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eir storage order —

he pipeline mode

prefetched, rows are not buffered,

2d only when there are no indices to be applied

* Reported as non indexed reads in statistics
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TIONS) SEQUENTIAL ACCESS
00, cost=500.000]
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sord number

information about
(slot) on this page

entation by other access methods,
d to the optimizer

orted as indexed reads in statistics
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DATE and DELETE
URRENT OF)

cess using RDB$DB_KEY

eady fetched row (active cursor),
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d composite

scan due to MGA implementation
5 allows only uni-directional scan

= Selectivity of indices, assumption about uniform
distribution of values
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ata page 1/0, no need
-organized tables

arse bit array ordered by
bers

bitwise AND/OR operations to use
per of indices for a retrieval

Ses access via record identifier to read the
selected rows
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equality scan, unique scan;
the unique scan

pper bounds, solved in version 2.0

dant scanning of NULL values,
ved in version 2.0

* Cost based selection strategy
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IDICES) ACCESS BY DB _KEY
y=2, cost=9.000]

P AND
ardinality=2, cost=7.000]
INDEX (RDB$INDEX_31) RANGE SCAN
[cardinality=5, cost=4.000]
=> INDEX (RDB$INDEX_41) RANGE SCAN
[cardinality=2, cost=3.000]
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use with care

rdering (ORDER BY, GROUP BY, etc)

optimizations for search conditions:

= usage of lower/upper bounds to limit the scan

% usage of bitmap to avoid unnecessary row reads
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DEX 21 INDEX (RDB$INDEX 22))

3.000]
RES) ACCESS BY DB _KEY

, cost=303.000]

INDEX 21) FULL SCAN

ality=100, cost=203.000]

cardinality=100, cost=3.000]
=> INDEX (RDB$INDEX_22) RANGE SCAN
[cardinality=100, cost=3.000]
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www.cvalde.ne

seudo index based access:

e in plans, but without an index name

d as an indexed read
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ables cannot be indexed
current implementation

ardinality is not calculated and assumed
to be 10000
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table procedures

sidered a black box, the
umptions about its internals

a procedure executes its code from
s stall point to the next SUSPEND
t, then its output parameter values create

= Can be displayed differently in plans, depending on
Firebird version
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the input data

* Record locking
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ERE, HAVING, etc

condition for every input
y the satisfying rows

ormed as deep in the access path
ole, in order to reduce cardinality

oleans always duplicate index range scans to
ilter unnecessary rows out
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RDB$INDEX 0))

ty=1, cost=4.000]
(RDBSRELATIONS) ACCESS BY DB _KEY
ardinality=1, cost=4.000]
=> BITMAP
[cardinality=1, cost=3.000]
=> INDEX (RDB$INDEX_0) UNIQUE SCAN
[cardinality=1, cost=3.000]
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navigation via an
DER BY, GROUP BY,
as creates the new index tree

ad all input rows before any of them
output — buffered data source

sort + merge of runs, runs are stored in the
ernal memory (VM or disk space)

* Normal and reducing modes
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, cost=105.000]

ty=100, cost=105.000]
E (RDB$RELATIONS) ACCESS BY DB_KEY
ardinality=100, cost=105.000]
=> BITMAP
[cardinality=100, cost=5.000]
=> INDEX (RDB$INDEX_0) RANGE SCAN
[cardinality=100, cost=5.000]
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N/MAX/AVG/etc,
ping

o calculate the function

d input stream to perform a per

diate reducing sorts are performed when
M/COUNT are evaluated in the DISTINCT

* Hash aggregation as an alternative algorithm

The Firebird Project

E} Prague 2005 : Slide 24

12



Speaker: Arno Brinkman

00, cost=105.000]

ality=100, cost=105.000]
\BLE (RDBSRELATIONS) ACCESS BY DB_KEY
[cardinality=100, cost=105.000]
=> BITMAP

[cardinality=100, cost=5.000]
=> INDEX (RDB$INDEX_0) RANGE SCAN
[cardinality=100, cost=5.000]
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e input stream, based
nternal counter

t clauses FIRST/SKIP/ROWS

of this filter:

counter (returns first N rows)

KIP counter (return all rows starting with N+1)
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00, cost=105.000]

nality=100, cost=105.000]
TABLE (RDB$SRELATIONS) ACCESS BY DB KEY
[cardinality=100, cost=105.000]
=> BITMAP
[cardinality=100, cost=5.000]
=> INDEX (RDB$INDEX_O) RANGE SCAN
[cardinality=100, cost=5.000]
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put stream
e protection of singular

etches from the input stream,
first row if the second fetch
ered EOF, otherwise an error is thrown
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OM RDB$DATABASE )

ty=1, cost=4.000]
(RDBSRELATIONS) ACCESS BY DB _KEY

[cardinality=1, cost=3.000]
=> INDEX (RDB$INDEX_1) RANGE SCAN
[cardinality=1, cost=3.000]
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OCK is specified for a

y record version marked by an
e current transaction

for primary access methods only
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100, cost=100.000]
XDBSRELATIONS) SEQUENTIAL ACCESS
nality=100, cost=100.000]
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o filters,
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and full outer joins
slave) streams
k or it (cross join)

e of inner join streams and
cy of outer join streams,
e optimizer controls the order of streams
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or recursive join
ations on input streams

ed inner reads, usage of an
ptimize the inner retrievals

s when there are indices that could be
d for a join condition

omplex AND/OR based join conditions are
supported
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used for a full

ely bad nested iterations

y procedures are placed in the join

n issue with procedures depending on other
streams via input parameters, a workaround
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F . RDBSRELATION NAME
D NAME

NDEX (RDB$INDEX 0))

ty=1, cost=2.000]
) (RDB$INDEX_4) RANGE SCAN
ardinality=1, cost=2.000]
3LE (RDBSRELATIONS) ACCESS BY DB_KEY
cardinality=1, cost=3.000]
=> BITMAP
[cardinality=1, cost=2.000]

=> INDEX (RDB$INDEX 0) UNIQUE SCAN

[cardinality=1, cost=2.000]
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y the join key

a per row basis
merge tree

ality joins only, effectively performs
on based joins, outer joins cannot be

sed when a recursive join cannot be applied
effectively
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cost=3000.000]
=500, cost=500.000]

dinality=500, cost=500.000]
TABLE (RDBSRELATIONS) SEQUENTIAL ACCESS
[cardinality=500, cost=500.000]
> SORT
[cardinality=2500, cost=2500.000]
=> TABLE (RDBSRELATION_FIELDS) SEQUENTIAL ACCESS
[cardinality=2500, cost=2500.000]
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dependent

eam is entirely read in advance,
2ate a hash table

om the outer (master) stream is probed against
table

e advantages and pitfalls as for a merge join

* Wins for small inner (slave) streams
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e full duplicates of rows)

y return all rows from all input streams

DISTINCT mode, also applies a reducing
ting filter to its output stream
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ity=500, cost=500.000]
(RDBSRELATIONS) SEQUENTIAL ACCESS

[cardinality=1000, cost=1000.000]
=> TABLE (RDB$PROCEDURES) SEQUENTIAL ACCESS
[cardinality=1000, cost=1000.000]
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