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METHOD, SYSTEM, PROGRAM, AND DATA
STRUCTURE FOR TRANSFORMING
DATABASE TABLES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is related to the following co-pending
and commonly-assigned patent applications, all of which are
filed on the same date herewith, and which are incorporated
herein by reference in their entirety:

“Method, System, Program, And Data Structure for Piv-
oting Columns in a Database Table,” to Mark A.
Cesare, Julie A. Jerves, and Richard H. Mandel III, and
having U.S. application Ser. No. 09/400,507;

“Method, System, Program, and Data Structure for Clean-
ing a Database Table,” to Mark A. Cesare, Tom R.
Christopher, Julie A. Jerves, Richard H. Mandel II1, and
having U.S. application Ser. No. 09/399,694;

“Method, System, and Program for Inverting Columns in
a Database Table,” to Mark A. Cesare, Julie A. Jerves,
and Richard H. Mandel III, and having U.S. application
Ser. No. 09/400,690; and

“Method, System, Program, And Data Structure For
Cleaning a Database Table Using a Look-up Table,”
Mark A. Cesare, Julie A. Jerves, and Richard H. Man-
del III, and U.S. application Ser. No. 09/401,006.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method, system,
program, and data structure for transforming a database
table.

2. Description of the Related Art

Data records in a computer database are maintained in
tables, which are a collection of rows all having the same
columns. Each column maintains information on a particular
type of data for the data records which comprise the rows.
Adata warehouse is a large scale database including millions
or billions of records defining business or other types of
transactions or activities. Data warehouses contain a wide
variety of data that present a coherent picture of business or
organizational conditions over time. Various data analysis
and mining tools are provided with the data warehouse to
allow users to effectively analyze, manage and access large-
scale databases to support management decision making.
Data mining is the process of extracting valid and previously
unknown information from large databases and using it to
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entitled “White Paper: Data Mining Solutions” (IBM
Copyright, 1996)

Data transformation refers to the process of filtering,
merging, decoding, and translating source data to create
validated data for the data warehouse and data mining tools.
For example, a numeric regional code might be replaced
with the name of the region. Data transformations are used
when data is inconsistent or incompatible between sources.
Some of the current techniques for transforming data include
the use of an SQL WHERE clause to limit the rows extracted
from the source table. Further, formulas and expressions
specified in the column definition window and constants and
tokens are used to eliminate and modify data. Previous
versions of IBM Visual Warehouse included programs to
allow users to perform numerous functions on the source
data. For instance, if one database table has revenue data in
U.S. dollars and another data table stores revenue data in
foreign currency denominations, then the foreign revenue
data must be cleansed before both sets of data can be
analyzed together. Transformation operations may be per-
formed using client application programs external to the
database program that process and transform tables of data
records. Further details of data warehousing and data
transforms, are described in the IBM publications “Manag-
ing Visual Warehouse, Version 3.1,” IBM document no.
G(C26-8822-01 (IBM Copyright, January, 1998), which is
incorporated herein by reference in its entirety.

Current implementations of transform operations require
writing a specific application to implement a transform
operation. Thus, different transform application programs
must be written for each table to transform and for different
transform rules applied to the same table. Further, in current
implementations, the data in the database table is transferred
from the database server to the client to perform the trans-
formation operation on the data at the client. After the data
is transformed at the client, the data must then be transferred
to the database server to update the transformed table in the
database. This process of transferring the data from the
database between the client and server consumes substantial
network bandwidth and server and client processing cycles.
Moreover, with very large tables, comprising numerous
columns and possibly millions or billions of records, the
table is sometimes processed in parts, i.e., on a column-by-
column basis. Thus, with current transform techniques, data
is read and written between the client and database server
over the network numerous times to accomplish the trans-
formation of the data.

Thus, there is a need in the art to provide an improved
technique for transforming data in a database server.

make crucial business decisions. In many real-world sp

domains such as marketing analysis, financial analysis, fraud SUMMARY OF THE PREFERRED

detection, etc, information extraction requires the coopera- EMBODIMENTS

tive use of several data mining operations and techniques. To overcome the limitations in the prior art described
Once the desired database tables have been selected and above, preferred embodiments disclose a method, system,

the data to be mined has been identified, transformations on 55 program, and data structure for transforming data in an input

the data may be necessary. Transformations vary from
conversions of one type of data to another, e.g., converting
nominal values into numeric ones so that they can be
processed by a neural network, to definition of new
attributes, i.e., derived attributes. New attributes are defined
either by applying mathematical or logical operators on the
values of one or more database attributes. The transformed
data is stored in a target database where it may then be mined
using one or more techniques to extract the desired type of
information necessary to make the organizational decisions.
Further details of data mining are described in the Interna-
tional Business Machines Corporation (IBM) publication

60

65

table in a database in a server in communication with a
client. A transform command is received from the client
indicating an input data table name in the database and at
least one rule indicating at least one cell in the input table to
transform and a transform operation to perform with respect
to the at least one cell. The transform command is executed
in the server including the database by accessing a copy of
the input table from the database and transforming data in
the accessed input table according to each rule specified in
the transform command.

In further embodiments, the client is a client computer
that communicates with the server over a network such that
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the transform command is transmitted from the client com-
puter to the server over the network. Alternatively, the client
can comprise an application program executing in the server.

In still further embodiments, the transform command

4

client 6 may communicate via any communication means
known in the art, such as a telephone line, dedicated cable
or network line, etc, using any protocol known in the art
including TCP/IP network (e.g., an Intranet, the Internet),

rules specify multiple transform operations to perform on at 5 LAN, Ethernet, WAN, System Area Network (SAN){ Token
least one cell in the accessed input table such that an Ring, etc. Alternatively, there may be separate and different
application of a subsequent transform operation following a ~ D€tWorks between the servers 4 and client 6.
previous transform operation on one cell transforms previ- The client/server database programs 84, b, may be com-
ously transformed data in the cell. prised of any client/server database program known in the
In yet further embodiments, the transformed input table 10 art., such as DB2, Q:lde Corporation’s ORACLE 8,
data is written to the database in the server after performing Microsoft SQL Server, ete. The database progranis 84 apd
all transform operations specified in the rules of the trans- 8bare useq 10 access operations a“q perform operations with
form command against the accessed input table. respect to information maintained in one or more databases

. . . 10. The database(s) 10 would consist of multiple tables

Preferred embodiments provide 2 ﬂex1b1.e and Program- s having rows and columns of data, e.g., tables 14 and 18.
mable data structure and program (o pr0V1de.ﬁne grained Further details of the architecture and operation of a data-
control. of transforrg operations. Further, with preferred base program are described in the IBM publications “DB2
f:mbodlments, execution of the transform command does not for 0S/390: Administration Guide, Version 57 IBM docu-
increase network traffic b.ecause database tables are not ment no. SC26-8957-01 (Copyright IBM. Corp., June, 1997)
transferred between the gllent and server over a network. 20 and “A Complete Guide to DB2 Universal Database,” by
1nstea(.i, the .chent provides a command data structure Don Chamberlin (1998), which publications are incorpo-
including various parameters and rules to a stored procedure rated herein by reference in its entirety.
that executes in the server to perform the transform opera- **Microsoft, Windows, Windows NT are registered trademarks and
tions within the database program on the server. Such Microsoft SQL Server is a trademark of Microsoft Corporation; DB2, AIX,
savings 1n network traffic can be Signiﬁcant when very large 25 QS/390, 0S5/400, and OS/2 are regi§tered tradema¥ks.of IBM; and Oracle 8
database tables, including millions or billions of records are fﬁirg;}ii?;rklntf Oracle Corporation; and Solaris is a trademark of Sun
transformed. In preferred embodiments, the transform program is

Moreover, the preferred transform command structure implemented using the IBM stored procedure database pro-
allows the execution of multiple transform operations on the gram structure. A stored procedure is a block of procedural
input table in a single pass without having to transfer data 3p constructs and embedded SQL statements, i.c., an applica-
between the database and the client. Instead, with preferred tion programi, that is stored in a database and can be called
embodiments, after all data is transformed, the transformed by name. Stored procedures allow an application program to
data is then written to the database. execute in two parts. One part runs on the client and the

BRIEF DESCRIPTION OF THE DRAWINGS other on the server. This allows one client call. to Produce
35 several accesses of the database from the application pro-

Referring now to the drawings in which like reference gram executing on the system, i.e., server including the
numbers represent corresponding parts throughout: database. Stored procedures are particularly useful to pro-

FIG. 1 illustrates a computing environment in which cess a large number Pf databasp records, ¢.g., millions to
preferred embodiments are implemented; billions of records,. without havmg to transfer data between

FIG. 2 illusirates the N di transf 40 the server 4 and client 6. The client stored procedure passes

. parameters used in a transform . . . .

. . . input information to the server stored procedure which then,
command to clean input tables in accordance with preferred . o . ;
embodiments of the present invention; executing within the database program 8 including .the

] . . . database 10, processes numerous database records according

HIG. 3 111ust.rates logic to transform an input data table in to such client input information. The server stored procedure
gccord.ance with preferred embodiments of the present 45 program is initiated by the client, and during execution the
Invention, client cannot communicate with the stored procedure

DETAILED DESCRIPTION OF THE executing in the Server. Eurther details of stored procedures
PREFERRED EMBODIMENTS are described in the publication “A Complete Guide to DB2
Universal Database,” “A Complete Guide to DB2 Universal

In the following description, reference is made to the 50 Database,” which was incorporated by reference above.
accompanying drawings which form a part hereof and which The transform of the preferred embodiments is imple-
illustrate several embodiments of the present invention. It is mented as a stored procedure application program 12 in the
understood that other embodiments may be utilized and server 4. The transform stored procedure 12 receives as
structural and operational changes may be made without input a name of an input table 14 in the database 10, and
departing from the scope of the present invention. 55 transform rules 16 from the client 6 specifying the transform

. . operations to perform on the data in the named input table
Computing Environment 14. The results of the transform operations performed by the

FIG. 1 illustrates a computing environment 2 in which transform stored procedure 12 processing the transform
preferred embodiments are implemented. The environment rules 16 are generated into the output table 18. Alternatively,
2 includes a server 4 and client 6. The server 4 and client 6 60 the transformed input table is written to the database 10 to
would include an operating system, such as MICROSOFT overwrite the previous version of the input table 14.
WINDOWS 98 and WINDOWS NT, AIX, 0S/390, 0S/400, The client side of the transform stored procedure 20
0S/2, and SUN SOLARIS,** and may be comprised of any generates the transform rules 16 that specify the transform
suitable server and client architecture known in the art. The operations to perform and initiate execution of the transform
server 4 and client 6 include a database program 8a and 8b, 65 stored procedure 12. The rules specified by the client side 20

wherein 8a comprises the server 4 side of the database
program and 8b comprises the client 6 side. The server 4 and

are capable of performing any data transformation known in
the art.
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In preferred embodiments, the client side 86 can pass
parameters to the transform stored procedure as “host vari-
ables” or embedded in a CALL statement. In either case, the
parameters or transform rules 16 must be specified to control
the operation of the transform 12.

Structure and Operation of the Transform Rules

A graphical user interface (GUI) at the client 6 may be
used to enter various input parameters to control a transform
operation. In response to such user input, the client side 20
would generate an application program interface (API) call
to the transform stored procedure 12 including the param-
eters shown in FIG. 2 to initiate and control the operation of
the transform stored procedure 12. The parameter field 50
shown in FIG. 2 includes an input table name 52, output
table name 54, log table name 56, run ID 58, and rules 60.

The input table name 52 specifies the input table 14 table
including the data subject to the transform operations and
the output table name 54, which is optional, specifies the
output table 18 where the transformed data from the input
table 14 is stored. The log table name 56 indicates the name
of a log file into which warnings and exceptions that occur
during execution of the clean transform stored procedure 12
are stored. The run ID 58 appears in the log file and is used
to identify the transform operations for which the log entry
was made. The rules 60 provide specific instructions on how
to process cells in the input table 14 to produce the output.

In preferred embodiments, in addition to specifying
operations to perform, the rules also specify the columns
and/or rows in the input table 14 to which the rules apply.
Each rule further specifies particular transform operations to
perform on the columns or cells identified in the rule. These
transform operations involve processing and modifying the
value or transforming the structure of the input table 14 to
a new column/row table structure in the output table. Sepa-
rate rules may be provided for different columns. In further
embodiments, the rules may comprise a table of rules. In
such case, the rules 60 parameter would specify which rules
in the rules table to apply to a particular column in the input
table 14 to affect the transform operation. Still further, the
rules may sequentially perform different operations on the
same cell. In this way, cells in the input table 14 may be
modified in sequence and processed according to transform
operations specified in different rules. The rules may com-
prise straightforward conversions of data, e.g., aggregations
to supply weekly or monthly data, or involve complex
statistical algorithms which operate on more than one cell of
the data.

In preferred embodiments, the rules may comprise mul-
tiple fields in the parameter list according to a specified
format. Preferred embodiments allow the same rule structure
to apply to different input tables, thereby allowing the user
to select among transform operations to specify in the
transform command and an input table to transform. For
instance, the rules for a clean operation would specify input
columns and rules to apply in the input columns to clean or
modify the data.

FIG. 3 illustrates logic implemented in the transform
stored procedure 12 (transform 12) to process cells in the
input table 18 according to the parameters 50 and rules 60.
These parameters 50 and any further sub-parameters within
comprise the transform rules 16. As discussed, a user at the
client 6 would specify certain transform operations to per-
form on the input table 18 and the client side of the transform
20 would generate an API function call including the trans-
form parameters 50 from information the user entered in the
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GUI. Control begins at block 100 with the transform 12
receiving the transform parameters 50 in an API function
call. The transform 12 reads (at block 102) the input table 14
from the database 10 indicated in the input data table name
52 into a memory area used by the transform stored proce-
dure 12. For each rule 60 specified in the parameter list 50,
the transform 12 executes a loop (at block 104) to perform
operations for each rule to transform certain cells of the
input table according to the operations specified in the rules.
Within this loop, the transform 12 starts by accessing cells
from the input table in the stored procedure 12 memory as
specified in the rule. As discussed, in preferred
embodiments, the rule specifies an operation to perform and
cells in the input table 14 to operate upon. The input table 14
cells subject to the current rule may have been specified in
a previous rule.

The transform 12 then performs (at block 108) the trans-
form operation specified in the rules on the accessed cells
from the input table. The transform 12 then writes (at block
110) the transformed cells to the input table in the stored
procedure 12 memory. The transform 12 proceeds (at block
112) to loop back to block 104 if there are further transform
rules to apply against the input table 14. After processing all
the rules provided in the transform command, the transform
12 determines (at block 114) whether an output table was
specified in the transform rules 16, i.e., parameters. If so,
then the transform writes the input table in the stored
procedure 12 memory to the specified output table in the
database 10. Otherwise, the input table 14 in the database 10
is updated (at block 118) with the content of the transformed
input table in the stored procedure memory.

Preferred embodiments provide a command data structure
to control a stored procedure program to transform columns
or cells in an input table 14 in the database 10. The rules may
be similar to the rules described in the co-pending and
commonly assigned patent applications, incorporated by
reference above. Preferred embodiments allow one or more
transform rules to transform the cells in an input table in a
single pass, before the transformed data is written back to
the database. A single instance of execution of the transform
program can perform numerous types of operations on the
cells of the input table.

Moreover, with the preferred embodiments no data from
the input table needs to be transferred to the client to perform
the transform operations, as the transform operations are
performed in a stored procedure program executing in the
database server 4. This substantially improves processing
times as there are no delays to transfer the database table
data to the client for processing. This is especially significant
in a large scale database table which may comprise numer-
ous columns and millions or billions of rows. With preferred
embodiments, the transform operations are performed local
to the database 10, thereby avoiding the time and network
bandwidth needed to transfer database data to the client for
transformations.

Moreover, with preferred embodiments, a set of transfer
operations, as specified in the rules, may be applied in a
single pass to the copy of the input table maintained in the
stored procedure memory. This avoids the need to continu-
ally read and write to the database 10 during the transfor-
mation process. With preferred embodiments, data is only
read and written once to the database; data is read once to
place the input table in the stored procedure memory and
written once to update the database 10 with the transformed
input table.

Still further, preferred embodiments provide a
parameterized, command based structure to define transform
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operations on any given input table. Thus, with preferred
embodiments, rules may be applied over-and-over without
the need of having to write a separate transform application
program, such as a Visual basic program, for each transform

8

at least one rule indicating at least one cell in the input table
to transform and a transform operation to perform with
respect to the at least one cell. The transform command is
executed in the server including the database by accessing a

operation to perform. Instead, a command is built including 5 copy of the input table from the database and transforming
the appropriate parameters to perform the desired transform data in the accessed input table according to each rule
operations. specified in the transform command.
The foregoing description of the preferred embodiments
CONCLUSION of the invention has been presented for the purposes of
This concludes the description of the preferred embodi- 10 111ustrat10n.an.d deS(?I‘lpthp. It is not mtepded to be.exhaus-
. . . . tive or to limit the invention to the precise form disclosed.
ments of the invention. The following describes some alter- . . L P
native embodiments for accomnlishine the present inven- Many modifications and variations are possible in light of
tion P & P the above teaching. It is intended that the scope of the
: . . invention be limited not by this detailed description, but
The preferred embodl.ments may be 1mplerpented as a P rather by the claims appended hereto. The above
method, apparatus or artlc%e of.manufactl.lre using standard ! specification, examples and data provide a complete descrip-
programming and/or engineering techmqu.es fo produce tion of the manufacture and use of the composition of the
software, £1rm.ware, hardware, or ’e’lny combma.tlon th::reof. invention. Since many embodiments of the invention can be
The term “article of manufacture” (or al.terr}atl.vely, com- made without departing from the spirit and scope of the
puter program product”) as used herein is intended to invention, the invention resides in the claims hereinafter
encompass one or more computer programs and data files 20 appended.
accessible from one or more computer-readable devices, What is claimed is:
carriers, or media, such as a magnetic storage media, “floppy 1. A method for transforming data in an input table in a
disk, CD'ROM’ a file server .prov.ldmg access o the database in a server in communication with a client, com-
programs via a network transmission line, holographic unit, prising:
etc. Of course, those skilled in the art will recognize that 25 vine £ he cli f d indicati
difications mayv be made to this confieuration recelving rom the ¢ 1entat.rans orm command 1ndicating
many mo . y rhgurat an input data table name in the database and at least one
without departing from the scope of the present invention. P . .
. . rule indicating at least one cell in the input table to
Preferred embodiments are applicable to any type of transform and a transform operation to perform with
transform operation known in the art, including the trans- 20 respect to the at least one cell;
form operations descrlb ed. mn the. co-pending and commonly accessing a copy of the input table from the database; and
assigned patent apphce}tlons, incorporated by reference transforming, within the server, data in the accessed input
above. In further embodiments, other types of rules may be > ’ . .
. . . table according to each rule specified in the transform
provided and included in the command data structure of the command
preferred embodiments to perform different types of opera- ’ . . Lo .
. . 35 2. The method of claim 1, wherein the client is a client
tions known in the art. . .
. computer that communicates with the server over a network,
In preff.:rred embodiments, the transform program was wherein the transform command is transmitted from the
executed in a stored procedure type program, such as that client computer to the server over the network.
used in the IBM DB2 database system. However, in further 3. The method of claim 1. wherein the client is an
embodiments, different types of application programs,.other 40 application program executing in the server.
than stored procedure programs, may be executed.m the 4. The method of claim 1, wherein the transform com-
server 4 to perform operations in accordance.wnh the mand rules specify multiple transform operations to perform
command data stru.ctures of the preffzrred e.mbodlments. on at least one cell in the accessed input table, wherein an
Preferred embodiments were described with respect to the application of a subsequent transform operation following a
transform commands created and transmitted at a client 45 previous transform operation on one cell transforms previ-
computer that is separate from the server. In alternative ously transformed data in the cell.
embodiments, the client may comprise a client application 5. The method of claim 1, wherein the client cannot affect
program executing in the server that generates transform the execution of the transform command during the execu-
commands for transmittal to the transform stored procedure. tion of the transform command, whereby the transform
In this way, the clien.t and transform stored procedure may s, command executes in the server independently of the client.
execute and communicate through the same server machine. 6. The method of claim 1, wherein the transform com-
In preferred embodiments, the input table and output table mand further comprises multiple rules, wherein each rule
were included in a database in the server in which the  specifies at least one column in the input table and at least
transform stored procedure program is executing. In alter- one transform operation to perform on each specified col-
native embodiments, the rule, input, and output tables may ss umn in the input table, wherein at least two rules specify
be distributed at different storage locations at different  different columns in the input table and different transform
network devices. operations to apply to each specified column.
In preferred embodiments, a client constructed the trans- 7. The method of claim 1, wherein the transform operation
form command and communicated the command to the modifies the content of the at least one cell.
database server. In alternative embodiments, the transform ¢p 8. A method for transforming data in an input table in a
command of the preferred embodiments may be executed on database in a server in communication with a client, com-
the machine used to construct the command. prising:
In summary, preferred embodiments disclose a method, receiving from the client a transform command indicating
system, program, and data structure for transforming data in an input data table name in the database and at least one
an input table in a database in a server in communication 65 rule indicating at least one cell in the input table to

with a client. A transform command is received from the
client indicating an input data table name in the database and

transform and a transform operation to perform with
respect to the at least one cell;
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accessing a copy of the input table from the database;

transforming, within the server, data in the accessed input
table according to each rule specified in the transform
command; and

10

name in the database and at least one rule indicating
at least one cell in the input table to transform and a
transform operation to perform with respect to the at
least one cell;

writing the transformed input table data to the database in 5 (ii) means for accessing a copy of the input table from
the server after performing all transform operations ,,,the database; . . .
specified in the rules of the transform command against (iif) means for .transformmg data in the acpessed nput
the accessed input table. ;able accordmg. to gach rule specified in the trans-

9. The method of claim 8, further comprising: -orm command, an .

o > (iv) means for writing the transformed input table data
determining Wh.ether the transform command indicates an 10 to the database in the server after performing all
output table in the database; transform operations specified in the rules of the

Writing the transformed input table to the output table if transform command against the accessed input table.

the transform command indicates the output table; and 18. The system of claim 17, wherein the program logic
updating the input table in the database with the trans- further comprises:

formed input table if the transform command does not 15 means for determining whether the transform command

indicate one output table. indicates an output table in the database;

10. A system for transforming data, comprising: means for writing the transformed input table to the

a client process; output table if the transform command indicates the

a server including a database and an input table in 20 output table; and

communication with the client process; means for updating the input table in the database with the

program logic implemented in the server, comprising: transformed input table if the transform command does

(i) means for receiving from the client process a not indicate one output table.
transform command indicating an input data table 19. An article of manufacture for use in transforming data
name in the database and at least one rule indicating ,, in an input table in a database, the article of manufacture
at least one cell in the input table to transform and a comprising computer usable media including at least one
transform operation to perform with respect to the at computer program embedded therein that causes the com-
least one cell; puter to perform:

(i) means for accessing a copy of the input table from receiving a transform command indicating an input data
the database; and 30 table name in the database and at least one rule indi-

(iii) means for transforming data in the accessed input cating at least one cell in the input table to transform
table according to each rule specified in the trans- and a transform operation to perform with respect to the
form command. at least one cell;

11. The system of claim 10, wherein the client process accessing a copy of the input table from the database; and
executes in a client computer that communicates with the 35 transforming data in the accessed input table according to
server over a network, wherein the transform command is each rule specified in the transform command.
transmitted from the client computer to the server over the 20. The article of manufacture of claim 19, wherein the
network. transform command rules specify multiple transform opera-

12. The system of claim 10, wherein the client process i tjons to perform on at least one cell in the accessed input
an application program executing in the server. 40 table, wherein an application of a subsequent transform

13. The system of claim 10, wherein the transform com- operation following a previous transform operation on one
mand rules specify multiple transform operations to perform cell transforms previously transformed data in the cell.
on at least one cell in the accessed input table, wherein an 21. The article of manufacture of claim 19, wherein the
application of a subsequent transform operation following 2 transform command further comprises multiple rules,
previous transform operation on one cell transforms previ- 45 wherein each rule specifies at least one column in the input
ously transformed data in the cell. table and at least one transform operation to perform on each

14. The system of claim 10, wherein the client process  gpecified column in the input table, wherein at least two
cannot affect the execution of the transform command rules specify different columns in the input table and dif-
curing the execution of the transform command, whereby  ferent transform operations to apply to each specified col-
the transform command executes in the server independently 5, ymn,
of the client process. 22. The method of claim 19, wherein the client cannot

15. The system of claim 10, wherein the transform com- affect the execution of the transform command during the
mand further comprises multiple rules, wherein each rule execution of the transform command, whereby the transform
specifies at least one column in the input table and at least  command executes in the server independently of the client.
one transform operation to perform on each specified col- ;. 23, The article of manufacture of claim 19, wherein the
umn in the input table, wherein at least two rules specify  transform operation modifies the content of the at least one
different columns in the input table and different transform cell.
operations to apply to each specified column. 24. An article of manufacture for use in transforming data

16. The system of claim 10, wherein the transform opera- in an input table in a database, the article of manufacture
tion modifies the content of the at least one cell. 60 comprising computer usable media including at least one

17. A system for transforming data, comprising: computer program embedded therein that causes the com-

a client process; puter to perform:

a server including a database and an input table in receiving a transform command indicating an input data

communication with the client process; table name in the database and at least one rule indi-
program logic implemented in the server, comprising: 65 cating at least one cell in the input table to transform

(1) means for receiving from the client process a
transform command indicating an input data table

and a transform operation to perform with respect to the
at least one cell;
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accessing a copy of the input table from the database;

transforming data in the accessed input table according to
each rule specified in the transform command; and

writing the transformed input table data to the database

12

following a previous transform operation on one cell trans-
forms previously transformed data in the cell.

28. The memory of claim 26, wherein the transform
command is capable of indicating an output table in the

after performing all transform operations specified in 5 database, wherein the transformed input table is written to
the rules of the transform command against the the output table if the transform command indicates the
accessed input table. output table, and wherein the input table in the database is

25. The article of manufacture of claim 24, further com- updated with the transformed input table if the transform
prising: command does not indicate one output table.

determining whether the transform command indicates an 129, The memory of claim 26, wherein the transform

output table in the database; command further comprises multiple rules, wherein each
writing the transformed input table to the output table if ~ Tule specifies at least one column in the input table and at
the transform command indicates the output table; and ~ least one transform operation to perform on each specified
updating the input table in the database with the trans- 15 cglumn in the mpu.t table? wherein at least.two rules specity
formed input table if the transform command does not different columns in the input table and different transform
indicate one output table. operations to apply to each specified column.

26. A memory device including a command for perform- 30. The memory device of claim 26, wherein the trans-
ing a transform Operaﬁon on a Computer database input form Operation modifies the content of the at least one cell.
table, the command comprising 20  31. Amemory device including a command for perform-

an input data table name parameter indicating the input ing a transform operation on a computer database input

table subject to the transform operation; and table, the command comprising

at least one rule indicating at least one cell in the input an input data table name parameter indicating the input

table to transform and a transform operation to perform table subject to the transform operation; and

with respect to the at least one cell, wherein the 25 at least one rule indicating at least one cell in the input
transform command is executed to access a copy of the table to transform and a transform operation to perform
input table from the database and transforming data in with respect to the at least one cell, wherein the
the accessed input table according to each rule specified transform command is executed to access a copy of the
in the transform command, wherein the command is input table from the database and transforming data in
transmitted from a client to a server, and wherein the >° the accessed input table according to each rule specified
server processes the command to transform data in the in the transform command, wherein the transformed
input table according to each rule in the transform input table data is written to the database in the server
command. after performing all transform operations specified in

27. The memory of claim 26, wherein the transform 5 the rules of the transform command against the

command rules specify multiple transform operations to
perform on at least one cell in the accessed input table,
wherein an application of a subsequent transform operation

accessed input table.

#* #* #* #* #*
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