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(57) ABSTRACT 

Amethod, apparatus, and article of manufacture for de?ning 
object classes to match corresponding specialized data types 
stored in a relational database. An object-oriented applica 
tion program may create an instance of a class for the 
purpose of representing data in a relational table that com 
prise a specialized data type. The attributes and behavior of 
the specialized data type in the database are preserved, 
Where appropriate, in the corresponding class, and are 
available to the application program. 
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DEFINING OBJECT CLASSES TO MATCH 
CORRESPONDING SPECIALIZED DATA TYPES IN 

A RELATIONAL DATABASE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to comput 
eriZed methods for accessing databases, and in particular, to 
a method for de?ning object classes to match corresponding 
specialiZed data types stored in a relational database. 

[0003] 2. Description of Related Art 

[0004] It is Well knoWn in the art to use database man 
agement systems, such as IBM’s DB2TM relational database 
management system (RDBMS), to manage computeriZed 
databases. Currently, there is a need to access such databases 
using object-oriented application programs. 

[0005] Object-oriented programming has become increas 
ingly popular among softWare developers, because it offers 
the bene?ts of increased application program portability, 
interoperability, and interchangeability. Object-oriented pro 
gramming techniques also reduce development risk and 
softWare development costs, and can eXtend the life cycle of 
the ?nal product to prevent premature obsolescence. 

[0006] An industry-consensus standard interface de?ni 
tion for interoperable object-oriented softWare, knoWn as the 
Common Object Request Broker Architecture (CORBA), 
has been de?ned. CORBA simpli?es the development and 
deployment of distributed systems softWare in several Ways. 
First, CORBA de?nes a distributed environment using an 
object-oriented paradigm that hides differences betWeen 
programming languages, operating systems, and object loca 
tions. Second, CORBA’s object-oriented approach alloWs 
diverse types of implementations to inter-operate at the same 
level, hiding idiosyncrasies, and supporting reuse. 

[0007] A central component of CORBA is an Object 
Request Broker (ORB), Which functions as a communica 
tions infrastructure, transparently transceiving object 
requests across distributed heterogeneous computing envi 
ronments. This is accomplished through a Well-de?ned 
interface called the Interface De?nition Language (IDL). 
Further details regarding CORBA and IDL are set forth in 
“The Essential CORBA, Systems Integration Using Distrib 
uted Objects,” by Thomas W. Mobray and Ron Zahavi, 
1995, Which publication is incorporated by reference herein. 

[0008] Class libraries are available to support object 
oriented programming environments such as CORBA. 
These class libraries alloW users to generate application 
programs using previously-de?ned classes. 

[0009] Some eXisting class libraries include classes for 
manipulating specialiZed data types such as date, decimal, 
duration, time, and timestamp data types. HoWever, these 
class libraries do not speci?cally match the semantics of 
specialiZed data types retrieved from relational databases. 
The semantics of these specialiZed data types are available 
only through calls to a relational database management 
system. Thus, object-oriented application programs cannot 
access and manipulate specialiZed type data values from 
relational databases according to the object-oriented pro 
gramming paradigm. 
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[0010] Therefore, there is a need in the art for technologies 
that access eXisting relational databases using object-ori 
ented techniques. Moreover, such technologies should mini 
miZe the need for developing neW application programs. 

SUMMARY OF THE INVENTION 

[0011] To overcome the limitations in the prior art 
described above, and to overcome other limitations that Will 
become apparent upon reading and understanding the 
present speci?cation, the present invention discloses a 
method, apparatus, and article of manufacture for de?ning 
object classes to match corresponding specialiZed data types 
stored in a relational database. An object-oriented applica 
tion program may create an instance of a class for the 
purpose of representing data in a relational table that com 
prise a specialiZed data type. The attributes and behavior of 
the specialiZed data type in the database are preserved, 
Where appropriate, in the corresponding class, and are 
available to the application program. 

[0012] Various advantages and features of novelty, Which 
characteriZe the invention, are pointed out With particularity 
in the claims anneXed hereto and form a part hereof. 
HoWever, for a better understanding of the invention, its 
advantages, and the objects obtained by its use, reference 
should be made to the draWings Which form a further part 
hereof, and to accompanying descriptive matter, in Which 
there is illustrated and described speci?c eXamples of an 
apparatus in accordance With the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Referring noW to the draWings in Which like ref 
erence numbers represent corresponding parts throughout: 

[0014] FIG. 1 is a block diagram illustrating an eXemplary 
hardWare environment used to implement the preferred 
embodiment of the present invention; 

[0015] FIG. 2 is a block diagram that further illustrates the 
structure of a Component Broker according to the present 
invention; and 

[0016] FIG. 3 is a ?oWchart illustrating the logic per 
formed by an Application Program, Component Broker, and 
Relational Database Management System according to the 
preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0017] In the folloWing description of the preferred 
embodiment, reference is made to the accompanying draW 
ings, Which form a part hereof, and in Which is shoWn by 
Way of illustration a speci?c embodiment in Which the 
invention may be practiced. It is to be understood that other 
embodiments may be utiliZed and structural changes may be 
made Without departing from the scope of the present 
invention. 

[0018] OvervieW 

[0019] The present invention provides a method for 
accessing a relational database using object-oriented tech 
niques by modeling specialiZed data types Within the data 
base using speci?c object classes. The present invention 
alloWs an object-oriented application program to create an 
instance of a class for the purpose of representing data in a 
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relational table that comprise a specialized data type. The 
attributes and behavior of the specialized data type in the 
database are preserved, Where appropriate, in the corre 
sponding class, and are available to the application program. 

[0020] HardWare Environment 

[0021] FIG. 1 is a block diagram illustrating an exemplary 
hardWare environment used to implement the preferred 
embodiment of the invention. A client computer 100 com 
municates With a server computer 102. Both the client 
computer 100 and the server computer 102 are typically 
comprised of one or more processors, random access 

memory (RAM), read-only memory (ROM), and other com 
ponents such data storage devices and data communications 
devices. 

[0022] The client computer 100 executes one or more 
computer programs 104 operating under the control of an 
operating system. These computer programs 104 transmit 
requests to the server computer 102 for performing various 
functions and receive data from the server computer 102 in 
response to the requests. 

[0023] The server computer 102 also operates under the 
control of an operating system, and executes one or more 

computer programs 106, 108, and 110. These computer 
programs 106, 108, and 110 receive requests from the client 
computer 100 for performing various functions and transmit 
data to the client computers 100 in response to the requests. 

[0024] The server computer 102 manages one or more 
databases 112 stored on one or more data storage devices 

(such as a ?xed or hard disk drive, a ?oppy disk drive, a 
CD-ROM drive, a tape drive, or other device). In a preferred 
embodiment, the database 112 is managed by the DB2TM 
relational database management system (RDBMS) offered 
by IBM Corporation. Those skilled in the art Will recogniZe, 
hoWever, that the present invention may be applied to any 
database and associated database management system. 

[0025] The preferred embodiment of the present invention 
is generally implemented using ?ve major components 
executed by client computers 100 and server computers 102, 
including a Client Program 104, Application Program 106, 
Component Broker 108 (Which comprises a variant of an 
Object Request Broker), relational database management 
system (RDBMS) 110, and database 112, Wherein each of 
these components comprise instructions and/or data. In the 
preferred embodiment, the Client Program 104 provides a 
user interface, the Application Program 106 performs appli 
cation functions, the Component Broker 108 materialiZes 
data retrieved from the database 112 as objects, and the 
database management system 110 controls access to the 
database 112. 

[0026] Generally, these instructions and/or data 104-112 
are all tangibly embodied in or retrievable from a computer 
readable device, medium, or carrier, e.g., a memory, a data 
storage device, a remote device coupled to the computer via 
a data communications device, etc. Moreover, these instruc 
tions and/or data, When read, executed, and/or interpreted by 
the client computer 100 and/or server computer 102, causes 
the client computer 100 and/or server computer 102 to 
perform the steps necessary to implement and/or use the 
present invention. 

[0027] Thus, the present invention may be implemented as 
a method, apparatus, or article of manufacture using stan 
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dard programming and/or engineering techniques to produce 
softWare, ?rmWare, hardWare, or any combination thereof 
The term “article of manufacture” (or alternatively, “com 
puter program product”) as used herein is intended to 
encompass logic and/or data embodied in any device, 
medium, or carrier. 

[0028] Of course, those skilled in the art Will recogniZe 
many modi?cations may be made to this con?guration 
Without departing from the scope of the present invention. 
Those skilled in the art Will also recogniZe that any combi 
nation of the above components, or any number of different 
components, including computer programs, peripherals, and 
other devices, may be used to implement the present inven 
tion, so long as similar functions are performed thereby. 

[0029] Component Broker 

[0030] FIG. 2 is a block diagram that further illustrates the 
structure of the Component Broker 112 according to the 
present invention. The Component Broker 112 provides a 
suite of tools that alloWs the user to Write computer pro 
grams in an object-oriented programming context. In the 
preferred embodiment, the Component Broker 112 interacts 
With the Application Program 106. In alternative embodi 
ments, the Component Broker 112 could interact With the 
Client Program 104 as Well. 

[0031] The Component Broker 112 is used to create and 
Work With components 200, Wherein a component 200 is a 
distributed set of objects that an Application Program 106 
can access as a single entity and Which Work together to 
represent the logic and data relationships that perform a 
desired function for the Application Program 106. 

[0032] In the present invention, the component 200 gen 
erally comprises a business object 202 and a data object 204, 
although other elements may be present as Well. Business 
objects 202 include one or more methods and one or more 

attributes that are used directly by the Application Program 
106. Data objects 204 also include one or more methods and 
one or more attributes that are used directly by the business 
objects 202 (and this indirectly by the Application Program 
106). 
[0033] Business objects 202 and data objects 204 are 
independent of any individual Application Program 106 and 
can be used in any combination to perform a desired task. A 
business object 202 may also have relationships With other 
business objects 202 and can cooperate With these other 
business objects 202 to perform a desired task. 

[0034] Data objects 204 have direct access to data stored 
in the relational database 112 and are responsible for man 
aging the persistence of state data for the component 200. By 
providing an interface betWeen business objects 202 and the 
RDBMS 110, the data object 204 isolates the business object 
202 from the details of the RDBMS 110 and relieves it from 
having to keep track of hoW to access and manage the data 
While maintaining persistency. 

[0035] An Application Program 106 may access the data 
stored in the relational database 112 by interacting With 
business objects 202, Which in turn interact With data objects 
204, Which in turn transmit requests to the RDBMS 110 
using SQL functionality. For example, the data object 204 
Will generally have member functions that generate the 
appropriate SQL statements, package the statements, and 



US 2002/0046201 A1 

forward them to the RDBMS 110 for execution, receive and 
process the results, and then return the results to the business 
objects 202, Which ultimately provides access to the results 
to the Application Program 106. 

[0036] As is Well knoWn, each column of a relational table 
112 has a respective data type. Traditional data types include 
integer, ?oating point, logical, ?xed length character, and 
variable length character data types. Some specialiZed data 
types include date, decimal, duration, time, and timestamp. 
Generally, SQL statements include expressions or functions, 
that permit manipulation of the specialiZed data types. A 
description of specialiZed data types and their associated 
expressions or functions can be found in the publication by 
IBM Corporation entitled DB2 Universal Database SQL 
Reference V5, S1OJ-8165-00, pp. 143-156, Copyright 1993, 
1997. 

[0037] The direct use of such SQL expressions or func 
tions is disadvantageous in that the specialiZed data type 
must be retrieved from the table in the relational database 
112, the function must be performed by the RDBMS 110, 
and the result must then be provided back to the data object 
204. There Would be advantages, then, to performing these 
functions for specialiZed data types in an object, rather than 
the RDBMS 110. HoWever, prior art class libraries do not 
support specialiZed data types. 

[0038] In the present invention, the Component Broker 
108 provides helper classes 206, 208, 210, 212, and 214 that 
emulate the semantics of the corresponding specialiZed data 
types for use in various operations, such as comparison 
operations, arithmetic operations, etc. In the preferred 
embodiment, these classes 206, 208, 210, 212, and 214 
include: 

[0039] ICBCDate Class 206 (representing the Date 
type). 

[0040] ICBCDecimal Class 208 (representing the 
Decimal type). 

[0041] ICBCDuration Class 210 (representing the 
Date Duration, Time Duration, 

[0042] Timestamp duration, and Labeled Duration 
types). The Duration data type is complementary to 
the Date, Time, and Timestamp classes, but is not, 
itself, stored in tables in the relational database 112. 

[0043] ICBCTime Class 212 (representing the Time 
type). 

[0044] ICBCTimestamp Class 214 (representing the 
Timestamp type). 

[0045] The abbreviation ICBC stands for IBM Component 
Broker Class.) 

[0046] Each helper class 206, 208, 210, 212, and 214 
provides a public interface (i.e., IDL) for accessing the 
attributes and for invoking the methods or member functions 
of the class. In each case, the public interface of the class is 
designed to match the characteristics and usage of the 
particular specialiZed data type in the RDBMS 110. As a 
result, methods or member functions performed by these 
classes 206, 208, 210, 212, and 214 produce the same results 
as equivalent SQL expressions evaluated by the RDBMS 
110. Thus, the Application Program 106 uses the helper class 
objects 206, 208, 210, 212, and 214 to manipulate Dates, 
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Decimals, Durations, Times, or Timestamps Whenever it is 
desirable that the results should be consistent With those that 
Would be produced by the RDBMS 110 itself. 

[0047] In the preferred embodiment, the helper classes 
206, 208, 210, 212, and 214 are implemented in accordance 
With specialiZed data types and associated expressions or 
functions found in the DB2TM RDBMS 110 sold by IBM 
Corporation. HoWever, those skilled in the art Will recogniZe 
that the classes 206, 208, 210, 212, and 214 can be imple 
mented to accommodate specialiZed data types from any 
RDBMS 110, such as those offered by ORACLETM, 
SYBASETM, MICROSOFTTM, etc. 

[0048] Descriptions of the helper classes 206, 208, 210, 
212, and 214, and a list of at least some of their methods or 
member functions are provided beloW. In addition, the 
Programming Language Appendix included beloW provides 
additional descriptions of the various attributes and methods 
associated With the helper classes 206, 208, 210, 212, and 
214. 

[0049] ICBC Date Class 

[0050] The ICBCDate Class 206 stores the value of a 
calendar date betWeen Jan. 01, 0001 and Dec. 31, 9999. All 
access and manipulation of this date is through a public 
functional interface. The actual date value and its format are 
stored in private attributes. 

[0051] Note that ICBCDate Class 206 assumes the pro 
leptic Gregorian calendar. The Gregorian calendar in use 
today is assumed to extend back to year 0001 and it is the 
responsibility of the application to apply any corrections that 
may be required for dates prior to the Gregorian calendar 
reform. 

[0052] The ICBCDate Class 206 includes a number of 
different methods such as object initialiZation, comparisons, 
query functions, and manipulation functions. The object 
initialiZation methods include initialiZeFromString, initial 
iZeFromNumber, initialiZeFromTimestamp, and initialiZe 
FromValues methods. The comparison methods include 
equalTo, notEqualTo, lessThan, lessThanOrEqualTo, great 
erThan, and greaterThanOrEqualTo. The query functions 
methods include OutputFormat, formattedString, day, day 
OfWeek, dayOfYear, julianDay, modi?edJulianDay, 
dayName, dayFromString, dayOfWeekFromString, dayOf 
YearFromString, julianDayFromString, modi?edJulianDay 
FromString, dayNameFromString, dayNameFromNumber, 
month, monthName, monthFromString, monthNameFrom 
String, monthNameFromNumber, quarter, quarterFrom 
string, year, yearFromString, isLeapYear, daysInObject, 
daysInString, daysInMonth, daysInYear, isValidMonthDay 
Year, isValidYearDay, and isObjectChanged. The manipula 
tion methods include assignFromDate, increment, decre 
ment, dateOver?oW, intervalFromDate, intervalFromString, 
and intervalFromLong. 

[0053] ICBCDecimal Class 

[0054] The ICBCDecimal Class 208 stores the value of a 
Decimal data type (from a DB2TM RDBMS 110) or number 
type (from an ORACLETM RDBMS 110) in Which scale is 
less than or equal to precision, and positive With a speci?ed 
maximum precision (e.g., 38). All access and manipulation 
of this value is through a public functional interface. The 
actual decimal value and its precision and scale are stored in 
private attributes. 
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[0055] The ICBCDecimal Class 208 includes a number of 
different methods such as object initialization, comparisons, 
query functions, and manipulation functions. The object 
initialization methods include initializeFromStringl, initial 
iZeFromString2, initialiZeFromDouble, initialiZeFromFloat, 
initialiZeFromLong, initialiZeFromShort, initialiZeFrom 
Decimal1, initialiZeFromDecimal2, and initialiZeFrom 
PackedDecimal. The comparison methods include equalTo, 
notEqualTo, lessThan, lessThanOrEqualTo, greaterThan, 
and greaterThanOrEqualTo. The query functions methods 
include getAsFormattedStringl, getAsFormattedString2, 
getAsFormattedString3, getAsDouble, getAsFloat, 
getAsLong, getAsShort, getAsDigits, getAsPackedDecimal, 
getPrecision, getScale, isNegative, and isChanged. The 
manipulation methods include assignFromDecimal, assign 
FromDouble, assignFromFloat, assignFromLong, assign 
FromShort, increment, decrement, multiplyThisObjectBy, 
divideThisObjectBy, remainderInThisObject, addWithNe 
WObject, subtractWithNeWObject, multiplyWithNeWOb 
ject, divideWithNeWObject, remainderWithNeWObject, get 
PrecedingRemainder, sWapSign, and decimalOver?oW. 

[0056] ICBCDuration Class 

[0057] The ICBCDuration Class 210 represents the 
“Labeled Duration”, “Date Duration”, “Time Duration”, and 
“Timestamp Duration” constructs of Duration. Duration is 
complementary data type to Date, Time, and Timestamp, 
and participates in expressions in SQL statements. HoWever, 
it is not, itself, stored in tables in the relation database 112. 

[0058] The Class 210 holds the value of a duration, and a 
record of Whether this duration value is in units of years, 
months, days, hours, minutes seconds, or microseconds. The 
value can also be of a composite type de?ning a “Date 
Duration” of the form yyyymmdd, a “Time Duration” of the 
form hhmmss, or a “Timestamp Duration” of the form 
yyyymmddhhmmssZZZZZZ. 

[0059] In the preferred embodiment, arithmetic betWeen 
tWo ICBCDuration Class 210 objects is not supported 
(Which is consistent With DB2TM support of Durations). 
HoWever, they can be compared, and a unary minus operator 
(Which sWaps the sign) is provided. 

[0060] The ICBCDuration Class 210 includes a number of 
different methods such as object initialiZation, comparisons, 
query functions, and manipulation functions, The object 
initialiZation methods include initialiZeLabeledDuration, 
initialiZeDateTimeDuration, and initialiZeTimestampDura 
tion. The comparison methods include equalTo, notEqualTo, 
lessThan, lessThanOrEqualTo, greaterThan, and greater 
ThanOrEqualTo. The query functions methods include isNe 
gative, microsecond, second, minute, hour, day, month, year, 
siZe, and formattedString. The manipulation function meth 
ods include assignFromDuration, and sWapSign. 

[0061] ICBCTime Class 

[0062] The ICBCTime Class 212 stores the value of a 
time-of-day. All access and manipulation of this time is 
through a public functional interface. The actual time value 
and its format are stored in private attributes. 

[0063] The ICBCTime Class 212 includes a number of 
different methods such as object initialiZation, comparisons, 
query functions, and manipulation functions. The object 
initialiZation methods include initialiZeFromString, intial 
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iZeFromTimestamp, and initialiZeFromValues. The com 
parison methods include equalTo, notEqualTo, lessThan, 
lessThanOrEqualTo, greaterThan, and greaterTha 
nOrEqualTo. The query functions methods include second, 
minute, hour, and isObjectChanged. The manipulation func 
tions methods include assignFromTime, increment, decre 
ment, timeOver?oW, intervalFromTime, and intervalFrom 
String. 

[0064] ICBCTimestamp Class 

[0065] The ICBCTimestamp Class 214 stores the value of 
a Timestamp type (from a DB2TM RDBMS 110) or a DATE 
type (from an ORACLETM RDBMS 110). All access and 
manipulation of this timestamp is through a public func 
tional interface; the actual timestamp value is stored in 
private attributes. 

[0066] In the preferred embodiment, a Timestamp 
attribute in a business object 204 that originates from the 
database 112 is represented by Component Broker 108 as a 
26 character string of form yyyy-mm-dd 
hh.mm.ss.mmmmmm. This string can be used to initialiZe 
an instance of the ICBCTimestamp Class 214 through the 
initialiZeFromString function. A DATE attribute that origi 
nates from an ORACLETM database 112 is represented by 
Component Broker 108 in the same 26 character form 
yyyy-mm-dd-hh.mm.ss.mmmmmm but With the ?nal siX 
characters (the microseconds ?eld) alWays set to Zeros. This 
string can be used to initialiZe an instance of the ICBC 
Timestamp Class 214 via initialiZeFromString function. 
However, ORACLETM dates earlier than Jan. 01, 0001 are 
rejected. Whether the ICBCTimestamp object is initialiZed 
from data originating in a DB2TM or in ORACLETM database 
112, ICBCTimestamp applies DB2TM semantics in its pro 
cessing of the data. 

[0067] The ICBCTimestamp Class 214 includes a number 
of different methods such as object initialiZation, compari 
sons, query functions, and manipulation functions. The 
object initialiZation methods include initialiZeFromString, 
initialiZeFromDateTime, initialiZeFromDate, initialiZe 
FromTime, and initialiZeFromDatastoreFormat. The com 
parison methods include equalTo, notEqualTo, lessThan, 
lessThanOrEqualTo, greaterThan, and greaterTha 
nOrEqualTo. The query functions methods include format 
tedString, getAsDateFormattedString, getAsTimeFormat 
tedString, getAsDatstoreFormat, microsecond, second, 
minute, hour, day, month, year, dayOfWeek, dayOfYear, 
julianDay, modi?edJulianDay, dayName, dayFromString, 
dayOfWeekFromString, dayOfYearFromString, julianDay 
FromString, modi?edJulianDayFromString, dayName 
FromString, dayNameFromNumber, monthName, month 
FromString, monthNameFromString, 
monthNameFromNumber, quarter, quarterFromString, year 
FromString, isLeapYear, daysInObject, daysInString, day 
sInMonth, daysInYear, and isObjectChanged. The manipu 
lation functions methods include assignFromTimestamp, 
increment, decrement, timestampOver?oW, intervalFrom 
Timestamp, and intervalFromString. 

[0068] Logic of the Invention 

[0069] FIG. 3 is a ?oWchart illustrating the logic per 
formed by the Application Program 106, Component Broker 
108, and RDBMS 110 according to the preferred embodi 
ment of the present invention. 
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[0070] Block 300 represents the Component Broker 108 
instantiating one or more of the helper classes 206, 208, 210, 
212, and 214 as objects. Generally, this step is performed in 
response to a request from the Application Program 106, 
although other events may trigger this step as Well. 

[0071] Block 302 represents the Component Broker 108 
retrieving one or more tuples comprised of at least a Date, 
Decimal, Duration, Time, or Timestamp column or attribute 
from a table in the relational database 112. This retrieval step 
is performed via the data object 204 Within the Component 
Broker 108, Wherein the data object 204 has member func 
tions that generate appropriate SQL statements, package the 
statements, and forWard them to the RDBMS 110 for execu 
tion. 

[0072] Block 304 represents the Component Broker 108 
storing the requested data retrieved from the table in the 
relational database 112 as a string attribute in a business 
object 202. This storage step is also performed via the data 
object 204 Within the Component Broker 108, Wherein the 
data object 204 has member functions that receive and 
process the results from the execution of the SQL statements 
by the RDBMS 110, and then return the results to the 
business objects 202. 

[0073] Block 306 represents the Application Program 106 
retrieving the string attribute from the business object 202 in 
the Component Broker 108. 

[0074] Block 308 represents the Application Program 106 
using the retrieved string attribute to initialize one or more 
of the helper class objects 206, 208, 210, 212, or 214 in the 
Component Broker 108. 

[0075] Block 310 represents the Application Program 106 
performing one or more various operations, such as object 
initialiZation, comparisons, query functions, manipulation 
functions, arithmetic operations, etc., on the helper class 
objects 206, 208, 210, 212, or 214. 

[0076] Block 312 represents the Application Program 106 
extracting the string attribute from the helper class objects 
206, 208, 210, 212, or 214 in the Component Broker 108. 

[0077] Block 314 represents the Application Program 106 
updating the attribute in the business object 202 using the 
extracted string attribute. 

[0078] Block 316 represents the Component Broker 108 
storing the updated string attribute from the business object 
202 into the relational database 112. This storing step is 
performed via the data object 204 Within the Component 
Broker 108, Wherein the data object 204 has member func 
tions that generate appropriate SQL statements, package the 
statements, and forWard them to the RDBMS 110 for execu 
tion. 

[0079] Conclusion 

[0080] This concludes the description of the preferred 
embodiment of the invention. The folloWing paragraphs 
describe some alternative methods of accomplishing the 
same objects. 

[0081] In alternative embodiments of the present inven 
tion, other types and con?gurations of computers could be 
used. For example, the invention need not be restricted to 
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client-server con?gurations. In addition, mainframes, mini 
computers, or personal computers, could be used With the 
present invention. 

[0082] In alternative embodiments of the present inven 
tion, other types and con?gurations of computer programs 
could be used. For example, the invention need not be 
restricted to COBRA environments, but could be used With 
COM, DCOM, or other object-oriented environments. 

[0083] In alternative embodiments of the present inven 
tion, other database management systems could be used. For 
example, the invention need not be restricted to DB2TM 
relational database management systems. Instead, the 
present invention could be used to model other types of 
databases and datastores. 

[0084] In summary, the present invention discloses a 
method, apparatus, and article of manufacture for de?ning 
object classes to match corresponding specialiZed data types 
stored in a relational database. An object-oriented applica 
tion program may create an instance of a class for the 
purpose of representing data in a relational table that com 
prise a specialiZed data type. The attributes and behavior of 
the specialiZed data type in the database are preserved, 
Where appropriate, in the corresponding class, and are 
available to the application program. 

[0085] The foregoing description of the preferred embodi 
ment of the invention has been presented for the purposes of 
illustration and description. It is not intended to be exhaus 
tive or to limit the invention to the precise form disclosed. 
Many modi?cations and variations are possible in light of 
the above teaching. It is intended that the scope of the 
invention be limited not by this detailed description, but 
rather by the claims appended hereto. 

[0086] Programming Reference Appendix 

[0087] The folloWing Programming Reference Appendix 
provides descriptions of the various attributes and methods 
associated With the helper classes 206, 208, 210, 212, and 
214. These descriptions describe the implementation of the 
preferred embodiment of the present invention, and are not 
intended to be limiting in any Way. Speci?cally, those skilled 
in the art Will recogniZe that different methods, attributes, 
functionality or implementations may be made Without 
departing from the scope of the present invention. 

[0088] ICBCDate Class 

[0089] The class stores the value of a calendar date 
betWeen Jan. 01, 0001 and Dec. 31, 9999. All access and 
manipulation of this date is through a public functional 
interface. The actual date value and its format are stored in 
private attributes. 

[0090] Note that ICBCDate assumes the proleptic Grego 
rian calendar. The Gregorian calendar in use today is 
assumed to extend back to year 0001 and it is the respon 
sibility of the application to apply any corrections that may 
be required for dates prior to the Gregorian calendar reform. 

[0091] 

[0092] 
lOnly 

IDL Interface Description 

interface ICBCDate: IManagedLocalzzILoca 
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// Object initialization 
boolean initialiZeFromString(in string aDate); 
boolean initialiZeFromNumber(in long aDate); 
boolean initialiZeFromTimestamp(in ICBCTimestamp aTimestamp); 
boolean initialiZeFromValues(in long aYear, in long aMonth, 

in long aDay); 
// Comparisons 
boolean equalTo(in ICBCDate aDate); 
boolean notEqualTo(in ICBCDate aDate); 
boolean lessThan(in ICBCDate aDate); 
boolean lessThanOrEqualTo(in ICBCDate aDate); 
boolean greaterThan(in ICBCDate aDate); 
boolean greaterThanOrEqualTo(in ICBCDate aDate); 
// Query functions 
enum OutputFormat {150, USA, EUR, 115, LOC}; 
string formattedString(inout string aTarget, 

in ICBCDate::OutputFormat aFormat); 
long day(); 
long dayOiVVeekO; 
long dayOiYearO; 
long julianDay(); 
long modi?edJulianDayO; 
string dayName(); 
long dayFromString(in string aString); 
long dayOiVVeekFromString(in string aDate); 
long dayOiYearFromString(in string aDate); 
long julianDayFromString(in string aDate); 
long modi?edJulianDayFromString(in string aDate); 
string dayNameFromString(in string aDate); 
string dayNameFromNumber(in long aDayIndeX); 
long month(); 
string monthNameO; 
long monthFromString(in string aDate); 
string monthNameFromString(in string aDate) 
string monthNameFromNumber(in long aMonthIndeX); 
long quarter(); 
long quarterFromstring(in string aDate); 
long year(); 
long yearFromString(in string aString); 
boolean isLeapYear(in long aYear); 
long daysInObject(); 
long daysInString(in string aDate); 
long daysInMonth(in long aYear, in long aMonth); 
long daysInYear(in long aYear); 
boolean is ValidMonthDayYear(in long aMonth, in long aDay, 

in long aYear); 
boolean isValidYearDay(in long aYear, in long aDay); 
boolean isObjectChanged(); 
// Manipulation functions 
void assignFromDate(in ICBCDate aDate); 
void increment(in ICBCDuration aDuration); 
void decrement(in ICBCDuration aDuration); 
long dateOver?owO; 
ICBCDuration intervalFronDate(in ICBCDate aDate); 
ICBCDuration intervalFromString(in string aDate); 
ICBCDurarion intervalFromLong(in long aDate); 

[0093] Supported Methods 

[0094] 
[0095] 
[0096] 
[0097] 
[0098] 
[0099] 
[0100] 

[0101] 

ICB CD ate 1 1_cre ate 

ICBCDate11assignFromDate 
ICB CD ate 1 1date Over?ow 

ICBCDate11day 
ICB CD ate 1 1dayFromString 

ICBCDate11dayName 
ICB CD ate 1 1dayNameFromNumber 

ICB CD ate 1 1dayNameFromString 

[0102] 
[0103] 
[0104] 
[0105] 
[0106] 
[0107] 
[0108] 
[0109] 
[0110] 
[0111] 
[0112] 
[0113] 
[0114] 
[0115] 
[0116] 
[0117] 
[0118] 
[0119] 
[0120] 
[0121] 
[0122] 
[0123] 
[0124] 
[0125] 
[0126] 
[0127] 
[0128] 

[0129] 

[0130] 

[0131] 

[0132] 

[0133] 

[0134] 

[0135] 

[0136] 

[0137] 

[0138] 

[0139] 

[0140] 

[0141] 

ICB CD ate :1 

ICE CD ate :1 

ICBCDate11dayOfyear 
ICB CD ate :1 

ICE CD ate 1 1daysInMonth 

ICB CD ate :1 

ICE CD ate 1 1daysInString 

ICB CD ate :1 

ICE CD ate: 1 

ICBCDate1: 

ICBCDate 

ICBCDate 

ICBCDate 

ICBCDate 

ICBCDate 

ICBCDate 

ICBCDate 

ICBCDate1: 

ICBCDate1: 

ICBCDate1: 

ICBCDate1: 

ICBCDate1: 

ICBCDate1: 

ICBCDate 

ICBCDate 

Apr. 18, 2002 

dayOfWeek 
dayOfWeekFromString 

dayOfYearFromString 

daysInObject 

daysInYear 
decrement 

equalTo 
:1formattedString 

ICB CD ate: 1 greaterThan 

:1greaterThanOrEqualTo 
ICB CD ate: 1 

ICE CD ate: 1 

ICE CD ate: 1 

increment 

initialiZeFromNumber 

initialiZeFromString 

11intialiZeFromTimestamp 
ICB CD ate: 1 

ICE CD ate :1 

ICE CD ate :1 

initialiZeFromValues 

interval 

isObjectChanged 
:1isLe apYe ar 

ICB CD ate :1 isValidMonthDayYear 
:1isValidYearD ay 

ICB CD ate 1 :j ulianD ay 

:1julianDayFromString 
ICB CD ate :1 

:1lessThanOrEqualTo 

ICB CD ate :1 

ICBCDate: 

lessThan 

modi?edJulianDay 

1modi?edJulianDayFromString 

ICB CD ate :1 

ICE CD ate :1 

month 

monthFromString 

monthName 

monthNameFromNumber 

monthNameFromString 

notEqualTo 

quarter 

quarterFromString 

:1year 

:1yearFromString 

ICBCD ate 1 1_create 

[0142] Returns a pointer to a neW IDBCDate object. The 
object is intialiZed to the current system date. 
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[0143] ICBCDate::assignFromDate 
[0144] Sets all state data in this ICBCData object equal to 
the second ICBCData object. The change ?ag of this object 
is set to TRUE. 

[0145] IDL Syntax 

[0146] ICBCDate assignFromDate (in ICBCDate 
aDate); 

[0147] ICB CD ate: :dateOver?oW 

[0148] Returns the number of over?ow or under?oW years 
of a preceding increment or decrement operation. For an 
increment, returns the years in excess of year 9999; for 
decrement, the number of years less than year 0001. 

[0149] IDL Syntax 

[0150] long dateOver?oW( ); 
[0151] ICBCDate::day 
[0152] Returns the day part of this object, as a number 
betWeen 1 and 31. 

[0153] IDL Syntax 

[0154] long day( ); 
[0155] ICBCDate: :dayFromString 

[0156] Returns the day part Returns the day part of the 
date encoded in the input string parameter. 

[0157] The input string parameter must conform to a 
format recogniZable as a date. Refer to IBCDate::initialiZe 
FromString( ) for a description of supported formats. If the 
input parameter is not recogniZable, a value of —1 is 
returned. 

[0158] IDL Syntax 

[0159] long dayFromString(in string aString); 

[0160] ICB CD ate: :dayName 

[0161] Returns a string containing the name of the day of 
the Week for this date object. 

[0162] IDL Syntax 

[0163] string dayName(); 
[0164] ICB CD ate: :dayNameFromNumber 

[0165] Returns a string containing the name of the day of 
the Week for the day number Within a Week provided in the 
input parameter. The input parameter must be a number 
betWeen 1 and 7. Sunday is day number 1. 

[0166] If the input parameter is not recogniZable, an empty 
string is returned. 

[0167] IDL Syntax 

[0168] 
dex); 

[0169] 
[0170] Returns a string containing the name of the day of 
the Week for the date encoded in the input string parameter. 
The input string parameter must conform to a format rec 
ogniZable as a date. Refer to ICBCDate::initialiZeFrom 
String for a description of supported formats. 

string dayNameFromNumber(in long aDayIn 

ICB CD ate: :dayNameFromString 
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[0171] If the input parameter is not recogniZable, an empty 
string is returned. 

[0172] IDL Syntax 

[0173] long dayNameFromString(m string aDate); 
[0174] ICBCDate::dayOfWeek 
[0175] Returns a number betWeen 1 and 7 representing the 
day of the Week for this date object. Sunday is day number 
1. 

[0176] IDL Syntax 

[0177] long dayOfWeek( ); 
[0178] ICBCDate::dayOfWeekFromString 
[0179] Returns a number betWeen 1 and 7 representing the 
day of the Week for the date encoded in the input string 
parameter. Sunday is day number 1. 

[0180] The input string parameter must conform to a 
format recogniZable as a date. Refer to ICBCDate::initial 
iZeFromString for a description of supported formats. If the 
input parameter is not recogniZable, a value of —1 is 
returned. 

[0181] IDL Syntax 

[0182] long dayOfWeekFromString(in string aString); 
[0183] ICBCDate::dayOfYear 
[0184] Returns a number betWeen 1 and 366 representing 
the day of the year for this date object. January 1 is day 
number 1. 

[0185] IDL Syntax 

[0186] long dayOfYear( ); 
[0187] ICBCDate::dayOfYearFromString 
[0188] Returns a number betWeen 1 and 366 representing 
the day of the year for the date encoded in the input string 
parameter. January 1 is day number 1. 

[0189] The input string parameter must conform to a 
format recogniZable as a date. Refer to ICBCDate::initial 
iZeFromString for a description of supported formats. If the 
input parameter is not recogniZable, a value of —1 is 
returned. 

[0190] IDL Syntax 

[0191] long dayOfYearFromString(in string aString); 
[0192] ICBCDate::daysInMonth 
[0193] Returns the number of days in the month of the 
year provided in the input parameters. Month number must 
be betWeen 1 and 12. 

[0194] If the input parameters are not valid, a value of —1 
is returned. 

[0195] IDL Syntax 

[0196] long daysInMonth(in long aYear, in long 
aMonth); 

[0197] ICBCDate::daysInObject 
[0198] Returns the number of days from Jan. 1, 0001 to the 
date represented by this object, plus one day. For example, 
an object holding the date Jan. 2, 0001 returns the value 2. 
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[0199] IDL Syntax 

[0200] long daysInObject( ); 
[0201] ICBCDate: :daysInString 

[0202] Returns the number of days from Jan. 1, 0001 to the 
date represented by the string parameter, plus one day. For 
example, an object holding the date 00010102 returns the 
value 2. If the string is invalid, the value —1 is returned. 

[0203] IDL Syntax 

[0204] 
[0205] Parameters 

[0206] The string must be one of the folloWing: 

long daysInString(in string aDate); 

[0207] A string of length 7 of the form yyyynnn. 

[0208] 
[0209] A string of length 6 of the form yyyymmdd. 

aDate 

[0210] A punctuated string representation of a date. 

[0211] For additional details on the string parameter, see 
ICBCDate::initialiZeFromString. 
[0212] ICBCDatezzdaysInYear 
[0213] Returns the number of days in the year provided in 
the input parameter. If the input parameter is not valid, a 
value of —1 is returned. 

[0214] IDL Syntax 

[0215] long daysInYear in long aYear); 

[0216] ICBCDatezzdecrement 

[0217] Subtracts a ICBCDuration from the value of this 
ICBCDate object. 

[0218] IDL Syntax 

[0219] void decrement(in ICBCDuration aDuration); 

[0220] Remarks 

[0221] This operation is performed essentially as the 
inverse of ICBCDatezzincrement. When the duration of type 
DATE is subtracted from a date, the date is decremented by 
the speci?ed number of days, months, and years (in this 
order). If the years value of the result of an decrement 
operation is less than 0001 years, the years value of the result 
is set to 0001 and the number of under?oW years can be 
retrieved as a negative number using ICBCDatezzdateOver 
?oW. The number of over?oW years is cleared by the next 
assignFromDate or arithmetic operation on the object. 

[0222] The change ?ag of this object is set to TRUE. 

[0223] ICBCDatezzequalTo 
[0224] Returns TRUE if the date in this ICBCDate object 
is equal to the other ICBCDate object. 

[0225] IDL Syntax 

[0226] boolean equalTo(in ICBCDate aDate); 

[0227] ICB CD ate: :formattedString 

[0228] Returns the date value of this object as a string in 
a speci?ed format. The parameter OutputType must take one 
of the values: ISO, USA, EUR, J IS. Formats are as described 
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for lCBCDate::initialiZeFromString. The LOC site-de?ned 
operation described in the DB2 manual is not supported by 
ICBCDate. 

[0229] The application must supply a non-const pointer to 
a target storage area long enough to receive the formatted 
date. The function returns a reference to this area 

[0230] 

[0231] 

[0232] 

[0233] 

IDL Syntax 

string formattedString(inout string aOutput, 

in ICBCDatezzOutputFormat aFormat) 

ICBCDatezzgreaterThan 

[0234] Returns TRUE if the date stored in this ICBCDate 
object is greater than the other ICBCDate object. 

[0235] IDL Syntax 

0236 boolean reaterThan in ICBCDate aDate ; g 

[0237] 
[0238] Returns TRUE if the date stored in this ICBCDate 
object is greater than or equal to the other ICBCDate object. 

[0239] 

ICBCD ate : : gre aterThanOrEqualTo 

IDL Syntax 

[0240] boolean greaterThanOrEqualTo(in ICBCDate 
aDate); 

[0241] ICBCDatezzincrement 

[0242] Adds a ICBCDuration to the value of this ICBC 
Date object. If the duration is negative, the operation is 
performed as a decrement. If a duration of type YEARS is 
added to the date, only the year portion of the date is 
affected. The month is unchanged, as is the day, unless the 
result Would be February 29 of a non-leap-year. In this case, 
the day is changed to 28. 

[0243] Similarly, if a duration of type MONTHS is added, 
only months and, if necessary, years are affected. Note that 
adding months to a Date is like turning the pages of a 
calendar, starting With the page on Which the date appears. 
The day portion of the date is unchanged unless the result 
Would be invalid (September 31, for example). In this case, 
the day is set to the last day of the month. If one or more 
months is added to a given date, and then the same number 
of months is subtracted from the result, the ?nal date is not 
necessarily the same as the original date. 

[0244] Adding a duration of type DAYS Will, of course, 
affect the day portion of the date, and potentially the month 
and year. 

[0245] When a duration of type DATE is added to a date, 
the date is incremented by the speci?ed number of year, 
months, and days, in this order. 

[0246] If the years value of the result of an increment 
operation is greater than 9999 years, then the years value of 
the result is set to 9999, and the number of over?oW years 
can be retrieved using the dateOver?oW( ) function. The 
number of over?oW years is cleared by the next assignFrom 
Date of arithmetic operation on the object. 
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[0247] The change ?ag of this object is set to TRUE. 

[0248] IDL Syntax 

[0249] void increment(in ICBCDuration aDuration); 

[0250] ICB CD ate: :initialiZeFromNumber 

[0251] Accepts a numerical value for the date. Any eXist 
ing value in the object is replaced. The parameter aDate must 
be positive, non-Zero, and less than 3652059. Creates a date 
that is (aDate-1) days beyond Jan. 1, 0001, i.e., Jan. 2, 0001 
is day number 2. Returns TRUE if the number is a valid date 
representation, FALSE otherWise. If FALSE is returned the 
state of the object is unchanged. 

[0252] IDL SyntaX 

[0253] boolean initialiZeFromNumber(in long aDate); 
[0254] ICB CD ate: :initialiZeFromString 

[0255] Accepts a value for the date in the form of a string. 
Returns TRUE if the string is a valid date representation and 
the object is successfully initialiZed. Any eXisting value in 
the object is replaced. Returns FALSE if the parameter is 
invalid. If FALSE is returned the state of the object is 
unchanged. 

[0256] IDL SyntaX 

[0257] boolean initialiZeFromString(in string aDate); 

[0258] Parameters 

[0259] The string must be: 

[0260] A string of length 7 of the form yyyynnn. 

[0261] The yyyyddd string must consist of entirely 
numeric characters With padding Zeros Where necessary— 
embedded signs or blanks are not alloWed. HoWever leading 
and trailing blanks are acceptable provided the string length 
is less than 20 characters. Only SBCS characters may be 
present in the string. 

[0262] A string of length 8 of the form yyyymmdd. 

[0263] The yyyymmdd string must consist of entirely 
numeric characters With padding Zeros Where necessary— 
embedded signs or blanks are not alloWed. HoWever leading 
and trailing blanks around the string are acceptable provided 
the string length is less than 20 characters. Only SBCS 
characters may be present in the string. 

[0264] A valid punctuated string representation of a 
date, in one of the folloWing valid forms: 

[0265] 
[0266] International Standards OrganiZation (ISO) 

y-mm-dd). 

[0267] IBM USA standard (USA) (mm/dd/yyyy). 

[0268] IBM European standard (EUR) (dd.mm.yyyy) 

[0269] Japanese Industrial Standard Christian Era 
(J15) (yyyy-mm-dd) 

[0270] Leading and trailing blanks are acceptable pro 
vided the string length is less than 20 characters. Leading 
Zeros may be omitted from the month and day portions. Only 
SBCS characters may be present in the string. 

aDate 
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[0271] A string representation of a timestamp. 

[0272] Any of the string forms acceptable by the ICBC 
Timestamp::initialiZeFromString function are acceptable. 
For details refer to that function. Brie?y, the forms include: 

[0273] A punctuated 
hh.mm.ss.nnnnnn. 

[0274] A 14 byte string Without puctuation, of the 
form: yyyymmddhhmmss. 

[0275] ICBCD ate : : initialiZeFromTimestamp 

[0276] InitialiZes this object from the date portion of a 
Timestamp object. 

[0277] IDL SyntaX 
[0278] boolean initialiZeFromTimestamp(in 

Timestamp aTimestamp); 
[0279] ICBCD ate : : initialiZeFromValues 

[0280] Accepts the date in the form of three separate value 
parameters for year, month, and day. The values must make 
a valid date. Returns TRUE if the values are a valid date 
representation, FALSE otherWise. If FALSE is returned the 
state of the object is unchanged. 

[0281] IDL SyntaX 

[0282] boolean initialiZeFromValues(in long aYear,in 
long aMonth, in long aDay); 

[0283] ICBCDate::interval 

[0284] Calculates the Duration betWeen tWo ICBCDate 
objects. The result is a pointer to a neW ICBCDuration object 
of type DATE. 

[0285] If the interval betWeen DATE1 and DATE2 is 
required, and DATE1 is greater than or equal to DAT E2, the 
operation is performed by subtracting DATE2 from DAT E1. 
If, hoWever, DATE1 is less than DATE2, DATE1 is sub 
tracted from DATE2, and the sign of the result is made 
negative. 
[0286] The folloWing procedural description clari?es the 
steps involved in the operation result=DATE1-DAT E2. 

[0287] If DAY(DATE2)<=DAY(DATE1) 
[0288] then DAY(RESULT)=DAY(DATE1)-DAY 

(DATE2). 
[0289] If DAY(DATE2)>DAY(DATE1) 

[0290] then DAY(RESULT)=N+(DAY(DATE1) 
DAY(DATE2) 

[0291] Where N=the last day of MONTH(DATE2). 

[0292] MONTH(DATE2) is then incremented by 
1. 

string: yyyy-mm-dd 

ICBC 

[0293] If MONTH(DATE2)<=MONTH(DATE1) 
[0294] then MONTH(RESULT)=MONTH 
(DATED-MONTH(DATE2). 

[0295] If MONTH(DATE2)>MONTH(DATE1) 
[0296] then MONTH(RESULT)=12+MONTH 
(DATED-MONTH(DATE2). 
[0297] YEAR(DATE2) is incremented by 1. 

[0298] YEAR(RESULT)=YEAR(DATE1)-YEAR 
(DATE2). 
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[0299] 

[0300] ICBCDuration_ptr intervalFromDate(in ICBC 
Date aDate); 

[0301] ICBCDuration_ptr intervalFromString(in string 
aDate); 

[0302] ICBCDuration_ptr intervalFromLong(in long 
aDate); 

[0303] In the cases With a string parameter, the parameter 
must be recognizable as a date. For details refer to the 
description of ICBCDate::initialiZeFromString. If the string 
is invalid, a pointer value of —1 is returned. 

[0304] ICBCDate::isObjectChanged 

IDL Syntax 

[0305] Returns a boolean indicating Whether the value of 
this object has been changed since it Was initialiZed. 

[0306] IDL Syntax 

[0307] boolean isObjectChanged( ); 

[0308] ICB CD ate: :isLeapYe ar 

[0309] Returns TRUE if the year number in the input 
parameter is a leap year, FALSE otherWise. Year number 
must be betWeen 1 and 9999. 

[0310] If the input parameter is not in this range, FALSE 
is returned. 

[0311] IDL Syntax 

[0312] boolean isLeapYear(in long aYear); 

[0313] 
[0314] Returns TRUE if the provided values for month, 
day, and year make a valid date, and FALSE otherWise. 

[0315] 
[0316] boolean isValidMonthDayYear(in long aMonth, 

in longMonth, in longYear); 

[0317] ICBCDate: :isValidYearDay 

[0318] Returns TRUE if the provided values for year, and 
day Within year make a valid date, and FALSE otherWise. 

[0319] IDL Syntax 

[0320] boolean isValidYearDay(in long aYear,in long 
aDay); ICBCDate::julianDay 

ICBCDate: :isValidMonthDayYear 

IDL Syntax 

[0321] Returns the Julian day number corresponding to 
noon GMT on the date represented by this object. Julian Day 
count started at noon, GMT, on Jan. 1, 4712 BC 

[0322] 

[0323] 

IDL Syntax long julianDay( ); 

ICB CD ate: :julianD ayFromString 

[0324] Returns the Julian day number corresponding to 
noon GMT on the date encoded in the input string parameter. 
(Julian Day count started at noon, GMT, on Jan. 1, 4712 
BC). The input string parameter must conform to a format 
recogniZable as a date. Refer to ICBCDate::initialiZeFrom 
String for a description of supported formats. If the input 
parameter is not recogniZable, a value of —1 is returned. 
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[0325] 
aString); 

[0326] 

IDL Syntax long julianDayFromString(in string 

ICBCDate::lessThan 

[0327] Returns TRUE if the date stored in this ICBCDate 
object is less than the other ICBCDate object. 

[0328] 

[0329] boolean lessThan(in ICBCDate aDate); 

[0330] 
[0331] Returns TRUE if the date stored in this ICBCDate 
object is less than or equal to the other ICBCDate object. 

IDL Syntax 

ICBCDate::lessThanOrEqualTo 

[0332] IDL Syntax 

[0333] boolean lessThanOrEqualTo(in ICBCDate 
aDate); 

[0334] ICBCDate::modi?edJulianDay 

[0335] Returns the Modi?ed Julian day number (MJD) 
corresponding to time 00:00:00 GMT on the date repre 
sented by this object. MJD is de?ned as Julian Day—2,400, 
000.5 days. It thus starts at time 00:00:00 (i.e. midnight), in 
line With normal civil practice, and unlike Julian Day Which 
extends from noon to noon. 

[0336] IDL Syntax 

[0337] long modi?ed JulianDay( ); 

[0338] ICBCDate::modi?edJulianDayFromString 

[0339] Returns the Modi?ed Julian day number (MJD) 
corresponding to time 00:00:00 GMT on the date encoded in 
the input string parameter. MJD is de?ned as Julian Day— 
2,400,0005 days. It thus starts at time 00:00:00 (i.e., mid 
night), in line With normal civil practice, and unlike Julian 
Day Which extends from noon to noon. 

[0340] The input string parameter must conform to a 
format recogniZable as a date. Refer to ICBCDate::initial 
iZeFromString for a description of supported formats. If the 
input parameter is not recogniZable, a value of —1 is 
returned. 

[0341] 
[0342] long modi?edJulianDayFromString(in 

aString); 

[0343] 

IDL Syntax 

string 

ICBCDate::month 

[0344] Returns the month part of this object, as a number 
betWeen 1 and 12. 

[0345] IDL Syntax 

[0346] long month( ); 
[0347] ICBCDate::monthFromString 

[0348] Returns the month part of the date encoded in the 
input string parameter. The input string parameter must 
conform to a format recogniZable as a date. Refer to ICB 
CDate::initialiZeFromString for a description of supported 
formats. 
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[0349] If the input parameter is not recognizable, a value 
of —1 is returned. 

[0350] IDL Syntax 

[0351] 
[0352] 
[0353] Returns a string containing the name of the month 
of this object. 

long monthFromString(in string aString); 
ICB CD ate: :monthName 

[0354] IDL Syntax 

[0355] long monthName( ); 
[0356] ICB CD ate: :monthNameFromNumber 

[0357] Returns a string containing the name of the month 
for the month number Within a year provided in the input 
parameter. The input parameter must be a number betWeen 
1 and 12. 

[0358] If the input parameter is not recogniZable, an empty 
string is returned. 

[0359] IDL Syntax 

[0360] string monthNameFromNumber(in long aDay 
Index); 

[0361] 
[0362] Returns a string containing the name of the month 
for the date encoded in the input string parameter. The input 
string parameter must conform to a format recogniZable as 
a date. Refer to ICBCDate::initialiZeFromString for a 
description of supported formats. 

ICB CD ate: :monthNameFromString 

[0363] If the input parameter is not recogniZable, an empty 
string is returned. 

[0364] IDL Syntax 

[0365] string monthNameFromString(in string aDate); 

[0366] ICB CD ate: :notEqualTo 

[0367] The opposite of the operator==member. 

[0368] IDL Syntax 

[0369] boolean notEqualTo(in ICBCDate aDate); 

[0370] ICB CD ate: :quarter 

[0371] Returns a number for the quarter Within the year for 
this object. Dates betWeen January 1 and March 31 are in the 
?rst quarter, and so on. 

[0372] IDL Syntax 

[0373] long quarter( ); 
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[0374] 
[0375] Returns a number for the quarter Within the year for 
the date encoded in the input string parameter. The input 
string parameter must conform to a format recogniZable as 
a date. Refer to ICBCDate::initialiZeFromString for a 
description of supported formats. Dates betWeen January 1 
and March 31 are in the ?rst quarter, and so on. 

[0376] If the input parameter is not recogniZable, a value 
of —1 is returned. 

ICBCDate::quarterFromString 

[0377] IDL Syntax 

[0378] long quarterFromString(in string aDate); 
[0379] ICBCDate::year 
[0380] Returns the year part of the date. 

[0381] IDL Syntax 

[0382] long year( ); 
[0383] ICBCDate::yearFromString 
[0384] Returns the year part of the date encoded in the 
input string parameter. The input string parameter must 
conform to a format recogniZable as a date. Refer to ICB 
CDate::initialiZeFromString for a description of supported 
formats. 

[0385] If the input parameter is not recogniZable, a value 
of —1 is returned. 

[0386] IDL Syntax 
[0387] long yearFromString(in string aString); 

[0388] ICBCDecimal Class 

[0389] The class stores the value of a DB2 Decimal data 
type, or Oracle number type in Which scale is less than or 
equal to precision, and positive With a maximum precision 
of 38. All access and manipulation of this value is through 
a public functional interface. The actual decimal value and 
its precision and scale are stored in private attributes. 

Important 

Throughout the description of ICBCDecimal, precision is the total number 
of digits in the decimal number; scale is the number of digits in the 
fractional part of the number — — — the number of digits that lie to the right 

of the decimal point. 

[0390] IDL Interface Description 

[0391] interface ICBCDecimal :IManagedLocal::ILo 
calOnly 

// Object initialization (DB2 semantics) 
boolean 

boolean 
boolean 

boolean 

initialiZeFromString1(in string aString, in short aPrecision, 
in short aScale, in char aDecimalChar); 

initialiZeFromString2(in string aString, in char aDecimalChar); 
initialiZeFromDouble(in double aDouble,in short aPrecision, 

in short aScale); 
initialiZeFromFloat(in ?oat aFloat, in short aPrecision, 

in short aScale); 
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-continued 

boolean initialiZeFrornLong(in long aLong, in short aPrecision, 
in short aScale); 

boolean initialiZeFrornShort(in short aShort, in short aPrecision, 
in short aScale); 

boolean initialiZeFrornDecirnal1(in ICBCDecirnal aDecirnal, in short aPrecision, 
in short aScale); 

boolean initialiZeFrornDecirnal2(in ICBCDecirnal aDecirnal); 
boolean initialiZeFrornPackedDecirnal(in string aString,in short aPrecision, 

in short aScale); 
//Cornparisons 
boolean equalTo(in ICBCDecirnal aDecirnal); 
boolean notEqualTo(in ICBCDecirnal aDecirnal); 
boolean lessThan(in ICBCDecirnal aDecirnal); 
boolean lessThanOrEqualTo(in ICBCDecirnal aDecirnal); 
boolean greaterThan(in ICBCDecirnal aDecirnal); 
boolean greaterThanOrEqualTo(in ICBCDecirnal aDecirnal); 
//Query functions 
string getAsForrnattedStringl(inout string aOutput, 

in char aDecirnalCharacter); 
string getAsForrnattedString2(inout string aOutput, 

in char aDecirnalCharacter); 
string getAsForrnattedString3(inout string aOutput, 

in char aDecirnalCharacter); 
double getAsDoubleO; 
?oat getAsFloatO; 
long getAsLong(); 
short getAsShortO; 
string getAsDigits(inout string aOutput); 
string getAsPackedDecirnal(inout string aOutput, inout short aPrecision, 

inout short aScale); 
short getPrecisionO; 
short getScaleO; 
boolean isNegative(); 
boolean isChanged(); 
// Manipulation functions 
ICBCDecirnal assignFrornDecirnal(in ICBCDecirnal aDecirnal); 
ICBCDecirnal assignFrornDouble(in double aDouble); 
ICBCDecirnal assignFrornFloat(in ?oat aFloat); 
ICBCDecirnal assignFrornLong(in long aLong); 
ICBCDecirnal assignFrornShort(in short aShort); 
ICBCDecirnal incrernent(in ICBCDecirnal aDecirnal); 
ICBCDecirnal decrernent(in ICBCDecirnal aDecirnal); 
ICBCDecirnal rnultiplyThisObjectBy(in ICBCDecirnal aDecirnal); 
ICBCDecirnal divideThisObjectBy(in ICBCDecirnal aDecirnal); 
ICBCDecirnal rernainderInThisObject(in ICBCDecirnal aDecirnal); 
ICBCDecirnal addWithNeWObject(in ICBCDecirnal aDecirnal); 
ICBCDecirnal subtractWithNeWObject(in ICBCDecirnal aDecirnal); 
ICBCDecirnal rnultiplyWithNeWObject(in ICBCDecirnal aDecirnal); 
ICBCDecirnal divideWithNeWObject(in ICBCDecirnal aDecirnal); 
ICBCDecirnal rernainderWithNeWObject(in ICBCDecirnal aDecirnal); 
ICBCDecirnal getPrecedingRernainderO; 
void sWapSign(); 
boolean decirnalOver?owO; 

[0393] 
[0394] 
[0395] 
[0396] 
[0397] 
[0398] 
[0399] 
[0400] 
[0401] 

[0392] Supported Methods [0403] 
ICBCDecirnal::addWithNeWObject [0404] 
ICBCDecirnal::assignFrornDecirnal [0405] 
ICBCDecirnal::assignFrornDouble [0406] 
ICBCDecirnal::assignFrornFloat [0407] 

ICBCDecirnal::assignFrornLong [0408] 
ICBCDecirnal::assignFrornShort [0409] 
ICBCDecirnal:: create [0410] 

ICBCDecirnal::decirnalOver?ow [0411] 

ICBCDecirnalzzdecrernent [0412] 

ICBCDecirnal::divideThisObjectBy [0413] [0402] 

ICBCDecirnal 

ICBCDecirnal 

ICBCDecirnal 

ICBCDecirnal 
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:zdivideWithNewObject 
ICBCDecirnal:: 

ICBCDecirnal:: 

ICBCDecirnal:: 

ICBCDecirnal: :getAsForrnattedStringl 

ICBCDecirnal:: 

equalTo 
getAsDouble 
getAsFloat 

getAsForrnattedString2 
:: getAsForrnattedString3 

ICBCDecirnal:: getAsDigits 

:: getAsLong 

ICBCDecirnal:: getAsPackedDecirnal 

:zgetAsShort 
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[0414] ICBCDecimal:: getPreceedingRemainder 

[0415] ICB CDecimal: : getPrecision 

[0416] ICBCDecimal:: getScale 

[0417] ICB CDecimal: : greaterThan 

[0418] ICB CDecimal: : greaterThanOrEgualTo 

[0419] ICB CDecimal: : increment 

[0420] ICBCDecimal::initialiZeFromDecimal1 

[0421] ICBCDecimal::initialiZeFromDecimal2 

[0422] ICB CDecimal: : initialiZeFromDouble 

[0423] ICB CDecimal: : initialiZeFromFlo at 

[0424] ICB CDecimal: : initialiZeFromLong 

[0425] ICBCDecimal::initialiZeFromPackedDecimal 

[0426] ICBCDecimal::initialiZeFromShort 

[0427] ICBCDecimal::initialiZeFromString1 
[0428] ICB CDecimal: : initialiZeFromString2 

[0429] ICBCDecimalzzisChanged 
[0430] ICB CDecimal: : isNegative 

[0431] ICB CDecimal: : lessThan 

[0432] ICB CDecimal: : lessThanOrEqualTo 

[0433] ICB CDecimal: : multiplyWithNeWObj ect 

[0434] ICBCDecimal::multiplyThisObjectBy 
[0435] ICB CDecimal: : notEqualTo 

[0436] ICB CDecimal: : remainderInThisObject 

[0437] ICBCDecimal::remainderWithNeWObject 
[0438] ICB CDecimal: : subtractWithNeWObject 

[0439] ICB CDecimal: : sWapSign 

[0440] ICB CDecimal: :addWithNeWObject 

[0441] Adds the receiving object and the argument ICB 
CDecimal object and returns a neW ICBCDecimal object 
containing the result. The original operand objects are 
unchanged. The precision of the result object is: 

[0442] min(38, max(p1—s1, p2—s2)+max(s1, s2)+1) 
[0443] The scale is: max(s1, s2) 

[0444] IDL Syntax 

[0445] ICBCDecimal addWithNeWObject(in ICBC 
Decimal aDecimal); 

[0446] Remarks 

[0447] After a addWithNeWObject operation, the change 
?ag of the neW object is set to TRUE. The change ?ag of the 
original object is unchanged. 

[0448] It is the application’s responsibility to delete the 
neW object, freeing its memory, When no longer needed. 

[0449] If the non-Zero digits to the left of the decimal point 
in the result object Would exceed (p—s)of the result, or if 
other errors occur that prevent the creation of the neW object, 
an ICBCDecimal pointer With value —1 is returned. 
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[0450] 
[0451] Sets the value of the receiving ICBCDecimal 
object equal to that of the second ICBCDecimal object. The 
precision and scale of the receiving object are not changed. 

[0452] IDL Syntax 

[0453] ICBCDecimal assignFromDecimal(in ICBC 
Decimal aDecimal); 

[0454] Remarks 

[0455] If the non-Zero digits to the left of the decimal point 
in the source object exceed (pl-s1) of the receiving object 
(i.e.,the Whole number of the source object Will not ?t in the 
receiving object), the receiving object is unchanged, and a 
folloWing invocation of decimalOver?oW() on the receiving 
object function Will return the value TRUE. 

[0456] The scale of the source object is reduced to ?t the 
scale of the receiving object, if necessary, by truncating 
digits from the right. 

ICBCDecimal: :assignFromDecimal 

[0457] Any remainder value in the source object resulting 
from a preceding division operation is not transferred to the 
receiving object. 
[0458] The change ?ag of the receiving object is set to 
TRUE. 

[0459] Note that this operation preserves the precision and 
scale of the receiving object, as in a DB2 regular assignment 
betWeen tWo decimal types. In contrast, the ICBCDecima 
l::initialiZeFromDecimal( ) function sets the precision and 
scale of the receiving object, as in the DB2 DECIMAL 
built-in function. 

[0460] 
[0461] Sets the value of a receiving ICBCDecimal object 
equal to a double variable. The precision and scale of the 
object is not changed. 

[0462] IDL Syntax 

[0463] ICBCDecimal 
aDouble); 

[0464] Remarks 

[0465] The operand is converted to a temporary decimal 
object of precision 38. Numbers less than 0.5E-38 Will be 
rounded to Zero. The temporary decimal number is then 
converted to the precision and scale of the receiving ICB 
CDecimal object. 

[0466] If the non-Zero digits to the left of the decimal point 
in the source object exceed (pl-s1) of the receiving object 
(i.e., the Whole number portion of the source object Will not 
?t in the receiving object), the receiving object is 
unchanged, and a folloWing invocation of decimalOver?oW( 
) function on the receiving object Will return the value 
TRUE. 

[0467] 
[0468] Sets the value of a receiving ICBCDecimal object 
equal to a ?oat variable. The precision and scale of the object 
is not changed. 

0469 IDL S ntax [ ] y 

[0470] 

ICBCDecimal: :assignFromDouble 

assignFromDouble(in double 

ICBCDecimal: :assignFromFlo at 

ICBCDecimal assignFromFloat(in ?oat aFloat); 
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[0471] Remarks 

[0472] The operand is converted to a temporary decimal 
object of precision 38. Numbers less than 0.5E-38 Will be 
rounded to Zero. The temporary decimal number is then 
converted to the precision and scale of the receiving ICB 
CDecimal object. 

[0473] If the non-Zero digits to the left of the decimal point 
in the source object exceed p1-s1) of the receiving object 
(i.e., the Whole number portion of the source object Will not 
?t in the receiving object), the receiving object is 
unchanged, and a folloWing invocation of decimalOver?oW( 
) function on the receiving object Will return the value 
TRUE. 

[0474] ICBCDecimal::assignFromLong 

[0475] Sets the value of a receiving ICBCDecimal object 
equal to a long variable. The precision and scale of the object 
is not changed. 

[0476] 

[047 7 ] 

[0478] Remarks 

IDL Syntax 

ICBCDecimal assignFromLong(in long aLong); 

[0479] The operand is converted to a temporary decimal 
number, of precision 11 Which is then converted to the 
precision and scale of the receiving object. 

[0480] If the non-Zero digits to the left of the decimal point 
in the source object exceed (pl-s1) of the receiving object 
(i.e., the Whole number portion of the source object Will not 
?t in the receiving object), the receiving object is 
unchanged, and a folloWing invocation of decimalOver?oW( 
) function Will return the value TRUE on the receiving 
object. 

[0481] ICBCDecimal::assignFromShort 

[0482] Sets the value of a receiving ICBCDecimal object 
equal to a short variable. The precision and scale of the 
object is not changed. 

[0483] 
[0484] ICBCDecimal 

aShort); 
[0485] Remarks 

IDL Syntax 

assignFromShort(in short 

[0486] The operand is converted to a temporary decimal 
number, of precision 5 Which is then converted to the 
precision and scale of the receiving object. 

[0487] If the non-Zero digits to the left of the decimal point 
in the source object exceed (pl-s1) of the receiving object 
(i.e., the Whole number portion of the source object Will not 
?t in the receiving object), the receiving object is 
unchanged, and a folloWing invocation of decimalOver?oW( 
) function on the receiving object Will return the value 
TRUE. 

[0488] ICBCDecimal::_create 
[0489] Returns a pointer to a neW ICBCDecimal object. 
The object is initialiZed to Zero, With precision=1 and 
scale=0. 
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[0490] 
[0491] FolloWing certain functions that potentially cause a 
precision over?oW in a ICBCDecimal object, this function 
indicates Whether an over?oW did, in fact, take place. If the 
most recent initialiZation, assignment, or arithmetic opera 
tion caused an over?oW, this function Will return TRUE. 
OtherWise it returns FALSE. Intervening query or compari 
son operations Will not affect the returned value. 

[0492] IDL Syntax 
[0493] boolean decimalOver?oW( ); 

[0494] ICBCDecimal: :decrement 

[0495] Subtracts the argument ICBCDecimal object from 
the receiving ICBCDecimal object and sets the value of the 
receiving object to the result. The precision and scale of the 
receiving object are reset. 

ICBCDecimal: :decimalOver?oW 

[0496] The precision is given by: 
[0497] min(38, max(p1—s1, p2—s2)+max(s1, s2)+1) 

[0498] The scale is given by: 

[0499] max(s1, s2) 
[0500] If the non-Zero digits to the left of the decimal point 
in the result exceed p-s) of the result, the receiving object 
is not changed, and a folloWing invocation of the function 
decimalOver?oW( ) Will return TRUE. 

[0501] The change ?ag of the receiving object is set to 
TRUE. 

[0502] IDL Syntax 
[0503] ICBCDecimal decrement(in ICBCDecimal 

aDecimal); 
[0504] ICBCDecimal: :divideThisObjectBy 

[0505] Divides the receiving object by the argument ICB 
CDecimal object, and sets the receiving object to the quo 
tient. The precision and scale of the receiving object are 
reset. 

[0506] The precision is 38. 

[0507] The scale is given by: 
[0508] 38—p1+s1—s2 

[0509] Scale may not be negative. 

[0510] The division proceeds as far as possible Within 
these limits for the quotient and then stops. Any remainder 
can be retrieved using the getPrecedingRemainder( ) func 
tion (see ICBCDecimal::getPreceedingRemainder). 

[0511] This function does not cause any over?oW condi 
tions. HoWever, the decimalOver?oW( ) function is used to 
Warn of ZeroDivide situations, returning TRUE if a ZeroDi 
vide occured in the preceding divideThisObjectBy( ) func 
tion, and FALSE if it did not. 

[0512] After a divideThisObjectBy operation, the change 
?ag of the receiving object is set to TRUE. For example, 
200.00 (precision 5, scale 2) divided by 3.00 (precision 3, 
scale 2) returns a quotient of precision 38 and scale 33: 

[0513] 00066.666666666666666666666666666 
666666 

[0514] A subsequent call to getPrecedingRemainder( ) on 
the same object returns a remainder With precision 38 and 
scale 35: 
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[0515] 000.000000000000000000000000000 
00000200 

[0516] 
[0517] ICBCDecimal divideThisObjectBy(in ICBC 

Decimal aDecimal); 

[0518] 
[0519] Divides the receiving object and the argument 
ICBCDecimal object, and returns a neW ICBCDecimal 
object containing the quotient. The original operand objects 
are unchanged. 

[0520] The precision of the result object is 38. 

[0521] The scale is: 38—p1+s1—s2 

[0522] IDL Syntax 

[0523] ICBCDecimal divideWithNeWObject(in ICBC 
Decimal aDecimal); 

[0524] Remarks 

[0525] The division proceeds as far as possible Within 
these limits and then stops. Any remainder can be retrieved 
using the getPrecedingRemainder( ) function (see ICBC 
Decimal::getPreceedingRemainder).For an example of a 
divide operation, see ICBCDecimal::divideThisObjectBy. 

[0526] After a divideWithNeWObject operation, the 
change ?ag of the neW object is set to TRUE. The change 
?ag of the original object is unchanged. 

[0527] It is the application’s responsibility to delete the 
neW remainder object, freeing its memory, When no longer 
needed. 

IDL Syntax 

ICB CDecimal: :divideWithNeWObj ect 

[0528] This function does not cause any over?oW condi 
tions, but may encounter a ZeroDivide situation. If so, or if 
other errors occured that prevented the creation of the neW 
object, an ICBCDecimal pointer With value —1 is returned. 

[0529] ICBCDecimalzzequalTo 
[0530] Returns TRUE if the value of the receiving ICB 
CDecimal object is equal to the other ICBCDecimal object. 

[0531] IDL Syntax 

[0532] boolean equalTo(in ICBDecimal aDecimal); 

[0533] ICB CDecimal: : getAsDouble 

[0534] Returns the value of the receiving object as a 
double. Since the double representation has maximum pre 
cision less than that of a decimal data type in DB2, accuracy 
of the object value may be lost. 

[0535] IDL Syntax 

[0536] double getAsDouble( ); 

[0537] ICB CDecimal: : getAsFloat 

[0538] Returns the value of the receiving object as a ?oat. 
Since the ?oat representation has maximum precision less 
than that of a decimal data type in DB2, accuracy of the 
object value may be lost. 

[0539] IDL Syntax 

[0540] double getAsFloat( ); 
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[0541] 
[0542] Returns the value of the receiving object as a 
formatted string. This function is equivalent to the CHAR 
( ) built-in function of DB2. 

ICBCDecimal: : getAsFormattedStringl 

[0543] The application must supply a non-const pointer to 
a target storage area long enough to receive the formatted 
decimal number. The function returns a reference to this 
area. 

[0544] IDL Syntax 

[0545] string getAsFormattedStringl(inout string aOut 
put, in char aDecimalCharacter); 

[0546] Parameters 

[0547] AdecimalCharacter 

[0548] aDecimalCharacter must be a single character 
to be used as the “decimal point” character in the 
output.The characters plus (+) and minus (—) are not 
permitted, and blanks are not permitted. 

[0549] The length of the output string is alWays 
precision +2, Where precision is the current precision 
of the object. One of the additional character posi 
tions is alWays used for the decimal point. If 
required, the the additional character position is used 
for a leading sign. If a sign is not required, the output 
string Will have a trailing blank. Leading and trailing 
padding Zeros are provided if necessary to ?ll the 
current precision and scale of the object. 

[0550] For example, assuming an aDecimalCharacter 
of ‘ " 

Value Precision Scale Prints as 

45 2 0 “45.” 
123.33 9 4 “001233300” 

—123.33 9 4 “—00123.3300” 

[0551] 
[0552] Returns the value of the receiving object as a string 
formatted Without leading Zero padding. The application 
must supply a non-const pointer to a target storage area long 
enough to receive the formatted decimal number. The func 
tion returns a reference to this area. 

[0553] IDL Syntax 
[0554] string getAsFormattedString2(inout string aOut 

put, in char aDecimalCharacter); 
[0555] Parameters 

[0556] ADecimalCharacter 

[0557] ADecimalCharacter must be a single charac 
ter to be used as the “decimal point” character in the 
output. The characters plus (+) and minus (—) are not 
permitted, and blanks are not permitted. The length 
of the output string is alWays precision +2, Where 
precision is the current precision of the object. The 
leftmost character position is reserved for the sign, if 
necessary. The folloWing positions contain the the 
number, With an embedded decimal point, Which is 
alWays present, even if the scale of the number is 

ICBCDecimal: : getAsFormattedString2 
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Zero. The digits in the number are padded With 
leading blanks and trailing Zeros to ?ll the full 
current precision and scale of the object. Finally, if 
leading blanks are present, the sign moves to a 
position immediately adjacent to the ?rst digit (or 
decimal point). 

[0558] For example, assuming an aDecimalCharacter 
of ‘.’, and shoWing blank as the character ‘b’: 

Value Precision Scale Prints as 

45 2 0 “b45.” 
123.33 9 4 “bbb123.3300” 

—123.33 9 4 “bb—123.3300” 

[0559] ICBCDecimal::getAsFormattedString3 
[0560] Returns the value of the receiving object formatted 
as a left justi?ed string With a leading sign if required, and 
a decimal point only if there are digits that lie to the right of 
the decimal point. There are no leading or trailing Zeros or 
blanks. 

[0561] The application must supply a non-const pointer to 
a target storage area long enough to receive the formatted 
decimal number. The function returns a reference to this 
area. 

[0562] 
0563 strin etAsFormattedStrin 3 inout strin aOut g g g g 
put, in char aDecimalCharacter); 

[0564] Parameters 

[0565] 
[0566] aDecimalCharacter must be a single character 

to be used as the “decimal point” character in the 
output. The characters plus (+) and minus (—) are not 
permitted, and blanks are not permitted. 

IDL Syntax 

aDecimalCharacter 

[0567] The length of the output string is variable, 
containing only enough characters to hold the sig 
ni?cant digits plus a sign and a decimal point if 
required. The precision and scale of the object are 
not re?ected in the length output string. 

[0568] This format is suitable for providing to the 
Oracle TO_NUMBER function Without the need for 
an associated “NUMBER format element” param 
eter. 

[0569] For example, assuming an aDecimalCharacter 
of ‘ " 

Value Precision Scale Prints as 

45 2 0 “45.” 
123.33 9 4 “123.33” 

—123.33 9 4 “—123.33” 

[0570] ICBCDecimal::getAsDigits 
[0571] Returns a null terminated string of length equal to 
the precision of the object, containing the digits in the value 
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of the object, left justi?ed, and Without either decimal point 
or sign. Leading Zeros are provided if necessary.For 
example, an object of precision and scale of 6 and 2 
respectively, containing a value of —6.28 Would return a 
string containing ‘000628’. 

[0572] IDL Syntax 

[0573] 
[0574] Remarks 

[0575] The application must supply a non-const pointer to 
a target storage area long enough to receive the digits and 
null terminator. The function returns a reference to this area. 

[0576] ICBCDecimal::getAsLong 
[0577] Returns the value of the receiving object as a long. 
All digits in the object value that lie to the right of the 
decimal point Will be truncated. It is a user responsibility to 
ensure that the value of the object does not exceed the range 
for a long data type. 

[0578] IDL Syntax 

[0579] double getAsLong( ); 
[0580] ICBCDecimal: : getAsPackedDecimal 

[0581] Returns the value of the object as a packed decimal 
string. 

string getAsDigits(inout string aOutput); 

[0582] The format of the returned packed string Will one 
of the folloWing: 

[0583] [dd]..[ds] if the number of digits is odd 

[0584] [Od]..[ds] if the number of digits is even 

[0585] Where denotes a single byte containing tWo 4-bit 
nibbles, d is a four-bit binary digit, 0 is a 4-bit binary Zero, 
and s is a 4-bit sign representation. Ahexadecimal value “C” 
denotes the positive sign, and “D” the negative sign. A sign 
is alWays present in the loWer order four bits of the rightmost 
byte. 

[0586] Parameters 

[0587] There is no decimal point embedded in the string. 
Output parameters are updated to describe the precision 
(aPrecision), and scale (aScale), of the packed string aScale. 

[0588] IDL Syntax 

[0589] string getAsPackedDecimal(inout string aOut 
put, inout short aPrecision, inout short aScale); 

[0590] Remarks 

[0591] Because of the presence of the sign, and the pack 
ing of tWo digits per byte, strings With an even number of 
bytes Will have a leading Zero padding character. 

[0592] It is the responsibility of the application to provide 
a string of sufficient length to receive the packed string, With 
its sign and leading Zero (if present). On return, a null 
terminator is appended to the end of the string. 

[0593] ICBCDecimal::getAsShort 
[0594] Returns the value of the receiving object as a short. 
All digits in the object value that lie to the right of the 
decimal point Will be truncated. It is a user responsibility to 
ensure that the value of the object does not exceed the range 
for a long data type. 








































