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ESTIMATING DATA

BACKGROUND
[0001] Database management software may utilize various hierarchical data
structures to index and store data. One approach used to predict and improve
database performance is to estimate the amount of data it would return in response

to a given predicate. Such estimates may be used to optimize a query plan.

BRIEF DESCRIPTION OF THE DRAWINGS
[0002]FIG. 1 is an example system in accordance with aspects of the disclosure.
[0003]FIG. 2 is a flow diagram in accordance with aspects of the disclosure.
[0004]FIG. 3 is a working example in accordance with aspects of the disclosure.
[0005]FIG. 4 is a further working example in accordance with aspects of the
disclosure.

DETAILED DESCRIPTION

[0006] As noted above, the performance of a database may be improved with
an optimized query plan. The optimization of a query plan may be based upon
estimates of the amount of data the query would process and an execution engine’s
ability to carry out the query. A query may comprise a predicate with criteria such
that a response to the predicate contains data satisfying the criteria. Therefore, the
performance of a query may be predicted by estimating the amount of data that
would satisfy a predicate associated with the query. The data estimates may be
obtained without actually executing the predicate since doing so may utilize a
significant amount of resources. Thus, one way to estimate the amount of data
returned in response to a predicate is to sample data from the database and
generate histograms based on the samples. Unfortunately, the underlying data in a
database may be very large and may be distributed unevenly. Therefore, estimates
produced using a sampling or histogram approach may be off by multiple orders of
magnitude.
[0007] One cause of inaccurate estimates may be that the samples are
unrepresentative of the criteria.  Another cause may be stale statistics or

unnecessarily frequent updates to the data. When the underlying data changes, a
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histogram may need to be refreshed to accurately reflect the change. Current
policies for triggering refresh of statistics may be heuristic and these policies may fail
to refresh statistics when needed or may refresh too frequently. A further cause of
inaccurate estimates may be the limited precision of histograms generally. As noted
above, the actual distribution of data may be much more uneven than what can be
represented by a histogram.

[0008] In view of the foregoing, various examples disclosed herein provide a
system, non transitory computer-readable medium and method to estimate the
performance of a database. In one aspect, the estimate may be calculated based at
least partially on child nodes or content of a node located in a hierarchical data
structure. Such data structures may be used to index a database. Rather than
generating histograms based on samples that may or may not be representative of
the criteria, the database index, which may be much more reliable than samples,
may be used to generate the estimate. The nodes of the index may be utilized as
equal area histograms, since the data associated with the nodes may be balanced in
order to accelerate the searches. Moreover, hierarchical database indices may allow
estimates to be calculated at various levels of precision. The aspects, features and
advantages of the application will be appreciated when considered with reference to
the following description of examples and accompanying figures. The following
description does not limit the application; rather, the scope of the application is
defined by the appended claims and equivalents.

[0009] FIG. 1 presents a schematic diagram of an illustrative computer apparatus
100 depicting various components in accordance with aspects of the present
disclosure. The computer apparatus 100 may include all the components normally
used in connection with a computer. For example, it may have a keyboard and
mouse and/or various other types of input devices such as pen-inputs, joysticks,
buttons, touch screens, etc., as well as a display, which could include, for instance, a
CRT, LCD, plasma screen monitor, TV, projector, etc. Computer apparatus 100 may
also comprise a network interface (not shown) to communicate with other devices
over a network using conventional protocols (e.g., Ethernet, Wi-Fi, Bluetooth, efc.).
The computer apparatus 100 may also contain a processor 110, which may be any

number of well known processors, such as processors from Intel ® Corporation. In
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another example, processor 110 may be an application specific integrated circuit
(“ASIC”).  Non-transitory computer readable medium (“CRM”) 112 may store
instructions that may be retrieved and executed by processor 110. As will be
discussed in more detail below, the instructions may include an estimator 114. Non-
transitory CRM 112 may be used by or in connection with any instruction execution
system that can fetch or obtain the logic from non-transitory CRM 112 and execute
the instructions contained therein.

[0010] Non-transitory CRM 112 may also comprise any one of many physical
media such as, for example, electronic, magnetic, optical, electromagnetic, or
semiconductor media. More specific examples of suitable non-transitory computer-
readable media include, but are not limited to, a portable magnetic computer diskette
such as floppy diskettes or hard drives, a read-only memory (“ROM”), an erasable
programmable read-only memory, a portable compact disc or other storage devices
that may be coupled to computer apparatus 100 directly or indirectly. Alternatively,
non-transitory CRM 112 may be a random access memory (“RAM”) device or may
be divided into multiple memory segments organized as dual in-line memory
modules (“DIMMs”). The non-transitory CRM 112 may also include any combination
of one or more of the foregoing and/or other devices as well. While only one
processor and one non-transitory CRM are shown in FIG. 1, computer apparatus
100 may actually comprise additional processors and computer readable mediums
that may or may not be stored within the same physical housing or location. For
example, non transitory CRM 112 may be a hard drive or other storage media
located in a server farm of a data center. Accordingly, references to a processor,
computer, or computer readable medium will be understood to include references to
a collection of processors, computers, or mediums that may or may not operate in
parallel.

[0011] Estimator 114 may comprise any set of instructions to be executed directly
(such as machine code) or indirectly (such as scripts) by processor 110. In this
regard, the terms ‘instructions,” "scripts," and "applications® may be used
interchangeably herein. The computer executable instructions may be stored in any
computer language or format, such as in object code or modules of source code.

Furthermore, it is understood that the instructions may be implemented in the form of
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hardware, software, or a combination of hardware and software and that the
examples herein are merely illustrative.

[0012] As will be discussed in more detail below, a database index may be
arranged as a hierarchical, tree-like data structure that relies on splitting and merging
to maintain its balance and optimize searches. In one example, estimator 114 may
instruct processor 110 to read a request to estimate an amount of data that would fall
within a scope of criteria in a predicate without actually executing the predicate. In
another aspect, estimator 114 may instruct processor 110 to locate a node in the
data structure whose child nodes or content fall within the scope of the criteria. In
yet a further example, the estimate may be calculated based at least partially on the
located node.

[0013] Working examples of the system, method, and non-transitory computer-
readable medium are shown in FIGS. 2-4. In particular, FIG. 2 illustrates a flow
diagram of an example method 200 for estimating database performance. FIGS. 3-4
each show a working example in accordance with the techniques disclosed herein.
The actions shown in FIGS. 3-4 will be discussed below with regard to the flow
diagram of FIG. 2.

[0014] In block 202 of FIG. 2, a request to estimate an amount of data in
response to criteria in a predicate may be read. A node in a data structure may be
located, as shown in block 204. Referring now to FIG. 3, an example data structure
300 is shown. While the example data structure of FIG. 3 is one type of B-tree data
structure, it is understood that any type of balanced tree data structure may be used
to implement the techniques disclosed herein including, but not limited to, B-plus
trees, B-link trees or any other ad-hoc variation of a B-tree. Furthermore, other non
B-tree data structures may also be used. The example B-tree in FIG. 3 is an index
of an illustrative inventory database in which each product is associated with its own
unigue product number. For ease of illustration, the product numbers range from 0
to 500. The product numbers are used as keys in the index of the inventory
database. Root node 304 may contain keys ranging from 0 to 500; thus, root node
304 contains the broadest range of keys. Interior node 306 has keys that range from
0 to 200 and interior node 308 has keys ranging from 201 to 500. Leaf node 310

contains the actual data of products associated with keys 30 to 140; leaf node 312
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contains the actual data of products associated with keys 140 to 200; finally, leaf
node 314 contains the actual data of products associated with keys 201 to 240. The
data records maintained by the leaf nodes 310, 312, and 314 may be a linked list
data structure of records.

[0015] A B-tree data structure may be configured to maintain its “balance” such
that every path from the root node (e.g., root node 304) to a leaf node (e.g. leaf
nodes 310, 312, and 314) is of the same length. Such balance may optimize a
search for data beginning at the root node of the tree and ending at a leaf node.
Particularly, a B-tree may be configured to maintain its balance when new data is
added or deleted. That is, new data may be added or deleted in such a way that the
balance is maintained. An interior node of a B tree may have a predetermined
number of key entries that may be used as “separator keys” by a search engine.
The keys allow a search engine to determine the correct path to the data sought
after in the leaf nodes. The goal of database indices may be to optimize access time
to data. As will be demonstrated below, a balanced index may also be used to
provide accurate predicate response estimates.

[0016] In the example of FIG. 3, estimator 302 attempts to meet a request for
an estimate of products whose associated keys are within the range of 201 to 500.
In one example, estimator 302 may determine a level in the data structure hierarchy
that corresponds to the scope of the criteria of the request. The node used to
determine the estimate may be located at the level in the hierarchy of the data
structure that corresponds to the scope. In the example of FIG. 3, interior node 308
and interior node 306 seem to be at a level corresponding to the scope of the
criteria, with interior node 308 and interior node 306 holding keys ranging from 0O to
500; however, interior node 308 more precisely corresponds to the scope, since it
holds keys ranging from 201 to 500. Estimator 302 may arrive at interior node 308
by reading the separator keys in root node 304 and following the link to interior node
308.

[0017] Referring back to FIG. 2, the requested estimated may be calculated
based at least partially on the child nodes of the located node or on the content of
the located node, as shown in block 206. As such, if the level in the hierarchy is not

a leaf level, the located node may be an interior node whose child nodes fall within
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the scope of the criteria. This is the case in the example of FIG. 3. In the simplest
case, the located node may be the root node. However, if the level is the leaf level,
the located node may be a leaf node whose content falls within the scope of the
criteria. As noted above, leaf nodes are the lowest level nodes of the hierarchy that
contain the actual data records. Referring back to FIG. 3, estimator 302 may count
the number of keys within the 201 to 500 range that are associated with the child
nodes of interior node 308. The number of keys maintained by interior node 308
may be returned as the estimate of products associated with keys within the 201 to
500 range. In one example, the estimate may be returned as a cardinality estimate.
In another example, cardinality may be defined as a number of records or rows of
data that would be returned in response to a predicate. In a further example, the
estimate may be returned as a selectivity estimate. In yet a further example, a
selectivity estimate may be defined as a percentage of data that would be returned in
response to a predicate.

[0018] Referring back to FIG. 3, interior node 308 has one child node, which is a
leaf node containing records associated with a narrower range of keys, 201 to 240.
That is, in this example, there are no records of products associated with a key
higher than 240. Thus, the estimate returned above would actually be an estimate of
records associated with keys within the 201 to 240 range and not within the 201 to
500 range. Simply retrieving the number of keys located in interior node 308 may
mislead a user into thinking that there is a broader range of product numbers in the
database. Such misleading estimates may occur with conventional techniques.
However, in yet another aspect of the present disclosure, a new level in the
hierarchy of the data structure that corresponds to the scope with enhanced
precision may be determined. Referring now to FIG. 4, a user may send a request to
re-estimate the amount of products associated with product numbers within the
range of 201 to 500 with enhanced precision. In this instance, estimator 302 may
move to the next level in the hierarchy from interior node 308 to leaf node 314, as
shown in FIG.4. In leaf node 314, estimator 302 may use the content of the leaf
node to determine that the estimate does not include records associated with a
product number higher than 240. The ability to enhance the estimate in this manner

is one of the advantages of the techniques disclosed herein.
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[0019] While the examples herein make reference to a single index data
structure, it is understood that multiple indices may be used. The criteria of the
estimate request may involve data located in various data sets each with its own
index configuration. In this instance, a second node in a second data structure
whose child nodes or content fall within the scope of the criteria may also be located.
The estimate may be further calculated based at least partially on the child nodes or
content of this second node. It is further understood that multiple indices may
involve using a single index data structure multiple times (e.g., a self-join).
Moreover, the examples herein are not limited to inner joins, but may also be
applicable to semi-joins, outer joins, etc. Predicates across multiple indices may
include conjunctive joins, disjunctive joins, unions, etc.

[0020] Advantageously, the above-described apparatus and method may
provide more accurate estimates of database cardinality or selectivity by using the
index of a database as its source of information. In this regard, balanced and well
maintained index data structures may be used to provide estimates of cardinality or
selectivity that are more precise that conventional techniques. In turn, users or
consumers basing decisions on such estimates may be rest assured that the
estimates are precise and reliable.

[0021] Although the disclosure herein has been described with reference to
particular examples, it is to be understood that these examples are merely illustrative
of the principles of the disclosure. It is therefore to be understood that numerous
modifications may be made to the examples and that other arrangements may be
devised without departing from the spirit and scope of the disclosure as defined by
the appended claims. Furthermore, while particular processes are shown in a
specific order in the appended drawings, such processes are not limited to any
particular order unless such order is expressly set forth herein. Rather, processes
may be performed in a different order or concurrently.
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CLAIMS

1. A system comprising:

a database comprising an index, the index comprising a hierarchical
data structure of interlinked nodes;

an estimator which upon execution instructs at least one processor to:

read a request to estimate an amount of data that would fall within a

scope of a criteria in a predicate without executing the predicate;

locate a node in the data structure whose child nodes or content fall
within the scope of the criteria; and

calculate the estimate based at least partially on the located node.

2.  The system of claim 1, wherein the estimator upon execution instructs at
least one processor to determine a level in a hierarchy of the data structure

that corresponds to the scope of the criteria.

3. The system of claim 2, wherein the node of the data structure is located at
the level in the hierarchy of the data structure that corresponds to the scope of

the criteria.

4. The system of claim 2, wherein the estimator upon execution instructs at
least one processor to determine a new level in the hierarchy of the data

structure that corresponds to the scope with enhanced precision.

5. The system of claim 1, wherein the estimator upon execution locates a
second node in a second data structure whose child nodes or content fall
within the scope of the criteria and to further calculate the estimate based at

least partially on the child nodes or the content of the second node.
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9.

10.

11.

A non-transitory computer readable medium having instructions therein
which, if executed, cause at least one processor to:
read a request to estimate an amount of data in a B-tree data
structure that would fall within a scope of criteria in a predicate without
executing the predicate;
determine a level in the B-tree that corresponds to the scope;
locate a node in the B-tree data structure at the determined level
whose child nodes or content fall within the scope of the criteria; and
estimate the amount of data based at least partially on the located

node.

The non-transitory computer readable medium of claim 6, wherein the
instructions therein upon execution instruct at least one processor to
determine a new level in a hierarchy of the B-tree that corresponds to the

scope with enhanced precision.

The non-transitory computer readable medium of claim 6, wherein the
instructions therein upon execution instruct at least one processor to locate a
second node in a second data structure whose child nodes or content fall
within the scope of the criteria and to further calculate the estimate based at

least partially on the second node.

The non-transitory computer readable medium of claim 6, wherein the

estimate comprises a cardinality estimate.

The non-transitory computer readable medium of claim 6, wherein the

estimate comprises a predicate selectivity estimate.

A method comprising
reading, using at least one processor, a request to estimate an
amount of data in a data structure that falls within a scope of criteria in a

predicate without executing the predicate;
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determining, using at least one processor, a level in the data structure
that corresponds to the scope;

if the level is not a leaf level, locating, using at least one processor, an
interior node at the determined level whose child nodes fall within the scope of
the criteria;

if the level is the leaf level, locating, using at least one processor, a
leaf node at the leaf level whose content falls within the scope of the criteria;
and

estimating, using at least one processor, the amount of data based at

least partially on the interior node or the leaf node.

12. The method of claim 11, wherein the estimate comprises a cardinality
estimate.
13. The method of claim 11, wherein the estimate comprises a predicate

selectivity estimate.

14. The method of claim 11, locating, using at least one processor, a
second interior node in a second data structure whose child nodes fall within
the scope of the criteria and to further calculate the estimate based at least
partially on the second interior node.

15. The method of claim 11, locating, using at least one processor, a
second leaf node in a second data structure whose content falls within the
scope of the criteria and to further calculate the estimate based at least

partially on the second leaf node.
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