses is bs + [bs / (m-k)| * bg, as bg pages are read in for the
intermediate result S, and [bg / (m-k)| times the inner loop is processed in which the whole R consisting of by
pages is read. To reduce the number of page accesses, m-k should be made as large as possible, which is the
case for k=1. Furthermore, we can choose the smaller intermediate result for the outer loop as S, such that the
summand by is minimized. In our example, |8192/100| = 81 intermediate results of A fit in a page, i.e., by = [8
000 000/ 81] = 98 766. Likewise, |8192/50| = 163 intermediate results of B fit in a page, i.e., bz = [30 000
000/163] = 184 050. The number of pages in main memory, m, is |(0.5%1024*1024)/8| = 65 536. Thus, the
overall number of page accesses of the block-based nested loop join is b + b/ (m-k)| * bgr =98 766 +[98
766 / (65 536-1)] * 184 050 = 466 866 for this example. For the optimized version of the block-based nested
loop join, we have to read k pages less in each (except of the first) iteration of the outer loop. Thus we have to
modify our formula for the number of page accesses slightly to bs + [bs / (m-k)| * (bg-k) + k. In our previous
example, the number of page accesses would be reduced to bg + |bg / (m-k)| * (br-k) + k=98 766 +[98 766 /
(65 536-1)] * (184 050-1) + 1 = 466 865.

2. If all values are distinct of the bound values for join variables, then the merge join algorithm only reads the
intermediate results of R as well as the intermediate results of S one time, such that bg + bg page accesses are
necessary. The number of page accesses typically increase only slightly if not all bound values for join
variables are distinct. The reason for increasing the page accesses is that the cursor must be reset several times
to the position where the same values start.

3. a) Before the partition starts, we have x, = by. The number of pages for a partition is reduced by a factor of m-
1 for each partition round. Therefore, we have x; = b, / (m—l)i. To be more precise, we would have to round
after each partition round, which we ignore here, as the error is small, but it would complicate the calculation
too much. b) Partitioning rounds are done until x; < m-1 < b,/ (m—l)i < m-112>1o0g,.1(by) -1. Therefore,
[log,.1(b,) -1] partition rounds are necessary. c) For each partition round, we have to read and write each
partition one time. As all partitions of one partition round are together as large as the whole intermediate
results of the considered operand, we have 2*¥b, page acesses for A for each partition round (2*bp page
accesses for B respectively). The number of partition rounds is [log,,.;(b4) -1] for both, A and B. Computing
the join of each partition finally needs b4+bp page accesses. Thus, the total number of page accesses is 2%(b,
+ bp)*|10gy1(ba) -1] + b+ by = (bs + bp)*(2*[l0g,1(ba) |F1).

4. The join computation can be done as follows:

Result of
(?Z, rdf:type, ub:Course)
using po-index with key

rdf type ub:Course (?Y, ub:teacherOf, ?Z) (?X, ub:advisor, ?Y)

po-index with key po-index with key
4 27 194 ?7 Y ?X
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5. Without using our sorting numbering scheme, the following query plan is generated:
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With using our sorting numbering scheme, the following query plan is generated, i.e., two hash joins have
been replaced with merge joins.
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6. The histogram index and the computed histogram are:

Key:

#triples:

#distinct subjects:
#distinct predicates:
#distinct objects:

subject 7 of first triple
predicate}. different from
object previous triple

Acessed path in B+-tree
during histogram computation

B+-tree for fast histogram computation
(SPO collation order)
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Key:

#triples:

#distinct subjects:
#distinct predicates:
#distinct objects:

subject ~ of first triple
predicate}. different from
object previous triple
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computations for
/Tirst histogram interval:
#triples=

#distinct values =

computations for
second histogram interval:
#triples=
2+4+3

#distinct values =
1+2-0+2-1
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Leaf nodes

Computed Histogram
with 2 intervals

for variable ?v and
triple pattern (5, ?v, ?0)

5,.7),(5,5,8),(561),0, 9.@..1 (5,7,1),(5,7,3),(5,8,3),(5,8,4)
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