
US 20080162424A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2008/0162424 A1 

ADLER (43) Pub. Date: Jul. 3, 2008 

(54) DETERMINING AN OPTIMAL GRID INDEX Related US. Application Data 
SPECIFICATION FOR MULTIDIMENSIONAL 
DATA (63) Continuation of application No. 11/007,132, ?led on 

Dec. 7, 2004. 

(75) Inventor: David William ADLER, Mount Publication Classi?cation 
Tremper, NY (US) 

(51) Int. Cl. 
Correspondence Address: G06F 1 7/30 (200601) 
KONRAD RAYNES & VICTOR, LLP (52) US. Cl. ................................... .. 707/2; 707/E17.056 

ATTN: IBM54 
315 SOUTH BEVERLY DRIVE, SUITE 210 (57) ABSTRACT 
BEVERLY HILLS, CA 90212 A system and associated computer product improve the 

search of multidimensional databases. The present system 
(73) Assignee: INTERNATIONAL BUSINESS determines a near-optimal grid index that is used to locate a 

MACHINES CORPORATION, geometric shape in a spatial database. More particularly, the 
Armonk, NY (US) present system improves the technique of sampling data for 

de?ning the grid cell siZe in a grid for a given data set, 
(21) Appl. No.: 12/050,877 minimizing the number times the data set needs to be 

sampled, thereby reducing the time to compute the cost of 
(22) Filed; Mar. 18, 2008 alternative grid index parameters. 

5.02 
505 

COMPUTE 
GEOMETRY SIZE 
HISTOGRAM 

(FIG. 6) 

510 

COMPUTE SIZE OF 
QUERY REGION (Qr 

(FIG. 8) 

‘I 515 

COMPUTE 
FIRST LEVEL GRID 

SIZES 
(FIG. 10) 

520 

FOR EACH SIZE OF 
Qr COMPUTE 

NeQrMin 
(FIG. 11) 

525 

RETURN OPTIMAL 
GRID SIZES FOR 
EACH SIZE OF Or 



Patent Application Publication Jul. 3, 2008 Sheet 1 0f 16 US 2008/0162424 A1 

mmj %\ mwl owl 

\\ as 5% as $565555 \ SS 25 as 2.252;: 0 \\ .23 Sam - as \ E2522; \ SS 25 $2 @2252; 

ww?wm‘ 25 SS :55 .55 52282;: as / / / 

ow 

3 E26 3 l 2 

:55 58mm , mm 

WHEN“; was? 

.55 52205:; a 

/ / 

8%25 

2 62mm 2 $3 

/ 

ON A 

:2 



Patent Application Publication Jul. 3, 2008 Sheet 2 0f 16 US 2008/0162424 A1 

10 
/ 

Index-Solver Module 

212\ 222\ 234\ 
Estimated number of Query Region, 
index entries, "Ne" "Qr" Bucket 

230 
204\ \ 244\ 

_ . Geometry 

Grid Index Histogram Bucket 
' Intersections 

21s\ 216\ 
Geometric i BucketSize 242\ 
Shape ID N B k t 

um uc e s 

212\ 232\ 
NumEntries BucketCount 228 \ 

236 Dimensions in 
_\ grid, Ildll 
A MBR 

NumGrid Cells "g 
224 206 \ 

MON . Samples of 
Gr'd 9e” 3'29 Geometric Shape 

NumLevels G Information 

208 16U\ ’ 
\ ‘ Minimum 210 _\ 
Query Region performance 
Index Entries indicator Levels 

"NeQr" "NeQrMin" 

238\ 246\ 226\ 
Key Generator Level 

Function Threshold Extent 

FIG. 2 



Patent Application Publication Jul. 3, 2008 Sheet 3 0f 16 US 2008/0162424 A1 

FIG. 3A 





Patent Application Publication Jul. 3, 2008 Sheet 5 0f 16 US 2008/0162424 A1 

412 \ E5 218 \ 

GEOMETRIC GEOMETRIC 
SHAPE SHAPE ID 

341 iii??? ROW-A J” 

FIG. 4A 35°\_ ‘ZZ‘IIETF‘B'P ROW_B 410 \ 

415\ INDEX DATA STRUCTURE / 218 

GRID CELL ID GEOMETRIC SHAPE ID 

445 \_ GRID CELL (1,3) ROW_A _/ 420 

450 \_ GRID CELL (2,3) ROW_A _/ 420 

455 \_ GRID CELL (3,3) ROW_A _/ 420 

460 \_ GRID CELL (1,4) ROW_A _/ 420 

465 \_ GRID CELL (2,4) ROW_A _/ 420 

470 \_ GRID CELL (3,4) ROW_A _/ 420 

475 \_ GRID CELL (4,2) ROW_B _/ 425 

480 \_ GRID CELL (5,2) ROW_B __/ 425 

485 \_'_ GRID CELL (4,3) ROW_B _/ 425 

490 \_ GRID CELL (5,3) ROW_B _/ 425 

49s \gzq?ua CELL (4,4) Roy/122140 

498 \_ GRID CELL (5,4) ~ROW_B _/ 425 

FIG. 4B 



Patent Application Publication Jul. 3, 2008 Sheet 6 0f 16 

5.02 
505 

COMPUTE 
GEOMETRY SIZE 
HISTOGRAM 

(FIG. 6) 

510 

COMPUTE SIZE OF 
QUERY REGION (Qr 

(FIG. 8) 

515 

COMPUTE 
FIRST LEVEL GRID 

SIZES 
(FIG. 10) 

520 

FOR EACH SIZE OF 
’ Qr COMPUTE ' 

NeQrMin 
(FIG. 11) 

525 

RETURN OPTIMAL 
GRID SIZES FOR 
EACH SIZE OF Qr 

FIG. 5 

US 2008/0162424 A1 



Patent Application Publication Jul. 3, 2008 Sheet 7 0f 16 US 2008/0162424 A1 

605 

SCAN ALL 
GEOMETRIES TO 
DETERMINE 
EXTENTS 

COMPUTE 
HISTOGRAM 
BUCKET SIZES 

SCAN ALL 
GEOMETRIES TO 

GENERATE 
HISTOGRAM 

FIG. 6 



Patent Application Publication Jul. 3, 2008 Sheet 8 0f 16 US 2008/0162424 A1 

GEOMETRY 
HISTOGRAM 

23o 

/,___ 232 
BUCKET COUNT BUCKETCOUNT 

0.040 1 
0.045 3 
0.050 1 
0.055 3 
0.060 3 
0.070 4 
0.075 3 
0.080 4 
0.085 1 
0.090 2 
0.095 .1 
0.150 10 
0 200 9 
0 250 ‘15 

30 23 
35 83 
4 156 234 

‘ 53; BUCKET 
397 
341 
246 
201 
154 
120 

FIG. 7 



Patent Application Publication Jul. 3, 2008 Sheet 9 0f 16 US 2008/0162424 A1 

805 

COMPUTE QUERY 
REGION SIZE 
MULTIPLIERS 

COMPUTE 
“ROUNDED" 

MAXIMUM QUERY’ 
REGION SIZE 

COMPUTE ARRAY 
OF QUERY REGION 

SIZES 

FIG. 8 



Patent Application Publication Jul. 3, 2008 Sheet 10 0f 16 US 2008/0162424 A1 

QUERY REGION 
MULTIPLIERS 

905 

0.0001 
0.0002 
0.0005 
0.0010 
0.0020 
0.0050 
0.0100 
0.0200 
0.0500 
0.1000 
0.2000 
0.5000 

FIG. 9 

For (int i=0, double m=-1.0; 
m<2.0; 
m+=0.2, i++) { 

G[|] = pow(10.0, m) * AvgMBR; 



Patent Application Publication Jul. 3, 2008 Sheet 11 0f 16 US 2008/0162424 A1 

520 1 

Set NeQrMin = “very Large number” 1105 
Setk=1 

Compute matrix of 1-n level grid 111” 
sizes for first level grid size Glk] 

1115 
For each matrix row compute NeQr 

1125 YES Save 1-n level grid sizes 
Set NeQrMin : NeQr 

NeQr < 
NeQrMin ? 

1140 Return NeQrMin and associated 1-n level 
grid sizes 

FIG. 11 



Patent Application Publication Jul. 3, 2008 Sheet 12 0f 16 US 2008/0162424 A1 

111 

1 205 

SET FIRST ENTRY OF EACH HOW TO 
LEVEL 1 GRID SIZE 

1210 

SET MULTIPLIER START VALUE (2.0) 
SET MULTIPLIER INCREMENT (0.5) 
SET MULTIPLIER STOP VALUE (7.0) 

FOR EACH LEVEL 2 - N, 
ITERATE THROUGH MULTIPLIER VALUES 

MULTIPLY BY LEVEL-1 VALUE 
(FIG. 13A) 

SAVE MATRIX 0F GRID SIZES 
(FIG. 138) 

FIG. 12 



Patent Application Publication Jul. 3, 2008 Sheet 13 0f 16 US 2008/0162424 A1 

SAMPLE SAMPLE GRID 
MULTIPLIERS SIZES 

L595 1 10 

r01 m2 m3 ‘ gs1 gs2 gs3 

1.0 0.0 0.0 ' 1o 0 0 

1.0 2.0 0.0 1 0 20 o 

1.0 2.0 2.0 10 20 40 

1.0 2.5 0.0 ‘1 O 25 0 

1.0 2.5 2.0 10 25 50 

1 .o 2.5 2.5 1° 25 62-5 

1.0 7.0 0.0 10 7o 0 

1.0 7.0 7.0 10 70 490 

FIG. 13A FIG. 13B 



Patent Application Publication Jul. 3, 2008 Sheet 14 0f 16 US 2008/0162424 A1 

1405 
Set 1 = 1 

Set NeQr = 0 

. . . 1 500 

Compute estlmated mtersectlons 
for each grid size, Ne[] 

1410 

Set GridCellslnMap = (1 + MapWidth/G[i]) * (1 + MapHeight/G[i]) 
Set GridCellslnQueryRegion = (1 + QrWidth/G[i]) * (1 + QrHeight/G[i]) 
Set NeQr = NeQr + Ne[i] * GridCellslnQueryRegion I GridCellslnMap 
Set 1 = i + 1 

i = Numlevels? 

YES 
1420 

‘ Return NeQr ' I / 

FIG. 14 



Patent Application Publication Jul. 3, 2008 Sheet 15 0f 16 US 2008/0162424 A1 

Set i = 1 1505 

Set Ne[i] = 0 

LOOP THROUGH ALL HISTOGRAM 
- BUCKET SIZES 

(NUMBUCKETS) 

1525 

Compute 
: Bucketlntersections = 

(1 +Bucket$ize / G[i]) ""2 

Bucket 
Intersections 

> 

LevelThreshold‘? 
Numlevels? 

Ne[i] = Ne[i] , 
+ Bucketlntersections * BucketCount 

FIG. 15 



Patent Application Publication 

1615 

1620 

\ USER 
INTERFACE 

1645 

DATA 
TRANSMISSION 

DEVICE 

Jul. 3, 2008 Sheet 16 0f 16 

L692 

50 

DATA STORAGE 
DEVICE 

1 625 

PROCESSOR I 

US 2008/0162424 A1 

50 
DATA STORAGE 

USER INPUT 
DEVICE 

. DISPLAY 

DEVICE 1655 

r1640 r1655 
STORAGE MED|A STORAGE MEDIA 

INTERFACE ‘El/1635 

FIG. 16 



US 2008/0162424 A1 

DETERMINING AN OPTIMAL GRID INDEX 
SPECIFICATION FOR MULTIDIMENSIONAL 

DATA 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation application of and 
claims the bene?t of “System And Method For Determining 
An Optimal Grid Index Speci?cation For Multidimensional 
Data”, having application Ser. No. 11/007,132, ?led Dec. 7, 
2004, the disclosure of Which is incorporated herein by ref 
erence in its entirety. 
[0002] This application relates to co-pending US. patent 
application Ser. No. 10/144,058, entitled “Systems, Methods, 
and Computer Program Products to Improve Indexing of 
Multidimensional Databases,” ?led on May 10, 2002, and to 
co-pending US. patent application Ser. No. 10/141,919, 
entitled “Reducing Index SiZe for Multi-Level Grid Indexes,” 
?led on May 10, 2002, both of Which are assigned to the 
assignee as the present application, each of Which is incorpo 
rated herein by reference in its entirety. 
[0003] This application relates to co-pending US. patent 
application Ser. No. 12/021,193, Which is a continuation 
application of and claims the bene?t of “Method to Improve 
Indexing of Multidimensional Databases”, having US. 
patent application Ser. No. 10/ 144,058, ?led May 10, 2002, 
and each of Which is incorporated herein by reference in its 
entirety. 
[0004] This application relates to co-pending US. US. 
patent application Ser. No. 10/792,446, entitled “Index 
Exploitation For Spatial Data,” ?led on Mar. 2, 2004, by 
David Adler, Attomey’s Docket Number 
SVL920040011US1, assigned to the assignee of the present 
invention, Which is incorporated herein by reference in its 
entirety. 
[0005] This application relates to co-pending US. US. 
patent application Ser. No. 11/255,357, entitled “Reducing 
Index SiZe for Multi-Level Grid Indexes,” ?led on Oct. 20, 
2005, by David Adler et al., Attomey’s Docket Number 
SVL920020013US2, Which is a continuation application of 
US. patent application Ser. No. 10/141,919, ?led May 10, 
2002, assigned to the assignee of the present invention, and 
each of Which is incorporated herein by reference in its 
entirety. 
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SVL920020013US4, Which is a continuation application of 
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patent application Ser. No. 11/255,297, entitled “Systems, 
Methods, and Computer Program Products to Reduce Com 
puter Processing in Grid Cell SiZe Determination for Index 
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Reduce Computer Processing in Grid Cell SiZe Determina 
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application Ser. No. 10/144,389, ?led May 10, 2002, and each 
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FIELD OF THE INVENTION 

[0011] The present invention generally relates to the ?eld of 
indexing computer-based multidimensional data. More spe 
ci?cally, the present invention relates to reducing data collec 
tion used in the determination of the grid cell siZe When 
grid-indexing techniques are applied to multidimensional 
data on a computer system. 

BACKGROUND OF THE INVENTION 

[0012] Databases are computeriZed information storage 
and retrieval systems. A relational database management sys 
tem (RDBMS) is a database management system (DBMS) 
that uses relational techniques for storing and retrieving data. 
Relational databases are organiZed into tables that comprise 
roWs, all roWs having the same columns of data. Each column 
maintains information on a particular type of data for the data 
records that comprise the roWs. The roWs are formally called 
tuples or records.A database typically comprises many tables 
and each table typically comprises tuples and columns. The 
tables are typically stored on direct access storage devices 
(DASD), such as magnetic or optical disk drives for semi 
permanent storage. 
[0013] Tables are searched using, for example, a Structured 
Query Language (SQL), Which speci?es search operations or 
predicates to perform on columns of tables in the database. 
The search operations qualify roWs in the database tables that 
satisfy the search conditions. Relational database manage 
ment system (RDBMS) softWare using a Structured Query 
Language (SQL) interface is Well knoWn in the art. The SQL 
interface has evolved into a standard language for RDBMS 
softWare and has been adopted as such by both the American 
National Standards Institute (ANSI) and the International 
Standards Organization (ISO). 
[0014] Indexes are used With database implementations to 
provide good application query performance. Indexes are 
typically constructed using the data values in one or more 
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columns of an RDBMS table roW (e.g., using information 
such as product number, customer name, address, etc.). This 
information is represented by bit strings that de?ne numeric 
or character values. An RDBMS may implement a B-tree 
index that generates a binary tree based on the bit string 
values. When a query includes values of columns contained in 
an index, the B-tree index can be scanned quickly to ?nd the 
candidate roWs With these column values. 

[0015] Indexing techniques are used to quickly access data. 
Spatial data is typically information associated With geomet 
ric shapes such as lines, points, poly-lines, polygons, and 
surfaces. Consequently, spatial data is typically represented 
by one or more coordinates comprising pairs of numeric 
values (x, y) corresponding to, for example, locations on the 
earth. Spatial data is often very large and may have tWo, three, 
or more dimensions. Queries against spatial data typically are 
more complex than identifying a speci?c roW or a set of roWs 
With values betWeen a simple range. 

[0016] The indexing techniques for traditional alphanu 
meric data are typically based on a linear ordering of key 
values in a single dimension. B-tree indexing is one of the 
most common techniques used but this is only suited for 
single dimension data, not multi-dimensional data such as 
spatial data. Various indexing techniques have been devel 
oped speci?cally for multi-dimensional data. Grid indexing is 
one of these indexing techniques associated With searching 
spatial multidimensional data. 
[0017] Although this technology has proven to be useful, it 
Would be desirable to present additional improvements. The 
grid cell siZe used in grid indexing strongly affects the e?i 
ciency of accessing spatial data by techniques that employ 
grid indexing. A problem has been to re?ne the determination 
of particular grid cell siZes and thereby reduce the overhead 
associated With searching a spatial data set via grid indexing 
using conventional techniques. More particularly, a problem 
has been to reduce the computational processing to perform 
the sampling that occurs during statistics collection. Such 
data is used to determine the proper grid cell siZe. 

[0018] Those skilled in the art Will appreciate the technique 
of accessing spatial data by determining overlap of a geomet 
ric shape With a grid cell matrix. A grid index contains one 
index entry for each grid cell that overlap a geometric shape. 
The storage and processing increases With the number of grid 
cells that overlap a geometric shape. This aspect Would sug 
gest large grid cell siZes compared to geometric shape siZes in 
order to approach a one-to -one relationship of index entries to 
geometric shapes. Typical spatial queries are based on ?nding 
geometric shapes Which overlap a rectangular query region. 
The grid index technique Will scan all index entries in the grid 
cells Which overlap the query region. As the grid siZe 
increases, more index entries outside the query region Will 
need to be examined and discarded. An optimal grid siZe must 
determine the appropriate trade-offbetWeen these tWo oppos 
ing considerations. 
[0019] A geometric shape that is typically the subject of 
spatial data may be approximated by a rectangle. When a 
rectangle bounds the geometric shape With a minimum enclo 
sure, it is referred to as a “minimum-bounding rectangle.” A 
minimum-bounding rectangle is de?ned to approximate a 
geometric shape located in a space. Coordinates located on a 
grid reference the minimum-bounding rectangle and the 
approximated geometric shape that represent the location of 
the minimum-bounding rectangle. For example, the coordi 
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nates on a grid that correspond to the comers of the minimum 
bounding rectangle are stored and used to reference the mini 
mum-bounding rectangle. 
[0020] An index enables fast access of a certain subset of 
data contained in a larger set of data. The index comprises a 
data structure and the techniques used to build, maintain, and 
search the data structure for the purpose of accessing a subset 
of data. For example, an index may de?ne a data structure that 
is used to access a speci?c geometric shape included in a set 
of spatial data. The particular index of the present example 
may de?ne a data structure that contains references to the 
minimum-bounding rectangles associated With various geo 
metric shapes in a spatial data set. By accessing locator ref 
erences associated With the minimum-bounding rectangles, 
the process of accessing particular geometric shapes in a 
spatial data set is simpli?ed. 
[0021] Conventional techniques have typically required 
signi?cant resources to locate a geometric shape in a spatial 
database. The lack of an e?icient process for determining an 
index that facilitates streamlined location of minimum 
bounding rectangles and associated geometric shapes has 
contributed to inef?cient access of information in spatial 
databases With grid indexing. One problem has been to mini 
miZe the amount of data that is processed in order to deter 
mine an e?icient grid cell siZe. That is, there exists a need to 
reduce from the processing required to perform sampling 
during statistics collection. 
[0022] What is therefore needed is a system, a computer 
program product, and an associated method to improve the 
determination of the grid cell siZe When grid-indexing tech 
niques are applied to spatial data on a computer system for 
signi?cantly reducing the processing time. The need for such 
a solution has heretofore remained unsatis?ed. SUMMARY 
OF THE INVENTION 

[0023] The present invention satis?es this need, and pre 
sents a system, a computer program product, and an associ 
ated method (collectively referred to herein as “the system” or 
“the present system”) for determining an optimal grid index 
speci?cation for multidimensional data. Conventional tech 
niques require signi?cant resources to locate a geometric 
shape in a spatial database. The present system advanta 
geously improves the technique of indexing data in a multi 
dimensional database. Such data is used to locate a geometric 
shape in a spatial database by associating the geometric shape 
With one or more grid cells. More particularly, the present 
system minimiZes the processing to collect geometric shape 
statistics. These data are used to determine an ef?cient grid 
cell siZe in a manner such that the grid indexing technique of 
the present system ef?ciently locates a particular minimum 
bounding rectangle. The minimum-bounding rectangle is 
associated With one or more grid cells and facilitates the 
location of geometric shapes. 
[0024] The present system reduces the amount of computer 
processing required for sampling data during statistics col 
lection associated With determining e?icient grid cell siZes. In 
one embodiment, the present system uses geometric shape 
statistics to estimate the number of index entries associated 
With geometric shapes in the spatial database at a ?rst grid 
level. The present system estimates the number of index 
entries associated With tWo or more grid levels, thereby reduc 
ing the overall number of index entries used to determine an 
index performance indicator, “NeQr”. 
[0025] The index performance indicator, NeQr, is an esti 
mate of the grid index performance. The number of index 
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entries and the grid cell sizes are used to estimate the number 
of index entries associated With the ?rst grid level. While 
accessing the number of index entries, the present system 
obtains the number of index entries and the grid cell siZes 
associated With tWo or more grid levels. By reducing the 
number of index entries that identify associations betWeen 
grid cells and geometric shapes, computer processing used 
during indexing data in a multidimensional database is mini 
miZed. Therefore the present system provides a technique for 
improving searches that use indexing techniques and operate 
on databases that comprise complex data such as, for 
example, spatial data. 
[0026] The techniques of the present system are especially 
advantageous When applied to grid-indexing techniques asso 
ciated With geometric shapes that are represented by spatial 
data in spatial databases. HoWever, the present system is not 
restricted to techniques applied to spatial databases and can 
be used With techniques for searching other multidimensional 
databases. 
[0027] The present system improves conventional tech 
niques used to determine the grid cell siZe and facilitate 
el?cient indexing of a spatial database. More particularly, the 
present system generates a reduced number of index entries 
When de?ning the grid cell siZe in a grid for a given data set 
compared With conventional techniques. By reducing the 
number of index entries, the determination of a minimum 
value of the index performance indicator, NeQr, is improved 
over conventional techniques by minimizing the number of 
index entries evaluated during a search for a geometric shape. 
The minimum value of the index performance indicator, 
NeQr, further represents the minimum number of index 
entries generated for geometric shapes that overlap a query 
WindoW. Once the minimum number of index entries is deter 
mined, space can be partitioned by a grid into the appropriate 
number of grid cells to support el?cient grid indexing, Where 
space may be represented by data. 
[0028] The present system determines the index perfor 
mance indicator, NeQr, by generating and processing statis 
tics associated With the data, such as the spatial data. The 
present system constructs a histogram of average geometry 
siZes that can then be used subsequently to compute the index 
performance indicator, NeQr, of candidate grid index values. 
A minimum index performance indicator and associated grid 
index values can then be identi?ed. 

[0029] One embodiment for partitioning space into grid 
cells, for the purpose of accessing spatial multidimensional 
data, comprises ascribing different levels to the partitioned 
space. The plurality of levels may represent partitions of the 
space in varying levels of granularity. The present system 
operates on these varying levels of granularity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] The various features of system 10 and the manner of 
attaining them Will be described in greater detail With refer 
ence to the folloWing description, claims, and draWings, 
Wherein reference numerals are reused, Where appropriate, to 
indicate a correspondence betWeen the referenced items, and 
Wherein: 
[0031] FIG. 1 is a schematic illustration of an exemplary 
operating environment in Which an index-solver module sys 
tem 10 can be used; 

[0032] FIG. 2 is a block diagram of the high-level architec 
ture of the index-solver module of FIG. 1; 
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[0033] FIG. 3 comprises FIGS. 3A and 3B and represents a 
block diagram of a multidimensional data cube and a block 
diagram of a grid that is suitably con?gured for operation With 
the index-solver module of FIGS. 1 and 2; 
[0034] FIG. 4 comprises FIGS. 4A and 4B and represents a 
block diagram illustrating an SQL table and a block diagram 
of an index data structure that is suitably con?gured for opera 
tion With the index-solver module of FIGS. 1 and 2; 
[0035] FIG. 5 is a process diagram illustrating a method of 
operation of the index-solver module of FIGS. 1 and 2; 
[0036] FIG. 6 is a process diagram illustrating a method of 
operation of a compute geometry siZe histogram process of 
the method of the index-solver module of FIG. 5; 
[0037] FIG. 7 is an exemplary geometry histogram 230 
illustrating operation of the compute geometry siZe histogram 
process of FIG. 6; 
[0038] FIG. 8 is a process diagram illustrating a method of 
operation of a compute query region siZes process of the 
method of the index-solver module of FIG. 5; 
[0039] FIG. 9 is a table illustrating an exemplary set of 
query region multipliers used in the compute query region 
siZes process of FIG. 8; 
[0040] FIG. 10 is a process diagram illustrating a method of 
operation of a compute ?rst level grid siZes process of the 
method of the index-solver module of FIG. 5; 
[0041] FIG. 11 is a process diagram illustrating a method of 
operation of a compute minimum NeQrMin for each query 
WindoW siZe of the index-solver module of FIGS. 1 and 2; 
[0042] FIG. 12 is a process diagram illustrating a method of 
operation of a compute matrix of l-n level grid siZes process 
ofthe method of FIG. 11; 
[0043] FIG. 13 is comprised of FIGS. 13A and 13B and 
represents a table of sample multipliers and a table of sample 
grid siZes as used by the method of FIG. 12, Wherein FIG. 13A 
is a more detailed representation of block 1215 of FIG. 12, 
and FIG. 13B is a more detailed representation of block 1220 
of FIG. 12; 
[0044] FIG. 14 is a process diagram illustrating a method of 
operation of a compute NeQr of the method of FIG. 11; 
[0045] FIG. 15 is a process diagram illustrating a method of 
operation of a compute Ne[i] of the index-solver module of 
FIGS. 1 and 2; and 
[0046] FIG. 16 is a block diagram of a computer system 
suitably con?gured for employment of the index-solver mod 
ule of FIGS. 1 and 2. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0047] FIG. 1 illustrates an exemplary high-level architec 
ture of a computer system 100 comprising a system and 
method for determining an optimal grid index speci?cation 
for multidimensional data (the “system 10” or system 10 for 
index-solver module 10). System 10 includes a softWare pro 
gramming code or computer program product that is typically 
embedded Within, or installed on a computer. Alternatively, 
system 10 can be saved on a suitable storage medium such as 
a diskette, a CD, a hard drive, or like devices. 
[0048] As shoWn in FIG. 1 and in the computer system 100, 
system 10 may operate in a client-server computer system 
con?guration. Therefore, a client computer system (client 15) 
may communicate With a server computer system (server 20) 
during the operation of system 10. System 10 operates in 
either the client 15 or the server 20. For example, information 
may be communicated to either the server 20 or the client 15 












