
US 20040193629A1 

(12) Patent Application Publication (10) Pub. No.: US 2004/0193629 A1 
(19) United States 

Mozes (43) Pub. Date: Sep. 30, 2004 

(54) METHOD AND SYSTEM FOR SAMPLE SIZE 
DETERMINATION FOR DATABASE 
OPTIMIZERS 

(75) Inventor: Ari W. MoZes, San Carlos, CA (US) 

Correspondence Address: 
BINGHAM, MCCUTCHEN LLP 
THREE EMBARCADERO, SUITE 1800 
SAN FRANCISCO, CA 94111-4067 (US) 

(73) Assignee: ORACLE INTERNATIONAL COR 
PORATION, REDWOOD SHORES, 
CA 

(21) Appl. No.: 10/819,579 

(22) Filed: Apr. 6, 2004 

START 

200 /_\~ Select Sample Size 

202 /'\, Identify Samples 

204 

Adequate Sample Size? 

206 /’\__ Sample Size Adequate 

Related US. Application Data 

(62) Division of application No. 09/872,565, ?led on May 
31, 2001, noW Pat. No. 6,732,085. 

Publication Classi?cation 

(51) 1111.07 ..................................................... .. G06F 7/00 

(52) Us. 01. ............................................................ ..707/100 

(57) ABSTRACT 
A system and method for determining an adequate sample 
siZe for statistics collection is disclosed. A mechanism for 
automatically determining an adequate sample siZe for both 
statistics and histograms is provided. The sample siZe deter 
mination is accomplished via an iterative approach Where 
the process starts With a small sample, and for each attribute 
Which may need more data, the sample siZe is increased 
While restricting the information collected to only those 
attributes that require the larger sample. 
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METHOD AND SYSTEM FOR SAMPLE SIZE 
DETERMINATION FOR DATABASE OPTIMIZERS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of US. application 
Ser. No. 09/872,565, ?led on May 31, 2001, Which is hereby 
incorporated by reference in its entirety for all purposes as 
if fully set forth herein. 

COPYRIGHT NOTICE 

[0002] Aportion of the disclosure of this patent document 
contains material Which is subject to copyright protection. 
The copyright oWner has no objection to the facsimile 
reproduction by anyone of the patent document or patent 
disclosure, as it appears in the Patent and Trademark Of?ce 
patent ?le or records, but otherWise reserves all copyright 
rights Whatsoever. 

BACKGROUND AND SUMMARY 

[0003] The present invention relates to the ?eld of com 
puter systems. More particularly, the invention relates to a 
method and system for database optimiZation. 

[0004] A“query” is a statement or collection of statements 
that is used to access a database. SpecialiZed query lan 
guages, such as the structured query language (“SQL”) are 
often used to interrogate and access a database. Many types 
of queries include at least the folloWing. First, the identity of 
the database object(s) being accessed to execute the query 
(e.g., one or more named database tables). If the query 
accesses tWo or more database objects, What is the link 
betWeen the objects (e.g., a join condition or column). The 
typical query also de?nes selection criteria, Which is often 
referred to as a matching condition, ?lter, or predicate. 
Lastly, a query may de?ne Which ?elds in the database 
object are to be displayed or printed in the result. 

[0005] OptimiZation is the process of choosing an ef?cient 
Way to execute a query statement. Many different Ways are 
often available to execute a query, e.g., by varying the order 
or procedure in Which database objects and indexes are 
accessed to execute the query. The exact execution plan or 
access path that is employed to execute the query can greatly 
affect hoW quickly or ef?ciently the query statement 
executes. 

[0006] Cost-based optimiZation is an approach in Which 
the execution plan is selected by considering available 
access paths to determine the loWest cost approach to 
executing the query. In one approach, cost-based optimiZa 
tion consists of the folloWing steps: (1) generating a set of 
potential execution plans for the database statement to be 
executed; (2) estimating the cost for each execution plan; 
and (3) comparing the costs of the execution plans to 
identify the execution plan having the loWest cost. Concep 
tually, the term “cost” relates to the amount of a given 
resource or set of resources needed to process an execution 

plan. Examples of such resources include I/O, CPU time, 
and memory. Various measures may be used to identify the 
execution plan having the loWest cost. For example, the 
cost-based approach may be used to identify the execution 
plan providing either the best throughput or the best 
response time. 
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[0007] Many database optimiZers use statistics to calculate 
the “selectivity” of predicates and to estimate the cost of 
performing database operations. Statistics quantify charac 
teristics of database and schema objects, such as the data 
distribution and storage characteristics of tables, columns, 
indexes, and partitions. Selectivity refers to the proportion or 
fraction of a database object corresponding to a query 
predicate. An optimiZer uses the selectivity of a predicate to 
estimate the cost of a particular access method and to 
determine optimal join order. 

[0008] Statistics should be gathered on a regular basis to 
provide the optimiZer With needed information about 
schema objects. Signi?cant costs may be incurred to collect 
and maintain statistics for database objects. To reduce this 
collection cost and improve performance, many database 
systems use data sampling to reduce the amount of data that 
must be collected to provide statistics used by the optimiZer. 
With data sampling, only a portion of the roWs Within a 
database table is accessed to generate a set of statistics for 
the entire table or column. The results of the data sampling 
is thereafter scaled upWard to extrapolate the statistics 
values for the entire population. HoWever, different data 
distributions may require different sample siZes in order to 
obtain accurate statistics. If a too-small sample siZe is 
selected, then the statistics may be inaccurate, Which could 
lead to sub-optimal execution plans and poor query perfor 
mance. If a too-large sample siZe is selected, then resources 
are Wasted to collect more data than is needed to provide 
accurate statistics. Consequently, it is desirable to use only 
the minimal sample siZe needed for accurate statistics col 
lection. 

[0009] In addition to statistics, optimiZers often use data 
value histograms to select an optimal execution plan. Adata 
value histogram is a structure that provides estimates of the 
distribution of data values in a database object. A histogram 
partitions the data object values in a set of individual 
“buckets”, so that all values corresponding to a given range 
fall Within the same histogram bucket. The histogram pro 
vides information that is helpful in determining the selec 
tivity of a predicate that appears in a query. 

[0010] In a height-balanced histogram, each bucket of the 
histogram corresponds to an equal number of roWs in a table. 
The boundaries of the buckets shrink or groW so that all 
buckets maintain the same number of entries. The useful 
information provided by the histogram is the range of values 
that corresponds to each bucket, e.g., the endpoints for each 
bucket of the histogram. Consider a column C With values 
betWeen 1 and 100 in Which the column data is uniformly 
distributed. FIG. 1a shoWs a height-balanced histogram 
plotted for this column having ten buckets. The number of 
roWs in each bucket of the histogram is one-tenth the total 
number of roWs in the table. Since the data. values are 
evenly distributed, the endpoints of the buckets are also 
evenly spaced. 

[0011] NoW consider a second column having 100 roWs 
for Which column data values are not evenly spaced, in 
Which ninety roWs contain the value “1” and the other ten 
roWs contain a column value betWeen 2 and 100. FIG. 1b 
shoWs this column plotted in a height balanced histogram 
often buckets. Since ninety percent of the roWs have the 
value “1”, nine of the ten buckets in the histogram of FIG. 
1b also correspond to the value “1”. Thus, it can be seen that 
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nine of the ten buckets in the histogram of FIG. 1b have 
endpoints that end in the number “1”. The last bucket 106 
corresponds to the ten roWs in the column having data values 
betWeen “2” and “100”. In operation, such a histogram 
provides an optimiZer With instant knowledge of the selec 
tivity of particular values of a column. This selectivity 
information can be used, for example, to determine Whether 
either a full table scan or an index access provides the most 

ef?cient path to satisfying a query against the database table 
corresponding to the histogram. 

[0012] Other types of histograms also exist. For example, 
another histogram used by optimiZers is the Width-balanced 
histogram, in Which column data is divided into a number of 
?xed, equal-Width ranges and the histogram is organiZed to 
count the number of values falling Within each range. 

[0013] A histogram may not alWays provide an appre 
ciable bene?t. For example, a histogram may not be useful 
for a data set having uniform data distribution, since it can 
be assumed that all data Within that set are equally distrib 
uted and therefore the histogram Will not provide any 
additional useful information. If a histogram is desired, a 
signi?cant amount of resources may be needed to collect, 
maintain, and use histograms. Therefore, it makes sense to 
only create, store, and/or use a histogram When such a 
histogram provides bene?ts greater than the expense of the 
histogram. HoWever, conventional database systems typi 
cally rely upon the skill and knoWledge of individual data 
base administrators to manually decide Whether histograms 
should or should not be collected for columns in the data 
base. While guidelines may be provided to assist this deci 
sion-making, this manual process by administrators often 
leads to inconsistent and erroneous decisions resulting in the 
collection and storage of unneeded histograms, or the failure 
to collect histograms that could provide more ef?cient query 
processing. 

[0014] The present invention provides a method and sys 
tem for determining When to collect histograms. In an 
embodiment, the invention provides a mechanism for auto 
matically deciding When to collect histograms upon request 
from the user. This decision is based on the columns the user 
is interested in, the role these columns play in the queries as 
submitted to the system, and the underlying distribution for 
these columns, e.g., as seen in a random sample. The user 
speci?es Which columns are of interest, and the database is 
con?gured to collect column usage information that 
describes hoW each column is being used in the Workload. 
This column usage information could be stored in memory 
and periodically ?ushed to disk. Given a set of potential 
columns, the distribution of those columns is vieWed in 
combination With the usage information to determine Which 
columns should have histograms. 

[0015] The invention also provides a system and method 
for determining an adequate sample siZe for statistics col 
lection. In one embodiment, the invention provides a mecha 
nism for automatically determining an adequate sample siZe 
for both statistics and histograms. This is accomplished via 
an iterative approach Where the process starts With a small 
sample, and for each attribute Which may need more data, 
the sample siZe is increased While restricting the information 
collected to only those attributes that require the larger 
sample. 
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[0016] Further details of aspects, objects, and advantages 
of the invention are described beloW in the detailed descrip 
tion, draWings, and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The accompanying draWings are included to pro 
vide a further understanding of the invention and, together 
With the Detailed Description, serve to explain the principles 
of the invention. 

[0018] 
[0019] FIG. 2 shoWs a ?oWchart of a process for deter 
mining sample siZe for statistics collection according to an 
embodiment of the invention. 

[0020] FIG. 3 shoWs a ?oWchart of a process for histo 
gram determination according to an embodiment of the 
invention. 

[0021] FIG. 4 shoWs a ?oWchart of an alternate process 
for histogram determination according to an embodiment of 
the invention. 

[0022] FIGS. 5 and 6 are diagrams of system architec 
tures With Which the present invention may be implemented. 

FIGS. 1a and 1b shoW example histograms. 

DETAILED DESCRIPTION 

[0023] The invention is described With reference to spe 
ci?c embodiments. It Will, hoWever, be evident that various 
modi?cations and changes may be made thereto Without 
departing from the broader spirit and scope of the invention. 
The reader is to understand that the speci?c ordering and 
combination of process actions shoWn in the process How 
diagrams and system components in component diagrams 
described herein are merely illustrative, and the invention 
can be performed using different, additional, or different 
combinations/ordering of process actions and components. 
For example, the invention is particularly illustrated herein 
With reference to speci?c database objects such as tables, 
columns, and roWs, but it is noted that the inventive prin 
ciples are equally applicable to other types of database 
objects. The speci?cation and draWings are, accordingly, to 
be regarded in an illustrative rather than restrictive sense. 

[0024] FIG. 2 shoWs a ?oWchart of a process for-deter 
mining sample siZes for statistics collection, according to an 
embodiment of the invention. At step 200, an initial sample 
siZe is selected for statistics collection. In an embodiment, 
the selected sample siZe could be expressed as a percentage 
of the roWs in a table. Other measures could be used to 
express sample siZe, such as an exact number of roWs for the 
table. 

[0025] At step 202, roWs in the table are identi?ed based 
upon the initially selected sample siZe. In an embodiment, 
this is accomplished by attempting to select the number of 
roWs in the table corresponding to the percentage value used 
to express the initially selected sample siZe. For example, 
consider if the initially selected sample siZe is 20% and the 
number of roWs in the table is 1000. For this example, the 
expected number of roWs to be identi?ed in step 202 is 
(1000)*(0.20)=200 roWs. One Way to achieve this is to 
provide a function (e.g., a “samples( )” function) that 
chooses roWs from the table based upon the selected per 
centage value, in Which each roW is individually laced With 
a given percentage chance of being selected. If the sampling 
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percentage is 20%, then each roW in the column individually 
faces a 20% chance of being selected. In this manner, over 
the entire table, it is likely that approximately 20% of the 
roWs in the table Will be selected. The exact roWs to be 
selected Will be subject to a certain amount of randomiZa 
tion, and it is possible that the exact number of roWs actually 
selected Will be greater or smaller than 20%. The statistics 
gathered based upon this sampling can later be used to 
extrapolate statistics for the entire table. 

[0026] At step 204, a determination is made regarding 
Whether the number of sample roWs identi?ed in step 202 is 
adequate. In an embodiment, this step is performed by 
determining Whether statistics for the identi?ed roWs using 
the initial sample siZe can be adequately scaled upWard to 
extrapolate accurate statistics for the entire table. One 
approach to accomplishing this is to compare the selected 
number of roWs With a minimum value for the particular 
statistics for Which sampling is performed. For example, 
consider if the statistic being addressed by the sampling is 
the “Number of RoWs in Table.” A minimum value, such as 
“2500” can be established for this type of statistic. If the 
identi?ed number of roWs from step 202 is less than 2500 
roWs, then the sample siZe or sample percentage is increased 
(208), and steps 202 and 204 are repeated until the minimum 
sample siZe is achieved. If the number of roWs identi?ed in 
step 202 meets or exceeds the minimum value, then the 
sample siZe is adequate (206). 
[0027] It is noted that different statistics may require 
differing tests to determine Whether roWs sampled during 
step 202 can be adequately scaled upWard to provide sta 
tistics for the entire table. The folloWing are additional 
examples of statistics used for database optimiZers: 1) 
average column length; 2) number of distinct values in 
column; 3) minimum value in column; and 4) maximum 
value in column. For the average length, minimum, and 
maximum statistics, the number of roWs sampled during step 
202 can be compared to another minimum value, e.g., “919”, 
to determine Whether the sample siZe is adequate. 

[0028] FIG. 4 is a ?oWchart of a process for determining 
Whether a histogram should be collected or saved according 
to an embodiment of the invention. At step 402, column 
usage is tracked during Workloads executed against a table. 
In an embodiment, this is accomplished by marking indi 
vidual columns While executing queries against those col 
umns. A recordation is made regarding the type of predicate 
that is evaluated against a column. For example, this type of 
recordation tracks Whether, and hoW often, an equality, 
range or like predicate is evaluated against a column. At step 
404, a determination is made Whether data skeW exists for 
the column values. The predicate type for a particular 
column and the data skeW Within that column are analyZed 
to determine Whether a histogram should be collected for the 
column (406). 

[0029] In an embodiment, if equality and/or equijoin 
predicates are evaluated against a column and the column 
data exhibits non-uniform value repetition, then a histogram 
should be collected and/or saved for the column. If like or 
range predicates are evaluated against a column and the 
column data exhibits non-uniformity in range, then a histo 
gram should be collected and/or saved. The meaning of 
“non-uniform value repetition” and “non-uniformity in 
range” is de?ned beloW according to one embodiment of the 
invention. 
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[0030] Instead of, or in addition to, the process of FIG. 4, 
the process shoWn in FIG. 3 can be used to determine 
Whether a histogram should be collected or saved for a table 
column. If data sampling is being performed, then a deter 
mination is made at step 300 Whether the sample siZe is 
adequate. If not, then the sampling rate is adjusted upWard 
to collect an adequate sample siZe. In one embodiment, if the 
number of non-null column values in the sample is less than 
2500, then the sample rate is increased to provide more 
samples. 

[0031] At step 302, a determination is made regarding the 
expected number of buckets for the histogram. At step 304, 
data uniformity/range skeW is evaluated for the data sample 
values With respect to the expected histogram buckets. In an 
embodiment, this is accomplished by gathering frequency 
and histogram information for the column values. For 
example, a simple query can be executed to collect distinct 
values and their counts for a column. At step 306, a 
determination is made Whether the column values are uni 
form. In an embodiment, this determination checks Whether 
any values repeat more than other values in the column, or 
Whether there are any range skeWs in the data. If so, then the 
data is non-uniform. If the data is non-uniform, then a 
histogram is collected for the column (310). If the column 
data is uniform then the values in the column are considered 
to be equally distributed; therefore, either no histogram is 
collected or a previously collected histogram is not saved/ 
used (308). 

[0032] Illustrative Embodiment 

[0033] The present section describes pseudocode to imple 
ment an illustrative embodiment of the invention. Initially, 
the illustrative embodiment begins by building an array of 
columns needing statistics. Then, the illustrative process 
primes data structure bits that represent Which statistics need 
to be gathered for Which columns. The process may re 
invoke this procedure When auto-increasing the sample siZe 
to re-set the still necessary bits for statistics requiring an 
increased sample siZe. The process creates a list of query 
statements needed to gather all statistics—this “select” list 
may be reused across all partitions and subpartitions. These 
queries are executed to gather statistics for every table/ 
partition object requested. Finally, the illustrative procedure 
sets the gathered statistics in a data dictionary. The sample 
siZe used While gathering statistics is automatically adjusted 
during the procedure to ensure adequate sample siZe for the 
particular statistics being collected. The folloWing com 
prises high-level pseudocode for the illustrative embodi 
ment: 

[0034] if auto sample siZe 

[0035] do a quick roW count estimate of the object 

[0036] initialiZe all of the statistics bits for the 
columns 

[0037] 

[0038] 

[0039] 

[0040] 

[0041] 

While there are still unresolved statistics 

generate the from clause for the query 

execute the basic query 

Work on all of the desired histograms 

evaluate the basic statistics 
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[0042] if some statistics are not ready (need 
larger sample siZe) 
[0043] construct a new select list using the 

current statistics bits 

[0044] The following table de?nes variables used in the 
illustrative pseudocode. 

TABLE 1 

Term De?nition 
P Sampling fraction (between 0.0 and 1.0) 
N Number of rows in the table 
Avg Average column length statistic 
min/max Minimum/maximum column value statistic 
Nv Number of null column values statistic 
Ndv Number of distinct values statistic 
S Number of rows seen in the sample 
Snnv Number of non-null column values seen in the sample 
Sndv Number of distinct values seen in the sample 
mnb Maximum number of buckets allowed in the histogram 

[0045] The following is pseudocode for the top level 
routine for gathering statistics and for determining whether 
a histogram should be collected: 

[0046] estimate n—use block sample count(*) on 
user’s table 

[0047] initialiZe_gatherbits( ) 
[0048] while (some statistics still need to be (re)col 

lected) 
[0049] generate_from_clause( )—includes pos 

sible materialiZation of new table 

[0050] execute_basic( ) 
[0051] execute_hist( ) 
[0052] evaluate_basic( ) 

[0053] This top level pseudocode executes the main func 
tions that comprise the statistics gathering processes accord 
ing to one embodiment of the invention. 

[0054] The initialiZe_gather_bits() function is a procedure 
which takes in the array of columns for which statistics need 
to be collected and sets bits representing which statistics are 
needed. These bits are later individually cleared after gath 
ering statistics and evaluating their probable accuracy. The 
function is called initially so that the select list can be 
generated from it for all objects. It is later called again to 
reset the bits for each new object (e.g., table/partition/ 
subpartition). 
[0055] The process takes in the list of columns (including 
statistics bits) and creates a select list to be used to gather 
basic statistics (not including histograms). In an embodi 
ment, the process ensures that the select list does not contain 
more functions than the server can handle at once, e.g., only 
256 distinct aggregates. If it cannot ?t them all in one 
statement, the caller is informed of which columns are 
included. 

[0056] The generate_from_clause( ) function has the 
responsibility of generating the FROM clause for the basic 
query and all the histogram queries. In one embodiment, 
each histogram uses a separate query, and therefore employs 
a separate scan of the data. If many scans are required and 
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involve sampling the underlying table, it may be bene?cial 
to materialiZe the sample once and then pass over that 
multiple times. If that is the case, this procedure in one 
embodiment will generate a temporary table and populate it 
with a sample. 

[0057] The execute_basic( ) function handles the basic 
statistics query to parse, execute, and fetch information from 
the database objects. In an embodiment, the query is gen 
erated earlier in the process and the column array provides 
suf?cient information to infer the select list. 

[0058] The evaluate_basic( ) procedure looks at the 
fetched basic statistics and tries to scale them up. This 
procedure clears the bits for all statistics that are acceptably 
scaled, and suggests a larger sampling percentage if some 
statistics need to be recollected. 

[0059] The execute hist( ) procedure is the driver for 
collecting and evaluating the histogram statistics. This func 
tion looks over all columns that are marked as possibly 
needing histograms. It then collects a frequency histogram, 
a height histogram, or both, depending upon the expected 
number of distinct values and the requested number of 
buckets. 

[0060] The following comprises pseudocode for an 
embodiment of the initialiZe_gather_bits( ) function, in 
which the following statistics are collected: nv, ndv, min, 
max, and avg. 

for each column the user requested 
mark a bit to indicate need to collect the following statistics: 

nv, ndv, min, max, avg 
if there is a need to collect a histogram (see results of Fig. 4) 

mark a bit indicating this 

[0061] The following comprises pseudocode for an 
embodiment of the generate_from_clause() function, which 
establishes the initial sampling fraction p for the statistics 
gathering process: 

if ?rst time, set p to 5500 / n —— try for 5500 rows 

otherwise, p is passed in to this function 
if ((p <= 0) or (p >= 0.15)) set p to 1.0 —— don’t sample 
if p < 1.0 and there are multiple passes (due to histograms) 

materialize the sample in another table and use that table instead 

[0062] In the illustrative embodiment, the process 
attempts to collect 5500 rows. To accomplish this, it is useful 
to know in advance the number of rows in the table. Based 
upon the number of rows, the sampling fraction p is estab 
lished as shown in the pseudocode. If the number of rows is 
not known, then estimate this value. Certain thresholds can 
be established for the sampling fraction, beyond which the 
sampling fraction is set to 1. Under certain circumstances, it 
may make sense to create another table to hold the sampled 
data from the column. For example, if multiple passes are 
needed, e.g., because histograms are to be collected, then the 
samples are materialiZed into a table to prevent repeated 
accesses to the larger base table. 

[0063] The execute_basic( ) function builds up one or 
more queries to retrieve sampled data and calculates the 
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desired statistics (excluding histograms in an embodiment). 
The one or more queries are then executed to retrieve the 

results for evaluation, as set forth below. In an embodiment, 
the one or more queries samples roWs from the table based 
upon the sampling fraction p that Was previously estab 
lished. 

[0064] The evaluate_basic( ) function determines Whether 
the number of roWs sampled according to the sampling 
fraction p can be adequately scaled upWard for the entire 
table. 

[0065] The folloWing comprises pseudocode for an 
embodiment of the evaluate_basic( ) function: 

if(p < 1.0) 
if (s < 2500) —— too small a sample 

bump up p accordingly 
n s / p 
for each column 

clear all non-histogram bits that indicate Which 
statistics to collect 
if nv bit Was set 

nv = n — snnv / p 

if (avg, min, or max bit Was set) and (snnv < 919) 
bump up p accordingly 

if ndvbit Was set 

try to scale it up * 
if cannot scale upward 

bump up p accordingly 
set ndv again for next pass 

else —— this Was not an estimate 

set all requested statistics 

[0066] 
[0067] The pseudocode ?rst checks that at least 2500 roWs 

Were sampled based upon the current sampling fraction If not, then the sampling fraction is adjusted upWard and the 

table is re-sampled. If a sufficient number of roWs has been 
collected, then the number of roWs (n) is estimated based 
upon the folloWing: n=s/p, Where s represents the number of 
roWs that have been collected. 

set avg, min, and max bits again for next pass 

[0068] For the average length, minimum, and maximum 
column value statistics (avg, min, max), the pseudocode 
checks that at least 919 non-null column values (snnv) are 
detected in the sample. If so, then these values are consid 
ered adequate for the entire table. If not, then the sampling 
fraction p is increased for the next pass through the table. 

[0069] For the number of distinct values statistic (ndv), the 
pseudocode attempts to scale this statistic up for the entire 
table. If the statistic based upon the sampled roWs cannot be 
scaled upWard, then the sampling fraction is increased for 
the next pass through the table. 

[0070] The folloWing comprises pseudocode for scaling 
ndv and density (de?ned beloW) statistics according to an 
embodiment of the invention: 

sdiv := sndv / snnv 

if((snnv< 100) or 
((snnv >= 100) and (snnv < 500) and (sdiv > 03299)) or 

((snnv >= 500) and (snnv < 1000) and (sdiv> 04977)) or 
((snnv >= 1000) and (snnv <2000) and (sdiv> 0.58 17)) or 
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-continued 

((snnv >= 2000) and (snnv < 5000) and (sdiv > 06634)) or 
((snnv >= 5000) and (snnv < 10000) and (sdiv> 07584)) or 
((snnv >= 10000) and (snnv < 1000000) and (sdiv> 0.8 169)) or 
((snnv >= 1000000) and (sdiv > 0.9784))) 
cannot reliable use kkesdv to scale the value 

else 
can use kkesdv scaling reliably 

nnv := snnv / p 

if ((sndv = snnv) and ' 

((snnv > 29472) or 
((nnv < 10000) and (snnv > 708)) or 
((nnv < 40000) and (snnv >= 1813)) or 
((nnv < 160000) and (snnv >= 4596)) or 
((nnv < 640000) and (snnv >= 11664)))) then 
can use linear scaling reliably —— ndv := sndv * 1/p 

cannot reliably use linear scaling to scale the value 

[0071] The folloWing comprises pseudocode for an 
embodiment of the kkesdr scaling function: 

x1 :=sndv 
x2 :=nnv 

stayiloop := true 
While (stayiloop and (x1 < x2) 

x := floor( (x2+x1)/2) 
y2 : x * (1—poWer(1—(1/x), snnv ) ) 
if (sndv < y2) 

x2 :x-1 
elseif (sndv > y2) 

x1 : x+1 

else 
stayiloop := false 

ndv := x 

[0072] The execute_hist( ) function determines Whether a 
histogram should be collected. The folloWing comprises 
pseudocode for an embodiment of the execute_hist( ) func 
tion: 

for each column With the histogram bit set 
if ((p < 1.0) and (snnv <2500)) 

not enough data —— bump up p for next pass accordingly 
else 

if # buckets speci?ed via an integer or repeat 
set mnb to that value 

else 

set mnb to min(75,(max(200, snnv/26))) 
estimate the ndv based on prior information if available 
if (estimated ndv < (mnb * 0.75)) —— probably a frequency histogram 

executeifrequency( ) 
if still need to collect histogram 

executeiheight( ) 

[0073] As before, the pseudocode checks Whether 2500 
roWs have been collected during the sampling process. If 
not, then the sampling fraction is increased for the next 
pass through the table. The maximum number of buckets 
(mnb) is set as shoWn in the pseudocode. The number of 
distinct values (ndv) is estimated, possibly based upon a 
previous pass through the table and the prior execution of the 
evaluate_basic( ) function. 
[0074] If it is desired to collect a histogram and the 
estimated ndv value is beloW a given threshold (mnb*0.75), 
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then a frequency histogram is generated in an embodiment. 
A frequency histogram is often appropriate for a column 
having a small number of distinct values. In a frequency 
histogram, the endpoints of multiple buckets have the same 
endpoint value (because the same value entry is in multiple 
buckets). For this reason, buckets having the same endpoint 
values often do not need an explicitly expressed endpoint. 
This provides one or more “bucket gaps” in the histogram 
that alloWs comparatively cheap storage and compressed 
representation of such frequency histograms. If this type of 
data distribution is identi?ed, then the process preferably 
creates a frequency histogram using the execute_frequency( 
) function. If it is desired to collect a histogram and the ndv 
value is greater than an established threshold, then the 
procedure generates a height-balanced histogram using the 
execute_height( ) function in an embodiment of the inven 
tion. 

[0075] The folloWing comprises pseudocode for an 
embodiment of the execute_frequency( ) function: 

build up frequency query and execute it 
if (ndv <= mnb) —— have a good frequency histogram 

clear histogram collection bit 

[0076] The folloWing pseudocode can be used to build up 
a frequency query according to an embodiment of the 
invention: 

select c, count(*) 
from t sample (s) 
Where c is not null 

group by c 
order by c; 

[0077] This query collects column values from a table and 
performs a count of the values. 

[0078] The folloWing comprises pseudocode for an 
embodiment of the execute_height( ) function: 

build up a height-balanced query and execute it 
check for non-uniformity 
if non-uniformity exists 

try to scale the multiplicative inverse of the density 
if it can be successfully scaled —— histogram is ready 

clear histogram collection bit 
else 

clear histogram collection bit —— no histogram needed 

[0079] In this pseudocode, the column values are checked 
for non-uniformity. If the column values are uniform, then 
no histogram is collected. OtherWise, the pseudocode 
attempts to scale the multiplicative inverse of the density 
using the previously described process for scaling ndv. In 
prior evaluations, the number of repetitions Was considered 
uniform over the values; but once histograms are introduced, 
the popular values can be removed to remove in?uence upon 
non-popular values in the histogram. 

[0080] According to an embodiment, a popular value is a 
value that corresponds to more than one endpoint in a 
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height-balanced histogram. All values that are not popular 
are considered non-popular. Density is the expected number 
of repeated occurrences of a non-popular value. In one 
embodiment, density can be calculated as the sum of the 
square of the repetition counts for non-popular values 
divided by the product of the number of roWs in the table and 
the number of non-popular values in the table. 

[0081] The folloWing comprises pseudocode for building 
up a height-balanced query according to one embodiment of 
the invention: 

select maxbkt, min(value) minval, max(value) maxval, 
sum(rep) sumrep, sum(repsq) sumrepsq, max(rep) maxrep, 
count(*) bktndv 

from( 
select value, max(bkt) maxbkt, 

count(value) rep, count(value)*count(value) repsq 
from ( 

select c as value, ntile(mnb) over (order by c) bkt 
from t sample(s) 
Where c is not null 

) 
group by value; 

group by maxbkt 
order by maxbkt; 

[0082] Here, the inner select statement calls an ntile( ) 
function, Which creates a height-balanced histogram and 
places data sample values into appropriate buckets in the 
histogram. In an embodiment, such a function creates an 
uncompressed histogram and returns a number representing 
the bucket that a value falls into. The repetition counts (and 
square of repetition counts) are selected in the middle 
statement. The outer loop performs a count and checks the 
values and buckets for the result set. The max and min 
values for the buckets are revieWed to obtain the histogram 
endpoints. 

[0083] Density, Which is related to the selectivity of non 
popular values in the data sample, is calculated in this 
procedure using the function results from the outer loop. 
This is computed in an embodiment by looking at the 
number of repetitions of a non-popular value. 

[0084] The result of this query is that one roW is obtained 
per bucket, With missing buckets coming from the more 
popular values. Each roW Will have the minimum and 
maximum value for that bucket, along With the number of 
roWs in that bucket, the sum of the repetition counts and 
square of the repetition counts for roWs in that bucket, and 
the number of repetitions for the most popular value in that 
bucket. All missing buckets have been folded into the 
nearest bucket that is larger. 

[0085] For example, consider if the process ends up With 
the folloWing: 

maxbkt minval maxval sumrep sumrepsq maxrep 

1 1 2 2 2 1 
4 3 4 9 65 8 
5 5 5 3 9 3 
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-continued 

maxbkt minval maxval sumrep sumrepsq maxrep 

6 6 8 4 6 2 
8 9 1O 6 2O 4 

[0086] This Would mean that the number 3 is popular 
because it is the largest value in the missing buckets 2 and 
3. Notice that the number 9 is not a popular value because 
it is only the largest value of a single bucket, bucket 7, and 
thus Would only appear once as a histogram endpoint. To 
calculate density, the in?uence of the popular value, 3, 
Would be removed. Since the value 3 appears 8 times, the 
number 8 is subtracted from the sumrep sum and 64 (square 
of 8) from the sumrepsq sum. This enables the computation 
at a density Which is based upon the number of roWs in the 
table, the number of non-popular values in the column, and 
the sum of the square of the repetition counts of non-popular 
values. 

[0087] The folloWing pseudocode provides an illustrative 
embodiment of the invention for histogram determination 
that Was generally described With respect to FIG. 4. 

for each column, c, for Which a histogram is considered 
if the user has speci?ed size 

create and save a histogram With number of buckets = 

requested size 
else if the user has speci?ed size repeat 

if c already has a histogram With b buckets 
create and save a histogram With b buckets 

else if the user has speci?ed size skeWonly 
create a histogram 

if the created histogram exhibits equality or range skeW 
save it in the dictionary 

else if the user has speci?ed size auto 
check the dictionary for column usage information 
if c has been in a predicate involving an equality, 
range, or like 

create a histogram 
if c appeared in an equality (including equijoin) 
predicate 

if the histogram exhibits non-uniformity in 
value repetition 

save it in the dictionary 
if c appeared in a like or range predicate (not 
involving join) 

if the histogram exhibits non-uniformity in 
range 

save it in the dictionary 
any prior histogram on c Will be removed 

[0088] The ?rst portion of the pseudocode relates to 
speci?c instructions from a user to create a histogram, Which 
results in the creation of the desired histogram. The speci?c 
histogram is created Without a determination as to Whether 
it is actually needed. Alternatively, the invention can be 
adapted to automatically check Whether a histogram spe 
ci?cally called for by a user should actually be collected 
and/or saved. 

[0089] The second portion of the pseudocode relates to 
automated determination of histogram collection. In this 
illustrative embodiment, the folloWing items of information 
are utilized for histogram determination: 1) the subset of 
columns for Which the user Wants to gather statistics; 2) the 
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columns Which already have histograms created for them; 3) 
column usage information; and 4) the distribution of data, 
e.g., as seen in a data sample. Because data distribution 
information is involved, this process may be advantageously 
used in conjunction With the process of FIG. 2 for auto 
mated sample size determination. 

[0090] In the illustrative embodiment, column usage infor 
mation is considered in conjunction With data distribution 
information for that column to determine Whether a histo 
gram should be collected and stored. Column usage infor 
mation includes, for example, the type of predicates that is 
executed against the column. The data skeW of the column 
is evaluated against the type of predicate for that column to 
determine Whether a histogram is needed. 

[0091] When parsing a statement for the ?rst time in an 
embodiment, the cost-based optimizer looks at the statistics 
on all of the objects (tables, columns, etc.) involved in the 
statement. For each column in the Where clause, it Will 
estimate the selectivity of the predicate involving that col 
umn. At this point, the system Will make an entry in the data 
structure for the column indicating What type of predicate it 
Was involved in. 

[0092] It an embodiment, column usage information is 
collected every time a user hard-parses a statement, in Which 
a bit is marked in memory for the column usage information. 
Whenever information is ?ushed to disk, these bits indicate 
Whether to increment the appropriate dictionary columns. 
For example, if a query containing a column With a range 
predicate Was hard parsed since the last ?ush, the system 
Will increment the range _predicate counter for that column 
When the next ?ush procedure takes place, as Well as 
updating the timestamp. One reason for using counters on 
disk is to provide a better feel for the importance of the 
predicate. Counters can also be used in memory, but may 
result in expensive overhead. 

[0093] In the illustrative pseudocode, a histogram is cre 
ated if the column is involved in equality, range, or like 
predicates. In an embodiment, the histogram is created based 
on a sampled portion of the column, and is preferably 
created using a small sample of the entire population that is 
suf?cient to both determine the need for histograms and 
produce histograms Which are representative of the entire 
population. The number of bucketsin the histogram could be 
based on the sample size. The range max and min is selected 
based upon the data samples. Values in the data samples are 
placed into the selected buckets. The process then counts the 
number of equi-height endpoints that fall Within the equi 
Width buckets. The buckets are revieWed to determine if any 
buckets are overly large or small. If so, then it is likely that 
the column does not have uniform data distribution, thereby 
indicating range skeW. In addition, the act of creating a 
histogram also provides an estimate for the number of 
distinct values, providing an extra bene?t even if the histo 
gram is later discarded. 

[0094] If an equality or equijoin predicate is involved, 
then the histogram is saved only if the histogram exhibits 
non-uniformity in value repetition. For purposes of this 
example, a column Will be considered to have non-uniform 
value repetition if any value is popular, e.g., repeats as an 
endpoint in the histogram. 

[0095] If a like or range predicate is involved, then the 
histogram is saved only if the histogram exhibits non 
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uniformity in range. In one embodiment, a column is con 
sidered to have non-uniformity in range if it passes the 
following test: 

[0096] given that the created histogram had b equi 
height buckets 

[0097] divide the range (max-min) into b equi-Width 
buckets 

[0098] sum =0 

[0099] for each equiWidth bucket 

[0100] count the number of equi-height endpoints 
that fall in the bucket sum+=(count*count) 

[0101] if (sum/b)>1.7 this column is considered to be 
non-uniform in range 

[0102] For a uniform column, the equi-height endpoints 
Would coincide With the equi-Width endpoints, and the sum 
Would simply be b. 

SYSTEM ARCHITECTURE OVERVIEW 

[0103] Referring to FIG. 5, in an embodiment, a computer 
system 520 includes a host computer 522 connected to a 
plurality of individual user stations 524. In an embodiment, 
the user stations 524 each comprise suitable data terminals, 
for example, but not limited to, e.g., personal computers, 
portable laptop computers, or personal data assistants 
(“PDAs”), Which can store and independently run one or 
more applications, i.e., programs. For purposes of illustra 
tion, some of the user stations 524 are connected to the host 
computer 522 via a local area netWork (“LAN”) 526. Other 
user stations 524 are remotely connected to the host com 
puter 522 via a public telephone sWitched netWork 
(“PSTN”) 528 and/or a Wireless netWork 530. 

[0104] In an embodiment, the host computer 522 operates 
in conjunction With a data storage system 531, Wherein the 
data storage system 531 contains a database 532 that is 
readily accessible by the host computer 522. Note that a 
multiple tier architecture can be employed to connect user 
stations 524 to a database 532, utiliZing for example, a 
middle application tier (not shoWn). In alternative embodi 
ments, the database 532 may be resident on the host com 
puter, stored, e.g., in the host computer’s ROM, PROM, 
EPROM, or any other memory chip, and/or its hard disk. In 
yet alternative embodiments, the database 532 may be read 
by the host computer 522 from one or more ?oppy disks, 
?exible disks, magnetic tapes, any other magnetic medium, 
CD-ROMs, any other optical medium, punchcards, paper 
tape, or any other physical medium With patterns of holes, or 
any other medium from Which a computer can read. In an 
alternative embodiment, the host computer 522 can access 
tWo or more databases 532, stored in a variety of mediums, 
as previously discussed. 

[0105] Referring to FIG. 6, in an embodiment, each user 
station 524 and the host computer 522, each referred to 
generally as a processing unit, embodies a general architec 
ture 605. A processing unit includes a bus 606 or other 
communication mechanism for communicating instructions, 
messages and data, collectively, information, and one or 
more processors 607 coupled With the bus 606 for process 
ing information. A processing unit also includes a main 
memory 608, such as a random access memory or 
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other dynamic storage device, coupled to the bus 606 for 
storing dynamic data and instructions to be executed by the 
processor(s) 607. The main memory 608 also may be used 
for storing temporary data, i.e., variables, or other interme 
diate information during execution of instructions by the 
processor(s) 607. A processing unit may further include a 
read only memory (ROM) 609 or other static storage device 
coupled to the bus 606 for storing static data and instructions 
for the processor(s) 607. A storage device 610, such as a 
magnetic disk or optical disk, may also be provided and 
coupled to the bus 606 for storing data and instructions for 
the processor(s) 607. 

[0106] Aprocessing unit may be coupled via the bus 606 
to a display device 611, such as, but not limited to, a cathode 
ray tube (CRT), for displaying information to a user. An 
input device 612, including alphanumeric and other col 
umns, is coupled to the bus 606 for communicating infor 
mation and command selections to the processor(s) 607. 
Another type of user input device may include a cursor 
control 613, such as, but not limited to, a mouse, a trackball, 
a ?ngerpad, or cursor direction columns, for communicating 
direction information and command selections to the pro 
cessor(s) 607 and for controlling cursor movement on the 
display 611. 

[0107] According to one embodiment of the invention, the 
individual processing units perform speci?c operations by 
their respective processor(s) 607 executing one or more 
sequences of one or more instructions contained in the main 
memory 608. Such instructions may be read into the main 
memory 608 from another computer-usable medium, such 
as the ROM 609 or the storage device 610. Execution of the 
sequences of instructions contained in the main memory 608 
causes the processor(s) 607 to perform the processes 
described herein. In alternative embodiments, hard-Wired 
circuitry may be used in place of or in combination With 
softWare instructions to implement the invention. Thus, 
embodiments of the invention are not limited to any speci?c 
combination of hardWare circuitry and/or softWare. 

[0108] The term “computer-usable medium,” as used 
herein, refers to any medium that provides information or is 
usable by the processor(s) 607. Such a medium may take 
many forms, including, but not limited to, non-volatile, 
volatile and transmission media. Non-volatile media, i.e., 
media that can retain information in the absence of poWer, 
includes the ROM 609. Volatile media, i.e., media that can 
not retain information in the absence of poWer, includes the 
main memory 608. Transmission media includes coaxial 
cables, copper Wire and ?ber optics, including the Wires that 
comprise the bus 606. Transmission media can also take the 
form of carrier Waves; i.e., electromagnetic Waves that can 
be modulated, as in frequency, amplitude or phase, to 
transmit information signals. Additionally, transmission 
media can take the form of acoustic or light Waves, such as 
those generated during radio Wave and infrared data com 
munications. 

[0109] Common forms of computer-usable media include, 
for example: a ?oppy disk, ?exible disk, hard disk, magnetic 
tape, any other magnetic medium, CD-ROM, any other 
optical medium, punchcards, papertape, any other physical 
medium With patterns of holes, RAM, ROM, PROM (i.e., 
programmable read only memory), EPROM (i.e., erasable 
programmable read only memory), including FLASH 
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EPROM, any other memory chip or cartridge, carrier Waves, 
or any other medium from Which a processor 607 can 
retrieve information. Various forms of computer-usable 
media may be involved in providing one or more sequences 
of one or more instructions to the processor(s) 607 for 
execution. The instructions received by the main memory 
608 may optionally be stored on the storage device 610, 
either before or after their execution by the processor(s) 607. 

[0110] Each processing unit may also include a commu 
nication interface 614 coupled to the bus 606. The commu 
nication interface 614 provides tWo-Way communication 
betWeen the respective user stations 624 and the host com 
puter 622. The communication interface 614 of a respective 
processing unit transmits and receives electrical, electro 
magnetic or optical signals that include data streams repre 
senting various types of information, including instructions, 
messages and data. A communication link 615 links a 
respective user station 624 and a host computer 622. The 
communication link 615 may be a LAN 526, in Which case 
the communication interface 614 may be a LAN card. 
Alternatively, the communication link 615 may be a PSTN 
528, in Which case the communication interface 614 may be 
an integrated services digital netWork (ISDN) card or a 
modem. Also, as a further alternative, the communication 
link 615 may be a Wireless netWork 530. Aprocessing unit 
may transmit and receive messages, data, and instructions, 
including program, i.e., application, code, through its 
respective communication link 615 and communication 
interface 614. Received program code may be executed by 
the respective processor(s) 607 as it is received, and/or 
stored in the storage device 610, or other associated non 
volatile media, for later execution. In this manner, a pro 
cessing unit may receive messages. data and/or program 
code in the form of a carrier Wave. 

1. A method for collecting information used by an opti 
miZer in a database system, comprising: 

receiving a request to collect a statistic for a database 
object; 

automatically selecting a sample siZe for accessing the 
database object; 

collecting a sampled statistic using the sample siZe for 
accessing the database object; and 

scaling the sampled statistic for the data object as appro 
priate for the sample siZe and type of statistic being 
collected. 

2. The method of claim 1 in Which the step of automati 
cally selecting the sample siZe comprises an iterative pro 
cedure for increasing the amount of the data object until the 
sampled statistic is deemed acceptable. 

3. The method of claim 2 in Which the sampled statistic is 
deemed acceptable if the sampled statistic can be scaled for 
the entire data object. 

4. The method of claim 1 in Which the statistic comprises 
the number of roWs in a database table. 

5. The method of claim 4 further comprising determining 
if the sample siZe includes 2500 or more roWs of data. 

6. The method of claim 1 in Which the statistic is elected 
from the group consisting of: average column length, maxi 
mum value, minimum value. 

7. The method of claim 6 further comprising determining 
if the sample siZe includes at least 919 or more roWs of data. 
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8. The method of claim 1 in Which the sample siZe is 
expressed as a sampling fraction. 

9. The method of claim 8 in Which the sampling fraction 
is independently evaluated against each individual unit in 
the data object. 

10. The method of claim 1 in Which the statistic comprises 
a histogram. 

11. The method of claim 1 in Which the sample siZe is 
selected to attempt retrieval of at least 5500 units of the data 
object. 

12. A computer program product that includes a com 
puter-usable medium comprising a sequence of instructions 
Which, When executed by a processor, causes said processor 
to execute a process for collecting information used by an 
optimiZer in a database system, said process comprising: 

receiving a request to collect a statistic for a database 
object; 

automatically selecting a sample siZe for accessing the 
database object; 

collecting a sampled statistic using the sample siZe for 
accessing the database object; and 

scaling the sampled statistic for the data object as appro 
priate for the sample siZe and type of statistic being 
collected. 

13. The computer program product of claim 12 in Which 
the step of automatically selecting the sample siZe comprises 
an iterative procedure for increasing the amount of the data 
object until the sampled statistic is deemed acceptable. 

14. The computer program product of claim 13 in Which 
the sampled statistic is deemed acceptable if the sampled 
statistic can be scaled for the entire data object. 

15. The computer program product of claim 12 in Which 
the statistic comprises the number of roWs in a database 
table. 

16. The method of claim 15 further comprising determin 
ing if the sample siZe includes 2500 or more roWs of data. 

17. The computer program product of claim 12 in Which 
the statistic is elected from the group consisting of: average 
column length, maximum value, minimum value. 

18. The computer program product of claim 17 further 
comprising determining if the sample siZe includes at least 
919 or more roWs of data. 

19. The computer program product of claim 12 in Which 
the sample siZe is expressed as a sampling fraction. 

20. The computer program product of claim 19 in Which 
the sampling fraction is independently evaluated against 
each individual unit in the data object. 

21. The computer program product of claim 12 in Which 
the statistic comprises a histogram. 

22. The computer program product of claim 12 in Which 
the sample siZe is selected to attempt retrieval of at least 
5500 units of the data object. 

23. A system for collecting information used by an 
optimiZer in a database system, comprising: 

means for receiving a request to collect a statistic for a 
database object; 

means for automatically selecting a sample siZe for 
accessing the database object; 

means for collecting a sampled statistic using the sample 
siZe for accessing the database object; and 
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means for scaling the sampled statistic for the data object 
as appropriate for the sample siZe and type of statistic 
being collected. 

24. The system of claim 23 in Which the means for 
automatically selecting the sample siZe comprises means for 
an iterative procedure for increasing the amount of the data 
object until the sampled statistic is deemed acceptable. 

25. The system of claim 24 in Which the sampled statistic 
is deemed acceptable if the sampled statistic can be scaled 
for the entire data object. 

26. The system of claim 23 in Which the statistic com 
prises the number of roWs in a database table. 

27. The method of claim 26 further comprising determin 
ing if the sample siZe includes 2500 or more roWs of data. 

28. The system of claim 23 in Which the statistic is elected 
from the group consisting of: average column length, maXi 
mum value, minimum value. 
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29. The system of claim 28, further comprising determin 
ing the sample siZe is at least 919 roWs or more of data. 

30. The system of claim 23 in Which the sample siZe is 
expressed as a sampling fraction. 

31. The system of claim 30 in Which the sampling fraction 
is independently evaluated against each individual unit in 
the data object. 

32. The system of claim 23 in Which the statistic com 
prises a histogram. 

33. The system of claim 23 in Which the sample siZe is 
selected to attempt retrieval of at least 5500 units of the data 
object. 


